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v

Including a wide range of malignant tumors, gastrointestinal cancers as a group form the sec-
ond most prevalent cancers worldwide. Recently, significant progress has been observed in our 
understanding of the genetics, the epigenetics, and the biology of these cancers. This progress, 
coupled with the advancements in the early diagnosis and treatment, resulted in survival pro-
longations in most of the cases.

We hope this Textbook of Gastrointestinal Oncology will be a valuable and an informative 
source concerning the principles and practices in gastrointestinal oncology. We tried to cover 
all practice areas, such as pathology, radiological imaging, and interventions, and focused 
chapters on epidemiology, biology and genetics, staging, and multidisciplinary management of 
each of the specific gastrointestinal cancers. In addition to disease-oriented chapters, originat-
ing from sites spanning from the esophagus to the anus, hepatobiliary system, and pancreas, 
non-anatomic subjects such as palliative care, research issues, and modern imaging and inter-
ventional radiology techniques are also addressed. Information on translational science that is 
useful in the decision-making process is also given in the related chapters.

The comprehensive coverage with well-structured chapters makes this book a useful 
evidence- based reference for practitioners wishing to gain a greater understanding of the prin-
ciples of diagnosis and management of patients with gastrointestinal cancers. The chapters are 
written by a selective group of international authors who are mostly recognized experts in their 
fields. The authors resemble the multidisciplinary management of gastrointestinal cancers. 
Besides medical oncologists, radiation oncologists, surgeons, gastroenterologists, patholo-
gists, and nuclear medicine specialists, genetic experts, urologists, gynecologists, pediatri-
cians, and nutritionists all contributed to the book.

We believe this book will be a valuable guide for oncologists, surgeons, gastroenterologists, 
and primary care providers looking for the latest and best information on how to deal with a 
patient who has a gastrointestinal cancer. We hope as our knowledge of the disease evolves, the 
book will also evolve in order to reflect the developments in the science in gastrointestinal 
cancer.

Sihhiye, Ankara, Turkey Suayib Yalcin
Detroit, MI, USA Philip A. Philip

Preface
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Global Epidemiology of Gastrointestinal 
Cancers

Ömer Dizdar and Saadettin Kılıçkap

 Epidemiology of Gastrointestinal Tumors

The global cancer burden tends to increase. Increases in life 
expectancy, both in more- and less-developed countries, as 
well as growing population numbers are very important rea-
sons for the increasing cancer incidence. However, lifestyle 
behaviors including smoking, physical inactivity, poor diet, 
and reproductive changes may also cause the increased can-
cer burden, especially in low-income and middle-income 
countries.

Worldwide, approximately 14 million new cancer cases 
and more than eight million cancer deaths were estimated in 
2012 [1]. In males, the most common cancers in men are 
lung and prostate cancers. However, the total incidence of 
gastrointestinal (GI) system tumors—such as stomach, 
colorectal, and hepatocellular carcinoma—is higher than the 
lung and prostate cancer. In females, however, stomach and 
colorectum cancers are the most frequently diagnosed gas-
trointestinal system cancers.

In this section, we provide epidemiology and risk factors 
for GI cancers.

 Esophageal Cancer

Esophageal cancer is the seventh most common cancer and 
the sixth leading cause of cancer-related death in the world 
[1]. Around 80% of the cases worldwide occur in develop-
ing countries. The prognosis is poor, and the 5-year survival 

rate ranges from 15% to 25% [2]. About 456,000 new 
esophageal cancer cases and 400,000 deaths were estimated 
in 2012 worldwide [3]. The frequency (Fig.  1.1) varies 
according to geographical regions. The incidence rates are 
the highest in Eastern Asia (the age-standardized incidence: 
11.0/100,000) and Southern Africa (5.9/100,000). However, 
the lowest rates are found in Western Africa (0.8/100,000). 
The incidence of esophageal cancer is 3 times higher in 
males than females. The age-standardized incidence rates 
were estimated to be 9.0  in males and 3.1 per 100,000  in 
females in 2012 [3].

There are two different histological types of esophageal 
cancer: squamous cell cancer (SCC) and adenocarcinoma. 
Squamous cell cancer of the esophagus usually occurs in the 
upper two-thirds of the esophagus, and adenocarcinoma seen 
in the distal third of the esophagus. Esophageal squamous 
cell carcinoma is the predominant histological type in the 
world. The frequency of esophageal squamous cell cancer is 
the highest in the region called the “Asian Esophageal Cancer 
Belt” that encompasses areas such as Turkey, Iran, 
Kazakhstan, and northern and central China [4–6]. In the 
Asian Esophageal Cancer Belt, 90% of cases are squamous 
cell histology. The incidence of esophageal cancer is esti-
mated to be more than 100 cases/100,000 person-years in 
this area. The main risk factors of SCC of the esophagus 
include poor nutritional status, drinking beverages at high 
temperatures, smoking, alcohol, infection with human papil-
lomavirus (HPV), and low intake of vegetables and fruits.

In developed countries such as the United States, and in 
Western Europe, adenocarcinoma is the most common sub-
type of esophageal carcinoma [2]. The incidence of esopha-
geal adenocarcinoma has increased from 5.76 to 8.34 
cases/100,000 person-years in the United States in the last 
30 years. However, the incidence has been increasing rapidly 
in European countries in the last 5 years [2]. The mortality 
rates parallel with incidence rates in each country and tend to 
increase [3]. The major risk factors include obesity, Barrett’s 
esophagus, smoking, low intake of fruits and vegetables, and 
gastroesophageal reflux disease (GERD) [2, 7].
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 Gastric Cancer

Gastric cancer is one of the most common causes of cancer- 
related death in the world and accounts for 8.8% of all 
cancer- related deaths [1]. The age-standardized mortality 
rate of stomach cancer worldwide is 8.9 per 100,000 persons. 
The highest mortality rates are in Eastern Asia (14.3/100,000) 
and the lowest rates in Northern America (2.1/100,000).

Gastric cancer is characterized by its predominance in 
males. Men are affected 2 to 3 times more often than women 
(12.3 per 100,000 years vs. 6.0 per 100,000 years) [8]. The 
disease shows regional variations between and within coun-
tries. Incidence of gastric tumor increases with age. At pre-
sentation, most gastric cancer patients are diagnosed with an 
advanced disease, with a 5-year survival rate lower than 30% 
[9, 10]. In the United States, the overall 5-year survival has 
been improved from 15% to 29% over the last 30 years [11]. 
However, survival rates are higher in Japan compared to 
other countries due to effectiveness of screening programs.

Although incidence of gastric cancer has decreased dur-
ing last 2 decades, it is still the fourth most common cancer 
and the second leading cause of cancer deaths worldwide 
[12–14]. More than 950,000 new gastric cancers and 700,000 
deaths were estimated in 2012. The highest incidence rates 
have been reported in Eastern Asia such as Korea, Japan, 
Mongolia, and China; Eastern Europe; and Southern 
America, with 24.2/100,000 [1, 3]. For example, the annual 
age-standardized gastric cancer incidence rates per 
100,000 in men are 65.9 in Korea versus 3.3 in Egypt [15].

In these countries, accounting for approximately 50% of 
all cases of gastric cancer worldwide, distal tumors usually 
occur more frequently and are associated with the prevalence 
of Helicobacter pylori infection [16, 17]. However, other 
risk factors for distal gastric tumor include dietary patterns 
and nutritional habits. Recently, a steady decline in distal 

gastric cancer incidence has been noted due to the decreased 
incidence of H. pylori infection and the increased use of salt- 
preserved foods, fresh fruits, and vegetables.

The lowest incidence of gastric tumors has been reported 
in Northern America (4.0/100,000) and Western Europe 
(6.3/100,000). In developed countries, proximal gastric 
tumors are the most commonly occurring gastric cancer. 
They are associated with obesity and GERD.

Adenocarcinoma is the most commonly occurring histology 
for gastric cancer. It accounts for 95% of all gastric tumors. 
Other histological types include squamous cell carcinoma, 
adenosquamous carcinoma, lymphoma, gastrointestinal stro-
mal tumor, leiomyosarcoma, and neuroendocrine tumor.

 Small Intestine

Although the small intestine is the longest part of the tubular 
digestive tract, it is a relatively rare location for the develop-
ment of cancer, with a global incidence of less than 1.0 case 
per 100,000 population [18, 19]. Cancers of the small intes-
tine or small bowel (SBC) are responsible for only 0.42% of 
total cancer cases and 2.3% of cancers of the digestive sys-
tem in the United States [20]. The incidence of small intes-
tine cancer is higher in North America, Western Europe, and 
Oceania than in Asia [19, 21]. Mortality from small intestine 
cancers is even lower in the United States, accounting for 
only 0.2% of the total cancer deaths. Men have higher inci-
dence rates than women.

There are four histological types of small intestine cancer: 
adenocarcinomas, neuroendocrine tumors, gastrointestinal 
stromal tumors, and lymphomas. Neuroendocrine tumor is 
the most frequent histological type, with 35–42% of neo-
plasms in the small intestine. Most of the small intestine neu-
roendocrine tumors are located in the ileum [22]. 

Fig. 1.1 Incidence and 
mortality rates of 
gastrointestinal tumors
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Adenocarcinoma is the second most commonly observed 
histological type, with 30–40% of the small intestine [21, 
22]. Most of the tumors located in the duodenum and the 
duodenal-jejunal junction are adenocarcinomas.

 Colorectal Cancer

Colorectal cancer (CRC) is one of the most frequent cancers 
with approximately 1,360,000 new cases globally [23]. 
Worldwide, it is the second most common cause of cancer- 
related deaths. It is the third most common cause of cancer- 
related death in developed countries, while in developing 
countries it is the second. In the United States, it accounts for 
9% of cancer-related deaths [11]. Colorectal cancer is more 
frequent and causes more deaths in men than in women. 
However, mortality rates of colorectal cancer have been 
decreased due to effective screening programs in some coun-
tries such as Italy and Israel [24].

It is the third most commonly diagnosed cancer in men 
and the second in women. The highest incidence rates are in 
Australia/New Zealand, Europe, and the United States. In 
the United States, 134,000 new cases were diagnosed in 
2012 [23]. The age-standardized incidence rate is 
40/100,000  in the European Union. However, the lowest 
incidence rates of colorectal cancer have been reported in 
some Mediterranean countries. Incidence of colorectal can-
cer decreased in the United States but increased in some 
European countries such as Finland and Norway in the last 
30 years [1]. Over the past few decades, the incidence and 
mortality rates of cancers originating in the rectum are rising 
in adults under 50 years old [25–27].

The incidence of colorectal cancer increases with age. 
The frequency of colorectal cancer is lower under 40 years of 
age; the frequency is approximately 1/1200 for under than 
40  years old but 1/25 for over 70  years old [28]. For this 
reason, screening for colorectal cancer is recommended in 
adults over 50 years of age. In higher-risk populations, such 
as patients with familial polyposis coli and Lynch syndrome, 
the screening must be started under 40 years of age.

The prognosis of patients with colorectal cancer has 
improved in the last few decades because of improvements 
in diagnostic and treatment strategies. The 5-year survival 
rate has reached 65% in developed countries [24, 29, 30]. In 
patients with stage I colorectal cancer, 5-year survival is 
90%, but only 12% for those with metastatic disease [24].

 Primary Liver Tumors

Primary liver cancer is one of the most commonly diagnosed 
malignancies. It is the fifth most frequent tumor worldwide; 

in 2012, the number of the liver cancers was estimated to be 
780,000 [31]. According to the Surveillance, Epidemiology, 
and End Results (SEER) program data, 5-year survival is 
approximately 17% in the United States but is lower in low- 
income countries (approximately 10%) [32, 33]. Primary 
liver cancer is the second most common cancer-related death 
in both sexes worldwide [32]. In 2012, an estimated 745,000 
deaths due to liver tumors occurred in the world. Liver can-
cers are much more common in men than in women.

There are several histological types of liver tumors such 
as  hepatocellular carcinoma and angiosarcoma [34]. 
Hepatocellular carcinoma accounts for most of the primary 
liver tumors [35]. The frequency of hepatocellular carcinoma 
varies according to different geographical regions. Incidence 
of hepatocellular carcinoma is the highest in East and 
Southeast Asia and Northern and Western Africa [36]. China 
accounts for about 50% of the new cases and deaths [36]. In 
populations where the incidence of hepatocellular carcinoma 
is the highest, frequency of chronic infection with hepatitis B 
virus (HBV), which is recognized as a major risk factor for 
hepatocellular carcinoma, is very high. The age-standardized 
incidence rates for hepatocellular carcinoma are lower in 
Europe and the United States. But, the incidence has increased 
in these populations due to the increased hepatitis C virus 
(HCV) infection, higher alcohol consumption, and the 
increasing incidence of nonalcoholic steatohepatitis (NASH). 
In the United States, the incidence has risen from 2.6/00.000 
to 8.6/100.000 over the last 30 years [37]. However, the age-
standardized incidence rates have decreased in regions such 
as Japan and China where it used to be an endemic disease as 
a result of the effective vaccination against HBV and improved 
hygiene and sanitation [38]. It is noteworthy that mortality 
rates from hepatocellular carcinoma have declined for the last 
few decades in Europe [39, 40].

 Cholangiocarcinoma

Cholangiocarcinoma, originating from the epithelial lining 
of the bile duct (intrahepatic and extrahepatic bile duct), is a 
relatively rare tumor compared to the other tumors of gastro-
intestinal system. It accounts for 3% of all gastrointestinal 
malignancies [41]. The incidence increases with age and 
shows a wide variation in different geographical regions. Its 
incidence is lower in adults under 40  years old. The inci-
dence of cholangiocarcinoma is higher in Asian countries 
such as Thailand, where Opisthorchis viverrini infection is 
endemic, than in the Western World. In Thailand, the age- 
standardized incidence rate reaches 113/100,000 person- 
years in men and 50/100,000 in women [42]. At diagnosis, 
most patients have advanced stage [43–45]. The 5-year sur-
vival rate is approximately 10% [43–45].

1 Global Epidemiology of Gastrointestinal Cancers
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 Gallbladder Cancer

Gallbladder cancer is the most common and the most aggres-
sive tumor of the biliary tract malignancies [46, 47], account-
ing for 80–95% of biliary tract cancers in the world [48]. 
Gallbladder cancer accounts for 0.5% of all gastrointestinal 
tumors, with less than 5000 new cases per year in the United 
States [49]. The incidence of gallbladder cancer is the high-
est in the Mapuche Indians of Chile (35 per 100,000 each 
year), closely followed by Hispanics and North American 
Native Americans. The incidence increases with age and is 
two- to sixfold higher in women than men [50]. Although 
mortality is declining in some developed countries such as 
the United States, Canada, and Australia, it is increasing in 
Chile and Japan. The 5-year survival rate of gallbladder can-
cer is about 5% [51].

 Pancreatic Cancer

The age-standardized incidence rate of pancreatic cancer is 
about 5/100,000 in men and 3.6/100,000 in women accord-
ing to GLOBOCAN 2012. In the United States, the incidence 
is estimated as 7.5% with 49,000 new cases [52]. The age- 
standardized mortality rate of pancreatic cancer has not 
changed in the last 30 years despite improvements in treat-
ment. Pancreas cancer is responsible for about 7.0% of 
cancer- related mortality in the United States. Median sur-
vival of pancreatic cancer is approximately 6 months and the 
5-year survival rate is still under 5% [53–56].

The most frequent histology of pancreas carcinoma is 
adenocarcinoma. However, the other histological types 
include adenocytic carcinoma and neuroendocrine tumor. 
Incidence of pancreatic neuroendocrine tumors is increasing 
because of improvements in diagnostic techniques and 
pathology. In the last 30 years, the incidence has increased 
from 1.2% to 5.0%. The overall survival of pancreatic neuro-
endocrine tumors is longer than adenocarcinoma even for 
advanced disease and may extend beyond 10 years in patients 
with low-grade tumors.

 Risk Factors for Gastrointestinal Cancers

 Tobacco and Alcohol

Tobacco use is one of the major contributing factors in the 
development of gastrointestinal cancers. Cigarette smoke is 
strongly associated with esophageal and pancreatic cancer 
but also involved in gastric and colorectal cancers. Up to 
two-thirds of squamous cell carcinomas of the esophagus in 
the United States are attributed to smoking [57]. Gastric can-
cer risk also increases with smoking, and the risk of both 

gastric and esophageal cancer is exponentially enhanced 
with alcohol consumption [58, 59]. It has been estimated that 
25% of pancreatic cancers are associated with tobacco smok-
ing [60]. Compared to nonsmokers, the relative risks of 
colorectal cancer were 1.06 (95% confidence interval [CI]: 
1.03–1.08) for 5 pack-years, 1.11 (95% CI: 1.07–1.16) for 10 
pack-years, 1.21 (95% CI: 1.13–1.29) for 20 pack-years, and 
1.26 (95% CI: 1.17–1.36) for 30 pack-years [61]; and case 
control studies showed increased anal cancer risk [62]. 
Cancer risk is related to both duration and intensity of smok-
ing and can be significantly diminished following smoking 
cessation in patients with esophagus SCC, gastric cancer, 
and pancreatic cancer, eventually falling almost to the level 
of nonsmokers [63–65].

Tobacco smoke contains many mutagenic and carcino-
genic compounds, including polycyclic aromatic hydrocar-
bons, nitrosamines, other aromatic amines, and miscellaneous 
organic compounds. Particularly, N-nitroso compounds, 
which are present both in our diet and in cigarette smoke, are 
harmful to our gut. While nicotine itself is not carcinogenic, 
thousands of other carcinogens in tobacco smoke form cova-
lent bonds with DNA, thus producing DNA adducts. These 
adducts result in mutations in critical genes of somatic cells 
[66]. While this is the major pathway of carcinogenesis, epi-
genetic pathways including tumor suppressor gene inactiva-
tion by promoter methylation also have a role in 
tobacco-induced carcinogenesis. Differences in metabolic 
activation processes of carcinogens and efficacy of DNA 
repair enzymes determine the probability of cancer develop-
ment and partially explain the individual differences in can-
cer risk [67].

Alcohol is also a significant risk factor for gastrointestinal 
cancers, with upper gastrointestinal cancers and hepatocel-
lular cancer having the highest risk. Even low level of intake 
is associated with increased risk. In the European Prospective 
Investigation into Cancer and Nutrition (EPIC) study, 10% 
and 3% of the incidence of total cancer was attributable to 
former and current alcohol consumption. Alcohol-attributable 
fractions were 44% and 25% for upper aerodigestive tract, 
33% and 18% for liver, and 17% and 4% for colorectal can-
cer for men and women, respectively [68]. A recent meta- 
analysis, including 486,538 cancer cases, showed relative 
risks (RRs) for heavy drinkers compared with nondrinkers 
and occasional drinkers to be 5.13 for oral and pharyngeal 
cancer, 4.95 for esophageal squamous cell carcinoma, and 
1.44 for colorectal cancer. Heavy drinkers also had a signifi-
cantly higher risk of stomach (RR 1.21), liver (2.07), gall-
bladder (2.64), pancreas (1.19), and lung cancer (1.15) [69]. 
Hepatocellular carcinoma (HCC) is associated with alcohol 
use, particularly mediated by alcoholic cirrhosis. Heavy 
drinkers are particularly at high risk, while mild drinkers 
have little or no increase in the risk of HCC [70, 71]. The 
relationship between alcohol and colorectal cancer may be 
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modified by dietary intake of folate, amount of alcohol con-
sumption, and gender [68, 72, 73]. For most cancer sites, no 
significant difference was found with cancer risk and type of 
alcoholic beverage.

Alcohol consumption is increasing rapidly in many parts 
of the world. In 1988, the International Agency for Research 
on Cancer (IARC) listed alcohol among the carcinogens for 
oral cavity and pharynx, esophagus, liver, and larynx. 
Colorectal cancer and female breast cancer were later added 
to the list in 2010 [74]. Acetaldehyde is the key intermediate 
in alcoholic fermentation and ethanol oxidation. Mutagenic 
amounts of acetaldehyde can be detected in saliva after 
ingestion of moderate doses of ethanol [75]. It is the most 
abundant carcinogenic compound of tobacco smoke [76, 77]. 
This is the reason why smokers have a much higher risk of 
cancer when alcohol consumption is also present. Other pro-
posed mechanisms for alcohol-induced cancer include 
increased estrogen concentration (breast carcinogenesis), a 
role as solvent for tobacco carcinogens, production of reac-
tive oxygen species and nitrogen species, and changes in 
folate metabolism. The risk of cancer among alcohol drink-
ers is modulated by genetic risk factors. Variations in genes 
encoding enzymes that metabolize alcohol or function in 
folate metabolism or DNA repair alter the susceptibility to 
carcinogenic effects of alcohol [78].

 Cancer Susceptibility Syndromes

 Familial Adenomatous Polyposis
Familial adenomatous polyposis (FAP) is an autosomal dom-
inant disease characterized by the presence of hundreds of 
early-onset colorectal adenomas. Extracolonic manifesta-
tions include osteomas, desmoid tumors, and congenital 
hypertrophy of the retinal pigment epithelium, epidermoid 
cysts, fibromas, and dental abnormalities. The risk of upper 
GI tract cancer including duodenal or periampullary carci-
noma and gastric cancer is also increased, and follow 
colorectal cancer as a major cause of cancer deaths in patients 
with FAP [79]. Other associated malignancies are pancreatic 
and thyroid cancers, hepatoblastoma, and medulloblastoma, 
but cumulative lifetime risk is much lower (<1–2%) [80]. 
Germline mutation in the adenomatous polyposis coli (APC) 
gene located on chromosome 5q21-q22 is the genetic defect 
present. FAP accounts for 1% of all colorectal cancers. If 
untreated, colorectal cancer develops in 100% of the patients 
at the age of 40–45 years. Prophylactic colectomy is recom-
mended to reduce cancer risk. Patients with attenuated FAP 
have a history of >20 but <100 colorectal adenomas. The risk 
for developing CRC is increased, but, in contrast to classic 
FAP, polyps develop later in life and the risk for developing 
extracolonic neoplasms or desmoid tumors is lower. 

Screening with annual flexible sigmoidoscopy or colonos-
copy should be started at age 10–12  in classical FAP and 
with annual colonoscopic screening at age 20–25 in attenu-
ated FAP [81].

MUTYH-associated polyposis (MAP) is an autosomal- 
recessive polyposis syndrome caused by biallelic mutations 
in the MUTYH gene. MAP is characterized with late-onset 
(fifth decade) polyposis and presence of 10–100 colorectal 
polyps, but CRC can also develop in the absence of colorec-
tal polyposis [82]. Management is similar to that of classic 
FAP or attenuated FAP.

 Lynch Syndrome
The Lynch syndrome—or hereditary non-polyposis colorec-
tal cancer (HNPCC)—is an autosomal dominant syndrome 
caused by germline mutations in DNA mismatch repair 
genes, i.e., MLH-1, MSH-2, MSH-3, MSH-6, PMS-1, or 
PMS-2, or loss of expression of MSH2 due to deletion in the 
EPCAM gene. HNPCC accounts for 2–3% of all colorectal 
cancer cases. Overall incidence is 1/400 and it is the most 
common cancer susceptibility syndrome. Lifetime risk of 
CRC is 30–70% [83]. Bonadona et al. reported a cumulative 
risk of CRC at age 70 in 38% of males and 31% in females 
with substantial variability by genotype. MSH6 mutation 
carriers had lower cumulative risk of CRC compared with 
MLH1 or MSH2 mutation carriers (12% vs. 41% and 48%, 
respectively) [84]. Patients typically develop colon cancer at 
a young age. Mismatch repair defect results in microsatellite 
instability. Polyps are rarely seen, and cancer develops more 
rapidly than sporadic cases, which necessitates more fre-
quent screening. Colonoscopy every 1–2 years starting at age 
20–25 or 5 years before the youngest case in the family is 
recommended [85]. The risk of endometrial, ovarian, renal 
pelvis, and gastric cancer is also increased in the Lynch 
syndrome.

 Hereditary Breast-Ovarian Cancer Syndrome
Hereditary breast-ovarian cancer syndrome is inherited in an 
autosomal dominant fashion with high penetrance caused by 
germline mutations in BRCA1 and BRCA2 genes. Lifetime 
risk of breast and ovarian cancer is approximately 60% in 
BRCA1 mutation carriers [86]. Data from the Breast Cancer 
Linkage Consortium (BCLC) reported relative risks of pan-
creatic cancer of 2.26 in BRCA1 mutation carriers and 3.51 in 
BRCA2 mutation carriers. An increased risk was also 
observed for gallbladder and bile duct cancer (RR = 4.97; 
95% CI = 1. 50–16.52) and stomach cancer (RR = 2.59; 95% 
CI = 1.46–4.61) in BRCA2 mutation carriers [87]. The over-
all pancreatic cancer risk is about 1% and 4.9% for BRCA1 
and BRCA2 mutation carriers, respectively [88].

Other hereditary cancer syndromes associated with gas-
trointestinal cancers are summarized in Table 1.1.

1 Global Epidemiology of Gastrointestinal Cancers
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 Viruses

Since the 1970s, it has been known that hepatitis B virus 
(HBV) and hepatitis C virus (HCV) are closely linked with 
hepatocellular carcinoma. Large epidemiological studies 
showed overlapping distribution with chronic hepatitis and 
HCC and prospective studies have shown a 100-fold 
increased risk of HCC associated with chronic HBV infec-
tion [89]. HBV is a DNA virus; it contributes both directly to 
liver carcinogenesis through genomic integration in the 
tumor cells and indirectly by stimulating cellular prolifera-
tion in response to immune-mediated injury, inflammation, 
and fibrosis [90]. The mechanism of HCV-induced HCC is 
less clear. HCV-induced HCC is correlated with the degree 
of inflammation, and inflammation seems to be a major car-
cinogenic driver rather than specific oncogene activation. 
The cumulative lifetime incidence of HCC for patients with 
HCV alone was found to be 24% for men and 17% for 
women [91]. For HBV, lifetime HCC risk is variable. 
Advanced age and male gender, high viral load, active viral 
replication, and HBV genotype C harbor a higher risk of 
HCC [92, 93]. HBV vaccination has reduced the prevalence 
of HBV infection and antiviral drugs have reduced the risk of 
liver disease and the development of HCC [94]. Nucleoside 
analogues improve recurrence-free survival and overall sur-
vival after curative resection of HCC [95]. Successful treat-
ment of HCV has also been associated with a decreased risk 
of HCC.

Papillomaviruses are DNA viruses with more than 140 
different phenotypes. A subset of papillomaviruses is associ-
ated with cervical cancer, oropharyngeal/tonsil cancer, anal 
cancer, and nonmelanoma skin cancer. The E6 and E7 pro-
teins encoded by HPV contribute to malignant transforma-
tion in infected cells. HPV causes anal intraepithelial 
neoplasia, which then progresses to dysplasia and invasive 
cancer. HPV 16 and 18 are particularly associated with 

malignant transformation. Vaccination against HPV is now 
routinely recommended for both males and females initiat-
ing at age 11–12 years through 26 years.

Epstein-Barr virus (EBV) is best known as the cause of 
nasopharyngeal carcinoma and some types of lymphoma. 
Recent studies have shown that EBV genes are also expressed 
in gastric cancer. The investigators from The Cancer Genome 
Atlas (TCGA) project proposed a molecular classification 
dividing gastric cancer into four subtypes, and tumor posi-
tive for Epstein-Barr virus is one of the subtypes comprising 
9% of gastric adenocarcinomas. These EBV-positive tumors 
displayed recurrent PIK3CA mutations, extreme DNA hyper-
methylation, and amplification of JAK2, PD-L1, and PD-L2 
[96]. EBV positivity was more frequent in young males and 
was associated with diffuse-type histology and proximal gas-
tric involvement [97, 98]. Previous studies showed similar 
prognosis, but some studies showed a lower rate of lymph 
node involvement [99].

 Bacteria and Microbiome

 Helicobacter pylori
H. pylori is a Gram-negative spiral bacterium that has a role 
in the pathogenesis of gastric cancer and gastric MALT lym-
phoma. H. pylori infection increases the risk of distal gastric 
adenocarcinoma by two- to tenfold in different studies but 
only a minority of the individuals will develop gastric cancer 
because the interaction between genetic and environmental 
factors and different strains of the bacteria results in individ-
ual variability in the outcomes of the infection [100]. IARC 
declared H. pylori as group 1 human carcinogen for gastric 
adenocarcinoma in 1994. IARC also estimates that the per-
centage of gastric cancer attributable to H. pylori infection is 
36% and 47% in developed and developing countries, respec-
tively. The exact mechanism of carcinogenesis is not com-

Table 1.1 Hereditary cancer syndromes associated with gastrointestinal cancers

Syndrome Associated gene(s) Associated cancers
Lynch syndrome MLH1, MSH2, MSH6, 

PMS2, EPCAM
Colorectal, gastric, pancreatic, endometrial, ovarian, and renal 
pelvis cancer

Familial adenomatous polyposis, Gardner 
and Turcot syndromes

APC Colorectal cancer, osteomas, desmoid tumors, brain tumors, 
medulloblastoma

Peutz Jeghers syndrome LKB1/STK11 Hamartomatous polyps, gastric, pancreatic and small intestine 
cancers, lung and breast cancer

Li-Fraumeni syndrome TP53 Breast cancer, sarcoma, brain tumors, adrenocortical cancer
Cowden syndrome PTEN Colon, thyroid, breast, and uterus cancers
Hereditary breast ovarian cancer syndrome BRCA1, BRCA2 Breast, ovarian, pancreatic, gastric, and laryngeal cancer
MUTYH-associated polyposis MUTYH Colorectal cancer
Familial juvenile polyposis BMPR1A, SMAD4 Colorectal and gastric cancer
Tylosis TOC Esophageal cancer
Hereditary diffuse gastric cancer CDH1 Gastric cancer
Ataxia telangiectasia ATM Pancreatic cancer, gastric and biliary tract cancer
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pletely understood. The bacteria cause chronic active gastritis 
and atrophic gastritis, which are precursors of adenocarci-
noma. Diversity in the genome of H. pylori,  alterations in host 
immune response to H. pylori, subsequent apoptosis, prolif-
eration and differentiation of gastric epithelial cells, further 
augmentation of the interactions by diet, particularly salted 
food intake, and bacterial overgrowth in hypochlorhydria 
may have a role in cancer development [101]. Eradication of 
H. pylori reduces the risk of gastric cancer [102]. Gastric malt 
lymphoma risk is also increased with H. pylori infection. The 
H. pylori strains that express cag A protein are specifically 
linked with the increased cancer risk. H. pylori eradication 
alone can induce tumor remission in some cases [103]. There 
are studies suggesting an association between H. pylori infec-
tion and colon cancer, pancreatic cancer, and biliary tract can-
cer but the evidence is not strong and remains controversial.

 Other Bacteria
With the advances in metagenomics approaches that com-
bine next-generation sequencing platforms with the compu-
tational analysis and assembly of targeted (16S ribosomal 
RNA hypervariable region) and random (whole-genome 
shotgun) DNA sequence reads and human microbiome proj-
ect, the diversity of human colon microbiota has been char-
acterized [104]. Human microbiome studies have revealed 
differences in the relative abundance of certain microbes in 
cancer cases compared with controls indicating a clear link 
between bacteria, inflammation, and colorectal cancer. 
Microbiota are relatively stable within an individual com-
pared with our exposures to external agents. There is also 
minor microbial variation within a human individual over 
their lifespan and a healthy individual retains specific strains 
for extended periods of time [105]. Further studies have 
revealed associations between colon microbiota and colon 
cancer [106]. The species particularly suggested to increased 
risk are Fusobacterium, Streptococcus bovis, and Escherichia 
coli [107, 108]. Many studies showed Fusobacterium posi-
tivity in colon cancer tissue, adjacent mucosa, and even in 
metastases of colon cancer [109, 110]. Human cancer types 
in which microbiota changes have been observed include 
colorectal cancer, oral, esophageal, pancreatic, and gallblad-
der cancer [111]. Continuation of these studies and integra-
tion with epidemiology studies will result in further 
clarification of cancer pathogenesis and develop preventive 
measures [112]. These data may have implications in devel-
oping cancer prevention and treatment strategies through tar-
geting GI microflora by diet, probiotics, and antibiotics.

 Diet

There have been extensive epidemiological data on certain 
diets, individual nutrients, methods of preparation and pres-

ervation, and increased or reduced risk of gastrointestinal 
cancer. The evidence mainly comes from observational stud-
ies resulting in the lack of definitive conclusions. Fruit and 
vegetable consumption was found to be associated with 
lower risk of colorectal, pancreatic, gastric, and esophageal 
cancer [113]. Dose-response evaluation revealed that each 
increase of 100 g of intake/day of fruit (SRR, 0.95) and veg-
etables (SRR, 0.96) was associated with a decrease in risk of 
gastric cancer [114]. Similar reductions in risk are described 
for esophageal carcinomas [115]. The risk of Barret’s esoph-
agus, the precursor lesion of esophageal adenocarcinoma, is 
also decreased with increased fruit and vegetable intake 
[116]. Increasing variety of the types of fruits and vegetables 
also decreased the risk of gastric cancer [117]. Antioxidants, 
flavons, and other micronutrients in fruits and vegetables 
might account for the reduced risk through scavenging oxy-
gen radicals and inhibiting other processes associated with 
carcinogenesis (adhesion, invasion, and migration).

High salt intake is associated with increased gastric can-
cer risk [118]. The association is dose-dependent. High salt 
concentration in the stomach leads to mucosal damage 
through synergic action with H. pylori infection and increases 
the effects of carcinogenic nitrates in food. Consequently, 
salt-preserved foods also increase the risk of gastric cancer.

Case-control studies showed increased risk of gastric and 
esophageal cancer with red meat consumption but cohort 
studies showed a weaker association [119]. Many studies 
have found a link between red meat or processed meat intake 
and colorectal cancer risk [120, 121]. Diets high in red and 
processed meats have also been linked with increased risk of 
pancreatic cancer in some studies [122]. Heterocyclic amines 
and polycyclic aromatic hydrocarbons generated during 
cooking at high temperatures (broiling, barbecuing) and 
nitrosamines derived by gut microbiome through nitrates 
from processed meat are hypothesized to cause cancer. 
Undercooked beef was also suggested to increase CRC risk 
through some bovine infectious factors [123]. Recently, after 
thoroughly reviewing the accumulated scientific literature, 
the World Health Organization (WHO) IARC Monographs 
program classified processed meat as carcinogenic to humans 
(Group 1), based on sufficient evidence in humans that the 
consumption of processed meat causes colorectal cancer. The 
consumption of red meat was classified as probably carcino-
genic to humans (Group 2A), based on limited evidence that 
the consumption of red meat causes cancer in humans and 
strong mechanistic evidence supporting a carcinogenic effect.

Foods containing dietary fiber probably protect against 
colorectal cancer. Large epidemiological studies found lower 
risk of adenomas and CRC with fiber consumption; however, 
the data is not entirely consistent. Probably, the type of fiber 
is important in risk-reduction potential. Fiber from grains 
was suggested to be more protective [124]. Foods containing 
milk and calcium, garlic, foods containing vitamin D, as well 
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as fish also probably protect against colorectal cancer [125–
127]. Foods containing sugar and animal fats may increase 
the risk of colorectal cancer [128].

Foods containing folate (but not folic acid supplements) 
probably protect against colorectal and pancreatic cancer 
[129–131]. More research is needed to confirm these 
findings.

 Obesity and Physical Activity

Many epidemiological studies have shown increased risk of 
overall cancer, and some cancers particularly have higher 
risk, in overweight/obese individuals. Visceral obesity was 
found to confer higher risk compared with abdominal obe-
sity [132]. In the United States, about 20% of all female can-
cer deaths and 15% of male cancer deaths are obesity-related 
[133]. Obesity is associated with increased risk of esopha-
geal cancer, colorectal cancer, hepatocellular cancer, pancre-
atic cancer, gastric cancer, and gallbladder cancer [134–136]. 
Increasing body mass index (BMI) further increased the risk. 
Uterine cancer, breast and ovarian cancer, prostate cancer, 
kidney cancer, non-Hodgkin’s lymphoma, leukemia, and 
multiple myeloma are other non-GI cancers that have exhib-
ited increased risk [137, 138]. Obesity is associated with a 
chronic inflammatory response characterized by abnormal 
and excessive cytokine production. The imbalance between 
pro-inflammatory cytokines (leptin, tumor necrosis factor- 
alpha [TNFa] or interleukin [IL]-6) and anti-inflammatory 
cytokines such as adiponectin may be involved in the carci-
nogenesis. This inflammatory state may contribute to the 
increased rate of cancers in obesity. The beneficial effects of 
aspirin and nonsteroidal anti-inflammatory drugs (NSAIDs) 
on reducing colon cancer risk support this association. 
Obesity also increases gastroesophageal reflux, which is 
clearly associated with Barret’s esophagus and esophageal 
adenocarcinoma. Dysregulation of insulin and insulin-like 
growth factor-1 signaling are other potential carcinogenic 
mechanisms linking obesity to cancer [134, 135].

Substantial evidence links reduced physical activity with 
an increased risk of colon, breast, and endometrial cancer 
[139–141]. Limited data also suggest a link between pancre-
atic and gastric cancer and physical activity [142–144]. A 
meta-analysis of 21 studies reported a 26–27% decreased 
risk of colon cancer among the most physically active com-
pared with the least active individuals [145]. Physical activ-
ity also decreases the risk of recurrence in patients diagnosed 
with colon cancer. For example, a recent meta-analysis 
showed that physical activity before or after diagnosis 
reduces mortality from colorectal cancer [146]. The inverse 
association between physical activity and risk of colon can-
cer is independent of BMI [147]. Distinct or combined 
effects of physical activity and obesity on circulating hor-

mones, adipocytokines, growth factors, insulin resistance, 
and immune function may be responsible for the beneficial 
effect of physical activity on cancer risk and mortality [141].
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Pathological Evaluation, Classification, 
and Staging of Gastrointestinal Cancers

Vinod B. Shidham

 Introduction

Pathology as a diagnostic branch is an important pillar in the 
multidisciplinary management of most of the diseases includ-
ing management of cancers. The insight provided by the 
microscopic features of any disease, pathological evaluation 
of tissue, is pivotal and an essential component in securing the 
best outcome in the multidisciplinary/multispecialty manage-
ment of any cancer including gastrointestinal (GI) cancer.

GI cancer diagnosis involves multiple steps with various 
specialties including clinical examination for evaluating 
symptoms and signs, which guides the selection of an appro-
priate combination of imaging modalities, endoscopy, and 
various approaches for tissue diagnosis. The ultimate step is 
tissue diagnosis, the gold standard, with help of various 
biopsy methods. Sampling artifact due to missing of the 
actual pathology by random approach may be avoided by 
applying targeted methods guided by high-resolution endos-
copy, such as different types of endomicroscopy in an effort 
to achieve in  vivo histology-like real-time details (optical 
biopsy) [1–5].

Any of these methodologies has to conclude with appro-
priate expertise in ruling out various morphological mim-
ickers by weeding out potential pitfalls in marching toward 
the correct diagnosis. Careful scrutiny of a variety of mor-
phological features in the tissue specimens under examina-
tion is the most important step. Generally, the differential 
diagnosis involves a wide spectrum, spanning from reactive 
process at one end to various benign and malignant tumors 
at other end. If the morphological features are not sufficient 
enough to reach conclusive interpretation, a variety of ancil-

lary tests may have to be applied. These ancillary tests 
include immunophenotyping by immunohistochemistry 
(IHC) or flow cytometry, fluorescence in situ hybridization/
chromogenic in situ hybridization (FISH/CISH), cytogenet-
ics, various molecular tests, electron microscopy, etc. 
Because it is easily adaptable to the routine anatomic pathol-
ogy workflow using light microscopy, IHC is the most fre-
quently used tool for evaluating diagnostic and prognostic 
immunomarkers. In addition, IHC has many other practical 
benefits, including feasibility to perform the immunostain-
ing on archivable formalin-fixed paraffin-embedded (FFPE) 
tissue/cell-blocks. IHC slides can be stored like surgical 
pathology slides for future record. Ongoing refinement and 
availability of an ever-widening battery of immunomarkers 
along with increasing availability of multicolor immunos-
taining options for improved interpretation are continuously 
strengthening its ancillary status.

Thus, the interpretation of tissue for the diagnosis of any 
cancer is based on microscopic evaluation of morphological 
features with or without ancillary tests including immuno-
phenotyping (immunohistochemistry/flow cytometry), cyto-
genetics, and variety of molecular pathology tests. Another 
component of interpretation is proper classification, which 
by itself, is an ongoing process based on increasing under-
standing with advances in the field of molecular pathology. 
Due to this, there are many tumor classifications for various 
cancers. However, depending on regional/local preferences 
and standard of practice, one or other classification is 
favored. In general, some classifications, such as the World 
Health Organization (WHO) classification [6] are favored 
over others. The tumors are generally classified based on 
their morphological features matching with its normal coun-
terpart. This has been termed histogenesis (tissue of tumor 
origin). However, the preferred approach would be to con-
sider the resemblance of a particular tumor to a particular 
type of normal tissue as its differentiation into that tissue 
type rather than as evidence of tissue of origin or 
histogenesis.
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Although not significantly important for all tumors, grading 
of tumor is an additional component of tissue diagnosis. Most of 
the approaches involve comparison of the tumor differentiation 
with the normal counterpart. Tumors with  morphological resem-
blance closer to the normal spectrum would be “well differenti-
ated” and the one lacking significant differentiation as “poorly 
differentiated,” with “moderately differentiated” falling between 
the two extremes. This approach may be modified in some spe-
cific tumor/organ systems, such as in the application of mitotic 
figure count (proliferation status) and necrosis for grading neuro-
endocrine tumors (NET) [7] and gastrointestinal stromal tumors 
(GIST) [8, 9]. Ancillary tests such as KI-67 index may be applied 
for improved objectivity in tumor grading based on parameters 
related to proliferation [9a] are important factors to be considered 
for making treatment decisions. These features should be included 
in final pathology report under summary/synoptic report [10].

After tissue diagnosis and its proper classification, stag-
ing of that tumor has prognostic significance and is a critical 
component of any surgical pathology report on the resection 
specimen for proper clinical management. Currently, TNM 
(Tumor, Node, Metastasis) staging is the most widely prac-
ticed staging system. Based on various experiences, The 
American Joint Committee on Cancer (AJCC), in coopera-
tion with the TNM Committee of the International Union 
Against Cancer (UICC), has incorporated these factors and 
developed a comprehensive TNM staging system, which is 
revised periodically [11–13, 15]. Each of the three compo-
nents in TNM is given an incremental number as the tumor 
shows worsening features in that category. T (Tumor topog-
raphy) is usually based on the size of tumor or the depth of 
the tumor invasion in tubular GI organs. Larger tumor size 
and/or deeper tumor invasion equates with a higher stage. 
N (extent of regional lymph node involvement) and M (evi-
dence of distant metastasis) indicate the status regarding the 
spread of the tumor beyond the primary site as additional 
prognostic indicators. Depending on T, N, and M status, the 
AJCC has compiled various permutations and combinations 
into progressive groups from Stage 0 to Stage IV. In addition 
to TNM, other features such as Tumor deposits, Preoperative 
blood level of CEA, Tumor regresion score, Circumferential 
resection margin, Lymphovascular invasion, Perineural inva-
sion, Microsatellite instability, KRAS and NRAS mutation, 
and BRAF mutation. Currently, this staging is one of the most 
important prognostic determinants and is important informa-
tion in guiding the treatment plan [13]. Please see Table 2.1 in 
which “Colon carcinoma” is chosen as the organ system as an 
example for TNM staging [13]. The prognosis of higher stage 
cancer is poorer than lower stage cancers with shorter 5-year 
survival rates, even after curative resection [14].

Table 2.1 TNM staging based on AJCC eighth edition using colon as 
example (comparable approach with organ-specific details is applied 
for other tubular GIT) (see Fig. 2.5)

Definition of primary tumor (T)
T category T criteria
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ: intramucosal carcinoma 

(involvement of lamina propria with no extension 
through muscularis mucosae)

T1 Tumor invades the submucosa (through the muscularis 
mucosa but not into the muscularis propria)

T2 Tumor invades muscularis propria
T3 Tumor invades through the muscularis propria into 

pericolorectal tissues
T4 Tumor invades the visceral peritoneum or invades or 

adheres to adjacent organ or structure
T4a Tumor invades through the visceral peritoneum 

(including gross perforation of the bowel through 
tumor and continuous invasion of tumor through areas 
of inflammation to the surface of the visceral 
peritoneum)

T4b Tumor directly invades or adheres to adjacent organs or 
structures

Definition of regional lymph node (N)
N category N criteria
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 One to three regional lymph nodes are positive (tumor 

in lymph nodes measuring ≥0.2 mm), or any number 
of tumor deposits are present and all identifiable lymph 
nodes are negative

N1a One regional lymph node is positive
N1b Two or three regional lymph nodes are positive
N1c No regional lymph nodes are positive, but there are 

tumor deposits in the
  Subserosa
  Mesentery
  Nonperitonealized pericolic or perirectal/mesorectal 

tissues
N2 Four or more regional nodes are positive
N2a Four to six regional lymph nodes are positive
N2b Seven or more regional lymph nodes are positive

Definition of distant metastasis (M)
M category M criteria
M0 No distant metastasis by imaging, etc.; no evidence of 

tumor in distant sites or organs (this category is not 
assigned by pathologists)

M1 Metastasis to one or more distant sites or organs or 
peritoneal metastasis is identified

M1a Metastasis to one site or organ is identified without 
peritoneal metastasis

M1b Metastasis to two or more sites or organ is identified 
without peritoneal metastasis

M1c Metastasis to the peritoneal surface is identified alone 
or with other site or organ metastasis
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Table 2.1 (continued)

AJCC prognostic stage groups
When T is… And N is… And M is… Then the stage group is…
Tis N0 M0 0
T1, T2 N0 M0 I
T3 N0 M0 IIA
T4a N0 M0 IIB
T4b N0 M0 IIC
T1–T2 N1/N1c M0 IIIA
T1 N2a M0 IIIA
T3–T4a N1/N1c M0 IIIB
T2–T3 N2a M0 IIIB
T1–T2 N2b M0 IIIB
T4a N2a M0 IIIC
T3–T4a N2b M0 IIIC
T4b N1–N2 M0 IIIC
Any T Any N M1a IVA
Any T Any N M1b IVB
Any T Any N M1c IVC

Used with permission of the American Joint Committee on Cancer 
(AJCC), Chicago, Illinois [15]. The original and primary source for this 
information is the AJCC Cancer Staging Manual, Eighth Edition 
(2017) published by Springer International Publishing

Table 2.2 Appendix: Comparative TNM staging according to AJCC 
applied to carcinoma versus neuroendocrine tumor [15]. (Note that for 
Appendix, in addition to TNM, grade of the tumor is also a consider-
ation for staging of carcinoma, especially subcategorization of stage IV)

(a) Carcinoma
Definition of primary tumor (T)
T category T criteria
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ (intramucosal carcinoma; invasion 

of the lamina propria or extension into but not 
through the muscularis mucosae)

Tis(LAMN) Low-grade appendiceal mucinous neoplasm 
confined by the muscularis propria. Acellular mucin 
or mucinous epithelium may invade into the 
muscularis propria
T1 and T2 are not applicable to LAMN. Acellular 
mucin or mucinous epithelium that extends into the 
subserosa or serosa should be classified as T3 or 
T4a, respectively

T1 Tumor invades the submucosa (through the muscularis 
mucosa but not into the muscularis propria)

T2 Tumor invades muscularis propria
T3 Tumor invades through the muscularis propria into 

the subserosa or the mesoappendix
T4 Tumor invades the visceral peritoneum, including 

the acellular mucin or mucinous epithelium 
involving the serosa of the appendix or 
mesoappendix, and/or directly invades adjacent 
organs or structures

T4a Tumor invades through the visceral peritoneum, 
including the acellular mucin or mucinous 
epithelium involving the serosa of the appendix or 
serosa of the mesoappendix

T4b Tumor directly invades or adheres to adjacent organs 
or structures

Table 2.2 (continued)

Definition of regional lymph node (N)
N category N criteria
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 One to three regional lymph nodes are positive 

(tumor in lymph nodes measuring ≥0.2 mm), or any 
number of tumor deposits are present, and all 
identifiable lymph nodes are negative

N1a One regional lymph node is positive
N1b Two or three regional lymph nodes are positive
N1c No regional lymph nodes are positive, but there are 

tumor deposits in the subserosa or mesentery
N2 Four or more regional nodes are positive

Definition of distant metastasis (M)
M category M criteria
M0 No distant metastasis
M1 Distant metastasis
M1a Intraperitoneal acellular mucin, without identifiable 

tumor cells in the disseminated peritoneal mucinous 
deposits

M1b Intraperitoneal metastasis only, including peritoneal 
mucinous deposits containing tumor cells

M1c Metastasis to sites other than peritoneum

AJCC prognostic stage groups

When T is…
And N 
is…

And M 
is…

And grade 
is…

Then the stage 
group is…

Tis N0 M0 0
Tis(LAMN) N0 M0 0
T1 N0 M0 I
T2 N0 M0 I
T3 N0 M0 IIA
T4a N0 M0 IIB
T4b N0 M0 IIC
T1 N1 M0 IIIA
T2 N1 M0 IIIA
T3 N1 M0 IIIB
T4 N1 M0 IIIB
Any T N2 M0 IIIC
Any T N0 M1a IVA
Any T Any N M1b G1 IVA
Any T Any N M1b G2, G3, or 

GX
IVB

Any T Any N M1c Any G IVC

(b) Neuroendocrine tumor
Definition of primary tumor (T)
T category T criteria
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor 2 cm or less in greatest dimension
T2 Tumor more than 2 cm but less than or equal to 4 cm
T3 Tumor more than 4 cm or with subserosal invasion or 

involvement of the mesoappendix
T4 Tumor perforates the peritoneum or directly 

invades other adjacent organs or structures 
(excluding direct mural extension to adjacent 
subserosa of adjacent bowel), e.g., abdominal wall 
and skeletal muscle

(continued)
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Various organ systems have comparable methods to TNM 
staging, which may be modified in some cases based on the 
type of neoplasm. For example, TNM staging of the appen-
dix for adenocarcinoma including goblet cell carcinoid 
(crypt cell carcinoma) is different than for neuroendocrine 
tumor (carcinoid) for the same organ (Table 2.2) [15].

The role of molecular pathology is evolving due to the 
ongoing introduction of a variety of targeted therapy for vari-
ous GI cancers. The classical example is the role of KIT 
(CD117) in establishing the diagnosis of gastrointestinal stro-
mal tumor (GIST) with evaluation for various KIT mutations 
related to the response to tyrosine kinase inhibitors such as 
Gleevec [16]. Other molecular tests are evolving continuously 
with an increasing role not only in treating GI cancer patients 
but also in monitoring/evaluating their relatives. An example 
includes evaluation for mismatch repair (MMR) genes for 
microsatellite instability (MSI), which is linked with the 
hereditary form of colorectal cancer in Lynch syndrome [17].

Most of this information is currently included as part of 
the final report on most of the definitive resections and some 
of the biopsies as per the College of American Pathologists 
(CAP) checklist for a particular tumor/organ [10, 18].

 Pathological Evaluation

The standard of practice requires tissue diagnosis prior to initia-
tion of treatment. Many lesions – both benign (including benign 
ulceration [usually due to ischemia or inflammatory processes, 
such as Helicobacter pylori infection in the stomach or cytomeg-
alovirus infection in the colon], inflammatory conditions such as 
inflammatory bowel disease [Crohn’s disease or ulcerative coli-
tis], solitary rectal ulcer syndrome, and diverticular disease with 
mural stricturing, hamartomas, endometriosis, and adenomas) 
and malignant (including neuroendocrine tumors, lymphomas, 
mesenchymal tumors [e.g., GIST]), metastatic tumors with ten-
dency for gastrointestinal tract metastases (e.g., melanomas), and 
malignancies growing into GI tract (GIT) from adjacent organs 
(e.g., cancers of the ovary, endometrium, urinary bladder, or 
prostate]) – may clinically resemble GI carcinomas. Due to this, 
it is critical to confirm the tissue diagnosis prior to definitive 
therapy as a standard of practice for the best outcome.

Tissue diagnosis and pathological evaluation may be 
achieved by various biopsy methods including fine-needle 
aspiration (FNA) biopsy (with its variants such as endoscopic 
ultrasound [EUS]-guided FNA, which is very important for 
evaluation of lesions of deeper organs such as the pancreas 
and other sites accessible through the tubular GI system) and 
other cytopathology methods including brushings, washings/
lavages, and cyst aspirations. Surgical pathology approaches 
include endoscopic forceps biopsies/resection of small lesions 
such as polyps, core biopsy (including image-guided core 
biopsy), wedge biopsy  (including laparoscopic biopsies), and 
ultimately resection specimens. Each of these approaches has 
benefits and limitations discussed briefly as follows.

 Cytopathological Evaluation

Cytology has multiple advantages with the ability to evaluate 
excellent cytomorphological details (Fig.  2.1) over surgical 
pathology biopsy (Fig. 2.2). The principal mechanism by which 
the diagnostic material is retrieved by FNA facilitates selective 
suction of poorly cohesive neoplastic cells (Fig. 2.3) over sup-
porting stroma, as compared to coring out of both stroma and 
tumor cells by core biopsy along the tract for that core (Fig. 2.3). 
FNA procedure samples a relatively wider area of the lesion 
because of the nature of the procedure in which the sampling 
FNA needle has to be moved back and forth in different direc-
tions in the tumor. Most of the sampled material is seen directly 
on the slides under scrutiny (in contrast to just a tiny fraction of 
the sampled surgical biopsy tissue as just a 4-micron thick tissue 
section) [19]. In addition to rapid turnaround time and lower 
cost, these specimens provide the opportunity to evaluate the 
cytomorphological features of tumor/lesion cells at a higher 
level of clarity with excellent nuclear details allowing precise 
diagnosis even with limited material (Fig. 2.1). In addition to the 
initial tissue diagnosis (Fig. 2.1), cytopathology contributes to 

Table 2.2 (continued)

Definition of regional lymph node (N)
N category N criteria
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

Definition of distant metastasis (M)
M category M criteria
M0 No distant metastasis
M1 Distant metastasis
M1a Metastasis confined to liver
M1b Metastases in at least one extrahepatic site (e.g., lung, 

ovary, nonregional lymph node, peritoneum, and bone)
M1c Both hepatic and extrahepatic metastases

AJCC prognostic stage groups
When T is… And N is… And M is… Then the stage group is…
T1 N0 M0 I
T1 N1 M0 III
T1 N0, N1 M1 IV
T2 N0 M0 II
T2 N1 M0 III
T2 N0, N1 M1 IV
T3 N0 M0 II
T3 N1 M0 III
T3 N0, N1 M1 IV
T4 N0 M0 III
T4 N1 M0 III
T4 N0, N1 M1 IV

Used with permission of the American Joint Committee on Cancer 
(AJCC), Chicago, Illinois [15]. The original and primary source for this 
information is the AJCC Cancer Staging Manual, Eighth Edition 
(2017) published by Springer International Publishing
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the staging of many GI cancers such as TNM staging of colon 
cancer. Positivity of tumor cells in peritoneal fluid cytology is 
equivalent to the distant metastasis properly assigning a status 
of AJCC stage IV to these cases.

However, depending on a particular situation, invasion 
cannot be evaluated directly in the cytology specimens, 
although some indirect evidence such as tumor diathesis in 
the background with relatively higher cellularity may suggest 
that. Similarly, although some architectural details may be 
observed, it may not be comparable to that seen in surgical 
pathology (histopathology) tissue sections. Both these limita-
tions could be overcome by using improved techniques for 
achieving best cellularity in cell-block sections from an ade-
quately cellular cell-block [20, 21]. Recent advances for 
improving cellularity of cell-blocks allows maximum retrieval 
of diagnostic material in cell-block sections [19] [20a]. Cell-
block also allows application of ancillary tests including IHC 
for differential diagnosis, for evaluation of prognostic mark-
ers, and for evaluating primary versus metastatic nature of the 
tumor. With the ever-increasing role of molecular tests, the 
cell-block is an excellent resource for many of these tests to 
be performed as indicated synchronously or at a later time on 
the archived FFPE cell-blocks. During on-site adequacy eval-
uation, it should be recommended to submit dedicated passes/
material for cell-block preparation for future elective tests as 
clinically indicated. All these advantages of cell-blocks with 

Fig. 2.1 Diagnostically crisp cytomorphological details in cytopathol-
ogy samples (e.g., pancreatic ductal adenocarcinoma) (Pap stain – direct 
smear). (a) (inset): Cohesive group of neoplastic cells with sudden 
nucleomegaly. Variation in size of tumor nuclei: The difference in size 
between smallest (red arrowhead) and largest (blue arrow) nucleus in the 
group is at least 1:4. (b): 1. Large cell with high nuclear:cytoplasmic 
ratio; 2. irregular nuclear margin; 3. coarsely clumped irregularly dis-
tributed hyperchromatic chromatin; 4. parachromatin clearing; 5. nucle-
oli with irregular outlines; 6. cytoplasmic vacuoles with secretion (all 
these features collectively are consistent with adenocarcinoma)

a b

Fig. 2.2 Pancreatic adenocarcinoma (H&E) (a). Surgical pathology biopsy 
samples all tissue in the trajectory of the biopsy needle. Four-micron section of 
pancreatic ductal adenocarcinoma shows only fraction of the neoplastic epithe-
lial component with predominance of stroma in section from tumors with pre-

dominance of desmoplastic stroma (compare with Fig.  2.3) (b). The 
morphology of individual tumor cells is relatively suboptimal as compared to 
cytology specimen (compare with Fig. 2.1). Similarly, the evaluation of sudden 
nucleomegaly is also relatively less dependable in surgical pathology sections
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recent advances are discussed in detail in the recent review 
article on CellBlockistry [21a].

Cytological approaches facilitate preoperative tissue 
diagnosis of lesions, especially those that otherwise may not 
be accessible with conventional biopsy due to complex loca-
tions (most of the pancreatic lesions) or due to potential risks 
of biopsy-associated complications such as needle tracking. 
However, due to the relative complexity in interpreting cyto-
pathology material, the availability of expertise may be lim-
ited to some special centers.

Onsite adequacy evaluation is an important component to 
navigate the exact area to be sampled and provide real-time 
input for retrieval of adequate diagnostic material with triage 
feedback for appropriate supporting tests such as flow cytom-
etry, microbiology cultures, and cytogenetics. The final goal of 
onsite adequacy evaluation is to achieve diagnostic material for 
unequivocal cytopathological interpretation, which for adeno-
carcinoma and other nonhematopoietic lesions is heavily 
dependent on evaluation of Papanicolaou (Pap) stained smears. 
Due to this, it is important to ensure retrieval of diagnostic 
material on the Pap-stained smears (instead of Diff-Quick 
[DQ]-stained smears), especially when only a suboptimal scant 
specimen could be available for final interpretation. In such 
cases, use of DQ stain initially for onsite adequacy may com-
promise the final interpretation especially if the lesion turns out 
to be a well-differentiated adenocarcinoma with scant material, 
leading to atypical/suspicious type suboptimal final report. 
Conventionally, wet-fixed smears are needed for Pap staining 
and air-dried counterpart for DQ staining. However, air- drying 
of all smears allows application of either Pap stain (after rehy-
dration with post-fixation) or DQ stain electively [22]. Based 
on published study and long personal experience, using air-
dried smears with routine availability of rapid Pap staining pro-

tocol during onsite adequacy evaluation is recommended for 
increasing the chances of final unequivocal cytopathological 
interpretation of most GI nonhematopoietic lesions [22].

Commonly used approaches for cytological sampling of 
lesions in various organ systems are summarized in 
Table 2.3 [23, 24].

Table 2.3 Cytopathological evaluation of GI lesions

Organ system/lesion Procedure Remark
Esophagus Endoscopic 

brushing
Others – such 
as:
Abrasive balloon 
[23]
Cytosponge in 
gelatin capsule 
[24]

Candida, viral cytopathic 
effect, Barrett’s 
esophagus, dysplasia, 
carcinoma

Stomach EUS-FNA Deeper solid lesions; 
e.g., GIST

Pancreas EUS-FNA Cystic and solid lesions
Pancreatic duct Endoscopic 

brushing
Dysplasia, carcinoma

Ampulla of Vater Endoscopic 
brushing

Dysplasia, carcinoma

Bile duct Endoscopic 
brushing

Dysplasia, carcinoma

Liver Image-guided 
FNA

Solid (or cystic) lesions

Lesions – lymph 
nodes around/
adjacent to tubular 
GI

EUS-FNA Cysts and solid lesions

Anal canal Anal Pap 
(brushing)

Dysplasia/carcinoma

EUS endoscopic ultrasound, FNA fine-needle aspiration, GIST gastro-
intestinal stromal tumor, GI gastrointestinal

Fig. 2.3 Pancreatic adenocarcinoma (H&E). Cell-block section of FNA biopsy specimen (H&E stain). Note tumor with predominantly neoplastic 
epithelial component without significant proportion of stroma
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 Surgical Pathological (Histopathological) 
Evaluation

Surgical pathological (histopathological) evaluation of 
lesions suspicious for cancer identified after clinical exami-
nation in concert with different imaging modalities and/or 
various endoscopic studies with suspicion for malignancy is 
another modality available in addition to cytopathological 
methods. Similar to cytopathological evaluation, the role of 
the biopsy is to distinguish benign lesions from clinically 
neoplastic mimickers and to rule out or rule in malignancy 
along with histological typing of the tumor.

Similar to cytopathological evaluation, a variety of 
approaches may be used to retrieve tissue for surgical patho-
logical (histopathological) evaluation of suspicious lesions. 
The methodology may range from minimal representative 
sampling to total resection in various forms and may be cat-
egorized mainly into:

 1. Diagnostic sampling
 A. Diagnostic biopsies (may be supported by guidance 

from onsite adequacy evaluation for precise sampling 
of the lesion by intra-procedural cytology smears)
 (a) Needle core biopsies
 (b) Endoscopic forceps biopsies
 (c) EUS-guided core biopsies

 B. Wedge biopsies
 C. Excisional biopsies

 2. Therapeutic excisions
 A. Wide excisions, including endoscopic mucosal resec-

tions (EMR) [25]
 B. Radical resections

The major benefit with most of the surgical pathology 
specimens is the ability to evaluate the tissue architecture and 
invasion (Fig. 2.2). Even though FNA with good cell-block 
has numerous benefits as stated previously, there may be a 
tendency to prefer needle core biopsy over the relatively skill-
dependent FNA procedure due to perceived ease in perform-
ing core biopsies. Generally, the cytopathological approach 
has a higher chance of diagnostic outcome as compared to 
core biopsies with small/tiny tissue for surgical pathology, 
especially for tumors with a tendency for sclerotic/desmo-
plastic stroma (e.g., pancreatic ductal carcinoma) [26, 27].

However, the final result with surgical pathology depends 
on a variety of factors including how the tissue is collected, 
from where it is collected, how it is fixed and processed, and 
the final quality of tissue sections with elective application  
of ancillary tests for final interpretation.

For diagnostic biopsies, it is important to sample the proper 
area of any lesion. For sampling ulcerated lesions and retriev-
ing representative diagnostic material, the specimens should be 
taken from all 4 quadrants of the ulcer edge (e.g., for ulcerated 
carcinomas) and its base (e.g., for ulcerated lymphoma and sar-

coma). The surface of the polypoid lesions would be the repre-
sentative tissue. However, superficial biopsies such as from 
tubular gut or the ampulla of Vater, extrahepatic bile ducts, and 
pancreatic ducts may be limited by the difficulty in evaluating 
the invasion and its depth. For sampling obstructive lesions, an 
endoscope may not be negotiable and so may be difficult to 
biopsy. In such cases, brush cytology is an appropriate alterna-
tive. Some deeper lesions such as lymphomas, neuroendocrine 
tumors, GIST, and sarcomas usually have deeper submucosal 
mural growth pattern. Such lesions may be missed in superfi-
cial luminal biopsies and so, in this clinical situation, the same 
specific biopsy site should be sampled repeatedly to retrieve the 
representative deeper tissue. Tumors with extensive necrosis 
may not provide a sample with viable diagnostic component. In 
such cases, sampling multiple biopsies, especially from the 
periphery of the lesion, would enhance the possibility of sam-
pling viable diagnostic tissue. In addition, core biopsies may 
not sample diagnostic material or if it samples diagnostic tis-
sue, it may not be sufficient for precise grading of some lesions 
such as NETs and GIST. Calculation of Ki67 (MIB1) index 
(need at least 500 to 1000 tumor cell nuclei) and mitotic figure 
counting (need up to 50 high power fields) may not be precise 
on specimens with scant viable tumor components [7, 8].

 Intraoperative Consult (Including Frozen 
Sectioning and Imprint/Scrape Cytology 
Smears)

The final management, especially resection, may need intra- 
procedural input to guide the surgical treatment. The most 
common indication is evaluation of the resection  margins for 
the tumor. Other benefits of the intraoperative consult include 
triaging of the fresh specimen for ancillary studies such as 
cytogenetics, flow cytometry, microbiology culture, and ultra-
structural (electron microscopic) studies as indicated based on 
preliminary morphological evaluation. Some of these ancil-
lary tests may not be possible at a later stage once the tissue is 
fixed. It is important not to use frozen sections (FS) routinely 
just for the diagnosis, especially on tiny biopsies and tissues 
with predominance of fat. Performance of FS without consid-
ering this limitation may compromise the morphology required 
for optimal final interpretation, including interference with 
some studies such as elective IHC. In case the tissue diagnosis 
input is a must on such specimens, intra-procedural imprint/
scrape cytology smears is a better option [27a].

 Specimen Handling

For the best interpretation outcome, both cytopathology and 
surgical pathology specimens have to be collected, handled, 
and processed properly. All personnel associated in this pro-
cess should be aware of limitations and precautions with 
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emphasis on coordination and communication between dif-
ferent entities involved in it for the best outcome. 
Compromisation may affect the integrity of the specimen 
needed for the best outcome. Improper fixative, inappropri-
ate fixation time, or prolonged ischemic time (time from 
excision to putting the specimen in the fixative) may com-
promise the results of ancillary tests, especially the immu-
nostaining pattern/immunophenotype.

Although cytopathology specimens have many benefits as 
mentioned previously, they also have many challenges due to 

the complexity in choosing an appropriate collection proto-
col [20]. Close collaboration with the cytopathology labora-
tory is needed to achieve the best outcome. The simplest 
approach would be to submit a fresh specimen to the cytopa-
thology laboratory for immediate processing. Similarly, air- 
dried direct cytology smears allow more flexibility and may 
be processed for both Pap and Diff-Quik staining with mul-
tiple benefits [22]. If this is not possible, it should follow the 
protocol standardized for their particular laboratory/institu-
tion (Table 2.4) [20, 22].

Table 2.4 Cytopathology specimen submission protocols

Specimen Specimen submission protocol Processing
Brushing smear Direct smear (need proper training to smear the specimen 

on slides)
Smears may be:
Wet-fixed smear (immersing the smears in 95% ethyl 
alcohol before any spread material dries on the slide)

Papanicolaou (Pap) staining

Air-dried smear (the slide with spread specimen is 
allowed to dry quickly – preferably within 30 seconds)

Pap staining – after rehydration with post-fixation [22]
Romanowsky staining (most commonly used is 
Diff-Quik (DQ) staining)
May also be used for other special stains such as GMS 
stain for fungus, etc.

Brushing tip Tip of the brush with sample is submitted in cytology 
fixative (such as CytoLyt® or other liquid-based cytology 
(LBC) fixative for methodologies such as Thinprep® or 
Surepath™ as recommended by the laboratory)

Direct smear from the sediment or Cytospins™ – both 
may be stained with Pap or DQ stain
LBC smears (Thinprep® or Surepath™) for Pap staining
Not suitable for cell-block, due to potential 
compromisation of IHC and other tests.

In isotonic medium such as saline, RPMI, other isotonic 
such as IsotonicMediumS™ [20a] (should be submitted to 
cytopathology laboratory for immediate processing without 
delay – otherwise, the specimen integrity will be 
compromised)

Direct smear from the sediment or Cytospins™ – both 
may be stained with Pap or DQ stain
LBC smears (Thinprep® or Surepath™) for Pap staining
If enough sediment – it may be processed for cell-block 
with appropriate method depending on the cellularity of 
the brushing specimen

Washings/lavages In isotonic medium such as saline, RPMI, other isotonic 
such as IsotonicMediumS™ [20a] (should be submitted to 
cytopathology laboratory for immediate processing without 
delay – otherwise, the specimen integrity will be 
compromised)

Direct smear from the sediment or Cytospins™ – both 
may be stained with Pap or DQ stain
LBC smears (Thinprep® or Surepath™) for Pap staining
If enough sediment – it may be processed for cell-block 
with appropriate method depending on the cellularity of 
the specimen

Serous effusions Fresh (preferably 100 ml up to 1000 ml) (see reference 
[20], for more details)

Direct smear from the sediment or Cytospins™ – both 
may be stained with Pap or DQ stain
LBC smears (Thinprep® or Surepath™) for Pap staining
For cell-block with appropriate method depending on the 
cellularity of the specimen

Fine-needle 
aspiration (FNA) 
biopsy (with 
on-site adequacy 
evaluation and 
triage)

Direct smear (need proper training to smear the specimen 
on slides)
Smears may be:
Wet-fixed smear (immersing the smears in 95% ethyl 
alcohol before any spread material dries on the slide)

Pap staining

Air-dried smear (the slide with spread specimen is 
allowed to dry quickly, preferably within 30 seconds)

Pap staining – after rehydration with post-fixation [20]
Romanowsky staining (most commonly used is 
Diff-Quik (DQ) staining)
May also be used for other special stains such as GMS 
stain for fungus, etc.

Needle rinses in isotonic medium such as saline, RPMI, 
other isotonic such as IsotonicMediumS™ [20a] (should 
be submitted to cytopathology laboratory for immediate 
processing without delay – otherwise, the specimen 
integrity may be compromised). If needed needle rinses 
may be submitted directly in 10% formalin – but this part 
cannot be used for cytology preparations, but good for 
preparation of cell-block

Cytospins™ – both may be stained with Pap or DQ stain
LBC smears (Thinprep® or Surepath™) for Pap staining
For cell-block with appropriate method depending on the 
cellularity of the specimen

GMS Gomori’s methenamine silver, RPMI Roswell Park Memorial Institute
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Small surgical pathology specimens such as core/forceps 
biopsies in general can be submitted in 10% formalin. Large 
specimens may be submitted in 10% formalin or as fresh, but 
fresh specimens must be processed immediately for appropri-
ate final outcome. Fresh unfixed specimen provides the benefit 
and flexibility of applying different protocols, but not without 
the risk of compromising tissue integrity if immediate pro-
cessing cannot be guaranteed. Some specimens may need spe-
cial attention with preliminary orientation and processing to 
avoid a sub-optimal outcome. A good example in this category 
is endoscopic mucosal resection (EMR) specimens. These 
specimens should be oriented and mounted by pinning onto a 
paraffin wax block or cork board before submitting in fixative 
prior to transportation to the laboratory [25].

 Application of Various Ancillary Tests

Routine morphological evaluation may not be sufficient for 
reaching a definitive interpretation, especially with limited 
biopsy specimen, scantly cellular cytology specimen, or some 
lesions such as poorly differentiated tumors. Ancillary meth-
ods including immunohistochemistry, in situ hybridization 
(FISH and CISH), other molecular tests, ultrastructural studies 
(electron microscopy), or histochemistry may be indicated.

The most powerful and practical tool widely used cur-
rently is IHC. Other tools have relative limitations and are 
used sparingly. Electron microscopy needs planning from 
the beginning of the biopsy procedure when the tissue is still 
fresh, so that it is appropriately processed with special fixa-
tive (glutaraldehyde). In addition, it takes several days to 
obtain results and is labor intensive. Due to this, the role of 
electron microscopy has been decreasing steadily with ongo-
ing refinement in IHC. Histochemistry may be performed for 
neutral and acidic mucins (adenocarcinoma), glycoproteins 
(adenocarcinoma or hepatocellular carcinoma), neurosecre-
tory granules (neuroendocrine tumors), melanin (primary or 
metastatic melanoma), and other tumor cell products or asso-
ciated proteins. But most of these are detected by IHC with 
better specificity and sensitivity even for detecting some 
organisms such as Helicobacter pylori in gastric biopsies, 
thus limiting the role of histochemistry in today’s practice 
environment. However, histochemistry is still used for some 
indications such as for detection of various organisms such 
as fungi (Periodic acid–Schiff for fungus [PAS-F] and 
Gomori’s methenamine silver [GMS] stain) or acid-fast 
organisms (various acid-fast bacillus [AFB] stains).

 Immunohistochemical Assessment

An increasing number of antibodies that may be applied to 
FFPE tissue are continuously being added to the ever- 
expanding spectrum of diagnostic and prognostic immuno-
markers. This has facilitated widespread application of 

immunohistochemistry [28, 29] in routine diagnostic pathol-
ogy. However, for some lesions, such as lymphomas, there is 
preference for fresh tissue in isotonic medium for immunola-
beling and evaluation by flow cytometry. Although immuno-
phenotyping (either IHC or flow cytometry) is a very powerful 
tool, it is absolutely essential to understand that it is an ancil-
lary tool and has to be used in the context of a carefully struc-
tured differential diagnosis with reference to the clinical 
details and morphological findings. There are many pitfalls 
with potential false positivity if this caveat is not taken into 
consideration. It may be applied for a variety of indications 
including differential diagnosis of primary site, grading, and 
increasingly expanding prognostic/therapeutic reasons.

For example, recently, IHC has been made available for 
evaluation of programmed death ligand 1 (PD-L1) in the 
tumor cells [30]. Programmed death (PD)-1 (CD279) is a 
co-inhibitory receptor present on the cell surface of mono-
cytes, T lymphocytes, B lymphocytes, and natural killer cells 
[31]. It has 2 ligands: PD-L1 (B7-H1) and PD-L2 (B7-DC). 
Interaction between PD-1 and its ligands down-regulates the 
T-cell response by inhibiting T-cell receptor signaling. 
PD-L1 on tumor cells is upregulated. Studies revealed that 
barricading this interaction with antibodies to PD-1 or PD-L1 
reverses this inhibition to regain anti-tumor T-cell activity 
with therapeutic benefits [31].

Discussing application of IHC in detail is beyond the 
scope of this chapter [28]. A few immunomarkers applicable 
to GI cancers are shown in Table 2.5 [16, 17, 30–32].

 Molecular Pathology

The role of molecular tests in GI cancer is continuously 
increasing. Please refer to the chapter on this topic in this 
book for more details in addition to other publications on 
this topic [17, 33–35]. Here, it is important to understand 
some basic details related to these. The molecular tests may 
be DNA-based or RNA-based. Recently, the role of 
microRNA (miRNA) is evolving. DNA is very robust and 
miRNA is relatively stable. In contrast, RNA is quite unsta-
ble and requires special precautions and protocols due to 
ubiquity of RNAase (RNA-destroying enzyme) present in 
tissue samples and in the devices/steps at different stages of 
processing. However, currently, many refinements have 
been achieved in the application of RNA-based molecular 
tests performed on FFPE [36]. Thus, like IHC, most of the 
molecular tests could be performed on FFPE, which in gen-
eral is the most easily available clinical material for per-
forming elective molecular pathology test at any stage on 
the archived FFPE tissue. Also, it is important to know the 
proportion of viable tumor component in the FFPE section 
in comparison with background nontumor nucleated com-
ponent. Many tests require a minimum fraction of tumor 
component for optimum results. One should check with the 
laboratory performing a particular molecular pathology test 
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regarding the minimum tumor proportion required for a spe-
cific test in their laboratory. This may be overcome by selec-
tively dissecting out the tumor by various microdissection 
methodologies. For other molecular pathology tests, there 
may be specific protocols requiring fresh or frozen tissue or 
tissue collected in special medium/preservative such as 
RNAlater® [37]. All of these limitations should be taken 
into consideration prior to proceeding with any molecular 
tests on any specimen. The overview for approaching 
molecular pathology tests on GI cancer specimens is sum-
marized in Fig. 2.4 [17, 30–32, 38–45].

 Classification of Gastrointestinal Tumors

GI cancers have been classified traditionally at two levels: 
macroscopic and microscopic.

 Macroscopic Classification

Ultimately, similar to other cancers, microscopic findings 
in GI cancers decide the final interpretation and classifica-
tion. But, the macroscopic gross evaluation including tumor 
configuration, size, and anatomic site is an important step 
with extended practical application, especially during 
endoscopic examination. The tumors of tubular GIT may 
be classified based on the approach used for gastric tumors, 
which are generally divided into four types: type I (polyp-
oid), type II (fungating), type III (ulcerated), and type IV 
(infiltrative, also called linitis plastica) [46]. Some macro-
scopic features of ulcerated lesions may help to distinguish 
a benign ulcer from an ulcerated carcinoma (type III). A 
small, punched- out, well-circumscribed ulcer with a 
smooth base and edematous regular margin favors a benign 
gastric ulcer. In comparison, an irregular ulcer with raised, 
firm borders with necrotic and hemorrhagic base, typically 
favors a malignant ulcer [47].

Similar to gastric cancer, colorectal cancer (CRC) can 
also be classified macroscopically [48]:

 1. Exophytic tumors: usually large, polypoid lesions (typi-
cally in the cecum) are rarely obstructive.

 2. Infiltrative ulcerating tumors: ulcer with irregular raised 
edges.

 3. Constricting annular tumors: functionally obstructive 
lesion with firm consistency due to desmoplasia resulting 
in proximal dilatation with typical double-contrast 
“apple-core” sign.

 4. Diffuse tumors: similar to linitis plastica of the stomach 
with infiltrative growth along the bowel wall.

Table 2.5 Application of immunomarkers in gastrointestinal cancers: 
a few examples

Diagnostic
Evaluate invasion
Cytokeratin (CK) (Pan 
cytokeratin)

Identify single cells in diffusely spreading 
carcinoma – especially in small biopsies

Differential for primary site
CK 7 and CK 20 
coordinate pattern

Broad scrutiny for primary site 
identification

BER/EP4 Adenocarcinoma metastases to serous 
fluid cavities

Organ/site/tumor-specific immunomarkers
CDX2/ STAB 2/ 
CDH 17

Colorectal-intestinal, pancreato-biliary, 
upper GI

Arginase Hepatocellular carcinoma
Albumin miRNA 
(CISH)

Hepatocellular carcinoma

Estrogen receptor Breast, ovary
LCA Lymphoproliferative lesions
PAX 8 Ovary, kidney
PSA/PAP Prostrate
MART 1/melan A Melanoma
Calretinin Mesothelioma
CD117/PGDF/DOG1 Gastrointestinal stromal tumor (GIST)
TTF-1 Lung, thyroid
Organ/site-specific immunostaining pattern
pCEA/CD10 Bile canalicular pattern in hepatocytes
CD34 Diffuse sinusoidal immunostaining 

pattern (hepatocellular carcinoma versus 
regenerating nodule)

CK 19 Identify small bile ducts in small biopsies 
in differential diagnosis of regenerating 
nodule versus hepatocellular carcinoma

Differentiation immunomarkers (with many exceptions)
Synaptophysin, 
chromogranin, CD56, 
INSM1

Neuroendocrine differentiation

Cytokeratins Broad epithelial differentiation
LCA Broad hematopoietic differentiation
Vimentin Broad sarcomatous differentiation
Prognostic
MIB 1 (Ki 67) 
(especially dual 
color-Ki 67- nuclear 
Brown, with 
LCA-cytoplasmic-
Red)

Grading of neuroendocrine tumors (NET), 
GIST, lymphoma [9a]

Mismatched repair 
(MMR) proteins –
MLH1, PMS2, MSH2, 
MSH6 (loss of nuclear 
immunoreactivity to 
these immuomarkers)

Hereditary colon adenocarcinoma (Lynch 
syndrome) [17]

Therapeutic
Her2/Neu Gastric and gastroesophageal junction 

adenocarcinoma
PD-L1 Targeted antibodies [30–32]
CD117 GIST – tyrosine-kinase inhibitor [16]
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Although macroscopic classification does not have a 
prognostic significance independent of the histological 
subtype [49], anatomic site does. Right-sided tumors  – 
located in the cecum, ascending colon, hepatic flexure, or 
transverse colon – have a better prognosis as compared to 
left-sided tumors – located in the splenic flexure, descend-
ing colon, or sigmoid colon [50]. This may be related to 

tendency for microsatellite instability (MSI) in the right 
colon.

With the increasing role of endoscopy, macroscopic clas-
sification has evolved to categorize early neoplasia (type 0) of 
the digestive tract [51–53]. This classification distinguishes 
polypoid/protruded (type 0–I); nonpolypoid/nonprotruded, 
nonexcavated (type 0–II); and nonpolypoid, and excavated 

Molecular Studies

As part of ongoing evaluation
at the stage when tissue

diagnosis is still in progress

FNA
with onsite adequacy &
appropriate triage for 

elective molecular tests

Dedicated FNA passes
to obtain tumor tissue for

molecular studies

Fresh tissue
in Isotonic medium

0r Frozen tissue

Elective studies in cases with
already known diagnosis

Elective re-biopsy
(FNA/core or other biopsy)

Collected in specific
collection medium;

eg, RNAlator

DNA/RNA
extraction

Analysis by various molecular pathology
methodologies including 

Next-generation sequencing* 

Interpretation
(with increasing role of

BioInformatics as indicated)

Integrated Report

Testing on already performed
biopsy/excision

Smears/
Liquid Based Cytology

(including laser 
capture microdissection)

CellBlock
(FFPE)

Surgical pathology with tumor
mapping

(with microdissection-laser capture
 microdissection as indicated)

Fig. 2.4 Approach to evaluate commonly used molecular pathology tests and methodologies applicable to GI cancers (∗See references [17, 30–
32, 38, 63–70])
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(type 0–III) lesions. Type 0–II lesions are subdivided by the 
absence (type 0–IIa-elevated and type 0–IIb- flat) or presence 
(type 0–IIc) of a depression. This morphological macroscopic 
terminology applies to esophagus, stomach, and colon with 
increasing clinical relevance in the era of endoscopy [51]. But 
macroscopic features of GI cancers have limited diagnostic, 
predictive, and prognostic significance. Absolute dependence 
of staging on imaging findings without meticulous grossing 
of resection specimen is discouraged. Generally, malignant 
tumors are nonencapsulated with irregular infiltrative bor-
ders. They are usually large and solid with foci of necrosis/

hemorrhages. As standard of practice, microscopic surgical 
pathology examination with tissue diagnosis is critical for 
appropriate management.

 Microscopic Classification

CAP and other professional bodies have recommended inter-
nationally accepted terminology and diagnostic criteria 
established by the WHO for consistency and uniformity in 
pathological reporting (Table 2.6) [6, 54].

Table 2.6 Pathological classifications of various GI tumors (WHO 
2000) [6]

Esophageal tumors
Epithelial tumors
 Squamous cell papilloma 8052/0
 Intraepithelial neoplasia
 Squamous
 Glandular (adenoma)
 Carcinoma
 Squamous cell carcinoma 8070/3
 Verrucous (squamous) carcinoma 8051/3
 Basaloid squamous cell carcinoma 8083/3
 Spindle cell (squamous) carcinoma 8074/3
 Adenocarcinoma 8140/3
 Adenosquamous carcinoma 8560/3
 Mucoepidermoid carcinoma 8430/3
 Adenoid cystic carcinoma 8200/3
 Small cell carcinoma 8041/3
 Undifferentiated carcinoma 8020/3
 Others
 Carcinoid tumor 8240/3
Nonepithelial tumors
 Leiomyoma 8890/0
 Lipoma 8850/0
 Granular cell tumor 9580/0
 Gastrointestinal stromal tumor 8936/1
 Benign 8936/0
 Uncertain malignant potential 8936/1
 Malignant 8936/3
 Leiomyosarcoma 8890/3
 Rhabdomyosarcoma 8900/3
 Kaposi sarcoma 9140/3
 Malignant melanoma 8720/3
 Others – lymphoma
Secondary tumors
 Melanoma

Gastric tumors
Epithelial tumors
 Intraepithelial neoplasia – adenoma 8140/0
 Carcinoma
  Adenocarcinoma 8140/3
  Intestinal type 8144/3
  Diffuse type 8145/3
  Papillary adenocarcinoma 8260/3
  Tubular adenocarcinoma 8211/3
  Mucinous adenocarcinoma 8480/3
  Signet-ring cell carcinoma 8490/3
  Adenosquamous carcinoma 8560/3
  Squamous cell carcinoma 8070/3
  Small cell carcinoma 8041/3
  Undifferentiated carcinoma 8020/3
  Others
 Endocrine neoplasms of the stomach
  1. Carcinoid – well-differentiated endocrine neoplasm
   1.1 ECL-cell carcinoid
   1.2 EC-cell, serotonin-producing carcinoid
   1.3 G-cell, gastrin-producing tumor
   1.4 Others
  2.  Small cell carcinoma – poorly differentiated endocrine 

neoplasm
  3. Tumor-like lesions
  Hyperplasia
 Dysplasia
Nonepithelial tumors
 Leiomyoma 8890/0
 Schwannoma 9560/0
 Granular cell tumor 9580/0
 Glomus tumor 8711/0
 Leiomyosarcoma 8890/3
 GI stromal tumor 8936/1
  Benign 8936/0
  Uncertain malignant potential 8936/1
  Malignant 8936/3
 Kaposi sarcoma 9140/3
 Others
 Malignant lymphomas
  Marginal zone B-cell lymphoma of MALT-type 9699/3
  Mantle cell lymphoma 9673/3
  Diffuse large B-cell lymphoma 9680/3
  Others
Secondary tumors (breast, melanoma, etc.)

Table 2.6 (continued)
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Tumors of the appendix
Epithelial tumors
 Adenoma 8140/02 (cystic counterpart – cystadenoma)
 Tubular 8211/0
 Villous 8261/0
 Tubulovillous 8263/0
 Serrated 8213/0
Carcinoma
 Adenocarcinoma 
8140/3 (cystic counterpart – cystadenocarcinoma)
 Mucinous adenocarcinoma 8480/3
 Signet-ring cell carcinoma 8490/3
 Small cell carcinoma 8041/3
 Undifferentiated carcinoma 8020/3
Carcinoid (well-differentiated endocrine neoplasm) 8240/3
 EC-cell, serotonin-producing neoplasm 8241/3
 L-cell, glucagon-like peptide
 And PP/PYY-producing tumor
 Others
Tubular carcinoid 8245/1
Goblet cell carcinoid (mucinous carcinoid) 8243/3
Mixed carcinoid–adenocarcinoma 8244/3
Nonepithelial tumors
 Neuroma 9570/0
 Lipoma 8850/0
 Leiomyoma 8890/0
 Gastrointestinal stromal tumor 8936/1
 Leiomyosarcoma 8890/3
 Kaposi sarcoma 9140/3
 Others
 Malignant lymphoma
Secondary tumors
Hyperplastic (metaplastic) polyp

Table 2.6 (continued)

(continued)

Small intestinal tumors
Epithelial tumors
 Adenoma 8140/0
  Tubular 8211/0
  Villous 8261/0
  Tubulovillous 8263/0
 Intraepithelial neoplasia 2 (dysplasia) associated with chronic 
inflammatory diseases
  Low-grade glandular intraepithelial neoplasia
  High-grade glandular intraepithelial neoplasia
 Carcinoma
  Adenocarcinoma 8140/3
  Mucinous adenocarcinoma 8480/3
  Signet-ring cell carcinoma 8490/3
  Small cell carcinoma 8041/3
  Squamous cell carcinoma 8070/3
  Adenosquamous carcinoma 8560/3
  Medullary carcinoma 8510/3
  Undifferentiated carcinoma 8020/3
 Carcinoid (well-differentiated endocrine neoplasm) 8240/3
  Gastrin cell tumor, functioning (gastrinoma) 8153/1
  or nonfunctioning
  Somatostatin cell tumor 8156/1
  EC-cell, serotonin-producing neoplasm 8241/3
  L-cell, glucagon-like peptide and PP/PYY-producing tumor
 Mixed carcinoid–adenocarcinoma 8244/3
 Gangliocytic paraganglioma 8683/0
Nonepithelial tumors
 Lipoma 8850/0
 Leiomyoma 8890/0
 Gastrointestinal stromal tumor 8936/1
 Leiomyosarcoma 8890/3
 Angiosarcoma 9120/3
 Kaposi sarcoma 9140/3
 Others
Malignant lymphomas
 Immunoproliferative small intestinal disease 9764/3
 (includes α[alpha]-heavy-chain disease)
 Western type B-cell lymphoma of MALT 9699/3
 Mantle cell lymphoma 9673/3
 Diffuse large B-cell lymphoma 9680/3
 Burkitt lymphoma 9687/3
 Burkitt-like/atypical Burkitt lymphoma 9687/3
 T-cell lymphoma 9702/3
 Enteropathy associated 9717/3
 Unspecified 9702/3
 Others
Secondary tumors
Polyps
 Hyperplastic (metaplastic)
 Peutz–Jeghers
 Juvenile

Table 2.6 (continued)

2 Pathological Evaluation, Classification, and Staging of Gastrointestinal Cancers



26

Tumors of the colon and rectum
Epithelial tumors
 Adenoma 8140/0
  Tubular 8211/0
  Villous 8261/0
  Tubulovillous 8263/0
  Serrated 8213/0
 Intraepithelial neoplasia 2 (dysplasia) associated with chronic 
inflammatory diseases
  Low-grade glandular intraepithelial neoplasia
  High-grade glandular intraepithelial neoplasia
 Carcinoma
  Adenocarcinoma 8140/3
  Mucinous adenocarcinoma 8480/3
  Signet-ring cell carcinoma 8490/3
  Small cell carcinoma 8041/3
  Squamous cell carcinoma 8070/3
  Adenosquamous carcinoma 8560/3
  Medullary carcinoma 8510/3
  Undifferentiated carcinoma 8020/3
 Carcinoid (well-differentiated endocrine neoplasm) 8240/3
  EC-cell, serotonin-producing neoplasm 8241/3
  L-cell, glucagon-like peptide and PP/PYY-producing tumor
 Others
 Mixed carcinoid–adenocarcinoma 8244/3
 Others
Nonepithelial tumors
 Lipoma 8850/0
 Leiomyoma 8890/0
 Gastrointestinal stromal tumor 8936/1
 Leiomyosarcoma 8890/3
 Angiosarcoma 9120/3
 Kaposi sarcoma 9140/3
 Malignant melanoma 8720/3
 Others
 Malignant lymphomas
  Marginal zone B-cell lymphoma of MALT type 9699/3
  Mantle cell lymphoma 9673/3
  Diffuse large B-cell lymphoma 9680/3
  Burkitt lymphoma 9687/3
  Burkitt-like/atypical Burkitt lymphoma 9687/3
  Others
Secondary tumors
Polyps
 Hyperplastic (metaplastic)
 Peutz–Jeghers
 Juvenile

Tumors of the anal canal
Epithelial tumors
 Intraepithelial neoplasia 1 (dysplasia)
  Squamous or transitional epithelium
  Glandular
  Paget disease 8542/3
 Carcinoma
  Squamous cell carcinoma 8070/3
  Adenocarcinoma 8140/3
  Mucinous adenocarcinoma 8480/3
  Small cell carcinoma 8041/3
  Undifferentiated carcinoma 8020/3
  Others
 Carcinoid tumor 8240/3
Malignant melanoma 8720/3
Nonepithelial tumors
Secondary tumors

Tumors of the liver and intrahepatic bile ducts
Epithelial tumors
 Benign
  Hepatocellular adenoma (liver cell adenoma) 8170/01
  Focal nodular hyperplasia
  Intrahepatic bile duct adenoma 8160/0
  Intrahepatic bile duct cystadenoma 8161/0
  Biliary papillomatosis 8264/0
 Malignant
  Hepatocellular carcinoma (liver cell carcinoma) 8170/3
  Intrahepatic cholangiocarcinoma 8160/3
  (peripheral bile duct carcinoma)
  Bile duct cystadenocarcinoma 8161/3
  Combined hepatocellular and cholangiocarcinoma 8180/3
  Hepatoblastoma 8970/3
  Undifferentiated carcinoma 8020/3
Nonepithelial tumors
 Benign
  Angiomyolipoma 8860/0
  Lymphangioma and lymphangiomatosis 9170/0
  Hemangioma 9120/0
  Infantile hemangioendothelioma 9130/0
 Malignant
  Epithelioid hemangioendothelioma 9133/1
  Angiosarcoma 9120/3
  Embryonal sarcoma (undifferentiated sarcoma) 8991/3
  Rhabdomyosarcoma 8900/3
  Others
Miscellaneous tumors
 Solitary fibrous tumor 8815/0
 Teratoma 9080/1
 Yolk sac tumor (endodermal sinus tumor) 9071/3
 Carcinosarcoma 8980/3
 Kaposi sarcoma 9140/3
 Rhabdoid tumor 8963/3
 Others
Hematopoietic and lymphoid tumors
Secondary tumors
Epithelial abnormalities
 Liver cell dysplasia (liver cell change)
  Large cell type (large cell change)
  Small cell type (small cell change)
 Dysplastic nodules (adenomatous hyperplasia)
  Low grade
  High grade (atypical adenomatous hyperplasia)
 Bile duct abnormalities
  Hyperplasia (bile duct epithelium and peribiliary glands)
  Dysplasia (bile duct epithelium and peribiliary glands)
 Intraepithelial carcinoma (carcinoma in situ) 8500/211
Miscellaneous lesions
 Mesenchymal hamartoma
 Nodular transformation
 (nodular regenerative hyperplasia)
 Inflammatory pseudotumor

Table 2.6 (continued) Table 2.6 (continued)
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Tumors of the gallbladder and extrahepatic bile ducts
Epithelial tumors
 Benign
 Adenoma 8140/0
  Tubular 8211/0
  Papillary 8260/0
  Tubulopapillary 8263/0
  Biliary cystadenoma 8161/0
  Papillomatosis (adenomatosis) 8264/0
 Intraepithelial neoplasia (dysplasia and carcinoma in situ)
 Malignant
 Carcinoma
  Adenocarcinoma 8140/3
  Papillary adenocarcinoma 8260/3
  Adenocarcinoma, intestinal type 8144/3
  Adenocarcinoma, gastric foveolar type
  Mucinous adenocarcinoma 8480/3
  Clear cell adenocarcinoma 8310/3
  Signet-ring cell carcinoma 8490/3
  Adenosquamous carcinoma 8560/3
  Squamous cell carcinoma 8070/3
  Small cell carcinoma 8041/3
  Large cell neuroendocrine carcinoma 8013/3
  Undifferentiated carcinoma 8020/3
  Biliary cystadenocarcinoma 8161/3
 Carcinoid tumor 8240/3
 Goblet cell carcinoid 8243/3
 Tubular carcinoid 8245/1
 Mixed carcinoid–adenocarcinoma 8244/3
 Others
Nonepithelial tumors
 Granular cell tumor 9580/0
 Leiomyoma 8890/0
 Leiomyosarcoma 8890/3
 Rhabdomyosarcoma 8900/3
 Kaposi sarcoma 9140/3
 Others
 Malignant lymphoma
Secondary tumors

Tumors of the exocrine pancreas
Epithelial tumors
 Benign
 Serous cystadenoma 8441/0
 Mucinous cystadenoma 8470/0
 Intraductal papillary-mucinous adenoma 8453/0
 Mature teratoma 9080/0
 Borderline (uncertain malignant potential)
 Mucinous cystic neoplasm with moderate dysplasia 8470/1
  Intraductal papillary-mucinous neoplasm with moderate 

dysplasia 8453/1
 Solid-pseudopapillary neoplasm 8452/1
 Malignant
  Ductal adenocarcinoma 8500/3
  Mucinous noncystic carcinoma 8480/3
  Signet-ring cell carcinoma 8490/3
  Adenosquamous carcinoma 8560/3
  Undifferentiated (anaplastic) carcinoma 8020/3
   Undifferentiated carcinoma with osteoclast-like giant cells 

8035/3
  Mixed ductal-endocrine carcinoma 8154/3
 Serous cystadenocarcinoma 8441/3
 Mucinous cystadenocarcinoma 8470/3
  – Noninvasive 8470/2
  – Invasive 8470/3
 Intraductal papillary-mucinous carcinoma 8453/3
  – Noninvasive 8453/2
  – Invasive (papillary-mucinous carcinoma) 8453/3
 Acinar cell carcinoma 8550/3
  Acinar cell cystadenocarcinoma 8551/3
  Mixed acinar-endocrine carcinoma 8154/3
 Pancreatoblastoma 8971/3
 Solid-pseudopapillary carcinoma 8452/3
 Others
Nonepithelial tumors
Secondary tumors

Table 2.6 (continued) Table 2.6 (continued)

Traditionally, tumor classification is based on type of tis-
sue differentiation and is termed histogenetic classification, 
which categorizes different tumors with reference to various 
morphological features including: (1) site of primary tumor, 
(2) differentiation/histogenesis, (3) architectural phenotype, 
and (4) degree of differentiation (grade).

 1. Site of Primary Tumor: Neoplasms of epithelium may 
be benign (papillomas/adenomas) or malignant (carcino-
mas). Similarly, those of connective tissue may be benign 
(various –omas) or malignant (sarcomas). Although gen-
erally there is good concordance between the type of nor-
mal tissue and type of neoplasm, some tumors with 
discordant differentiation may be seen in odd tissues. For 
example, carcinomas with total (as squamous cell carci-
noma) or partial (adenosquamous carcinoma) squamous 
differentiation may be seen in organs such as the colon, 
rectum, and pancreas, which normally do not have squa-
mous epithelium.

 2. Differentiation/Histogenesis: Carcinomas demonstrat-
ing glandular growth pattern are adenocarcinomas versus 
squamous cell carcinomas with squamous differentiation. 

2 Pathological Evaluation, Classification, and Staging of Gastrointestinal Cancers
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Other than in the esophagus and anus (which in a signifi-
cant proportion in these sites are squamous cell carci-
noma), most of the GI carcinomas are adenocarcinomas.

Adenocarcinomas may be subdivided morphologically 
into various subtypes such as usual type (with glands of vari-
able size, shapes, and maturity in the background of variable 
proportion of desmoplastic stroma); mucinous type (adeno-
carcinomas comprising of more than 50% component pro-
ducing abundant secretory mucin (the term “adenocarcinoma 
with mucinous differentiation” may be used for tumors with 
marginal proportion of mucinous component >10% but 
<50%); signet-ring cell type (adenocarcinomas showing at 
least 50% signet-ring cells with cytoplasmic mucin vacuole 
pushing the nucleus).

Benign/malignant neoplasms of connective tissue, adipose 
tissue, smooth muscle, skeletal muscle, vessels, cartilage, and 
bone are broadly labeled respectively as fibroma/fibrosar-
coma, lipoma/liposarcoma; leiomyoma/leiomyosarcoma; 
rhabdomyoma/rhabdomyosarcoma,  angioma/angiosarcoma; 
chondroma/chondrosarcoma; and osteoma/osteosarcoma.

The tumors of hematopoietic and lymphoid tissues are 
leukemias and lymphomas. In the adult population, the 
majority of malignant neoplasms of tubular GIT are carcino-
mas followed by lymphomas and sarcomas, which are rela-
tively the predominant tumor in the pediatric population.

 3. Architectural Phenotype: Like other tumors, GI tumors 
may be classified based on growth pattern and micro-
scopic architecture, which also provides important histo-
genetic clues while interpreting the tumor biopsies or 
resection specimens. Architectural pattern of epithelial 
tumors may be tubular (branching tubules of variable 
sizes); papillary (finger-like projections with fibrovascu-
lar central cores); solid or trabecular (seen in medullary 
carcinoma of the colon, neuroendocrine tumors, and 
hepatocellular carcinoma). Some tumors may show a cys-
tic pattern (seen in the pancreas but relatively uncommon 
in tubular GI tumors, as mucinous carcinomas and endo-
thelial tumors such as lymphangioma or hemangioma). 
Even solid tumors including stromal tumors/sarcomas, 
lymphomas, and carcinomas with central necrosis may 
present as cystic lesions, especially at imaging level. 
However, in general, growth pattern of GI tumors has lit-
tle prognostic significance [55, 56]. Recently, a polyp 
with serrated glandular architecture has been linked as a 
precursor lesion for colorectal carcinomas [57].

A few examples suggesting applications of growth pat-
terns for tumor classifications include Lauren classification, 
categorizing gastric cancers into different types: Intestinal, 
diffuse, mixed, and indeterminate/unclassified [58], in which 
diffuse growth pattern with highly unfavorable prognosis has 

macroscopic linitis plastica appearance with signet-ring cells 
at the microscopic level [59]. Colon cancers with tumor bud-
ding in the form of single cells or groups of less than 4 tumor 
cells at the invasive margin have worse prognosis and are 
associated with a diffuse growth pattern [60–65].

 4. Degree of Differentiation (Grade): Tumor grade reflects 
the biological properties of the tumor. In general high- 
grade tumors are associated with aggressive biological 
behavior. The clinical significance of grading may be dif-
ferent for each tumor category. As an example, carcino-
mas or sarcomas with lower grade may be biologically 
less aggressive and amenable to surgical excision as com-
pared to higher grade counterparts. On the other hand, 
low-grade lymphomas, although more indolent and slow 
growing than high-grade lymphomas, are difficult to be 
cured by medical therapy.

Although there are various approaches in grading tumors, 
the most commonly applied is the degree of resemblance of 
the tumor morphology to its non-neoplastic counterpart. 
Several microscopic features are taken into consideration for 
grading a tumor, including the anatomic site of origin of the 
tumor, the class of the tumor (i.e., carcinoma, sarcoma, or 
lymphoma), and the histological subtype within the class. 
The simplest approach applied for grading includes degree 
of gland formation in adenocarcinomas versus degree of 
keratinization in squamous cell carcinomas [56]. Most grad-
ing systems assign the grade based on the most poorly dif-
ferentiated area. Some consider average of grades in different 
areas of the tumor. Arbitrarily most pathologists grade GI 
cancers into 4 grades: Well differentiated (grade 1), moder-
ately differentiated (grade 2), poorly differentiated (grade 3), 
and undifferentiated (grade 4). Due to this subjective 
 judgment left to the individual observer, there may not be 
reproducible outcome with significant degree of interob-
server variability [66]. Despite these limitations, grading has 
some prognostic significance in most gastrointestinal malig-
nancies [55, 56]. In addition, if the grade of the primary 
tumor is known, it may help while evaluating the interpreta-
tion of metastases at later stage during comparative review.

The CAP-suggested grading system is based on a semi-
quantitative approach for improved reproducibility and con-
siders the proportion of neoplastic glands in the tumor: 
grade X (grade cannot be assessed); grade 1 (well differen-
tiated) – more than 95% glands; grade 2 (moderately dif-
ferentiated)  – 50–95% glands; grade 3 (poorly 
differentiated) – 5–49% glands; and grade 4 (undifferenti-
ated) – fewer than 5% glands [56]. Further simplification of 
this grading system has suggested a 2-tiered system for 
improved reproducibility [49]. Higher grade tumors dem-
onstrate adverse prognosis independent of the stage. 
However, some poorly differentiated colorectal adenocarci-
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Table 2.7 TNM staging: general guidelines [15]

Topic Rules
Microscopic confirmation Microscopic confirmation is necessary for TNM classification, including clinical classification (with rare 

exception)
In rare clinical scenarios, patients who do not have any biopsy or cytology of the tumor may be staged. This is 
recommended in rare clinical situations, only if cancer diagnosis is NOT in doubt. In the absence of histological 
confirmation, survival analysis may be performed separately from staged cohorts with histological confirmation. 
Separate survival analysis is not required if clinical findings support a cancer diagnosis and specific site
Example: Lung cancer diagnoses by CT scan only, that is, without a confirmation biopsya

Time frame/staging 
window for determining 
clinical stage

Information gathered about the extent of the cancer is part of clinical classification:
  From date of diagnosis before initiation of primary treatment or decision for watchful waiting or supportive 

care to one of the following time points, whichever is shortest:
  4 months after diagnosis
  To the date of cancer progression if the cancer progresses before the end of the 4-month window; data on the 

extent of the cancer are only included before the date of observed progression
Time frame/staging 
window for determining 
pathological stage

Information including clinical staging data and information from surgical resection and examination of the 
resected specimens – if surgery is performed before the initiation of radiation and/or systemic therapy – from the 
date of diagnosis:
  Within 4 months after diagnosis
  To the date of cancer progression if the cancer progresses before the end of the 4-month window; data on the 

extent of the cancer are included only before the date of observed progression
  And includes any information obtained about the extent of cancer up through completion of definitive surgery 

as part of primary treatment if that surgery occurs later than 4 months after diagnosis and the cancer has not 
clearly progressed during the time window

Note: Patients who receive radiation and/or systemic therapy (neoadjuvant therapy) before surgical resection are 
not assigned a pathological category or stage, and instead, they are staged according to post-neoadjuvant therapy 
criteria

Time frame/staging 
window for staging 
post-neoadjuvant therapy 
or post-therapy

After completion of neoadjuvant therapy, patients should be staged as follows:
  yc: post-therapy clinical
  yp: post-therapy pathological
The time frame should be such that the post-neoadjuvant surgery and staging occur within a time frame that 
accommodates disease-specific circumstances, as outlined in the specific chapters and in relevant guidelines
Note: Clinical stage should be assigned before the start of neoadjuvant therapy

nomas, such as those with MSI, may have better prognoses 
[67]. This simple approach has to be modified for some sub-
types of carcinoma (e.g., medullary carcinoma of the colon 
is left ungraded; signet-ring carcinoma is defined as poorly 
differentiated or high-grade).

Other tumors including neuroendocrine tumors, sarcomas, 
and lymphomas have a special grading system based on dif-
ferent parameters such as proliferation index (mitotic figures 
or Ki-67 index estimation), necrosis, and other features.

 Staging of Malignant Gastrointestinal 
Tumors

Staging is one of the best but simplest time-tested approaches 
for stratifying malignant neoplasms for prognostic grouping 
and is very important for planning the therapeutic manage-
ment of the case. A staging system based on TNM classifica-
tion standardized by the AJCC and UICC is recommended 
by CAP [12, 13, 15]. It has been used all over North America 
by national, regional, and local tumor registries and is also 
accepted internationally.

 General Principles of the TNM Staging

TNM staging is based on classification and grouping of: “T” 
for the primary tumor status, “N” for regional lymph node 
status, and “M” for distant metastatic disease status 
(Table 2.7) [15, 68]. Final AJCC stage is assigned progres-
sively from stage I through stage IV based on various 
 combinations of staging in each category standardized for 
the individual organ system (see TNM staging of colon can-
cer as example in Table 2.1, Fig. 2.5) [15]. Lymphoma has a 
special staging system without applying the TNM approach 
for most lymphomas, except some types such as primary 
cutaneous lymphoma [15]. Although in general AJCC stag-
ing criteria are practiced, some ongoing approaches con-
tinue to evolve and claim better prognostic correlation [69].

More features are added to include other details: prefix 
“p” refers to the pathological classification; prefix “c” for 
the clinical classification. Prefix “r” is used for recurrent 
tumors following curative therapy (subject to the docu-
mentation of disease free interval) (Table 2.8) [12, 13, 15].

“R” classification is for residual tumor after primary ther-
apy (e.g., curative surgical resection):

(continued)
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Table 2.7 (continued)

Topic Rules
Progression of disease If there is documented progression of cancer before therapy or surgery, only information obtained before the 

documented progression is used for clinical and pathological staging
Progression does not include growth during the time needed for the diagnostic workup, but rather a major change 
in clinical status
Determination of progression is based on managing physician judgment and may result in a major change in the 
treatment plan

Uncertainty among T, N, 
or M categories, and/or 
stage groups: rules for 
clinical decision making

If uncertainty exists regarding how to assign a category, subcategory, or stage group, the lower of the two 
possible categories, subcategories, or groups is assigned for
  T, N, or M
  Prognostic stage group/stage group
Stage groups are for patient care and prognosis based on data. Physicians may need to make treatment decisions 
if staging information is uncertain or unclear
Note: Unknown or missing information for T, N, M, or stage group is never assigned the lower category, 
subcategory, or group

Uncertainty rules do not 
apply to cancer registry 
data

If information is not available to the cancer registrar for documentation of a subcategory, the main (umbrella) 
category should be assigned (e.g., T1 for a breast cancer described as <2 cm in place of T1a, T1b, or T1c)
If the specific information to assign the stage group is not available to the cancer registrar (including 
subcategories or missing prognostic factor categories), the stage group should not be assigned but should be 
documented as unknown

Prognostic factor category 
information is unavailable

If a required prognostic factor category is unavailable, the category used to assign the stage group is:
  X
  If the prognostic factor is unavailable, default to assigning the anatomic stage using clinical judgment

Grade The recommended histological grading system for each disease site and/or cancer type, if applicable, is specified 
in each chapter and should be used by the pathologist to assign grade
The cancer registrar will document grade for a specific site according to the coding structure in the relevant 
disease site chapter

Synchronous primary 
tumors in a single organ: 
(m) suffix

If multiple tumors of the same histology are present in one organ:
  The tumor with the highest T category is classified and staged
  The (m) suffix is used
  An example of a preferred designation is: pT3(m) N0 M0
  If the number of synchronous tumors is important, an acceptable alternative designation is to specify the 

number of tumors. For example, pT3(4) N0 M0 indicates four synchronous primary tumors
Note: The (m) suffix applies to multiple invasive cancers. It is not applicable for multiple foci of in situ cancer or 
for a mixed invasive and in situ cancer

Synchronous primary 
tumors in paired organs

Cancers occurring at the same time in each of paired organs are staged as separate cancers. Examples include 
breast, lung, and kidney
Exception: For tumors of the thyroid, liver, and ovary, multiplicity is a T-category criterion, and thus, multiple 
synchronous tumors are not staged independently

Metachronous primary 
tumors

Second or subsequent primary cancers occurring in the same organ or in different organs outside the staging 
window are staged independently and are known as metachronous primary tumors
Such cancers are not staged using the y prefix

Unknown primary or no 
evidence of primary 
tumor

If there is no evidence of a primary tumor, or the site of the primary tumor is unknown, staging may be based on 
the clinical suspicion of the organ site of the primary tumor, with the tumor categorized as T0. The rules for 
staging cancers categorized as T0 are specified in the relevant disease site chapters
Example: An axillary lymph node with an adenocarcinoma in a woman, suspected clinically to be from the 
breast, may be categorized as T0 N1 (or N2 or N3) M0 and assigned Stage II (or Stage III)
Examples of exception: The T0 category is not used for head and neck squamous cancer sites, as such patients 
with an involved lymph node are staged as unknown primary cancers using the “Cervical Nodes and Unknown 
Primary Tumors of the Head and Neck” system (T0 remains a valid category for human papillomavirus 
[HPV]-associated and Epstein–Barr virus [EBV]-associated oropharyngeal and nasopharyngeal cancers)

Date of diagnosis It is important to document the date of diagnosis, because this information is used for survival calculations and 
time periods for staging
The date of diagnosis is the date a physician determines the patient has cancer. It may be the date of a diagnostic 
biopsy or other microscopic confirmation or of clear evidence on imaging. This rule varies by disease site and 
shares similarities with the earlier discussion on microscopic confirmation

Original and primary source for this information is the AJCC Cancer Staging Manual, Eighth Edition (2017) published by Springer International 
Publishing
aAuthor’s note: Recommend pathology reporting using CAP cancer protocols [68]
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• R0 – negative for residual disease after definitive therapy 
(after curative surgical resection or total remission with-
out detectable residual tumor)

• R1– residual tumor with microscopically positive resec-
tion margin

• R2 – residual tumor with macroscopically positive resec-
tion margin

R classification is not usually followed by most institu-
tions; instead, the report includes information on resection 
margins.

 T Category
T staging (Table 2.9) for tubular GI cancer is assigned based 
on the depth of invasion of the primary tumor into various 
layers with incremental status as it invades from superficial 
to deeper layers (Tables 2.1 and 2.2, Fig. 2.5) [15]. For some 
tumors, for example liver tumors, it is based on other fea-
tures such as size, vascular invasion, and multifocality.

Carcinoma in situ (pTis) includes intraepithelial carci-
noma (when malignant cells are still restricted superficial to 
the basement membrane and have not invaded beyond it) and 
intramucosal carcinoma (in which tumor cells invade lamina 
propria without invading muscularis mucosa into submu-
cosa). However, use of these terminologies may be confus-
ing if applied randomly. In the colon, both intraepithelial 

Tis

T1

T2T3

T4a

T4b

Other 
organ(s)

Intraepithelial  carcinoma

Intramucosal  carcinoma
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Fig. 2.5 T staging of colon carcinoma as example (see Table 2.1) [13]

Table 2.8 Staging classifications/designator rules [15]

Classification Designation Details
Clinical cTNM or 

TNM
Criteria: used for all patients with cancer identified before treatment
It is composed of diagnostic workup information, until first treatment, including:
  Clinical history and symptoms
  Physical examination
  Imaging
  Endoscopy
  Biopsy of the primary site
  Biopsy or excision of a single regional node or sentinel nodes, or sampling or regional nodes, with clinical T
  Surgical exploration without resection
  Other relevant examinations
Note: Exceptions exist by site, such as complete excision of primary tumor for melanoma

Pathological pTNM Criteria: used for patients if surgery is the first definitive therapy
It is composed of information from:
  Diagnostic workup from clinical staging combined with
  Operative findings Pathology review of resected surgical specimens

Post-therapy 
or post- 
neoadjuvant 
therapy

ycTNM or 
ypTNM

For purposes of post-therapy or post-neoadjuvant therapy, neoadjuvant therapy is defined as systemic and/or 
radiation therapy given before surgery; primary radiation and/or systemic therapy is treatment given as definitive 
therapy without surgery
yc
The yc classification is used for staging after primary systemic and/or radiation therapy, or after neoadjuvant 
therapy and before planned surgery
Criteria: First therapy is systemic and/or radiation therapy
yp
The yp classification is used for staging after neoadjuvant therapy and planned post-neoadjuvant therapy surgery
Criteria: First therapy is systemic and/or radiation therapy and is followed by surgery.

(continued)
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Table 2.9 Summary of TNM classification rules based on the AJCC Cancer Staging Manual, Eighth Edition (2017) [15]

T stage N stage M stage
Determined by site-specific features 
based on size and/or local extension

Determined by disease-specific rules
based on number and location of positive regional nodes

Determined by positive biopsy of the 
metastatic site (pM1)

cT: Clinical assessment of T based on 
physical examination, imaging 
endoscopy, and biopsy and surgical 
exploration without resection

Minimum number of lymph nodes to be examined for 
staging defined by site and disease type
However, N staging is performed based on pathological 
evaluation of sampled nodes even if minimum number 
could not be sampled

cM – clinical M classification is based 
only on history and examination
Imaging of distant organ sites NOT 
required to assign cM0

pT: Pathological assessment of T 
based on microscopic evaluation of the 
resected tumor (or biopsy only if it 
assigns the highest T stage)

Pathological assessment of the primary tumor (pT) is 
must to assign pathological assessment of nodes (pN) 
except with unknown primary (T0)

pM0 – pathological M0 is NOT a valid 
category and may not be assigned.
If a biopsy of suspected metastatic site is 
negative, it should be staged as cM0

pT generally based on single resection. 
If resected as >1 specimen, reasonable 
estimation is required to assess 
combined size/extension
Disease-specific rules may apply

Pathological status of lymph node or sentinel node(s) 
without pT but with only clinical T (cT) is classified as 
clinical nodal status (cN)

Case with pathological T and N may be 
grouped as pathological TNM using 
clinical M designator (cM0 or cM1) (e.g., 
pT1 pN0 cM0 = pathological stage I)

Tumor size recorded in whole 
millimeters (smaller fractions are 
rounded to the nearest whole 
millimeter: 1 through 4 rounded down, 
and 5 through 9 rounded up)

Pathological status of a single node or nodes in the 
highest N category is classified as pN even in the 
absence of pathological information on other nodes

Case with pathological M1 (pM1) may be 
grouped as clinical and pathological 
Stage IV regardless of “c” or “p” status 
of T and N (e.g., cT1 cN1 pM1 = clinical 
or pathological stage IV)

Case may be classified by pT or pN 
without resection if microscopically 
confirmed by biopsy

Sentinel lymph node biopsy is denoted with (sn), e.g., 
pN0(sn), pN1(sn)

ITC in metastatic sites (e.g., bone 
marrow), circulating tumor cells (CTC), 
or disseminated tumor cells (DTC) 
classified as cM0(i+)

Lymph nodes with only isolated tumor cells (ITC) are 
staged as pN0 (disease-specific rules apply, e.g., 
melanoma)
Standard definition of ITC is cluster of tumor cells 
smaller than 0.2 mm in greatest dimension.
These are usually not detected by HE but by special 
technique such as IHC

Serous effusion fluids positive for 
malignant cells is equivalent to distant 
metastasis

Direct extension of primary tumor into regional node is 
classified as node positive and is part of pN

“MX” is eliminated in AJCC (2010) 
seventh edition

Tumor nodule with smooth contour in regional node 
area classified as positive node
When size is the criterion for N category, stage by size 
of metastasis, not size of node when reported (unless 
specified in disease-specific in disease-specific rules)

For more detailed updated rules, refer to AJCC Cancer Staging Manual, Eighth Edition (2017) published by Springer International Publishing. 
Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois

Classification Designation Details
Recurrence 
or retreatment

rTNM This classification is used for assigning stage at time of recurrence or progression until treatment is initiated.
Criteria: Disease recurrence after disease-free interval or upon disease progression if further treatment is 
planned for a cancer that
  Recurs after a disease-free interval
  Progresses (without a disease-free interval)
rc
Clinical recurrence staging is assigned as rc
rp
Pathological staging information is assigned as rp for the rTNM staging classification. This classification is 
recorded in addition to and does not replace the original previously assigned clinical (c), pathological (p), and/or 
post-therapy (yc, yp) stage classifications, and these previously documented classifications are not changed

Autopsy aTNM This classification is used for cancers not previously recognized that are found as an incidental finding at 
autopsy and not suspected before death (i.e., this classification does not apply if an autopsy is performed in a 
patient with a previously diagnosed cancer)
Criteria: No cancer suspected prior to death
Both clinical and pathological staging information is used to assign a TNM

Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original and primary source for this information 
is the AJCC Cancer Staging Manual, Eighth Edition (2017) published by Springer International Publishing

Table 2.8 (continued)
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carcinoma and intramucosal carcinoma are equivalent and 
have been used interchangeably.

Tumor invading an adjacent organ in contiguity (e.g., 
colonic carcinoma invading liver or even other segment of 
tubular GIT) is part of T staging and is not distant metastasis 
[15]. Similarly, sideways horizontal spread of tumor to the 
adjacent segment of tubular GIT (e.g., cecal carcinoma 
spreading along the lumen to adjacent ascending colon and/
or adjacent terminal ileum) is also part of pT staging and not 
distant metastasis [15]. On the other hand, penetration of 
tumor through a lymph node capsule into a regional lymph 
node is considered nodal metastasis for N staging.

For multiple primary tumors of tubular GIT, T stage is 
assigned as per the highest category. However, multiplicity 
of tumor assigns it a specific T stage in the liver [15].

T staging for some special tumors such as GIST and NET 
have a special approach. It is based on the size of the tumor 
in GIST [15] and on the extent of invasion with tumor size in 
NET (Table 2.2) [15].

 N Category
N staging is assigned based on status of regional lymph 
nodes evaluated conventionally by examining HE-stained 
sections (Table 2.9) [15]. If lymph nodes are grossly posi-
tive, only a representative section is submitted for confirma-
tion. However, grossly negative or equivocal lymph nodes 
are submitted entirely [49]. The number of lymph nodes that 
could be evaluated from any resection specimen depends on 
a variety of factors including anatomic nature of specimen, 
the length of the resected segment, type of surgical proce-
dure, chemo/radiation therapy status prior to resection, and/
or technical skill/diligence on the part of the dissector gross-
ing the specimen. The number of lymph nodes sampled from 
a node-negative colorectal cancer specimen has been 
 suggested to be at least 12 lymph nodes [70, 71]. At least 1 
positive or negative lymph node is needed for assigning path-
ological N (pN) staging.

Discontinuous spread or tumor deposits (TD) in subserosa, 
mesentery, and nonperitonealized pericolic or perirectal tis-
sues, although not nodal metastases, are considered under N 
category. These should be distinguished from totally replaced 
lymph nodes (which are counted as lymph nodes) or venous 
invasion with extravascular spread (considered as V1/V2).

Positivity of nonregional lymph nodes for tumor is con-
sidered distant metastasis and is not part of pN staging, but 
belongs to pM staging [12, 13, 15].

 M Category
Metastasis to any distant organ or tissue including any 
 nonregional lymph node is considered for M staging 
(Table 2.9) [15]. Presence of isolated tumor cells in the bone 
marrow, peritoneal seeding, and positive serous fluid cytol-
ogy are also considered metastases [15].

Satellite lesions (skip lesions) present as multiple tumor 
foci in adjacent bowel along the mucosa or submucosa are 
not distant metastases [15]. These must be distinguished 
from synchronous primary tumors.

 Additional Features

There are a few additional features (Table 2.8 [15]) that should 
be communicated in the final surgical pathology report of 
excised GI cancer specimens (Table 2.10) [10, 12, 13, 15, 49, 
55, 56, 60–65, 72]. Although these features are not reported spe-
cifically as an individual category, currently they are a routine 
part of the CAP cancer protocol in the final pathology report 
(see colon cancer CAP protocol as example in Table 2.11) [10].

Table 2.10 Additional features to be communicated in final surgical 
pathology report of excision specimens [10]

Feature Remarks
L category 
(lymphatic 
invasion by 
tumor) [12, 
15]

Lymphatic invasion is considered adverse 
prognostic factor in almost all gastrointestinal 
carcinomas [49, 55, 56, 72].
L0: Lack of lymphatic invasion
L1: Positive for lymphatic invasion

V category 
(venous 
invasion by 
tumor) [12, 
15]

Invasion by malignant cells into the large vessels 
within the tumor mass (intramural venous 
invasion) or in the adjacent vessel visible even on 
gross or on imaging (extramural venous invasion) 
is independent adverse prognostic factor for many 
GI cancers, especially gastric carcinomas, 
pancreatic carcinomas, colorectal carcinomas, 
hepatocellular carcinomas, and gastrointestinal 
sarcomas [55].
V0: Lack of venous invasion
V1: Microscopic venous invasion
V2: Macroscopic venous invasion
CAP recommendation: Submit at least 3 tissue 
blocks (preferably, 5 blocks) from the deepest 
portion of the tumor [37]. Some studies 
recommend routine elastic stain for venous 
invasion detection [73].

PN category 
(perineural 
invasion)

Perineural invasion has also been regarded 
stage-independent adverse prognostic factor 
especially in some GI cancers such as pancreas and 
colon [72]. However, studies supporting this 
unequivocally are quantitatively and qualitatively 
limited.

Morphology 
of tumor 
periphery

Pattern of growth along the periphery of the tumor 
has been reported to be independent prognostic 
feature [49, 55, 56, 74]. Colonic adenocarcinoma 
variant such as medullary carcinoma with pushing 
borders usually has a favorable prognosis even 
though it has higher grade histomorphology [10].
Tumor budding associated with poor prognosis in 
colon adenocarcinoma is defined as isolated single 
cells or tiny groups of tumor cells (up to four) 
invading the stroma [60–65].

Although not reported specifically as individual category, currently 
these features are routine part of CAP cancer protocol in the final 
pathology report
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 Conclusion

Morphological evaluation with ancillary tests such as immu-
nophenotyping and histochemistry is, and will continue to 
be, the most critical pivotal component in the management 
of GI cancers. The current advances in molecular pathology 
have increased its role and have become an integral part of 
management in addition to conventional AJCC staging [10].

In future, increasing insight into the molecular biology of 
all GI cancers including overexpression and/or repression of 
various genes as well as epigenetic changes would establish 
a better understanding with ongoing advances in achieving 
improved tumor classification, diagnosis, prognosis, and tar-
geted personalized therapies [17, 33–35]. Generally, both 
conventional pathological examination and new molecular 
tests are required for proper evaluation of any GI cancer for 
diagnostic and therapeutic decisions. Application of any new 
biomarkers cannot be justified until the findings demonstrate 
a convincing positive impact on clinical management. The 
ongoing advances would improve the understanding in 
molecular biology of various GI cancers and develop treat-
ment algorithms with targeted therapies tailored for individ-
ual patient care as personalized medicine evolves [75].
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Pathological Evaluation, Classification, 
and Staging of Colorectal Cancers
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 Pathological Evaluation

 Sample Processing

It is important to be aware of the path that biopsied or 
resected tissue follows from the time it leaves the operating 
room or the endoscopy suite until the pathologist renders her 
diagnosis. Biopsy samples are usually submitted in contain-
ers with a chemical fixative such as formalin from the endos-
copy suite so if studies that require fresh tissue are desired at 
the time of endoscopic biopsy, this must be arranged in 
advance with the endoscopist. However, many modern 
assays are standardized for use on formalin-fixed paraffin- 
embedded tissue. All specimens must be grossly (macro-
scopically) evaluated prior to processing for microscopic 
evaluation. Gross examination of a specimen or “grossing” is 
the inspection of the specimen with the naked eye to obtain 
diagnostic information and document precisely what was 
biopsied or resected from the patient. The first step in gross 
examination of a specimen is to confirm patient identity and 
the exact anatomical location from which the specimen was 
obtained. Whereas it is simple to identify the anatomic site of 
resection specimen that contains a segment of ileum, an 
appendix, and a length of colon, it is impossible to separate 
anatomic sites by gross evaluation of mucosal pinch biop-
sies, such that careful attention to labeling by the endosco-
pist is critical. The gross appearance of the specimen is 
documented and is included in the final pathology report. 

Biopsy samples are typically small and submitted for pro-
cessing “whole,” whereas tissue from resection samples is 
cut with a razor blade into postage stamp-sized portions that 
fit in plastic cassettes that are processed to make paraffin tis-
sue blocks. These tissue blocks are sectioned into 5- to 
10-micron-thin sections positioned on glass slides for stain-
ing and microscopic examination. The histological sections 
are stained with the hematoxylin and eosin (H&E) stain for 
evaluation by a pathologist. In the vast majority of cases, an 
accurate interpretation can be made by the use of H&E stains 
alone.

 Gross Evaluation of Small Biopsies and Large 
Polyps

Small colonic biopsies are minute fragments of tissue taken 
by pinch biopsy forceps. They typically measure from 
0.5 mm to 3–4 mm, depending on the type of forceps used 
and the endoscopist. Gross evaluation of small biopsies 
includes recording the number of the fragments received and 
measuring the aggregate dimension and, in some instances, 
measuring the size of the largest fragment. Ideally, there 
should be no more than three fragments of tissue submitted 
per container. As the number of the tissue fragments increases 
on a slide, the possibility of unwanted error increases. 
Obviously, documenting the exact site from which the biopsy 
was obtained and documenting the type of tissue (such as 
polyp or mass versus flat mucosa) is essential for the pathol-
ogist to render the correct diagnosis.

Polyps removed during colonoscopy can be small or 
large, pedunculated or sessile. The cautery (diathermy) arti-
fact identifies the resection margin in polyps removed with 
cauterized wire or hot polypectomy. Applying India ink to 
the stalk also can help the pathologist in identifying the mar-
gin of resection at the time of microscopic evaluation, as the 
applied India ink survives tissue processing and appears 
black on the glass slides. During pathological gross evalua-
tion, the size, color, surface configuration, and appearance of 
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any base of a polyp and any visible stalk length should be 
documented. If the polyp is small (less than 1 cm), it is usu-
ally bisected and submitted in 1 cassette. Larger polyps are 
submitted in more cassettes. The stalk is first inked and then 
carefully cut and placed in different cassettes in order to 
evaluate for invasive carcinoma.

 Gross Evaluation of a Resected Tumor

Resection specimen processing, not surprisingly, is more 
complicated than processing pinch biopsies. The first step in 
the gross examination after patient identification is to record 
the exact anatomical subdivision of the resected colon. We 
cannot emphasize enough the importance of correctly label-
ing the anatomical portion of the colon (e.g., sigmoid versus 
rectum versus rectosigmoid). Furthermore, it is impossible 
to distinguish the subdivisions of the colon, such as ascend-
ing versus transverse versus descending colon, by gross 
examination. Anatomically, serosa and taenia coli are pres-
ent from the right colon until the sigmoid and are absent in 
the posterior rectum and anus. There is a serosal covering in 
the anterior upper rectum and the upper rectal sides. 
Mesentery, on the other hand, is absent in cecum and rectum 
and present in the transverse and sigmoid colon.

It is crucial for the pathologist to perform a careful gross 
examination of the external surface of the specimen and doc-
ument any extension of tumor to the outer surface. Measuring 
the length and circumference of the specimen should be done 
before opening. The specimen should be received intact from 
the operating room. On rare occasions, some surgeons 
choose to open the colon in the operating suite. We strongly 
advise against it, as it may hamper pathological evaluation of 
the specimen including assessment of the depth of invasion 
(T stage) and the distance of the tumor from the margins 
(Table 3.1). For the concerned surgeon, issues of complete-
ness of resection can usually be answered by the pathologist 
in the form of an intraoperative consultation.

Identifying the radial circumferential margin is a crucial 
step in grossing the rectal lesions. The rectosigmoid junction 
is where the peritoneum no longer completely surrounds the 
large bowel. The rectum is partially covered by peritoneum 
in the upper third (on the anterior and lateral sides) and in the 
middle third (only the anterior aspect). No peritoneum cov-
ers the lower third of the rectum. The exact location of the 
tumor must be identified and recorded. Thus, correctly label-
ing the specimen as rectal prompts the pathologist to identify 
the peritonealized versus nonperitonealized zones. Careful 
pathological grossing evaluation through orientation of the 

Table 3.1 TNM staging of colorectal cancers

Definition of primary tumor (T)
T 
category T criteria
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ: intramucosal carcinoma (involvement 

of lamina propria with no extension through muscularis 
mucosae)

T1 Tumor invades the submucosa (through the muscularis 
mucosa but not into the musclaris propria)

T2 Tumor invades muscularis propria
T3 Tumor invades through the muscularis propria into 

pericolorectal tissues
T4 Tumor invades the visceral peritoneum or invades or 

adheres to adjacent organ or structure
T4a Tumor invades through the visceral peritoneum (including 

gross perforation of the bowel through tumor and 
continuous invasion of tumor through areas of 
inflammation to the surface of the visceral peritoneum)

T4b Tumor directly invades or adheres to adjacent organs or 
structures

Definition of regional lymph node (N)
N 
category N criteria
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 One to three regional lymph nodes are positive (tumor in 

lymph nodes measuring ≥0.2 mm), or any number of 
tumor deposits are present and all identifiable lymph 
nodes are negative

N1a One regional lymph node is positive
N1b Two or three regional lymph nodes are positive
N1c No regional lymph nodes are positive, but there are tumor 

deposits in the
  Subserosa
  Mesentery
  Nonperitonealized pericolic, or perirectal/mesorectal 

tissues
N2 Four or more regional nodes are positive
N2a Four to six regional lymph nodes are positive
N2b Seven or more regional lymph nodes are positive

Definition of distant metastasis (M)
M 
category M criteria
M0 No distant metastasis by imaging, etc.; no evidence of 

tumor in distant sites or organs (this category is not 
assigned by pathologists.)

M1 Metastasis to one or more distant sites or organs or 
peritoneal metastasis is identified

M1a Metastasis to one site or organ is identified without 
peritoneal metastasis

M1b Metastasis to two or more sites or organ is identified 
without peritoneal metastasis

M1c Metastasis to the peritoneal surface is identified alone or 
with other site or organ metastasis
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specimen, inking, and evaluation of the margins allows 
assessment of completeness of the excision. The distance of 
the tumor to the closest margin, especially in the rectum, is 
an important prognostic factor. Ideally, in order to be able to 
properly section the specimen it is pinned to a corkboard or 
a wax board and fixed overnight in formalin. Representative 
sections of all of the components present (e.g., appendix, 
cecum, ascending colon) and any visible lesions are submit-
ted for microscopic evaluation. The fat is stripped off of the 
specimen to identify all the lymph nodes.

 Classification of the Colorectal Cancers 
and Precursor Lesions

 Colorectal Polyps

Colonic polyps can be generally categorized as conventional 
adenomas or serrated polyps. Tubular or tubullovillous adeno-
mas account for approximately 60% of colonic polyps. Serrated 
polyps are categorized as, hyperplastic polyps (HPs), sessile 
serrated adenoma (SSA), traditional serrated adenomas (TSAs), 
and SSA with cytological dysplasia (formerly termed mixed 
hyperplastic/adenomatous polyps [MHPAPs]). SSA with cyto-
logical dysplasia accounts for 1–2% of colonic polyps [1].

 Tubular Adenoma

Tubular adenomas are considered precursor lesions to carci-
nomas. It is believed that about 10% of adenomas that are not 

removed will transform to adenocarcinomas [2]. 
Histologically, tubular adenomas are composed of cells with 
elongated pseudostratified hyperchromatic nuclei (Fig. 3.1). 
These nuclei maintain their polarity, meaning their long axis 
is perpendicular to the basement membrane (Fig.  3.2). 
Adenomas may contain scattered neutrophils, prominent 
apoptosis, Paneth cell differentiation, clear cell change, and 
squamous-like morules. Adenomas with so-called pseudoin-
vasion contain neoplastic glands that, together with their 
lamina propria, prolapse into the submucosa. These glands 
can become obstructed and the inspissated mucin can dissect 
through the tissue mimicking invasive carcinoma. In most 

Table 3.1 (continued)

AJCC prognostic stage groups
When T is… And N is… And M is… Then the stage group is…
Tis N0 M0 0
T1, T2 N0 M0 I
T3 N0 M0 IIA
T4a N0 M0 IIB
T4b N0 M0 IIC
T1-T2 N1/N1c M0 IIIA
T1 N2a M0 IIIA
T3-T4a N1/N1c M0 IIIB
T2-T3 N2a M0 IIIB
T1-T2 N2b M0 IIIB
T4a N2a M0 IIIC
T3-T4a N2b M0 IIIC
T4b N1-N2 M0 IIIC
Any T Any N M1a IVA
Any T Any N M1b IVB
Any T Any N M1c IVC

Used with permission of the American Joint Committee on Cancer 
(AJCC), Chicago, Illinois. The original and primary source for this 
information is the AJCC Cancer Staging Manual, Eighth Edition (2017) 
published by Springer International Publishing

Fig. 3.1 Tubular adenoma. These polyps show hyperchromatic, pencil- 
like nuclei that remain perpendicular to the basement membrane (on the 
left) as compared to the normal mucosa (on the right)

Fig. 3.2 Tubular adenoma. This figure highlights the elongated, hyper-
chromatic nuclei that are perpendicular to the basement membrane
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cases, an expert pathologist can differentiate such pseudoin-
vasion from true invasion based on the presence of lamina 
propria, hemosiderin, round glands, and cytoarchitectural 
features.

Adenomas have low-grade dysplasia by definition. The 
presence of high-grade dysplasia in a tubular adenoma war-
rants a more frequent follow-up [3]. Cribriform architecture 
and/or loss of nuclear polarity along with cytological atypia 
and stratification of the nuclei to the surface or the gland 
lumina define high-grade dysplasia in an adenoma (Fig. 3.3). 
Intramucosal carcinoma happens when there is lamina pro-
pria invasion. Since the lamina propria of the colon lacks 
significant lymphatics, this early invasion is staged as Tis 
rather than T1 (submucosal invasion) (Table  3.1). In both 
occasions, whether there is high-grade dysplasia or intramu-
cosal carcinoma in an adenoma, polypectomy should be 
curative. Tubulovillous adenomas show a mixture of tubular 
and villous architecture and villous adenoma is a polyp dis-
playing predominantly villous architecture. Villous adeno-
mas are believed to warrant closer surveillance than tubular 
adenomas, but the cutoff between the 2 is poorly defined.

 Hyperplastic Polyps

Classical HPs are incidental findings during routine colonos-
copy and account for the majority (about 75%) of all serrated 
polyps. They can be single or multiple, usually less than 
5  mm, and commonly found in the rectosigmoid region. 
Histologically, they can be recognized as microvesicular, 
goblet cell-rich and mucin-poor variants. However, since 
these subtypes have no clinical significance, there is no need 
to subclassify them during routine histological examination. 

Morphologically, HPs show serrated or star-like glandular 
morphology in the upper crypts with glands tapering down 
near the base with prominent neuroendocrine cells (Fig. 3.4). 
Some of these polyps might have a regular thickened colla-
gen table. Microvesicular HPs have frequent BRAF mutation 
while goblet cell-rich HPs more commonly have KRAS 
mutation supporting the evidence of identifying and remov-
ing these polyps during endoscopy [1].

 Sessile Serrated Adenoma/Sessile Serrated Polyp

Sessile serrated adenoma (SSA) and sessile serrated polyps 
(SSPs) account for 15–25% of all serrated polyps. 
Endoscopically, they may be subtle and difficult to distin-
guish from a thickened mucosal fold. They are broad-based 
and more commonly arise in the right colon and may attain a 
size of several centimeters. These polyps are characterized 
by serrated crypt architecture extending to the deep crypts 
with dilated crypt bases that are aligned parallel to the mus-
cularis mucosae (Fig. 3.5). Morphological variability exists 
in these polyps. They can have oncocytic changes or 
increased or decreased mucin that sometimes resembles gas-
tric foveolar epithelium. Conventional-appearing low-grade 
dysplasia can arise in SSA, characterized by loss of expres-
sion of MLH1 and/or PMS2 by immunohistochemistry. 

Fig. 3.3 Adenoma with high-grade dysplasia. This high-magnification 
image shows an area of cribriform architecture with loss of nuclear 
polarity and bizarre cells

Fig. 3.4 Hyperplastic polyp. This example shows star-like glandular 
morphology in the upper crypts
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SSAs often harbor activating mutation in the BRAF gene, 
interfering with cellular apoptosis and thereby causing epi-
thelial cells to accumulate over basement membrane produc-
ing serrated areas. Most SSAs (67%) have aberrant nuclear 
beta-catenin labeling, seen in the background of BRAF muta-
tions and correlating with neoplastic progression [4].

 Traditional Serrated Adenoma

Traditional serrated adenomas (TSAs) occur predominately 
in the distal colon. Histologically, these polyps are character-
ized by complex villiform architecture with crypts that lose 
their orientation to the muscularis mucosae and bud off dis-
organized glands (ectopic crypts). The lesional cells of TSA 
have brightly eosinophilic cytoplasm and cigar-shaped nuclei 
that are shorter than those of typical tubular adenoma 
(Fig. 3.6). These nuclei lack significant enlargement, promi-
nent nucleoli and apoptosis. TSA are characterized by KRAS 
mutations and CpG island methylation, but they lack micro-
satellite instability (MSI) unlike SSAs that have progressed 
to dysplasia of carcinoma.

Filiform serrated adenoma is an uncommon variant of 
TSAs found on the left side of the colon. Complex delicate 
fronds, abundant eosinophilic cytoplasm and tiny crypts 
emanating from the surface of the fronds and edematous 
stroma characterize these polyps (Fig. 3.7). These polyps can 
be associated with areas of conventional tubular adenoma, 

high-grade dysplasia, SSAs, or HPs. These polyps are 
molecularly similar to SSAs as they harbor BRAF mutation 
in approximately 50% and a minority with KRAS mutation 
around 21%. Filiform serrated adenomas are microsatellite 
stable or have low levels of microsatellite instability [5].

 Malignant Adenoma (Adenocarcinoma 
in Adenoma, “Malignant Polyp”)

Malignancy in adenomas or adenoma containing invasive 
carcinoma is defined by invasion of the tumor through the 
muscularis mucosae into the submucosa (Fig.  3.8). The 

Fig. 3.5 Sessile serrated adenoma. Note the serrated crypt architecture 
extending to the deep crypts with a dilated crypt base aligned parallel to 
the muscularis mucosae

Fig. 3.6 Traditional serrated adenoma. This example shows the pink 
(eosinophilic) cytoplasm of these adenomas. Note the nuclei are smaller 
than those of a tubular adenoma

Fig. 3.7 Filiform serrated adenoma. Note the delicate fronds, abundant 
eosinophilic cytoplasm, and tiny crypts emanating from the surface of 
the fronds (ectopic crypts)
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chance of finding an invasive carcinoma component in a 
polyp increases with increasing adenoma size. The likeli-
hood of finding an invasive carcinoma component in an ade-
noma larger than 2  cm is approximately 35–53%. Ideally, 
large polyps should be resected intact (if possible) in order 
for the pathologist to be able to identify the margin of resec-
tion and asses the closet approach of tumor.

Many so-called malignant polyps are curable by endo-
scopic polypectomy alone. Criteria that have been offered to 
determine which such lesions require follow-up resection to 
harvest lymph nodes include: (1) high tumor grade, (2) tumor 
present ≤1 mm (or some references 2 mm) from the resec-
tion margin, and (3) small vessel invasion. Higher tumor 
grade includes poorly differentiated adenocarcinoma, signet 
ring cell carcinoma, small cell carcinoma or undifferentiated 
carcinoma and may be similar to so-called tumor budding. In 
the presence of any of these features, the risk of an adverse 
outcome is increased to 10–25% [6].

 Colitis-Associated Dysplasia

Dysplasia in inflammatory bowel disease (IBD) is classified 
as low and high grade, and in unclear cases indefinite for 
dysplasia. The presence of active inflammation with reactive 
epithelial changes makes the diagnosis of low-grade dyspla-
sia sometimes challenging in these patients. The diagnosis of 
low-grade dysplasia requires the presence of nuclear altera-
tion extending to the surface epithelium. In contrast, high- 
grade dysplasia displays surface loss of nuclear polarity. 
Serrated epithelial changes also can be seen in these patients. 
A recent study demonstrated high frequency of dysplasia in 
the patients with serrated epithelial changes [7]. However, 
more studies are needed to determine if these serrated 
changes are precancerous.

There are some criteria to differentiate sporadic adenoma 
from polypoid colitis-associated dysplasia; however, no defi-
nite criteria exist for this distinction. Patients with polypoid 
colitis-associated dysplasia are usually younger (<50 years 
old) with duration of IBD more than 10 years and have active 
disease. Endoscopically, the polyps are ill defined versus the 
sporadic adenomas, which are usually well marginated. 
Histologically, polypoid-associated dysplasia display irregu-
lar gland configuration with a mixture of non-neoplastic and 
neoplastic glands and variable stroma, irregular mucin pro-
duction, dystrophic goblet cells, and stratified nuclei in vari-
able levels.

 Colorectal Adenocarcinoma

The vast majority of colorectal adenocarcinomas can be 
diagnosed on a colonic mucosal biopsy with routine H&E 
staining. Histologically, colorectal adenocarcinomas are 
characterized by angulated glands and single cells with a 
desmoplastic stroma. These glands frequently contain 
necrotic debris, apoptosis, and scattered neutrophils 
(Fig. 3.9). As previously noted, submucosal invasion is nec-
essary for the diagnosis of invasive adenocarcinoma. For 
obvious reasons, mucosal biopsies of the colon rarely con-
tain abundant submucosa. However, the presence of well- 
developed desmoplasia in the lamina propria with associated 
invasion into the structure is almost invariably accompanied 
by an underlying invasive carcinoma that extends into at 
least the submucosa. Sometimes, in fragmented specimens, 
it is not possible to reach a diagnosis of adenocarcinoma. In 
cases for which we believe the invasion might be limited to 
the lamina propria, we report the findings as “at least 
intramucosal carcinoma/ invasion into the lamina propria/

Fig. 3.8 Malignant adenoma (adenocarcinoma arising in association 
with an adenoma). Note the invasion of the tumor through the muscula-
ris mucosae into the submucosa

Fig. 3.9 Colonic adenocarcinoma. This example shows the angulated 
glands with central necrosis in a desmoplastic stroma
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Tis.” Pathologists generally also report any associated ade-
noma component to note that the lesion is primary rather 
than a metastasis from another site.

 Molecular Testing in Colorectal Carcinoma

Molecular testing can be performed on both biopsies and 
resection specimens. However, since staging is a factor in 
determining whether molecular testing is indicated, we often 
wait until the resection when staging data are available and 
there is abundant material for testing. Microsatellite instabil-
ity (MSI) is generally performed for all patients under 70 
with stage 1 tumors, all patients with stage 2 tumors, all 
patients under 70 with stage 3 tumors, and for all stage 4 
tumors. Microsatellites or short tandem repeats (STRs) are 
repetitive DNA elements of 1–6 base units. These units are 
repeated 10–60 times, which creates inherent instability dur-
ing replication. These errors are corrected through a system 
of DNA mismatch repair (MMR) in normal cells. Proteins 
encoded by the genes in this system, such as mutL homolog 
1 (hMLH1), postmeiotic segregation increased 2 (hPMS2), 
mutS homolog1 (hMSH2), and mutS homolog 6 (hMSH6) 
genes.

There are some histological findings that are suggestive of 
MSI in colorectal tumors. These include intense lymphocytic 
intretumoral infiltrates (Fig. 3.10), mucinous (Fig. 3.11) or 
signet ring features, and Crohn-like peritumoral features. In 
fact, noting a combination of these features in a patient 
younger than 50 can predict MSI with great accuracy [8]. 
MSI testing involves microdissecting the tumor and the nor-
mal tissue from sections prepared from the paraffin- 
embedded tissue blocks and performing polymerase chain 
reaction (PCR) using primers directed to microsatellite 
markers. Therefore, we always encourage our clinical col-
leagues to also sample the normal mucosa in a young patient 
of less than 50 years old. However, this testing can be done 
later on the resected material where normal tissue is readily 
available. Different systems with different numbers of mono-
nucleotides or dinucleotides marker are available for MMR 
testing. Several patterns of data interpretation exist: MSI- 
high (MSI-H), MSI-low (MSI-L), and microsatellite stable 
(MSS). When using 5 markers, MSI-H corresponds to greater 
or equal to 2 loci of MSI, when only 1 loci shows MSI is 
considered MSI-L and MSS is defined by no detected MSI.

Immunohistochemical staining is an alternative route to 
MMR testing. Pathologists can stain the tissue with surro-
gate markers for the presence of MMR gene mutations and 
such testing generally correlates well with MSI testing. 
MLH1, MSH2, MLH6 and PMS2 are the proteins encoded 
by the MMR genes and loss of immunolabeling will indicate 
a defective gene or, in the case of MLH1, inactivation of the 
gene by promotor methylation. Using immunohistochemis-

try also directs the clinician to order gene sequencing on the 
defective gene. As mentioned earlier, the lack of immunos-
taining does not preclude the possibility of inactivation of the 
gene by promotor methylation or a missense mutation that 
causes loss of function of the protein.

Currently, BRAF and KRAS mutation status are com-
monly tested to guide therapeutic options as tumors that har-
bor these mutations are resistant to anti- epidermal growth 
factor receptor (EGFR) immunotherapy. Since these drugs 
are expensive and have significant morbidity, testing the 
gene is recommended. KRAS and BRAF mutational testing is 
indicated in any stage III or IV tumor; that is, any tumor that 
has spread to lymph nodes or distant sites. Common labora-

Fig. 3.10 Colon carcinoma associated with microsatellite instability 
(MSI). Note the presence of an adenocarcinoma with an intense lym-
phocytic infiltrate

Fig. 3.11 Colon carcinoma associated with microsatellite instability 
(MSI). This an example of adenocarcinoma with mucinous features. 
Note the pools of mucin with floating malignant cells

3 Pathological Evaluation, Classification, and Staging of Colorectal Cancers



44

tory methods used are gene sequencing and real-time 
PCR. Many laboratories test the KRAS gene first and if it is 
mutated there is no need to test the BRAF gene, as the patient 
would be expected to be resistant to anti-EGFR therapy.

 Hereditary Colorectal Cancer Syndromes

 Familial Adenomatous Polyposis

Patients with familial adenomatous polyposis (FAP) have a 
germline mutation in the adenomatous polyposis coli (APC) 
gene on chromosome 5q21 with complete penetrance, caus-
ing them to have hundreds to thousands of colonic adenomas 
(Fig. 3.12). These patients essentially all develop colon can-
cer without prophylactic colectomy. The proband usually 
manifests more than 100 or 1000 colonic adenomatous pol-
yps. In these patients, polyposis is not limited to the colon 
and can involve the stomach and small bowel as well. Thus, 
even after colectomy, surveillance endoscopies of the upper 
tract are advised [9]. Morphologically, these tumors are 
indistinguishable from sporadic adenomas; and the earliest 
lesions consist of a single neoplastic crypt. The location of 
the mutation in APC gene affects the clinical phenotype that 
manifests. Thus, full gene sequencing is the standard diag-
nostic test. Early identification of individuals or their family 
members with the APC gene mutation allows for careful 
planning and early medical and surgical intervention prior to 
development of cancer.

Attenuated FAP is a similar dominantly inherited disease 
with high penetrance. Patients with this disease have fewer 
than 100 adenomatous colorectal polyps. The location of the 
APC gene mutation in these individuals is at the proximal or 
distal regions of the gene. Another APC gene mutation, 
I1307K mutation is a missense mutation most commonly 

found in Ashkenazi Jewish patients. This mutation is also 
dominantly inherited and increases the risk of developing 
colorectal cancer up to two- to fivefolds.

 MutY-Associated Polyposis

Patients with MutY-associated polyposis have a phenotype 
similar to that of attenuated APC with less than 100 adeno-
matous polyps. However, this genetically distinct syn-
drome demonstrates an autosomal recessive mode of 
inheritance and is caused by mutation in the hMYH gene 
on chromosome 1.

 Hereditary Nonpolyposis Colon Cancer/Lynch 
Syndrome

Hereditary nonpolyposis colon cancer (HNPCC)/Lynch syn-
drome accounts for 2–5% of all colorectal cancers and has an 
autosomal dominant mode of transmission with approxi-
mately 80–90% penetrance. The mutated genes in this syn-
drome are MLH1 and MSH2 followed by far fewer examples 
of mutations in MSH6 and PMS2. Identification of an MMR 
gene mutation has significant impact on the entire family, 
leading to close screening and surveillance in those family 
members carrying the mutation. If a germline MMR muta-
tion arises in a proband, the patient has Lynch syndrome. 
However, a minority of the colorectal cancers that are mis-
match repair deficient are a result of Lynd syndrome. MSI is 
observed in about 15% of sporadic colorectal cancers mostly 
occurring in older individuals. Sporadic MSI-H is often due 
to promotor methylation of MLH1, silencing the MMR gene 
and resulting in loss of expression by immunohistochemistry 
and the presence of MSI. Thus, genetic testing to differenti-
ate germline origin from sporadic origin is important to con-
firm Lynch syndrome. BRAF testing and MMR gene 
promotor methylation analysis also can be performed to dif-
ferentiate sporadic versus germline mutation. MSI-H tumors 
harboring the BRAF V600E mutation are essentially always 
sporadic.

 Serrated Polyposis Syndrome

The World Health Organization (WHO) defining criteria for 
diagnosing a serrated polyposis syndrome include: (1) the 
presence of 20 or more serrated polyps throughout the 
colon, or (2) at least 5 serrated polyps proximal to the sig-
moid colon with 2 measuring more than 10 mm, or (3) any 
number of serrated polyps proximal to the sigmoid colon in 
an individual who has a first-degree relative with serrated 
polyposis.

Fig. 3.12 Familial adenomatous polyposis. These patients may have 
hundreds to thousands of colonic adenomas
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 Juvenile Polyposis Syndrome

Juvenile polyposis is characterized by more than 5 juvenile 
polyps in the colorectal region or the presence of multiple 
juvenile polyps throughout the gastrointestinal (GI) tract, or 
any number of these polyps in a patient with a family history 
of juvenile polyposis. These patients are at risk for colorec-
tal, gastric, duodenal, and pancreatobilliary carcinomas. 
Juvenile-type polyps can be a component of several genetic 
syndromes such as juvenile polyposis, Cowden syndrome, 
and Bannayan-Riley-Ruvalcaba syndrome. Germline muta-
tion in DPC4 (also known as SMAD4) and BMPR1A predis-
pose an individual to juvenile polyposis. Mutations in PTEN, 
a tumor suppressor gene, have been documented in Cowden 
syndrome and Bannayan-Riley-Ruvalcaba syndrome. 
Although these syndromes have different mutations they 
share similar juvenile-type polyps. A combined syndrome of 
juvenile polyposis and hereditary hemorrhagic telangiectasia 
(Osler-Weber-Rendu disease) is described in patients with 
SMAD4 mutations [10].

Sporadic juvenile polyps usually arise in children and 
usually have a spherical lobulated surface that is often 
eroded (Fig. 3.13). These polyps are considered hamarto-
matous. As such, when they arise in the colon they have 
colonic mucosa with irregularly shaped and dilated glands 
accompanied by lamina propria that is expanded by granu-
lation tissue (Fig. 3.14). In syndromic patients, smaller pol-
yps have the same features as sporadic juvenile polyps. 
However, the larger polyps display a relative increase in the 
epithelium compared to stroma with multilobulation or fin-
gerlike lobes. These syndromic polyps can harbor true dys-
plasia (intraepithelial neoplasia) that can progress to 

carcinoma (Fig. 3.15). These polyps can show areas of ero-
sion and active inflammation. Pathologists and clinicians 
should consider the possibility of these syndromic diseases 
when encountering nonspecific inflammatory polyps with-
out associated prior mucosal injury. Of note, adult patients 
can develop inflammatory polyps that are presumably a 
result of prior mucosal injury and that can mimic juvenile 
polyps. Pathologists tend to report these cases as inflamma-
tory/juvenile-type polyp.

Fig. 3.13 Juvenile polyp. Gross examination of the resected colon 
shows a lobulated and pedunculated juvenile polyp

Fig. 3.14 Juvenile polyp. Microscopically, these polyps consist of 
numerous cystic and dilated glands with edematous stroma and associ-
ated lymphocytes and plasma cells

Fig. 3.15 Juvenile polyp with low-grade dysplasia. This example 
shows a juvenile polyp with low-grade dysplasia showing elongated 
pseudostratified hyperchromatic nuclei in the surface
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 Peutz-Jegher Syndrome

Peutz-Jegher (PJ) syndrome is an inherited cancer syn-
drome characterized by intestinal polyps and mucocutane-
ous melanin pigmentation. The most common malignancy 
in this syndrome is colorectal cancer followed by breast, 
small bowel, stomach, and pancreas carcinomas. Other 
extraintestinal malignancies arise in the endometrium, 
lung, ovary (sex cord tumors with annular tubules), cervix 
(adenoma malignum), and testis (Sertoli cell tumors). The 
average age at diagnosis of malignancies in patients with 
PJ syndrome is 42 years [11]. This syndrome is an autoso-
mal dominant one with virtually 100% penetrance and is 
associated with mutation in the LKB/STK11 gene in 
80–94% of cases [12, 13]. The polyps in PJ syndrome are 
most common in the small intestine but can also arise in 
the colon and stomach.

Histologically, PJ polyps are hamartomatous and display 
the type of mucosa typical for the site in which they are 
found. Thus, in the stomach, they have gastric mucosa and in 
the colon they have colonic mucosa. These polyps character-
istically display arborizing smooth muscle cores from which 
the mucosa leafs out (Fig. 3.16). The problem in diagnosing 
these polyps on mucosal biopsies arises when biopsies are 
superficial or when ulceration distorts the architecture. In the 
colorectal region, mucosal prolapse is very common and 
characterized by the presence of smooth muscle in the lam-
ina propria and thus, it is difficult to prospectively diagnose 
PJ syndrome based on a colonic polyp in isolation. This 
diagnosis should be made in the context of clinical history. 
Although these polyps can have dysplasia or associated inva-
sive carcinoma [14], most GI malignancies do not arise from 
the polyps themselves.

 Cronkhite-Canada Polyps

Cronkhite and Canada first reported this syndrome in 1955 in 
a series of patients with polyposis, pigmentation, alopecia, 
and onychotrophia [15]. Several studies afterward were able 
to further characterize this syndrome; however, the polyps 
arising in Cronkhite-Canada syndrome are impossible to 
prospectively diagnose based on microscopic features in iso-
lation [16]. Cronkhite-Canada syndrome is characterized by 
diffuse polyposis in patients with unusual ectodermal abnor-
malities, including alopecia, onychodystrophy, and skin 
hyperpigmentation. The mean age of onset is around 59 years 
with a male-to-female ratio of 3:2, and it has been reported 
mostly in Southeast Asians and Europeans. This syndrome 
can have fatal complications such as malnutrition, GI hemor-
rhage, and infection, with a mortality rate as high as 60%. 
The most common presenting symptoms include diarrhea, 
weight loss, hypogeusia, and anorexia. Paraesthesias, sei-
zures, and tetany have also been recorded. The poor outcome 
of these patients reflects a number of complications such as 
fatal GI bleeding, intussusception, prolapse, and malabsorp-
tion leading to malnutrition and recurrent infections.

Cronkhite-Canada syndrome is distinguished by the dif-
fuse distribution of the polyps throughout the gastrointesti-
nal tract sparing only the esophagus. It remains controversial 
whether these polyps have malignant potential. Histologically, 
broad sessile bases, expanded edematous lamina propria and 
cystic glands characterize these polyps. These features also 
can be seen in juvenile polyposis. Additionally, the polyps of 
Cronkhite-Canada have a pedunculated growth pattern 
except in the stomach. Clinical correlation with the ectoder-
mal findings is helpful in diagnosing these polyps. 
Furthermore, if the endoscopist biopsies the flat mucosa in 
between polyps, it is normal in juvenile polyposis syndrome 
whereas it is abnormal in Cronkhite-Canada syndrome. The 
presence of dysplasia favors juvenile polyposis as essentially 
all Cronkhite-Canada polyps are nondysplastic.

 Neuroendocrine Tumors

Most well-differentiated neuroendocrine tumors occur in 
the GI tract. In the large bowel, they are essentially limited 
to the rectum [17]. Rectal neuroendocrine tumors are more 
common in African Americans and Asians and slightly 
more common in males than females. A small percentage 
of GI tract neuroendocrine tumors are reported in the 
ascending colon, most commonly in the cecum. In contrast 
to the rectal neuroendocrine tumors, the tumors reported in 
the right colon are nonlocalized in 55–67% and most 
patients (85%) have metastatic disease at the time of pre-
sentation [17, 18].

Fig. 3.16 Peutz-Jegher polyp. Note the arborizing smooth muscle 
separating groups of glands
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Neuroendocrine tumors are classified as well- differentiated 
and poorly differentiated tumors.  Well- differentiated tumors 
are further divided into G1 or carcinoid tumors and G2 or 
intermediate. Poorly differentiated neuroendocrine tumors 
are characterized as G3 (large and small cell type). 
Histologically, grade 1 and grade 2 tumors are composed of 
uniform cells arranged in an insular, trabecular, solid, or crib-
riform pattern (Fig. 3.17). The cells have moderate amount of 
cytoplasm with round, regular nuclei with a so-called salt-
and-pepper chromatin pattern. These lesional cells can fre-
quently form rosettes. The WHO grading system is used for 
neuroendocrine tumors in the stomach, duodenum, pancreas, 
and hindgut (colorectal region). This grading system is based 
on number of mitosis per 10 high power field (HPF) or per-
centage of MIB1/Ki-67 immunolabeling in lesional cells. G1 
is defined based on less than 2 mitoses per 10 HPF or less 
than 2% Ki67 index. G2 is for mitotic counts between 2 and 
20 per 10 HPF or a Ki-67 immunolabeling of 3–20%. Grade 
3 tumors are high-grade neuroendocrine carcinomas with 
small or large cell histology and are characterized by more 
than 20 mitosis per 10 HPF or more than 20% ki-67 index.

Most well-differentiated neuroendocrine tumors of the 
rectum are small and localized at the time of presentation 
and detected at the time of screening colonoscopy. These 
tumors behave in an indolent fashion and the associated 
5-year survival is 90%. Tumor size and invasion of muscula-
ris propria are the two most important predictors of malig-
nant behavior. Small tumors, 1 cm to 2 cm without muscularis 
propria invasion can be managed by polypectomy. However, 
even small tumors (between 1 cm and 2 cm) that invade the 

muscularis propria require transanal excision [17, 19]. 
Neuroendocrine tumors larger than 2  cm or with regional 
lymph node involvement are surgically managed as per rec-
tal adenocarcinoma.

Neuroendocrine carcinomas are associated with extensive 
necrosis, apoptosis, and lymphovascular invasion. The small 
cell type demonstrates a diffuse growth pattern with round 
nuclei and nuclear molding. Large cell neuroendocrine 
tumors usually show a nested pattern of growth with round to 
oval cells with moderate amount of cytoplasm, granular or 
vesicular chromatin pattern and visible nucleoli. These 
tumors can have focal lumen formation and in some instances 
intracytoplasmic mucin. Of note, high-grade neuroendocrine 
carcinomas are frequently associated with an adenoma or 
conventional adenocarcinoma component. Neuroendocrine 
carcinomas (G3) are aggressive tumors with poor prognosis; 
however, there is no significant difference between small cell 
and large cell subtype [20]. Neuroendocrine tumors usually 
express keratin, synaptophysin, and chromogranin by 
immunohistochemistry.

 Colorectal Sarcomas

Sarcomas of the colon and rectum are very rare and comprise 
less than 0.1% of all the cancers in this region [21]. 
Leiomyosarcoma is the most common type of colorectal sar-
comas and account for more than 95% [22]. Other sarcomas 
encountered in this region include Kaposi sarcoma [23], 
fibrosarcoma [24, 25], angiosarcoma [25], and lipoleiomyo-
sarcomas [26].

 Leiomyosarcoma

Most of the colorectal leiomyosarcomas occur in men in the 
fifth and sixth decade with a predilection for black patients 
[27]. However, there are case reports of leiomyosarcoma in 
infants [28]. Histologically, these tumors have perfectly per-
pendicular fascicles of spindle cells with pleomorphic blunt- 
ended nuclei with increase abnormal frequent mitosis 
(Figs.  3.18 and 3.19). Pathologists must differentiate them 
from gastrointestinal stromal tumors (GISTs), which is easily 
done by performing immunohistochemistry. Leiomyosarcomas 
express desmin and not CD117 in contrast to GIST. They also 
have a better outcome than rectal GIST [29]. Surgical resec-
tion is the mainstay of treatment [27].

 Kaposi Sarcoma

Kaposi sarcoma (KS) is a quasi-neoplastic sarcoma-like 
lesion usually encountered in patients with human 

Fig. 3.17 Well-differentiated neuroendocrine tumor. This example has 
a trabecular growth pattern
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 immunodeficiency virus (HIV). KS often involves the 
skin and lymph nodes, but also can occur throughout the 
GI tract, including in the rectum and anus. Approximately 
40–50% of the HIV patients with cutaneous KS lesions 
have concurrent lesions in their GI tracts [23]. Rectal KS 
most often occurs in men who have sex with men (MSM) 
with HIV with the average age of 34 years [30]. Patients 
with KS of the GI tract are usually asymptomatic but can 
have bleeding, diarrhea, or proctalgia. Microscopically, 
KS is composed of bland spindle cells with prominent 
red blood cell extravasation (Figs.  3.20 and 3.21). On 
immunolabeling, the spindle cells express CD34 and 
CD31 and the diagnosis can be confirmed by demonstra-
tion of expression of HHV8 using LAN-1 immunolabel-
ing. Radiation remains the treatment of choice in these 
patients [21].

 Gastrointestinal Stromal Tumors 
of the Colon

The most common location for GIST in the GI system is the 
stomach; however, in the lower GI tract region, it often arises 
in the rectosigmoid colon. They can present with abdominal 
pain or mass effect. They are usually transmural tumors with 
intraluminal or outward bulging. Rarely, they can present as 
subserosal lesions. Histologically, most GISTs are composed 
of spindle cells in fascicles, palisading with a storiform 
arrangement or an organoid pattern (Fig. 3.22). Some GISTs 
can have epithelioid cells as well. By immunohistochemis-
try, most colonic GISTs are CD117, DOG1, and CD34 posi-
tive. Risk assessment of GIST is based on the site, size, and 
mitotic activity. These tumors are not routinely encountered 

Fig. 3.18 Leiomyosarcoma. This example is extending into the lamina 
propria and consists of fascicles of spindle cells

Fig. 3.19 Leiomyosarcoma. This high-magnification image shows the 
pleomorphic blunt-ended nuclei of a leiomyosarcoma

Fig. 3.20 Kaposi sarcoma. This tumor is composed of relatively 
monomorphic spindled cells, with slit-like vascular channels containing 
red blood cells

Fig. 3.21 Kaposi sarcoma. This is a higher magnification image of a 
Kaposi sarcoma highlighting the spindle cells with slit-like vascular 
channels and erythrocytes
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on colonic biopsies, as they are often transmural. Tumors 
that invade the mucosa have a worse prognosis.

 Lymphoma

Lymphomas are more commonly encountered in the small 
intestine than the colon or rectum. In the colon, the 2 most 
common sites of involvement are the cecum and rectosig-
moid [31]. Leukemias can also involve the right colon and 
present with an ischemic colitis pattern.

 Diffuse Large B-Cell Lymphoma

Diffuse large B-cell lymphoma (DLBCL) is the most common 
lymphoma subtype affecting the colon. Patients who are immu-
nosuppressed due to HIV, inflammatory bowel disease, and 
transplantation are at higher risk for lymphomas. Patients with 
colonic lymphomas can present with abdominal pain, anorexia, 
weight loss, obstruction, a palpable mass, perforation, or hema-
tochezia [31–33]. Endoscopically, lymphomas manifest as fun-
gating tumors, infiltrative processes, or as ulcerative lesions. 
Histologically, DLBCL is composed of large cells up to 5 times 
the size of a normal lymphocyte, with apoptosis and an inflam-
matory infiltrate (Fig. 3.23). The neoplastic cells can express 
B-cell markers by immunohistochemistry such as CD19, 
CD20, CD22, and CD79a. They can also have variable expres-
sion of the following antigens: CD10, BCL6, and MUM1.

 Follicular Lymphoma

Follicular lymphoma can involve the ileocecal and ascending 
colon. It can present as multiple mucosal polyps up to 1 cm 

[34, 35]. Morphologically, follicular lymphoma presents 
with exaggerated lymphoid follicles with monotonous ger-
minal centers without typical tingible body macrophages 
(Fig. 3.24). Most cases are low grade with low mitotic activ-
ity. The lesional cells coexpress CD20, CD10, and BCL6 and 
aberrantly express BCL2 by immunolabeling.

 Extranodal Marginal Zone Lymphoma

Mucosal-associated lymphoid tissue (MALT) lymphoma or 
extranodal marginal zone lymphoma can present as multiple 
mucosal polyps like mantle cell and follicular lymphoma 
[35, 36]. Patients can be asymptomatic or present with 
abdominal discomfort [36]. Histologically, this type of lym-
phoma is composed of small-to-intermediate size lympho-
cytes with indented nuclei and abundant cytoplasm involving 

Fig. 3.22 Gastrointestinal stromal tumor (GIST). The tumor consists 
of monotonous spindle cells arranged in fascicles

Fig. 3.23 Diffuse large B-cell lymphoma. This example shows the 
large neoplastic lymphoid cells in the colonic mucosa with apoptosis 
and inflammatory infiltrate

Fig. 3.24 Follicular lymphoma. This example shows the colonic 
mucosa with exaggerated lymphoid follicles and monotonous germinal 
centers
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the mucosa and submucosa. Immunohistochemically these 
cells coexpress CD20 and CD43 in 50% of the cases and are 
negative for CD5, CD10, and CyclinD1. MALT lymphoma 
has a favorable prognosis and a long-term disease-free 
survival.

 Burkitt Lymphoma

Burkitt lymphoma (BL) is an aggressive B-cell lymphoma 
that can involve the GI tract, most commonly the ileocecal 
region and less often the stomach and rectum. BL occurs in 
3 clinical forms: (1) endemic, (2) sporadic, and (3) immuno-
deficiency associated. All 3 forms can present as a bulky 
mass-forming lesion in the GI tract. Lymph nodes are usu-
ally not involved but encased with tumor. Touch imprints and 
smears can be helpful in diagnosis as the imprint is distinct. 
The cells on the cytology preparation have deeply blue cyto-
plasm with lipid vacuoles. Morphologically, the classical and 
endemic BL is characterized by a “starry sky” appearance 
composed of sheets of medium size cells (the sky) and scat-
tered tangible body macrophages (the stars). The cells may 
show squared-off borders with round nuclei and multiple 
basophilic nucleoli. The atypical pattern has more pleomor-
phism and fewer nucleoli compared to the classical type. 
These tumor cells express CD20 and CD10 and lack CD5, 
BCL2, and TdT. K-i67 immunolabeling shows a very high 
proliferative index with nearly 100% of the cells being 
positive.

 T-Cell Lymphoma

T-cell lymphoma of the GI tract is rare, principally affecting 
the small intestine in the setting of gluten sensitive enteropa-
thy [37]. Some cases of primary colonic T-cell lymphoma of 
the colon have been reported in the Japanese literature in 
patients with ulcerative colitis [38, 39]. Rare Western cases 
reported have been associated with gluten sensitive enteropa-
thy [37, 39]. Colonic T-cell lymphoma may present as multi-
ple polyps or multiple shallow or deep ulcers with or without 
luminal narrowing. Tumor cells are composed of medium-to-
large cells with significant cellular pleomorphism, irregular 
nuclei with small nucleoli and scant-to- moderate amounts of 
cytoplasm. The tumor cells usually are CD3+, CD4−, CD7+, 
CD8−, and CD56− and express cytotoxic granule-associated 
protein TIA-1 often with granzyme B.

 Intravascular Lymphoma

Intravascular lymphoma (IVL) or angiotrophic lymphoma 
is a non-Hodgkin lymphoma that proliferates within the 

small- and medium-sized blood vessels. IVL usually 
involves the skin and central nervous system but rarely can 
affect the lymph nodes, bone marrow, and colorectal region. 
IVL patients with GI tract involvement present with abdom-
inal pain as a result of bowel ischemia. Colonic biopsies 
from such patients display ischemic necrosis of the bowel 
wall with associated vessels containing neoplastic lym-
phoid cells [40].

 Primary Effusion Lymphoma

Primary effusion lymphoma (PEL) is an HHV8-driven lym-
phoma that usually involves the body cavities in HIV-positive 
patients. Patients can present with pleural effusion, ascites, 
and pericardial effusion. In HIV-positive patients, it can 
accompany Kaposi sarcoma. This neoplasm can rarely pres-
ent as a solid mass and can involve any part of the GI tract. 
Morphologically, it is composed of large anaplastic cells 
with ovoid to irregular nuclei, open chromatin, prominent 
nucleoli, and moderate amount of pale blue cytoplasm [41]. 
All cases are positive for HHV8/LAN-1 by immunohisto-
chemistry. Furthermore, these lesional cells are positive for 
CD45, CD30, and CD138 (plasma cell marker) and are nega-
tive for some B-cell markers (such as CD20−, CD19−) and 
some T-cell markers (CD3− and CD4−). Most cases associ-
ated with HIV are coinfected with Epstein-Barr virus (EBV) 
that can be demonstrated by Epstein-Barr encoding region 
(EBER) in situ hybridization. These patients with extracavi-
tary PEL have a poor prognosis.

 Hodgkin’s Lymphoma

Hodgkin’s lymphoma can also be encountered in the GI 
tract; however, the diagnosis should be made with caution. It 
has been reported in patients with IBD treated with 
immunomodulation.

 Other Tumors

Tumors outside of the colorectal region can either extend 
or metastasize to the area. These tumors include prostate 
and bladder carcinoma, tumors of the lung, breast, ovary, 
and stomach as well as melanoma (Fig. 3.25), mesotheli-
oma, endometrial stromal sarcoma, and hepatocellular 
carcinoma. Metastatic breast carcinoma in the colon can 
mimic primary signet ring cell carcinoma. When poorly 
differentiated carcinoma is encountered in the colorectal 
region, one should always consider metastatic breast car-
cinoma in women and direct spread from prostate cancer 
in men.
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 Colorectal Cancer Staging

The purpose of cancer staging is to document the extent of 
the cancer and is a crucial element to determine the appropri-
ate course of treatment based on the data concerning out-
come of patients with similar stage lesions. It also facilitates 
treatment evaluation, exchange, and comparison of results 
between different institutions and serves as a basis for cancer 
research. Several different cancer staging systems are cur-
rently used worldwide. However, the tumor node metastasis 
system (TNM) is the most clinically useful and is discussed 
here [42]. The American Joint Committee on Cancer (AJCC) 
and the International Union for Cancer Control (UICC) 
maintain this system collaboratively. Classification of the 
tumors by TNM system is based on the size and extent of the 
primary tumor (T), regional lymph node (N) status, and the 
presence or absence of the distant metastasis (M) (Table 3.1). 
Recently, nonanatomic prognostic factors have begun to sup-
plement this cancer staging system.

Most cancers of the colorectal region are staged after sur-
gical resection of the tumor. In this region, the depth of tumor 
invasion into or beyond the wall of the intestine and invasion 
or adherence to adjacent organs or structures is also defined 
by T. The number of lymph nodes involved (N) and presence 
or absence of distant metastasis (M) are the other features of 
the TNM staging system. In patients who receive neoadju-
vant chemotherapy before the surgical resection a “y” prefix 
is added to the pathological staging. The TNM staging sys-
tem for the colorectal region can be used for all the carcino-
mas arising in this region; however, well-differentiated 
neuroendocrine tumors of the colon and rectum are staged 
separately.

The large intestine or colorectum is divided into the cecum, 
the right or ascending colon, the middle or transverse colon, 
the left or descending colon, the sigmoid colon and the rec-
tum. The cecum is the blind pouch that connects the terminal 
ileum to ascending colon and is covered with a visceral peri-
toneum (serosa). The posterior surface of ascending and 
descending colon lack the serosa and are in direct contact 
with the retroperitoneum. The transverse colon is intraperito-
neal and is entirely covered by serosa attached to the pancreas 
by a mesentery. The sigmoid colon is also entirely intraperi-
toneal and covered by serosa. The rectum is covered by serosa 
on the anterior side to the middle third and on the lateral walls 
to upper third. The posterior surface of the rectum lacks 
serosa. The distal third of the rectum also known as the rectal 
ampulla has no peritoneal covering. The anal canal extends 
from the rectum to the anal verge and is 3–5 cm in length.

Lymph nodes are located along the major vessels supply-
ing the colorectal region, adjacent to the colon and also along 
the arcades of the marginal artery. The number of lymph 
nodes sampled should be recorded, as it is important prognos-
tically and is associated with increased accuracy in staging 
the tumor. At least 10 to 14 lymph nodes should be sampled 
in radical colectomy specimens. However, fewer lymph nodes 
may be removed or found in patients who have undergone 
radiation prior to surgical resection. Carcinomas of the colon 
can metastasize to any organ but the liver and lung are the 
most commonly affected. Seeding of other segments of the 
colon, small intestine, and peritoneum can also occur.

 Clinical Staging

This staging is based on the medical history, physical exami-
nation, and colonoscopy with biopsies. Radiographic evalu-
ations to be done to evaluate extracolonic or extrarectal 
spread include computed tomography (CT scan of abdomen, 
chest, and pelvis), magnetic resonance imaging (MRI), and 
positron emission tomography (PET) or fused PET/
CT.  Patients with rectal cancer might need a preoperative 
adjuvant treatment based on the pelvic extent of the disease 
combined with absence of extra pelvic metastasis. Pelvic 
MRI alone or with endorectalcoli, pelvic CT, or endoscopic 
ultrasound can be used to evaluate the pelvic extent of the 
disease. To evaluate the nodal staging, ultrasound-guided 
fine needle aspiration (FNA) of the lymph nodes can improve 
the accuracy. It is important to assign a clinical TNM staging 
(cTNM) prior to initiating preoperative therapy.

 Pathological Staging

Most cancers of the colon and rectum are pathologically 
staged after surgical resection of the tumor (pTNM). For 

Fig. 3.25 Melanoma. This example shows atypical melanocytes with 
abundant melanin pigment infiltrating the colonic mucosa and extend-
ing into the submucosa
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patients who were assigned a clinical staging (cTNM) prior 
to the initiation of the adjuvant therapy, a modified patho-
logical staging is implemented (ypTNM).

Carcinoma in situ (pTis) is defined by cancer cells present 
within the glandular basement membrane (intraepithelial) or 
lamina propria (intramucosal) without invasion of the sub-
mucosa. Carcinoma in situ of the large intestine has no risk 
of metastasis. Carcinoma in a polyp is classified with the 
same principle and was discussed earlier. That is, if the car-
cinoma cells are within the epithelium or lamina propria, it is 
considered carcinoma in situ; however, invasion of the sub-
mucosa of the polyp head or stalk is considered as pT1. 
Tumors that invade the muscularis propria are classified as 
pT2 and when the carcinoma cells invade through the mus-
cularis propria and involve the pericolorectal tissues is 
assigned to the pT3 category. Tumors that have directly 
extended and involved the visceral peritoneum, or are histo-
logically adherent to other organs or structures, are classified 
as pT4. Since tumors in this category have a different prog-
nosis based on the extent of the disease, they are subdivided 
into pT4a and pT4b. Tumors that directly penetrate the peri-
toneal surface are classified as pT4a and tumors that are 
adherent to or directly invade other organs are assigned to the 
pT4b category.

Lymph node metastasis has been classified as N1 when 
1–3 regional lymph nodes are involved by metastatic carci-
noma and N2 with 4 or more lymph nodes involved. These 
two groups have been subdivided into pN1a (1 lymph node 
involved by metastatic carcinoma) and pN1b (metastasis in 
2–3 lymph nodes), pN2a (metastasis in 4–6 lymph nodes), 
and pN2b (metastasis in 7 or more lymph nodes). These cat-
egories have been generated based on the different outcomes 
within these groups. Tumor deposits or satellite nodules are 
defined as discrete foci of tumor found in the pericolonic or 
perirectal fat away from the edge of the tumor with no evi-
dence of residual lymph node tissue. Tumor deposit could be 
a result of discontinuous spread, venous invasion with extra-
vascular spread, or a totally replaced lymph node.

Metastasis to 1 site, such as only the liver or lung or non-
regional lymph nodes, is classified as M1a. Metastases to 
multiple sites or peritoneal surfaces are recorded as M1b. 
The absence of metastases or M0 can only be made at 
autopsy and would be annotated as aM0. If the tumor recurs, 
the “r” prefix is used for cancer staging (rTNM).

Tumor regression response is the pathological response to 
perioperative therapy and has a prognostic value. 
Chemoradiation in rectal cancer leading to complete eradica-
tion of tumor determined by pathological evaluation seems 
to portend a better prognosis than no response or incomplete 
response. Thus, the specimens from these patients should be 
thoroughly examined at the primary site, in the regional 
lymph nodes and for peritumoral satellite nodules or tumor 
deposits. The degree of response should be recorded and cor-

related with the prognosis. A 4-point grading system is used 
to evaluate the tumor regression response. No viable tumor is 
characterized as complete response (Grade 0), Single cell or 
small groups of cells is moderate response (Grade 1), resid-
ual cancer outgrown by fibrosis is minimal response (Grade 
2), and minimal or no tumor kill is poor response (Grade 3).

Circumferential resection margin (CRM) involvement is 
another prognostic factor that is clinically important. This 
margin corresponds to any aspect of the colon or rectum that 
is uncovered by serosal layer and it needs to be dissected 
from the retroperitoneum or subperitoneum. In the rectum, 
the peritonalized surface and the nonperitonalized surface 
can be difficult to identify during the pathological examina-
tion of the resected specimen. Thus, surgeons are encour-
aged to mark the retroperitoneal reflection and the area of the 
deepest tumor penetration by a suture or a clip. The distance 
between the closest leading edge of the tumor and the CRM 
is another prognostic factor. Surgical clearance of 1 mm or 
less has been associated with local recurrence and should be 
recorded as a positive margin in rectal samples.

Residual tumor (R) refers to the completeness of the 
resection and is based on the status of the CRM and also 
includes any disease observed but not removed during the 
operation. Complete resection (R0) is designated as a com-
plete resection with all margins uninvolved. Incomplete 
resection, or R1, refers to the presence of microscopic 
involvement of the surgical resection margins. Incomplete 
tumor resection with grossly visible tumor at the resection 
margin or regional lymph node involvement or incomplete 
primary tumor resection is characterized as R2.

As medicine advances, it has been feasible to identify iso-
lated tumor cells (ITCs) and molecular node involvement. 
ITC is defined as a single malignant cell or a few tumor cells 
in microclusters. These cells usually can be either identified 
by hematoxylin and eosin (H & E) or the use of immunohis-
tochemistry or molecular testing. Currently, the presence of 
ITC in regional lymph node is classified as pN0 and its prog-
nostic significance remains unclear.

Some of the other independent prognostic factors include 
residual disease, histological type, histological grade, serum 
carcinoembryonic antigen and cytokine level, extramural 
venous invasion, and vascular invasion by carcinomas. 
Undifferentiated carcinoma, small cell carcinoma and signet 
ring cell carcinoma or poorly differentiated carcinoma have 
less a favorable outcome than other types of carcinoma. 
However, medullary carcinoma has a more favorable out-
come. Submucosal vascular invasion by carcinomas arising 
in an adenoma is associated with higher risk of lymph node 
metastasis. Perineural invasion, lymphatic and vascular inva-
sion are also associated with a less favorable outcome.

Another prognostic factor is the presence of a mutation in 
either codon 12 or 13 of KRAS and is associated with lack of 
response to treatment to anti-EGFR antibodies in patients 
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with metastatic colorectal carcinoma. Currently, molecular 
studies are not part of the staging system. However, in the 
future, evaluation of specific molecular factors might be a 
component of staging. Moreover, other factors such as age, 
gender, race, or ethnicity are also important as they may 
affect the disease outcome and response to therapy.

 Colorectal Neuroendocrine Tumor Staging

Well-differentiated neuroendocrine (carcinoid) tumors of the 
colorectal region are classified according to the neuroendo-
crine tumors of the GI tract. These tumors in the colorectal 
region are rare. In the colon, the cecum is the most common 
location and some might originate from the appendix. Most 
of the carcinoids arising in the colon are more than 2 cm at 
the time of the diagnosis and involve the muscularis propria 
with the overall survival of 33–42%. Rectal carcinoids, on 
the other hand, have a more favorable outcome with low risk 
of metastasis. The overall survival for the rectal neuroendo-
crine tumors is 88.3%. Features predictive of poor outcome 
are tumor size greater than 2 cm and invasion of the muscu-
laris propria. Neuroendocrine tumor invading lamina propria 
with the size of 2 cm or less is classified as T1. Tumors less 
than 1 cm and tumors between 1 cm and 2 cm are further 
subclassified as T1a and T1b, respectively. Neuroendocrine 
tumors with invasion of the muscularis propria or size greater 
than 2 cm with invasion of lamina propria or submucosa are 
assigned as T2. Stage T3 represents tumors invading through 
the muscularis propria into the subserosa or into nonperito-
nealized pericolic or perirectal tissue. Tumors invading peri-
toneum or other organs are pathological stage T4.
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Esophageal and Gastroesophageal 
Junction Tumors

Ebru Cilbir and Suayib Yalcin

 Introduction

Esophageal cancer is a devastating disease with low survival 
rates. The management of locoregional disease has evolved 
over the past decade. Optimal staging and optimal treatment 
decisions according to stage, histologic type, and the loca-
tion of disease are very important. A multidisciplinary 
approach to the patient is the major contributor to success. 
Surgery alone can be primarily for early-stage disease. 
Radiotherapy (RT) is an integral part of management of 
esophageal cancer. Preoperative chemoradiotherapy (CRT) 
is mostly used in standard care of stages II and III patients. 
Definitive CRT is mainly reserved for unresectable disease. 
Histology of the tumor and stage are the most important 
parameters for treatment decision making. Advanced and 
metastatic disease is managed mostly in a palliative manner, 
but chemotherapy can prolong survival. Emerging targeted 
and immunotherapy approaches are vulnerable.

 Epidemiology

Esophageal cancer is the eighth most common cancer world-
wide (6th in men and 13th in women) and the sixth most com-
mon cause of death from cancer. Around 80% of the cases 
occur in less-developed regions of the world. The incidence is 
highest in eastern Asia and more common in men than in 
women (male/female ratio 2:4). Mortality closely follows geo-
graphic distribution of the incidence [1]. It is a terrifying dis-
ease, mostly presenting with obstructing dysphagia in the 

locally advanced stage, and has a very poor prognosis. The 
majority of cancers of the esophagus are squamous cell carci-
nomas (SCCs) and adenocarcinomas (ACs). Also sarcomas, 
gastrointestinal stromal tumors (GISTs), and small-cell cancers 
can arise from the esophagus. The most important etiologic 
factors for SCCs are smoking and alcohol consumption, 
whereas the most common predisposing factor for AC is gas-
troesophageal reflux disease (GERD). The incidence of these 
major histologic types differs greatly geographically. The 
global incidence rates of SCC and AC were estimated to be 5.2 
and 0.7 per 100,000, respectively, in 2012 [2]. SCCs were most 
common in Southern-Eastern and Central Asia, while ACs 
were most common in Northern- Western Europe, Northern 
America, and Oceania. Men had a substantially higher inci-
dence than women, especially in the case of AC (male-to-
female ratio AC 4:4; SCC 2:7) [2]. The incidence of esophageal 
AC (EAC) has increased greatly in the last 40  years in the 
Western world but is probably reaching a plateau [3, 4]. The 
most important suggestion for the cause of this increase is the 
concurrent epidemic of obesity, probably causing an increase 
in GERD and Barrett’s esophagus [5]. According to anatomic 
location, data have implied that ACs of the lower esophagus 
and cardia of the stomach are the same disease. So esophago-
gastric junction (EGJ) tumors have merged as a distinct subsite, 
to facilitate surveillance, management, and research [6].

According to the National Cancer Institute’s Surveillance, 
Epidemiology, and End Results (SEER) Database, the stage 
at diagnosis is distributed as follows: 20% localized, 31% 
regional, 38% distant, and 11% unknown. The 5-year esti-
mated survival rates according to stages are as follows: 
41.3% for localized disease, 22.8% for regional disease, and 
only 4.5% for distant metastatic disease [7].

 Etiologic Factors

As mentioned earlier, the most important risk factors for 
esophageal SCCs are smoking and alcohol consumption. 
These two factors are also multiplicative of each other; that 
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means they synergistically increase the risk. Tobacco smoke 
contains polycyclic aromatic hydrocarbons, nitrosamines, and 
many other carcinogens such as pro-oxidative substances and 
reactive oxygen species [8]. Dietary factors such as low intake 
of fruits and vegetables, insufficiency of micronutrients (low 
intake of zinc, selenium, and folate), dietary carcinogens, and 
extremely high salt intake are also important risks. Chewing 
areca nuts and betel leaves in some regions of Asia [9], ther-
mal irritation from consumption of hot food and drinks [10], 
and human papillomavirus (HPV) infection are also accused 
for esophageal SCC [11], but the results of studies are incon-
clusive. Some diseases or conditions associated with high risk 
are achalasia, caustic strictures, atrophic gastritis, prior gas-
trectomy history, and tylosis [12]. There had been concerns 
that bisphosphonates might be associated with an increase in 
esophageal cancer, but large meta- analyses have not identified 
any compelling evidence for a significantly raised risk of 
esophageal cancer for the prescribed bisphosphonates [13].

For EAC, the most important risk factor is GERD. EACs 
mostly arise on Barrett’s metaplasia, so endoscopic screening 
is crucial in patients with Barrett’s esophagus [14]. Smoking 
increases the risk of EAC also, especially in patients with 
Barrett’s esophagus [15]. Obesity increases the risk of GERD, 
and through this association, it increases the risk of Barrett’s 
esophagus and EAC [16]. But it is also suggested that obesity 
appears to be a risk factor of Barrett’s esophagus and EAC 
independent of GERD [17]. The role of Helicobacter pylori 
infection for EAC is very contradictory. As shown in some 
studies, colonization by H. pylori in areas of gastric metaplasia 
[18, 19] could cause one to think there is an association between 
H. pylori and EAC like that seen in tumors of cardia of the 
stomach. But a meta-analysis has shown that there was an 
inverse relationship between H. pylori infection and EAC [20].

 Clinical Manifestations

Early-stage disease is mostly asymptomatic, or in case of ACs 
related with chronic GERD disease. Early symptoms may be 
nonspecific. There may be transient sticking sensation, burn-
ing sensation, or retrosternal discomfort. Iron deficiency ane-
mia may be seen due to chronic blood loss. In locally advanced 
disease, progressive solid food dysphagia develops and 
weight loss is seen because of dysphagia and also tumor-asso-
ciated anorexia. Hoarseness may occur due to recurrent laryn-
geal nerve invasion. Tracheobronchial fistulas may be seen 
and cause coughing and recurrent pneumonias.

 Diagnosis and Staging

Diagnosis is made by endoscopic evaluation. Endoscopy is 
an important tool in diagnosis and staging. After the confir-
mation of diagnosis with upper gastrointestinal endoscopy 

and biopsy, a thoracoabdominal computed tomography (CT) 
scan is done. If no distant metastasis is shown on CT, a posi-
tron emission tomography-CT (PET-CT) is indicated. If no 
evidence of metastatic disease is found, endoscopic ultra-
sound (EUS) should be done to evaluate local disease. For 
tumors at or above the carina, a bronchoscopy should be 
done to exclude tracheal invasion. If an early-stage cancer is 
suspected, endoscopic resection (ER) is important for accu-
rate staging.

EGJ tumors are defined and described as tumors that have 
their center within 5 cm proximal and distal of the anatomi-
cal cardia. They are differentiated as the following three dis-
tinct tumor entities within this area:

• Siewert Type I Tumor: AC of the distal esophagus, which 
usually arises from an area with specialized intestinal 
metaplasia of the esophagus (i.e., Barrett’s esophagus) 
and which may infiltrate the EGJ from above.

• Siewert Type II Tumor: True carcinoma of the cardia aris-
ing from the cardiac epithelium or short segments with 
intestinal metaplasia at the EGJ; this entity is also often 
referred to as “junctional carcinoma.”

• Siewert Type III Tumor: Subcardial gastric carcinoma, which 
infiltrates the EGJ and distal esophagus from below [21].

The 2017 tumor-node-metastasis (TNM) staging for cancer 
of the esophagus and EGJ is derived from a machine- learning 
analysis of data from six continents from the Worldwide 
Esophageal Cancer Collaboration (WECC) [22–25].

EGJ staging has been limited by reliance on simple mea-
surements to determine whether an AC is esophageal or 
gastric. The EGJ was redefined: ACs with epicenters no 
more than 2 cm into the gastric cardia are staged as esopha-
geal ACs, and those extending further are staged as stom-
ach cancers [22].

The American Joint Committee on Cancer (AJCC) TNM 
staging, according to the AJCC Cancer Staging Manual, 
eighth edition (2017), presents separate classifications for 
clinical (cTNM), pathological (pTNM), and postneoadjuvant 
(ypTNM) stage groups. It has separate clinical and pathologi-
cal groupings for AC and SCC, but postneoadjuvant groupings 
are the same for both histologic types [26]. When accuracy of 
grade on biopsy is concerned, it is eliminated from clinical 
staging in the eighth edition. Assessment of cancer location 
(cL) is made during esophagoscopy. Cancer location is defined 
as the position of epicenter of the cancer as referenced to dis-
tance from the incisors. Clinically, the epicenter is determined 
from upper and lower border measurements, which also pro-
vide cancer length. Alternatively, cL can be determined from 
CT of the chest [22]. Cancer grade (cG) is determined as low 
grade (G1), moderately differentiated (G2), and poor differen-
tiation or signet-ring cell morphology (G3). Cancer staging 
categories are given in Table 4.1. Prognostic stage groups are 
listed in Table 4.2 [22, 26].
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Table 4.1 AJCC cancer staging categories for the esophagus and 
esophagogastric junction

Definition of primary tumor (T)
Squamous cell carcinoma and adenocarcinoma
T 
category T criteria
TX Tumor cannot be assessed
T0 No evidence of primary tumor
Tis High-grade dysplasia, defined as malignant cells confined 

to the epithelium by the basement membrane
T1 Tumor invades the lamina propria, muscularis mucosae, 

or submucosa
T1a Tumor invades lamina propria, muscularis mucosa
T1b Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades adventitia
T4 Tumor invades adjacent structures
T4a Tumor invades the pleura, pericardium, azygos vein, 

diaphragm, or peritoneum
T4b Tumor invades other adjacent structures, such as the 

aorta, vertebral body, or airway

Definition of regional lymph nodes (N)
Squamous cell carcinoma and adenocarcinoma
N category N criteria
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in one or two regional lymph nodes
N2 Metastasis in three to six regional lymph nodes
N3 Metastasis in seven or more regional lymph nodes

Definition of distant metastasis (M)
Squamous cell carcinoma and adenocarcinoma
M category M criteria
M0 No distant metastasis
M1 Distant metastasis

Definition of histologic grade (G)
Squamous cell carcinoma and adenocarcinoma
G G definition
Gx Grade cannot be assessed
G1 Well differentiated
G2 Moderately differentiated
G3 Poorly differentiated, undifferentiated

Definition of location (L)
Squamous cell carcinoma
 Location plays a role in the stage grouping of esophageal 
squamous cancers
Location 
category Location criteria
X Location unknown
Upper Cervical esophagus to lower border of azygos vein
Middle Lower border of azygos vein to lower border of 

inferior pulmonary vein
Lower Lower border of inferior pulmonary vein to 

stomach, including gastroesophageal junction

Used with permission of the American Joint Committee on Cancer 
(AJCC), Chicago, Illinois. The original and primary source for this 
information is the AJCC Cancer Staging Manual, Eighth Edition 
(2017), published by Springer International Publishing
Note: Location is defined by the position of the epicenter of the tumor 
in the esophagus

Table 4.2 AJCC clinical stage groups (cTNM) for the esophagus and 
esophagogastric junction

Squamous cell carcinoma
Clinical (cTNM)
When cT is… And cN is… And M is… Then the stage group is…
Tis N0 M0 0
T1 N0-1 M0 I
T2 N0-1 M0 II
T3 N0 M0 II
T3 N1 M0 III
T1-3 N2 M0 III
T4 N0-2 M0 IVA
Any T N3 M0 IVA
Any T Any N M1 IVB

Squamous cell carcinoma
Pathological (pTNM)
When pT 
is…

And pN 
is…

And M 
is…

And G 
is…

And location 
is…

Then the stage 
group is…

Tis N0 M0 N/A Any 0
T1a N0 M0 G1 Any IA
T1a N0 M0 G2-3 Any IB
T1a N0 M0 GX Any IA
T1b N0 M0 G1-3 Any IB
T1b N0 M0 GX Any IB
T2 N0 M0 G1 Any IB
T2 N0 M0 G2-3 Any IIA
T2 N0 M0 GX Any IIA
T3 N0 M0 Any Lower IIA
T3 N0 M0 G1 Upper/

middle
IIA

T3 N0 M0 G2-3 Upper/
middle

IIB

T3 N0 M0 GX Any IIB
T3 N0 M0 Any Location X IIB
T1 N1 M0 Any Any IIB
T1 N2 M0 Any Any IIIA
T2 N1 M0 Any Any IIIA
T2 N2 M0 Any Any IIIB
T3 N1-2 M0 Any Any IIIB
T4a N0-1 M0 Any Any IIIB
T4a N2 M0 Any Any IVA
T4b N0-2 M0 Any Any IVA
Any T N3 M0 Any Any IVA
Any T Any N M1 Any Any IVB

Squamous cell carcinoma
Postneoadjuvant therapy (ypTNM)
When yPT 
is…

And ypN 
is…

And M 
is…

Then the stage group 
is…

T0-2 N0 M0 I
T3 N0 M0 II
T0-2 N1 M0 IIIA
T3 N1 M0 IIIB
T0-3 N2 M0 IIIB
T4a N0 M0 IIIB
T4a N1-2 M0 IVA
T4a NX M0 IVA

(continued)
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 Management

The traditional treatment of patients with localized cancer of 
the esophagus was surgery and/or RT. The type of therapy 
depends on the location and histopathology of the primary 
tumor, tumor stage, resectability of the lesion, and operabil-
ity of the patient. But the survival results were poor. Only 
selected patients with resected T1-2 N0 disease showed 
some better results in some institutions, though the postop-
erative mortality rates were high—approximately 10% [27]. 
So there had been some efforts to develop systemic treatment 
options to increase the effect of RT. A prospective random-
ized trial (RTOG 85-01) showed that adding chemotherapy 
concomitantly to RT showed increased survival results com-
pared with RT alone. Cisplatin +4-day infusional 
5- fluorouracil (5-FU) was used as concomitant chemother-
apy regimen [28]. Then, with the advance of CT and mag-
netic resonance imaging (MRI) scans, emergence of 
fluorodeoxyglucose (FDG)-PET, and EUS, the disease could 
be better staged, and with the use of multimodal treatment 
options, neoadjuvant chemotherapy, or combined CRT fol-
lowed by surgery, patients are handled better. Also there had 
been advances in surgical techniques, such as minimally 
invasive esophagectomy or hybrid techniques with open sur-
gery, to decrease postoperative mortality and morbidity. 
Moreover in early stages where involvement of regional 
lymph nodes is expected to be minimal, endoscopic mucosal 
resection (EMR) can optimally stage and also treat the dis-
ease without need for radical surgery. Treatment decisions of 
these patients should be discussed by multidisciplinary 
tumor boards.

Although EGJ ACs are also included in studies of gastric 
cancer, upfront surgery plus adjuvant chemotherapy ± CRT 
or perioperative chemotherapy may be options according to 
stage of disease.

We categorize disease without any distant metastasis as 
early disease (Tis, T1a/b, and N0-1) and locally advanced 
disease (T2-4a, N1-3) for optimum treatment decision.

Table 4.2 (continued)

Squamous cell carcinoma
Postneoadjuvant therapy (ypTNM)
When yPT 
is…

And ypN 
is…

And M 
is…

Then the stage group 
is…

T4b N0-2 M0 IVA

Adenocarcinoma
Clinical (cTNM)
When cT is… And cN is… And M is… Then the stage group is…
Tis N0 M0 0
T1 N0 M0 I
T1 N1 M0 IIA
T2 N0 M0 IIB
T2 N1 M0 III
T3 N0-1 M0 III
T4a N0-1 M0 III
T1-4a N2 M0 IVA
T4b N0-2 M0 IVA
Any T N3 M0 IVA
Any T Any N M1 IVB

Adenocarcinoma
Pathological (pTNM)
When pT 
is…

And pN 
is…

And M 
is…

And G 
is…

Then the stage 
group is…

Tis N0 M0 N/A 0
T1a N0 M0 G1 IA
T1a N0 M0 GX IA
T1a N0 M0 G2 IB
T1b N0 M0 G1-2 IB
T1b N0 M0 GX IB
T1 N0 M0 G3 IC
T2 N0 M0 G1-2 IC
T2 N0 M0 G3 IIA
T2 N0 M0 GX IIA
T1 N1 M0 Any IIB
T3 N0 M0 Any IIB
T1 N2 M0 Any IIIA
T2 N1 M0 Any IIIA
T2 N2 M0 Any IIIB
T3 N1-2 M0 Any IIIB
T4a N0-1 M0 Any IIIB
T4a N2 M0 Any IVA

Adenocarcinoma
Postneoadjuvant therapy (ypTNM)
When yPT 
is…

And ypN 
is…

And M 
is…

Then the stage group 
is…

T0-2 N0 M0 I
T3 N0 M0 II
T0-2 N1 M0 IIIA
T3 N1 M0 IIIB
T0-3 N2 M0 IIIB
T4a N0 M0 IIIB
T4a N1-2 M0 IVA
T4a NX M0 IVA
T4b N0-2 M0 IVA

Table 4.2 (continued)

Adenocarcinoma
Postneoadjuvant therapy (ypTNM)
When yPT 
is…

And ypN 
is…

And M 
is…

Then the stage group 
is…

Any T N3 M0 IVA
Any T Any N M1 IVB

Used with permission of the American Joint Committee on Cancer 
(AJCC), Chicago, Illinois. The original and primary source for this 
information is the AJCC Cancer Staging Manual, Eighth Edition 
(2017), published by Springer International Publishing
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 Management of Early Disease

Esophagectomy is the main curative therapy for T1  N0 
early esophageal cancer [29]. EMR and/or ablation ther-
apy—radiofrequency ablation (RFA), cryoablation, photo-
dynamic therapy—may be options and give equal cure 
rates as esophagectomy in specialized centers for Tis and 
T1a tumors [30–32].

 Endoscopic Therapy
Several cohort studies suggest the use of EMR or endoscopic 
submucosal dissection (ESD) for T1a tumors confined to 
superficial mucosa [30, 33–35]. In some other studies, mus-
cularis mucosa and even upper third submucosal involve-
ment is also included [35, 36].

One of these studies included a total of 349 patients with 
Barrett’s esophagus and high-grade dysplasia (61 patients) 
or early AC (288 patients) treated with ER and/or ablation 
therapy. At a median follow-up of 63.6  months, complete 
response (CR) was observed in 96.6% of the patients. 
Surgery was necessary in only a few of the patients (3.7%) 
when endoscopic therapy failed. Metachronous lesions 
developed during the follow-up in 21.5% of the patients. The 
risk factors most frequently associated with recurrence were 
piecemeal resection, long-segment Barrett’s esophagus, no 
ablative therapy of Barrett’s esophagus after CR, time until 
CR achieved >10  months, and multifocal neoplasia. No 
patient died of esophageal cancer [30].

The concerns that should be measured before deciding 
whether to do ER or radical surgery are as follows: the pos-
sibility of lymph node metastases, completeness of endo-
scopic resectability, early and late complications, local 
recurrence, and development of a metachronous cancer [35].

Lymph node status is the most important prognostic fac-
tor. EUS has better diagnostic performance than CT and 
PET-CT, but the problem of finding the ideal method for 
detecting lymph node metastases is not solved yet. One 
important issue is the fact that a significant number of 
patients are restaged with the endoscopic procedure, differ-
ent from the EUS staging done prior to the procedure. So in 
selected patients, it would be ideal if ER could be a part of 
the pretreatment diagnostics [35]. And also it provides more 
histologic data than the depth of the tumor, like grade, lym-
phovascular invasion, microvascular invasion, piecemeal 
resection, and accompanying carcinoma in situ component, 
which would provide more prognostic information before 
giving the treatment decision.

In a meta-analysis of 21 studies with ESD for superficial 
esophageal carcinoma, 1152 patients and 1240 lesions were 
included. The pooled en block resection rate was 99%, and 
R0 resection rate was 90%. The most common complication 
was stenosis with a pooled rate of 5%. The incidence of post-
operative stenosis decreased significantly after 2011 (2%) 

compared with that before 2011 (9%). Perforation was 
reported in 1% [37].

In a systemic review, including studies of endoscopic or 
surgical resection of T1a/T1b tumors, the effects of out-
comes of 4241 patients enrolled in 80 retrospective studies 
were investigated. There were no significant differences 
between EMR and ESD concerning procedural complica-
tions, number of patients submitted to surgery, positive spec-
imen margins, lymph node positivity, local recurrence rates, 
and metachronous cancer development. In instances of a pre-
dicted piecemeal tumor resection, ESD performed better 
since the number of cases was significantly less and local 
recurrence rates were, therefore, significantly lower. A higher 
rate of esophageal stenosis was observed following 
ESD. Local tumor recurrence after ER was best predicted by 
grade 3 differentiation, metachronous cancer development 
by the carcinoma in situ component, and lymph node positiv-
ity by lymphovascular invasion. According to this study, the 
authors commented that T1b esophageal cancer should be 
managed with surgical resection and systematic lymphade-
nectomy since even Sm1 (depth of invasion in submucosal 
layer: Sm1, invading more superficial layer; Sm2, invading 
middle third; Sm3, invading deeper submucosal layer) inva-
sion was in the constructed model, while the histologic type 
and presence of specific predictors could likely alter the sur-
geon’s policy and perspective of multimodality management. 
The best predictors of lymph node positivity in SCC were 
Sm3 invasion and microvascular invasion. For AC, the most 
important predictor was lymphovascular invasion [35].

A retrospective study from a single institution from Japan 
compared the results of endoscopic therapy for early esopha-
geal cancer in respect to SCC and AC; 230 patients were 
included. Although most of the patients had SCC (204 SCC, 
26  AC patients), long-term results showed that the rate of 
recurrence, mostly metachronous, was more in SCC than in 
AC. The authors concluded that more rigorous endoscopic 
follow-up is needed after ER in patients with SCC than those 
with AC [38].

The goal of endoscopic therapy should be complete 
removal of early-stage disease: pTis, pT1a, selected superfi-
cial T1b lesions without lymphovascular invasion (LVI), and 
preneoplastic lesions (Barrett’s esophagus). ER is successful 
when negative deep and lateral margins are achieved [39]. 
Endoscopic therapies should be performed in specialized 
centers.

The studies comparing ER with surgery are limited; there 
exist only a few retrospective comparisons. Long-term out-
comes are similar, with higher recurrence rates with endo-
scopic therapy requiring recurrent therapy in the follow-up 
but with fewer complications [40, 41].

The first population-based data to support the effective-
ness of endoscopic therapy for superficial esophageal cancer 
came from analysis of the population-based National Cancer 
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Institute Surveillance, Epidemiology, and End Results 
(SEER) registry. In this analysis, 742 patients with Tis and 
T1 esophageal cancer were included; 13.3% of the patients 
were treated endoscopically, and the remainder were treated 
with surgery. The relative hazard for esophageal cancer- 
specific mortality in the endoscopically treated group was 
not different from that of the surgery group [42].

As a conclusion, Tis and T1a of SCCs and ACs are effec-
tively treated with endoscopic therapy especially when they 
are small (≤2 cm). In ACs, endoscopic therapy for superfi-
cial T1b lesions can be an option. ER permits good histo-
logic determination of the specimen, so it is preferred over 
ablation. Poor differentiation and LVI should be exclusions 
for endoscopic therapies because of high risk of relapse 
unless the patient is a poor candidate for esophagectomy [30, 
39, 43, 44]. When the lesion is larger, ablation can be an 
option because ER can result in more complications. But, 
areas of nodularity and ulceration should be resected rather 
than ablated. There are more data for ablative techniques for 
ACs than SCCs. Pretreatment staging with EUS and also 
with ER should be well evaluated before choosing any abla-
tive therapy. After endoscopic therapy of the early-stage dis-
ease, ablative therapy of the residual Barrett’s esophagus 
should be done [39, 45–47].

 Esophagectomy
Esophagectomy may be the initial treatment approach for T1-2 
N0 esophageal cancer, but, as discussed previously, endoscopic 
treatment may be preferred over surgery in selected T1a tumors. 
Also it is controversial whether to operate T2  N0 tumors 
directly or classify these tumors among locally advanced dis-
ease and give preoperative treatment. As will be mentioned in 
the following section, T2 N0 tumors are included in 3 positive 
trials evaluating preoperative CRT, but the actual representa-
tion of this subgroup is only known in the Cancer and Leukemia 
Group B (CALGB) 9781 study and in only 3 of the 56 patients 
[48–50]. So these studies cannot be conclusive with this sub-
group of patients. The French Francophone de Cancérologie 
Digestive (FFCD) 9901 trial involved stage I or II patients, 
19% of which are stage I. This study did not show a benefit of 
preoperative CRT, but it may be underpowered to show an 
overall survival (OS) benefit [51, 52].

For more advanced stages, esophagectomy is done after 
neoadjuvant chemotherapy or CRT for resectable tumors and 
patients fit for a major surgery. These are Tany N1, T3 N0, 
and selected T4 disease with invasion of local structures that 
can be resected en block; that is, pericardium, pleura, and 
diaphragm. After neoadjuvant treatment, patients are 
restaged and the ones who remain resectable are referred to 
surgery.

For locally advanced unresectable tumors, salvage sur-
gery can still be an option after definitive CRT. Presence of 
metastatic disease defers patients from radical surgery.

Patients with either SCC or AC involving the middle or 
lower third of the esophagus, with the exception of EGJ 
tumors, generally require a total esophagectomy and exten-
sive lymph node sampling because of the risk of skip lesions 
in submucosa and skipping micrometastases in lymph nodes 
[53–55]. In the setting of Barrett’s disease, early ACs located 
distally may be less radically resected through transhiatal 
resection [56]. The choice of technically different procedures, 
such as transthoracic (Ivor-Lewis), transhiatal, tri- incisional 
esophagectomy, and the extent of lymph node dissection, 
may be different according to tumor location, extension, 
adherence to surrounding structures, the conduit to be used 
for gastrointestinal continuity, and the preference of the sur-
geon. Gastric interposition, jejunal, or colonic segments may 
be used as a conduit for gastrointestinal continuity.

Whatever the approach is, surgical management of tumors 
in the intra-abdominal part of esophagus or EGJ tumors 
should result in R0 resection with 4-cm gastric margin and 
5-cm esophageal margin and resection of at least 15 nodes in 
basins appropriate for tumor location [57, 58].

For cervical esophageal cancer, definitive CRT is mostly 
preferred over surgery. But for patients who failed CRT, a 
sophisticated surgical resection with removal of portions of 
pharynx, larynx, thyroid gland, and proximal esophagus may 
be needed with attention to unilateral or bilateral neck lymph 
node dissections [59].

Advances in surgical techniques such as minimally inva-
sive esophagectomy or hybrid techniques with open surgery 
have decreased postoperative mortality and morbidity.

 Adjuvant Treatment
Patients with completely resected T4 or node-positive tumors 
who have not received neoadjuvant therapy have poor 
prognosis.

For patients with AC of EGJ, as they are included in gas-
tric cancer trials, adjuvant chemotherapy and CRT are 
 indicated according to the results of the Intergroup Trial [60]. 
For other patients, there are no randomized trials showing 
benefit of adjuvant treatment.

Some retrospective reports and phase II trials show poten-
tial benefit of adjuvant therapy, but others do not, for parts of 
esophageal cancer other than EGJ tumors [61–66]. The need 
for extra treatment in operated node positive or T4 tumors 
that did or did not have neoadjuvant treatment is obvious, but 
the benefit is uncertain based on available data.

In a Japanese trial of stage II or III patients with esopha-
geal SCC, preoperative versus postoperative chemotherapy 
was compared. Patients received two cycles of cisplatin and 
fluorouracil prior to or after surgery. Five-year OS was sig-
nificantly higher in the group receiving preoperative chemo-
therapy [67].

As most data show a benefit from preoperative chemo-
therapy or CRT, preoperative treatment is generally recom-
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mended from stage T2 N0 and TanyN1 esophageal cancer of 
either histology.

 Management of Locally Advanced Disease

This is a heterogeneous group of patients: T2-4N0 or 
TanyN1-3. Surgery was considered to offer the best chance 
of prolonged survival, but 50–60% of patients are not suit-
able for operation due to either tumor extent or medical 
comorbidity [68, 69]. Operable patients should be medically 
fit and should have a resectable tumor. Even in this group, 
high-risk patients do worse after radical surgery. Data from 
the Worldwide Esophageal Cancer Collaboration of 4627 
patients treated with esophagectomy alone showed that the 
5-year survival rate was 42% for all stages and 15% for 
node-positive patients [70]. Given this low survival and high 
postoperative complications and morbidity, RT became a 
noninvasive option, but again with unsatisfactory outcomes 
[71]. Better outcomes were observed with combined chemo-
therapy and RT.

 Definitive Chemoradiotherapy
In the Radiation Therapy Oncology Group (RTOG) 85-01 
trial, Herskovic et  al. showed that concurrent therapy with 
cisplatin and fluorouracil and radiation is superior to radiation 
alone for patients with localized carcinoma of the esophagus. 
In this study, patients had locoregional disease at thoracic 
esophagus and most were SCC. Patients received 64 Gy in the 
RT-alone arm and 50-Gy RT with concurrent administration 
of two cycles of infusional 5-FU 1000 mg/m2 days 1–4 plus 
cisplatin 75 mg/m2 on day 1 of weeks 1 and 5, with two addi-
tional chemotherapy cycles 3 weeks apart, after completion 
of RT on the concurrent arm. The median OS was 8.9 months 
in the RT-alone arm, as compared with 12.5 months in the 
patients treated with CRT. In the former group, the survival 
rates at 12 and 24 months were 33% and 10%, respectively, 
whereas they were 50% and 38% in the patients receiving 
combined therapy (P < 0.001). In the randomized part of the 
trial, at 5 years of follow-up, the OS for combined therapy 
was 26% compared with 0% following RT. In the succeeding 
nonrandomized part, combined therapy produced a 5-year OS 
of 14%. Persistence of disease despite therapy was the most 
common mode of treatment failure [28, 72].

In the INT 0123 (RTOG 94-05) study, the concurrent regi-
men (same regimen with RTOG 85-01), when compared 
with standard dose RT (50.4 Gy) and high-dose RT (64.8 Gy), 
the higher dose did not increase survival or locoregional con-
trol. High-dose RT was more toxic [73]. If a nonoperative 
approach is selected for locally advanced esophageal cancer, 
combined CRT but concomitant is better over RT alone. 
Sequential chemotherapy and RT approaches have increased 
toxicity with no benefit on survival [74].

Different chemotherapy regimens other than cisplatin and 
fluorouracil have also shown activity in concomitant use 
with definitive RT, such as FOLFOX (folinic acid, fluoroura-
cil, and oxaliplatin) or paclitaxel and carboplatin [75, 76]. In 
the PRODIGE5/ACCORD17 trial, definitive CRT with 
six cycles of FOLFOX (three of which were given concomi-
tantly; oxaliplatin 85  mg/m2 and leucovorin 200  mg/m2, 
bolus fluorouracil 400  mg/m2, and infusional fluorouracil 
1600 mg/m2 [FOLFOX] over 46 hours) was compared with 
standard four cycles of cisplatin–fluorouracil (two of which 
were given concomitantly). With some different toxicity pro-
files, FOLFOX could be an alternative chemotherapy regi-
men used concomitantly with RT. Neurotoxicity was more 
frequent with FOLFOX, but nephrotoxicity and mucositis 
were less frequent than with cisplatin–fluorouracil [75]. In 
the other trial, weekly paclitaxel (50 mg/m2) plus carboplatin 
(AUC = 2) was compared with the standard cisplatin–fluoro-
uracil regimen given concomitantly with definitive RT. This 
study showed comparable outcome, in terms of disease-free 
survival (DFS) and OS for carboplatin–paclitaxel compared 
to cisplatin–fluorouracil, with lower toxicity rates and higher 
treatment compliance [76].

 Neoadjuvant Treatment
Better survival was observed with preoperative concurrent 
CRT compared with surgery only and became a preferred 
approach for potentially resectable esophageal cancer. In a 
study comparing multimodal therapy to surgery alone in 
resectable esophageal AC, 58 patients were assigned to 
40-Gy RT given concomitantly with two courses of cisplatin 
and fluorouracil chemotherapy followed by surgery, and 55 
patients were assigned to the surgery-alone arm. Thirteen of 
the 52 patients (25%) who underwent surgery after multi-
modal therapy had complete remissions as determined 
pathologically. The median survival of patients assigned to 
multimodal therapy was 16  months, as compared with 
11 months for those assigned to surgery alone (P = 0.01). At 
1, 2, and 3 years, 52%, 37%, and 32% of patients, respec-
tively, assigned to multimodal therapy were alive, as com-
pared with 44%, 26%, and 6% of those assigned to surgery, 
with the survival advantage favoring multimodal therapy 
reaching significance at 3 years (P = 0.01) [48].

CALGB 9781 was designed to compare the advantage of 
trimodality therapy to esophagectomy alone for operable 
esophageal cancer. Due to poor accrual, only 56 patients 
were enrolled. The preoperative CRT (with cisplatin 100 mg/
m2 plus fluorouracil 1000 mg/m2 for 4 days in weeks 1 and 5 
concurrent with 50.4-Gy radiation therapy) plus surgery arm 
was compared with a surgery-only arm. Five-year survival 
was 39% vs 16% in favor of trimodality therapy. And the 
preoperative treatment did not increase perioperative mor-
bidity and mortality. One important observation was the 40% 
rate of pathologic CR (pCR) in 25 assessable patients [49].
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The Chemoradiotherapy for Oesophageal Cancer Followed 
by Surgery Study (CROSS) trial—a Dutch study of patients 
with potentially resectable esophageal and EGJ cancer (clini-
cal T1N1M0 or T2-3N0-1M0)—compared preoperative CRT 
(using weekly paclitaxel 50 mg/m2 and carboplatin AUC = 2; 
radiation dose of 41.4 Gy over 5 weeks) with surgery alone. 
In this study, both SCC and AC were included, but the major-
ity of the patients had AC and nearly 10% of patients had EGJ 
tumors. Of the patients in the CRT arm, 95% were able to 
complete the entire neoadjuvant CRT regimen. After a median 
follow-up for surviving patients of 84  months, median OS 
was 48.6 months in the neoadjuvant CRT plus surgery group 
and 24 months in the surgery-alone group (hazard ratio [HR] 
0.68; P  =  0.003). Median OS for patients with SCC was 
81.6 months in the neoadjuvant CRT plus surgery group and 
21 months in the surgery-alone group (HR 0.48; P = 0.008). 
For patients with ACs, median OS was 43.2 months in the 
neoadjuvant CRT plus surgery group and 27.1 months in the 
surgery-alone group (HR 0.73; P = 0.038). So this trial shows 
that neoadjuvant CRT before definitive surgery improves sur-
vival of resectable locally advanced esophageal (regardless of 
histology) and EGJ tumors [50, 77].

Another trial, the French FFCD 9901, rendered the effect 
of preoperative CRT for an earlier staged group of patients 
(stage I or II; T1N0/N+, T2N0/N+, or T3N0) with esopha-
geal or EGJ tumors (70% of all population was SCC). The 
CRT protocol was 45 Gy in 25 fractions over 5 weeks with 
two courses of concomitant chemotherapy composed of flu-
orouracil 800 mg/m2 and cisplatin 75 mg/m2. Pretreatment 
disease was stage I in 19%, IIA in 53.3%, and IIB in 27.7% 
of patients. Compared with surgery alone, neoadjuvant CRT 
with cisplatin plus fluorouracil did not improve the R0 resec-
tion rate or survival, but did enhance postoperative mortality 
(postoperative mortality rate of 11.1% versus 3.4%; 
P = 0.049). There were no subgroups in favor of neoadjuvant 
CRT, such as node positivity or histology (SCC vs. AC) [51]. 
So this study could not show the advantage of preoperative 
CRT that was shown in the Dutch study. The authors con-
cluded that neoadjuvant therapy does not improve survival 
and increases postoperative mortality in patients with early- 
stage disease [51].

Of course, there are some differences between two stud-
ies; the main ones being the stages and the histology of 
patients in these two studies. The French study included 
much earlier stages and 70% of patients had SCC, while the 
Dutch study involved more advanced local disease and pre-
dominantly ACs. However, patterns of failure analysis 
showed a significant improvement in local control in patients 
who received neoadjuvant therapy, nearly halving the rate of 
locoregional recurrence (29% vs. 15%). Disease recurrence 
rates were also significantly reduced in patients receiving 
neoadjuvant treatment. These local failure rates mirror the 
Dutch trial rates of locoregional recurrence reduction from 

34% (surgery only) to 14% (neoadjuvant therapy and sur-
gery) in a more advanced group of patients. These data high-
light the challenge of surgery in extirpating all locoregional 
disease even in patients with early-stage disease [52]. So it 
can also be possible that the French study could be under-
powered to show this local failure improvement with neoad-
juvant CRT to translate to OS.  Also, as postoperative 
mortality is significantly higher than surgery alone in the 
French trial in contrast to the Dutch trial, there may be effect 
of this early mortality on OS results. This can be due to dif-
ferent concomitant chemotherapy regimens and RT proto-
cols used in these two trials [52].

In a meta-analysis of 12 randomized studies comparing 
preoperative CRT (either concurrent or sequential) versus 
surgery alone, including the aforementioned three studies 
(CALGB 9781, CROSS, and FFCD 9901), the hazard ratio 
for all-cause mortality for neoadjuvant CRT was 0.78 
(P < 0.0001); the HR for SCC only was 0.80 (P = 0.004) and 
for AC only was 0.75 (P = 0.02). There was little association 
between the risk of postoperative mortality (both in-hospital 
and 30-day) and neoadjuvant interventions. This meta- 
analysis also included the studies comparing neoadjuvant 
chemotherapy versus surgery alone. The HR for all-cause 
mortality for neoadjuvant chemotherapy was 0.87 
(P = 0.005); the HR for SCC only was 0.92 (P = 0.18) and 
for AC only was 0.83 (P = 0.01). Also two studies in this 
meta- analysis compared neoadjuvant CRT with neoadjuvant 
CT.  The HR for overall indirect comparison of all-cause 
mortality for neoadjuvant CRT versus neoadjuvant chemo-
therapy was 0.88 (P = 0.07) [78].

A meta-analysis tried to clarify the benefits of neoadju-
vant and definitive treatment of esophageal SCC. It included 
nine randomized controlled trials (RTCs) involving neoadju-
vant CRT versus surgery, eight involving neoadjuvant 
 chemotherapy versus surgery, and three involving neoadju-
vant treatment followed by surgery or surgery alone versus 
definitive CRT. The likelihood of R0 resection was signifi-
cantly higher after neoadjuvant treatment (for CRT, an HR of 
1.15, P  =  0.043, and for chemotherapy, an HR of 1.16, 
P = 0.006, were observed). But high levels of heterogeneity 
was noted. Morbidity rates were not increased after neoadju-
vant CRT, but 30-day mortality was nonsignificantly higher 
with combined treatment compared with surgery alone. 
Morbidity and mortality after neoadjuvant chemotherapy did 
not differ from surgery alone. Survival after neoadjuvant 
CRT was higher compared to surgery alone. The HR of OS 
was 0.81 (P = 0.008) after neoadjuvant CRT. However, sur-
vival after neoadjuvant chemotherapy was not increased; the 
HR of OS was 0.93 (P = 0.368). In the third group of studies, 
definitive CRT versus neoadjuvant treatment followed by 
surgery or surgery alone was compared. None of the RCTs 
reporting outcome after definitive CRT demonstrated a sig-
nificant survival benefit, but treatment-related mortality rates 
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were lower: HR 7.60 (P = 0.007). No morbidity difference 
was noted between treatment groups [79].

The studies show that response to preoperative therapy, 
particularly pCR, predicts a better DFS and OS [80–85]. In a 
review of 22 studies, the authors tried to quantify the survival 
benefit of pCR vs. residual disease at esophagectomy. The 
OS for patients with pCR was 93.1%, 75.0%, and 50.0% at 
2, 3, and 5 years, respectively, whereas it was 36.8%, 29.0%, 
and 22.6% for patients with residual tumor (P  <  0.025). 
Median survival times for patients with pCR were signifi-
cantly longer than those for patients with residual tumor 
(P  =  0.011). The patients with a pCR were 2.8-fold more 
likely to survive at 5 years. The absolute survival benefit of 
pCR was 33–36% [85].

So to increase the rate of pCR, researchers tried to inten-
sify the preoperative treatment by adding induction chemo-
therapy before neoadjuvant CRT [86–89]. Indeed, there are 
no randomized trials to search the benefit of induction che-
motherapy and neoadjuvant CRT over neoadjuvant CRT 
alone. But in one phase III trial, the Preoperative 
Chemotherapy or Radiochemotherapy in Esophago-gastric 
Adenocarcinoma Trial (POET), induction chemotherapy 
alone before surgery was compared with induction chemo-
therapy plus neoadjuvant CRT and surgery in patients with 
AC of the lower esophagus or gastric cardia. Although the 
study was closed prematurely, the pCR was higher in the 
CRT group and preoperative CRT improved the 3-year sur-
vival rate from 27.7% to 47.4% [90], P = 0.07 [90].

PET scan is thought to be a predictor of induction therapy 
response and could help to tailor therapy according to 
response. In phase II of the MUNICON trial, patients with 
locally advanced EGJ ACs were treated with 2 weeks of plat-
inum and fluorouracil-based induction chemotherapy. Those 
with decreases in tumor glucose standard uptake values 
(SUVs), predefined as decreases of 35% or more at the end 
of the evaluation period and measured by PET, were defined 
as metabolic responders. Responders continued to receive 
neoadjuvant chemotherapy of folinic acid and fluorouracil 
plus cisplatin, or folinic acid and fluorouracil plus cisplatin 
and paclitaxel, or folinic acid and fluorouracil plus oxalipla-
tin for 12 weeks and then proceeded to surgery. Metabolic 
nonresponders discontinued chemotherapy after the 2-week 
evaluation period and proceeded to surgery. Early PET 
responders to CT had significantly better event-free survival 
compared with PET nonresponders (30 vs. 14 months). This 
study also suggested benefit of early identification of PET 
nonresponders who went to immediate surgical resection 
rather than completion of preoperative chemotherapy [91]. 
Afterward, the MUNICON II trial was conducted to evaluate 
whether salvage neoadjuvant CRT could increase R0 resec-
tion rates in the nonresponder group. The prognosis of non-
responders was poor and addition of CRT did not increase 
the R0 resection rate [92].

This PET-guided treatment algorithm was further investi-
gated in a recent CALGB 80803 trial. In this trial, T2-4 or N+ 
surgically resectable esophageal and EGJ ACs were random-
ized to receive either three doses of an induction chemother-
apy with modified FOLFOX6 or four times weekly carboplatin 
and paclitaxel. Patients were then evaluated with PET scan, 
and responders were defined as ≥35% decrease in SUV. PET 
responders continued the same regimen with concurrent RT 
(50.4 Gy). PET nonresponders crossed over to alternate che-
motherapy (weekly carboplatin and paclitaxel for upfront 
FOLFOX receivers and vice versa) with concurrent RT of 
same dose. Surgical resection was planned 6  weeks after 
completion of CRT.  This early response assessment and 
switching from ineffective therapy to alternate chemotherapy 
resulted in a pCR rate of 18% for PET nonresponders. 
FOLFOX induction and concurrent therapy in responders 
resulted in a very promising pCR rate of 38% [93].

 Nonoperative Treatment
As pCR rates are higher in SCC following neoadjuvant CRT, 
if an endoscopic CR is achieved, we may assume that a non-
operative management could be an option following initial 
CRT. But data are lacking on nonsurgical follow-up of endo-
scopically complete responders after initial CRT.

There is a randomized study comparing induction chemo-
therapy plus CRT (RT of 65 Gy) alone with the same treat-
ment regimen but 40-Gy RT given preoperatively followed 
by surgery in  locally advanced esophageal SCC.  OS was 
equivalent between the two treatment groups. Local 
progression- free survival (PFS) was better in the surgery 
group. Treatment-related mortality was significantly 
increased in the surgery group than in the CRT group (12.8% 
vs. 3.5%). Clinical tumor response to induction  chemotherapy 
was the single, independent prognostic factor for OS.  So 
adding surgery to CRT improved local tumor control but did 
not increase survival. Tumor response to induction chemo-
therapy identifies a favorable prognostic group within these 
high-risk patients, regardless of the treatment group [94]. 
Long-term results revealed OS rates at 3  years (31% vs. 
24%), 5 years (28% vs. 17%), and 10 years (19% vs. 12%) in 
the surgery vs. definitive CRT groups [95].

Another study (FFCD 9102) comparing preoperative 
treatment plus surgery with nonsurgical treatment only 
included operable T3N0-1M0 thoracic esophageal cancer 
patients, of whom 88.8% had SCC and 11.2% had AC. Of 
the patients, 451 received induction CRT as two cycles of 
cisplatin–fluorouracil (days 1–5 and 22–26) and either con-
ventional (46 Gy in 4.5 weeks) or split-course (15 Gy, days 
1–5 and 22–26) concomitant RT. Patients with response and 
no contraindication for either therapy (n = 259) were ran-
domized between surgery (arm A) and continuation of 
chemoradiation (arm B) (one cycle of cisplatin–fluorouracil 
and either conventional [20 Gy] or split-course [15 Gy] RT 
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and two additional chemotherapy cycles). The 2-year sur-
vival rate was 34% in arm A versus 40% in arm B (HR = 0.90; 
adjusted P  =  0.44). The median survival time was 
17.7 months in arm A compared with 19.3 months in arm 
B. The 2-year local control rate was 66.4% in arm A com-
pared with 57.0% in arm B, and stents were less required in 
the surgery arm (5% in arm A vs. 32% in arm B; P < 0.001). 
The 3-month mortality rate was 9.3% in arm A, compared 
with 0.8% in arm B (P = 0.002). Cumulative hospital stay 
was 68  days in arm A compared with 52  days in arm B 
(P  =  0.02). The assessment of longitudinal quality of life 
measures of this study showed that it is in favor of the CRT 
arm in the early period after treatment. But among 2-year 
survivors, there were no differences between both groups. 
These data suggest that, in patients with locally advanced 
thoracic esophageal cancers, especially SCC, who respond 
to CRT, there is no benefit for the addition of surgery after 
chemoradiation compared with the continuation of addi-
tional CRT [96, 97].

Of the 451 registered patients in the trial, 192 were not 
randomized. Among them, 111 were clinical nonresponders. 
Median OS was significantly shorter for nonrandomized 
patients (11.5  months) than for randomized patients 
(18.9  months; P  =  0.0024). However, for the 112 nonran-
domized patients who underwent surgery, median OS was 
not different from that in randomized patients: 17.3 versus 
18.9 months (P = 0.58). Concerning clinical nonresponders, 
median OS was longer for those who underwent surgery 
compared to nonoperated patients—17.0 versus 5.5 months 
(HR = 0.39; P < 0.0001)—and again was not different from 
that in responding, randomized patients (P  =  0.40). So in 
patients with locally advanced thoracic esophageal cancer, 
OS did not differ between responders to induction CRT and 
patients having surgery after clinical failure of CRT. Surgery 
should, therefore, be considered in those patients who are 
still operable [98].

A Cochrane analysis was made to compare surgery to 
nonsurgical management for operable EC.  Eight trials, 
including the aforementioned two trials, of 1114 patients 
were included. The nonsurgical treatment was CRT in five 
trials and definitive RT in three trials. There was no differ-
ence in long-term mortality between CRT and surgery (HR 
0.88). The long-term mortality was higher in RT than in sur-
gery (HR 1.39). There was no difference in long-term recur-
rence between nonsurgical treatment and surgery (HR 0.96). 
The proportion of people with dysphagia at the last follow-
 up visit prior to death was higher with definitive CRT com-
pared to surgical treatment (relative risk [RR] 1.48). 
According to this meta-analysis, CRT appears to be at least 
equivalent to surgery in terms of short-term and long-term 
survival in people with esophageal SCC who are fit for sur-
gery and are responsive to induction CRT. However, there is 

uncertainty in the comparison of definitive CRT versus sur-
gery for esophageal AC [99].

The data for nonsurgical management of esophageal AC 
are only limited to retrospective series [100, 101]. In a study 
of localized gastroesophageal cancer, mainly of ACs (92%), 
patients were treated with CRT rather than surgery. Of 284 
patients, 218 (77%) achieved clinical CR (determined by 
endoscopic biopsies and a PET scan showing only physio-
logical uptake). However, only 67 (31%) of the 218 achieved 
pCR. So the specificity of clinical CR for pCR is too low to 
be used for clinical decision making on delaying or avoiding 
surgery [102].

Another study evaluating post-CRT FDG-PET scan 
involved patients with histologically confirmed (75% AC) 
stage I to IVA esophageal cancer receiving CRT with or 
without resection with curative intent. PET-CR was defined 
as standardized uptake value (SUVmax)  ≤  3. PET-CR 
patients receiving definitive CRT had excellent outcomes 
(2-year OS, 71% vs. 11%, P < 0 0.01; 2-year freedom from 
local failure, 75% vs. 28%, P < 0.01). On multivariate analy-
sis of patients treated with CRT, PET-CR was the strongest 
independent prognostic variable. PET-CR predicted for 
improved outcomes regardless of histology, although patients 
with AC achieved a PET-CR less often. Definitive CRT 
patients achieving PET-CR had excellent outcomes equiva-
lent to trimodality therapy despite poorer baseline character-
istics. In contrast, those patients undergoing trimodality 
therapy (n = 55) showed no difference in outcome according 
to the post-CRT PET findings, probably because those 
patients who had residual disease underwent resection. The 
authors concluded that patients who achieve a PET-CR may 
not benefit from added resection given their excellent out-
comes without resection. But these results should be evalu-
ated with caution. Validation of these results in prospective 
trials of FDG-PET-directed therapy for esophageal cancer 
should be done [103]. A prospective study involving 60 
patients with operable locally advanced esophageal cancer, 
receiving neoadjuvant CRT and surgery, failed to demon-
strate an association between a pathological response (either 
complete or major) and the percentage change in pre- and 
post-CRT FDG-PET results. Also no significant association 
was found between metabolic imaging and recurrence or sur-
vival [104].

Can nonsurgical management with CRT alone be enough 
for operable esophageal cancer? This question is not solved 
precisely yet. For patients with SCCs who are endoscopi-
cally documented to have CR after definitive CRT, surveil-
lance may be an option. But, higher locoregional failure is an 
important issue. So resection is a better choice for optimal 
surgical candidates. However, for ACs, as the rate of pCR is 
lower than for SCCs, and without enough evidence, nonsur-
gical treatment of ACs is not recommended.

E. Cilbir and S. Yalcin



65

 Management of Potentially Resectable 
Esophagogastric Junction Adenocarcinomas

As mentioned earlier, EGJ ACs are also included in studies 
of gastric cancer, and upfront surgery plus adjuvant chemo-
therapy ± CRT or perioperative chemotherapy may be other 
options with preoperative chemoradiation according to stage 
of disease.

The Medical Research Council Adjuvant Gastric 
Infusional Chemotherapy (MAGIC) study demonstrated the 
benefit of perioperative chemotherapy with epirubicin–cis-
platin and infusional fluorouracil (ECF) versus surgery alone 
for resectable esophagogastric AC. In this study, 26% of the 
enrolled patients had AC of the distal esophagus and esopha-
gogastric junction; the remaining having gastric AC. There 
was evidence of downstaging with preoperative chemother-
apy and increase in survival in the perioperative chemother-
apy arm [105]. The results of the French FNLCC and FFCD 
trial confirmed data in favor of perioperative chemotherapy 
with cisplatin and fluorouracil compared with surgery alone. 
In this study, 75% of patients had lower esophagus or esoph-
agogastric junction tumors [106]. Based on these two stud-
ies, perioperative chemotherapy had become an acceptable 
standard of care of these patients. A phase III study of peri-
operative chemotherapy with docetaxel, oxaliplatin, and flu-
orouracil/leucovorin (FLOT) versus ECF/ECX (capecitabine 
instead of fluorouracil) for resectable gastric or GEJ ACs 
(FLOT/AIO) showed an increase in the curative surgery rate, 
PFS, and OS with the FLOT regimen [107]. According to 
this study, the new standard of care, perioperative chemo-
therapy in this group of patients had been FLOT.

The aforementioned CROSS study also had 75% of 
enrolled patients being AC of the distal esophagus or GEJ, so 
preoperative CRT is also an option.

The question of best neoadjuvant/perioperative approach 
for AC of esophagogastric cancers is still unanswered. There 
are ongoing studies addressing this question, and results are 
awaited for the NEOadjuvant Trial in Adenocarcinoma of the 
oEsophagus and oesophagoGastric Junction International 
Study (Neo-AEGIS) (perioperative capecitabine and oxali-
platin); ESOPEC (perioperative FLOT regimen; four cycles 
pre, four cycles post); and TOPGEAR (three pre + three post 
cycles of ECF/ECX vs. induction two  cycles of ECF then 
concomitant CRT with 5-FU and three cycles of same che-
motherapy postoperative).

 Management of Locally Advanced Disease: 
Unresectable and Inoperable

Unresectable disease is defined as T4b disease that includes 
invasion of the aorta, trachea, heart, great vessels, or pres-
ence of a tracheoesophageal fistula. T4a disease—which 

includes invasion of the pleura, pericardium, or diaphragm—
is considered to be potentially a resectable disease. The 
AJCC’s Cancer Staging Manual, eighth edition, definitions 
of TNM also include invasion of the azygos vein or perito-
neum as T4a, potentially resectable disease [22]. With the 
use of preoperative therapy, some patients who seem to be 
unresectable at diagnosis could have a sufficient response to 
become resectable. A PET-CT before a curative resection 
decision is useful to detect interval distant metastasis to 
avoid an unuseful big operation [108].

Lymph node involvement in an area distant from the pri-
mary—for example, in the celiac area for a SCC in the upper 
or middle thoracic esophagus—was previously thought to be a 
distant metastatic disease, and patients were deferred from 
surgery. But in the eighth edition of the AJCC’s TNM staging 
system, they are scored as regional lymph nodes, regardless of 
the tumor location and histology. Patients may be deemed 
unsuitable for surgery either because of disease extent or due 
to medical comorbidity or high cervical location. These 
patients without distant metastasis are treated with definitive 
CRT (dCRT). Definitive CRT is an effective and well- tolerated 
treatment, with survival rates in resectable patients similar to 
those in surgical series without preoperative CRT [109–111]. 
Yet, the prognosis and survival of unresectable inoperable 
esophageal cancer remain poor, with a 5-year survival of about 
20% [109, 112]. After dCRT, almost 50% of patients develop 
a locoregional recurrence, and recurrence patterns differ from 
the pattern of recurrence after surgery [109, 113].

Cervical esophageal tumors are usually treated as head 
and neck SCCs because of the functional deficits and impair-
ment in quality of life as a result of a definitive resection in 
that area. So resection is rarely a choice in the upfront treat-
ment and mostly reserved for failures after definitive CRT.

For thoracic esophageal tumors, after assessment of 
resectability, locally advanced unresectable cancer is treated 
with definitive CRT rather than RT alone in patients who are 
thought to be able to tolerate it. For patients with SCC, the 
regimen used in the RTOG 85-01 and Intergroup 0123 trials 
(cisplatin–fluorouracil) is mostly chosen [28, 73], but 
FOLFOX can be an option. Weekly carboplatin and pacli-
taxel regimen may also be used. The optimal dose- 
fractionation schedule for RT is not obviously determined. 
The 50.4 Gy administered in 28 daily fractions as used in the 
RTOG 85-01 and INT 0123 studies is thought to be standard 
[72, 73]. The esophagus is surrounded by critical organs, so 
advanced radiation techniques can uniquely reduce unneces-
sary radiation exposure. Three-dimensional (3-D) conformal 
techniques should be used in treatment planning. Advanced 
radiation techniques are having clinical importance to avoid 
toxicities to nearby vital organs such as the heart, lungs, spi-
nal cord, and liver. Larger volumes of radiation doses to 
these organs correlate with treatment-related toxicities such 
as pulmonary complications and cardiac toxicities. Even 
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when there is no level 1 evidence that supports the use of 
advanced technologies, such as intensity-modulated radia-
tion therapy (IMRT), the use of IMRT was found in a 
population- based analysis to be significantly associated with 
lower all-cause mortality, cardiac mortality, and other-cause 
mortality in patients with EC [114]. Furthermore, despite the 
high cost, proton beam therapy could have a role in this field 
too.

Induction chemotherapy followed by dCRT can be an 
option for selected patients. It can provide significant relief 
of dysphagia before the start of CRT because nutrition is an 
important problem during CRT in patients with significant 
dysphagia before the start of therapy. A tube jejunostomy is 
the mostly used and most suitable method for such patients 
before the start of CRT.  Induction chemotherapy can also 
have an effect on distant metastatic disease, which eventually 
develops in these locally advanced stage patients. Most trials 
evaluating this approach are made with potentially resectable 
patients.

In another study, the phase II RTOG 0113 trial, patients 
with localized esophageal cancer, SCC, or AC, who had 
unresectable disease, who were unwilling to undergo sur-
gery, or who were medically unfit for surgery were included. 
Patients received either induction with fluorouracil, cisplatin, 
and paclitaxel and then fluorouracil plus paclitaxel with 
50.4 Gy of radiation, or induction with paclitaxel plus cispla-
tin and then the same chemotherapy with 50.4 Gy of radia-
tion. The second arm was without fluorouracil. The primary 
end point was to assess whether any approach would achieve 
a ≥77.5% 1-year survival rate, surpassing the historical 66% 
rate from the RTOG protocol 9405. Both arms were associ-
ated with high morbidity. The median survival time was 
28.7  months for patients in arm A and 14.9  months for 
patients in arm B (18.8 months for patients in RTOG 9405). 
The 1-year survival rate of 75.7% in arm A was close to, but 
did not meet or surpass, the 77.5% goal. The 2-year survival 
rate was 56% for arm A and 37% for arm B [115]. So neither 
approach was superior to the historic control of INT 123/
RTOG 9405 and toxicity was increased.

 Management of Metastatic Disease

Goals of treatment in a metastatic setting patient should be to 
palliate symptoms, especially dysphagia and anorexia; 
improve quality of life; and prolong survival. In 2006, a 
Cochrane review assessed RTCs comparing chemotherapy 
versus best supportive care or different chemotherapy regi-
mens against each other in patients with metastatic carcinoma 
of the esophagus or EGJ tumors. Due to variations in patient 
population and chemotherapy regimens, it was not possible to 
make a conclusion about the effectiveness of chemotherapy 
against best supportive care. Analysis of the studies compar-

ing different chemotherapy regimens concluded that there 
was no consistent benefit with any specific chemotherapy 
regimen. Chemotherapy agents with promising response rates 
and tolerable toxicity were cisplatin, fluorouracil, paclitaxel, 
and anthracyclines [116]. From trials of advanced gastric can-
cer, as we can see a significant survival benefit in favor of 
chemotherapy versus best supportive care [117], agents used 
in advanced gastric cancer are recommended for ACs of the 
esophagus and EGJ tumors. So HER-2 overexpression should 
be determined for patients who can be candidates for trastu-
zumab therapy. HER-2 overexpressing tumors should be 
treated with trastuzumab and cisplatin–fluorouracil or cispla-
tin–capecitabine as in the ToGA trial [118]. For patients 
whose tumors do not express HER-2, options are combined 
chemotherapy regimens of platinum/fluoropyrimidines with 
taxanes or anthracyclines—docetaxel, cisplatin, fluorouracil 
(DCF); ECF; ECX; epirubicin, cisplatin, capecitabine 
(EOX)—if the patient is fit enough to tolerate it [119, 120]. 
Doublet regimens may also be good options as we think con-
tinuum of care of these patients and leaving taxanes to sec-
ond-line treatment. As for doublet regimens, FOLFOX/
XELOX (capecitabine instead of fluorouracil, folinic acid) or 
cisplatin–fluorouracil or cisplatin–capecitabine can be 
options. For older or unfit patients, single agents such as fluo-
ropyrimidines (capecitabine, S1, infusional 
fluorouracil+folinic acid), weekly paclitaxel, or irinotecan 
may be options. In continuum of care of esophagogastric AC: 
If progression is seen 3 months after first-line platinum/fluo-
ropirimidine +/− epirubicin therapy, rechallenge with plati-
num and fluoropirimidines can be contemplated. In this study, 
median PFS and OS from rechallenge are 3.9 and 6.6 months, 
respectively [121]. Two pivotal randomized controlled trials 
established  advantage of second or subsequent lines of che-
motherapy versus best supportive care in advanced esophago-
gastric cancer patients [122, 123]. A meta-analysis also has 
shown survival benefit [124]. In these trials, second-line che-
motherapy options were docetaxel or irinotecan. Weekly 
paclitaxel is also an acceptable option for second-line therapy 
[125, 126]. In the REGARD study, a placebo-controlled 
phase III trial, an antiangiogenic agent ramucirumab has 
shown benefit as a single agent in second-line therapy [127]. 
In the RAINBOW study, ramucirumab when combined with 
weekly paclitaxel showed a median OS of 9.6 months versus 
7.4 months with single-agent paclitaxel in second line after 
platinum fluoropirimidine chemotherapy [128]. In a chemo-
therapy refractory group (two or more lines) of patients, apa-
tinib—a novel vasculo-endothelial growth factor receptor-2 
tyrosine kinase inhibitor—showed improvement in OS com-
pared to placebo [129].

Immunotherapeutic agents, check point inhibitors, also 
show promise for esophagogastric cancers as with other gas-
trointestinal system tumors. Anti-PD-1 antibodies, 
nivolumab, and pembrolizumab had shown activity in pre-
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treated patients with advanced gastric and EGJ AC.  In the 
ATTRACTION II study, patients on nivolumab had improved 
1-year OS compared to placebo (26% vs 11%) in Asian 
advanced gastric and EGJ AC patients who had two or more 
previous chemotherapy regimens. In this study, patients are 
not selected by PD-L1 expression [130]. The Checkmate 032 
trial investigated nivolumab alone or in combination with 
ipilimumab, again in pretreated patients, but this time in a 
Western population, and the trial had shown similar results 
with 1-year OS of 36% [131]. The Keynote 059 study is a 
multicohort phase II study. In cohort 1, previously treated 
patients received pembrolizumab. In the all-patient popula-
tion, the overall response rate (ORR) is %11.6; PDL-1(+) 
patients had an ORR of 15.5%; PDL-1(−) patients had an 
ORR of 6.4%; and in MSI high patients (accounts for 4% of 
patients), the 1-year ORR is 57%, with a CR rate of 14% in 
this subgroup [132]. In cohort 2, patients received no prior 
therapy. Pembrolizumab is given in combination with cispla-
tin–fluorouracil or capecitabine. All patients had experienced 
a reduction in target lesion size in the waterfall plot. 
Responses were independent of PDL-1 expression. Median 
OS was 20.8 months [133].

For patients with advanced SCC, commonly used agents 
include platinum, fluoropyrimidine agents, and taxanes, 
though they are associated with limited clinical benefit. DCF 
can be the first choice for fit patients. Cisplatin–fluorouracil, 
cisplatin–capecitabine, FOLFOX, and XELOX can be 
options. There are also immunotherapy trials with check 
point inhibitors for esophageal SCCs. Pembrolizumab, an 
anti-PD-1 antibody, was active in pretreated esophageal can-
cer patients with PD-L1-expressing tumors (>1% PD-L1- 
positive tumor cells and/or tumor stroma), with a partial 
response (PR) rate of 30.4% (40.0% for adenocarcinoma, 
29.4% for squamous cell) [134]. In an open-label, single- 
arm, multicenter phase II trial, patients with advanced esoph-
ageal SCC—who progressed after or were intolerant to 
fluoropyrimidine-based, platinum-based, and taxane-based 
chemotherapy regimens—were treated with nivolumab. The 
proportion of patients who achieved centrally assessed dis-
ease control was 27%. Nivolumab showed promising activ-
ity with a manageable safety profile. This drug could offer a 
potential new treatment approach for patients with treatment- 
refractory advanced squamous cell carcinoma [135].

 Palliative Management of Dysphagia

Endoscopic therapy is important for palliating obstructive 
symptoms. Dilation using balloons or bougies and placement 
of a stent through the narrowed segment may relieve dyspha-
gia. Covered self-expandable metal stents are widely used 
for this purpose [136, 137]. These techniques can be used in 
nonoperable patients and for patients who need palliation of 

dysphagia before a definitive therapy with CRT or surgery. 
Percutaneous gastrostomy for clearly unresectable patients 
or jejunostomies for other patients also may be options.
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Gastric Cancer
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 Epidemiology and Etiology

Gastric cancer is the fifth most common cancer and the third 
leading cause of death, accounting for 9% of the total cancer 
mortality in the world [1]. Gastric cancer is much more preva-
lent in East Asia, and more than 60% of cases occur in this 
region, and is less common in Western Europe, North 
America, and Africa. The incidence rate is twice as high in 
men as in women. The incidence of non-cardia gastric cancer 
has declined worldwide. However, the incidence of gastric 
adenocarcinoma in cardia has increased, especially in Western 
countries, which may be associated with widespread chronic 
gastroesophageal reflux disease (GERD) and obesity.

Gastric cancer develops as a multi-step process and both 
environmental and genetic factors contribute. Among envi-
ronmental factors, Helicobacter pylori infection is most 
important. H. pylori is a Gram-negative bacillus that colo-
nizes the gastric mucosa, and has been categorized as a Group 
1 carcinogen for gastric cancer since 1994. The prevalence of 
H. pylori varies with regions, age, and socioeconomic envi-
ronment. In developing countries, the prevalence of H. pylori 
infection is up to 80% in adults, whereas it is less than 30% in 
Western countries [2]. Although H. pylori accounts for 60% 

of gastric cancer, most people with H. pylori infection remain 
asymptomatic lifelong, and fewer than 0.5% with H. pylori 
infection suffer from gastric cancer [3].

H. pylori produces many virulence factors that regulate gas-
tric inflammation and carcinogenesis via epithelial intracellular 
signaling pathways. CagA (cytotoxin-associated gene A) and 
VacA (vacuolating cytotoxin A) are the major virulence factors 
of H. pylori, and associated with increased risk of gastric carci-
nogenesis [4]. H. pylori upregulates various pro-inflammatory 
cytokines—such as interleukin (IL)-1, IL-6, and IL-8; tumor 
necrosis factor-alpha (TNF-α[alpha]); and regulated on activa-
tion, normal T cell expressed and secreted (RANTES)—which 
leads to over-proliferation and apoptosis of the gastric epithe-
lial cells, and increases the risk of DNA damage and chromo-
somal mutations by highly expressed reactive oxygen species 
(ROS) and nitrogen species (RNS) [5].

P53 is a major tumor suppressor gene and dysregulated in 
the gastric carcinogenesis by H. pylori infection. 
Dysregulation of mutated p53 is commonly found in gastric 
cancer, especially with CagA-positive H. pylori. Inactivation 
of p53 induces impaired apoptosis, which can lead to the sus-
tained proliferation of the gastric epithelial cells with aber-
rant DNA damage [6].

Epigenetic alterations are frequent in the gastric carcino-
genesis. Methylation, point mutation, recombination, dele-
tion, and duplication are the common forms of alteration, 
and the CpG islands hypermethylation is the most common 
epigenetic change in tumor suppressor genes [7]. MicroRNA 
also has been implicated in H. pylori-induced chronic inflam-
mation and gastric carcinogenesis by CagA [8]. Chronic H. 
pylori infection promotes the progression from atrophic gas-
tritis, intestinal metaplasia, and dysplasia to carcinoma. 
Atrophy/intestinal metaplasia has been known to be a pre-
neoplastic change [9].

Other environmental factors include diet and lifestyle. 
High intake of preserved food in salt, fat, and N-nitroso com-
pound is associated with an increased risk factor of gastric 
cancer, whereas fresh fruit, vegetables, and fiber decrease the 
risk of gastric cancer [10]. N-nitroso compounds are formed 
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in the process of preservation of nitrate or nitrite, and are rich 
in cured meats, broiled fish with flame, instant foods, and 
dried milk. Salty foods such as salty fish and meat, pickled 
vegetables, and soy sauce can induce direct damage to the 
gastric mucosa and increase the risk of H. pylori-induced 
chronic inflammation [11]. Fruits and vegetables rich in vita-
min C, carotenoid, folate, and phytochemicals may modestly 
reduce the risk of gastric cancer [11].

Smoking and alcohol are known to be established risk 
factors of gastric cancer [12]. Smoking induces the prema-
lignant lesion in the gastric mucosa, and increases the risk of 
persistent H. pylori infection. Alcohol has a role in the gas-
tric carcinogenesis as a gastric irritant. Chronic gastroesoph-
ageal reflux with obesity is associated with increased risk of 
gastric cancer in cardia [13]. Epstein–Barr virus (EBV) 
infection is also related to gastric carcinogenesis [12].

A family history of gastric cancer has been known to be 
associated with increased risk, with an odds ratio between 
2 and 10 [14]. In Western countries, the family members of 
patients with gastric cancer tend to have an increased rate 
of H. pylori infection and chronic mucosal inflammation 
[15]. Although H. pylori eradication is recommended in the 
European guidelines, the effect of cancer prevention has 
not been fully clarified [16]. In East Asia, most cases of 
gastric cancer with a family history are sporadic rather than 
inherited [17].

 Pathology

Gastric cancer is divided into early cancer and advanced can-
cer according to the depth of tumor invasion. Early cancer, 
representing the mucosal or submucosal involvement, is 
characterized by excellent prognosis. Early cancers comprise 
more than 70% of surgically or endoscopically resected gas-
tric carcinomas in Japan and Korea where screening pro-
grams are active. However, in other countries, the frequency 
is much lower.

Grossly, advanced carcinoma is classified as polypoid, 
ulcero-fungating, ulcero-infiltrative, and diffusely infiltrative, 
as proposed by Borrmann. Histologically, the intestinal type 
based on Lauren’s criteria is characterized by gland formation 
and the diffuse type is characterized by poorly cohesive cells. 
The mixed type is used when the quantity of intestinal and 
diffuse components is almost equal. The indeterminate type 
includes undifferentiated histology. The World Health 
Organization (WHO) classification recognizes five common 
types and several rare types. Common types include tubular, 
papillary, mucinous, poorly cohesive, and mixed types. 
Papillary or tubular carcinoma is graded into well, moder-
ately, or poorly differentiated histology. The histologic grad-
ing is not well correlated with prognosis or recurrence rate. 
Mixed carcinoma, usually composed of papillo- tubular and 

poorly cohesive carcinoma, showed the clonality [18], and 
the phenotypic diversity is caused by somatic mutation of the 
CDH1 gene [19]. Neuroendocrine carcinoma is divided into 
large cell and small cell types. This histologic classification is 
common to all gastrointestinal tracts and the lungs. In gastric 
adenocarcinoma, it is common to see the cancer cells posi-
tively stained with neuroendocrine markers such as chromo-
granin A or synaptophysin. Mixed adenoneuroendocrine 
carcinoma (MANEC) is used only when at least 30% of the 
tumor area is occupied by tumor cells positive for neuroendo-
crine marker. If a minor portion—less than 30%—is com-
posed of neuroendocrine carcinoma, the case is classified as 
conventional adenocarcinoma. Rare variants, which occupy 
less than 5%, include adenosquamous carcinoma, squamous 
cell carcinoma, hepatoid adenocarcinoma, germ cell carcino-
mas, undifferentiated carcinoma, etc.

Gastric cancer can be categorized into gastric or intestinal 
type by mucin expression [20]. MUC5AC or MUC6 are 
expressed in gastric type, and MUC2 or CD10 are expressed 
in intestinal type. Mixed type gastric cancer is characterized 
by expression of both markers, and the unclassified type is 
characterized by the absence of both markers. This classifica-
tion is helpful for prognostic purpose, showing worst progno-
sis in gastric histology, but is not widely used outside Japan.

Adenocarcinoma of the esophagogastric junction (EGJ) 
attracts attention because of recently increased incidence, 
especially in Eastern countries. This tumor is defined as ade-
nocarcinomas that cross the EGJ and the epicenter of carci-
noma is within 2 cm from the EGJ. However, the definition 
of this classification is not always clear because the EGJ is 
blurred, especially for the cases when the carcinoma exists 
near the EGJ or has developed from Barrett’s esophagus. 
Furthermore, the landmark for the EGJ is different for endos-
copists, surgeons, and pathologists. The Union for 
International Cancer Control (UICC) recommends that the 
staging classification of EGJ cancer should follow esopha-
geal cancer. In fact, the molecular and pathologic character-
istics of EGJ adenocarcinoma are closer to gastric cancer 
rather than esophageal cancer.

Gastric carcinomas spread early to the regional lymph 
nodes, and the number of involved lymph nodes affects the 
prognosis of the patients. The lymph node involvement by 
carcinoma cells is divided into three categories: isolated 
tumor cells (ITC) when the tumor deposit is not greater than 
0.2 mm, micrometastasis (greater than 0.2 mm but not greater 
than 2.0 mm), and macrometastasis (greater than 2.0 mm). 
The UICC guideline for counting the metastatic (positive) 
lymph nodes includes metastasis and micrometastasis but 
excluding the ITC.  The recent meta-analysis revealed that 
the presence of micrometastasis is prognostically significant 
only in Eastern countries, but not in Western countries [21]. 
There is no convincing evidence that ITC is prognostically 
significant [22].
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Neuroendocrine tumor (NET) is classified into three 
grades according to the mitosis count and Ki-67 index, but 
grade 3 is very rare. Gastric NET can be further subdivided 
into three types. Type I originates in a hypergastrinemic 
environment and follows a benign course. Type II exhibits 
more aggressive behavior with a 30% chance of distant 
metastasis. Type III has a 50% chance of distant metastasis 
and occurs in normogastric state. Evidence for progression 
from NET to neuroendocrine carcinoma has only rarely been 
reported, and most evidence indicates that neuroendocrine 
carcinoma is distinct from NET.

Hereditary diffuse gastric cancer is known to be caused 
by germline mutation of the CDH1 gene encoding tumor 
suppressor protein E-cadherin. Heterozygous germline 
mutation of CDH1 increases the risk of developing diffuse 
gastric carcinoma and lobular breast cancer. Not all heredi-
tary diffuse gastric cancer patients have CDH1 gene muta-
tion, suggesting that the other genes may also be involved. In 
fact, CDH1 mutation is rare in Korea among the patients ful-
filling the criteria of hereditary diffuse gastric cancer [23].

The gastric adenomas, either papillary or tubular adeno-
mas, are recognized as premalignant lesions. Unlike colonic 
adenocarcinomas, which originate predominantly from ade-
noma, only minor portions of gastric cancers develop from 
adenomas. Low-grade adenoma is similar to the histology of 
low-grade colonic adenoma, and high-grade adenomas are 
characterized by cellular atypia or pronounced architectural 
disarray encompassing in situ adenocarcinomas. Gastric ade-
nomas can be also divided by gastric, intestinal, mixed, and 
unclassified using mucin expression, and gastric type adenoma 
is characterized by biologic aggressiveness and represents the 
putative precursor lesion of gastric type adenocarcinoma [24].

 Molecular Classification

A recent TCGA (The Cancer Genome Atlas) study perform-
ing the comprehensive molecular profiling of gastric cancer 
identified four different molecular subtypes: tumors positive 
for Epstein–Barr virus (EBV), microsatellite unstable 
tumors, genomically stable tumors, and tumors with chro-
mosomal instability [25].

EBV-associated gastric cancer has been shown to com-
prise about 5–10% of gastric cancers around the world. 
Histologically, gastric cancer with lymphoid stroma is char-
acterized by EBV association, but not all EBV-associated 
gastric cancer shows the typical histology. EBV-associated 
gastric cancer is predominated by the male population, and 
common in stump cancer occurring in anastomosis sites. 
Epigenetic alterations, particularly DNA methylation of the 
promoter regions of tumor suppressor genes, were demon-
strated frequently in EBV-associated gastric cancer. In fact, 
EBV-associated gastric cancer is known to show the highest 

frequency of global hypermethylation among various can-
cers. The mechanism for the extraordinary hypermethylation 
is probably host reaction to viral infection. This subgroup 
has a strong signature of interleukin 12 signaling event, 
which reflects abundant immune cell infiltration. TCGA 
study identified the critical association with signal pathways 
such as PI3K/Akt and JAK2, as well as elevated PD-L1 and 
PD-L2 expression in the EBV subtype. ARID1A mutation 
was detected in 10% of gastric cancers, and is most frequent 
in EBV-associated gastric cancer.

MSI (microsatellite instability) is a genetic alteration 
caused by inactivation of DNA mismatch repair (MMR) 
genes. TCGA study identified that patients with microsatel-
lite unstable cancers were relatively older and tended to be 
female. Microsatellite unstable cancers (MSI gastric cancer) 
have mostly intestinal histology, and show good prognosis 
and low recurrence rate. They often show an aberrant epigen-
etic pattern and MLH1 methylation is a key biomarker in this 
subtype. MSI gastric cancer frequently shows activation of 
EGFR-MAPK and PI3K pathways. It shows the highest 
mutation burden, and consequently elevated mutation rates 
of various genes including PIK3CA, ERBB3, ERBB2, and 
EGFR are noted, but amplifications of these genes are not 
recognized in this subtype. KRAS mutation and BRAF 
mutation rates are extremely low in gastric cancer; however, 
the prevalence of KRAS mutation is found most frequently 
in MSI gastric cancer. Hierarchical clustering of samples and 
pathways in TCGA study revealed several notable patterns 
such as elevated expression of mitotic network components.

Removing the EBV-positive or MSI groups, one of the 
remaining groups was distinguished by the absence of exten-
sive somatic copy-number aberrations into a genomically 
stable (GS) subtype, in which the diffuse histologic subtype 
was enriched. RHOA and CDH1 mutations and CLDN18- 
ARHGAP6 or -ARHGAP26 fusions were frequent in the GS 
subtype. Those genetic alterations are responsible for the 
poorly cohesive morphology, resistance to anoikis, and epi-
thelial–mesenchymal transition of the carcinoma cells. 
Hierarchical clustering of samples and pathways in TCGA 
study revealed that the GS subtype exhibited elevated expres-
sion of cell adhesion pathways.

The other remaining group—except EBV, MSI, and GS 
subgroups—was distinguished by the degree of aneuploidy 
into a chromosomally unstable tumor subgroup or chromo-
somal instability (CIN) subgroup. CIN gastric cancer is char-
acterized by intestinal histology and frequent p53 mutation 
(71% in TCGA). Each subtype was found throughout the 
stomach, but CIN subtype was more often noted in the EG 
junction and cardia. In the CIN subtype, many molecules 
were confirmed as emerging targets for treatment, such as 
HER2, EGFR, VEGFR, c-MET, and FGFR2. HER2 is the 
only validated biomarker in gastric cancer so far, and trastu-
zumab received regulatory approval as the first targeted drug 
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for the treatment of advanced HER2-positive gastric cancer. 
Moreover, CIN subtype has been shown to correlate with 
intestinal histologic type, consistent with a previous report 
regarding the relationship between HER2 and intestinal gas-
tric cancer. Activation of tyrosine kinase receptors resulting 
from amplification or overexpression leading to proliferation 
and antiapoptotic signals may be a new therapeutic target in 
CIN gastric cancer. In fact, a genomic study using high- 
resolution single nucleotide polymorphism (SNP) array 
revealed that 37% of gastric cancers showed amplification of 
genes involving RTK/RAS signaling (FGFR2, KRAS, 
ERBB2, EGFR, and MET) [26]. Because RTK amplification 
is a potentially druggable alteration, the predictive value of 
those alterations should be validated. However, amplification 
of FGFR2 gene or MET genes is shown to be heterogeneous 
in most cases, and only small numbers of gastric cancer are 
homogeneously amplified [27]. Therefore, it is questionable 
whether most of the amplified cases are addicted to those 
oncogenes or not.

A whole-genome sequencing study revealed the previ-
ously well-known mutations such as TP53 mutation in CIN 
cancers, ARID1A mutation in EBV cancers, and CDH1 
mutation in GS cancers, and additional driver mutation of 
MUC6, CTNNA2, GLI3, RNF43, etc. [28]. However, the 
prognostic significance of mutation of an individual gene is 
not well characterized. In contrast, a genome-wide DNA 
methylation profile revealed that alteration of methylation of 
GFRA1, SRF, and ZNF382 genes is associated with metasta-
sis and overall survival. It is suggested that the thorough 
sequencing of gastric cancer may not be sufficient to charac-
terize or classify gastric cancer for clinical purpose.

Cristescu classified Asian gastric cancer into four groups 
using principal component analysis: MSI, MSS/EMT, MSS/
TP53+, and MSS/TP53− [29]. The MSI group overlaps with 
that in TCGA classification, and the MSS/EMT group 
includes most of the genomically stable (GS) tumors in 
TCGA. This ACRG classification is well correlated with the 
prognosis that the MSI group showed the best outcome, and 
the MSS/EMT group showed the worst outcome. The clini-
cal significance is validated in other cohorts, such as TCGA 
or Singapore data. In spite of the introduction of several 
molecular classifications using whole-genome scale data, 
translation of this information into daily clinical practice is 
still very slow. Integration of knowledge from diverse disci-
plines with high-throughput data might be needed to achieve 
the successful molecular typing for the clinical application.

 Diagnosis, Preoperative Evaluation, 
and Screening

Gastric cancer has diverse symptoms according to the sever-
ity of the disease. The patient is usually asymptomatic in the 
early stage, but can have various symptoms such as indiges-

tion, epigastric pain, nausea, and vomiting in the advanced 
stage. Although melena, hematemesis, epigastric mass, and 
weight loss also can be presented, the symptoms are not spe-
cific for the diagnosis of gastric cancer.

Upper gastrointestinal endoscopy is the first choice of 
modality for the diagnosis of gastric cancer in suspicious 
cases. Histopathologic evaluation with a biopsy is mandatory 
for the confirmation of gastric cancer in a suspicious case. 
The irregular mucosal erosion, ulcer, and nodular change are 
the main endoscopic findings of early gastric cancer. The 
abnormal changes of converging folds in gastric cancer 
include abrupt cutting, clubbing, fusion, and dam formation. 
Mass formation, decreased distensibility, irregular deep ulcer, 
and diffuse fold thickening are the hallmarks of advanced 
gastric cancer (AGC). If the initial biopsy does not reveal the 
evidence of malignancy in suspicious cases for cancer, re-
biopsy is mandatory for the histologic confirmation.

Upper radiographic study with double-contrast using bar-
ium is also useful for screening of gastric cancer. In cases of 
suspicious malignancy, histopathologic confirmation is 
indispensable by biopsy using endoscopy.

After confirmation of cancer by histopathology, staging 
workup is mandatory. Current standard staging modalities 
include abdomen computerized tomography (CT), endo-
scopic ultrasonography (EUS), magnetic resonance imaging 
(MRI), and positron emission tomography (PET)/CT.

CT has become a representative imaging tool for the stag-
ing of gastric cancer, and showed increased diagnostic accu-
racy of the tumor (T) and node (N) staging with 3-dimensional 
(3D) reconstruction and isotropic volumetric imaging [30]. 
EUS can be useful for the evaluation of the depth of tumor 
invasion (T staging), and may give additional information 
whether the lesion can be a candidate for endoscopic resec-
tion in the early stage. However, EUS did not substantially 
impact on pretreatment T staging for early gastric cancer 
compared with conventional white light endoscopy, and may 
not be routinely necessary to decide the modality of curative 
resection [31].

PET/CT can be useful to detect unexpected distant metas-
tasis, but is not recommended routinely for limited sensitiv-
ity [32]. MRI can be useful for the differential diagnosis of 
suspicious metastatic lesions in the liver [33].

Population-based screening of gastric cancer has been 
performed in Korea and Japan where the prevalence of gas-
tric cancer is high. Upper endoscopy or barium study has 
been the main modality for cancer screening, which has the 
advantage of early detection of cancer in the area where the 
prevalence of the disease is high. Sensitivity and specificity 
of mass screening was 96% and 85% in endoscopy, and 89% 
and 86% in barium study, respectively [34, 35]. In Korea and 
Japan, the proportion of early-stage cases is more than 50% 
at the time of diagnosis of gastric cancer with widespread 
cancer screening. The screening interval is recommended 
every 2 years for ages 40–74 in Korea [36].
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 Endoscopic Treatment of Early Gastric 
Cancer

Endoscopic resection has been a curative modality for early 
gastric cancer (EGC) in indicated cases with negligible risk 
of metastasis. Since endoscopic resection has just started for 
polypoid-type EGC, endoscopic submucosal dissection 
(ESD) has become a standard modality for endoscopic resec-
tion for EGC with progress of endoscopic accessories and 
techniques. ESD enables the complete en-bloc resection irre-
spective of tumor size, shape, or location. The most impor-
tant advantage of ESD is to preserve the normal function of 
the stomach with the maintenance of the quality of life with-
out the sacrifice of survival.

Conventional indications for endoscopic resection for 
EGC in the era before the development of ESD were: (1) dif-
ferentiated adenocarcinoma confined to the mucosa, (2) ele-
vated type ≤ 2 cm, and (3) depressed type without ulcer ≤ 
1 cm because the complete resection was not possible beyond 
conventional indication [37]. As the complete en-bloc resec-
tion has been possible in most cases by ESD, the indication 
has been expanded by the risk of lymph node metastasis. By 
the risk factors of lymph node metastasis such as tumor size, 
differentiation, depth of tumor invasion, and lymphovascular 
tumor invasion, the current expanded criteria of endoscopic 
resection of EGC with negligible risk of lymph node metasta-
sis have been proposed as follows: (1) differentiated mucosal 
cancer without ulcer irrespective of size, (2) differentiated 
mucosal cancer with ulcer ≤ 3 cm, (3) undifferentiated muco-
sal cancer ≤ 2 cm, and (4) differentiated submucosal cancer 
≤ 500 μ(mu)m depth of tumor invasion (sm1) ≤ 3 cm in size 
without lymphovascular invasion [38]. The expanded criteria 
are not the indications by pretreatment diagnosis, but the 
pathologic criteria of curative resection with negligible risk of 
lymph node metastasis by the mapping result after ESD.

Complete resection should be confirmed with the histo-
pathologic mapping. If the final result of mapping shows 
negative tumor margins within the expanded criteria, it can be 
considered to achieve complete resection. If the tumor margin 
shows the positive result within the expanded criteria, resid-
ual tumor may exist around the resected margin of the stom-
ach. However, residual tumor does not always exist even with 
incomplete resection because of a false-positive result of 
mapping or cautery effect that ablates residual tumor around 
the margin of the stomach [39]. As there can be no residual 
tumor in spite of incomplete resection in the mapping, close 
endoscopic follow-up rather than immediate additional resec-
tion is recommended for the detection of residual tumor. The 
additional endoscopic or surgical resection is inevitable for 
the case of residual tumor during follow-up.

If the final mapping shows the lesion beyond expanded 
criteria irrespective of tumor margin, the risk of lymph node 
metastasis cannot be neglected. Therefore, additional surgi-
cal resection with regional lymph node dissection is needed 

in cases beyond expanded criteria irrespective of complete 
resection.

Regular follow-up is needed after complete resection to 
detect synchronous or metachronous tumor development. 
The rate of synchronous and metachronous tumor develop-
ment is about 5% during 3-year follow-up [40]. The risk fac-
tors of synchronous or metachronous tumor development 
were absence of H. pylori, lower third location, mucosal 
atrophy, and intestinal metaplasia. It has been a controversy 
whether H. pylori eradication could reduce metachronous 
tumor development after endoscopic resection of early gas-
tric cancer [41, 42].

Complete resection was achieved in 96.1% for conven-
tional indication and 92.5% for expanded criteria [43]. 
Lymph node metastasis has developed in 0.6% of cases dur-
ing long-term follow-up. Five-year survival after endoscopic 
resection of early gastric cancer was 96.6% for conventional 
indication and 94.2% for expanded criteria, and disease-free 
survival rate was 100% and 99.3%, respectively, which 
showed favorable long-term clinical outcomes and was not 
inferior to those after surgical resection.

 Surgery

 Lymphadenectomy

One of the important issues for gastric cancer surgery in the 
1970s and 1980s was the extent of lymph node dissection. 
The role of adjuvant chemotherapy after radical gastrec-
tomy predominated in the 1990s, followed by so-called 
minimal access surgery in the 2000s. Regarding lymphade-
nectomy, there have been historical differences of opinion 
about the extent of lymphadenectomy between the East and 
the West. In the East, radical gastrectomy with extensive 
lymphadenectomy (D2 lymph node dissection, Fig. 5.1a, b) 
is considered as the standard of care for most operable gas-
tric cancers [44].

As presented in lymph node (LN) metastasis data from 
Seoul National University Hospital (SNUH), the probabil-
ity of LN metastasis increases according to T stage 
(Fig. 5.2). As the depth of invasion increases, lymph node 
metastasis expands from N1 area to N2 (defined by 
Japanese classification of gastric carcinoma) [45]. These 
data would explain that if only D1 dissection is done for 
regionally advanced gastric cancer, there will be high local 
recurrence and can be benefited by radiotherapy and that is 
why local recurrence is very low in Korea or Japan where 
D2 dissection even without additional radiotherapy is 
common practice.

To compare the effectiveness of D1 and D2 lymphade-
nectomy, a few randomized clinical trials (RCTs) were 
conducted. Among them, the MRC and Dutch trials showed 
significantly higher morbidity and mortality, and similar 
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5-year survival rates after D2 lymphadenectomy [46, 47]. 
However, these outcomes were significantly worse than 
those from previous Eastern institutes that believed in the 
role of D2 lymphadenectomy. In addition, a recently con-
ducted randomized clinical trial from Italy described that 
D2 lymph node dissection could be a better treatment 
choice for advanced gastric cancer [48]. Recent systemic 
review analyzing long-term survival differences after gas-
trectomy in randomized clinical trials reported association 
between gastrectomy performed in the East, improved 
5-year survival (pooled odds ratio 4.83, 95% C.I. 3.27–
7.12) and reduced cancer recurrence (pooled OR 0.33, 95% 
C.I. 0.2–0.54) even after adjustment for confounding fac-
tors [49]. This study suggested that the difference of surgi-

cal principle or strategy between the East and West could 
be a potential explanation for such prognostic discrepancy. 
In addition, the Dutch trial group finally reported their 
long-term results that D2 lymphadenectomy is associated 
with lower locoregional recurrence and gastric cancer-
related deaths than D1 lymphadenectomy [50]. Also, 
according to the final comments from a principal investiga-
tor of the MRC trial, suggestion for D1 gastrectomy instead 
of D2 reflects the failure of the Western surgical commu-
nity and the results of the MRC trial are no longer a sustain-
able argument against D2 gastrectomy in modern surgery 
for invasive gastric cancer [51].

It is important not only to do proper D2 lymphadenec-
tomy for advanced gastric cancer, but it is also important to 

a

b

Fig. 5.1 Extent lymph node 
dissection for gastric cancer 
(JGCA guideline 2011). (a) 
Distal gastrectomy. (b) Total 
gastrectomy
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evaluate the metastasis status of the resected lymph nodes in 
the surgical specimen. A previous study reported that opti-
mal staging after D2 lymph node dissection combined with 
surgical ex vivo dissection resulted in all patients with >16 
examined lymph nodes, and the D2 LN dissection group 
showed significant better overall survival than the D1 LN 
dissection group [52]. These differences in the extent of 
lymph node dissection in patients and ex vivo dissection of 
specimens may cause different outcomes of gastric cancer 
patients between the East and the West. According to the sev-
enth AJCC TNM classification, 5-year survival rate at each 
stage among Korea [53], Japan [54], the United States (SEER 
data 1973–2005 diagnosed in 1991–2000), and China [55] is 
as follows: 95.1%, 94.2%, 70.8%, 88.5% for stage Ia, 84.0%, 
80.8%, 45.5%, 71.5% for stage IIa, 71.7%, 69.6%, 32.8%, 
66.8% for stage IIb. Especially for stage IIIa, the 5-year sur-
vival rate in Korea is 58.4%, whereas SEER data show 
19.8%.

 Minimal Access Surgery

Laparoscopic gastrectomy for gastric cancer was first 
reported in 1994 and rapidly adopted in Japan and Korea—in 
both countries early gastric cancer is dominant [56]. The 
advantages of minimally invasive surgery have been known 
as less operative pain, better cosmesis, less inflammatory 

reaction, rapid recovery of bowel function, shorter hospital 
stay or rapid return to social activity. To prove operative and 
oncologic safety, several randomized clinical trials compared 
the outcome between laparoscopic-assisted distal gastrec-
tomy (LADG) and open distal gastrectomy (ODG) 
(Table  5.1). The Korean Laparoscopic Gastrointestinal 
Surgery Study Group (KLASS) conducted a large-scale 
multi-institutional prospective randomized controlled trial 
(KLASS-01) for early-stage cancer to compare laparoscopic 
gastrectomy and open gastrectomy. In the KLASS-01 trial, 
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Fig. 5.2 Lymph node (LN) metastasis according to LN station and tumor (T) stage (lower third)

Table 5.1 Randomized clinical trials comparing laparoscopic-assisted 
distal gastrectomy (LADG) and open distal gastrectomy (ODG) in early 
gastric cancer

LADG ODG
Morbidity Mortality Morbidity Mortality

Kitano 
et al.

14.3% 
(2/14)

00.0% 
(0/14)

28.6% 
(4/14)

0.0% 
(0/14)

Huscher 
et al.

26.7% 
(8/30)

03.3% 
(1/30)

31.0% 
(9/29)

6.9% 
(2/29)

Hayashi 
et al.

14.3% 
(2/14)

14.3% 
(2/14)

42.9% 
(6/14)

0.0% 
(0/14)

JH Lee 
et al.

12.5% 
(3/24)

00.0% 
(0/24)

43.5% 
(10/23)

0.0% 
(0/23)

YW Kim 
et al.

00.0% 
(0/82)

00.0% 
(0/82)

04.9% 
(4/82)

0.0% 
(0/82)

HH Kim 
et al.

09.5% 
(17/179)

01.1% 
(2/179)

14.9% 
(24/161)

0.0% 
(0/161)
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the overall complication rate was significantly lower in lapa-
roscopic gastrectomy than in open gastrectomy (13.0% vs. 
19.9%, P = 0.001) [57, 58].

For stage II or III advanced cancer, laparoscopic gastrec-
tomy with D2 lymph node dissection is required, which is a 
technically demanding and time-consuming procedure. 
LADG for AGC has been performed by a few institutes, and 
reported as 11.3–23.0% of morbidity and 0.8–6.0% of mor-
tality (Table 5.2).

The KLASS group reported long-term, large-scale, case- 
controlled, and case-matched results of laparoscopic gastrec-
tomy for gastric cancer [59]. According to these data, the 
5-year survival rate of each stage II and III between LADG 
and ODG was not significantly different. Based on this 
promising retrospective experience, several nationwide mul-
ticenter phase III randomized clinical trials have been 
launched (Table 5.3). Among them, KLASS 02 and CLASS 
01 finished their patient enrollment in 2015. These random-
ized clinical trials (RCTs)—including KLASS, CLASS, and 
Japanese—will provide level 1 evidence for the long-term 

oncologic outcome of laparoscopic gastrectomy for gastric 
cancer.

 Reduction Surgery

For stage IV gastric cancer, the role of reduction surgery for 
M1 gastric cancer has been controversial. A few retrospective 
studies from the East suggested possible survival benefit of 
gastrectomy in patients with minimal non-curable factors. To 
evaluate the survival benefit and safety of gastrectomy plus 
chemotherapy compared to chemotherapy alone in clinical 
stage IV gastric cancer with a single non-curable factor, an 
international intergroup study was performed among the Japan 
Clinical Oncology Group (JCOG), the Korean Gastric Cancer 
Association (KGCA), and NUSH (REGATTA trial). The pri-
mary endpoint was overall survival. The planned sample size 
was 300 patients in total. Between February 2008 and August 
2013, 175 patients (95 in Japan and 80 in Korea) were ran-
domized. The 2-year survival rate was 25.7% (95% CI = 15.7–

Table 5.2 Randomized clinical trial comparing laparoscopic-assisted distal gastrectomy (LADG) and open distal gastrectomy (ODG) in advanced 
gastric cancer

Morbidity Mortality Survival
LADG ODG LADG ODG LADG ODG

Ziqiang et al. (China) 13.6% (6/44) 20.7% (12/58) 0% 3.4% (2/58)
Huscher et al. (Italy) 23% (23/100) 6% (6/100) 59% (5 years)
H Hur et al. (Korea) 15.4% (4/26) 16.0% (4/25) 0 0 88.2% (3-year 

overall)
77.2% (3-year 
overall)

SI Hwang et al. (Korea) 15.6% (7/45) 12.0% (10/83) 2.2% (1/45) 1.2% (1/83)
J Shuang et al. (China) 5.7% (2/35) 8.6% (3/35) . . Median 36.5 months Median 38.5 months
A Hamabe et al. (Japan) 24.2% (16/66) 22.8% (23/101) . . 89.6%

(5-year RFS)
75.8%
(5-year RFS)

AC Gordon et al. 
(Japan)

13.6% (9/66) 25.0% (31/32) 0% 0% 68.6%(IIIa)
65.0% (IIb)

70.5% (IIIa)
67.7% (IIb)

RFS recurrence-free survival

Table 5.3 Nationwide multicenter randomized clinical trials comparing laparoscopic-assisted distal gastrectomy (LADG) and open distal gas-
trectomy (ODG) in the East

cStage I AGC
KLASS 01
(NCT00452751)

JCOG 0912 KLASS 02
(NCT01456598)

JLSSG 0901 CLASS 01
(NCT01609309)

Phase III III III II/III III
Comparison LADG vs. ODG LADG vs. ODG LADG vs. ODG LADG vs. ODG LADG vs. ODG
Inclusion criteria cStage I cStage I cT2/T3/T4a

cN0-1
cT2/T3/T4a
cN0-2

cT2/T3/T4a
cN0-3

Sample size 1400 920 1050 500 1056
Enrollment 
period

2006–2010 2010- 2011- 2010- 2012-

Primary endpoint 5-year DFS 5-year OS 3-year DFS II: anastomosis leakage or pancreas fistula
III: RFS

3-year DFS

KLASS Korean Laparoscopic Gastrointestinal Surgery Study Group, JCOG Japan Clinical Oncology Group, JLSSG Japanese Laparoscopic 
Surgery Study Group, CLASS Chinese Laparoscopic Gastrointestinal Surgery Study Group, DFS disease-free survival, OS overall survival, RFS 
recurrence-free survival

Y.-J. Bang et al.



81

36.9%) with gastrectomy plus chemotherapy and 31.4% (95% 
CI = 20.4–42.9%) with chemotherapy alone, at which point 
the JCOG Data and Safety Monitoring Committee (DSMC) 
recommended early termination of the trial based on the over-
all futile effect. This study concluded that gastrectomy fol-
lowed by chemotherapy has no survival benefit over 
chemotherapy alone for AGC patients with a single non-cur-
able factor. Gastrectomy was safely performed with no mor-
tality but associated with an increase of late adverse events and 
morbidities. Gastrectomy was associated with more frequent 
and severe chemotherapy-related adverse effects, especially 
for U lesion or total gastrectomy. Because of a tendency for 
overall survival benefit in distal gastric cancer, a second study 
only in patients with distal gastric cancer can be considered.

Peritoneal recurrence, one of the most common findings 
in stage IV gastric cancer, is considered due to implantation 
of free intraperitoneal cancer cells exfoliated from the tumor 
before and during primary surgery. A previous study using 
ex  vivo washing samples of resected stomach with gastric 
cancer revealed that free cancer cells can be released from 
the gastric lumen or lymphovascular pedicles opened during 
gastric cancer surgery, especially in advanced-stage disease 
[60]. Another clinical observational study also demonstrated 
that extensive intraoperative peritoneal lavage (EIPL) fol-
lowed by intraperitoneal chemotherapy (IPC) significantly 
improved the 5-year survival rate of advanced gastric cancer 
patients with intraperitoneal free cancer cells without overt 
peritoneal metastasis (43.8% for EIPL-IPC, 4.6% for IPC, 
0% for surgery alone, P < 0.0001) [61]. Based on this experi-
ence, a randomized clinical trial evaluating survival out-
comes after curative gastrectomy between an EIPL group 
and standard lavage group is ongoing (EXPEL trial, 
NCT02140024). The planned sample size is 800 in total, and 
the primary endpoint is 3-year overall survival.

 Function Preserving Surgery

Pylorus-preserving gastrectomy (PPG), which was initially 
introduced for benign peptic gastric ulcers, has been used as 
an optional treatment for middle-third early gastric cancer 
(EGC) [62]. PPG has been known to have functional advan-
tages including nutritional benefit, lower incidence of dump-
ing syndrome, bile reflux, or gallstone formation [63–65]. 
According to the Japanese gastric cancer treatment guide-
lines revised in 2010, PPG can be used for cT1cN0 gastric 
cancer in the middle portion of the stomach with the distal 
tumor border at least 4 cm proximal to the pylorus1. In terms 
of lymph node metastasis and survival, several retrospective 
studies showed that laparoscopy-assisted PPG (LAPPG) 
could be a safe operation with satisfactory postoperative 
long-term outcomes (overall 3YSR = 97.8% and disease- 
specific 3YSR = 99.3%) [66–68]. In order to prove the 

advantage of LAPPG for middle-third early gastric cancer, 
the KLASS-04 trial comparing the quality of life between 
LAPPG and LADG has been started in 2015. The planned 
sample size is a total of 256, and the primary endpoint is the 
incidence of dumping syndrome, assessed by Sigstad score 
at postoperative 1 year [69].

 Robotic Surgery

Robot-assisted surgery is a laparoscopic surgery using artic-
ulating robotic instruments. Compared to conventional lapa-
roscopic surgery, robotic surgery has some benefits such as 
increased degree of freedom of robotic arms, scaled maneu-
ver of the instruments, a steady camera platform, and filtra-
tion of resting tremor of surgeon’s hand. Several reports 
about robotic surgery for gastric cancer suggest comparable 
short-term morbidity and oncologic outcomes compared 
with laparoscopic gastrectomy [70, 71]. However, the con-
crete advantage of robotic surgery for the patient still remains 
elusive in terms of the similar number of trocars, longer 
operation time, negligible difference in blood loss, similar 
surgical stress, and much higher cost [72, 73]. To investigate 
the role of robotic gastrectomy for gastric cancer, the Korean 
Robot Gastrectomy Study Group conducted a multicenter 
retrospective and prospective, case-matched clinical trial 
comparing robotic versus laparoscopic gastrectomy for EGC 
from 2010. Enrollment of 400 patients (200 in each group) 
was finished in 2012. This trial reported their short-term out-
come in 2015 that robotic gastrectomy is not superior to 
laparoscopic gastrectomy in terms of perioperative surgical 
outcomes including morbidity, mortality, blood loss, and 
length of hospital stay, in spite of significantly longer opera-
tion time and higher total cost compared to laparoscopic gas-
trectomy [74]. But as technologies are developing rapidly, 
new devices are coming to take advantage of robot technol-
ogy, and evaluation through clinical trials is undergoing.

 Systemic Treatment

 Adjuvant Treatment

In order to improve the cure rate of resectable gastric cancer, 
several treatment strategies have been evaluated. These 
include postoperative or adjuvant chemotherapy, adjuvant 
chemoradiotherapy, and perioperative chemotherapy [75].

 Adjuvant Chemoradiotherapy
Chemoradiotherapy after surgery was tested in three phase 
III trials. Two studies compared chemoradiotherapy with 
surgery alone and the other compared chemoradiotherapy 
with adjuvant chemotherapy.
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The Intergroup 0116 (SWOG9008/INT0116) trial 
enrolled 559 gastric cancer patients with ≥ T3 and/or node- 
positive patients who received R0 surgery and randomized 
to observation (n = 227) or chemoradiotherapy (n = 282) 
[76]. In the chemoradiotherapy arm, fluorouracil (FU) and 
leucovorin were administered before, during, and after radi-
ation (4500 cGy). According to 10-year follow-up data, 
overall survival and relapse-free survival are continuously 
benefited by chemoradiotherapy compared to observation 
[77]. Overall survival was 35 months and 27 months, respec-
tively (hazard ratio [HR]: 1.32; 95% confidence interval 
[CI] 1.10–1.60; P = 0.0046) and relapse-free survival was 
27 months and 19 months, respectively (HR: 1.51; 95% CI 
1.25–1.83; P < 0.001). Among the enrolled patients, D2 sur-
gery was performed in only 10% of the population. More 
than 50% of patients received D0 resection and 36% 
received D1 resection. The locoregional relapse was reduced 
from 47% in the observation arm to 24% in the radiotherapy 
arm. This study suggests the radiotherapy might compen-
sate for inadequate surgery.

The CALGB80101 trial was conducted after following 
the scheme of INT0116 [78]. This trial used adjuvant chemo-
radiotherapy with FL (5-FU/leucovorin) as the reference arm 
and investigated the efficacy of chemoradiotherapy with 
ECF (epirubicin + cisplatin +5-FU)—1 cycle of ECF (E 50 
mg/m2 on day 1, C 60 mg/m2 on day 1, and 5-FU 200 mg/m2/
day CI on days 1–21) followed by 45 Gy (1.8 Gy/day) and 
concurrent 5-FU (200 mg/m2/day CI throughout RT), fol-
lowed by 2 cycles of a reduced dose of ECF (E 40 mg/m2 on 
day 1, C 50 mg/m2 on day 1, and 5-FU 200 mg/m2/day CI on 
days 1–21). The overall survival of the FL arm and the ECF 
arm were similar (37 months and 38 months, respectively; 
HR: 1.03; 95% CI: 0.80–1.34; P = 0.80). Thus, this study 
suggests that the intensification of chemotherapy during 
adjuvant radiotherapy might not be beneficial. Furthermore, 
the administration of 3 cycles of ECF is inadequate to alter 
the outcomes.

The role of adjuvant chemoradiotherapy after D2 surgery 
was explored in the Adjuvant Chemoradiation Therapy in 
Stomach Cancer (ARTIST) trial [79]. In this study, the refer-
ence arm was not surgery alone, but adjuvant chemotherapy 
(capecitabine + cisplatin 6 cycles). A total of 458 patients 
were randomized to the adjuvant chemotherapy arm or the 
adjuvant chemoradiotherapy arm (capecitabine + cisplatin 
for 2 cycles followed by capecitabine during radiotherapy, 
then capecitabine + cisplatin for 2 cycles). The majority 
(75%) of the adjuvant chemotherapy arm and 82% of the 
adjuvant chemoradiotherapy arm completed the scheduled 
treatment. The 3-year disease-free survival rate, the primary 
endpoint of the study, was 78% in the adjuvant chemother-
apy arm and 74% in adjuvant chemoradiotherapy arm (P = 
0.0862). After 7-year follow-up, the overall survival (HR 
1.130, P = 0.5272) and disease-free survival (HR 0.740, P = 

0.0922) were similar between two arms [80]. Therefore, the 
addition of radiotherapy to adjuvant chemotherapy might not 
be beneficial after D2 surgery.

 Perioperative or Neoadjuvant Chemotherapy
In the Medical Research Council Adjuvant Gastric Infusional 
Chemotherapy (MAGIC) trial, 503 patients with gastric can-
cer, gastroesophageal junction cancer, or esophageal cancer 
were randomized to the surgery alone or the perioperative 
chemotherapy [81]. The perioperative chemotherapy arm 
received three preoperative cycles of ECF (epirubicin + cis-
platin + 5-FU) and three postoperative cycles of ECF. The 
5-year survival rate was 23% and 36% in the surgery-alone 
arm and the perioperative chemotherapy arm, respectively 
(HR: 0.75; 95% CI: 0.60–0.93; P = 0.0009). In this trial, 
approximately 25% of enrolled patients had esophageal or 
gastroesophageal junction cancers, and 26.5% of the patients 
underwent an esophagectomy. D2 surgery was performed on 
68% of patients [82].

In the Fédération Nationale des Centres de Lutte contre le 
Cancer (FNCLCC) and Fédération Francophone de 
Cancérologie Digestive (FFCD) trial, 224 patients with resect-
able adenocarcinoma of stomach, gastroesophageal junction, 
and lower esophagus were randomized to the surgery alone or 
the perioperative chemotherapy (5-FU + cisplatin, total 6 
cycles) [83]. The 5-year survival rate was 38% in the chemo-
therapy arm and 24% in the surgery-alone arm (HR: 0.69; 
95% CI: 0.50–0.95; P = 0.02). Approximately 50% of the 
patients received transthoracic or transhiatal esophagectomy.

 Adjuvant Chemotherapy
The Adjuvant Chemotherapy Trial of TS-1 for Gastric 
Cancer (ACTS-GC) enrolled 1059 patients with stage II or 
III (based on Japanese staging system) gastric cancer after 
D2 resection [84]. The used adjuvant chemotherapy was S-1 
(tegafur, gimeracil, and oteracil, 80 to 120 mg per day) with 
4 weeks/2  weeks on/off schedule for 12 months. After 5 
years of follow-up, the overall survival rate at 5 years was 
higher in the S-1 arm (71.7%) than that of the surgery-alone 
arm (61.1%) (HR: 0.669; 95% CI: 0.540–0.828) [85]. 
However, in the subgroup analysis of ACTS-GC, the benefit 
of adjuvant S-1 was compromised in stage IIIB (HR: 0.855; 
95% CI: 0.510–1.431) and stage IV (HR: 0.784; 95% CI: 
0.422–1.458) based on the UICC 6th staging system. 
Therefore, this study suggested further investigation was 
indicated in order to improve the prognosis of this 
population.

The Capecitabine and Oxaliplatin Adjuvant Study in 
Stomach Cancer (CLASSIC) trial investigated the benefit of 
combination chemotherapy of XELOX (capecitabine and 
oxaliplatin) compared to surgery alone in stage II or III gastric 
cancer patients after D2 surgery [86]. The XELOX regimen 
was composed of capecitabine 2000 mg/m2/day for 14 days 
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and oxaliplatin 130 mg/m2 on day 1, which was repeated every 
3 weeks for 8 cycles. After 34 months of follow-up, the 3-year 
disease-free survival (the primary endpoint) was 74% in the 
XELOX arm and 59% in the surgery-alone arm (HR: 0.56; 
95% CI: 0.44–0.72; P < 0.0001). Furthermore, these benefits 
were observed across all stages; the HRs for disease- free sur-
vival were 0.55 (95% CI: 0.36–0.84), 0.57 (95% CI: 0.39–
0.82), and 0.57 (95% CI: 0.35–0.95) in stage II, IIIA, and IIIB, 
respectively. After 5-year follow-up, 5-year disease- free sur-
vival was 68% (95% CI 63–73) in the XELOX arm versus 
53% (47–58) in the surgery-alone arm. Estimated 5-year over-
all survival was 78% (95% CI 74–82) in the XELOX arm ver-
sus 69% (64–73) in the surgery-alone arm [87].

Taken together, gastric cancer patients who received D2 
curative resection or good quality surgery get the definite 
survival benefit by postoperative adjuvant chemotherapy.

 Palliative Chemotherapy

 Cytotoxic Chemotherapy
Palliative cytotoxic chemotherapy has shown the survival 
benefit compared with best supportive care in unresectable 
advanced gastric cancer patients [88]. Analysis of chemo-
therapy versus best supportive care (HR = 0.39; 95% CI, 
0.28–0.52) and combination versus single agent, mainly 
fluorouracil- based chemotherapy (HR = 0.83; 95% CI = 
0.74–0.93), showed significant overall survival benefits in 
favor of chemotherapy and combination chemotherapy, 
respectively. With the introduction of new agents—including 
capecitabine, S-1, paclitaxel, docetaxel, and irinotecan—to 
improve the overall survival of gastric cancer patients, vari-
ous regimens have been tested in phase III studies.

The V325 phase III study compared the DCF (docetaxel, 
cisplatin, 5-FU) with CF (cisplatin, 5-FU) as first-line ther-
apy for advanced gastric cancer [89]. A total of 455 patients 
were enrolled and the overall survival was longer in the DCF 
arm (9.2 months vs 8.6 months, HR 0.77, P = 0.02). However, 
grade 3/4 adverse events occurred more frequently in the 
DCF arm (69% vs 59%). Grade 3/4 neutropenia (82% vs 
57%), diarrhea (19% vs 8%), lethargy (19% vs 14%), and 
complicated neutropenia (29% vs 12%) were more common 
in the DCF arm. Therefore, this regimen is not as popular as 
its original dose and schedule because of toxicity.

Another phase III compared irinotecan/5-FU/leucovorin 
to 5-FU/cisplatin in chemotherapy-naïve 333 gastric or gas-
troesophageal junction cancer patients [90]. The overall sur-
vival, time to progression, and overall response rates were 
similar between two arms (9.0 months vs 8.7 months: 5.0 
month vs 4.2 months; 31.8% vs 25.8%).

The S-1 Plus Cisplatin versus S-1 in RCT in the Treatment 
for Stomach Cancer (SPIRITS) study was a phase III trial 
comparing S-1 monotherapy versus S-1 plus cisplatin as 

first-line treatment for advanced gastric cancer [91]. A total 
of 305 patients were enrolled. The overall survival was sig-
nificantly longer in the S-1/Cisplatin arm (13.0 months vs 
11.0 months, HR 0.77, P = 0.04) and progression-free sur-
vival was also improved in S-1/Cisplatin arm (6.0 months vs 
4.0 months, P < 0.0001). Grade 3/4 adverse events—includ-
ing leucopenia, neutropenia, anemia, nausea, and anorexia—
were more frequently observed in the combination arm.

The First-Line Advanced Gastric Cancer Study (FLAGS) 
was a phase III trial to compare S-1/Cispatin with infusional 
5-FU/Cisplatin in non-Asian patients [92]. One thousand 
fifty-three patients were enrolled in this study. The overall 
survival was similar between two arms (8.6 months vs 7.9 
months, HR 0.92, P = 0.20). The safety profile favored the 
S-1/Cisplatin arm. Grade 3/4 neutropenia (32.3% vs 63.6%), 
complicated neutropenia (5.0% vs 14.4%), stomatitis (1.3% 
vs 13.6%), and treatment-related death (2.5% vs 4.9%) were 
all less frequent in the S-1/Cisplatin arm.

The Randomized ECF for Advanced and Locally 
Advanced Esophagogastric Cancer 2 (REAL-2) study was a 
2-by-2 design, randomized trial to compare the capecitabine 
with infusional 5-FU and oxaliplatin with cisplatin in esoph-
agogastric cancer [93]. A total of 1002 patients were ran-
domized to ECF (epirubicin/cisplatin/5-FU), ECX 
(epirubicin/cisplatin/capecitabine), EOF (epirubicin/
oxaliplatin/5-FU), and EOX (epirubicin/oxaliplatin/
capecitabine) arms. For the capecitabine-5-FU comparison, 
the HR for death in the capecitabine group was 0.86 (95% 
CI, 0.80–0.99); for the oxaliplatin–cisplatin comparison, the 
HR for the oxaliplatin group was 0.92 (95% CI, 0.80–1.10). 
The overall survival in the ECF, ECX, EOF, and EOX groups 
were 9.9 months, 9.9 months, 9.3 months, and 11.2 months, 
respectively. Progression-free survival and response rates did 
not differ significantly among the regimens. Therefore, 
capecitabine and oxaliplatin are as effective as fluorouracil 
and cisplatin, respectively, in patients with previously 
untreated esophagogastric cancer.

The ML17032 study was a randomized phase III noninfe-
riority trial to compare capecitabine/cisplatin (XP) with 
5-FU/cisplatin (FP) as first-line treatment for advanced gas-
tric cancer [94]. A total of 316 patients were enrolled and the 
primary endpoint was to confirm noninferiority of XP versus 
FP for progression-free survival. The progression-free sur-
vival was 5.6 months and 5.0 months in the XP and FP arms, 
respectively. The primary endpoint was met with an unad-
justed HR of 0.81.

The JCOG9912 study was a randomized phase III trial to 
compare 5-FU versus irinotecan plus cisplatin versus S-1 in 
metastatic gastric cancer [95]. The overall survival was 10.8 
months, 12.3 months, and 11.4 months in the 5-FU, irinote-
can/cisplatin, and S-1 arms, respectively. S-1 was non- 
inferior to 5-FU. The irinotecan and cisplatin combination 
was not superior to 5-FU.
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The French intergroup study was a randomized phase III 
trial to compare ECX (epirubicin, cisplatin, and capecitabine) 
with FOLFIRI (fluorouracil, leucovorin, and irinotecan) as 
first-line treatment for advanced gastric or gastroesophageal 
junction adenocarcinoma [96]. A total of 416 patients were 
enrolled. The primary endpoint was a time-to-treatment fail-
ure, which was significantly longer with FOLFIRI than with 
ECX (5.1 vs 4.2 months; P = 0.008). There was no signifi-
cant difference between the 2 groups in progression-free sur-
vival (5.3 months v 5.8 months, P = 0.96) and overall survival 
(9.5 months vs 9.7 months, P = 0.95). FOLFIRI was better 
tolerated (overall rate of grade 3/4 toxicity, 69% vs 84%; P < 
0.001; hematologic adverse events, 38% vs 64.5%; P < 
0.001). This study suggested that the role of anthracycline in 
gastric cancer is suspicious.

With those evidence, the two drug combination regimens 
composed of fluoropyrimidine and platinum are most widely 
used as first-line treatment of advanced gastric and gastro-
esophageal junction cancer across the regions.

 Second-Line Chemotherapy
The benefit of second-line chemotherapy in advanced gastric 
cancer has been proven by several phase III studies.

A Korean phase III study compared second-line chemo-
therapy with best supportive care (BSC) in patients with 1 or 
2 prior chemotherapy regimens involving both fluoropyrimi-
dines and platinum [97]. Second-line chemotherapy was 
chosen by the investigator’s discretion between docetaxel 
and irinotecan. The overall survival was improved by che-
motherapy (5.3 months vs 3.8 months, HR 0.657, P = 0.007). 
The adverse events were similar in the chemotherapy arm 
and the best supportive care arm.

The COUGAR-02 study was a phase III trial to compare 
the efficacy of docetaxel compared with active symptom 
control in patients who had progressed on or within 6 months 
of first-line treatment [98]. A total of 168 patients were 
enrolled. The overall survival, the primary endpoint, was sig-
nificantly prolonged by docetaxel (5.2 months vs 3.6 months, 
HR 0.67, P = 0.01). Docetaxel was associated with higher 
incidence of grade 3/4 neutropenia (15% vs 0%), infection 
(19% vs 3%), and febrile neutropenia (7% vs 0%). Disease- 
specific health-related quality of life (HRQoL) measures 
also showed benefits for docetaxel in reducing dysphagia (P 
= 0.02) and abdominal pain (P = 0.01).

 Targeted Therapy in Gastric Cancer

HER2
Human epidermal growth factor receptor 2 (HER2) is not 
infrequently overexpressed or amplified in gastric cancer. In 
the ToGA (Trastuzumab for Gastric Cancer) trial, tissue 
specimens from 3807 patients were collected and analyzed at 
a central laboratory using both immunohistochemistry (IHC) 

and fluorescence in situ hybridization (FISH) methods [99]. 
HER2 status was defined as positive if IHC 3+ or FISH- 
positive. The overall HER2 positivity rate was 22.1%. HER2 
positivity was more common in gastroesophageal junction 
cancer than gastric cancer, and in intestinal type than diffuse 
type [100]. There were no marked racial differences. More 
recent studies report that HER2 is amplified and/or overex-
pressed in 11–16% of gastric cancer [101–103].

In HER2-positive gastric cancer, trastuzumab prolonged 
the overall survival (OS) when combined with cytotoxic che-
motherapy in the ToGA trial. The ToGA trial was a random-
ized multicenter phase III study in HER2-positive gastric 
cancer. A total of 584 HER2-positive patients were random-
ized to chemotherapy (5-FU/cisplatin or capecitabine/cispla-
tin) with or without trastuzumab. The OS, primary endpoint, 
was significantly prolonged (HR 0.74; 95% CI: 0.60–0.91; P 
= 0.0046), and all other efficacy endpoints including objec-
tive response rate and progression-free survival were 
improved. The benefit of trastuzumab was especially greater 
in patients with HER2 3+ or HER2 2+/FISH (+) (HR 0.65; 
95% CI: 0.51–0.83), and median survival of this group was 
16.9 months. This was the first success of a targeted agent in 
gastric cancer.

Although trastuzumab-based first-line treatment repre-
sents the standard approach for HER2-positive gastric can-
cer, not all patients benefit from this treatment, and the 
overall response rate (ORR) has been variable (about 
32–68%) [104, 105]. This implies that there is a proportion 
of the patients who are not responsive to trastuzumab, even 
though their tumors are conventionally defined as HER2- 
positive gastric cancer.

A recent report suggested that the level of HER2 gene 
amplification was a predictive factor for sensitivity to 
trastuzumab- based therapy in advanced gastric cancer [106]. 
Patients with a HER2/chromosome enumeration probe 17 
(CEP17) ratio of more than 4.7 had favorable clinical out-
comes. Another study suggested that the cutoff value of 
HER2/CEP17 ratio for selection of patients with HER2 IHC 
≤ 2+ to receive trastuzumab treatment would be considered 
to be 3.69, which is higher than the conventional consensus 
of 2.0 [107]. Moreover, in patients with IHC 3+, information 
from HER2 gene amplification might not influence clinical 
decisions regarding trastuzumab-based treatment. However, 
in patients with an IHC ≤ 2+, further information from 
HER2 gene amplification status could provide the clinician 
with better guidance in selecting patients who might benefit 
from trastuzumab.

Lapatinib, a dual inhibitor of HER1 and HER2 tyrosine 
kinase, was also tested in gastric cancer. In the TyTan (Tykerb 
with Taxol in Asian HER2-Positive Gastric Cancer) trial, 
261 patients with HER2-amplified gastric cancer for the 
second- line treatment were randomized to paclitaxel (Taxol) 
with or without lapatinib (Tykerb) [108]. Even though OS 
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was better with lapatinib plus paclitaxel in HER2 IHC3+ 
patients, the addition of lapatinib to paclitaxel did not signifi-
cantly improve OS in the whole population.

In the LOGiC (Lapatinib Optimization Study in the 
HER2-Positive Gastric Cancer) trial, 545 patients with 
HER2-amplified gastric cancer for the first-line treatment 
were randomized to capecitabine/oxaliplatin with or with-
out lapatinib [109]. The OS was not different between lapa-
tinib and placebo arm (12.2 months vs 10.5 months, HR 
0.91; 95% CI: 0.73–1.12) in the whole population. Pre-
specified subgroup analyses showed significant improve-
ments in OS in Asian patients (HR = 0.68) and those under 
60 years (HR = 0.69).

Pertuzumab binds to the dimerization domain (extracel-
lular domain II) of HER2, which leads to blocking of ligand- 
induced HER2 heterodimerization. The binding site of 
pertuzumab is different from that of trastuzumab. The com-
bination of trastuzumab and pertuzumab synergistically 
inhibited tumor growth both in vitro and in vivo [110, 111]. 
Preclinical studies of a human HER2-positive gastric cancer 
xenograft model showed enhanced antitumor activity when 
pertuzumab and trastuzumab were combined, compared 
with either antibody alone through the potentiation of cell 
growth inhibition, apoptosis activity, cell killing activity by 
antibody-dependent cell-mediated cytotoxicity (ADCC), and 
antiangiogenic activity [112].

The JACOB study, a phase III trial of trastuzumab/
capecitabine/cisplatin, with or without pertuzumab in HER2- 
positive gastric and gastroesophageal junction cancer is 
ongoing (ClinicalTrials.gov Identifier: NCT01774786). The 
dose of pertuzumab is 840 mg every 3 weeks based on the 
JOSHUA study [113]. In this study, HER2-positivity was 
defined as HER2 IHC3+ or IHC2+/FISH+, and the primary 
endpoint was OS and the secondary endpoint were 
progression- free survival (PFS), objective overall response, 
duration of response, clinical benefit rate, and safety. Patient 
enrollment of up to 780 patients has been completed.

Overall survival was not significantly different between 
treatment groups. Median overall survival 17.5 months; 95% 
CI 16.2–19.3) in the pertuzumab group and 14.2 months; 
95% CI 12.9–15.5) in the control group; hazard ratio 0.84; 
95% CI 0.71–1.00); P = 0.057). Adding pertuzumab to 
trastuzumab and chemotherapy did not significantly improve 
overall survival in patients with HER2-positive metastatic 
gastric cancer [114].

Trastuzumab emtansine is an antibody–drug conjugate, 
that is, trastuzumab is linked to DM1. The GATSBY trial is 
the phase II/III study to evaluate the efficacy and safety of 
trastuzumab emtansine compared to standard taxane treat-
ment in HER2-positive second-line gastric or gastroesopha-
geal junction cancer patients (ClinicalTrials.gov Identifier: 
NCT01641939). The primary endpoint is overall survival. 
Patient enrollment (412 patients) has been completed.

OS was 7.9 months (95% CI 6.7–9.5) with T-DM1 2·4 mg/
kg weekly and 8.6 months (7.1–11.2) with taxane treatment 
(HR 1.15, 95% CI 0.87–1.51, one-sided P = 0.86). T-DM1 
was not superior to taxane in 2nd-line patients with previ-
ously treated, HER2-positive advanced gastric cancer [115].

VEGFR2
Vascular endothelial growth factor (VEGF)/VEGF receptor 
(VEGFR) pathway is activated in gastric cancer, and lots of 
evidence has been accumulated that when activated this 
pathway confers the poor prognosis to gastric cancer patients 
[116, 117].

Bevacizumab, the antibody against VEGF-A, was tested 
in the AVAGAST (Avastin for Advanced Gastric Cancer) 
study [118]. A total of 774 gastric cancer patients for first- 
line treatment were randomized to capecitabine/cisplatin 
with or without bevacizumab (Avastin) arms. The primary 
endpoint was overall survival. Progression-free survival (6.7 
months vs 5.3 months, HR 0.80, P = 0.0037) and overall 
response rate (46.0% vs 37.4%, P = 0.0315) were improved 
by addition of bevacizumab to the chemotherapy. However, 
overall survival was not prolonged (12.1 months vs 10.1 
months, HR 0.87, P = 0.1002). The benefit by bevacizumab 
was different according to the geographic regions. The most 
common grade 3–5 adverse events were neutropenia (35%, 
bevacizumab vs 37%, placebo), anemia (10% vs 14%), and 
decreased appetite (8% vs 11%). Another similar designed 
phase III study, AVATAR trial, also failed to show the 
improvement of overall survival by bevacizumab in Chinese 
gastric cancer patients (HR 1.11, P = 0.5567) [119].

Ramucirumab is a direct inhibitor of VEGFR2, where it 
binds to the extracellular VEGF-binding domain. It thus pre-
vents the binding of the VEGF ligand to the VEGFR2 recep-
tor. Ramucirumab leaves the VEGFR1 receptor alone, which 
behaves like a decoy receptor, providing additional potency 
to the VEGFR2 inhibitory effect. VEGFR2 is expressed not 
only on the endothelial cells but also on macrophages. 
Inhibition of these macrophages by ramucirumab results in 
decreased tumor immune infiltration, cytokine and chemo-
kine release, which thereby decrease tumor growth and 
proliferation.

The REGARD trial (ramucirumab monotherapy for previ-
ously treated advanced gastric or gastroesophageal junction 
adenocarcinoma) was a double-blind, placebo-controlled, 
phase III study in gastric or gastroesophageal cancer patients 
who had received the fuoropyrimidine or platinum-based che-
motherapy [120]. A total of 355 patients with Eastern 
Cooperative Oncology Group (ECOG) score of 0 or 1 were 
enrolled and randomized to ramucirumab or placebo in a 2:1 
ratio. The primary endpoint was overall survival. The study 
population was composed of 76% Caucasian and 15% Asian. 
The overall survival was prolonged by ramucirumab compared 
with placebo (5.2 months vs 3.8 months, HR 0.77, P = 0.047). 
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This absolute overall survival by ramucirumab was comparable 
to those that can be obtained by cytotoxic chemotherapy in a 
second-line setting of gastric cancer. The progression-free sur-
vival was also improved from 1.3 months to 2.1 months (HR 
0.483, P < 0.0001). The response rate was similar between the 
two arms (3% vs 3%); however, the disease control rate was 
significantly improved in the ramucirumab arm (49% vs 23%). 
Hypertension was more frequently observed in the ramuci-
rumab arm compared with the placebo arm (all grade 16% vs 
8%). However, bleeding (13% vs 11%), arterial thromboembo-
lism (2% vs 0%), venous thromboembolism (4% vs 7%), pro-
teinuria (3% vs 3%), and fistula formation (<1% vs <1%) were 
reported to be similar between the two arms.

The RAINBOW trial (ramucirumab plus paclitaxel versus 
placebo plus paclitaxel) was another phase III study using 
ramucirumab in a second-line setting of gastric or gastro-
esophageal junction adenocarcinoma patients [121]. A total 
of 665 patients whose disease showed progression during or 
within 4 months of the last dose of first-line platinum and 
fluoropyrimidine doublet with or without anthracycline were 
enrolled and randomized to ramucirumab plus paclitaxel or 
placebo plus paclitaxel in a 1:1 ratio. Asian patients were 33% 
of the ramucirumab arm and 36% of the placebo arm. The 
primary outcome was overall survival. Overall survival was 
significantly increased in the ramucirumab plus paclitaxel 
group compared with the placebo and paclitaxel group (9.6 
months vs 7.4 months, HR 0.807, P = 0.017). Progression- 
free survival was also improved by ramucirumab (4.4 months 
vs 2.9 months, HR 0.635, P < 0.0001). Furthermore, the 
response rate was also higher in the ramucirumab arm (28% 
vs 16%, P = 0.0001). The incidence of grade 3 or 4 adverse 
events was higher in the ramucirumab plus paclitaxel group, 
including grade 3 or 4 neutropenia (41% vs 19%), leucopenia 
(18% vs 6%), and grade 3 hypertension (14% vs 2%), abdom-
inal pain (6% vs 3%), and fatigue (12% vs 5%).

Now, the clinical trials using ramucirumab in first-line 
gastric or gastroesophageal cancer setting are ongoing to see 
the efficacy of ramucirumab on top of standard chemother-
apy. (ClinicalTrials.gov Identifier: NCT02314117, 
NCT02539225).

RAINFALL study tested the role of ramucirumab in the 
1st-line setting of advanced gastric cancer. 645 patients were 
randomly assigned to receive ramucirumab plus fluoropyrim-
idine and cisplatin (n = 326) or placebo plus fluoropyrimidine 
and cisplatin (n = 319). The primary endpoint was investiga-
tor-assessed PFS analysed by intention to treat in the first 508 
patients. Investigator-assessed PFS was significantly longer 
in the ramucirumab group than the placebo group (5.7 months 
vs 5.4 months, HR 0.753, 95% CI 0.607–0.935, P = 0.0106). 
There was no difference in OS between groups (11.2 months 
vs 10.7 months, HR 0.962, P = 0.6757) [122].

Apatinib is a small-molecule VEGFR tyrosine kinase 
inhibitor. In a randomized phase II study, 144 gastric cancer 

patients with prior lack of response or intolerance to at least 
two chemotherapeutic regimens (including both platinum 
and fluoropyrimidine) were enrolled and randomized to apa-
tinib (850  mg qd or 425  mg bid) or placebo [123]. The 
progression- free survival, primary endpoint, was improved 
by apatinib (3.67 months, 850 mg qd; 3.20 months 425 mg 
bid) versus 1.40 months (HR 0.18, P < 0.001, 850 mg qd; HR 
0.21, P < 0.001, 450 mg bid). Patients treated with apatinib 
had a significantly better disease control rate (51.06%, 
850  mg vs 34.78%, 425  mg bid vs 10.42%, placebo, P < 
0.001) than those given placebo. Grade 3/4 adverse events 
that occurred in more than 5% of patients were hand-foot 
syndrome, hypertension, thrombocytopenia, anemia, ele-
vated aminotransferase and bilirubin levels, and diarrhea. A 
phase III study of apatinib enrolled 273 Chinese gastric can-
cer patients who have failed to 2 kinds of chemotherapy and 
compared the overall survival of apatinib to that of placebo 
[124]. The overall survival was improved in the apatinib arm 
(6.5 months vs 4.7 months, HR 0.71, P < 0.016).

In a similar way, regorafenib, a multikinase inhibitor that 
targets VEGFR2, VEGFR1, VEGFR3, fibroblast growth fac-
tor receptor 1 (FGFR1), RAF, KIT, RET, and BRAF, 
improved the progression-free survival of gastric or gastro-
esophageal junction cancer patients who have failed to more 
than one chemotherapy compared with placebo in a random-
ized phase II study (2.6 months vs 0.9 months, HR 0.40, P < 
0.0001) [125].

EGFR
Epidermal growth factor receptor (EGFR) overexpression 
occurs in 27–55% of esophagogastric adenocarcinomas, and 
correlates with poor prognosis [126].

The EXPAND trial (Erbitux in Combination With Xeloda 
and Cisplatin in Advanced Esophagogastric Cancer) was a 
randomized, open-label phase III study of capecitabine 
(Xeloda) and cisplatin with or without cetuximab (Erbitux) 
[127]. A total of 904 chemotherapy-naïve patients with gas-
tric or gastroesophageal junction cancer were enrolled. There 
was no patient selection based on any biomarker including 
EGFR status. The primary endpoint was progression-free 
survival. Addition of cetuximab to capecitabine/cisplatin 
provided no additional benefit to chemotherapy alone. 
Progression-free survival was 4.4 months in the cetuximab 
arm and 5.6 months in chemotherapy-alone arm (HR 1.09, P 
= 0.32). Overall survival was not improved by cetuximab 
(9.4 months vs 10.7 months, HR 1.00, P = 0.95). Overall 
response rate and disease control rate were also similar 
between the two arms. Grade 3/4 skin reaction (13% vs 0%), 
acne-like rash (11% vs 0%), and mucositis (4% vs 2%) were 
more frequently observed in the cetuximab arm.

The REAL3 trial was another randomized, open-label 
phase III study of EGFR-targeting agent, panitumumab 
[128]. A total of 553 patients were enrolled regardless of 
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EGFR status, and randomized to EOC (epirubicin, oxalipla-
tin, capecitabine) chemotherapy with or without panitu-
mumab. In the panitumumab arm, EOC chemotherapy was 
compromised based on a previous phase I study of a four 
drug combination: epirubicin 50 mg/m(2) and oxaliplatin 
100 mg/m(2) on day 1, capecitabine 1000 mg/m(2) per day 
on days 1–21 from original EOC: epirubicin 50 mg/m(2) and 
oxaliplatin 130 mg/m(2) on day 1 and capecitabine 1250 
mg/m(2) per day on days 1–21 [129]. The primary endpoint 
was overall survival. The overall survival of the panitu-
mumab arm was not improved compared with the 
chemotherapy- alone arm, and showed even worse survival 
(8.8 months vs 11.3 months, HR 1.37, P = 0.0013). 
Furthermore, grade 3/4 diarrhea (17% vs 11%), rash (11%, 
vs 1%), mucositis (5% vs 0%), and hypomagnesemia (5% vs 
0%) were more common in the panitumumab arm. Therefore, 
the addition of panitumumab to EOC chemotherapy does not 
increase overall survival and cannot be recommended for use 
in an unselected population with advanced esophagogastric 
adenocarcinoma.

In a randomized phase II study of nimotuzumab, 83 
patients who progressed after previous 5-FU-based therapy 
were randomly assigned to irinotecan or irinotecan plus 
nimotuzumab [130]. The overall survival and progression- 
free survival was not different between the two arms. 
However, the overall survival of patients with EGFR2+/3+ 
was 11.9 months in nimotuzumab and 7.6 months in irinote-
can monotherapy, respectively. Based on this finding, phase 
III study of nimotuzumab and irinotecan as second-line in 
EGFR overexpressed gastric or gastroesophageal junction 
cancer is ongoing (ClinicalTrials.gov Identifier: 
NCT01813253).

MET
In gastric cancer, MET is overexpressed in 21.5% (IHC 2+) 
and 2.3% (IHC 3+) of patients, respectively, and 3.4% of 
patients showed MET gene amplification [131]. Patients with 
overexpression of MET show worse prognosis. Hepatocyte 
growth factor (HGF) is the only ligand to the MET receptor. 
Increased serum concentrations of HGF were associated 
with disease stage and decreased after resection [132]. 
Rilotumumab, the antibody against HGF, was tested in a ran-
domized phase II study [133]. A total of 121 unresectable or 
metastatic gastric or gastroesophageal junction adenocarci-
noma patients were randomized to ECX (epirubicin/cispla-
tin/capecitabine) + placebo, ECX + rilotumumab 15 mg/kg, 
and ECX + rilotumumab 7.5 mg/kg arm. The progression- 
free survival, the primary endpoint, was 5.7 months (HR 
0.60 vs placebo, P = 0.016) in both rilotumumab arms com-
bined, and 4.2 months in the placebo arm. In the rilotumumab 
arm, grade 3/4 neutropenia (44% vs 28%), venous thrombo-
embolism (20% vs 10%), and any grade peripheral edema 
(27% vs 8%) were more frequently observed compared with 

the placebo arm. According to the analysis based on tumor 
MET expression levels, in the placebo arm, overall survival 
was shorter in the MET-positive subgroup than in the MET- 
negative subgroup (5.7 months vs 11.5 months). Interestingly, 
in the MET-positive subgroup, overall survival was improved 
with the addition of rilotumumab (10.6 months vs 5.7 
months). In the MET-negative subgroup, overall survival 
was similar between the combined rilotumumab and placebo 
arms (11.1 months vs 11.5 months). Based on this finding, 
RILOMET-1, the phase III study of rilotumumab was con-
ducted [134]. This study enrolled only HER2-negative, 
MET-positive gastric or gastroesophageal junction cancer 
patients and randomized to ECX with or without rilotu-
mumab arm to compare the overall survival. A total of 609 
patients were enrolled, but the study was stopped early based 
on an imbalance in deaths. The overall survival was even 
worse in the rilotumumab arm compared with the placebo 
arm (9.6 months vs 11.5 months, HR 1.37, P = 0.016). No 
subgroups seemed to benefit with rilotumumab, including 
those with higher percentages of cells with ≥1+ MET expres-
sion. The most common adverse events that were more fre-
quently observed in the rilotumumab arm were peripheral 
edema, hypoalbuminemia, deep vein thrombosis, and 
hypocalcemia.

Onartuzumab is the antibody against MET receptor sema 
domain. METGastric is the phase III study of onartuzumab 
in combination with MFOLFOX6 in patients with metastatic 
HER2-negative and MET-positive gastric or gastroesopha-
geal junction cancer [135]. The study was designed to enroll 
up to 800 patients and powered to demonstrate the improve-
ment of overall survival from 9 months to 12.3 months 
(intent to treat [ITT] population; HR 0.73) and 9 months to 
18 months (MET 2+/3+ population; HR 0.49). Enrollment 
stopped early due to negative final results from a phase II 
trial assessing mFOLFOX6 + Onartuzumab [136]. A total of 
562 patients were enrolled, among them 39% were patients 
with MET 2+/3+ expression. In the ITT population, the over-
all survival was similar between the onartuzumab arm and 
placebo arm (11.0 months vs 11.3 months, HR 0.82, P = 
0.244). In the MET2+/3+ population, the overall survival 
was also similar between the two arms (11.0 months vs 9.7 
months, HR 0.64, P = 0.062). The progression-free survival 
and overall response rate were not improved by the addition 
of onartuzumab in all ITT population and MET2+/3+ 
population.

AMG337 is the highly selective small molecule inhibitor of 
MET. In a phase I study of AMG337, eight out of 13 (62%) 
MET-amplified gastric or gastroesophageal junction and 
esophageal cancer patients showed overall response [137]. 
Based on these data, there has been a phase II study of AMG337 
monotherapy in MET-amplified gastric cancer patients who 
have failed at least 1 prior chemotherapy (ClinicalTrials.gov. 
NCT02016534). This study was stopped early.
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FGFR
In gastric cancer, 4.2% of Korean patients and 7.4% of UK 
patients harbor FGFR2 amplification, and intratumoral 
 heterogeneity is observed in 24% of FGFR2-amplified cases 
[138]. About 20% of patients show FGFR2 polysomy. 
FGFR2 amplification and polysomy are associated with 
worse overall survival in the Korean (1.83 years vs 6.17 
years, P  =  0.0073) and UK (0.45 years vs 1.9 years, 
P < 0.0001) cohorts. Preclinical study of AZD4547, a potent 
and selective ATP-competitive receptor tyrosine kinase 
inhibitor of FGFR 1–3, in FGFR2-amplified gastric cancer 
cells showed dramatic antitumor effects [139]. In a random-
ized phase II study, patients with disease progression after 1 
prior line of therapy were assigned to FGFR2 amplified or 
polysomy arms and randomized to oral AZD4547 or pacli-
taxel (ClinicalTrials.gov. NCT01457846) [140]. The primary 
endpoint was progression-free survival. Of 960 patients 
enrolled, 71 patients were randomized. FGFR2 amplification 
prevalence was 9%. The overall progression-free survival 
was 1.8 months in the AZD4547 arm versus 3.5 months in 
the paclitaxel arm. In patients with FGFR2 amplification, the 
progression-free survival of AZD4547 was 1.5 months and 
that of paclitaxel was 2.3 months. Only 21% of FGFR2- 
amplified tumors had elevated FGFR2 expression and image 
analysis showed four out of seven tumor samples, highly 
amplified by FISH, were amplified in <20% of the tumor 
section. It means that there is marked intra-tumor heteroge-
neity of FGFR2 amplification and low concordance with 
elevated FGFR2 expression.

AKT/mTOR
Phosphatidylinositol 3-kinase (PI3K)/Akt and mammalian 
target of rapamycin (mTOR) are activated in 30% and 60% 
of gastric cancers, respectively [141, 142].

Everolimus is an oral mTOR inhibitor. The GRANITE-1 
study (First Gastric Antitumor Trial with Everolimus) is an 
international, double-blind, phase III study that compared 
efficacy and safety of everolimus with that of best supportive 
care in previously treated advanced gastric cancer [143]. 
There was no patient selection based on biomarkers. A total 
of 656 patients whose disease progressed after one or two 
lines of systemic chemotherapy were enrolled and random-
ized to everolimus and placebo in a 2:1 ratio. The overall 
survival, the primary endpoint, was similar between the two 
arms (5.4 months in everolimus vs 4.3 months in placebo, 
HR 0.90, P = 0.124). Common grade 3/4 adverse events 
included anemia, decreased appetite, and fatigue.

MK2206 is the allosteric inhibitor of AKT. In a phase II 
study of MK2206 as second-line therapy, 70 patients were 
enrolled with no selection [144]. The response rate was 1%, 
the progression-free survival was 1.8 months, and the overall 
survival was 5.1 months. All grade adverse events were ane-
mia (17%), anorexia (30%), diarrhea (26%), fatigue (50%), 
hyperglycemia (30%), nausea (40%), vomiting (22%), dry 

skin (19%), and maculopapular rash (30%). This study sug-
gests that in an unselected population, the efficacy of AKT 
inhibitor monotherapy is not sufficient.

Ipatasertib (GDC-0068) is an oral, potent ATP-competitive 
small molecule inhibitor of all 3 isoforms of Akt that specifi-
cally targets cancer cells with activated Akt. The JAGUAR 
study is ongoing, which is a randomized phase II study of the 
ipatasertib versus placebo in combination with mFOLFOX6 in 
HER2-negative gastric or gastroesophageal junction adeno-
carcinoma (ClinicalTrials.gov. NCT01896531). The patient 
enrollment was completed and stratified by PTEN status.

PARP
Ataxia-telangiectasia mutated (ATM) gene is a component of 
DNA-damage response (DDR) and is activated by DNA dou-
ble-strand breaks (DSBs), and signals the cell-cycle check-
point to slow the passage of cells through the cycle to facilitate 
DNA repair. ATM loss was observed in 16% of human gastric 
cancer tissues [145]. Analysis of associations among MSI, 
ATM gene mutation, and ATM protein loss revealed highly 
co-existing ATM gene alterations and MSI [146]. Furthermore, 
genome-wide association studies (GWAS) in Asian and 
European populations have identified several loci that associ-
ate with gastric cancer risk [147]. Association of a new gastric 
cancer and loss-of-function mutations in ATM was found 
(gene test, P = 8.0 × 10[−12]; odds ratio [OR] = 4.74).

Olaparib is a PARP inhibitor, inhibiting poly ADP ribose 
polymerase (PARP), an enzyme involved in DNA repair. 
Low ATM protein expression and depletion of p53 was 
reported to be correlated with olaparib sensitivity in gastric 
cancer cells [148].

A randomized, double-blind phase II study was conducted 
to evaluate the efficacy and tolerability of olaparib plus pacli-
taxel in patients with gastric cancer [149]. A total of 124 
patients were enrolled and the prevalence of ATM-low popu-
lation was 14%. Patients were randomized to olaparib plus 
paclitaxel or placebo plus paclitaxel. Olaparib did not improve 
the progression- free survival compared with placebo not only 
in the overall population (3.91 months vs 3.55 months) but 
also in the ATM-low population (5.29 months vs 3.68 months, 
HR 0.74). However, interestingly enough, the olaparib arm 
showed significantly prolonged overall survival not only in 
the overall population (13.1 months vs 9.4 months, HR 0.56, 
P = 0.005) but also in the ATM-low population (median not 
reached vs 8.2 months, HR 0.35, P = 0.002). The combination 
treatment was generally well tolerated. Based on this finding, 
the phase III GOLD study was conducted to assess the effi-
cacy and safety of olaparib in combination with paclitaxel in 
Asian patients with advanced gastric and gastroesophageal 
junction cancer who have progressed following first-line ther-
apy (ClinicalTrials.gov. NCT01924533) [150]. This study 
had co-primary endpoints: one is overall survival in all 
patients, and the other was overall survival in ATM- negative 
population. With this, p value should be less than 0.025 to be 
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significant. However, this study failed to meet the primary 
endpoint. In all populations, overall survival was prolonged in 
the olaparib arm (median survival 6.9 vs 8.8 months; HR 
0.79; 97% CI, 0.63 to 1.0; P = 0.0262); however, it did not 
reach statistical significance. In the ATM- negative popula-
tion, median survival was 10.0 and 12.0 months, respectively, 
and there was no statistically significant difference (HR 0.73; 
97% CI, 0.40 to 1.34; P = 0.2458).

Cancer Stem Cell
Subpopulations of cancer cells with extremely high tumori-
genic potential, termed “cancer stem cells” or “stem-like 
cancer cells,” have been isolated from cancer patients [151]. 
Such highly tumorigenic and drug-resistant stemness-high 
cancer stem cells are, therefore, likely to be involved in the 
resistance to chemotherapy or radiotherapy.

BBI608 is a small molecule to inhibit gene transcription 
driven by Stat3 and cancer stemness properties [152]. 
Through its action, BBI608 can inhibit stemness gene 
expression and block spherogenesis or kill stemness-high 
cancer cells.

The BRIGHTER study, the phase III trial of BBI608 plus 
paclitaxel versus placebo plus paclitaxel in second-line gas-
tric and gastroesophageal junction cancer, is ongoing 
(ClinicalTrials.gov. NCT02178956). The target patient num-
ber is 700 and the primary endpoint is overall survival.

 Immunotherapy
The idea of using immune cells to fight cancer, that is cancer 
immunotherapy, is not a new concept. However, only recently, 
the clinical successes of this harnessing immune cell strategy 
have been realized in solid tumors, especially using immune 
checkpoint inhibitors [153]. As opposed to mutated genes in 
tumors that permanently mark a tumor, the immune response 
is so dynamic and changes very rapidly. Therefore, the issue 
facing the field of cancer immunotherapy may not be the 
identification of a single biomarker to select a subset of 
patients for treatment. The tumor microenvironment is com-
posed of multiple components such as tumor parenchymal 
cells, lymphocytes, fibroblast, mesenchymal cells, angio-
genic factors, and so on. Cell-mediated immunity against 
cancer is based on effective interaction between macrophages 
and T cells [154]. The adaptive immune system plays a main 
role in fighting against cancer. In gastric cancer patients, peri-
tumor infiltration of cytotoxic T cells and memory T is associ-
ated with better prognosis [155]. In the tumor 
microenvironment of gastric cancer, macrophages constitute 
one of the most abundant immune cells. Tumor-associated 
macrophage (TAM) infiltration leads to inhibition of T cells 
and is related to the poor prognosis [156, 157].

Immune checkpoint inhibitors that augment the antican-
cer immune response in gastric cancer include T lymphocyte 
antigen (CTLA)-4, anti-programmed death (PD)-1, and anti-
 PD ligand 1 (PD-L1).

CTLA-4 Inhibitor
CTLA-4 is a key negative regulator of T-cell activation. It is 
constitutively expressed on the cell surface of Treg and 
inducibly expressed on activated T lymphocytes and mono-
cytes. Two fully humanized monoclonal antibodies against 
CTLA-4, ipilimumab, and tremelimumab have shown clini-
cal activity in solid tumors. Tremelimumab is a fully human 
immunoglobulin G 2 (IgG2) monoclonal antibody that 
blocks the binding of B7–1 and B7–2 to CTLA-4 resulting in 
the inhibition of B7-CTLA-4 mediated downregulation of 
T-cell activation. It was developed as an IgG2 isotype to min-
imize complement activation and reduce the risk of cytokine 
storm; this has resulted in a long terminal phase half-life of 
19.6 days, and a dosing schedule of once every 3 months. In 
a phase II study, tremelimumab was tested as a second-line 
treatment for 18 metastatic gastric or gastroesophageal ade-
nocarcinoma patients [158]. Tremelimumab was given every 
3 months until symptomatic disease progression. Most of the 
drug-related adverse events were mild; however, there was a 
single death due to colitis-induced bowel perforation. The 
overall survival was 4.8 months, which was a comparable 
result with those obtained by cytotoxic second-line chemo-
therapy, in general. The overall response rate was 5%. Four 
patients had stable disease with clinical benefit; one patient 
achieved a partial response after 8 cycles (25.4 months) and 
remains well on study at 32.7 months. Markers of regulatory 
phenotype, forkhead box protein 3 and CTLA-4, doubled 
transiently in CD4 + CD25 high lymphocytes in the first 
month after tremelimumab dosing before returning to base-
line. In contrast, CTLA-4 increased in CD4 + CD25 low/
negative lymphocytes throughout the cycle of treatment. De 
novo proliferative responses to tumor-associated antigens 
5T4 (8 of 18 patients) and carcinoembryonic antigen (CEA) 
(5 of 13) were detected. Patients with a post-treatment CEA 
proliferative response had an overall survival of 17.1 months 
compared with 4.7 months for non-responders (P = 0.004). 
Baseline interleukin-2 release after T-cell activation was 
higher in patients with clinical benefit and toxicity.

Ipilimumab has been tested in a randomized, open-label, 
phase II trial (ClinicalTrials.gov. NCT01585987) [159]. This 
study was conducted to compare the efficacy of sequential 
ipilimumab versus BSC following first-line chemotherapy 
(fluoropyrimidine and platinum doublet) in patients with 
gastric or gastroesophageal junction cancer. Patients were 
randomized to ipilimumab (4 doses [10 mg/kg, IV Q3W], 
followed by Q12W) and treated until confirmed immune- 
related disease progression or unacceptable toxicity, or to 
best supportive care (continuing fluoropyrimidine 
 chemotherapy or no active systemic therapy). The primary 
objective was to compare immune-related progression-free 
survival (irPFS). In this study, 79 of the patients in the BSC 
arm received fluoropyrimidine alone. The study was nega-
tive, and irPFS were 4.90 months in the BSC arm and 2.92 
months in the ipilimumab arm.
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PD-1/PD-L1 Inhibitor
PD-1 is another co-inhibitory receptor expressed on the sur-
face of activated T cells, Treg cells, and monocytes. PD-1 
induces a negative regulation of effector T cells by interact-
ing with its ligands PD-L1 and PD-L2 on the tumor cells. 
The PD-L1 is expressed on many tumors and suppressive 
immune cells in the tumor microenvironment. Interaction of 
PD-1 and PD-L1 results in the inhibition of T-cell function.

In gastric cancer, high expression of PD-L1 on tumor cells 
was observed in 29.6% of patients and this PD-L1 expression 
was correlated with tumor infiltration of PD-1(+) cells [160]. 
Furthermore, PD-L1 expression was associated with worse 
overall survival. Another study also gave similar evidence 
that PD-1 expression was correlated with both PD-L1 and 
Foxp3 expression, and PD-1 expression was associated with 
a poor prognosis of gastric cancer patients [161].

Pembrolizumab is an anti-PD-1 antibody. The 
KEYNOTE-012 phase Ib study tested the efficacy and safety 
of pembrolizumab monotherapy in PD-L1 (+) gastric cancer 
patients [162]. In this study, PD-L1-positive expression was 
defined as staining in the stroma or in >1% of tumor cells by 
prototype IHC and 22C3 antibody. Using this method and 
definition, the PD-L1 (+) was observed in 40% (65 out of 
162) of gastric cancer patients. Of these 65 patients, 39 
patients were enrolled (19 from Asia-Pacific, 20 from non- 
Asian; median age, 63 years [range 33–78]). The number of 
prior therapies for advanced gastric cancer ranged from 0 to 
5; 67% received ≥2 prior therapies. The overall response rate 
was 22% (95% CI 10–39) by central review and 33% (95% 
CI 19–50) by investigator review. Median time to response 
was 8 weeks (range 7–16), with a median response duration 
of 24 weeks (range 8+ to 33+). PD-L1 expression level was 
associated with the overall response rate (1-sided P = 0.10). 
The 6-month progression-free survival rate was 24%. The 
6-month overall survival rate was 69%. Five patients (12.8%) 
experienced grade 3/4 treatment-related adverse events with 
an incidence greater than 3%, peripheral sensory neuropathy 
(grade 3, one patient), fatigue (grade 3, two patients), hypo-
thyroidism (grade 3, one patient), pemphigoid (grade 3, one 
patient), and pneumonitis (grade 4, one patient.

A number of clinical trials using anti-PD-1 antibody or 
anti-PD-L1 antibody in gastric cancer are ongoing.

 Conclusion

Gastric cancer is a huge burden of cancer-related mortality 
worldwide. However, with early diagnosis, good surgical 
techniques, proper adjuvant treatment, and development of 
new targeted agents and immune checkpoint inhibitors, the 
outcome of this dismal disease is being improved. 
Development of genetic information and biomarkers will 
lead to a more personalized approach in the near future.
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Small Bowel and Appendix Cancers

Astrid Belalcazar-Portacio, Walid L. Shaib, 
and Bassel F. El-Rayes

 Small Bowel Malignancies

The annual incidence of small bowel malignancies in the 
United States is 0.6% [1]. Small bowel malignancies are a 
heterogeneous group of tumors that include adenocarci-
noma, neuroendocrine tumor (NET), lymphoma, and sar-
coma. The incidence of neuroendocrine tumors (NETs) has 
increased over the last 30 years. NETs account for 44% of all 
small bowel tumors, which makes it the most common his-
tology. Adenocarcinomas, lymphomas, and sarcoma repre-
sent 33%, 15%, and 8% of new cases on small bowel tumors, 
respectively.

 Adenocarcinoma (Nonampullary)

 Epidemiology

Small bowel (SB) adenocarcinoma patients have a median 
age at diagnosis of 65 years. Males have a higher incidence 
than females. Some studies have shown that in the Untied 

States, no difference in incidence according to ethnicity has 
been observed [2, 3]. Most small bowel adenocarcinomas 
arise in the duodenum (65%), followed by jejunum, (16%), 
and ileum (14%) [4, 5].

 Clinical Presentation and Diagnosis

Symptoms of small bowel carcinoma include abdominal 
pain, nausea, vomiting, and anemia. Less than 10% of the 
patients may present with gastrointestinal (GI) bleeding, 
jaundice, or weight loss. Some patient’s may present initially 
with small bowel obstruction or perforation [5].

Small bowel adenocarcinomas are commonly diagnosed 
at an advanced stage due to the lack of specific symptoms. 
Enhanced computed tomography (CT) or magnetic reso-
nance imaging (MRI) is helpful for characterization of the 
tumor and evaluation of distant metastasis [6–8]. Positron 
emission tomography (PET)/CT also detects primary lesion 
and metastasis. No formal comparison of PET, CT, and MRI 
has been performed in SB adenocarcinoma [9]. The role of 
PET is to evaluate lesions that are indeterminate by cross- 
sectional imaging.

 Prognosis and Staging

Clinical stage is the most important prognostic factor. The 
eighth edition of the tumor-node-metastasis (TNM) staging 
by the American Joint Committee on Cancer (AJCC) is used 
for staging of small bowel adenocarcinoma (Table 6.1) [10]. 
The 5-year survival by stage is 65% for stage I disease, 48% 
for stage II, 35% for stage III, and 4% for stage IV.  Poor 
prognostic factors include advanced age, African American 
ethnicity, duodenal location, T4 lesions, poorly differenti-
ated histology, positive margins, and lymph node involve-
ment [11]. By location, 5-year overall survival (OS) is 28% 
for duodenal adenocarcinomas and 38% for jejunal and ileal 
adenocarcinomas [2, 3].
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 Treatment

 Localized Early Stage Disease
The standard of care for early stage disease is surgical resec-
tion. Although there is no consensus regarding the best surgi-
cal method, it is agreed upon that the goal of surgery should be 
achieving complete resection with negative margins. For early 
stage (Tis, T1) tumors involving the first and/or second part of 

the duodenum, there are conflicting data regarding the role of 
pancreaticoduodenectomy vs. wide segmental resection [12, 
13]. Tumors beyond the second portion of the duodenum are 
usually treated by segmental bowel resection. Resection must 
include removal of regional draining lymph nodes.

The role of adjuvant chemotherapy or radiation has not 
been evaluated in randomized prospective trials [5, 14, 15]. 
Recommendations for adjuvant therapy are based on the 
experience from management of colorectal cancer. For 
tumors beyond the second portion of the duodenum, pres-
ence of high-risk features such as T4, involvement of lymph 
nodes, or obstruction should prompt a discussion about adju-
vant therapy. If considered, adjuvant therapy would be based 
on data from colorectal cancer and include 6 months of 
5- fluorouracil (5-FU)-based regimen.

 Advanced and Metastatic Disease
The treatment of advanced stage disease is based on retro-
spective trials. Chemotherapy seems to improve OS (10.7–
18.6 months) compared to best supportive care (BSC) 
(2–13%). The response rate (RR) to chemotherapy varies a 
lot, from as low as 5% to 48% in some studies [4, 5, 16–18]. 
The combination of 5-FU with a platinum agent may improve 
progression-free survival (PFS) by 5 months, and showed a 
RR of 30%, but there is no evidence of improvement in OS 
[19]. Irinotecan has reported a RR of 20% [20]. Once again, 
treatment selection is mostly based on evidence in colorectal 
adenocarcinoma with 5-FU-based regimens.

The used of targeted therapies has not been exten-
sively studied either. There are only a few case reports 
available, therefore no recommendations can be derived 
from these [21, 22].

 Ampullary Adenocarcinoma

Ampullary adenocarcinoma refers to tumors arising in the 
ampullary complex. Ampullary tumors are classified as pan-
creatobiliary or intestinal subtype. The most common histol-
ogy identified in ampullary neoplasms is intestinal (CDX 
positive, MUC1 negative) in 47% of cases, followed by pan-
creatobiliary (CDX negative, MUC1 positive) in 24% of cases 
[23]. As with colorectal cancer, K-ras mutations incidence is 
high ampullary adenocarcinoma (37%) [24]. The fact that 
these tumors are more frequent in patients with familial ade-
nomatous polyposis (FAP) who also have a higher incidence 
of colorectal cancer, points to a similar etiology [25].

 Epidemiology and Risk Factors

The most frequent location of small bowel adenocarcinomas 
is the ampulla of Vater, which is responsible for 20% of 

Table 6.1 Small bowel adenocarcinoma TNM staging

Definition of primary tumor (T)
T 
category T criteria
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis High-grade dysplasia/carcinoma in situ
T1 Tumor invades lamina propria or submucosa
T1a Tumor invades lamina propria
T1b Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades through the muscularis propria into the 

subserosa, or extends into nonperitonealized perimuscular 
tissue (mesentery or retroperitoneum) without serosal 
penetrationa

T4 Tumor perforates the visceral peritoneum or directly 
invades other organs or structures (e.g., other loops of 
small intestine, mesentery of adjacent loops of bowel, and 
abdominal wall by way of serosa; for duodenum only, 
invasion of pancreas or bile duct)

aNote: For T3 tumors, the nonperitonealized perimuscular tissue is for 
the jejunum and ileum, part of the mesentery, and for the duodenum in 
areas where serosa is lacking, part of the interface with the pancreas

Definition of regional lymph node (N)
N category N criteria
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in one or two regional lymph nodes
N2 Metastasis in three or more regional lymph nodes

Definition of distant metastasis (M)
M category M criteria
M0 No distant metastasis
M1 Distant metastasis present

AJCC prognostic stage groups
Adenocarcinoma
When T is… And N is… And M is… Then the stage group is…
Tis N0 M0 0
T1–2 N0 M0 I
T3 N0 M0 IIA
T4 N0 M0 IIB
Any T N1 M0 IIIA
Any T N2 M0 IIIB
Any T Any N M1 IV

Used with permission of the American Joint Committee on Cancer 
(AJCC), Chicago, Illinois. The original and primary source for this 
information is the AJCC Cancer Staging Manual, Eighth Edition (2017) 
published by Springer International Publishing
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tumor-related obstructions of the common bile duct [26, 27]. 
Median age at diagnosis is in the range of 60–70 years old 
for sporadic tumors [28, 29]. Patients with hereditary polyp-
osis syndromes present at a younger age [25, 30]. The inci-
dence of ampullary adenocarcinoma in patients with FAP 
and hereditary nonpolyposis colorectal cancer (HNPCC) is 
approximately 200 times higher compared to the general 
population [25, 30].

 Clinical Presentation and Diagnosis

Ampullary tumors present early in the course of the disease 
due to bile duct obstruction. Jaundice is present at diagnosis 
in more than 65% of patients [31]. Other symptoms are 
abdominal pain or discomfort, nausea, vomiting, and weight 
loss [32]. Initial studies usually include abdominal ultrasound 
and CT scan. Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) can be used for tumor biopsy and decompression 
of the bile duct and as such has a central role in the diagnosis 
and management of ampullary adenocarcinoma.

 Staging and Prognosis

The AJCC/International Union Against Cancer (UICC) 
TNM system has a specific staging system for ampullary car-
cinoma and is the most commonly used (see Table 6.2).

Surveillance, Epidemiology and End Results (SEER) 
database analysis of patients with ampullary carcinoma 
reported a 5-year OS for patients with stage I is 57–60%, for 
stage II, it is 22–30%, for stage III, it is 27%, and for stage IV, 
it is 0% [29]. Another study showed that being alive at 5 years 
post pancreaticoduodenectomy correlated with being alive at 
10 years [33]. The 5-year OS based on surgical pathology 
staging is 84% in stage I patients, 70% in stage II patients, 
27% in stage III patients, and 0% in stage IV patients [34].

Positive surgical margins are associated with poor prog-
nosis, patients with R1 resection had 15% OS at 5 years 
compared to 60% in patients with R0 resection [35]. Nodal 
involvement also predicts worse survival; 5-year OS is 48% 
for patients without nodal involvement compared to 21% for 
patients with regional lymph node metastasis [29]. A better 
outcome has been described in patients with intestinal sub-
type compared to pancreatobiliary subtype, with a median 
survival of 116 months vs. 16 months, respectively [36]. 
Another study found a median OS (mOS) of 63.1 months vs. 
43.2 months for patients with intestinal vs. pancreatobiliary 
type, respectively [37]. In addition to stage, poor prognostic 
factors reported by some studies include obstructive jaun-
dice, requirement of intraoperative blood transfusion, and 
elevated cancer antigen 19-9 (CA 19-9) or carcinoembrio-
genic antigen (CEA) [38–40].

 Treatment

 Localized Early Stage Disease

Surgery
Whipple resection (pancreaticoduodenectomy) is considered 
the standard of care for ampullary malignancies. The con-

Table 6.2 Ampullary carcinoma TNM staging

Definition of primary tumor (T)
T 
category T criteria
TX Primary tumor cannot be assessed
T1 Tumor invades the mucosa or submucosa only and is 

≤1 cm (duodenal tumors);
Tumor ≤ 1 cm and confined within the sphincter of Oddi 
(ampullary tumors)

T2 Tumor invades the muscularis propria or is >1 cm 
(duodenal);
Tumor invades through sphincter into duodenal 
submucosa or muscularis propria, or is >1 cm 
(ampullary)

T3 Tumor invades the pancreas or peripancreatic adipose 
tissue

T4 Tumor invades the visceral peritoneum (serosa) or other 
organs

Note: Multiple tumors should be designated as such (and the largest 
tumor should be used to assign the T category):
 If the number of tumors is known, use T(#); e.g., pT3(4)N0M0
  If the number of tumors is unavailable or too numerous, use the suffix 

m—T(m)—e.g., pT3(m)N0M0

Definition of regional lymph node (N)
N category N criteria
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node involvement
N1 Regional lymph node involvement

Definition of distant metastasis (M)
M 
category M criteria
M0 No distant metastasis
M1 Distant metastasis
M1a Metastasis confined to liver
M1b Metastases in at least one extrahepatic site (e.g., lung, 

ovary, nonregional lymph node, peritoneum, bone)
M1c Both hepatic and extrahepatic metastases

AJCC prognostic stage groups
When T is… And N is… And M is… Then the stage group is…
T1 N0 M0 I
T2 N0 M0 II
T3 N0 M0 II
T4 N0 M0 III
Any T N1 M0 III
Any T Any N M1 IV

Used with permission of the American Joint Committee on Cancer 
(AJCC), Chicago, Illinois. The original and primary source for this 
information is the AJCC Cancer Staging Manual, Eighth Edition (2017) 
published by Springer International Publishing

6 Small Bowel and Appendix Cancers



100

	 ventional approach includes antrectomy whereas the modi-
fied approach preserves the pylorus. No difference in 
long-term survival has been demonstrated between these 
techniques. Historically, Whipple resection has been consid-
ered a surgery with high perioperative morbidity and mortal-
ity; however, outcomes have improved with a 30-day 
mortality less than 5%. Morbidity rates are 20–40% fre-
quently due to anastomosis leak, delayed gastric emptying, 
or intraabdominal infections [41, 42].

Adjuvant Therapy
A report of 125 patients with ampullary carcinoma found 
that among patients with regional node involvement, the 
group that received adjuvant radiation with 5-FU (n = 29) 
had better survival than patients who underwent surgery only 
[43]. However, other studies did not find a significant differ-
ence in outcomes when adding adjuvant chemoradiation 
[43–45]. The European Study Group for Pancreatic Cancer 
(ESPAC)-3 trial studied 428 patients with resected periam-
pullary malignancies including 297 ampullary, 96 bile duct, 
and 35 cases arising from other locations. Patients were ran-
domized to either 5-FU, gemcitabine, or observation. In a 
subgroup analysis of patients with ampullary carcinoma, 
median survival was 71 months for patients treated with 
gemcitabine, 57.8 months in the 5-FU group, and 41 months 
among patients in the control group [46].

There is no expert consensus regarding the use of adju-
vant therapy and this is reflected in the National 
Comprehensive Cancer Network (NCCN) and European 
Society for Medical Oncology (ESMO) guidelines. Adjuvant 
chemoradiation is the most frequent adjuvant therapy used in 
the United States based on evidence from the Radiation 
Therapy Oncology Group (RTOG) 9704 trial, showing high 
risk of recurrence in patients with resected pancreatic adeno-
carcinoma [47, 48]. In Europe, chemotherapy alone is used 
for adjuvant treatment based on results from the ESPAC-3 
and German Charité Onkologie (CONKO) trials [46, 48].

 Locally Advanced or Metastatic Disease
Most of the data available for treatment of advanced ampul-
lary carcinoma come from studies that included other types 
of GI malignancies. There are no consensus or guidelines in 
place for treatment of advanced stage ampullary carcinoma. 
The advanced biliary cancer (ABC) trial, a randomized phase 
2 study of gemcitabine with or without cisplatin in patients 
with biliary cancer, included ampullary adenocarcinomas. 
There was better PFS (8 months vs. 5 months) and OS (11.7 
months vs. 8.1 months) in the combination group compared 
to gemcitabine alone. However, the percentage of patients 
with ampullary cancer was small. A database analysis that 
included patients with either duodenal or ampullary adeno-
carcinomas showed a tendency in clinical practice to treat 
intestinal-type ampullary adenocarcinoma with fluorouracil- 

based regimens and pancreatobiliary type with gemcitabine- 
based regimens [37]. Intestinal subtypes seem to do better, 
but it remains unclear how much can be attributed to the che-
motherapy regimen.

 Appendiceal Tumors

Histologically, appendiceal malignancies are subdivided in 
epithelial, nonepithelial, or mixed-origin neoplasms. The 
first group includes adenocarcinoma (mucinous, colonic, and 
signet cell subtypes). The nonepithelial neoplasms include 
neuroendocrine tumors (NETs) of the appendix, and goblet 
cell carcinoids represent the mixed histology.

 Epidemiology

Cancer of the appendix is an uncommon disease, found in 
approximately 1% of all appendectomies [49]. Similar to 
small bowel tumors, the most common type of appendiceal 
tumors are NETs with a reported frequency of 65%, fol-
lowed by mucinous adenocarcinoma (10%), and signet ring 
and Goblet cell carcinoma (5%) [49–51]. The percentage of 
NETs of the appendix has increased over the last decade. 
This was documented by a Surveillance, Epidemiology and 
End Results (SEER) database analysis that included all 
patients with appendiceal malignancies diagnosed between 
1973 and 2007. In this study, the incidence of appendiceal 
NETs was only 11% [52]. The incidence of NETs seems to 
be slightly higher in women [53, 54]. The average age at 
presentation of appendiceal cancer is approximately 63 years 
old for all types of appendiceal cancers except for NETs. 
These tumors tend to present earlier with a reported average 
age at diagnosis of approximately 42 years old [55].

 Epithelial Tumors

This chapter will focus on appendiceal adenocarcinoma. 
Benign epithelial tumors can also arise in the appendix and 
include mucosal hyperplasia, simple cysts, mucinous cystad-
enomas, and mucinous cystadenocarcinomas. There is a cer-
tain degree of overlap between benign and malignant tumors, 
which has resulted in multiple attempts to classify appendi-
ceal mucinous tumors over the years.

 Appendiceal Adenocarcinoma

Most appendiceal adenocarcinomas are of mucinous sub-
type with at least 50% of the lesion composed of mucin. 
Most of these tumors arise from polyps or serrated adeno-
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mas. Colonic-type appendiceal adenocarcinoma is the sec-
ond most common histologic subtype [52, 56]. Some 
studies suggest a more invasive behavior in colonic sub-
type with a tendency to present with nodal metastasis, 
however, the evidence is conflicting [50, 57, 58]. The least 
common type is signet cell adenocarcinoma and carries a 
poor prognosis [52].

 Clinical Presentation and Diagnosis
In contrast to NETs, incidental diagnosis of appendiceal ade-
nocarcinoma is less common and the majority of patients 
(88%) present with acute appendicitis [58, 59]. Some patients 
are diagnosed incidentally while having surgery for an unre-
lated condition, but this has been reported in less than 20% 
of the cases [59].

Peritoneal Mucinous Carcinomatosis
Patients with mucinous subtype appendiceal adenocarci-
noma may develop peritoneal metastasis leading to intra-

peritoneal accumulation of mucin. This condition is called 
peritoneal mucinous carcinomatosis and may cause 
abdominal discomfort, increased abdominal girth, and 
unexplained weight gain. Pseudomyxoma peritonei (PMP) 
is a term that for years has been used to refer to mucin 
accumulation due to excessive production by any tumor 
that produces mucin, including benign mucinous adeno-
carcinoma but also nonappendiceal mucinous neoplasms 
and benign mucinous tumors of the appendix. Multiple 
names and classifications have been proposed over the 
years in an attempt to differentiate mucinous appendiceal 
neoplasms according to the aggressiveness of their under-
lying histology (see Table 6.3) [60–67]. The lack of con-
sensus in terminology creates barriers for the interpretation 
of data available and may create confusion regarding the 
prognosis of the patient. As of now, the lack of consensus 
remains, however, the Peritoneal Surface Oncology Group 
International (PSOGI) proposed a new classification for 
appendiceal mucinous neoplasms in 2015 (Table  6.4) 

Table 6.3 Multiple histology-based categories have been proposed 
over the last 10 years for classification of appendiceal mucinous neo-
plasms [60–67]

Author Classification categories
Ronnett et al. 
[60]

DPAM
PMCA

Misdraji et al. 
[61]

LAMN
MACA
Discordant

Bradley et al. 
[62]

Low-grade mucinous carcinoma peritonei
High-grade mucinous carcinoma peritonei

Pai et al. [63] Mucinous adenoma
Low-grade mucinous neoplasm with low risk of 
recurrence
Low-grade mucinous neoplasm with low risk of 
recurrence with high risk of recurrence
Mucinous adenocarcinoma

Carr et al. 
[64]

Adenoma
Uncertain malignant potential
Invasive mucinous adenocarcinoma

AJCC/WHO 
[65, 66]

Adenoma
Invasive mucinous adenocarcinoma
Low-grade mucinous adenocarcinoma
High-grade mucinous adenocarcinoma

Carr et al. 
[67]

Adenoma, low or high-grade
Serrated polyp, with or without dysplasia, low- or 
high-grade
LAMN
High-grade AMN
Mucinous adenocarcinoma, well-, moderately, or 
poorly differentiated
Poorly differentiated mucinous adenocarcinoma 
with signet ring cells
Mucinous signet ring cell carcinoma

LAMN low-grade appendiceal mucinous neoplasm, MCA mucinous 
adenocarcinoma, DPAM disseminated peritoneal adenomucinosis, 
PMCA peritoneal mucinous carcinomatosis, AJCC American Joint 
Committee on Cancer, WHO world Health Organization, AMN appen-
diceal mucinous neoplasm

Table 6.4 Classification of appendiceal mucinous neoplasms

Terminology Lesions
Tubular, tubulovillous or 
villous adenoma, low-grade 
or high-grade dysplasia

Adenoma resembling traditional 
colorectal type, confined to mucosa, 
muscularis mucosae intact

Serrated polyp with or 
without dysplasia

Tumor with serrated features 
confined to mucosa, muscularis 
mucosae intact

Low-grade appendiceal 
mucinous neoplasm 
(LAMN)

Mucinous neoplasm with low-grade 
cytologic atypia and any of the 
following:
 Loss of muscularis mucosae
 Fibrosis of submucosa
 Expansile or diverticulum-like 
growth
 Dissection of acellular mucin in 
wall
 Undulating or flattened epithelial 
growth
 Rupture of appendix
 Mucin and/or cells outside 
appendix

High-grade appendiceal 
mucinous neoplasm

Mucinous neoplasm with the 
architectural characteristics of 
LAMN and no infiltrative invasion, 
but with high-grade cytologic atypia

Mucinous adenocarcinoma—
well, moderately, or poorly 
differentiated

Mucinous neoplasm with infiltrative 
invasion

Poorly differentiated 
(mucinous) adenocarcinoma 
with signet ring cells

Neoplasm with signet ring cells 
(< or = 50% of cells)

(Mucinous) signet ring cell 
carcinoma

Neoplasm with signet ring cells 
(>50% of cells)

Adenocarcinoma—well, 
moderately, or poorly 
differentiated

Nonmucinous adenocarcinoma 
resembling traditional colorectal 
type

Adapted from [67]
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[67]; the terminology was the result of a consensus of 71 
experts from 13 different countries. This nomenclature is 
more extensive than previous ones and aims to end the 
long-standing confusion in terminology. It includes a 
nomenclature for appendiceal mucinous neoplasms 
(Table 6.4) and the term PMP was kept and subclassified 
(Table 6.5) [67].

Diagnosis is made by cross-sectional imaging followed 
by pathologic confirmation. CT scan of a patient with perito-
neal mucinous carcinomatosis has some typical findings, 
such as low attenuation heterogeneous fluid throughout the 
peritoneum, scalloping of visceral surfaces, and scattered 
calcifications.

 Staging and Prognosis
The 2017 AJCC TNM staging contains a specific staging for 
appendiceal carcinoma, which includes histologic grading 
for mucinous appendiceal neoplasms (see Table  6.6). 
Prognosis based on this version is not available but accord-
ing to the seventh edition, the 5-year survival rate for patients 
with stage I disease was 81.1%, for stage II, 52.6%; for stage 
III, 32.9%; and for stage IV, 22.7%.

Histologic subtype is a major prognostic factor, with 
5-year disease-specific survival of 58% for mucinous sub-
type, 55% for colonic subtype, and 27% for signet ring cell 
type [52]. However, as noted previously, mucinous subtype 
is a heterogeneous group and additional factors that affect 
prognosis include grade, cellularity, infiltrative invasion, and 
presence of signet ring cells.

Table 6.6 Appendiceal carcinoma TNM staging

Definition of primary tumor (T)
T category T criteria
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ (intramucosal carcinoma; invasion 

of the lamina propria or extension into but not 
through the muscularis mucosae)

Tis(LAMN) Low-grade appendiceal mucinous neoplasm confined 
by the muscularis propria. Acellular mucin or 
mucinous epithelium may invade into the muscularis 
propria
T1 and T2 are not applicable to LAMN. Acellular 
mucin or mucinous epithelium that extends into the 
subserosa or serosa should be classified as T3 or T4a, 
respectively

T1 Tumor invades the submucosa (through the 
muscularis mucosa but not into the muscularis 
propria)

T2 Tumor invades the muscularis propria
T3 Tumor invades through muscularis propria into the 

subserosa or the mesoappendix
T4 Tumor penetrates the visceral peritoneum, including 

the acellular mucin or mucinous epithelium involving 
the serosa of the appendix or mesoappendix, and/or 
directly invades adjacent organs or structures

T4a Tumor invades through the visceral peritoneum, 
including the acellular mucin or mucinous epithelium 
involving the serosa of the appendix or serosa of the 
mesoappendix

T4b Tumor directly invades or adheres to adjacent organs 
or structures

Definition of regional lymph node (N)
N 
category N criteria
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 One to three regional lymph nodes are positive (tumor in 

lymph node measuring ≥ 0.2 mm) or any number of 
tumor deposits is present, and all identifiable lymph 
nodes are negative

N1a One regional lymph node is positive
N1b Two or three regional lymph nodes are positive
N1c No regional lymph nodes are positive, but there are tumor 

deposits in the subserosa or mesentery
N2 Four or more regional lymph nodes are positive

M 
category M criteria
M0 No distant metastasis
M1 Distant metastasis
M1a Intraperitoneal acellular mucin, without identifiable 

tumor cells in the disseminated peritoneal mucinous 
deposits

M1b Intraperitoneal metastasis only, including peritoneal 
mucinous deposits containing tumor cells

M1c Metastasis to sites other than peritoneum

Note: For specimens containing acellular mucin without identifiable 
tumor cells, efforts should be made to obtain additional tissue for thor-
ough histologic examination to evaluate for cellularity

Table 6.5 Classification of pseudomyxoma peritonei (PMP) (perito-
neal disease component)

Terminology Lesions
Mucin without 
epithelial cells

Acellular mucin (A descriptive diagnosis 
followed by a comment is likely to be 
appropriate, depending on the overall clinical 
picture. It should be stated whether the mucin 
is confined to the vicinity of the organ of 
origin or distant from it; i.e., beyond the right 
lower quadrant in the case of the appendix. 
The term PMP should normally be avoided 
unless the clinical picture is characteristic.)

PMP with 
low-grade 
histologic features

Low-grade mucinous carcinoma peritonei or 
disseminated peritoneal adenomucinosis 
(DPAM)

PMP with 
high-grade 
histologic feature

High-grade mucinous carcinoma peritonei or 
peritoneal mucinous carcinomatosis (PMCA)

PMP with signet 
ring cells

High-grade mucinous carcinoma peritonei 
with signet ring cells or peritoneal mucinous 
carcinomatosis with signet ring cells 
(PMCA-S)

Adapted from [67]
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 Treatment

Early Stage Resectable Disease
The treatment of localized appendiceal adenocarcinoma is con-
troversial, with conflicting findings regarding the advantage of 
hemicolectomy over appendectomy alone [68–70]. Some stud-
ies have found that hemicolectomy improves 5-year OS com-
pared to appendectomy alone (73% vs. 44%), while no survival 
advantage was seen in a more recent study [57, 70]. Thus, man-
agement is highly variable according to institutional experience.

In low-grade mucinous tumors, adjuvant chemotherapy is 
not considered a standard of care approach. The use of adju-
vant chemotherapy in high-grade appendiceal adenocarci-
noma is extrapolated from the evidence available for 
colorectal adenocarcinoma, where efficacy of adjuvant 
5- fluorouracil (5-FU)-based chemotherapy for node-positive 
colon cancer is well documented [57].

Metastatic Disease
There are no trials supporting the use of any particular che-
motherapy in metastatic appendiceal adenocarcinoma, thus 

patients are usually treated following guidelines for colorec-
tal adenocarcinoma.

Low-grade mucinous tumors usually metastasize to the 
peritoneal cavity. Hematogenous spread beyond the perito-
neal cavity is very rare. Treatment for peritoneal mucinous 
carcinomatosis is aggressive cytoreduction and intraperito-
neal hyperthermic chemotherapy (IPHC). This concept was 
evaluated in a trial of 105 patients with secondary peritoneal 
carcinomatosis from colon or appendiceal cancer and no 
other metastatic disease. Patients were randomized to IPHC 
with mitomycin plus debulking followed by systemic che-
motherapy or systemic chemotherapy alone. Both groups 
received chemotherapy with weekly 5-FU and leucovorin 
until progression. Median survival was 22.4 months in 
patients receiving IPHC and debulking compared to 12.6 
months in the control group [71]. Other institutions have 
reported similar favorable outcomes in [70, 72] with this 
regimen. A database review that included 103 patients with 
peritoneal mucinous carcinomatosis showed that adding 
IPHC to debulking surgery provided a survival advantage of 
77 months vs. 25 months. Chemotherapy is usually reserved 
for patients where resection of peritoneal metastasis is no 
longer feasible.

 Goblet Cell Carcinoid

Goblet cell carcinoid is a rare appendiceal tumor that 
expresses histologic characteristics of both colonic adeno-
carcinoma (e.g., CK20, immunoglobulin A (IgA) staining) 
and well-differentiated NETs (e.g., minimal atypia, rare 
mitotic figures) [73]. Based on histologic features of the pri-
mary tumor, goblet cell appendiceal malignancies are classi-
fied as goblet cell carcinoids (GCC) and atypical GCC. 
Atypical GCC is also known as adenocarcinoma ex GCC and 
is further divided into signet ring cell cancer (SRCC) and 
poorly differentiated appendiceal adenocarcinoid.

 Clinical Presentation and Diagnosis
A SEER database analysis that included more than 2,000 
patients with goblet cell malignancies found the median 
age at presentation was 54 years old in GCC and 57 years 
old in SRCC.  Advance stage disease was reported to be 
more common at diagnosis in patients with SRCC com-
pared to patients with GCC (61.4% vs. 10.4%). No differ-
ence in incidence according to gender or ethnicity was 
demonstrated [74].

Most patients present with appendicitis and less com-
monly with chronic lower abdominal pain, intussusception, 
or GI bleeding [50, 75]. The diagnosis is based on histology; 
no features in the clinical history or macroscopic findings in 

Histologic grade (G)
G G definition
GX Grade cannot be assessed
G1 Well differentiated
G2 Moderately differentiated
G3 Poorly differentiated

AJCC prognostic stage groups

When T is…
And N 
is…

And M 
is…

And grade 
is…

Then the stage 
group is…

Tis N0 M0 0
Tis(LAMN) N0 M0 0
T1 N0 M0 I
T2 N0 M0 I
T3 N0 M0 IIA
T4a N0 M0 IIB
T4b N0 M0 IIC
T1 N1 M0 IIIA
T2 N1 M0 IIIA
T3 N1 M0 IIIB
T4 N1 M0 IIIB
Any T N2 M0 IIIC
Any T N0 M1a IVA
Any T Any N M1b G1 IVA
Any T Any N M1b G2, G3, or 

GX
IVB

Any T Any N M1c Any G IVC

Used with permission of the American Joint Committee on Cancer 
(AJCC), Chicago, Illinois. The original and primary source for this 
information is the AJCC Cancer Staging Manual, Eighth Edition (2017) 
published by Springer International Publishing

Table 6.6 (continued)
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	 the appendectomy specimen are suggestive of the diagnosis. 
The classic appearance of GCC has individual glands sepa-
rated by smooth muscle cells and the lining cells contain 
intracytoplasmic mucin [76]. Urine 5-HIAA is not elevated 
in most cases.

 Staging and Prognosis
GCCs behave more aggressively than well-differentiated 
NETs. There is no specific staging system for this histologic 
type of appendiceal cancer, thus they are staged similar to 
appendiceal carcinomas (see Table  6.6). Survival is better 
than in patients with appendiceal adenocarcinoma, but it is 
worse than with well-differentiated NETs [52]. Development 
of metastatic disease is reported to be more common in the 
elderly population and occurs in 15–30% of the cases [77]. 
Survival at 5 years according to stage is 100% for stage I, 
76% for stage II, 22% for stage III, and 14% for stage IV 
[75]. There are very limited data regarding the prognosis of 
GCC according to the histologic subtype. A SEER database 
analysis of patients with appendiceal neoplasms included 
1,582 patients with GCC and 534 patients with SRCC. This 
study reported a survival advantage for patients with GCC 
compared to SRCC regardless of their stage. The median OS 
(mOS) for atypical GCC was 24 months, while the median 
OS for GCC had not been reached at the time of analysis 
[74]. When adjusting for staging category (localized vs. 
advanced disease), the mOS was 35 months in  localized 
SRCC and 15 months in patients with advances stages. The 
mOS was not reached for either of the staging subgroups 
among patients with GCC [74].

 Treatment
There are only a few reports addressing treatment for GCC 
and expert recommendations vary for both early and 
advanced disease [78–82]. Most of these recommendations 
are extrapolated from other types of appendiceal cancers.

Localized Early Stage Disease
Surgery is recommended for patients who are surgical candi-
dates and have localized disease; however, there is controversy 
regarding the extent of surgery. Some experts recommend 
simple appendectomy for localized low-grade tumors, whereas 
others recommend right colectomy for all goblet cell tumors 
[78, 79, 83]. Right colectomy has also been recommended 
based on criteria suggestive of poor prognosis such as tumor 
size > 2 cm, location in the base of the appendix, nodal involve-
ment, and atypical GCC [80, 84]. Based on a SEER database 
analysis, SRCC tends to metastasize to regional lymph nodes 
regardless of primary tumor size; in addition, patients with 
SRCC showed improved survival in those who underwent sur-
gery. Hence, a right colectomy is recommended in all SRCC 
patients with localized disease [74].

The benefit of using adjuvant therapy in these patients is 
not established and thus there are no guidelines available. 
Due to the more favorable outcome of early stage GCC 
patients, several experts recommend no adjuvant therapy 
unless high-risk features are present (i.e., cecal invasion, per-
foration, or lymph node involvement). On the other hand, 
since atypical GCC seems to have a higher tendency to 
metastasize to local lymph nodes, their recommendation is 
for adjuvant therapy in all patients with atypical GCC under-
going surgery.

Locally Advanced and Metastatic Disease
Systemic Treatment No clinical trials evaluating the role 
of chemotherapy in GCC are available. A case report of a 
patient with metastatic disease showed complete response 
(CR) with FOLFOX (leucovorin, 5-fluorouracil, oxaliplatin) 
treatment [81]. Expert recommendations are based on the 
reported outcomes for these tumors according to their histo-
logic subclassification. For GCC with limited peritoneal dis-
ease options include peritoneal debulking plus hyperthermic 
intraperitoneal chemotherapy (HIPEC) or systemic chemo-
therapy with a fluorouracil-based regimen. For atypical 
GCC, fluorouracil-based chemotherapy is recommended as 
initial treatment with optional peritoneal resection in patients 
who respond well to the chemotherapy [74].

A small study reported that intraperitoneal disease com-
monly has characteristics of adenocarcinoma rather than car-
cinoid, thus aggressive management with debulking and 
HIPEC as described for appendiceal adenocarcinoma, may 
improve symptoms and OS [80]. This was a retrospective 
analysis of 45 patients with GCC treated with surgical deb-
ulking plus HIPEC that showed an OS of 63.4% at 3 years. 
Half of the patients in this study had regional lymph node 
involvement; however, no further subclassification (i.e., 
GCC vs. atypical GCC) was done [85].
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Adjuvant Therapy for Colorectal Cancer

Patrick Boland, Jun Gong, and Marwan Fakih

 Introduction

Despite the advances achieved in colorectal cancer screening 
and the persistent decline in the incidence and mortality of 
colorectal cancer, colorectal cancer continues to represent 
the second most common cause of cancer death in the United 
States. It is estimated that 138,000 cases of colorectal cancer 
were diagnosed, of which 50,000 patients succumbed to 
advanced disease in 2014 [1]. While significant progress has 
been made in the management of metastatic colorectal can-
cer in terms of improved longevity, metastatic disease 
remains largely noncurable with a median survival of 
30 months or less [2]. Therefore, the most effective strategies 
in decreasing colorectal death have to focus on disease pre-
vention, early detection, and improvements in adjuvant ther-
apies. This chapter will focus on the historical and recent 
advances in adjuvant therapy for locoregional colorectal can-
cer and following resection of metastatic disease.

 Adjuvant Therapy for Colon Cancer

Adjuvant therapy remains universally recommended for 
stage III colon cancer. Over the past three decades, the devel-
opment of adjuvant therapy with fluoropyrimidines has 
reduced the risk of recurrence and afforded an absolute sur-
vival benefit of 10–15% in stage III colon cancer [3]. The 

addition of oxaliplatin to fluoropyrimidine-based adjuvant 
therapy offers an additional 4–6% absolute survival benefit. 
In contrast, the benefit of adjuvant chemotherapy in stage II 
disease remains under debate. At best, adjuvant chemother-
apy in stage II colon cancer appears to provide no more than 
a 5% absolute improvement in 5-year survival. Currently, 
adjuvant therapy is not recommended in stage I colon cancer, 
given the favorable prognosis and high probability of cure 
with surgery alone in this group. In this section, we detail the 
development of adjuvant therapy in stage II and III colon 
cancer from which current guidelines stem.

 Stage I Colon Cancer

Approximately 21% of all colon cancer cases are accounted 
for by stage I disease [4]. The 5-year disease-specific survival 
(DSS) rate for stage I colon cancer is about 95% [5]. The 
5-year overall survival (OS) rate in patients with stage I dis-
ease treated with surgery alone remains favorable and is at 
least 80–90% [6]. Given the very favorable prognosis and high 
rates of curative resection, the risk–benefit ratio for currently 
available adjuvant chemotherapy favors no further treatment 
beyond surgery in stage I colon cancer at present [6].

 Stage III Colon Cancer

Stage III disease accounts for approximately 20–25% of all 
cases of colon cancer [4]. Roughly 15% of patients have 
stage IIIB colon cancer, 5% have stage IIIC disease, and 3% 
have stage IIIA disease. The 5-year DSS and OS rates for 
stage III colon cancer are approximately 68.7% and 58.3%, 
respectively [5]. For stage IIIA, stage IIIB, and stage IIIC 
disease, 5-year DSS rates are 89%, 70.4%, and 55.8%, 
respectively, and 5-year OS rates are 79%, 59%, and 47.9%, 
respectively. The development of adjuvant therapy over the 
past three decades has reduced the risk of recurrence and 
improved survival in stage III colon cancer [1].
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 Adjuvant Therapy with Fluoropyrimidine
Early randomized studies (as early as the 1950s) largely 
failed to demonstrate an unequivocal benefit for adjuvant 
chemotherapy in colorectal cancer [7]. Analysis of various 
regimens during this period identified, at best, a significant 
but marginal improvement in 5-year OS by a few percentage 
points with adjuvant fluorouracil or fluorouracil-containing 
chemotherapy. These investigations were felt to be limited 
by insufficient numbers of study patients and suboptimal 
adherence to chemotherapy. Later and better-conducted ran-
domized studies have shown that adjuvant 5-fluorouracil 
(5-FU) does improve outcomes in stage III colon cancer 
(Table 7.1) [8–14].

In 1987, the North Central Cancer Treatment Group 
(NCCTG), Eastern Cooperative Oncology Group (ECOG), 
and Southwest Oncology Group (SWOG) completed enroll-
ment of their phase III trial (Intergroup 0035 or INT-0035) 
investigating observation vs. levamisole alone (50 mg orally 
three times daily for 3 days every 2 weeks for 1 year) vs. 
levamisole + 5-FU (450  mg/m2 intravenous [IV] daily for 
5 days followed by weekly IV 5-FU 450 mg/m2 28 days later 
for 48 weeks) in patients who had received curative-intent 
resections of stage III colon cancer in the prior 1–5 weeks 
[8]. Although adjuvant levamisole + 5-FU failed to demon-
strate outcome differences in stage II disease, 929 patients 
with stage III disease followed ≥5 years receiving adjuvant 
levamisole + 5-FU experienced a 40% reduction in recur-
rence rate vs. postsurgical observation (p  <  0.0001) and a 
33% reduction in mortality rate vs. observation (p = 0.0007). 
Adverse effects (AEs) were primarily of those expected for 
bolus 5-FU: nausea, vomiting, stomatitis, diarrhea, dermati-
tis, fatigue, alopecia, mild leukopenia, and grade 1–2 throm-

bocytopenia. These data had a positive influence at the time 
of a National Institutes of Health (NIH) consensus develop-
ment panel in 1990 that recommended postoperative levami-
sole + 5-FU in patients with stage III colon cancer unable to 
enroll in a clinical trial [6].

The National Surgical Adjuvant Breast and Bowel Project 
(NSABP) investigators similarly conducted a series of large 
randomized trials involving adjuvant fluorouracil in colon 
cancer [15]. NSABP protocol C-01 compared semustine 
(MeCCNU)  +  vincristine + 5-FU (MOF) or bacillus 
Calmette–Guérin (BCG) to observation in 1166 patients 
with resected stage II or III disease. Although adjuvant MOF 
produced improved disease-free survival (DFS) and OS at 
5 years compared to postoperative observation, these results 
disappeared at 10-year follow-up [16]. NSABP protocol 
C-02 did produce improved 5-year DFS rates with periopera-
tive portal vein infusion of 5-FU (69%) vs. surgery only 
(60%, p = 0.02) in 1158 patients with resected stage II or III 
colon cancer, but did not produce a significant OS benefit 
[17]. Furthermore, the development of more effective IV 
chemotherapies with 5-FU favored the use of IV chemother-
apy over portal venous infusion 5-FU in later NSABP 
studies.

NSABP protocol C-03 compared adjuvant 5-FU (500 mg/
m2 IV bolus 1 hour after leucovorin [LV] infusion weekly for 
6 doses  =  1  cycle)  +  LV (500  mg/m2 2-hour IV infusion 
weekly for 6 doses, Roswell Park regimen) for 8 cycles to the 
methyl-CCNU, vincristine, and fluorouracil (MOF) regimen 
from NSABP protocol C-01 and showed a superior 5-year 
DFS rate (66%) and OS rate (76%) in the 5-FU/LV arm vs. 
MOF arm (5-year DFS rate of 54% [p = 0.0004] and OS rate 
of 66% [p = 0.003]) in patients with stage II or III disease. 

Table 7.1 Phase 3 adjuvant therapy trials with 5-fluorouracil in stage III colon cancer

Study n = size Arms DFSa OSa

INT-0035 [8] 929 Levamisole vs. observation
Levamisole + 5-FU vs. observation

2% ↓ recurrence rate (p = 0.86)
40% ↓ recurrence rate (p < 0.0001)

6% ↓ death rate (p = 0.57)
33% ↓ death rate (p = 0.0007)

NSABP C-03 [9] 1081 5-FU/LV vs. MOF 66% vs. 54% (p = 0.0004) 76% vs. 66% (p = 0.003)
NSABP C-04 [10] 2151 5-FU/LV vs. 5-FU/LEV

5-FU/LV vs. 5-FU/LV/LEV
65% vs. 60% (p = 0.04)
65% vs. 64% (p = 0.67)

74% vs. 70% (p = 0.07)
74% vs. 73% (p = 0.99)

adjCCA-01 [11] 680 5-FU/LV
5-FU/LEV

79.8 months
69.3 months (p = 0.012)

88.9 months
78.6 months (p = 0.003)

INT-0089 [12] 3561 LDLV
HDLV
5-FU + LEV
LDLV + LEV

10-year 49%
10-year 47%
10-year 45%
10-year 68%b

10-year 52%
10-year 52%
10-year 50%
10-year 59%b

NSABP C-06 [13] 1608 UFT/LV vs. 5-FU/LV HR 1.004
(95% CI 0.847–1.190, p = 0.96)

HR 1.014
(95% CI 0.825–1.246, p = 0.90)

X-ACT [14] 1987 Capecitabine vs. 5-FU/LV 3.8 years, HR 0.87
(95% CI 0.75–1.00, p = 0.05)

3.8 years, HR 0.84
(95% CI 0.69–1.01, p = 0.07)

DFS disease-free survival, OS overall survival, 5-FU 5-fluorouracil, LV leucovorin, MOF semustine + vincristine + 5-FU, LEV levamisole, LDLV 
low-dose LV + 5-FU (Mayo Clinic regimen), HDLV high-dose LV + 5-FU (Roswell Park regimen), UFT uracil + tegafur, HR hazard ratio, CI 
confidence interval
a5 years unless otherwise specified
bp-values not reported but not statistically significant across all arms

P. Boland et al.



111

5-FU/LV therapy had a similar rate of ≥ grade 4 AEs (6%) 
compared to MOF but less hematologic toxicities (0.8% vs. 
16% with white blood cell [WBC] count <2000/μ[mu]L and 
none vs. 15% with platelets <50,000/μ[mu]L) than MOF [9]. 
MOF notably had more cases of myeloproliferative disorder 
and leukemia than 5-FU/LV, but 5-FU/LV had more diarrhea 
(85%) than MOF (48%). Of note, 5-FU/LV became the con-
trol for later NSABP trials. The stage was set for adjuvant 
5-FU/LV vs. 5-FU/levamisole (LEV) in NSABP protocol 
C-04 when 5-FU/LV in six 8-week  cycles (Roswell Park 
regimen, 2 weeks of rest), 5-FU/LEV (INT-0035 similar dos-
ing scheme), or 5-FU/LV/LEV was administered in patients 
with resected stage II or III colon cancer [10]. Fluorouracil/
LV showed improved 5-year DFS rates (65%) vs. 5-FU/LEV 
(60%, p = 0.04) and slightly prolonged OS rates (74%) vs. 
5-FU/LEV (70%, p = 0.07). Notably, 5-FU/LV/LEV did not 
provide any DFS (64%) or OS (73%) benefit over 5-FU/LV 
alone (5-year DFS of 65% (p  =  0.67) and OS of 74% 
(p = 0.99)). Grade 3–4 toxicity rates were comparable across 
arms, while diarrhea was the major AE in LV-containing 
arms and stomatitis rates were higher in the 5-FU/LEV arm. 
In stage III disease only, adjuvant low-dose LV  +  5-FU 
(100 mg/m2 LV + 450 mg/m2 5-FU IV daily for 5 days every 
4 weeks) has shown superiority over 5-FU/LEV (INT-0035 
similar dosing) albeit over 12 months in the adjCCA-01 trial 
[11]. These results supported 5-FU/LV as an acceptable 
adjuvant therapeutic standard in colon cancer.

The Intergroup 0089 (INT-0089) separately investigated 
high-dose LV + 5-FU (HDLV or Roswell Park regimen) for 
4 cycles vs. low-dose LV + 5-FU (20 mg/m2 LV and 425 mg/
m2 5-FU IV daily for 5 days repeated at 4 weeks, 8 weeks, 
and every 5 weeks) for 6 cycles (LDLV or Mayo Clinic regi-
men) vs. LDLV + LEV (50 mg orally three times daily for 
3 days every 2 weeks for 6 months) vs. 5-FU + LEV (INT- 
0035 regimen) in >3500 patients with resected high-risk 
stage II (defined as evidence of bowel obstruction or perfora-
tion or adherence to or invasion of adjacent organs or tumor 
perforation) or stage III colon cancer [12]. None of these 
four treatment arms demonstrated statistical superiority over 
another in 10-year DFS and OS though ≥ grade 3 toxicities 
were more frequent in the LDLV and LDLV + LEV arms. 
The HDLV arm was not significantly different in overall tox-
icity from the 5-FU  +  LEV arm though 5-FU  +  LEV had 
more neurologic AEs, and the LDLV + LEV arm was more 
significantly toxic than the LDLV arm. Of note, infusional 
5-FU has not demonstrated significantly improved survival 
outcomes compared to bolus 5-FU in the adjuvant treatment 
of stage III colon cancer, but infusional 5-FU appears to be 
generally more tolerated and less toxic [18, 19]. In short, 
INT-0089 highlighted that adjuvant LDLV or HDLV could 
derive similar survival benefits with 6–8 months of therapy, 
instead of 12  months, without the additional toxicity of 
levamisole.

Oral fluoropyrimidines have also been investigated in the 
adjuvant setting for stage III disease (Table  7.1). NSABP 
protocol C-06 pitted 5-FU/LV (Roswell Park regimen) vs. 
uracil and tegafur (UFT, 300 mg/m2 oral daily for 4 weeks 
with 1  week off  =  1  cycle)  +  LV (90  mg oral daily for 
4 weeks) for 5 cycles in those with stage II or III disease hav-
ing undergone curative-intent resection in the past 42 days 
[13]. Adjuvant UFT/LV showed equivalent efficacy to 5-FU/
LV with a 5-year DFS hazard ratio (HR) of 1.004 (95% con-
fidence interval [CI] 0.847–1.190, p = 0.96) and OS HR of 
1.014 (95% CI 0.825–1.246, p = 0.90). UFT/LV also showed 
similar toxicity to 5-FU/LV with diarrhea being the most 
common AE in both (28.5%  ≥  grade 3 diarrhea and 
37.8% ≥ grade 3 any toxicity for UFT/LV vs. 29.4% ≥ grade 
3 diarrhea and 38.2% ≥ grade 3 any toxicity for 5-FU/LV). 
The Xeloda in Adjuvant Colon Cancer Therapy (X-ACT) 
trial compared capecitabine (1250  mg/m2 oral twice daily 
days 1–14 every 21 days) for 8  cycles to 5-FU/LV (Mayo 
Clinic regimen) for 6  cycles in stage III colon cancer and 
showed that adjuvant capecitabine is at least as equivalent in 
3.8-year DFS and OS, improved relapse-free survival or RFS 
(HR 0.86, 95% CI 0.74–0.99, p = 0.04), and had significantly 
fewer ≥ grade 3 AEs (except for hand–foot syndrome) com-
pared to 5-FU/LV [14].

In summary, large randomized trials within the past 
30 years have demonstrated that adjuvant therapy with fluo-
ropyrimidines improves survival in stage III colon cancer. 
Furthermore, 6  months of treatment with 5-FU/LV or 
capecitabine has been well-established as a standard adju-
vant chemotherapy in stage III disease. Infusional 5-FU/LV 
(de Gramont regimen) or capecitabine appears to be more 
favorable in terms of toxicity than bolus 5-FU/LV regimens 
and is typically favored when fluoropyrimidine monotherapy 
is considered.

 Adjuvant Therapy with Fluoropyrimidine 
and Oxaliplatin
From 1998 to 2001, the Multicenter International Study of 
Oxaliplatin/5-Fluorouracil/Leucovorin in the Adjuvant 
Treatment of Colon Cancer (MOSAIC) phase III trial ran-
domized 2246 patients to receive 6  months of biweekly 
5-FU/LV or LV5FU2 (200 mg/m2 LV 2-hour IV infusion fol-
lowed by 400 mg/m2 5-FU IV bolus then 600 mg/m2 5-FU 
22-hour IV infusion every 14 days) vs. 6 months of oxalipla-
tin (85  mg/m2 2-hour IV infusion on day 1)  +  LV5FU2 
(FOLFOX4) within 7 weeks of complete resection of stage II 
or III colon cancer [20]. Although FOLFOX4 had more 
grade 3–4 neutropenia (41.1% vs. 4.7%, p < 0.001) and neu-
ropathy (48.2% grade 1), the DFS at 3 years was significantly 
improved in the FOLFOX4 arm (78.2%, 95% CI 75.6–
80.7%) vs. LV5FU2 arm (72.9%, 95% CI 70.2–75.7%, 
p = 0.002), and the risk of relapse was reduced by 23% in the 
FOLFOX4 arm when compared to the LV5FU2 arm (HR 
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0.77, p  =  0.002). Survival benefits of adjuvant FOLFOX4 
have been observed at 10-year follow-up (Table 7.2 [20–24]) 
though the DFS and OS benefits appear to be restricted to 
stage III disease [21].

In 2000, the NSABP investigators launched a parallel 
phase III trial (NSABP protocol C-07) pitting 6 months of 
5-FU/LV (Roswell Park regimen) vs. 6  months of FLOX 
(5-FU/LV Roswell Park regimen + oxaliplatin 85  mg/m2 
2-hour IV infusion on days 1, 15, and 29) in resected stage II 
or III disease (within 42  days) [22]. At 5-year follow-up, 
FLOX remained superior to 5-FU/LV in DFS (HR 0.82, 95% 
CI 0.72–0.93, p = 0.002), but OS was similar in both arms 
(HR 0.88, 95% CI 0.75–1.02, p = 0.08) [23]. Notably, sig-
nificantly more cases of grade 3–4 diarrhea (p  =  0.003), 
bowel wall injury in the elderly (age > 60 years, p < 0.01) 
and females (p  <  0.01), febrile neutropenia or bacteremia 
associated with diarrhea (p = 0.01), grade 3–4 nausea/vomit-
ing (p < 0.001), grade 3–4 neuropathy (p < 0.001), and death 
from chemotherapy-induced enteropathy (5 deaths vs. 1 
death) were seen in the FLOX arm vs. the 5-FU/LV arm.

More recently, the NO16968 multinational phase III trial 
investigated bolus 5-FU/LV (Mayo Clinic regimen, 6 cycles 
or Roswell Park regimen, 4  cycles) vs. capecitabine 
(1000  mg/m2 oral twice daily days 1–14 every 
3 weeks) + oxaliplatin (130 mg/m2 2-hour IV infusion on day 
1) for 8  cycles (XELOX) in patients who had undergone 
curative-intent resections of stage III disease in the prior 
8 weeks [24]. XELOX demonstrated superior DFS rates at 
7  years vs. bolus 5-FU/LV (HR 0.80, 95% CI 0.69–0.93, 
p = 0.004) and OS rates at 7 years vs. bolus 5-FU/LV (HR 

0.83, 95% CI 0.70–0.99, p = 0.04). The XELOX arm experi-
enced more grade 3–4 neuropathy, grade 3 hand–foot syn-
drome, and grade 3–4 thrombocytopenia, but less grade 3–4 
neutropenia, febrile neutropenia, and stomatitis than the 
bolus 5-FU/LV arm.

The results of these three major trials highlight that the 
addition of oxaliplatin to 5-FU/LV (continuous infusion or 
bolus) in the adjuvant setting reduces the relative risk of 
relapse and relative risk of death by up to 21% and 20%, 
respectively, compared to standard 5-FU/LV alone and have 
redefined the standard adjuvant chemotherapy in stage III 
colon cancer. Accordingly, following the findings of the 
MOSIAC trial, the US Food and Drug Administration (FDA) 
in 2004 approved FOLFOX4 for the adjuvant treatment of 
patients with stage III colon cancer. Findings from the 
NO16968 study support adjuvant XELOX as an acceptable 
alternative to FOLFOX4  in stage III disease. Adjuvant 
FLOX, while effective in reducing relapses in comparison to 
fluoropyrimidines alone, should be avoided if possible due to 
an unacceptable rate of grade 3–4 gastrointestinal toxicities.

 Adjuvant Therapy with 5-Fluorouracil 
and Irinotecan
In contrast to the survival benefits offered by adjuvant 
FOLFOX4  in stage III colon cancer, three major clinical 
trials on adjuvant therapy incorporating irinotecan with 
5-FU/LV (FOLFIRI or IFL) have produced negative results 
in this arena (Table  7.3) [25–27]. In short, data from the 
Pan European Trial Adjuvant Colon Cancer (PETACC)-3, 
FNCLCC Accord02/FFCD9802, and Cancer and Leukemia 

Table 7.2 Phase 3 adjuvant therapy trials with 5-fluorouracil and oxaliplatin in stage III colon cancer

Study n = size Arms DFSa OSa

MOSAIC [20, 21] 2246 FOLFOX4 vs. LV5FU2 10-year 62.2% vs. 53.8%
(HR 0.79, 95% CI 67–94%, p = 0.007)

10-year 67.1% vs. 59.0%
(HR 0.80, 95% CI 66–96%, p = 0.016)

NSABP C-07 [22, 
23]

2409 FLOX vs. 5-FU/LV (RP) 69.4% vs. 64.2%
(HR 0.82, 95% CI 0.72–0.93, p = 0.002)

80.2% vs. 78.4%
(HR 0.88, 95% CI 0.75–1.02, p = 0.08)

NO16968 [24] 1886 XELOX vs. 5-FU/LV 
(MC or RP)

7-year 63% vs. 56%
(HR 0.80, 95% CI 0.69–0.93, p = 0.004)

7-year 73% vs. 67%
(HR 0.83, 95% CI 0.70–0.99, p = 0.04)

DFS disease-free survival, OS overall survival, 5-FU 5-fluorouracil, LV leucovorin, FOLFOX 5-FU + LV + oxaliplatin, LV5FU2 biweekly 5-FU/
LV, HR hazard ratio, CI confidence interval, FLOX 5-FU/LV (Roswell Park regimen) + oxaliplatin, RP Roswell Park regimen, XELOX capecitabine 
+ oxaliplatin, MC Mayo Clinic regimen
a5-year unless otherwise specified

Table 7.3 Phase III adjuvant therapy trials with 5-fluorouracil and irinotecan in stage III colon cancer

Study n = size Arms DFSa OSa

CALGB 89803 [25] 1264 IFL vs. 5-FU/LV (RP) 59% (95% CI 55–63%) vs. 61% (95% 
CI 57–65%, p = 0.85)

68% (95% CI 64–72%) vs. 71% 
(95% CI 67–75%, p = 0.74)

PETACC-3 [26] 3278 FOLFIRI vs. LV5FU2 56.7% vs. 54.3% (p = 0.106) 73.6% vs. 71.3% (p = 0.094)
Accord02/FFCD9802 [27] 400 FOLFIRI vs. LV5FU2 3-year 51% vs. 60% (HR 1.12, 95% CI 

0.85–1.47, p = 0.42)
61% vs. 67% (HR 1.00, 95% CI 
0.71–1.40, p = 0.99)

DFS disease-free survival, OS overall survival, 5-FU 5-fluorouracil, LV leucovorin, IFL irinotecan + bolus 5-FU/LV, RP Roswell Park regimen, CI 
confidence interval, FOLFIRI LV5FU2 + irinotecan, LV5FU2 biweekly 5-FU/LV, HR hazard ratio
a5-year unless otherwise specified
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Group B (CALGB) 89,803 phase III trials do not support a 
role for adjuvant irinotecan with 5-FU/LV in stage III dis-
ease [25–27].

 Adjuvant Therapy with Targeted Agents in Colon 
Cancer
Several randomized clinical trials have investigated the addi-
tion of biologic therapies that target vascular endothelial 
growth factor (VEGF) and the epidermal growth factor 
receptor (EGFR) in the adjuvant treatment of stage II and III 
colon cancer. NSABP protocol C-08 randomized 2710 
patients with stage II or III disease to receive 12  cycles 
(6 months) of modified FOLFOX6 (mFOLFOX6) ± 1 year of 
bevacizumab and failed to demonstrate significant benefits in 
5-year DFS and OS between arms within stage II or III sub-
groups [28, 29]. Notably, the HR for recurrence within 
15 months from start of study treatment was 0.61 (95% CI 
0.48–0.78) in favor of bevacizumab, while a trend toward 
increased recurrence was noted after 15 months on the beva-
cizumab arm. A post hoc analysis of NSABP C-08 patients 
by mismatch repair status identified a potential survival ben-
efit in the mismatch deficient cohort (HR 0.52, 95% CI 0.29–
0.94) [30]. The AVANT phase III trial randomized 3451 
patients with stage II or III disease to FOLFOX4 vs. 
FOLFOX4 + 1 year of bevacizumab vs. XELOX + 1 year of 
bevacizumab and failed to demonstrate significant improve-
ment in DFS when bevacizumab was added to FOLFOX4 
(HR 1.17, 95% CI 0.98–1.39, p = 0.07) or to XELOX (HR 
1.07, 95% CI 0.90–1.28, p  =  0.44), when compared to 
FOLFOX4 [31]. Like NSABP C-08, addition of bevaci-
zumab was associated with improved DFS during initial 
study follow-up (DFS HR was 0.63 for FOLFOX4/bevaci-
zumab and 0.61 for XELOX/bevacizumab compared to 
FOLFOX4 in the first year). However, this was offset by an 
overall trend toward increased recurrences in years 2 and 3 
with addition of bevacizumab that translated into a trend 
toward a decrease in OS in the FOLFOX4/bevacizumab and 
XELOX/bevacizumab arms compared to FOLFOX4.

The QUASAR2 phase III trial randomized 1941 patients 
with stage II or III disease to receive 8 cycles of adjuvant 
capecitabine (24 weeks) ± bevacizumab every 3 weeks for 
16  cycles (48  weeks) and similarly identified an improve-
ment in DFS in the bevacizumab arm in the first 2  years, 
though this was offset by an increased recurrence rate after 
2 years of follow-up leading to a DFS HR of 1.06 in the bev-
acizumab arm compared to control [32]. Subgroup analysis 
suggested a significant detrimental effect with bevacizumab 
in those with microsatellite stable tumors (HR 1.43, 
p = 0.0005), while no significant difference in outcomes was 
seen in those with microsatellite instable tumors (HR 0.74, 
p = 0.42). In conclusion, the addition of bevacizumab to con-
ventional adjuvant chemotherapy has not provided a benefit 
in stage II or III colon cancer and may even be detrimental to 

DFS and OS in the long run. The favorable trends associated 
with bevacizumab in microsatellite instable tumors are 
hypothesis generating and warrant further investigation in 
this subgroup.

The role of adjuvant anti-epidermal growth factor (EGFR) 
agents in the adjuvant treatment of stage III colon cancer was 
investigated in two large phase III clinical trials. After subse-
quent protocol amendments, the N0147 phase III trial accrued 
2070 patients with resected stage III KRAS wild- type (WT) 
tumors to be treated with adjuvant mFOLFOX6 ± cetuximab 
[33]. The addition of cetuximab did not demonstrate a benefit 
in 3-year DFS (HR 1.21, 95% CI 0.98–1.49) in those with 
KRAS-WT tumors or KRAS/BRAF-WT tumors when com-
pared to mFOLFOX6. No survival benefits were also observed 
in any of the subgroup analyses. Notably, an exploratory anal-
ysis on previously closed arms in N0147 identified a nonsig-
nificant trend toward improved DFS and OS with FOLFIRI/
cetuximab compared to FOLFIRI [34]. The PETACC-8 phase 
III trial randomized patients with resected stage III disease to 
6 months of FOLFOX4 ± cetuximab [35]. After subsequent 
amendment to include only those with KRAS-WT tumors 
similar to N0147, no significant improvement in DFS was 
identified with cetuximab in KRAS-WT (HR 1.05, 95% CI 
0.85–1.29, p = 0.66) or KRAS/BRAF-WT (HR 0.99, 95% CI 
0.76–1.28, p = 0.92) populations. On subgroup analysis, addi-
tion of cetuximab appeared to derive significant benefit in 
those with advanced T4 N2 tumors, while those with right 
colonic tumors and women experienced a significant DFS 
benefit with chemotherapy alone. Accordingly, results from 
N0147 and PETACC-8 have not identified a role for cetux-
imab in the adjuvant treatment of colon cancer. The potential 
benefit of cetuximab in T4 N2 disease is, at best, hypothesis 
generating. Although anti-EGFR therapy has shown increased 
tumor downstaging ability in metastatic disease, its discon-
nect in the adjuvant setting is unclear but may reside in the 
failure to induce complete pathologic sterilization.

 Adjuvant Therapy in Elderly Patients with Stage 
III Colon Cancer
The median age at diagnosis for patients in the United States 
with stage III colon cancer is 72 years. Yet an early retrospec-
tive cohort study of 6262 patients aged ≥65 with resected 
stage III disease identified a steep decline in administration 
of adjuvant chemotherapy with increasing age at diagnosis 
(p < 0.001) as 78% of patients aged 65–69, 58% aged 75–79, 
and 11% aged 85–89 received postoperative chemotherapy 
[36]. Perceived barriers to the use of adjuvant chemotherapy 
in the elderly include coexisting morbidities, reluctance to 
receive chemotherapy, fear of increased toxicities, lack of 
social support, declining mental and functional status, and/or 
beliefs that potential benefits are negated by a short remain-
ing natural life expectancy. Additionally, several major 
 studies including the MOSAIC trial and NSABP C-07 failed 
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to show an unequivocal benefit from the addition of oxalipla-
tin to fluoropyrimidine chemotherapy in elderly patients.

An early pooled analysis of phase III trials involving post-
operative 5-FU/LV or 5-FU/LEV vs. postoperative observa-
tion alone in stage II or III colon cancer patients grouped into 
four age categories (≤50, 51–60, 61–70, and  >70) showed 
that adjuvant chemotherapy significantly improved DFS and 
OS (absolute 5-year survival advantage of 7%) compared to 
no adjuvant therapy regardless of how age was included in the 
analysis (p-values for test of interaction by age category were 
0.61 for OS and 0.33 for DFS) [37]. Increased age was not 
significantly related to ≥ grade 3 AEs except for leukopenia 
in those receiving 5-FU/LEV (p  <  0.001) and 5-FU/LV 
(p = 0.05, borderline significance). A recent pooled analysis 
on randomized control trials (RCTs) investigated adjuvant 
FOLFOX4 or XELOX vs. 5-FU/LV alone in stage III disease 
and, although modestly attenuated for patients aged ≥70, 
demonstrated superior DFS and OS with FOLFOX4/XELOX 
over 5-FU/LV regardless of age (DFS HR 0.77, 95% CI 0.62–
0.95, p = 0.014 for age ≥ 70 group; OS HR 0.78, 95% CI 
0.61–0.99, p = 0.045 for age ≥ 70 group) or medical comor-
bidities [38]. As expected, there were fewer grade 3–4 AEs in 
patients aged <70 with FOLFOX4/XELOX, though the rate 
of grade 3–4 neuropathy—the primary safety concern with 
oxaliplatin—was unrelated to increased age or medical 
comorbidity. Furthermore, a large cohort study of patients 
aged ≥67 with resected stage III colon cancer demonstrated 
that although patients with chronic conditions such as heart 
failure, chronic obstructive pulmonary disease (COPD), and 
diabetes were less likely to receive adjuvant chemotherapy 
than those without those conditions, the presence of such con-
ditions did not consistently affect the ability to complete che-
motherapy if initiated and the probability of all-cause, 
condition-specific, or toxicity-related hospitalizations associ-
ated with adjuvant chemotherapy [39]. In fact, patients with 
heart failure, COPD, or diabetes had higher 5-year survival 
rates when treated with adjuvant therapy for stage III disease 
than those untreated and with the same comorbidities.

It should be noted that increasing age will always be a 
poor prognostic factor for overall survival as the likelihood 
of dying from noncancer causes increases as one ages [40]. 
Nevertheless, analyses have identified that elderly patients, 
like their younger counterparts, can derive significant sur-
vival benefits with adjuvant chemotherapy in stage III colon 
cancer without significant increases in toxicity and irrespec-
tive of medical comorbidity.

 Adjuvant Chemotherapy in Stage II Colon 
Cancer

Approximately 25% of all cases of colon cancer are 
accounted by stage II disease [4]. Of all patients with colon 

cancer, about 20% have stage IIA disease, 2% have stage IIB 
disease, and 2% have stage IIC disease. Stage II colon cancer 
carries a 5-year DSS rate of 84.7% and 5-year OS rate of 
70.3% [5]. The 5-year DSS rates for stage IIA, IIB, and IIC 
disease are roughly 85%, 79.4%, and 64.9%, respectively, 
while 5-year OS rates for stage IIA, IIB, and IIC disease are 
about 70%, 63.2%, and 54.6%, respectively. Unlike stage III 
colon cancer, for which postoperative treatment is univer-
sally recommended, the benefit of adjuvant chemotherapy in 
stage II disease remains under debate.

A retrospective subgroup analysis of 318 patients with 
resected stage II disease originally enrolled in INT-0035 
demonstrated that 5-FU/LEV reduced the recurrence rate by 
31% at 7 years compared to postoperative observation alone, 
though this trend was not significant (relative risk [RR] 0.69, 
95% CI 0.44–1.08, p = 0.10) [41]. OS at 7 years was nearly 
identical in both arms (72% in 5-FU/LEV vs. 72% postop-
erative observation, p  =  0.83); such disparities have been 
attributed to an underpowered study, a high noncancer death 
rate, and higher rates of salvage surgery on the observation 
arm. Notably, this analysis suggested that patients with prog-
nostic features associated with increased recurrence rates—
such as adhesion or invasion of adjacent organs, obstruction, 
perforation, or location of primary tumor (of which only the 
latter three reached significance p < 0.05)—may benefit from 
adjuvant chemotherapy.

A meta-analysis of NSABP protocols C-01, C-02, C-03, 
and C-04 explored the benefits of adjuvant chemotherapy in 
1565 patients with resected stage II colon cancer by combin-
ing treatment arms from all four trials with inferior OS, DFS, 
and RFS (surgery alone in C-01 and C-02, MOF in C-03, and 
5-FU/LEV in C-04) into treatment 1 vs. combining treatment 
arms with superior survival (MOF in C-01, perioperative 
portal vein infusion of 5-FU in C-02, 5-FU/LV in C-03 and 
C-04) into treatment 2 [42]. At 5-year follow-up, the cumula-
tive odds of mortality were 0.70 in patients with stage II dis-
ease in treatment 2 (30% mortality reduction over treatment 
1 for stage II disease). Adjuvant chemotherapy conferred an 
absolute survival benefit of 5% in stage II disease regardless 
of prognostic factors for recurrence (5-year OS of 87% treat-
ment 2 vs. 82% treatment 1 with low-risk characteristics, 
75% treatment 2 vs. 70% treatment 1 with high-risk charac-
teristics Table 7.4) [42–44].

In 1997, the International Multicentre Pooled Analysis of 
B2 Colon Cancer Trials (IMPACT B2) investigators per-
formed a meta-analysis of RCTs comparing adjuvant 5-FU/
LV to surgery alone in 1025 patients with stage II colon can-
cer [43]. At 5 years, event-free survival (EFS) and OS were 
not significantly improved with adjuvant 5-FU/LV compared 
to postoperative observation alone (Table 7.4). Nonetheless, 
enrollment began in 1994 for the Quick And Simple And 
Reliable (QUASAR) phase III trial investigating 5-FU 
(370 mg/m2 IV) + low-dose LV (25 mg IV) or high-dose LV 
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(175 mg IV) ± levamisole (until 1997, 12 courses of 450 mg 
over 3  days repeated every 2  weeks) given as six 5-day 
courses every 4 weeks or 30 once-weekly courses vs. obser-
vation in 3239 patients primarily with stage II colorectal can-
cer having undergone resection in the prior 6  weeks [44]. 
Adjuvant 5-FU/LV improved 5-year OS and DFS compared 
to postoperative observation alone, and assuming 5-year mor-
tality without chemotherapy was 20%, the benefits seen with 
adjuvant chemotherapy translate into an absolute improve-
ment in OS of 3.6% (95% CI 1.0–6.0) in a study population 
consisting predominantly of stage II colon cancer.

Subgroup analysis on the 10-year follow-up to the 
MOSAIC study demonstrated that adjuvant FOLFOX4 
afforded a nonsignificant absolute improvement in OS of 
3.7% over LV5FU2 (75.4% vs. 71.7%, p  =  0 0.058) in 
patients with high-risk stage II colon cancer (defined as pres-
ence of T4 disease, tumor perforation, or <10 lymph nodes 
examined) [21]. Notably, adjuvant FOLFOX4 was detrimen-
tal to 10-year OS in those with low-risk stage II disease com-
pared to LV5FU2 (81.2% vs. 86.7%). Similar nonsignificant 
improvement was seen in 10-year DFS (absolute improve-
ment of 5.7%) in those with high-risk stage II disease treated 
with adjuvant FOLFOX4 compared to LV5FU2, while a 
nonsignificant detrimental effect was seen in DFS (absolute 
decrement of 2.3%) in those with low-risk stage II disease 
treated with adjuvant FOLFOX4 compared to LV5FU2.

To summarize, at the time of the convening of an American 
Society of Clinical Oncology (ASCO) panel in 2003, it was 
recognized that about 25% of patients with resected stage II 
colon cancer will develop recurrence within 5  years [45]. 
Accordingly, adjuvant therapy (capecitabine, 5-FU/LV, or 
FOLFOX) could be considered and justified in stage II dis-
ease with high-risk features for recurrence (<12 lymph nodes 
sampled; bowel obstruction; perforation at tumor site; poorly 
differentiated histology [exclusive of MSI-H tumors]; peri-

neural invasion; lymphovascular invasion; or close, indeter-
minate, or positive margins)—though this decision is not 
mandated by National Comprehensive Cancer Network 
(NCCN) guidelines [46]. Similarly, adjuvant capecitabine or 
5-FU/LV (but not FOLFOX, FLOX, or XELOX) remains an 
option in patients with stage IIA and MSI-L/MSS tumors 
without high-risk characteristics—though, again, this is not 
mandated by NCCN guidelines. Importantly, the decision to 
undergo adjuvant chemotherapy in stage II disease must 
include a discussion between patient and oncologist regard-
ing the risks, benefits, and alternatives with an understanding 
that the magnitude of improvement is small (no more than 
5% absolute improvement in 5-year survival).

 Prognostic and Predictive Biomarkers 
and Adjuvant Therapy in Stage II and III Colon 
Cancer

 Microsatellite Instability
Initially described by researchers in the early 1990s, micro-
satellite instability (MSI) represents an abnormal shortening 
or lengthening of ubiquitous deoxyribonucleic acid (DNA) 
segment repeats (microsatellites) caused by defective DNA 
mismatch repair (MMR) and is found in approximately 15% 
of cases of colorectal cancer [47]. The National Cancer 
Institute (NCI)-sponsored international workshop in 1997 
originally defined MSI as graded high (MSI-H) when insta-
bility was present in ≥2 markers, graded low (MSI-L) when 
instability was present in one marker, and graded stable 
(MSS) when all markers were stable from a reference panel 
of markers [47]. MSI-L and MSS tumors are often grouped 
together as they appear to be phenotypically similar, while 
MSI-H tumors have been associated with improved survival 
in nonmetastatic colorectal cancer.

Table 7.4 Adjuvant therapy in stage II colon cancer

Study n = size Arms DFSa OSa

NSABP C-01, 
C-02, C-03, C-04 
meta- analysis [42]

1565 Treatment 2 vs. 
treatment 1

Reductions in DFS and RFS regardless 
of stage; reductions were as great or 
greater for stage II patients as for stage 
III patientsb

30% mortality reduction over treatment 1b; 
OS of 87% treatment 2 vs. 82% treatment 
1 in low-risk patients, 75% treatment 2 vs. 
70% treatment 1 in high-risk patientsc

IMPACT B2 [43] 1025 5-FU/LV vs. 
observation

EFS 0.76 vs. 0.73
(HR 0.83, 95% CI 0.68–1.01, p = 0.061)

0.82 vs. 0.80
(HR 0.81, 95% CI 0.64–1.01, p = 0.057)

QUASAR [44] 3239 5-FU/LV ± LEV 
(allowed until 
1997) vs. 
observation

RR 0.78
(95% CI 0.67–0.91, p = 0.001)

RR 0.82
(95% CI 0.70–0.95, p = 0.008)
Absolute improvement in OS of 3.6%
(95% CI 1.0–6.0)

DFS disease-free survival, OS overall survival, Treatment 1 combination of surgery alone arm from C-01 and C-02, MOF arm from C-03, and 
5-FU/LEV arm from C-04, Treatment 2 combination of MOF arm from C-01, perioperative portal vein infusion of 5-FU arm from C-02, and 5-FU/
LV arm from C-03 and C-04, RFS relapse-free survival, 5-FU 5-fluorouracil, LV leucovorin, EFS event-free survival, HR hazard ratio, CI confi-
dence interval, LEV levamisole, RR relative risk
a5-year unless otherwise specified
bp-values not reported
cHigh risk defined as the presence of obstruction, bowel perforation, or extension of tumor into adjacent organs
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A retrospective, multicenter study involving 303 patients 
with stage III colon cancer was among the first to demon-
strate that patients with MSI-H or defective MMR (dMMR) 
tumors experienced improved DFS at 3 years (90.5%) com-
pared to those with MSI-L/MSS or proficient MMR (pMMR) 
tumors (73.8%, 95% CI 67.9%–78.8%, p  =  0.027) when 
treated with adjuvant FOLFOX (FOLFOX4 or mFOLFOX6) 
[48]. Significantly less relapses at 3-year follow-up were 
also identified in patients with MSI-H tumors (10.5%, 
defined as ≥3 unstable markers) vs. those with MSS tumors 
(35.0%, p  =  0.04, defined as <3 unstable markers) treated 
with adjuvant FOLFOX4 for stage II or III disease in a pro-
spective but small study [49]. An analysis of stage II or III 
colon cancer patients from NSABP C-07 and C-08 showed 
that adjuvant oxaliplatin-based therapy (FLOX or 
mFOLFOX6) improved 3-year time-to-recurrence in dMMR 
tumors (87.6%) vs. pMMR tumors (78.0%, HR 0.58, 95% CI 
0.35–0.96, p = 0.03)—though this analysis was limited by 
very low numbers of recurrences and dMMR tumors [50].

In the updated 10-year follow-up of the MOSAIC study, 
adjuvant FOLFOX4 demonstrated a trend in favor of 
improved DFS (HR 0.48, 95% CI 0.21–1.12, p = 0.88) and 
OS (HR 0.41, 95% CI 0.16–1.07, p = 0.69) vs. LV5FU2 in 
dMMR tumors though significance was not reached due to 
the low incidence of dMMR tumors and low statistical power 
[21]. Recently, a retrospective, multicenter study of 433 
patients with stage II or III disease with MSI showed that 
3-year relapse-free survival was significantly improved with 
adjuvant FOLFOX (HR 0.46, 95% CI 0.23–0.79) but not 
with adjuvant 5-FU (HR 1.02, 95% CI 0.60–1.73); on sub-
group analysis, the benefit of adjuvant FOLFOX was signifi-
cant in stage III colon cancer with a trend toward significance 
in stage II disease [51].

In a pooled analysis of RCTs involving adjuvant 5-FU 
chemotherapy in stage II or III colon cancer, patients with 
dMMR tumors treated with adjuvant 5-FU gained no benefit 
in DFS compared to postoperative observation alone [52]. 
Patients with stage II disease and dMMR tumors treated with 
adjuvant 5-FU experienced reduced OS (HR 2.95, 95% CI 
1.02–8.54, p = 0.04) vs. surgery alone. Some have proposed 
that given the favorable prognosis and evidence of lack of 
benefit from adjuvant 5-FU in stage II colon cancer with 
dMMR, these patients should not receive adjuvant 5-FU che-
motherapy. In stage III colon cancer with dMMR, there is 
growing evidence to support a potential advantage with adju-
vant FOLFOX over 5-FU, though this remains to be defini-
tively defined in a large, randomized control setting. In 
summary, evidence is mounting for the role of MSI as a 
prognostic and predictive biomarker in the adjuvant treat-
ment of colon cancer. Patients with low-risk stage II MSI-H 
tumors should be followed with observation, while adjuvant 
FOLFOX is a consideration in those with high-risk stage II 
disease and MSI-H tumors. Patients with MSI-H stage III 

disease should be strongly considered for oxaliplatin plus 
fluoropyrimidine adjuvant therapy. MSI should be tested 
anytime fluoropyrimidine monotherapy is considered.

 Gene Signatures in Stage II Colon Cancer
The Oncotype DX® colon cancer assay was developed using 
a gene expression profile from patients with stages II and III 
colon cancer enrolled in NSABP trials and an observational 
cohort from the Cleveland Clinic to generate a recurrence 
score (RS) (scaled from 0 to 100) from a final set of 12 genes 
in an effort to better delineate risk of recurrence and guide 
adjuvant therapy decision making [53]. The 12-gene RS was 
initially validated in 1436 patients with stage II disease from 
the QUASAR study, which showed that risk of recurrence 
was significantly associated with RS (HR per interquartile 
range 1.38, 95% CI 1.11–1.74, p = 0.004) with recurrence 
risks at 3 years of 12%, 18%, and 22% for low, intermediate, 
and high RS groups of <30, 30–40, and ≥41, respectively 
[54]. After adjusting for other clinicopathologic parameters, 
the RS, T stage, and MMR status were the most significant 
independent predictors of recurrence after surgery. Moreover, 
as relative benefit of adjuvant 5-FU/LV was independent of 
the RS, patients with a higher RS were expected to derive 
more absolute benefits from adjuvant 5-FU/LV. These find-
ings were confirmed in a CALGB validation study that also 
showed that the 12-gene assay was useful in a majority of 
patients with stage II disease for which T stage and MMR 
status are not informative, as it was able to identify 22% of 
patients having T3 disease (stage IIA) and pMMR tumors 
with a high RS that estimates an average 5-year recurrence 
risk of 21% [55]. Furthermore, a NSABP validation study 
showed that the absolute benefit from addition of oxaliplatin 
to adjuvant therapy in stage II disease increased with higher 
RS [56].

A prospective, multicenter study analyzed the influence 
of the 12-gene assay on clinical decision making in patients 
with stage IIA disease (T3 disease and pMMR tumors) in the 
adjuvant setting. For each patient, the adjuvant treatment 
plan of observation, fluoropyrimidine monotherapy, or com-
bination therapy with oxaliplatin recommend by the physi-
cian was recorded before and after the RS results were 
provided. It was noted that treatment recommendations 
changed in 45% of patients and intensity of treatment (mono-
therapy vs. combination therapy) decreased for 33% of 
patients after RS results were provided to the physician [57]. 
Increased treatment intensity was seen with a higher RS and 
decreased intensity seen with a lower RS (p = 0.011).

Additionally, ColoPrint® is an 18-gene colon cancer 
assay validated in 206 patients with stage I–III disease [58]. 
This signature designated 63.2% of patients at low risk of 
recurrence (5-year RFS 87.6%) and 36.8% at high risk 
(5-year RFS 67.2%). Notably, among 67 patients classified 
as MSI-H, only 53 were classified as low-risk. Therefore, 
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ColoPrint® may not only be able to detect low-risk patients 
with stage II disease but also be able to identify low-risk 
patients beyond MSI-H status who may be able to forgo 
adjuvant chemotherapy. Colorectal Cancer DSA (ColDx)® 
is a recent 634 gene transcript microarray signature that 
identified patients at higher risk of recurrence for stage II 
colon cancer in an independent validation employing 73 
patients with recurrent disease (high risk) and 142 patients 
with no recurrence (low risk) within 5 years of surgery [58]. 
This signature is currently undergoing prospective validation 
and is not available outside the context of a clinical trial.

In short, as the role of adjuvant therapy in stage II disease 
remains under debate, various gene expression signatures 
under development may serve as additional tools for indi-
vidualized recurrence risk assessment, exploring decisions, 
risks, and benefits to initiating adjuvant chemotherapy (par-
ticularly in stage IIA and pMMR tumors), and guiding deci-
sions on intensity (FOLFOX vs. 5-FU monotherapy) of 
adjuvant therapy.

 Adjuvant and Neoadjuvant Therapy 
for Rectal Cancer

 Background and Staging

Approximately 40,000 patients are diagnosed with rectal can-
cer annually in the United States [59]; 70–80% of cases are 
diagnosed in the localized or locally advanced setting, 
wherein treatment is usually multidisciplinary, involving sur-
gery and often chemotherapy and/or radiotherapy. The rec-
tum is contiguous with the colon and the anus. Its upper 
portion reaches the peritoneal reflection, being covered ante-
riorly and laterally by peritoneum, though the vast majority of 
the rectum is entirely extraperitoneal. From a surgical stand-
point, the anal verge (distal end of the anal canal) and the 
dentate line (transition between squamous and columnar 
mucosa) represent the other major landmarks. The dentate 
line serves as the inferior margin of the rectum. The precise 
upper limits of the rectum have been the subject of debate, 
ranging from 10 to 15 cm from the anal verge, with variable 
clinical trial and clinical practice definitions. The NCI 
Guidelines 2000 for Colon and Rectal Cancer Surgery estab-
lished that lesions with an inferior margin greater than 12 cm 
from the anal verge by rigid proctoscopy should be consid-
ered as sigmoid colon rather than rectum [60]. This is clini-
cally and anatomically relevant, as historic retrospective data 
have suggested that whatever the nomenclature, tumors 
greater than 12 cm have local recurrence rates more similar to 
that of colon cancer: 10% rather than 30% [61]. Modern sur-
gical data for patients undergoing the current gold standard 
surgery, transmesorectal excision (TME), have continued to 
demonstrate that higher rectal tumors are at lesser risk for 

local recurrence [62]. In planning therapy, the exact location 
of the tumor is most reproducibly assessed through endo-
scopic examination via rigid proctoscopy, making this the 
most useful tool for precisely defining upper rectal tumors. 
Colonoscopy is useful as part of the initial work-up in evalu-
ation for synchronous lesions, but it should not necessarily 
replace rigid proctoscopy by the involved surgeon. This is a 
key component of staging and can alter the treatment plan or 
included modalities in a substantial portion of patients [63].

In addition to endoscopy, optimal pretherapy staging of 
rectal cancer involves both systemic and local tumor (T) and 
nodal (N) staging. Most typically, a computed tomography 
(CT) scan of the chest, abdomen, and pelvis with intravenous 
contrast is utilized to assess for metastatic disease. However, 
CT imaging alone does not accurately assess the depth of 
tumor mural invasion or nodal involvement. Thus, pelvic 
magnetic resonance imaging (MRI) or rectal endoscopic 
ultrasound (EUS) is a must for accurate determination of 
staging and appropriate treatment. Either test is acceptable. 
Ultrasound is a more operator-dependent modality, but it 
may provide slightly improved accuracy in the T staging of 
early rectal cancers [64]. A significant advantage of MRI, on 
the other hand, is that it allows for assessment of the circum-
ferential resection margin (CRM). The CRM is of significant 
import in the treatment of locally advanced rectal cancers, 
critical for successful local tumor control [65].

Historically, rectal cancer has been plagued by unaccept-
ably high rates of postoperative local recurrence, upward of 
30% [61]. This is thought to be largely related to subpar 
removal of the full associated perirectal nodal basin and 
inconsistent achievement of a clear radial surgical margin. A 
positive circumferential resection margin represents the 
major risk factor for local recurrence, linked also to poorer 
rates of distant metastases and long-term survival [66]. With 
the recognition that the integrity of the mesorectum and the 
associated mesorectal fascia need be preserved, surgical tech-
niques improved. The advent of TME—wherein resection 
involves removal of both the rectum and mesorectum via an 
approach along the mesorectal fascial plane—brought single-
institution reports of local failure rates to as low as 4–9% 
[67]. In the multinational TME study, a 5-year local recur-
rence rate of 10.9% was achieved with the TME surgical tech-
nique alone [62, 68]. Still, in very-low-lying rectal tumors, 
the narrowing of the mesorectum, the lack of a significant 
mesorectal fat plane as the anal levators are approximated, 
and a narrow pelvis, which can hamper access, collectively 
constrain optimal surgical outcome. Likely related to these 
factors, abdominoperineal resection (APR), the surgery 
required for low rectal tumors, is linked to increased rates of 
a positive CRM, increased rates of local recurrence, and 
decreased rates of cancer-specific survival [69].

Currently, as stage I rectal cancers have low rates of recur-
rence post resection, the standard treatment for early rectal 
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cancers consists of surgery alone. The risk of regional lymph 
node involvement is low; accordingly, both local and distant 
recurrences are uncommon. Stage II and III rectal cancers 
are collectively referred to as locally advanced. Due to the 
elevated risk of both local and systemic recurrence, the cur-
rent standard of care in locally advanced disease consists of 
neoadjuvant chemoradiation followed by surgery and adju-
vant chemotherapy.

It is important to recognize that not all locally advanced 
rectal cancers carry the same risk of local and/or distant 
recurrence. In addition to CRM involvement and a low-
lying position, a T4 tumor, advanced nodal stage, the 
extent of extramural tumor spread, and extramural venous 
invasion are additional risk factors for recurrence. 
Commonly encountered T3 tumors can vary widely in 
appearance and risk, from those that invade the mesorectal 
fascia to those that barely pass through the muscularis pro-
pria. Tumors with limited extramural extension (≤5 mm) 
fare much better than those with extensive spread (>5 mm). 
Local recurrence rates stand at 10.4% and 26.3%, with 
5-year survival of 83.4% vs. 54.1%, respectively, for lim-
ited and extensive spread [70]. These differences in out-
come based on extramural extension persist even when 
assessed pathologically postneoadjuvant chemoradiation 
[71]. MRI can also be utilized to assess extramural venous 
invasion, similarly linked to both local and distant recur-
rence [72, 73]. While current treatment standards endorse 
the full gamut of therapies, certain patients are encum-
bered with the toxicity, but likely derive minimal absolute 
benefit. Patients with high-risk factors are presumably the 
ones who have opportunity to derive maximal benefit from 
multimodality therapy. T3 N0 tumors that lack additional 
features of risk may not benefit substantially from the full 
spectrum of perioperative therapies, provided high- quality 
staging and surgery are undertaken.

 Adjuvant Radiotherapy and Chemoradiation

Prior to the evolution of surgical technique, radiotherapy was 
introduced to the rectal cancer treatment paradigm as a 
means to combat the local recurrence rates of >30%. Initial 
efforts utilized adjuvant radiotherapy with antiquated tech-
niques and suboptimal radiosensitizing chemotherapy regi-
mens. Two major studies compared radiation-based strategies 
or chemotherapy to observation alone. GITSG protocol 7175 
randomized 227 patients with resected Dukes B2 or C rectal 
cancer to one of the four arms: observation, chemotherapy 
(5-FU and semustine), radiotherapy, or combined chemora-
diotherapy with 5-FU followed by maintenance chemother-
apy (5-FU and semustine). Compared to observation alone, 
chemoradiation reduced the risk of recurrence from 55% to 
33% and in a latter report improved overall survival [74, 75].

NSABP R-01 randomized 555 patients with resected 
Dukes B and C rectal cancer to observation, radiotherapy, or 
chemotherapy with MOF (5-FU, semustine, and vincristine). 
At 5  years, radiation reduced locoregional recurrences as 
compared to observation alone, but no difference in disease- 
free or overall survival was witnessed. On the other hand, 
adjuvant MOF conferred a disease-free and overall survival 
advantage compared to observation alone [76].

The NCCTG 794751 study randomized 204 patients with 
resected Dukes B2 or C rectal cancer to adjuvant radiother-
apy vs. chemoradiation (with 5-FU). In the chemoradiation 
arm, adjuvant chemoradiation (with bolus 5-FU) was pre-
ceded by 1 cycle and followed by 2 cycles of chemotherapy 
(5-FU and semustine). At a median follow-up of over 7 years, 
the risk of local recurrence was decreased by 46% and dis-
tant metastases were reduced by 37%. In addition, there were 
improvements in cancer-specific and overall survival, with 
the death rate decreased by 29% [77].

These initial studies set chemoradiation as a standard 
component of therapy for locally advanced rectal cancer, 
with differences in survival seen with some but not all 
approaches—albeit in the setting of substandard chemother-
apy, radiotherapy, and surgery. Subsequent studies have 
served to optimize the timing of therapy and optimal chemo-
sensitizing agents. These have not led to consistent improve-
ments in DFS or OS; however, there is little doubt that 
improvements in toxicity profile and local control rates have 
been achieved.

 Neoadjuvant Versus Adjuvant Chemoradiation
The German rectal cancer study evaluated the role of preop-
erative versus postoperative chemoradiation in a trial of 823 
patients with T3, T4, or node-positive rectal cancers. 
Infusional 5-FU (1000 mg/m2/day, on days 1–5 and 29–33) 
was administered concomitantly with 50.4 Gy of radiation 
administered in 28 fractions. TME was performed for all 
patients. There was no difference seen in disease-free or 
overall survival. However, through preoperative chemoradia-
tion, pathologic downstaging was evident, with an 8% rate of 
pathologic complete response, and higher rates of sphincter- 
preserving surgery achieved: 39% vs. 19%. This translated 
into a significant reduction in the risk of local relapse at 
5 years (6% vs. 13%) [78]. At 10 years, the benefit lessened 
(7.1% vs. 10%), but remained significant [79]. Additionally, 
both acute and long-term rates of severe toxicity were 
reduced with preoperative therapy as compared to 
 postoperative therapy. Given the improvements in  local 
recurrence rates and lesser toxicity, the preoperative setting 
has gained traction as the standard approach for administra-
tion of chemoradiation.

Given that chemoradiation has consistently reduced the 
rates of local recurrence, but has a less clear role on survival, 
some studies have looked to eliminate this modality. The 

P. Boland et al.



119

MRC CR07/NCIC-CTG C016 study randomized 1350 
patients with resectable rectal cancer to preoperative short- 
course radiation versus selective postoperative chemoradia-
tion for those patients with a + CRM. Patients of stages I–III 
were included. Preoperative radiotherapy resulted in an abso-
lute difference in the local recurrence rate of 6.2%: 10.6 vs. 
4.4%. A relative improvement in disease-free survival of 24% 
was additionally noted, translating into a 6% median absolute 
difference (77.5% vs. 71.5%). Survival was no different. It 
must be pointed out that there are substantial limitations to 
this study. A distinct minority of the selective radiotherapy 
population (<10%) received radiotherapy due to a  +  CRM 
[80]. Though a majority of surgeries were intended as true 
TME, evidence suggests inadequate surgical technique in 
nearly 50% of cases [81]. This is an important risk factor for 
local recurrence. On further examination, those patients who 
had optimal surgical resection in the mesorectal plane had the 
lowest rates of local recurrence; those who also received pre-
operative therapy had a local recurrence rate of only 1%. On 
the one hand, this study raises concern for the selective use of 
postoperative chemoradiotherapy. On the other hand, this 
study is clearly flawed. It highlights vital complicating factors 
in the interpretation of these multimodality studies, as well as 
issues in comparing study results over time, as techniques 
evolve. Standardization to achieve optimal surgical technique 
as well as optimal preoperative imaging to assess for an at-
risk mesorectal fascia plane has given very different results.

 Neoadjuvant Chemoradiation

 Chemoradiation with Fluoropyrimidines
Two large trials served to cement the place for preoperative 
chemoradiation. FFCD 9203 and EORTC 22921 compared 
preoperative chemoradiation with 5-FU to radiotherapy 
alone. FFCD 9203 randomized 733 patients with T3 or T4 
rectal cancer to a course of RT (45 Gy over 25 fractions), 
with or without bolus 5-FU and leucovorin (LV) (days 1–5 
and 29–33). Both arms received adjuvant 5-FU.  With this 
approach, 5-year survival did not differ, but local recurrence 
decreased from 16.5% to 8.1%. A pathologic CR (pCR) rate 
of 14.6% was achieved [82]. EORTC 22921 randomized 
1011 patients to the same doses of chemotherapy and radio-
therapy in a 2 × 2 fashion: preoperative radiotherapy alone 
versus preoperative chemoradiation plus or minus adjuvant 
chemotherapy (5-FU 350 mg/m2/day × 5 days + LV 20 mg/
m2/day × 5  days, every 28  days) [83]. The pCR rate was 
improved with chemoradiation (5.3% vs. 13.7%) [84]. In the 
three arms that received chemotherapy at any juncture, local 
recurrence was also improved as compared to the 
radiotherapy- only arm [83]. At a median of greater than 
10 years long-term follow-up, no difference in disease-free 
or overall survival emerged between the arms [85].

The optimal chemotherapy regimen to be given with 
radiotherapy has been extensively evaluated. Key studies are 
depicted in Table 7.5 [79, 80, 82, 85–88]. Two large random-
ized trials pitted adjuvant radiation with bolus 5-FU versus 
infusional 5-FU, based on preclinical data suggesting 
improved radiosensitization with prolonged 5-FU exposure. 
The NCCTG compared infusional 5-FU (225  mg/m2/day 
continuously through radiotherapy) with bolus 5-FU (500 mg/
m2 days 1–3 and 29–31) in patients with stage II or III rectal 
cancer. Adjuvant chemotherapy (bolus 5-FU and semustine) 
was administered in a “sandwich” fashion prior to and after 
chemoradiation in both arms. Though local recurrence did not 
differ, both disease-free (53% vs. 63%) and overall survival 
(60% vs. 70%) were improved in the continuous infusional 
5-FU arm [86]. Grade 3/4 diarrhea was more common with 
infusional 5-FU therapy: 24% vs. 14%. A second larger inter-
group study, INT 0144, evaluated stage II and III rectal can-
cer, comparing the merits of delivering 5-FU as a continuous 
infusion versus in a bolus fashion with radiation and as adju-
vant therapy. Two arms utilized continuous infusional 5-FU 
(225 mg/m2/day) concomitantly during radiotherapy, while a 
third utilized bolus 5-FU (400 mg/m2 days 1–4 and 29–32) 
plus leucovorin. Adjuvant therapy comprised either bolus or 
infusional 5-FU.  Contrary to the NCCTG study, at greater 
than 5-year median follow- up, disease-free and overall sur-
vival were no different between the arms. However, grade 3/4 
hematologic toxicity was substantially less with infusional 
therapy: 4% vs. 49–55% [87].

The oral fluoropyrimidine, capecitabine, has been studied 
as an alternative to 5-FU for radiosensitization. The lack of 
need for a central venous catheter is appealing, though vari-
able metabolism and increased reliance on a compliant 
patient are potential concerns. A German phase III study ran-
domized 401 patients with clinical or pathologic stage II and 
III rectal cancer to undergo neoadjuvant or adjuvant chemo-
radiation with capecitabine (1650 mg/m2/day daily) or infu-
sional 5-FU (1000  mg/m2/day, days 1–5, 29–33) with 
additional adjuvant chemotherapy. At a median follow-up of 
52 months, 5-year overall survival was noninferior with use 
of capecitabine. Additionally, no difference was seen in 
disease- free survival or local recurrence rates [89]. NSABP 
R-04 examined neoadjuvant chemoradiation through ran-
domization of 1608 patients with stage II and III rectal can-
cer in a 2 × 2 fashion: infusional 5-FU or capecitabine with 
or without oxaliplatin. The 3-year local recurrence rates, 
5-year DFS, and 5-year OS were unchanged between the 
5-FU and capecitabine arms. Toxicity was similar between 
the two arms. Due to a safety signal of severe diarrhea, an 
amendment was put though prior to 20% of enrollment that 
decreased treatment from 7 to 5 days per week (Monday to 
Friday). With this change, rates of grade 3 or greater diarrhea 
decreased from 15% to 17% to 6.9% with both 5-FU and 
capecitabine [88].

7 Adjuvant Therapy for Colorectal Cancer
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 Chemoradiation with Additional Agents
Although oxaliplatin has a clear role in metastatic colorectal 
cancer as well as the adjuvant therapy of colon cancer, its 
role as a radiosensitizing agent is unclear. Multiple studies 
have examined this to date including STAR-01, ACCORD 
12/0405 PRODIGE 2, PETACC-6, NSABP R-04, CAO/
ARO/AIO-04, and the FOWARC trial (Table 7.6) [88, 90–
93]. As compared to radiotherapy with a fluoropyrimidine 
alone, oxaliplatin increased toxicity in all studies. In NSABP 
R-01, rates of grade 3/4 toxicities were significantly greater 
with oxaliplatin, namely, diarrhea, neuropathy, and fatigue 
[88]. Two of the studies have shown an increase in pCR rate 
with oxaliplatin, CAO/ARO/AIO-04 (17% vs. 13%) and 
FOWARC (31% vs. 13%), but the other four have demon-
strated no such difference [94]. To date, long-term outcomes 
are reported in four studies. Three of these, NSABP-R04, 
ACCORD 12/0405 PRODIGE 2, and PETACC-6, have dem-
onstrated no differences in  local control, disease-free sur-
vival, or overall survival [76, 88, 95]. On the other hand, at a 
median 50-month follow-up, the study that would seem to be 
the outlier, CAO/ARO/AIO-04, demonstrated improved 
3-year disease-free survival (75.9% vs. 71.2%) and a similar 
incidence of late toxicities. The increased rate of severe acute 
toxicity and lack of a consistent benefit have dampened 
enthusiasm for the inclusion of oxaliplatin. At this point, 
oxaliplatin should not be considered as a standard compo-
nent of chemoradiation.

Additional agents have been explored in combination 
with radiotherapy, including irinotecan, bevacizumab, cetux-
imab, and panitumumab. None has demonstrated conclusive 
evidence of benefit. Bevacizumab may increase response 
rates, including complete response rates, though compara-
tive data are limited and data on long-term outcomes are 
immature [96–98]. Enthusiasm for adding bevacizumab to 
perioperative therapy is countered by the negative adjuvant 
colon cancer studies, a lack of data showing consistently 
improved response rates, and the potential for heightened 
rates of postoperative complications [99]. EGFR inhibition 
with cetuximab was studied in the EXPERT-C study, wherein 
patients with high-risk rectal cancer received preoperative 
and postoperative CAPOX (capecitabine + oxaliplatin) and 
capecitabine-based chemoradiation, with or without cetux-
imab. High risk was defined as one of the following on MRI: 
T3 tumor at or below the levators, T4, tumor within 1 mm of 
CRM, >5 mm extramural extension, or presence of extramu-
ral venous invasion. As data on RAS and EGFR resistance 
emerged, this study was amended for analysis of the primary 
endpoint, complete response rate, in KRAS and BRAF WT 
patients. In a RAS WT population, at >5-year median fol-
low- up, the cetuximab arm demonstrated numerically higher 
but not statistically different rates of complete response 
(15.8% vs. 7.5%), 5-year progression-free survival (75.5% 
vs. 67.5%), and 5-year overall survival (83.8% vs. 70%) 

[100]. Further definitive studies are lacking. This would 
seem worthy of further study, but at present remains investi-
gational only.

In sum, when considering radiosensitizers for neoadjuvant 
therapy, there are multiple options. Key studies suggest slightly 
differing toxicity profiles for the bolus 5-FU and infusional 
5-FU regimens, with a hint of possible differences in efficacy. 
While either regimen can be justified, in general, infusional 
5-FU has been favored as the optimal radiosensitizing agent. In 
addition, randomized data fully support capecitabine as a via-
ble alternative for utilization with radiation. At this point, there 
is no role for additional chemotherapeutics or targeted agents 
with radiation outside of a clinical trial.

 Neoadjuvant Short-Course Versus Long- 
Course Radiation

While long-course chemoradiation has been embraced in the 
United States and other parts of the world, in some countries, 
preoperative short-course radiation (5 Gy × 5 fractions) has 
become the standard. The MRC CR07/NCIC-CTG C016 
study comparing short-course preoperative radiation to 
selective postoperative chemoradiation was previously 
described. This study demonstrated disease-free survival and 
local recurrence benefits, though with limitations related to 
suboptimal surgical technique. Two additional major studies 
examined short-course radiation vs. surgery alone: the 
Swedish Rectal Cancer Study and the Dutch Colorectal 
Cancer Group (DCCG) TME Study. In the Swedish study of 
1168 patients, results at a median follow-up of 13  years 
revealed improvements in  local recurrence (9% vs. 26%), 
cancer-specific survival (72% vs. 62%), and overall survival 
(38% vs. 30%) with radiation compared to surgery alone. 
There was no difference in the rates of distant metastases 
[101]. The Dutch study randomized 1861 patients undergo-
ing TME to short-course radiotherapy or observation. In 
long-term follow-up, the 10-year rate of local recurrence 
with preoperative radiotherapy was half that seen with sur-
gery alone (5% vs. 11%). Overall survival was no different in 
the overall population. In an exploratory subgroup analysis, 
there was suggestion of potential benefit in the stage III pop-
ulation [102].

Naturally, preoperative long-course chemoradiation and 
short-course radiotherapy have been compared head-to-head 
in at least two medium-sized studies (Table 7.7 [73, 80, 102, 
103, 104]). A Polish study utilizing bolus 5-FU and LV on 
days 1–5 and 29–33 enrolled 316 patients with T3 and T4 
rectal cancer. At 4  years, there was no difference in DFS 
(58.4% vs. 55.6%), OS (67.2% vs. 66.2%), or local recur-
rence (9% vs. 14.2%) between short-course radiotherapy or 
chemoradiation, respectively [103]. The Trans-Tasman 
Radiation Therapy Oncology Group 01.04 studied short- 
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course radiotherapy vs. long-course chemoradiation with 
infusion 5-FU (225 mg/m2/day, 7 days per week), random-
izing 326 patients with T3 and N+ tumors. Adjuvant chemo-
therapy (5-FU 425 mg/m2/day and LV 20 mg/m2/day, days 
1–5 of a 28-day cycle) was administered for 6 months in both 
arms. There was a higher proportion of low rectal tumors 
(<5 cm from anal verge) randomized to the short-course arm. 
A greater degree of downstaging was seen with chemoradia-
tion—the proportion of ypT0–2 tumors was 45% vs. 28% 
posttherapy. Margins were similarly negative in the vast 
majority of both arms. Despite this, there were no clear dif-
ferences in 5-year local recurrence rates (7.5% vs. 4.4%), 
DFS (30% vs. 27%), or OS (74% vs. 70%) for short-course 
radiotherapy or long-course chemoradiation, respectively. 
There was a numerically higher rate of local recurrences in 
distal rectal tumors, at 13% (6/48) with short course versus 
3% (1/31) with chemoradiation, though this was not statisti-
cally significant. Importantly, late toxicity was no different 
between the two regimens [104].

In brief, short-course radiation is a viable option when 
considering preoperative therapy for locally advanced rectal 
cancers. There is evidence of less tumor regression and 
downstaging. This is often cited as a factor in choosing long- 
course chemoradiation. In studies of short-course radiother-
apy, surgery has typically been conducted immediately on 
the heels treatment, within 7 days. When considering squa-
mous cell carcinomas of the anus, responses can evolve over 
months following chemoradiation; similarly, retrospective 
data have suggested a greater rate of pathologic complete 
response when surgery is delayed from the standard 

6–8  weeks to a slightly longer interval after completing 
chemoradiation [105]. With this in mind, one area of ongo-
ing investigation is evaluating the role of delaying surgery 
after either radiotherapy approach, in hope of maximizing 
pathologic response. A greater interval to surgery might 
increase degree of downstaging with short-course radiother-
apy. For now, it remains unclear whether such an approach is 
truly of benefit with respect to long-term outcomes.

 Adjuvant Chemotherapy

Adjuvant chemotherapy is currently considered a standard 
component of perioperative therapy for locally advanced 
rectal cancer. It is administered in the majority of US patients 
and a recommendation on the NCCN guidelines, with fluoro-
pyrimidine and oxaliplatin-based therapy, FOLFOX or 
CapeOx, being the preferred regimen [106, 107]. There is 
clear supportive data for adjuvant therapy in colon cancer 
[108, 109]. However, the data to support this practice in rec-
tal cancer are slightly more murky.

 5-FU-Based Adjuvant Therapy
The early GITSG and NCCTG studies demonstrated a sur-
vival benefit when radiotherapy was joined with concurrent 
or adjuvant chemotherapy [75, 80]. NSABP R-01 demon-
strated a survival benefit with adjuvant chemotherapy in the 
absence of radiation [72]. A 2012 Cochrane analysis of 21 
randomized controlled trials supported adjuvant 5-FU-based 
therapy in rectal cancer, suggesting a relative reduction in the 

Table 7.7 Trials of short-course radiotherapy and long-course chemoradiation

Trial
No. of 
patients Treatment regimens pCR rate

Local 
recurrence

Disease-free 
survival

Overall 
survival

Severe late 
toxicity rates

Swedish Rectal 
Cancer Trial [73]

1168 25 Gy/5 Fx preoperatively
vs.
Surgery alone

NR 9%
26%
(p < 0.001)

(13-year f/u)
72%
62%
(p = 0.04)

(13-year 
f/u)
38%
30%
(p = 0.008)

NR

DCCG TME 
study [102]

1861 25 Gy/5 Fx preoperatively
vs.
Surgery alone

NR 5%
11%
(p < 0.0001)

NR (10-year)
48%
49%

NR

MRC CR-07 [80] 1350 25 Gy/5 Fx preoperatively
vs.
Surgery with selective 
CRT: 45 Gy/25 Fx + 5-FU

NR 4.7%
11.5%
(p < 0.0001)

(5-year)
73.6%
66.7%
(p = 0.013)

(5-year)
70.3%
67.9%
(p = 0.4)

NR

Polish study [103] 316 25 Gy/5 Fx
vs.
50 Gy/28 Fx + 5-FU + LV

NR 9%
4.2%
(p = 0.17)

(4-year)
31.4%
34.6%
(p = 0.54)

(4-year)
67.2%
66.2%
(p = 0.96)

10.1%
7%

TROG 01.04 
[104]

326 25 Gy/5 Fx
vs.
50 Gy/28 Fx + CIVI 5-FU

1%
15%
(p < 0.001)

7.5%
4.4%
(p = 0.25)

NR (5-year)
74%
70%
(p = 0.62)

5.8%
8.2%
(p = 0.53)

5-FU fluorouracil, Cape capecitabine, CapeOx capecitabine + oxaliplatin, CRT chemoradiation, FOLFOX folinic acid + 5-FU + oxaliplatin, Fx 
fraction, f/u follow-up, Gy gray, LV leucovorin, N/A not applicable, NR not reported, NS not significant
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risk of recurrence of 25% [110]. However, the conduct of 
multiple individual randomized studies in stage II and III 
rectal cancer has failed to demonstrate a clear, consistent 
benefit in the setting of the current standard: neoadjuvant 
therapy.

As previously mentioned, EORTC 22921 randomized 
1011 patients to preoperative chemoradiation vs. radiation 
alone as well as adjuvant bolus 5-FU versus observation. 
5-FU was administered as a daily bolus (350 mg/m2/day) in 
combination with LV (20 mg/m2/day) for 5 days, repeated 
every 3 weeks for a total of 4 cycles. The rate of adherence to 
preoperative chemoradiotherapy was 82% and to adjuvant 
chemotherapy just 43%; 27% of patients assigned to adju-
vant therapy never began treatment [83]. In long-term fol-
low- up, there was no statistical difference in 10-year DFS 
(47% vs. 43.7%) or OS (51.8 vs. 48.4) between adjuvant 
chemotherapy and observation, respectively [64]. The effect 
of low adherence rates following preoperative therapy and a 
somewhat more toxic 5-FU regimen may have obscured a 
difference between the arms—a particularly plausible expla-
nation if the true difference is a modest one.

Additional modern randomized studies have similarly 
failed to demonstrate a clear benefit for 5-FU-based adjuvant 
therapy in locally advanced rectal cancer (Table 7.8) [65, 82, 
90, 93, 111–113]. The Italian I-CNR-RT study randomized 
655 patients with clinical T3/4 rectal cancer treated with 
neoadjuvant chemoradiation and surgery to adjuvant therapy 
with 5-FU (350  mg/m2/day × 5  days, every 28  days × 
6  cycles) and LV (10  mg/m2/day × 5  days, every cycle). 
Similar to the EORTC study, 28% of patients randomized to 
adjuvant chemotherapy never began therapy and an addi-
tional 13.5% only received 2 cycles, such that just over 58% 
of patients completed 3–6 cycles of adjuvant chemotherapy. 
Disease-free and overall survival was no different between 
the two arms [111].

The Dutch PROCTOR/SCRIPT trial was designed to look 
at adjuvant chemotherapy with 5-FU or capecitabine in 
patients undergoing preoperative therapy (short-course radio-
therapy or chemoradiation) and resection. One of two bolus 
5-FU regimens or capecitabine (1250 mg/m2 BID, days 1–14, 
every 21 days) was utilized, administered for roughly 6-month 
duration. The study was powered to detect a 10% improve-

Table 7.8 Key trials of adjuvant therapy in rectal cancer

Trial Patients Inclusion criteria Preoperative regimen Adjuvant regimens
Disease-free 
survival

Overall 
survival

EORTC 
22921[65]

1011 T3/T4, ≤15 cm from 
anal verge

Preoperative chemoRT or 
preoperative RT

Bolus 5-FU
vs.
Observation

(10-year)
47%
43.7%
(p = 0.29)

(10-year)
51.8%
48.4%
(p = 0.32)

Italian [111] 
I-CNR-RT

655 T3/4 or node positive, 
≤15 cm from anal 
verge

ChemoRT + bolus 5-FU Bolus 5-FU × 
6 months
vs.
Observation

(5-year)
63.6%
60.8%
(p = 0.416)

(5-year)
66.9%
67.9%
(p = 0.879)

Dutch [112]
PROCTOR/
SCRIPT

470 
(closed 
early)

ypT3/4 or ypN+ after 
chemoradiation and 
TME

RT—25 Gy/5 Fx or 
chemoRT—45–50 Gy/25–
28 Fx + 5-FU

Either bolus 5-FU or 
capecitabine
vs.
Observation

(5-year)
62.7%
55.4%
(p = 0.11)

(5-year)
80.4%
79.2%
(p = 0.73)

CAO/ARO/
AIO-04[90]

1265 T3/T4 or N+, ≤12 cm 
from anal verge

ChemoRT with 5-FU/
capecitabine
vs.
ChemoRT with FOLFOX/
CapeOx

FOLFOX/CapeOx
vs.
Infusional 5-FU/
capecitabine

(3-year)
75.9%
71.2%
(p = 0.03)

(3-year)
81.3%
79%
(p = 0.38)

PETACC-6 
[93]

1094 T3/T4 or N+, ≤12 cm 
from anal verge

ChemoRT + capecitabine
vs.
ChemoRT + CapeOx

CapeOx
vs.
Capecitabine

(3-year)
74.5%
73.9%
(p = 0.78)

(3-year)
89.5%
87.4%
(p = 0.18)

CHRONICLE 
[113]

113 
(closed 
early)

Rectal adenocarcinoma 
≤15 cm from anal 
verge

Fluoropyrimidine-based 
chemoRT

CapeOx
vs.
Observation

(3-year)
78%
71%
(p = 0.56)

(3-year)
89%
88%
(p = 0.75)

ADORE [82] 321 ypT3–4 or ypN+ after 
chemoradiation and 
TME, ≤12 cm from 
anal verge

Fluoropyrimidine-based 
chemoRT

FOLFOX
vs.
5-FU

(3-year)
71.6%
62.9%
(p = 0.047)

(3-year)
95%
85.7%
(p = 0.036)

5-FU fluorouracil, Cape capecitabine, CapeOx capecitabine + oxaliplatin, ChemoRT chemoradiation, FOLFOX folinic acid + 5-FU + oxaliplatin, 
Fx fraction, Gy gray, LV leucovorin, N/A not applicable, NR not reported, NS not significant, TME transmesorectal excision
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ment in 5-year OS (60–70%), requiring 840 patients to 
achieve 90% power. Due to slow accrual, only 470 patients 
were accrued, of which only 437 were eligible for analysis. 
Of the patients, 73.6% completed all chemotherapy cycles. At 
a median 5-year follow-up, there was no significant differ-
ence in OS (nearly 80% in both groups). There was an abso-
lute difference in DFS of 7% (62.7% vs. 55.4%, p = 0.11) 
favoring adjuvant chemotherapy, a trend that did not reach 
statistical significance. However, the study was underpow-
ered to detect a difference of this magnitude [112].

 Role of Oxaliplatin in Adjuvant Chemotherapy
Oxaliplatin has been studied in multiple locally advanced 
rectal cancer studies, though much of the data are immature 
with respect to long-term survival. Results to date have been 
conflicting. CAO/ARO/AIO-04 and PETACC-6 are both 
large trials that randomized patients to a preoperative regi-
men of radiotherapy with capecitabine +/− oxaliplatin. 
Postoperatively, patients received the same adjuvant chemo-
therapy regimens: capecitabine +/− oxaliplatin. More than 
80% of patients received all of the planned cycles of adjuvant 
therapy [90]. Final results of CAO/ARO/AIO-4 have recently 
been published. At a median follow-up of 50  months, the 
3-year DFS was improved with oxaliplatin (75.9% vs. 
71.2%). No difference in survival was observed [94]. The 
long-term results of PETACC-6 have not yet been published. 
However, data presented at the European Society for Medical 
Oncology (ESMO) 2016 Congress demonstrated no differ-
ence between the arms, with a median follow-up of 
52 months. As in other rectal trials, the ability to routinely 
administer adjuvant chemotherapy was fair at best [114]. 
After preoperative radiotherapy with capecitabine and oxali-
platin, in the oxaliplatin arm, only 75% of patients initiated 
adjuvant chemotherapy, with 65% of the total receiving 
oxaliplatin and only 57% completing all planned cycles [93].

Two smaller studies have also examined the question of 
adjuvant oxaliplatin after fluoropyrimidine-based chemora-
diotherapy. The CHRONICLE study randomized rectal can-
cer patients to postoperative capecitabine and oxaliplatin or 
observation. Of 93% of patients who began chemotherapy, 
only 48% completed the planned 6 cycles. Ultimately, only 
113 of the planned 800 patients were accrued, and the study 
was closed early. Three-year DFS was 78% with chemother-
apy vs. 71% with surgery alone, which was not statistically 
different (p = 0.53). The OS was identical [113]. On the other 
hand, ADORE was a phase II randomized study, comparing 
4 months of adjuvant 5-FU to FOLFOX in a Korean popula-
tion with pathologic stage II/III rectal cancer after neoadju-
vant therapy. This study examined a higher risk population 
(i.e., ypT3 or ypN+)—a group with greater potential to recur 
and thus possibly greater potential benefit from adjuvant ther-
apy. More than 95% of patients completed all planned cycles 
of therapy. At a median of 38-month follow-up, the median 

3-year DFS was improved at 71.6% vs. 62.9% with the addi-
tion of oxaliplatin. Toxicity was greater, as expected, though 
the rate of severe adverse events was no different [115].

Thus, the data remain inconclusive at this point as to the 
true benefit for oxaliplatin as adjuvant therapy in rectal can-
cer. Moreover, the adjuvant data in general remain inconsis-
tent, potentially stemming from inclusion of mixed 
populations—specifically a substantial proportion of patients 
who at relatively lesser risk of recurrence hampers detection 
of benefit. Pretherapy staging is imperfect in assessing nodal 
stage, with the sensitivity of MRI estimated at 77% and spec-
ificity at 71% [116]; essentially, small involved perirectal 
lymph nodes can be called benign in nearly one of four cases 
and larger reactive nodes can be called malignant in greater 
than a third of cases. As suggested by the phase II ADORE, 
patients at higher risk may be the ones who are best served 
by adjuvant oxaliplatin. On the other hand, those patients 
who achieve a pathologic complete response have excellent 
long-term outcomes on the whole [117]. At this time, there 
are no definitive data to guide decisions, nor as to whether 
pathologic stage should trump clinical stage in guiding ther-
apy. In line with guidelines, adjuvant therapy is recom-
mended in fit patients, with both fluoropyrimidines alone and 
in combination with oxaliplatin being reasonable options.

 Neoadjuvant Chemotherapy

As evidenced by the prior discussion, in rectal cancer sub-
stantial difficulties may prohibit administration of full 
planned adjuvant chemotherapy following neoadjuvant pel-
vic chemoradiation and surgical resection. In an analysis of 
the SEER database, greater than one in three patients did not 
receive postoperative chemotherapy [118]. At this point, 
with surgical and radiotherapy advances, the major risk 
in locally advanced rectal cancer is that of distant, rather than 
local, recurrence. As survival gains with neoadjuvant radio-
therapy are not reliably reproducible in modern studies and 
chemotherapy regimens have dramatically improved, inter-
est has grown in the administration of neoadjuvant 
 chemotherapy for patients with locally advanced rectal can-
cer. A small pilot study examined the administration of pre-
operative FOLFOX—6  cycles, the first 4 also with 
Avastin—in 32 patients with stages II and III rectal cancer. 
Tumor regression was seen in all patients with a pCR rate of 
25% and no local recurrences at 4 years [119]. These data 
have supported the initiation of the cooperative group study, 
PROSPECT (N1048, NCT01515787). This study is random-
izing patients with nonbulky locally advanced rectal cancer 
to neoadjuvant chemoradiation or 6  cycles of neoadjuvant 
FOLFOX. Patients in the chemotherapy arm with response 
to therapy will forgo chemoradiation and proceed straight to 
surgery. The primary endpoint is disease-free survival.
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Taking this a step further, other investigators have exam-
ined utilization of multiple modalities preoperatively, in hope 
of achieving maximal downstaging of the tumor and reducing 
systemic recurrence risk more effectively through the early 
administration of full-dose systemic therapy. The CONTRE 
study treated 39 patients with stages II and III rectal cancer 
with 8 cycles of neoadjuvant FOLFOX, followed by chemo-
radiation with capecitabine and surgical resection. Pathologic 
complete response was achieved in 33% of patients (13/39) 
[120]. Another recently reported multicenter nonrandomized 
phase II study treated patients with stage II or III rectal cancer 
via a regimen of neoadjuvant chemotherapy followed by a 
variable number of cycles of preoperative FOLFOX in the 
four arms: 0, 2, 4, or 6. On analysis of the 259 evaluable 
patients, there was clear evidence of increased pathologic 
downstaging with a greater amount of preoperative chemo-
therapy. Pathologic complete response increased with each 
additional 2 cycles of chemotherapy, with pCR rates standing 
at 18%, 25%, 30%, and 38%. No evidence of increased surgi-
cal complications was noted [121]. Key trials of neoadjuvant 
therapy are depicted in Table 7.8 [65, 82, 90, 93, 111–113].

Though pathologic complete response is linked to better 
long-term outcomes in locally advanced rectal cancer, at this 
time, in the trial setting, it is not clear that pCR rate is an ade-
quate surrogate for overall survival. In any study, the pCR rate 
achieved shows clear relation to the initial stage of the tumor 
in question. This can create marked intertrial variability on its 
own. In any case, multiple permutations of this neoadjuvant 
approach are currently under active investigation in hope of 
improving outcomes and lessening toxicity for patients.

 Adjuvant Therapy for Resectable Metastatic 
Colorectal Cancer

Colorectal cancer patients with oligometastatic disease can 
achieve prolonged PFS, prolonged OS, as well as a possible 
cure with metastasectomy. Indeed, the 5-year OS from mod-
ern series of patients with hepatic resection exceeds 50% and 
compares favorably to a historic control of 10% 5-year sur-
vival for patients treated with systemic chemotherapy [122–
128]. Similar favorable overall 5-year survival rates have 
been described for patients undergoing pulmonary metasta-
sectomy [129]. However, one of the main challenges of 
patients with hepatic and lung metastases resection is disease 
recurrence. It is estimated that approximately 70% of patients 
with hepatic resection for colorectal liver metastases will 
have disease recurrence within 3  years from surgery, and 
only 20% of patients with hepatic resection are estimated to 
achieve a curative outcome [122, 130]. Given the consider-
able risk of disease recurrence in patients with hepatic and 
lung resection, efforts have been placed on developing adju-
vant strategies in these populations. To date, randomized 

studies have been completed and reported on patients with 
hepatic metastasectomy, while recommendations regarding 
patients with pulmonary metastases resection are based pre-
dominantly on extrapolation from the liver resection data 
and/or on outcome data from larger retrospective series.

 Systemic Therapy in the Adjuvant Treatment 
After Resection of Colorectal Liver Metastases
The FFCD 9002 phase III clinical trial evaluated the impact 
of 6 months of adjuvant 5-FU/LV following hepatic metasta-
ses resection [131]. Patients were required to have no evi-
dence of local recurrence or other extrahepatic metastatic 
disease and to have undergone an R0 resection of hepatic 
metastases. In addition, the receipt of any chemotherapy 
within 1 year prior to enrollment was considered an exclu-
sion criteria. After adjusting for major prognostic factors, 
patients on the chemotherapy arm were more likely to be 
disease free at 5 years than the observation arm (33.5% vs. 
26.7%; p = 0.028). Treatment with chemotherapy was asso-
ciated with a trend toward an improved 5-year OS (51.1% vs. 
41.1%), which did not reach statistical significance. The 
Canadian and European Intergroup randomized patients with 
resected colorectal lung or liver metastases to observation or 
6 months of 5-FU/LV, and patients did not show any improve-
ment in DFS or OS [132]. A subsequent pooled analysis of 
both studies (278 patients) suggested a strong trend for an 
improvement in favor of chemotherapy in disease-free sur-
vival (HR = 1.32; p = 0.058) and overall survival (HR = 1.32; 
p = 0.095) [132]. The lack of statistical significance is in part 
related to an underpowered sample size. A more recent clini-
cal trial investigated 6 months of UFT/LV vs. observation in 
180 patients after hepatic colorectal cancer metastases resec-
tion. The UFT/LV arm had a significant reduction in RFS 
(3-year RFS 38.6% vs. 32.3%; p = 0.003), but this did not 
translate into a difference in overall survival [133]. These 
data point to a potential clinical benefit from fluoropyrimi-
dine in the adjuvant treatment of resected colorectal liver 
metastases, at least in patients with no or limited prior 
 systemic therapy. Further intensification of chemotherapy 
beyond fluoropyrimidine monotherapy in the adjuvant or 
neoadjuvant settings has led to mixed conclusions. The CPT- 
GMA- 301 adjuvant trial investigated the combination 
FOLFIRI vs. 5-FU/LV control in patients with resected 
hepatic metastases [134]. Prior chemotherapy was allowed 
with the exception of irinotecan. Despite the large sample 
size of this study (n  =  306), no difference was noted in 
disease- free survival between the FOLFIRI and 5-FU/LV 
arms. These findings are in line with other adjuvant clinical 
trials in stage III disease where irinotecan did not improve 
the disease outcome in comparison to 5-FU/LV [25–27]. On 
the other hand, the addition of oxaliplatin in the neoadjuvant 
setting has been linked to beneficial reductions in recurrence 
rate as described as follows [130].
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 Systemic Therapy in the Neoadjuvant Treatment 
of Resectable Hepatic Colorectal Cancer 
Metastases
The EORTC 40983 study randomized patients with four or 
less hepatic colorectal metastases to perioperative FOLFOX 
chemotherapy or observation [130]. Patients were random-
ized to 3  months of FOLFOX chemotherapy followed by 
hepatic resection and another 3  months of FOLFOX vs. 
hepatic resection alone. The primary endpoint of 3-year DFS 
rate in the eligible population was 36.2% vs. 28.1%, favoring 
perioperative chemotherapy (HR  =  0.77; p  =  0.041). This 
translated into a statistically insignificant trend in improve-
ment in OS on the FOLFOX arm (5-year OS = 51.2%) vs. 
observation (5-year OS = 47.8%). While this study confirms 
a clinical advantage to perioperative FOLFOX chemother-
apy in resectable hepatic colorectal metastases, it does not 
provide any guidance to the additional benefits of FOLFOX 
in comparison to 5-FU, nor does it confirm a benefit for a 
neoadjuvant strategy vs. an adjuvant strategy.

The role of cetuximab as part of a neoadjuvant chemother-
apy regimen in resectable colorectal liver metastases was 
investigated through the New EPOC trial [135]. Patients with 
resectable or suboptimally resectable KRAS wild-type colorec-
tal liver metastases were randomized to perioperative chemo-
therapy (fluoropyrimidine plus oxaliplatin or fluoropyrimidine 
plus irinotecan) with or without cetuximab. The PFS was sig-
nificantly shorter in the cetuximab arm (14.1 vs. 20.5 months; 
HR = 1.48 with a 95% CI: 1.04–2.12). The detrimental impact 
of cetuximab on the New EPOC trial is also consistent with 
other data pointing to a lack of benefit from cetuximab in the 
adjuvant treatment of stage III colorectal cancer [33, 35]. The 
use of anti-EGFR therapy in the neoadjuvant or adjuvant treat-
ment of resectable metastatic colorectal cancer is not recom-
mended at this time, even when considering patients with RAS 
wild-type tumors. While no dedicated randomized phase III 
clinical trials have explored the role of anti-angiogenic therapy 
in the neoadjuvant treatment of resectable hepatic metastases, 
multiple phase III studies failed to show a benefit for bevaci-
zumab in stage III disease [28–31]. Therefore, the integration 
of anti- angiogenic therapy with chemotherapy in the adjuvant 
and neoadjuvant treatment of resectable liver metastases is not 
indicated at this time.

 Combination of Adjuvant Systemic and Regional 
Therapy Following Hepatic Colorectal Metastases 
Resection
Given the increased risk of liver recurrence posthepatectomy, 
several studies have explored the addition of regional therapy 
to systemic therapy following metastasectomy. A phase III 
clinical trial investigated a combination of 5-FU/LV alternat-
ing with hepatic arterial infusion (HAI) of FUDR (6 × 
5-week  cycles) vs. 5-FU/LV alone (6 × 4-week  cycles) in 
156 patients with complete resection of hepatic colorectal 

metastases [136]. Patients receiving the HAI  +  systemic 
combination experienced an improved 2-year hepatic 
disease- free survival (90% vs. 60%; p < 0.0001) and 2-year 
survival (HR = 2.34; p = 0.027). A 10-year study update fur-
ther confirms an advantage of the combination therapy in 
terms of progression-free survival, hepatic disease-free sur-
vival, and 10-year survival rate (38.7% vs. 16.3%) [137]. 
Another smaller randomized study evaluated the combina-
tion of continuous infusion 5-FU and HAI of FUDR vs. con-
tinuous infusion 5-FU in patients with 1–3 resected hepatic 
metastases [138]. Patients receiving the combination therapy 
experience an improved hepatic DFS (67% vs. 43%; 
p = 0.03) and 4-year recurrence-free survival (46% vs. 25%; 
p  =  0.04). These results suggest a significant impact of 
regional therapy on hepatic disease recurrence, especially in 
patients with high risk of disease recurrence. Both studies 
were underpowered to show a survival advantage; however, 
a trend in improved survival was noted—especially in high- 
risk patients [137]. Additional studies have recently investi-
gated combinations of HAI with more modern systemic 
therapy such as FOLFOX or FOLFIRI with promising results 
[139, 140]. However, none of these combinations have been 
validated in definitive randomized phase III clinical trials.

 Adjuvant Therapy for Resected Pulmonary 
Metastases
There is a paucity of prospective data on the value of sys-
temic chemotherapy in patients with curative-intent lung 
metastasectomy. Retrospective series suggest that the out-
come of patients with resection of pulmonary metastases has 
a favorable overall survival with median survival exceeding 
5 years [129]. Several small retrospective studies and a large 
meta-analysis did not support a benefit from adjuvant che-
motherapy post pulmonary colorectal metastases resection 
[129, 141–143]. Alternatively, other retrospective series have 
reported an improvement in disease-free survival but no 
improvement in associated overall survival [144]. The inter-
pretation of these studies and other retrospective series is 
limited by patient heterogeneity, treatment selection bias, 
and adequate quality data control. Despite the limitation of 
the existing data, it is generally recommended that patients 
with pulmonary metastases receive some form of adjuvant 
systemic chemotherapy, especially in settings where patients 
had limited prior systemic therapy exposure. Such recom-
mendations are based on extrapolations from the hepatic 
resection data. The optimal chemotherapy regimen in such 
settings is not well defined. In general, 6 months of the pro-
jected most effective combination therapy is considered.

In short, perioperative and adjuvant treatment strategies 
have been developed to improve upon the high rates of dis-
ease recurrence following hepatic resection for colorectal 
liver metastases. Adjuvant 5-FU/LV, perioperative FOLFOX, 
or adjuvant systemic 5-FU + HAI FUDR have all shown to 
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improve DFS in resected colorectal liver metastases. Data 
are more limited for adjuvant therapy in resected colorectal 
pulmonary metastases and are generally extrapolated from 
hepatic resection data, but 6 months of the projected most 
effective combination therapy in the adjuvant setting should 
be considered. The choice of adjuvant or perioperative strat-
egy is dependent on expected patient tolerance, institutional 
experience with HAI therapy, and multidisciplinary panel 
recommendations.
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Metastatic Colorectal Cancer

Mohamed E. Salem, Benjamin A. Weinberg, 
Feras J. Abdul Khalek, Jasmin R. Desai, Eiran A. Warner, 
Marion L. Hartley, and John L. Marshall

 Epidemiology

Globally, colorectal cancer (CRC) represents the third most 
common cancer and the fourth leading cause of cancer- 
related deaths [1].

In the United States, an estimated 140,250 people will be 
diagnosed with CRC, and 50,630 will die from this disease in 
2018, making CRC the second leading cause of cancer- related 
deaths this year [2]. An approximate 26,898 patients—20% 
of the total diagnosed [3]—will have metastatic disease at 
time of diagnosis, and, although survival time of these patients 

has been improved over the last few years, it is a dire but 
accurate assumption that only 3497 of these 26,898 patients 
will be alive 5 years after their diagnosis [4].

  First-Line Therapy

For decades, the mainstay of treatment for metastatic 
colorectal cancer (mCRC) has been chemotherapy; however, 
comprehensive therapeutic management of mCRC should 
also include novel agents such as biological and immune 
therapies, surgery, interventional radiology, and radiation 
oncology. The optimal choice of therapy for first-line treat-
ment of patients with mCRC is based on individual patient 
and tumor characteristics including molecular makeup. The 
current standard first-line treatment for inoperable mCRC is 
combination chemotherapy. The typical chemotherapy back-
bone used in mCRC treatment regimens today includes a 
fluoropyrimidine (either 5-fluorouracil [5-FU]/leucovorin 
[folinic acid] or capecitabine) with added oxaliplatin 
(FOLFOX, folinic acid, 5-FU, and oxaliplatin; XELOX, 
capecitabine and oxaliplatin), irinotecan (FOLFIRI, folinic 
acid, 5-FU, and irinotecan), or both (FOLFOXIRI, folinic 
acid, 5-fluorouracil, oxaliplatin, and irinotecan) (Fig.  8.1) 
[5–19].

 Patient Characteristics

First-line treatment regimens must be carefully selected 
based on each individual patient’s clinical status and not 
chosen using a one-size-fits-all approach. A patient’s age, 
performance status, and comorbidities must be taken into 
account in order to assess properly his or her ability to tol-
erate therapy. In addition, on initial diagnosis of metastatic 
disease, a thorough knowledge of the patient’s prior CRC 
treatments (if applicable), treatment-related toxicities, and 
time since adjuvant chemotherapy is vital when it comes to 
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selecting the best frontline mCRC treatment. For example, 
if a patient develops metastatic disease while on adjuvant 
chemotherapy, or shortly thereafter, this suggests that their 
tumor is resistant to that particular chemotherapy and 
necessitates switching treatment. However, if a patient 
develops metastatic disease after completion of initial ther-
apy, especially if longer than 6 months, then repeat use of 
the same agents is an option, known as “recycling.”

 Tumor Characteristics

 RAS Mutations
Tumor-specific characteristics further dictate the selection 
of the most viable treatment options, and tumor profiling is 
essential. It was originally found that mutations in the 
KRAS gene (within codons 12 and 13 of exon 2) confer 
resistance to epidermal growth factor receptor (EGFR)-
directed therapies such as cetuximab and panitumumab 
due to constitutive activation of KRAS and increased sig-
naling through downstream pathways that bypass EGFR 
[20, 21]. More recently, it was found that the existence of 
extended RAS mutations (outside codons 12 and 13 of 
exon 2) further confers EGFR inhibitor resistance and, 
thus, an extended RAS mutation panel should be run on all 
patients with mCRC—KRAS and NRAS exons 2 (codons 
12 and 13), 3 (codons 59 and 61), and 4 (codons 117 and 
146) [22, 23].

 BRAF Mutations
BRAF mutation testing should also be considered prior to 
instituting EGFR-directed therapy because there is evidence 
that patients with the BRAF V600E and other BRAF muta-
tions (seen in approximately 10% of mCRCs) do not respond 
effectively to cetuximab or panitumumab due to downstream 
activation of the MEK- ERK pathway [24]. Possibly, this 
resistance could be bypassed using a BRAF inhibitor such as 
vemurafenib, which is currently approved by the US Food 
and Drug Administration (FDA) [25] for the treatment of 
metastatic BRAF V600E mutant melanoma but is still inves-
tigative for mCRC [26].

It is now understood that the presence of a BRAF muta-
tion in mCRC confers a worse prognosis overall, and if a 
patient’s metastatic colorectal tumor harbors such a muta-
tion, a FOLFOXIRI chemotherapy regimen is recommended, 
pending further research [5].

 Microsatellite Instability
The microsatellite stability status of CRCs has become 
important in the metastatic setting in addition to its biologi-
cal significance in patients with localized colorectal cancer. 
Tumors with high microsatellite instability (MSI-high) have 
impaired DNA mismatch repair mechanisms and accumulate 
hundreds to thousands of somatic mutations. Due to this 
large mutational burden, these MSI-high colorectal tumors 
are sensitive to immune checkpoint inhibition using pembro-
lizumab and nivolumab, antibodies directed against pro-
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Fig. 8.1 Overall survival of patients with mCRC according to first-line 
treatment choice. All comparisons of chemotherapy + anti-EGFR anti-
bodies (cetuximab or panitumumab) were for RAS or KRAS wild-type 
(WT) patients only. The trend line indicates improvement in patient 
overall survival as research has guided evolution from treatment with a 

fluoropyrimidine (5-FU/leucovorin) alone to a fluoropyrimidine plus 
oxaliplatin and/or irinotecan, to the further addition of biological 
agents. 5-FU 5-fluorouracil, FOLFIRI 5-FU/leucovorin/irinotecan, 
FOLFOX 5-FU/leucovorin/oxaliplatin, FOLFOXIRI 5-FU/leucovorin/
oxaliplatin/irinotecan [5–17]
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grammed death 1 (anti-PD-1) [27, 28] (see “Novel Therapies” 
section for more information on immune checkpoint inhibi-
tion). The effectiveness of pembrolizumab compared with an 
investigator’s choice of one of six possible standard chemo-
therapy regimens (mFOLFOX6, FOLFIRI, mFOLFOX6 
plus bevacizumab, mFOLFOX6 plus cetuximab, FOLFIRI 
plus bevacizumab, or FOLFIRI plus cetuximab) is currently 
being assessed in the first- line setting in an international, 
multicenter, phase III trial (NCT02563002).

 Gene Mutation Testing
As specific genetic alterations are discovered that have 
impact on treatment efficacy, as well as acting as biomarkers 
to guide treatment selection, first-line genetic sequencing of 
CRC will likely become commonplace. In addition to RAS 
and BRAF mutations, recent studies have discovered other 
mutations in the RAS pathway (MAP2K1), PI3K pathway 
(PTEN and PIK3CA), and TK receptor pathways (ERBB2, 
MET, EGFR, FGFR1, and PDFGRA) that confer cetuximab 
resistance [29]. On the other hand, IRS2 mutations  and 
EGFR amplification have been discovered that may cause 
cetuximab sensitivity [29]. Thus, along with the recom-
mended extended RAS and BRAF mutation testing [30], full 
next-generation sequencing and MSI testing of patient 
colorectal tumors may soon become part of the standard of 
care.

Beyond gene mutation testing, it is important to define a 
patient’s disease burden, symptomatic disease, and potential 
for complete tumor resectability prior to selecting initial 
treatment. In essence, if there is already a significant meta-
static disease burden in vital organs such as the liver or lungs, 
a more aggressive upfront chemotherapy regimen should be 
considered to improve symptoms and protect organ function. 
In addition, if there is potential to completely resect the pri-
mary tumor and any metastases, leaving the patient with no 
evidence of disease (NED), this should be considered, taking 
all potential risks into account.

Most recently, tumor sidedness (whether the primary 
tumor originates from the left or right side of the colon) has 
emerged as an important prognostic and predictive bio-
marker. Patients with left-sided mCRCs (arising from the 
splenic flexure to the rectum) have a better overall survival 
and response to the anti-EGFR monoclonal antibody cetux-
imab than patients with metastatic right-sided CRCs (arising 
from the cecum to the hepatic flexure, with the transverse 
colon often excluded from analysis) [31–34]. The reason 
behind this discrepancy is not clear. There is not a dichoto-
mous split of tumor mutational profiles between the left and 
right sides of the colon; rather, there is a continuum of 
molecular alterations that varies throughout the colon [35]. 
Nevertheless, the location of the primary CRC tumor plays a 
vital role in treatment decision-making for patients with 
mCRC because patients with left-sided tumors derive con-

siderable benefit from anti-EGFR therapies, whereas those 
with right-sided tumors derive greater benefit from anti-vas-
cular endothelial growth factor (VEGF) therapies [31–34].

 Chemotherapy Options

 FOLFOX
Studies of FOLFOX in the frontline treatment of mCRC 
indicate that this chemotherapy regimen provides antitumor 
activity and progression-free survival (PFS) benefit to some 
patients. In 1999, Andre et al. [36] carried out a multicenter 
phase II study of high-dose leucovorin, infusional 5-FU, and 
oxaliplatin in patients with mCRC that was resistant to leu-
covorin and 5-FU alone. The investigators concluded that the 
addition of oxaliplatin to a 5-FU/leucovorin regimen led to 
an “enhanced antitumor response.” Subsequently, the same 
team, led by Aimery de Gramont [14], was the first to dem-
onstrate that the addition of oxaliplatin to infusional 5-FU 
and leucovorin in the first-line setting improves the PFS of 
patients with mCRC. Thus, patients with untreated mCRC 
(n = 422) were randomized 1:1 to receive 5-FU plus leucovo-
rin (leucovorin, 200 mg/m2 intravenous [IV] over 2 hours on 
day 1, followed by 5-FU bolus, 400 mg/m2 IV on day 1, and 
5-FU infusion, 600 mg/m2 on days 1 and 2 every 14 days) or 
5-FU plus leucovorin in combination with oxaliplatin (the 
same 5-FU/leucovorin regimen plus oxaliplatin, 85  mg/m2 
IV over 2 hours on day 1). Patients in the 5-FU/leucovorin 
plus oxaliplatin arm had a statistically significant improve-
ment in mPFS (9.0 vs. 6.2  months, p  =  0.0003), although 
improvement in median overall survival (mOS) was not sta-
tistically significant (16.2 vs. 14.7  months, p  =  0.12). The 
combination was well tolerated, and higher rates of grades 
3–4 neutropenia (41.7% vs. 5.3%), diarrhea (11.9% vs. 
5.3%), and neurotoxicity (18.2% vs. 0%) did not appear to 
translate into a worse quality of life (QOL) overall.

The “de Gramont regimen” was further modified in a sub-
sequent dose escalation and pharmacokinetic study, leading 
to the now well-known FOLFOX regimen (leucovorin, 
350 mg [flat-dose] IV over 2 hours; oxaliplatin, 85 mg/m2 IV 
over 2  hours [concurrently with leucovorin]; bolus 5-FU 
400  mg/m2 IV; and 5-FU, 2400  mg/m2 IV infusion over 
46 hours on day 1 every 14 days) [37]. This regimen was 
shown to be pharmacokinetically equivalent to de Gramont’s 
originally tested first-line regimen and was less cumbersome 
for patients due to the use of an ambulatory 46-hour 5-FU 
infusion.

Therefore, FOLFOX is an effective chemotherapy regi-
men for frontline mCRC, but the fact that oxaliplatin did not 
significantly improve mOS meant that further research 
efforts were necessary. In the late 2000s, the addition of bio-
logics to 5-FU/oxaliplatin regimens began to yield positive 
results.
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 FOLFOX Combined with VEGF Inhibitors
In the TREE (Three Regimens of Eloxatin Evaluation) trial 
[11], Hochster et al. aimed to study the first-line treatment of 
patients with mCRC with oxaliplatin-fluoropyrimidine regi-
mens plus the anti-vascular endothelial growth factor 
(VEGF) monoclonal antibody bevacizumab. Initially, the 
TREE-1 portion of the trial studied the effectiveness of three 
different chemotherapy regimens alone (without the addition 
of biologics). This trial randomized 150 patients with mCRC 
or recurrent CRC 1:1:1 to receive first-line treatment with 
mFOLFOX6 (Table 8.1 [9–11, 37–42]), bFOL (oxaliplatin, 
85 mg/m2 IV on days 1 and 15, plus leucovorin, 20 mg/m2 IV 
over 10–20 minutes, followed by 5-FU, 500 mg/m2 IV bolus 
on days 1, 8, and 15 every 4 weeks), or CapeOx (oxaliplatin, 
130 mg/m2 IV on day 1, plus capecitabine, 1000 mg/m2 PO 
BID on days 1–15, every 3 weeks). In the TREE-2 portion of 
the trial (recruiting an additional 223 patients), bevacizumab 
was added to these regimens at doses of 5 mg/kg IV every 
2  weeks (FOLFOX and bFOL) or 7.5  mg/kg IV every 
3 weeks (CapeOx; capecitabine was also reduced to 850 mg/
m2 BID). The addition of bevacizumab had no major impact 
on the toxicity of mFOLFOX6, bFOL, and CapeOx regi-
mens. Regarding patient survival, mOS following treatment 
of patients with mFOLFOX6, bFOL, and CapeOx regimens 
in the TREE-1 trial was 19.2, 17.9, and 17.2 months, respec-

tively, which was subsequently improved in all cases follow-
ing the addition of bevacizumab (TREE-2): 26.1, 20.4, and 
24.6 months, respectively. Thus, the addition of bevacizumab 
to FOLFOX gave patients over 2 years of survival, and the 
efficacy of this combination was comparable to bevacizumab 
plus CapeOx. In summary, the mOS of patients treated under 
all three chemotherapy regimens (taken together, TREE-1) 
was 18.2  months (95% confidence interval [CI]  =  14.5–
21.6), which was increased to 23.7 months (95% CI = 21.3–
26.8) following the addition of bevacizumab (TREE-2).

Bevacizumab was FDA approved for the first-line treat-
ment of patients with mCRC in 2004, following its proven 
efficacy in combination with standard chemotherapy as 
described earlier and discussed later in the IFL (irinotecan, 
bolus fluorouracil, and leucovorin) section of this chapter.

 FOLFOX Combined with EGFR Inhibitors
Other studies evaluated the first-line treatment of patients 
with mCRC with FOLFOX plus the anti-EGFR monoclonal 
antibodies cetuximab and panitumumab. Thus, in the 2008 
phase II OPUS (Oxaliplatin and Cetuximab in First-Line 
Treatment of Metastatic Colorectal Cancer) trial, Bokemeyer 
et  al. randomized 344 patients with EGFR-expressing 
untreated mCRC 1:1 to receive FOLFOX4 alone (Table 8.1) 
or FOLFOX4 plus cetuximab (400 mg/m2 IV on day 1 and 
then 250 mg/m2 IV every week thereafter) [38]. On initial 
full population data analysis, there appeared to be no signifi-
cant difference in mPFS following the addition of cetuximab 
to chemotherapy (7.2  months in both arms, p  =  0.617). 
However, on analysis of KRAS wild-type (WT) patients only 
(n = 134), mPFS was significantly longer in patients receiv-
ing FOLFOX4 plus cetuximab compared with FOLFOX4 
alone (7.7 vs. 7.2 months, p = 0.016). Moreover, in patients 
with KRAS-mutated tumors (n  =  99), mPFS was actually 
worse in the cetuximab arm (5.5 vs. 8.6 months, p = 0.019). 
Therefore, it was concluded that cetuximab plus FOLFOX is 
a first-line treatment option for patients with KRAS WT and 
extended RAS WT tumors only.

In the 2010 phase III, first-line treatment PRIME 
(Panitumumab Randomized trial In combination with che-
motherapy for Metastatic colorectal cancer to determine 
Efficacy) study [9], carried out by Douillard et  al. [9], 
patients who had not received any prior chemotherapy for 
mCRC were randomized 1:1 to receive FOLFOX4 plus pani-
tumumab or FOLFOX4 alone. KRAS results were available 
for 93% of the 1183 patient recruits, and in the KRAS WT 
patients, FOLFOX4 plus panitumumab significantly 
improved PFS (the primary endpoint) compared with 
FOLFOX4 alone (9.6 vs. 8.0 months, p = 0.02). An increase 
in mOS was also observed for the panitumumab-treated 
patients, although this was not shown to be significant (23.9 
vs. 19.7 months, p = 0.072). As seen for cetuximab in the 
Bokemeyer trial, mPFS in patients with KRAS-mutated 

Table 8.1 FOLFOX (folinic acid, 5-fluorouracil, and oxaliplatin) 
regimens

FOLFOX4 [38] 
every 14 days

Oxaliplatin 85 mg/m2 IV over 2 hours on day 1
Leucovorin 200 mg/m2 IV over 2 hours on days 
1–2 (administer concurrently with oxaliplatin 
on day 1)
5-Fluorouracil 400 mg/m2 IV bolus on days 
1–2
5-Fluorouracil 600 mg/m2 IV over 22 hours on 
days 1–2

Modified 
FOLFOX6 
(mFOLFOX6) 
[11, 37, 39] every 
14 days

Oxaliplatin 85 mg/m2 IV over 2 hours on day 1
Leucovorin 400 mg/m2 IV over 2 hours on day 
1 (administer concurrently with oxaliplatin)
5-Fluorouracil 400 mg/m2 IV bolus on day 1
5-Fluorouracil 2400 mg/m2 IV over 46 hours on 
day 1

+ bevacizumab 
[10, 11] every 
14 days

Bevacizumab 5 mg/kg IV (over 60 minutes) on 
day 1 (if well tolerated can give subsequent 
infusions over 10 minutes) [40]

+ cetuximab [38, 
41] every 14 days

Cetuximab 400 mg/m2 IV over 120 minutes on 
days 1 and 8 (loading dose, subsequent doses 
250 mg/m2 over 60 minutes on days 1 and 8) 
[41]
Or
Cetuximab 500 mg/m2 IV on day 1 (loading 
dose over 120 minutes, subsequent doses over 
60 minutes) [42]

+ panitumumab 
[9, 10] every 
14 days

Panitumumab 6 mg/kg IV over 1 hour on day 1

IV Intravenous

M. E. Salem et al.



139

tumors was actually worsened by the addition of panitu-
mumab to FOLFOX4 (7.3  months [FOLFOX4  +  panitu-
mumab] vs. 8.8 months [FOLFOX4 alone], p = 0.02), as was 
the pattern for mOS (15.5 vs. 19.3 months, p = 0.068[NS]). 
Results from this study emphasized the importance of KRAS 
testing in patients with mCRC and again demonstrated the 
effectiveness of EGFR inhibitors in the treatment of KRAS 
WT patients only.

Douillard et al. [15] later reported results from a prospec-
tive-retrospective analysis of subjects from the PRIME study. 
Of the 93% of patients who underwent tumor testing for 
KRAS exon 2 (n = 1096), 656 were KRAS WT and 440 were 
KRAS mutant. The investigators went on further to analyze 
for mutations in KRAS exons 3 and 4; NRAS exons 2, 3, and 
4; and BRAF exon 15. Of the 1060 patients, 512 (48%) were 
found to have extended RAS WT tumors (no KRAS or NRAS 
mutations in exons 2, 3, or 4). The other 548 (52%) had 
mutated RAS tumors (any KRAS or NRAS mutations in exon 
2, 3, or 4).

Among the 512 patients who had no RAS mutations, 
mPFS was 10.1 months following treatment with FOLFOX4 
plus panitumumab but only 7.9  months with FOLFOX4 
alone (p = 0.004). mOS was 26.0 months and 20.2 months, 
respectively (p  =  0.04). One hundred eight patients (17%) 
who were originally categorized as KRAS WT had extended 
RAS mutations, and the existence of these mutations was 
associated with shorter PFS and OS following FOLFOX4 
plus panitumumab treatment (consistent with results found 
for patients with KRAS exon 2 mutations in the original 
PRIME study [9]). BRAF mutations were also related with a 
negative prognosis.

In the phase II PEAK (Panitumumab Efficacy in 
Combination With mFOLFOX6 Against Bevacizumab Plus 
mFOLFOX6  in mCRC Subjects With Wild-Type KRAS 
Tumors) trial, Schwartzberg et al. prospectively randomized 
285 patients who had not yet been treated for their KRAS 
exon 2 WT mCRC to mFOLFOX6 plus panitumumab or 
mFOLFOX6 plus bevacizumab (Table 8.1) [10]. Median OS 
was significantly longer for the panitumumab-treated 
patients (34.2  months) than for the bevacizumab-treated 
patients (24.3 months; p = 0.009).

From the studies presented here, it can be concluded that 
FOLFOX plus cetuximab and FOLFOX plus panitumumab 
are appropriate first-line treatment options for patients with 
RAS WT mCRC, and the addition of biologics to FOLFOX 
provides better survival than FOLFOX alone. However, any 
EGFR inhibitor combined with chemotherapy should be 
avoided in patients with RAS mutant mCRC. These findings 
emphasize the importance of extended RAS testing.

In early 2014, the FDA approved the use of panitumumab 
in combination with FOLFOX for the first-line treatment of 
patients with KRAS (exon 2  in codons 12 or 13) WT 
mCRC. This approval was based on results from the PRIME 

and ASPECCT (A Study of Panitumumab Efficacy and 
Safety Compared to Cetuximab in Patients With KRAS 
Wild-Type Metastatic Colorectal Cancer) trials (discussed in 
“Third-Line Therapy” section of this chapter).

 XELOX
Capecitabine is an oral pro-drug that is enzymatically con-
verted to 5-FU once ingested [43]. Its use avoids long IV 
infusions, which is desirable for many individuals. As 
described previously by both Hochster et al. [11] and Cassidy 
et  al. [13], the addition of oxaliplatin to capecitabine 
(XELOX; also called CapeOx) yields more or less equivalent 
patient survival results to FOLFOX, and this survival is simi-
larly increased by the addition of bevacizumab to the mix 
[11].

 XELOX Combined with Bevacizumab
Cassidy et al. [13] conducted a phase III trial that initially 
randomized 634 patients with untreated mCRC 1:1 to receive 
XELOX (Table 8.2 [11, 13, 44]) or FOLFOX4 (Table 8.1). 
The investigators then amended the study protocol to allow 
randomization of an additional 1400 patients using a 2 × 2 
factorial design to receive XELOX or FOLFOX4 along with 
bevacizumab or placebo. The mPFS was longer in the che-
motherapy plus bevacizumab arms than in the chemotherapy 
plus placebo arms (9.4 vs. 8.0 months, p = 0.0023), although 
any improvement in mOS was not statistically significant 
(21.3 vs. 19.9  months, p  =  0.0769). When comparing all 
XELOX with FOLFOX4 treatment arms, the mPFS and 
mOS were non-inferior [13]. Thus, XELOX was shown to be 
equivalent to FOLFOX4, and the addition of bevacizumab 
further improved mPFS compared with placebo (XELOX or 
FOLFOX4 alone).

 IFL
Saltz et al. demonstrated that adding irinotecan to bolus fluo-
rouracil and leucovorin (IFL) significantly prolonged mPFS 
(7.0 vs. 4.3  months, p  =  0.004) and mOS (14.8 vs. 
12.6 months, p = 0.04) in patients with previously untreated 
mCRC [45]. Hurwitz et al. then demonstrated that IFL plus 
bevacizumab (5  mg/kg IV every 14  days) was superior to 
IFL plus placebo in terms of mPFS (10.6 vs. 6.2  months, 
p < 0.001) and mOS (20.3 vs. 15.6 months, p < 0.001) [46]. 
This finding led to the FDA approval of bevacizumab as a 
first-line treatment for patients with mCRC.

Table 8.2 XELOX (capecitabine and oxaliplatin) regimens

XELOX [11, 13, 44]  
every 21 days

Oxaliplatin 130 mg/m2 IV over 
2 hours on day 1
Capecitabine 850–1000 mg/m2 PO 
twice daily on days 1–14

+ bevacizumab [11, 13] 
every 21 days

Bevacizumab 7.5 mg/kg IV over 
30–90 minutes on day 1

8 Metastatic Colorectal Cancer
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 FOLFIRI Combined with VEGF or EGFR Inhibitors
Fuchs et al. [16] studied the best way to integrate irinotecan 
into treatment regimens for patients with mCRC and sought 
to investigate whether the addition of biological agents to 
irinotecan regimens in the first line improved patient sur-
vival. In this phase III BICC-C (Bevacizumab plus Irinotecan 
in Colorectal Cancer) trial, 430 patients with untreated 
mCRC were first randomized 1:1:1 to receive FOLFIRI, 
mIFL (modified irinotecan, 5-FU, and leucovorin), or 
CapeIRI (capecitabine and irinotecan) (Table 8.3 [5–8, 16, 
17, 39–42, 47, 48]). Patient mPFS was shown to be signifi-
cantly longer following treatment with FOLFIRI than with 
mIFL (7.6 vs. 5.9 months, p = 0.004) or CapeIRI (7.6 vs. 
5.8 months, p = 0.015), although improvements observed in 
mOS were not statistically significant (23.1 vs. 17.6 months 
for FOLFIRI vs. mIFL [p = 0.09] and 23.1 vs. 18.9 months 
for FOLFIRI vs. CapeIRI [p = 0.27]). The researchers then 
randomized an additional 117 patients to FOLFIRI plus bev-
acizumab (5 mg/kg IV on day 1 every 14 days) or mIFL plus 
bevacizumab (7.5  mg/kg IV on day 1 every 21  days). 
FOLFIRI plus bevacizumab was seen to significantly pro-
long mOS compared with mIFL plus bevacizumab (28.0 vs. 

19.2 months [p = 0.037] at an extended follow-up time of 
34.4 months [49]). However, this survival benefit came with 
the payoff of higher rates of nausea and vomiting (10.7% vs. 
5.1%), neutropenia (53.6% vs. 28.8%), febrile neutropenia 
(5.4% vs. 1.7%), and hypertension (12.5% vs. 1.7%) [16].

In the phase III CRYSTAL (Cetuximab Combined with 
Irinotecan in First-Line Therapy for Metastatic Colorectal 
Cancer) trial, Van Cutsem et al. [6] randomized 1198 patients 
with untreated EGFR-expressing mCRC 1:1 to receive 
FOLFIRI alone or FOLFIRI plus cetuximab (400 mg/m2 IV 
over 120  minutes on day 1, followed by 250  mg/m2 IV 
weekly). Only 540 patients had pretreatment tumor biopsy 
samples that were suitable for KRAS mutation analysis, and 
348 of these patients had tumors that were KRAS WT, 
whereas 192 patients had KRAS-mutated tumors. When 
assessed according to treatment group, 66.9% of patients in 
the FOLFIRI arm and 62.1% of patients in the FOLFIRI plus 
cetuximab arm had KRAS WT tumors. Thus groups were 
equally matched for analysis. Taking these KRAS WT 
patients only, mPFS was improved in the cetuximab arm (9.9 
vs. 8.7 months; hazard ratio [HR] = 0.68, 95% CI = 0.50–
0.94), but the difference in mOS (24.9 vs. 21.0 months) was 
not significantly different between the two treatment groups. 
In patients with KRAS-mutated tumors treated with FOLFIRI 
plus cetuximab, mPFS and mOS appeared to be lower than 
with FOLFIRI alone (mPFS, 7.6 vs. 8.1 months; mOS, 17.5 
vs. 17.7  months). In patients with KRAS WT tumors, 
FOLFIRI with and without cetuximab led to tumor response 
rates (RRs) of 59.3% (with cetuximab) and 43.2% (without 
cetuximab), whereas patients with KRAS-mutated tumors 
had RRs of 36.2% (FOLFIRI plus cetuximab) vs. 40.2% 
(FOLFIRI alone). This work provided further evidence for 
the impact of KRAS mutational status on EGFR inhibitor 
efficacy (but not FOLFIRI alone).

An updated analysis of a much larger group of patients 
with KRAS WT mCRC (n = 666) demonstrated statistically 
significant improvements in both mPFS (9.9 vs. 8.4 months, 
p = 0.001) and mOS (23.5 vs. 20.0 months, p = 0.009), favor-
ing the cetuximab arm [17]. Cetuximab was associated with 
a slightly higher incidence of neutropenia (28.2% vs. 24.9%) 
and higher incidences of skin reactions (19.5% vs. 0.2%) and 
infusion-related reactions (2.3% vs. 0%). Therefore, all 
things considered, FOLFIRI plus cetuximab is a valid first-
line treatment option for KRAS WT mCRC.

In 2012, following CRYSTAL study results, as well as 
those from the OPUS and CA225025 trials (discussed in 
“Third-Line Therapy” section), cetuximab was FDA approved 
for use in combination with FOLFIRI for first-line treatment 
of patients with KRAS WT, EGFR-expressing mCRC.

In the FIRE-3 (Multicenter Randomized Trial Evaluating 
FOLFIRI Plus Cetuximab Versus FOLFIRI Plus Bevacizumab 
in First- Line Treatment of Metastatic Colorectal Cancer) 
trial [8], Heinemann et  al. set out to determine whether 

Table 8.3 5-Fluorouracil (5-FU)/irinotecan regimens

FOLFIRI [39] 
every 14 days

Irinotecan 180 mg/m2 IV over 90 minutes on 
day 1 (administered concurrently with 
leucovorin)
Leucovorin 400 mg/m2 IV over 2 hours on day 
1
5-Fluorouracil 400 mg/m2 IV bolus on day 1
5-Fluorouracil 2400 mg/m2 IV over 46 hours on 
day 1

+ bevacizumab 
[5, 8, 16] every 
14 days

Bevacizumab 5 mg/kg IV over 90 minutes on 
day 1 (if well tolerated can give subsequent 
infusions over 10 minutes) [40]

+ cetuximab [6, 
8, 17] every 
14 days

Cetuximab 400 mg/m2 IV over 120 minutes on 
days 1 and 8 (loading dose, subsequent doses 
250 mg/m2 over 60 minutes on days 1 and 8) 
[41]
Or
Cetuximab 500 mg/m2 IV on day 1 (loading 
dose over 120 minutes, subsequent doses over 
60 minutes) [42]

+ panitumumab 
[7, 47] every 
14 days

Panitumumab 6 mg/kg IV over 60 minutes on 
day 1

CapeIRI [16, 48] 
every 21 days

Irinotecan 250 mg/m2 IV over 90 minutes on 
day 1
Capecitabine 1000 mg/m2 PO BID on days 
1–14

mIFL [16] every 
21 days

Irinotecan 125 mg/m2 IV over 90 minutes on 
days 1 and 8
Leucovorin 20 mg/m2 IV bolus on days 1 and 8
5-FU 500 mg/m2 IV bolus on days 1 and 8

FOLFIRI Folinic acid, 5-FU, and irinotecan, IV intravenous, CapeIRI 
capecitabine and irinotecan, mIFL modified irinotecan, 5-FU, and 
leucovorin
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cetuximab or bevacizumab is the better biologic to add to a 
FOLFIRI regimen in the frontline treatment of patients with 
KRAS WT tumors. This research team randomized 592 
patients with untreated KRAS WT mCRC 1:1 to receive 
FOLFIRI plus cetuximab or FOLFIRI plus bevacizumab [8]. 
Median PFS was found to be similar between the two arms 
(10.0 months in the cetuximab arm vs. 10.3 months in the 
bevacizumab arm, p = 0.55), but mOS was improved with 
cetuximab (28.7 vs. 25.0 months, p = 0.017). To determine if 
response varied according to extended RAS WT vs. KRAS 
(exon 2) WT status, response in patients with an extended 
RAS WT tumor profile was retrospectively analyzed. Thus, 
mPFS was still similar (10.4 months in the cetuximab arm 
vs. 10.2 months in the bevacizumab arm), but mOS was fur-
ther improved to 33.1  months in the cetuximab arm com-
pared with 25.6 months in the bevacizumab arm (p = 0.011). 
These findings support the FDA approval of cetuximab in 
this setting and suggest that FOLFIRI plus cetuximab is 
superior to FOLFIRI plus bevacizumab in all patients with 
KRAS WT mCRC and especially in patients with extended 
RAS WT tumors.

The phase III Cancer and Leukemia Group B/Southwest 
Oncology Group (CALBG/SWOG) 80,405 trial [50] enrolled 
2334 patients with untreated KRAS WT mCRC to initially 
receive FOLFIRI or mFOLFOX6 (at the discretion of the 
physician and patient). Seventy-three percent of patients 
received mFOLFOX6, and the rest received FOLFIRI before 
being randomized 1:1 to receive cetuximab (400 mg/m2 IV 
over 120 minutes and then 250 mg/m2 IV over 60 minutes 
weekly) or bevacizumab (5 mg/kg IV over 90 minutes every 
2 weeks) in combination with their chemotherapy. Neither 
mPFS nor mOS were significantly different between chemo-
therapy plus bevacizumab and chemotherapy plus cetuximab 
treatment arms (mPFS, 10.84 vs. 10.45 months; mOS, 29.04 
vs. 29.93 months [p  = 0.34]). The difference between this 
study and the FIRE-3 trial is the CALBG/SWOG study 
investigators’ incorporation of FOLFOX into their statistical 
analysis.

Although a phase III trial of panitumumab plus FOLFIRI 
in the second-line mCRC setting hinted that adding panitu-
mumab to FOLFIRI resulted in a mOS benefit for patients 
with KRAS WT tumors [7, 47], no large definitive trials of 
panitumumab plus FOLFIRI have been performed in the 
first-line setting. FOLFIRI plus panitumumab remains a 
first-line treatment option in KRAS and NRAS WT mCRC 
patients according to National Comprehensive Cancer 
Network (NCCN) guidelines [30]; however, before commit-
ting to the use of panitumumab in this role, it would be 
encouraging to see some efficacy-supporting data.

 FOLFOXIRI
With the hope of achieving greater efficacy in the treatment 
of patients with mCRC, the combination of 5-FU, leucovo-

rin, oxaliplatin, and irinotecan (FOLFOXIRI; Table 8.4 [5, 
12, 51]) was evaluated by Falcone et al. [12], comparing this 
full arsenal with FOLFIRI alone (irinotecan, 180 mg/m2 IV 
over 60 minutes on day 1, plus leucovorin, 100 mg/m2 IV 
over 2 hours, followed by 5-FU, IV bolus 400 mg/m2, then 
5-FU, 600 mg/m2 IV infusion over 22 hours on days 1–2, 
every 14  days). In this phase III trial, 244 patients with 
untreated mCRC were randomized 1:1 to receive 
FOLFOXIRI or FOLFIRI.  Median PFS was significantly 
longer in the FOLFOXIRI arm (9.8 vs. 6.9  months, 
p = 0.0006), as was mOS (22.6 vs. 16.7 months, p = 0.032). 
Compared with FOLFIRI, FOLFOXIRI treatment of patients 
was associated with a higher incidence of grades 2–3 neu-
ropathy (19% vs. 0%, p < 0.001) and grades 3–4 neutropenia 
(50% vs. 28%, p < 0.001), although febrile neutropenia was 
not significantly different (3% vs. 5%, p = 0.75).

 FOLFOXIRI Combined with Bevacizumab
The larger, phase III TRIBE study randomized 508 patients 
with untreated mCRC 1:1 to receive FOLFOXIRI plus beva-
cizumab (Table  8.4) or FOLFIRI plus bevacizumab (as 
described in Table  8.3, except leucovorin was dosed at 
200 mg/m2 IV over 120 minutes) [5]. Treatment consisted of 
12  cycles of therapy, followed by maintenance 5-FU, leu-
covorin, and bevacizumab until intolerability or disease pro-
gression. In the intent-to-treat population, FOLFOXIRI plus 
bevacizumab yielded significantly longer mPFS (12.3 vs. 
9.7  months, p  =  0.006) and mOS (29.8 vs. 25.8  months, 
p = 0.03) than FOLFIRI plus bevacizumab.

The authors updated their initial study to include analysis 
of mOS according to patient tumor RAS and BRAF molecu-
lar subtype. Thus, mOS was 37.1 months (29.7–42.7) in the 
RAS and BRAF WT subgroup, 25.6 months (22.4–28.6) in 
the RAS mutant subgroup (HR = 1.49, 95% CI = 1.11–1.99), 
and 13.4 months (8.2–24.1) in the BRAF mutant subgroup 
(HR = 2.79, 95% CI = 1.75–4.46), p < 0.0001 by likelihood 
ratio test. However, regarding the predictive effect of RAS 
and BRAF status, treatment effect on mOS was not signifi-
cantly different across all molecular subgroups 
(p-interaction = 0.52).

Table 8.4 FOLFOXIRI

FOLFOXIRI [12] 
every 14 days

Irinotecan 165 mg/m2 IV over 60 minutes
Oxaliplatin 85 mg/m2 IV over 
120 minutes on day 1
Leucovorin 200 mg/m2 IV over 
120 minutes on day 1 (administer 
concurrently with oxaliplatin)
5-Fluorouracil 3200 mg/m2 IV over 
48 hours on day 1

+ bevacizumab [5, 
51] every 14 days

Bevacizumab 5 mg/kg IV over 
30 minutes on day 1

FOLFOXIRI 5-Fluorouracil, leucovorin, oxaliplatin, and irinotecan
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Nevertheless, it can be concluded from all available litera-
ture that BRAF mutational status gives patients a generally 
bad prognosis for chemotherapy treatment, and until an 
alternative comes to light, one school of thought embraces 
pulling out all the stops and treating patients with BRAF 
mutant mCRC with a full FOLFOXIRI regimen.

 Chemotherapy Combined with VEGF and EGFR 
Inhibitors
Combining both anti-EGFR and anti-VEGF agents with che-
motherapy in the first-line treatment of patients with mCRC 
resulted in adverse outcomes or at least was not helpful in 
two large randomized phase III trials [18, 19]. The 
Panitumumab Advanced Colorectal Cancer Evaluation 
(PACCE) study [18] reported excess toxicity and higher 
death rates from the combination of panitumumab, bevaci-
zumab, and chemotherapy (fluorouracil, leucovorin, and 
oxaliplatin- or irinotecan-based), with a worsening PFS over 
all (10.0  months compared with 11.4  months for patients 
treated with chemotherapy plus bevacizumab only). “A ran-
domised phase III study on capecitabine, oxaliplatin and 
bevacizumab with or without cetuximab in first-line advanced 
colorectal cancer, the CAIRO2 study of the Dutch Colorectal 
Cancer Group (DCCG)” [19], was carried out in patients 
with untreated mCRC. The primary endpoint of this trial was 
an improvement in PFS following double antibody use. 
Again, in this study, adding cetuximab worsened PFS for the 
whole population. Subset analysis demonstrated that there 
was no effect in patients with KRAS WT tumors, but a marked 
detrimental effect in patients with KRAS-mutated tumors. 
Ongoing studies including a SWOG trial are re-examining 
the combination of VEGF and EGFR inhibitors in the appro-
priately enriched patient population (all RAS WT).

 Surgical Options

 Hepatic Metastasectomy
Given that 23–51% of patients with mCRC have a resectable 
primary tumor, which presents with synchronous liver metas-
tases [52], the decision as to whether to simultaneously 
resect liver lesions at the time of resection of the primary 
CRC or perform a “staged” resection, thus delaying the 
hepatic metastasectomy, has been frequently debated. Partial 
hepatectomy for patients with resectable metastases to the 
liver alone has long been considered the standard of care 
[53]. Reddy et al. performed a multi-institutional retrospec-
tive analysis of 135 patients who underwent simultaneous 
resection and 475 who had staged surgeries [54]. Patients 
who had a simultaneous resection along with minor hepatec-
tomy (defined as removal of fewer than three hepatic seg-
ments) were compared with those who had staged resection 
with minor hepatectomy. The two groups had similar mortal-

ity (1.0% vs. 0.5%, p > 0.05) and severe morbidity (14.1% 
vs. 12.5%, p > 0.05). Outcomes were worse following any 
major hepatectomy, particularly when resected simultane-
ously with the primary tumor (HR for death = 3.4, p = 0.008). 
Thus, simultaneous resection with minor hepatectomy is safe 
and is the standard of care for patients with resectable mCRC.

The question was posed as to whether neoadjuvant che-
motherapy should be offered to patients with resectable 
liver-only metastases. The phase III European Organisation 
for Research and Treatment of Cancer (EORTC) 40,983 trial 
randomized 364 patients with mCRC and up to 4 liver metas-
tases 1:1 to receive perioperative FOLFOX4 and surgery or 
surgery alone. Although there was no statistically significant 
difference in mOS between the two treatment groups 
(61.3 months for chemotherapy plus surgery vs. 54.3 months 
for surgery alone, p = 0.34), mPFS was significantly longer 
in the patients who received chemotherapy plus surgery 
(20.9 months vs. 12.5 months, p = 0.035) [55]. These results 
suggest that perioperative chemotherapy may play a positive 
role in the treatment of patients with resectable liver-only 
metastases.

 Pulmonary Metastasectomy
Similarly, pulmonary metastases are common in mCRC, and 
pulmonary metastasectomies are widely performed. A retro-
spective study of 94 patients by Suzuki et al. [56] demon-
strated a 5-year survival rate of 45.5% following pulmonary 
metastasectomy. Survival was especially prolonged in 
patients with preoperative carcinoembryonic antigen (CEA) 
levels that were defined as normal vs. elevated (57.0 vs. 
30.9% at 5 years, p = 0.038) and in patients with primary 
colon vs. rectal cancer (62.4% vs. 33.8% at 5  years, 
p  =  0.030). Those with solitary pulmonary metastases 
showed a trend toward improved 5-year survival, but this 
was not statistically significant (52.1% vs. 35.1% for multi-
ple metastases, p = 0.058). Unfortunately, patients frequently 
had recurrent disease in the liver or lungs (65 out of 94 
patients; 69.1%). Among 22 patients who underwent further 
surgical treatment after recurrence, 5-year survival after ini-
tial resection was 75.6%, compared with 12.5% in the 13 
patients who received non-surgical treatment and 0% in the 4 
patients who received palliative care only (p < 0.001 between 
all groups). Although pulmonary metastasectomy is an 
important treatment option, particularly for patients with 
normal preoperative CEA levels, colon primary cancers, and 
perhaps only one solitary lesion, these results need to be fur-
ther validated in a randomized trial.

 Conversion Therapy (Neoadjuvant)
Induction chemotherapy can render a patient with initially 
unresectable liver metastases eligible for curative resection. 
However, the usefulness of this practice remains under 
debate. In the multicenter phase II Cetuximab in Neoadjuvant 
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Treatment of Non-Resectable Colorectal Liver Metastases 
(CELIM) trial, Folprecht et  al. treated 111 patients with 
mCRC and technically unresectable and/or ≥  5 liver-only 
metastases with chemotherapy (either FOLFOX or FOLFIRI) 
plus cetuximab [57, 58]. Patient metastases were assessed 
for resectability potential every 2 months. Thirty-six patients 
underwent “secondary” R0 resection (n = 36), and their mOS 
(53.9 months, 95% CI = 35.9–71.9) was much better than 
those who did not undergo R0 resection (21.9 months; 95% 
CI = 17.1–26.7, p < 0.001). This study confirmed that, on 
responding to induction/conversion therapy, patients with 
unresectable liver metastases from primary CRC could 
undergo secondary resection, which allowed them to live 
longer than those who did not receive or respond to conver-
sion therapy and therefore could not undergo tumor resection 
[57]. This study took place from 2004 until 2008, before the 
necessity of RAS testing prior to cetuximab treatment was 
common knowledge. A retrospective analysis of response 
according to KRAS status showed that patients who had 
KRAS WT tumors had significantly improved response and 
resection rates compared with patients with KRAS-mutated 
tumors [58].

In the TRIBE study (discussed previously), adding oxalipla-
tin to a FOLFIRI (plus bevacizumab) regimen did not signifi-
cantly increase the R0 resection rate (12% following FOLFIRI/
bevacizumab vs. 15% following FOLFOXIRI/bevacizumab, 
p = 0.33) [51]. In the phase II OLIVIA trial, Gruenberger et al. 
[59] randomized 80 patients with mCRC and unresectable 
liver-only metastases 1:1 to receive mFOLFOX6 plus bevaci-
zumab or FOLFOXIRI plus bevacizumab. The R0 resection 
rate was higher with FOLFOXIRI plus bevacizumab compared 
with mFOLFOX6 plus bevacizumab (49% [95% CI = 33–65] 
vs. 23% [95% CI = 11–39]), and mPFS was longer (18.6 months 
[95% CI = 12.9–22.3] vs. 11.5 months [95% CI = 9.6–13.6]). 
There appears to be a role for FOLFOXIRI plus bevacizumab 
in the conversion of patients with liver-only metastases to 
resectable disease status.

The optimal induction regimen should be determined by the 
ongoing CAIRO5 study, which is treating patients with mCRC 
and unresectable liver-only metastases differently depending 
on their tumors’ RAS mutation status. Thus, RAS WT patients 
will be treated with doublet chemotherapy (FOLFOX or 
FOLFIRI) and randomized to additionally receive bevaci-
zumab or panitumumab, whereas RAS mutant patients will be 
randomized to doublet chemotherapy (FOLFOX or FOLFIRI) 
plus bevacizumab or triplet chemotherapy (FOLFOXIRI) plus 
bevacizumab (NCT02162563) [60].

 Adjuvant Therapy After Metastasectomy
Portier et al. [61] showed that patients with mCRC and liver-
only metastases who underwent R0 resection and adjuvant 
therapy with 5-FU plus leucovorin did better than those who 
received surgery alone (the 5-year disease- free survival rate 

was 33.5% following chemotherapy plus surgery vs. 26.7% 
following surgery alone, p  =  0.028). Subsequently, Ychou 
et al. [62] randomized 306 patients with mCRC and resected 
liver-only metastases 1:1 to receive infusional 5-FU plus leu-
covorin or FOLFIRI for 12  cycles. There were no statisti-
cally significant differences between the groups with respect 
to either mPFS (21.6 months vs. 24.7 months, p = 0.44) or 
3-year mOS (71.6% vs. 72.7%, p  =  0.69). Patients in the 
FOLFIRI arm had higher rates of grade 3/4 neutropenia 
(23% vs. 7%) and diarrhea (14% vs. 7%). Therefore, although 
use of a 5-FU-based adjuvant regimen is superior to surgery 
alone, the optimal drug regimen in this setting has not been 
firmly established.

 Liver-Directed Therapy

Hepatic Arterial Infusion
For patients treated at centers proficient in hepatic arterial 
infusion (HAI) therapy techniques, there is a survival benefit 
to HAI after resection of liver-only metastases. Kemeny 
et al. [63] randomized 156 patients with resected liver metas-
tases 1:1 to receive 5-FU/leucovorin plus HAI or 5-FU/leu-
covorin alone. Four weeks after resection of liver metastases, 
patients in the HAI arm received leucovorin (200 mg/m2 IV 
over 30 minutes) plus 5-FU (325 mg/m2 IV bolus) on days 
1–5 followed 2 weeks later by HAI (floxuridine 0.25 mg/kg/
day, dexamethasone 20  mg, and 50,000  units of heparin 
daily) for another 2  weeks. Patients then had 1  week off 
before the next cycle of treatment (six  cycles in total). 
Patients in the 5-FU/leucovorin-only arm (no HAI) received 
leucovorin (200 mg/m2 IV) plus 5-FU (IV bolus 370 mg/m2 
IV on days 1–5) every 4 weeks for a total of six cycles. The 
2-year OS rate for patients in the HAI group vs. the non-HAI 
group was 86% vs. 72% (p = 0.03). The 2-year hepatic recur-
rence-free survival rate was 90% in the HAI group vs. 60% 
in the non-HAI group (p < 0.001). Increased toxicities in the 
HAI group included higher rates of diarrhea (29% vs. 14%) 
and elevation in liver test values. It seems that HAI in this 
patient population is a viable treatment option at HAI- 
experienced centers.

Transarterial Radioembolization
Transarterial radioembolization (TARE) involves the inser-
tion of radioactive isotope (e.g., yttrium-90 [Y-90]) embed-
ded microspheres into the main hepatic artery, resulting in 
radioactivity levels within liver tumors of up to 5–6 times that 
reached within normal liver [64]. The SIRFLOX trial ran-
domly assigned patients with untreated liver-only or liver-
predominant mCRC (with lung and/or lymph node metastases) 
to receive mFOLFOX6 or mFOLFOX6 plus SIR-Spheres® 
Y-90 resin microspheres, administered during days 3–4 of the 
first cycle of mFOLFOX6, plus or minus bevacizumab. mPFS 
at any site was 10.7 months in the SIR arm vs. 10.2 months in 
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the chemotherapy-only arm (p  =  0.43; NS), although SIR 
appeared to prolong liver mPFS (20.5 months vs. 12.6 months, 
p = 0.002) [65]. A combined analysis of the SIRFLOX and 
similar FOXFIRE and FOXFIRE-Global trials demonstrated 
no improvement in mOS with the addition of SIR therapy 
[66]. Thus, TARE may play a role in the later-line treatment 
of patients with mCRC and liver-predominant metastases as a 
consolidative treatment following chemotherapy. Further 
studies are required to better delineate the role for SIR ther-
apy in the treatment of mCRC.

 Summary

There are a multitude of treatment options for untreated 
mCRC.  Thus, initial therapy must be chosen carefully by 
taking into account the unique characteristics of the patient, 
including disease burden and performance status, as well as 
the tumor’s genetic signature (e.g., the tumor’s RAS and 
BRAF mutational status) and primary tumor sidedness. In 
addition, the upfront use of more aggressive and toxic regi-
mens (such as FOLFOXIRI) versus sequencing chemother-
apy regimens is constantly debated. Treatment should be 
designed to prioritize surgery for potential R0 metastasecto-
mies or to reduce tumors to R0 resection status. TARE is 
currently more frequently used than HAI in liver-predomi-
nant mCRC, although an OS benefit to TARE has yet to be 
reported. The frontline management of patients with mCRC 
necessitates the close collaboration of medical oncologists, 
surgeons, radiation oncologists, and interventional radiolo-
gists to guide patients through increasingly complex treat-
ment regimens.

 Maintenance Therapy and Second-Line 
Therapy

Maintenance therapy is usually defined as that administered 
to prevent the reemergence of cancer following successful 
first-line therapy, whereas second-line therapy is generally 
defined as that given to patients when first-line therapy has 
failed to yield the desired cancer-remission results (www.
cancer.gov).

As we outlined earlier, the recommended (standard) first-
line treatment for inoperable mCRC is 5-FU plus oxaliplatin 
and/or irinotecan (FOLFOX, FOLFIRI, or FOLFOXIRI). 
The VEGF inhibitor bevacizumab or EGFR inhibitors cetux-
imab and panitumumab may be administered along with this 
chemotherapy. The administration of EGFR inhibitors is, of 
course, dependent on the RAS status of any particular 
patient’s mCRC. Although it has been known for some time 
that patients gain greater benefit from access to all active 
agents as opposed to individual “lines” of therapy, the best 

way to combine and sequence these agents is not well 
defined.

Additionally, in the majority of patients, chemotherapy 
treatment will be palliative and not curative. Therefore, the 
treatment goals are to prolong OS with the least possible side 
effects and maintain quality of life.

The optimal duration of initial first-line chemotherapy for 
unresectable disease is not well defined; thus there is an 
urgent need for a better-defined optimal sequence and dura-
tion of therapy. A strategy that has recently emerged is the 
concept of maintenance therapy, which is categorized as 
either continuation maintenance therapy or switch mainte-
nance therapy. Continuation maintenance therapy involves 
continuation of a defined number of cycles of combination 
induction (first-line) therapy (usually involving a chemother-
apy agent combined with a targeted agent) in the absence of 
disease progression, whereas switch maintenance therapy 
involves administration of a combined chemotherapeutic 
induction (first-line) regimen for a predetermined number of 
cycles, followed by treatment with a different agent in the 
absence of disease progression.

 Maintenance Therapy

There are a number of good reviews on the topic of mainte-
nance therapy in mCRC such as those by Grothey et al. [67, 
68]. The use of oxaliplatin in first-line combination therapy 
often decreases tumor burden but also results in cumulative 
toxicity. If a patient with mCRC is responding well to 
FOLFOX or XELOX in the first- line and cumulative side 
effects are not an issue, the continuation of this therapy until 
tumor progression is considered reasonable. However, a 
number of other strategies have emerged that attempt to 
improve the clinical benefit of first-line treatment for patients 
with mCRC, allowing maintenance of stable disease while 
avoiding extreme toxicity. For example, intermittent therapy 
(using “stop-and-go strategies”) until best response is 
achieved followed by a chemotherapy “holiday” has been 
attempted using regimens that contain oxaliplatin [69, 70]. 
With this approach, patients who respond to an initial oxali-
platin-based regimen discontinue treatment (have a treat-
ment holiday) before the onset of severe neurotoxicity, 
usually after 3–4  months of therapy. However, a complete 
treatment holiday comes with the risk of tumor progression 
and reduced patient survival, and many believe that a better 
approach is to switch to “maintenance” chemotherapy 
involving 5-FU/leucovorin or capecitabine with or without 
bevacizumab before the onset of oxaliplatin-induced neu-
ropathy. This translates into an oxaliplatin holiday as opposed 
to a complete chemotherapy holiday. The idea is that oxali-
platin can then be restarted at the time of cancer progression 
on the fluorouracil +/− bevacizumab regimen.

M. E. Salem et al.

http://www.cancer.gov
http://www.cancer.gov


145

The OPTIMOX1 study (2006; Table  8.5 [69–80]) was 
carried out to determine if an oxaliplatin holiday involving 
administration of maintenance 5-FU only could be as effec-
tive as continuous FOLFOX while being more tolerable for 
patients and allowing them to continue their chemotherapy 
as scheduled [69]. Investigators randomized 620 patients 
with inoperable advanced colon cancer 1:1 to receive either 
FOLFOX4 (Table 8.1) administered every 2 weeks until pro-
gression (arm A) or FOLFOX7 administered every 2 weeks 
for 6 cycles, followed by maintenance leucovorin/5-FU ther-
apy without oxaliplatin for 12 cycles, and then reintroduc-
tion of FOLFOX7 for another 6 cycles (arm B).

Results showed that the group with the oxaliplatin inter-
ruption (FOLFOX7 arm) had the same PFS, OS, and objec-
tive tumor RR as the group given oxaliplatin continuously 
(FOLFOX4 arm). As expected, grade 3–4 toxicity was 
reduced during the 12 off-oxaliplatin cycles. This study con-
cluded that six cycles of FOLFOX7 gave sufficient oxalipla-
tin to reap its clinical benefits, although there was poor 

compliance to the reintroduction of oxaliplatin with frequent 
protocol violations: approximately 75% of patients had 
delayed reintroduction of oxaliplatin [69].

The OPTIMOX2 trial (2009; Table 8.5) was designed to 
assess the need for 5-FU maintenance treatment as opposed 
to just surveillance after FOLFOX induction therapy [70]. 
Two hundred patients were randomized to receive induction 
therapy with six cycles (3 months) of mFOLFOX7 followed 
by either maintenance leucovorin/5-FU therapy (arm 1) or a 
“chemotherapy-free interval (CFI)” (arm 2) until progres-
sion. Reintroduction of mFOLFOX7 was implemented upon 
tumor progression in both arms.

The study results showed that maintenance therapy with 
5-FU is superior to a CFI. Thus, patients who received main-
tenance therapy with 5-FU had better PFS (8.6 months vs. 
6.6 months; HR = 0.61, p = 0.0017) and OS (23.8 months vs. 
19.5 months; HR = 0.88, p = 0.42).

Both OPTIMOX1 and OPTIMOX2 study results suggest 
that an oxaliplatin holiday, lasting at least 6  months, is an 

Table 8.5 Maintenance trials in patients with mCRC

Maintenance trials Agents used Comments
OPTIMOX1 [69] Continuous FOLFOX4 regimen or FOLFOX7 (oxaliplatin 

[130 mg/m2] on day 1, followed by leucovorin and 46 hour IV 
5-FU [2400 mg/m2]) every 2 weeks for six cycles, followed by 
12 × 2 week cycles of leucovorin/5-FU (3000 mg/m2), 
followed again by FOLFOX7 (six cycles)

On FOLFOX treatment, oxaliplatin 
interruption resulted in the same patient PFS, 
OS, and RR as continuous oxaliplatin

OPTIMOX2 [70] mFOLFOX7 (oxaliplatin [100 mg/m2] on day 1, followed by 
leucovorin and 48-hour IV 5-FU [3000 mg/m2]) for 
6 × 2 week cycles, then maintenance with 5-FU/leucovorin 
(arm 1) or a chemotherapy-free interval (arm 2) until 
progression, followed by reintroduction of mFOLFOX7 
(6 × 2 week cycles)

Patients who received maintenance with 5-FU 
had significantly better PFS and a trend 
toward increased OS when compared with 
surveillance only

GISCAD [71] Irinotecan 180 mg/m2 on day 1 and 5-FU 400 mg/m2 (bolus) 
and 600 mg/m2 (infusion) in continuous 2-week cycles. The 
maintenance arm received four of these 2-week cycles above, 
then 2 months of surveillance, and then reinitiation of this 
regimen for four more cycles

When using irinotecan and 5-FU (FOLFIRI), 
a chemotherapy-free interval is not inferior to 
continuous treatment

MACRO-TTD [72] XELOX (oxaliplatin, 130 mg/m2 on day 1, capecitabine 
1000 mg/m2 twice daily on days 1–14 every 3 weeks); 
bevacizumab (7.5 mg/kg on day 1 every 3 weeks)

Bevacizumab maintenance therapy was 
equivalent to bevacizumab + XELOX 
maintenance therapy but with less toxicity

SAKK 41/06 [73] Bevacizumab (7.5 mg/kg on day 1 every 3 weeks) Investigators could not confirm non-
inferiority between no maintenance therapy 
vs. bevacizumab maintenance therapy

CAIRO-3 [74] CAPOX-Bev (capecitabine 1000 mg/m2 twice daily on days 
1–14, oxaliplatin 130 mg/m2 on day 1, bevacizumab 7.5 mg/kg 
on day 1); maintenance capecitabine (625 mg/m2 twice daily 
continuously); maintenance bevacizumab (7.5 mg/kg every 
3 weeks)

Maintenance treatment with bevacizumab + 
capecitabine was effective and does not 
compromise quality of life

AIO-0207 [75] LV5-FU2 (400 mg/m2 bolus and 2400 mg/m2 46 hour 
infusion); capecitabine; maintenance bevacizumab (7.5 mg/kg 
every 3 weeks)

Although bevacizumab was not inferior, 
maintenance treatment with a 
fluoropyrimidine plus bevacizumab may be 
the preferable option

GERCOR DREAM; 
OPTIMOX3 [76]

mFOLFOX7 (every 2 weeks); mXELOX (oxaliplatin [day 
1] + oral capecitabine [days 1–8] every 2 weeks); FOLFIRI 
(every 2 weeks); LV5-FU2 (400 mg/m2 bolus and 2400 mg/m2 
46 hour infusion every 2 weeks); bevacizumab (5 mg/kg every 
2 weeks); capecitabine (1250 mg/m2 twice daily continuously); 
erlotinib (150 mg daily continuously)

The addition of erlotinib to bevacizumab 
maintenance therapy in patients with mCRC 
is not recommended; the combination 
demonstrated modest survival benefit and 
increased toxicity

(continued)
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Maintenance trials Agents used Comments
MACRO-2 [77] Cetuximab (250 mg/m2 weekly); mFOLFOX6 (every 2 weeks) Cetuximab maintenance therapy alone was 

non-inferior to cetuximab + FOLFOX 
maintenance therapy

NORDIC-7 [78] Nordic FLOX (oxaliplatin 85 mg/m2 on day 1, bolus 5-FU 
500 mg/m2, bolus FA 60 mg/m2 on days 1 and 2, every 
2 weeks); cetuximab (initial dose of 400 mg/m2 and thereafter 
250 mg/m2, weekly)

Cetuximab maintenance therapy did not add 
significant benefit to the Nordic FLOX 
induction regimen

NORDIC-7.5 [79] Nordic FLOX (oxaliplatin 85 mg/m2 on day 1, bolus 5-FU 
500 mg/m2, followed by bolus FA 60 mg/m2 on days 1 and 2, 
every 2 weeks); cetuximab (initial dose of 400 mg/m2 and 
thereafter 250 mg/m2, weekly)

In preselected KRAS WT patients, cetuximab 
could be safely integrated into an intermittent 
chemotherapy strategy: RR and PFS/OS rates 
were good

COIN-B [80] FOLFOX (l-folinic acid 175 mg, oxaliplatin 85 mg/m2, 
400 mg/m2 bolus and 2400 mg/m2 46 hour infusion every 
2 weeks); cetuximab (initial dose of 400 mg/m2 and thereafter 
250 mg/m2, weekly)

In preselected KRAS WT patients, there was 
no difference in survival outcome between 
continuous (maintenance) cetuximab and 
intermittent cetuximab when administered 
with intermittent FOLFOX

FOLFOX Folinic acid, 5-fluorouracil, and oxaliplatin, 5-FU 5-fluorouracil, PFS progression-free survival, OS overall survival, RR response rate, 
FOLFIRI folinic acid, 5-FU, and irinotecan, XELOX capecitabine and oxaliplatin

Table 8.5 (continued)

appropriate strategy for patients with advanced colon cancer 
because it not only improves patient quality of life but also 
improves sensitivity of the tumor(s) to oxaliplatin upon its 
reintroduction. A complete CFI is undesirable, but adminis-
tration of maintenance leucovorin/5-FU during the oxalipla-
tin-free interval is effective. The authors concluded that initial 
sensitivity of the cancer to oxaliplatin is an important consid-
eration when deciding upon this stop-and-go approach [81].

The idea of intermittent chemotherapy was also studied 
using irinotecan in a large-scale multicenter trial. In 2001 
(published 2010), the GISCAD (Italian Group for the Study 
of Digestive Tract Cancers) trial was designed to determine 
the efficacy of intermittent irinotecan (Table  8.5) [71]. A 
total of 337 patients with advanced metastatic colon cancer 
were randomized into two groups. The “standard” arm (arm 
1) received continuous 2-week cycles of FOLFIRI, whereas 
the “intermittent” arm (arm 2) received 2-week  cycles of 
FOLFIRI for four cycles (2 months). Thereafter, in arm 2, 
treatment was discontinued for 2 months (a chemotherapy 
holiday). After the 2-month holiday, the initial regimen of 
2-week  cycles of FOLFIRI was administered for another 
four cycles (2 months). At the end of these 6 months, objec-
tive evaluation for disease progression was performed. If 
progression occurred during the chemotherapy break, a sec-
ond-line treatment was given. Study results indicated that 
there was no difference in PFS (6  months for both arms; 
HR  =  1.03, 95% CI  =  0.81–1.29), objective response rate 
(42% for arm 1 vs. 34% for arm 2 [p = 0.192]), or tumor-
growth control rate (76% for arm 1 vs. 67% for arm 2 
[p = 0.104]). The 2-year OS rate was 30% for arm 1 and 34% 
for arm 2 (HR = 0.88, 95% CI = 0.69–1.14). Additionally, 
there was no difference in toxicity between arms. This study 
concluded that when using irinotecan and 5-FU, a chemo-
therapy-free interval is not inferior to continuous treatment. 

This study agreed with previous European study results: a 
chemotherapy holiday is very feasible for this regimen [71].

 Bevacizumab and Combinations
As reported earlier, adding bevacizumab on the back of oxali-
platin regimens (FOLFOX or XELOX) or irinotecan regimens 
(FOLFIRI) has been shown to significantly increase the likeli-
hood of a tumor response and increased patient survival.

Two phase III trials were carried out to test the use of 
bevacizumab alone as maintenance therapy:

• Investigators in the MACRO-TTD trial studied patients 
treated with frontline XELOX plus bevacizumab induction 
chemotherapy followed by maintenance therapy with con-
tinued XELOX plus bevacizumab or bevacizumab alone 
(Table 8.5). This study revealed no statistically significant 
differences in median PFS or OS between maintenance 
therapy with XELOX plus bevacizumab versus bevaci-
zumab alone (PFS, 10.4  months vs. 9.7  months; OS, 
23.2 months vs. 20 months). There were also no differences 
in RR. Initially set statistical limits did not allow for confir-
mation of non-inferiority between the two study arms [72].

• Investigators in the SAKK 41/06 trial, which was con-
ducted at 26 sites in Switzerland, randomized patients 
who had just completed first-line chemotherapy to main-
tenance therapy with bevacizumab alone, versus no main-
tenance therapy (Table 8.5). Patients in the bevacizumab 
continuation arm received a median of six cycles of treat-
ment. There was no statistically significant difference in 
median OS or time to progression (TTP) between the 
bevacizumab continuation arm and the no treatment arm 
(OS = 25.4 vs. 23.8 months and TTP = 4.1 vs. 2.9 months). 
Initially set limits did not allow for confirmation of non-
inferiority between the two study arms [73].
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Despite a lack of statistically significant results, many 
believe that maintenance therapy with single-agent bevaci-
zumab could be an appropriate option following 4–6 months 
of standard first-line chemotherapy plus bevacizumab, 
although this cannot be confirmed at present.

There has generally been a lack of consensus regarding a 
role for maintenance therapy in the first-line setting. Thus the 
Dutch Colorectal Cancer Group (DCCG) set out to deter-
mine the efficacy of maintenance therapy versus just obser-
vation in their landmark prospective clinical trial known as 
CAIRO-3, results from which were published in April 2015 
[74]. This was an open-label, randomized, phase III clinical 
trial involving collaboration of investigators across 64 hospi-
tals within the Netherlands. After six cycles of CapeOx-Bev 
induction therapy, patients with stable disease or better were 
randomly assigned either to maintenance therapy with 
capecitabine plus bevacizumab or to observation (no treat-
ment). The maintenance phase was initiated within 2 weeks 
of completion of the last induction cycle.

In the maintenance treatment group, a median of 
nine cycles of capecitabine and ten cycles of bevacizumab 
were administered. At 48 months of follow-up, median PFS 
(the primary endpoint) was 8.5  months in the observation 
group and 11.7 months in the maintenance treatment group, 
demonstrating a statistically significant superiority of main-
tenance treatment. Median OS was 18.1 months in the obser-
vation group and 21.6  months in the maintenance group. 
Overall, maintenance treatment was well tolerated, although 
the incidence of hand-foot syndrome was increased com-
pared with the observation-only group. The global quality of 
life did not deteriorate during maintenance treatment and 
was not clinically different between treatment and observa-
tion groups. Hence this study revealed that maintenance 
treatment with capecitabine plus bevacizumab after six cycles 
of CapeOx-Bev in patients with mCRC was effective and did 
not compromise quality of life [74].

The 3-arm AIO-0207 trial, published in September 2015 
[75], was another important study that was aimed at assess-
ing the usefulness of maintenance therapy (Table  8.5). A 
fluoropyrimidine plus bevacizumab regimen was found to be 
a viable maintenance therapy option for patients with 
mCRC.  Following 24  weeks of induction therapy with 
FOLFOX plus bevacizumab or CapeOx plus bevacizumab, 
the investigators assessed whether patients with no sign of 
disease progression further benefited from discontinuation of 
therapy, continuation with bevacizumab alone, or continua-
tion with the chosen fluoropyrimidine plus bevacizumab 
regimen. The primary endpoint of the study was time to fail-
ure (TTF) of the maintenance strategy, defined as the time 
from randomization to second progression, death, or initia-
tion of further treatment including a new drug. At the time of 
analysis, median follow-up from randomization was 
17 months. Median TTF was 6.9 months for the fluoropy-

rimidine plus bevacizumab group, 6.1 months for the bevaci-
zumab-alone group, and 6.4 months for the untreated group. 
Bevacizumab alone was non-inferior to standard fluoropy-
rimidine plus bevacizumab as maintenance therapy 
(HR = 1.08, p = 0.53), whereas therapy discontinuation was 
found to have a trend toward inferiority (HR  =  1.26, 
p  =  0.056). Both CAIRO-3 [74] and AIO-0207 [75] trials 
indicate that maintenance treatment with a fluoropyrimidine 
plus bevacizumab may be a reasonable option for patients 
with mCRC.

During the past decade, the management of patients with 
mCRC has improved due to the development of new thera-
pies [82]. Inclusion of drugs targeting VEGF and EGFR in 
combination with chemotherapy has resulted in a mOS time 
of more than 30 months [8, 51]. Erlotinib, an EGFR tyrosine 
kinase inhibitor (TKI), has been less widely investigated in 
the treatment of mCRC [83]; however, evidence from pre-
clinical models suggests that the combination of a TKI with 
bevacizumab might have synergistic activity [84]. The 
GERCOR DREAM (OPTIMOX3) trial assessed whether 
patients with unresectable mCRC benefited more from main-
tenance therapy with a combination of erlotinib and bevaci-
zumab than they did from bevacizumab alone. This 
multicenter, 2-arm, open-label, randomized phase III trial 
was undertaken in 49 centers, and results were published in 
October 2015 [76]. Initially, patients were enrolled and ran-
domized to 3 months of induction therapy with mFOLFOX7 
plus bevacizumab or mXELOX plus bevacizumab, before 
being assigned to maintenance therapy (Table  8.5). The 
OPTIMOX1 and OPTIMOX2 trial data analyses were com-
pleted after initiation of the OPTIMOX3 trial on January 1, 
2007, but once results came through indicating that 3 months 
of induction therapy were insufficient to justify complete 
chemotherapy cessation, the OPTIMOX3 protocol was 
amended (on Sept 19, 2008) to incorporate an extra 3 months 
of induction therapy, for a total of 6 months. Maintenance 
therapy with bevacizumab alone or bevacizumab plus erlo-
tinib was assessed until patients experienced disease pro-
gression or unacceptable toxicity. In the final OPTIMOX3 
analysis, median PFS was 5.4  months in the bevacizumab 
plus erlotinib arm compared with 4.9 months in the bevaci-
zumab monotherapy arm (HR = 0.81, p = 0.059). The median 
OS of patients receiving maintenance therapy with bevaci-
zumab plus erlotinib was 24.9  months, which was signifi-
cantly greater than those receiving bevacizumab alone 
(22.1 months, p = 0.036). Despite the positive OS outcome, 
47 of the 220 patients (21%) in the bevacizumab plus erlo-
tinib arm vs. none of the 224 patients in the bevacizumab-
alone arm experienced grade 3–4 skin rash, 21 (10%) vs. 2 
(<1%) experienced diarrhea, and 12 (5%) vs. 2 (<1%) expe-
rienced asthenia. It was concluded that the addition of erlo-
tinib to bevacizumab maintenance therapy in patients with 
mCRC was promising but at the expense of increased toxic-
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ity [76]. This regimen is not currently recommended as stan-
dard maintenance treatment for patients with mCRC.

 EGFR Inhibitors
There are data to support the incorporation of EGFR inhibi-
tors into maintenance therapy. The multicenter MACRO-2, 
phase II, non- inferiority study enrolled previously untreated 
patients with KRAS WT exon 2 mCRC to receive eight cycles 
of mFOLFOX plus cetuximab before being randomized to 
continue on mFOLFOX/cetuximab therapy or switch to 
cetuximab maintenance therapy (Table 8.5). No statistically 
significant differences in PFS, objective response rate 
(ORR), or OS were seen between the two arms. A safety 
analysis revealed that both treatment regimens were reason-
ably tolerated. According to these findings, induction therapy 
with mFOLFOX plus cetuximab followed by maintenance 
therapy with cetuximab alone was not inferior to mainte-
nance therapy with mFOLFOX plus cetuximab [77].

The landmark phase III multicenter NORDIC-7 trial 
investigated the efficacy of cetuximab in combination with 
bolus 5-FU/leucovorin plus oxaliplatin (Nordic FLOX) in 
the first-line treatment for patients with mCRC, followed by 
randomization of patients 1:1:1 to receive maintenance ther-
apy with FLOX alone (arm A), cetuximab plus FLOX (arm 
B), or cetuximab plus intermittent FLOX (arm C) (Table 8.5). 
This trial also investigated the influence of patient tumor 
KRAS mutations (in codons 12 and 13, both in exon 2) and 
BRAF V600E mutations on treatment outcomes. In the 
intent-to-treat (ITT) population, mPFS was 7.9 (arm A), 8.3 
(arm B), and 7.3 (arm C) months (no statistical differences), 
and OS was almost identical between the three groups (20.4, 
19.7, 20.3 months, respectively). KRAS mutations were pres-
ent in 39% of tumors, whereas BRAF mutations were present 
in 12% of tumors. The presence of BRAF mutations was 
found to be a strong negative prognostic factor. In patients 
with KRAS WT tumors, cetuximab did not provide any addi-
tional benefit compared with FLOX alone. In conclusion, 
according to this study, cetuximab did not add significant 
benefit to the Nordic FLOX regimen in first-line and mainte-
nance treatment of mCRC [78].

Building upon arm C of the NORDIC-7 trial, the 
NORDIC-7.5 phase II trial aimed to further evaluate contin-
uous cetuximab plus intermittent FLOX in the first-line treat-
ment of 152 patients who were prospectively selected to 
have KRAS WT mCRC (Table 8.5). Patients received eight 
courses of Nordic FLOX, and the RR was 62%, the mPFS 
was 8 months, and the median OS was 23.2 months. Fourteen 
percent of patients underwent subsequent R0 resection of 
metastases. FLOX with cetuximab was reintroduced post- 
surgically in 55% of these patients. Grade 3/4 adverse event 
rates were low, including diarrhea (9%), skin rash (9%), 
infection without neutropenia (7%), and fatigue (7%). It was 
concluded that in preselected KRAS WT patients, biweekly 

cetuximab could be safely integrated into an intermittent 
chemotherapy strategy, thus lengthening the chemotherapy-
free interval and improving OS [79].

COIN-B was another multicenter, randomized, phase II 
trial, which was carried out at 30 hospitals in the United 
Kingdom (Table 8.5) [80]. Patients with KRAS WT mCRC 
were randomized (1:1) to intermittent FOLFOX plus inter-
mittent cetuximab or intermittent FOLFOX plus continuous 
cetuximab. Patients received their respective treatments for 
12 weeks, after which they either underwent a planned treat-
ment interruption (those taking intermittent cetuximab) or 
planned maintenance therapy involving continuing weekly 
cetuximab (those taking continuous cetuximab). Sixty-four 
patients in the intermittent cetuximab arm and 66 patients in 
the continuous cetuximab arm were included in the primary 
outcome analysis, which was failure-free survival at 
10  months. Thirty-two patients (50%) in the intermittent 
cetuximab group and 34 patients (52%) in the continuous 
cetuximab group achieved this outcome. Median failure-free 
survival was 12.2 months and 14.3 months, respectively. The 
trial demonstrated that, in a molecularly selected (KRAS 
WT) population, maintenance of cetuximab monotherapy 
after treatment with cetuximab plus a less cytotoxic chemo-
therapy regimen within the first 6 months shows promise.

 Summary

Many clinicians choose infusional 5-FU plus bevacizumab 
[75] or capecitabine plus bevacizumab [72, 74]. Specifically, 
the CAIRO-3 study approach is a favorite, which involves 
maintenance therapy with capecitabine plus bevacizumab 
following induction therapy with six cycles of CapeOx plus 
bevacizumab [74]. If everything is under control using this 
strategy, many physicians choose to give patients a complete 
break and just monitor them and restart the same regimen 
after a short period of time. We recommend an individual 
approach for patients in this setting to optimize control over 
the cancer while preserving their quality of life.

 Second-Line Therapy

Patients are usually offered second-line therapy once their 
tumor starts progressing or they experience unacceptable 
toxicity on first- line therapy.

 Chemotherapy

After a patient progresses on first-line therapy, the next treat-
ment option is called second-line therapy (Table 8.6 [85–89]). 
FOLFOX6 and FOLFIRI have both been shown to improve 
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survival of patients with mCRC.  In 2004, Tournigand et  al. 
published a study to determine the first- and second-line 
sequencing of these treatment regimens (GERCOR [39]) in 
the management of mCRC. Two hundred twenty patients were 
randomized into two groups; they all had mCRC and were 
treatment naïve. In arm A, 109 patients were first treated with 
FOLFIRI until development of disease progression or toxicity, 
at which point they were switched to FOLFOX6. In arm B, 
111 patients were first given FOLFOX6 until development of 
disease progression or toxicity when they were switched to 
FOLFIRI. Median OS for arm A was 21.5 months and for arm 
B was 20.6 months (p = 0.99, not significant). The primary 
objective of the study, “second PFS,” was defined as the 
amount of time between randomization and progression of 
disease after initiating the second line of therapy. Second PFS 
was also not significantly different between the two different 
sequences: 14.2 months for arm A and 10.9 months for arm B 
(p  =  0.64). Although there were no differences in OS, first 
PFS, second PFS, and response rates, there was a difference in 
toxicity profiles between the two arms. FOLFIRI administra-
tion led to more grade 3 and 4 mucositis, nausea, vomiting, 
and grade 2 alopecia, whereas FOLFOX6 was associated with 
more grade 3 and 4 neutropenia [39].

 EGFR Inhibitors

 Cetuximab
Numerous studies have been carried out to determine the 
most efficacious second-line therapy in the management of 
patients with mCRC. In 2004, the combination of cetuximab 
and irinotecan was studied in the BOND-1 trial [88]. Three 
hundred and twenty-nine patients (not enriched for RAS) 
who had disease progression on or within 3 months of an iri-

notecan regimen were randomized to cetuximab in combina-
tion with irinotecan or cetuximab alone. Response rates were 
significantly higher in the arm receiving cetuximab mono-
therapy (22.9% vs. 10.8%, p = 0.007). However, the median 
time to progression was greater in the cetuximab/irinotecan 
arm (4.1  months) than in the cetuximab monotherapy arm 
(1.5 months, p < 0.001). There was no significant difference 
in OS times: 8.6 months following combination therapy vs. 
6.9  months with cetuximab alone, p  =  0.48. As expected, 
patients in the combination arm experienced more adverse 
events than patients in the monotherapy arm. This study con-
cluded that cetuximab had good clinical activity when given 
to patients with irinotecan-refractory cancer, either as a single 
agent or in combination with irinotecan. It should be kept in 
mind that this study was performed before the significance of 
RAS mutations came to light.

In another second-line treatment study by Jonker et  al., 
published in 2007 [90], 572 patients who had mCRC that 
expressed EGFR were randomly divided into 2 groups. 
Every patient in the study had previously progressed on 
FOLFIRI or FOLFOX. One group was given weekly cetux-
imab with BSC, whereas the other group received BSC only 
(without any cancer-specific treatment). PFS, OS, and QOL 
were all improved in those patients receiving cetuximab. The 
OS following cetuximab treatment was 6.1  months vs. 
4.6  months. Patient KRAS mutation status was unknown. 
Adverse events were greater in the cetuximab arm (78.5%) 
than in the BSC-alone arm (59.1%). However, the QOL mea-
surements of physical function and global health status 
scores were better [90].

In May 2008, a phase III trial called the European 
Prospective Investigation into Cancer and Nutrition (EPIC) 
was published showing that, after progression on first-line 
fluoropyrimidine and oxaliplatin treatment, the addition of 

Table 8.6 Second-line trials in patients with mCRC

Second-line trials Agents used
ML18147 [85] Bevacizumab (either 5 mg/kg every 2 weeks 

or 7.5 mg/kg every 3 weeks)
Continued bevacizumab therapy beyond disease progression, in 
combination with standard second-line chemotherapy, results in 
significantly better clinical response

VELOUR [86] FOLFIRI; ziv-aflibercept (4 mg/kg) In patients previously treated with oxaliplatin, a significantly better 
OS benefit was achieved using ziv-aflibercept in combination with 
FOLFIRI compared with placebo plus FOLFIRI

RAISE [87] FOLFIRI; ramucirumab (8 mg/kg every 
2 weeks)

Second-line mCRC treatment with ramucirumab plus FOLFIRI 
significantly improved patient OS compared with placebo plus 
FOLFIRI

BOND-1 [88] Cetuximab 400 mg/mg2 (loading dose) and 
then weekly 250 mg/m2, with or without 
irinotecan

Cetuximab was effective when given alone or in combination with 
irinotecan

BOND-2 [89] Cetuximab as in BOND-1, with 
bevacizumab 5 mg/kg every 2 weeks, with 
or without irinotecan

Adding bevacizumab to cetuximab or cetuximab + irinotecan yielded 
better OS than without bevacizumab
In the absence of supporting studies, adding a VEGF plus EGFR 
inhibitor combination to chemotherapy should be practiced with 
caution

FOLFIRI Folinic acid, 5-fluorouracil, and irinotecan, OS overall survival, VEGF vascular endothelial growth factor, EGFR epidermal growth fac-
tor receptor

8 Metastatic Colorectal Cancer



150

cetuximab to irinotecan in the second line is superior to iri-
notecan alone. Patients who had tumor progression on a fluo-
ropyrimidine plus oxaliplatin regimen were recruited into 
this study if they also had evidence of EGFR expression. 
Patients may have previously been treated with bevacizumab 
but not irinotecan or any anti-EGFR therapy. In the second-
line setting, 1298 patients were randomized 1:1 to receive 
irinotecan plus cetuximab (arm 1) or irinotecan alone (arm 
2). In both arms, irinotecan was given at a dose of 350 mg/m2 
every 3 weeks. In arm 1, cetuximab was administered as a 
400 mg/m2 loading dose on day 1, followed by 250 mg/m2 
weekly. PFS was significantly better in the cetuximab/irino-
tecan arm (4.0  months) than in the irinotecan- only arm 
(2.6 months, p < 0.0001). There was no significant difference 
in mOS between the two groups (10.7 months vs. 10.0 months 
[p = 0.71]). The overall RR was significantly higher in the 
combination arm (16.4%) than in the cetuximab-only arm 
(4.2%, p < 0.0001). The most common toxicities following 
cetuximab/irinotecan treatment were diarrhea, nausea, 
fatigue, and acneiform rash. Single-agent irinotecan treat-
ment yielded the same toxicity pattern with the exception of 
acneiform rash [91].

 Panitumumab
A phase III trial carried out by Peeters et  al. addressed 
whether the addition of panitumumab to second-line 
FOLFIRI improved PFS and OS in patients with mCRC [7]. 
The study enrolled 1186 patients who had experienced dis-
ease progression on previous fluoropyrimidine-based che-
motherapy regimens. These patients were randomized 1:1 to 
receive FOLFIRI plus panitumumab (6 mg/kg) vs. FOLFIRI 
alone; treatment was administered on a 2-week  cycle [7]. 
The investigators also stratified the patient groups according 
to their KRAS tumor status: either mutant or WT.  They 
found that in KRAS WT patients, there was a significant 
improvement in PFS for those who received panitumumab: 
5.9  months vs. 3.9  months (p  =  0.004). The OS was also 
increased, but not significantly (14.5 months vs. 12.5 months). 
However, patients with KRAS-mutated tumors did not show 
any change in PFS, OS, or RR with the addition of 
panitumumab.

Thus, the study by Peeters et al. supports the use of pani-
tumumab plus FOLFIRI in the second-line treatment of 
patients with KRAS WT mCRC [7, 47].

Another trial evaluated panitumumab in the second-line 
setting in combination with irinotecan. Thus, the phase III 
PICCOLO trial randomized patients to three treatment arms: 
irinotecan, irinotecan plus panitumumab, and irinotecan plus 
ciclosporin [92]. A year and a half into the study, the trial 
was amended to allow randomization of only patients with 
KRAS WT tumors to the panitumumab arm; thus patients 
with KRAS WT mCRC who had not received any anti-EGFR 
therapy and had progressed on fluoropyrimidine-based che-

motherapy were enrolled. Here, we discuss results from the 
irinotecan and irinotecan plus panitumumab arms of the trial 
in KRAS WT patients only. Thus, 460 patients with KRAS 
WT tumors were randomized 1:1 to receive irinotecan 
(350  mg/m2) alone or in combination with panitumumab 
(9 mg/kg) every 3 weeks [93]. Regarding safety, the addition 
of panitumumab to irinotecan increased the following grade 
3 and higher adverse events: diarrhea (29% vs. 18%), skin 
toxicity (19% vs. 0%), lethargy (21% vs. 11%), infection 
(19% vs. 10%), and hematologic toxicity (22% vs. 12%).

Regarding efficacy, significant improvements in median 
PFS (HR = 0.78, p = 0.015) and ORR (odds ratio [OR], 4.12, 
p < 0.0001) were observed with the addition of panitumumab 
to irinotecan. Again, OS was not significantly different 
between the two arms. However, a partial response (PR) was 
observed in 33% of patients 12 weeks after initiation of treat-
ment with panitumumab plus irinotecan, and 1% had a com-
plete response (CR). These RRs are much higher than those 
seen in the irinotecan-only-treated patients: 12% had a PR at 
12 weeks and none had a CR.

In conclusion, both second-line panitumumab treatment 
studies of KRAS WT patients [7, 47, 92, 93] show no OS 
benefit to adding panitumumab to irinotecan or FOLFIRI, 
despite an initial improvement in disease response and PFS.

 VEGF Inhibitors

 Bevacizumab
Bevacizumab plus fluoropyrimidine-based chemotherapy is 
the standard treatment for first-line and bevacizumab- naïve 
second-line mCRC. The ML18147 trial assessed continued 
use of bevacizumab with standard second-line chemotherapy 
in patients who had progressed during or within 3 months of 
the last dose of standard first-line bevacizumab-based treat-
ment. Patients were randomly assigned to receive second-
line chemotherapy with or without bevacizumab. The choice 
between oxaliplatin-based or irinotecan-based second- line 
chemotherapy depended on the first-line regimen (switch of 
chemotherapy). Median OS in this trial was 11.2 months for 
patients treated with bevacizumab plus chemotherapy and 
9.8  months for patients treated with chemotherapy alone 
(HR = 0.81, p = 0.0062). Grade 3/4 toxicities were similar in 
both groups, except that venous thromboembolisms were 
more common in the bevacizumab arm (5% vs. 3%). From 
this study we can deduce that continued VEGF inhibition 
with bevacizumab in combination with standard second-line 
chemotherapy beyond disease progression has clinical ben-
efits in patients with mCRC [85].

 Aflibercept
Investigators conducting the VELOUR trial studied the effect 
of adding the more novel antiangiogenic agent ziv-aflibercept 
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to FOLFIRI in patients with mCRC previously treated with 
oxaliplatin, including patients who had received prior bevaci-
zumab. Patients were randomly assigned to receive ziv-afliber-
cept or placebo every 2 weeks in combination with FOLFIRI. It 
was shown that adding ziv-aflibercept to FOLFIRI signifi-
cantly improved mOS compared with placebo plus FOLFIRI 
(13.5 months vs. 12 months; HR = 0.817, p = 0.0032). Ziv-
aflibercept also significantly improved PFS (6.9  months vs. 
4.6 months; HR = 0.758, p = 0.0001). There was a consistent 
trend in OS and PFS across pre-specified subgroup analyses, 
including bevacizumab- pretreated patients. In this case, 
response rates were 19.8% for ziv-aflibercept plus FOLFIRI, 
compared with 11.1% for placebo plus FOLFIRI (p = 0.0001). 
Adverse events reported following ziv-aflibercept plus 
FOLFIRI treatment included the characteristic anti-vascular 
endothelial growth factor effects (arterial and venous throm-
boembolic events, hypertension, and proteinuria), as well as 
an increased incidence of some chemotherapy- related toxici-
ties. It was concluded from this study that ziv-aflibercept in 
combination with FOLFIRI conferred a statistically signifi-
cant survival benefit over FOLFIRI combined with placebo in 
patients with mCRC previously treated with oxaliplatin [86].

 EGFR and VEGF Inhibitor Combinations

In 2007, investigators conducting the BOND-2 study divided 
83 patients already treated with an irinotecan- containing regi-
men into 2 arms: arm A received cetuximab (400 mg/m2 [load-
ing dose] followed by 250  mg/m2 cetuximab weekly) plus 
bevacizumab (5 mg/kg every other week) plus irinotecan (at 
pre-study doses); arm B received identical cetuximab and bev-
acizumab treatment to arm A, but without irinotecan. Arm A 
had a median OS of 14.5 months versus 11.4 months for arm 
B. The time to progression was 7.3 months and 4.9 months in 
arms A and B, respectively. The toxicities were as expected in 
that they were similar to toxicities from each agent alone. This 
trial showed that adding bevacizumab to either cetuximab or 
cetuximab plus irinotecan yielded better OS than cetuximab or 
cetuximab plus irinotecan without bevacizumab [89].

Although other studies of EGFR and VEGF inhibitor com-
binations took place in the first-line and not the second-line 
setting, those other studies do seem to suggest that combining 
anti-VEGF and anti-EGFR antibodies is detrimental to 
patients undergoing cancer therapy, or at least not helpful. The 
PACCE study [18] and the CAIRO2 trial [19] are thus dis-
cussed in the “First-Line Therapy” section of this chapter.

 Ramucirumab

Ramucirumab, a human immunoglobulin G1 (IgG1) mono-
clonal antibody that targets the extracellular domain of 

VEGF receptor 2, was assessed in the phase III RAISE trial, 
which evaluated the efficacy and safety of ramucirumab ver-
sus placebo in combination with second-line FOLFIRI for 
mCRC in patients with disease progression during or within 
6 months of the last dose of first-line therapy with bevaci-
zumab, oxaliplatin, and a fluoropyrimidine. Median OS, the 
primary study endpoint, was 13.3 months in ramucirumab-
treated patients versus 11.7  months in the placebo group 
(HR = 0.844, p = 0.0219). Survival benefit was consistent 
across subgroups of patients who received ramucirumab plus 
FOLFIRI.  A significant ramucirumab-induced elevation of 
grade 3/4 toxicities was seen for neutropenia (38% in the 
ramucirumab group vs. 23% in the placebo group) and 
hypertension (11% vs. 3%). The study investigators con-
cluded that second-line mCRC treatment with ramucirumab 
plus FOLFIRI significantly improved patient OS compared 
with placebo plus FOLFIRI. Observed adverse events were 
as expected and manageable [87].

 Third-Line Therapy

Third-line treatment choices are available and include che-
motherapy, targeted agents, and clinical trial options, as well 
as palliative care. Palliative care will be discussed first 
because patient outcomes following novel treatment modali-
ties are often compared with this approach.

 Palliative Care

The aim of palliative care, also known as the best supportive 
care [94], is not to cure but to relieve cancer- related symp-
toms and/or treatment-related side effects. A patient or care 
team can choose palliative care at any point during a patient’s 
disease course, and most believe it should begin at diagnosis 
and continue throughout the treatment period; however, this 
type of care is most known for its use at the end of a patient’s 
life when all possible curative treatments have failed.

 EGFR Inhibitors and Chemotherapy

Relatively non-aggressive systemic therapy options beyond 
the best supportive care have been attempted to see if there is 
an improvement in longevity or quality of life at the end of 
life. In a phase III CA225025 trial by Jonker et  al., 572 
patients with previously treated EGFR-expressing advanced 
CRC were randomized 1:1 to receive BSC or BSC plus 
cetuximab (400  mg/m2 IV loading dose administered over 
120 minutes followed by 250 mg/m2 over 60 minutes weekly) 
[90]. The ability of cetuximab to improve OS of patients with 
advanced CRC who had failed all other treatments (fluoropy-
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rimidine, irinotecan, and oxaliplatin) or had contraindica-
tions to treatment with these drugs was assessed. In fact, 
cetuximab was seen to improve OS in comparison with BSC 
alone (HR for death = 0.77, 95% CI = 0.64–0.92, p = 0.005). 
The median survival of patients treated with cetuximab was 
6.1  months versus 4.6  months in patients receiving BSC 
only. Although patients completed a QOL questionnaire, the 
interpretation of these questionnaires is historically difficult 
[95]. In this particular study, more rapid disease progression, 
which was observed in the BSC group, resulted in a lower 
QOL questionnaire-compliance rate [90]. As may be 
expected, disease response to treatment contributed to a rela-
tively improved QOL in the cetuximab arm compared with 
the BSC-alone arm, even though patients in the cetuximab 
arm had a higher rate of rash (88.6% vs. 16.1%, p < 0.001), 
hypomagnesemia (53.3% vs. 15.1%, p < 0.001), and infu-
sion reactions (20.5% vs. 0%, p  <  0.001) [90]. Thus, it is 
unreasonable to use tumor response alone as a surrogate for 
QOL.

In a phase III trial by Van Cutsem et al., 463 patients with 
EGFR-expressing mCRC, who had failed 2 or more prior 
lines of chemotherapy, were randomized 1:1 to receive BSC 
or BSC plus panitumumab (6  mg/kg IV over 60  minutes 
every 2 weeks) until disease progression or treatment intoler-
ance [96]. Although there was no statistically significant dif-
ference in mOS (HR = 1.00, 95% CI = 0.82–1.22, p = 0.81), 
mPFS following panitumumab was greater than that follow-
ing BSC alone (8.0 vs. 7.3  months; HR  =  0.54, 95% 
CI = 0.44–0.66, p < 0.0001), and 175 patients in the BSC 
arm crossed over to the panitumumab arm. Regarding 
adverse events, 90% of patients in the panitumumab arm had 
skin toxicity compared with 9% in the BSC group.

Of course, since these EGFR inhibitor studies were car-
ried out, it has been emphasized that only patients with RAS 
and BRAF WT tumors can be expected to respond to this 
type of therapy.

The ASPECCT trial set out to compare cetuximab with 
panitumumab in the treatment of patients (n  =  1010) with 
chemotherapy- refractory KRAS WT mCRC.  Patients were 
randomized 1:1 to receive panitumumab or cetuximab mono-
therapy, and at the end of the study, panitumumab was found 
to be non-inferior to cetuximab: thus, the median OS was 
10.4 months with panitumumab and 10.0 months with cetux-
imab (no significant difference). Although panitumumab led 
to higher rates of hypomagnesia, both antibodies led to grade 
3 and 4 skin toxicities and infusion reactions. The conclusion 
was that both agents are effective in the second-line treatment 
of mCRC, and the choice between the two should be made on 
the basis of toxicity profiling and dose scheduling [97].

Generally, third-line treatment of patients with RAS (and 
BRAF) WT tumors with anti-EGFR therapies should always 
be considered. Chemotherapy options that can be considered 
regardless of tumor mutation status include irinotecan or 

5-FU-based regimens (infusional 5-FU plus leucovorin or 
capecitabine) with or without bevacizumab. Individual treat-
ment decisions depend on prior therapy received. If a patient 
has not already received or responded well to any particular 
standard chemotherapy agent, its use should be considered in 
the third line [98, 99]. More novel therapies, such as rego-
rafenib and TAS-102, should also be considered, and these 
are discussed later. Due to the adverse event potential of che-
motherapy, physicians must comprehensively discuss with 
their patients the risks and benefits of chemotherapy com-
pared with BSC. Ultimately, the treatment decision should 
be made collaboratively between patient and physician. If 
chemotherapy is chosen, patient health should be monitored 
carefully.

 Regorafenib

Several promising new therapies have emerged for patients 
with refractory mCRC.  Refractory patients include those 
who have previously been treated with fluoropyrimidine-, 
oxaliplatin-, and irinotecan-based chemotherapy, as well as 
anti-VEGF and anti-EGFR (RAS WT only) biological 
therapies.

In 2012, the FDA approved regorafenib, an oral multiki-
nase inhibitor, for the treatment of patients with mCRC who 
have failed multiple lines of therapy, including fluoropyrimi-
dine, oxaliplatin, irinotecan, and anti-VEGF and/or anti-
EGFR therapy (in patients who were KRAS WT). Regorafenib 
blocks the activity of receptor tyrosine kinases involved in 
tumor angiogenesis, oncogenesis, and tumor microenviron-
mental signaling pathways. This includes VEGFR1/2/3, the 
platelet-derived growth factor receptor-b (PGFR), the fibro-
blast growth factor receptor (FGFR), TIE2, c-KIT, RET, 
BRAF, and RAF1 [100].

The phase III double-blinded CORRECT trial was carried 
out at 114 centers in 16 countries in North America, Europe, 
Asia, and Australia. Patients with mCRC were randomized 
in a 2:1 ratio to 160 mg oral regorafenib or placebo, daily 
[101]. Patients were eligible for the study if they had received 
all locally available standard therapies and had either failed 
their most recent line of treatment due to disease progression 
or severe side effects (or both) or had progressive disease 
within 3 months of discontinuing their last line of treatment. 
Standard therapy classification varied by country, but previ-
ous standard treatments had to include the following as long 
as they were licensed for the treatment of CRC: fluoropy-
rimidine, oxaliplatin, irinotecan, bevacizumab, and cetux-
imab or panitumumab (in patients with KRAS WT tumors). 
In total, 760 patients were enrolled into the study, the pri-
mary and secondary endpoints of which were, respectively, 
survival and disease response to therapy (assessed by radio-
logical surveillance every 8 weeks).
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The mOS was 6.4 months in the 505 patients treated with 
regorafenib and 5 months in the 255 patients assigned to pla-
cebo (HR = 0.77, 95% CI = 0.64–0.94, p = 0.0052). Subset 
analysis indicated that regorafenib treatment is more effec-
tive in patients with colon cancer (mOS, regorafenib vs. pla-
cebo; HR = 0.70, 95% CI = 0.56–0.89) than in those with 
rectal cancer (HR = 0.95, CI = 0.63–1.43).

A complete response was not elicited in any of the 
patients; however, five patients in the regorafenib group and 
one patient in the placebo group had a partial response 
(p = 0.19). Disease control (partial response plus stable dis-
ease assessed at least 6  weeks after randomization) was 
observed in 41% of patients assigned to regorafenib and 15% 
of patients assigned to placebo (p < 0.0001).

Grade 3 or 4 adverse events occurred in 54% of the patients 
in the regorafenib group compared with 14% in the placebo 
group. The most common regorafenib-associated side effects 
were fatigue and hand-foot syndrome. Elevated transami-
nases and bilirubin were also more commonly seen with 
regorafenib, and one case of fatal hepatic failure was reported.

The CONCUR trial was another phase III trial, which was 
conducted in 25 centers in Asia [102]. In this double-blinded 
study, 204 patients with mCRC were randomly assigned in a 
2:1 ratio to regorafenib or placebo. Patients were required to 
have received at least two lines of prior standard treatment, 
although individuals were less likely to have been treated 
with a VEGF-targeted or EGFR-targeted biological agent 
than patients in the CORRECT trial (60% [CONCUR] vs. 
100% [CORRECT]). Median OS was 8.8  months in the 
regorafenib group compared with 6.3 months in the placebo 
group (one-sided p = 0.0002). Disease control was achieved 
in 51% of patients in the regorafenib arm, compared with 7% 
in the placebo arm (one-sided p < 0.0001). Subgroup analy-
sis for colon cancer vs. rectal cancer patients was not carried 
out. Drug-related toxicity was similar to that seen in the 
CORRECT trial. Of the patients in the regorafenib arm, 54% 
had at least one grade 3 or higher drug-related adverse event, 
most commonly hand-foot skin reaction (16%) and hyper-
tension (11%). Elevated transaminases and bilirubin were 
also recorded.

Approval of regorafenib has not been without contro-
versy. In an editorial accompanying the CONCUR trial pub-
lication, the approval of this drug was questioned, given its 
high cost, heavy side effect profile, and relatively scant ben-
efit. A 2015 cost-benefit analysis of the drug strengthened 
this argument, showing that regorafenib provided only 0.04 
quality-adjusted life years at a cost of $40,000 [103].

 TAS-102

Trifluridine/tipiracil (TAS-102; trade name Lonsurf) is the 
second drug to recently receive FDA approval for use in 

refractory CRC. It is an oral combination of trifluridine—a 
thymidine-based nucleic acid analogue—and tipiracil hydro-
chloride, a thymidine phosphorylase inhibitor (TPI). 
Trifluridine was first synthesized by Heidelberger et  al. in 
1962 [104]. Initial studies carried out in the 1960s were 
halted due to trifluridine’s side effect profile and poor phar-
macokinetics [105]. Trifluridine is phosphorylated by thymi-
dine kinase-1 to its active monophosphate derivative, which 
reversibly inhibits thymidine synthetase (TS) [106]. TS plays 
an integral role in DNA synthesis by converting deoxyuri-
dine 5-monophosphate (dUMP) to deoxythymidine-5′-
monophosphate (dTMP) [107]. Unlike 5-FU, which forms a 
stable tertiary complex with TS and 5,10-methylenetetrahy-
drofolate, trifluridine has reversible, short-lived effects on 
TS, allowing the enzyme to rapidly recover upon clearance 
of the drug [105]. However, trifluridine’s monophosphate 
form is further phosphorylated to its triphosphate form, and 
this triphosphate form has a second mechanism of action via 
its incorporation into DNA during DNA synthesis, leading to 
DNA strand breaks and tumor cell demise [108]. This is 
likely the main mechanism of action of the drug [108], which 
is probably responsible for trifluridine’s activity in 
5-FU-resistant disease [105]. Trifluridine has an extremely 
short half-life (18 minutes) when given intravenously, and it 
is rapidly degraded in its oral form due to first-pass metabo-
lism by thymidine phosphorylase in the intestine and liver 
[106]. This is where tipiracil comes in; this second major 
component of TAS-102 prevents the rapid degradation of tri-
fluridine by potently inhibiting thymidine phosphorylase 
[109]. Tipiracil may also have antineoplastic effects [106]. 
Thus TAS-102 is a viable cancer treatment.

Several phase I trials established the optimal dose and 
dosing schedule of TAS-102, which is 35 mg/m2 twice daily 
for 5 days with a 2-day rest weekly for 2 consecutive weeks, 
followed by 2 drug-free weeks (28-day cycle) [110]. Between 
August 25, 2009, and April 12, 2010, a multicenter, double-
blind, randomized, phase II trial was conducted in Japan, 
during which 169 patients were randomly assigned in a 2:1 
ratio to TAS-102 versus placebo [111]. All patients had 
pathologically proven unresectable metastatic colorectal 
adenocarcinoma; had failed two or more regimens of stan-
dard chemotherapy; and were refractory to or intolerant of 
fluoropyrimidine, irinotecan, and oxaliplatin. The mOS in 
the TAS-102 group was 9.0 months (95% CI = 7.3–11.3) vs. 
6.6  months (95% CI  =  4.9–8.0) in the placebo group 
(HR = 0.56, 95% CI = 0.39–0.81, p = 0.0011).

These phase II results led to the RECOURSE trial, which 
was a double-blinded phase III study in which patients in the 
United States, Europe, Japan, and Australia were random-
ized in a 2:1 ratio to TAS-102 versus placebo [112]. Patients 
were eligible for the study if they had biopsy-proven meta-
static adenocarcinoma of the colon or rectum and had 
received at least two prior lines of standard therapy, which 
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could include adjuvant therapy if disease progression had 
occurred within 6  months of its administration. Standard 
therapy included a fluoropyrimidine, oxaliplatin, irinotecan, 
bevacizumab, and cetuximab or panitumumab (for patients 
with KRAS WT tumors). Radiological assessment was con-
ducted every 8 weeks. The primary endpoint was OS.

Of the 800 patients recruited into this trial, 534 were ran-
domized to receive TAS-102, and 266 were assigned to pla-
cebo. Median OS in the TAS-102 group was 7.1  months 
(95% CI = 6.5–7.8) vs. 5.3 months (95% CI = 4.6–6.0) in the 
placebo group. The hazard ratio for death (TAS-102 vs. pla-
cebo) was 0.68 (95% CI  =  0.58–0.81, p  <  0.001). Eight 
patients in the TAS-102 group had a partial response, but no 
complete response was recorded. In the TAS-102 group, 
44% of patients achieved disease control compared with 
only 16% in the placebo group (p  <  0.001). A grade 3 or 
higher adverse event was documented in 69% of patients in 
the TAS-102 group compared with 52% in the placebo 
group. The major adverse events (grade 3 or higher) in the 
TAS-102-treated patients were neutropenia (38%), anemia 
(18%), thrombocytopenia (5%), and alopecia (7%). Grade 3 
or 4 stomatitis, hand-foot syndrome, and coronary artery 
spasm, all of which are a risk in patients treated with fluoro-
pyrimidines, were encountered in less than 1% of patients 
treated with TAS-102 [112].

On the basis of these results, in September 2015, the FDA 
approved TAS-102 specifically for the treatment of patients 
with mCRC refractory to fluoropyrimidines, oxaliplatin, iri-
notecan, anti-VEGF therapy, and anti-EGFR therapy (in RAS 
WT patients).

 Novel Therapies

 Immunotherapy

In recent years, exciting advances have been made regarding 
immunotherapy as an oncologic treatment for solid tumors. 
Immune checkpoint inhibitors are revolutionizing the treat-
ment of many metastatic tumors, including melanoma, lung, 
and kidney cancers.

It has been hypothesized that immunotherapy might be 
effective in the 3–6% of mCRC patients with mismatch 
repair-deficient (dMMR) disease [113]. dMMR tumors have 
10–100 more somatic mutations than mismatch repair-profi-
cient tumors and frequently have lymphocyte infiltration, 
suggesting immune system recognition. Some studies have 
suggested higher PD-L1 (programmed death ligand one) 
expression in dMMR tumors, which may mean increased 
sensitivity to checkpoint inhibitors [113].

In order to test the mismatch repair hypothesis, a phase II 
trial was conducted to examine the effect of pembrolizumab 
(a programmed death receptor [PD-1] antagonist) on patients 
with either sporadic or hereditary dMMR mCRC (n = 11), 

mismatch repair- proficient mCRC (n = 21), or other dMMR 
metastatic cancers (n = 9) [114]. Pembrolizumab was admin-
istered at a dose of 10 mg/kg IV every 14 days. Radiographic 
surveillance was performed after the first 12 weeks and then 
every 8 weeks thereafter. The primary endpoints of the study 
were immune-related ORR and immune-related PFS at 
20 weeks.

In the dMMR colorectal group, the immune-related ORR 
(using Response Evaluation Criteria in Solid Tumors 
[RECIST] criteria) at 20 weeks was 40% (four of ten patients; 
95% CI  =  12–74), and the immune-related PFS rate at 
20  weeks was 78% (seven of nine patients; 95% 
CI = 40–97%). In the cohort of patients with non-colorectal 
dMMR tumors, immune-related ORR and immune- related 
PFS at 20  weeks were 71% (five of seven patients; 95% 
CI  =  29–96%) and 67% (four of six patients; 95% 
CI = 22–96%), respectively. Among patients with mismatch 
repair-proficient tumors, the ORR was 0% (95% 
CI = 0–20%), and the immune-related PFS rate at 20 weeks 
was 11% (2 of 18 patients; 95% CI = 1–35) [114].

In this study, response to treatment was also followed 
using tumor markers. Twenty-nine out of 32 patients had 
elevated CEA levels on trial initiation. Patients with disease 
progression showed further biomarker elevation within 
30  days of starting therapy. On the other hand, decreased 
CEA levels appeared to predict response to treatment, often 
preceding the radiologic response by several months. CEA 
levels showed a downward trend in 70% (seven out of ten) of 
the patients with dMMR CRC, whereas none of the evalu-
able patients with mismatch repair-proficient CRC showed a 
decrease in CEA.

Median PFS and OS of patients in the dMMR groups had 
not been reached at the time of publication. Post hoc com-
parison of the dMMR and mismatch repair-proficient CRCs 
showed a hazard ratio for disease progression (HR = 0.10 
[95% CI  =  0.03–0.37]; p  <  0.001) and death (HR  =  0.22 
[95% CI = 0.05–1.00]; p = 0.05) that favored patients with 
dMMR CRC.

Nivolumab has also shown immunotherapeutic benefit in 
mCRC patients with dMMR disease. The CheckMate-142 
trial was an open-label, phase II study of patients with 
dMMR/MSI-H colon cancer, carried out across 31 sites in 8 
different countries [28]. Eligible patients had progressed on 
or after or been intolerant of at least one previous line of 
treatment, including a fluoropyrimidine plus oxaliplatin or 
irinotecan. Nivolumab, at a dose of 3 mg/kg, was adminis-
tered every 2 weeks until disease progression, death, unac-
ceptable toxicity, or withdrawal from study. The median 
follow-up time was 12 months at the time of publication, and 
23 of 74 patients (31.1%, 95% CI = 20.8–42.9) had achieved 
an investigator-assessed objective response, whereas 51 
(69%, 57–79) patients had experienced disease control for 
12  weeks or longer. Eight patients had responses lasting 
12 months or longer, and median duration of response had 
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not yet been reached. Responses were seen regardless of 
PD-L1 expression level or BRAF and KRAS mutation status.

Anti-PD-1 therapy appears to be a very promising treat-
ment for patients with dMMR tumors, and nivolumab and 
pembrolizumab are now FDA approved based mainly on the 
above data. Combined immunotherapy trials and trials exam-
ining earlier course treatment are currently underway.

 BRAF Inhibition

Another exciting area of research involves targeted therapy 
against BRAF-mutated CRC.  BRAF is a serine/threonine-
protein kinase that is a key component in the MAPK/ERK 
signaling pathway, playing an important role in cellular 
growth, proliferation, and survival [115]. The most common 
BRAF mutation is the substitution of glutamic acid for valine 
at codon 600 (V600E). The second most common mutation 
is the BRAF V600K mutation, in which valine is replaced by 
lysine. BRAF mutations are present in 5–15% of colon can-
cers [116]. These tumors arise from the alternative sessile 
serrated adenoma pathway of colon cancer [117]. This dif-
fers from the classic pathway in which carcinomas arise 
from adenomas secondary to adenomatous polyposis coli 
(APC) mutations. BRAF-mutated tumors are generally 
poorly differentiated and have a high frequency of node-pos-
itive disease and peritoneal metastases [118]. These tumors 
also have characteristic molecular patterns, including micro-
satellite instability, hypermethylation, and minimal chromo-
somal instability [116]. Patients with mutated tumors have a 
poor prognosis and a median survival of 12 months in the 
metastatic setting [118]. Furthermore, a recent meta-analysis 
examining the effects of the EGFR inhibitors cetuximab and 
panitumumab in patients with BRAF-mutated tumors 
showed no PFS or OS benefits [119].

BRAF inhibitors (dabrafenib and vemurafenib) have been 
FDA approved in the treatment of metastatic melanoma after 
showing significant benefit compared with chemotherapy 
(dacarbazine) in phase III trials [115]. Two recent phase II 
trials have looked at BRAF inhibitor treatment in metastatic 
colon cancer patients with V600 mutated disease.

Thus, Kopetz et al. examined 21 patients who had received 
at least one standard of care treatment for metastatic disease 
and had confirmed V600E BRAF mCRC [116]. Vemurafenib 
was given at the previously determined maximum-tolerated 
dose of 960 mg twice a day, continuously in 28-day cycles. 
Response was assessed radiographically every two cycles or 
more frequently at the treating physician’s discretion. There 
were no complete responses. One patient had a partial 
response for 21 weeks and seven others had stable disease 
(range 8–50 weeks). The mPFS was 2.1 months (range, 0.4 
to 11.6 months) and the mOS was 7.7 months (range, 1.4 to 
13.1  months). This compares favorably with cetuximab as 
monotherapy, which yielded a mOS in the second-line set-

ting of 6.1  months (compared with 4.6  months following 
BSC).

In a second study, by Corcoran et  al., 43 patients with 
V600E or V600K mCRC were treated with dabrafenib plus 
the MEK inhibitor, trametinib [120]. Previous systemic ther-
apies received by trial participants ranged from none to 
greater than three treatments. This combination had shown 
promising results in melanoma compared with dabrafenib 
alone, with a significant improvement in PFS (11.0 vs. 
8.8  months, p  =  0.0004) and OS (25.1 vs. 18.7  months 
p = 0.012). Of the 43 CRC patients in this study, one patient 
who had not received prior therapy achieved a complete 
response for at least 36  months. An additional 4 patients 
(9%) achieved a partial response, and 24 patients (56%) had 
stable disease. Median PFS was 3.5 months.

Neither of the studies carried out in CRC patients by 
Corcoran et al. or Kopetz et al. achieved the results seen in 
melanoma. Corcoran et  al. suggested that this discrepancy 
was due to decreased MAPK/ERK inhibition compared with 
melanoma. Paired pretreatment and day 15 treatment biop-
sies were available for 9 of the 43 CRC patients in Corcoran’s 
study, and all 9 tumors showed a mean P-ERK decrease from 
baseline of 47%, which was significantly smaller than the 
75% decrease seen in melanomas from patients treated with 
dabrafenib alone (p < 0.001).

Trials examining BRAF inhibitors combined with known 
efficacious therapies for metastatic colon cancer are also 
being examined. In the SWOG 1406 trial led by Kopetz et al. 
[121], the BRAF inhibitor vemurafenib (Zelboraf) was com-
bined with cetuximab and irinotecan in patients with BRAF 
V600 mutated and extended RAS WT mCRC. Patients who 
had failed at least one line of therapy were randomized to 
irinotecan (180  mg/m2 IV every 14  days) and cetuximab 
(500 mg/m2 IV every 14 days) with or without vemurafenib 
(960 mg PO twice daily). Patients who had previously been 
on an anti-EGFR inhibitor were excluded from the trial. 
There were 106 patients enrolled including 54 in the experi-
mental arm. The primary endpoint of PFS improved with the 
addition of vemurafenib (HR = 0.42, 95% CI = 0.26–0.66, 
p < 0.001): the mPFS was 4.4 months (95% CI = 3.6–5.7) vs. 
2.0 months (95% CI = 1.8–2.1). Response rate was 16% vs. 
4% (p = 0.09), with a disease control rate of 67% vs. 22% 
(p < 0.001).

 Human Epidermal Growth Factor Receptor 2 
Antagonists

A significant proportion of patients do not respond to the 
EGFR inhibitors cetuximab and panitumumab, and most 
patients who initially respond generally relapse after less 
than a year [6, 9]. About 70% of EGFR inhibitor-resistant 
patients carry a mutation in one of four kinase genes (KRAS, 
NRAS, BRAF, and PI3K) [122]. Efforts are underway to 
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identify mechanisms of resistance in the 30% of non-
responders who carry the wild- type kinase genes.

Recent evidence suggests that overexpression of human 
epidermal growth factor receptor 2 (HER-2) may be involved 
in resistance to EGFR inhibitors [122]. HER-2 is overex-
pressed in approximately 15–30% of breast and 10–30% of 
gastric cancers [123], and administration of trastuzumab, a 
monoclonal antibody against the extracellular domain of 
HER-2, produced a significant survival benefit in patients 
with these HER-2- overexpressing breast and gastric cancers 
[124, 125]. As HER-2 is overexpressed in approximately 6% 
of CRC patients [126], there is some interest in combining 
anti-HER-2 and anti-EGFR therapies in this patient group.

Bertotti et  al. recently conducted a trial of xenograft 
cohorts from patients with mCRC [29]. From these cohorts 
the investigators selected HER-2-overexpressed grafts to see 
whether HER-2 blockade would improve sensitivity to 
EGFR antagonists. The most promising treatment arms were 
cetuximab plus lapatinib (an antagonist against HER-2 and 
EGFR) and lapatinib plus pertuzumab (an antibody that dis-
rupts HER-2 heterodimerization).

Based on these results, the investigators carried out an 
open-label, phase II trial (HERACLES) at four academic 
cancer centers in Italy [127]. Eligible patients were required 
to have mCRC with KRAS exon 2 (codons 12 and 13) WT 
and HER-2-positive disease that had progressed while on or 
within 6  months of standard therapy. All patients were 
required to have previously received fluoropyrimidines, 
oxaliplatin, irinotecan, and cetuximab or panitumumab. 
Patients had received a median of five treatments prior to 
study enrollment. Between August 2012 and May 2015, 27 
patients were enrolled to receive a combination of lapatinib 
plus trastuzumab. With a median follow-up of 96  weeks, 
eight patients achieved an overall objective response. Median 
PFS was 21 weeks (95% CI = 16–32), and mOS calculated 
post hoc was 46  weeks (95% CI  =  33–68), with 45% of 
patients alive at 1 year. One patient experienced a complete 
response, 7 achieved a partial response, and an additional 12 
patients had stable disease. Common side effects included 
diarrhea (78%), rash (48%), fatigue (48%), paronychia 
(33%), and conjunctivitis (19%). A follow-up trial by the 
HERACLES group (HERACLES B) is examining pertu-
zumab in combination with trastuzumab emtansine in HER-
2-positive colorectal cancer as a way to further improve 
efficacy in this group of patients [128].

 Conclusion

In the last 20  years, we have transformed mCRC from an 
essentially hopeless disease to a disease that presents multi-
agent, multimodality treatment pathways, the exploitation of 

which has almost tripled patient OS.  Each physician team 
must know the pathologic, histologic, and molecular details of 
mCRC, as well as the treatment options available for the dif-
ferent disease stages and types, which include surgery, radia-
tion therapy, systemic drug and biological agent therapy, and 
palliative care. Physicians should know how to optimize treat-
ment using aggressive therapies when responses are needed 
and when to use less toxic maintenance therapies when pres-
ervation of stable disease is acceptable. The treatment of 
mCRC, like running a marathon, requires patience, endurance, 
intelligence, and the ability to read the ever-changing condi-
tions. We hope this review of specific research studies and 
progress that the research community has made serves as a 
useful guide in the management of your next marathon race.
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 Introduction

The incidence of colorectal cancer (CRC) is increasing, 
especially in patients younger than 50 years. The reason for 
this increase remains unknown at this time. Rectal cancer 
(RC) represents approximately 30% of all CRC [1]. In the 
last two decades, new multimodality strategies have reduced 
the local recurrence (LR) rate and extended the duration of 
overall survival (OS) [2]. The mainstay of treatment remains 
surgery [3]; however, downsizing the tumor by neoadjuvant 
treatment and adjuvant therapy for systemic disease has 
shown significant additional benefit. The standardization of 
total mesorectal excision (TME), radiation treatment (RT) 
dose delivery, optimal timing, and sequencing of treatment 
modalities with the use of prolonged administration of a flu-
oropyrimidine concurrent with RT have significantly 
decreased the rates of LR in the patients with locally 
advanced rectal cancer (LARC) [4].

Risk assessment with magnetic resonance imaging (MRI) 
and/or endoscopic ultrasound (EUS) must be undertaken 
prior to surgery in patients with non-metastatic disease to 

accurately plan multimodality therapy [5]. Molecular analy-
sis of rectal tumor is expected to play an increasing role in 
individualized treatment plans [6].

LR after the treatment of RC was previously seen in more 
than 30% of patients and was associated with a worse out-
come [7]. LR rates dropped to less than 5% with the improve-
ment in surgical techniques and routine incorporation of 
preoperative therapies. Furthermore, some recent studies 
support the notion that survival of RC patients is better than 
those with colon cancer – possibly a result of improvements 
in the use of multimodality therapy [8]. Nevertheless, the 
impact of RT or CRT on survival or reduction of distant 
metastases was not demonstrated [9, 10]. The incorporation 
of newer agents in chemoradiation (CRT) regimens has 
increased toxicity with modest or no increase in disease con-
trol [11–13].

In patients who have undergone radical surgery, decisions 
regarding adjuvant therapy must be dictated by the stage at 
presentation [14]. Adjuvant chemotherapy or stage II RC is 
not routinely recommended similar to stage II colon cancers. 
However, for selected stage II RC patients – including inad-
equately sampled lymph nodes, T4 lesions, perforation, or 
poorly differentiated histology – adjuvant therapy should be 
considered [15].

Short-course radiotherapy (SCRT) with immediate sur-
gery or long-course radiotherapy (LCRT) plus chemotherapy 
with delayed surgery are the most frequently used RT regi-
mens in RC. SCRT preoperatively for stage II or III patients 
are reasonable options if no tumor downsizing is needed. 
Nevertheless, there are some concerns regarding side effects 
to RT resulting from high-dose-per-fraction [16].

 Staging of Rectal Cancer

Extramural depth of tumor invasion in RC is prognostically 
important and determines the pre-and postoperative treat-
ment decisions. A meta-analysis of 90 studies indicated that 
MRI and EUS have similar sensitivity in the evaluation of 
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the depth of tumor penetration through the muscularis pro-
pria (94%). EUS was more specific for evaluating local 
tumor invasion (86% vs. 69%) [17]. Suzuki et al.  demonstrated 
the importance of MRI for the evaluation of adjacent organ 
status in locally advanced rectal cancer [18]. MRI is now a 
standard practice in many European countries. Experts agree 
that EUS and high-resolution MRI are established methods 
to determine preoperative local tumor (T) stage. The maxi-
mal extramural depth (EMD) of tumor spread, defined as the 
distance from the outer edge of the longitudinal muscularis 
propria to the outer edge of the tumor, was measured in the 
MERCURY trial [19]. The MR and histopathology results 
were considered to be equal to each other (95% confidence 
interval [1] of the difference was within ±0.5  mm). The 
MERCURY study showed that it was feasible to determine 
prognosis with true measurement of the depth of extramural 
tumor spread by thin-section MR. As a result, RC can be 
categorized into three prognostic subgroups with MRI-based 
staging according to the predicted relationship of the tumor 
to the circumferential resection margin (CRM), the degree of 
extramural spread, lymph node status, and the presence of 
extramural venous invasion. The tumors were classified as 
low (0–5 cm), medium (5.1–10 cm), and high (10.1–15 cm), 
according to the distance between the distal end of the tumor 
and the anorectal junction as measured by MRI [19].

 Optimal Surgical Approach

The definitive therapy for RC remains surgical resection by 
total mesorectal excision in the vast majority of patients 
especially those with no metastatic disease [20, 21]. Rates of 
recurrence with surgery alone were more than 50% before 
TME [22, 23]. LR rates after surgery significantly decreased 
with the widespread adoption of TME compared to older sur-
gical techniques. The American Joint Committee on Cancer 
(AJCC) recommends the evaluation of 12 lymph nodes to 
accurately identify early stage colorectal cancers [24]. The 
rate of CRM positivity is 5% or less with TME by low ante-
rior resection versus 10% and 25% for abdominoperineal 
resection. As expected, there is a higher LR rate with the 
abdominoperineal approach. There is evidence to support 
that a CRM of 1 mm or less may adversely affect survival, 
due to increased likelihood of LR and distant metastases 
[25]. Despite the low rates of LR after TME even without the 
use of any adjuvant treatment [26], LR risks could be further 
reduced by limiting surgeries to be performed by specially 
trained and certified surgeons [27].

Laparoscopic low anterior resection with TME is a new 
minimally invasive technique in colorectal surgery. Several 
randomized controlled trials that compared the oncological 
outcomes of open and laparoscopic surgery for rectal cancers 
were conducted [20]. These trials showed several advantages 

related to minimally invasive surgery with noninferior onco-
logical long-term outcomes between open and laparoscopic 
surgeries [28–30]. These advantages are: less postoperative 
pain and decreased hospital stay and recovery time. 
According to the COLOR II trial, laparoscopic surgery in 
patients with rectal cancer was associated with rates of 
locoregional recurrence and disease-free and overall survival 
similar to those for open surgery [31]. The most recent 
ACOSOG Z6051 and ALaCaRT trials had a primary end 
point definition focused on CRM, distal resection margin 
(DRM), and the completeness of the TME [32, 33]. Both of 
the trials failed to show noninferiority of laparoscopic low 
anterior resection compared to the effectiveness of open 
surgery.

Robotic platform is another new minimally invasive treat-
ment of rectal cancer. The ROLARR trial failed to demon-
strate any significant difference in the conversion rate to 
open surgery between robotic and laparoscopic resection 
[34]. TME quality, CRM involvement, and 30-day morbidity 
were not different between these techniques.

The transanal minilaparoscopy-assisted natural orifice 
transluminal endoscopic surgery (NOTES) approach holds 
significant promise as a safe and less morbid alternative to 
conventional low anterior rectal resection [35]. NOTES 
reduces the trauma associated with conventional surgery by 
maintaining the integrity of the abdominal wall. Transanal 
TME may represent an innovation for the treatment of rectal 
cancer, particularly cancers in the middle and distal parts of 
the rectum. Transanal TME improves the quality of the 
resection when compared with laparoscopic surgery, by 
allowing longer DRM and optimal CRM with adequate 
lymph node dissection, notably for male patients with a nar-
row pelvis, a bulky mesorectum, or visceral obesity [20]. 
However, transanal TME is a novel technique, and the data 
are derived only from observational studies. Standardization 
of the surgical procedure is important before any generaliza-
tion can be made on this technique. The results of the ongo-
ing COLOR III trial, which compares transanal TME with 
laparoscopic TME, will be important for the standardization 
of these surgical procedures in rectal cancer [36].

 Preoperative Radiotherapy

Treatment of RC with surgery alone, with neoadjuvant [37–
42] or adjuvant [43–46] RT were explored in many studies. 
Preoperative RT was suggested to be more effective than 
postoperative RT in lowering LR rates [47, 48]. In the first 
Stockholm trial evaluating preoperative SCRT (SCRT tech-
nique from Siegel et al. [49]) in operable RC patients who 
received RT, the relative reduction in the LR rate was greater 
than 50% after 5  years [50]. However, the postoperative 
mortality within 30 days of surgery was increased after RT, 
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mainly in older patients. In the Stockholm II trial, patients 
were randomized to preoperative SCRT followed by surgery 
within a week or surgery alone [51]. With a median 
 follow- up of 8.8 years and in patients who underwent cura-
tive surgery the incidence of pelvic recurrence was 12% and 
25% in SCRT versus no SCRT groups, respectively 
(p < 0.001). The overall survival (OS) rate in the irradiated 
patients who underwent curative surgery was also improved 
(46% versus 39%, p < 0.03). Kapiteijn et al. evaluated the 
efficacy of preoperative SCRT combined with standardized 
TME in patients with resectable RC [52]. The rates of LR at 
2 years were 2.4% in the group assigned to RT before sur-
gery and 8.2% in the group in which the patients received 
surgery alone (p < 0.001) The overall rate of LR at 2 years 
was 16.1% in the group assigned to RT and surgery and 
20.9% in the group assigned to surgery alone (p  =  0.09). 
Preoperative SCRT reduced the risk of LR and improved 
local control of disease in the patients with RC who under-
went a standardized TME.

A Dutch study randomized RC patients to TME alone 
versus preoperative SCRT followed by TME [53]. The 5-year 
LR rate was 4.6% in the RT + TME group and 11.0% in the 
TME-only group. TME reduced the risk of pelvic recurrence 
and favorably affected the survival after surgery. In this 
study, the recurrence area also was evaluated to show prog-
nosis. Presacral LR is the most common type of LR and has 
a poor prognosis in general. Anastomotic and anterior recur-
rences have a relatively good prognosis. Lateral site LRs 
were seen in 20% of patients and the results were similar 
with the literature [54].

In the Swedish Rectal Cancer Trial preoperative SCRT 
(25 Gy/5 fractions) not only lowered the rate of LRs but also 
improved the overall survival. At 5 years, the LR rate was 
11% in the SCRT group (vs. 27% in control group, p < 0.001). 

Patients who received SCRT had a better OS rate by 58% 
compared to surgery alone at 5 years (48%, p < 0.004). In 
this trial, the proportional reduction in the rates of LR was 
similar in all stages [55]. This has also been reported from 
the Stockholm trial [50]. Nevertheless, in patients with an 
anatomically very low tumor – particularly in men in whom 
an abdominoperineal excision is considered – preoperative 
RT should be considered irrespective of tumor stage, because 
such patients are at a high risk for local failure even if sur-
gery is optimal.

The choice of patients with resectable RC who should 
receive preoperative RT must be individualized. Some sur-
geons are of the opinion that they can achieve very low rates 
of LR and good survival without preoperative RT, provided 
that the surgical technique is optimal [56]. However, preop-
erative RT improves local control in RC in almost all studies 
[51–53, 55] (Table 9.1). In two studies, Kapiteijn et al. [52] 
and Dutch [53], there was no advantage for OS compared to 
the Swedish and Stockholm trials.

 Preoperative Versus Postoperative 
Concurrent Chemoradiotherapy

Choosing a postoperative or preoperative multi-modal treat-
ment strategy in a given patient is an important consider-
ation. The concurrent use of postoperative RT and 
5-fluorouracil (5-FU) has been shown to reduce LRs and to 
improve survival in patients with LARC [57, 58]. The most 
definitive study comparing preoperative versus postoperative 
CRT was the German CAO/ARO/AIO-94 trial [59]. In this 
study, all patients underwent TME and received four cycles 
of chemotherapy postoperatively. This study randomly 
assigned patients with clinical stage T3 or T4 or node- 

Table 9.1 Surgery with or without RT

Study/published date/reference No LR rate % DFS rate % OS rate % Median follow-up time (months)
Dutch TME trial/2010 [53]
  Surgery alone
  Surgery + preoperative SCRT

704
713

11
4.6

– No difference

Stocholm II/1996 [51]
  Surgery alone
  Surgery + preoperative SCRT

285
272

25
12
p < 0.001

– 39
46
p < 0.03

106

Kapiteijn et al./2001 [52]
  Surgery alone
  Surgery + preoperative SCRT

875
873

8.2
2.4
p < 0.001

79.1
83.9
p = 0.09

81.8
82
p = 0.84

24.9

Swedish Rectal Cancer Trial/2009 [55]
  Surgery alone
  Surgery + preoperative SCRT

557
553

27
11
p < 0.001

62
72
p < 0.001

48
58
p = 0.004

75

SCRT Short-course radiotherapy, LCRT long-course radiotherapy, LR local recurrence, DFS disease-free survival, OS overall survival, No number 
of patients in each group, RT radiotherapy
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positive disease to receive either preoperative or postopera-
tive CRT. Compared to postoperative CRT, the preoperative 
approach was superior in terms of treatment compliance, 
downsizing, acute and chronic toxicities, and 5-year local 
control rate [60]. Sphincter preservation was increased in the 
subgroup of patients who were thought to need an abdomi-
noperineal resection (39% for preoperative CRT and 19% for 
postoperative CRT) when evaluated initially. The 10-year OS 
rates were 59.6% for preoperative CRT and 59.9% for post-
operative CRT (p = 0.85). The 10-year cumulative incidence 
of LR was 7.1% for patients assigned to the preoperative 
CRT and 10.1% for patients in the postoperative CRT group 
(p = 0.048). There was a reduction in the late anastomotic 
strictures with preoperative therapy, and acute toxicity was 
also reduced by using preoperative CRT, both statistically 
significant. This study provided strong evidence of the 
advantages for preoperative CRT and increased possibility of 
sphincter preservation with the use of preoperative 
CRT. However, preoperative CRT did not improve survival 
over postoperative CRT.

In the National Surgical Adjuvant Breast and Bowel 
Project (NSABP) R-03 trial [61], surgery was performed 
within 8  weeks after RT completion. In the postoperative 
group, CT was started within 4  weeks after surgery. 
Preoperative CRT, compared with postoperative CRT, sig-
nificantly improved disease-free survival (DFS); 5-year 
disease- free survival rates for preoperative and postoperative 
CRT patients were 64.7% and 53.4%, respectively 
(p = 0.011). Similar to the German CAO/ARO/AIO-94 trial 
[59], there was no significant difference in OS between the 
arms; the 5-year OS rates for preoperative and postoperative 
patients were 74.5% and 65.6%, respectively (p  =  0.065). 
Unlike the German trial that demonstrated a significant 
reduction in the 5-year cumulative LR rate with preoperative 
CRT, there was no difference between preoperative or post-
operative CRT arms in terms of LR in the NSABP R-03 trial. 
The difference of outcome in LR recurrence between the two 
studies could be influenced by the type and quality of the 
surgical procedure. It is noteworthy that not every single 
patient in the NSABP R-03 underwent a TME, compared 
with 100% of the patients in the German CAO/ARO/AIO-94 
trial. The LR rates in the preoperative RT group were also 
lower in the Dutch trial [53], different from NSABPR-03 
[61] in which each recurrence rate of the arms was equal to 
10.7% at 5 years. The rate of LR at 2 years was reduced from 
8.2% to 2.4% with the addition of preoperative RT. The dif-
ference in the LR rates between the Dutch and NSABP R-03 
trials was due to the length of follow-up (2 vs. 5  years, 
respectively), dose of RT (25 vs. 50.4 Gy, respectively), tim-
ing of RT (5 days vs. 5 weeks, respectively), type of surgery 
(mandatory TME in the Dutch trial), and patient eligibility 

(inclusion of stage I patients in the Dutch study). Equivalent 
rates of LR between preoperative and postoperative therapy 
in the NSABP R-03 trial are difficult to explain because there 
were only 28 locoregional events observed in this trial, and 
the statistical power to detect a 33% reduction in LR was 
only 18% (see Table 9.2) [43, 59, 61–66].

Another group of studies addressed optimal postoperative 
treatment (Table 9.2) [43, 59, 61–66]. NSABP R-02 random-
ized Dukes’ B or C rectal cancer patients [65] to either post-
operative CT alone or CT and postoperative RT. The latter 
resulted in no improvement in DFS (p  =  0.90) or OS 
(p = 0.89), but it decreased the cumulative incidence of LR 
from 13% to 8% at 5-year follow-up (p = 0.02). The results 
were similar to the previously reported findings from NSABP 
R-01 [43]. The CT group, when compared with the surgery 
alone group, showed an overall increase in DFS (p = 0.006) 
and OS (p = 0.05). There was a decrease in LR from 25% to 
16% with postoperative radiation compared to surgery alone 
(p = 0.06). No significant benefit in overall DFS (p = 0.4) or 
survival (p  =  0.7) from the use of radiation was demon-
strated. The conclusion from these studies was that adjuvant 
CT is beneficial in the management of RC. Postoperative RT, 
administered alone or together with CT, is unsuccessful in 
changing the subsequent incidence of distant disease. This 
will be in contrast to the conclusions from the GITSG 7175 
trial [64]. In GITSG 7175 trial, receiving CT after surgery 
significantly reduced the LR and demonstrated an increase in 
DFS rates independently from the use of RT, resulting in a 
discrepancy of outcome when we compare with the NSABP 
R-02 study [65]. In the GITSG 7175 trial there was no post-
operative CT alone arm. It is possible that the significant pro-
longation of DFS was because of CT.  This assertion was 
strengthened by the NSABP R-01 results, which concluded 
that CT, not concurrent with RT, achieved an increase in DFS 
and OS. Although the use of RT before surgery for low-lying 
lesions of the rectum has become more frequent to control 
LRs, survival advantage was detected to be only statistically 
significant in a few trials: the Stockholm II and Swedish 
studies [51, 53].

The COPERNICUS trial compared giving neoadjuvant 
chemotherapy prior to SCRT then surgery within a short 
time interval in operable RC, which proved feasible with 
good compliance and promising efficacy [67]. The FOWARC 
study reported preliminary results of the efficacy of 
FOLFOX6 (leucovorin calcium [folinic acid], fluorouracil, 
and oxaliplatin) concurrent with RT or FOLFOX6 alone in a 
neoadjuvant setting. FOLFOX6 concurrent with RT resulted 
in higher pCR (pathological complete response) rate, neoad-
juvant FOLFOX6 alone achieved a similar downstaging rate 
with less toxicity and post-op complications, compared to 
preoperative 5-FU with RT [68].
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 Optimal Delivery of Radiotherapy

Preoperative SCRT without concurrent chemotherapy is 
the preferred modality in some European countries. 
However, oncologists in the United States did not adopt 
this SCRT approach because of the potential for late radia-
tion morbidity and anorectal dysfunction resulting from 
hypofractionation of the total radiation dose. In the United 
States, stage II or higher RC is more commonly treated 
with preoperative CRT consisting of 45–50.4  Gy of RT 
(over 5–6 weeks) concurrent with infusional 5-FU or oral 
capecitabine to be followed by surgery in 6–10 weeks after 
the completion of CRT.

The UK Medical Research Council (MRC) and the 
National Cancer Institute of Canada (NCIC) randomized 
patients to receive either preoperative SCRT (25 Gy in five 
fractions; n  =  674) followed by surgery or surgery with 
selective postoperative CRT (45  Gy in 25 fractions with 
concurrent infusion 5-FU) [66]. LR rates were 10.6% in the 
postoperative CRT group and 4.4% in the preoperative 
SCRT group (p < 0.0001). But, there was no significant dif-
ference in the OS rates between the two arms of the study 
[66]. In the Swedish Rectal Cancer Trial, the LR rate was 
11% in the SCRT group at 5 years (vs. 27% in the group 
treated with surgery alone p < 0.001). Interestingly, patients 
who received SCRT had a higher OS rate compared to sur-

Table 9.2 Neoadjuvant and adjuvant approaches in RC patients: CT, RT, CRT, and surgery

Study/published date/reference No LR rate % DFS rate % OS rate %
Median follow-up 
time (months)

Addition CT to 
preoperative RT 
trials

Polish rectal trial/2006 [62]
  Surgery + pre-op SCRT
  Surgery + pre-op LCRT + CT

9
14.2
p = 0.170

58.4
55.6
p = 0.820

67.2
66.2
p = 0.960

48

TROG trial/2012 [63]
  Surgery + pre-op SCRT
  Surgery + pre-op SCRT + CT

163
163

7.5
4.4
p = 0.24

27
30
p = 0.92

74
70
p = 0.62

71

Postoperative trials GITSG/1988 [64]
  Surgery alone
  Surgery + post-op RT
  Surgery + post-op CRT

58
50
46

43.1
40.0
21.7
p = 0.005

44
50
65
p = 0.01

–

NSABP-RO-1/1988 [43]
  Surgery alone
  Surgery + post-op RT
  Surgery + post-op CT

179
182
183

25
16
a

p = 0.06

30
a

42
p = 0.006

43
a

53
p = 0.05

64.1

NSABP-RO-2/2000 [65]
  Surgery + post-op CT
  Surgery + post-op CRT

348
346

13
8
p = 0.02

No 
significance
p = 0.9

No significance
p = 0.89

Average 93

Preoperative and 
postoperative

German CAO/ARO/AIO-94 
trial/2012 [59]
  Surgery + pre-op CRT
  Surgery + post-op CRT

404
395

7.1
10.1
p = 0.048

29.8
29.6
p = 0.9

59.6
59.9
p = 0.85

134

NSABP-RO-3/2009 [61]
  Surgery + pre-op CRT
  Surgery + post-op CRT

123
131

10.7
10.7
p = 0.693

64.7
53.4
p = 0.011

74.5
65.6
p = 0.065

101

MRC and NCIC C016/2009 [66]
  Surgery + pre-op SCRT
  Surgery + post-op CRT

674
676

4.7
11.5
p < 0.0001

73.6
66.7
p = 0.013

70.3
67.9
p = 0.40

48

SCRT Short-course radiotherapy, LCRT long-course radiotherapy, LR local recurrence, DFS disease-free survival, OS overall survival, No number 
of patients in each group, CT chemotherapy, RT radiotherapy
aThere is not any difference with these rates
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gery alone (58% vs. 48%, p  <  0.004) [55]. Also as men-
tioned before in some of the studies [51, 52, 69], their results 
supported the MRC CR07/NCIC-CTG C016 trial in terms 
of LR rates. The OS was not different in the MRC CR07/
NCIC-CTG trial similarly with some studies NSABP-RO-3 
[61], German CAO/ARO/AIO-94 [59]. In the Dutch trial 
[53], the 5-year LR rates were seen in 4.6% of the SCRT 
group and 11% of the surgery alone group (p < 0.001). OS 
was similar in both. The effect of SCRT on LR remained 
even after 12 years.

The results of all the trials confirm that neoadjuvant RT 
improves the LR rates. The optimal RT delivery remains in 
question with respect to LR and OS.  In the Stockholm III 
trial [70], significantly more complications were seen in 24 
of 37 (65%) patients who underwent surgery 11–17  days 
after the start of SCRT, than in 29 of 75 (39%) patients who 
underwent surgery less than 11 days after the start of SCRT 
(p  =  0.04). Besides these studies, other trials, which were 
designed for a SCRT alone group and LCRT concurrent with 
CT group, could not find any difference regarding LR rates, 
DFS, and OS [62, 63]. Treatment approaches should be indi-
vidualized. Here, treatment toxicity and the patient’s prefer-
ences are important points to consider when choosing LCRT 
or SCRT.

CRT has demonstrated the effectiveness in most clinical 
trials. Clinically resectable patients (cT1-3Nx) were 
included in SCRT trials, whereas CRT trials allowed only 
stage II (T3–4) or stage III (node [N] positive) disease. In 
the Polish rectal trial [62], the 4-year OS was 67.2% in the 
SCRT alone group and 66.2% in the SCRT+CT group 
(p  =  0.960). DFS was 58.4 versus 55.6%, respectively 
(p  =  0.820). LR rates were 9% versus 14% in the short 
course and long course, respectively (p  =  0.170). Acute 
radiation toxicity was higher in the CRT group (18.2 vs. 
3.2%; p  <  0.001). However, there were no differences in 
late toxicities. No beneficial effect on survival or local con-
trol was obtained by the neoadjuvant CRT.  Ngan et  al. 
reported the results of the Trans-Tasmanian Radiation 
Oncology Group (TROG) trial [63]. They reported no sig-
nificant difference in local relapse (7.5% for short- course, 
compared to 4.4% for long course, p = 0.24) after 3 years of 
follow-up. Additionally, no difference was observed in 
5-year distant recurrences, relapse-free survival, or 
OS. There was no difference noted in the rate of sphincter- 
sparing surgery. Grade 3 or 4 late toxicity, as reported at 
3 years, was not different between the two groups in this 
trial, similar to the Polish trial [62].

According to our interpretation of all these study results, 
the trials so far indicate that SCRT or LCRT are both accept-
able treatment options for selected stage II and III RC 
patients. If the preoperative radiotherapy is used to improve 
sphincter preservation, then the standard long-course radia-
tion should be the better choice.

 Choice of Systemic Therapy

 Fluoropyrimidines

5-Fluorouracil (5-FU) has been used for many years in the 
treatment of colorectal cancer. The use of long-term con-
tinuous infusion became the preferred standard when 
combined with postoperative radiotherapy [71]. In this 
study, there was an advantage to the continuous infusion 
5-FU compared with bolus 5-FU in terms of local control, 
DFS, and OS.  The NSABP R-04 trial established that 
capecitabine is noninferior to infusional 5-FU when used 
concurrently with preoperative radiation [72]. Other stud-
ies did not support the addition of drugs such as oxalipla-
tin [73], irinotecan [74], bevacizumab [75], cetuximab 
[12], or panitumumab [76]. Hence a fluoropyrimidines 
with either capecitabine or continuous infusion 5-FU 
became the standard systemic therapy regimen during 
radiation therapy.

 Oxaliplatin and Irinotecan

The main neoadjuvant treatment approach for patients with 
clinical stage II and III RC is a fluoropyrimidine-based che-
motherapy concurrent with RT. A study of infusional ver-
sus bolus 5-FU demonstrated that infusional rather than 
bolus 5-FU administered concurrently with RT increased 
the likelihood of a pCR in patients with LARC [77]. 
Preoperative chemotherapeutics that would increase com-
plete pathological response are still being investigated. 
Availability of newer cytotoxic agents and targeted agents 
created the potential treatment strategies to be tested in 
clinical trials testing the contributions of capecitabine, 
oxaliplatin, and irinotecan.

The phase III trial ACCORD 12/0405-Prodige 2 com-
pared neoadjuvant RT plus capecitabine with dose- 
intensified RT plus capecitabine and oxaliplatin [13]. The 
oxaliplatin- containing group had a higher percentage of 
pCR (19.2% vs. 13.9%) that was not significant statistically 
(p = 0.09). The grade 3 or 4 toxicity rates were significantly 
higher in the oxaliplatin-containing group (25% vs. 11%; 
p < 0.001), without difference in sphincter-sparing surgery 
rates (75% vs. 78%). The NSABP-04 trial randomized 
patients with rectal cancer to infusional 5-FU and oral 
capecitabine, with or without the oxaliplatin [71]. No differ-
ences between pCR rates, sphincter preservation, or surgi-
cal-downsizing were observed between the capecitabine 
and 5-FU regimens whether or not oxaliplatin was added. 
Patients who received oxaliplatin had significantly higher 
rates of grade 3 and grade 4 acute toxicities (15.4% vs. 
6.6%; p < 0.001). The STAR-01 trial also investigated the 
efficacy of oxaliplatin-5FU combination in LARC patients. 
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The rate of pCR was 16% in both arms (p = 0.904). Grades 
3–4 treatment-related acute toxicities were increased with 
the addition of oxaliplatin (24% vs. 8%; p < 0.001) [11]. In 
the German CAO/ARO/AIO-04 trial, pCR was achieved in 
17% of the patients who underwent surgery in the 5-FU plus 
oxaliplatin group and in 13% of the patients who underwent 
surgery in the fluorouracil group (p = 0.038) [78]. Unlike 
the previously mentioned studies, grade 3–4 toxicities were 
not significantly different between the arms, and pCR was 
higher in 5-FU plus oxaliplatin group. Longer follow-up is 
required to show the effect on DFS. In the PETACC-6 trial, 
pCR rates in both arms were 11.3% in capecitabine alone 
and 13.3% in the oxaliplatin group (p = 0.31) [57]. Grade 
3/4 toxicity occurred in 15.1% of patients in capecitabine 
group and 36.7% in the oxaliplatin group. For clear evalua-
tion, we should wait for the study end points to be reported 
in the future.

Irinotecan is an accepted chemotherapeutic agent in 
advanced RC that was also studied in a neoadjuvant setting. 
In the RTOG 0012 trial, the addition of irinotecan did not 
increase the pathological response rate. Acute and late tox-
icities were similar in each arm [79]. In the RTOG 0247 trial, 
the pCR rates were 10% in the irinotecan group and 18% in 
the oxaliplatin group. Like oxaliplatin, irinotecan was found 
to be ineffective with regard to neoadjuvant treatment of rec-
tal cancer with increased toxicities [80].

The current widely used approach as evidenced by the 
aforementioned clinical trials is the use of neoadjuvant CRT 
using a fluoropyrimidine concurrent with RT. However, with 
the improvements in the drug regimens in treating metastatic 
disease, the role of systemic therapy prior to surgery is now 
being considered. Such therapy with combinations of fluoro-
pyrimidine and either oxaliplatin or irinotecan will offer bet-
ter systemic disease control and possibly local disease 
control comparable to a fluoropyrimidine-RT regimen. 
Schrag et  al. argued that “neoadjuvant CRT delays the 
administration of optimal CT in stage II to III RC” [81]. In 
an innovative pilot study, outcomes with neoadjuvant 
FOLFOX (fluorouracil, leucovorin, and oxaliplatin)/bevaci-
zumab were assessed with selective use of CRT, and the 
investigators concluded that for selected patients with clini-
cally staged-II to III RC, neoadjuvant CT and selective RT 
does not seem to compromise outcomes [81]. This strategy is 
now being continued into a phase III Preoperative Radiation 
or Selective Preoperative Radiation and Evaluation Before 
Chemotherapy and TME (PROSPECT, NCT01515787) trial 
(see Fig. 9.1) [82]. The challenge for the design of the trials 
of RC is the pelvic radiation, which can be associated with 
short- and long-term major morbidities [82]. Neoadjuvant 
CRT may also overtreat some patients whose risk of LR is 
low after TME alone [83]. For eligible patients, chemother-
apy alone may also provide a significant benefit in terms of 
local control [84].

 Targeted Agents

Epidermal growth factor receptor (EGFR) inhibitors were 
studied in neoadjuvant treatment of rectal adenocarcinoma 
because of their efficacy in metastatic CRC in tumors with 
wild-type RAS. Cetuximab, an anti-EGFR monoclonal anti-
body, demonstrated significant benefit in metastatic CRC 
[85, 86]. In a phase II clinical trial, 31 patients with LARC 
received cetuximab and capecitabine concomitantly with 
45  Gy RT prior to surgery. Addition of cetuximab to 
capecitabine-RT, though well tolerated, did not improve the 
pCR rate [87].

A phase II study, S0713 investigated whether addition of 
cetuximab to standard Neo-CRT improves pCR in 83 LARC 
and Kras-wild-type patients. Cetuximab was added to induc-
tion CT of oxaliplatin and capecitabine, followed by Neo- 
CRT. Induction chemotherapy and Neo-CRT with cetuximab 
improved pCR to approximately 20% [88]. Encouraging 
results were also seen with gefitinib, a potent EGFR tyrosine 
kinase inhibitor when combined with both CT and RT in pre- 
clinical studies [89]. An Italian study of 41 patients with 
uT3/T4 or uN+, who received a combination of prolonged 
intravenous infusion of 5-FU and gefitinib with pelvic RT, 
reported a pCR rate of 30% [90]. However, significant grade 
3 toxicity was seen; 21% were gastrointestinal, 26% hepatic, 
and 61% of patients required a dose reduction. In another 
phase I/II trial, gefitinib was administered concomitant with 
preoperative RT in 20 patients with LARC; 5 patients had 
pCR (20%) [91]. At this time, oral tyrosine kinase inhibitors 
targeting EGFR are being developed further in this neoadju-
vant setting. The efficacy of panitumumab in patients with 
RAS wild-type metastatic colorectal carcinoma has been 
shown in several phase III studies [92, 93]. The phase II trial 
SAKK 41/07 investigated the addition of panitumumab (P) 

T2N1
T3NO
T3N1

Rectal Cancer

5FU/CAP+RT TME

TME

FOLFOX (8 CYCLE)

FOLFOX
(6 CYCLE)

FOLFOX (6 CYCLE)

FOLFOX (2 CYCLE)

Staging the patient
again

If response < 20% If response ≥ 20%

TME5FU/CAP+RT

Fig. 9.1 PROSPECT is the acronym for preoperative radiation or 
selective preoperative radiation and evaluation before chemotherapy 
and Total Mesorectal Excision (TME) [81]. This trial (NCT01515787) 
is ongoing and should help further clarify the role of neoadjuvant sys-
temic chemotherapy alone without radiotherapy
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to neoadjuvant capecitabine and external beam RT [76]. 
Pathological near-complete or complete tumor response was 
achieved in 21 patients (53%) treated with P + CRT versus 9 
patients (32%) treated with CRT alone. This study showed 
that the addition of panitumumab to neoadjuvant CRT in 
patients with KRAS wild-type LARC resulted in higher near 
or complete pathological response rates, suggesting the need 
for a larger randomized trial.

An anti-vascular endothelial growth factor (VEGF) mono-
clonal antibody, bevacizumab is widely used in the treatment 
of metastatic CRC patients [94, 95]. Bevacizumab has been 
investigated in CRT studies in RC. In the AVACROSS trial, 
the addition of bevacizumab to XELOX (capecitabine plus 
oxaliplatin) induction therapy and concomitant capecitabine-
RT in LARC was investigated [96]. A selected 47 patients 
were enrolled to this study, 34% of whom achieved a 
pCR.  The pCR rates were lower in the GEMCAD-GCR3 
study [97] in which a pCR of only 14% was found after 
induction therapy with XELOX, concomitant XELOX-RT 
followed by surgery. It is possible that the addition of bevaci-
zumab provides higher efficacy for pCR. There are also some 
concerns that the combination of bevacizumab and radiation 
may increase surgical morbidity. A phase II study of 5-FU, 
aflibercept (which binds to VEGF-A, VEGF-B, and placental 
growth factor), and RT for the preoperative and adjuvant 
treatment of stage II/III RC was presented at the 2015 
American Society of Clinical Oncology (ASCO) meeting. 
This treatment was well tolerated, but did not show a different 
pCR rate from historical data [98].

 How to Optimize Adjuvant and Neoadjuvant 
Therapy?

As discussed earlier, LR risk is a concern in patients with 
stage II–III rectal cancer. This is partly explained by the ana-
tomical location of the rectum being close to the pelvic 
organs. Downsizing of the tumor and associated lymph 
nodes improves the chances of negative margins, sphincter- 
sparing surgery in low and intermediate lying tumors, and 
reduces some of the acute and long-term morbidities of RT 
(compared to postoperative CRT) [59]. Hence, neoadjuvant 
treatment consisting of CT and RT is the treatment of choice 
in patients with LARC (T3 N0, or TanyNpositive) especially 
in those where preoperative staging assessments suggest the 
presence of mesorectal invasion [99].

In a phase III trial, investigators studied capecitabine or 
5-FU by CVI concurrent with RT (50.4 Gy) in 392 patients 
with stage II–III RC who were given treatments in either a 
neoadjuvant or adjuvant setting in a randomized fashion. 
There was no difference in the LR rate or OS between the 
study arms. However, patients receiving capecitabine had 
increased rates of tumor downstaging (55% vs. 39%) and 

pathological node-negative rates (71% vs. 56%) compared to 
those receiving CVI 5-FU.  Patients receiving capecitabine 
also had significantly more hand-foot skin reactions in any 
grade (31% vs. 2%), but lesser neutropenia (35% vs. 25%) 
[100]. Geva et al. found no advantage for the administration 
of adjuvant CT with regard to either DFS or OS. It is com-
monly considered that the use of postoperative RT in addi-
tion to CT increases survival in the patients with 
pathologically staged II or III rectal carcinoma [101]. The 
efficacy of postoperative RT and 5-FU-based CT for the 
patients was established by a series of prospective, random-
ized clinical trials [102–105].

MRI and EUS are tools to clinically determine the stage 
of rectal cancer. The question is whether we must use clinical 
staging before surgery for adjuvant treatment decisions. We 
must keep in mind the possibilities of erroneous tumor stag-
ing using either MRI or EUS that may include over- or 
under-staging. As an example, clinical stage I in a preopera-
tive setting at times may be found to be pathological stage II 
or even III.  A consensus established by the National 
Comprehensive Cancer Network (NCCN) panel was as fol-
lows: Preoperative CRT must be performed for patients with 
clinically staged-II//III RC.  Postoperative CRT is recom-
mended when stage I RC is pathologically staged-II or III 
after surgery [106]. In addition, following neoadjuvant CRT 
and surgical resection for clinically staged-II/III RC, the 
NCCN guidelines recommend adjuvant CT that is indepen-
dent from the results of surgical pathology staging.

Patients whose primary tumors are located high in the rec-
tum and are clinically staged T3 N0 disease are in a lower 
risk group [107]. After CRT, little benefit may be derived 
from additional postoperative chemotherapy in these low- 
risk patients. However, if these patients underwent radical 
resection without neoadjuvant chemoradiation, adjuvant 
chemotherapy may be considered.

 Role of Surgery in Clinical Stage T0N0 After 
Neoadjuvant Therapy

Morbidity, mortality, and stoma construction problems may 
complicate the surgery for rectal cancer. Organ-preserving 
treatments may provide equivalent oncological outcomes 
with the standard treatment modalities in rectal cancer. The 
major advantage of no surgery after neoadjuvant therapy is to 
avoid a permanent colostomy, especially in low-lying rectal 
tumors. Some researchers investigated the benefit of surgery 
in patients who had clinical stage 0 after CRT. This alternative 
approach has been the concept of nonoperative surveillance, 
which was termed “watch and wait.” This strategy is based on 
the diagnosis of a clinical complete response (cCR) in which 
there is no evidence of detectable tumor at clinical and radio-
logical re-assessment following neoadjuvant CRT [108]. 
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Habr-Gama et al. determined that surgery was necessary in 
patients with clinical stage 0 RC [109]. They compared the 
outcomes of complete responders with or without surgery. 
Following CRT, 71 patients (26.8%) who had complete clini-
cal response were observed without surgery. The 5-year over-
all survival rates were 88% and 83% in the resection group 
and in the observation group, and DFS rates were 100% and 
92%, respectively. Smith et al. suggested that clinical com-
plete response determined by radiology may provide similar 
prognostic value as a pathological compete response [110]. 
Reliable and consistent identification of stage 0 disease after 
CRT for distal RC is essential to define a subset of patients 
that may be managed by close observation alone and without 
surgical resection and permanent colostomy. Patients with 
cT2N0 rectal cancer are more likely to develop complete 
response to neoadjuvant CRT [111]. Radiation dose-escala-
tion and consolidation chemotherapy have been associated 
with increased rates of response and may improve chances of 
organ preservation among these patients. cT2N0 patients 
undergoing extended CRT were more likely to undergo organ 
preservation and avoid definitive surgical resection at 5 years 
(67% vs. 30%; p  =  0.001) [111]. The Memorial Sloan 
Kettering Cancer Centre (MSKCC) is currently running a 
phase II study in which patients are randomized between 
induction chemotherapy followed by nCRT, and nCRT fol-
lowed by consolidation chemotherapy (https://clinicaltrials.
gov/ct2/show/NCT02008656). Patients with a significant 
clinical response to treatment are being managed with a non-
operative strategy. The PROSPECT trial [82] (NCT01515787) 
is ongoing and should help further clarify the role of neoadju-
vant systemic chemotherapy alone. If organ preservation is 
sought, radiotherapy should currently be included in the treat-
ment strategy.

In the absence of stronger evidence toward a precise time 
point, clinicians who are considering watch and wait for their 
patients should organize response assessment investigation 
between 6 and 12 weeks after the completion of treatment. 
Patients who have shown some degree of response might 
actually benefit from longer waiting and perhaps consolida-
tion chemotherapy in some of them [112]. The new European 
Society for Medical Oncology (ESMO) guidelines do not 
routinely recommend adjuvant treatment in RC [113]. 
Positron emission tomography (PET) and computed tomog-
raphy scans were found to be inadequate in distinguishing 
complete from partial responders [114]. Magnetic resonance 
imaging can be used to predict tumor regression grade after 
CRT [115]. Of note, residual tumors were located at the inva-
sive front or submucosal layer of the rectum, suggesting that 
endoscopic biopsies are not useful. A full-thickness or exci-
sional biopsy could detect residual malignancy more accu-
rately [116]. Neither endoscopic nor full-thickness biopsies 
guarantee the confirmation of a complete response in lymph 
nodes. The surveillance protocol includes a combination of 

clinical examination, monitoring of CEA level, flexi- 
sigmoidoscopy, and/or complete colonoscopy and imaging 
exams. No clear recommendation as to the best surveillance 
program has been defined, but several series have reported 
that the vast majority of regrowths occur in the first 2 years 
after completion of treatment. Most groups of investigators 
have opted for clinical visits and exams every 1–3 months for 
the first 2 years.

Dossa and colleagues did a systematic review and meta- 
analysis on the safety and outcomes of a watch and wait 
approach in patients achieving cCR [117]. They defined 
local regrowth as evidence of intraluminal tumor detected 
clinically, endoscopically, or radiologically. Nodal disease 
was considered as non-regrowth recurrence, which also 
included any non-luminal intrapelvic disease or distant met-
astatic disease. The pooled rate of local regrowth was 15.7% 
(95% CI 11.8–20.1), and following a regrowth, the pooled 
rate of salvage therapy was 95.4% (95% CI 89.6–99.3). For 
those patients undergoing salvage surgery, the rate of sphinc-
ter preservation was 49.8% (95% CI 33.0–66.6). Compared 
to patients managed with surgery, patients being followed in 
a watch and wait protocol did not have any significant differ-
ence in non-regrowth recurrence, cancer-specific mortality 
and overall survival.

Kong et al. found the rate of tumor regrowth was 28.4%, 
with a rate of salvage surgery of 83.8%. The rate of distant 
recurrence without tumor regrowth was 1.9% [118]. The rate 
of distant recurrence was similar between patients in the 
watch and wait group and patients having immediate sur-
gery. Disease-free survival and overall survival differed 
between studies, but it ranged from 97% at 2 years to 91% at 
5 years for OS, and 88% at 2 years to 68% at 5 years for 
DFS, without any significant difference when compared to 
patients having a pCR after immediate surgery. The 
International Watch and Wait Data Base reported, with a 
median follow-up time of 2.6  years, that the rate of local 
regrowth was 25%, and 84% of these regrowths occurred in 
the first 2  years after treatment [119]. Ninety-six percent 
(96%) of the regrowths were intraluminal, and 4% were 
locoregional nodal recurrence. Seven percent (7%) of 
patients developed distant metastatic disease. The OS at 
3  years was 91%. Despite these impressive results, the 
NCCN panel does not support this approach in the routine 
management of localized rectal cancer. Moreover, one of the 
main concerns with watch and wait is the lack of long-term 
data, especially on patients who experience regrowth, to con-
firm the safety of this approach. A randomized controlled 
study, such as the TRIGGER trial, should provide more reli-
able answers [120].

At this time, an organ-sparing strategy of a watch and wait 
approach needs further consideration. This approach must be 
used in very selected patients with distal tumors in whom 
poor functional anal sphincter outcome is to be expected and 
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who are expected to be compliant with stringent follow-up. In 
addition, patients who have major morbidities and poor per-
formance status may also be candidates.

 Total Neoadjuvant Therapy

In many trials, compliance with adjuvant therapy after sur-
gery was poor [121]. The most common reason for the 
poor adjuvant chemotherapy compliance was treatment-
related/postoperative toxicities. On the other hand, neoad-
juvant chemotherapy (NAC) may allow for greater 
treatment compliance with reducing toxicity rates. Earlier 
delivery of full-dose, systemic therapy to eliminate micro-
metastatic disease has the potential to improve disease-
related outcomes [122].

Total neoadjuvant therapy (TNT) with neoadjuvant che-
motherapy can also facilitate the selection of patients who 
may benefit from organ preservation or a watch and wait 
approach. Two neoadjuvant paradigms have emerged from 
the literature: () CRT followed by NAC, and (2) NAC fol-
lowed by CRT.  Multiple prospective studies have reported 
that neoadjuvant chemotherapy improved compliance rates, 
reduced toxicity, and decreased distant relapse rate. Adding 
chemotherapy after chemoradiotherapy can increase the 
complete clinical response rate [122]. One study showed 
substantial improvement in the complete clinical response 
rate with chemotherapy after CRT, in which the pathological 
complete response rate was doubled [123].

A TNT approach could increase the proportion of patients 
with rectum cancer who are eligible for organ preservation. 
Validation and optimization of a TNT approach with future 
studies is needed.

 Conclusion

A multidisciplinary team approach is essential in the man-
agement of localized RC.  Investigators have extensively 
studied the role of trimodality therapy and optimal 
sequencing of various treatments in the management of 
patients with RC.  At this time, preoperative CRT has 
become the standard of care for the patients with node-
positive disease or clinically staged T3 or T4. Preoperative 
CRT is associated with enhanced sphincter preservation, 
significant tumor, and nodal downstaging, improved acute 
and late tolerability, and improved local control but similar 
survival. 5-FU and its pro- drug capecitabine in combina-
tion with RT continue to be the reference standard for 
LARC treated preoperatively. Development of efficacious 
combination therapy regimens for advanced CRC has 
encouraged the incorporation of these regimens in the neo-
adjuvant setting. Organ preservation has been an increas-

ing area of research interest. A subset of patients who 
achieve a T0N0 disease following neoadjuvant therapy 
may be spared radical surgical resection.
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Squamous Cell Carcinoma of the Anal 
Canal

Shahab Ahmed, Cathy Eng, and Craig A. Messick

 Epidemiology

Squamous cell carcinoma of the anal canal (SCCA) is the 
major variant of anal cancer, which is considerably rare com-
pared to the other gastrointestinal (GI) cancers. It represents 
only 0.4% of all new cancer diagnoses in the United States. 
According to the Surveillance, Epidemiology, and End Results 
Program (SEER), there were an estimated total of 7270 new 
cases and 1010 deaths due to SCCA in the United States in 
2015 [1]. The median age at diagnosis and death from SCCA 
is 61 years and 64 years, respectively. The data also show that 
the overall incidence and mortality rates due to SCCA have 
been increasing for almost four decades (1975–2012), due to 
its association with the human papilloma virus (HPV) [1].

 Risk Factors

In general, SCCA is more common in older people (age 
55–64) and in women (2.0 per 100,000) more than in men 
(1.5 per 100,000), except for African-American men who 
have higher incidence (2.1 per 100,000) than African- 
American women (1.6 per 100,000) [1]. Risk factors are dis-
cussed herein.

 Human Papilloma Virus

Human papilloma virus (HPV) is responsible for almost 
95% of anal cancers. Among different types (more than 

150), HPV-16 and HPV-18 are the two highest-risk strains 
for developing SCCA. Though HPV infection is mostly a 
sexually transmitted disease (STD) (anal, vaginal, or oral 
sex), other means of direct mucosal contact facilitate virus 
transmission, including from mother to newborn during 
childbirth [2], suggesting additional modes of transmission 
is probable.

 Human Immunodeficiency Virus

Anal cancer is a non-acquired immunodeficiency syndrome 
(AIDS)-defining cancer (NADC) and the role of immuno-
suppression by human immunodeficiency virus (HIV) on 
developing NADC is yet debatable. But, the study has found 
that the incidence of SCCA is higher (40-fold to 80-fold) in 
the HIV-positive population [3]. Though HIV is not a direct 
cause of SCCA, it is evident that co-infection of HPV and 
other STDs are much higher in HIV-positive patients. HPV- 
related precancerous high-grade anal intraepithelial neopla-
sia (HGAIN), formerly termed anal intraepithelial neoplasia 
(AIN) 2 or 3, also occur with greater frequency in HIV- 
positive individuals [4].

 Sexual Orientation

Sexual orientation and increased sexual activity impacts the 
development of SCCA. Two factors that carry greater risk 
are multiple sexual partners and anal receptive intercourse 
for both in men and in women – though men having sex with 
men have higher risk [5–7].

 Smoking

Data show that smokers may be at greater risk to develop 
SCCA than nonsmokers [8, 9]. There is a linear correlation 
associated with the number of years of tobacco exposure.
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 History of Pelvic Radiation

Individuals who receive pelvic radiation therapy for different 
cancers (rectum, prostate, bladder, or cervical) are at higher 
risk for developing SCCA [10].

 Cancer Types

Anatomically, the surgical anal canal is divided into three 
zones (Fig. 10.1):

• Upper colorectal zone consists of glandular epithelium
• Middle transitional zone
• Lower squamous zone

Based on the cell type, anal cancer can be divided into the 
following types:

Epidermoid (80%)
• Squamous cell carcinoma of the anus (SCCA) (Fig. 10.2): 

develops mostly in the lower anal zone, though may also 
occur in the anal transitional zone.

Non-epidermoid (20%)
• Adenocarcinomas: mostly occur in the upper anal zone.
• Undifferentiated.
• Basal cell carcinomas mostly occur in the anal margin.
• Melanomas, like basal cell carcinoma, develop chiefly in 

the anal margin.
• Gastrointestinal stromal tumors (GISTs) are very rare in 

the anal canal.

 Pathophysiology

 Premalignant Squamous Cell Neoplastic 
Lesions

Though anatomically and functionally different, squamous cell 
carcinoma of the anus, cervix, vagina, and vulva all demon-
strate identical development and pathologic characteristics 
since HPV infection is the common etiology. Moreover, the 
nomenclature for SCCA precursor lesions resembles that of 
cervical, vaginal, and vulvar dysplasia. Due to confusion 
among physicians, the multiple names of intraepithelial lesions 

Fig. 10.1 Anal cancer 
(A–C), perianal cancer (D), 
and skin cancer (E) as 
visualized with gentle traction 
placed on the buttocks. (Used 
with permission of the 
American College of 
Surgeons, Chicago, Illinois. 
The original and primary 
source for this information is 
the AJCC Cancer Staging 
Manual, Eighth Edition 
(2017) published by Springer 
International Publishing)

Fig. 10.2 Histopathology of squamous cell carcinoma of the anal 
canal. Figure shows a combination of basaloid feature and 
keratinization
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have been simplified. High-grade dysplasia, Bowen’s disease, 
AIN 2 and 3, and carcinoma in situ all represent the same his-
topathological findings. Thus, to avoid further confusion, they 
have been collectively called high-grade squamous cell intraep-
ithelial lesions (HSIL) if they are from cytology specimens and 
HGAIN if they are from pathology specimens. Low-grade dys-
plasia and AIN 1 have been termed low-grade squamous cell 
intraepithelial lesions (LSIL) (cytology) and low-grade anal 
intraepithelial neoplasia (LGAIN) (pathology specimens) [11].

Anal dysplasia, if not treated, may progress to SCCA. 
Based on the severity of dysplasia, intraepithelial lesions are 
divided into LGAIN/LSIL, or HGAIN/HSIL. Histologically, 
LSILs and HSILs are characterized by low nuclear/cytoplas-
mic ratios (koilocytes) and high nuclear/cytoplasmic ratios, 
respectively. The classification of anal dysplasia based on 
LSILs and HSILs is outlined in Fig. 10.3.

Previous data suggested that untreated HSIL might prog-
ress to SCCA in 11% of cases and in immunocompromised 
patients up to 50% [12] and LSIL may progress to HSIL in 
the presence of risk factors such as HIV and/or anal HPV 
infection [4, 13, 14]. However, the current practice suggests 
that low grade does not progress to high grade, but what 
likely happens is high grade may subsequently develop in an 
area separate from where the low grade was at one point. The 
overall management of AINs is discussed under the treat-
ment section of the chapter.

 Screening

As SCCA is very rare, screening is not recommended for 
the general population. There are two groups of patients 

who are at high risk for developing HSIL and subsequent 
SCCA: HIV+/AIDS men who have sex with men (MSM) 
and transplant recipients (kidney, liver, heart, lung, and 
pancreas, etc.) maintained on chronic immunosuppression 
(prednisone, cyclosporine, tacrolimus, mycophenolate 
mofetil, and others). Though SCCA develops more fre-
quently in patients not defined by these groups, identifying 
those “at-risk” individuals has been unsuccessful to date 
and therefore screening is not advocated for the general 
population. But, screening for high-risk individuals such as 
men with a history of sex with men, women with a history 
of cervical or vulvar cancer, HIV-positive patients, and any 
individual with a history of organ transplant(s) has been 
proven beneficial.

 HPV Screening

Anal cytology obtained from anal Papanicolaou smear 
(Pap smear) is an important tool to demonstrate abnormal-
ities related to HPV infection. Abnormal cytology has 
been reported in 9% of HSILs (Fig.  10.4) and 35% of 
LSILs [15]. The sensitivity of an anal cytology was 84% 
while its specificity was only 39% in patients with AIN 2 
(a subset of HSIL). It was also mentioned that HIV+ MSM 
required high-resolution anoscopy (HRA) for the detection 
of HSILs. Currently, HIV+ MSM are recommended to 
undergo HRA as often as every 3 months and anal cytol-
ogy annually. Outside of this group, anal cytology has not 
been shown to be an effective screening tool and is sug-
gested to be used at the discretion of the treating 
physician.

Fig. 10.3 Anal dysplasia and 
invasive carcinoma
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 Diagnosis

The principle steps in diagnosing anal cancer are described 
as follows:

• Presence of gastrointestinal sign/symptom(s):
 – Anorectal bleeding
 – Anal pain or tenderness
 – Anal pressure
 – Anal discharge
 – Lump or growth in the anal or inguinal region
 – Change in bowel habits
 – Change in stool caliber

• Presence of associated sign/symptom(s):
 – Anemia
 – Weight loss
 – Immunosuppression or HIV+-related symptoms
 – HPV-related precancerous growths

• Physical Exam:
 – Digital rectal exam (DRE)
 – Palpate presence or absence of lymph nodes in the anal 

and or inguinal area
• Visualization:

 – Anoscopy
 – Rigid proctoscopy or flexible proctosigmoidoscopy
 – Endo-anal or endo-rectal ultrasound/endoscopic ultra-

sound (EUS)
 – Computed tomography (CT) scan
 – Positron emission tomography (PET)/CT scan
 – Magnetic resonance imaging (MRI)

• Biopsy:
 – Should be obtained during direct visualization

 Staging

According to the eighth edition of the AJCC (American Joint 
Committee on Cancer) Cancer Staging Manual, the tumor- 

node- metastasis (TNM) staging system for anal cancer is 
described in Table 10.1 [16].

The clinical and pathologic staging is described in 
Table 10.2 [1].

Fig. 10.4 High-grade squamous cell intraepithelial lesion (HSIL)

Table 10.1 American joint committee on cancer (AJCC) tumor-node- 
metastasis (TNM) staging definitions for anal cancer

Definition of primary tumor (T)
T 
category T criteria
TX Primary tumor not assessed
T0 No evidence of primary tumor
Tis High-grade squamous intraepithelial lesion (previously 

termed carcinoma in situ, Bowen disease, anal 
intraepithelial neoplasia II-III, high-grade anal 
intraepithelial neoplasia)

T1 Tumor ≤ 2 cm
T2 Tumor > 2 cm but ≤5 cm
T3 Tumor > 5 cm
T4 Tumor of any size invading adjacent organ(s), such as the 

vagina, urethra, or bladder

Definition of regional lymph node (N)
N 
category N criteria
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in inguinal, mesorectal, internal iliac, or 

external iliac nodes
N1a Metastasis in inguinal, mesorectal, or internal iliac 

lymph nodes
N1b Metastasis in external iliac lymph nodes
N1c Metastasis in external iliac with any N1a nodes

Definition of distant metastasis (M)
M category M criteria
M0 No distant metastasis
M1 Distant metastasis

Used with permission of the American joint committee on cancer 
(AJCC), Chicago, Illinois. The original and primary source for this 
information is the AJCC cancer staging manual, Eighth Edition (2017) 
published by Springer International Publishing

Table 10.2 Group (clinical and pathologic staging) of anal cancer

Group TNM 5-Year relative survival
0 TisN0M0 58.6–80.1% for nonmetastatic  

disease [1]I T1N0M0
II T2N0M0

T3N0M0
IIIA T1N1M0

T2N1M0
T3N1M0
T4N0M0

IIIB T4N1M0
Any T and 
N2 M0
Any T and 
N3 M0

IV Any T, any N, 
M1

30.7% [1]
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 Treatment

The treatments of anal cancer described in this section are 
principally available options to manage SCCA. The manage-
ment of adenocarcinoma of the anal canal resembles that of 
rectal cancer, which is not the focus of this chapter.

 Regional

• Stage 0: These very early stage diseases can be treated 
completely with surgical intervention.

• Stage I and II: Small lesions less than 1 centimeter and 
not involving the anal sphincter can be managed opera-
tively with negative margins. Tumors greater than 1 cm or 
involving the anal sphincter are managed nonsurgically 
with combined modality chemoradiation therapy (CMT), 
detailed in the next section.

 Locally Advanced

Before the mid-1980s, an abdominoperineal resection (APR) 
was the standard of care for the management of locally 

advanced SCCA.  The procedure obligates a permanent 
colostomy due to the sphincter mechanism being removed. 
One major problem of anal surgery is the delayed and poor 
wound healing of the perianal and perineal region. Moreover, 
the data suggest that 5-year survival after APR is only 
40–70% [17], which points to a patient population with poor 
tumor biology necessitating an APR as salvage due to tumor 
recurrence or persistence after definitive CMT.

The treatment of SCCA requires a multidisciplinary 
approach and should involve medical, radiation, and surgi-
cal oncology. Since chemoradiation became the treatment 
standard of care, only a few randomized clinical trials have 
been performed (Table 10.3) [18–24]. The current recom-
mendation for management of locally advanced SCCA is a 
combination of 5-fluorouracil (5-FU) and concurrent radia-
tion therapy, with mitomycin C (MMC) or alternatively 
cisplatin.

Although in RTOG 98-11, the patient group that had 
MMC as a cytotoxic agent experienced favorable outcomes 
compared to cisplatin (5-year progression-free survival 
[PFS], overall survival [OS], and colostomy-free survival 
[CFS]; p < 0.05), the results do not reflect the actual com-
parison results due to two facts: (1) the investigational arm 
not only evaluated the role of induction chemotherapy but 

Table 10.3 Randomized clinical trials for combined modulation therapy (CMT) for squamous cell carcinoma of anal canal (SCCA)

Study Methods Findings
RTOG 87–04/ECOG 
[18]

Objective: comparison between 5-FU + RT and 
5-FU/MMC + RT

4-year colostomy rates: 13.0% less for the mitomycin group, 
p = 0.002
Colostomy-free survival at 4 years = 12.0% higher for mitomycin 
group, p = 0.014
PFS at 4 years = 22.0% higher for mitomycin group, p = 0.0003

ACT I [19] Objective: comparison between radiation therapy 
(RT) versus chemoradiation (5-FU /MMC+ RT)

12-year: 25.3% reduction for chemoradiation arm (CI = 17.5–32.5 
fewer)
12-year mortality: 12.5% reduction for chemoradiation arm 
(CI = 4.3–19.7 fewer)

EORTC [20] Objective: Comparison between radiation 
therapy (RT) and chemoradiation with 5-FU /
MMC + RT

5-year local control rate:
50.0% (RT) versus 68.0% (chemoradiation), p = 0.02
5-year colostomy-free rate:
40.0% (RT) versus 72.0% (chemoradiation), p = 0.002
5-year PFS:
Chemoradiation resulted in improved, p = 0.05
5-year OS: p = 0.17

RTOG 98-11 [21, 22] Objective: comparison between concurrent 
5-FU/MMC + RT and induction 5-FU/cisplatin, 
then concurrent 5-FU /cisplatin + RT

5-year PFS: 10.0% higher for MMC group, p = 0.006
5-year OS: 7.6% higher for MMC group
Colostomy-free survival: significant for MMC group, p = 0.05

ACCORD 03 [23] Objective: comparison among ICT (induction 
chemotherapy: 5FU/cisplatin) + RCT of standard 
dose, ICT + RCT of higher dose, RCT of 
standard dose, and RCT of higher dose

No statistical differences were observed among the treatment 
groups in terms of 5-year CFS (colostomy-free survival), LC 
(local recurrence), or TFS (tumor free survival); p > 0.05

ACT II [24] Objective: Direct comparison between 5-FU/
MMC + RT versus 5-FU/cisplatin + RT

Complete response at 26 weeks: no statistical difference between 
MMC and cisplatin group, p = 0.64
3-year Colostomy-free rate: no statistical difference between 
MMC and cisplatin group, p = 0.26
3-year PFS for maintenance versus no maintenance: no statistical 
difference, p = 0.70

5-FU 5-fluorouracil, MMC mitomycin C, RT radiation therapy, PFS progression-free survival

10 Squamous Cell Carcinoma of the Anal Canal



180

also the role of cisplatin: (2) in the cisplatin arm, there was a 
delay on the initiation of chemoradiation [22].

Unfortunately, the only study listed in Table  10.3 that 
directly compared MMC to cisplatin was ACT II, in patients 
with locally advanced SCCA [24]. The last update showed 
no statistical significance for CR (complete response) 
between the MMC and cisplatin groups (90.5% vs. 89.5%, a 
difference of only around 1.0%, CI = −4.9–3.1, p = 0.64). 
Additionally, the results showed similar toxicity profiles for 
the study groups. However, the study did not achieve its pri-
mary end point, which was to demonstrate that 5-FU/MMC 
was superior to 5-FU/cisplatin. As a result, the standard of 
care for concurrent 5-FU/MMC remains unchanged.

The outcomes of cisplatin-based chemoradiation were 
analyzed by Eng et al. [25]. In this retrospective study of 201 
patients with locally advanced SCCA, the patients received 
weekly (20 mg/m2) or daily (4 mg/m2) cisplatin added to a 
5-FU-based regimen and a median radiation dose of 55 Gy. 
The study showed a recurrence rate of 11.0% after a median 
follow-up of 8.6  years and favorable 5-year survival out-
comes (disease-free survival [DFS]: 81.0%, OS: 86.0%, and 
CFS: 88.0%). Thus, the authors concluded that cisplatin 
could be an alternative to MMC in the combination chemo-
radiation therapy for locally advanced SCCA.

Radiation options include both external and internal radi-
ation. External radiation techniques include external beam 
radiation therapy (EBRT) consisting of three-dimensional 
conformal radiation therapy (3D-CRT) and intensity- 
modulated radiation therapy (IMRT). Internal radiation 
involves brachytherapy. Inguinal nodes should be included 
in the treatment field even if they are not clinically or patho-
logically proven positive. Usually external radiation is given 
concurrently with chemoradiation for 5  days a week for 
5–6 weeks. As a standard of practice in the United States, 
major hospitals and cancer centers are delivering IMRT tar-
geting cancerous tissues with higher intensity, while at the 
same time minimizing adjacent normal tissues to lower 
intensity of radiation. Studies found that IMRT is associated 
with a low rate of toxicities, along with satisfactory local 
control, PFS, and OS [26, 27].

Like IMRT, brachytherapy can also deliver high-dose 
radiation to the main tumor while sparing the surrounding 
normal tissues. The iridium-192 (Ir-192) isotope is com-
monly used in brachytherapy. Although it plays an important 
role in local radiation dose escalation, it has limitations. It is 
suggested that no more than 50% of the circumference 
should be implanted and the maximum longitudinal length 
should not exceed 5 cm [27].

Consideration of the addition of biologic agent(s) for locally 
advanced SCCA is not currently well established. Based on 
molecular analysis, SCCA shows the expression of EGFR (epi-
dermal growth factor receptor) like the other squamous cell 
carcinomas of the body [28]. Several studies (ACCORD 16 

and Olivatto et al) [29, 30] have shown promising reports for 
cetuximab, but eventually noticed severe adverse effects. These 
studies included cisplatin in combination with chemoradiation. 
Phase II clinical trials have assessed the tolerability of anti-
EGFR therapy during the standard concurrent chemoradiation 
(for cetuximab: ECOG 3205, NCT01621217; for panitu-
mumab: NCT01285778, NCT01843452, NCT01581840; and 
for nimotuzumab: NCT01382745) [31].

Recently, cancer immunotherapy has also been evolving. 
For locally advanced SCCA, a phase II trial evaluating 
ADXS11–001 in combination radiation therapy (5-FU/MMC 
and IMRT) is currently recruiting participants (NCT01671488).

 Metastatic

Of all SCCA patients, 20–30% will develop metastatic dis-
ease. The liver is the primary site for metastasis of SCCA. The 
recommendation for treatment depends on the previous treat-
ment, duration of disease-free period, and the performance 
status. As metastatic disease is considered a rare event, con-
sensus is lacking for the standard of care treatment. Currently, 
palliative chemotherapy with or without radiation is widely 
practiced for metastatic SCCA in the United States. Both 
National Comprehensive Cancer Network (NCCN) and 
European guidelines suggest cisplatin and 5-FU as first-line 
therapy agents with an overall response rate of about 60.0% 
and a median survival of about 12 months [32–37].

Overall, there is a lack of well-established peer-reviewed 
data for stage IV SCCA, with a majority of reports being 
anecdotal cases and case cohorts [38–40]. Among them, the 
most favorable outcomes were observed in phase I study by 
Hainsworth et al. [39]. They evaluated paclitaxel, carbopla-
tin, and continuous infusional 5-FU in patients with other 
solid tumors with concurrent metastatic SCCA. The authors 
found that the anal subgroup (n = 5) had a median duration 
of response of 26 months.

We have published the largest retrospective study evaluat-
ing the outcomes of systemic chemotherapy for patients with 
metastatic SCCA who had received either 5-FU/cisplatin or 
carboplatin/paclitaxel [41]. That study concluded that a 
 multidisciplinary approach in selected patients with meta-
static SCCA effectively improved survival.

The first prospective randomized phase II trial for meta-
static SCAA is the InterAACT (International Multicenter 
Study in Advanced Anal Cancer), which is currently recruit-
ing participants (https://clinicaltrials.gov/ct2/show/
NCT02051868). The study is designed to compare outcomes 
between 5-FU/cisplatin and carboplatin/paclitaxel combina-
tions for patients with metastatic SCCA.

Very few studies have demonstrated the role of targeted 
therapy for metastatic SCCA, but no recommendation has 
been established [42, 43]. Cancer immunotherapy agents for 
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metastatic SCCA are being tested on trials currently. A phase 
II study (NCT02426892) at MD Anderson has been com-
pleted in order to evaluate the role of the PD-1 antibody, 
nivolumab, in refractory metastatic SCCA.  The study has 
stopped accrual and the final results are expected to be pre-
sented in late 2018.

 Locally Recurrent

Salvage abdominoperineal resection (APR) is reserved for 
locally persistent, progressive, or recurrent SCCA. Salvage 
surgery demands an extensive perineal resection, often 
requiring complex perineal reconstruction with myocutane-
ous flaps for wound coverage; however, patients still have 
met with significant complications [44–47]. According to the 
European Society for Medical Oncology (ESMO), salvage 
surgery demonstrates favorable local control (about 60.0% 
cases) and a 5-year survival rate (30–60%).

 HIV-Positive Patients

The incidence of SCCA in HIV+ patients in the United 
States started to increase in the early 1990s. Between 1992 
and 2003, the rate increased from 19.0 to 78.2 per 100,000 
person-years [48]. It is believed that HIV+ patients develop 
SCCA due to high rates of HPV co-infection (2–6 times 
higher than that of the general population) [8].

It was noticeable in some reports that HIV+ patients with 
SCCA receiving highly active anti-retroviral therapy 
(HAART) did worse than HIV patients [49–52]. Importantly, 
HIV+ patients on HAART required a longer treatment dura-
tion, exhibited more toxicities, and developed more local 
recurrences, while displaying worse treatment responses.

Although increased toxicity and poor tolerance are two 
major concerns for HIV+ patients having SCCA, they should 
receive HAART with standard combination therapy to 
improve CD4 levels. The CD4 count plays an important role 
in the treatment decision tree as it has been shown that 
patients with a CD4 count greater than 200 have better treat-
ment tolerance [53, 54].

Patients with SCCA who are HIV+ should be evaluated 
for baseline CD4 count before starting treatment and estab-
lish care with an infectious disease specialist to assist in cre-
ating a treatment strategy by the primary medical oncologist. 
The aim should promote HAART compliance and assess for 
toxicity during regular evaluation of the treatment.

Finally, cancer immunotherapy in HIV+ patients by 
agents targeting programmed cell death (PD-1; nivolumab) 
and cytotoxic T-lymphocyte antigen 4 (CLTA-4: ipilimumab) 
is also on trial (NCT02408861).

 Complications

Hematological complications (neutropenia, anemia, and 
thrombocytopenia) are major concerns during CMT, espe-
cially with MMC-containing regimen. Weekly blood counts 
should be performed. Other reported acute adverse effects 
besides nausea and vomiting include infection, stomatitis, 
diarrhea, and radiation dermatitis.

The principle short-term complications due to radiation 
are temporary anal irritation, pain, skin changes, and com-
mon gastrointestinal symptoms such as nausea and 
diarrhea.

In both males and females, the long-term radiation treat-
ment may cause permanent destruction of anal tissue leading 
to scarring, weakening of bone and blood vessels resulting in 
fractures and rectal bleeding, chronic proctitis, anal stenosis 
causing incontinent anal sphincter, nonhealing perineal 
ulcers, and infertility.

In females, an additional delayed anatomical complica-
tion due to radiation is vaginal stenosis leading to dyspareu-
nia. If the pelvic radiation treatment plan includes the ovaries, 
pre-menopausal women should be counseled on the high 
possibility of future infertility.

 Surveillance

SCCA is typically radiation-sensitive but can regresses at a 
slow pace after completion of CMT taking up to 26 weeks [55].

Although not nationally standardized, a physical exam 
including a DRE with groin checks for inguinal lymphade-
nopathy should begin around 6–12 weeks of chemoradiation. 
For MD Anderson Cancer Center recommendations, please 
visit: https://www.mdanderson.org/education-and-research/
resources-for-professionals/clinical-tools-and-resources/
practice-algorithms/survivorship-anal-web-algorithm.pdf.

In addition to physical exams, a pelvic MRI, CT scan of 
the abdomen and pelvis, or PET-CT scan may be advised 
during surveillance, at the clinician’s discretion. Transrectal 
ultrasound (TRUS) is controversial, as it is difficult to dif-
ferentiate between edema or scar tissue and tumor 
post-treatment.

If the patient has complete response:

• DRE, anoscopy, and palpation of inguinal nodes should 
be performed every 3–6 months for 5 years.

• An additional 3 months of observation is recommended if 
the patient has persistent, but clinically regressing disease 
seen at the initial 3 months after CMT completion.

• Recurrent or progressive disease should be confirmed his-
tologically before considering salvage surgery or other 
treatment options.
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 Biomarkers and Prognostic Factors

In general, biomarkers in cancer management may assist in 
the design of individualized therapy, and analyses of such 
markers have been evolving in recent years. Unfortunately, 
there are few studies available on profiling of biomarkers for 
SCCA. Multi-platform tumor profiling can identify impor-
tant targets related to specific therapeutic options:

• KRAS and EGFR status may allow the consideration of 
cetuximab in combination therapy [29, 30, 56].

• EGFR and HER2 status may introduce options with 
trastuzumab in selected patients [57].

• Mutations of PIK3CA may target the downstream PIK3CA/
Akt/mTOR pathway through biologic agents [57–59].

Studies have shown that patients with tumors that exhibit 
molecular overexpression of tumor suppressors p21 and p53 
are associated with lower overall survival rate and higher 
locoregional failure [60, 61]. However, clinical prognostic 
indicators including tumor size (≥5 cm), nodal involvement, 
and male gender are associated with inferior outcomes [62].

 Prevention

Avoidance of preventable risk factors, mainly through safe sex-
ual practices, are absolute necessities to prevent HPV- related 
anal precancerous lesions and subsequent SCCA. Although safe 
sexual practices are important, they are not perfectly followed 
and HPV-related disease may ultimately prevail. A more effec-
tive means of HPV-related disease prevention – US Food and 
Drug Administration (FDA)-approved – is the HPV vaccine that 
prevents certain types of HPV infections.

Vaccines approved for SCCA prevention include:

• Gardasil (recombinant HPV quadrivalent vaccine): 
approved for both females and males aged between 9 and 
26 for the prevention of HPV (6, 11, 16, and 18) related 
anal cancers, and precancerous anal lesions.

• Gardasil 9 (recombinant HPV nonavalent vaccine): 
approved for both females and males aged between 9 and 
26 for the prevention of HPV-related SCCA (6, 11, 16, 18, 
31, 33, 45, 52, 58) and precancerous anal lesions.

Though most of the efficacy data on HPV vaccines comes 
from the cohorts with HIV-patients, there are only a few 
reports available for HIV+ patients. Three completed studies 
showed that in HIV+ patients HPV vaccines were immuno-
genic and well tolerated [63–65]. At the time of the writing 
of this chapter, there have been ongoing studies evaluating 
HPV vaccines on HIV+ patients (NCT01209325, 
NCT01031069, NCT00941889, and NCT01461096).

 Conclusion

Combined modality therapy is the mainstay of treatment for 
SCCA, with surgery reserved only as salvage for recurrent or 
persistent diseases not cured by CMT. Other non-SCCA are 
treated like rectal cancer.

Female patients should be counseled on possible sexual 
dysfunction due to pelvic irradiation, and infertility if 
applicable.

HIV+ patients should continue HAART during standard 
CMT and have a baseline CD4 count evaluation.

HPV prevention is pivotal to reduce the incidence of 
SCCA, and the HPV vaccination is advised for both men and 
women at the appropriate ages.

Finally, every SCCA should be evaluated carefully, 
treated individually, and complicated cases should employ a 
multidisciplinary treatment strategy.
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Cholangiocarcinoma

Daniel H. Ahn and Tanios Bekaii-Saab

 Introduction

Biliary tract cancers (BTCs) are a rare and heterogeneous 
group of tumors that arise from the neoplastic proliferation 
of cholangiocytes or epithelium of the biliary tract. They are 
divided into three subgroups including intrahepatic cholan-
giocarcinoma (IHCC), extrahepatic cholangiocarcinoma 
(EHCC), and cancer of the gallbladder (Fig. 11.1). While all 
three anatomic subsets fall under BTC, our increased under-
standing of the heterogeneity that these entities exhibit helps 
classify them as distinct entities, with differences in both 
recurrence patterns and prognosis. Additionally, immunohis-
tochemical studies revealed phenotypic traits of cholangio-
cytes and progenitor cells consistent with their anatomic 
sites of origin [1]. Progenitor cells from the canals of Hering 
and those within the peribiliary glands have been identified 
in intrahepatic cholangiocarcinoma and extrahepatic cholan-
giocarcinoma and gallbladder cancers, respectively [1–4]. 
While BTCs are treated uniformly, molecular and genomics 
of the cancer suggest that these differences should establish 
more individualized treatment approaches.

 Epidemiology

BTCs are often considered an orphan group of malignancies 
due to their rarity, accounting for only 3% of all gastrointes-
tinal malignancies [5]. However, despite its relative infre-
quency in comparison to other solid tumor malignancies, 
BTC accounts for approximately 13% of cancer-related 
deaths worldwide. Over the past several decades, there is a 
rise in the incidence and cancer-related deaths in BTC [6].

With the exception of known risk factors (e.g., parasitic 
infectious etiologies [7–13] and primary sclerosing cholan-
gitis [14]), the vast majority of cases of BTC are idiopathic, 

with no clear identifiable risk factors. However, the rise in 
incidence in BTC may be attributable to the increasing prev-
alence of hepatitis C infection, as well as other chronic 
inflammatory hepatic diseases (cholecystitis, fatty liver dis-
ease, obesity) [7–13].

 Diagnosis and Treatment

Prominent signs and symptoms at presentation include 
abnormal liver function tests, abdominal discomfort, weight 
loss, and jaundice. BTC is diagnosed with a combination of 
testing, including laboratory tests, imaging, and endoscopic 
procedures.

 The Role of Adjuvant Therapy  
in Early-Stage Disease

Approximately 30–40% of patients diagnosed with biliary 
cancer present with early-stage disease where surgical resec-
tion, the only potential curative therapy, is the treatment of 
choice [15, 16]. Despite an improvement in surgical 
approaches, the curative rate is low, with high rates and dif-
fering patterns of initial recurrence after surgical resection 
[17]. Gallbladder cancers presented with distant metastatic 
disease in approximately 85% of patients upon recurrence, 
whereas 60% of cholangiocarcinoma patients present pri-
marily with locoregional pattern upon disease recurrence 
[17]. These findings affirm that biliary tract cancers are a het-
erogeneous group of diseases with varying recurrence pat-
terns and this may require differing approaches with adjuvant 
therapy.

While the role for adjuvant therapy is established in other 
gastrointestinal (GI) malignancies, notably colon and pan-
creas cancer [18, 19], the clinical benefit in biliary cancers is 
unknown due to the lack of randomized clinical trials. 
Existing data is poor, whereby the studies are retrospective in 
nature, based off single institutional experiences or are 
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 comprised of a very heterogeneous disease population. This 
has resulted in no consensus on the benefits or type of adju-
vant therapy following resection in BTC. While the paucity of 
data has led to the absence of a consensus for adjuvant treat-
ment, several studies suggest that certain adverse risk factors 
are associated with survival, primarily lymph node (LN) 
involvement, tumor number, and vascular invasion [20].

A large meta-analysis of 20 studies evaluated the role of 
adjuvant therapy (including chemotherapy, radiotherapy, and 
chemoradiation) compared to curative-intent surgery alone 
in patients with primary biliary tract cancer (including intra-
hepatic cholangiocarcinoma, extrahepatic cholangiocarci-
noma, and gallbladder cancer). Patients with LN-positive 
disease (OR 0.49; p = 0.004) or those who had a R1 resection 
(evidence of microscopic disease within 0.1 cm of the surgi-
cal margin) (OR 0.36; p = 0.002) derived the greatest benefit 
from adjuvant therapy [21]. Additionally, patients who 
received adjuvant chemotherapy or concurrent chemoradia-
tion derived a greater clinical benefit than radiotherapy alone. 
While acknowledging the limitations of retrospective analy-
ses, patients with LN-positive disease or R1 resection could 
be considered for adjuvant therapy following surgical resec-
tion. Recently, a multicenter single-arm phase II study 
SWOG S0809 examined the role of adjuvant therapy in 
extrahepatic cholangiocarcinoma and gallbladder carcinoma 
in patients with adverse risk features (pT2-T4, LN-positive 
or positive resection margins) [22]. Patients received chemo-
therapy (four cycles of either gemcitabine or capecitabine) 
followed by concurrent chemoradiation. The treatment regi-
men was well tolerated with minimal significant adverse 
effects, and patients experienced a median overall survival of 
35 months [22]. While this did not include primary intrahe-
patic cholangiocarcinoma, these findings suggest adjuvant 
therapy is safe, well tolerated, and may provide a clinical 
benefit in patients with biliary cancer.

Current ongoing phase III trials will provide further clar-
ity for the clinical benefit of adjuvant therapy in this disease 
(Table 11.1).

 The Role of Liver Transplantation in Locally 
Advanced Unresectable Biliary Tract Cancers

Orthotopic liver transplantation (OLT) for unresectable BTC 
is often a relative contraindication to poor long-term outcomes 
and high rates of relapse. However, improvement in surgical 
techniques and stringent criteria led to improved 5-year sur-
vival rates and lower posttransplantation tumor recurrence 
[23]. Based off these improvements, the Mayo Clinic devel-
oped a protocol that entailed strict patient selection criteria, 
limiting OLT to patients with unresectable cholangiocarci-
noma above the cystic duct without intrahepatic or extrahe-
patic metastases [24]. Patients received neoadjuvant concurrent 
chemoradiation, followed by brachytherapy with iridium and 
chemotherapy (5-fluorouracil) until transplantation. In their 
initial published case series, 11 out of 19 patients successfully 
underwent OLT, where all patients remained alive, with a 
median follow-up of 44 months. Based off these promising 
findings, OLT has been accepted by many institutions as a 
potential curative option for a select group of patients. A recent 
meta-analysis that included 14 American and European cen-
ters demonstrated an overall 5-year survival of 39%, where 
patients who received adjuvant chemoradiation experienced a 
5-year survival that reached 57% [25]. However, several issues 
with OLT are seen including a high rate of non-compliance in 
patients with poor prognostic features, which include elevated 

Intrahepatic cholangiocarcinoma Canals of Hering

Peribiliary glands

Gallbladder cancerExtrahepatic cholangiocarcinoma

Fig. 11.1 Diagram of the sites of origin 
of primary biliary tract cancer. The figure 
visually depicts the three primary biliary 
tract cancers: intrahepatic and 
extrahepatic cholangiocarcinomas and 
gallbladder cancers. The stars represent 
progenitor cells of origin. (orange, 
peribiliary glands; blue, canals of Hering)

Table 11.1 Current phase III trials for adjuvant therapy in biliary 
cancer

Country Treatment Diseasea Phase
UK Capecitabine versus 

observation
GB, IHCC, EHCC III

France Gemcitabine + oxaliplatin 
versus observation

GB, IHCC, EHCC III

Germany/
UK

Gemcitabine + cisplatin 
versus observation

GB, IHCC, EHCC III

Japan S-1 versus observation GB, IHCC, EHCC III
aGB gallbladder, IHCC intrahepatic cholangiocarcinoma, EHCC extra-
hepatic cholangiocarcinoma
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cancer antigen 19-9 (CA 19-9) levels, tumor diameters >3 cm, 
and Model for End-Stage Liver Disease (MELD) scores >20 
[26]. Additionally, in a recently published report from a Mayo 
Clinic series, in approximately 50% of patients who under-
went OLT, there was no evidence of malignancy in their post-
resection liver specimen [27]. These findings may contribute 
to the lowered rates of recurrences and an improvement in 
long-term patient outcomes seen post OLT.  Based on these 
findings, while OLT may be beneficial for select patients, the 
overall role for transplantation in BTC is unclear. Larger case 
series, including prospective randomized studies, are needed 
to validate its role as a curative treatment for BTC.

 The Role of Cytotoxic Therapy in Advanced, 
Unresectable Biliary Cancer

At the time of diagnosis, the majority of patients present with 
advanced or metastatic disease, where treatment is palliative. 
Based on a large, randomized stage III trial conducted by 
Valle et  al., the combination of gemcitabine and cisplatin 
chemotherapy has become a standard approach in treating 
advanced BTC. The combination demonstrated the superior 
clinical efficacy when compared to single-agent gemcitabine 
[28]. Patients who received the combination experienced a 
3.6-month survival benefit in comparison to gemcitabine 

monotherapy with similar rates of adverse events. Although 
80% of patients experienced tumor control, the vast majority 
of patients develop treatment resistance a few months after 
treatment, with a median progression free survival (PFS) that 
remains less than 1 year [28].

Patient outcomes in second-line therapies refractory to 
gemcitabine platinum-based therapy result in dismal out-
comes, highlighting the need for novel and effective thera-
pies in this disease (Table 11.2) [29–35].

 Targeting Critical Signaling Pathways Involved 
in Biliary Tract Cancers

Recently, an increased understanding has altered the treatment 
in cancer by identifying and targeting signaling pathways 
integral to oncogenesis. Studies revealing a high incidence 
of genomic alterations in downstream signaling pathways 
involved in tumor proliferation, growth, and therapy resis-
tance has led to an interest in developing novel targeted thera-
pies against relevant downstream signaling pathways in BTC.

While initial trials that investigated novel, molecular tar-
geted therapeutic agents demonstrated interesting antitumor 
activity in several patients, the overall results have been neg-
ative, with outcomes similar to chemotherapy agents in the 
refractory setting (Table 11.3) [36–48].

Table 11.2 Clinical trials for patients refractory to gemcitabine/platinum combination therapy in advanced BTC

Author Treatment Phase # of pts PFSa OSa ORR (%)
He [29] FOLFOX-4 II 37 3.1 NR 21.6
Paule [30] Gemcitabine/Oxaliplatin + Cetuximab II 9 4 7 22
Sasaki [35] Irinotecan II 13 1.8 6.7 7.7
Suzuki [31] S-1 II 40 2.5 6.8 7.5
Croitoru [33] Gemcitabine/5-FU II 17 3.2 13.2 17.6

Pts patients, PFS progression-free survival, OS overall survival, ORR overall response rate
aIn months

Table 11.3 Results from clinical trials with select molecularly targeted agents

Author Treatment Target pts in refractory setting (%) PFSa OSa ORR (%)
Bekaii-Saab [36] Selumetinib MEK 39 3.7 9.8 12
Finn [38] Binimetinib MEK 43 2.14 4.78 7
Ahn [39] MK-2206 Akt 100 0.5–6.6 2.2–20.2 0
Ramanathan [40] Lapatinib HER-2 65 1.8 5.2 0
Peck [37] Lapatinib HER-2 100 2.6 5.1 0
Philip [41] Erlotinib EGFR 57 2.6a 7.6 8
Lubner [42] Erlotinib + bevacizumab EGFR + VEGFR 0 4.4a 9.9 11
El-Khoueiry [44] Sorafenib VEGFR, PDGFR, RAF 0 3 9 0
Bengala [45] Sorafenib VEGFR, PDGFR, RAF 56 2.3 4.4 2
El-Khoueiry [43] Erlotinib + Sorafenib EGFR, VEGFR, PDGFR, RAF 0 2 6 6
Yi [46] Sunitinib VEGFR, PDGFR, RET 100 1.7a 4.8 8.9
Buzzoni [47] Everolimus mTOR 100 3.2 7.7 5.1
Santoro [48] Vadentanib VEGF, EGFR, RET 0 105b 228b 2

Pts patients, PFS progression free survival, OS overall survival, ORR overall response rate
EGFR epidermal growth factor receptor, VEGFR vascular endothelial growth factor receptor, mTOR mammalian target of rapamycin
aIn months
bIn days
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This may be in part due to a nonselected patient popula-
tion, where patients are eligible for enrollment regardless of 
their tumor genomic alterations. Furthermore, the ability to 
accrue a sufficient number of patients in a timely manner in 
clinical trials has led to allowing all anatomic groups into its 
eligibility, which may result in differing outcomes given our 
understanding of the different groups within biliary cancer.

Through new technologies, recent studies have allowed us 
to better understand the genomic landscape and its prognos-
tic role in biliary tract cancer, as well as identify molecular 
alterations that may be potential therapeutic targets in this 
disease. While studies have identified common mutations 
across all anatomic groups (gallbladder cancers, intrahepatic 
cholangiocarcinoma, extrahepatic cholangiocarcinoma), cer-
tain targetable mutations that are enriched mostly in IHCC 
suggest differing influences in pathogenesis and reinforcing 
that biliary cancer encompasses a spectrum of different, het-
erogeneous diseases. Herein, we will provide an overview of 
novel genomic variants that are of interest as potential thera-
pies in BTC.

 Targeting the Vascular Endothelial Growth 
Factor (VEGF) Pathway in Biliary Tract Cancers

Vascular endothelial growth factor (VEGF) promotes tumor 
proliferation in many malignancies including BTCs. In 
 addition to angiogenesis and vascular permeability, VEGF 
also facilitates signaling in tumor cells [49]. It is highly 
expressed in up to 75% of BTCs and is associated with a 
more aggressive phenotype and poor prognosis [50].

 Bevacizumab
Bevacizumab is a humanized monoclonal antibody that 
binds to and neutralizes all human VEGF-A. This agent was 
first introduced into clinical trials in the 1990s. Phase I stud-
ies suggested that bevacizumab as a single agent was safe 
and relatively nontoxic and its combination with cytotoxic 
chemotherapy did not seem to exacerbate chemotherapy- 
related toxicities [51, 52]. Its activity has been validated in 
several solid tumor malignancies in the advanced setting, 
including colorectal cancer. In several phase II studies, beva-
cizumab in combination with chemotherapy and erlotinib 
failed to demonstrate any clinical improvement, resulting in 
similar outcomes seen with the standard therapies [42, 53].

 Cediranib
In addition to VEGF, its receptors, VEGFR1 and VEGFR2, 
are aberrantly overexpressed in adjacent endothelial cells of 
the biliary tract, suggesting that it may be a relevant thera-
peutic target in BTC [54]. Cediranib is a multi-target small 
molecule inhibitor of VEGFR (VEGFR1–3), platelet-derived 

growth factor receptors (PDGFR), and c-Kit [55]. Given the 
association between angiogenesis and prognosis in BTC, 
Valle et  al. conducted a randomized, 2-arm phase II study 
examining the addition of cediranib to combination gem-
citabine and cisplatin chemotherapy, with progression-free 
survival (PFS) being its primary endpoint. While the combi-
nation demonstrated higher rates of tumor control (78% vs 
65%), no significant difference in PFS was seen in compari-
son to the control arm (8 months in the cediranib group and 
7.4 months in the placebo group, p = 0.72).

 Sorafenib
Sorafenib is a multi-target small molecule inhibitor with 
activity against VEGFR, platelet-derived growth factor 
receptor-beta (PDGFR-β[beta]), and RAF kinases. In hepa-
tocellular and renal cell carcinoma, sorafenib has been shown 
to be effective with meaningful clinical activity and have 
become standardized therapies. This benefit, however, has 
not translated in BTC. As a single agent, sorafenib showed 
minimal antitumor activity in BTC, with 0–2% response 
rates and a median PFS of only 2.3–3 months in BTC [44, 
45]. Other trials have evaluated sorafenib in combination 
with cytotoxic chemotherapy, which failed to demonstrate 
any benefit with gemcitabine or in combination with gem-
citabine and cisplatin [56, 57].

 Sunitinib
Sunitinib is a multi-target small molecule inhibitor that tar-
gets VEGF, PDGFR, c-KIT, and RET.  While it has been 
shown to be effective in gastrointestinal malignancies, 
including gastrointestinal stromal tumors and pancreatic 
neuroendocrine carcinoma [58, 59], the clinical activity has 
not been seen in BTC.  A single-arm phase II study by Yi 
et al. examined the role of sunitinib as a second-line therapy 
in refractory BTC [46]. The study showed a median time to 
progression of 1.7 months and an objective response rate of 
8.9% and 50% disease control rate, with tolerable adverse 
effects [46]. Sunitinib was safe and tolerable in patients with 
advanced BTC but marginal clinical activity was seen with 
this agent in this disease.

 Vandetanib
Vandetanib is a multi-target small molecule inhibitor with 
activity against VEGF, epidermal growth factor receptor 
(EGFR), and RET.  Its activity in BTC was assessed in a 
three-treatment arm, phase II study in treatment-naïve 
patients with BTC, where patients were randomized to 
receive vandetanib monotherapy, vandetanib in combination 
with gemcitabine, or gemcitabine with placebo. No signifi-
cant differences in patient outcomes were seen with vande-
tanib monotherapy or in combination with gemcitabine 
compared to single-agent gemcitabine [48].
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Thus, therapies targeting VEGF including monoclonal 
antibodies against VEGF (bevacizumab) or multi-targeted 
small molecule inhibitors with activity against VEGF have 
failed to demonstrate any significant clinical activity in ran-
domized clinical trials in BTC [42, 48, 53, 56, 60]. The 
absence of predictive biomarkers may have contributed to 
the lack of clinical activity seen from VEGF-targeted agents, 
resulting in a dampened interest in these therapies in BTC. If 
a prognostic or predictive biomarker is identified, this may 
enrich the patient population likely to benefit from VEGF- 
targeted agents, resulting in a renewed interest into investi-
gating their therapeutic role in the treatment of BTC.

 Targeting the Epidermal Growth Factor 
Receptor (EGFR) Pathway in Biliary  
Tract Cancers

EGFR is often aberrantly overexpressed in all three anatomic 
groups in BTC [61–63]. This signaling pathway is important 
in biliary epithelial cell growth and proliferation, where 
EGFR overexpression has been associated with a poor prog-
nosis and increased risk for tumor progression and invasion 
[64, 65]. The preclinical activity and its efficacy in other can-
cers have provided the rationale for targeting the EGFR path-
way in BTC [66].

 Erlotinib
Erlotinib is a reversible small molecule inhibitor of 
EGFR. Based on its efficacy in other solid tumor malignan-
cies – notably lung, head and neck cancers – several phase 
II studies have been completed in BTC. Philip et  al. con-
ducted a single-arm phase II trial in patients with advanced 
refractory BTC, where all patients received erlotinib 150 mg 
orally twice daily [41]. A median PFS of 2.6 months and 
median overall survival (OS) of 7.5  months was seen in 
patients who participated in the trial. Despite 81% of 
patients having EGFR expression in their tumor samples, 
only three patients experienced a clinical response [41]. 
Given the association of EGFR overexpression and angio-
genesis with patient outcomes in BTC, a single-arm phase II 
study was conducted to investigate the combination of erlo-
tinib with bevacizumab in advanced BTC [42]. Six patients 
(12%) experienced a partial response and another 25 (51%) 
patients experienced stable disease. A time to progression of 
4.4 months and a median OS of 9.9 months was observed, 
similar to historical controls [42].

A phase III study was conducted to assess the clinical 
efficacy of erlotinib in combination with chemotherapy 
(gemcitabine and oxaliplatin) in the first-line setting in 
advanced BTC [67]. Patients were randomized in a 1:1 
fashion to receive chemotherapy with or without erlotinib. 

No significant difference was seen between the two treat-
ment groups in PFS or OS. Erlotinib, as a single agent, or 
in combination with targeted agents or chemotherapy failed 
to demonstrate any meaningful activity over historical stan-
dards seen in BTC.

 Cetuximab and Panitumumab
Cetuximab is a monoclonal antibody that targets EGFR with 
demonstrated efficacy in several solid tumor malignancies 
including colorectal, lung, head and neck cancers. Early 
studies in BTC showed promising activity with an objective 
response rate of 63%, [68] including three patients who 
experienced a complete response. Based on this interesting 
clinical activity, a randomized phase II trial (BINGO) inves-
tigated the combination of gemcitabine and oxaliplatin with 
or without cetuximab [69]. The results of the trial were dis-
appointing, with similar response rates and overall outcomes 
in both treatment arms failing to confirm the promising 
activity seen in earlier studies. Mutational status of KRAS 
and BRAF or EGFR overexpression was not prognostic of 
patient outcomes [69].

Panitumumab, a fully humanized monoclonal antibody 
that targets EGFR, has also been evaluated in the treatment 
in BTC.  Studies in colorectal cancers have demonstrated 
efficacy of anti-EGFR therapies in KRAS wild-type tumors. 
Based off these results, Hezel et al. evaluated panitumumab 
in combination with gemcitabine and oxaliplatin in KRAS 
wild-type metastatic BTC. The study resulted in a response 
rate of 45%, with a median PFS of 10.6 months and median 
OS of 20.3 months. Additional trials that investigated various 
chemotherapy regimens in combination with panitumumab 
demonstrated similar findings, resulting in a larger random-
ized phase II study investigating the combination of gem-
citabine and oxaliplatin with or without panitumumab. 
Similar to the BINGO trial, no significant difference was 
seen with the addition of panitumumab despite selecting for 
patients with KRAS wild-type tumors.

The absence of significant clinical activity from the addi-
tion of monoclonal antibodies targeting EGFR may be 
related to additional unidentified RAS mutations that may 
limit the antitumor activity of this class of agents in 
BTC.  Recent studies have identified an additional 10% of 
other RAS mutations in colorectal cancer, where patients 
whose tumors harbored non-exon 2 KRAS mutant and NRAS 
mutations did not benefit from the addition of anti-EGFR 
therapy in combination with various chemotherapy regimens 
across several different settings [70–72]. Ongoing efforts to 
assess the genomic landscape in BTC may identify biomark-
ers predictive of response to anti-EGFR therapies, where 
improved patient selection may result in a benefit with anti- 
EGFR therapy. However, at this time, there is no role for this 
class of agents in the treatment of BTC.
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 Targeting Downstream Signaling Pathways 
in Biliary Tract Cancers

 Mitogen-Activated Pathway
Preclinical studies have demonstrated constitutive aberrant 
activity of the mitogen-activated protein kinase (MAPK) 
pathway, where the growth of malignant cholangiocytes is 
dependent on p38 MAPK activity [73]. The MAPK path-
way is activated by extracellular signals, including growth 
factor receptors and cytokines, where its activation results 
in the phosphorylation and downstream activation through 
RAS, RAF, MEK, and ERK. Phosphorylated ERK (pERK) 
transfers to the nucleus to affect cellular processes includ-
ing tumor growth, proliferation, and treatment resistance 
in BTC.  The high incidence of BRAF and KRAS muta-
tions in preclinical studies suggests that inhibiting the 
MAPK pathway represents an intriguing therapeutic target 
in this disease [74].

Based off this rationale, several single-agent MEK inhibi-
tors have undergone investigation in BTC. Bekaii-Saab et al. 
conducted a multicenter phase II study with selumetinib, a 
noncompetitive inhibitor of MEK 1/2  in patients with 
advanced BTC, where the primary endpoint was response 
rate [36]. In this study, three patients experienced a clinical 
response, including one complete response, and 68% of 
patients experienced stable disease [36]. Median PFS was 
3.7 months and median OS was 9.8 months. BRAF V600E 
and KRAS mutations did not correlate with clinical response 
[36]. Binimetinib (MEK162), a second-generation noncom-
petitive inhibitor of MEK 1/2, was investigated in phase I 
trials in a similar patient population with advanced 
BTC.  Similar findings were observed, with 2 out of 26 
patients experiencing a clinical response and 46% of patients 
experiencing stable disease [75]. An expanded tumor muta-
tional analysis, which assessed for PIK3CA, PTEN, MET, 
and KRAS failed to identify any association between tumor 
somatic variants and clinical response [75]. Thus, while 
MEK inhibitors demonstrated interesting antitumor activity 
in a small proportion of patients with BTC, larger random-
ized trials are needed to confirm those results.

 Phosphatidylinositol 3-Kinase (PI3K/Akt) 
Pathway
The PI3k/Akt pathway is integral for cell proliferation and 
apoptosis. Deregulation of this pathway has been identified 
in BTC and has been associated with the development, inva-
siveness, and treatment resistance in BTC.  Several studies 
have been conducted with agents targeting downstream 
effectors in the PI3K pathway in BTC.  A phase II study 
investigated the efficacy of everolimus, an inhibitor of mTOR 
in patients with advanced, treatment-refractory BTC.  A 
median PFS of 3.2 months and OS of 7.7 months was seen in 
patients who received everolimus, with an overall response 

rate of 5.1% [47]. A multicenter phase II study was con-
ducted with MK-2206, an allosteric inhibitor of Akt in 
patients with BTC. While the trial was terminated prior to 
completion, no clinical responses were observed in the eight 
patients enrolled in the study [39]. The lack of activity seen 
with MEK and PI3K pathway inhibition may be a result of 
the dysregulation of multiple downstream signaling path-
ways that is often seen in malignancies. The targeted inhibi-
tion of a single signaling pathway results in the communication 
and upregulation of alternate signaling pathways. Preclinical 
studies have found the PI3K/Akt and MAPK pathway are 
often constitutively co-activated in BTC [76–81]. Combined 
targeted agents against relevant, multiple signaling pathways 
may be an alternate, effective strategy to increase clinical 
efficacy of downstream pathway inhibition in BTC.

 Unveiling the Genomic Landscape 
and the Identification of Novel,  
Targetable Tumor Somatic Variants  
in Biliary Tract Cancers

The development and application of new technologies has 
enabled us to conduct comprehensive genomic profiling in 
many solid tumor malignancies to allow us to understand 
the  genomic landscape of these diseases, including 
BTC. Importantly, these efforts have identified novel molec-
ular alterations that may be targeted with novel therapies, 
holding promise in improving patient outcomes. Herein, we 
will provide an overview of these recent discoveries that 
should result in the development of a tailored, personalized 
approach for each individualized patient.

 Human Growth Factor Receptor 2 (HER-2/Neu)

HER-2 (HER-2/neu or ERBB2) is an oncogene encoded by 
the ERBB2 gene that is a member of the human epidermal 
growth factor receptor family. Its amplification or overex-
pression has been identified as an oncogenic driver in several 
solid tumor malignancies, and therapies that target HER-2 
have become a standardized approach in the treatment of 
breast and gastric cancer [82–84]. Studies evaluating HER-2 
overexpression in BTC have identified alterations in HER-2 
in gallbladder (about 10%) and extrahepatic cholangiocarci-
nomas (up to 25%), and have been associated with a more 
aggressive phenotype [85, 86]. While initial small case series 
demonstrated antitumor activity with anti-HER-2-directed 
therapy in BTC, this did not translate to an improvement in 
patient outcomes in clinical trials [37, 40, 87, 88]. The lack 
of clinical activity may be a result from a nonselected patient 
population, where patient eligibility was not based on HER-2 
status. The utilization of combined anti-HER-2 therapies and 
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a selected patient population based on HER-2 status may 
improve clinical efficacy and renew interest in HER-2 as 
therapeutic target in BTC.

 BRAF V600E

As previously described, the MAPK pathway is integral in 
tumor proliferation and survival and antitumor therapy resis-
tance and is often constitutively activated in BTC. Mutation 
of the BRAF gene can result in the activation of the MAPK 
pathway and has been identified as an oncogenic driver in 
several malignancies including colorectal cancer, melanoma, 
and non-small-cell lung carcinoma [89–92]. The most com-
mon BRAF mutation is V600E, where the mutation is a sin-
gle amino acid substitution of valine from glutamic acid. In 
BTC, BRAFV600E occurs in approximately 3% of IHCC, 
where its presence has been associated with a poor prognosis 
[93, 94]. Small molecule inhibitors against BRAF have dem-
onstrated antitumor activity in several malignancies and have 
become the standardized treatment for BRAF V600E- 
mutated metastatic melanoma [95–98]. Based off these find-
ings, ongoing studies are investigating the therapeutic 
relevance from BRAF inhibition in other solid malignancies 
including BTC (Table 11.4).

 Isocitrate Dehydrogenase (IDH) 1/2

IDH1 and IDH2 encode metabolic enzymes that convert iso-
citrate into α(alpha)-ketoglutarate. Mutations in IDH1/2 
result in aberrant reduction of α(alpha)-ketoglutarate to 
2-hydroxyglutarate, an “oncometabolite” that inhibits enzy-
matic activity dependent on α(alpha)-ketoglutarate, which 
regulates many processes including cell development, dif-
ferentiation, and proliferation. Studies have identified IDH 
alterations as an integral component in the cholangiocar-

cinogenesis, where their mutations inhibit hepatocyte dif-
ferentiation, resulting in the formation and proliferation of 
premalignant biliary lesions [99]. Agents targeting IDH1 
and IDH2 are under investigation through clinical trials for 
tumors harboring IDH1 and IDH2 alterations (Table 11.4).

 Fibroblast Growth Factor Receptor (FRGR)

Fibroblast growth factor receptors (FGFR1, 2, 3, and 4) are 
tyrosine kinase receptors that bind to fibroblast growth fac-
tors (FGFs) at their extracellular domain [100]. Several 
FGFR2 chromosomal fusions (FGFR2-PPHLN1, FGFR2- 
BICC1, FGFR2-TACC3, FGFR2-AHCYL1) have been iden-
tified specifically in IHCC, where genomic assessments 
suggest an incidence upward of 50% in this anatomic sub-
group [101–106]. Upon its fusion, the activation of the 
FGFR2 receptor results in the autophosphorylation and acti-
vation of its downstream signaling pathways, including the 
MAPK, PI3K/Akt, and STAT pathways – all which regulate 
important cellular processes [107].

Small reported case series have demonstrated interesting 
antitumor activity from targeting FGFR in IHCC that exhibit 
FGFR2 fusions, suggesting it to be a rationale therapeutic 
target. The results from ongoing phase II studies examining 
therapies aimed at targeting FGFR2 mutant tumors will help 
in determining the role of FGFR inhibition in the treatment 
of BTC (Table 11.4).

 ROS1 Fusions

ROS1 fusions occur in upward of 10% of IHCC [108]. In 
preclinical BTC studies, inactivation of ROS1 gene resulted 
in tumor regression, suggesting the gene to play an impor-
tant role in oncogenesis [109]. In non-small-cell lung ade-
nocarcinoma, the inhibition of ROS1 has been validated as a 

Table 11.4 Ongoing clinical trials with select molecularly targeted agents

Target Agent
Trial design 
(Phase) NCT No. Misc

IDH1 AG-120 Phase I 02073994 Tumors harboring IDH1 mutations with failure of prior 
standard therapy

IDH2 AG-221 Phase I/II 02273739 Tumors harboring IDH2 mutations including glioma and 
angioimmunoblastic T-cell lymphoma

FGFR2 BGJ398 Phase II 02150967 FGFR2 fusions or other FGFR mutations; limited to BTC
Ponatinib 0226341 FGFR2 fusions; not limited to BTC

EGFR or 
VEGR

Panitumumab or bevacizumab 
with chemotherapy

Phase II 01206049 KRAS wild type

ALK/
ROS1

LDK378 Phase II 02374489 ROS1 or ALK overexpression

BRAF + 
MEK

Dabrafenib + Trametinib Phase II 02034110 BRAF V600E-mutated cancers; not limited to BTC

EGFR epidermal growth factor receptor, FGFR fibroblast growth factor receptor, IDH isocitrate dehydrogenase
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therapeutic target, reaffirming that targeting ROS1 may be a 
potential treatment for IHCC patients who express ROS1 
alterations [110]. Prospective studies are needed to validate 
its role as an effective treatment option in this disease.

 Notch Pathway

The Notch signaling pathway is integral in embryogenesis 
and structural development of the liver, where its dysregula-
tion has been identified as a contributory mechanism in the 
pathogenesis of BTC.  Preclinical work has shown that 
increased NOTCH1 expression resulted in the development 
of IHCC, suggesting it to be important in tumor development 
and proliferation [111]. The upregulation of NOTCH recep-
tors have been identified in primary hepatobiliary malignan-
cies, including primary hepatocellular carcinoma (HCC), all 
anatomic groups of BTC, and in up to 80% of IHCC in early 
studies [112, 113]. Interestingly, a RAS-driven animal mouse 
model demonstrated that inhibition of specific NOTCH 
receptors led to the development of primary biliary cancer- 
like tumors while their inhibition resulted in the formation of 
primary HCC-like tumors [114]. From these findings, 
NOTCH pathway inhibition may represent a potential effec-
tive treatment in BTC. However, validation through prospec-
tive clinical trials is needed to understand the sequelae from 
its inhibition and to validate its antitumor activity in humans.

 The Role of Immunotherapy  
for Biliary Tract Cancers

While strides in immunotherapy with other solid tumor 
malignancies have been made  – notably melanoma, renal 
cell carcinoma, prostate cancer, and recently lung cancer – 
the role for immunotherapy in BTC is unknown. Tumors 
suppress an immune response through inducing tolerance in 
tumor-specific T cells by expressing ligands that bind to 
inhibitory receptors, or immune “checkpoints” on tumor- 
specific T cells that dampen their response against tumors. 
Therapies including antibodies aimed at inhibitory check-
points on activated T cells – including cytotoxic T lympho-
cyte antigen-4 (CTLA-4) or programmed death-1 (PD-1) 
and its binding ligand on tumor cells, programmed death 
ligand 1 (PD-L1) – have generated responses in several gas-
trointestinal malignancies, including BTC, in early-phase 
studies.

In a phase II study, 17 participants with non-colorectal 
mismatch repair (MMR)-deficient gastrointestinal malig-
nancies received pembrolizumab, a PD-1 inhibitor, where 
an objective response rate was 47% [115]. Among the 
responders, four patients achieved a complete response, 
including a BTC patient. In patients with mismatch repair-

proficient tumors, no interesting clinical activity was seen, 
where no objective response rates were seen [115]. Patients 
with MMR-deficient tumors were found to have many tumor 
genomic alterations that are likely to produce neo-antigens 
that can be recognized by T cells, suggesting that check-
point blockade, with PD-1/PDL-1 inhibition, could be an 
effective strategy with immunotherapy for patients who 
have MMR- deficient tumors. In patients with mismatch 
repair-proficient tumors, strategies to increase neo-antigens 
in mismatch proficient tumors that include combining cyto-
toxic therapies (e.g., chemotherapy, radiation therapy) with 
immune checkpoint inhibitors, where DNA damage may 
increase neo- antigens that may be recognized by the immune 
system, may result in improved efficacy with immunothera-
peutic agents.

While immune checkpoint inhibitors are promising 
immunotherapeutic agents, strategies aimed at targeting the 
microenvironment represent another potential avenue for 
immunotherapy. Inflammatory cytokines that regulate the 
expansion of immunosuppressive cells that limit T or NK 
cell recognition tumor cells is produced and found in high 
concentrations in BTC.  Combination strategies including 
agents that effect the tumor microenvironment, including 
small molecule inhibitors and vaccines, are under consider-
ation for future trials.
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 Introduction

Despite its low prevalence, gallbladder carcinoma (GBC) 
represents one of the most lethal malignancies, with a 5-year 
survival of <10% [1]. Its poor prognosis is related in part to 
its advanced stage on presentation due to its relatively silent 
course and vague symptoms and in part due to the lack of 
biomarkers to screen high-risk patients and facilitate early 
diagnosis [2]. Patients in advanced stages may present with 
painless jaundice and constitutional symptoms (uninten-
tional weight loss, night sweats) [3]; most tumors are dis-
covered incidentally during cholelithiasis surgeries [2]. GBC 
represents the most common malignancy of the biliary tract 
[4]. Females appear to be at a higher risk compared to males 
[5]. GBC is relatively rare in the Western world but seems 
to have clusters in Asian countries [6]; nonetheless, its inci-
dence is increasing in the United States [5]. In 2017, an esti-
mated 11,740 new GBC and other extrahepatic biliary cancer 
cases (of which ~4000 are GBC) were expected to be diag-
nosed in the United States; 3830 of these patients will die 
due to disease [5]. The only potentially curable treatment is 
surgical resection, but only 10–30% of patients are amenable 
to that [4], and even after complete resection, rates of local 
and distant recurrence are high [7]. For patients with posi-
tive margins, recurrence is often locoregional; for those with 
negative margins, recurrence is typically distant [7].

Several risk factors have been linked to the development 
of GBC [8]. By and large, gallstones (GS) are the most impor-
tant risk factors, present in almost 96% of patients with GBC 
[9]. A longer duration of gallstone disease (20 years or more) 
and larger GS size (a diameter of 3 centimeters or more) are 
associated with higher risk [10, 11]. Despite the increased 

risk with GS, however, prophylactic cholecystectomies are 
not indicated, as only 1–2% of GS patients develop GBC 
[12]. Porcelain gallbladder, a manifestation of chronic cho-
lecystitis, is associated with GS and with a higher risk of 
developing GBC (2–3% will develop GBC) [13]. Gallbladder 
polyps are also associated with GS and a higher risk for GBC 
[14]. Cholecystectomy for polyps larger than 1 centimeter is 
advised [15]. Biliary cysts and anomalous pancreaticobiliary 
duct junction—two congenital abnormalities more common 
in the Asian population—are associated with a higher risk 
for GBC, even in the absence of GS [16, 17]. The risk of 
GBC with biliary cysts depends on age, with lower risk in 
younger patients (0.7% in patients younger than 10 years and 
up to 50% in older patients) [16]. Obesity, chronic inflamma-
tion, and chronic infections are established risk factors for 
GBC [18, 19]. In patients with primary sclerosing cholangi-
tis, 56% of patients with detected gallbladder masses were 
found to have GBC [20]. Chronic Salmonella typhi carrier 
state was associated with an approximately sixfold increase 
in the risk of GBC compared to control [19]. The association 
with Helicobacter infection remains debatable [21]. Other 
environmental risk factors include tobacco use [22], alcohol 
consumption [23], and obesity and insulin resistance [24].

 Pathogenesis

Gallbladder adenocarcinoma represents the most common 
histologic type of GBC, constituting 85–90% of cases [25], 
and will be the focus of this chapter. Rare types include 
squamous cell, adenosquamous, and neuroendocrine carci-
noma [25]. The model for gallbladder carcinogenesis (evolu-
tion from premalignant lesion to invasive carcinoma) relies 
heavily on the well-established model in colorectal cancer 
[26, 27]. The majority of GBC cases arise from the malig-
nant transformation of epithelium in the context of chronic 
inflammation [28], which causes chronic irritation of the 
mucosa and fosters an environment suitable for malignant 
transformation. Increases in inflammatory cytokines lead 
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to the overexpression of cyclooxygenase-2 (COX-2) and 
the epigenetic inhibition of tumor suppressor genes [29]. 
Mutations of TP53 and mitochondrial DNA are commonly 
observed in the early stages of GBC and drive the trans-
formation of normal epithelium into metaplastic cells [30]. 
Overexpression of COX-2 also drives tumor neoangiogene-
sis [31]. Intraepithelial neoplasia ensues, which is associated 
with the loss of heterozygosity at loci 3p and 8p [32] and the 
overexpression of human epidermal growth factor receptor 
2 (HER2) [33]. This is followed by the development of car-
cinoma in situ, in which mutations of fragile histidine triad 
(FHT) and cyclin-dependent kinase inhibitor 2A (CDKN2A) 
are observed, as well as the loss of heterozygosity at 9q, 18q, 
22q, 5q, and 17p [26, 34, 35]. Finally, invasive carcinoma 
arises; this is believed to be driven by mutations in KRAS as 
well as the loss of heterozygosity at 9p, 13q, and 18q [26, 
34]. It is important to note that the previous model applies to 
carcinomas associated with GS, not those arising on a back-
ground of adenomatous polyps nor associated with anoma-
lous pancreaticobiliary duct junction (this is more common 
in Japan) [36]. For carcinomas arising from the latter two 
settings, a different profile of KRAS and TP53 mutations has 
been observed [36].

 Diagnostic Biomarkers

At this time, there is no standard test that is used to screen 
high-risk individuals or to confirm diagnosis in patients sus-
pected of having GBC.

Several biomarkers have been studied in the diagno-
sis and prognosis of GBC [37–41]. In one study, serum 
CA242, CA125, and CA19-9 levels in patients with GBC 
were significantly higher when compared with those in 
the benign gallbladder disease and healthy control groups 
(P  < 0.01) [40]. The highest sensitivity and specificity for 
single tumor marker were for CA19-9 (sensitivity of 71.7%) 
and CA125 (specificity of 98.7%) [40]. Diagnostic accuracy 
was improved by combining CA19-9, CA242, and CA125 
(69.2%). Postoperative serum levels of those three markers 
were lower in patients who did not experience recurrence 
compared to those who did (P < 0.01) [40].

MicroRNAs (miRNAs) are small (19–25 nucleotides) 
noncoding ribonucleic acids that regulate gene expres-
sion through binding to imperfect complementary regions 
in the 3′ untranslated region of the target messenger RNA 
and inhibiting their translation or promoting their degrada-
tion and hence promoting carcinogenesis or tumor suppres-
sion [42]. They play important roles in cell differentiation, 
proliferation, and apoptosis [42]. Their differential expres-
sion compared to healthy and nonmalignant pathologies has 
been studied in several malignancies, including GBC [1]. 
Tumor- suppressing miRNAs are downregulated in GBC and 

include miRNA-34a [43], miRNA-218-5p [44], and miRNA-
335 [45]. Oncogenic miRNAs upregulated in GBC include 
miRNA-21 [46], miRNA-20a [47], miRNA-155 [48], and 
miRNA-182 [49]. Development of therapies targeting onco-
genic miRNAs could be promising.

 Treatment

High-quality prospective trials for the medical management 
of GBC are scarce because of its rarity. Many studies include 
patients with GBC along with patients with other biliary 
malignancies. However, they are underpowered to allow for 
subgroup analyses to further delineate the effect of therapy 
based on specific anatomical sites within the biliary tree. 
Furthermore, with the advent of targeted therapies and the 
evidence that some targeted therapies have been beneficial in 
other malignancies, the need for trials evaluating the efficacy 
of such therapy, alone or in combination with conventional 
chemotherapy, is growing.

 Resectable Disease

As stated earlier, the only potentially curable treatment is sur-
gical resection [50]. GBC patients who have resectable dis-
ease are encouraged to enroll in clinical trials testing adjuvant 
systemic therapies when feasible. If participation in a clini-
cal trial is not an option, patients with completely resected, 
stage pT2, or more tumors or those with node- or margin-
positive disease may benefit from adjuvant therapy [51, 52]. 
There is no consensus on the optimal adjuvant approach, i.e., 
chemotherapy (CT) alone versus chemoradiation (CRT) with 
chemotherapy. The choices for chemotherapy alone include 
gemcitabine, fluoropyrimidine (5-fluorouracil [5-FU] or 
capecitabine), or gemcitabine plus a fluoropyrimidine [53]. 
Treatment is usually given for 6 months following surgical 
resection.

Another approach is combining chemoradiotherapy 
(CRT) with 4 months of systemic CT. The benefit in over-
all survival (OS) from CT, alone or in combination with 
CRT, versus radiation therapy (RT) alone was elucidated in 
a systematic review (OR, 0.39, 0.61, and 0.98, respectively; 
P = 0.02); the greatest benefit in survival was seen in patients 
with LN-positive disease (OR, 0.49; P  =  0.004) and R1 
disease (OR, 0.36; P  =  0.002) [54]. Whether adjuvant RT 
should be administered alone or with concurrent CT is still 
being debated. The phase II SWOG S0809 trial evaluated the 
benefit of adjuvant capecitabine and gemcitabine followed 
by radiotherapy and concurrent capecitabine in patients with 
extrahepatic cholangiocarcinoma and 25 patients with GBC 
(19 patients had R0 and 6 had R1) [55]. The 2-year survival 
for all patients was 65% (95% CI, 53–74%), and it was 67% 
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and 60% in R0 and R1 patients, respectively. Median OS was 
35 months (R0, 34 months; R1, 35 months). Local, distant, 
and combined relapses occurred in 14, 24, and 9 patients. 
Grade 3 and 4 adverse effects were observed in 52% and 
11% of patients, respectively, and were mainly neutropenia 
(44%), hand-foot syndrome (11%), diarrhea (8%), lympho-
penia (8%), and leukopenia (6%).

For resected GBC with negative margins, negative regional 
nodes, or carcinoma in situ, the current recommendations 
from the National Comprehensive Cancer Network (NCCN) 
are observation, fluoropyrimidine chemoradiation, or fluoro-
pyrimidine- or gemcitabine-based chemotherapy [56]. For 
R1 and R2 GBC, as well as disease with positive regional 
nodes, the NCCN recommends fluoropyrimidine chemora-
diation followed by fluoropyrimidine- or gemcitabine- based 
chemotherapy, or fluoropyrimidine- or gemcitabine-based 
chemotherapy only [56]. Prospective trials are needed to fur-
ther shed light on the role of either adjuvant approaches for 
resected GBC [57].

 Unresectable, Locally Advanced, 
and Metastatic Disease

Similar to the management of resectable disease, guidelines 
for treating patients with advanced disease that are based 
on randomized clinical trials are lacking [56]. Knox et  al. 
evaluated the combination gemcitabine plus capecitabine for 
first- line therapy in  locally advanced and metastatic biliary 
tract malignancy, including GBC patients [58]. The overall 
response rate was 31%, with a median progression-free sur-
vival (PFS) and overall survival (OS) of 7 and 14  months, 
respectively. The treatment was generally well tolerated. 
Similar results were reported by Riechelmann et al. for the 
same combination as first-line treatment of locally advanced 
disease [59]. In 2007, a pooled analysis of available trials 
showed that combining gemcitabine and a platinum resulted 
in higher response rates and a trend toward improved survival 
in advanced disease compared to other regimens, including 
fluoropyrimidine-based ones [60]. Subsequently, the phase 
III Advanced Biliary Cancer-02 (ABC-02) trial, one of the 
hallmark trials in the management of biliary tract malignan-
cies, confirmed the superiority of the gemcitabine- cisplatin 
combination over gemcitabine alone for nonresectable, recur-
rent, and metastatic disease [61], with a median PFS of 8.0 
versus 5.0 months, respectively, and a median OS of 11.7 ver-
sus 8.1 months, respectively [61]. There was a nonsignificant 
increase in grade 3–4 neutropenia in the gemcitabine- cisplatin 
arm; infection rates were similar between the two arms. Liver 
function was significantly worse in the gemcitabine-only arm 
compared to the combination arm, which might reflect better 
disease control with the combination arm [61].

However, the question remains as to the impact of treat-
ment on survival compared to supportive care. The only trial 
that compared best supportive care (BSC) to chemother-
apy—fluorouracil/leucovorin (FUFA) versus modified gem-
citabine/oxaliplatin (mGEMOX)—reported better outcomes 
with GEMOX [62]. Median OS was 4.5, 4.6, and 9.5 months 
for the BSC, FUFA, and mGEMOX arms, respectively. 
Median PFS was 2.8, 3.5, and 8.5 months, respectively. For 
locally advanced, unresectable disease, another option is flu-
oropyrimidine-based chemoradiotherapy as one therapeutic 
option in addition to palliative chemotherapy [56], but the 
normal tissue surrounding the tumor may limit the dose of 
radiation administered.

 Targeted Therapies

Multiple pathways are aberrantly expressed in GBC 
(Table 12.1) and play a role in carcinogenesis, such as fos-
tering uncontrolled cell proliferation, evading apoptosis, 
angiogenesis, and invasion [28, 63–67]. Their expression 
and the benefit of their blockade in other malignancies ren-
der them potential therapies in GBC. The molecular signa-
ture of GBC differs from other biliary tumors. For instance, 
KRAS mutations are more common in cholangiocarcino-
mas than GBC [28]. On the other hand, aberrations in the 
fibroblast growth factor receptor 2 (FGFR2) and isocitrate  

Table 12.1 Frequency of aberrant expression of specific pathways in 
GBC compared to intrahepatic and extrahepatic cholangiocarcinoma 
[28, 63–67]

Pathway GBC IHCC EHCC
Growth factors/receptors
EGFR 6–12% 3–27% 5–20%
HER2 16% 0–1% 0–8%
MET 5–74% 21–58% 0%
VEGF 55–63% 53% 59%
FGFR2 0% 13–20% 0–5%
IDH1/2 0% 23–28% 0–7%
RAS-RAF-MEK pathway
KRAS 0–13% 5–54% 0–40%
BRAF 0–33% 0–21% 0–2%
MEK Unknown Unknown Unknown
PI3K-AKT-mTOR pathway
PI3K/PIK3CA 4–12% 0–9% 0%
AKT 0% 0–3% 0%
mTOR 47–64% 25–70% 40–65%

AKT Protein kinase B, BRAF proto-oncogene BRAF, EGFR epithelial 
growth factor receptor, EHCC extrahepatic cholangiocarcinoma, 
FGFR2 fibroblast growth factor receptor 2, HER2 human epidermal 
growth factor receptor 2, IDH1/2 isocitrate dehydrogenase 1 and 2, 
IHCC intrahepatic cholangiocarcinoma, KRAS Kirsten rat sarcoma 
viral oncogene homolog, MET hepatocyte growth factor receptor, 
MAPK mitogen-activated protein kinase, MEK MAPK kinase, mTOR 
mammalian target of rapamycin, PI3K phosphoinositide 3-kinase, 
VEGF vascular endothelial growth factor
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dehydrogenase 1 (IDH1) and IDH2 are typically not 
observed in GBC, while they are frequent in intrahepatic 
cholangiocarcinomas [63].

Several trials evaluated the role of targeted therapy in 
GBC. Unfortunately, the majority of these trials are under-
powered and test the drugs in molecularly unselected patients. 
Therefore, larger trials are needed with the goal of selecting 
patients using biomarkers.

 Inhibitors of Growth Factors  
and Their Receptors

 Epidermal Growth Factor  
Receptor (EGFR) Inhibitors
Epidermal growth factor receptor (EGFR), a member of 
the ErbB family of receptors, is composed of an extracel-
lular ligand-binding domain and an intracellular domain 
with tyrosine kinase activity. It is commonly activated in 
malignant cells [68]. Its activation promotes cell prolifera-
tion, angiogenesis, and evasion of apoptosis [68] and may 
be predictive of increased mortality in biliary tract malig-
nancies [69]. Erlotinib is a tyrosine kinase inhibitor that pre-
vents activation of EGFR through reversible blockade of its 
adenosine triphosphate binding site, resulting in its inability 
to activate downstream pathways such as RAS-RAF-MEK 
and PI3K-AKT-mTOR [70]. Erlotinib monotherapy showed 
some benefit in a phase II trial of a small number of patients 
with advanced disease [70]. However, adding erlotinib to 
gemcitabine and oxaliplatin (GEMOX) failed to improve 
OS, despite a slight improvement in PFS [71].

Cetuximab (CTX) and panitumumab (PTB) are two 
monoclonal antibodies against EGFR that have also been 
evaluated in GBC [72, 73]. They selectively block the extra-
cellular ligand-binding domain of the receptor, thereby 
preventing its activation [73]. Gruenberger et al. evaluated 
the addition of CTX to GEMOX in a single-arm, phase II 
trial for patients with advanced disease [73]. Although 63% 
of the patients achieved response (3 patients had complete 
response and 16 had partial response), no survival ben-
efit was observed [73]. Grade 3, but not Grade 4, adverse 
events were observed in 13 out of 30 patients and included 
rash, peripheral neuropathy, and thrombocytopenia [73]. 
The BINGO trial, another phase II trial combining CTX to 
GEMOX, randomized patients with advanced biliary tract 
malignancies (including GBC) to either received cetuximab 
or not [74]. Similar to the results of Gruenberger et al., add-
ing CTX to chemotherapy did not improve survival (PFS for 
the CTX- GEMOX was 6.1 months compared to 5.5 months 
for the GEMOX arm; OS was 11.0 and 12.4 months, respec-
tively, for the CTX-GEMOX and GEMOX arms) [74].

Hezel et al. reported some encouraging results with add-
ing PTB to GEMOX [75]. In a single-arm, phase II trial of 
31 previously untreated, unresectable, or metastatic KRAS 
wild- type biliary tract (including GBC), the response rate was 
45%, and median PFS and OS were 10.6 and 20.3 months, 
respectively [75]. The most common grade 3/4 adverse events 
were anemia (26%), leukopenia (23%), fatigue (23%), neu-
ropathy (16%), and rash (10%) [75]. The Vecti-BIL study, 
another phase II trial, randomized chemotherapy- naive 
patients with advanced, KRAS wild-type biliary tract malig-
nancies (including 28 patients) to receive GEMOX with or 
without PTB [76]. No survival benefit was observed; median 
PFS was 5.3 and 4.4  months, respectively, for the PTB-
GEMOX and GEMOX-only arms, and median OS was 9.9 
and 10.2 months, respectively [76].

 Human Epidermal Growth Factor  
Receptor 2 (HER2) Inhibitors
HER2, another member of the ErbB family, also promotes 
cell growth, survival, and motility and might actually be a 
more potent activator of these pathways than other recep-
tors [77]. Overexpression of HER2 is more common in GBC 
compared to tumors in other sites of the biliary tree [78] and 
to other gastrointestinal tumors [79]. Interestingly, its over-
expression has been associated with favorable outcomes, 
and patients with overexpressed HER2 are less likely to 
have metastatic disease [80]. However, although its block-
ade has been beneficial in the treatment of other malignan-
cies, namely, breast and gastric, the benefit from its blockade 
in GBC has been modest at best. Lapatinib, an oral, dual 
inhibitor of EGFR and HER2, was evaluated in patients with 
advanced biliary tract malignancies, including GBC [81]. 
Lapatinib monotherapy resulted in a median PFS and OS of 
1.8 and 5.2 months, respectively [81]. Similar results were 
reported from other studies [82, 83].

 Vascular Endothelial Growth  
Factor (VEGF) Inhibitors
Vascular endothelial growth factor (VEGF) is a potent 
promoter of angiogenesis [84] and is overexpressed in 
55–63% of GBC [28]. Its expression correlates with posi-
tive surgical margins, metastases, and poor survival [28, 
85]. Bevacizumab is a monoclonal antibody that binds 
VEGF and prevents it from activating its receptor VEGFR 
[86]. Zhu et al. evaluated the combination of bevacizumab 
with GEMOX in a phase II trial of advanced biliary cancer 
patients [86]. Response rate was 40%, and median PFS and 
OS were 7 and 12.7  months, respectively [86]. However, 
the study did not meet the predefined endpoint of improv-
ing 6-month PFS from 50% to 70% [86]. Another phase 
II evaluated the addition of bevacizumab to gemcitabine/
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capecitabine in 50 patients with advanced biliary tract 
malignancies, including 11 patients with GBC [87]. Twelve 
patients had partial response, and 24 had stable disease [87]. 
Median PFS and OS were 8.1 and 10.2  months, respec-
tively; patients with detected circulating tumor cells at base-
line had lower median OS compared to those without (9.4 
vs. 13.7 months; P = 0.29) [87].

Lubner et al. evaluated the role of dual blockade of VEGF 
and EGFR with bevacizumab and erlotinib in a phase II trial 
of advanced cholangiocarcinoma and GBC, but the combi-
nation did not improve survival compared to upfront chemo-
therapy [88]. Response rate was 63%, and median PFS and 
OS were 4.4 and 9.9 months, respectively [88]. Sorafenib, 
a multi-kinase inhibitor of VEGFR, among other targets 
such as platelet-derived growth factor and BRAF, has been 
evaluated in the setting of GBC as monotherapy [89] as well 
as combined to chemotherapy (gemcitabine-cisplatin [90] 
and capecitabine-oxaliplatin [91]), but it failed to improve 
survival.

 MET Inhibitors
MET, also known as the scatter receptor, is activated by the 
hepatocyte growth factor (HGF) and stimulates the synthesis 
of VEGF and interleukin-8, eventually feeding angiogenesis 
[92]. It also promotes invasion of tumor cells by degrading 
intercellular junctions [92]. Its overexpression has been asso-
ciated with poor prognosis [93]. To date, no trial has evalu-
ated the role of its blockade in GBC.

 Fibroblast Growth Factor  
Receptor 2 (FGFR2) Inhibitors
The fibroblast growth factor, through activation of its recep-
tor (FGFR2), regulates cell proliferation, migration, and 
angiogenesis [94]. FGFR2 gene fusions were observed 
in intrahepatic cholangiocarcinomas [95], and an FGFR2 
inhibitor is being evaluated in the setting of advanced chol-
angiocarcinomas [96]. However, FGFR2 aberrations have 
not been observed in GBC [63]. At this time, no FGFR2 has 
been identified for GBC.

 Inhibitors of the RAS-RAF-MEK-MAPK Pathway

The RAS-RAF-MEK-MAPK pathway is downstream of 
surface growth factor receptors and plays an important role 
in promoting cell proliferation as well as evading apopto-
sis, through interacting with cell-cycle regulating proteins, 
such as p53, p16, and p21 [97]. Furthermore, the pathway’s 
first component, KRAS, cross-stimulates the PI3K-AKT 
pathway in addition to its primary downstream signaling of 
the RAS- RAF- MEK-MAPK axis [97]. Although KRAS and 

BRAF mutation status has been implicated in other malig-
nancies, they are not considered to be prognostic markers 
in biliary tract malignancies [69]. Selumetinib is a small 
molecule inhibitor of MEK that selectively binds to an 
allosteric regulatory site on MEK and prevents the protein 
from utilizing adenosine triphosphate [98]. Selumetinib 
monotherapy was evaluated in a phase II trial that included 
28 patients with advanced biliary tract malignancies, 7 of 
whom had advanced GBC [98]. Three patients had con-
firmed objective response; median PFS and OS were 3.7 
and 9.8 months, respectively [98]. Toxicities were mainly 
grade 1 and 2 and were most frequently rash and xerosto-
mia; 4% of patients had grade 4 fatigue [98]. Notably, no 
BRAFV600E mutations were found in tumor tissues [98]. The 
phase Ib trial ABC-04 evaluated selumetinib in combina-
tion with gemcitabine and capecitabine for 13 patients with 
advanced biliary tract malignancies (3 patients with GBC) 
[99]. Three patients had a partial response and 5 stable 
disease. Median PFS was 6.4  months. Toxicities related 
to selumetinib were mostly grade 1 and 2 and related to 
edema and rash.

 Inhibitors of the PI3K-AKT-mTOR Pathway

Similar to the RAS-RAF-MEK pathway, the PI3K-AKT- 
mTOR pathway is stimulated by various growth fac-
tors and plays a crucial role in evading apoptosis, likely 
through stimulating BCL-2 and blocking the activity of 
caspase-9 [100]. It also promotes progression through the 
cell cycle, facilitates angiogenesis [101], and regulates the 
production of matrix metalloproteinases, which are piv-
otal for local invasion [102]. One of the downstream com-
ponents, the mammalian target of rapamycin (mTOR), 
potentiates cell proliferation and promotes angiogenesis 
through production of hypoxia-inducible factor [103]. 
Overactivation of mTOR is associated with shortened 
overall survival [104].

Everolimus, an mTOR kinase inhibitor, has been tested 
and is approved by the US Food and Drug Administration 
(FDA) for the treatment of a number of tumors, including 
pancreatic neuroendocrine tumors and renal cell carcino-
mas [105]. Everolimus was studied in combination with 
gemcitabine and cisplatin in a phase I trial for patients 
with unresectable solid tumors, including GBC [105]. 
None of the GBC patients had an objective response. 
Toxicities related to everolimus included hyperlipid-
emia. Combining an mTOR inhibitor with 5-FU [106] 
and MAPK inhibitor [107] showed promising results in 
preclinical studies. Table  12.2 lists ongoing trials in the 
management of GBC.
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 Conclusion

Gallbladder cancer is a rare malignancy that is associated with 
a poor prognosis because diagnosis is made at a late stage and 
because of the lack of effective systemic therapies. The most 
common histological type is adenocarcinoma. The only poten-
tially curable treatment is surgical resection, but only a small 
portion of patients are resectable because the majority present 
with late stages of disease. Patients must always be encouraged 
to enroll in clinical trials. Patients with completely resected, 
stage pT2, or more tumors or those with node- or margin-pos-
itive disease may benefit from adjuvant therapy, which can be 
in the form of either chemotherapy alone or chemoradiation 
with or without chemotherapy. For patients with unresectable, 
locally advanced, or metastatic disease, treatment options 
include palliative chemotherapy (gemcitabine- or fluoropy-
rimidine-based) or fluoropyrimidine chemoradiation with or 
without palliative chemotherapy. A number of targeted thera-
pies have been evaluated in the setting of advanced disease, 
but none are FDA approved. Higher impact trials are needed 
to further guide the management of this disease.
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 Hepatocellular Carcinoma

 Introduction

Worldwide, hepatocellular carcinoma (HCC) is the sixth 
most common cancer and the second most common cause of 
cancer mortality. Also, it is the fifth most common cancer in 
men (554,000 cases/year, 7.5% of all cases) and the ninth 
most common cancer in women (228,000 cases/year, 3.4% 
of all cases). Globally, liver cancer develops in an estimated 
782,000 people each year, and 745,000 die of it annually [1].

Many factors increase the risk of HCC. These risk factors 
are classified into two groups: preventable and non- 
preventable. Preventable risk factors are hepatitis B and C 
virus (HBV and HCV) infections, obesity, diabetes, nonalco-
holic steatohepatitis, toxic exposures (e.g., aflatoxins, vinyl 

chloride), and alcohol, tobacco, and drug use [2–4]. Non- 
preventable risk factors are race or ethnicity, age, sex, family 
history, hereditary hemochromatosis, α(alpha)-1 antitrypsin 
deficiency, autoimmune hepatitis, and subtypes of porphyria 
[4–7]. Worldwide, the most frequent underlying cause of 
HCC is chronic hepatitis B virus infection, whereas in devel-
oped countries, such as those in Southern Europe and North 
America, the most common cause is chronic hepatitis C 
infection. The vast majority of patients with HCC have cir-
rhosis, although HCC may develop in patients with chronic 
hepatitis B virus infection without evidence of cirrhosis [8, 
9]. HCC is usually detected earlier in cirrhotic patients than 
in those with normal livers owing to regular screening in 
follow-up examinations. However, HCCs remain asymptom-
atic for longer periods and often present with large tumor 
diameters at the time of diagnosis in patients with normal 
livers [10, 11].

 Histopathology of Hepatocellular Carcinoma

 Gross Findings

An HCC usually presents as a nodular mass rimmed with a 
pseudocapsule (most often in a cirrhotic liver) or encapsu-
lated (most often in a noncirrhotic liver) [12, 13]. The tumor 
is often soft, with or without areas of necrosis, and yellow, 
tan, grayish-white, or green (owing to bile production) in 
color. Invasion into the portal and hepatic veins and vena cava 
is common, but invasion into bile ducts is uncommon. An 
HCC can be either a single nodule with or without adjacent 
satellite nodules or multifocal owing to multicentric (multi-
clonal) tumors or intrahepatic metastasis from a primary site. 
It can also present as a massive dominant mass with or with-
out satellite nodules; a pedunculated tumor protruding from 
the liver with or without a pedicle; or a diffuse tumor with 
numerous small nodules diffusely infiltrating the liver paren-
chyma. The lungs, lymph nodes, bone, and  adrenal glands are 
the most common sites of extrahepatic metastasis of HCC.
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 Light Microscopic Findings

Diagnosis of HCC requires demonstration of hepatocellular 
differentiation by tumor cells and features of malignancy 
[12, 13]. These can be demonstrated by light microscopy, 
special stains, or immunohistochemical or ultrastructural 
studies. The spectrum of histologic findings for HCC varies 
from resembling normal liver parenchyma to anaplastic 
tumors with little hepatocellular differentiation. Most HCCs 
have definitive hepatocellular differentiation in a trabecular 
pattern in sinusoid-like blood spaces but characteristically 
lack portal tracts (Fig. 13.1), a feature shared by hepatic ade-
nomas. The tumor cells are moderately sized and polygonal; 
have eosinophilic, finely granular cytoplasm and distinct cell 
membranes; grow in hepatic plates at least 3 cells thick; and 
have a bile canaliculus running through the plate and a sin-
gle layer of endothelial cells lining both sides of the plate. 

The normal reticulin network of liver parenchyma is reduced 
and disrupted, and reticulin staining is employed to distin-
guish HCCs from nonneoplastic liver parenchyma and 
hepatic adenomas. Another common histologic variant is a 
pseudoglandular or pseudoacinar pattern formed by abnor-
mal or dilated bile canaliculi (Fig. 13.2). Bile plugs in dilated 
bile canaliculi or pseudoglands can help establish the diag-
nosis of HCC. A solid or compact pattern of HCC has sheets 
of tumor cells with compressed trabeculae and sinusoids 
(Fig. 13.3). The clear-cell variant of HCC can have fat vacu-
oles or glycogen in the cytoplasm and clear cytoplasm 
(Fig. 13.4). This variant must be differentiated from meta-
static clear-cell renal cell carcinoma.

A variety of intracytoplasmic inclusions can be present in 
HCCs [12, 13]. Mallory-Denk bodies, which are similar to 
Mallory bodies, are irregular, eosinophilic, periodic acid- 
Schiff–negative aggregated intermediate filaments, such as 

Fig. 13.1 Moderately 
differentiated hepatocellular 
carcinoma with a trabecular 
pattern, increased thickness of 
hepatic plates separated by 
sinusoids (400× 
magnification, H&E stain)

Fig. 13.2 Moderately 
differentiated hepatocellular 
carcinoma with a 
pseudoglandular pattern 
designated by arrows (400× 
magnification, H&E stain)
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ubiquitin and keratins. Hyaline bodies, which are similar to 
globules that accumulate in patients who have α(alpha)-1- 
antitrypsin deficiency, are globular, round, strongly eosino-
philic, periodic acid-Schiff-positive, and diastase-resistant 
owing to α(alpha)-1-antitrypsin accumulation (Fig.  13.5). 
Pale bodies are round-to-oval, amorphous, and lightly eosin-
ophilic owing to accumulated fibrinogen in the endoplasmic 
reticulum. Rarely, ground-glass inclusions, similar to those 
in HBsAg-positive hepatocytes, can be present in neoplastic 
cells in HCCs arising in HBsAg-positive patients. Except for 
ground-glass inclusions, which can be present in patients 
with hepatitis B virus infection, other inclusions are not spe-
cific to the underlying liver disease.

Other uncommon variants of HCC include scirrhous car-
cinoma with marked fibrosis along the sinusoid-like spaces, 
undifferentiated carcinoma with hepatocellular differentia-
tion demonstrated using immunohistochemistry but that can-

not be classified further, lymphoepithelioma-like carcinoma 
with numerous intratumoral lymphocytes, and sarcomatoid 
carcinoma with malignant spindle cells.

 Fibrolamellar Hepatocellular Carcinoma

Fibrolamellar HCC is a rare distinctive type of this tumor 
that is most common in children and young adults [12, 13]. 
Grossly, the tumor is yellow to pale tan and firm and may 
have a central scar. Histologically, the tumor is composed of 
large polygonal cells with abundant eosinophilic cytoplasm, 
large vesicular nuclei, large distinct nucleoli, and tumor nests 
surrounded by characteristic lamellar fibrosis (Fig.  13.6). 
These tumors can have glandular differentiation with mucin 
production. Pale bodies, hyaline bodies, and calcification 
may be present in fibrolamellar HCCs.

Fig. 13.3 Poorly 
differentiated hepatocellular 
carcinoma with a solid pattern 
(400× magnification, H&E 
stain)

Fig. 13.4 Moderately 
differentiated hepatocellular 
carcinoma clear-cell type with 
clear cytoplasm (400× 
magnification, H&E stain)
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 Immunohistochemical Findings

Immunohistochemistry can be used to confirm hepatocellular 
differentiation and distinguish HCC from benign liver lesions 
and other primary and metastatic liver tumors [12, 13]. 
HepPar-1 and arginase are sensitive markers of hepatocellular 
differentiation, although the former is occasionally present in 
stomach cancers and cholangiocarcinomas. Glypican-3 can 
be used to distinguish HCC from hepatic adenoma and benign 
liver lesions [14]. The bile canaliculi in HCCs can be demon-
strated by immunohistochemistry for polyclonal carcinoem-
bryonic antigen and CD10. In contrast with normal sinusoids, 
the sinusoidal-like spaces in HCCs exhibit changes in “capil-
larization” and stain for CD34. In contrast to HCC, carcino-
embryonic antigen has cytoplasmic staining in 
adenocarcinomas. HCCs stain for cytokeratin 8 and 18 recog-
nized by CAM 5.2 but do not stain for high- molecular- weight 

cytokeratins recognized by AE1/AE3 or biliary-type cyto-
keratins 7 and 19. Most HCCs do not stain for antibodies 
against cytokeratin 7 or cytokeratin 20, but they occasionally 
can be positive for them, especially cytokeratin 7. HCCs do 
not stain for epithelial membrane antigen or MOC31. Serum 
α(alpha)-fetoprotein levels are high in most HCC patients, but 
very few HCCs are stainable for α(alpha)-fetoprotein. In situ 
hybridization for albumin can be invaluable in demonstrating 
hepatocellular differentiation in difficult HCC cases [15].

 Differential Diagnosis

HCCs must be distinguished from primary liver lesions and a 
wide variety of metastatic tumors [12, 13]. One of the most dif-
ficult problems in liver pathology is distinguishing a well- 
differentiated HCC from a hepatic adenoma. This can be a 

Fig. 13.5 Hepatocellular 
carcinoma with hyaline 
globules designated by arrows 
(400× magnification, H&E 
stain)

Fig. 13.6 Fibrolamellar 
hepatocellular carcinoma with 
large, eosinophilic cells, and 
lamellar fibrosis designated 
by arrows (200× 
magnification, H&E stain)

S. Lacin et al.



211

problem even with a resected tumor. Reticulin staining to dem-
onstrate increased trabecular thickness and loss of reticulin 
architecture and a lack of use of oral contraceptives or andro-
gens can help to differentiate HCCs from hepatic adenomas in 
a few cases. Some studies have performed chromosomal analy-
ses and nuclear staining for β(beta)-catenin immunohistochem-
istry in hepatic adenomas to help in difficult and problematic 
cases [16]. Macroregenerative nodules in patients with cirrho-
sis may have some cytologic atypia or abnormal trabecular 
growth patterns. Preservation of normal hepatic architecture by 
reticulin stain and lack of staining for glypican-3 immunohisto-
chemistry can be invaluable in differentiating macroregenera-
tive nodules from HCCs. Focal nodular hyperplasia can mimic 
fibrolamellar HCC in imaging studies and grossly with a cen-
tral scar, but it has a distinct histology.

HCCs have large eosinophilic cells and can mimic other 
tumors with similar histologies, including neuroendocrine 
tumors and carcinomas, adrenocortical carcinomas, meso-
theliomas, melanomas, gastrointestinal stromal tumors, and 
angiomyolipomas. Well-intermediate-grade pancreatic gastro-
intestinal neuroendocrine tumors and carcinomas can histo-
logically mimic HCCs; this is one of the most common 
misdiagnoses in liver neoplastic pathology. Elevated serum 
neuropeptide levels, imaging studies, and immunohistochem-
istry for chromogranin and synaptophysin can help with this 
differential diagnosis. Similarly, adrenocortical carcinoma can 
be easily distinguished from HCC via  immunohistochemistry 
for inhibin, calretinin, and melan-A. Although most clear-cell 
variants of HCC can have conventional trabecular patterns 
with eosinophilic cells, metastatic clear-cell renal cell carci-
noma should be excluded by immunohistochemistry positive 
for epithelial membrane antigen, CD10, and PAX88 and nega-
tive for pan-cytokeratin.

A primary cholangiocarcinoma or metastatic adenocarci-
noma can be difficult to differentiate from a poorly differen-
tiated HCC [17]. Immunohistochemistry for hepatic markers, 
including HepPar-1, arginase, polyclonal carcinoembryonic 
antigen, cytokeratins 7 and 20, and MOC31, and a variety of 
site-specific markers, such as napsin A, TTF-1, CDX-2, 
PAX8, WT-1, calretinin, estrogen receptor, and progesterone 
receptor, may help in differential diagnosis of HCC.

 Grading of Hepatocellular Carcinomas

HCCs are graded as well-differentiated, moderately differen-
tiated, poorly differentiated, and undifferentiated [12, 13]. 
Well-differentiated carcinomas have mild cytologic atypia, 
increased nucleus-to-cytoplasmic ratios, thin trabeculae com-
posed of 3 or fewer cells in thickness, and pseudoglandular 
patterns. Moderately differentiated HCCs have trabecular 
growth of 3 or more cells in thickness, their cells have abun-
dant eosinophilic cytoplasm with round nuclei and distinct 
nucleoli, and they have pseudoglandular histologic pattern. 

Poorly differentiated carcinomas have a solid-tumor growth 
pattern without distinct sinusoid-like blood spaces, and their 
cells have increased nucleus-to-cytoplasm ratios and moder-
ate to marked pleomorphism. Undifferentiated carcinomas 
have a solid growth pattern with round or spindle tumor cells 
containing little cytoplasm.

 Staging of Hepatocellular Carcinomas

HCCs are staged using the American Joint Committee on 
Cancer tumor-node-metastasis (TNM) classification [18]. 
This classification uses the number and size of tumor nod-
ules; presence or absence of vascular invasion, including that 
of major branches of the portal and hepatic veins; involve-
ment of adjacent organs; involvement of the visceral perito-
neum; and lymph node or distant metastasis (Table 13.1).

Table 13.1 Pathologic staging of hepatocellular carcinoma using the 
tumor-node-metastasis (TNM) system [18]

Definition of primary tumor (T)
T 
category T criteria
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Solitary tumor ≤2 cm or >2 cm without vascular invasion
T1a Solitary tumor ≤ 2 cm
T1b Solitary tumor > 2 cm without vascular invasion
T2 Solitary tumor > 2 cm with vascular invasion, or multiple 

tumors, none > 5 cm
T3 Multiple tumors, at least one of which is >5 cm
T4 Single tumor or multiple tumors of any size involving a 

major branch of the portal vein or hepatic vein or tumor(s) 
with direct invasion of adjacent organs other than the 
gallbladder or with perforation of visceral peritoneum

Definition of regional lymph node (N)
N category N criteria
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

Definition of distant metastasis (M)
M category M criteria
M0 No distant metastasis
M1 Distant metastasis

AJCC prognostic stage groups
When T is… And N is… And M is… Then the stage group is…
T1a N0 M0 IA
T1b N0 M0 I B
T2 N0 M0 II
T3 N0 M0 IIIA
T4 N0 M0 IIIB
Any T N1 M0 IVA
Any T Any N M1 IVB

Used with permission of the American Joint Committee on Cancer 
(AJCC), Chicago, Illinois. The original and primary source for this 
information is the AJCC Cancer Staging Manual, Eighth Edition (2017) 
published by Springer International Publishing
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 Nonalcoholic Steatohepatitis-Related 
Hepatocellular Carcinoma

Nonalcoholic fatty liver disease is the most common cause 
of liver dysfunction, and its prevalence is 20–30% in the 
general population and up to 57–74% in obese individuals 
[19]. Nonalcoholic fatty liver disease increases the liver’s 
susceptibility to oxidative stress and inflammatory cyto-
kines such as interleukin-6 and tumor necrosis factor, with 
subsequent progression to nonalcoholic steatohepatitis and 
fibrosis. Recently, a large retrospective study demonstrated 
that the proportion of nonviral-related HCC in all HCC 
patients increased from 10.0% in 1991 to 24.1% in 2001, 
with most cases related to nonalcoholic fatty liver disease 
and diabetes [20].

 Sex Hormone-Related Hepatocellular 
Carcinoma

As far as we know, irrespective of worldwide variation in 
incidence, HCC is a male-dominant disease. Particularly, in 
sub-Saharan Africa, the incidence of HCC in men is up to 10 
times higher than that in women [21]. The liver expresses 
estrogen and androgen receptors, which may act as transcrip-
tion factors and regulate the expression of several regulatory 
genes. These genes are involved in several pathways associ-
ated with cell proliferation and immune response [22, 23]. 
Both estrogen and androgen are steroid hormones that medi-
ate their own action by binding to nuclear receptors and act-
ing as transcription factors to regulate expression of multiple 
genes as described previously. Researchers have shown that 
progression from hyperplasia to HCC is associated with sup-
pressed estrogen-receptor expression and elevated androgen- 
receptor expression [24–27].

 Role of Surgery for Hepatocellular 
Carcinoma

Hepatic resection is the primary treatment of HCC in selected 
patients who do not meet criteria for liver transplantation or 
local ablation. Published 5-year overall survival (OS) rates 
after hepatic resection for HCC range from 25% to 80% 
depending on patient selection and pathologic factors [28–
30]. However, a minority of patients with HCC are candi-
dates for hepatic resection owing to advanced disease stage 
at diagnosis, underlying chronic liver disease, and/or hepatic 
dysfunction. In addition, hepatic resection is associated with 
high intrahepatic tumor recurrence rates of 50% at 3 years 
and 70% at 5  years. Important considerations before per-
forming partial hepatectomy for HCC include assessment of 
hepatic reserve, the anticipated extent of the resection, and 
prognostic factors.

 Assessment of Hepatic Reserve

The degree of fibrosis and hepatic dysfunction are critical fac-
tors in selecting patients with HCC for hepatic resection. The 
most widely used classification scheme for assessing the 
degree of cirrhosis is the Child-Pugh score. Components of 
the Child-Pugh classification are two clinical factors—
encephalopathy and ascites—and three laboratory values—
prothrombin time, albumin level, and bilirubin level. In 
general, patients with Child-Pugh A cirrhosis and highly 
selected patients with Child-Pugh B disease are candidates 
for hepatic resection. Another preoperative tool to select cir-
rhotic patients for hepatic resection is the Model for End- 
Stage Liver Disease (MELD) score, which is based on serum 
bilirubin and creatinine levels and the international normal-
ized ratio (INR). A study at the Mayo Clinic demonstrated 
that a MELD score lower than 9 was associated with no peri-
operative mortality after resection of HCC in cirrhotic 
patients, whereas 29% of patients with a MELD score of 9 or 
higher died perioperatively (p < 0.01) [31]. The results of this 
study were validated in a report by Cucchetti and colleagues, 
in which the rate of postoperative liver failure in patients with 
a MELD score lower than 9 was 0% versus 38% in those with 
a MELD score greater than 10 (p = 0.001) [32].

An important preoperative consideration in patients with 
HCC is the presence of portal hypertension, reflected by 
thrombocytopenia, a hepatic venous gradient greater than 
10 mm Hg, and the presence of esophageal varices, ascites, 
and/or splenomegaly. In patients with portal hypertension, 
morbidity and mortality rates are prohibitive after major hepa-
tectomy, but selected patients may undergo resection of 1 or 2 
segments safely. Ishizawa and coworkers compared  outcomes 
after hepatic resection in patients with (n = 136) and without 
(n  =  250) portal hypertension, defined as the presence of 
esophageal varices or a platelet count less than 100,000/mm in 
association with splenomegaly [33]. The extent of liver resec-
tion was limited to less than 1 sector in 98% of the patients 
with portal hypertension. Patients with portal hypertension 
had a postoperative complication rate of 10%, which was not 
significantly different from that in patients without portal 
hypertension (12%). The 5-year OS rate was significantly 
shorter in patients with portal hypertension: 56% versus 71% 
in those without it (p = 0.008). In a multivariate analysis, vas-
cular invasion and Child-Pugh B score but not portal hyperten-
sion were independent predictors of OS.

Absolute contraindications for both major and minor 
hepatic resection are a bilirubin level greater than 2 mg/dL, the 
presence of ascites, and an insufficient liver remnant volume.

 Liver Volumetry and Portal Vein Embolization

An insufficient anticipated volume of liver remaining after 
resection, or future liver remnant (FLR) volume, is a contra-

S. Lacin et al.



213

indication for hepatic resection. In patients without underly-
ing chronic liver disease, the recommended FLR volume is 
20%. However, in cirrhotic patients who have impaired 
hepatic reserve and diminished regenerative capacity, the rec-
ommended FLR volume is 40% [34]. In patients whose FLR 
volume is insufficient, portal vein embolization (PVE) is a 
strategy for enabling safe hepatectomy. PVE is performed by 
an interventional radiologist and involves embolization of the 
portal vein tree supplying the side of the liver to be resected, 
usually the right liver. PVE induces atrophy of the ipsilateral 
embolized liver, with compensatory hypertrophy of the con-
tralateral liver (the FLR). Contraindications for PVE include 
portal vein thrombosis and severe portal hypertension.

Because HCC is supplied primarily by hepatic arterial 
flow, which increases after PVE, researchers have raised 
concerns about accelerated HCC growth after PVE. In addi-
tion, patients with cirrhosis have arterioportal shunts, which 
may limit the efficacy of PVE. To address these concerns, 
sequential transarterial chemoembolization (TACE) fol-
lowed by PVE is proposed for patients with HCC. Yoo and 
colleagues evaluated 71 patients who underwent sequential 
TACE and PVE compared with 64 patients who underwent 
PVE alone before right hepatectomy for HCC [35]. The 
TACE-PVE group had markedly higher increases in FLR 
volume, a lower incidence of postoperative hepatic failure, 
and better OS. The authors hypothesized that the better sur-
vival resulted partly from an antineoplastic effect of TACE 
via occlusion of arterial flow to the tumor. Also, in a study of 
36 patients undergoing liver resection after sequential TACE 
and PVE or PVE alone, Ogata and colleagues found that 
83% of the patients in the TACE-PVE group had complete 
tumor necrosis in their resected specimens compared with 
only 6% of those in the PVE group (p < 0.001) [36]. Based 

on these data, patients with HCC and chronic liver disease 
who are candidates for major hepatectomy should be consid-
ered for sequential TACE and PVE (Fig. 13.7).

 Intraoperative Considerations

The goals of surgical resection of HCC are to minimize the 
risk of intrahepatic recurrence and maximize preservation of 
the nontumoral hepatic parenchyma. Two important consid-
erations are the role of anatomic versus nonanatomic resec-
tion and the width of the required surgical margin.

Intrahepatic recurrence of HCC is related to the presence 
of intrahepatic metastases, which occur via vascular invasion 
and lead to early recurrence within 2 years after resection, 
and multicentric carcinogenesis, which results in delayed 
recurrence. To address the risk of early recurrence of HCC 
owing to intrahepatic metastases, investigators proposed 
anatomic resection in the 1980s [37]. The aim of anatomic 
resection is to resect the segment or segments of the liver 
perfused by the portal vein branch supplying the HCC and 
thus eradicate potential micrometastases. In 1999, Imamura 
and colleagues compared 56 patients who underwent ana-
tomic resection with 82 patients who underwent nonana-
tomic resection of HCC less than 5 cm in diameter and found 
that anatomic resection was associated with longer 
recurrence- free survival [38]. These results were confirmed 
in a more recent study at the University of Tokyo of Child- 
Pugh A patients undergoing resection of HCC 5  cm or 
smaller, in which 53 patients undergoing nonanatomic resec-
tion had higher local recurrence and shorter disease-free sur-
vival rates than did 156 patients undergoing anatomic 
resection [39].

a b

Fig. 13.7 Tumor necrosis and left liver hypertrophy before (a) and after (b) sequential TACE and PVE for HCC. The yellow line indicates the 
remnant liver volume
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In contrast, other authors have shown no difference in sur-
vival between anatomic and nonanatomic resection of HCC 
less than 5  cm [40, 41]. Cucchetti et  al. observed that the 
beneficial effect of anatomic resection was limited to reduc-
tion of early recurrence (<2 years) of high-grade HCC with 
microvascular invasion [42]. These data suggest that the ben-
efit of anatomic resection correlates with the risk of intrahe-
patic micrometastases and vascular invasion, which is 
directly related to larger tumor size.

In addition to anatomic resection, an important intraop-
erative consideration in patients with HCC is the necessary 
width of surgical margins. However, the literature on optimal 
resection margins is conflicted. Poon and coworkers ana-
lyzed 288 HCC patients who underwent resection with nar-
row (<1  cm) versus wide (≥1  cm) margins. Most of the 
intrahepatic recurrences they observed were in segments dis-
tant from the resection or in multiple segments [43]. The 
width of resection margins, provided they were negative, did 
not influence postoperative recurrence rates. Similarly, a 
study by Nara et al. of 570 patients undergoing resection of 
solitary HCC demonstrated that 165 patients with negative 
margins of 1 mm or less had recurrence-free survival rates 

similar to those in 374 patients who had margins greater than 
1 mm, except among noncirrhotic patients with non-simple 
nodular type of morphology [44].

In a randomized trial of patients with solitary HCC, Shi 
and colleagues observed that patients with 2  cm margins 
had a 5-year OS rate of 75%, whereas patients with 1 cm 
margins had a 5-year OS rate of 49% (p = 0.008) [45]. Also, 
marginal recurrence occurred in 30% of the patients in the 
1 cm group but none in the 2 cm group (p = 0.001). The goal 
of surgical resection of HCC with a 2 cm margin should be 
balanced with the need to preserve functional liver 
parenchyma.

 Prognostic Factors for Hepatocellular 
Carcinoma After Hepatic Resection

In the American Joint Committee on Cancer staging system 
for HCC, determinants of the T1–T3 categories are number 
and size of tumors and vascular invasion. These important 
prognostic factors are supported by large surgical series on 
HCC (Table 13.2) [46–50].

Table 13.2 Results of surgical resection and prognostic factors for hepatocellular carcinoma

%

References
No. of 
patients Cirrhosis

Major 
resection

Multiple 
tumors

Tumor 
size > 5 cm Vascular invasion

Morbidity 
and 
mortality 
rates Survival Prognostic factors

Capussotti 
et al. 
(2005) [46]

216 100 21 22 31 43 Morbidity, 
38.4; 
mortality, 
8.3

5-year OS 
rate, 34.1; 
5-year DFS 
rate, 25.2

Child-Pugh score, 
tumor size, vascular 
invasion, positive 
margin

Katz et al. 
(2009) [47]

192 32 60 11 79 60 Morbidity, 
51

5-year OS 
rate, 41; 
5-year 
recurrence 
rate, 76

Child-Pugh score, 
vascular invasion, 
positive margin, 
major hepatectomy, 
operative blood loss

Wang et al. 
(2010) [48]

438 N/A 11 15 62 19 (macroscopic) Morbidity, 
21.7; 
mortality, 
7.5

5-year OS 
rate, 43.3; 
5-year 
recurrence 
rate, 56.2

Child-Pugh score, 
size, vascular 
invasion, resection 
margin, capsular 
invasion

Fan et al. 
(2011) [49]

808 60 58 28 Median, 
5.3 cm

49 (microscopic) Morbidity, 
24.8; 
mortality, 
3.1

5-year OS 
rate, 54.8; 
5-year DFS 
rate, 34.8

Vascular invasion, 
positive margin, 
multiple tumors, 
preoperative 
symptoms, 
postoperative 
complications

Kluger 
et al. 
(2014) [50]

313 47 56 20 65 24 (macroscopic) 
and 50 
(microscopic)

Major 
morbidity, 
5; 
mortality, 8

5-year OS 
rate, 67; 
5-year DFS 
rate, 32

Vascular invasion, 
intraoperative 
transfusion, cirrhosis, 
poor differentiation, 
satellite lesions, AFP 
level > 200 ng/mL

OS Overall survival, DFS disease-free survival, N/A not available, AFP alpha-fetoprotein
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Multicentric HCC is associated with high recurrence rates 
of 80–100% after partial hepatectomy. Thus, for cirrhotic 
patients with multiple tumors within the Milan criteria, liver 
transplantation is the best treatment option. For patients with 
multicentric HCC outside the Milan criteria, partial hepatec-
tomy may be performed with satisfactory outcomes in 
selected patients. Ishizawa et al. demonstrated that the Child- 
Pugh score is an important determinant of survival after 
resection of multinodular HCC, with 5-year OS rates of 58% 
and less than 20% in patients with Child-Pugh A and B dis-
ease, respectively [33]. In that study, 75% of patients had 
intrahepatic recurrences, which were treated with repeat 
hepatic resection in nearly one-quarter of the patients.

Patients with HCC larger than 5 cm are generally not eli-
gible for transplantation or ablation. Therefore, surgical 
resection is the preferred treatment option in such cases. 
However, larger tumors may be more technically challenging 
to resect than smaller ones and may require major hepatec-
tomy. In addition, larger tumor size correlates with increased 
risk of vascular invasion, which independently predicts poor 
survival after resection. On the other hand, resection of soli-
tary HCC larger than 5  cm without vascular invasion in 
patients with preserved hepatic function is associated with 
favorable outcomes. Data from the International Cooperative 
Study Group on HCC on 380 patients with large (>5 cm) or 
multinodular HCC demonstrated a 5-year OS rate of 39% 
and postoperative morbidity and mortality rates of 23.0% 
and 2.7%, respectively [51].

Vascular invasion is defined as macroscopic when it is vis-
ible radiologically and/or on gross examination, or micro-
scopic. Both microscopic and macroscopic vascular invasions 
are independent predictors of recurrence and poor survival 
after resection of HCC. However, a study by Shindoh et al. 
demonstrated that microscopic vascular invasion in small 
HCC measuring 2 cm or less in diameter did not affect prog-
nosis, with 5-year OS rates of 71.3% and 75.0%, with and 
without microvascular invasion, respectively (p = 0.8) [52]. In 
patients with HCC larger than 2 cm, however,  microvascular 
invasion was a significant prognostic factor, as the 5-year OS 
rates were 47.3% and 61.4% in patients with and without 
microvascular invasion, respectively, (p < 0.001).

The prognosis for HCC with major vascular invasion is 
particularly poor, and the role of hepatic resection with inva-
sion of a main portal or hepatic vein is controversial. Data 
from the International Cooperative Study Group on HCC on 
102 HCC patients with major vascular invasion who under-
went hepatic resection demonstrated a 5-year OS rate of only 
10% [53]. A report by Ikai and colleagues demonstrated 
higher survival rates after resection of HCC with tumor inva-
sion or thrombus in the second-order branches of the portal 
vein than after resection of those with tumor invasion or 
thrombus in the first-order branches or main portal vein trunk 
[54]. Similarly, patients undergoing resection of HCC with a 

tumor thrombus in a hepatic vein or branch had better sur-
vival than did patients with HCC with a thrombus in the infe-
rior vena cava, which was associated with a 0% 2-year 
survival rate. Thus, resection may confer a survival benefit to 
HCC patients with macrovascular invasion involving distal 
portal and hepatic vein branches but is rarely indicated for 
those with invasion of the main portal vein trunk or inferior 
vena cava.

 Conclusions

In patients with HCC who are not eligible for liver transplan-
tation or ablation, surgical resection is the primary treatment 
provided hepatic reserve is sufficient. Portal hypertension is 
a contraindication for major hepatectomy, but selected 
patients may undergo minor resection provided they do not 
have ascites or a bilirubin level greater than 2 mg/dL. PVE is 
recommended for cirrhotic patients with FLR volumes less 
than 40% and may be combined with TACE to increase liver 
hypertrophy and induce tumor necrosis. Large surgical series 
demonstrated 5-year OS rates of 34–67% in HCC patients 
after hepatic resection, with postoperative mortality rates 
less than 10%. However, intrahepatic recurrence rates were 
high, up to 76% at 5 years after resection. Recurrence rates 
were higher in patients with multinodular HCC and vascular 
invasion than patients with solitary HCC without vascular 
invasion.

 Role of Interventional Radiology 
for Hepatocellular Carcinoma

Image-guided locoregional therapies (LRTs) play key roles 
in the management of HCC. These therapies are used with 
palliative and curative intent, as a bridge to orthotopic liver 
transplant, before definitive therapy (surgical resection or 
orthotopic liver transplantation), or as the sole therapy or in 
a combined therapy in selected patients for whom surgical 
options are precluded [28, 55, 56]. Recent improvements in 
the field of interventional radiology are linked with enhanced 
outcomes of LRTs for HCC, thus increasing the attention 
paid to this therapeutic approach.

 Transarterial Catheter-Based Therapies 
for Hepatocellular Carcinoma

 Chemoembolization

Physicians first performed hepatic transarterial embolization 
for the treatment of HCC in the 1970s to improve local dis-
ease control. The rationale behind this approach relies on the 
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greater arterial density of HCCs than of the nontumorous 
hepatic parenchyma owing to the intense angiogenesis in 
HCCs during their progression. In TACE, first described in 
1977 by Yamada [57], one or more chemotherapeutic drugs 
are added to an embolic agent because of a synergistic effect 
destroying the tumor tissue of the embolic agent and chemo-
therapeutic drugs. Several chemotherapeutic agents are used 
in TACE, the 2 most common being doxorubicin and cispla-
tin, which can be mixed with 1 or several different embolic 
agents. More recently, calibrated microparticles that can be 
loaded with chemotherapeutic drugs, namely drug-eluting 
beads (DEB-TACE), have gained acceptance in clinical prac-
tice. These drug-eluting microspheres allow for more reli-
able distal occlusion of small vessels and delivery of 
high-dose chemotherapy to a tumor with low systemic circu-
lation of chemotherapeutic agents than do other TACE plat-
forms (conventional TACE). A randomized phase 2 study 
(PRECISION V) comparing conventional TACE with DEB- 
TACE demonstrated a marked reduction in liver toxicity and 
serious adverse drug events and an insignificant trend of bet-
ter antitumoral effect in the latter arm [58, 59].

 Radioembolization with Yttrium-90

The term transarterial radioembolization is reserved for tran-
sarterial delivery of microspheres loaded with yttrium-90 
(90Y), a pure beta emitter with a physical half-life of 
64.2  hours. Like other transarterial therapies, transarterial 
radioembolization relies on the preferential arterial supply 
and enhanced microvascular density of hepatic neoplasms 
[60, 61]. Acting as carriers, the biocompatible microspheres 
administered using this procedure can deliver radiation pref-
erentially to tumors following hepatic artery delivery via 
microembolization in the tumor-related arterioles, creating 
an intense local radiotherapeutic effect that is proportional to 
the density of the microsphere distribution. Hence, unlike 
nonselective extracorporeal X-ray-based radiotherapy, trans-
arterial radioembolization enables deposition of the particles 
predominantly within the tumor vasculature, leading to 
tumor damage while preserving the surrounding liver paren-
chyma. This critical feature allows for the delivery of radia-
tion doses that are substantially higher than those that can be 
safely delivered via external-beam radiotherapy.

In the United States, two US Food and Drug Administration 
(FDA)-approved 90Y microsphere products are in current use 
clinically: TheraSphere (MDS Nordion Inc., Kanata, Ontario, 
Canada), which consists of glass microspheres, and the 
resin-based SIR-Spheres (Sirtex Medical Ltd., Sydney, New 
South Wales, Australia). The glass 90Y microspheres are 
approved for use in radiotherapy or as a neoadjuvant treat-
ment with surgery or liver transplantation in patients with 
HCC under the auspices of an FDA humanitarian device 

exemption for orphan devices. The resin 90Y microspheres 
have premarket approval for the treatment of hepatic metas-
tases of primary colorectal cancers with adjuvant hepatic 
arterial infusion of floxuridine. However, globally, the regu-
latory approval of both products is more general, and they 
are commonly used for HCC therapy. The use of resin micro-
spheres for an indication not included in the FDA-specific 
labeling is considered off-label use. Clinicians should con-
sult and adhere to their institutional and regulatory agencies 
before prescribing off-label treatment with either type of 
microsphere.

 Percutaneous Ablation

 Percutaneous Ethanol Injection (PEI)
The injection of absolute ethanol inside and around a tumor 
using a guiding needle to induce coagulative necrosis as a 
result of cell dehydration and chemical occlusion of small 
vessels was the seminal technique for percutaneous ablation. 
Percutaneous ethanol injection (PEI) is a well-established 
technique for treating nodular HCCs with their induced 
necrosis rates that are intrinsically correlated with treated 
tumor size. Researchers have achieved complete necrosis in 
90%, 70%, and 50% of HCCs measuring less than 2  cm, 
2–3  cm, and 3–5  cm, respectively, using PEI [62–64]. 
Suboptimal response of larger tumors to PEI may be attrib-
uted to the presence of intratumoral septae and/or a capsule 
that blocks the diffusion of ethanol. Recently, the use of a 
multipronged injection needle (Quadra-Fuse; Rex Medical, 
Philadelphia, PA) for single-session PEI has resulted in sus-
tained complete response rates (RRs) of 80–90% for HCCs 
measuring less than 4 cm [65].

 Radiofrequency Ablation (RFA)
Radiofrequency ablation (RFA) has become the first-line 
choice for percutaneous ablation owing to its ability to induce 
complete necrosis in fewer sessions than with PEI, leading to 
better local disease control [66–70]. The frictional heat and 
movement of electrons within a lesion and surrounding tis-
sues created by the delivery of an alternating electrical cur-
rent within the lesion via an electrode needle placed directly 
into it generate heat in the immediate vicinity of the electrode 
that is then conducted to the surrounding environment, result-
ing in the coagulative necrosis of a finite tissue volume. The 
tissues surrounding an electrode needle tip are destroyed 
within seconds as temperatures reach 55–60 °C. The size and 
shape of the ablation zone vary depending on the amount of 
energy, type and number of electrodes, duration of ablation, 
and inherent tissue characteristics [71].

Owing to the efficacy and safety profile of RFA, its use 
has greatly expanded in the clinic, with 5-year survival out-
comes comparable with those for hepatic resection [70]. 
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The limitations of the technique include a heat-sink effect, 
whereby blood vessels adjacent to the tumor produce 
perfusion- mediated attenuation of thermal energy deposi-
tion, potentially leading to incomplete ablation, large 
(>5 cm) lesions, and tumor proximity to thermally sensitive 
structures, such as the gastrointestinal wall, gallbladder, dia-
phragm, and nerves.

 Microwave Coagulation
Microwave (MW) ablation is an emerging hyperthermic 
ablative therapy that has gained attention as a valuable per-
cutaneous ablation therapy for HCC.  In MW ablation, the 
application of electromagnetic microwaves creates heat by 
agitating water molecules in the surrounding tissue, produc-
ing friction and heat and inducing cellular destruction via 
coagulative necrosis [72]. Compared with other available 
ablative technologies, MW ablation creates larger tumor 
ablation volumes with consistently higher intratumoral tem-
peratures, has faster ablation times, and has a better convec-
tion profile [73], resulting in a reduction in the heat-sink 
effect created by vessels in proximity to the ablated zone 
[74]. Recent advances in MW engineering have resulted in 
better MW systems with the potential for creating more 
effective ablation zones.

 Cryoablation
The subjection of tumors to freezing temperatures also can 
be used to cause tumor destruction by promoting local isch-
emia and disrupting the cellular membrane. In cryoablation, 
ice crystals form within tumor cells and the adjacent inter-
stitium, causing cell dehydration and surrounding vascular 
thrombosis. Subsequently, when the tissues thaw, vascular 
occlusion leads to further ischemic injury [75]. Consistent 
tumor cell death is accomplished when the tissues are 
exposed to temperatures of at least −20 °C within an area of 
approximately 3 mm inside the margins of a cryoablation- 
induced ice ball, which is visible on computed tomography 
(CT) and magnetic resonance imaging (MRI) scans. As with 
RFA, the main limitations of cryoablation include proximity 
of an HCC to the blood vessels, gastrointestinal organs, 
nerves, and skin. Cryoablation of HCCs with large volumes 
can lead to the development of rare but serious systemic 
complications, such as cryoshock, a cytokine-mediated 
inflammatory response associated with coagulopathy and 
multiorgan failure, myoglobinuria, and severe thrombocyto-
penia [76–78].

 Combination Therapies

The use of combination therapies for HCC, either different 
LRT combinations or LRTs combined with systemic thera-
pies, has gained particular attention over the past decade. 

Combining different modalities of LRT, such as RFA and 
chemoembolization, may increase the treatment success rate, 
particularly for large HCCs [79]. The rationale for this 
approach lies in the devascularization of large HCCs via 
embolization or chemoembolization, which reduces the pos-
sibility of having a deleterious heat-sink effect in hypervas-
cular tumors treated with RFA and thereby increases 
therapeutic effect. Several studies validated this approach by 
demonstrating larger ablation zones with the use of bland 
embolization or chemoembolization before the ablative 
treatment [80–82]. Moreover, performing RFA before che-
moembolization can increase the deposition of chemoem-
bolic agents in the periphery of an ablated tumor—the most 
common area of recurrence [83].

Also, researchers have suggested that the hypoxic envi-
ronment within the tumor and its vicinity after TACE for 
HCC triggers the expression of neoangiogenic factors such 
as vascular endothelial growth factor (VEGF), possibly lead-
ing to tumor growth and progression. Therefore, to avoid the 
development of a neoangiogenesis cascade and, as a conse-
quence, tumor progression, investigators have proposed 
using systemic therapies in the form of chemotherapy or 
antiangiogenic drugs with the intent of acting on different 
fronts of neoangiogenesis.

 Locoregional Therapies for Hepatocellular 
Carcinomas According to the Barcelona Clinic 
Liver Cancer Staging System

 Very Early Stage
Percutaneous hepatic ablation has become the standard 
therapeutic option in many institutions for HCCs smaller 
than 2 cm that are not subcapsular, perivascular, or adjacent 
to the gallbladder [55, 62, 84]. In a recent study, RFA was 
considered as effective as hepatic resection for the treat-
ment of stage 0 HCC [85]. Another study demonstrated a 
complete RR of 97.2% and 5-year survival rate of 68% in 
218 patients with very early-stage HCC treated using RFA 
[70]. Therefore, RFA is suggested by some authors as the 
best first-line therapy for very early-stage HCC, with surgi-
cal resection reserved for when individual patient variables 
render RFA unfeasible or unsafe [86]. In selected cases of 
very early- stage HCC, when surgery or RFA cannot be per-
formed because of increased bilirubin levels, signs of portal 
hypertension, or risky tumor locations, such as pericholecys-
tic lesions and lesions near the hilum, PEI still can be offered 
as an alternative.

 Early Stage
Patients with solitary HCC or up to three lesions measuring 
less than 3 cm without any associated diseases are the ideal 
candidates for effective liver transplantation. For patients in 
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whom associated disease exists or for whom bridge therapy 
is desired before liver transplantation, percutaneous RFA is 
the modality of choice. Compared with PEI, RFA is consis-
tently more effective and renders better local disease control. 
It also offers a greater survival benefit than does PEI as dem-
onstrated in three independent meta-analyses that revealed 
5-year survival rates of 51–64% in patients who met the 
Barcelona Clinic Liver Cancer (BCLC) criteria for surgical 
resection [85, 87, 88]. It consists of five stages of HCC: 0 
(very early), A (early), B (intermediate), C (advanced), and 
D (terminal).

MW ablation is emerging as a viable alternative to RFA 
for patients with early-stage HCC owing to its larger tumor- 
ablation volumes, as the inherent characteristics of this tech-
nique are less influenced than those of RFA by the heat-sink 
effect created by vessels in proximity to a tumor. To date, the 
only randomized controlled trial comparing RFA and MW 
ablation for HCC did not reveal any differences in the effec-
tiveness of the 2 techniques [89]. Nevertheless, recent 
advances in MW engineering along with improvements in 
the learning curve for this technology may result in a more 
effective ablation zone and better local disease control when 
compared with RFA.

Although not specified in the BCLC guidelines, combina-
tions of ablative and transarterial treatments can be consid-
ered for an HCC case in which the target lesion measures 
from 3 to 5 cm in its longest axis in view of the suboptimal 
response of larger lesions to ablative therapies alone [80, 81, 
90, 91]. The results of a recent randomized controlled trial 
assessing the efficacy of RFA combined with subsequent con-
ventional TACE in patients with HCCs measuring 3.1–5.0 cm 
demonstrated that the rate of tumor progression was signifi-
cantly lower in the combination group than in the ablation- 
only group (39% versus 6%; p = 0.012) [91]. In another study, 
DEB-TACE administered after RFA for HCC yielded a 
potential increase in treatment-induced necrosis [83]. Further 
studies to determine the ideal sequence of these techniques 
and the real impact of this approach are still required.

When percutaneous ablative therapies are not feasible or 
safe, TACE can be performed as an alternative. TACE can be 
a valuable tool in patients with solitary large (>5 cm) lesions 
for whom the benefits of combining different LRTs seem to 
be negligible.

 Intermediate Stage (B)
TACE is the standard of care for BCLC-B HCC based on the 
improved survival rates demonstrated in a meta-analysis of 
six randomized clinical trials comparing TACE with best 
supportive care or suboptimal therapy [92]. Nevertheless, 
given the wide variability among patients classified as hav-
ing intermediate-stage HCC with regard to tumor burden and 
liver functional status, not all patients will have the same 
benefits of TACE as demonstrated in a recent meta-analysis 

of randomized controlled trials [93]. In a recent study by 
Burrel et  al., they observed a median survival duration of 
42.8 months with the use of DEB-TACE in BCLC-B patients 
with HCC after censoring follow-up at the time of liver 
transplantation, sorafenib administration, and transarterial 
radioembolization [94]. Substratification of this patient pop-
ulation along with comparison of TACE with other LRTs and 
systemic therapies should be encouraged in future research. 
Also, a group investigated the use of radioembolization with 
Y90 in patients with intermediate- to advanced-stage HCC in 
a phase 2 study [95]. In that study, 17 patients with 
intermediate- stage HCC without portal vein thrombosis 
underwent lobar delivery of 120 Gy. Nine (53%) patients had 
a complete or partial response according to the European 
Association for the Study of the Liver criteria. Fifteen 
patients (88%) experienced disease control (complete 
response, partial response, or stable disease). The median 
time to progression (TTP) was 13 months, and median OS 
was 18 months (range, 12–38 months) [95]. In a recent mul-
ticenter trial assessing the use of radioembolization with Y90 
in patients with HCC, 87 patients with BCLC-B HCC treated 
with Y90 had a median survival duration of 16.9 months (95% 
confidence interval, 12.8–22.8  months) [96]. Of note, this 
study demonstrated that radioembolization with Y90 appears 
to be particularly promising in patients with  intermediate- stage 
HCC who are considered poor candidates for TACE (median 
OS range, 15.4–16.6 months) as well in those for whom prior 
TACE or bland embolization was ineffective (median OS 
duration, 15.4 months). The results of this study emphasized 
the possibility of using radioembolization as a complement 
to TACE in the HCC armamentarium.

 Advanced Stage (C)
According to the BCLC guidelines, the use of the systemic 
multikinase inhibitor sorafenib is the cornerstone for 
advanced HCC [55] as demonstrated in two randomized con-
trol trials [97, 98] in which this new therapy was compared 
with a placebo. Although LRTs are not recommended for 
BCLC-C disease, many patients who undergo LRT in the 
form of TACE or radioembolization are in fact classified as 
having advanced-stage HCC.  This subclass of patients is 
characterized by the presence of tumoral invasion of a branch 
vein with or without limited extrahepatic disease and a per-
formance status of 1–2. Combination therapy using TACE 
and sorafenib is technically feasible and generally well toler-
ated in patients with unresectable HCC [99–101]. In a recent 
phase 2 study of concurrent conventional TACE and 
sorafenib, Park et al. demonstrated median times to progres-
sion of 7.3 months and 5.0 months in patients with BCLC-B 
and BCLC-C HCC, respectively [100]. This yielded longer 
times to progression in both groups than in patients who 
underwent conventional TACE alone (4.5  months and 
2.8 months, respectively).
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Concurrent therapy for HCC with DEB-TACE and 
sorafenib also has been a subject of investigation [101]. 
DEB-TACE increases serum aminotransferase levels to a 
lesser degree than does conventional TACE; it is the most 
common reason for delaying therapy with sorafenib. Of note, 
sorafenib should be administered as soon as possible after 
TACE to prevent an early surge in the expression of VEGF 
and other angiogenic factors. Pawlik et al. assessed the safety 
of and RR combination therapy with DEB-TACE and 
sorafenib in patients with advanced-stage HCC [101]. Their 
results demonstrated that the combination was well tolerated 
and safe and that most of the toxic effects related to sorafenib 
were manageable with dose adjustment.

 The Modern Role of Radiotherapy 
for Hepatocellular Carcinoma

HCC is considered a radiosensitive disease, and radiotherapy 
may be used at all stages of the disease. Advances in the 
delivery of radiotherapy over the past decade have been 
rapid, improving its use in palliative and definitive treat-
ments. Most notably, stereotactic body radiotherapy (SBRT) 
has become common for many types of cancer owing to its 
success against lung cancer. The application of this tech-
nique to HCC has been safe and effective, but the role of 
radiotherapy for HCC remains unclear because no random-
ized controlled trials have compared it with other therapies 
or supportive measures. Thus, physicians have generally 
adopted treatment algorithms based on the clinical presenta-
tions of HCC and their knowledge of the efficacy and limita-
tions of other liver-directed therapies. We review the current 
roles of radiotherapy for HCC and point to future directions 
for it as follows:

 A Brief History of Radiotherapy  
for Liver Cancer

Modern radiotherapy relies on three-dimensional (3D) imag-
ing modalities such as CT and MRI. These techniques are 
used in the delineation of tumors, planning how to direct the 
radiation beams from a linear accelerator, and modeling the 
radiation dose to the tumor and normal tissue.

Prior to the implementation of 3D imaging for radiother-
apy planning, radiologists used plain X-rays to design radia-
tion fields, which provided very limited information on doses 
to the internal anatomy. This is partly why as recently as the 
1980s radiotherapy was considered unsafe for the liver. 
Important studies on whole-abdominal irradiation for endo-
metrial cancer and whole-liver irradiation for pancreatic can-
cer demonstrated that doses exceeding 30 Gy at 2–3 Gy per 
fraction could lead to liver failure [102]. However, seminal 

work demonstrated that high doses of radiation could be tol-
erated if given to partial volumes of the liver [103]. This series 
of studies also established objective parameters for evaluating 
the dose of radiation to the normal liver volume [104].

In the 1990s, a prospective evaluation demonstrated a 
radiotherapy response rate of 68% in 25 patients with hepa-
tobiliary cancer or colorectal liver metastasis. The investiga-
tors demonstrated that the radiation dose was associated with 
both progression-free survival and OS. They delivered up to 
90 Gy in 60 fractions, with the fractions given twice daily 
[105]. The median survival duration for the patients given 
70 Gy or more was not reached in the initial study, and this 
helped inspire the development of better techniques to deliver 
high doses of radiation for liver cancers.

 Modern Techniques of Delivering 
Radiotherapy for Liver Cancer

To deliver high doses of radiation for HCC and other liver 
cancers, a number of challenges must be overcome. These 
include the motion of the target owing to breathing and 
assurance that high doses are delivered to the correct places 
each day. Image-guided radiotherapy has advanced 
 considerably, with multiple options emerging as solutions to 
the challenges to high-dose radiotherapy for HCC and other 
liver tumors.

 Solutions for Organ Motion

 Tracking
Liver tumor targets can be tracked in real time using 
implanted fiducials. One example is the ExacTrac® system 
(Brainlab AG, Munich, Germany), which uses multiple non-
coplanar X-rays to track radiopaque fiducials implanted in or 
near a tumor. Automated computer algorithms provide align-
ment shifts for the radiation beams. For hypofractionated 
treatment of liver tumors, this method reportedly can track a 
moving target at an accuracy of within 1  mm [106]. 
Researchers have developed other real-time tracking systems 
as well [107–109]. Most linear accelerators include on-board 
imaging that enables fiducial-based alignment using orthog-
onal films or cone-beam CT.

 Breath Hold
One way to reduce uncertainty about target location and 
reduce the irradiated healthy liver volume is to have the 
patient hold his or her breath during treatment delivery for 
several seconds at a time. Two examples of systems devel-
oped for this purpose are the Varian Real-time Position 
Management™ system (Varian Medical Systems, Inc., Palo 
Alto, California) and the Active Breathing Coordinator™ 
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system (Elekta Instrument AB, Stockholm, Sweden). 
Interfractional variations in breath-hold position can exceed 
4  mm [110, 111], which makes image-guided therapy an 
important addition to breath-hold techniques. The details 
regarding image guidance of radiotherapy are described as 
follows:

 Gating
Respiratory gating is another method of accounting for the 
motion of liver tumors during radiotherapy [112]. This 
involves turning on the radiation beam during specified 
points in the breathing cycle. Successful use of gating tech-
niques requires a regular breathing pattern; gating at end 
expiration is usually best because of less motion during that 
point in the respiratory cycle than other parts of the breathing 
cycle. Investigators have developed multiple methods to 
achieve gating, which are tied to either internal or external 
methods to monitor the organ or breathing pattern.

 Abdominal Compression
Restricting the movement of the abdomen using a compres-
sion device can also minimize respiratory-associated motion. 
This method is commonly used while treating liver tumors 
with SBRT. The most common technique uses an abdominal 
compression plate that is placed 3–4  cm below the costal 
margin. The plate is connected to a load cell that can measure 
how much force is being applied to the abdomen. This device 
is usually used when the superior-inferior movement of the 
tumor exceeds 1 cm, but it also may be needed for tumors 
within 1 cm of the gastrointestinal tract [113]. Because com-
pression plates can cause variable deformation of the liver, 
an alternative solution for liver tumors is the use of a pneu-
matic compression belt. Authors have reported that this 
emerging option reduces respiratory motion to less than 
5 mm [114]. Notably, although compression does not require 
a regular breathing pattern, it only minimizes rather than 
eliminates organ motion and can move bowels closer to large 
or extrahepatic cancers.

 Image Guidance

Minimizing or eliminating breathing motion during radio-
therapy must be combined with some form of image guid-
ance to ensure that the target volume is in the proper location. 
The options for this include two-dimensional (2D) X-ray 
scans taken from at least two angles, cone-beam CT, CT-on- 
rails, and MRI. Each has its advantages and drawbacks. For 
example, 2D X-rays do not provide soft tissue delineation 
but are generally efficient regarding alignment and treatment 
time. Three-dimensional image acquisition can provide 
some degree of soft tissue information at different resolu-

tions (generally, cone-beam CT < CT-on-rails < MRI) but is 
more time-consuming and expensive than 2D methods and 
requires more advanced alignment techniques to match vari-
ations in target locations with the original radiation plan.

 Modern Studies of Radiotherapy  
for Liver Cancers

The emergence of the image-guidance techniques described 
in the previous section has enabled the use of high doses of 
radiation for liver tumors using highly accurate and precise 
techniques, specifically SBRT.  SBRT has emerged as an 
effective definitive therapy for HCC and other tumors. The 
experience with SBRT for liver cancer has mirrored many of 
the results of that with SBRT for lung cancer, in which deliv-
ery of 54 Gy in 3 fractions produced a 2-year local control 
rate of 95% for inoperable early-stage cancers [115]. 
Similarly, the use of SBRT for small liver metastases pro-
duced a 2-year local control rate of 92%. Because of con-
cerns regarding radiation-induced liver disease in patients 
with HCC and underlying cirrhosis, investigators have taken 
an individualized approach to the design of the initial phase 
1 trials. For example, one group prescribed radiation doses 
based on a normal tissue complication probability model 
[116]. Extension of SBRT to HCC and intrahepatic cholan-
giocarcinoma in a phase 1 trial produced a median OS dura-
tion of 11.7 months with no dose-limiting toxicities using a 
6-fraction regimen [117].

Safely delivering SBRT to large liver tumors (>7 cm) has 
been challenging, however. For example, in a report on 
sequential phase 1 and 2 trials of SBRT for HCC in 102 
patients who were not eligible for other LRTs (median tumor 
size 7 cm), the locoregional control rate at 1 year was good 
(87%), but the rate of at least grade 3 toxicity was high 
(30%), and 7 patients may have died of treatment-related 
causes [118].

Proton therapy has allowed for treatment of larger target 
volumes at larger doses per fraction as compared with the 
historical use of conventional photon therapy. Dosimetric 
and clinical studies have demonstrated that the irradiated 
liver volume is markedly lower with protons than with pho-
tons [119, 120]. This may be advantageous for patients who 
have advanced cirrhosis. Results of delivery of hypofraction-
ated regimens (16–25 fractions) with ablative doses for large 
liver tumors are similar to those of surgical resection, with 
5-year local tumor control rates of up to 90% and OS rates of 
up to 50% in some patients [121–123].

At the University of Texas MD Anderson Cancer Center, 
we have taken the approach of combining SBRT with the 
time-honored principle of fractionation (15–25 treatments) 
to achieve ablative doses of radiation for large liver tumors. 
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We have reported our results for intrahepatic cholangiocarci-
noma [124] and are applying the same principles to HCC 
using either proton therapy or intensity-modulated radiother-
apy [125]. Examples of plans for these two therapies are 
shown in Fig. 13.8 [125].

 Radiotherapy for Advanced Hepatocellular 
Carcinoma

 Palliation of Metastases and Tumor Thrombi
High rates of pain control (73–83%) can be achieved for 
bone metastases from HCC using radiotherapy. Similarly, 
physicians have achieved successful palliation of lung, brain, 
and nodal metastases of HCC [126–129]. For patients with 
portal vein tumor thrombi, the survival duration is usually 
shorter than 3 months. In this situation, authors reported that 
radiotherapy alone had high RRs and a median survival dura-
tion of 9.6 months [130]. External-beam irradiation is also 
feasible in combination with TACE for thrombi, resulting in 
1-year survival rates as high as 73% in patients with Child- 
Pugh A cirrhosis [131].

 Localized Hepatocellular Carcinoma 
and Advanced Cirrhosis
The risk of radiation-induced liver disease is high in 
patients with impaired liver function, such as advanced 
hepatic cirrhosis (Child-Pugh A6 or worse) or limited 
functional liver volumes because of prior therapies (che-
motherapy and/or surgery). Reducing the risk of radiation-
induced liver disease is of great interest for patients with 
advanced hepatic cirrhosis and HCC or other liver tumors. 
Successful achievement of this would provide a potentially 
curative treatment for these patients who otherwise have 
limited options.

A solution for delivery of radiotherapy for these patients 
includes liver single-photon emission CT with technetium- 
99m sulfur colloid, which can define functional liver paren-
chyma in patients with advanced cirrhosis [132–134]. This 
enables radiation oncologists to direct the beam placement 
for conformal radiotherapy and potentially achieve reduced 
hepatic toxicity (Fig.  13.9) [132]. Authors reported on the 
combination of this image-guided technique in a retrospec-
tive single-institution series [135]. At MD Anderson, we have 
an ongoing phase 1 trial evaluating the safety of high- dose 

a

b

c

d

Fig. 13.8 Ablative proton therapy (a, axial view; b, coronal view) and 
intensity-modulated radiotherapy (c, axial view; d, coronal view) plans 
for patients with large liver tumors. The different colors represent dif-

ferent radiation doses, with the highest being red and the lowest being 
blue. Note: the low-dose distribution is different for protons and pho-
tons. (Reprinted with permission from Crane and Koay [125])
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radiotherapy in patients with limited functional liver reserve 
and liver cancers, which is the first prospective evaluation of 
these techniques (Clinicaltrials.gov identifier NCT02626312).

 Future Directions

The role of radiotherapy for HCC is expanding, and it 
should be considered for patients who are not appropriate 
candidates for liver-directed therapies such as surgery and 
TACE. Ongoing trials are addressing open questions about 
the role of SBRT, including what its role may be for patients 
who are candidates for liver transplantation, how effective 
it is in comparison with TACE and sorafenib, and whether 
it can be combined with other therapies to improve HCC 
outcomes. The role of proton therapy for HCC is also an 
open question, and future randomized studies will deter-
mine how conformal proton therapy compares with photon 
therapy.

 Systemic Treatment of Hepatocellular 
Carcinoma

Basically, the treatment options for HCC fall into two catego-
ries: surgical and nonsurgical. Nonsurgical therapies include 
ablation, transarterial chemoembolization (TACE), irradia-
tion, radioembolization Y-90, and systemic therapies. 
Treatment is determined according to disease stage, and many 
staging systems are available.

Several staging and prognostic systems have been devel-
oped to guide treatment of HCC.  They include the TNM, 
Okuda, Cancer of the Liver Italian Program, and Barcelona 
Clinic (BCLC) staging systems. The BCLC system is the one 
used most.

Surgical options are curative for HCC. However, only about 
15% of patients have surgical disease at diagnosis. Thus, a 
majority of HCC patients present with nonsurgical stage of 
their disease. Before the approval of sorafenib by the FDA for 
treatment of HCC, a globally approved standard systemic treat-
ment of unresectable or metastatic HCC was lacking. 
Unfortunately, the prognosis for advanced or end- stage HCC is 
very poor, and the treatment options for it are limited. Generally, 
systemic chemotherapy or best supportive care is performed.

 Systemic Chemotherapy

Despite the many different systemic chemotherapeutic 
agents and their combinations, standard systemic chemo-
therapy—either single-agent or combination—for HCC is 
lacking, and the effectiveness of systemic chemotherapy for 
it remains unclear.

No authors have reported that any systemic chemotherapy 
is better for HCC than single-agent doxorubicin, which has 
not conclusively improved survival rates over that with sup-
portive care. Conventionally, chemotherapeutic regimens 
are either single agents (e.g., doxorubicin, mitoxantrone, 
fluoropyrimidines, gemcitabine, irinotecan, thalidomide) or 
combinations (cisplatin-, gemcitabine-, or oxaliplatin-based 

Tc-99m sulfur colloid SPECT Radiotherapy plan using SBRT technique

Fig. 13.9 Functional single-photon emission CT with technetium-
 99 m sulfur colloid enables identification of healthy livers and place-
ment of radiation beams to avoid excess irradiation, especially in 
patients with locally advanced liver cancers and advanced cirrhosis. 
This patient for whom this scan was obtained had Child-Pugh B7 cir-

rhosis and a large right-sided HCC with an associated tumor thrombus 
that extended up the inferior vena cava. An intensity-modulated radio-
therapy plan with a simultaneous integrated boost delivered a maximal 
dose of 75 Gy in 25 fractions and a microscopic dose of 45 Gy in 25 
fractions to the patient
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or the combination of cisplatin, interferon α[alpha]-2b, 
doxorubicin, and fluorouracil). Unfortunately, randomized 
controlled trials have not demonstrated that any chemothera-
peutic regimens improved overall survival rates for HCC 
over those with best supportive care [136–138].

 Single-Agent Chemotherapies

As described previously, doxorubicin has been the most 
studied chemotherapeutic agent for advanced-stage HCC. Its 
effects on HCC have been known since the 1970s. However, 
few trials have demonstrated an objective RR for doxorubi-
cin greater than 20% [139].

 Fluoropyrimidines (5-Fluorouracil 
and Capecitabine)

The drug 5-fluorouracil (5-FU) has acceptably low toxicity 
and extensive antitumoral activity. This drug is a pyrimidine 
analog reported to be the first chemotherapeutic agent used in 
treatment of HCC. RRs for bolus 5-FU monotherapy for HCC 
are low, and objective RRs have ranged from 10% to 28% 
[140–143]. Low overall RRs (~10%) and short median sur-
vival durations (3–5 months) have discouraged further use of 
5-FU as a single agent for treatment of HCC [144, 145].

Capecitabine is an oral prodrug of 5-FU that is metabolized 
to 5-FU in a three-step enzymatic reaction. The last enzyme is 
thymidine phosphorylase, which converts prodrug to the active 
drug form in the tumor [146]. Capecitabine is used in both con-
ventional chemotherapy and metronomic chemotherapy for 
HCC.  When given alone, capecitabine is well tolerated and 
delays and reduces the risk of tumor recurrence [147].

Gemcitabine given as single-agent chemotherapy for 
advanced HCC has been evaluated in several phase 2 trials. 
Unfortunately, the results were not promising [148–150].

Investigators have studied irinotecan and thalidomide in 
the treatment of advanced HCC, as well. Use of single-agent 
irinotecan and thalidomide has not produced significant 
results in patients with advanced HCC [151, 152].

Despite some preclinical trials suggesting that taxanes are 
useful in treatment of HCC, satisfactory data supporting this 
are lacking [153, 154].

Cisplatin has modest efficacy against advanced-stage 
HCC (RR 15%). It is not recommended for use as a single 
agent in treatment of advanced HCC, but it is being used 
intra-arterially in local therapy for it [155].

 Combination Chemotherapy Regimens

As described previously, researchers have studied many 
combinations of chemotherapeutic agents in patients with 
advanced HCC, obtaining results that were not more promis-

ing than those for single agents [156–164]. However, these 
combinations have yet to be studied in comparison with best 
supportive care.

 Epirubicin, Cisplatinum, and Infusional 
5-Fluorouracil
Investigators studied this combination in patients with HCC 
who were not able to undergo surgical, intra-arterial, or per-
cutaneous treatment. The results were poor, and survival 
rates were low [161].

 Capecitabine and Cisplatin
The use of this combination did not increase OS for HCC 
over that of doxorubicin alone [165, 166].

 Gemcitabine and Doxorubicin
The RR for this regimen in HCC patients was not higher than 
that for other combinations [159]. Over the years, doxorubi-
cin and gemcitabine have been relatively effective against 
HCC.  Researchers have studied pegylated liposomal 
 doxorubicin and gemcitabine in patients with advanced 
HCC, the results of which were encouraging [167].

 Gemcitabine and Oxaliplatin
These two agents seem to be well tolerated and active in 
patients with advanced HCC, especially those with underly-
ing nonalcoholic liver disease [168].

 Oxaliplatin, 5-Fluorouracil, and Leucovorin
In a comparison of this combination with doxorubicin in 
HCC patients, the OS rate, progression-free survival rate, 
and RR were encouraging [169].

 Cisplatin, Interferon α(Alpha)-2b, Doxorubicin, 
and 5-Fluorouracil
In some trials using this regimen, researchers highlighted 
the importance of HCC patient selection. Specifically, the 
results were worse for patients who had cirrhotic livers than 
for those with normal livers. The regimen showed a promis-
ing activity as a neoadjuvant strategy in a recent study that 
selected potentially resectable cases with no cirrhosis. 
However, this approach needs to be validated independently 
[170, 171].

 Molecularly Targeted Therapy

As pointed out earlier, systemic chemotherapies for advanced 
HCC have not been promising; only a few agents had RRs 
greater than 20%, and none of them demonstrated convinc-
ing survival benefits in phase 3 studies. The majority of 
patients with HCC have cirrhotic livers, which cause 
decreased hepatic reserves and complications that may com-
promise effective delivery of systemic chemotherapy.
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HCC has a very poor prognosis and a chemotherapy- 
resistant nature. Researchers have suggested that some fac-
tors that lead to treatment resistance of HCC include 
expression of the multidrug resistance gene, glutathione 
S-transferase, and heat shock proteins; mutations of p53; and 
consequent high-level expression of P-glycoprotein [172].

Preclinical and clinical studies have demonstrated that 
progression of human HCC is associated with angiogenesis 
and that high microvascular density in HCCs is associated 

with poor prognosis [173]. Angiogenesis and signaling via 
RAF, mitogen-activated protein kinase (MAPK), extracellu-
lar signal-regulated kinase (ERK), and MAPK cascades are 
reported to play important roles in the development of HCC 
[174]. Because of the insufficiency of systemic chemother-
apy for HCC, researchers have examined some molecularly 
targeted agents that specifically target these pathways and 
discovered that they can be used to treat HCC (Table 13.3) 
[97, 98, 138, 139, 141, 150, 169–171, 175–190].

Table 13.3 The most important clinical trials and their results in hepatocellular carcinoma

The drug used in HCC 
treatment Pharmacologic category Mechanism of action Study phase Study year Outcome References
Doxorubicin 
(Adriamycin)

Anthracycline Inhibits topoisomerase II 2 Olweny 
et al. (1975)

mOS, 8 m [139]

5-Fluorouracil (5-FU) Antimetabolite 
(pyrimidine analog)

Inhibits thymidylate 
synthetase

2 Tetef et al. 
(1995)

TTP, 2.7 m
mOS, 3.8 m

[141]

Gemcitabine Antimetabolite 
(pyrimidine analog)

Inhibits DNA polymerase 2 Yang et al. 
(2000)

TTP, 3.0 m
mOS, 4.6 m

[150]

Doxorubicin and 
cisplatin

Anthracycline and 
alkylating agent

Inhibits topoisomerase II, 
covalently binds to DNA 
bases, and disrupts DNA 
function, respectively

2 Lee et al. 
(2004)

TTP, 6.6 m
mOS, 7.3 m

[175]

Gemcitabine and 
cisplatin

Antimetabolite 
(pyrimidine analog) 
and alkylating agent

Inhibits DNA polymerase, 
covalently binds to DNA 
bases, and disrupts DNA 
function, respectively

2 Parikh et al. 
(2005)

TTP, 4.5 m
mOS, 5.3 m

[176]

Gemcitabine plus 
oxaliplatin

Antimetabolite 
(pyrimidine analog) 
and alkylating agent

Inhibits DNA polymerase, 
covalently binds to DNA 
bases, and disrupts DNA 
function, respectively

Retrospective 
multicenter 
study

Zaanan et al. 
(2013)

TTP, 8 m
mOS, 11 m

[177]

Oxaliplatin plus 
short- term infusional 
5-FU and leucovorin 
versus single-agent 
doxorubicin

Antimetabolite 
(pyrimidine analog), 
alkylating agents, 
anthracycline

Inhibits thymidylate 
synthetase, covalently 
binds to DNA bases, 
disrupts DNA function, 
and inhibits 
topoisomerase II

3 Qin et al. 
(2014)

mOS, 6.40 m
TTP, 2.93 m
versus mOS, 
4.97 m
TTP, 1.77 m

[169]

PIAF (Cisplatin, 
interferon α(alpha)-2b, 
doxorubicin, and 
infusional 5-FU)

Alkylating agents, 
immunomodulator, 
anthracycline, 
antimetabolite 
(pyrimidine analog), 
respectively

Covalently binds to DNA 
bases and disrupts DNA 
function, binds to specific 
receptors on the cells to 
initiate activity, inhibits 
topoisomerase II, and 
inhibits thymidylate 
synthetase, respectively

2 Leung et al. 
(1999)

mOS, 8.9 m
RR, 26%

[171, 
178]

and
Kaseb et al. 
(2013)

and
RR, 36% 
versus
15%
mOS, 21.3 m 
versus 13.6 m

Cisplatin, interferon 
α(alpha)-2b, doxorubicin, 
and infusional 5-FU 
versus doxorubicin

Alkylating agents, 
immunomodulator, 
anthracycline, 
antimetabolite 
(pyrimidine analog), 
respectively

Covalently binds to DNA 
bases and disrupts DNA 
function, binds to specific 
receptors on the cells to 
initiate activity, inhibits 
topoisomerase II, and 
inhibits thymidylate 
synthetase, respectively

3 Yeo et al. 
(2005)

mOS, 8.67 m
RR, 20.9%
versus
mOS, 6.83
RR, 10.5%

[170]

Sorafenib versus placebo 
(SHARP)

VEGF inhibitor Inhibits multiple kinases 
(VEGFR-1, VEGFR-2, 
and VEGFR-3; 
PDGFRβ[beta]; cKIT; 
FLT3; RET; CRAF; 
BRAF)

3 Llovet et al. 
(2008)

TTP, 5.5 m
mOS, 10.7 m 
versus
TTP, 2.8 m
mOS, 7.9 m

[97]
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Table 13.3 (continued)

The drug used in HCC 
treatment Pharmacologic category Mechanism of action Study phase Study year Outcome References
Sorafenib versus placebo 
(Asia-Pacific)

VEGF inhibitor Inhibits multiple kinases 
(VEGFR-1, VEGFR-2, 
and VEGFR-3; 
PDGFRβ[beta]; cKIT; 
FLT3; RET; CRAF; 
BRAF)

3 Cheng et al. 
(2009)

TTP, 2.8 m
mOS, 6.5 m 
versus
TTP, 1.4 m
mOS, 4.2 m

[98]

Doxorubicin plus 
sorafenib versus 
doxorubicin plus placebo

Anthracycline and 
VEGF inhibitor, 
respectively

Inhibits topoisomerase II 
and multiple kinases 
(especially VEGFs)

2 Abou-Alfa 
et al. (2010)

TTP, 6.4 m
mOS, 13.7 m 
versus
TTP, 2.8 m
mOS, 6.5 m

[179]

Bevacizumab Monoclonal antibody Inhibits VEGF 2 Siegel et al. 
(2008)

mOS, 12.4 m [180]

Sunitinib versus 
sorafenib

VEGF inhibitor Inhibits multiple kinases 
(VEGFR-1, VEGFR-2, 
and VEGFR-3; 
PDGFRβ[beta]; cKIT; 
FLT3; RET; CRAF; 
BRAF)

3 Cheng et al. 
(2013)

TTP, 3.8 m
mOS, 7.9 m
versus
TTP, 4.1 m
mOS, 10.2 m

[181]

Axitinib VEGF inhibitor Selectively inhibits 
VEGFR-1, VEGFR-2, 
and VEGFR-3

2 McNamara 
et al. (2015)

mOS, 7.1 m [182]

Erlotinib plus sorafenib 
versus placebo plus 
sorafenib (SEARCH)

Epidermal growth 
factor receptor inhibitor 
and VEGF inhibitor, 
respectively

Inhibits HER1/epidermal 
growth factor receptor via 
tyrosine kinase activity 
and multiple kinases 
(especially VEGFR), 
respectively

3 Zhu et al. 
(2015)

TTP, 3.2 m
mOS, 9.5 m 
versus
TTP, 4.0 m
mOS,8.5 m

[183]

Bevacizumab and 
erlotinib

Monoclonal antibody,
epidermal growth 
factor receptor inhibitor

Inhibits VEGF and HER1/
epidermal growth factor 
receptor via tyrosine 
kinase activity

2 Thomas 
et al. (2009)

mPFS, 9.0 m
mOS, 15.6 m

[138, 
184–186]

and
Kaseb et al. 
(2012)

and
mPFS, 7.2 m
mOS, 13.7 m

Kaseb et al. 
(2016)

mPFS, 3.9 m
mOS, 9.9 m

and
Johnson 
et al. (2013)

and
mPFS,3 m
mOS,9.5 m

Brivanib versus placebo VEGF inhibitor Inhibits VEGFR-1, 
VEGFR-2, and VEGFR-3 
and fibroblast growth 
factor receptor-1

3 Llovet et al. 
(2013)

TTP, 4.2 m
mOS, 9.4 m 
versus
TTP, 2.7 m
mOS, 8.2 m

[187]

Everolimus versus 
placebo

mTOR kinase inhibitor Inhibits mTOR 3 Zhu et al. 
(2014)

TTP, 3.0 m
mOS, 7.6 m 
versus
TTP, 2.6 m
mOS, 7.3 m

[188]

Tivantinib versus placebo c-MET inhibitor Selectively inhibits 
c-MET

2 Santoro 
et al. (2013)

TTP, 1.6 m
mOS, 6.6 m 
versus
TTP, 1.4 m
mOS, 6.2 m

[189]

Nivolumab versus 
placebo

Anti-PD-1 monoclonal 
antibody

Binds to the PD-1 
receptor to block PD-L1 
and PD-L2 from binding

1/2 El-Khoueiry 
et al. (2015)

RR, 42%
mOS, 72% at 
6 months

[190]

PFS Progression-free survival, OS overall survival, RR response rate, TTP time to progression, VEGF vascular endothelial growth factor, VEGFR 
vascular endothelial growth factor receptor
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 Sorafenib

Sorafenib is a novel molecularly targeted agent that inhibits 
the serine/threonine Raf kinases and members of the cell 
surface kinase receptor family VEGF receptor (VEGFR-1, 
VEGFR-2, and VEGFR-3), the cell surface kinase receptor 
platelet-derived growth factor receptor (PDGFR), and 
tumorigenic receptor tyrosine kinases (RET, Fms-like tyro-
sine kinase-3 [FLT3], and c-Kit) [98]. Sorafenib was the 
only systemically administered agent to demonstrate a sta-
tistically significant, albeit minor, OS benefit for HCC in 2 
large randomized, placebo-controlled phase 3 trials con-
ducted in Western and Asian-Pacific populations. These 
similar trials focused on the effects of sorafenib on HCC 
and were conducted at the same time in different popula-
tions. The Western trial demonstrated that the time to pro-
gression (TTP) improved from 2.8 months to 5.5 months 
and that the mean OS duration improved from 7.9 months 
to 10.7 months in the placebo and sorafenib arms, respec-
tively. Since that study, sorafenib received approval by 
FDA as a first-line treatment option for advanced-stage 
HCC [97, 98, 191].

 Regorafenib

Regorafenib is a multikinase inhibitor that inhibits VEGF 
receptors 1–3, KIT, PDGFR-alpha and PDGFR-beta, RET, 
FGF receptors 1–2, TIE2, DDR2, TrkA, Eph2A, RAF-1, 
BRAF, SAPK2, and PTK5 [192]. Since sorafenib’s approval 
as the only front-line standard-of-care systemic therapy for 
unresectable HCC in 2007, multiple phase 3 trials assessing 
novel systemic drugs have failed to improve outcome against 
best supportive care in the second-line setting following 
sorafenib failure [187, 188, 193, 194]. Therefore, the posi-
tive outcome achieved with regorafenib therapy is a major 
development in the second-line systemic therapy setting 
after it reached its OS endpoint per the RESORCE study, 
which was conducted among patients who discontinued 
sorafenib because of evidence of progressive disease on 
imaging studies. Of note, patients who were intolerant of 
sorafenib or discontinued sorafenib because of side effects 
were excluded. Regorafenib improved the median OS to 
10.6 months as compared to 7.8 months in the placebo arm 
with a hazard ratio of 0.63 (95% CI, 0.50–0.79; one-sided 
p < 0.0001). Additionally, median progression-free survival 
(PFS) was 3.1 in the regorafenib arm versus 1.5 months in 
the placebo/best supportive care arm, in favor of regorafenib, 
along with a significant intergroup difference in the disease 
control rate (DCR), which was 65.2% in the regorafenib arm 
and 36.1% in the placebo arm [195]. Subsequently, rego-
rafenib was approved for use in the United States by the FDA 
in May 2017.

 Sunitinib

Sunitinib inhibits multiple receptor tyrosine kinases; 
PDGFRα(alpha) and PDGFRβ(beta); VEGFR-1, VEGFR-2, 
and VEGFR-3; the stem cell factor receptor KIT; and FLT3. 
As a result, it exhibits antitumor and antiangiogenic activi-
ties [196]. The initial trial examining the safety and efficacy 
of sunitinib in patients with advanced HCC demonstrated 
unacceptable toxicity [197]. Therefore, investigators used a 
modified dose of sunitinib (37.5 mg/day) and observed mod-
est antitumor activity in patients with advanced HCC, with 
manageable adverse effects [198]. Another study comparing 
this modified dose of sunitinib with sorafenib demonstrated 
that sunitinib was not superior or equivalent but rather mark-
edly inferior to sorafenib [181].

 Bevacizumab

Bevacizumab is a recombinant humanized monoclonal anti-
body that blocks angiogenesis by inhibiting the activity of 
VEGF-A [184]. It is an effective treatment option for, and 
well tolerated in, patients with advanced HCC even when 
given alone [180]. Researchers have studied bevacizumab 
combined with cytotoxic and targeted therapeutic agents 
(gemcitabine and oxaliplatin, capecitabine and oxaliplatin, 
and erlotinib) [138, 186, 199–201]. The combinations of 
bevacizumab with (1) gemcitabine and oxaliplatin and (2) 
capecitabine and oxaliplatin appeared to have a signal of 
activity and safety. Finally, bevacizumab and erlotinib com-
binations were tested in both front-line and second-line set-
tings with conflicting results based on patient population, but 
showed signals of activity and safety as well [185, 202]. 
However, these results of bevacizumab studies in HCC need 
validation through further investigation of these combina-
tions in HCC patients, possibly combined with other targeted 
agents and immunotherapy strategies [203–205].

 Axitinib

Axitinib is a potent oral multitargeted tyrosine kinase recep-
tor inhibitor and small-molecule indazole derivative [206, 
207]. Investigators studied the efficacy of axitinib in HCC 
patients and found that it had encouraging tolerable clinical 
activity [182].

 Brivanib

Brivanib is an ATP-competitive inhibitor of human 
VEGFR- 1, VEGFR-2, and VEGFR-3 [208, 209]. After dem-
onstrating effectiveness against HCC in a preclinical trial, 
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researchers used brivanib in first- and second-line single- 
agent and combination therapy for advanced HCC. Its antitu-
mor activity was promising, and it had a manageable safety 
profile in patients with advanced disease [210]. In a compari-
son of brivanib with sorafenib, the TTP, objective RR, and 
disease control rate were similar [186].

 Mammalian Target of Rapamycin-Based 
Therapy

Mammalian target of rapamycin (mTOR) is a serine/threo-
nine protein kinase that regulates cell growth and prolifera-
tion. It belongs to the phosphatidylinositol 3-kinase–related 
kinase protein family. Everolimus is an mTOR inhibitor that 
was evaluated in patients with HCC in a phase 3 trial. In that 
study, it failed to improve OS and progression-free survival 
over that with treatment with a placebo [188, 211].

 Immunotherapy (Immune Checkpoint 
Inhibitors)

After the valuable discovery that human cancer cells express 
cancer-associated antigens, researchers focused on the devel-
opment of immunotherapies to mediate tumor regression. As 
a result, investigators recently found blockade of immune 
checkpoints to be one of the most promising approaches to 
activation of antitumor immunity. Cytotoxic T lymphocyte- 
associated molecule-4, programmed cell death protein (PD)-
1, and PD ligand (PD-L) have been targets in treatment of 
various tumors as immune checkpoints. Cytotoxic T 
lymphocyte- associated molecule-4 is a cell surface molecule 
that is expressed almost exclusively on CD4+ and CD8+ T 
cells. This molecule has an essential role in the regulation of 
T-cell immune responses, especially in the maintenance of 
T-cell homeostasis [144, 212–214].

Tumor expression of PD-L1 may evade normal immune 
attack by exploiting the PD-1 immune checkpoint pathway. 
Both PD-L1 and PD-L2 bind to the PD-1 receptor on acti-
vated T cells, thus inhibiting T cells and T-cell attack [2]. A 
recent report demonstrated that patients with higher intratu-
moral expression of PD-L1 had markedly poorer prognoses 
than did patients with lower expression of it [215].

Trials of tremelimumab (an anti-cytotoxic T lymphocyte- 
associated molecule-4 monoclonal antibody), nivolumab (an 
anti-PD-1 antibody), and OX40 (a member of the tumor necro-
sis factor receptor superfamily) demonstrated very promising 
results in patients with advanced HCC [2, 190, 216–224].

The most promising data came from the study in which 
patients were treated with nivolumab (CheckMate-040). 
According to the interim results of the study, among 214 

patients, the objective response rate was 16%, which included 
complete response in 2 (1%) patients and partial response in 
33 (15%) patients. Additionally, stable disease was obtained 
in 111 patients and the overall response rate reached to 69%, 
which was a very striking rate. OS rates for all patients at 6 
and 9  months were 82.5% and 70.8%, respectively. The 
study showed durable objective responses across all etio-
logic cohorts, which include HBV and HCV infection and 
manageable safety of nivolumab in patients with HCC. Data 
indicate activity across all etiologic subtypes and supporting 
ongoing study of nivolumab in HCC [225].

 MET Inhibitors

Researchers have suggested that MET signaling has a role in 
the treatment of HCC.  Therefore, some of them have per-
formed investigations of MET signaling inhibition. Some 
clinical trials have had encouraging results for treatment 
with cabozantinib, crizotinib, onartuzumab, tivantinib, and 
rilotumumab [189, 226, 227].

 Mitogen-Activated Protein Kinase  
Kinase Inhibitors

As described previously the RAS/RAF/mitogen-activated 
protein kinase kinase/extracellular signal-regulated kinase 
pathway is a predominant signaling cascade in cell prolifera-
tion and carcinogenesis [228]. This pathway is activated in 
50–60% of HCCs and is a potential target for therapy [229, 
230]. Refametinib and selumetinib are orally administered 
inhibitors of mitogen-activated protein kinase kinase tyro-
sine kinase activity used in the treatment of advanced HCC 
[174, 231].
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 Introduction

Pancreatic ductal adenocarcinoma (PDAC) remains a devas-
tating illness that takes the lives of virtually all diagnosed. It 
is the fourth-leading cause of cancer-related death in the 
United States, and the overall 5-year survival is 8.2% [1]. 
Surgical resection remains the only opportunity for cure, but 
a staggering 80–85% of patients present with locally 
advanced or metastatic disease and are not surgical candi-
dates. What is perhaps more telling is that of the 15–20% of 
patients with resectable pancreas cancer who are eligible for 
an operation with curative intent, the majority will then go 
on to develop local, regional, and/or systemic recurrences, 
and their 5-year survival is less than 20% [2, 3].

Disappointing overall survival in surgically resected 
patients has prompted the search for adjuncts in the treat-
ment of PDAC. Considerable effort has been devoted to the 
development of effective adjuvant and neoadjuvant thera-
pies, as well as more sensitive and specific imaging and 
screening modalities to aid in earlier diagnosis and disease 
staging. As surgical resection remains central to disease 
eradication, the importance of a complete or R0 resection 
has been established in terms of its benefit on overall sur-
vival. Hence, the determination of resectability is paramount. 
Improved diagnostics and advancements in surgical tech-
niques have led to the emergence of borderline resectable 
tumors—a spectrum of disease falling between overtly 
resectable and locally advanced, unresectable PDACs. 
Uniformly defining this patient population is essential, both 
to optimally care for more patients, and for the development 
of stage-specific, novel clinical trials. A multimodal approach 

to patient care done in high-volume centers ensures that phy-
sicians with the most expertise will be routinely treating this 
complex patient population. Further advancements in the 
diagnostics and therapeutics of patients with pancreas cancer 
will require collaboration of experts across centers.

 Definitions: Resectable and Borderline 
Resectable Pancreas Cancer

Resectable PDAC has been defined by the National 
Comprehensive Cancer Network (NCCN) and subsequently 
by Callery et al. [4, 5] as (1) no distant metastases (i.e., no 
extrapancreatic disease); (2) no radiographic evidence of 
superior mesenteric vein (SMV) and portal vein (PV) abut-
ment, distortion, tumor thrombus, or venous encasement; 
and (3) clear fat planes around the celiac axis, hepatic artery, 
and superior mesenteric artery (SMA). These patients are 
offered operation with curative intent if, upon history and 
physical exam, they are deemed fit for surgery. At the other 
end of the spectrum are unresectable tumors. They can be 
locally advanced unresectable, with arterial encasement 
(celiac axis, SMA, or both), and/or venous occlusion (SMV, 
PV, or SMV-PV confluence), or they can be metastatic to 
distant sites. Well-localized tumors not impinging upon the 
vasculature are easy to classify as resectable, just as tumors 
with distant metastasis are easy to classify as unresectable. 
The gray area comes when tumors begin to “abut” or 
“encase” the mesenteric vasculature, as the percentage of 
vascular encasement has been shown to help predict resect-
ability [6] and also lead to more technically demanding oper-
ations that often require a surgeon experienced in vascular 
resection and reconstruction. Furthermore, as discussed pre-
viously, the precise degree of vascular involvement is subject 
to interpretation by surgeons and radiologists, and this leads 
to variation among centers in accurately defining the resect-
able patient population.

Borderline resectable pancreas cancer has emerged as an 
area of interest in defining patients who may be eligible for 
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resection but are high risk for positive pathologic margins 
that would adversely impact survival. This patient popula-
tion has tumors with varying degrees of mesenteric vascu-
lar involvement, and many of these patients have 
traditionally not been offered surgery due to both concerns 
for unresectability and for the technical demands brought 
on by vascular involvement. However, patients falling in 
this gray area are of interest, because in the right setting, 
the potential for an R0 resection often exists. At centers 
with experienced pancreas surgeons skilled in techniques 
of vascular resection and reconstruction, several groups 
have shown these operations not only to be feasible and 
safe, but also to yield equivalent survival as for patients 
with straightforward resectable disease [7, 8], as long as an 
R0 resection is achieved. Overall survival for these patients 
is additionally superior to patients with locally advanced 
disease who undergo nonoperative management [9, 10]. 
These findings are encouraging and emphasize the impor-
tance of accurately defining this “borderline” population, in 
order to stage them appropriately.

Over the years, many groups have attempted to objec-
tively define the tumor-vascular interface. Ishikawa et al. first 
detailed tumor involvement at the SMV-PV confluence in 
1992 when they retrospectively reviewed the portal phase of 
SMA angiography on 50 patients [11]. They then classified 
their findings into five types: (I) normal confluence, (II) 
smooth shift without narrowing, (III) unilateral narrowing, 
(IV) bilateral narrowing, and (V) bilateral narrowing and the 
presence of collateral veins. They noted that resected patients 
with extensive venous involvement (types IV and V) had a 
poorer prognosis than unresectable patients, illustrating 
again that increasing vascular involvement is a predictor of 
positive pathologic margins. The Ishikawa vein deformity is 
still commonly referred to in the literature.

In 1995, investigators out of MD Anderson Cancer Center 
(MDACC) categorized the extent of tumor-vascular involve-
ment on preoperative computed tomography (CT) scan of 56 
patients with PDAC into six types: A through F [12]. They 
then correlated these preoperative findings with the actual 
tumor-vascular relationship found in the operating room. In 
type A and B involvement, where there was a fat plane and 
normal pancreatic parenchyma, respectively, separating the 
tumor from adjacent vasculature, the patients were resect-
able in 21 of 22 cases (95%). Types E and F, on the other end 
of the spectrum, were tumors that completely encircled or 
occluded the vessel, respectively. None of those patients 
were able to undergo R0 resection. In the middle were types 
C and D. Type C tumors on imaging were inseparable from 
the vasculature, but the point of contact formed a convexity 
against the vessel, and type D tumors partially encircled the 
vasculature. Not surprisingly, resectability rate decreased 
with increasing vascular involvement. Shortly thereafter, Lu 
et al. [13] proposed an alternative grading system in which a 
0–4 scale was assigned based on the circumferential contigu-

ity of tumor to vessel. Grade 0 were tumors without contigu-
ity to vessel wall. Grade 1 tumors were contiguous with less 
than one-quarter of the vessel wall circumference, grade 2 
from over one-quarter to one-half of the vessel circumfer-
ence, grade 3 one-half to three-quarters, and grade 4 greater 
than three-quarters contiguity or vessel constriction. 
Although the study size was small, there was no distinction 
between arterial and venous involvement, and the surgeons 
were not blinded to the preoperative findings of the radiolo-
gists; the authors found tumor involvement of more than 
one-half of a surrounding vessel to be highly predictive of 
unresectability. More recently in 2014, Tran Cao et al. [14] 
identified all patients who had undergone pancreaticoduode-
nectomy at MDACC over an 8-year period and re-reviewed 
their preoperative imaging to assess the degree of tumor-vein 
circumferential interface (TVI). TVI was defined as having 
either no interface, ≤180° of vessel circumference, >180° of 
vessel circumference, or vascular occlusion, and findings 
were then correlated with the subsequent need for venous 
resection, histologic venous invasion, and overall survival. A 
total of 254 patients were included for analysis, 98 of whom 
(38.5%) required SMV-PV resection. The authors concluded 
that a TVI > 180° was accurately predictive (p < 0.001) of 
the need for venous resection, as 89.5% of patients with 
either this interface (n = 25 of 28 patients) or occlusion (n = 9 
of 10 patients) required vascular resection. Histologic inva-
sion of the vein was seen in 82.4% of patients with TVI > 180° 
or occlusion. Additionally, overall survival was improved in 
patients with TVI ≤ 180°.

These studies provided a framework for defining the rela-
tionship between TVI, resectability, and survival. The NCCN 
provided the first published definition of borderline resect-
able tumors in 2004 [15]. Their definition described border-
line tumors as those that abutted the SMA and had severe 
one-sided SMV or PV impingement, gastroduodenal artery 
(GDA) encasement up to the hepatic artery, or colon/meso-
colon invasion. In 2006, the MD Anderson Cancer Center 
Pancreas Center Group more precisely defined borderline 
resectable tumors as having tumor abutment ≤180° of the 
SMA or celiac axis circumference, a short-segment abut-
ment or encasement of the common hepatic artery (CHA) 
(most commonly at the GDA origin), or segmental venous 
occlusion amenable to venous reconstruction (requiring ade-
quate SMV below and PV above the occlusion) [16]. They 
further clarified that abutment or involvement represented 
≤180° vessel circumference, whereas encasement repre-
sented ≥180° of vessel circumference. In 2008, Katz et al. 
expanded their MDACC definition of borderline resectabil-
ity by subdividing patients into types A, B, or C [17]. Type A 
patients were consistent with their 2006 definition, whereas 
type B patients had questionable extrapancreatic metastatic 
disease, and type C were patients with marginal performance 
status. These latter two categories were felt to be important 
because they relied on the clinical judgment of a multidisci-
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plinary team when being considered for surgery. Axial imag-
ing with questionable occult metastatic disease necessitates a 
radiologist experienced in pancreas imaging. Exploratory 
laparotomy and pancreatectomy even without vascular 
reconstruction is a major abdominal operation, and the 
patient’s ability to tolerate this procedure must be confirmed 
preoperatively. At MD Anderson, a large center with a broad 
referral base, increasing numbers of these type “B” and “C” 
patients are being evaluated for treatment, and the center has 
stressed the importance of accurately staging these patients 
in order to better administer stage-specific treatment, mini-
mize treatment indecision, and avoid unindicated operations 
in patients with metastatic disease [17].

In 2009, Callery et al. authored a consensus statement by 
the American Hepato-Pancreato-Biliary Association, the 
Society of Surgical Oncology, and the Society for Surgery 
of the Alimentary Tract (AHPBA/SSO/SSAT), on border-
line resectable pancreas cancer, which has subsequently 
been endorsed by the NCCN [4]. These tumors (1) have no 
distant metastases; (2) have venous involvement of the 
SMV/PV demonstrating tumor abutment with or without 
impingement and narrowing of the lumen, encasement of 
the SMV/PV but without encasement of the nearby arteries, 
or short-segment venous occlusion resulting from either 
tumor thrombus or encasement but with suitable vessel 
proximal and distal to the area of vessel involvement, allow-
ing for safe resection and reconstruction; (3) have GDA 
encasement up to the hepatic artery with either short-seg-
ment encasement or direct abutment of the hepatic artery, 
without extension to the celiac axis; or (4) have tumor abut-
ment of the SMA not exceeding >180° of the circumference 
of the vessel wall.

The above definitions from MDACC and AHPBA/SSO/
SSAT are similar in their description of arterial involvement 
but differ in their description of what constitutes borderline 
resectable disease with regard to venous involvement. The 
AHPBA/SSO/SSAT consensus categorizes any degree of 
venous involvement as being borderline resectable, and 
authors at MDACC have raised concerns that this definition 
may be somewhat broad [18], because it has the potential to 
incorporate patients who may in fact be resectable upfront. 
In fact, as Kelly et al. have noted, the multiple proposed defi-
nitions of borderline resectable disease vary primarily on 
their criteria for venous involvement, and no single definition 
exists [19].

More recently, in an effort to standardize across institu-
tions the definition of borderline resectable PDAC, the 
Intergroup Trial published in 2013 a collaborative and objec-
tive definition of borderline resectable PDAC that included 
cancers with one or more of the following: (1) an interface 
between the primary tumor and SMV-PV measuring 180° or 
greater of the circumference of the vein wall, and/or (2) short-
segment occlusion of the SMV-PV with normal vein above 
and below the level of obstruction that is amenable to resec-

tion and venous reconstruction, and/or (3) short- segment 
interface (of any degree) between tumor and hepatic artery 
with normal artery proximal and distal to the interface that is 
amenable to resection and arterial reconstruction, and/or (4) 
an interface between the tumor and SMA or celiac trunk 
measuring less than 180° of the circumference of the artery 
wall [20]. This definition has subsequently been endorsed by 
the NCCN and is the foundation upon which current multi-
institutional clinical trials of multimodal therapy for patients 
with borderline resectable PDAC are being designed. 
Summary of NCCN definitions of resectable, borderline, and 
unresectable is seen in Table  14.1 [15] and examples in 
Fig 14.1a–c.

Table 14.1 Definition of resectable, borderline, and unresectable pan-
creas adenocarcinoma [15]

Resectable Borderline Unresectable
No distant 
metastases

No distant metastases Distant metastases 
(including non- 
regional lymph node 
metastases)

No arterial 
tumor contact 
of CA, SMA, 
or CHA

Pancreatic head/
uncinate process:
 Solid tumor contact 
with CHA without 
extension to CA or 
hepatic artery 
bifurcation allowing for 
safe and complete 
resection and 
reconstruction.
Solid tumor contact 
with the SMA ≤180°
 Solid tumor contact 
with variant arterial 
anatomy
Pancreatic body/tail:
 Solid tumor contact 
with the CA of ≤180°
Solid tumor contact 
with the CA >180° 
without involvement of 
the aorta and with intact 
and uninvolved GDA

Pancreatic head/
uncinate process:
 Solid tumor contact 
with SMA >180°
Solid tumor contact 
with CA >180°
Solid tumor contact 
with the first jejunal 
SMA branch
Pancreatic body/tail:
Solid tumor contact of 
>180° with the SMA 
or CA
Solid tumor contact 
with CA and aortic 
involvement

No tumor 
contact with 
the SMV or PV 
or ≤ 180° 
contact without 
vein contour 
irregularity

Solid tumor contact 
with the SMV or PV of 
>180°, contact of 
≤180° with contour 
irregularity of the vein 
but with suitable vessel 
proximal and distal to 
the site of involvement
Solid tumor contact 
with the IVC

Pancreatic head/
uncinated process:
 Unreconstructible 
SMV/PV due to tumor 
involvement or 
occlusion
 Contact with most 
proximal draining 
jejunal branch into 
SMV
Pancreatic body/tail:
 Unreconstructible 
SMV/PV due to tumor 
involvement or 
occlusion

CA Celiac axis, SMA Superior mesenteric artery, CHA Common hepatic 
artery, SMV Superior mesenteric vein, PV Portal vein, GDA 
Gastroduodenal artery, IVC Inferior vena cava
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 Disease Staging

The staging evaluation for PDAC is centered around contrast- 
enhanced CT scan, which is used to assess for metastatic dis-
ease and to delineate the relationship of the tumor to 
surrounding structures, including the mesenteric vasculature. 
CT scan has long been considered the “gold standard” in 
evaluation of pancreas cancer, due to its wide availability, 
ease of interpretation, and excellent negative predictive value 
for unresectability [21]. Three- to five-millimeter cuts are 
obtained following tri-phasic contrast administration; intra-
venous (IV) contrast is given and images are obtained in both 
an arterial and a portal venous phase, and a neutral or low- 
density oral contrast agent (often water) is given in order to 
distend the stomach and duodenum, but not interfere with 
evaluation of the vasculature, which would likely happen if 
high-density oral contrast were given [22]. The portal venous 
phase is particularly important because it is in this phase that 
the pancreatic parenchyma enhances best, in contrast with 
the typically hypodense appearance of PDAC.

There are two main limitations of CT scan for staging. 
First is the detection of micrometastatic disease that could 
only be found with increased resolution images. The liver is 
the most common location for metastasis, and contrast- 
enhanced CT scan generally is excellent at detecting hepatic 
disease; however, smaller lesions are not as well evaluated, 
and the sensitivity for detection decreases with decreasing 
lesion size [23]. Microscopic peritoneal implants are also not 
well visualized on CT scan. An estimated 15–40% of patients 
initially thought to be resectable based on axial imaging are 
found to have metastatic disease on laparotomy [24–27]. The 
other main shortcoming of CT is the inconsistent correlation 
between relationship of tumor to mesenteric vasculature on 
scans and the actual relationship once in the operating room 
[28], and this can impact the ability to achieve an R0 resec-
tion. In an R1 resection, margin positivity is most commonly 
at the mesenteric or retroperitoneal margin [29], further 
highlighting the importance of accurate pretreatment cross- 
sectional imaging.

CT interpretation is also operator-dependent and is best 
done by radiologists who are experts in pancreas cancer 
imaging. Studies have shown that specialized radiologists 
more accurately interpret scans within their own areas of 
expertise [30], and these radiologists are more likely to be 
based in larger centers. In a retrospective review of PDAC 
patients at a single center, Walters et  al. concluded that 
pancreas- protocol imaging at a high-volume center improves 
preoperative staging and can alter disease management [27]. 
Interestingly, they found that more than 50% of patients who 
presented to their center with prior imaging were reimaged 
with a resulting change in management strategy.

Multiple adjuncts to CT scan have been proposed in order 
to more thoroughly stage a newly diagnosed pancreas can-
cer patient. These adjuncts include the use of endoscopic 
ultrasound (EUS), magnetic resonance imaging (MRI), and 

a

b

c

Fig. 14.1 Examples of resectable (a), borderline (b), and unresectable 
(c) pancreas adenocarcinoma on computed tomography. White arrow 
indicates primary tumor. (a) The mass (white arrow) involves <180° of 
the superior mesenteric vein and does not touch the superior mesenteric 
artery. (b) The mass (white arrow) involves >180° of the superior mes-
enteric vein (blue arrow) and <180° of the superior mesenteric artery 
(red arrow). (c) There is narrowing of the origin of the superior mesen-
teric artery (yellow arrow) and soft tissue to the left side of the aorta 
(red arrow)
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positron emission tomography (PET)/CT.  In patients who 
present with classic signs of pancreas cancer (obstructive 
jaundice, unexplained weight loss, abdominal pain, new onset 
pancreatitis) but have equivocal CT findings, EUS is of ben-
efit as it is much more sensitive than CT scan in the diagnosis 
of lesions smaller than 2 cm (90% versus 40%) [31]. Tumor 
relationship to the surrounding vasculature and regional 
lymph nodes is accurately assessed by EUS, which facilitates 
appropriate staging. It has also become the modality of choice 
to obtain a tissue diagnosis in patients with borderline resect-
able tumors who are to undergo neoadjuvant therapy, as well 
as restaging borderline resectable and locally advanced 
tumors after the completion of neoadjuvant treatment, in 
order to assess for cellular necrosis along the periphery of 
tumors where they abut the vasculature. A recent meta-analy-
sis of data spanning a 14-year period found the overall sensi-
tivity and specificity of EUS-fine-needle aspiration (FNA) for 
diagnosing a solid pancreas mass to be 86.8% and 95.8%, 
respectively [32]. Limitations of this imaging modality are 
that it is highly operator-dependent and has an approximately 
1–2% risk of complications, which include post-procedural 
pancreatitis, bleeding, or duodenal perforation [33]. Another 
imaging modality gaining wider acceptance is MRI.  It has 
greater soft-tissue contrast when compared with CT [34] and 
so is excellent for small or isoattenuating tumors [35], and 
magnetic resonance cholangiopancreatography (MRCP) pro-
vides precise definition of the main pancreatic duct and biliary 
tree, which is especially useful for small, non-contour-deform-
ing pancreatic masses [36].

PET/CT can be used as an adjunct after high-quality pan-
creas protocol CT is obtained, particularly in patients deemed 
to be high risk for having extra-pancreatic disease (border-
line resectable disease, markedly elevated CA 19-9, large 
primary tumors, or large regional lymph nodes) [15]. It 
should not be considered a substitute for high-quality cross- 
sectional imaging.

Diagnostic staging laparoscopy can be used to look for 
metastases that are not evident on cross-sectional imaging. 
Timing can be prior to initiation of chemoradiation or surgery, 
again in patients considered to be high risk for metastases.

Although the vast majority of patients are still diagnosed 
and staged by CT scan, continued advances in all imaging 
modalities with resulting higher resolution will undoubtedly 
lead to earlier diagnosis and treatment of patients with 
PDAC. Choice of diagnostic study should be tailored to each 
specific clinical scenario.

 Resectable Pancreas Cancer

 Adjuvant Therapy

Surgery with curative intent remains standard of care for 
upfront resectable pancreas cancer. Unfortunately, even with 
an R0 resection, the vast majority of patients will go on to 

develop local, regional, or systemic recurrence and eventu-
ally die from their disease [37], demonstrating that surgery 
alone is inadequate for long-term survival. This observation 
is the basis for the intense interest in the development of 
multimodal therapeutic strategies to aid in both locoregional 
and systemic control of PDAC. Margin status at resection is 
an important predictor of overall survival, and it follows that 
adjuvant therapy with emphasis on locoregional control 
could have survival benefit. Neoadjuvant and adjuvant 
chemoradiation has been shown to improve overall survival 
in other surgically resected gastrointestinal (GI) tract malig-
nancies, including gastric/gastroesophageal (GE) junction 
and rectal cancers [38, 39]. In pancreas cancer, older studies 
focused on palliation of unresectable pancreas cancer dem-
onstrated benefit to radiation therapy, often combined with 
5-fluorouracil (5-FU) [40, 41], and this was the basis for the 
Gastrointestinal Tumor Study Group (GITSG) trial—the first 
prospective, randomized phase III trial evaluating adjuvant 
chemoradiation following surgical resection of PDAC.

The GITSG trial was the first of three “split-course” adju-
vant chemoradiation therapy trials [42], and it was designed 
to deliver a split-course of 40  Gy external beam radiation 
therapy (EBRT) over 6  weeks, including a 2-week break 
from radiation therapy after administration of the first 20 Gy, 
along with 5-FU administration both during radiation ther-
apy and subsequently as a weekly maintenance infusion for 
2 years or until documented disease progression. It enrolled 
43 patients who had undergone an R0 surgical resection of 
ductal, acinar, or undifferentiated pancreas adenocarcinoma, 
and excluded patients with periampullary, islet, and cystad-
enocarcinoma. Twenty-one patients were randomized to 
undergo adjuvant chemoradiation with 5-FU, while the other 
22 were randomized to observation. The trial showed a sta-
tistically significant doubling of median survival in the treat-
ment group compared with the controls (20 months versus 
11  months) and a modest improvement in 5-year survival 
(19% versus 5%). Adjuvant therapy was well-tolerated 
among participants. This study was limited by its small size 
causing it to be underpowered and by the fact that almost 
40% of the treatment arm patients (8/21) did not complete 
their maintenance therapy. It was stopped early due to the 
slow accrual and the evolving survival differences between 
groups. In an attempt to increase power, the investigators 
later added another nonrandomized cohort of 30 patients to 
the same treatment algorithms and found similar results [43]. 
The encouraging results from the GITSG study are the foun-
dation for adjuvant chemoradiation as a standard of care for 
surgically resected PDAC in the United States.

The GITSG trial was followed by the European 
Organization for Research and Treatment of Cancer 
(EORTC) group trial, first published in 1999  in Annals of 
Surgery [44]. In this study, 207 surgically resected patients 
were again randomized to undergo either observation or 
adjuvant chemoradiation in a similar “split-course” manner 
and also utilizing 5-FU. Although this adjuvant regimen was 
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again shown to be well-tolerated, no statistically significant 
survival differences were seen between groups, and the 
investigators concluded that adjuvant chemoradiation could 
not be recommended. Important differences between EORTC 
and GITSG deserve mention, most notably the inclusion of 
patients with positive pathologic margins in the EORTC 
study, and also the EORTC inclusion of nonpancreatic peri-
ampullary adenocarcinomas—a group of tumors with a 
known better overall prognosis. In response to these con-
cerns, the authors included a subset analysis of 114 patients 
with head of pancreas cancer only but still were unable to 
demonstrate any benefit to adjuvant chemoradiation and in 
fact concluded that adjuvant chemoradiation with 5-FU, 
although well-tolerated, is not indicated. European centers 
have cited this study, as well as the following European 
Study Group for Pancreatic Cancer (ESPAC) study, when 
recommending against adjuvant chemoradiation in their 
practice policies.

In an effort to delineate a role for adjuvant chemotherapy 
in resected PDAC after having found disappointing results 
from adjuvant chemoradiation in European centers, the 
ESPAC-1 trial was conducted. It was a multicenter trial in 
2 × 2 factorial fashion in which 289 patients with resected 
pancreas ductal adenocarcinoma (irrespective of margin sta-
tus) were randomly assigned to undergo observation (69 
patients), or adjuvant chemoradiation alone (73 patients), 
chemotherapy alone (75 patients), or chemoradiation fol-
lowed by chemotherapy (72 patients). It was again a “split- 
course” design, and 5-FU was utilized as the chemotherapeutic 
regimen. The median follow-up was 47  months, and the 
results were published in the New England Journal of 
Medicine in 2004 [45]. The study has been critiqued for its 
complex design making it difficult to interpret, but the 
authors came to two major conclusions: that (1) adjuvant 
chemotherapy had a significant survival benefit (21% 5-year 
survival versus 8% for those who underwent observation, 
p = 0.009) and that (2) adjuvant therapy did not show benefit 
and actually had a deleterious effect on survival (10% versus 
20% 5-year survival in the chemoradiation versus no chemo-
radiation group, p  =  0.05). The authors postulated that 
chemoradiation may have been detrimental both because it 
delayed the onset of systemic chemotherapy, and because the 
“split-course” algorithm allowed for a break in treatment that 
could result in disease progression. Critics of this study have 
emphasized the lack of standardization and quality assurance 
of the radiation therapy protocols utilized (and this critique 
has also been made of the GITSG and EORTC trials, as radi-
ation therapy standards have markedly improved since 
GITSG was first published in 1985). Many patients received 
varying doses of radiotherapy, and there was no centralized 
review of technique or protocol. Additionally, the study was 
not actually powered to derive comparisons among the four 
arms of the 2 × 2 randomization design. Although it has 

sparked much controversy with regard to the role for adju-
vant radiation therapy in resected PDAC, ESPAC-1 has 
helped to solidify a role for 5-FU-based chemotherapy in 
adjuvant setting.

In 1997, Burris et al. published a landmark study in the 
treatment of advanced pancreas cancer. They demonstrated 
that single-agent gemcitabine not only improved quality of 
life in patients with unresectable pancreas cancer (better pain 
control, increased performance status), but also had a modest 
survival advantage over treatment with 5-FU. The latter was 
given using an intravenous bolus schedule. This was the first 
time in 30  years that a new chemotherapeutic agent was 
shown to have improved survival benefit when compared 
with 5-FU; gemcitabine also had a favorable toxicity profile 
[46]. This paved the way for the Charite-Onkologie or 
CONKO-001 study, a European multicenter, phase III ran-
domized controlled trial of adjuvant gemcitabine versus 
observation after curative-intent resection of PDAC [37]. In 
this trial, 368 patients, who had undergone either R0 or R1 
resection of their pancreas cancer and who had not under-
gone any neoadjuvant therapy, were stratified according to 
resection status (R0 versus R1), tumor (T) status (T1-2 ver-
sus T3-4), and nodal (N) status (negative versus positive). 
They were then randomized to undergo adjuvant gemcitabine 
for 6 cycles (n = 179) or observation (n = 175). Primary end-
point was median disease-free survival, and a statistically 
significant survival benefit was seen with gemcitabine ther-
apy (13.4  months compared with 6.9  months, p  <  0.001), 
almost double that of the observation group. This survival 
benefit was seen regardless of margin, T, or nodal status. 
Upon initial publication, there was no overall survival benefit 
to the administration of gemcitabine therapy (median sur-
vival 22.1 months gemcitabine versus 20.2 months control), 
but a modest yet statistically significant overall survival ben-
efit was seen when the data were updated in 2008 at the 
annual American Society of Clinical Oncology (ASCO) 
meeting (22.8 months versus 20.2 months, p = 0.05, and esti-
mated 5-year survival 21% versus 9%) [47]. This study 
established single-agent gemcitabine as the backbone of 
adjuvant therapy in resected pancreas adenocarcinoma.

Around the same time that CONKO-001 was underway in 
Europe, North American centers began to enroll patients in 
the Radiation Therapy Oncology Group (RTOG) 97-04 trial 
[48]. This was a multicenter, randomized controlled phase III 
trial also designed to evaluate gemcitabine in the adjuvant 
setting. Patients with grossly resected pancreas adenocarci-
noma were then randomized to undergo either 5-FU or gem-
citabine chemotherapy, and treatment in both groups was 
then followed by 5-FU-based chemoradiation. This was in 
keeping with the accepted standard of care in North America 
that utilized adjuvant chemoradiation, based on the initial 
GITSG trial. Patients were stratified according to tumor 
diameter (<3 cm or >3 cm), nodal status (positive or nega-
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tive), and surgical margins (positive, negative, or unknown). 
On analysis of 451 patients, the investigators found no differ-
ence in overall or disease-free survival between the 2 treat-
ment groups. However, they further analyzed a subset of 
pancreatic head tumors (n = 388) and found a trend toward 
increased median survival and increased 3-year survival in 
the gemcitabine group (20.5 months and 31% 3-year survival 
in gemcitabine versus 16.9 months and 22% for fluorouracil, 
p = 0.09); when adjusted for the aforementioned stratifica-
tion variables, this trend became statistically significant 
(p  =  0.05). The authors concluded that when added to 
5-FU-based chemoradiation, adjuvant gemcitabine-based 
chemotherapy was superior to 5-FU-based chemotherapy. 
This study did not evaluate the role of adjuvant chemoradia-
tion because it was given to both groups, but it further bol-
stered the call for gemcitabine in the adjuvant setting.

With new information from CONKO-001 calling for 
single- agent gemcitabine as the backbone of adjuvant ther-
apy, the next logical step was to directly compare gem-
citabine versus 5-FU, recognizing that results from ESPAC-1 
showed a survival benefit of 5-FU-based chemotherapy. 
European investigators thus designed the ESPAC-3 trial that 
was published in JAMA in 2010 [49]. This study randomized 
1088 patients who had undergone R0 or R1 resection of 
PDAC to then undergo 6  months of either 5-FU or gem-
citabine. The primary endpoint was overall survival, which 
was the same between groups (23.0 versus 23.6  months, 
respectively); and the authors concluded that the 2 agents 
were essentially equivalent. Both are reasonable options, but 
gemcitabine, with its favorable side effect profile and ease of 
administration (on a weekly basis versus every day for a 
week at a time for 5-FU), has become the cornerstone of 
adjuvant therapy for resected PDAC.  Most recently, the 
ESPAC-4 trial compared gemcitabine to gemcitabine with 
capecitabine. Seven hundred thirty patients were randomized 
in this phase III trial and found an improvement in median 
overall survival of 28 versus 25.5 months, p = 0.032 [50].

Gemcitabine is also known to be an excellent radiosensi-
tizer [51], and other groups have sought to utilize this trait. 
Van Laethem et  al. have conducted a randomized phase II 
trial comparing gemcitabine plus gemcitabine-based chemo-
radiation to gemcitabine alone in the adjuvant setting [52] and 
found the former to be safe and well-tolerated. Median over-
all survival in both groups was 24 months, but interestingly 
there was a statistically significant improvement in local con-
trol with the incorporation of chemoradiation. The authors 
have advocated for a phase III trial to further investigate mul-
timodal gemcitabine. A summary of key randomized con-
trolled trials of adjuvant therapy for resectable pancreas 
cancer is seen in Table 14.2 [37, 42, 44, 45, 48–50, 53].

The next steps in the advancement of adjuvant therapy 
involve combinations of cytotoxic therapies and poten-
tially the addition of targeted therapies to conventional 
chemotherapeutic and/or chemoradiation regimens. Many 
new trials of combination adjuvant therapy have drawn on 
modest albeit real successes in the management of locally 
advanced or metastatic pancreas cancer. Moore et al. [54] 
found a statistically significant survival benefit in adding 
erlotinib (an epidermal growth factor receptor [EGFR] 
tyrosine kinase inhibitor) to gemcitabine in this unresect-
able patient population in a randomized, phase III trial. 
Other groups have investigated agents such as tipifarnib, 
bevacizumab, and cetuximab in various combinations with 
gemcitabine and also in patients with unresectable disease, 
but have found no benefit to date over that of gemcitabine 
alone [55]. To date, no targeted agent has been proven to 
be of value in the adjuvant setting, but new clinical trials 
continue to accrue resected patients in an effort to improve 
on the poor 5-year survival rates seen even after a com-
plete surgical resection. A summary of ongoing adjuvant 
phase III clinical trials for resectable pancreas cancer is 
seen in Table 14.3.

Currently, adjuvant systemic chemotherapy is recom-
mended for all patients capable of receiving it. For those 

Table 14.2 Summary of randomized controlled adjuvant trials for resected pancreas cancer

Trial Comparison Agents Patient Population Median Survival p value
GITSG [42] 1985 CRT vs Obs 40 Gy + 5-FU n = 21 vs 22 20 vs 11 mo 0.035
EORTC [44] 1999 CRT vs Obs 40 Gy + 5-FU n = 60 vs 54 17 vs 13 mo 0.099
ESPAC-1 [45] 2004 CRT vs no CRT

CT vs no CT
20 Gy + 5-FU
5-FU

n = 145 vs 144
n = 147 vs 142

16 vs 18 mo
20 vs 16 mo

0.05
0.009

CONKO-001 [37] 2007 CT vs Obs gem n = 179 vs 175 13 vs 7 mo <0.001
RTOG 97-04 [48] 2008 CT + CRT vs

CT + CRT
5-FU + 50.4 Gy/5-FU
gem +50.4 Gy/5-FU

n = 201 vs 187 17 vs 20.5 mo 0.09

ESPAC-3 [49] 2010 CT vs CT gem vs 5-FU n = 537 vs 551 24 vs 23 mo 0.39
JASPAC 01
2016 [53]

CT vs CT S-1 vs gem n = 192 vs 193 46.5 vs 25.5 mo <0.0001

ESPAC-4
2017 [50]

CT vs CT gem vs gem/cape n = 366 vs 364 25.5 vs 28 mo 0.032

Abbreviations: CRT chemoradiation, Obs observation, CT chemotherapy, 5-FU 5-fluorouracil, gem gemcitabine, cape capecitabine
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patients who received neoadjuvant therapy, adjuvant chemo-
therapy is still recommended with dosing and regimen based 
on the degree of response to neoadjuvant treatment.

 Neoadjuvant Therapy

It has become increasingly evident that pancreas cancer is a 
systemic disease at the time of diagnosis, as evidenced by 
continued poor overall survival in patients who have under-
gone an R0 resection and completed adjuvant therapy. Not 
only has this reinforced the importance of multimodal ther-
apy for both local and systemic disease control, but it has also 
brought to the forefront an interest in neoadjuvant treatment 
strategies. Proponents of neoadjuvant therapy for resectable 
PDAC cite several potential benefits. First is the early deliv-
ery of systemic therapy that is generally well- tolerated and 
completed. Multiple studies have shown that up to 25% of 
patients who undergo surgical resection never complete their 
adjuvant treatment [44, 56, 57], due to prolonged recovery, 
postoperative complications, or patient refusal. A neoadju-
vant approach would ensure that nearly all patients who are to 
undergo an operation have had the benefit of systemic ther-
apy. It would additionally allow patients with aggressive 
tumor biology whose disease progresses during neoadjuvant 
therapy, or those whose functional status does not tolerate 
therapy, to self-select themselves as patients who will not 
benefit from surgery and thus avoid the potential morbidity of 
a major pancreatic resection. Another benefit is the enhanced 
cytotoxic effect seen with delivery of chemoradiation to 
undisturbed, well-oxygenated tissue. Perhaps most important 
is the potential for preoperative chemotherapy and/or radia-
tion to downsize disease. Neoadjuvant therapy also treats the 
local nodal basin, and all of the above will in turn improve the 
rate of R0 resection and also decrease locoregional recur-
rence. Lastly, several groups have demonstrated a decreased 
pancreaticojejunal anastomotic leak rate in patients who have 
undergone neoadjuvant chemoradiation [58, 59].

Potential drawbacks to neoadjuvant therapy warrant men-
tion. Chemotherapy administration requires a tissue diagno-

sis prior to its initiation. Tumor sampling is commonly done 
via endoscopic ultrasound (EUS) with fine-needle aspiration 
(FNA), but this technique remains highly operator- dependent 
and often requires patients at small outlying centers to be 
evaluated and treated elsewhere. Additionally, patients who 
present with jaundice and biliary obstruction need to undergo 
biliary tree decompression prior to starting chemotherapy. In 
1998, a phase II multi-institutional neoadjuvant trial con-
ducted by members of the Eastern Cooperative Oncology 
Group (ECOG), [60] in which 50% of enrolled patients 
required pretreatment biliary decompression, cited a high 
level of stent-related morbidity and mortality. The authors 
raised concerns for the safety of pretreatment biliary stent-
ing, potentially making neoadjuvant therapy unsafe in this 
patient population. These concerns were addressed in a 
larger-scale study out of MDACC, which demonstrated low 
rates of hepatic toxicity and biliary stent-related complica-
tions in patients undergoing neoadjuvant chemoradiation 
[61]. Larger diameter stents, close patient follow-up, and a 
single-institution study design utilizing a single experienced 
endoscopist to manage stents were all felt to contribute to the 
low complication rates. A final potential drawback of neoad-
juvant therapy is that it delays definitive surgical manage-
ment. Interestingly though, patients whose disease progresses 
during neoadjuvant treatment most commonly also have dis-
tant metastases as opposed to local progression alone [62–
65], and thus an upfront operation would not have provided 
adequate disease control in this group of patients.

Neoadjuvant therapy for resectable pancreas cancer was 
first trialed and shown to be both safe and feasible in the 
early 1990s. Evans et al. enrolled 28 patients with histologi-
cally proven localized pancreatic head adenocarcinoma to 
undergo a regimen of 5-FU and 50.4  Gy over 5 ½  weeks 
[64]. All patients completed their neoadjuvant therapy, dem-
onstrating that it was safe and well-tolerated. Upon restag-
ing, five patients had developed metastatic disease, and they 
were spared a subsequent operation. Seventeen patients 
underwent resection, and all tumor specimens had evidence 
of tumor cellular injury imparted by chemoradiation. This 
study was the basis for another trial out of MDACC pub-

Table 14.3 Summary of ongoing adjuvant Phase III trials for pancreas adenocarcinoma

Trial NCT Number Comparison Agents Patient Enrollment Current Status Primary endpoint
RTOG 0848 01013649 CT vs

CT + CRT
gem +/− erlot vs
gem +/− erlot with 
5FU or cape-XRT

n = 950 Recruiting Overall 
survival

APACT 01964430 CT vs CT gem vs gem + 
N-pac

n = 866 Active, not 
recruiting

Disease-free 
survival

Adjuvant gem vs neoadjuvant 
and adjuvant FOLFIRINOX

02172976 CT vs CT gem vs 
FOLFIRINOX

n = 126 Recruiting Overall 
survival

Italian multicenter study 02355119 CT vs CT gem vs 
FOLFOXIRI

n = 310 Recruiting Disease-free 
survival

Abbreviations: CRT chemoradiation, Obs observation, CT chemotherapy, 5-FU 5-fluorouracil, gem gemcitabine, cape capecitabine, erlot erlotinib, 
XRT radiation, N-pac Nab-paclitaxel
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lished in 1998 by Pisters et  al. [65]. The most debilitating 
side effect of the chemoradiation regimen from the Evans 
et al. trial [64] was GI toxicity, requiring hospital admission 
in 32% of patients. In an effort to ameliorate this problem, 
the investigators decreased the length of therapy from 5 ½ 
down to 2 weeks, with a higher dose per fraction of radiation 
received, in this “rapid fractionation” trial. All 35 patients 
enrolled had resectable pancreatic head cancer, and all 35 
completed their chemoradiation. Surgical resection com-
bined with external beam intraoperative radiation therapy 
(EB-IORT) was completed in 74% of patients taken for lapa-
rotomy, and this study demonstrated not only minimal toxic-
ity of the chosen chemotherapeutic regimen but also excellent 
locoregional disease control.

Other groups have investigated the addition of mitomycin 
C (MMC) to a regimen of infusional 5-FU and external beam 
radiation therapy. A phase II trial out of Fox Chase Cancer 
Center [66] treated 31 patients with biopsy-proven pancre-
atic or duodenal carcinoma with this regimen. All but two 
patients completed their neoadjuvant therapy, and 38% of the 
pancreatic cancer patients were able to be resected; all of 
these patients had negative pathologic margins. The authors 
concluded that this combination treatment was safe and 
resulted in improved locoregional disease control. An ECOG 
phase II trial published in 1998 evaluated and treated 53 
PDAC patients with the same regimen. Despite over half of 
the patients requiring hospital admission related to treatment 
toxicity, most commonly due to biliary complications, the 
study established both the safety and the feasibility of neoad-
juvant therapy in a cooperative setting [60]. It should be 
mentioned that the aforementioned studies by Yeung and 
Hoffman included patients with both resectable and locally 
advanced cancers, potentially confounding results.

With the establishment of the safety and feasibility of a 
neoadjuvant strategy, the next logical step has been to deter-
mine if it provides a survival advantage over adjuvant ther-
apy. This was first addressed by Spitz et al. [57] who analyzed 
142 patients with potentially resectable pancreatic head or 
periampullary adenocarcinoma at MDACC over a 5-year 
period. Ninety-one patients underwent neoadjuvant 
5-FU-based chemoradiation, and the other 51 patients pro-
ceeded first to surgery. In order to be included in the neoad-
juvant group, patients were required to have a hypodense 
mass in the head of the pancreas, as well as biopsy-proven 
adenocarcinoma. Of the 91 neoadjuvant patients, 24 (26%) 
had disease progression prior to surgery and were thus spared 
the potential morbidity of an operation. Forty-one of the 
remaining 67 patients (61%) were treated according to 
planned protocol, and their median survival was 19.2 months. 
In the adjuvant group, 42 of 51 (82%) underwent pancreati-
coduodenectomy, and 25 of those patients were found to 
have adenocarcinoma of pancreatic origin. Seventy-six per-
cent of this cohort (19/25) completed their adjuvant therapy, 

whereas 24% (six patients) did not. The median survival for 
these 19 adjuvant patients was 22 months and thus there was 
no statistically significant survival difference between 
groups. A critique of this study is its selection bias—in order 
to receive neoadjuvant therapy, patients had to have both a 
tissue diagnosis of cancer and a mass on CT scan (likely 
these tumors were larger and more locally advanced). 
Although no survival benefit was seen, the authors did again 
demonstrate the safety and feasibility of a neoadjuvant regi-
men, and concluded that chemotherapy administered in 
rapid-fractionation as opposed to standard-fractionation was 
better tolerated with a significantly shorter treatment 
duration.

The establishment of gemcitabine as an effective agent 
in the adjuvant setting has led to its investigation preopera-
tively in various combinations. Talamonti et al. first trialed 
full- dose neoadjuvant gemcitabine in 3 cycles and in com-
bination with radiation therapy in a multi-institutional 
phase II study published in 2006 [67]. In this study, 19 of 
20 patients (95%) completed their neoadjuvant therapy 
without interruption and with minimal side effects, and 17 
of the original 20 patients (85%) were able to undergo 
resection, with negative margins in 94% and uninvolved 
lymph nodes in 65%, suggesting a significant gemcitabine 
treatment effect. The median overall survival was 
26  months. A larger phase II trial out of MDACC then 
enrolled 86 patients with resectable pancreas adenocarci-
noma and treated them with 7 weekly gemcitabine infu-
sions in combination with 30  Gy rapid- fractionation 
radiation therapy [68]. After accounting for disease pro-
gression, 64 of 86 patients (74%) were able to undergo suc-
cessful pancreaticoduodenectomy. Median overall survival 
for the resected group was 34 months, whereas the remain-
der of patients (those whose disease had progressed on neo-
adjuvant therapy, and those who were explored and found 
to be metastatic) had an overall survival of only 7 months. 
At the time of its publication, the 34-month median sur-
vival seen in the neoadjuvant group was a significant 
improvement over other studies and has reinforced the 
 effectiveness of gemcitabine as well as helped to bolster the 
argument for a neoadjuvant approach to multimodal 
therapy.

Promising results of neoadjuvant gemcitabine have 
prompted its combination with other chemotherapeutic 
agents, the rationale being that when most resected patients 
recur their disease is systemic, and additional cytotoxic 
drugs could provide better systemic control. Based on the 
encouraging results of a small phase II study of 42 patients 
with locally advanced, unresectable, or metastatic PDAC 
that showed combination gemcitabine-cisplatin was overall 
well-tolerated and had greater disease activity than single- 
agent gemcitabine [69], gemcitabine was then trialed in 
combination with cisplatin in the neoadjuvant setting by 
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Varadhachary et al. [70]. Ninety patients were enrolled in 
this study, and 79 (88%) completed their neoadjuvant gem-
citabine, cisplatin, and rapid-fractionation gemcitabine 
chemoradiation. After restaging, 62 of 79 patients (78%) 
were explored and of those 52 patients (66%) underwent 
pancreaticoduodenectomy. The median survival for these 
52 patients was 31  months, which was similar to the 
34-month median survival seen by Evans et al. in their neo-
adjuvant gemcitabine group [68]. The authors concluded 
that combination gemcitabine-cisplatin did not improve 
survival over that of gemcitabine alone. Full-dose gem-
citabine has also been trialed in combination with oxalipla-
tin and radiation therapy in a study out of the University of 
Michigan [71]. This study included 68 patients with both 
resectable and borderline resectable tumors. Neoadjuvant 
therapy was completed in 90% of patients (61 of 68), with 
a resultant 63% of patients undergoing resection (43 of 68 
patients) and of those, 84% (36 of 43) were able to have an 
R0 resection. Median overall survival was 18.2 months for 
all patients, 27.1  months for all resected patients, and 
34.6 months for those having had an R0 resection. The regi-
men was well- tolerated, and the authors were encouraged 
with the results, notably because of the high percentage of 
borderline resectable patients (39 of 68 patients, or 57%) 
included.

Neoadjuvant chemotherapy for resectable PDAC has also 
been evaluated without concurrent radiation therapy. In a 
randomized phase II European trial, Palmer et  al. [72] 
enrolled 50 patients with potentially resectable disease and 
randomized them to receive either gemcitabine (24 patients) 

or gemcitabine plus cisplatin (26 patients), with the primary 
outcome being rate of resection. Tolerance to the regimens 
was similar between groups, and of the 27 patients that 
underwent resection, 9 of those (38%) had received gem-
citabine alone, whereas 18 (70%) were from the combination 
arm. The authors concluded that gemcitabine plus cisplatin 
may be a more efficacious strategy and warrants further 
investigation. Heinrich et al. [73, 74] then published results 
of another European trial of neoadjuvant gemcitabine plus 
cisplatin. This phase II trial included 28 patients with histo-
logic confirmation of pancreas cancer, all of which were 
potentially resectable. Patients underwent 4 biweekly cycles 
of gemcitabine and cisplatin and then were restaged, and pri-
mary endpoint was resectability rate. Upon restaging, 26 of 
28 patients (93%) were able to proceed to surgery and 25 of 
those patients (89%) underwent pancreaticoduodenectomy, 
with an R0 resection rate of 80%. The trial is unique in its 
evaluation of histologic tumor response, which was shown to 
be similar to other chemoradiation protocols. Again, neoad-
juvant chemotherapy was shown to be well-tolerated. Finally, 
a recent phase II trial out of Memorial Sloan-Kettering [75] 
sought to evaluate neoadjuvant gemcitabine in combination 
with oxaliplatin, without chemoradiation and then followed 
by adjuvant gemcitabine in 38 patients with resectable pan-
creas cancer. Ninety-two percent of the patients completed 
neoadjuvant therapy, and the resectability rate was 71% (27 
of 38 patients), demonstrating that the regimen was well- 
tolerated and resulted in similar resection rates as other tri-
als. A summary of selected neoadjuvant therapy trials is seen 
in Table 14.4 [60, 64–68, 70, 71, 74–80].

Table 14.4 Summary of selected neoadjuvant trials for resectable and borderline resectable pancreas cancer

Trial Regimen Agents
Patient 
Population

Preoperative 
Staging

% 
Resected

% 
R0

Median Survival 
after Resection 
(months)

Evans et al. (1992) [64] CRT 50.4 Gy + 5-FU n = 28 R 61 82 NA
Yeung et al. (1993) [66] CRT 50.4 Gy + 5-FU + MMC n = 26 R, LA 38 100 NR
Pisters et al. (1998) [65] CRT + IORT 30 Gy + 5-FU + IORT n = 35 R 57 90 25 mo
Hoffman et al. (1998) [60] CRT 50.4 Gy + 5-FU + MMC n = 53 R, LA 45 67 16 mo
Talamonti et al. (2006) [67] CT + CRT gem; 36 Gy + gem n = 20 R 85 94 26 mo
Evans et al. (2008) [68] CRT 30 Gy + gem n = 86 R 74 89 34 mo
Varadhachary et al. (2008) 
[70]

CT + CRT gem, cis; 30 Gy + gem n = 90 R 58 96 31 mo

Kim et al. (2013) [71] CRT 30 Gy + gem + ox n = 68 R, BR 63 84 27 mo
Heinrich et al. (2008) [74] CT gem + cis n = 28 R 89 80 19 mo
O’Reilly et al. (2014) [75] CT gem + ox n = 38 R 71 74 22 mo (recurrence- 

free survival)
Mehta et al. (2001) [76] CRT 50.4 to 56 Gy + 5-FU n = 15 BR 60 100 30 mo
Small et al. (2008) [77] CRT 36 Gy + gem n = 39 R, BR, LA 44 NA NA
Brown et al. (2008) [78] CRT + CT 50.4 Gy + either 5-FU, gem, 

cap or bev; gem, gem/ox, gem/
erlot, gem/bev, 5-FU/erlot

n = 13 BR 100 85 NR

Stokes et al. (2011) [79] CRT 50 Gy + cap n = 40 R, BR 40 75 12
Chuong et al. (2013) [80] CRT + CT SBRT + gem; gem/doce/cap n = 57 BR 56 97 19 mo

Abbreviations: CRT chemoradiation, CT chemotherapy, 5-FU 5-fluorouracil, gem gemcitabine, MMC mitomycin-C, IORT intraoperative radiation 
therapy, cis cisplatin, ox oxaliplatin, cap capecitabine, bev bevacizumab, erlot erlotinib, doce docetaxel, R resectable, BR borderline resectable, LA 
locally advanced, R0 R0 resection, NA not available, NR not reached
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The collective body of evidence with regard to neoadju-
vant strategies for resectable pancreas cancer has established 
two main conclusions. First, the majority of regimens are 
safe and feasible, with acceptable side effect profiles. Second, 
when analyzing these small and mostly nonrandomized tri-
als, neoadjuvant therapy results have comparable survival to 
that of adjuvant therapy. Proponents of a neoadjuvant 
approach thus cite these facts in addition to the aforemen-
tioned theoretical benefits of neoadjuvant treatment (tumor 
downstaging, treatment of micrometastatic disease, enhanced 
delivery of cytotoxic agents to healthy tissues, self-selection 
of unhealthy patients or patients with aggressive tumor biol-
ogy who will not benefit from an operation, completion of 
multimodal therapy), as well as the knowledge that 25% of 
patients who are supposed to undergo adjuvant therapy are 
unable to do so. Interpretation of the many neoadjuvant tri-
als, however, must be done with the understanding that much 
of the survival data is not based on intent-to-treat analyses. 
Regardless, neoadjuvant therapy certainly is not harmful and 
does not result in inferior survival.

Unlike adjuvant chemotherapy, neoadjuvant therapy is 
not standard of care for resectable pancreas cancer. It does, 
however, have a role particularly in high-risk resectable dis-
ease (large primary tumor, markedly elevated CA 19-9, large 
regional lymph nodes, extreme weight loss, extreme pain) or 
when a clinical trial is available.

 Borderline Resectable Pancreas Cancer

 Neoadjuvant Therapy

The emergence of borderline resectable pancreas cancer as 
a spectrum of tumors that, although potentially resectable, 
have a high likelihood of margin positivity has made neo-
adjuvant therapy for this group very attractive and rational. 
As the major driver of overall survival is the ability to 
achieve an R0 resection, neoadjuvant therapy offers a theo-
retical advantage. Confirmation of this advantage, however, 
has been difficult for several reasons. First, available pub-
lished trials are mostly small-scale, single-institution retro-
spective studies. Many of these studies have used different 
chemotherapeutic agents, which also makes it difficult to 
compare across studies. Finally and most importantly has 
been the lack of a standardized definition and staging of 
borderline resectable disease (see Table  14.1). This has 
resulted in borderline resectable patients being included in 
trials of both resectable and locally advanced unresectable 
disease, confounding results. Despite these shortcomings 
and the paucity of prospective data, neoadjuvant therapy is 
currently the preferred initial management for patients with 
borderline resectable PDAC [81]. The impetus now is on 
the acceptance of a standardized definition and staging of 

these borderline PDACs, in order to isolate and study this 
group of patients accordingly.

The first prospective case series of neoadjuvant therapy 
for borderline resectable PDAC was published in 2001 by 
Mehta et al. out of Stanford [76]. In this study, 15 patients 
with “marginally resectable” pancreas cancer, defined as 
lesions in which the perivascular fat plane was absent over 
180° of the SMA, SMV, or PV and persisted for a length of 
greater than 1  cm, underwent neoadjuvant treatment with 
50.4 to 56 Gy and infusional 5-FU. All patients completed 
their chemoradiation, and upon restaging, 60% (9 of 15 
patients) underwent pancreaticoduodenectomy, and all 
resected patients had negative margins. Overall median sur-
vival was 12  months and for the resected group was 
30 months. This study demonstrated that neoadjuvant ther-
apy in marginally resectable tumors was safe and well- 
tolerated, with the potential to downstage tumors.

Landry et al. [82] published the first multi-institutional, 
prospective randomized phase II trial of neoadjuvant therapy 
for borderline resectable PDAC. They used a slightly differ-
ent definition of borderline disease than that of Mehta et al. 
and randomized 21 patients to receive either gemcitabine- 
based chemoradiation (10 patients) or induction chemother-
apy with gemcitabine, cisplatin, and 5-FU followed by 
radiation therapy and infusional 5-FU (11 patients). Ten 
ECOG institutions participated, and the study was termi-
nated early due to poor accrual. A total of five patients under-
went resection (three from the gemcitabine arm and two 
from the induction chemotherapy arm) with varying margin 
positivity in the surgical specimens. In this study, neoadju-
vant strategies had acceptable toxicity profiles and resulted 
in comparable resectability and overall survival as other pre-
viously published regimens.

In 2008, investigators at MD Anderson Cancer Center 
published the first large retrospective review of neoadjuvant 
therapy for borderline resectable PDAC [17]. They provided 
an objective definition of the disease and further subdivided 
patients into groups A, B, and C, all as detailed above. A 
total of 160 histologically confirmed borderline resectable 
PDAC patients were identified and included for analysis 
over a 7-year period. Neoadjuvant therapy consisted of che-
motherapy, chemoradiation, or both. Chemotherapeutic 
regimens included combinations of 5-FU, paclitaxel, gem-
citabine, or capecitabine, and EBRT consisted of 50.4 Gy in 
28 fractions or 30 Gy in 10 fractions. A total of 125 patients 
were restaged after completion of induction therapy and of 
those, 79 patients (63%) were determined to be potentially 
resectable and taken for exploration. Of note, the patients 
ineligible for operation upon restaging (43 of 125 patients) 
were deemed so based on not only disease progression, but 
also poor performance status. Poor performance status 
patients were thus spared an operation that is known to be 
considerably morbid—and the investigators in this study 
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reported a postoperative major complication rate of 20%, 
which is not insignificant. In the end, 66 of 125 restaged 
patients (53%) underwent a grossly complete surgical resec-
tion. Four patients had microscopically positive margins, 
and the remainder had an R0 resection. Median overall sur-
vival of all 160 patients was 18  months, and for the 66 
resected patients was 40 months. The pathologic response to 
induction therapy was assessed in 63 of 66 patients, and a 
partial or complete response (less than 50% viable tumor 
remaining) was seen in 56% of patients. The authors con-
cluded that since complete histologic responses were rarely 
seen, the histologic response to induction was limited to 
only some of the tumor, and combining this with the high 
rate of R0 resections implied that this pathologic partial 
response was significant, likely sterilizing the periphery of 
the tumor and facilitating the R0 resection, thus justifying a 
neoadjuvant approach. Additionally, patients with initially 
borderline resectable tumors who were able to undergo 
definitive surgical therapy had a real survival advantage 
over those with unresectable disease, highlighting a patient 
population who traditionally have not been offered surgery.

Other groups have conducted smaller-scale studies evalu-
ating different neoadjuvant regimens for borderline resect-
able PDAC. Small et al. [77] utilized full-dose gemcitabine 
chemoradiation to treat 39 patients at 6 different centers, 9 of 
whom were borderline resectable as defined by the NCCN 
clinical practice guidelines. The regimen was well-tolerated, 
and three of the nine patients were able to be resected. A 
similarly sized study out of Fox Chase in 2008 [78] evalu-
ated the treatment of 13 patients with NCCN-defined border-
line resectable PDAC with both neoadjuvant chemoradiation 
and standalone chemotherapy, prior to surgical resection. 
The rationale was the potential for further tumor downstag-
ing with the addition of standalone chemotherapy, in patients 
who were not clearly resectable when they were restaged. 
Four different radiosensitizers were used (gemcitabine, 
5-FU, and capecitabine/bevacizumab), with 50.4  Gy of 
EBRT. The subsequent chemotherapy regimens also varied, 
to include combinations of gemcitabine, oxaliplatin, erlo-
tinib, bevacizumab, and 5-FU.  Negative margins were 
attained in 11 of 13 patients (85%). On univariate survival 
analysis, a tumor necrosis score of greater than 60% was 
associated with a statistically significant survival advantage. 
Although the sample size was small and the regimens varied, 
neoadjuvant therapy was well-tolerated and resulted in 
excellent margin control. Further investigation into the histo-
pathologic response of tumor cells to neoadjuvant therapy 
was done by Katz et  al. [83]. They identified 122 patients 
whose disease met borderline criteria based on the AHPBA/
SSO/SSAT. These patients were treated preoperatively with 
either gemcitabine chemotherapy followed by gemcitabine- 
based chemoradiation, or chemoradiation alone. They were 
then restaged, and Response Evaluation Criteria In Solid 

Tumors (RECIST) [84] was utilized to evaluate for a reduc-
tion in tumor size or stage. Only 12% of patients (15 of 122) 
had a partial tumor response, but of the 85 patients that then 
underwent resection, 81 patients (95%) had an R0 resection. 
The median overall survival for resected patients was 
33 months, and was not associated with a RECIST response. 
The authors thus concluded that a lack of RECIST response 
should not deter borderline patients from proceeding to 
surgery.

Another retrospective study was conducted by Stokes 
et  al. [79] and included 170 patients with tissue-proven 
PDAC, 40 of which were borderline resectable in accor-
dance with the MD Anderson Cancer Center classification 
[17]. These authors utilized capecitabine-based neoadjuvant 
chemoradiation. Of the 40 borderline patients, 34 completed 
this therapy, and upon restaging, 22 were taken for explora-
tion and 16 were resectable. An R0 resection was attained in 
12 of 16 patients (75%). The borderline resectable patients 
who were able to undergo neoadjuvant treatment followed 
by pancreatic resection had similar survival to the resectable 
patient population that proceeded with surgery upfront. Two 
separate radiation fractionation regimens were used, and the 
authors found a statistically significant survival benefit in 
the borderline resectable group that received accelerated 
fractionation. The conclusions reached were that the 
capecitabine chemoradiation strategy was feasible, safe, and 
effective. Stereotactic body radiation therapy (SBRT) has 
also been trialed with induction gemcitabine, and addition-
ally varying combinations of gemcitabine, docetaxel, and 
capecitabine chemotherapy, followed by resection. In a 
study from H.  Lee Moffitt Cancer Center [80], NCCN 
guidelines were used to define borderline resectable disease. 
Of 57 borderline patients, 32 underwent resection after 
completion of neoadjuvant therapy and subsequent restag-
ing, and 96.9% (31 of 32 patients) attained an R0 resection. 
The only patient with an R1 resection had not completed 
their induction chemotherapy. SBRT, providing excellent 
local control with a short duration of therapy and a favorable 
toxicity profile, has been widely studied in locally advanced 
disease and is an attractive alternative to standard-course 
EBRT for borderline patients potentially going on to cura-
tive surgery.

As evidenced above, the trials published to date on bor-
derline resectable PDAC have not all used the same defini-
tions of the disease. In 2010, in an effort to more objectively 
define the degree of venous involvement that constitutes 
resectability, investigators at Fox Chase Cancer Center 
designed a retrospective review that utilized the Ishikawa 
classification of PV-SMV involvement [11, 85]. Over a 
20-year period, 109 patients at this center underwent pan-
creatic resection for tumors involving the PV-SMV conflu-
ence. Seventy-four patients received neoadjuvant 
chemoradiation, while the remaining 35 underwent upfront 
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resection. Preoperative therapy was associated with a statis-
tically significant increase in R0 resection, nodal basin con-
trol, and median overall survival when compared with a 
surgery-only approach. The patients were then stratified 
according to Ishikawa type, and the investigators found that 
patients with type II and III vein involvement (67 patients) 
had improved overall survival. They went on to propose that 
type IV and V involvement (bilateral narrowing; in this 
study, 42 patients) may be better classified as locally 
advanced disease—this, however, would need to be evalu-
ated on a prospective basis.

The aforementioned studies all demonstrate that regard-
less of the regimen, neoadjuvant chemoradiation is safe and 
well-tolerated and can lead to improved R0 resection rates 
and better overall survival in the select group of patients who 
are appropriate candidates for this strategy. Variations in 
cytotoxic agents and radiation protocols, as well as the lack 
of a uniform definition of borderline resectable PDAC, have 
made it difficult to advance the care of these patients. With a 
widely accepted, standardized definition will come optimal 
staging, clinical decision making, and future clinical trials. 
Just recently, the Alliance for Clinical Trials in Oncology 
(Alliance) conducted a multicenter trial for borderline resect-
able PDAC patients [86], in order to evaluate the feasibility 
of multimodal therapy for this patient population across mul-
tiple centers experienced in their care. The primary endpoints 
selected were patient accrual, safety and tolerability of the 
preoperative regimen, and rate of pancreatectomy. This 
study, designed in collaboration with the Southwest 
Oncology Group (SWOG), Radiation Therapy Oncology 
Group (RTOG), and Eastern Cooperative Oncology Group 
(ECOG), specifically excluded resectable and locally 
advanced tumors by utilizing the previously published 
Intergroup definition of borderline resectable PDAC [20], 
with evaluation of imaging by a single expert radiologist. 
Additionally, a multidisciplinary approach was taken for 
overall evaluation of each patient by a medical oncologist, 
radiation oncologist, and a surgeon. All participating centers 
were required to routinely perform a minimum of 20 pancre-
atectomies per year, and have surgeons experienced in vas-
cular resection and reconstruction. Twenty-two patients 
received at least one dose of modified FOLFIRINOX 
(mFOLFIRINOX- bolus oxaliplatin, irinotecan, and leucov-
orin, in combination with infusional 5-FU followed by peg-
filgrastim), which was chosen for preoperative chemotherapy 
based on the survival advantage of FOLFIRINOX over gem-
citabine in patients with metastatic pancreas cancer [87]. The 
regimen was modified by dropping the bolus 5-FU in order 
to partially circumvent the increased toxicity seen with 
FOLFIRINOX. Patients were then restaged, and if no dis-
ease progression was found, they proceeded with 
capecitabine-based chemoradiation followed by resection. A 
total of 15 patients completed all preoperative therapy and 

underwent resection; 12 (80%) required some form of vascu-
lar resection and reconstruction, and 93% (14 of 15 patients) 
had R0 resections. Adjuvant gemcitabine was administered 
in ten patients, and nine of those completed their adjuvant 
therapy. The trial met each of its primary endpoints and is the 
first to demonstrate that the borderline resectable PDAC can 
be successfully studied in a multi-institutional setting. Future 
studies should build on the Alliance A021101 results—spe-
cifically the standardization of diagnostic and treatment 
algorithms and the cooperative setting, in order to advance 
the care of this emerging patient population. Currently the 
ESPAC-5 trial is underway, which is a phase II trial compar-
ing neoadjuvant chemotherapy (gemcitabine/capecitabine or 
FOLFIRINOX) versus chemoradiation for borderline resect-
able pancreas cancer.

Although no phase III studies have directly compared 
neoadjuvant therapy to a surgery-first approach, in border-
line resectable disease, neoadjuvant therapy is generally rec-
ommended and is endorsed by NCCN Member Institutions.

 Surgical Considerations

Surgical resection remains the definitive treatment for pan-
creatic ductal adenocarcinoma. As such, many aspects of the 
indicated operation have been evaluated to determine what 
effect, if any, they have on surgical morbidity and mortality, 
as well as oncologic outcomes. The choice of operation 
depends primarily upon the location of the tumor, with the 
vast majority of pancreatic cancers arising from the head of 
the pancreas and thus requiring pancreaticoduodenectomy 
(PD). Variations in surgical technique as well as the extent of 
lymphadenectomy required, the management of tumors 
requiring vascular resection and reconstruction, and patho-
logic assessment of specimens are all areas of active debate 
among pancreatic surgeons.

 Pancreaticoduodenectomy: Historical 
Considerations and Surgical Technique

Allen Oldfather Whipple first published his experience with 
surgical treatment of ampullary carcinoma in Annals of 
Surgery in 1935 [88]. He astutely noted the morbidity of PD 
and advocated for a 2-stage procedure in which the first stage 
consisted of ligation of the common bile duct, anterior cho-
lecystogastrostomy, and posterior gastrojejunostomy. Four 
to 6 weeks later, after biliary decompression and nutritional 
optimization, the patient returned to the operating room and 
underwent removal of the pancreaticoduodenal specimen, 
ligation of the pancreatic duct, and retroperitoneal drainage. 
With time, he modified the operation into 1 stage, which 
included an end-to-end choledochojejunostomy, end-to-side 
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pancreaticojejunostomy, and end-to-end gastrojejunostomy 
[89]. Over his career, Whipple performed a total of 37 of 
these operations that bear his name today.

Minor variations exist among institutions, but the standard 
PD remains similar to the one described by Whipple. At the 
University of Cincinnati, we employ a basic six steps to com-
plete a PD [90]. A bilateral subcostal or vertical midline inci-
sion is chosen depending on body habitus, and after inspection 
of the liver and peritoneal surfaces for any metastatic disease, 
the first step is to expose the infrapancreatic superior mesen-
teric vein (SMV). This is done by accessing the lesser sac in 
the embryonic fusion plane between the greater omentum and 
the transverse mesocolon. The hepatic flexure is taken down 
and retracted out of the field. The middle colic vein is identi-
fied and followed down toward its junction with the SMV, and 
the visceral peritoneum is incised and the infrapancreatic 
SMV is exposed. Second, a wide Kocher maneuver is per-
formed to the level of the left renal vein, which will help to 
facilitate eventual separation of the pancreatic head from the 
superior mesenteric artery (SMA). Third is the portal dissec-
tion, which begins by incising the pars lucida medially and 
exposing the common hepatic artery. The right gastric artery 
is ligated, as is the gastroduodenal artery, which allows for 
exposure of the portal vein below. The gallbladder is removed, 
the common bile duct circumferentially isolated, and the 
common hepatic duct is divided just above its junction with 
the cystic duct. The bile duct is then separated from the ante-
rior portion of the portal vein to the level of the pancreatic 
neck. The stomach is transected in the fourth step, beginning 
at the junction of the third and fourth crossing veins on the 
lesser curvature, extending toward the confluence of the gas-
troepiploic vessels on the greater curve. Fifth, the ligament of 
Treitz is taken down and the jejunum transected approxi-
mately distal to the ligament of Treitz. The distal end of the 
specimen is flipped under the SMA/SMV, and finally in step 
6, the pancreas is transected at the level of the portal vein. The 
specimen is separated from the SMA and SMV by ligation of 
small vascular tributaries to the uncinate and pancreatic head 
and the specimen removed. We take care to perform a periad-
ventitial dissection along the SMA. This last step is the most 
critical from an oncologic perspective. Frozen sections are 
sent from the bile duct and pancreas margins. The retroperito-
neal margin is identified for the pathologist for permanent 
analysis. Reconstruction begins with a retrocolic, end-to-side 
pancreaticojejunostomy, followed by a retrocolic end-to-side 
hepaticojejunostomy, and finally an antecolic gastrojejunos-
tomy. We place a single drain at the pancreaticojejunostomy, 
and we do not routinely place a feeding jejunostomy or gas-
trostomy tubes.

Minimally invasive surgery (MIS) has been advocated by 
high-volume centers experienced in robotic or laparoscopic 

techniques. Meta-analyses examining MIS versus open pan-
creaticoduodenectomies have shown either nonsignificant or 
improved outcomes with MIS [91, 92]. However, these stud-
ies need to be interpreted with caution as many of the patients 
in the MIS groups were biased (smaller tumors, minimal 
locoregional adenopathy) compared to open. Minimally 
invasive pancreaticoduodenectomy should be performed 
only at high-volume centers experienced in these techniques, 
where safe and oncologically sound operations can be car-
ried out.

 Traditional Versus Pylorus-Preserving 
Pancreaticoduodenectomy

One area of continued debate among surgeons is whether or 
not to perform a standard PD or to preserve the entire stom-
ach including the pylorus, and the very first portion of the 
duodenum. This pylorus-preserving PD (PPPD) was popu-
larized by Traverso and Longmire [93, 94], with the theoreti-
cal benefit being a decreased incidence of dumping syndrome 
and decreased rate of marginal ulceration seen at the gastro-
jejunostomy in standard PD. The initial reports by Traverso 
and Longmire included for analysis many patients with 
chronic pancreatitis, and concern has since been raised about 
the adequacy of PPPD from an oncologic standpoint in clear-
ing the peripyloric nodal basin. Other investigators have 
raised concerns about an increased incidence of delayed gas-
tric emptying (DGE) following PPPD. Multiple studies have 
subsequently been performed to determine what, if any, real 
difference there is between PPPD and standard PD.

In 2004, Tran et al. [95] conducted a multi-institutional, 
prospective randomized controlled trial of 170 patients with 
pancreatic and periampullary tumors, with 83 patients under-
going standard PD and 87 patients undergoing PPPD. They 
found no differences in postoperative morbidity including 
DGE, mortality, rate of R0 resection, or overall survival 
between groups, and concluded that the two operations were 
equally effective. The following year, another prospective 
randomized controlled trial evaluating standard PD versus 
PPPD was done by Seiler et al. [96]. Upon subset analysis of 
the 110 patients with proven adenocarcinoma, 57 of whom 
had undergone standard PD and 53 with PPPD, the authors 
concluded that perioperative mortality, cumulative overall 
morbidity including DGE, rate of R0 resection, and lymph 
node positivity were the same in each group. A thorough 
review of all retrospective and prospective trials on standard 
PD versus PPPD echoes the aforementioned results [97]. 
Thus, with the two operations being equivalent, surgeon 
preference and experience should dictate which one is 
performed.
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 Extent of Lymphadenectomy

Pancreas cancer commonly first metastasizes to the lymph 
nodes surrounding the tumor. The standard lymphadenec-
tomy done during pancreaticoduodenectomy includes 
removal of anterior and posterior pancreaticoduodenal, 
pyloric, bile duct, superior and inferior pancreatic head, and 
pancreatic body nodes. The overall poor survival of patients 
with PDAC has led investigators to postulate that an extended 
lymphadenectomy may result in better locoregional control 
and improved overall survival. Regional pancreatectomy, 
first described by Fortner in 1973 [98, 99] and popularized in 
Japan [100, 101], included en bloc removal of pancreatic 
tumor with adequate soft-tissue margin including regional 
lymphatic drainage, as well as the pancreatic segment of the 
portal vein. The extended lymphadenectomy, which has been 
studied of late, encompasses clearing all nodes at the hepatic 
hilum, along the aorta from the diaphragmatic hiatus down to 
the inferior mesenteric artery (IMA), laterally to both renal 
hila, and circumferential clearance of both the celiac axis 
and SMA. Pedrazzoli et al. performed the first prospective, 
randomized controlled trial evaluating extended lymphade-
nectomy during pancreaticoduodenectomy for cancer [102]. 
In this multicenter trial, 81 patients with potentially resect-
able PDAC were randomized to undergo standard (n = 40) or 
extended (n = 41) lymphadenectomy. Adjuvant therapy was 
not administered to either group. The authors found that 
extended lymphadenectomy did not add to postoperative 
morbidity, but also did not increase overall survival, which 
was equivalent between groups. Subgroup analysis of sur-
vival based on the presence or absence of lymph node metas-
tases did, however, show that node-positive patients had a 
statistically significant survival benefit after undergoing 
extended lymphadenectomy (p < 0.05). Of note, this a poste-
riori analysis was not originally planned in the study design.

Investigators out of Johns Hopkins published their experi-
ence with extended lymphadenectomy during PD in a series 
of 299 patients with periampullary carcinoma in 2002 [103, 
104]. This single-institution, prospective trial randomized 
146 patients to standard and 148 to extended lymphadenec-
tomy. The authors found a statistically significant increase in 
overall complication rate in the extended lymphadenectomy 
group (43% versus 29%, p = 0.01; specifically, higher rates 
of delayed gastric emptying and pancreatic fistula). With a 
median survival of 20 months in the extended group versus 
21  months in the standard lymphadenectomy group, the 
authors concluded that extended surgical resections were not 
associated with increased long-term survival. The same 
group published an update on 5-year survival in this same 
cohort of patients in 2005, and again found no survival ben-
efit to extended lymphadenectomy [105]. This sentiment was 
echoed by the Mayo Clinic in their prospective, randomized 
controlled trial of 132 patients with pancreatic head adeno-

carcinoma that were randomized to PD with standard (40 
patients) or extended (39 patients) lymphadenectomy [106]. 
In this study, perioperative morbidity, mortality, and overall 
survival were similar between groups.

To date, there is no overtly convincing data in support of 
extended lymphadenectomy at the time of pancreaticoduode-
nectomy for PDAC. To this end, in an effort to more defini-
tively settle the debate over these two options for nodal basin 
control, Pawlik et  al. [107] designed and published a retro-
spective cohort study of 158 patients with PDAC that had 
undergone pancreaticoduodenectomy with removal of second-
echelon lymph nodes (those along the proximal hepatic artery 
and/or great vessels). Their goal was to determine the actual 
number of patients that would be required to definitively eval-
uate the potential benefits of extended lymph node dissection. 
They devised a biostatistical model based on the following 
assumptions: first, that in order for extended lymphadenec-
tomy to confer a survival benefit, an R0 resection of the pri-
mary tumor is required. Second, the only patients who would 
benefit from this more radical lymphadenectomy are those 
who would actually have positive second- tier nodes (remov-
ing negative nodes does not have a therapeutic effect). Finally, 
if a patient does have involved second-tier nodes, they must 
then have M0 disease as further lymphadenectomy will not 
benefit patients with visceral metastases. With this model the 
authors demonstrated that only 3 in 1000 patients may derive 
a survival benefit from extended lymphadenectomy, and fur-
ther clinical trials would require a patient accrual of 202,000 
into each study arm, which is a prohibitive amount. Thus, cur-
rently available data does not support the practice of extended 
lymphadenectomy during pancreaticoduodenectomy for pan-
creatic adenocarcinoma.

 Vascular Resection and Reconstruction

Vascular resection and reconstruction at the time of pancre-
aticoduodenectomy has long been controversial, for reasons 
detailed by Evans et  al. [108]. It adds complexity to an 
already challenging operation and has the potential to 
increase perioperative morbidity and mortality. Many sur-
geons have limited experience with the technical aspects of 
vascular surgery, and for many years, there was concern that 
patients requiring vascular resection had tumors with more 
aggressive biology and that their survival would be only mar-
ginally, if at all, improved by this high-risk operation. Lastly, 
the lack of a standardized pathologic evaluation of the surgi-
cal specimen across centers has resulted in poor-quality data 
with regard to the rate of R0 resections attained. In order for 
vascular resection and reconstruction to have a survival ben-
efit, margins have to be free of cancer. Otherwise, patients 
incur the potential morbidity of a large operation with no 
survival benefit over palliative therapy.
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The poor overall survival rate in resected PDAC patients 
has in part contributed to a search for more patients who are 
potentially resectable. In 1994, a series of 20 SMV/PV resec-
tions was published by Allema et  al. [7], and the authors 
found that survival for these patients was similar to that of 
those who had undergone standard pancreaticoduodenec-
tomy. They were among the first to demonstrate that not only 
was vascular resection feasible and safe, but that it had the 
potential to result in an R0 resection. Shortly thereafter, 
investigators out of MDACC [8] reported on their initial 
experience with vascular resection in 59 patients over a 
3-year period who underwent traditional pancreaticoduode-
nectomy (n = 36) or pancreaticoduodenectomy with en bloc 
resection of the SMV/PV confluence (n  =  23). Vascular 
resection patients had longer operative time, operative blood 
loss, and transfusion requirements, but there were no differ-
ences between groups in lymph node or margin positivity, or 
perioperative morbidity or mortality. The authors also advo-
cated for the use of an interposition graft for reconstruction 
and recommended the internal jugular vein. Every effort was 
made to preserve the splenic vein to prevent sinistral hyper-
tension, and in doing so a primary anastomosis after vein 
resection was more difficult and very often required interpo-
sition graft.

A larger study also out of MDACC was then published in 
2004 [10] that included all 141 patients over a 13-year period 
who underwent pancreaticoduodenectomy requiring vascu-
lar reconstruction, and was the largest single-institution 
experience of vascular resection to date at the time of its pub-
lication. Patients either had tangential resection with vein 
patch (n = 36), segmental resection and primary anastomosis 
(n = 35), or segmental resection with autologous interposi-
tion graft (n = 55). Illustrated within their text were descrip-
tions of the 5 types of venous resection and reconstruction 
performed, listed as V1 through V5. V1 involved tangential 
resection of the SMV/PV confluence with greater saphenous 
vein patch. Tumor location at the confluence requiring 
splenic vein ligation was either reconstructed primarily (V2) 
or with an interposition graft (V3). If tumor was limited to 
the SMV or PV and the splenic vein able to be preserved, 
primary reanastomosis (V4) or interposition graft (V5) was 
similarly utilized. These vascular resection patients were 
then compared with all patients over the same time frame 
who underwent standard pancreaticoduodenectomy, and 
upon analysis, vascular resection had no impact on survival 
duration (median survival 26.5  months for standard and 
23.4 months for vascular resection). The 2-year median sur-
vival seen after venous resection far exceeds that seen in the 
nonoperative management of patients with the traditional 
definition of locally advanced, unresectable disease.

Although other retrospective studies and meta-analyses 
of available data have reported similar results with vascular 
resection [109–112], a large retrospective cohort analysis 

of the American College of Surgeons National Surgical 
Quality Improvement Program (NSQIP) database that 
reviewed 3582 patients who underwent pancreaticoduode-
nectomy either with (n = 281) or without (n = 3301) vascu-
lar resection produced conflicting data [113]. This study 
found a statistically significant increase in 30-day postop-
erative morbidity (39.9% versus 33.3%) and mortality 
(5.7% versus 2.9%) associated with vascular resection. A 
possible explanation for the higher complication rates 
reported in this study is detailed by Tseng [114], because 
the Current Procedural Terminology (CPT) codes utilized 
for data analysis included operations with inadvertent vas-
cular injury requiring repair. When a surgeon encounters 
unexpected vascular involvement during pancreaticoduo-
denectomy, the operation often results in either vascular 
injury with significant blood loss and subsequent vascular 
repair upon proceeding with attempted R0 resection, or a 
grossly positive resection (R2) margin to avoid potential 
operative catastrophe. This further illustrates the necessity 
of both thorough preoperative planning and the surgical 
technical expertise required to safely complete these opera-
tions. Appropriate patient selection and care at high-vol-
ume centers is essential.

 Conclusion

Pancreas cancer remains a disease with dismal survival. The 
American Cancer Society estimates that it will take the lives 
of approximately 40,000 patients in 2015. Evolving knowl-
edge that PDAC is likely a systemic disease at the time of 
diagnosis has prompted the call for not only better multi-
modal therapy, but also the search for improved diagnostics 
that would theoretically result in earlier diagnosis and better 
prognosis. Continued progress in terms of overall survival 
will require advancements in chemotherapeutic and radia-
tion strategies as well as evolving targeted agents as our 
understanding of the biology of pancreas cancer broadens. 
Essential now is the accurate staging of PDAC patients. 
Improvements in both high-resolution imaging as well as 
surgical technique have brought focus onto the borderline 
resectable patient population. Evolving data indicate that 
these patients, when diagnosed, staged, and treated in a mul-
tidisciplinary setting and with a multimodality approach, can 
achieve significant disease-free and long-term survival. It is 
more and more evident that comprehensive management of 
pancreas cancer is best done in high-volume centers where 
medical oncologists, radiologists, and surgeons skilled in 
complex pancreatic surgery all collaborate on a daily basis. 
Standardization of diagnostic and treatment algorithms 
across centers will facilitate large-scale clinical trials and 
accrue more data, helping to improve the long-term survival 
of patients with pancreas cancer.
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 Background

More than 85% of pancreatic cancer is pancreatic ductal 
adenocarcinoma; the rest is comprised of rare histologic 
forms such as neuroendocrine tumor and other less common 
histologic variants. It is estimated that pancreatic cancer will 
likely become the second leading cause of cancer-related 
death in the United States by 2020 [1]. A total of 53,070 
people were expected to be diagnosed with pancreatic cancer 
in the United States in 2016, and 41,780 were estimated to 
die of the disease, making it the fourth most deadly malig-
nancy currently [2]. More than 75% of patients die within a 
year of diagnosis. In addition to the aggressive biology, lack 
of effective treatments is a major reason why a cancer that 
ranks 12th in incidence ranks so high in cancer-related 
mortality.

Although the precise etiologic factors are still not well 
understood, the most frequently cited risk factors include 
cigarette smoking, chronic pancreatitis, diabetes mellitus, 
and obesity [3–6]. More than 90% of cases of pancreatic 
adenocarcinoma are sporadic in nature. Only a minority of 
patients have identifiable familial genetic predispositions 
such as BRCA1/2 and PALB2 mutations, hereditary pancre-
atitis, Lynch syndrome, and Peutz-Jeghers syndrome 
[7–11].

Surgical resection of pancreas cancer remains the only 
treatment modality with a potential for cure. However, less 
than 20% of patients with pancreatic adenocarcinoma pres-

ent with surgically operable tumors. Nearly half of the 
patients have clinical or radiographic evidence of metastatic 
disease upon initial presentation. Hence, many patients with 
pancreatic adenocarcinoma present with an incurable dis-
ease. The 5-year survival rate for patients with pancreatic 
adenocarcinoma is estimated to be less than 5% [1].

Metastatic pancreas adenocarcinoma, unlike other 
chemotherapy- sensitive metastatic cancers, is very resistant 
to treatment, and an aggressive clinical course is one of its 
hallmarks. Modern cancer chemotherapy has shown only 
modest improvement in the outcome of patients with pan-
creas cancer. These outcomes fall significantly short of 
patients’ and physicians’ expectations unlike other malig-
nancies where therapeutic breakthrough has led to signifi-
cant improvement in outcomes. The median overall survival 
of patients with metastatic adenocarcinoma treated with 
newer regimens has improved to 8.5–11  months with 
modern- day chemotherapy compared to the historical bench-
mark of 5–6  months [12, 13]. With the incorporation of 
second- line therapy, an increasing number of patients live 
more than a year [14].

Although statistically significant improvement has been 
achieved in the survival outcomes of these patients, the over-
all survival benefit is very small relative to what has been 
achieved in other malignancies. Hence, innovative 
approaches to treat pancreatic cancer are desperately needed. 
This must be based on better understanding of the biology of 
the disease that would help design better therapies.

The other major challenge in treating patients with pan-
creatic cancer is lack of reliable biomarkers to guide patient 
selection for a specific treatment strategy. Many clinical tri-
als that have evaluated newer treatment strategies have 
shown only very modest benefits or have been flat out nega-
tive. In this chapter, we discuss available treatments and 
explore newer therapeutic approaches being evaluated in 
metastatic pancreatic adenocarcinoma.
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 Current Chemotherapy Regimens 
for Advanced Pancreatic Cancer

 Frontline

To this day, chemotherapy remains the cornerstone of the 
treatment for metastatic pancreatic adenocarcinoma. 
However, chemotherapy produces very modest improvement 
in overall survival and quality of life of patients with 
advanced pancreatic cancer. There are four regimens that 
have been approved by the US Food and Drug Administration 
(FDA) in the frontline setting for patients with metastatic 
pancreatic adenocarcinoma (Table 15.1) [12, 13, 15–17].

 Gemcitabine
In a phase III study of gemcitabine versus intravenous bolus 
administration of 5-fluorouracil (5-FU), a very modest 
improvement in progression-free survival (PFS) and overall 
survival (OS) was seen [15]. The improvement in the median 
overall survival was 5.7 months, compared with 4.4 months 
in the control (P  =  0.0025). The FDA approval of gem-
citabine was mainly because the study met its primary end-
point of improving quality of life scores when compared to 
5-FU alone.

 Gemcitabine and Erlotinib
Erlotinib is an oral epidermal growth factor receptor (EGFR)-
related tyrosine kinase inhibitor. Moore et al. demonstrated a 
marginal and clinically very questionable benefit for the com-
bination of gemcitabine and erlotinib in patients with meta-
static or locally advanced unresectable pancreatic cancer. The 
study involved subjects who were not molecularly selected. 
The study showed improvement in median progression- free 
survival (3.75 vs 3.55 months; P = 0.004) and median overall 
survival (6.24 vs 5.91 months; P = 0.038) when compared 

with single-agent gemcitabine [16]. Although statistically 
significant, the difference in the survival outcome is consid-
ered as clinically insignificant, especially at the expense of 
added drug toxicity and cost. Hence, this combination is 
rarely used nowadays.

 FOLFIRINOX (5-FU, Leucovorin,  
Oxaliplatin, and Irinotecan)
The French study by Conroy et al. randomized 342 patients 
with metastatic pancreatic cancer to receive FOLFIRINOX 
(5-FU, leucovorin, oxaliplatin, and irinotecan) given every 
2 weeks vs single-agent standard-dose gemcitabine [12]. The 
patients treated with FOLFIRINOX had significantly 
improved median overall survival (11.1 months vs 6.6 months, 
P < 0.001). The median progression-free survival was also 
significantly improved to 6.4  months vs 3.3  months 
(P < 0.001). However, there were increased chemotherapy- 
related toxicities (i.e., neutropenia, febrile neutropenia, 
thrombocytopenia, alanine aminotransferase elevation, diar-
rhea, and neuropathy) seen among the patients in the combi-
nation arm. The study is sometimes criticized as all the 
patients were French, younger (median age 61 and maximum 
age 75), and had a very good performance status (PS)—38% 
had an Eastern Cooperative Oncology Group (ECOG) PS of 
0, and 62% had an ECOG PS of 1. Despite the higher inci-
dence of side effects, the patients in the combination arm 
enjoyed better quality of life on objective assessment at 
6 months. As this regimen is composed of 3 chemotherapeu-
tic drugs, using it as a backbone for further clinical trial 
design has been difficult due to significantly increased toxic-
ity to patients. In common practice, a modified version of this 
regimen is used, and the most common alteration is the omis-
sion of the bolus 5-FU. Most oncologists would prefer the 
addition of hematopoietic colony growth factors to mitigate 
neutropenic fever and treatment delays.

Table 15.1 US Food and Drug Administration-approved first-line and second-line treatment options [12, 13, 15–17]

References Sample size Regimens Response rate PFS (mon) OS (mon)
First-line therapies
Conroy et al. [12] 342 FOLFIRINOX 32.0 6.4 11.1

Gemcitabine 9.4 3.3 6.8
von Hoff et al. [13] 861 Nab-paclitaxel + gemcitabine 23.0 5.5 8.5

Gemcitabine 7.0 3.7 6.7
Moore et al. [16] 569 Gemcitabine + erlotinib 8.6 3.75 6.24

Gemcitabine 8.0 3.55 5.91
Burris et al. [15] 126 Gemcitabine 5.4 3.7 5.65

5-FU 0 1.6 4.41
Second-line therapies
Wang-Gillam et al. [17] 417 Nanoliposomal irinotecan 6 2.7 4.9

Nanoliposomal irinotecan +5-FU 16 3.1 6.1
5-FU 1 1.6 4.2

5-FU 5-fluorouracil
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 Gemcitabine and Nab-Paclitaxel
Von Hoff et al. showed that gemcitabine with nab-paclitaxel 
had better median PFS (5.5 vs 3.7 months; P < 0.001) and 
median OS (8.5 vs 7.6 months; P < 0.001) in metastatic pan-
creatic adenocarcinoma compared with gemcitabine alone 
(MPACT trial) [13]. Unlike the FOLFIRINOX study, this 
was an international trial of 861 patients that included 
patients with ECOG performance status of 2. The gem-
citabine and nab-paclitaxel regimen was generally well toler-
ated, the main adverse events being febrile neutropenia and 
peripheral neuropathy. As this regimen has fewer chemother-
apy drugs and is well tolerated, it has been used in many 
ongoing studies testing new molecules in clinical trials of 
metastatic pancreatic adenocarcinoma.

 Second-Line Systemic Therapies  
for Advanced Pancreatic Cancer

Treatment for metastatic pancreatic adenocarcinoma in the 
second-line setting has been less well defined because many 
patients are unable to receive second-line therapy or be 
enrolled in such clinical trials (Table 15.1) [17]. Many clini-
cians are wary of the merits of treatment beyond the frontline 
setting in metastatic pancreatic adenocarcinoma. Although 
many studies have shown some clinical benefit in second- 
line treatments, the response rate to chemotherapy and the 
magnitude of benefit is generally much lower compared to 
frontline regimens.

Chiorean et  al. analyzed the outcomes of second-line 
therapy in patients with metastatic pancreatic adenocarci-
noma in the MPACT trial upon disease progression after 
either nab-paclitaxel plus gemcitabine or after gemcitabine. 
Most patients received a second-line treatment containing a 
fluoropyrimidine (267 out of 347, 77%). They found that the 
median total survival for patients with a fluoropyrimidine- 
containing second-line therapy after nab-paclitaxel and gem-
citabine vs gemcitabine was 13.5 vs 9.5 months (P = 0.012). 
The study showed that receiving a second-line therapy was 
one of the independent factors associated with longer sur-
vival post first-line therapy in these patients [14].

 Nanoliposomal Irinotecan and 5-FU
Nanoliposomal encapsulated irinotecan (MM-398) is a novel 
chemotherapy formulation of irinotecan that is approved for 
treatment of metastatic pancreatic adenocarcinoma in the 
second-line setting. The phase III NAPOLI trial showed that 
in patients with metastatic pancreatic cancer who were previ-
ously treated with gemcitabine-based therapy, a combination 
of MM-398 and 5-FU showed modest improvement in the 
median overall survival (6.1  months) compared to single- 
agent 5-FU/leucovorin (4.2 months; P = 0.012), while there 
was no difference between single-agent MM-398 and single- 

agent 5-FU/leucovorin. Fatigue, neutropenia, diarrhea, and 
vomiting were the main grade 3 adverse events seen in higher 
frequency in the combination arm [17]. It is not known 
whether MM-398 offers any benefit over standard irinotecan 
in these patient population because the study did not include 
a comparison with standard irinotecan and 5-FU (FOLFIRI) 
combination.

 Oxaliplatin, Folinic Acid, and 5-Fluorouracil (OFF)
The German CONKO-003 trial investigated the role of OFF 
(oxaliplatin, folinic acid, and 5-fluorouracil) versus single- 
agent folinic acid and 5-fluorouracil (FF) in a phase III trial 
for patients with pancreatic cancer who received prior 
gemcitabine- based chemotherapy. Although this regimen 
contains all the drugs in the FOLFOX regimen, the adminis-
tration and scheduling is different. Median follow-up was 
54.1 months, and 160 patients were eligible for the primary 
analysis. The median overall survival in the OFF group 
(5.9  months) was modestly improved compared to the FF 
group (3.3 months, p < 0.01). There was also improvement in 
time to progression in the OFF arm. Except for higher rates 
of grades 1–2 neurotoxicity in the OFF arm, adverse events 
were comparable between the 2 arms [18].

 FOLFOX (5-Fluorouracil, Folinic Acid, 
and Oxaliplatin)
The FOLFOX regimen is commonly used in the frontline 
setting in patients with advanced colorectal and gastro-
esophageal cancers. As second-line treatment in patients 
with metastatic pancreatic adenocarcinoma, response rates 
have been 0–23% with overall survivals from 3.5 to 6 months 
[19–24]. A single-arm phase II study of FOLFOX 4  in 
patients with metastatic pancreatic adenocarcinoma after 
failure of gemcitabine- based frontline therapy showed a 
median time to progression of 9.9 weeks, and the median 
overall survival was 31.1 weeks [25]. Gill et al. conducted a 
randomized phase III study of fluorouracil/leucovorin with 
or without oxaliplatin for second-line advanced pancreatic 
cancer in patients who have received gemcitabine-based 
chemotherapy (PANCREOX). The study did not show any 
benefit in the combination arm over single-agent infusional 
5-FU.  In fact, the single-agent arm had better overall sur-
vival as more patients were able to receive a third-line treat-
ment after disease progression, unlike the patients in the 
mFOLFOX arm [26].

 Gemcitabine and Nab-Paclitaxel
Portal et al. reviewed outcomes of patients with metastatic 
pancreatic adenocarcinoma who received gemcitabine nab- 
paclitaxel in the second-line setting after disease progression 
with the FOLFIRINOX regimen in a prospective observa-
tional study. Treatment with gemcitabine nab-paclitaxel was 
per the MPACT trial. Although it is an observational study 
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with a small sample size (57), the disease control rate was 
58%, with a 17.5% objective response rate. Median overall 
survival was 8.8  months (95% CI, 6.2–9.7), and median 
progression- free survival was 5.1 months (95% CI, 3.2–6.2) 
[27]. Currently, there are ongoing prospective studies evalu-
ating the role of this regimen in the second-line setting for 
this patient population.

 5-Fluorouracil and Irinotecan (FOLFIRI)
The 5-fluorouracil and irinotecan doublet (FOLFIRI) regi-
men, or its variations, has been shown by different studies to 
have activity in the second-line setting. The median overall 
survival observed is around 4–6 months in the second-line 
setting [20, 28, 29].

 Targeted Therapies

Targeting a mutated gene seems to be a logical approach, and 
many in the field have been motivated to develop targeted 
therapeutic approaches, learning from experience in cancers 
such as chronic myelogenous leukemia where a tyrosine 
kinase inhibitor revolutionized the care of the once deadly 
disease. However, in pancreatic cancer treatment, targeting a 
single genetic alteration or pathway has met with little, if 
any, success. There are a number of explanations as to why 
targeted therapy has been ineffective in pancreatic adenocar-
cinoma and other solid tumors. The vast majority of pancre-
atic cancers have mutations in the KRAS gene that are 
currently not targetable. There are also very frequent muta-
tions in tumor suppressor genes—such as the p53, p16, and 
SMAD4—that are not amenable to targeted therapies. 
Moreover, the molecular makeup of tumors is heterogeneous 
and may be misrepresented when a tumor deposit is sampled 
by a fine needle for diagnostic purposes. It is also recognized 
that as tumors progress, their genetic makeup will also 
change [30]. Cancer cells have redundant intracellular sig-
naling pathways. A molecule that is being targeted with an 
appropriately matched agent may not be critical for the sur-
vival of the cell. The redundant pathways along with cross- 
talk between pathways may act as an escape or drug 
resistance mechanism when attempting to block signaling 
pathways.

We will discuss a few of the pathways that have been 
explored in targeted treatments.

 Growth Factors and Growth Factor Receptors

 RAS
Oncogenic KRAS mutation is an important genetic event in 
the oncogenesis and progression of pancreatic adenocarci-
noma (Fig.  15.1) [31, 32]. This activating mutation is 

believed to occur very early in carcinogenesis [33, 34]. 
Oncogenic KRAS plays a critical metabolic role in the tumor- 
like stimulation of glucose uptake and its intracellular trans-
port, amino acid metabolism, increased autophagy, and 
subsequent recycling of organelles leading to uncontrolled 
proliferation of pancreatic adenocarcinoma cells. This muta-
tion is seen in approximately 95% of pancreatic ductal ade-
nocarcinoma [34, 35]. Because of its high prevalence and 
critical role in oncogenesis, KRAS mutation has been a target 
of high interest for drug development. However, finding a 
therapeutic intervention that targets this mutation has been 
elusive over the last few decades [34]. So far there is no ther-
apeutic intervention that can target the activated KRAS muta-
tion. Investigators attempted to block pathways downstream 
of RAS in an attempt to control RAS-mediated signaling. 
Chung et  al. conducted a randomized prospective trial to 
compare mFOLFOX with dual targeting of the MEK and 
PI3K/AKT pathways downstream of KRAS by selumetinib 
plus MK-2206 in patients with metastatic pancreatic adeno-
carcinoma for whom gemcitabine-based chemotherapy had 
failed. The dual inhibition of MEK and PI3K/AKT pathways 
did not improve overall survival of these patients [36].

 EGFR, IGF-1R, Her-2, and Downstream Molecules
The addition of the tyrosine kinase inhibitor of epidermal 
growth factor receptor (EGFR), erlotinib, to gemcitabine 
showed a marginal clinical benefit in patients with advanced 
pancreatic adenocarcinoma as discussed earlier [16]. 
However, the Southwest Oncology Group (SWOG) phase III 
S-0205 trial comparing the combination of gemcitabine and 
cetuximab (monoclonal antibody against EGFR) versus 
gemcitabine alone in patients with advanced pancreatic ade-
nocarcinoma did not show any benefit from the addition of 
cetuximab to gemcitabine. A majority (90%) of the patients 
had tumoral EGFR expression, but there was no treatment 
benefit in this subset of patients [37]. The role of blocking 
insulin-like growth factor receptor-1 (IGF-1R) along with 
epidermal growth factor receptor and gemcitabine was stud-
ied in the SWOG 0727. The combination of cixutumumab 
(IGF-1R blocker), erlotinib (anti-EGFR), and gemcitabine 
was compared with gemcitabine and erlotinib in the phase 
Ib/II study of patients with untreated metastatic pancreatic 
cancer. Unfortunately, the three-drug combination did not 
offer any benefit over gemcitabine/erlotinib [38].

The role of anti-Her2 treatment with trastuzumab in addi-
tion to chemotherapy in patients with metastatic pancreatic 
adenocarcinoma was investigated in small clinical trials. The 
addition of anti-Her2 treatment to chemotherapy did not add 
any meaningful benefit compared to chemotherapy alone, 
even in patients with Her2 amplification [39, 40]. The addi-
tion of the tyrosine kinase Her2 inhibitor lapatinib to gem-
citabine also did not add any benefit compared to gemcitabine 
alone, and the trial was stopped early for futility [41].
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The combination of MEK inhibitor trametinib and pan 
class PI3K inhibitor buparlisib did not show any significant 
activity in metastatic pancreatic adenocarcinoma in a phase 
Ib dose-escalation study [42]. The combination of MEK 
inhibitor trametinib and everolimus (mTOR inhibitor) was 
tested in solid tumors including metastatic pancreatic adeno-
carcinoma in a phase Ib study. The study showed that combi-
nation was too toxic and that maximum tolerated dose could 
not be established. The combination did not show significant 
activity in the pancreatic patient population [43].

 VEGF/VEGFR
Treatments targeting vascular endothelial growth factor 
(VEGF) and its receptors (VEGFR) were also studied in 
patients with metastatic pancreatic adenocarcinoma. A phase 
II study of sorafenib (multitageted tyrosine kinase inhibitor 
including VEGFR1, VEGFR2, VEGFR3, PDGFR, cKIT, 
FLT-3, the RAF/MEK/ERK pathways) with gemcitabine and 
erlotinib in the first-line setting for advanced pancreatic can-

cer did not show meaningful improvement in outcome [44]. 
A phase III study conducted by the Cancer and Leukemia 
Group B (CALGB 80303) showed that the addition of beva-
cizumab (10  mg/kg on days 1 and 15) to gemcitabine in 
patients with advanced disease did not improve survival out-
comes compared to gemcitabine plus placebo [45]. A ran-
domized phase III study investigated the addition of 
aflibercept to gemcitabine in patients with advanced pancre-
atic cancer who received no prior therapy, but the study was 
stopped for futility following a planned interim analysis as 
the experimental arm fared worse, though not statistically 
significant [46].

 Hypoxia-Activated Agents

Tumoral hypoxia is considered an important mechanism for 
drug resistance and disease progression in pancreatic cancer. 
TH-302 (evofosfamide), a novel agent, is a hypoxia-activated 

Fig. 15.1 Molecular alteration in oncogenesis of pancreatic ductal 
adenocarcinoma. The overexpression of HER-2/neu and activating 
point mutations in the K-ras gene occurs early, inactivation of the p16 
gene at an intermediate stage, and the inactivation of p53, SMAD4, and 

BRCA2 occurs relatively late [31, 32]. (Diagram reprinted with permis-
sion from KEGG Database: Pancreatic cancer—Homo sapiens 
(human). http://www.genome.jp/kegg-bin/show_pathway?hsa05212)
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prodrug that in hypoxic settings releases the DNA alkylating 
agent bromo-isophosphoramide mustard. Even though the 
open-label phase II study of untreated advanced pancreatic 
cancer randomized 1:1:1 to receive gemcitabine alone 
(1000 mg/m2 over 30 minutes), gemcitabine plus TH-302 at 
240  mg/m2, or gemcitabine plus TH-302 at 340  mg/m2 
showed improvement in overall survival in favor of the 
experimental arm [47], the phase III MAESTRO study that 
randomized patients between gemcitabine with placebo and 
gemcitabine with TH-302 did not show any difference in the 
survival outcomes of patients treated with experimental and 
control arms [48].

 Targeting the Microenvironment

The pancreatic adenocarcinoma tumor microenvironment has 
been characterized by a dense stromal reaction with hypovas-
cularity that contains overactive fibroblasts and immune-sup-
pressive cells. Multiple attempts have been made to target 
different aspects of the tumor microenvironment.

 Hedgehog Signaling
Hedgehog signaling has been recognized to be an essential 
pathway during embryonic development and in adult stem 
cells [49]. Paracrine hedgehog signaling from neoplastic 
cells to stromal myofibroblastic cells promotes stromal des-
moplasia [50, 51]. Although it has been considered to have a 
role in pancreatic tumorigenesis and its depletion in the 
stroma was shown to increase delivery of chemotherapy in 
mouse models [52], clinical trials have shown hedgehog 
inhibitors (vismodegib and saridegib) to have no effect on 
tumor regression and patient survival [53, 54]. Some have 
argued that the stromal myofibroblasts may even have a pro-
tective role in supporting the local immune system, and 
inhibiting them may contribute to adverse outcomes from the 
cancer [53].

 Hyaluronan
Hyaluronan is a non-sulfated glycosaminoglycan that is 
abundant in the extracellular matrix of human and murine 
pancreas adenocarcinoma. The tumor microenvironment of 
pancreatic adenocarcinoma is characterized by hypovascu-
larity and extensive deposits of extracellular matrix compo-
nents. Hyaluronan is a major component of the extracellular 
matrix and appears to be a barrier to diffusion of small- 
molecule therapy [55]. The enzymatic degradation of hyal-
uronan with PEGPH20 was shown to induce re-expansion of 
vasculature and improved delivery of chemotherapeutic 
drugs into the matrix of pancreatic adenocarcinoma in pre-
clinical models [55, 56]. A recently completed phase II study 
investigated whether the addition of PEGPH20 to standard 
gemcitabine and nab-paclitaxel improved outcomes in 

untreated metastatic pancreatic adenocarcinoma. Though the 
final study outcomes are yet to be published, interim analysis 
of 146 patients showed improved median PFS in patients 
with HA-high tumors treated with PEGPH20 (9.2 vs 
4.3  months; P  =  0.05) [57]. A double-blind, randomized 
phase 3 study is currently ongoing in patients with metastatic 
pancreatic cancer with high expression of tumoral HA by 
immunohistochemistry [58].

 JAK/STAT
The Janus kinase (JAK) and Signal transducer and activator 
(STAT) pathway transmits extracellular signals to the nucleus 
resulting in expression of genes involved in proliferation, 
apoptosis, oncogenesis, and immune regulation [59]. A 
phase II study compared capecitabine plus ruxolitinib (JAK 
inhibitor) versus capecitabine plus placebo in patients with 
metastatic pancreatic adenocarcinoma who have failed first- 
line therapy with gemcitabine. A modest improvement in OS 
was seen in the subgroup of patients with high C-reactive 
protein [60]. However, the phase III JANUS 1 clinical trial 
evaluating capecitabine plus ruxolitinib versus capecitabine 
plus placebo as second-line therapy in patients with advanced 
disease and evidence of a systemic inflammatory response 
was reported to be negative [61].

 Targeting DNA Repair

It is estimated that less than 5% of pancreatic ductal adeno-
carcinomas are characterized by defective BRCA2, and an 
additional small percentage are characterized by defects in 
the related PALB2, part of Fanconi anemia genes. These 
genes play a crucial role in the repair of damaged DNA [62, 
63]. Mutations in the DNA repair pathway genes (BRCA2 
and PALB2) are thought to confer sensitivity to platinum- 
based chemotherapy and poly (ADP-ribose) polymerase 
(PARP) inhibitors [64]. A next-generation sequencing study 
performed on multiple pancreatic ductal adenocarcinoma 
genomes estimated that a significant proportion of patients 
have defects in the DNA repair pathway that may predict 
susceptibility to platinum and/or PARP inhibition [65]. 
PARP inhibitors have shown clinical benefit in small sub-
groups of patients with defective DNA repair pathway 
including BRCA1 and 2 gene mutations [66, 67]. Multiple 
studies are ongoing to further evaluate the role of PARP 
inhibitors in patients with metastatic pancreatic carcinoma 
(with or without defective DNA repair pathways).

 Targeting Macrophage

Macrophages that infiltrate the tumor microenvironment are 
responsible for disease progression and immune suppres-
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sion that is characteristic of pancreatic cancers. CD40, a 
tumor necrosis factor receptor superfamily member, regu-
lates activation of T cells and regulates cancer-associated 
inflammation and fibrosis. CD40 activation has been shown 
in preclinical studies to induce antitumor T-cell responses 
[68, 69]. CD40 agonists activate antigen-presenting cells, 
promoting an antitumor immune response. Monocytes infil-
trate the tumor and degrade the stromal microenvironment, 
resulting in regression of the tumor [70]. A phase I study 
evaluated the fully human agonist CD40 monoclonal anti-
body CP-870,893 with full-dose gemcitabine in 22 patients 
with untreated advanced pancreatic cancer, demonstrating 
an ORR of 19% and stable disease in 50% of patients [71]. 
The CCL2-CCR2 chemokine axis has been implicated in 
the recruitment of tumor-associated macrophages for con-
struction of an immunosuppressive tumor microenviron-
ment [72]. The oral CCR2 inhibitor PF-04136309 was 
studied in combination with FOLFIRINOX (n  =  39) and 
compared with FOLFIRINOX (n = 8) in a phase I, open-
label clinical trial for treatment of locally advanced pancre-
atic cancer. The combination was well tolerated and showed 
an objective response rate of 49%, with local tumor control 
rate of 97%, unlike patients who only received 
FOLFIRINOX, who had no objective response rates, but 
had stable disease in 80%. In addition, patients who received 
the CCR2 inhibitor had reduced monocyte shift from the 
marrow to the peripheral blood. There was also a reduction 
in macrophages and regulatory T cells infiltrating the pan-
creatic tumor along with an increase in tumor-infiltrating 
CD4 and CD8 lymphocytes [73].

Studies evaluating novel CD40 agonists in combination 
with checkpoint inhibitors are ongoing.

 Targeting Stem Cells

The stem cell factor inhibitor BBI608 blocks STAT3, which 
is critical for maintaining cancer stem cells, while it spares 
hematopoietic stem cells in mouse xenograft models of pan-
creatic cancer [74]. A phase I trial of necuparanib combined 
with gemcitabine and nab-paclitaxel demonstrated a 14.2- 
month OS and a disease control rate of 88% [75]. A phase Ib 
trial of BBI608 with gemcitabine and nab-paclitaxel in 
untreated metastatic pancreatic adenocarcinoma (adjuvant 
therapy allowed) is currently ongoing (NCT02231723). A 
phase III, open-label study of napabucasin plus nab- paclitaxel 
with gemcitabine in adult patients with metastatic pancreatic 
adenocarcinoma (CanStem111P) is also recruiting patients 
(NCT 02993731). In addition, the novel agent necuparanib 
targets pathways critical for the tumor microenvironment, 
including P-selectin, CXCR4/stromal cell-derived factor 1, 
vascular endothelial growth factor/fibroblast growth factor 2, 
and heparanase [75].

The notch pathway plays a central role in embryonic 
development and the regulation of stem and progenitor cells 
implicated in many human cancers. Pancreatic adenocarci-
noma expressing Notch 3 has poor survival prognosis [76]. 
Tarextumab is a fully human IgG2 that inhibits both Notch 2 
and Notch3 receptors. The addition of tarextumab to nab- 
paclitaxel and gemcitabine in a phase II study did not 
improve OS in patients with untreated metastatic pancreas 
adenocarcinoma, and study was stopped prematurely [75].

 Immunotherapy

 Challenges in Immunotherapy

Response to immune therapy is generally seen in cancers 
that have inflamed tumor phenotype, such as melanoma [77]. 
On the other hand, pancreatic cancer has non-inflamed phe-
notype and contains an immunosuppressive microenviron-
ment roughly containing immune and inflammatory cells 
with an abundance of inhibitory regulatory T cells (Treg), 
myeloid-derived suppressor cells (MDSC), and macrophages 
with scarcity of effector cytotoxic T cells [78, 79]. Many tri-
als that tested different forms of immunotherapy in pancre-
atic cancer have been unsuccessful to show a clinical benefit. 
This presents a major challenge for the development of new 
treatment paradigms as we are now seeing that pancreatic 
cancer is not responsive to immunotherapy in addition to 
being chemoresistant.

 Vaccines

Cancer vaccines are designed to activate the adaptive immune 
response to cancer by stimulating dendritic cells to specific 
tumor antigen presentation. These vaccinations are based on 
overexpressed antigens in pancreatic ductal adenocarcinoma 
cells. Several types of cancer vaccines have been tested in 
pancreatic cancer, such as whole-cell vaccines, peptides, 
Listeria species, dendritic cells, etc. [80]. So far, despite a 
seemingly rational scientific concept underlying the design 
of the vaccines, no vaccine has proven clinical efficacy.

 Whole-Cell Vaccines
The GVAX pancreas vaccine is an allogeneic whole-cell vac-
cine transfected with granulocyte-macrophage colony- 
stimulating factor, which acts as a maturation factor for the 
antigen-presenting cells/dendritic cells [80]. GVAX vaccine 
was studied with adjuvant chemoradiotherapy after resection 
of pancreatic cancer in a phase II study, and showed modest 
median disease-free and overall survival rates of 17.3 and 
24.8 months, respectively [81]. For patients with metastatic 
pancreatic cancer, a randomized phase II study tested the 
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GVAX vaccine combined with a boost of live-attenuated 
Listeria monocytogenes vaccine modified to deliver the pan-
creatic tumor antigen mesothelin (CRS-207) versus GVAX 
alone. The GVAX vaccine was administered after low-dose 
cyclophosphamide to inhibit regulatory T cells. Among 90 
patients, 51% previously treated with ≥2 lines of chemother-
apy, the median OS was 6.1 versus 3.9  months for the 
GVAX + CRS-207 vaccine therapy versus GVAX alone, and 
toxicity was manageable [82]. A larger phase IIb randomized 
multicenter 3-arm trial of GVAX plus CRS-207 versus CRS- 
207 alone versus chemotherapy was conducted in patients 
with refractory metastatic pancreatic adenocarcinoma 
(ECLIPSE, NCT02004262), but neither of the vaccine arms 
showed better outcomes compared to the chemotherapy arm 
[83]. The administration of GVAX pancreas vaccine prior to 
surgical resection has shown evidence of tumor infiltration 
by immune mediators. Whether this will have therapeutic 
impact in the outcomes of the patients remains to be seen 
[84]. The combination of GVAX pancreas vaccine with the 
anti-CTLA-4 ipilimumab was tested in a randomized study 
versus ipilimumab alone, for patients with previously treated 
locally advanced or metastatic pancreatic cancer. The median 
overall survival rates were 5.7 months with the combination 
and 3.6 months with ipilimumab alone [85]. Studies are cur-
rently being conducted evaluating the combination of the 
GVAX vaccine and immune checkpoint inhibitor and che-
motherapy in patients with pancreatic cancer.

Algenpantucel-L is an irradiated human allogeneic pan-
creatic cancer cell line genetically engineered to express the 
murine enzyme α(alpha)-1, 3-galactosyl transferase (α[alpha]
GT). As humans naturally do not express α(alpha)Gal epit-
opes but possess large amounts of anti-α(alpha)Gal antibod-
ies, the vaccination with algenpantucel-L may result in 
destruction of the vaccine cells via the complement- mediated 
lysis and antibody-dependent cell-mediated cytotoxicity 
(ADCC). The release of cancer cell antigens from the vac-
cine cells may result in the activation of the immune system, 
as observed in transplant rejection [86]. Even though earlier 
phase studies of the vaccine showed promising results, the 
phase III adjuvant study of algenpantucel-L and chemoradio-
therapy for patients with resected pancreatic cancer 
(NCT01072981) was unfortunately negative [87].

 Peptide Vaccine
Peptide vaccines are based on cancer-specific peptides capable 
of binding human leukocyte antigen class molecules and acti-
vating a CD4/CD8 immune response. Vaccine trials that used 
peptides so far have been negative. Mutant KRAS peptide vac-
cines with granulocyte macrophage colony- stimulating factor 
(GMCSF) have been evaluated after surgical resection of pan-
creatic cancer. Although the vaccine was well tolerated, there 
was no detectable immunogenicity and unproven efficacy 
[88]. Telomerase is a ribonucleotide enzyme that maintains 

telomeres and confers cancer cells immortality. The telomer-
ase peptide vaccine GV1001 did not improve survival when 
combined sequentially or concurrently with gemcitabine/
capecitabine chemotherapy compared to chemotherapy alone 
in the Phase III randomized TeloVac trial [89].

 Vector-Based Vaccines
Viral vectors are engineered to carry genes coding a target 
antigen; therefore the transfected gene will be immunogenic. 
Viral vector expressing CEA, MUC-1, and TRICOM® 
(TRIad of COstimulatory Molecules; a vaccine containing 3 
costimulatory molecules: B7.1, ICAM-1, and LFA-3) was 
named PANVAC. Although the PANVAC vaccine was well 
tolerated and had some promising findings in earlier phase 
studies, a phase III clinical trial of single-agent PANVAC in 
patients with pancreatic cancer was a negative trial and did 
not improve survival compared to placebo alone [90].

 Immune Checkpoint Inhibitors

Immune checkpoints are built-in inhibitory mechanisms that 
prevent the perpetual activation of the immune system. 
Overexpression of ligands of these immune checkpoints by 
cancer cells effectively dampens the immune response 
against the malignant cell [91]. Tumor cell expression of 
PD-L1 in pancreatic cancer has been associated with reduced 
survival and an unfavorable prognosis [92–94].

Immune checkpoint inhibitors, such as agents that block 
the anti-cytotoxic T-lymphocyte-associated protein 4 (anti- 
CTLA- 4) and anti-programmed death 1 (anti-PD-1), are cur-
rently approved by the FDA for the treatment of melanoma 
and non-small-cell lung cancer. These agents and others 
immune checkpoint inhibitors have been the focus of cancer 
research in many cancers in the last few years, effectively 
opening a new frontier in cancer treatment in general.

Programmed death ligand 1 (PD-L1) on the tumor cell’s 
surface modulates the immune system by dampening the 
local T-cell response and cytokine production during inflam-
mation to avoid detection [91]. Tumor cell expression of 
PD-L1 is upregulated in a broad range of cancers with a high 
frequency including pancreatic carcinomas [92–94], and this 
has been associated with reduced survival and an unfavor-
able prognosis.

A phase II study evaluating the use of ipilimumab (anti- 
CTLA- 4 antibody) as a single-agent treatment for pancreatic 
cancer was disappointing, although one patient had shown a 
durable treatment response [95]. The combination of the 
whole-cell vaccine GVAX with ipilimumab when compared 
to single-agent ipilimumab in a phase Ib trial of 30 patients 
with pretreated advanced disease did not show statistically 
significant difference [85]. The phase 2b, randomized, multi-
center study of GVAX pancreas and CRS-207 compared to 
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chemotherapy in adults with previously treated metastatic 
pancreatic adenocarcinoma (ECLIPSE Study) was recently 
reported negative [96].

A larger phase II trial of GVAX with cyclophosphamide 
and CRS-207, with or without nivolumab as second-line 
treatment in metastatic pancreatic adenocarcinoma 
(STELLAR), is currently ongoing, and results are being 
awaited [97]. There was no response seen from treatment 
with anti-PD-L1 in pancreatic cancer patients [98].

 Biomarkers

One of the challenges of treating patients with pancreatic 
carcinoma is the unavailability of a reliable biomarker that 
helps predict response or resistance to a given standard of 
care treatment. Newer treatments currently being studied 
have some biomarkers that are being used to select patients. 
Blood level of CA19-9 has traditionally been used to follow 
the activity of pancreatic adenocarcinoma, but it lacks speci-
ficity as it is also elevated in other upper gastrointestinal 
tumors and benign pancreatobiliary conditions [99]. 
Additionally, not all pancreatic carcinomas reliably have 
elevated levels of CA19-9. The level of CA19-9 does not 
predict response or resistance to treatment [100]. This has 
persuaded scientists to search for a better and more predic-
tive biomarker, which is yet to be discovered.

 hENT1

Human equilibrative nucleoside transporter 1 (hENT1) pro-
vides the major route for gemcitabine to enter a cell, and it is 
one of the most extensively studied biomarkers in the context 
of gemcitabine response [101]. The overexpression of hENT1 
in the tumor has been linked to response to gemcitabine ther-
apy [102]. However, the limited therapeutic benefit of gem-
citabine in general makes this marker less appealing.

 SPARC

Secreted protein acidic and rich in cysteine (SPARC) is a 
matricellular glycoprotein that has been implicated in 
tumor stroma interactions in pancreatic cancer. It is 
expressed in high proportion in pancreatic adenocarcinoma 
in comparison with normal pancreatic tissue [103]. 
Although its exact role in the pathogenesis has not been 
well established, its overexpression has been associated 
with poorer prognosis. Moreover, nano albumin-bound 
paclitaxel has been seen to sequester in proximity to the 
tumor when there is high expression of SPARC as it has 
high affinity for albumin. As SPARC deficiency in tumors 

did not affect intratumoral paclitaxel concentration, its 
exact effect on nab-paclitaxel is not clear. SPARC has been 
shown to have both oncogenic and tumor suppressor prop-
erties. There is no clear association between the levels of 
SPARC in the serum, pancreatic juice, or ascites with 
patient outcome or treatment response [104].

 Hyaluronan

Hyaluronan is a non-sulfated glycosaminoglycan that is 
abundant in the extracellular matrix of human and murine 
pancreas adenocarcinoma that contributes to the barrier to 
perfusion of small-molecule chemotherapy [55]. Patients 
with tumors that have high levels of hyaluronan have particu-
larly responded better to treatment with combination of 
PEGPH20 and chemotherapy compared to patients with low 
levels of hyaluronan in their tumors [57]. If the double-blind, 
randomized phase 3 study becomes positive [58], this bio-
marker may be useful in the selection of patients for treat-
ment with this regimen.

 BRCA1/2

Given the infrequent nature of BRCA gene mutation in 
patients with pancreas cancer (less than 5% of pancreatic 
ductal adenocarcinomas), the clinical utility of this gene 
mutation as a biomarker is limited. These genes play a cru-
cial role in the repair of damaged DNA [62, 63]. The pres-
ence of this gene mutation may confer treatment benefit from 
chemotherapy drugs that damage DNA (e.g., platinum drugs) 
or inhibitors of the poly (ADP-ribose) polymerase (PARP), 
which has been very well described in pancreatic and other 
cancers [64, 65]. PARP inhibitors have shown clinical bene-
fit in small subgroups of patients with defective DNA repair 
pathways including BRCA1 and 2 gene mutations [66, 67]. 
The presence of BRCA gene mutation may be considered a 
predictive marker for response with such treatments like 
PARP inhibitors, if they ever become approved for use.

 UGT1A1

Polymorphism in the uridine diphosphate glucuronosyltrans-
ferase (UGT) 1A1 gene has been linked to increased hema-
tologic toxicity to irinotecan-containing chemotherapy [105, 
106]. It has been proposed to use the presence of UGT1A1 
polymorphism to identify the patients that are likely to expe-
rience severe neutropenia while considering irinotecan- 
based regimens such as FOLFIRINOX or FOLFIRI.  The 
gene polymorphism does not have other roles like indirect 
reflection of tumor burden.
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 Challenges of Systemic Therapies

The main challenge in treating patients with pancreatic car-
cinoma is that the disease is resistant to chemotherapy and 
other modern treatment approaches. In addition to being 
resistant to treatments, the disease follows an aggressive 
course leading to systemic symptoms such as anorexia, 
cachexia, venous thromboembolism, rapid functional 
decline, and metastases-related symptoms such as ascites or 
liver failure. It is not uncommon to see patients decline rap-
idly beyond the frontline regimen to the extent they will not 
be able to tolerate further treatments. Most patients diag-
nosed with the cancer die within the first year of diagnosis. 
Some of this may be merely due to the lack of effective and 
well-tolerated treatment options. Although it sounds coun-
terintuitive, most of the systemic symptoms of the disease 
are ameliorated using chemotherapy and patients feel better 
for a brief period despite being on aggressive chemotherapy 
regimen. As most novel treatment approaches have failed to 
work in pancreatic cancer, it is less likely that we will find 
the silver bullet that treats this aggressive cancer. The treat-
ment that may be able to control the disease is likely a com-
bination of different novel approaches.

The other problem is that many patients diagnosed with 
this disease are older than 65 years. As many of the trials 
actually included older patients, we do not see age alone 
playing a decisive role in the selection of treatments. As pan-
creas cancer is a systemic disease from the outset in many of 
the patients, a multidisciplinary approach to managing the 
patient’s symptoms is imperative. These patients often 
require nutritional support, treatment for pancreatic insuffi-
ciency and the resulting malabsorption, palliative decom-
pressive procedures directed at the biliary system, and 
aggressive pain management.

 Conclusion

In the last few decades, a modest improvement in treatment 
response has been shown to result from the use of a more 
complex and intensive chemotherapy regimen in patients 
with pancreatic carcinoma. Many novel treatment approaches 
targeting altered intracellular pathways, the immune system, 
and the tumor stroma have been disappointingly negative. 
There are still some ongoing studies for which we are expect-
ing good outcomes with a degree of optimism (Table 15.2). 

Table 15.2 List of selected ongoing trials in pancreatic carcinoma

Clinical trials Study title
Disease 
stage Phase

Cytotoxic chemotherapy
NCT02352337 Randomized Phase II Study in Metastatic Pancreatic Cancer Evaluating FOLFIRINOX +/− LV5FU2 in 

Maintenance Versus FIRGEM in First-line
IV II

NCT02620800 Study of 5-fluorouracil (5-FU), Nab-paclitaxel, Bevacizumab, Leucovorin, and Oxaliplatin in Patients With 
Metastatic Pancreatic Cancer (FABLOx)

IV II

NCT02551991 A Randomized, Open-label Phase 2 Study of Nanoliposomal Irinotecan (Nal-IRI)-Containing Regimens 
Versus Nab-Paclitaxel Plus Gemcitabine in Patients With Previously Untreated, Metastatic Pancreatic 
Adenocarcinoma

IV II

NCT02890355 Randomized Phase II Study of 2nd Line FOLFIRI Versus Modified FOLFIRI With PARP Inhibitor ABT-888 
(Veliparib) (NSC- 737664) in Metastatic Pancreatic Cancer

IV II

BRCA
NCT02184195 A Phase III, Randomised, Double Blind, Placebo Controlled, Multicentre Study of Maintenance Olaparib 

Monotherapy in Patients With gBRCA Mutated Metastatic Pancreatic Cancer Whose Disease Has Not 
Progressed on First-line Platinum Based Chemotherapy

IV III

CXCL12/CXCR4 axis
NCT02826486 A Phase II, Multicenter, Open- label Single Arm Study to Assess the Safety and Efficacy of the Combination 

of BL-8040 and Pembrolizumab in Patients With Metastatic Pancreatic Cancer, the COMBAT Study
IV II

CSF1/CSF1R axis
NCT02777710 A Dose Escalation Phase I Study With an Extension Part Evaluating the Safety and Activity of an Anti-PDL1 

Antibody (DURVALUMAB) Combined With a Small Molecule CSF-1R Tyrosine Kinase Inhibitor 
(PEXIDARTINIB) in Patients With Metastatic/Advanced Pancreatic or Colorectal Cancers

III/IV I

CCL2/CCR2 axis
NCT02732938 Ph1b/2 Study of Pf-04136309 in Combination With Gem/Nab-P in First-line Metastatic Pancreatic Patients 

(CCR2i)
IV Ib/

II
Stroma—PEGPH20
NCT01959139 A Phase Ib/II Randomized Study Of Modified Folfirinox + Pegylated Recombinant Human Hyaluronidase 

(PEGPH20) Versus Modified FOLFIRINOX Alone In Patients With Good Performance Status Metastatic 
Pancreatic Adenocarcinoma

IV Ib/
II

NCT02715804 A Phase 3, Randomized, Double-Blind, Placebo-Controlled, Multicenter Study of PEGylated Recombinant 
Human Hyaluronidase (PEGPH20) in Combination With Nab-Paclitaxel Plus Gemcitabine Compared With 
Placebo Plus Nab-Paclitaxel and Gemcitabine in Participants With Hyaluronan-High Stage IV Previously 
Untreated Pancreatic Ductal Adenocarcinoma

IV III
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Nevertheless, the treatment benefits observed from newer 
treatments of pancreatic cancer have only been incremen-
tally modest. A multipronged approach is probably needed to 
see a more robust result. From all the negative studies, it is 
clear that a single-treatment approach will not work. We rec-
ommend increasing collaboration among scientists and to 
accelerate discovery of new treatment approaches.
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Gastroenteropancreatic 
Neuroendocrine Tumors

George A. Fisher

 Defining Gastroenteropancreatic 
Neuroendocrine Tumors

The field of neuroendocrine tumor (NET) research has been 
handicapped by the lack of adequate cell lines and murine 
models of the disease, as well as an evolving and at times 
confusing system of clinical classification. The term “carci-
noid” itself has been ambiguous and in some tumor registries 
“carcinoids” were not included since they were considered 
“benign” unless there was specific mention in a pathology 
report referencing the tumor as “malignant.” Embryologic 
classification of NETs as foregut, midgut, and hindgut was 
initially helpful in that each site of origin can have distinct 
clinical and biological properties, but this too has fallen out 
of favor.

The normal cells that give rise to NETs are endocrine 
cells, which are widely distributed throughout the gastroin-
testinal (GI) and pancreaticobiliary tract, yet comprise only 
~1% of cells in the gut or pancreas. In the GI tract, these 
cells tend to occupy the intestinal crypts, while in the pan-
creas, they constitute the well-circumscribed nests known as 
islets of Langerhans. Hence, NETs arising from the pancreas 
have historically been referred to as “islet cell tumors.” In 
2010, the World Health Organization (WHO) categorized all 
NETs from the GI and pancreaticobiliary tracts as malignant 
tumors except for pancreatic neuroendocrine microadeno-
mas. This designation ensured that NETs would be included 
in tumor registries.

These endocrine cells and the tumors that arise from them 
harbor secretory granules that contain peptide hormones, 
some of which are associated with specific syndromes and 
some which can be routinely measured in the blood as tumor 
markers. The type of peptides secreted can help identify the 
tissue of origin, though there is overlap. For example, sero-
tonin is most closely associated with midgut tumors, primar-

ily ileal, and only rarely is secreted by pancreatic tumors and 
virtually never associated with rectal neuroendocrine tumors. 
Similarly, pancreatic polypeptide, glucagon, and insulin are 
exclusively made by pancreatic NETs.

The preferred current classification system emphasizes 
the organ of origin, degree of differentiation and grade, the 
stage, and whether or not the tumor is associated with a 
functional syndrome. Note that this chapter will not address 
those GI malignancies described as “poorly differentiated 
carcinoma with neuroendocrine features” and “goblet cell 
carcinoids” and “mixed adeno-neuroendocrine carcinomas,” 
each of which is more properly managed as one would an 
adenocarcinoma.

 Epidemiology

Though considered rare in incidence (2–5 per 100,000) [1, 
2], the prevalence of NET patients is greater than that of 
gastric, esophageal, and pancreas cancers combined [3, 4]. 
Furthermore, the incidence of NETs is increasing from 1.09 
to 5.25 per 100,000 [4]. Probably much of this change can 
be attributed to an increase in utilization of cross-sectional 
imaging [5, 6] and endoscopies. The Netherlands Cancer 
Registry reported an increase in the incidence of high-grade 
gastroenteropancreatic (GEP) neuroendocrine carcinoma 
from 0.3 to 0.54 per 100 over the last two decades [7].

In an autopsy study over a 12-year period in a defined 
Swedish population, the incidence of gastroenteropancreatic 
(GEP) NETs was 199 among 16,294 necropsies (1.22%), 
while the clinically reported incidence in the same popula-
tion was 44 in 250,000 (0.018%) [8]. The disparity in clini-
cal versus autopsy incidence makes it clear that a subset of 
NETs are “incidentalomas,” i.e, tumors that would have no 
clinical significance in the lifetime of the patient.

In a Surveillance, Epidemiology, and End Results (SEER) 
database report of 35,618 neuroendocrine tumors of all 
sites between 1973 and 2004, the age-adjusted incidence 
for non- pancreatic primaries was 4.7 per 100,000 patients 
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[4]. Median age of diagnosis was 63 years with a slightly 
higher incidence in males than females (4.97 versus 4.49 per 
100,000). A database study from a Swedish registry evalu-
ated 5184 carcinoid tumors seen between 1958 and 1998 and 
reported somewhat lower incidence for men and women as 
2.0 and 2.4 per 100,000, respectively [9].

The incidence of high-grade GEP neuroendocrine carci-
noma is more difficult to ascertain due to the fact that vari-
ous international cancer registries do not collect information 
on tumor grade. Nevertheless, the available data shows that 
high-grade GEP neuroendocrine carcinomas are rare. For 
example, data from the SEER demonstrate the incidence 
of colorectal neuroendocrine carcinoma as 0.2 per 100,000 
patients, while estimates of annual incidence from the 
Netherlands Cancer Registry from 2000 to 2010 are higher 
at 0.54 per 100,000 patients [7, 10].

Various recent analyses have indicated that the incidence 
of NETs has been rising over time in the United States and 
elsewhere [3, 11]. In the SEER analysis mentioned above, 
there was a significant increase in the age-adjusted incidence 
for all NETs from 1.09 to 5.25 per 100,000 [4]. In Europe 
and Asia, the incidence appears lower and ranges from 1.1 to 
3.24 cases per 100,000 [12, 13]. Similarly, high-grade neuro-
endocrine carcinoma incidence has been increasing.

This discrepancy between different countries may be due 
to older data and differences in data registration, as well as 
changes in the nomenclature and classification. But it also 
may reflect variability in environmental factors and tumori-
genesis. Nevertheless, various publications have reported 
that the observed rise in NETs may be related to increased 
detection rates given the improvements in diagnostic imag-
ing, particularly computed tomography (CT) and gas-
trointestinal endoscopy [6, 14]. This includes incidental 
identification of asymptomatic earlier stage lesions that 
may not have been revealed otherwise. In SEER database 
of carcinoid cases treated between 1973 and 1997, 55% of 
cases were gastrointestinal; of those small intestine carci-
noids were 45%, most commonly in the ileum. Followed 
by 20% noted in the rectum, 16% in the appendix, 11% in 
the colon, and 7% in the stomach [15]. However, the SEER 
study of carcinoid patients between the years 1992 and 
2008 found that more patients were diagnosed with rectal 
carcinoids than intestinal carcinoids, since the implementa-
tion of colonoscopy screening (approximately in the year 
2000) [16].

 Biology and Classification

The term carcinoid, “karzinoide” (“carcinoma-like”), was 
initially introduced in 1907 by Dr. Siegfried Oberndorfer 
to describe types of morphologically distinct benign small 
bowel lesions. In 1929, he amended his classification to 

include the possibility that these small bowel tumors may be 
malignant and may also metastasize [17].

More recently, the term “carcinoid” is generally applied 
to well-differentiated neuroendocrine tumors originating 
from various anatomic locations including: the digestive 
tract, lungs, or rare primary sites such as the kidneys or ova-
ries. The term carcinoid or NET implies well-differentiated 
histology. In contrast, the term neuroendocrine carcinoma 
has been adapted to describe high-grade or poorly differ-
entiated neuroendocrine tumors. In the digestive system, 
well- differentiated neuroendocrine tumors of the luminal 
gastrointestinal tract have been designated carcinoid tumors 
or neuroendocrine tumors, while those arising in the pan-
creas have been termed pancreatic neuroendocrine tumors.

NETs arise from enterochromaffin (neuroendocrine) 
cells, which refer to the ability for these cells to stain with 
potassium chromate (chromaffin), a feature of cells that con-
tain serotonin. Most NETs are relatively slow-growing neo-
plasms, but some do behave aggressively.

The classification and nomenclature of neuroendocrine 
neoplasms have historically focused on the site of origin 
from the embryonic divisions (foregut, midgut, or hindgut). 
Site-specific classifications vary in terminology as well as in 
histological grading and staging, which leads to morphologi-
cally similar neuroendocrine neoplasms being designated 
differently. However, features such as the proliferative rate 
and the extent of local spread are similar in all classifica-
tions. In general, midgut (distal small intestine and proxi-
mal colon) carcinoid tumors produce serotonin and other 
vasoactive substances that give rise to the typical carcinoid 
syndrome. However, tumors derived from the embryonic 
hindgut (distal colorectal) and foregut (gastroduodenum and 
bronchus) are rarely associated with a hormonal syndrome.

Foregut tumors include gastric and lung NETs. Gastric 
NETs are subdivided into three types with different biologic 
behaviors and prognoses. Type I is approximately 70–80% 
of all gastric NETs. It is more common in women and is 
associated with chronic atrophic gastritis and pernicious ane-
mia [18]. The tumors arise form enterochromaffin-like cells 
and are usually less than 1 cm in size, often multiple, pol-
ypoid with a small central ulceration. They are rarely func-
tional and often so indolent that they can be managed as a 
benign condition. Tumors less than 2 cm in size metastasize 
less than 10% of cases, while larger tumors seem to metas-
tasize in approximately 20% of cases. Type II accounts for 
5% of cases and is associated with gastrinomas (Zollinger-
Ellison syndrome), usually as part of multiple endocrine 
neoplasia type I (MEN1). Similar to type II, they are consid-
ered indolent. Type III, on the other hand, is approximately 
20% of all cases of gastric NETs. Unlike types I or II, they 
occur in the patient with normal fasting serum gastrin lev-
els and absence of atrophic gastritis or the Zollinger-Ellison. 
They are aggressive with noted metastases in up to 65% of 
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patients. Lung NETs or bronchial carcinoids are classified 
among other pulmonary NETs such as small cell and large 
cell neuroendocrine lung cancer.

Midgut NETs include small bowel and appendix. Small 
bowel NETs are thought to originate from intraepithelial 
endocrine cell, whereas appendiceal NETs develop from 
subepithelial endocrine cells [19]. Small bowel NETs most 
commonly arise in the ileum, with approximately 25% of 
cases found to have more than 1 tumor noted at the time of 
diagnosis. Patients may be asymptomatic and diagnosed 
incidentally due to other presentation. Abdominal pain is the 
most common symptom in patients with small bowel NETs, 
occurring in roughly 40% of cases. The underlying cause of 
the pain may be secondary to small bowel obstruction, intus-
susception, mechanical effect, or mesenteric ischemia [20]. 
Metastatic disease to lymph nodes or the liver is common, 
and most patients with small bowel primary NETs and liver 
metastases have carcinoid syndrome.

Appendiceal NETs are usually asymptomatic, occurring 
in patients 40–50 years of age. They develop from subepi-
thelial endocrine cells in the distal one-third of the appendix, 
where they are unlikely to cause obstruction. The presence 
of metastatic disease depends in large part on tumor size; 
tumors less than 2  cm in diameter have a low likelihood 
of metastases, whereas 30% of larger tumors have already 
metastasized at diagnosis [21].

Hindgut tumors include the colon and rectum NETs. Colon 
NETs are rarely functional tumors; most are asymptomatic 
and usually are diagnosed during evaluation for abdominal 
pain, diarrhea, or weight loss. Symptomatic patients pres-
ent with significantly large tumors. The majority of tumors 
are located in the right colon, mainly in the cecum [22]; 
local nodal or distant metastases are found in 30% of cases. 
Similarly, the majority of rectal NETs are asymptomatic and 
found incidentally for other reasons. Most cases are local-
ized at time of diagnosis, but as with other NETs, metastatic 

disease correlates with tumor size. Tumors less than 1 cm in 
size rarely metastasize, whereas those over 2 cm metastasize 
to the liver in 25% of cases [23]. Other poor prognostic fea-
tures include deep invasion, lymphovascular invasion, and a 
high mitotic rate.

Poorly differentiated neuroendocrine carcinomas are 
aggressive, with a natural history that is characterized by 
early, widespread metastases. Thus, most patients have meta-
static disease at the time of presentation. These tumors show 
similarities in morphology and biologic behavior to small 
cell lung cancer and large cell neuroendocrine lung cancer 
[24]. The majority of poorly differentiated neuroendocrine 
carcinomas are non-secretory. Their presentation is variable, 
depending on the site of the primary tumor and whether or 
not metastatic disease is present. Symptoms may be non- 
specific such as fatigue, anorexia, and weight loss, or more 
specific including pain, nausea, emesis, dysphasia, jaundice, 
melena, hematochezia, or bowel obstruction [25].

Histological grade and differentiation of NETs correlate 
closely with clinical behavior. Grade refers to the prolif-
erative activity that is commonly measured by the mitotic 
rate—number of mitotic figures per 10 high-powered fields 
(HPF)—or the Ki-67 index. In contrast, differentiation 
refers to the extent to which neoplastic cells resemble their 
original cell [26].

The World Health Organization (WHO) and the European 
Neuroendocrine Tumor Society (ENETS) differentiate 
2 broad subgroups of NETs of the digestive track: well- 
differentiated neuroendocrine tumors and poorly differ-
entiated neuroendocrine carcinomas. Well-differentiated 
neuroendocrine tumors are further subdivided into low-grade 
and intermediate-grade according to proliferative rate (Tables 
16.1 and 16.2 [27]). However, intermediate-grade carcinoid 
tumors that rise in the lung, but not in any other organ sys-
tem, are referred to as atypical carcinoids. In general, these 
tumors follow a more indolent course. Poorly differentiated 

Table 16.1 ENETS/WHO nomenclature and classification for NETs

Differentiation Grade
Mitotic 
counta

Ki-67 
indexb Traditional ENETS, WHO

Well- 
differentiated

Low grade (G1) <2 per 10 
HPF

≤2% Carcinoid, islet cell, pancreatic NET NET, Grade 1

Intermediate 
grade (G2)

2–20 per 
10 HPF

3–20% Carcinoid, atypical carcinoidc, islet 
cell, pancreatic NET

NET, Grade 2

Poorly 
differentiated

High grade (G3) >20 per 10 
HPF

>20% Small cell carcinoma Neuroendocrine carcinoma, 
Grade 3, small cell

Large cell neuroendocrine carcinoma Neuroendocrine carcinoma, 
Grade 3, large cell

ENETS European Neuroendocrine Tumor Society, WHO World Health Organization
aCounted in 10 high-powered fields (HPF). 10 HPF = 2 mm2, at least 50 fields (at 400× magnification) evaluated in areas of highest mitotic density. 
Cutoffs per American Joint Commission on Cancer Staging Manual, 8th edition
bKi-67 index as assessed by MIB1 antibody staining: percent positive after count of 2000 cells in area of highest nuclear labeling. Cutoffs per 
American Joint Commission on Cancer Staging Manual, 8th edition
cThe term “atypical carcinoid” only applies to intermediate-grade NETs of the lung
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neuroendocrine carcinomas are high-grade carcinomas that 
resemble small cell or large cell neuroendocrine carcinoma 
of the lung and are often associated with aggressive form of 
disease [28]. Both small and large cell tumors grow in sheets, 
forming nest-like structures with necrotic centers [29].

As was mentioned, the 2010 WHO classification of NETs 
depends widely on the proliferative rate of the specific tumor. 
This rate is assessed by mitotic counts or Ki-67 index, thus dis-
tinguishing between low-, intermediate-, and high-grade tumors 
(Table 16.1). The cutoff of 2/10 HPF to stratify low- grade dis-
ease versus 20/10 HPF for poorly differentiated gastroentero-
pancreatic neuroendocrine has been well supported in various 
studies of different NETs [30, 31]. Similarly with Ki-67, the 
ENETS, American Joint Committee on Cancer (AJCC), and 
the 2010 WHO classification include a cutoff of less than 3% 
to define low-grade, 3–20% for intermediate- grade, and more 
than 20% for high-grade NETs [26]. In addition, morphologi-
cal features of poorly differentiated neuroendocrine carcino-
mas are often suggestive of the diagnosis [32].

In several cases of poorly differentiated neuroendocrine 
carcinomas, non-neuroendocrine components may be noted 
in the tumors. These components may include adenocarci-
noma, signet ring cell carcinoma, and, more rarely, squa-
mous cell cancer. Tumors that contain both neuroendocrine 
and non-neuroendocrine components, each of which repre-
sents at least 30% of the lesions, are defined by the 2010 
WHO classification as mixed adenoneuroendocrine carcino-
mas. On the other hand, tumors that contain less than 30% 
neuroendocrine carcinoma are classified as adenocarcinoma 
with neuroendocrine differentiation.

NETs’ staging is a tumor-node-metastasis (TNM)-based 
system that has been endorsed by the WHO and adapted by 
the AJCC and ENETS. The system includes separate TNM 
staging of the appendix, colorectal pancreas, small bowel/
ampulla of vater, and stomach primary sites. Nevertheless, 

some differences continue to exist between the AJCC and 
ENETS TNM systems. These include some differences in 
T-stage definition: ENETS proposes to stage poorly dif-
ferentiated neuroendocrine carcinoma in the same way as 
well- differentiated NETs, whereas the AJCC stages poorly 
differentiated neuroendocrine carcinomas as adenocarcino-
mas. Nevertheless, several studies supported the prognostic 
validity of both TNM stage and proliferative rate using this 
new system in luminal GI tract and pancreatic NETs [33–36].

Lastly, NETs are also classified based on functionality 
and the presence of clinical symptoms as results of excess 
hormonal secretion by the tumor. The classification is based 
on the predominant hormone produced and the resulting 
clinical syndrome associated with it. For example, if a tumor 
is noted to produce gastrin but no associated symptoms of 
the Zollinger-Ellison syndrome, then it would be appropriate 
to use the term “gastrin-secreting NET” and not gastrinoma. 
Other classifications of pancreatic NETs include insulinoma 
(insulin), gastrinoma (gastrin), glucagonoma (glucagon), 
VIPoma (vasoactive intestinal polypeptide), or somatostatin-
oma (somatostatin) (Table 16.3). Likewise, carcinoid tumors 
are classified similarly whether they produce symptoms of 
the carcinoid syndrome or not.

 Syndromes

The term “carcinoid syndrome” applies to a constellation of 
symptoms that are mediated by various vasoactive factors 
produced by some carcinoid tumors. The typical carcinoid 
syndrome occurs predominantly in patients with metastatic 
carcinoid tumors, and consists primarily of flushing and diar-
rhea. Typically, these tumors originate in the midgut, in con-
trast to tumors that originate from the hindgut and foregut, 
which rarely produce the carcinoid syndrome.

Table 16.2 Nomenclature and classification for NETs

Differentiation Well-differentiated Poorly differentiated
Grade Low grade (G1) Intermediate grade (G2) High grade (G3)
Mitotic counta <2 per 10 HPF 2–20 per 10 HPF >20 per 10 HPF
Ki-67 indexb ≤2% 3–20% >20%

ENETS, WHO NET, Grade 1 NET, Grade 2 Neuroendocrine carcinoma, Grade 3
Clinical course Indolent Intermediate Rapid
Mutationc DAXX/ATRX TP53, RB1

ENETS European Neuroendocrine Tumor Society, WHO World Health Organization
aCounted in 10 high-powered fields (HPF). 10 HPF = 2 mm2, at least 50 fields (at 400× magnification) evaluated in areas of highest mitotic density. 
Cutoffs per American Joint Commission on Cancer Staging Manual, 8th edition
bKi-67 index as assessed by MIB1 antibody staining: percent positive after count of 2000 cells in area of highest nuclear labeling. Cutoffs per 
American Joint Commission on Cancer Staging Manual, 8th edition
cSee reference [27]

Table 16.3 Inherited disorders associated with pancreatobiliary neuroendocrine tumors

Tuberous 
sclerosis

9q31.13, 
16p13.3

TSC1/Hamartin, TSC2/
Tuberin

Insulin and somatostatin producing pancreatic 
NETs

Hamartomatous 
polyp
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NETs synthesize, store, and release a variety of polypep-
tides, prostaglandins, and biogenic amines. Some of these 
substances are responsible for the carcinoid syndrome, but the 
relative contributions and specificity of any particular compo-
nents are unclear. Furthermore, the liver is capable of inacti-
vating some of these bioactive products that are secreted into 
the portal circulation. This may explain why vasoactive prod-
ucts secreted by gastrointestinal carcinoid tumors with hepatic 
metastases, directly into the systemic circulation, typically 
develop carcinoid syndrome [37]. Multiple secretory polypep-
tides and amines have been identified; most notable are sero-
tonin, histamine, tachykinins, kallikrein, and prostaglandins.

Serotonin is derived from tryptophan in enterochromaffin 
cells of the GI tract, where it is used to regulate intestinal 
motility and absorption. Serotonin is also found in the central 
nervous system (CNS) where it regulates mood, appetite, and 
sleep; and is found in platelets, where it serves as a vasocon-
strictor. Serotonin is metabolized to 5- hydroxyindoleacetic 
acid (HIAA) by aromatic amino acid decarboxylase. Patients 
with carcinoid syndrome have significant increase in tryp-
tophan metabolism and increase in production of serotonin, 
thus causing diarrhea. In addition, serotonin stimulates fibro-
blast growth and fibrogenesis, which may lead to cardiac 
valvular fibrosis. Lastly, diversion of tryptophan metabolism 
to primary serotonin production results in niacin deficiency, 
decreased protein synthesis, and hypoalbuminemia [38].

Foregut carcinoids such as gastric and bronchial lack 
the aromatic amino acid decarboxylase that converts 
5- hydroxytryptophan to serotonin. These tumors produce 
5-hydroxytryptophan and histamine instead of serotonin. 
These patients suffer from atypical flushing and pruritus. 
Other polypeptides include kallikrein, which is a potent 
vasodilator responsible for flushing and stimulation of intes-
tinal motility [39]. Tachykinins including substance P, neuro-
kinin A, and neuropeptide K may contribute to flushing and 
diarrhea [40].

Patients with carcinoid syndrome present with various 
symptoms; the majority presenting with flushing primarily 
involving the face, neck, and upper chest. In some cases, 
severe flushing may be associated with episodes of decreased 
blood pressure and rise in pulse rate. Most episodes occur 
spontaneously, but they can be provoked by such activities 
as eating, drinking alcohol, and defecation; others are aggra-
vated by emotional events, or medications such as anesthe-
sia. The episodes last between 30 seconds and 30 minutes, 
but as the disease progresses, the episodes may last longer 
and the flushing may become more diffuse [41].

Diarrhea occurs in approximately 80% of patients, with 
episodes ranging from a couple of episodes to debilitating 
high numbers per day. The stools are typically watery and 
non-bloody, but can be explosive. They are usually accom-
panied by abdominal cramping and are unrelated to flushing 
episodes [42].

Other manifestations of the carcinoid syndrome include 
cardiac valvular lesions, characterized by pathognomonic 
plaque-like deposits of fibrous tissue. The right side of the 
heart is most often affected. Various bioactive substances 
are inactivated by the lung, thus protecting the left heart. 
Bronchospasm, which occurs in about 20% of patients, usu-
ally manifests during flushing episodes. It is imperative not 
to mistake carcinoid wheezing for bronchial asthma because 
treatment with beta agonists may trigger intense, prolonged 
vasodilation. Other presentations include: pellagra, due to 
the lack of niacin production; muscle wasting that may occur 
because of poor protein synthesis; and Peyronie’s disease as 
a result of extensive fibrosis can occur in the retroperitoneal 
area [43, 44].

Carcinoid crisis is a term that represents a life-threatening 
form of carcinoid syndrome. Carcinoid crisis occurs due 
to the release of an overwhelming amount of biologically 
active substances from the NETs that is prompted by tumor 
manipulation at time of biopsy or surgery or by anesthesia 
[45]. Less common, carcinoid crisis may occur after chemo-
therapy, hepatic artery embolization, or radionuclide therapy, 
mostly in patients with extensive tumor bulk [46, 47].

 Diagnosis

Patients with NETs present with various signs and symptoms 
including: chronic flushing and/or diarrhea due to carcinoid 
syndrome; chronic and/or recurrent abdominal pain, which 
may be caused by bowel obstruction; right upper quadrant 
pain, hepatomegaly, and early satiety because of liver metas-
tasis; or as an incidental finding during endoscopic proce-
dures or surgeries for other indications.

 Biochemical Testing

Patients with concerning presentation for NETs may be 
screened initially with biochemical testing. This includes 
evaluation of 5-hydroxyindoleacetic acid (5-HIAA), which 
is the end metabolite of serotonin metabolism. Other bio-
chemical tests are available, but due to relatively low sensi-
tivity and specificity, these tests are not indicated as initial 
screening methods.

Serotonin is metabolized mainly to 5-HIAA, which 
is excreted by the kidneys. The normal rate of 5-HIAA 
excretion ranges from 2 to 8 mg/day; values that are up to 
30 mg/day may be due to malabsorption syndromes such as 
celiac and Whipple’s disease, or after the ingestion of large 
amounts of tryptophan- or serotonin-rich foods. Patients 
with NETs may have urinary 5-HIAA levels that are as low 
as 30  mg/day, but they may also have levels higher than 
100 mg/day [48].
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Urinary 5-HIAA testing is 90% sensitive and specific for 
carcinoid syndrome [48]. However, urinary 5-HIAA is less 
sensitive for patients without carcinoid syndrome; further, 
various drugs as well as tryptophan or serotonin-rich foods 
may cause false-positive results. Patients should avoid intake 
of tryptophan- and serotonin-rich foods as well as medi-
cines that may cause a false-positive urinary 5-HIAA at least 
24 hours prior and during urine collection.

As was mentioned, primary midgut NETs produce the 
highest levels of serotonin and, thus, may be most specific for 
evaluation by urinary 5-HIAA. Foregut and hindgut lack the 
enzyme aromatic amino acid decarboxylase, and therefore 
cannot convert 5-hydroxytryptophan (5-HT) to serotonin. 
These tumors have by default low levels of 5-HIAA, but they 
have high levels of 5-hydroxytryptophan and histamine.

Chromogranins are a family of regulatory neuroendo-
crine proteins that are found in dense-core secretory vesi-
cles, produced by chromaffin cells of the adrenal medulla, 
paraganglia, and beta cells of the pancreas. Elevated levels 
of chromogranin A (CgA) have been associated with well- 
differentiated NETs more than other granins. In addition, 
increasing blood concentration of CgA is indicative of larger 
tumor burden [49, 50].

CgA secretion varies on a daily basis and is affected by 
food intake and medications, especially proton pump inhibi-
tors [51, 52]. Its use as a screening test for the diagnosis of 
NETs has been refuted given relatively low specificity of the 
test. In a study comparing patients with well-differentiated 
NETs, chronic atrophic gastritis, and healthy individuals 
[50], it was noted that when a cutoff range of 84–87 U/L was 
used, the sensitivity was only 55%; but with a cutoff range 
of 31–32 U/L, the sensitivity and specificity were 75% and 
84%, respectively. Therefore, it is more appropriate to use 
CgA testing as a tumor marker for patients with an estab-
lished diagnosis as means to assess disease progression, 
response to therapy, or recurrence after surgical resection.

Similarly, serotonin testing has been described in the liter-
ature, but the sensitivities and specificities of many of these 
tests have not been well established. Furthermore, serotonin 
may be released due to platelet activation by ingestion of 
tryptophan- or serotonin-rich foods, which may result in 
false-positive results.

Other markers, including alpha-fetoprotein and human 
chorionic gonadotropin, are found elevated in some patients 
with NETs, but the utility of such markers has not been veri-
fied [53].

 Imaging

Biochemical testing requires active secretory NETs, which 
may or may not result in carcinoid syndrome. Bioactive 
products that are excreted by NETs of the small intestine are 

inactivated in the portal circulation, rendering urinary and 
blood testing ineffective. Various imaging modalities are 
employed for diagnosis and surveillance of NETs including 
computed tomography (CT), magnetic resonance imaging 
(MRI), and somatostatin receptor scintigraphy (octreoscan).

Computed tomography is noninvasive and a readily avail-
able imaging modality that may be utilized as the primary 
imaging method to identify carcinoid tumors. For patient 
with NETs, spiral multiphasic contrast-enhanced CT is rec-
ommended, as it maximizes the conspicuity of liver metasta-
ses compared with normal liver parenchyma. Because most 
NETs are highly vascular, they are enhanced with iodinated 
contrast in the early arterial phase and washout during the 
portal venous phase [54].

The classic finding on CT scan is a mesenteric des-
moplastic fibrosis that appears as a mass-like soft tissue 
(“cauliflower- like”) with extensions into the mesenteric fat 
toward the small bowel resulting in retraction of the bowel. 
The mass-like soft tissue may or may not be calcified and 
is usually associated with small intestinal NETs, which is 
likely caused by direct extension of primary tumors into the 
mesentery or due to mesenteric lymph node metastases.

However, the ability of CT scan to detect NETs is limited. 
Approximately 6–20% of NETs are hypovascular and would 
not be easily detected. In addition, CT scan is inadequate in 
identifying small size tumors such as those originating from 
the jejunum and ileum, nor is it able to differentiate colonic 
NETs from the more common adenocarcinoma [54].

Magnetic resonance imaging is the most sensitive in 
detecting liver metastases. Unlike the spiral multiphasic 
contrast- enhanced CT scans, lesions can be visualized with-
out contrast in T1- and T2-weighted sequences, thus decreas-
ing the variability noted with CT scans. In a study evaluating 
64 patients with metastatic gastrointestinal NETs, multipha-
sic MRI was able to detect more liver metastasis than either 
CT scans or octreoscan [55]. However, MRI similar to CT 
scan is also limited by tumor size.

Somatostatin receptor scintigraphy (octreoscan) takes 
advantage of the highly expressed somatostatin recep-
tors on NETs as a mean to detect metastatic disease in the 
whole body. The technique uses a radiolabeled form of the 
somatostatin analog octreotide (11-indium pentetreotide) 
to highlight tumor cells. Older studies reported favorable 
results of octreoscan as compared to other imaging modali-
ties [56]. However, over the past several decades, various 
technological advancements to CT and MRI scans may have 
cast a doubt on its importance in the staging of NETs. The 
addition of single-photon emission computed tomography 
(SPECT) has improved the accuracy of octreoscan to dif-
ferentiation between areas of physiologic and pathologic 
uptake. Furthermore, baseline octreoscan may be useful as 
it may predict clinical response to therapy with somatostatin 
analogs.
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Nevertheless, octreoscan-SPECT accuracy continues to 
be less than that of CT and MRI as demonstrated in a series 
of 121 patients with a GEP-NET [57], where only 79% of 
patients had abnormal findings on octreoscan that correlated 
with the abnormalities noted on cross-sectional imaging. In 
addition, there were no soft tissue abnormalities identified 
by octreoscan-SPECT that were not illustrated on cross- 
sectional imaging. Lastly, octreoscan use is also limited by 
the expression level of somatostatin receptor. Low-expressing 
somatostatin receptor tumors such as poorly differentiated 
NETs are unlikely to be detected on octreoscan imaging.

The guidelines for the use of octreoscan are not consis-
tent; the North American Neuroendocrine Tumor Society 
suggests its use as baseline assessment and to repeat nuclear 
imaging as clinically indicated; the National Comprehensive 
Cancer Network (NCCN) indicates its use as “appropriate”; 
and the European Neuroendocrine Tumor Society proposes 
its use for assessing secondary sites of disease [58–60].

Functional positron emission tomography imag-
ing is a technique that utilizes tracers for functional 
imaging—18-F- dihydroxy-phenyl-alanine (18F-DOPA), 
11-C-5- hydroxytryptophan (11-C-5-HTP), and 68-Ga-DOTA- 
D-Phe1-Tyr3-octreotide (68-Ga-DOTATOC)—which com-
bines high-resolution PET integrated with CT.  These 
modalities provide higher spatial resolution with improved 
sensitivity for small lesions. In recent studies comparing 
integrated PET/CT with octreoscan, octreoscan-SPECT, or 
CT scan alone, PET/CT demonstrated superior sensitivity as 
compared to the other modalities [61, 62].

 Management

In general, evaluation and management of patients with 
NETs includes: radiographic staging and tumor localization; 
pathologic assessment of tumor differentiation and grade; 
surgically resection of the tumor, even if liver metastases are 
present; control of carcinoid symptoms; antitumor therapy 
for unresectable metastatic disease; and surveillance.

Radiographic staging and tumor localization are assessed 
with various imaging modalities as was previously discussed. 
Evaluation of patients with metastatic carcinoid with an 
unknown primary should include an upper and lower endos-
copy, with attention to the terminal ileum. CT enterography 
may serve as an alternative modality for this purpose; how-
ever, video capsule endoscopy is not recommended given the 
risk of capsule retention and bowel obstruction at the site 
of disease. Patients with rectal carcinoids may be evaluated 
with transrectal endoscopic ultrasound (TEUS) to assess for 
tumor size, depth of invasion, and lymph node involvement.

The primary treatment for patients with non-metastatic 
NETs is surgery. The scope of surgery depends on the site of 
origin and size of primary tumor. In patients with metastatic 

disease, surgery provides prolonged control of symptoms 
and tumor growth. To that end, metastasectomy is commonly 
favored over medical therapy if, potentially, resection of liver 
metastases is feasible.

Patients with unresectable disease, or those who con-
tinue to be symptomatic despite resection, are considered 
for systemic therapy. At present, the treatment for patients 
with low-grade (G1) and intermediate-grade (G2) gastroen-
teropancreatic NETs is the same, even though intermediate- 
grade tumors have slightly worse prognosis than low-grade 
tumors [26]. Poorly differentiated NETs are high-grade (G3) 
carcinomas, with a rapid progressive clinical course and a 
poor prognosis, that are generally treated with platinum- 
based chemotherapy regimens similar to small cell lung 
carcinoma. Symptomatic patients from bioactive disease are 
treated specifically depending on the underlying syndrome. 
For example, carcinoid syndrome is initially treated with 
somatostatin analogs, whereas patients with insulinomas 
are treated with carbohydrates and diazoxide that inhibit the 
release of insulin. For those with gastrinoma, high doses of 
oral proton pump inhibitors are considered the initial treat-
ment of choice.

 Surgical Considerations in the Management 
of Gastrointestinal and Pancreatic 
Neuroendocrine Tumors

Surgical resection of the primary tumor and of resectable 
metastatic disease is the cornerstone of therapy for NETs. 
However, in some unique situations, surveillance rather 
than immediate surgery may be the preferred approach. For 
example, the optimal management of small, asymptomatic, 
well-differentiated pancreatic NETs remains controversial. 
Certainly, surgical resection for these tumors has tradition-
ally been associated with excellent survival outcomes [63]. 
However, some investigators have recently questioned the 
need for upfront surgical resection in this clinical situation, 
and have proposed radiographic surveillance as a suitable 
alternative strategy. A recent retrospective, single-institution, 
matched case-control study of 181 patients with sporadic, 
small (<3  cm), stage I–II pancreatic NETs [64] compared 
104 patients who were selected for observation and 77 
patients who underwent resection. At a median follow-up 
of 44 months for the patients in the observation group, the 
median tumor size had not changed and no patient had devel-
oped evidence of metastases. Within the resection group, 6% 
of patients developed recurrence at a median of 5.1 years, 
but no patient in either group died of disease. In contrast, 
an analysis of 380 patients with small (≤2  cm) pancreatic 
NETs from the National Cancer Database [65] showed a 
significant survival advantage for the 81% of patients who 
underwent resection as opposed to the 19% of patients who 

16 Gastroenteropancreatic Neuroendocrine Tumors



276

underwent observation (5-year, 82% vs. 34%, P < 0.0001). 
This difference persisted in multivariate analysis controlling 
for age, tumor size, grade, margin status, and nodal metas-
tasis. It should be noted that this study included patients 
with grade 3 tumors. An additional consideration, which 
may influence decision-making in this clinical situation, is 
that the incidence of nodal metastasis in pancreatic NETs is 
proportional to the size of the primary tumor size: typically 
0% for tumors <1 cm, up to 20% for tumors 1–2 cm, and 
30–40% for tumors 2–3 cm [66]. Taken together, these data 
support the notion that the decision to proceed with surgical 
resection of a small, asymptomatic pancreatic NET should 
be individualized and carefully considered based on the 
extent of the operation required (pancreaticoduodenectomy 
versus distal pancreatectomy, which can typically be per-
formed laparoscopically), the size of the tumor, and the age 
and comorbidities of the patient. Certainly, there is growing 
literature to support a surveillance strategy for small non-
functional tumors, in the head of the pancreas, especially in 
older patients.

Another situation where surgery may be initially deferred 
is patients with small, nonfunctional, pancreatic NETs 
in the setting of MEN-1 syndrome. MEN-1 patients tend 
to have multifocal NETs involving the entire gland, and a 
parenchyma- sparing approach is preferable, as the chance of 
leaving residual small tumors in the pancreatic remnant after 
a partial pancreatectomy is significant. On the other hand, if 
left in situ, pancreatic NETs could metastasize to the liver 
and lead to the patient’s death. A prospective study from the 
NIH [67] has recommended surgical resection for MEN-1 
patients whose pancreatic NETs are larger than 2.5 cm, as 
this size threshold was identified as predictive of the devel-
opment of liver metastases.

Along the same lines, a more conservative approach can 
be employed for type I and II gastric carcinoids. In contrast 
to type III gastric carcinoids, which are sporadic, solitary, 
bulky, and with significant metastatic potential, typically 
requiring surgical resection, type I and II gastric carcinoids 
are usually small and multifocal involving the entirety of the 
stomach, in the setting of hypergastrinemia. The root of the 
problem is pernicious anemia and atrophic gastritis in type 
I patients [68] and Zollinger-Ellison Syndrome in type II 
patients [69]. Diagnosis is usually established by high gas-
trin levels, positive anti-parietal cell antibodies and achlor-
hydria in type I tumors, high gastrin levels and decreased 
gastric PH in type II tumors, and normal gastrin levels in 
type III tumors. Type I and II patients should be treated with 
annual endoscopic surveillance and endoscopic resection of 
small tumors as they appear. There is a small risk of concom-
itant adenocarcinoma with type I gastric carcinoid, which 
may prompt formal surgical resection. The role of antrec-
tomy in type I patients as a way to interrupt the vicious cycle 
of hypergastrinemia remains controversial, as annual endo-

scopic polypectomy will suffice in the majority of cases. On 
the contrary, resection of the gastrinoma in type II patients is 
expected to address the root of the problem and is strongly 
recommended.

In the case of small bowel NETs, resection is routinely 
advised, regardless of size or the presence of metastases, 
to prevent the development of complications from the pri-
mary tumor, such as bowel obstruction or venous intestinal 
ischemia due to the associated desmoplastic reaction in the 
mesentery. Surgeons experienced in the management of 
these tumors are familiar with 5 specific issues unique to 
this situation. First, a prophylactic cholecystectomy should 
be performed as postoperative octreotide therapy may lead 
to cholelithiasis and cholecystitis [70]. Second, in up to 30% 
of cases, these tumors can be multifocal, typically along 
the ileum, so the entire length of the small intestine should 
be carefully examined and palpated intraoperatively, so all 
tumors are found and included in the resection [71]. Third, 
lymph node metastases can track along the ileocolic pedicle 
all the way up to its origin at the level of the duodenum, and 
this entire lymph node-bearing area should be included in the 
resection. Metastatic lymph nodes in this setting are easily 
palpable as they can lead to significant cicatrization (scar-
ring) and shortening of the mesentery. This mesenteric fibro-
sis, however, can make dissection difficult, and particular 
attention is required to preserve the vascular supply of ade-
quate length of the remaining intestine [72]. Fourth, surgeons 
and anesthesiologists should be familiar with and anticipate 
the possibility of carcinoid crisis. This can be precipitated 
by stressful situations (such as induction of anesthesia) and 
can manifest as flushing, bronchospasm, and cardiovascular 
abnormalities, such as tachycardia, arrhythmias, and hypo-
tension, which may not respond to conventional resuscitation 
methods. Carcinoid crisis usually develops in patients with 
previous carcinoid syndrome but can be encountered even in 
patients without it—but with bulky metastatic disease in an 
area draining into the systemic and not the portal circulation 
(such as liver metastases, large retroperitoneal nodal metas-
tasis, ovarian metastasis). Although vasopressors can be used 
to address carcinoid crisis if it develops, it is most optimal 
to prevent carcinoid crisis through the prophylactic admin-
istration of preoperative octreotide bolus (typically 200 mcg 
IV) right before induction of anesthesia, sometimes fol-
lowed by an octreotide continuous infusion intraoperatively 
if extensive metastatic disease in the aforementioned areas is 
present [73]. Last, in patients with long-standing carcinoid 
syndrome, preoperative evaluation with an echocardiogram 
is helpful to identify any changes related to carcinoid heart 
disease, typically manifesting as endocardial thickening of 
the right heart valves [74].

Liver failure due to replacement by tumor is the most com-
mon cause of death in NET patients. Therefore, an aggres-
sive surgical approach to completely resect (or sometimes 
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cytoreduce) NET liver metastases has been traditionally rec-
ommended. In an international registry of 339 such patients, 
this surgical strategy was associated with a 74% 5-year and 
a 51% 10-year survival probability. However, intrahepatic 
recurrence was almost universal at 5 years, supporting the 
notion that this approach is a way to “reset the clock” for these 
patients [75]. For patients who are not candidates for surgery, 
hepatic artery embolization (bland, chemo-, or radio-emboli-
zation) can be utilized as NET liver metastases are typically 
hypervascular and receive their blood supply from hepatic 
artery branches. Intra-arterial therapy can be associated with 
improved hormonal symptom control and/or long-term sur-
vival in this setting. In a multi- institutional database of 414 
such patients, a 30% 5-year survival was noted after hepatic 
artery therapies [76]. Liver transplantation has been advo-
cated in selected patients with bilateral unresectable symp-
tomatic liver NET metastases [77]. Although until now the 
role of liver transplantation in this setting had been consid-
ered at best investigational, a recent report from the National 
Cancer Institute of Milan has shown very promising results 
(89% 10-year survival) in 42 patients who met restrictive cri-
teria (age < 60, low-grade histology G1 or G2, prior removal 
of primary tumor drained by the portal vain, prior removal of 
any extrahepatic disease, involvement of <50% of the liver 
by metastasis, and stable disease/response to therapies for at 
least 6 months before transplant consideration) [78].

 Systemic Therapies

 Well-Differentiated Gastrointestinal 
and Pancreatic Neuroendocrine Tumors

Gastrointestinal and pancreatic NETs may have similar 
characteristics on routine histologic evaluation, but they 
have a different pathogenesis and biology (Table 16.3) [79]. 
Pancreatic NETs have a worse prognosis than carcinoid 
tumors [80] and respond differently to anticancer agents, 
with most agents demonstrating higher response rates among 
patients with pancreatic NETs than in those with carcinoid.

 Somatostatin Analogs (SSAs)

Somatostatin, also known as growth hormone-inhibiting 
hormone (GHIH), is produced by paracrine cells throughout 
the gastrointestinal tract and inhibits gastrointestinal endo-
crine secretion. Somatostatin receptor is a typical G protein- 
coupled receptor with 5 known subtypes that are highly 
expressed on gastrointestinal NETs [81]. The expression 
of somatostatin receptors can be evaluated by octreoscan, 
which uses a radiolabeled form of the somatostatin analog 
octreotide: indium-111 (111-In) pentetreotide.

Somatostatin analogs, which target somatostatin recep-
tor (SSTR)-2 and SSTR-5, are considered to be the initial 
treatment option for patients with unresectable symptomatic 
gastrointestinal NETs. Asymptomatic patients with limited 
tumor burden are generally observed. However, somatosta-
tin analog should be initiated for patients with high tumor 
burden or if tumor progression is documented after an obser-
vation period. A trial of somatostatin analog may also be 
considered in patients with negative octreoscan, given that 
a negative or a positive scan result does not necessarily cor-
relate with responses or duration of disease control in some 
cases, such as carcinoid syndrome and miliary disease spread 
[82]. Nevertheless, resection continues to be preferred over 
medical therapy for those who are amendable to surgery.

Various studies investigating gastroenteropancreatic 
NETs and functional pancreatic NETs have demonstrated 
the effectiveness of somatostatin analogs in controlling the 
symptoms associated with carcinoid syndrome. Control 
of flushing and/or diarrhea was reported in approximately 
50–90% of patients, and reduction in 5-HIAA levels was 
roughly 60–70% [83–87].

Furthermore, somatostatin analogs are effective in 
controlling symptoms associated with functioning pan-
creatic NETs such as VIPomas (diarrhea) and glucagono-
mas (rash). However, they are less effective at controlling 
hormone- related symptoms of insulinomas and gastrinomas. 
Somatostatin analogs may actually worsen hypoglycemia 
symptoms in patients with insulinomas, due to inhibition of 
glucagon secretion.

In addition to symptomatic control, somatostatin analogs 
have been shown to control tumor growth. Various studies 
evaluating patients with NETs have shown prolonged peri-
ods of stability and progression-free survival (PFS), and in 
less than 10% of the cases, objective tumor shrinkage was 
reported [88–90]. This benefit was demonstrated in patients 
with functionally active and inactive tumors. The PROMID 
trial randomized 85 patients with unresectable metastatic 
small bowel gastrointestinal NETs to Sandostatin LAR 
30 mg monthly or placebo. The treatment group time to pro-
gression was 14.3 months, which is significantly longer than 
the 6  months in the placebo group [88]. The CLARINET 
trial was a randomized, placebo-controlled phase III trial 
evaluating the antiproliferative effects of lanreotide in 204 
patients with advanced well-differentiated or moderately dif-
ferentiated, non-functioning gastroenteropancreatic NETs. 
The primary endpoint was PFS as determined by Response 
Evaluation Criteria in Solid Tumors (RECIST) criteria. The 
study demonstrated that at the 2-year time point, PFS was 
not reached in the treatment group, whereas in the placebo 
arm, median PFS was 18 months (hazard ratio [HR] for pro-
gression or death 0.47; 95% CI, 0.30–0.73). The estimated 
rates of PFS at 2 years were 65.1% (95% CI, 54.0–74.1) in 
the lanreotide group and 33.0% (95% CI, 23.0–43.3) in the 
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placebo group. There were no differences in quality of life or 
overall survival [91] (Table 16.4 [88, 91]).

Currently, there are 2 approved somatostatin analogs: 
octreotide and lanreotide, which are available in short- and 
long-acting formulations. Symptomatic patients may initially 
start with a short-acting octreotide and then transition to the 
long-acting formulation with dose titration to optimal symp-
tom control. Sustained release formulations (depot prepara-
tion), octreotide LAR is a once-monthly injection that is now 
considered that standard of care [60, 92]. Typically, the ini-
tial dose is octreotide LAR 20 mg intramuscularly monthly; 
this dose may be escalated up to 60 mg monthly for optimal 
symptom control. However, the efficacy of doses higher than 
30 mg monthly has not been prospectively established [93], 
and doses higher than 60 mg monthly appear to be associated 
with minimal marginal benefit [94].

Lanreotide is another long-acting somatostatin ana-
log approved for the treatment of NETs. It appears to have 
similar clinical efficacy to octreotide [95]. Sustained release 
formulation of lanreotide is administered once monthly as 
a deep subcutaneous injection at doses ranging from 60 to 
120 mg every 4 weeks.

Patients, who experience worsening symptoms toward 
the 4th week of each treatment cycle, may consider add-
ing a short-acting octreotide for breakthrough symptoms, or 
increasing the frequency of administration of the sustained 
release formulation from the usual 4 weeks to 3 weeks. Of 
note, systemic therapeutic levels of octreotide may take 
10–14 days after the initiation of the LAR injection.

Somatostatin analogs are usually well tolerated; nausea, 
abdominal discomfort, bloating, loose stools, and fat malab-
sorption are observed in approximately a third of patients—
usually within the first weeks of treatment. Minor glucose 
intolerance may arise due to transient inhibition of insulin 
secretion. Approximately 25% of patients may develop 
asymptomatic gallstones or sludge due to reduced postpran-
dial gallbladder contractility and delayed emptying [58, 60].

 Interferon Alpha

Patients with advanced NETs have been treated with interferon 
alpha (IFNa) for many decades, but its use has been limited by 

the severity of the side effects including fatigue, myelosuppres-
sion, depression, influenza-like symptoms, weight loss, and 
changes of thyroid function. The European Neuroendocrine 
Tumor Society (ENETS) and the North American 
Neuroendocrine Tumor Society (NANETS) guidelines specify 
the use of IFNa as a second-line therapy for functioning gastro-
intestinal NETs after failure of somatostatin analog; whereas 
the NCCN guidelines indicate its use in patients with progres-
sive metastases for whom there are no other treatment options.

IFNa use has focused on symptomatic control in patients 
with active secretory NETs. In a retrospective series, low- 
dose IFNa reduced the symptoms of hormonal hypersecre-
tion in 40–70% of patients with gastrointestinal NETs and 
stabilized tumor growth in 20–40% [96–98].

IFNa doses range from 3 to 9 million units (MU) subcu-
taneously from 3 to 7 times per week with a usual dose of 3 
to 5 MU/3 times weekly, due to the significant side effects 
associated with the treatment. Pegylated IFN 80 to 150 mcg 
per week subcutaneously may be considered given its bet-
ter tolerance, but the data of its use are limited, and it is not 
approved for this indication [99]. The combination of INFa 
with somatostatin analogs has been evaluated in the litera-
ture, but the results have been inconsistent.

 Molecular Targets

The current understanding of the molecular pathogenesis of 
NETs has shifted the treatment approach in recent years by 
specifically targeting tumor angiogenesis and using it as a 
main focus of many of the current therapies. NETs are highly 
vascular tumors that express several cellular growth factors 
and their receptors, including vascular endothelial growth 
factor (VEGF) and the VEGF receptor (VEGFR). Many of 
these cellular growth factors receptors function as tyrosine 
kinases (TKs) that could be targeted directly or downstream 
through involvement of the mammalian Target of Rapamycin 
(mTOR) pathway [100, 101].

Several studies thus far have documented antitumor activ-
ity associated with TK inhibitor, anti-VEGF monoclonal 
antibody as well as mTOR inhibitors in patients with NETs. 
These studies have led to the approval of some of these 
agents in the United States for treatment of advanced pan-

Table 16.4 Comparative trials with somatostatin analogs

Study Type Tumor Regimen N RR (%) PFS (mo) OS (mo)
Rinke et al. [88] (PROMID) Randomized Carcinoid Octr

Placebo
 85 2 14.3

6
Caplin et al. [91] (CLARINET) Randomized PENT

carcinoid
Lanr
Placebo

101
103

NR
NR

Not reached
18

Lanr Lanreotide, NR not reported, PENT pancreatic neuroendocrine tumor; PFS progression-free survival, RR response rate, Octr octreotide, OS 
overall survival
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creatic NETs. However, the benefit of targeted therapy for 
gastrointestinal NETs is less well-established.

 mTOR Inhibitors

Everolimus is an mTOR inhibitor whose antitumor effect 
was described in an international multicenter phase II trial, 
where patients were stratified by prior octreotide therapy 
to receive everolimus; or everolimus plus octreotide long- 
acting release after failure of cytotoxic chemotherapy in 
patients with metastatic pancreatic neuroendocrine tumors 
(RADIANT-1) [102]. The study results showed a PFS of 
17  months in the combination arm versus 9.7  months 
in the everolimus alone arm, demonstrating the antitu-
mor activity of mTOR inhibitor after failure of cytotoxic 
chemotherapy. But given that the study was not random-
ized, the contribution of octreotide to the higher PFS was 
unclear.

Unlike the response with metastatic pancreatic neuro-
endocrine tumors, metastatic gastrointestinal NETs did not 
show a significant response in a phase II study of 30 patients. 
Partial responses were observed in 17% of patients, but 
the median time to tumor progression was under 8 months 
[103]. Nevertheless, this prompted the RADIANT 2 trial, 
a phase III trial comparing long-acting octreotide with or 
without everolimus in 429 patients [104]. The study showed 
potentially clinically meaningful prolongation in median 
PFS, but a borderline statistical significance (16.4 versus 
11.3 months; hazard ratio [HR] for tumor progression 0.77, 
95% CI, 0.59–1.0). Furthermore, there was no significant 
difference in overall survival. But, after adjusting for ran-
domization imbalances in the study, a significant PFS benefit 
was noted in the everolimus arm (HR for progression 0.62, 
95% CI, 0.51–0.87, P = 0.003) [105].

The follow-up study in advanced progressing pancreatic 
NETs was the RADIANT-3 trial, which was a placebo- 
controlled trial that compared everolimus monotherapy to the 
best supportive care in 410 patients. It demonstrated a sig-
nificant prolongation in median PFS in advanced progressing 
pancreatic NETs (11.0 versus 4.6 months, hazard ratio [HR] 
for progression 0.35, 95% CI, 0.27–0.45) [106]. Based upon 
these data, everolimus was approved in the United States for 
the treatment of pancreatic NETs in patients with unresect-
able local, advanced, or metastatic disease.

While the data on the effectiveness of everolimus is evident 
in advanced pancreatic NETs, its role in advanced gastroin-
testinal NETs is not clear. A phase III study, RADIANT-4, is 
comparing everolimus to placebo in advanced, nonfunctional 
lung or gastrointestinal NETs. The study has completed 
accrual and is waiting on final results, which will provide 
additional information regarding the activity of everolimus 
in the treatment of non-pancreatic NET.

Everolimus is associated with significant side effects 
including rash, fatigue, diarrhea, stomatitis, pneumonitis, 
hyperglycemia, thrombocytopenia, anemia, and infection.

Temsirolimus is another mTOR inhibitor, whose efficacy 
in pancreatic NET was evaluated in a phase II study of 37 
patients. The results did not show significant response, but 
67% of the patients had disease control [107] (Table  16.5 
[102, 104, 106–110]).

 Vascular Endothelial Growth Factor

Bevacizumab is a recombinant humanized monoclonal 
antibody that blocks angiogenesis by inhibiting VEGF-A. 
Its activity was initially demonstrated in a phase II trial 
of 44 patients with metastatic gastrointestinal NETs. 
Patients were randomized to bevacizumab versus pegylated 

Table 16.5 Studies of NETs treated with mTOR inhibitors

Study Type Tumor Regimen N RR (%) PFS (mo) OS (mo)
Duran et al. [107] Non-randomized PENT

carcinoid
Tem 15

21
7
5

10.6
6

NR

Yao et al. [102] (RADIANT-1) Non-randomized PENT Eve
Eve + Octr

115
45

9
4

9.7
16.7

NR

Yao et al. [106] (RADIANT-3) Randomized PENT Eve
Placebo

207
203

5
2

11a

4.6
44
37.7

Pavel et al. [104] (RADIANT-2) Randomized Carcinoid Eve + Octr
Octr

216
213

2
2

16.4a

11.3
NR

Yao et al. [108] (RADIANT-4) Randomized Carcinoid Eve
Placebo

304 2
1

11a

3.9
Kulke et al. [109] (CALGB 80701) Randomized PENT Eve + BEV

Eve
75
75

31a

12
17.7
14

36.7
35

NCT02246127 (SEQTOR) [110] Randomized PENT STZ + 5-FU > Eve
Eve > STZ + 5-FU

180

Bev bevacizumab, Cape capecitabine, Eve everolimus, 5-FU 5-Fluorouracil, mo Month, NR not reported, PENT pancreatic neuroendocrine tumor, 
PFS progression-free survival, RR response rate, Octr octreotide, OS overall survival, STZ streptozotocin, Tem temsirolimus
aStatistical significant difference
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INFa-2b, but eventually patients would receive both treat-
ments if they progressed or reached 18  weeks of treat-
ment [99]. The results showed that 77% of patients treated 
with bevacizumab had stable disease, and after 18 weeks, 
95% of patients treated with the combination remained 
progression- free. These results led to a phase III trial com-
paring octreotide plus bevacizumab to octreotide plus inter-
feron in unresectable or metastatic gastrointestinal or lung 
NETs. The preliminary report presented at the 2015 annual 
American Society of Clinical Oncology (ASCO) meet-
ing showed that radiologic responses were more frequent 
among patients treated with bevacizumab, but median PFS 
was not significantly different [111].

In metastatic pancreatic NETs, the combination of beva-
cizumab and everolimus is being evaluated in a phase II trial 
[109]. Preliminary results presented at the 2015 ASCO meet-
ing demonstrated significantly higher response rates and PFS 
in the combination arm versus everolimus alone, but no overall 
survival benefit was reported (Table 16.6) [99, 109, 111–113].

 Tyrosine Kinase Inhibitors

The activity of TK inhibitor, similar to mTOR inhibitor, has 
been better demonstrated with pancreatic NETs. Sunitinib is a 

multitargeted TK inhibitor with the most experience. Its activ-
ity in pancreatic NETs was initially demonstrated in a phase 
II trial of 109 patients who showed an 18% partial response 
and 68% stable disease [114]. A phase III placebo control 
trial of 171 patients with pancreatic NETs was stopped pre-
maturely prior to the first preplanned interim  efficacy analysis 
[115]. The median PFS was significantly longer with suni-
tinib: 11.4 versus 5.5 months in the control arm. Based upon 
this, sunitinib was approved in the United States.

The other TK inhibitors include sorafenib, a VEGFR-2 
and PDGFR-beta inhibitor, and pazopanib, which tar-
gets EGFR-1, VEGFR-2, VEGFR-3, PDGFR-alpha and 
beta, as well as KIT. The latter was evaluated in a phase 
II single- agent study of 51 patients with advanced NET 
who received pazopanib plus long-acting octreotide. The 
results showed a response rate of 22% in patients with 
pancreatic NETs, but not for gastrointestinal tumors 
[116]. Nevertheless, a randomized phase II trial is being 
conducted by the Alliance for Clinical Trials in Oncology 
Group (ACOG) evaluating the efficacy of pazopanib com-
pared with placebo for patients with advanced carcinoid 
tumors (NCT01841736). Sorafenib’s antitumor effect was 
evaluated in 43 patients with pancreatic NETs. Preliminary 
analysis showed a 9% response [117] (Table 16.7 [114–116, 
118–120]).

Table 16.6 Studies of NETs treated with bevacizumab

Study Type Tumor Regimen N RR (%) PFS (mo) OS (mo)
Yao et al. [99] Randomized Carcinoid Bev + Octr

PEG INF + Octr
44 18

0
16.5
14

NR

Hobday et al. [112] Non-randomized PENT Bev 22 9 13.6 NR
Yao et al. [111] (SWOG S0518) Randomized Carcinoid Bev + Octr

PEG INF + Octr
423 12

4
16.6
14.5

NR

Hobday et al. [112] Non-randomized PENT Bev + Tem 58 41 13.2 34
Kulke et al. [109] (9CALGB 80701) Randomized PENT Eve + BEV

Eve
75
75

31a

12
17.7
14

36.7
35

NCT01525082 [113] Non-randomized PENT Bev + Cape + Tem 180

Bev bevacizumab, Cape capecitabine, mo Month, NR not reported, PENT pancreatic neuroendocrine tumor, PEG INF Pegylated interferon 
Alpha-2b, PFS progression-free survival, RR response rate, Octr octreotide, OS overall survival, Tem temsirolimus
aStatistical significant difference

Table 16.7 Studies of NETs treated with tyrosine kinase inhibitors

Study Type Tumor Regimen N RR (%) PFS (mo) OS (mo)
Hobday et al. [118] Non-randomized PENT

carcinoid
Sorafenib 43

50
10
10

NR NR

Kulke et al. [114] Non-randomized PENT
carcinoid

Sunitinib 66
41

17
2

7.7
10.2

NR

Raymond et al. [115] Randomized PENT Sunitinib
Placebo

171 9
0

11.4a

5.5
NR

Phan et al. [116] Non-randomized PENT
carcinoid

Pazopanib + Octr 32
20

22
0

14.4
12.2

25
18.5

NCT01465659 [119] Non- randomized PENT Pazopanib + TMZ 39
NCT01841736 [120] Randomized Carcinoid Pazopanib

Placebo
165

mo month, NR not reported, PENT pancreatic neuroendocrine tumor, PFS progression-free survival, RR response rate, Octr octreotide, OS overall 
survival, TMZ temozolomide
aStatistical significant difference
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 Cytotoxic Chemotherapy

The benefit of cytotoxic chemotherapies in pancreatic NETs 
is well documented, and its use is encouraged in symptom-
atic patients with increasing tumor bulk or rapid progres-
sion. However, in gastrointestinal NETs, the benefit is less 
clear with rare objective radiologic responses and a lack of 
a substantial progression-free survival or overall survival 
benefit in clinical trials. Therefore, the NANETS, ENETS, 
and NCCN guidelines indicate that chemotherapy may be 
considered in patients with progressive disease for whom no 
other treatment options are available.

 Streptozocin

Historically, streptozocin-based combination therapy has 
been the standard treatment for patients with advanced pan-
creatic NETs, and it is the most studied in gastrointestinal 
NETs. Various trials evaluating streptozocin combination 
with fluorouracil, bevacizumab, or cyclophosphamide in 
gastrointestinal NETs did not show substantial radiographic 
response rate nor statistically significant median survival 
benefit (Table  16.8) [121–129]. However, in pancreatic 
NETs, the antitumor effects have been well established in 
an early randomized trial of streptozocin plus doxorubicin 
and subsequent retrospective analyses of streptozocin plus 
doxorubicin and/or fluorouracil [125, 130, 131]. But, given 
streptozocin cumbersome administration schedule and sig-
nificant toxicity, its use has been limited.

Dacarbazine is an alkylating agent that is similar to strep-
tozocin with its activity against pancreatic NET but also 
with its associated toxicity. In an ECOG phase II trial of 42 

patients with advanced pancreatic NETs, dacarbazine was 
shown to have an objective response rate of 33% [132]. In 
a Southwest Oncology Group (SWOG) phase II trial in gas-
trointestinal NETs, patients received dacarbazine; the overall 
tumor response rate was 16% [133]. Nausea and/or vomiting 
were reported in 88% of patients.

Temozolomide is an oral analog of dacarbazine that is 
better tolerated. In a retrospective series of patients with 
NETs, temozolomide’s single-agent activity was demon-
strated in pancreatic NETs with a reported objective tumor 
response of 34%. However, only 2% of patients with 
gastrointestinal NETs had an objective tumor response 
[126]. Similarly, the combinations of temozolomide with 
thalidomide, bevacizumab, or everolimus in pancreatic 
NETs have also been shown to improve overall response 
rates [134–136]. Furthermore, temozolomide in combi-
nation with capecitabine has shown promise in a retro-
spective study of 30 patients with metastatic pancreatic 
NETs with a 70% response rate [127]. An ongoing phase 
II trial by ECOG is currently recruiting to evaluate temo-
zolomide plus capecitabine versus temozolomide alone 
(NCT01824875).

The data for oxaliplatin-containing regimens in advanced 
gastrointestinal and in pancreatic NETs have been limited. 
Primary reporting from a phase II trial has hinted of the anti-
tumor effects of capecitabine in combination with oxaliplatin 
and bevacizumab. Preliminary reports have indicated partial 
response and stable disease [137]. Furthermore, the combi-
nation of capecitabine and bevacizumab was evaluated in a 
phase II tail of 49 patients with metastatic gastrointestinal 
NETs. The study showed 18% partial response and 70% 
stable disease, but 84% of patient experienced grade 3 or 4 
treatment-related toxicity [138].

Table 16.8 Studies of NETs treated with chemotherapy

Study Type Tumor Regimen N RR (%) PFS (mo) OS (mo)
Moertel and Hanley [121] Randomized Carcinoid 5-FU + STZ

CTX + STZ
118 33

26
NR
NR

NR
NR

Moertel et al. [124] Randomized PENT 5-FU + STZ
STZ

84 63
36

NR
NR

26
16.5

Moertel et al. [125] Randomized PNET DOX + STZ
5-FU + STZ

105 69a

45
20a

6.9
26.4a

16.8
Sun et al. [123] Randomized Carcinoid 5-FU + STZ

5-FU + DOX
176 16

15.9
5.3
4.5

24.3a

15.7
Kulke et al. [126] Retrospective PENT TMZ combinations 53 34 13.6 35.3
Strosberg et al. [127] Non-randomized PENT TMZ + Cape 30 70 18 NR
Meyer et al. [128] Randomized PENT/others STZ + Cape + Cisp

STZ + Cape
86 16

12
9.7
10.2

27.5
26.7

NCT01824875 (ECOG 2211) [129] Randomized PENT TMZ + Cape
TMZ

145

Cape capecitabine, Cisp Cisplatin, CTX cyclophosphamide, DOX doxorubicin, 5-FU 5-Fluorouracil, mo Month, NR not reported, PENT pancreatic 
neuroendocrine tumor, PFS progression-free survival, RR response rate, OS overall survival, STZ streptozotocin, TMZ temozolomide
aStatistical significant difference
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 Poorly Differentiated Neuroendocrine 
Carcinomas

Toxic chemotherapy is the main treatment option for gastro-
enteropancreatic neuroendocrine carcinomas. Unfortunately, 
given the lack of data from prospective trials, treatment 
approaches are based primarily on retrospective reports and 
extrapolated recommendations for small cell lung cancer. 
Patients with poorly differentiated neuroendocrine carci-
nomas carry a poor prognosis given the rapid disease pro-
gression and high tendency for metastatic spread, even in 
patients with clinically localized tumors. As surgery alone is 
rarely curative, chemotherapy is the mainstay of treatment.

NANETS and ENETS guidelines, which are based on a 
small number of studies and inferred data for small cell can-
cer, recommend platinum-based regimen, generally cisplatin 
or carboplatin plus etoposide for 4–6 cycles, for initial sys-
temic therapy [25, 139, 140]. Alternatively, irinotecan plus 
cisplatin combination may be used [141]. A platinum plus 
etoposide regimen may be considered as definitive or neoad-
juvant, depending on whether surgical resection is feasible. 
However, distant recurrences are far more frequent than local 
recurrences, and almost all patients relapse and die of their 
disease.

The benefit of platinum (cisplatin) plus etoposide was ini-
tially noted in a study of 45 patients with metastatic NETs, 
of which 18 patients were classified as having neuroendo-
crine carcinomas. The patients were treated with etoposide 
130 mg/m2 per day on days 1–3 and cisplatin 45 mg/m2 per 
day on days 2 and 3. Out of the 18 patients with neuroendo-
crine carcinomas, 12 (67%) experienced objective response 
and 3 complete regression. The median duration of regres-
sion was 8 months [139]. In another retrospective analysis of 
41 patients with gastroenteropancreatic neuroendocrine car-
cinomas treated with etoposide 100 mg/m2 per day on days 
1 through 3 and cisplatin 100 mg/m2 on day 1 every 21 days, 
42% of patients had an objective response and 4 complete 
responses. The median duration of response was 9.2 months, 
with a median survival of 15 months [140].

The efficacy of cisplatin versus carboplatin plus etoposide 
was assessed in a large Nordic consortium retrospective study 
of 252 patients with gastroenteropancreatic neuroendocrine 
carcinomas. The data did not show significant differences 
in outcomes whether patients were treated with cisplatin or 
carboplatin. The response rate was 31%, progression- free 
survival was 4 months, and median survival was 11 months. 
Interestingly, Ki-67 higher than 55% was predictive for 
response to chemotherapy, as tumors with Ki-67 below 55% 
were less responsive to platinum-based chemotherapy, with 
a response rate of 15% versus 42% in high Ki-67 tumors. 
Furthermore, median overall survival was significantly lon-
ger in high Ki-67 tumors (14 versus 10 months) [142].

Irinotecan as a substitute for etoposide was validated as 
an alternative first-line regimen in small cell lung cancer, 
and preliminary experience in gastroenteropancreatic neu-
roendocrine carcinomas has been promising [141, 143]. 
However, there are no trials directly comparing both regi-
mens as of now; a phase III study is currently ongoing in 
Japan.

The addition of paclitaxel to platinum plus etoposide was 
evaluated in a single-arm phase II trial of 78 patients in meta-
static poorly differentiated neuroendocrine carcinoma. The 
results showed an overall response rate of 53%, and median 
survival was 14.5 months, but grade 3 and 4 toxicities were 
frequent [144]. However, given that the 3-drug regimen 
was not directly compared to platinum-based doublet, it is 
unclear if these results represent improvement.

The data in second-line therapy is very limited with no 
established standard regimen. Patients who progress more 
than 3 months after completion of first-line treatment may 
still respond to platinum regimen as described in the Nordic 
neuroendocrine carcinoma study. Patients retreated with the 
platinum doublet had a response rate of 15% and 27% stable 
disease [142].

Other systemic treatments include oxaliplatin, irinotecan, 
topotecan, and temozolomide-based chemotherapy. A study 
evaluating 17 patients treated with oxaliplatin, fluorouracil 
plus leucovorin (FOLFOX) after progression on platinum- 
based regimen reported 29% of patients had partial response 
and 33% stable disease [145]. Irinotecan, fluorouracil plus 
leucovorin (FOLFIRI) efficacy was assessed in a study of 19 
patients with platinum-resistant neuroendocrine carcinoma. 
The response rate was 31%, and median PFS was 4 months 
[146]. Recently, a 2-case study evaluating the effectiveness 
of oxaliplatin, irinotecan, fluorouracil plus leucovorin (mod-
ified FOLFIRINOX) reported promising results [147].

The activity of topotecan is well established in small 
cell lung cancer, but in a small retrospective analysis of 22 
patients with gastroenteropancreatic neuroendocrine car-
cinomas, 77% of patients had immediate disease progres-
sion, 23% had stable disease, and median survival was only 
3.2 months [148].

Finally, temozolomide-based treatment, which is used 
in the second-line setting, has not been convincing. A study 
evaluating 25 patients with gastroenteropancreatic neuro-
endocrine carcinomas who received temozolomide with 
or without capecitabine and bevacizumab reported a 33% 
response rate, 38% stable disease, and 22  months median 
overall survival [149]. However, in a study of 28 patients 
treated with temozolomide monotherapy, there were no 
responses, and median survival was only 3.5 months [150]. 
Patients with Ki-67 below 50% did better with median sur-
vival of 10.9 versus 2.7 months in patients with high Ki-67 
(>50%).
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As noted earlier, several studies have challenged the 
assumption that poorly differentiated histology and high 
tumor grade are equivalent [5, 151]. It seems that a small 
subset of patients with neuroendocrine tumors that appear 
histologically well or moderately differentiated are asso-
ciated with Ki-67 proliferation indices higher than 20%, 
usually in the 20–55% range [152]. Multiple studies have 
showed low response rates to platinum plus etoposide regi-
mens in this subset, and the appropriate systemic therapy 
remains unclear [142, 152]. Possible treatment may include 
somatostatin analogs, molecularly targeted such as mTOR, 
and VEGF inhibitors, temozolomide or chemotherapy. More 
studies are required.
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Gastrointestinal Stromal Tumors

Neeta Somaiah, Ridhi Gupta, and Shreyaskumar R. Patel

 Introduction

Gastrointestinal stromal tumors (GISTs) are the most com-
mon mesenchymal tumors of the gastrointestinal (GI) tract 
but as a group accounts for <1% of all GI tumors. They are 
thought to develop from connective tissue precursors in the 
GI tract—either the interstitial cells of Cajal or their pluripo-
tent stem cell precursor. They rank a distant third in terms of 
prevalence among the different histologic subtypes of tumors 
of the GI tract after adenocarcinomas and lymphomas [1–3]. 
The diagnosis of GIST was underestimated prior to it being 
characterized molecularly, but recent experience from epide-
miologic studies suggests that the annual incidence of GIST 
in the United States is at least 4000–6000 new cases (roughly 
7–20 cases per million per year) [4–7].

GIST remains a classic example of the successful applica-
tion of translational therapeutics in oncology, where the dis-
covery of the molecular abnormalities characterizing GIST 
cells led to the use of a small-molecule inhibitor, imatinib, 
that revolutionized the treatment and outcomes for GIST 
patients [8, 9].

 Presentation and Workup

GISTs arise as submucosal tumors in the GI tract that mostly 
grows parallel to the luminal structure but can also grow as 
exophytic masses. Primary GIST can grow anywhere along 
the GI tract but most commonly arise from the stomach (50–
70%), followed by the small intestine—jejunoileum (35%), 

then the colon, rectum, anus (5–15%), and occasionally in 
the esophagus and other sites (<5%) [10–13]. Rarely, these 
tumors can arise from extra-intestinal sites, such as the 
omentum, gallbladder, urinary bladder, pancreas, prostate, 
and adrenal gland [14–18]. They can range in size from sub-
centimeter masses to as large as 40 cm. The clinical presen-
tations vary depending on the site of origin, size of the tumor, 
and pattern of growth. Most common sites of metastasis 
occur in the liver and peritoneum but metastatic disease has 
been described in the lung, bones, brain, and subcutaneous 
tissues as well. Metastases to these rare sites have gone down 
significantly, to <5%, since the advent of imatinib [19, 20].

 Clinical Features

Approximately, 70% of patients are symptomatic, 20% are 
asymptomatic, and 10% of cases are detected on autopsy 
[21]. Most symptomatic patients have tumors >5 cm in size 
and they usually present with either one or a combination of 
the following [22–24]:

• Nonspecific symptoms of fatigue, weakness, abdominal 
discomfort, early satiety.

• Overt GI bleeding and hemorrhage from the tumor.
• Palpable mass and in some cases with mass effect, which 

can cause site-specific symptoms of dysphagia (esopha-
gus tumor), constipation, bowel obstruction, intussuscep-
tion, or obstructive jaundice (duodenal). More serious 
presentations, such as bowel perforations, have also been 
reported and are associated with poorer prognosis.

• Abdominal pain is less common as a presenting 
symptom.

• Paraneoplastic syndromes can occur infrequently. 
Hypercalcemia can be seen in the metastatic setting likely 
from elevated calcitriol [25–27]. Hypothyroidism (pro-
posed mechanism is an excessive degradation of thyroid 
hormone caused by overexpression of the thyroid hormone- 
inactivating enzyme type 3 iodothyronine deiodinase [D3]) 
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and hypoglycemia (associated with high tumor  burden and 
high levels of insulin-like growth factor II [IGF- II]) have 
also been reported [28, 29].

The peak incidence is in the fifth–sixth decades of life but 
there is a subset of GIST that arises in the pediatric popula-
tion. The molecular makeup of tumors in this population 
tends to be different than adult-onset GIST and occasionally 
is associated with defined syndromes such as Carney triad 
seen in young women and Carney-Stratakis syndrome [21, 
30, 31]. Per the Surveillance, Epidemiology, and End Results 
(SEER) database from 1992 to 2000, there is a slightly higher 
prevalence in males at 54% compared to females at 46% 
[32]. GISTs have no known racial preference. Based on a 
report by Cheung et al. of the 3795 patients diagnosed with 
mesenchymal tumors from the SEER database from 1992 to 
2005, >88% of tumors were identified as GIST and the racial 
distribution included 72.2% Caucasians, 15.6% African 
Americans, and 9.1% Hispanics [33].

 Diagnostic Workup

GIST may be suspected by finding of a subepithelial mass on 
endoscopy (EGD) or endoscopic ultrasound (EUS) or as an 
incidental finding on computed tomography (CT) scans or 
ultrasound that was performed for symptoms of abdominal 
pain, mass, or other symptoms. Contrast-enhanced CT scan 
(CECT) is the imaging of choice to help characterize an 
abdominal mass, organ of origin, extent of disease, and pres-
ence of metastatic disease. Magnetic resonance imaging 
(MRI) may also be used and has comparable yield as CECT, 
but is more expensive and time-consuming. MRI may be pre-
ferred for GISTs at specific sites such as the rectum and liver 
or in cases where iodinated contrast is contraindicated.

EUS is useful to further characterize a gastric mass identi-
fied on endoscopy, and tumors that disrupt the normal tissue 
planes, contain cystic spaces, and are noted to have lymphade-
nopathy are more likely to be malignant [34–36]. Endoscopic-
guided fine needle aspiration (FNAC) or core biopsy is the 
preferred method for a biopsy as there is a theoretical risk of 
peritoneal seeding with a percutaneous biopsy secondary to 
the rupture of the tumor capsule. However, in the post-ima-
tinib era, percutaneous biopsies do not appear to negatively 
impact outcome [37, 38]. If there is a high suspicion of GIST 
based on clinical and radiological features and the tumor is 
easily resectable, then a preoperative biopsy is not always 
required. If neoadjuvant imatinib to downsize the tumor would 
be beneficial, then obtaining a good quality pretreatment core 
biopsy is important to confirm the diagnosis, check for muta-
tions, and provide information on the mitotic rate, which is 
important for risk assessment. In the case of metastatic dis-
ease, the most accessible metastasis should be biopsied.

Positron emission tomography (PET) scanning using 
fluoro- deoxyglucose (FDG) has a sensitivity of 86–100% 
for detecting GIST but is not specific for making a diagno-
sis. This high sensitivity makes it a good modality for initial 
staging to pick up metastases and for detecting response to 
imatinib. Early tumor response can be appreciated with a 
marked decrease in activity noted as early as 24 hours after 
treatment initiation [39]. Stroobants and colleagues in 2003 
reported on PET scanning on 21 patients with soft tissue 
sarcomas (17 with GISTs) prior to beginning therapy and 
then 8  days after commencing therapy with imatinib. 
Responses were detected in 13 patients with GIST after just 
8 days of therapy; and at 8 weeks, CT evidence of response 
was seen in 10 out of the 13 patients. This feature is helpful 
in management of GIST, especially in cases when response 
assessment with standard imaging is ambiguous 
(Fig. 17.1a–e) [40, 41].

 Pathology and Pathogenesis

Initially, GISTs were thought to arise from stromal/mesen-
chymal elements based upon their histology. They can be 
classified into three histologic patterns: predominantly spin-
dle cell (70%), epithelioid (20%), or both (10%) (Fig. 17.2a–
d) [13]. The most critical breakthrough in our understanding 
of these tumors was the identification of the near universal 
expression of CD 117 (KIT) and the discovery of KIT (v-kit 
Hardy-Zuckerman 4 feline sarcoma viral oncogene homo-
logue) proto-oncogene mutations that play a critical role in 
the pathogenesis of these tumors [42].

 Histopathology

Immunohistochemical staining for KIT (CD117) can be 
detected in approximately 95% of GISTs and helps distin-
guish them from other GI tract sarcomas [5]. The 4–5% of 
GISTs that do not stain for KIT can pose a diagnostic chal-
lenge and mutation testing for KIT and PDGFRA should be 
performed if the tumor has a typical GIST morphology. In 
addition, DOG1 (discovered on GIST) immunohistochemi-
cal staining may be useful as it is a highly sensitive marker 
for GIST, and a subset of the KIT-negative GISTs expresses 
it [43]. It is important to remember that though KIT staining 
is considered diagnostic for GIST, there are a number of non- 
GISTs that can be positive for KIT, such as metastatic mela-
noma, angiosarcoma (50%), Ewing’s sarcoma family of 
tumors (50%), childhood neuroblastoma (30%), extramedul-
lary myeloid tumor, seminoma, and small-cell lung carci-
noma. Thus, to make a diagnosis based on histologic 
evaluation, immunohistochemistry and molecular analysis 
are needed. Because of similarities in the staining patterns, 
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Fig. 17.1 (a) Baseline computed tomography (CT) scan (coronal 
image) of small-bowel gastrointestinal stromal tumor (GIST). (b) 
Pseudoprogression on imatinib leading to increased mass effect from 
the predominantly cystic mass. (c) Continued therapy for over a year 
with imatinib leading to eventual involution of the mass. Fibrosis and 

inflammation of the wall secondary to tumor fistulization with bowel. 
(d, e) Positron emission tomography (PET) CT scan images of small- 
bowel GIST treated with tyrosine kinase inhibitors before (a) and after 
treatment (b). PET CT helps in differentiating a response despite the 
presence of a remnant mass posttreatment (blue arrows)
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the interstitial cells of Cajal or its stem cell precursors are the 
likely cells of origin of GIST [1, 2].

 Molecular Classification

In approximately 85% of GISTs, the pathogenesis is linked 
to a mutation in the KIT proto-oncogene leading to constitu-
tive activation of the receptor. The majority of the primary 
KIT gene mutations affect exon 11 (approximately 75%), 
coding for the juxta-membranous domain causing ligand- 
independent receptor activation, followed exon nine muta-
tions (seen most commonly in intestinal GISTs) and rarely in 
exon 13 or 17 [44–46].

Approximately, 5% of GISTs, or 35% of GISTs lacking 
KIT mutations, have activating mutations in platelet-derived 
growth factor alpha (PDGFRA), coding for a related receptor 

tyrosine kinase [47, 48]. The majority of these mutations are 
seen in gastric GISTs and most mutations are seen in exon 18 
encoding for tyrosine kinase domain 2; a few others occur in 
exon 12 (juxtamembrane domain) and rarely in exon 14 
(tyrosine kinase domain 1) [44].

There are approximately 10–15% of GISTs that do not 
contain mutations in either KIT or PDGFRA and are fre-
quently referred to as wild-type GISTs. These tumors have 
alternative activating pathways. Approximately, 7.5% of 
patients with gastric GIST have loss of function mutations in 
succinate dehydrogenase (SDH) gene subunits or loss of 
SDHB protein expression, known as SDH-deficient GIST, 
and most of them manifest before the age of 40 [49–53]. A 
key oncogenic mechanism in these tumors is a defect in 
energy metabolism. The most commonly mutated SDH sub-
unit is SDHA, with an estimated frequency of 28% of all 
SDH-deficient GISTs. These can be seen in children as well 

a b

c d

Fig. 17.2 (a) Low-power view of submucosal gastric gastrointestinal 
stromal tumor (GIST). Epithelioid features were identified on higher 
magnification. H& E, 2×. (b) High-power view of a gastric spindle cell 
GIST showing the characteristic elongated, spindled cells with scat-
tered paranuclear vacuoles, and eosinophilic fibrillary cytoplasm. H &E 

stain, 40×. (c) High-power view of a gastric epithelioid GIST. H & E, 
40×. (d) DOG-1 immunohistochemical stain shows positive membra-
nous and cytoplasmic staining in a gastric spindle cell GIST. DOG-1 
stain, 40×. (Pictures courtesy of Dr. Sherry Okun of Medical University 
of South Carolina)
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as adults and their spectrum of clinical behavior can vary 
from indolent to aggressive [54]. Typical of SDH-deficient 
GISTs is overexpression of insulin-like growth factor 1 
receptor (IGF1R) gene, possibly by gene amplification [55]. 
As a result, IGF1R signaling is activated, and this has been 
investigated as a potential therapeutic target. BRAF exon 15 
mutations (V600E) have been seen in ≤1% of GISTs, mainly 
in the subset with high-risk intestinal GIST that is negative 
for PDGFR/KIT mutations [56, 57]. These various primary 
driver mutations in GIST tend to be mutually exclusive.

 Etiology

The majority of GIST cases are sporadic and only less than 
5% are associated with syndromes or are familial. The report 
by Nishida and colleagues in 1998 was the first to identify a 
specific germline mutation as the cause of an inherited pre-
disposition to GIST [58]. There are now 24 reported kin-
dreds, the majority with germline KIT mutations, some with 
PDGFRA that have associated familial GIST with an autoso-
mal dominant inheritance pattern, and the median age at 
diagnosis tends to be at least a decade younger than typical 
for sporadic GIST [59].

Neurofibromatosis Type 1 (NF1; von Recklinghausen’s 
disease) is a complex disorder characterized by cutaneous 
(café au lait spots, axillary and inguinal freckling, dermal 
neurofibromas) and ocular (hamartomas in the iris, Lisch 
nodules) manifestations and a predisposition to various 
nervous system tumors. GISTs represent the most common 
gastrointestinal manifestation of NF1 and tend to be diag-
nosed in the fifth or sixth decade of life with a slight female 
predominance [60, 61]. Approximately, half of the cases, 
however, occur in the absence of a family history of NF1 
and are presumably the result of a de novo mutation. 
Unlike in sporadic and familial GIST where the interstitial 
cell of Cajal hyperplasia is believed to be a direct conse-
quence of constitutive KIT activation, in NF1, it might be 
secondary to NF-1 haploinsufficiency [62]. The emergence 
of GIST is likely due to subsequent loss of heterozygosity 
at NF-1 and accumulation of additional chromosomal 
alterations.

Carney-Stratakis syndrome is an autosomal dominant 
syndrome with incomplete penetrance and variable manifes-
tation resulting from a germline mutation in a subunit of suc-
cinate dehydrogenase (SDHB, SDHC, or SDHD). Affected 
individuals are predisposed to developing paraganglioma, 
GIST, or both [63–66]. Carney-Stratakis syndrome is differ-
ent from Carney’s triad, which is a rare nonheritable syn-
drome associated with gastric GIST, paraganglioma, and 
pulmonary chondroma in young women [67]. Approximately, 
150 cases have been reported so far [68]. GISTs associated 
with Carney’s triad also show loss of expression of SDHB by 

immunohistochemistry, but associated SDH gene mutations 
have not been identified [69, 70].

Even patients with sporadic GIST (nonfamilial/nonhe-
reditary) have been reported to have a slightly increased risk 
of developing clinically detectable synchronous and meta-
chronous malignancies, including breast cancer, prostate 
cancer, renal cell cancer, lung cancer, melanoma, and leuke-
mia [71–77]. More research will shed light on the genetic 
predisposition leading to this increased incidence of second 
primary cancers.

 Prognostic Factors and Risk Stratification

GISTs can have variable clinical behaviors, but it is now 
clear from large and long-term follow-up studies that all 
GISTs have malignant potential [60]. Specific tumor charac-
teristics can help predict the risk for recurrence and metasta-
sis in patients with primary resectable GIST.

Tumor size and mitotic rate are key elements in risk strati-
fication and formed the basis of the 2002 National Institutes of 
Health (NIH) consensus for risk stratification for GIST [78]. 
This report by Fletcher et al. categorized tumors as very low 
risk (<2 cm and <5 mitoses/50 high-power fields [HPF]), low 
risk (2–5 cm and <5 mitoses/50 HPF), intermediate (<5 cm 
and 6–10 mitoses/50 HPF or 5–10  cm and <5 mitoses/50 
HPF), and high risk (>5 cm and >5 mitoses/50 HPF or >10 cm 
and any mitotic rate). This prediction scheme was validated in 
subsequent population studies of primary GIST recurrence 
[21, 79, 80]. A long-term follow-up study of more than 1600 
patients formed the basis for the updated guidelines proposed 
by Miettinen and Lasota in 2006 for the risk stratification of 
primary GIST based on mitotic index, size, and anatomic loca-
tion of tumor [81]. This confirmed the findings of prior smaller 
studies showing the importance of location in prognosis [13]. 
The risk of recurrence is higher for non-gastric GISTs than for 
gastric GISTs of the same size and mitotic count. Additional 
studies confirmed this risk stratification model, showing ana-
tomic location as an independent prognostic factor and also 
noted that within the “high-risk” category (tumor size > 5 cm 
and mitotic count > 5 per 50 HPFs) one can separate a “very 
high-risk” category with tumor size  >  10  cm and mitotic 
count  >  5 per 50 HPFs or tumor size  >  5  cm and mitotic 
count > 10 per 50 HPFs [22, 82, 83]. Of all the variables, the 
mitotic rate of >5/50 HPF remains the critical factor in predict-
ing a high recurrence rate [84, 85].

The NCCN (National Comprehensive Cancer Network) 
GIST Task Force adapted the Miettinen and Lasota criteria 
for their report, and this remains the most widely used meth-
ods to predict risk of recurrence after resection of primary 
GIST (Table 17.1) [13, 22].

DeMatteo and colleagues also developed a nomogram to 
predict relapse-free survival at 2 and 5 years based on tumor 
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size, mitotic index, and site from 127 patients treated at one 
institution [86]. This was then tested and validated in patients 
from the Spanish Group for Research on Sarcomas (GEIS; 
212 patients) and the Mayo Clinic (148 patients). The nomo-
gram achieved a strong concordance probability, and the pre-
dictions were well calibrated. This nomogram accurately 
predicts recurrence-free survival (RFS) after resection of 
localized primary GIST, and is another useful tool in the 
selection of patients for postoperative imatinib therapy [87].

Tumor rupture (either at surgery or spontaneously), 
incomplete resection, a high Ki-67 (cellular proliferation) 
index, and SLITRK3 expression are also reported to impact 
disease-free survival and are correlated with poorer outcome 
[81, 88–90].

The nature of mutations in GIST has also been evaluated 
for their prognostic significance [91, 92]. Some studies 
showed that KIT exon 11 deletions are associated with a 
worse outcome. However, KIT exon 11 mutations can also be 
detected in incidental GISTs with a more benign clinical 
course (incidental, <1 cm tumors that are mitotically inac-
tive) [93–95]. Variability in the prognosis has been shown 
depending on the type of KIT exon 11 mutation as well [96, 
97]. In the study by Dematteo et al., KIT exon 11 mutations 
or insertions were found to be favorable; however, deletions 
involving codons 557–558 and KIT exon 9 mutations had a 
worse prognosis, but this was not significant on multivariate 
analysis [86]. In this study, PDGFR mutations did not cor-
relate with outcome but in other studies PDGFRA mutations 
have been shown to be less aggressive with a lower recur-
rence rate as compared to those with KIT mutations [98, 99]. 
Given the conflicting data, the type of mutation is not rou-
tinely used for prognostication but has value in predicting 
response to tyrosine kinase inhibitor (TKI) therapy as 
described later in the chapter.

 Treatment

While surgery remains the mainstay of curative therapy, the 
addition of imatinib has significantly improved progression- 
free survival (PFS) and overall survival (OS) in patients with 
localized or metastatic GIST. GISTs are resistant to conven-
tional chemotherapy and radiation, and hence prior to ima-
tinib, there was no effective treatment for GISTs except 
surgery. A simplified treatment algorithm for newly diag-
nosed GIST is outlined in Fig. 17.3.

 Management of Localized Primary 
Gastrointestinal Stromal Tumor

 Principles of Surgery for Localized 
Gastrointestinal Stromal Tumor

The goal of surgery is to perform a complete resection with 
an intact pseudo capsule, microscopic negative margins 
(R0), and minimal morbidity and visceral disruption. There 
are no data supporting the need for the same wide margins of 
resection for GISTs as there are for adenocarcinomas [100]. 
In general, primary tumors do not invade additional sur-
rounding organs, despite appearances on CT scans, and may 
be removed with a wedge or segmental resection of the 
involved stomach or bowel [100]. Lymph node dissection is 
not generally indicated since lymph nodes are rarely 
involved, except in the case of an SDH-deficient gastric 
GIST.  Lymphadenectomy should be considered, if patho-
logic lymphadenopathy is noted at the time of surgery. Tumor 

Table 17.1 Risk of recurrence/metastases of GIST based on tumor 
location, size, and mitotic rate

Site
Mitotic rate 
per 50 HPF Size (cm)

Risk of progressive 
disease

Stomach ≤5 ≤2 None (0%)

>2 to ≤5 Very low (1.9%)

>5 to ≤10 Low (3.6%)

>10 Moderate (10%)
>5 ≤2 None (0%)a

>2 to ≤5 Moderate (16%)

>5 to ≤10 High (55%)

>10 High (86%)
Duodenum <5 ≤2 None (0%)

>2 to ≤5 Low (8.3%)

>5 to ≤10 Insufficient data

>10 High (34%)
>5 ≤2 Insufficient data

>2 to ≤5 High (50%)

>5 to ≤10
>10

Insufficient data
High (86%)

≤2 None

Jejunum/
Ileum

<5 >2 to ≤5 Low (4.3%)

>5 to ≤10 Moderate (24%)

>10 High (52%)
>5 ≤2 High (50%)a

>2 to ≤5 High (73%)

>5 to ≤10 High (85%)

>10 High (90%)
Rectum <5 ≤2 None

>2 to ≤5 Low (8.4%)

>5 to ≤10 Insufficient data

>10 High (57%)
>5 ≤2 High (54%)

>2 to ≤5 High (52%)

>5 to ≤10 Insufficient data

>10 High (71%)

Adapted from Miettinen and Lasota (2006) and NCCN GIST task force 
report (2010) [13, 22]
HPF High-power field
aSmall number of cases; Insufficient data: too few cases in this category
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rupture at the time of surgery and positive margins has been 
associated with increased risk for tumor recurrence. However, 
in the imatinib era, patients who have had a complete resec-
tion of all macroscopic disease but still have positive micro-
scopic margins (R1 resection) might not require re-excision 
and should be carefully reviewed by a multidisciplinary team 
of surgical oncologists, pathologists, and medical oncolo-
gists to assess the need for re-excision.

Tumors ≥ 2 cm in the stomach and any size tumors in the 
colon and rectum should ideally be resected, but incidental 
gastric GISTs that are <2 cm could be observed since their 
natural history is unknown and they might follow a more 
benign course [38]. Subcentimeter gastric GISTs have been 
reported in 22.5% of autopsies done in Germans >50 years 
old and in 35% of Japanese patients undergoing gastrectomy 
for gastric cancer, so clearly some of these do not become 
clinically relevant [101, 102]. The treating medical and/or 
surgical oncologist should carefully discuss the risks and ben-
efits of surgery versus long-term observation with the indi-
vidual patient. Resection should be favored if a laparoscopic 
approach is feasible and for all tumors that are symptomatic 
(e.g., hemorrhage secondary to mucosal erosions) or increase 
in size on follow-up (irrespective of size). Although endo-
scopic resection of small gastric GISTs has been reported, 
this increases the risk of a positive peripheral margin as these 
neoplasms frequently involve the muscularis propria [103].

Minimally invasive surgery (MIS; laparoscopy) and open 
resection (laparotomy) are the two different surgical options 
available for gastric GIST tumors. Laparoscopic resection is 
effective and safe when performed by an experienced sur-
geon, knowing that an R0 resection is feasible [104, 105]. 
Definitive prospective data comparing the two options are 
lacking but there are retrospective analyses, meta-analyses, 
and small single/multi-institutional case series comparing 
these two surgical approaches. A large multi-institutional 
retrospective analysis of 397 patients with gastric GIST 
undergoing either MIS (167) or open surgery (230) showed 
that MIS resection was associated with shorter length of stay 
(MIS, 3 days vs. open, 8 days) and fewer ≥ grade 3 compli-
cations (MIS, 3% vs. open, 14%) but similar recurrence-free 
or OS was noted (both P > 0.05) [106]. In a recent meta- 
analysis reported by Pelletier et al., the laparoscopic approach 
for gastric GIST patients was associated with a statistically 
significant shorter length of hospital stay (3.82 days; 2.14–
5.49) but again no difference in recurrence rates or OS was 
noted [107].

For small-bowel GISTs, a laparotomy is necessary, and 
the abdomen should be thoroughly explored to identify and 
remove any previously undetected peritoneal metastatic 
deposits. Anatomic considerations usually dictate the type of 
surgery [108]. For example, large proximal gastric tumors 
might require a total gastrectomy, periampullary tumors may 

Fig. 17.3 Treatment algorithm for newly diagnosed gastrointestinal stromal tumor (GIST)
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necessitate a pancreaticoduodenectomy, and anorectal 
tumors at the level of the levator ani muscles may mandate 
an abdominoperineal resection. In the era of imatinib, how-
ever, an en bloc multi-organ resection is rarely required to 
achieve negative microscopic margins. In a meta-analysis 
comparing outcomes in patients with duodenal GISTs that 
undergo limited resection (LR; n = 167) versus pancreatico-
duodenectomy (PD; n = 98), LR was associated with lower 
rates of distant metastases, better disease-free survival, and 
improved postoperative morbidity compared to PD. Similar 
results were seen in a retrospective analysis evaluating 114 
patients with duodenal GIST treated surgically with either 
LR (n = 82) or PD (n = 23) with a median tumor size of 5 cm 
and median follow-up of 36 months. The OS and event-free 
survival were similar in both the groups, but LR resulted in 
lesser morbidity as compared to PD [109]. Hence, one should 
consider neoadjuvant imatinib in patients with locally 
advanced duodenal GISTs to see if this might make their 
tumor amenable to an LR over PD [110].

 Adjuvant Treatment with Imatinib

With surgical resection alone for primary GIST, the rate of 
recurrence was as high as 85–90% for large (>5 cm) higher 

risk tumors and the median time to recurrence was 2 years 
[111–113]. Prognostic factors identified impacting on 
disease- specific survival included tumor size, mitotic index, 
complete resection without tumor rupture, and location of 
the primary tumor, which form the basis of the risk stratifica-
tion described earlier.

Imatinib, an oral, selective, small-molecule inhibitor of 
KIT, PDGFRA, and other tyrosine kinases was approved by 
the US Food and Drug Administration (FDA) in 2002 for 
metastatic/unresectable CD 117-positive GISTs. Observing 
its success in advanced GIST, it was then tested in the adju-
vant setting. Clinical trials, which played a pivotal role 
leading to the approval of imatinib in the adjuvant setting, 
are detailed in Table  17.2 and discussed as follows 
[114–118].

The first, a phase II study, by the American College of 
Surgical Oncology Group (ACOSOG), Z9000, enrolled 107 
patients with resected GIST that were considered at high risk 
of recurrence: tumors ≥ 10 cm, those with evidence of rup-
ture or hemorrhage at the time of surgical resection, or those 
with up to five peritoneal implants [119]. This study demon-
strated that imatinib for 1 year at a daily oral dose of 400 mg 
was well tolerated and after a median follow-up of 7.7 years, 
the 1- and 5-year OS rates were 99% and 83%, respectively, 
and the RFS rates were 96% and 40%, respectively.

Table 17.2 Clinical trials discussing adjuvant imatinib for GIST [114–118]

Phase N and patient characteristics Dose and duration of Imatinib Median f/u Outcome
ACOSOG 
Z9000

II N = 107
Completely resected primary 
GIST > 10 cm, ruptured, hemorrhaging, 
multifocal (<5 sites)

400 mg/d × 1 year 7.7 years 1 year RFS: 96%
2-year RFS: 60%
3-year RFS: 40%
1-year OS: 99%
2-year OS: 97%
3-year OS: 83%

ACOSOG 
Z9001

III N = 713
Completely resected, size ≥ 3 cm, KIT+

Randomized to imatinib 
400 mg/d × 1 year or placebo

19.7 mo 1-year RFS: 98% vs. 
83%
(HR: 0.35, 95% CI 
0.22 to 0.53, 
P < 0.0001)
No OS benefita

EORTC 62024 III N = 908
Intermediate/high-risk resected GISTb, 
tumor rupture, intra-op tumor spillage

Randomized to imatinib 
400 mg/d × 2 years or placebo

4.7 years 3-year RFS: 84% vs. 
66%,
5-year OS: 100% vs. 
99%

SSG XVIII III N = 400
High-risk resected GIST classified as 
having 1 of the following:
  Size >10 cm
  Mitotic rate > 10/50 hpf
  Size >5 cm with >5/50 hpf
  Tumor rupture

Randomized to 1 year vs. 
3 years of imatinib 400 mg/d

54 
months

5-year RFS: 48% (1 
year) vs. 66% (3 years)
(HR 0.46, 95% CI 0.32 
to 0.65, P < 0.0001)
5-year OS: 82% (1 
year) vs. 92% (3 years)
(HR 0.45, 85% CI 0.22 
to 0.89, P < 0.019)

PERSIST – 5 
(ongoing)

II/
III

N = 91
High risk of recurrence defined as:
  Size >2 cm and >5 mitosis/50 hpf
  Size >5 cm, non-gastric location

Imatinib 400 mg/d × 5y 34.2 
months

Interim data: 85 
evaluable pts
3-year RFS: 95%

Abbreviations hpf high-power field, OS Overall survival, RFS Relapse-free survival, SSG Scandinavian Sarcoma group, pts patients
aReason for likely no OS benefit: quick crossover to the treatment arm for recurrence
bBased on NIH 2002 classification (based on tumor size and mitotic rate)
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A subsequent phase III double-blind trial (ACOSOG 
Z9001), of imatinib 400  mg daily versus placebo with 
crossover, enrolled patients with resected KIT-positive 
GIST tumors larger than 3 cm [115]. Accrual was stopped 
early after 713 patients were randomized, based on a pre-
planned interim analysis showing significant benefit in 
1-year RFS in the adjuvant imatinib arm of 98% vs. 83% in 
the placebo arm (HR: 0.35; 95% CI: 0.22–0.53; 1-sided 
P < 0.0001). No difference in OS was observed between the 
two arms.

The Scandinavian Sarcoma Group study, SSGXVIII, 
evaluated 1 year versus 3 years of adjuvant imatinib in GIST 
patients with at least one high-risk feature; >10 cm longest 
diameter, mitotic count >10 mitoses per 50 HPFs, tumor 
diameter > 5 cm and mitotic count > 5 per 50 HPFs, or tumor 
rupture before surgery or at surgery. After 54 months of fol-
low- up, the 5-year RFS was significantly higher in the 3-year 
versus 1-year group (65.6% vs. 47.9%; HR: 0.46; 95% CI: 
0.32–0.65; P < 0.0001) and so was the 5-year OS (92.0% vs. 
81.7%; HR: 0.45; 95% CI: 0.22–0.89; P = 0.019) [116]. This 
study also noted that imatinib offered additional protection 
for 1 year after cessation, following which rates of relapse 
were similar to historical controls.

Retrospective analyses looking at the effect of molecular 
correlates on adjuvant therapy show that patients with KIT 
exon 11 mutations appear to benefit the most, with limited 
benefit in the other groups (i.e., exon 9 mutation) from adju-
vant imatinib, but the numbers of these patients were small 
[116, 120].

Based on the SCGXVIII study, in 2012, the U.S.  FDA 
updated the initial 2008 adjuvant imatinib approval, consis-
tent with the current recommendation of the NCCN guide-
lines for at least 36 months of adjuvant imatinib therapy for 
intermediate- to high-risk patients [38, 116]. The optimal 
duration of adjuvant therapy has not yet been determined, 
and PERSIST-5 is currently exploring the option of a total of 
5  years of imatinib in the adjuvant setting for high-risk 
patients. Reports from their planned 3-year interim analysis 
were favorable, confirming high rates of RFS [114]. Given 
the favorable toxicity profile of imatinib, experts believe that 
high-risk patients should continue on lifelong imatinib, tak-
ing into consideration individual life expectancy and toler-
ance to therapy. On the other hand, one might consider 
following a close surveillance pathway with introduction of 
imatinib at the first sign of recurrence to help identify those 
who need lifelong imatinib.

Recommended follow-up for completely resected tumors 
is every 3–6 months for 5 years with history and physical 
examination, labs, and radiological imaging, and then annu-
ally until 10 years. The risk of recurrence and use of adju-
vant therapy should also be taken into consideration, with 
closer follow-up recommended after cessation of adjuvant 
imatinib.

 Neoadjuvant Treatment with Imatinib

The main goal for using imatinib in the neoadjuvant setting 
is allowing organ preservation and reducing tumor bulk 
allowing for complete surgical resection. Other consider-
ations for using neoadjuvant imatinib are detailed in 
Table 17.3 [88, 121, 122].

There are a few retrospective studies reporting the bene-
fits of neoadjuvant imatinib, but the RTOG 0132/ACRIN 
6665 trial was the first prospective study evaluating the use 
of imatinib in the neoadjuvant setting [123, 124]. This phase 
II trial evaluated the efficacy of imatinib 600  mg/day in 
patients with resectable primary (≥5 cm) or recurrent GIST 
(≥2 cm) for 8–12 weeks prior to planned surgical resection, 
and those with partial response (PR) or stable disease (SD) 
were eligible for adjuvant imatinib for 2 years at the same 
dose. Among the patients with primary GIST, 90% demon-
strated an objective response prior to surgery, and 92% 
 subsequently underwent R0/R1 resections. The estimated 
2-year RFS was 83%, which compares favorably with the 
2-year RFS of 73% from the ACOSOG Z9000 trial of adju-
vant imatinib for 1 year. Long-term follow-up suggested that 
approximately one-third (36%) patients with primary 
GIST ≥ 5 cm experienced a recurrence, and in most of them, 
this occurred after discontinuing imatinib [124].

Recently, the European Organization for Research and 
Treatment of Cancer (EORTC) published its pooled analysis 
of 161 patients with locally advanced, nonmetastatic GIST 
treated with neoadjuvant imatinib for a median time of 
40  weeks. Postoperative imatinib was resumed in patients 
regardless of their surgical margins for a duration of at least 
2 years, side effects profile permitting. They show a favor-
able 5-year disease-specific survival and RFS of 95% and 
65%, respectively [125].

The ideal duration of neoadjuvant imatinib is not well 
studied but data from trials of advanced GIST demonstrated 
that maximal radiographic response to imatinib generally 
required 6–9 months of treatment and signs of progression 
usually occur after 10–12  months of treatment [126]. 
Consequently, at many institutions, the duration of neoadju-
vant therapy is individualized depending on the need for 
organ-preserving surgery, and imatinib may be administered 
as long as continued radiographic response is observed 

Table 17.3 Situations to consider neoadjuvant imatiniba

1. Borderline resectable or unresectable locally advanced GIST
2. Resectable GIST requiring extensive organ disruption
3.  Esophageal, gastric-esophageal junction, duodenum, and rectal 

GIST for potentially sphincter-sparing and esophageal-sparing 
surgeries [88, 121, 122]b

4.  Locally recurrent GIST or locally confined resectable metastatic 
GIST

aNo definitive consensus for time to start and duration of treatment
bBased on case reports
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[88, 121, 122]. Preoperative imatinib can, however, interfere 
with the accurate assessment of the risk for recurrence, and 
the optimal length of postoperative imatinib therapy in this 
setting remains undefined.

 Management of Advanced  
Disease-Frontline Therapy

Prior to the discovery of KIT activating mutations in GIST 
leading to the use of imatinib, the prognosis and treatment 
options for metastatic GIST were dismal with a median sur-
vival of 5–12 months [112, 113]. In the era of TKIs, the median 
OS of patients with advanced GIST has increased to approxi-
mately 60 months [127]. In this section, we discuss the treat-
ment considerations for patients presenting with metastatic 
GIST. Table 17.4 lists the major trials establishing the dose 
and duration of imatinib for frontline therapy [127–133].

 Dosing and Duration of Imatinib

Imatinib, a multitargeted TKI has demonstrated significant 
benefit in patients with metastatic GIST in many phase I, II, 

and III clinical trials (Table 17.4). The B-2222 study was one 
of the initial studies showing an improved median survival 
from 20 to 60 months in patients treated with imatinib with 
similar overall response rate (ORR) and time to progression 
(TTP) in patients treated with imatinib 400 mg versus 600 mg 
daily [127]. An extended follow-up (median 9.9  years) of 
patients enrolled in this phase II study showed that the 9-year 
OS rate for all patients was 35%, 38% for those with com-
plete response (CR) or PR, 49% for those with SD, and 0% 
for progressive disease (PD). Low tumor bulk at baseline pre-
dicted for longer TTP and improved OS [134].

Two large phase III randomized trials, the EORTC 62005 
(n  =  946, median f/u: 760  days) and CALGB 150105 
(n = 746, median f/u: 4.5 years), tested the efficacy and of 
imatinib 400 mg daily versus 800 mg daily in patients with 
metastatic/unresectable GIST [131, 132, 135]. There were 
no differences noted between the two doses in terms of OS, 
ORR, and PFS, but there was significantly more toxicity 
noted in the high-dose arm. Crossover was allowed in both 
the studies to the higher dose arm when patients progressed 
on 400 mg daily. A meta-analysis of both these trials con-
cluded that the presence of a KIT exon 9 mutation was the 
only significant predictive factor for benefit from higher 
doses in terms of PFS (HR of 0.58, 95% CI; 0.38–0.91) and 

Table 17.4 Prospective clinical trials evaluating benefit of imatinib in metastatic GIST

Study Phase
Number of 
patients Dose of imatinib (n) Outcomes (%) Comments

van Oosterom 
et al. [128]

I 35 400 mg/d
300 mg BID
400 mg BID
500 mg BID

PR: 54
SD: 37

MTD was 400 mg BID
Dose-limiting toxicities were severe nausea, 
vomiting, edema, and rash

US B2222 
[127, 129]

II 147 400 mg/d (73) vs. 
600 mg/d (74)

CR: 0 vs. 3
PR: 69 vs. 65
SD: 14 vs. 18

No statistically significant difference in response, 
PFS, OS, or toxicity between the two doses. Median 
OS - 57 months

EORTC [130] II 27 400 mg BID CR: 4
PR: 67
SD: 18

EORTC 62005 
[131]

III 946 400 mg/d (473) 
vs.
400 mg BID (473)

CR: 5 vs. 6
PR: 45 vs. 48
SD: 32 vs. 32

PFS favored 400 mg BID (P = 0·026), but no 
difference in OS
More dose reductions and treatment interruptions 
were associated with the higher dose
Crossover to higher dose was allowed at progression 
with benefit.

Intergroup 
SO033 [132]

III 746 (694 
eligible)

400 mg/d (345) 
vs.
400 mg BID (349)

CR: 5 vs. 3
PR: 40 vs. 42
SD: 25 vs. 22

No statistically significant difference in PFS (18 vs. 
20 months) and OS (55 months vs. 51 months)
Crossover to higher dose was allowed at progression 
with benefit

BFR14 [133] III 58 400 mg/d 
interrupted (32)
400 mg/d ongoing 
(26)

PD: 81 vs. 31
PFS: 6 months 
vs. 18 months

182 patients with advanced GIST were enrolled, and 
58 patients with PR or SD at 1 year were randomly 
assigned to interrupt therapy vs. continue imatinib.
No differences in OS or imatinib resistance were 
observed between the two arms

Abbreviations: BID twice daily, CR complete response, PR partial response, SD stable disease, PD progressive disease, PFS progression-free 
survival, OS overall survival, EORTC European Organization for the Research and Treatment of Cancer, MTD maximum tolerated dose
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ORR (47% vs. 21%, P < 0.0037), but no difference in the OS 
[136]. In conclusion, imatinib 400  mg daily is the recom-
mended starting dose, but dose escalation to 800 mg daily is 
advised for patients with KIT exon 9 mutations or after dis-
ease progression on the lower dose.

In another randomized control trial, the BFR14 study, 
patients with advanced GIST who had SD or better after 
1 year on imatinib were randomized to either continue ima-
tinib until disease progression or treatment was interrupted 
with reintroduction of imatinib at the time of progression. 
Of the 58 patients, 32 were randomized to the interrupted 
(INT) group and 26 in the continuous (CONT) group. The 
rate of progression (31% vs. 81%) was lower and the PFS 
(18 months vs. 6 months; P < 0.0001) was significantly bet-
ter in the CONT group, but a majority of patients responded 
to reintroduction of imatinib [133]. A follow-up to this study 
reported on 71 patients who had SD or better at 1  year 
(n = 32), 3 years (n = 25), and 5 years (n = 14) was random-
ized to the INT group. Fifty-four patients out of 71 pro-
gressed off treatment, with progression noted at the known 
sites of disease as well as new lesions. Imatinib was reintro-
duced in 51 patients, but resulted in disease control only in 
a fraction of patients who had initial response to treatment 
(8/19 had a repeat CR and 12/23 had a repeat PR after 
restarting imatinib). Patients progressing rapidly after inter-
ruption had a poorer prognosis and appeared to develop sec-
ondary resistance faster [137]. Hence, at the current time, 
continuation of imatinib until progression or unacceptable 
adverse effects is recommended.

Imatinib is metabolized in the liver by CYP450 3A4; 
therefore, one must be cautious of the drugs and foods 
inhibiting or inducing this enzymatic pathway. Common 
side effects while on imatinib are fluid retention, usually 
presenting as peripheral edema or periorbital edema, nau-
sea, diarrhea, abdominal pain, myalgia, muscle cramps, 
anemia, fatigue, and skin rash. The majority of these adverse 
effects tend to be mild (National Cancer Institute Common 
Toxicity Criteria Adverse Events [NCI CTCAE] grade 1 or 
2) and tend to improve with prolonged therapy [38]. At 
times, there may be fluid retention causing pleural/pericar-
dial effusion or ascites that may be symptomatic and require 
temporary or permanent discontinuation of treatment. 
Serious adverse events have been reported (<5%) in the 
form of liver function abnormalities, lung toxicity, bone 
marrow suppression causing neutropenia, and myelodys-
plastic syndrome, requiring discontinuation or dose reduc-
tion. Severe gastrointestinal bleed or intratumoral bleeding 
can occur in responding patients, especially during the ini-
tial months of treatment, requiring supportive care and 
might require temporary discontinuation of imatinib. 
Cardiotoxicity has also been rarely noted with long-term 
use of imatinib in the form of arrhythmias, acute coronary 
syndrome, and heart failure [138, 139].

 Mutational Status Is Predictive  
of Response to Imatinib

Analysis of mutational status of GIST samples from these 
trials has provided valuable information regarding the cor-
relation between response and the type of driver mutations, 
and the cause for primary and secondary resistance to 
imatinib.

In the multicenter US–Finland collaborative study (B2222 
phase II study), patients with KIT exon 11 mutations had 
higher PR (83.5% vs. 48%), event-free survival, and OS as 
compared to those with exon 9 mutations or patients with 
wild-type GIST [38, 132, 140].

The aforementioned EORTC 62005 study and the 
CALGB 150105 study confirmed the improved tumor 
response in patients with KIT exon 9 mutations treated with 
800 mg daily compared to 400 mg daily [132, 136]. However, 
it is important to note that tolerance to the 800 mg dose is 
much better, with fewer side effects when the dose is esca-
lated from 400 mg over a 4–8 week period [135].

GISTs harboring a PDGFRA exon 18 D842V mutation or 
other mutations in the same exon 18 locus are insensitive to 
imatinib and other available TKIs, and this observation has 
been noted in preclinical models and prospective and retro-
spective studies [141, 142]. The median PFS in patients with 
the PDGFRA D842V mutation is 2.8 months compared to 
28.5 months for patients with other PDGFRA mutations.

 Assessing Response to Therapy

Patients with advanced unresectable disease should get 
imaging with either a CT scan or MRI of the abdomen and 
pelvis (CT chest only if initial staging scans reveal metasta-
ses) or a PET/CT at baseline prior to beginning treatment 
and then at 3  months or earlier if needed, to determine 
response to treatment [38]. Decreased tumor density or 
decrease in the FDG avidity on PET are early indicators of 
response to treatment and can serve as a tool for early detec-
tion of primary resistance to imatinib treatment. A small 
prospective study looked at dynamic CT or PET/CT 
response after a short duration of neoadjuvant imatinib 
600  mg daily for either 3, 5, or 7  days in 19 patients. 
Response rate was 69% by PET/CT scan and 71% by 
dynamic CT scan, but there was no difference in cytoreduc-
tion seen between 3 and 7  days of treatment [143]. A 
decrease in size of the tumor is noticed at a later stage; in 
fact, in some cases the size of the tumor may even increase 
(pseudoprogression) initially secondary to intratumoral 
hemorrhage and or degeneration [144, 145]. These are the 
few clinical scenarios where a PET scan might be useful if 
the response on CT is ambiguous due to pseudoprogression 
and inability to assess the change in density [39, 41, 146].
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Given this response pattern, using standard RECIST 
(Response Evaluation Criteria in Solid Tumors) will under-
estimate response. Choi criteria have been proposed for 
assessing response to imatinib in GIST patients that take into 
consideration tumor density in addition to size and correlate 
better with TTP and disease-specific survival [147].

For patients who have initial response and then develop 
secondary resistance, two forms of progression can occur. 
One is more diffuse progression and easier to identify on 
imaging, but the other form of progressive disease is the 
“nodule within a mass” pattern, which is the development of 
a solid peripheral nodule(s) within a previously responding 
hypodense tumor. This focal progression represents expan-
sion of a resistant clone of tumor cells and often a forerunner 
of more diffuse tumor progression, and if detected early 
might be amenable to localized therapy [148].

 Surgery and Other Local Therapy 
for Advanced/Metastatic Gastrointestinal 
Stromal Tumors

Metastasectomy should be considered for solitary metastases 
or limited metastatic disease, and studies suggest favorable 
long-term disease control and OS compared to systemic 
therapy alone [126, 149–156]. Benefit was noted even in the 
pre-imatinib era, when patients with liver as the only site of 
recurrence/metastases (approximately 67% of patients) 
underwent liver resections with a 5-year survival rate of 
27–34% [113, 157].

In theory, resection of residual disease may decrease tumor 
burden and might delay or prevent the development of resis-
tant clones prolonging the time to disease progression. A ret-
rospective study recently published analyzed the benefit of 
surgery on survival in patients with metastatic, locally 
advanced, or recurrent GIST sensitive to imatinib at 14 cen-
ters in Spain [156]. A total of 171 patients were evaluated and 
divided into two cohorts: Cohort A that continued on imatinib 
after PR/SD and Group B was treated with metastasectomy 
after PR/SD was achieved and also continued on imatinib 
treatment. The median follow-up time was 56.6 months. The 
median survival was 59.9 months in Cohort A and 87.6 months 
in Cohort B, which was statistically significant [156].

Other studies have also shown that the group that benefits 
the most from cytoreductive surgery are patients still respond-
ing to TKI therapy at the time of surgery and the selection of 
these patients should be on a case-by-case basis [150]. 
However, in the absence of a randomized clinical trial, it is 
unclear if the prolonged survival in patients benefiting from 
imatinib is a matter of selection bias. It is clear, however, that 
patients with generalized progression do not appear to benefit 
from surgery and are best treated with switching TKI therapy.

In case of unresectable liver metastases (either due to 
number and location) or presence of disease outside of the 

liver with focal progression in the liver, interventional tech-
niques might be utilized to enhance the benefit from TKIs. 
Hepatic arterial bland embolization, chemoembolization, 
and radiofrequency ablation have all been utilized with 
radiologic response or disease stabilization in most patients 
with imatinib resistance manifesting as progressive liver 
metastases [158–161].

 Management of Imatinib Resistance Second- 
Line Therapy and Beyond

Primary resistance to imatinib is defined as evidence of clini-
cal progression during the first 6 months or at the first set of 
scans (usually first 3–4  months). This is typically seen in 
GISTs with PGDFRA exon 18 D842V mutations and some 
cases with KIT exon 9 mutations when treated with imatinib 
400  mg daily, and majority of cases with SDH-deficient 
GIST [38, 140, 162, 163].

Secondary resistance is defined as disease progression 
after the patient was noted to have sustained objective 
response or disease control with imatinib. This usually occurs 
secondary to overgrowth of a clone with primary imatinib 
resistance or development and progression of a clone with 
secondary activating KIT (usually in exon 13 or 17) and 
PDGFRA mutations or due to acquired pharmacokinetic vari-
ability [148, 164–166].

Following development of primary or secondary resis-
tance with documented disease progression on imatinib 
400 mg daily, consideration should be given for dose escala-
tion to 800 mg daily, especially for patients with KIT exon 9 
mutations. Next line of treatment would involve switching 
therapy to sunitinib.

 Sunitinib

Sunitinib is a small-molecule inhibitor targeting PDGFR, vas-
cular endothelial growth factor receptors (VEGFR), KIT, RET, 
CSF-1R, and FLT3. Currently, this is the standard of care as 
next-line therapy in patients who have failed imatinib [38]. It 
was granted FDA approval for this indication in 2006 after the 
efficacy, safety, and clinical benefit were demonstrated in a 
randomized phase III placebo-controlled study [167]. Patients 
with GIST that were either intolerant or progressed while on 
imatinib were randomized in a 2:1 fashion to receive either 
sunitinib (n = 207) or placebo (n = 105) at a dose of 50 mg/day 
for a 6-week cycle (4 weeks on and 2 weeks off). A planned 
interim analysis revealed a statistically significant difference 
in the primary endpoint of median TTP; 27.3 weeks with suni-
tinib versus 6.4  weeks with placebo (P  <  0.0001; hazard 
ratio = 0.33). PFS and OS were also significantly improved in 
patients who received sunitinib, but OS benefit lost signifi-
cance with longer follow-up. Partial response was 7% and 
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stable disease 58% in the sunitinib group compared with 0% 
and 48%, respectively, in the placebo group.

A daily dosing regimen was also tested in a Phase II 
study testing 37.5  mg of sunitinib daily for 28  days in 
patients with GIST following imatinib failure, due to con-
cerns of disease flare noted during the treatment breaks. 
This study confirmed effective drug concentrations through-
out the cycles with no additional drug accumulation. The 
side effect profile was similar to the intermittent dosing 
schedule. At 6 months, response rates were comparable to 
the intermittent dosing regimen with an ORR of 53% (13% 
PR, 40% SD). The median PFS and OS were 34 weeks and 
107  weeks, respectively. Results from this study suggest 
that continuous daily dosing is as effective a dosing strategy 
as the intermittent dosing schedule [38, 168]. Thus, in the 
second-line setting, sunitinib can be used either as a 50-mg/
day in intermittent dosing schedule or as a 37.5 mg/day con-
tinuous schedule.

Activity of sunitinib is also influenced by specific muta-
tions. Clinical benefit has been observed with sunitinib for 
patients with KIT exon 9, KIT exon 11, and wild-type KIT/
PDGFRA mutations. In the post-imatinib setting, the clinical 
benefit rate, PFS and OS, is higher in the group with KIT 
exon 9 and wild-type GIST compared to KIT exon 11, due to 
acquired secondary mutations. Sunitinib has shown activity 
against GISTs with secondary KIT exon 13 or 14 mutations 
but not against secondary mutations in KIT exons 17 or 18 
[163]. Similar to imatinib, PDGFRA D842V mutations con-
fer resistance to sunitinib as well.

Adverse events with sunitinib are in general more preva-
lent compared to imatinib and are mostly due to its broader 
targeting of TKs. Common adverse effects (mostly NCI 
CTCAE grade 1 and 2) seen in ≥10% of patients include 
fatigue, diarrhea, mucositis, skin discoloration, acral ery-
thema, nausea/vomiting, and altered taste. These are best 
managed with supportive care, temporary withdrawal, or 
with dose reduction. Hand and foot syndrome is seen fre-
quently and patients need to be monitored closely for this at 
every visit. Due to its activity against VEGFR, its additional 
side effects include hypertension, poor wound healing, 
bleeding/thrombosis, rare cases of osteonecrosis of the jaw, 
and proteinuria/renal toxicity. Cardiotoxicity, with decrease 
in left ventricular ejection fraction, has also been reported 
with prolonged use. Lab abnormalities in the form of hypo-
thyroidism (approximately 4% of cases and TSH needs to be 
checked regularly) and reversible erythrocytosis have been 
associated with sunitinib [38, 169].

 Regorafenib

The prognosis of patients that progressed on imatinib and 
sunitinib was dismal with minimal benefit from other TKIs, 
including sorafenib, nilotinib, and dasatinib [170–179]. 

Regorafenib was approved for advanced GIST patients after 
progression/intolerance to imatinib and sunitinib in February 
of 2013. This is also a multikinase inhibitor with activity 
against VEGFR, KIT, TIE-2, PDGFR-β, FGFR-1, RET, RAF- 
1, BRAF, and p38 MAP kinase. Efficacy in refractory patients 
was first established in a phase II trial of 34 patients and later 
was confirmed in a phase III randomized placebo-controlled 
trial [180, 181]. Patients with metastatic, unresectable GIST, 
heavily pretreated, intolerant to, or progressed on imatinib 
and sunitinib were randomized to either regorafenib plus 
best supportive care (n = 133) or placebo (n = 66) and cross-
over was allowed. Regorafenib (160 mg once daily for days 
1–21 of a 28-day cycle) proved to be superior with a statisti-
cally significant PFS (4.8 vs. 0.9 months; P < 0.0001) and 
disease control rate (PR  +  SD  >  6  months) (53% vs. 9%) 
compared to placebo. The benefit in PFS with regorafenib 
was observed across the prespecified patient subgroups 
defined by various baseline factors, including patients receiv-
ing three or higher lines of therapy and primary mutation 
category (KIT/PDGFR/wild-type). Crossover was allowed 
and 85% of patients from the placebo group went on to 
receive regorafenib due to progressive disease. There was no 
statistically significant difference in OS between the groups 
(HR 0·77, 95% CI 0·42–1·41; P = 0·199).

Most frequently seen adverse events of any grade were 
hand–foot syndrome (56%). Grade 3 or higher drug-related 
adverse events occurred in 61% of patients, including hyper-
tension (23%), hand–foot syndrome (20%), and diarrhea 
(5%). Dose modifications were required in 72% of patients.

 Reintroduction of Previous TKI Therapy

After progression on imatinib, sunitinib, and regorafenib, 
most patients will cycle through other available TKIs (nilo-
tinib, sorafenib, dasatinib, ponatinib, masitinib, and/or pazo-
panib), but benefit is marginal with these agents in the setting 
of disease resistant to approved TKIs [170–179]. It is known 
that terminating the TKI at the time of disease progression 
can lead to more rapid progression in GIST patients. Hence, 
in the absence of a reasonable clinical trial option, there is 
data supporting continuing the TKI through progression or 
the reintroduction of a previously used TKI with prolonged 
duration of benefit in the palliative setting [182, 183]. In a 
randomized trial, patients who had previously benefited from 
first-line imatinib (initial disease control for ≥6 months) but 
now have metastatic or unresectable GIST unresponsive to at 
least imatinib and sunitinib were randomized to receive only 
imatinib (n = 41) or placebo (n = 40). The median follow-up 
was 5.2 months, and the PFS was double in the rechallenge 
group compared to the placebo group (1.8 vs. 0.9 months, 
HR = 0.46; P < 0.005). Even though the duration of response 
was significantly longer compared to placebo, this was brief 
due to the overgrowth of TKI-resistant clones [184].
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 Conclusion

 New Therapeutics and Future Directions

Multiple other TKIs (nilotinib, sorafenib, dasatinib, pazo-
panib, masitinib, crenolanib, vatalanib, and ponatinib) 
have been evaluated in GIST patients with some activity, 
but once the GIST cells become resistant to multiple lines 
of therapy, clinical benefit from these agents is limited 
[170–179]. Nilotinib, a second-generation TKI, at 400 mg 
orally twice daily, has been studied both as a single agent 
in the first-, second-, and third-line setting and in combina-
tion with imatinib with no significant benefit in imatinib-
resistant GIST [185–188]. Sorafenib, an RAF kinase 
inhibitor that also inhibits KIT, PDGFR, VEGFR-2, and 
VEGFR-3, has demonstrated single-agent activity (PR 
13%, SD 55%) at an oral dose of 400 mg twice daily in the 
third- and fourth-line setting [170, 189]. Dasatinib—a 
kinase inhibitor against BCR- ABL, SRC family (SRC, 
LCK, YES, FYN), KIT, EPHA2, and PDGFRB—was tested 
at an oral dose of 70 mg twice daily, and though active in 
imatinib- and sunitinib-resistant GIST, the duration of 
benefit was limited [175]. Masitinib—which targets KIT, 
PDGFR, and fibroblast growth factor receptor 3 (FGFR3), 
and with known activity in imatinib naïve GIST—was 
tested at a dose of 12  mg/kg/day in a randomized trial 
compared to sunitinib (50 mg daily, 4 weeks on 2 weeks 
off) showing comparable efficacy and lower toxicity in the 
second- line setting [177, 190]. Vatalanib targets KIT, 
PDGFR, VEGFR-1, and VEGFR-2, and showed marginal 
benefit (PR 4%, SD 36%) in GIST patients in the second- 
and third-line setting in a phase II trial [191]. Ponatinib—
another multitargeted TKI against BCR-ABL, FLT3, RET, 
KIT, FGFR, PDGFR, and VEGFR—has shown preclinical 
activity against major clinically relevant KIT mutants and 
refractory GIST with exon 17 activation loop secondary 
mutations, but further development was halted due to risk 
of arterial thrombotic events and hepatotoxicity seen in 
leukemia patients [192]. Crenolanib has shown potent 
inhibition of imatinib-resistant PDGFRA kinases associ-
ated with GIST, including the PDGFRA D842V mutation 
in several cell lines. Based on activity seen in the phase II 
trial, a phase III clinical trial of this agent to treat GIST 
with the PDGFRA D842V mutation is ongoing [193]. The 
last two years have seen an advancement in TKIs that 
effectively target a broader range of KIT/PDGFRA muta-
tions [194]. Avapritinib (BLU-285), a potent and highly 
selective inhibitor of mutated KIT and PDGFRA, showed 
substantial clinical activity in GIST patients, in the phase I 
trial including patients with PDGFRA D842V-driven GIST 
and fourth-line GIST, where there are currently no effec-
tive therapies. In 56 patients with PDGFRA- driven GIST 
the ORR was 84% (95% CI, 71.7%-92.47%); 9% had a CR 

and 75% showed PR. The 12-month PFS rate was 81.2%. 
In 109 patients receiving avapritinib at doses of 300 or 400 
mg in the fourth line or later, the ORR was 20% (95% CI, 
13.1%-29.0%); 1% had a CR, 19% had a PR, and 40% had 
SD. The randomized phase III trial designed to test the 
safety and clinical activity of avapritinib vs regorafenib is 
currently enrolling patients with advanced GIST who have 
progressed on imatinib and up to two other TKIs 
(NCT03465722). Avapritinib was in general well toler-
ated, with grade 3 or 4 treatment-related AEs (TRAEs) 
occurring in ≥2% being anemia, periorbital edema, fatigue, 
hypophosphatemia, increased bilirubin, decreased white 
blood count/neutropenia, and diarrhea. Of note, reversible 
grade ½ cognitive imapirement, particularly short-term 
memory loss, was reported for 26% of all patients. 
Ripretinib (DCC-2618), is a pan-KIT/PDGFRA switch-
control inhibitor, showing encouraging activity in patients 
across a broad range of TKI treatment-emergent muta-
tions, in heavily pretreated GISTs in a phase 1/2 trial. 
Preliminary results reported for this trial showed a median 
PFS of 42 weeks in the second line, 40 weeks in the third-
line and 24 weeks in the fourth line using doses of ≥100 mg 
daily, with majority showing an early metabolic response. 
Grade 3/4 adverse events were rare and included hyperten-
sion, anemia, diarrhea, electrolyte changes, abdominal and 
back pain as well as asymptomatic increase in lipase. 
There is also a potential increase in incidence of squa-
mous-cell skin carcinoma. As part of this phase 1/2 trial, 
both tissue and liquid biopsies were performed and tested 
via next-generation sequencing (NGS). The NGS of 
plasma cfDNA revealed a reduction of mutation allele fre-
quency (MAF) in KIT exons 9, 11, 13, 14, 17, and 18. The 
phase III placebo-controlled trial of DCC-2618 in fourth-
line and beyond, with rapid crossover to the drug arm in 
case of progression, has just been completed and a second 
a second-line phase III randomized trial comparing the 
efficacy and toxicity of DCC-2618 to sunitinib in patients 
whose tumors have progressed on imatinib is underway 
(NCT03353753, NCT03673501).

Recently, NTRK fusions have been reported in GIST 
patients, with significant benefit seen on a phase I trial with 
a TRK inhibitor [195]. Some other novel targets that have 
been explored in clinical trials in GIST include inhibitors 
of the heat shock protein- 90, the molecular chaperone 
required for the stability of KIT and PDGFRA oncopro-
teins, HDAC inhibitors, mTOR inhibitors, and specifically 
in wild-type GIST, the insulin- like growth factor 1 receptor 
(IGF-1R) inhibitors [196–199]. Additional promising strat-
egies to overcome resistance include cycling the various 
TKIs to delay emergence of a resistant clone and combin-
ing agents with imatinib either for broader kinase inhibition 
or for inhibition of a downstream target in the signal trans-
duction cascade. Chi and colleagues identified transcription 
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factor ETV1 as necessary for GIST growth and survival, 
and since ETV1 is activated downstream of KIT via the 
MAPK pathway this has led to an ongoing clinical trial 
combining a MEK inhibitor with imatinib [200]. P13K/
AKT/PTEN pathway essential to oncogenic signaling 
downstream of KIT, and preclinical data suggest that GDC- 
0941, an orally bioavailable PI3K inhibitor, in combination 
with imatinib has superior antitumor efficacy in compari-
son to standard treatment, resulting in sustained effects 
even after treatment withdrawal [201].

The role of immunotherapy in GIST is at present 
unknown. A small clinical trial combining peginterferon 
α(alpha)-2b with imatinib for treatment of locally advanced/
metastatic GIST patients with the rationale that peginter-
feron α(alpha)-2b can promote antitumor immunity showed 
promising results [202]. A phase I trial with ipilimumab and 
dasatinib in GIST patients was not found to be synergistic, 
and future trials are required to determine if checkpoint 
inhibitors (anti-CTLA4 and/or anti-PD-1/PDL-1) will have a 
role in GIST patients [203].
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Gastrointestinal Cancers in Children
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 Introduction

The incidence of pediatric cancers has been increasing since 
the 1970s [1]. Leukemia, central nervous system (CNS) 
tumors, and lymphomas are the most common cancer types 
in children [1, 2]. However, gastrointestinal (GI) cancers are 
very rare in childhood (see Table 18.1) [3–12]. They all rep-
resent less than 5% of pediatric neoplasm [13], but the true 
incidence is not well known because of the rarity of these 
tumors and different referral patterns. The rate of alimentary 
tract malignancies in children is reported to be as low as 
1.2% by a recent study [14]. Primary gastrointestinal lym-
phoma is the most common GI malignancy [14, 15]. The fre-
quency of hepatic tumors among childhood malignancies is 
0.6–1.5% [1, 2]. Others including stomach, pancreas, 
colorectal, carcinoid, and gastrointestinal stromal tumors 
have a lower incidence rates. This chapter aims to provide an 
overview of the liver and gastrointestinal tract malignancies 
in children.

 Malignancies of Liver

Hepatic tumors can be classified as benign or malignant. 
Two-thirds of these are malignant. Benign and malignant 
neoplasms of the liver are summarized in Table 18.2. Hepatic 
tumors are very rare in children with the rate of 0.6–1.5% [1, 
2, 16]. For example, hepatic malign tumors constitute 1.4% 
of all childhood cancers in Turkey [2]. Approximately 

65–90% of primary liver tumors constitute hepatoblastoma 
and hepatocellular carcinomas [2, 17–19].
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Table 18.1 Gastrointestinal cancers in children

Origin

Lymphoid
Incidence/cases per 
million References

Primary gastrointestinal 
lymphoma

1.9 [6]

Blastemal
  Hepatoblastoma 0.8–1.6 [3]
Mesenchymal
  GIST 0.02–0.08 [11, 12]
Epithelial
  Colorectal carcinoma 0.2–1 [8, 9]
  Hepatocellular carcinoma 0.29–0.45 [4, 5]
  Esophageal cancer Case-based
  Gastric cancer Case-based
  Pancreatic cancers 0.46 [7]
Neuroendocrine
  Carcinoid tumor 1 [10]

GIST gastrointestinal stroma sarcoma

Table 18.2 Benign and malignant neoplasms of the liver

Benign neoplasms
  Hepatic hemangiomas
  Mesenchymal hamartomas
  Focal nodular hyperplasia
  Hepatic adenomas
Malignant neoplasms
  More common
   Hepatoblastoma
   Hepatocellular carcinoma
   Metastatic tumors of the liver (neuroblastoma, Wilm’s tumor, 

lymphoma)
  Less common
   Undifferentiated embryonal sarcoma
   Infantile choriocarcinoma of the liver
   Epithelioid hemangioendothelioma
   Embryonal rhabdomyosarcoma of the biliary system

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18890-0_18&domain=pdf


312

 Blastemal Origin

 Hepatoblastoma

Epidemiology
Hepatoblastoma makes up 1% of pediatric malignancies. 
The incidence is 0.5–1.5 cases per million children younger 
than 15 years of age in developed countries [20]. It is the 
most common primary malignant tumor of the liver (43–
75%). The mean age is 3.2 ± 0.8 years (90% of primary liver 
tumors under 3 years) [4, 21]. The male-to-female incidence 
ratio is 1.7:1. There is an association with increased survival 
of very-low-birth-weight premature infants [22]. Most cases 
are sporadic, but loss of heterozygosity at 11p15.5, trisomy 
20, 2, 18, Beckwith-Wiedemann syndrome, Gardner’s syn-
drome, familial adenomatous polyposis, adrenal agenesis, 
and hemihypertrophy are associated conditions [2, 17–19].

Pathology
The histopathological subgroups are epithelial (fetal, embry-
onal, small-cell undifferentiated, and anaplastic) and mixed 
epithelial/mesenchymal types [23]. Biphasic pattern (fetal 
and embryonal epithelial cells) is pathognomonic for hepato-
blastoma. This is helpful to distinguish hepatoblastoma from 
hepatocellular carcinoma.

Clinical Presentation
Palpable nontender abdominal mass, enlarging abdomen, 
abdominal pain, anorexia, loss of weight, nausea, vomiting, 
and jaundice are the major clinical symptoms and findings. 
The right lobe is involved in nearly 60% and both lobes are 
involved in one-third of patients [23–25].

Diagnosis
In addition to history and physical examination, radiological 
investigations and alpha-fetoprotein (AFP) levels are essen-
tial in diagnosis before taking a biopsy. AFP levels are ele-
vated in 90% of the cases [26] and correlate with tumor size 
and presence of metastases. It is also helpful to monitor the 
recurrence. Radiographic investigations including ultraso-
nography, abdominal computed tomography (CT), and mag-
netic resonance (MR) [27] are helpful to show the hepatic 
mass and dissemination of the disease inside the liver and 
abdomen. Thorax CT is necessary to investigate the pulmo-
nary metastasis that may be seen in about 20% at the time of 
diagnosis [28]. Image-guided Tru-cut biopsy is required to 
make a final diagnosis.

Prognostic Factors
Very low birth weight, extreme prematurity and normal AFP 
levels, small-cell undifferentiated histology, loss of hetero-
zygosity 11p15.5, and high human telomerase reverse tran-
scriptase levels are poor prognosis factors [26, 29–31].

Staging
There are two staging system in childhood hepatoblastoma. 
The Children’s Oncology Group (COG) uses a postoperative 
staging system (see Table 18.3) [32]. Risk groups stratified 
after surgery are shown in Table 18.4 [33].

The International Childhood Liver Tumor Strategy Group 
within the International Society of Pediatric Oncology Group 
has developed the SIOPEL PRETEXT (pretreatment extent 
of disease) staging system (Table  18.5 [34, 35]; Fig.  18.1 
[36]) [32, 35]. Finally, risk groups according to COG are 
combined with PRETEXT (see Table 18.6) [35]. According 
to SIOPEL, standard, high, and very high-risk groups are 
shown in Table 18.7 [34, 35, 37–41].

Treatment
Complete surgical resection is essential for the cure of disease. 
Complete surgical resection at presentation is possible in less 
than 50% of the cases, and only 50% of patients with com-
pletely resected tumors survived before effective chemother-
apy. A 1-cm safe resection margin is considered essential. 
However, a 1-cm safe margin may not always be possible when 
resecting a large mass that compresses vascular structures. In 
patients with microscopic residual disease after neoadjuvant 
chemotherapy and surgery, postsurgical chemotherapy may 

Table 18.3 Postoperative staging system [32]

Stage I Complete resection of tumor, no metastasis
Stage II Microscopic residual tumor (positive margin, tumor 

rupture, tumor spill at surgery), no metastasis
Stage III Unresectable or macroscopic residual tumor or lymph 

node involvement, no distant metastasis
Stage IV Distant metastases (lung)

Table 18.4 Risk groups stratification of hepatoblastoma after surgery 
[33]

Risk group Definition Treatment
Very low Stage I with pure PFH Surgery alone
Low Stage I with non-PFH, 

non-SCU, or stage II with 
non-SCU

Two courses of adjuvant 
cisplatin, 5-flourouracil, 
and vincristine

Intermediate Stage I with SCU, stage II 
with SCU, or stage III

Cisplatin, 5-flourouracil, 
and vincristine plus 
doxorubicin

High Stage IV or any stage plus 
initial AFP <100 ng/ml

Irinotecan is being 
investigated

AFP alpha-fetoprotein, PFH pure fetal histology, SCU small-cell undif-
ferentiated type

Table 18.5 SIOPEL PRETEXT staging system [34, 35]

PRETEXT I One sector, three adjoining sectors free
PRETEXT II Two sectors involved, two sectors free
PRETEXT III Three sectors involved, no adjoining sectors free
PRETEXT IV All four sectors involved

SIOPEL Société Internationale d’Oncologie Pédiatrique  – Epithelial 
Liver, PRETEXT pretreatment extent of disease
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Table 18.6 Combination of Children’s Oncology Group (COG) risk 
groups with PRETEXT [35]

Risk group Definition
Very low PRETEXT I or II with PFH and primary resection at 

diagnosis
Low PRETEXT I or II of any histology with primary 

resection at diagnosis
Intermediate PRETEXT II, III, and IV unresectable at diagnosis 

V+, P+, E + SCU
High Any PRETEXT with M+; AFP level < 100 ng/mL

AFP alpha-fetoprotein, E extrahepatic, M metastasis, P ingrowth portal 
vein, portal bifurcation, PFH pure fetal histology, PRETEXT pretreat-
ment extent of disease, SCU small-cell undifferentiated type, V ingrowth 
vena cava, all three hepatic veins

Table 18.7 Risk stratification of SIOPEL [37, 38]

Very 
high risk

Presence of metastatic disease (usually lung) or very 
low AFP (<100 ng/ml)

High risk Any tumor not meeting the standard risk or very 
high-risk criteria

Standard 
risk

Localized tumors (PRETEXT I, II, or III) with no 
additional adverse features (e.g., low AFP, vascular 
involvement (V3 or P2), extrahepatic spread, tumor 
rupture, metastatic disease, SCU histology, tumor 
confined to the liver, ≤3 hepatic section involved- 
PRETEXT I–III, AFP > 100 ng/mL)

AFP alpha-fetoprotein, C caudate, E extrahepatic, M metastasis, P 
ingrowth portal vein, portal bifurcation, PRETEXT pretreatment extent 
of disease, SCU small-cell undifferentiated type, V ingrowth vena cava, 
all three hepatic veins, SIOPEL Société Internationale d’Oncologie 
Pédiatrique – Epithelial Liver

prevent the local recurrences, and a re- resection and radiother-
apy are not necessary [3, 42].

Preoperative chemotherapy with cisplatin and doxorubicin 
(PLADO) can effectively shrink the tumor, reduce the size, and 
give a successful surgical operation option with negative mar-
gins and minimal morbidity [42]. Similar resection and survival 

rates are possible with cisplatin monotherapy for standard risk 
group with lesser hematologic toxicity than PLADO [41, 43].

PRETEXT stages I and II, with at least a 1-cm safe mar-
gin, can undergo primary resection, while all other stages 
receive neoadjuvant chemotherapy, according to the current 

Fig. 18.1 PRETEXT (pretreatment extent of disease) classification system with additional criteria [36]

PRETEXT I

PRETEXT II

Sections

Segments

Additional criteria
C: Caudate lobe tumours
F: Tumour focality
E: Extrahepatic abdominal disease
H: Tumour rupture or intraperitoneal haemorrhage
M: Distant metastases
N: Lymph node metastases
P: Portal vein involvement
R: Tumor rupture prior to diagnosis
V: Involvement of the IVC and/or hepatic veins

I II III

2
3

1

4

5

87

6

IV

PRETEXT III

PRETEXT IV
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trial of COG AHEP-0731 (Table 18.8) [36, 41]. The GPOH 
HB 99 trial uses ifosfamide/cisplatin/adriamycin for stan-
dard risk (SR) and combination of carboplatin and etoposide 
in for high-risk (HR) tumors [44].

Liver transplantation and arterial chemoembolization are 
considered in patients with unresectable tumor after chemo-
therapy [39]. The criteria to refer the patients for liver trans-
plantation earlier can be seen in Table 18.9 [19].

Outcome
The 5-year survival of hepatoblastoma is 70–80% in children 
[19]. Survival rates are more than 90% for patients with 
PRETEXT stage 1–2 tumors and 60% and 20% for PRETEXT 
stage 3 and 4, respectively [39].

 Epithelial Origin

 Hepatocellular Carcinoma

Epidemiology
Hepatocellular carcinoma (HCC) is the second most com-
mon malignant primary pediatric liver tumor (20–23%) [2, 
17–19]. The incidence is 0.29 to 0.45 cases per million chil-
dren [4, 5]. Mean age is 13.1 ± 1.1 years [21]. The eastern 
part of Asia and sub-Saharan Africa have the highest inci-
dence rates because of the high prevalence of hepatitis B 
virus (HBV) and hepatitis C virus (HCV) [45, 46]. Cirrhosis 
secondary to hepatitis B or C infection, biliary atresia, total 
parenteral nutrition-associated liver disease, neonatal hepati-

tis, tyrosinemia, glycogen storage disease type 1, Alagille 
syndrome, α(alpha)1-antitrypsin deficiency, Neiman-Pick 
disease, Fanconi’s anemia, familial polyposis coli, Gardner’s 
syndrome, focal nodular hyperplasia, and hemochromatosis 
are some associated conditions with increased hepatocellular 
carcinoma development risk. However, only 20–35% of chil-
dren with HCC have an underlying liver disease [47, 48].

Pathology
Histopathological subtypes are classified as [49]:

• Hepatocellular carcinoma adult type and variants
• Fibrolamellar hepatocellular carcinoma
• Transitional liver cell tumor

Clinical Presentation
Right upper quadrant abdominal pain, abdominal distension 
because of mass effect, weight loss, anorexia, fever, and 
fatigue are common signs and symptoms. Hepatocellular 
carcinoma tends to present with advanced disease and metas-
tasizes to local lymph nodes, lungs, and bones.

Diagnosis
AFP levels are elevated in 50–70% at presentation [50]. 
Radiological investigations show the hepatic mass and meta-
static sites. The typical radiological feature of HCC is arte-
rial phase hypervascularization followed by portal/venous 
phase washout [51]. Anyway, biopsy is your option. In pedi-
atric oncology, biopsy of the liver mass is required to make a 
diagnosis.

Table 18.8 Treatment modalities according to PRETEXT and POSTTEXT [36]

PRETEXT Resection
Neoadjuvant 
chemotherapy POSTTEXT Resection Transplantation

Adjuvant 
chemotherapy

COG +V,+P,+E,+M + + +

3,+V,+P,−M
4,−M

+ +

−V,−P,−E,−M 1–2 + +a

3–4 + 2–3 + +

3,+V+P−M
4,−M

+ +

SIOPEL/
GPOH

1–4 + 1–3 + +

3,+V+P−M
4,-M

+ +

E extrahepatic, GPOH Gesellschaft für pädiatrische Onkologie und Hämatologie, M metastasis, P ingrowth portal vein, portal bifurcation, 
POSTTEXT posttreatment extent of disease, PRETEXT pretreatment extent of disease, SIOPEL Société Internationale d’Oncologie Pédiatrique – 
Epithelial Liver, V ingrowth vena cava, all three hepatic veins
aVery low-risk patients (stage 1, pure fetal histology) can be treated with surgery alone

Table 18.9 The criteria to refer the patients for liver transplantation earlier [19]

Multifocal PRETEXT-IV
Solitary PRETEXT-IV; some might be down-staged to PRETEXT-II after neoadjuvant chemotherapy
Unifocal centrally located PRETEXT-II and PRETEXT-III tumors involving main hilar structures (+ P) or all three hepatic veins (+ V)

PRETEXT pretreatment extent of disease
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Outcome
The 5-year overall survival (OS) rate is 10–42% for children 
and adolescents with hepatocellular carcinoma [52, 53] and 
dependent on the stage of the disease.

Prognostic Factors
Patients with complete surgical resection, resectable 
PRETEXT group, or localized tumors generally have 
improved outcomes. However, prognosis in children with 
HCC is worse than children with hepatoblastoma.

Treatment
Chemotherapy has no place to cure HCC. Complete resec-
tion is essential for cure or long-term survival, but children 
with completely resected hepatocellular carcinoma may also 
benefit from adjuvant chemotherapy such as cisplatin and 
doxorubicin [54]. Unfortunately, the survival of patients with 
advanced disease is still short (one study showing overall 
survival at 5 years was 28%) [48, 55]. Neoadjuvant chemo-
therapy or transarterial chemoembolization and radioembo-
lization (yttrium-90) can be used before surgery in patients 
with unresectable nonmetastatic hepatocellular carcinoma at 
diagnosis [54, 56]. If tumor is resectable, complete resection 
must be performed. If tumor is unresectable, orthotropic 
liver transplantation or transarterial chemoembolization to 
downsize the tumor can be performed. The Milan criteria are 
used for liver transplant eligibility. These include one lesion 
smaller than 5 cm or up to three lesions each smaller than 
3 cm, no extrahepatic manifestations, and no vascular inva-
sion [57]. The Barcelona criteria expand these criteria with 
the following: 1 tumor < 7 cm, 3 tumors < 5 cm, 5 tumors < 
3  cm, or down-staging to conventional Milan criteria with 
pretransplant adjuvant therapies [58]. If the primary tumor is 
not resectable after neoadjuvant chemotherapy and the liver 
transplant is not possible, the prognosis is poor. Hepatocellular 
carcinoma with metastases at diagnosis and recurrent disease 
are mostly nonresponsive to treatment.

 Malignancies of Gastrointestinal Tract

 Lymphoid Origin

 Primary Gastrointestinal Lymphoma

Epidemiology
Non-Hodgkin lymphomas (NHLs) account for 6–8% of 
pediatric malignancies [59, 60]. Lymphomas are the second 
most common tumors (17.2%) among children in Turkey [2]. 
The incidence of GI lymphoma is 0.19 cases per 100,000 [6] 
and is the most common GI malignancy. They tend to occur 
more frequently in the small intestine (terminal ileum), 
appendix, and cecum [61]. The rate of lymphoma incidence 

decreases in the distal section of gastrointestinal system. The 
age range for GI NHLs is 5–15 years with predominance in 
whites and males (3:1) [6, 62]. Primary and secondary 
immunodeficiency states, Epstein-Barr virus (EBV) infec-
tion, and celiac disease are associated with intestinal lym-
phomas [63–65].

Clinical Presentation
Painless abdominal mass (81.4%), abdominal swelling and/
or mass, vomiting, constipation, diarrhea, intestinal obstruc-
tion, and perforation are some of the clinical presentations 
[66]. Patients with intestinal intussusception are present with 
acute abdominal pain. Burkitt’s lymphoma frequently pres-
ents with abdominal pain that mimics acute appendicitis or 
intussusception [67]. The CNS involvement is 8.8% for 
Burkitt’s lymphoma/Burkitt’s leukemia, 5.4% for precursor 
B-lymphoblastic lymphoma, 3.3% for anaplastic large-cell 
lymphoma, 3.2% for T-cell-LBL, 2.6% for diffuse large 
B-cell lymphoma, and not expected for patients with primary 
mediastinal large B-cell non-Hodgkin lymphoma [68].

Laboratory
Complete blood count (CBC) may be normal. Unexplained 
anemia, thrombocytopenia, or leukopenia due to extensive 
bone marrow infiltration, hypersplenism from splenic 
involvement, or blood loss from gastrointestinal tract 
involvement and elevated uric acid, potassium, phosphate, 
and lactate dehydrogenase (LDH) due to high tumor burden 
can be seen.

Tumor Histology
Lymphoma is diagnosed via Tru-cut biopsy of mass, omental 
cake or thickness of bowel, bone marrow aspiration, or cyto-
logical examination of pleural or peritoneal effusions. In 
some cases, tissues obtained after surgery such as intussus-
ception, hernia, or appendectomy can reveal lymphoma. 
Eighty percent of primary intestinal non-Hodgkin lympho-
mas are of B-cell origin [69]. Burkitt’s lymphoma is the 
prominent pathology in gastrointestinal lymphomas [70]. 
Diffuse large, marginal zone B-cell, small B lymphocytic, 
mixed small/large cell, follicular, anaplastic, mature T-cell, 
and precursor lymphoblastic are other types of primary GI 
lymphomas [6].

Stage
Contrast-enhanced CT imaging of the neck, chest, abdomen, 
and pelvis, positron emission tomography (PET), bone mar-
row aspiration and biopsy, and cerebrospinal fluid examina-
tions are done for routine staging of the disease. Pediatric 
non-Hodgkin lymphoma is staged according to the Murphy 
staging system [71]. For abdominal tumors, primary gastro-
intestinal tumor (completely resected) with or without mes-
enteric lymph nodes is stage II.  However, disseminated 
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primary intra-abdominal disease and involvement of the 
bone marrow, central nervous system, or both are evaluated 
as stage III and stage IV, respectively.

Treatment
Surgery is not advised for advanced cases, since lymphomas 
are highly sensitive to chemotherapy. Treatment approaches 
include tumor resection followed by chemotherapy in early 
stage disease and limited or no resection followed by poly-
chemotherapy in advanced disease [72]. The duration and 
type of chemotherapy depend on the extent of disease. Total 
resection of local lymphoma, such as colectomy with lymph 
node, decreases the stage from III (Group B: COP, 
COPADM1, COPADM2, CYM1, CYM2; COPADM3) to II 
(Group A: COPAD, COPAD). Thus, two-cycle chemother-
apy used in stage II (Group A) causes less toxicity compared 
to six cycles of one used in stage III (Group B). Lymphoma 
malign B (LMB-96) and Berlin-Frankfurt-Munster (BFM- 
90) have satisfactory results in treatment of B-type lym-
phoma [73–75].

 Epithelial Origin

 Esophageal Cancer
Esophageal cancer is a very rare tumor in childhood, and it is 
much more frequent in males than females [76]. For exam-
ple, in Turkey’s cancer registry data, this cancer type is rep-
resented with only 2 cases out of 12,310 pediatric cancers 
[2]. Chronic irritation such as caustic ingestion or reflux is an 
important predisposing factor in a long latent period [77]. 
Esophageal adenocarcinoma (EAC) and squamous cell car-
cinoma (ESCC) are the two main histologic types [78]. In 
children, esophageal adenocarcinoma is also associated with 
Barrett’s esophagus. Clinical follow-up of some predispos-
ing factors such as prematurity, cerebral palsy, mental retar-
dation, and hiatal hernia for Barrett’s esophagus is 
recommended. Inherited bone marrow failure syndromes 
such as Fanconi’s anemia, dyskeratosis congenita, and infec-
tion with human papilloma virus (HPV) are predisposing 
conditions for the development of squamous cell carcino-
mas. Dysphagia and progressive loss of weight are the most 
common findings at diagnosis. Barium contrast radiography, 
endoscopy, and biopsy are used for the diagnosis. Esophageal 
adenocarcinoma has more distant metastasis (46%) than 
esophageal squamous cell carcinoma (10%) [76]. The 
American Joint Committee on Cancer (AJCC) tumor-node- 
metastasis (TNM) staging system is used for staging [79, 
80]. Early diagnosis and surgery can provide long-term sur-
vival and favorable outcome in children. Five-year survival 
rates are 50–80% for stage I and less than 5% for stage IV 
patients [81]. Preoperative chemotherapy and radiotherapy 
may provide better survival [76].

 Gastric Cancer
Primary gastric tumors are rare and unusual in children. 
Primary gastric adenocarcinoma (GAC) represents 0.05% of 
all childhood cancers [82]. Although lifestyle factors or 
infectious factors such as Helicobacter pylori, high salt con-
sumption, smoked food, nitrates and carbohydrates, alcohol 
consumption, smoking, A blood group, and cancer family 
history are related to gastric adenocarcinoma in adults [83], 
the relationship of these factors in children is unknown. 
However, chronic H. pylori gastritis association with pediat-
ric gastric adenocarcinoma is detected [82]. In addition, gene 
mutations such as non-synonymous coding single-nucleotide 
variant (SNV) in TP53 may affect inherited risk of cancer in 
Li-Fraumeni [84].

Symptoms and signs include vague upper abdominal 
pain, anorexia, dysphagia, hematemesis, anemia, loss of 
weight, nausea, vomiting, and weakness. Radiologic exami-
nation, endoscopy, and biopsy are used for the diagnosis. 
Thorax and abdominal CT scans and laboratory studies such 
as CBC and blood chemistry can also be performed. The 
AJCC TNM system is used for staging [80]. There is no 
associated tumor marker. CA 19-9 and CEA and CA 72-4 
may be high and are associated with poor prognosis [85]. 
Prognosis depends on the extent of the disease at diagnosis. 
This can be influenced by its rarity, nonspecific presentation, 
and delay in diagnosis.

Treatment must include surgical excision with wide mar-
gins for localized disease. Surgery will often be a subtotal 
(distal tumor) or total (proximal tumor) gastrectomy with 
removal of the associated lymph nodes. A multimodal 
approach must be considered to improve survival because of 
frequent recurrences within 2  years of surgery alone [86]. 
There are American (total and subtotal gastrectomy, chemo-
therapy, chemoradiotherapy, chemotherapy), European 
(perioperative chemotherapy, surgery, three  cycles chemo-
therapy), and Asian (surgery and 1-year chemotherapy) pro-
tocols to gastric cancer. Preoperative or postoperative 
adjuvant chemoradiation has been shown to improve survival 
[87]. Radiation therapy may be used simultaneously with 
chemotherapeutic agents such as 5-fluorouracil (5-FU) with 
cisplatin and/or irinotecan in patients with unresectable or 
incomplete resectable and metastatic tumors. Docetaxel, 
capecitabine, epirubicin, mitomycin, oxaliplatin, paclitaxel, 
and novel fluoropyrimidine are some active agents [87–90].

 Pancreatic Tumors
Pancreatic malignant tumors are rare in children and adoles-
cents, and the incidence is only 0.46 cases per one million 
[7]. The most common pancreatic tumors seen in children 
are the following [91]:

• Solid pseudopapillary tumor of the pancreas: The most 
common, generally benign pediatric pancreatic tumor. 
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Female predominance and CD99 staining are some fea-
tures. Biopsy is not recommended. Total surgery is essen-
tial. The prognosis is good following surgery alone. The 
5-year survival rate is 95–98%. Gemcitabine is used for 
unresectable or metastatic disease.

• Pancreatoblastoma: It is the most common pancreatic 
tumor of young children. Pancreatoblastoma can be 
associated with Beckwith-Wiedemann syndrome and 
familial adenomatous polyposis (FAP). It has a high 
recurrence rate after surgery [92]. The effectiveness of 
radiation is not known. Cisplatin and doxorubicin are 
useful in pancreatoblastoma prior to tumor resection 
[93, 94]. Complete resection is the treatment of choice 
[93, 94].

• Intraductal papillary mucinous neoplasm: Premalign 
lesion of the pancreas. There is a recurrent pancreatitis 
history. Surgery is the mainstay of treatment.

• Primitive neuroectodermal tumor (PNET) of the pan-
creas: Highly aggressive and poor prognosis. Surgery, 
chemotherapy, and radiotherapy can be used.

• Pancreatic carcinoma (aciner or ductal): Very, very rare in 
children. Predisposition syndrome such as familial atypi-
cal melanocytic mole melanoma (FAMMM) have 25–40% 
of CDKN2A mutations and 60–90% and 17% risk rate of 
melanoma and pancreatic cancer, respectively [95]. 
Surgery, chemotherapy, and radiotherapy can be used.

Stage, histology, and age are important predictors of pan-
creas tumor for outcome [7]. Early stage, early diagnosis, 
complete surgical resection, pancreatoblastoma, and younger 
age than older ages are some better prognostic factors [7, 94].

 Colorectal Carcinoma

Epidemiology
Colorectal cancers are very rare in children. Only 1–4% of 
all colorectal cancers are seen in individuals younger than 
30 years [96]. For example, colorectal tumors are 0.9% of all 
pediatric neoplasms in children younger than 14 years of age 
in Turkey [2]. The incidence is 1 per 0.2–1 million in people 
younger than 20 years [8, 9].

Genetics
Most colon cancers in children occur sporadically. There is 
no evidence that a family history increases the risk of colon 
cancer in children. Environmental factors (living in devel-
oped countries, smoking) and diet (high fat, low fiber), 
which are seen less frequently in children and adolescents, 
play a significant role in colon cancer development. 
However, genetic predisposition may have a role in the 
pathogenesis of colorectal carcinoma in children and should 
always be considered. Lynch syndrome I and II patients 
have an autosomal dominant trait to develop colon cancer 

and extracolonic cancers in some families, respectively [97, 
98]. Predisposing factors such as inflammatory bowel dis-
ease and hereditary polyposis syndromes account for 10% 
of colon cancers in children [99]. Polyposis syndromes 
associated with colorectal carcinoma include familial ade-
nomatous polyposis (FAP) and variant FAP syndromes such 
as Gardner’s syndrome, Turcot syndrome, attenuated FAP, 
hereditary flat adenoma syndrome, Muir-Torre syndrome, 
hamartomatous polyposis syndromes, Peutz-Jeghers syn-
drome, juvenile polyposis, and Cowden syndrome. Germline 
and somatic mutational inactivation of the adenomatous 
polyposis coli (APC) gene, activation of c-myc and ras 
oncogenes, and inactivation of tumor suppressor genes such 
as deleted-in-colorectal-carcinoma (DCC) and P53 can be 
responsible in the development of colon cancer [100].

Clinical Presentation
The most common symptom is a vague abdominal pain 
[101]. Others are altered bowel habits, rectal bleeding, 
decreased appetite, loss of weight, and nausea and vomiting 
with 3-month median duration of symptoms before diagno-
sis due to vagueness of symptoms [8, 102, 103]. Abdominal 
mass and distention, loss of weight, and anemia can be 
detected in physical examination.

Diagnosis

• Past and family history.
• Evaluation of abdominal complaints.
• Careful physical examination.
• Clinical test:

 – Examination of stool for blood
 – Complete blood count
 – Liver and kidney functions
 – Carcinoembryonic antigen (>5 ng/ml advanced stage 

and poor prognosis in adults, but minority of pediatric 
cases may produce due to poorly differentiated tumor)

• Imaging studies:
 – Plain chest radiography
 – Barium enema
 – Abdominal CT or magnetic resonance imaging (MRI)
 – Chest CT and bone scan
 – PET-CT
 – Colonoscopy

• Biopsy via colonoscopy, laparoscopy, or laparotomy.
• Surgical resection of mass and reginal lymph nodes and 

histology.
• Microsatellite instability (MSI) is a hypermutable phe-

notype as a result of the loss of DNA mismatch repair 
activity. Their features are young age, a tendency to 
develop in the proximal colon, lymphocytic infiltrate, 
and poorly differentiated, mucinous, or signet ring 
appearance. The prognosis is better than the patients 
without MSI [104].
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Localization
Adults have a higher prevalence of left-side tumors; how-
ever, up to 60% of the tumors in the pediatric population 
arise on the right side [8, 105]. In another study, the rectosig-
moid region was found as a common site for primary tumor 
[106]. Thus, these tumors may occur at any site in the large 
bowel. They may spread to the peritoneum, omentum, mes-
enteric lymph nodes, liver, and ovarium via peritoneal cavity 
and the lung, brain, and bones via bloodstream [103].

Staging
Biopsy of known enlarged lymph nodes, ovaries in females, 
resection of the omentum, and the liver are essential for 
staging. Modified Dukes (A, tumor confined to the bowel 
wall; B, tumor extension to the serosal fat but without lymph 
node involvement; C, lymph node involvement; D, distant 
metastases) and AJCC TNM classifications are used for 
staging [80]. Children come to medical attention with more 
advanced disease than adults, with Duke stage C/D or TNM 
stage III/IV disease [106].

Histology
Pediatric and adolescent age groups have a higher incidence 
of mucinous adenocarcinoma (40–50%), many with the sig-
net ring cell type [8, 103, 107]. The tumors in younger 
patients with this histologic variant do not respond well to 
chemotherapy. The prognosis in children with colorectal car-
cinoma is poor; 5-year survival rates are as low as 2–5% 
[108]. Most come with advanced diseases due to late diagno-
sis [109]. K-ras mutations and other cytogenetic anomalies 
seen in older patients are frequently lacking in younger 
patients with noninherited sporadic tumors [110]. K-ras 
mutation rate (11.1%) was found in Turkish children with 
colon carcinoma, and all patients with K-ras mutation are 
older than 12 years old [101].

Treatment
Surgery
Advanced stage and macroscopic tumor due to incomplete 
resection are significant factors [101]. Laparotomy, complete 
and careful surgical resection without seeding, and sampling of 
regional lymph nodes are key components of treatment. 
Ligating the mesenteric vein is an important manipulation to 
avoid dissemination of tumor via vein drainage. Children with 
known polyposis syndromes can often be cured due to early 
diagnosis by polypectomy during colonoscopy. A safe margin 
of at least 5 cm of bowel should be removed to minimize the 
seeding at the anastomotic region. Right hemicolectomy for 
cecal or right colon tumors, left hemicolectomy for splenic 
flexure and sigmoid colon tumors, low anterior resection for 
rectal tumor, and metastasectomy or lobectomy for liver metas-
tases can be performed. Transanal endoscopic microsurgery is 
another new technique for the treatment [111]. However, chil-

dren are admitted in more advanced stage, and 30% of them are 
candidates for curative resection [106]. Debulking surgery has 
a little benefit in patients with metastatic disease. Resection of 
bulky tumors or metastases can be performed for palliation.

Adjuvant Treatment

• Chemotherapy
• Radiotherapy (rectal and anal cancer)
• Biological targeted therapy

No adjuvant therapy is recommended after surgery in 
children with early stage tumors (TNM stage Tis, T1–2, N0, 
M0) due to high 5-year survival rate (over 90%) [112]. 
However, treatment of Stage II with T3, T4, and N0 is con-
troversial. Stage II patients with pT4 tumors, high histologi-
cal grade, low MSI, perforation or occlusion, presence of 
lymphovascular or perineural invasion, less than 12 lymph 
nodes studied, and undetermined or compromised surgical 
margins or close margin have a high risk [113, 114]. 
Mismatch repair (MMR)-deficient colorectal cancers have 
better prognosis but are resistant to fluorouracil [115].

Unresectable Tumors of Rectum and Anus
Radiotherapy combination with 5-FU-based chemotherapy 
can be used in rectal and anal cancers. Radiotherapy-induced 
enteritis can be seen after rectal radiotherapy [116, 117].

Stage II (High Risk) and Stage III (T1–4, N1–2, and M0) 
Treatment

• FOLFOX 4 (fluorouracil, leucovorin, and oxaliplatin)
• mFOLFOX 6 (fluorouracil, leucovorin, and oxaliplatin 

plus sunitinib or bevacizumab)
• XELOX (capecitabine and oxaliplatin)

Stage IV Treatment
The majority of the metastatic colorectal cancer patients can-
not be cured. The aim of the treatment in these patients 
includes cure, life prolongation, or palliation. New agents 
such as capecitabine, oxaliplatin, irinotecan, cetuximab, and 
bevacizumab are active in advanced disease and are now 
used in combination for treatment.

 Neuroendocrine Origin

 Neuroendocrine Tumors of the Gastrointestinal 
System
Neuroendocrine tumors of the gastrointestinal system are 
rare. They can produce some vasoactive amines (histamin, 
serotonin), polypeptides (kallikrein, bradykinin, tachykinin), 
and prostaglandins, which are responsible for carcinoid syn-
drome [118].
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Epidemiology
Neuroendocrine tumors in children are rare tumors at the rate 
of 0.08–0.19% [119, 120]. The incidence is rare and change-
able and occurs in 1 per 1,000,000 [121, 122]. White and 
female predominance with a mean age of 12.7 years old are 
some of the demographic features [120]. They can be spo-
radic or associated with hereditary conditions such as MEN1, 
loss of heterozygosity at 11q13 and P53, or adenomatous 
polyposis coli tumor suppressor gene [10].

Localization
Neuroendocrine tumors are found in different sites of the 
gastrointestinal tract [123, 124]. The ileum is the most com-
mon involvement site with the rate of 45%. The other loca-
tions are the rectum (20%), appendix (17%), colon (10.6%), 
and stomach (7.2%) [123].

Classification
Neuroendocrine tumors arise from enterochromaffin cells. 
They are classified according to embryonic gut origins such 
as the foregut (bronchial, stomach), midgut (small intestine, 
cecum, appendix), and hindgut (distal colon, rectum, genito-
urinary) [125].

Clinical Presentation
Normally, the serotonin conversion rate from dietary trypto-
phan is 1%, but this rate is increased to 70% or more in neu-
roendocrine tumor with tryptophan hydroxylase and aromatic 
L-amino acid decarboxylase. Serotonin is then metabolized 
to 5-hydroxyindoleacetic acid (HIAA) with monoamine oxi-
dase and aldehyde dehydrogenase [126]. Neuroendocrine 
tumors of the midgut such as jejunum, ileum, and cecum and 
ovaries have a higher risk for carcinoid syndrome than the 
pancreas, colon, and anus because of the high metastases risk 
of midgut tumors to the liver and secretion of tumor products 
into the systemic circulation before liver-inactivating first- 
pass effect [127]. Symptoms are related to liver metastasis of 
the tumor, because serotonin secreted from the GIS is elimi-
nated by normal liver tissue fast, but not by metastatic liver. 
In addition, 5-hydroxytryptophan (and histamin) is produced 
by foregut neuroendocrine tumors due to a lack of aromatic 

amino acid decarboxylase instead of serotonin. Bioactive 
hormones such as serotonin are rarely secreted by the hind-
gut [128]. Flushing, tachycardia, diarrhea, hypotension, 
venous telangiectasia, and wheezing due to bronchospasm 
are the symptoms of carcinoid syndrome. They can be found 
incidentally after appendectomy and rectal examination in 
the appendix with or without right lower quadrant pain at the 
rate of 2.5/1000 [129]. Abdominal pain and/or intermittent 
obstruction in small bowel neuroendocrine tumors and 
changes in bowel habit, obstruction or bleeding in the colon, 
and rectal and anal neuroendocrine tumors are the other clin-
ical presentations.

Pathology
Histology of the tumor should be evaluated carefully for the 
clinical decision-making. Histologically, they are divided 
into two main categories: (1) well and (2) poorly differenti-
ated (Table 18.10) [130–134].

Laboratory
Baseline levels of some laboratory markers may be useful 
before surgery or biopsy to follow up the patient:

• Chromogranin A
• Pancreastatin
• 24-hour urine 5-hydroxyindoleacetic acid
• Serotonin, gastrin, neuron-specific enolase, neurokinin A

Radiology
• Endoscopy
• CT or MRI of the primary tumor location
• Somatostatin receptor (subtypes 1–5) scintigraphy
• 111 In-DTPA-octreotide combination with CT (single 

photon emission CT)
• 68Ga-dodecanetetraacetic acid (DOTA)-tyrosine 

3-octreotide (DOTATOC) for subtypes 2 and 5 with 
PET

• 68Ga-DOTA-1-Nal3-octreotide (DOTANOC) for sub-
types 2, 3, and 5 with PET

• 68Ga-DOTA-tyrosine-3-octreotate (DOTATATE) for sub-
types 2 with PET

Table 18.10 Classification of gastrointestinal neuroendocrine tumors [130]

Differentiation Grade
Mitotic 
count Ki-67 Traditional ENETS, WHO

Well- 
differentiated

Low (G1) <2 per 10 
HPF

<3% Carcinoid, islet cell, pancreatic (neuro)
endocrine tumor

Neuroendocrine tumor, grade 1

Intermediate 
(G2)

2–20 per 
10 HPF

3–20% Carcinoid, atypical carcinoid, islet cell, 
pancreatic (neuro)endocrine tumor

Neuroendocrine tumor, grade 2

Poorly- 
differentiated

High (G3) >20 per 10 
HPF

>20% Small-cell carcinoma Neuroendocrine carcinoma, 
grade 3, small cell

Large-cell neuroendocrine carcinoma Neuroendocrine carcinoma, 
grade 3, large cell

ENETS European Neuroendocrine Tumor Society, WHO World Health Organization, HPF high-power field
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Treatment Principles
• Localization and staging
• Histological grade and differentiation
• Surgical removal of tumor, if feasible, and carcinoid 

crisis
• Control of symptoms of carcinoid syndrome
• Antitumor therapy for unresectable metastatic disease

Surgery According to Extent of Disease
• Local tumor: Resection that depends on the site and size 

of tumor is strongly recommended.
• Metastatic tumor: Resection may be advised for the pal-

liation of obstruction, bleeding, and pain related to pri-
mary tumor.

Treatment According to Localization [135]
Appendix
Simple appendectomy is sufficient for small (<1.5  cm), 
localized tumors without atypical and invasive histology and 
without positive surgical margins.

Larger (≥2 cm) tumors with atypical histology or positive 
margins:

• Lymph node sampling.
• Ileocecal resection.
• Right hemicolectomy: This is recommended in com-

pletely resected appendicular neuroendocrine tumors 
only for tumors larger than 1.5  cm [122]. This practice 
remains controversial, because there are no reported cases 
of recurrence in children and adolescents after resection 
without right hemicolectomy.

Any tumor without distant metastases should be com-
pletely resected.

Small Bowel
Despite metastatic disease of the ileal site, resection of 
involved segment and small bowel mesentery is necessary 
because fibrosis develops in unresected site of the ileum. 
Malabsorption is the major problem [136].

Ampulla of Vater
Pancreaticoduodenectomy regardless of size.

Rectal Neuroendocrine Tumor
Metastases are seen in 2% of patients with tumors smaller 
than <1 cm, 10–15% in patients with tumors measuring 1.0–
1.9 cm, and 60–80% in tumors larger than >2 cm [137]:

• Smaller than 1 cm and confined to the mucosa or submu-
cosa; local endoscopic excision can be performed if they 
lack other risk factors, i.e., mitotic rate >2 per 10 high- 
power fields (HPF) or lympho-vascular invasion.

• 1 to 1.9 cm confined to the mucosa or submucosa; trans-
anal resection or advanced endoscopic resection in 
patients without risk factors, whereas radical resection 
may be more appropriate for tumors with risk factors.

• For tumors more than 2  cm that invade into or beyond 
muscularis propria, radical surgical resection must be per-
formed [138].

Other Treatment Modalities

• Somatostatin analogs (111 indium-octreotide, yttrium-90 
DOTATOC, 177-Lu-octreotate)
 – Residual disease and significant symptoms due to car-

cinoid syndrome
 – Subcutaneous injection daily to monthly

• Interferon alpha
 – It is used in patients with indolent disease, but side 

effects are the main problem in clinical practice.
• Chemotherapy

 – They are generally not effective in these tumors.
 – Patients with higher Ki-67 levels respond well to chemo-

therapy compared to patients with lower levels (<2%)
 – In adult series, 5-FU, cisplatin, doxorubicin, dacarba-

zine, and combination of these agents are used.

Liver Transplantation
Hepatic embolization (chemoembolization).

Pancreatic Neuroendocrine Tumor

• Functional tumors: The most common type is insulinoma 
(most are benign), followed by gastrinoma (most are 
malign). ACTHoma and VIPoma are seldom [139].

• Nonfunctional tumors: They are associated with MEN1 
[140].

• Insulinoma:
 – Insulinomas are the second most common tumor of the 

pancreas in children. It has a benign nature. Incidence 
of malignancy is 6%. MRI is the first imaging method; 
however, in case of failure to detect, PET-CT can be 
successfully used for identification. Pancreas-sparing 
surgery can be preferred [91].

 – For malignant tumors with unresectable or metastatic 
disease, chemotherapy and mammalian target of 
rapamycin (mTOR) inhibitors can be used [11, 139].

Follow-Up
Patients with local, small, and complete surgical resection 
should be followed up closely for recurrence with baseline 
levels of some markers. History, physical examination, mon-
itorization of the tumor markers, and appropriate local imag-
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ing studies (CT, MRI) are recommended for all patients. 
Proctoscopy is recommended in patients with rectal tumors 
≥2 cm within the 6–12-month intervals. Patients with appen-
diceal tumors ≤2  cm are generally not required to be fol-
lowed up. Tumors of other sites are followed up in regular 
intervals. In addition, cardiac evaluation and monitoring 
should be done for neuroendocrine tumoral heart disease. 
Neuroendocrine tumors also may produce ectopic ACTH 
and cause Cushing’s disease [141].

 Mesenchymal Origin

 Gastrointestinal Stromal Tumor

Epidemiology
Gastrointestinal stromal tumors (GISTs) that originate from 
mesenchyme (connective tissue) are the most common gastro-
intestinal sarcoma in adults with a rate of 0.2% of all GI tumors 
and 80% of GI sarcomas [12]. However, these are rare tumors 
in pediatric age. The annual incidence is 0.02–0.08 per million 
in children younger than 14 years of age [142, 143]. The per-
centage of patients with GIST below the age of 21 years is 
0.5–2.7% [144–146]. They account for approximately 2.5% of 
all non-rhabdomyosarcomatous soft tissue sarcomas in chil-
dren [147]. They are mostly found in the gastric locale and 
most commonly occur in adolescent girls [148, 149].

Pathogenesis
GISTs have an expression of the CD117 antigen, which is 
part of the KIT transmembrane receptor tyrosine kinase, 
which is a product of KIT proto-oncogene. Abnormal acti-
vated KIT protein and oncologic signal in the cell are trig-
gered by this mutation [150]. Some GISTs without KIT 
mutations have active mutations in another related tyrosine 
kinase, the platelet-derived growth factor receptor alpha 
(PDGFRA) [151]. Mutations are 67.9% on exon 11, 18.1% 
on exon 9, 1.6% on exon 13, and 1.6% on exon 17 in KIT 
and 3.9% on exon 18 and 0.8% on exon 12  in PDGFRA 
[152]. Mutation in the KIT and PDGFRA gene is found in 
85% in adults; however, this rate is 15% in pediatric cases 
[148]. In addition, somatic and germline succinate dehy-
drogenase (SDH) genes B, C, and D mutations are described 
in children [153]. But loss of function mutation of SDH 
gene A might be associated with features of a tumor sup-
pressor gene [154, 155]. Because of high and amplified 
insulin-like growth  factor 1 receptor (IGF1R) expression, 
IGF1R inhibitor might be potentially therapeutic for these 
patients [156].

Risk Factors
Pediatric GISTs are associated with some tumor predisposi-
tion syndromes:

• Carney triad [157]
 – GIST, pulmonary chondromas, and paragangliomas
 – Other conditions such as adrenal adenomas, esopha-

geal leiomyomas, and pheochromocytomas
 – Absence of KIT, PDGFRA, and SDH mutations

• Carney-Stratakis syndrome [153]
 – Paraganglioma and GIST
 – 12% of pediatric GISTs
 – Somatic and germline mutations of the succinate dehy-

drogenase (SDH) genes B, C, and D
 – Absence of KIT or PDGFRA mutation

• Familial GIST [158]
 – Heritable point mutation of KIT gene
 – Multiple gastrointestinal GISTs
 – Diffuse interstitial cells of Cajal (ICC) hyperplasia as 

precursor lesion both in sporadic and familial GISTs 
[159]

• Neurofibromatosis 1-associated GIST [160, 161]
 – The most common site of primary lesions is small 

bowel (75%).
 – Frequently multiple.
 – High or intermediate risk and poor prognosis.
 – ICC hyperplasia.
 – Mostly absence of KIT and PDGFRA mutation except 

in a few cases.
 – SDH subunit B expression is positive [162].

Histopathology
GISTs have two major histologic patterns: spindle cell and 
epithelioid. Pediatric GISTs have a predominance of the epi-
thelioid [163].

Clinical Presentation
The most common primary sites are the stomach (60%) and 
jejunum-ileum (30%). GISTs can occur in any portion of the 
alimentary tract such as the duodenum, colon, rectum, 
appendix, omentum, and extra-gastrointestinal sites such as 
retroperitoneum and mesentery [164].

Gastrointestinal bleeding is the most common presentation, 
which could be acute or chronic. Acute bleeding-related 
melena, hematemesis, and chronic bleeding-related anemia, 
weakness, and syncope are detected. Anemia is the most com-
mon presentation of chronic bleeding [165, 166]. In addition, 
acute abdomen owing to rupture, obstruction of bowel, abdom-
inal pain, and swelling are the other presentations. Sometimes 
they are detected incidental due to asymptomatic clinic.

Presentation occurs during the second decade of life with 
female predominance, high propensity for multifocality, 
nodal metastases, and high incidence of local recurrence, but 
indolent courses are some other clinical features [148, 166].

They frequently metastasize to the liver and disseminate 
via the abdominal cavity to the peritoneum, but lung and 
bone metastasis are uncommon [163, 167].
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Prognostic Factors
Mitotic index and size can be used in risk stratification of pri-
mary GISTs according to localization from very low risk to 
high risk [168]. Tumor rupture, which impacts negatively on 
disease-free survival, is an independent risk factor and is added 
to modified risk stratification in the high-risk category [169].

Diagnosis/Staging
• Esophago-gastro-duodeno barium graphy
• Ultrasonography

 – Suspicious lesion can be detected with these diagnos-
tic tools.

• Contrast-enhanced computerized tomography (CT)
 – Preferred for screening and staging

• Magnetic resonance imaging (MRI)
 – Preferred for specific sites
 – Better definition for surgery
 – Contraindication to contrast

• Upper endoscopy
 – Features of submucosal mass of GISTs can be 

evaluated.
• Endoscopic ultrasonography and fine-needle aspiration

 – Cytologic analysis, immunohistochemistry, poly-
merase chain reaction (PCR) for KIT mutations

 – Sensitivity 82%, specificity 100% [170]
• PET-CT

 – High sensitivity, but not specific
 – Monitor the response to therapy

There is no staging system for pediatric GISTs. TNM and 
alternative risk stratification systems for GISTs might be used.

Refer to genetic counselor for all pediatric patients with 
wild-type GISTs.

Outcome
Estimation of survival in the pediatric population is difficult 
due to the rarity of this tumor. Pediatric GISTs have an indo-
lent course. In one study, despite metastasis with the rate of 
65%, only 1 patient died in 17 cases [166]. In another series, 
6 patients died with a median survival of 16 years in 44 cases 
[165].

Treatment
A multidisciplinary team including pediatric oncologist, 
pediatric surgeon, pathologist, and radiologist is mandatory 
for the treatment. All samples must be analyzed for the muta-
tions of KIT, PDGFR, and BRAF (V600E). Chemotherapy 
and radiotherapy are ineffective in GIST [171].

• GIST with a KIT or PDGFR mutation
 – Completely resected tumor

 ◦ History and physical examination every 3–6 months 
and then annually

 ◦ CT scan every 3–6 months for 3–5 years and then 
annually

 – More locally advanced or metastatic disease
 ◦ Imatinib
 ◦ History and physical examination as well as abdom-

inopelvic CT scan every 3–6 months
• Wild-type GIST (no mutation) [163]

 – Non-metastatic tumors
 ◦ Complete gross surgical resection with an intact 

pseudocapsule and negative margins.
 ◦ Wedge resection if feasible, because total gastrec-

tomy may not prevent recurrence.
 ◦ Lymph node sampling because of high incidence of 

nodal involvement.
 ◦ Adjuvant imatinib is not recommended.

 – Asymptomatic unresectable or metastatic disease
 ◦ Followed by physical examination and imaging.
 ◦ Baseline images – such as chest radiography, CT or 

MRI of the abdomen and pelvis, and PET-CT – are 
performed and repeated in 6 weeks.

 ◦ In patients with stable clinic, chest radiograph, CT 
or MRI of the abdomen and pelvis at 3-month inter-
vals for 24  months followed by visits at 6-month 
intervals for 24 months and yearly thereafter.

 – Unresectable or metastatic disease with progression or 
clinical symptoms.

 ◦ Surgical resection ideally with negative margins or 
without negative margins, if feasible.

 ◦ The risk of benefits should be evaluated on a case- 
by- case basis.

 ◦ Tyrosine kinase inhibitor therapy should be initi-
ated in patients without complete resection.

 – Asymptomatic multiple recurrent tumors
 ◦ Tyrosine kinase therapy should be considered.
 ◦ Tyrosine kinase inhibitors: Doses of imatinib within 

260 and 340 mg/m2 provide similar clinical benefit 
like in adults treated with daily doses of 400 mg and 
600 mg, respectively [172].

Imatinib benefit is restricted to KIT exon 11 and PDGFRA 
mutations and cannot be recommended in patients with wild- 
type mutations. Partial response and disease stabilization 
with imatinib and sunitinib can be achieved in pediatric 
patients with wild-type mutations.
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 Gastrointestinal Lymphomas

The gastrointestinal (GI) tract is the predominant site of 
extranodal lymphoma involvement secondary to widespread 
nodal disease [1], with approximately 5–20% of extranodal 
lymphomas occurring in the GI tract [2]. Primary non- 
Hodgkin lymphomas (NHLs) of the GI tract are rare (consti-
tuting 1–4% of all GI malignancies) and 90% are of B-cell 
origin [3, 4], while secondary GI involvement is relatively 
common.

Primary GI lymphoma may involve any part of the GI 
tract from the oropharynx to the rectum [5, 6]. The most 
commonly involved sites are as follows: stomach (60–75%), 
small intestine (9%), ileocecal region (7%), and colorectal 
region (<1%).

The criteria for primary gastrointestinal lymphoma have 
been proposed by Dawson et al. (Table 19.1). Histological 
subtypes of lymphomas may preferentially involve specific 
sites in the gastrointestinal tract (Table 19.2). There are sev-
eral known risk factors for the development of primary GI 
lymphomas (Table  19.3). Pretreatment work-up and tissue 
biopsy are necessary for definitive diagnosis and staging of 
the disease (Table 19.4).

There is limited consensus on the best staging system of 
primary GI lymphoma, with 3 staging systems in use: Ann- 
Arbor staging with Musshoff modification, Lugano staging 
system (incorporating measures of distal nodal involvement), 
and Paris staging system (a modified tumor-node-metastasis 
[TNM] staging system).

Treatment depends upon a patient’s clinical condition, 
histological subtype, and stage of the disease and may range 
from observation to stem cell transplantation.

This chapter will focus on the most common primary 
GI lymphomas of the stomach, small intestine, and colon, 
and extranodal involvement of the GI tract by systemic 

lymphomas. Epidemiology, etiology and risk factors, diag-
nostic procedures, staging, treatment, and follow-up of GI 
lymphomas will be discussed in more detail.
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Table 19.1 Dawson’s criteria for primary GI lymphoma

Absence of peripheral lymphadenopathy at the time of presentation
Lack of mediastinal lymph nodes
Normal total and differential white cell count
Predominance of bowel lesion at the time of laparotomy with only 
lymph nodes obviously affected in the immediate vicinity
No involvement of liver and spleen

Table 19.2 Histologic subtypes’ predilection site

Histologic subtype Predilection site
Gastric MALT lymphoma 
(MALTOMA)

Stomach, usually 
multifocal

Diffuse large B-cell lymphoma Stomach
Mantle cell lymphoma (MCL) Terminal ileum, jejunum, 

colon
Enteropathy-associated T-cell 
lymphoma (EATL)

Jejunum

Follicular lymphoma Duodenum, jejunum, 
ileum, usually multifocal

Burkitt lymphoma Terminal ileum
Non-IPSID non-gastric MALT 
lymphoma (Western type)

Duodenum, jejunum

Immunoproliferative small intestinal 
disease (IPSID)

Duodenum, jejunum

Table 19.3 Risk factors in the pathogenesis of primary GI 
lymphomas

Bacterial infections Helicobacter pylori
Campylobacter jejuni

Viral infections HIV, HBV, HCV, EBV, HTLV-1
Inflammatory bowel disease Celiac disease

Crohn’s disease
Immunosuppression Post-transplant

Immunosuppressive agents

HIV human immunodeficiency virus, HBV hepatitis B virus, HCV hepa-
titis C virus, EBV Epstein-Barr virus, HTLV-1 human T-lymphotropic 
virus type 1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18890-0_19&domain=pdf
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 Primary Gastric Lymphomas

 Epidemiology

The stomach is the most common extranodal site of lym-
phoma and accounts for 68–75% of GI lymphomas [7, 8]. 
Primary gastric lymphoma accounts for 3–5% of gastric 
neoplasms and is the most common site of primary GI lym-
phoma [2, 4]. Primary gastric lymphoma can arise from 
mainly 2 different sources: extranodal marginal B-cell lym-
phoma of mucosa-associated lymphoid tissue (MALT) type 
and diffuse large B-cell lymphoma. The majority of pri-
mary lymphomas of the stomach are MALT type (40–50%), 
of which 70–80% are confined to the stomach (stage IE). 
Some studies report that the incidence of primary gastric 
lymphoma has been increasing during the past decades [9, 
10]. Gastric lymphoma reaches its peak incidence between 
the ages of 50–60 years and is most common in men [11]. 
The distribution of primary GI lymphomas varies in differ-
ent geographical regions, as B-cell lymphomas are more 
frequently reported in Western countries, while Eastern 
countries have a higher incidence of T-cell lymphomas. 
This difference might also be due to host factors.

 Etiology and Risk Factors

The etiology of gastric lymphoma remains unclear, but asso-
ciated predisposing factors include Helicobacter pylori 
infection, immunodeficiency (e.g., human immunodefi-

ciency virus [HIV] infection), hepatitis B infection, autoim-
mune diseases, long-standing immunosuppressive therapy 
(e.g., post-transplantation), celiac disease (CD), and inflam-
matory bowel disease (IBD) [12–24].

Helicobacter pylori infections are especially associated 
with the development of most MALT lymphomas of the 
stomach (90%). The other sites of the GI tract are affected to 
a lesser extent. The stomach does not contain significant 
lymphoid tissue, but lymphoma also can arise from mucosal 
sites. The development of MALT lymphomas is linked to 
the clonal expansion of B cells that accompanies chronic 
gastritis in the presence of H. pylori. H. pylori-induced gas-
tritis first leads to the accumulation of CD4+ lymphocytes 
and mature B cells in the gastric lamina propria. Antigens 
derived from H. pylori drive the activation of T cells, B-cell 
proliferation, and lymphoid follicle formation, which if per-
sistent can evolve into a monoclonal lymphoma. 
Helicobacter pylori plays a role in the development of most 
MALT lymphomas and may play a similar role in the devel-
opment of diffuse large B-cell lymphoma (DLBCL). A few 
studies have shown complete remission after eradication 
therapy alone [12–24].

Immunodeficiency is defined as a state of impaired func-
tion of the immune system that can be congenital, acquired, 
or iatrogenic. Two conditions mainly determine the occur-
rence of lymphomas: human immunodeficiency virus (HIV) 
infection with the associated acquired immunodeficiency 
syndrome (AIDS) and post-transplant immunosuppression. 
In both situations, the GI tract is the most involved site. Post- 
transplant lymphoproliferative disorders can occur late after 
solid-organ transplantation associated with intensive long- 
term immunosuppressive therapy to prevent rejection of the 
transplant [15, 16] . AIDS- related lymphoma can involve any 
area of GI tract and is mostly associated with advanced dis-
ease and low CD4 counts. The rate of GI tract involvement in 
AIDS-related lymphoma is approximately 14% [17, 18].

An association between IBD and lymphoma has been 
shown, but the increased risk of lymphoma in patients treated 
with immunosuppressive agents (e.g., azathioprine, 
6- mercaptopurine) or tumor necrosis factor-alpha (TNF- 
alpha) inhibitors (e.g., etanercept, infliximab) remains con-
troversial [21, 22]. The lymphoma risk in association with 
anti-TNF agents is also confounded by the strong association 
between high cumulative disease activity and development 
of lymphoma [23].

The association between CD and lymphoma has long 
been established. The most frequent malignancy associated 
with CD is a high-grade, T-cell NHL of the upper small 
intestine. Also, CD may be associated with other NHL types 
of both the B- and T-cell type in either the gut or other pri-
mary sites [20, 24].

Table 19.4 Pretreatment evaluation of primary gastrointestinal 
lymphomas

History and physical examination
CBC with differential
Liver and renal function tests with electrolytes, LDH
Serology for human immunodeficiency virus, hepatitis B and C, 
Epstein-Barr virus
Computed tomography of chest, abdomen and pelvis
FDG-PET in aggressive lymphomas
Endoscopic ultrasound for upper GI lymphomas
Endoscopic biopsies
Laparotomy depending on clinical presentation and accessibility
Tests for Helicobacter pylori in gastric lymphoma, Campylobacter 
jejuni in intestinal lymphoma
Molecular markers: t(11;18) for gastric MALT lymphoma, t(11;14) 
for mantle cell lymphoma, t(14;18) for follicular lymphoma, myc 
for Burkitt’s lymphoma
Bone marrow aspiration and biopsy

CBC complete blood count, LDH lactate dehydrogenase, FDG-PET 
fluorodeoxyglucose positron emission tomography, GI gastrointestinal, 
MALT mucosa-associated lymphoid tissue
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 Diagnosis

Patients with gastric lymphoma typically present with nonspe-
cific symptoms frequently seen with more common gastric 
conditions, such as peptic ulcer disease, non-ulcer dyspepsia, 
and gastric adenocarcinoma. The most common presenting 
symptoms include epigastric pain or discomfort (93%), 
anorexia, weight loss, nausea and/or vomiting, occult gastro-
intestinal bleeding, and early satiety. Systemic B symptoms 
(fever, night sweats) are rarely seen [24, 25]. The duration of 
symptoms is variable, ranging from a few days to years.

The diagnosis of gastric lymphoma may be suggested by 
endoscopic and imaging findings, but must be confirmed by 
histopathological evaluation. The diagnosis of gastric lym-
phoma is usually established by upper GI endoscopy with 
biopsy. Laparotomy and laparoscopy are typically reserved for 
patients with complications such as perforation or obstruction.

Both suspicious-appearing lesions and normal-appearing 
mucosa must be biopsied because gastric lymphoma can 
occasionally present as a multifocal disease [13]. Multiple 
biopsies should be obtained from the stomach, duodenum, 
and gastroesophageal junction. An endoscopic ultrasound 
(EUS) should determine the depth of invasion and the pres-
ence of perigastric nodes [26, 27].

Endoscopists should aim to attain the largest biopsy spec-
imen possible. Endoscopic ultrasound-guided fine needle 
aspiration biopsy (FNAB) [28] or endoscopic submucosal 
resection may provide even greater diagnostic capability.

Findings on upper GI endoscopy may include mucosal 
erythema, a mass or polypoid lesion with or without ulcer-
ation, benign-appearing gastric ulcer, nodularity, or thick-
ened and cerebroid gastric folds [29, 30]. Superficial 
spreading or diffuse infiltrating lesions on EUS were seen 
with MALT lymphoma, while mass-forming lesions were 
typical of diffuse large B-cell lymphoma (DLBCL) [31].

Accurate diagnosis is established by histopathological and 
immunohistochemical examination, supplemented by cytoge-
netic and molecular biology tests. A complete diagnosis 
requires a histopathological classification and a correct staging, 
both of them having an impact on the therapeutic decision.

The vast majority (greater than 90%) of gastric lympho-
mas are equally divided into two histological subtypes: 
MALT lymphoma and DLBCL [7, 8].

MALT lymphoma can be divided into H. pylori positive 
or negative based on the presence of Helicobacter pylori. 
Most patients (>90%) with gastric MALT lymphoma are H. 
pylori positive. H. pylori negative MALT lymphoma tends to 
have a higher frequency for t(11;18) (q21;q21) translocation 
compared to H. pylori positive MALT lymphoma [32, 33].

Extranodal marginal zone B-cell lymphoma (MZL), also 
called low-grade B-cell lymphoma of mucosa-associated lym-

phoid tissue, is an extranodal lymphoma that arises in a number 
of epithelial tissues, including the stomach, salivary gland, 
lung, small bowel, thyroid, and elsewhere. It was originally 
referred to as a “pseudo-lymphoma” because of its tendency to 
remain localized to the tissue of origin for long periods of time, 
but it is now recognized that it is a clonal B-cell neoplasm that 
frequently recurs locally and has the potential for systemic 
spread and transformation to a high- grade B-cell lymphoma. 
MALT lymphoma comprises up to 50% of all primary lympho-
mas involving the stomach [12, 24]. Histologically, the most 
significant finding is the presence of a variable number of lym-
phoepithelial lesions defined by invasion and partial destruc-
tion of mucosal glands by the tumor cells. Extranodal MZL is 
postulated to arise from post germinal center memory B cells 
with the capacity to differentiate into marginal zone and plasma 
cells. The tumor B cells can express the surface immunoglobu-
lin (Ig) and pan-B antigens (CD19, CD20, and CD79a), the 
marginal zone-associated antigens (CD35 and CD21, and lack 
CD5, CD10, CD23), and cyclin D1. In normal B and T cells, 
signals produced by the interaction of antigen with antigen 
receptors on the cell surface cause the protein B-cell leukemia/
lymphoma 10 (BCL-10) to bind to the MALT lymphoma- 
associated translocation (MALT1) protein. This triggers addi-
tional events that result in the activation of nuclear factor kappa 
B (NF-κB), a transcription factor that turns on a set of genes 
that promote B-cell survival [34]. The most commonly seen 
translocations are t(11;18) (q21;q21), t(14;18)(q32;q21), 
t(1;14)(p22;q32), and t(3;14)(p13;q32). Specifically, the 
t(11;18) translocation fuses the apoptosis inhibitor-2 gene on 
chromosome 11 (variously called API2 or IAP2) with the 
MALT1 gene on chromosome 18 [35]. These result in overex-
pression of BCL-10, which causes cellular transformation and 
provides a survival advantage to the neoplastic B cells. Nuclear 
expression of BCL-10 or NF-κ(kappa)B in gastric MALT, 
determined by immunohistochemistry, is associated with resis-
tance of gastric MZLs to antibiotic therapy, even in those 
tumors that lack the t(11;18) [36].

The diagnosis of extranodal MZL is based upon morpho-
logic, immunophenotypic, and genetic analyses of tissue 
taken from an affected site. As previously described in more 
detail, the morphological review reveals a polymorphous 
infiltrate of small cells with reactive follicles. While large 
cells are typically present, they are by definition the minor-
ity. On immunophenotyping, cells are positive for B-cell 
markers CD19, CD20, and CD22 and negative for CD5, 
CD10, and CD23. Molecular diagnostic analysis consisting 
of polymerase chain reaction (PCR)-based analysis of IgH 
gene rearrangements can also be very helpful in distinguish-
ing extranodal MZL from reactive proliferations. 
Chromosomal abnormalities, usually t(11;18), is found in 
almost all cases and can be diagnostically helpful.
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DLBCLs are a heterogeneous group of tumors that are 
clinically, histologically, immunophenotypically, and cyto-
genetically variable. They can be divided into four sub-
groups, (1) T-cell histiocyte-rich large B-cell lymphoma, (2) 
intravascular lymphoma, (3) lymphomatoid granulomatosis, 
and (4) primary mediastinal DLBCL, according to the gene 
expression patterns with each having a different outcome. 
Gastrointestinal DLBCL includes lesions previously called 
high-grade MALT lymphoma. It can occur anywhere along 
the GI tract and is the most common histology for primary 
gastric lymphoma, representing approximately 50% of 
cases. Compared with patients with low-grade MALT lym-
phoma, these patients tend to have more systemic symp-
toms, a more advanced stage at diagnosis, and a worse 
prognosis. At endoscopy, most DLBCLs appear as infiltrat-
ing lesions with bizarre ulcerations or conspicuous fold 
enlargements. In some patients, there is a peculiar polypoid 
nodularity of the invaded segment. These alterations can 
appear as single or multiple findings. The most commonly 
seen translocations as mentioned earlier include t(14;18) 
(q32;q21) with BCL2- rearrangement, t(3;14) (p27;q32) 
with BCL6-rearrangement, and t(8;14) (q24;q32) with 
MYC rearrangement, respectively. Variability has been 
observed in CD45, CD5, and CD10 expression, with the 
CD10 expression in particular considered as a prognostic 
indicator [37]. MYC, an oncogenic transcription factor, is 
recognized as one of the most frequently altered genes in 
human malignancies. MYC is also a critical player during 
lymphoma development [38]. BCL-2, an anti-apoptotic 
gene, has been implicated in conferring chemotherapy resis-
tance in non-Hodgkin’s lymphoma and has been extensively 
studied as a prognostic biomarker in DLBCL [39]. MYC 
translocations, with or without BCL-2 translocations, have 
been associated with inferior prognosis in DLBCL. DLBCL 
patients with both MYC and BCL-2 protein co-expression 
have shown inferior overall survival and progression-free 
survival [40].

The remaining cases of gastric lymphoma may represent 
any histology, but the most commonly seen are mantle cell 
lymphoma, follicular lymphoma, and peripheral T-cell lym-
phoma [7, 8].

After a diagnosis of GI lymphoma is confirmed, a pre-
treatment evaluation determines the extent of the disease. 
Laboratory studies include a complete blood count with dif-
ferential, HIV serology, chemistries with liver and renal 
function, electrolytes, lactate dehydrogenase (LDH), and 
serological testing for hepatitis B and hepatitis C.

A contrast-enhanced computed tomography (CT) scan of 
the chest, abdomen, and pelvis should be performed to evalu-
ate for distant disease. The use of positron emission tomog-
raphy (PET) is controversial except in cases of DLBCL [41]. 
Patients should be tested for H. pylori, which can be detected 
by histological specimen, biopsy urease test, urea breath test, 

stool antigen test, or serology. In addition, fluorescence in 
situ hybridization (FISH) or polymerase chain reaction 
(PCR) testing for t(11;18) should be performed. Bone mar-
row biopsy and aspirate should be performed on all patients. 
Men and women with childbearing potential should receive 
counseling about the potential effect of treatment on their 
fertility and options for fertility-preserving measures, and 
women of childbearing should undergo a pregnancy test if 
chemotherapy is planned.

 Staging

A proper staging for GI lymphomas will include [42]:

 1. Physical examination: evaluation of superficial lymph 
nodes; abdomen palpation to detect liver enlargement, 
splenomegaly, and abdominal masses.

 2. Endoscopic ultrasonography, which is the gold standard 
in defining the locoregional GI involvement.

 3. Computed tomography of the neck, chest, and abdomen 
in order to detect involvement of nodes above and below 
the diaphragm and also other extranodal involvement not 
pertaining to the GI tract.

 4. Positron emission tomography is not generally indicated 
as a staging procedure, especially in MALT lymphomas, 
but it retains a role in defining the pretreatment lympho-
matous involvement and response to treatment.

 5. Bone marrow biopsy: notwithstanding the low-grade, 
indolent diseases that tend to remain localized at the GI 
tract, bone marrow biopsy should be performed in order 
to exclude a marrow involvement that could influence 
treatment and follow-up management. However, the level 
of evidence on its utility is poor [43].

Several staging systems have been developed over the 
past decades to improve prognostic stratification of primary 
GI lymphoma, mainly taking into account different clinical 
parameters. The most popular staging system is the Ann 
Arbor system. The spreading patterns of extranodal lympho-
mas are different from primary nodal lymphomas. Because 
of this, the use of Ann Arbor staging is not suitable, espe-
cially for primary gastric lymphomas. Several adaptations 
and modifications have been done for gastrointestinal lym-
phomas by Musshoff (Table 19.5) [44]. The Lugano staging 
system is a modification of the original Ann Arbor staging 
system designed for the staging of primary gastrointestinal 
lymphomas. It was developed to incorporate measures of 
depth of invasion and distant nodal involvement (Table 19.6) 
[45]. Early (stage I/II) disease includes a single primary 
lesion or multiple, noncontiguous lesions confined to the GI 
tract that may have nodal involvement. There is no stage III 
in the Lugano system. Advanced (stage IV) disease displays 
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disseminated extranodal involvement or concomitant supra- 
diaphragmatic nodal involvement. A modified TNM staging 
system, also called the Paris staging system, suggested by 
European Gastro-Intestinal Lymphoma Study Group mod-
eled after the staging of gastric adenocarcinoma, is not as 
commonly used (Table 19.7) [46]. Treatment decisions are 
made according to these staging systems.

 Treatment and Prognostic Factors

Gastric lymphoma has better prognosis than intestinal lym-
phoma and gastric adenocarcinoma, perhaps because of the 
tendency of gastric lymphomas to remain localized in the 
stomach for a long time. The stage and histological grade of 
the disease are the most important independent prognostic 
factors. In fact, depth of the invasion of the wall and size of 
the tumor and serosal penetration are other negative prog-
nostic factors [47]. DLBCL with MYC and BCL-2 transloca-
tions have been associated with a poor prognosis and worse 
chemotherapy response [48]. Other negative survival factors 
described in the literature are older age, T-cell lymphoma, 

nodular type, elevated lactate dehydrogenase (LDH), lesions 
with a higher cell proliferation index measured by monoclo-
nal antibody Ki67 or MIB1, and aneuploid lymphoma.

The modalities of treatment for gastric lymphomas have 
been a controversial subject, and the best regimen has not 
been standardized. The treatment of gastric MALT lymphoma 
is dependent on the presence or absence of a concomitant H. 
pylori infection. For early stage (I/II) gastric MALT lym-
phoma with H. pylori infection, H. pylori eradication is the 
initial therapy. It is reported that more than 70% of patients 
can achieve remission after a successful H. pylori eradication 
[49]. After initial therapy, patients must be monitored with 
serial endoscopies to evaluate for disease response and recur-
rence. Tumors demonstrating the t(11;18) translocation are 
unlikely to respond to H. pylori eradication and are candi-
dates for alternative therapies [50]. Patients initially treated 
with H. pylori eradication therapy need to be evaluated after 
the completion of treatment to determine whether the H. 
pylori was successfully eradicated and whether there has 
been a tumor response. Approximately 20–30% of patients do 
not respond to H. pylori eradication therapy or demonstrate 
relapse during follow-up. These patients should be reviewed 
carefully to confirm the presence of MALT lymphoma and to 
exclude more aggressive lymphomas [51]. These patients 
should also be treated with radiotherapy (RT) with a curative 

Table 19.5 Ann Arbor lymphoma staging system, modified by 
Musshoff, for extranodal lymphomas

Stage of 
disease Extent of disease
Stage I Single lymphatic organ or extranodal site
Stage II Two or more lymphatic regions on the same side of the 

diaphragm, or a single extranodal organ plus lymph 
node involvement on the same side of the diaphragm

 Stage II1 Regional lymph nodes involved
 Stage II2 Distant lymph node involvement
Stage III Lymph node involvement detected on both sides of the 

diaphragm
Stage IV Disseminated disease with involvement of other 

extranodal sites (i.e., liver, bone marrow, abdominal 
wall)

Table 19.6 Lugano system for staging of gastrointestinal lymphomas

Stage of 
disease Extent of disease
Stage I Tumor confined to the GI tract, single primary site or 

multiple noncontinuous lesions
Stage I1 Tumor does not exceed the mucosa and submucosa
 Stage I2 Tumor infiltrates into muscularis propria and/or 

subserosa and/or serosa
Stage II Tumor extends into abdomen from primary GI site
Stage II1 Local lymph node involvement
 Stage II2 Distant lymph node involvement
Stage IIE Penetration of serosa with involvement of adjacent 

organs/tissues
Stage IV Disseminated disease with involvement of extranodal 

sites, or primary GI lesion plus supradiaphragmatic 
nodal involvement

GI gastrointestinal

Table 19.7 Paris staging system (TNMB) for primary gastrointestinal 
tract lymphomas

Stage of 
disease Extent of disease
Tx Lymphoma extent unspecified
T0 No evidence of lymphoma
T1 Lymphoma confined to the mucosa/submucosa
T1m Lymphoma confined to the mucosa
T1sm Lymphoma confined to the submucosa
T2 Lymphoma infiltrates muscularis propria or subserosa
T3 Lymphoma penetrates serosa without invading adjacent 

structures
T4 Lymphoma infiltrates adjacent structures or organs
Nx Nodal involvement not assessed
N0 No evidence of lymph node involvement
N1 Involvement of regional lymph nodes (for GL: 

perigastric nodes, as well as those located along the 
splenic, the common hepatic and the left gastric 
arteries)

N2 Involvement of intra-abdominal lymph nodes beyond 
the regional area

N3 Involvement of extra-abdominal nodes
Mx Dissemination not assessed
M0 No evidence of extranodal dissemination
M1 Noncontinuous involvement of separate sites in the GI 

tract (i.e., stomach and rectum)
M2 Noncontinuous involvement of other tissues or organs
Bx Involvement of bone marrow not assessed
B0 No evidence of bone marrow involvement
B1 Lymphomatous infiltration of the bone marrow
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intent. Patients treated with RT almost always attain a com-
plete response (CR) and have lower relapse rates, but have a 
potential for more complications.

Patients without evidence of H. pylori infection, H. pylori 
eradication therapy failures, and those with tumors that dem-
onstrate the t(11;18) translocation are typically treated with 
local radiation therapy. Other treatments, including immuno-
therapy, chemoimmunotherapy, and multiagent chemother-
apy, are reserved for patients failing or recurring after 
RT. Single-agent immunotherapy drug rituximab is chimeric 
mouse anti-human CD20 monoclonal antibody specific for 
B-cell surface antigen CD20. It has been demonstrated to be 
effective in MALT lymphoma arising in different extranodal 
organs including the stomach. The fırst phase 2 prospective 
study was conducted by the International Extranodal 
Lymphoma Group (IELSG) on gastric lymphoma at different 
disease stages; the overall response rate was 64% [52]. 
Another larger study evaluated the efficacy of rituximab on 
resistant/refractory primary gastric lymphoma including 
patients with t(11;18) (q21;q21); it demonstrated higher 
response at early stages of disease than those in advanced 
stages [53]. The addition of rituximab to anthracycline-based 
combination therapy was evaluated in a small retrospective 
study that included relapsed MALT lymphoma treated with 
rituximab plus CHOP (cyclophosphamide, doxorubicin, vin-
cristine, and prednisolone) or CNOP (cyclophosphamide, 
mitoxantrone, vincristine, and prednisolone). All patients 
achieved a complete response [54].

For patients who have early-stage H. pylori-negative gas-
tric MALT lymphoma or those with t(11;18), initial treat-
ment with local RT is associated with more long-term 
remissions.

Patients with advanced stage (Lugano IV) disease are 
treated with H. pylori eradication therapy if they are H. 
pylori positive and then generally observed until the devel-
opment of symptoms, at which time they undergo treatment 
with immunotherapy and/or chemotherapy. For asymptom-
atic patients, an initial observation rather than chemotherapy 
is suggested. Immunotherapy-based treatment is reserved for 
disease progression or development of symptoms.

Treatment options that were evaluated in gastric DLBCL 
include surgery, radiation therapy, chemoimmunotherapy, 
H. pylori eradication therapy, and combinations of the 
above. In general, most patients are treated with combina-
tion chemoimmunotherapy regimen. A few patients may be 
candidates for a trial of H. pylori eradication therapy. H. 
pylori eradication is necessary for a patient with gastric 
DLBCL because the existence of the bacterium might 
increase the risk of relapse [55]. Chemotherapy is more tol-
erable than surgery. For most patients with gastric DLBCL, 
it is recommended to use combination chemotherapy with 
rituximab with or without involved-field RT. The use of H. 

pylori eradication therapy alone for limited-stage gastric 
DLBCL is not universally accepted and requires very close 
monitoring. Gastric resection is reserved for patients with 
complications such as perforation or obstruction or intrac-
table bleeding.

 Follow-Up

Good clinical judgment, a careful history, and physical 
examination are the cornerstones of patient follow-up. 
Patients initially treated with H. pylori eradication therapy 
need to be evaluated 4–8 weeks after the completion of treat-
ment to determine whether the H. pylori was successfully 
eradicated and whether there has been a tumor response. 
Urea breath testing should be performed to confirm eradica-
tion of infection. After successful eradication of H. pylori, 
patients should undergo periodic upper endoscopy with mul-
tiple biopsies to evaluate for tumor response and monitor for 
relapse. Histological evaluation of repeat biopsies remains 
an essential follow-up procedure to exclude either the possi-
bility of persistent significant disease or, particularly in 
patients with persistent H. pylori infection, the appearance of 
early epithelial changes, which may be related to gastric 
carcinoma.

Unfortunately, the interpretation of lymphoid infiltrate in 
post-treatment gastric biopsies can be very difficult and there 
are no uniform criteria for the definition of histological 
remission. We can use the Wotherspoon histological index 
originally devised to differentiate between gastritis and 
MALT lymphoma at the time of diagnosis [56]. Using these 
criteria, patients who demonstrate grade 0–2 lesions are con-
sidered to have a histological CR, while grade 3 lesions are 
classified as a partial response (PR). In contrast, the Gela 
score defines a histological CR as a normal or empty lamina 
propria and/or fibrosis with absent or sparse plasmacytes and 
lymphoid cells in the lamina propria without lymphoepithe-
lial lesions [57]. Following the completion of therapy, 
patients are seen at periodic intervals to monitor for treat-
ment complications and assess for possible relapse or pro-
gression. The frequency and extent of these visits depend 
upon the comfort of both the patient and physician. There 
have been no prospective, randomized trials comparing vari-
ous schedules of follow-up. Following the documentation of 
the achieved H. pylori eradication, a strict endoscopic fol-
low- up is recommended, with multiple biopsies taken 
2–3  months after treatment to rule out tumor progression, 
and subsequently (twice per year for 2 years) to monitor the 
histological regression of the lymphoma [58, 59].

Because of recurrences in all lymphomas, monitoring is 
necessary. A long-term careful endoscopic and systemic fol-
low- up (clinical examination, blood counts and minimal 
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adequate radiological or ultrasound examinations every 
12–18 months) is recommended for all patients [59].

 Primary Small Intestinal Lymphomas

Malignancies of the small intestine constitute less than 3% 
of all gastrointestinal malignancies [60]. Lymphoma may 
occur as primarily in the intestine or more commonly as a 
component of systemic disease with intestinal involvement. 
Primary small intestinal lymphoma is defined as an extrano-
dal lymphoma arising in the small bowel with the bulk of 
disease localized to this site. Contiguous lymph node 
involvement and distant spread may be seen, but the primary 
clinical presentation is the small intestine in this situation. 
Complete blood count and peripheral blood smear must be 
normal and without any lymphomatous involvement of liver 
or spleen to diagnose primary intestinal lymphoma as 
defined by Dawson [5].

Lymphomas of the small intestine account for 20% of all 
small intestinal malignancies. Approximately 30% of GI 
lymphomas occur in the small intestine. Lymphomas of the 
small intestine are most commonly seen in the ileum (65%), 
followed by the jejunum (25%), and the duodenum (10%). 
Sometimes involvement of multiple sites may exist [61]. 
Small intestinal lymphomas are classified as B cell or T cell 
and low or high grade. The World Health Organization 
(WHO) classification system determines treatment based on 
these criteria. Most small intestinal lymphomas are of B-cell 
origin and non-Hodgkin’s lymphomas. Whereas lympho-
mas of T-cell origin constitute only 20%; and Hodgkin lym-
phomas of the gastrointestinal tract, either primary or 
secondary, are extremely rare [62]. Small intestinal lympho-
mas are mainly divided into three groups: MALT lympho-
mas, other B-cell lymphomas except MALT lymphoma 
(e.g., diffuse large B-cell lymphoma, mantle cell lymphoma, 
Burkitt’s lymphoma, follicular lymphoma, etc.), and T-cell 
lymphomas. MALT lymphomas are also subdivided into 
two groups: immunoproliferative small intestinal disease 
(IPSID) and non-IPSID MALT lymphomas. There are two 
main types of T-cell intestinal lymphomas: enteropathy-
associated T-cell lymphoma (EATL) and extranodal NK-/T-
cell lymphoma.

Submucosal lymphoid tissue is the origin of lymphoma. 
Approximately 70% of lymphomas present with bulky 
tumors that are larger than 5 cm in diameter. The develop-
ment of a localized or nodular mass that narrows the lumen 
results in abdominal pain, as well as weight loss, anorexia, 
vomiting, intestinal obstruction, and, less commonly, gastro-
intestinal bleeding. Presentation is often marked by perfora-
tion. Risk of perforation is related to location of the tumor, 
with the highest risk being for ileal tumors [7]. B symptoms 

are uncommon in gastrointestinal lymphomas. Typical pre-
sentation of IPSID includes chronic diarrhea and steatorrhea 
associated with vomiting and abdominal cramps; clubbing of 
the digits may be observed in physical examination.

 Epidemiology

Distribution of lymphoma subtypes is projected by etiologi-
cal factors and host response to these factors. Although in the 
Western world small intestinal lymphoma is rare, it is the 
most common lymphoma in some regions of the world such 
as Middle East and Mediterranean countries. The age of pre-
sentation varies with the histological subtype. Population- 
based studies show that histology also differs in different 
parts of the world. All of the small intestinal lymphomas 
have a slight male predominance.

In contrast to lymphomas involving the stomach, primary 
small intestinal lymphomas are uncommon in Western coun-
tries. MALT lymphomas are the most frequent lymphomas 
of the small intestine. A distinct form of MALT lymphoma, 
IPSID, also called Mediterranean lymphoma or alpha-heavy 
chain disease, diffusely involves the small intestine and was 
first described in oriental Jews and Arabs. IPSID is seen pre-
dominantly in the Middle East and Mediterranean areas, but 
it may be seen outside these regions. In Middle East and 
Mediterranean countries, IPSID accounts for 75% of all pri-
mary gastrointestinal lymphomas. There is a male predomi-
nance with a median age at presentation of 25 years [63]. 
However, non-IPSID MALT lymphomas are most common 
in developed countries and they occur in middle-aged men.

The endemic form of Burkett’s lymphoma (BL) is approx-
imately 50-fold higher in Africa than other regions of the 
world. It typically presents in the jaw and is strongly associ-
ated with Epstein-Barr virus (EBV). The classic GI presenta-
tion, which is an obstructing lesion in the terminal ileum, is 
primarily seen in sporadic forms of BL or in endemic regions 
other than Africa. For example, in the Middle East, primary 
gastrointestinal BL is a common disease of children and it is 
not associated with EBV. Burkett’s lymphoma is also seen in 
the setting of HIV infection when it often involves the gas-
trointestinal tract secondarily [64].

Intestinal T-cell lymphoma (ITL) is rare, accounting for 
approximately 5% of all gastrointestinal lymphomas, and is 
closely linked with celiac disease. In some regions where 
celiac sprue has high incidence, EATL could also have high 
incidence, which reflects marked geographic variation. 
EATL is most commonly found in adult males with a 
median age at diagnosis in the sixth decade [65]. However, 
a small series of Mexican patients with EATL had a median 
age of 24 years, in whom EBV might be responsible for the 
disease [66].
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 Etiology and Risk Factors

In contrast to the well-established relationship between 
Helicobacter pylori and gastric MALT lymphoma, no clear 
association between small intestinal MALT lymphoma and 
infectious microorganisms has been identified. H. pylori 
may also cause lymphoma of other GI sites other than the 
stomach; however, there are controversial data about this 
association. Low socioeconomic status and poor sanitation, 
as well as Campylobacter infection, are risk factors for 
IPSID. The close association was confirmed in a retrospec-
tive analysis [67]. HLA-Aw19, −B12, −A9 haplotypes are 
some well-known genetic alleles associated with IPSID [68]. 
IPSID may be related to bacterial infection, as antibiotic 
benefit in early stages of disease suggests possible infectious 
etiology. However, there is not conclusive proof for the 
pathogenic role of Campylobacter jejuni in IPSID.

Chronic inflammation predisposes to 2 of the small intes-
tinal malignancies: adenocarcinoma and lymphoma. There is 
a small absolute increase in the incidence of intestinal lym-
phoma among patients with chronic inflammatory bowel dis-
ease, especially those receiving immunosuppressive agents. 
The majority of these lymphomas are of B-cell origin, and 
many demonstrate infection with EBV.  Crohn’s disease is 
more often implicated in the development of lymphoma in the 
small intestine, while ulcerative colitis is associated with 
lymphomas of the colorectal region [69]. Another chronic 
inflammation associated with lymphoma is celiac disease. 
Patients with celiac disease are at increased risk of EATL, 
possibly due to the chronic mucosal inflammatory response 
following gliadin exposure. For 30  years with celiac has 
approximately a 5% risk of EATL. Patients with celiac who 
are untreated and diagnosed at an older age have greater risk 
for EATL [70]. Ulcerative enteritis, which is a feasible variant 
of EATL, is also a sequela of long-standing celiac disease. 
Besides the association of celiac and EATL, extranodal NK-/
T-cell lymphoma involving the gastrointestinal system might 
also be closely linked to EBV. Although pathogenesis is not 
known, EBV is uniformly present in these lymphomas [71].

An increased incidence of lymphoma has been associated 
with both acquired and congenital immunodeficiency states. 
Patients with HIV infection have a higher risk of developing 
intestinal lymphoma due to hyperactivation of B cells. HIV- 
related lymphomas are generally high-grade B-cell lympho-
mas with poor prognosis. Generally, secondary involvement 
of the GI tract may be seen in HIV; however, primary lym-
phomas of the small intestine have also been reported. Due 
to immunosuppressive agents for autoimmune disorders and 
for solid organ transplantation (post-transplantation), 
patients may have susceptibility to intestinal lymphoma, 
especially EBV-associated B-cell lymphomas. In general, 
lymphomas associated with immunodeficiency show a pre-
dilection for extranodal sites, particularly the gastrointestinal 

tract, irrespective of the cause of the immunodeficiency [72]. 
Congenital or acquired immunodeficiency disorders are not 
associated with intestinal T-cell lymphoma.

Nodular lymphoid hyperplasia, also called follicular lym-
phoid hyperplasia, is a benign condition that has been sug-
gested as a potential risk factor for primary small intestinal 
lymphomas. In childhood, it is usually a benign condition 
and it usually regresses spontaneously, however, it is related 
to immunodeficiency and giardiasis in adults. There is con-
flicting data about responsibility of disease development. 
Moreover, evidence is stronger for an association of nodular 
lymphoid hyperplasia with intestinal lymphoma in the 
absence of immunodeficiency [73]. Previous radiation ther-
apy to the abdomen is also another risk factor for lymphoma 
as other cancers.

 Diagnosis

The diagnosis of small bowel lymphoma has improved over 
the years. In addition to radiographic techniques such as 
barium radiography, CT scan, and enterography, endoscopic 
techniques such as duodenoscopy, balloon-assisted endos-
copy, and wireless capsule endoscopy may also be helpful to 
locate lymphoma in the small intestine. Less invasive tech-
niques such as enterography performed in conjunction with 
CT or MRI are promising techniques to detect small bowel 
malignancies. PET is often used in intestinal lymphomas for 
staging and treatment response assessment, and to restage 
the disease at the time of recurrence. There is no established 
imaging method for intestinal lymphoma and any of these 
methods would be recommended depending on the clinical 
scenario.

Gastrointestinal lymphoma is often suspected on the basis 
of characteristic imaging. Suspicious appearance of patterns 
on contrast radiographs are infiltration and thickening of 
mucosal folds, mucosal nodules, areas of irregular ulcer-
ation, or stasis of contrast material [74]. CT scans of the 
chest and abdomen are usually the initial diagnostic modali-
ties performed. CT may reveal thickened bowel wall and this 
finding necessitates further evaluation and biopsy. The value 
of PET in small intestinal lymphoma depends on histological 
subtype as for lymphomas elsewhere. For example, lympho-
mas with aggressive histology such as DLBCL, MCL, BL, 
and EATL are typically FDG avid. On the other hand, mar-
ginal zone lymphomas (i.e., MALT lymphomas) and FL 
have variable FDG avidity [75]. Importantly, interpretation 
of FDG avidity in the gastrointestinal tract may be compli-
cated by the presence of physiologic FDG activity or activity 
related to inflammatory conditions such as Crohn’s disease 
or infections [76]. Incorporation of PET imaging into the 
pretreatment evaluation of patients with DLBCL, MCL, BL, 
and EATL of the GI tract has become standard.
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Although technically challenging, endoscopic evaluation 
of the small bowel with biopsy of lesions can be diagnostic 
as other small bowel malignancies. Endoscopic approaches 
depend upon the site of involvement. Proximal duodenum 
may easily be reached with upper endoscopy. Lymphomas of 
the small intestine may also be accessed by push enteros-
copy, while lesions in the distal small bowel may be assessed 
with intubation of the terminal ileum during colonoscopy. 
Wireless capsule endoscopy is another useful technique for 
evaluating the small bowel in patients with suggestive clini-
cal presentations or suspicious radiographic findings. Unlike 
other endoscopic approaches, capsule endoscopy does not 
permit tissue sampling.

Besides obtaining tissue, endoscopic findings and location 
of tumors may guide diagnosis. Different histological vari-
ants of lymphoma present with typical findings on endoscopic 
evaluation. Small nodular or polypoid tumors entirely with or 
without normal intervening mucosa, referred to as multiple 
lymphomatous polyposis, may be seen in MCL [77]. 
Moreover in FL, the most common presentation of endoscopy 
is multiple smaller polypoid lesions than in MCL, usually in 
the descending part of the duodenum, with some cases dem-
onstrating clustering around the ampulla of Vater and causing 
jaundice. In approximately 15% of follicular lymphomas 
there is a solitary lesion mimicking an adenoma [78]. Large 
circumferential jejunal ulcers without overt tumor masses are 
seen in EATL. Biopsies of the involved mucosa demonstrate 
lymphoma, while biopsies of the normal- appearing mucosa 
usually show villous atrophy characteristic of celiac disease 
[79]. Relative predilection sites have been noticed for certain 
histological subtypes; MCL in terminal ileum and jejunum, 
EATL in jejunum, FL in duodenum. MALT lymphoma, and 
FL may be multifocal. In FL, other segments of the small 
bowel are involved in approximately 17% of cases [80]. 
DLBCL of the small intestine usually occurs in the ileocecal 
region. Terminal ileum is the most common site of involve-
ment of primary intestinal BL.

Occasionally, tissue sampling may be very challenging in 
the small intestine. Intestinal lymphoma can occasionally be 
diagnosed by intestinal mucosal biopsy derived endoscopi-
cally, but since the disease mainly involves the lamina pro-
pria, full-thickness surgical biopsies are usually required, 
such with acute presentations for obstruction, perforation, or 
major bleeding or patients requiring laparotomy and resec-
tion of the involved bowel. At times, surgical exploration and 
resection of visibly involved segments of bowel may be 
undertaken if there is a diagnostic dilemma.

Laboratory studies such as complete blood count, serum 
biochemistry, and serological tests for HIV and hepatitis B 
and C should be performed initially. Up to 70% of patients 
with IPSID have alpha heavy chain paraproteinemia [81]. 
The paraproteinemia may decrease as IPSID progresses 
from an early stage to advanced lymphoma.

Clinical findings with endoscopic appearance may not be 
specific. Therefore, pathological confirmation is necessary in 
almost all gastrointestinal lymphomas. Therapeutic deci-
sions can be made after pathological confirmation. The diag-
nosis and typing of small intestinal lymphoma depends on 
careful pathological review of the tissue samples. 
Immunohistochemistry (IHC) and molecular studies can 
yield a specific subtype of GI lymphoma. Initial evaluation 
should identify the cell of origin. IHC and cytometric studies 
for cell surface antigens differentiate lymphomas as being of 
either B-cell or T-cell origin. Classically, B-cell lymphomas 
express CD19, CD20, and CD22, whereas T-cell lymphomas 
express CD3. Unlike MALT lymphomas of the stomach, 
IPSID or non-IPSID MALT lymphoma of the small intestine 
do not harbor a specific chromosomal aberration. As in other 
MCLs, primary MCL of the small intestine is characterized 
by the same chromosomal translocation: t(11;14)(q13;q32). 
BL also harbors cytogenetic abnormalities associated with 
myc. Various tests such as immunophenotyping, flow cytom-
etry, and fluorescence in situ hybridization may be carried 
out to specify different types of lymphoma. The pathological 
diagnosis of T-cell lymphomas is based on the combination 
of histological and immunophenotypical findings such as 
T-cell clonality and some evidence of celiac disease. 
Extranodal NK-/T-cell lymphoma usually presents with a 
facial mass, but primary intestinal type may be also seen. 
Demonstration of NK-/T-cell markers such as CD2, CD3, 
and CD56 and EBV are key diagnostic features. EBV-DNA 
level is also useful to indicate treatment response and recur-
rence [82].

 Staging

The initial staging tools include endoscopy and cross- 
sectional imaging. Basic laboratory studies and bone marrow 
biopsy are required as in other lymphomas. Unlike gastric 
lymphomas, endoscopic ultrasound is rarely used in intesti-
nal lymphomas to evaluate the depth of mucosal infiltration 
and regional nodal disease.

The Ann Arbor staging system is commonly used for 
staging of NHL. The spreading patterns of extranodal lym-
phomas are different from primary nodal lymphomas. The 
Ann Arbor staging system is considered inadequate for the 
staging of extranodal lymphomas resulting in several adapta-
tions and modifications for gastrointestinal lymphomas such 
as the Musshoff modification for extranodal lymphomas 
[44]. The Lugano staging system was developed to incorpo-
rate both depth of invasion and spread of disease. Stage I/II 
disease includes a single primary lesion or multiple, 
 noncontiguous lesions confined to the GI tract that may have 
nodal involvement. There is no stage III in the Lugano sys-
tem. Advanced (stage IV) disease displays disseminated 
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extranodal involvement or concomitant supra-diaphragmatic 
nodal involvement [45]. However, it may cause more confu-
sion than benefit. The European Gastro-Intestinal Lymphoma 
Study Group (EGILS) proposed a modified TNM staging 
system, the Paris staging system [46]. However, there are 
some conflicts within these staging systems. For example, 
the Musshoff modification system does not take into account 
direct spread into adjacent tissues or organs, which would be 
stage IIE in the Lugano system. Also, the Paris M1 stage 
indicates discontinuous involvement of separate sites in the 
gastrointestinal tract (e.g., rectum and duodenum) and is not 
represented in either Musshoff modification or Lugano clas-
sification. The Modified Ann Arbor staging system, Lugano 
classification, and Paris staging systems are the most com-
mon staging tools in gastrointestinal lymphomas. A compari-
son of them is summarized in Table 19.8.

 Treatment

Treatment for lymphoma of the small intestine depends on 
the subtype and stage of the cancer. There is a wide therapeu-
tic range of watch and wait, antibiotics, chemotherapy, 
immunotherapy, radiation, and surgery, including combina-
tions of different modalities, in treating small intestinal lym-
phomas. Unlike most other small bowel tumors, the mainstay 
of treatment is chemotherapy with or without radiotherapy, 
and resection should generally be avoided. Emergent surgi-
cal intervention will be required for bleeding or perforation. 
Small intestinal lymphoma sometimes requires laparotomy 
for establishing diagnosis and for treatment. Low-grade lym-
phomas may be cured solely by resection. Some studies have 
revealed the benefit for adjuvant chemotherapy after surgery 
[83]. The benefit of chemotherapy in B-cell lymphomas is 
more than that in T-cell lymphomas. Radiotherapy may have 
some benefit in duodenal lymphomas, however, multifocal-
ity and its spread make it challenging [84]. Choice of chemo-
therapy depends on the histology of aggressive lymphoma. 
Prognosis of small intestinal lymphoma depends on histo-
logical subtype, histological grade of differentiation, stage 
of disease, and International Prognostic Index (IPI) [85]. 

Low- grade B-cell lymphomas have the best chance of sur-
vival, whereas T-cell lymphomas have the worst [7]. 
Treatment of small intestinal lymphomas according to histo-
logical subtype is described as follows.

Optimal treatment of IPSID is not established yet because 
there are few studies in this lymphoma. Earlier stages are 
treated with antibiotics, with the addition of chemotherapy 
and radiation for later stages. The use of antibiotics against 
H. pylori and C. jejuni may result in regression of early stage 
IPSID that is confined to the intestinal mucosa. Culture 
results may guide antibiotic preference. If cultures do not 
yield any growth then ampicillin, metronidazole, or tetracy-
cline should be used. However, most patients relapse with 
high-grade disease, and radiotherapy and/or chemotherapy 
as well as nutritional support is the mainstay of treatment 
[86]. Addition of tetracycline to anthracycline-based chemo-
therapeutic regimens achieves a 5-year survival rate of up to 
70% in cases of advanced stage and recurrent disease [87]. 
The chemotherapy regimen used in IPSID-type MALT lym-
phoma of the small intestine includes cyclophosphamide, 
vincristine, doxorubicin, and prednisone with adding ritux-
imab (R-CHOP).

Indolent lymphomas of the small intestine include some 
forms of non-IPSID MALT lymphoma and follicular lym-
phoma. Stage of the non-IPSID MALT lymphoma deter-
mines treatment modality. Early stage of disease should be 
treated with local therapy using surgery or radiotherapy [88]. 
Treatments of patients with non-IPSID MALT lymphoma 
accompanying high-grade histology (e.g., DLBCL) have to 
be aggressive as in the gastric counterpart. Isolated MALT 
lymphomas are categorized as indolent lymphomas, so treat-
ment may be similar to other indolent forms such as follicu-
lar lymphoma (FL). Primary intestinal follicular lymphoma 
is a diffuse indolent disease that has been successfully treated 
with a variety of modalities: watch and wait, radiation, ritux-
imab, and chemotherapy. There is no information about 
using antibiotics in non-IPSID MALT lymphoma of the 
intestine.

Due to small sample sized studies of intestinal DLBCL, 
optimal treatment has not been identified. Although there has 
been no randomized clinical trial, combination regimens 

Table 19.8 Comparison of Lugano classification, modified Ann Arbor staging (Musshoff modification), and Paris staging systems

Stage Lugano classification Modified Ann Arbor staging Paris staging system Extent of disease
Stage I I IE1 T1 N0 M0–1 B0 Mucosa, submucosa

IE2 T2 N0 M0–1 B0 Muscularis propria, subserosa
IE2 T3 N0 M0–1 B0 Serosa penetration

Stage II II1 IIE1 T1–4 N1 M0–1 B0 Regional lymph nodes
II2 IIE2 T1–4 N2 M0–1 B0 Intra-abdominal distant lymph nodes
IIE IE2 T1–4 N0 M0–1 B0 Invasion of adjacent organ

Stage IV IV IIE T1–4 N3 M0–1 B0 Extra-abdominal lymph nodes
IVE T1–4 N0–2 M2 B0 Diffuse/disseminated spread
IVE T1–4 N0–2 M0–1B1 Bone marrow infiltration
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including agents such as R-CHOP may improve outcomes in 
intestinal DLBCL.  Surgery is reserved for complications 
such as perforation, obstruction, bleeding, or large inflam-
matory mass. After surgical resection, adjuvant usage of 
combinations such as R-CHOP may also provide benefit 
[89]. In the absence of prospective randomized trials, surgery 
plus chemotherapy appears to produce better outcomes than 
chemotherapy alone [83]. There is no role of radiotherapy in 
the treatment of small intestinal DLBCL because of the risks 
for intestinal radiation [84].

The other aggressive B-cell lymphomas MCL and BL are 
treated with chemotherapy initially [90]. Rarity of these dis-
eases does not allow major clinical trials, and the treatment 
of these lymphomas is similar to their nodal forms. Induction 
and consolidation regimens should be used and autologous 
hematopoietic cell transplantation (HCT) should be consid-
ered in appropriate patients. In some cases surgery and radio-
therapy might also be considered.

Treatment of intestinal T-cell lymphomas, either EATL or 
extranodal NK-/T-cell lymphoma, must be aggressive. 
Historical data with standard CHOP show poor response in 
all T-cell lymphomas. Based on these unsatisfactory out-
comes in extranodal NK-/T-cell lymphomas, a novel regi-
men called SMILE (steroid, methotrexate, ifosfamide, 
L-asparaginase, and etoposide) was developed. This regimen 
consists of methotrexate 2  g/m2 on day 1; ifosfamide 
1500  mg/m2, etoposide 100  mg/m2, and dexamethasone 
40 mg/body from days 2 to 4; and L-asparaginase a total of 7 
doses 6000  U/m2 every other day from day 8 to day 20. 
SMILE appears to be more effective than CHOP [91]. 
Surgery has a limited role unless there is a local complication 
of the disease. Patients with EATL who may have malnutri-
tion will experience difficulties in wound healing and infec-
tion. Enteropathy-associated T-cell disease is treated with 
combination chemotherapy like other high-grade T-cell lym-
phomas. Particularly in patients younger than 60 years, the 
addition of etoposide to CHOP was found to be superior to 
CHOP alone in patients with peripheral T-cell lymphoma 
[92]. During the first remission, autologous HCT should be 
considered in patients with EATL. More recently, a promis-
ing regimen of IVE/MTX (ifosfamide, vincristine, etopo-
side/methotrexate) followed by autologous HCT had good 
results [93]. Nutritional support should not be forgotten in 
these patients, and in patients with celiac disease a strict 
gluten- free diet is necessary [94].

 Follow-Up

Recurrences are common in all lymphomas and intestinal 
lymphomas should be observed for possible recurrence. For 
instance, the clinical course of patients with IPSID is gener-
ally one of exacerbations and remissions, with death fre-

quently resulting from either progressive malnutrition and 
wasting or the development of an aggressive lymphoma. So, 
close follow-up is essential in gastrointestinal lymphomas. 
Biopsy is mandatory for confirmation of relapse.

After the completion of therapy, surveillance is under-
taken by physical examination, laboratory tests, and appro-
priate imaging studies. For small intestinal lymphomas that 
are FDG-avid, PET may be repeated in addition to or in lieu 
of CT. Although there have been no randomized controlled 
trials to compare what would be the best follow-up program 
for patients with gastrointestinal lymphomas, surveillance of 
patients should be akin to other lymphomas and gastrointes-
tinal cancers. Patients need to be monitored for relapse and 
toxicity of treatments. During first 2 years, patients may be 
seen every 3–4 months. After 2 years of complete remission, 
visits can be scheduled for every 6 months until 5 years of 
disease onset. At the fifth year of disease, patients should be 
seen annually.

 Primary Colorectal Lymphomas

The vast majority of colorectal lymphomas are secondary 
involvement of a systemic lymphoma. Primary colorectal 
lymphoma is an extremely rare entity that accounts for 0.2% 
of all colorectal malignancies [95]. Lymphomas of the large 
intestine are less common than those involving the small 
intestine. However, the cecum and rectum are affected more 
often than the remainder of the large intestine because of the 
relatively abundant lymphoid tissue in these sites. Only 3% 
of gastrointestinal lymphomas comprise colorectal lympho-
mas [7, 8]. Colorectal lymphoma differs from its gastric 
counterpart not only in pathology but also in its presentation, 
treatment, and prognosis.

Most of the colorectal lymphomas are non-Hodgkin lym-
phoma, and they are usually of B-cell origin. The most com-
mon histological subtype affecting the colorectal region is 
diffuse large B-cell lymphoma (DLBCL). It has a generally 
aggressive course and is composed of rapidly proliferating 
cells of B-cell lineage. The second most common colorectal 
lymphoma is MALT lymphoma that is a low-grade tumor 
arising from B cells associated with mucosal immunity. 
Colorectal MALT lymphomas do not have the same associa-
tion with H. pylori infection as in the stomach and, therefore, 
they behave and are treated as a different clinical entity. Even 
though gastrointestinal involvement with systemic disease in 
mantle cell lymphoma (MCL) is seen more commonly, 
 primary colorectal MCL is also described that has a male 
predominance and generally poor prognosis. T-cell lym-
phoma and Hodgkin’s lymphoma affecting the colon have 
been reported but are exceedingly rare. T-cell lymphoma of 
the colorectal region is known to have a poorer prognosis and 
is rare in the Western world.

19 Gastrointestinal Lymphomas



340

Colorectal lymphomas predominantly affect males in 
their sixth decade. Clinical presentation is akin to colorectal 
adenocarcinoma. Disease may present with abdominal pain, 
loss of weight, a palpable mass, overt or occult bleeding, 
diarrhea, or, rarely, bowel obstruction. In colorectal lympho-
mas, obstruction is less frequent than in other gastrointesti-
nal lymphomas. Intussusception and perforation are other 
rare symptoms. T-cell lymphoma may present with colonic 
perforation [96]. Intussusception is usually associated with 
cecal involvement of lymphoma.

Possible risk factors such as inflammatory bowel disease, 
radiation, HIV, and other conditions relating to immunosup-
pression might be related to primary colorectal lymphoma. 
In a small study with 7 patients, 3 of them were found to be 
HIV positive [97]. Unlike its histological equivalents in the 
stomach and small intestine, MALT lymphomas of the 
colorectal region are not associated with infectious agents 
such as H. pylori or C. jejeni, respectively.

In colorectal lymphoma, presentation with a bulky dis-
ease of greater than 5 cm is seen in more than half of patients 
and sometimes may be palpated on physical examination. If 
there is any suspicion of colorectal lymphoma, colonoscopy 
with biopsy is the main diagnostic modality. Colorectal lym-
phoma can be hardly distinguished from adenocarcinoma of 
this region. Although there is not any specific colonoscopic 
appearance, multiple biopsies may reveal a lymphoma sub-
type [98]. Radiological clues such as larger lesion with lon-
ger segment involvement suggest lymphoma rather than 
adenocarcinoma. Histopathological evaluation of tissue is 
essential to reach a correct diagnosis.

Polypoid, infiltrative, colonic wall thickness, and mucosal 
nodularity are common radiological patterns. Double- 
contrast barium enema may show a lesion with extensive 
mucosal ulceration. Cavitary mass, focal strictures, or aneu-
rismal dilatations may be seen. In MCL, typical small nodu-
lar and polypoid tumors also known as multiple 
lymphomatous polyposis may be seen endoscopically or 
with CT scan. Polyposis may also be associated with colorec-
tal MALT lymphoma. Moreover, polyposis may be indistin-
guishable from familial adenomatous polyposis [74, 99].

There is no particular staging system for colorectal lym-
phomas. Correspondingly, colorectal lymphomas are staged 
like other gastrointestinal lymphomas. Baseline laboratory 
studies and CT scan of the thorax and abdomen with bone 
marrow biopsy and aspiration to determine the spread of dis-
ease should be performed. According to histological subtype, 
PET scan may be used for staging and for diagnosis of the 
gastrointestinal tract as the primary site. Lymphoma subtypes 
that are seen in the colon or rectum are typically FDG-avid.

Optimal treatment of colorectal lymphoma is not well 
established because of its rarity. There is no prospective ran-
domized trial in colorectal lymphoma. Data from retrospec-
tive, small studies and case reports guide management of this 

rare entity. Some investigators suggest a combined modality 
approach; including surgery and chemotherapy. On the other 
hand, others reserve surgery for cases with intractable bleed-
ing, perforation, or obstruction. Several authors believe that 
surgery provides important prognostic data and may offer a 
chance for cure. Adjuvant chemotherapy should also be con-
sidered in some types of colorectal lymphoma. Treatment 
should involve a multidisciplinary team and be dependent on 
the subtype of lymphoma. As with localized MALT lym-
phoma of other sites, colorectal MALT lymphoma may be 
treated with local therapies such as surgical excision and 
radiotherapy. A rare complication, chemotherapy-associated 
bowel perforation may be seen in the case of transmural 
involvement where urgent surgery is indicated [100]. 
Unresectable disease or chemoresistant tumors may be han-
dled with radiotherapy.

Although chemotherapy remains the mainstay of man-
agement of aggressive lymphomas, the vast majority of 
patients undergo surgery. The regimens containing cyclo-
phosphamide, doxorubicin, vincristine, and prednisone 
(CHOP) or addition of rituximab to CHOP are first-line ther-
apies according to the cell of origin. Adjuvant chemotherapy 
should be considered in patients who were treated primarily 
by surgery. Although the mainstay of treatment of Burkett’s 
lymphoma is chemotherapy, sometimes surgical resection 
may be required in the colorectal region. Management of 
colorectal DLBCL is similar to DLBCL of other parts of the 
gastrointestinal system. Results of the addition of rituximab 
to CHOP are satisfactory – similar to DLBCL of other sites. 
Involved field radiation therapy may also improve responses. 
Curative approach to MCL, which is primarily seen in elderly 
men, consists of chemotherapy followed by radiation of 
30 Gy to the involved site [101]. Radiotherapy with lower 
doses may also play a role in a palliative setting, especially 
in bleeding in colorectal lymphomas.

Close follow-up is necessary to identify recurrent disease. 
Thus patients should be monitored with physical examination 
and imaging regularly like other lymphomas. Recurrences are 
common in colorectal lymphomas and patients generally die 
from their disease. Recurrence rates range from 33% to 75%, 
and recurrences can occur early or late. Most recurrences 
occur within the first 5 years after resection [102]. Generally, 
patients have recurrences with diffuse disease. These patients 
can be managed with salvage chemotherapy, but most ulti-
mately die from disseminated lymphoma.

 Extranodal Involvement of Gastrointestinal 
Tract by Systemic Lymphomas

Non-Hodgkin lymphomas represent the seventh most com-
mon type of cancer diagnosed annually in men in the devel-
oped countries and the sixth most common type in women 
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[60]. The incidence of NHL has increased significantly in 
past five decades due to the increasing exposure to carcino-
gens and the increasing prevalence of immunosuppressed 
individuals. The main clinical feature is nodal involvement, 
but 40% of NHL cases will present with a primary or second-
ary extranodal involvement and the extranodal disease has a 
worse prognosis [100]. Secondary involvement of extranodal 
tissue as part of generalized lymphoma is more common 
than primary extranodal disease in which there is a dominant 
extranodal component without or with minor nodal involve-
ment. The GI tract is the most common extranodal site 
involved, with lymphoma accounting for 5–20% of all cases 
[103]. Systemic lymphomas may secondarily involve the GI 
tract. However, the subtypes of lymphomas that affect the GI 
tract primarily versus secondarily have not been comprehen-
sively detailed.

Some criteria are used to distinguish between the primary 
and secondary extranodal GI NHL. The presence of periph-
eral lymphadenopathies at the time of presentation, enlarged 
mediastinal lymph nodes, abnormal white blood cell count, 
and lymphomatous involvement of liver and spleen are sug-
gestive of secondary extranodal involvement of GI NHL [5]. 
Secondary extranodal involvement of nodal lymphomas are 
usually present in the advanced stage and have a high prog-
nostic value. In the retrospective series, the stomach is the 
most common involved localization followed by the small 
intestine and colon in secondary GI lymphomas [104].

Patients with systemic lymphomas usually present with a 
rapidly enlarging symptomatic mass  – typically nodal 
enlargement in the neck, abdomen, or mediastinum, but may 
present as a mass lesion anywhere in the body. The clinical 
manifestations of secondary GI lymphomas depend princi-
pally on the involved site and can be lymphoma-related 
“B-symptoms.” Site-related symptoms are mainly dyspep-
sia, abdominal pain, nausea or vomiting, and anorexia. 
Symptoms such as weight loss, vomiting, hematemesis/
melena, and perforation are alarming and are more frequent 
in aggressive lymphomas [100, 105]. Diffuse large B-cell 
lymphoma (DLBCL), follicular lymphoma (FL), mantle cell 
lymphoma (MCL), and Burkett’s lymphoma (BL) are the 
dominant systemic histological subtypes in extranodal lym-
phomas, especially in the gastrointestinal tract. In this sec-
tion, we would like to discuss the secondary GI involvement 
of systemic lymphomas with a review of the literature.

 Epidemiology

DLBCL is the most common histological subtype of NHL 
and constitutes 30–35% of patients with NHL.  It has an 
aggressive course in which survival without treatment is 
measured in months. In the United States, the incidence of 
DLBCL is approximately 7/100,000/year [106] and the 

crude incidence in Europe is 3.8/100000/year [107]. The 
incidence varies by ethnicity and increases with age; the 
median age at presentation is 64 years for patients as a whole, 
but appears to be younger for Blacks than for White 
Americans. In up to 40% of patients with DLBCL, the dis-
ease initially presents in an extranodal site, most commonly 
GI but also in the other sites. Secondary GI involvement is 
thought to be more common than primary involvement in 
DLBCL, however, retrospective studies show that primary 
involvement is more common [104, 108]. In retrospective 
studies, DLBCL is the most common type of systemic lym-
phoma secondarily involving the GI tract. Warrick et  al. 
[108] retrospectively evaluated the clinical, molecular, and 
histological features of North American primary and second-
ary GI lymphomas diagnosed from 2000 to 2009 seen at 
their institution. DLBCL was the most common lymphoma 
type to secondarily involve the GI tract, accounting for the 
majority of intestinal (57%), gastric (80%), and esophageal 
(100%) cases.

Follicular lymphoma is a prototype of indolent lymphoma 
accounting for 20% of new lymphomas and is the second 
most common NHL subtype worldwide. The annual inci-
dence of this disease has rapidly increased during recent 
decades and has risen from 2–3/100,000 during the 1950s to 
5–7/100,000 recently. Follicular lymphoma predominantly 
affects older adults. The incidence is slightly higher in 
females [109]. Most of the patients have widespread disease 
at the time of diagnosis, usually involving the lymph nodes. 
The involvement of spleen and bone marrow is not uncom-
mon. Peripheral blood and extranodal sites involvement can 
occur occasionally. GI tract involvement usually occurs in 
the presence of widespread nodal disease [110].

MCL is one of the mature small B-cell NHLs that has a 
more aggressive behavior than indolent lymphomas. MCL 
represents approximately 6% of all lymphomas in the US 
and 7–9% in Europe. Its incidence is 0.51–0.55 per 100,000 
persons in the US. Patients with MCL have a median age in 
their 60s and a striking male predominance (2:1) [111]. 
Patients generally have advanced disease and present with 
extensive lymphadenopathy, bone marrow involvement, 
splenomegaly, and gastrointestinal involvement. MCL can 
involve any region of the GI tract. While primary GI-MCL is 
even rarer, 77–88% of cases of advanced-stage nodal MCL 
have microscopic GI tract involvement [112, 113]. GI-MCL 
was previously considered synonymous with “multiple lym-
phomatous polyposis ” (MLP), as it often presents with 
malignant polyps lining segments of the GI tract. A prospec-
tive clinicopathologic study of 31 cases of GI involvement 
found the following sites to be involved: stomach (57%), 
duodenum (52%), jejunum/ileum (87%), colon (90%), and 
rectum (69%). Lymphomatous submucosal nodules produc-
ing polypoid lesions were found in both the small bowel and 
colon in 28 of 31 cases [114].
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Burkett’s lymphoma is a highly aggressive B-cell lym-
phoma often presenting with bulky disease and a high tumor 
burden [115]. BL is responsible for 1–2% of lymphomas in 
adults and up to 40% in children in the USA and Western 
Europe [106]. Three variants of BL have been described: 
endemic (African), sporadic (non-endemic), and 
immunodeficiency- associated. Extranodal involvement is 
common in patients with all 3 variants. While involvement of 
the jaws and facial bones is present in about 50% of patients 
with endemic BL, jaw tumors are very rare in sporadic 
BL. The most common extranodal sites in patients with spo-
radic type BL are in the abdomen, especially the ileocecal 
region. Burkitt’s lymphoma is also seen in the setting of HIV 
infection when it often involves the gastrointestinal tract, 
most commonly secondarily [64].

 Etiology and Risk Factors

DLBCLs are characterized as a heterogeneous group of 
malignancies constituted of large cells with nuclei at least 
twice the size of a small lymphocyte and usually larger than 
those of tissue macrophages. They more often occur de novo 
but can also represent the progression or transformation of 
indolent B-cell lymphomas, such as chronic lymphocytic 
leukemia, marginal zone lymphoma, and follicular lym-
phoma [116]. DLBCL is frequently encountered in patients 
with both acquired and congenital immunologic deficiency 
diseases [117]. Patients chronically immunosuppressed by 
drugs, particularly after organ transplants, have a higher 
incidence of diffuse aggressive lymphomas, often in the 
gastrointestinal tract. The associations between DLBCL and 
viruses have become a matter of debate during the last 
decade. HIV infection [118], EBV infection [119], and 
HCV seropositivity [120] have been identified as risk fac-
tors of DLBCL. Patients with HIV infection have a higher 
risk of developing secondary gastrointestinal lymphomas 
due to hyperactivation of B cells. HIV-related lymphomas 
are generally high-grade B-cell lymphomas with poor prog-
nosis and usually occur in multiple sites of the gastrointesti-
nal tract. Many patients with DLBCL have secondary 
involvement of some part of the GI tract at the time of initial 
presentation, however, it is unclear how neoplastic lym-
phoid cells involve the GI tract. Wu et al. [121] showed that 
CCR9 expression in nodal B-cell lymphomas may be a 
strong indicator for concurrent or future GI involvement, 
especially in DLBCL and FL.

The development and progression of FL is a complex pro-
cess and involves the interactions of multiple clinical risk 
factors such as environmental exposures, genetic, genomic, 
and epigenetic events like in other indolent lymphomas. 
There is increasing evidence that molecular risk factors may 
have independent participation to the risk of FL beyond clin-

ical risk factors and environmental exposures. The most 
common acquired nonrandom chromosomal translocation in 
FL patients is the t(14; 18) translocation, which is found in 
more than 80% of all cases. This translocation, generated 
through the BCL-2/IGH rearrangement, results in the over-
expression of the BCL-2 gene, which encodes apoptosis 
regulator proteins [122].

The etiology of MCL is still unknown for most patients. 
Several lifestyle factors and environmental risk factors have 
been suspected but not conclusively shown to be associated 
with MCL.  Multiple viruses have been implicated in the 
development of NHL overall. However, according to an 
InterLymph study [123], there is still a lack of solid evidence 
for the association between these viral agents and the risk of 
MCL. Constant involvement of the gastrointestinal tract has 
been observed in MCL patients, leading to speculation that 
the risk of MCL development is associated with infectious 
agents that affect the gastrointestinal tract or cause a varia-
tion in microbial gut flora. The genetic feature of MCL is the 
t(11;14)(q13;q32) translocation, which leads to the overex-
pression of CCND1. The gene CCND1 can dysregulate cell 
cycle control by overcoming the suppressor effect of retino-
blastoma 1(RB1) and the cell cycle inhibitor p27. Although 
the t(11;14)(q13;q32) translocation occurs in the majority of 
MCL cases, there have been reports of a small subset of 
tumors that do not overexpress CCND1 and these CCND1- 
negative patients had poor clinical outcomes [124].

BL has been reported as a common neoplasm in HIV- 
infected patients, and HIV-associated BL displays an activa-
tion of c-MYC by chromosome translocations that show 
structural similarities to those found in patients with sporadic 
BL. Nonetheless, most AIDS-related BLs in Western coun-
tries are EBV negative, whereas in Africa they are strongly 
associated with EBV.  Chromosomal rearrangement of the 
proto-oncogene c-MYC is the genetic hallmark of BL: More 
than 80% of BL cases have a translocation of MYC at band 
q24 from chromosome 8 to the Ig heavy chain regions on 
chromosome 14, t(8;14) [125].

 Diagnosis

The diagnosis of systemic lymphomas is best made by exam-
ining the excisional tissue biopsy, most commonly a lymph 
node. This allows assessment of nodal architecture and 
 provides adequate material for phenotypic and molecular 
studies. While an excisional lymph node biopsy is the pre-
ferred diagnostic test for most patients, some patients do not 
present with overt lymphadenopathy and require the patho-
logical evaluation of another tissue for diagnosis. The most 
important issue in this process is that the diagnosis of lym-
phomas should be carried out in a reference hematopathol-
ogy laboratory with expertise in morphological interpretation. 
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The pathological diagnosis of DLBCL is based on morphol-
ogy and immunophenotyping, which is essential to make the 
diagnosis. The tumor cells are of large size (e.g., nuclei at 
least twice the size of a small lymphocyte and larger than the 
nucleus of a tissue macrophage) and often resemble normal 
centroblasts or immunoblasts. In addition to the common 
centroblastic and immunoblastic morphologies, several other 
cytological variants are recognized (e.g., multilobated and 
anaplastic), but their clinical significance is debated. The 
characteristic immunophenotype of DLBCL consists of 
expression of CD19 and CD20 without expression of CD5 or 
CD23. BCL2 and BCL6 are expressed at different ranges in 
many cases [126]. Some studies show that DNA microarray 
analysis suggests there are at least three distinct subgroups 
within DLBCL called germinal centers like B cell, an acti-
vated B-cell type, and primary mediastinal B-cell 
DLBCL.  The activated B-cell type has a worse prognosis 
even within subgroups of the International Prognostic Index 
(IPI) [127].

FL is a malignancy of germinal center B cells, usually 
with a predominantly follicular pattern. Composed of a mix-
ture of centrocytes and centroblasts, at least a partially fol-
licular pattern is typical for the histological diagnosis. The 
proportion of centroblasts varies from case to case and the 
clinical course occurs more aggressively with increasing 
rates of centroblasts. The WHO classification is based on the 
centroblast counting method of Mann and Berard that assigns 
cases into grade 1 to 3B [128]. Grade 1 or 2 GI-FL accounts 
for the majority of cases. Typically, the neoplastic cells 
express B-cell markers CD19, CD20, and CD22 and are 
BCL2 +, BCL6 +, CD10 +, CD5 −, and CD43 −. The pres-
ence of t (14; 18) (q32; q21) is the characteristic cytogenetic 
clinical feature of FL, present in up to 90% of cases [129].

In MCL, there is a proliferation of small- to medium- 
sized monomorphic malignant B cells, with irregular nuclei 
and restricted cytoplasm. In the early stages there may be a 
mantle zone or nodular pattern. Four cytological variants of 
MCL are defined, including the small cell variant, mantle 
zone variant, diffuse variant, and the plastic variant [130]. 
Immunophenotyping is commonly used with the MCL cells 
being CD20, CD5, and positive for Cyclin D1 while being 
negative for CD10 and Bcl6. The hallmark chromosomal 
translocation t (11:14) (q13; 32) identifies MCL, and can be 
shown in most cases [124]. This translocation leads to the 
aberrant expression of cyclin D1, which is not typically 
expressed in normal lymphocytes. Overexpression of the 
transcription factor SOX11 is a newer diagnostic marker, 
identified in both cyclin D1-positive and cyclin D1-negative 
MCL, which distinguishes cyclin D1-negative MCL from 
other indolent NHLs [131].

BL is characterized by an exceptionally high proliferation 
rate (100% Ki 67 positivity), a mature B-cell immunopheno-
type (CD10, CD19, CD20, CD22, CD43, and BCL6 positiv-

ity), and a high histologic appearance demonstrating diffuse 
infiltration with a starry-sky pattern of macrophages phago-
cytosing apoptotic tumor cells. Chromosomal rearrangement 
of the proto-oncogene c-MYC is the genetic feature of BL: 
Most BL cases have a translocation of MYC at band q24 
from chromosome 8 to the Ig heavy chain regions on chro-
mosome 14, t(8;14). Less frequently, rearrangements trans-
locate c-MYC to a position close to the antibody genes in 
chromosome 2 or 22 [125].

 Staging

Appropriate staging is important in the clinical management 
of patients with lymphomas for treatment strategy, response 
assessment, and surveillance. Staging of the secondary GI 
lymphomas should be performed as systemic nodal lympho-
mas. The standard staging system used for systemic lympho-
mas was proposed at the Ann Arbor Conference in 1971 
[132]. This staging system shows the number of sites of 
involvement and their relation to the diaphragm, the pres-
ence of B symptoms, and the presence of extranodal disease. 
A careful history and physical examination are the most 
important factors in the patient’s true evaluation in systemic 
lymphomas. The physical includes the examination of all 
lymph node enlargements, recording the sites and sizes of all 
abnormal lymph nodes, inspection of Waldeyer’s ring, evalu-
ation of the presence or absence of hepatosplenomegaly, 
inspection of the skin, and detection of palpable masses. The 
presence or absence of B symptoms should be noted, and 
other symptoms may show specific sites of involvement. An 
assessment of performance status according to the Eastern 
Cooperative Oncology Group (ECOG) scale is important in 
all patients, and especially for those entering into clinical 
research trials.

Laboratory studies that should be routinely performed in 
NHL patients include a complete blood count to assess bone 
marrow reserves and a white blood cell differential with 
careful examination of the peripheral blood to look for the 
presence of circulating lymphoma cells. Serum chemistry 
should include an assessment of hepatic and renal function. 
Lactic dehydrogenase (LDH) is also an important indicator 
of tumor activity and is included in the International 
Prognostic Index. The uric acid level may predict patients at 
increased risk for urate nephropathy. A test for a complete 
assessment of HIV, HBV, and HCV should be performed in 
all patients [133].

A bone marrow aspirate and biopsy should be performed 
in all patients. Additional testing in systemic lymphomas 
may include lumbar puncture to assess liquor cytology 
identifying subclinical meningeal involvement and brain 
MRI in patients with high risk of central nervous system 
(CNS) progression. Fluorodeoxyglucose positron emission 
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tomography (FDG-PET) is now a standard procedure both 
for staging and response assessment. Many studies showed 
that PET at the end of treatment is highly predictive of pro-
gression-free survival (PFS) and overall survival (OS) in 
aggressive lymphomas with or without residual masses 
detected with CT scan [134]. Endoscopy and colonoscopy 
is usually performed only in patients who have GI symp-
toms, such as diarrhea, abdominal pain, nausea, and vomit-
ing or in patients who have suspicious imaging findings on 
CT/PET CT. Nevertheless, some trials suggest that practi-
cally most of the patients with aggressive MCL will have 
GI tract involvement at the time of diagnosis. A relevant 
issue is whether this area needs to be evaluated at the end of 
therapy to document true complete disease remission in 
MCL patients [112].

 Treatment

Secondary GI lymphomas are generally in advanced stage at 
the time of presentation and have high prognostic index. 
Rituximab-based chemotherapy is the cornerstone of the 
treatment in secondary GI lymphomas. Sometimes presenta-
tion of lymphoma requires initial management by surgery. If 
there is a complication such as obstruction, bleeding, or per-
foration at initial presentation, immediate surgical interven-
tion should be required. R-CHOP that is used in the nodal 
form of lymphoma may also improve outcome in gastroin-
testinal DLBCL.  Treatment strategies should be stratified 
according to age, IPI, and feasibility of dose-intensified 
approaches. In cases with high tumor burden, bulky disease, 
precautions such as the administration of steroids several 
days as “prephase” treatment are recommended to avoid 
tumor lysis syndrome. Neutropenic fever requires prophy-
lactic use of hematopoietic growth factors in patients treated 
with curative intent and in patients older than 60 years of age 
[126]. The nodal DLBCL with non-bulky limited stage are 
treated with combined modality therapy consisting of abbre-
viated systemic chemotherapy (i.e., three cycles of R-CHOP) 
and involved field radiation therapy. An acceptable alterna-
tive is the administration of full course (6–8 cycles) systemic 
chemotherapy plus rituximab without radiation [135]. 
Secondary GI DLBCL has high IPI score and aggressive 
clinical course, and therefore it is recommended to adminis-
ter 6–8 cycles of R-CHOP chemotherapy similar to the treat-
ment of the high-risk nodal lymphomas [126]. The activated 
B-cell (ABC) subtype has been shown to have a worse prog-
nosis when compared with germinal center B-cell (GCB) in 
patients treated by R-CHOP. The ABC subtype is character-
ized by a constitutive activation of the NF-κ(kappa)B path-
way, which could be targeted by different agents as 
bortezomib, lenalidomide, and ibrutinib [136, 137]. Induction 
and consolidation regimens should be used and autologous 

hematopoietic cell transplantation (HCT) should be recom-
mended in appropriate patients [126].

For prognostic purposes, a “Follicular Lymphoma- 
specific International Prognostic Index” (FLIPI) has been 
established for FL.  A revised FLIPI-2 (incorporating 
β[beta]2-microglobulin, diameter of largest lymph node, 
bone marrow involvement, and hemoglobin level) has been 
recently suggested for patients requiring treatment. 
Individualized management is essential in FL.  Treatment 
should be reserved for the symptomatic phase of the disease, 
disrupted normal marrow function, or rapidly progressive 
disease. In the case of higher histological grade, advanced 
stage, and/or poor prognosis factors, the management 
includes rituximab with combination chemotherapy. Multiple 
regimens used in other B-cell lymphomas have demonstrated 
activity in FL, including CHOP and CVP (cyclophospha-
mide, vincristine, and prednisone) as well as fludarabine- 
based regimens (fludarabine and cyclophosphamide [FC]; 
fludarabine, cyclophosphamide, and mitoxantrone [FCM]), 
chlorambucil, and bendamustine in combination with ritux-
imab. Maintenance rituximab therapy for 2 years is the stan-
dard of care for all patients who achieve a response from 
systemic treatment, as evidence suggests improved outcomes 
in both the first- and second-line setting [138]. Autologous 
stem cell transplant or allogeneic transplant are the other 
treatment options in selected patients in case of more aggres-
sive disease.

MCL is usually responsive to a variety of initial therapies, 
but relatively short-term remissions are obtained with con-
ventional chemotherapy regimens. The median duration of 
remission in most trials is 1.5–3 years and the median OS is 
3–6  years with standard chemotherapy. The Mantle cell 
International Prognostic Index (MIPI) was produced by the 
European MCL Network [139]. The independent prognostic 
factors for shorter OS from the MIPI were higher age, worse 
ECOG performance status, higher LDH, and a higher white 
blood cell count at diagnosis. These were calculated as a con-
tinuous parameter and three groups emerged: (1) MIPI low-
risk with the median OS not reached (5-yr OS 60%), (2) MIPI 
intermediate-risk with a median OS of 51 months, and (3) a 
MIPI high-risk group with a median OS of 29  months. 
Asymptomatic elderly or low-MIPI patients can be observed 
without any therapy. When the patients become symptomatic, 
first-line therapy choices include R-CHOP, R-Bendamustine, 
or a clinical trial [130, 140]. For young symptomatic patients 
with MCL, considerations include R-HyperCVAD with 
high-dose cytarabine and methotrexate followed by ASCT in 
first complete remission for appropriate patients. For patients 
who are not candidates for standard R-HyperCVAD with 
high-dose cytarabine/methotrexate, possible alternatives 
include R-CHOP, R-CHOP alternating with R-DHAP, or 
R-Bendamustine [130, 141]. In relapsed/refractory MCL, dif-
ferent novel treatment options based on targeting known 
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signaling pathways have been tested. Ibrutinib is a brutons 
thyrosine kinase inhibitor and should be considered for 
relapsed MCL patients [142]. Bendamustine/rituximab is an 
option in patients who have not previously received benda-
mustine. Other options would include a bortezomib-contain-
ing regimen or lenalidomide or a clinical trial. If the patient is 
a candidate for stem cell transplantation, autologous trans-
plant remission or a reduced intensity allogeneic stem cell 
transplant should be considered [130].

Chemotherapy for BL has traditionally involved intensive 
therapy with regimens such as R-HyperCVAD, CODOX-M/
IVAC, using treatment principles reminiscent of those 
employed for acute lymphoblastic leukemia including rou-
tine CNS prophylaxis. Biochemical abnormalities should be 
corrected rapidly before treatment and patients should 
receive prophylactic rasburicase and hydration [143].

 Follow-Up

Patients with systemic lymphomas who are event-free at 
3  years have a significantly reduced risk of recurrence, 
emphasizing the need for monitoring the disease in this early 
period. It is recommended that careful history and physical 
examination should occur every 3–4  months for 3  years, 
every 6 months for 2 more years, and then once a year with 
attention to development of secondary tumors or other long- 
term side effects of chemotherapy [126, 129, 130]. Blood 
count should be carried out at 3, 6, 12, and 24 months and 
then only as needed for evaluation of suspicious symptoms 
or clinical findings in those patients suitable for further ther-
apy. There is no evidence that routine imaging in patients in 
complete remission provides any outcome advantage, and it 
may increase the incidence of secondary malignancies. 
Routine surveillance with PET scan is not recommended. 
High-risk patients with curative options may potentially 
mandate more frequent evaluation.
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Palliative Care in the Patient 
with Gastrointestinal Malignancies

David J. Debono

 Introduction

There has been considerable progress in the management of 
gastrointestinal (GI) malignancies in the last 2 decades. 
Improved adjuvant systemic therapy in colorectal cancer has 
increased the cure rate in lymph node-positive disease. 
Chemotherapy and biological therapies have significantly 
prolonged life in metastatic colon cancer: altering the dis-
ease course to one of a chronic disease often for a period of 
years. Improved adjuvant and neoadjuvant therapies in 
esophageal and gastric cancer have led to longer life in these 
diseases. Finally, modern chemotherapy regimens have been 
shown to prolong survival in patients with metastatic pancre-
atic cancer who have adequate performance status.

However, despite these advances, many patients present 
with metastatic or develop recurrence of their cancer after 
curative intent therapy. In nearly all of these patients, cure of 
disease is not possible. These patients are destined to die of 
their disease. There are numerous clinical questions that 
arise in the management of these patients. The intent of this 
chapter is to try to address some of these questions and to 
provide some guidance in how we communicate with patients 
and families as they suffer through relapses of their disease 
or enter the end of their lives.

 Section 1: Invasive Palliative Interventions

 Esophageal Stenting in Esophageal Cancer

The most troubling symptom for patients with esophageal 
cancer is dysphagia. This is often the symptom that brings 
patients to medical attention. The optimal management of 
patients is dependent on the degree of esophageal obstruc-

tion, the presence or absence of disseminated metastatic dis-
ease, the degree of performance status decline, and the 
nutritional needs of the patient.

In patients with significant dysphagia, attempts at reestab-
lishing swallowing function are appropriate. In patients with 
localized disease, definitive surgery is recommended fol-
lowed by concurrent chemotherapy/radiation [1]. In the non-
operative patient, treatment options include esophageal 
dilation, self-expanding metal stents, radiation therapy via 
external beam therapy or brachytherapy, or concurrent che-
motherapy/radiation.

The management of dysphagia in advanced esophageal 
cancer has been the subject of a systematic review [2]. The 
authors reviewed 53 studies involving nearly 4000 patients. 
They noted that rigid plastic stents, esophageal dilation, and 
thermal or chemical ablative therapies are not recommended 
due to high risk of recurrent dysphagia and/or delayed com-
plications. They did recommend self-expanding metal stent 
insertion: particularly antireflux stents and double-layered 
Nitinol stents. The newer double-layered stents were noted 
to be associated with longer survival and fewer complica-
tions [2]. High-dose brachytherapy has been compared to 
metal stent placement. Brachytherapy was associated with a 
slower relief of dysphagia but ultimately had better long- 
term relief of dysphagia with fewer complications [3]. 
However, brachytherapy has not been widely accepted due to 
lack of widespread availability of this technology. A random-
ized trial of self-expanding stent with or without external 
beam radiation is underway in the United Kingdom [4]. It is 
hoped that immediate external beam radiation after stent 
placement will diminish the need for reintervention for 
tumor regrowth or hemorrhage.

Until we have results from modern randomized trials, the 
use of self-expanding metal stents (preferably double- layered 
and/or antireflux) or brachytherapy are the preferred proce-
dures to alleviate dysphagia in nonoperative patients [2]. 
Stenting is associated with a more rapid return of swallowing 
function.
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 Palliative Gastrectomy in Advanced  
Gastric Cancer

Patients with gastric cancer often appear to have localized 
disease at the time of original staging. These patients, if 
they have adequate performance status, are taken to sur-
gery for definitive resection. However, it is not unusual for 
disseminated intra-abdominal disease to be detected at the 
time of surgery. A clinical question has been posed in these 
patients: Should they be considered for palliative intent 
gastrectomy?

This has been the subject of numerous articles, none of 
which were randomized controlled trials. In one study, Yang 
and colleagues reported on 267 patients taken to laparotomy 
for apparent localized gastric cancer [5]. This group of 267 
patients all had peritoneal disease at the time of surgery. 
Patients underwent gastrectomy if there was no involvement 
of the root of the mesentery, no involvement of major ves-
sels, no infiltration of adjacent organs such as common bile 
duct, pancreas, duodenum, or esophagus, and no fixation of 
the tumor [5]. There were 114 patients in the resection group 
and 153 patients who did not undergo gastrectomy. Survival 
favored the resection group (median overall survival of 
14 months vs. 8.57 months) [5]. Morbidities were higher in 
the resection group, but treatment-related mortality was no 
different. In patients with “P3” disease (numerous metasta-
ses to distant peritoneum), there was no advantage to the gas-
trectomy [5].

This question has also been the topic of a meta-analysis. 
The authors assessed 3000 patients across 14 studies of 
patients with advanced gastric cancer [6]. These studies 
included patients with T4 disease, N3 disease, and M1 dis-
ease. The results again favored the group that underwent gas-
trectomy versus the group that did not undergo gastrectomy 
with regard to overall survival [6]. The study demonstrated 
an advantage for patients with peritoneal metastases, liver 
metastases, or distant lymph node disease. Survival was par-
ticularly favorable in patients who underwent surgery and 
postoperative chemotherapy [6].

Investigators in Japan and Korea have reported plans for 
a randomized controlled trial of palliative gastrectomy ver-
sus nonoperative management in patients with incurable 
gastric cancer [7]. Until data from this study are available, 
the role of palliative gastrectomy in the setting of incurable 
gastric cancer remains unknown. The current National 
Comprehensive Cancer Network (NCCN) guidelines do 
not recommend gastrectomy for patients with peritoneal 
seeding or distant metastatic disease [8]. At this time, it is 
reasonable to consider palliative surgery in a patient with a 
good functional status, limited metastatic disease, local 
symptoms, and who is also a candidate for postoperative 
chemotherapy [6].

 Management of Malignant Bowel Obstruction

Malignant bowel obstruction (MBO) is defined as obstruc-
tion of either small or large bowel due to effects of advanced 
intra-abdominal malignancy. Malignant bowel obstruction is 
particularly common in gastrointestinal malignancies with 
an incidence as high as 28% [9]. Obstruction can be due to 
direct obstruction from malignant peritoneal implants or due 
to malignant adhesions. Other potential causes include 
benign adhesions (most patients have already had an abdom-
inal surgery in the past), incarcerated hernia, volvulus, severe 
constipation, or a second intra-abdominal malignancy. 
Cancers commonly associated with malignant bowel obstruc-
tion include ovarian, gastric, colorectal, and pancreas.

The initial question that arises when a patient presents 
with abdominal pain, abdominal distention, or intractable 
nausea/vomiting is whether the patient is suffering from an 
MBO.  Initial evaluation includes plain abdominal radio-
graphs and a surgical consultation. In nonemergent cases, a 
computed tomography (CT) scan of the abdomen and pelvis 
is often utilized to clarify whether peritoneal carcinomatosis 
is present and whether there is evidence of a single versus 
multiple points of obstruction. The presence of fecal stasis 
can also be ascertained.

If indeed MBO is diagnosed, one faces a very difficult 
clinical question. Is there a role for surgery to manage this 
obstruction? This question has been discussed in numerous 
studies that are typically nonrandomized, retrospective stud-
ies—often involving single institutions. The question has 
been the topic of 2 major systematic reviews.

Kucukmetin and colleagues published a Cochrane 
Database Review on the subject of palliative surgery versus 
medical management in the setting of malignant bowel 
obstruction from advanced ovarian cancer [10]. They found 
no randomized trials comparing surgical management to 
medical management. They identified a single nonrandom-
ized study of 47 patients being assigned either octreotide 
therapy or surgical management. Patients assigned to surgi-
cal management had longer overall survival, but quality-of- 
life assessments and other measures were not reported [10].

Olson et al. performed a systematic review of palliative 
surgery for MBO from carcinomatosis [9]. After reviewing 
3158 articles, they identified 18 articles involving 868 
patients that fit their inclusion criteria. Validated quality-of- 
life metrics were not available in any of the studies. Markers 
of quality of end-of-life care were also not reported (goals of 
care meeting, advance care planning sessions, etc.). 
Generally, surgery was associated with an improvement in 
obstructive symptoms, ability to tolerate an oral diet, and 
ability to be discharged home. However, there was signifi-
cant morbidity and mortality. Thirty-day mortality ranged 
from 6% to 32%, and serious postoperative complications 
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ranged from 7% to 44%. Recurrent obstruction was seen in 
6–47% of patients, and only 32–71% of patients tolerated an 
oral diet at 60 days. Repeat surgery was uncommon (2–15%), 
but in patients who did undergo additional surgery, only 46% 
returned home [9]. The overall survival time for this group of 
patients is generally poor. In their study, Olson reported that 
median survival after MBO ranged from 26 to 273 days [9]. 
Patients without ascites or palpable masses who underwent 
surgery and had return of bowel function had a median sur-
vival time of 154–192 days. However, patients with ascites, 
palpable masses, or lack of return of bowel function survived 
just 26–36  days. The other troubling feature of MBO that 
was outlined by Olson was that often the majority of a 
patient’s remaining life is spent in the hospital [9].

The decision regarding surgical intervention is a difficult 
one that often relies on clinical intuition. Henry and col-
leagues reviewed their single-institution experience of 523 
patients with malignant bowel obstruction in hopes of identi-
fying risk factors that might guide decision-making. [11] 
They were able to identify 5 risk factors that helped predict 
30-day mortality. Carcinomatosis, ascites, complete small 
bowel obstruction, hypoalbuminemia, and abnormal white 
blood cell count each were independently predictive of 
30-day mortality. In their nomogram, 30-day mortality was 
9% if the patient had zero risk factors and increased steadily 
to 69% if the patient had 5 risk factors. They note that patients 
with 4 or 5 risk factors should rarely be offered surgery [11].

They then developed another nomogram to predict 30-day 
mortality in relation to whether the patient had surgery or 
not. They found 4 risk factors that helped stratify patients. 
These 4 factors were carcinomatosis, leukocytosis, normal 
albumin, and nongynecologic cancer. Patients with zero risk 
factors had a 10% 30-day mortality if they underwent sur-
gery versus 40% mortality if the patient did not undergo sur-
gery. This is in stark contrast to the patients with 4 risk 
factors where the surgical 30-day mortality was 70% versus 
15% for those patients who did not have surgery. Again, the 
authors suggested that patients with scores of 3 or 4 should 
rarely be offered surgery. The authors offer a strategy using 
both nomograms that can help guide this difficult decision of 
whether to offer surgical intervention (Fig. 20.1) [11].

The other large question that comes to mind in these 
patients is what nonoperative options exist for patients who 
are not felt to be surgical candidates? There are medical 
options for patients as well as palliative interventions. The 
medical treatment of MBO centers on 3 drugs: (1) octreo-
tide, (2) dexamethasone, and (3) ranitidine [12]. Octreotide 
is a somatostatin analog and is felt to exert its palliative ben-
efit by diminishing intestinal and gastric secretion so that 
nausea and vomiting diminish and quality of life improves. 
Dexamethasone’s mechanism of action is poorly understood 
but likely decreases inflammation at the site of obstruction 

and can help delay or decrease obstructive symptoms. 
Finally, ranitidine is a commonly used histamine-2 blocker 
that can diminish gastric secretions.

Octreotide has been the subject of numerous randomized 
clinical trials. These trials have been hampered by small size 
and variable primary endpoints. Some studies use short- 
acting octreotide, while others use depot formulations. In a 
recent trial, octreotide was compared to scopolamine butyl-
bromide in the setting of MBO in ovarian cancer [13]. 
Octreotide was shown to decrease gastric secretions and also 
decrease the number of emetic episodes and intensity of nau-
sea [13]. In another recent randomized, double-blind study 
of octreotide versus placebo, octreotide was no different than 
placebo in the primary endpoint of days free of vomiting 
[14]. However, in a multivariate analysis, octreotide was 
shown to decrease the number of emesis episodes [14]. Thus, 
the data are mixed on whether octreotide alters the natural 
history of MBO. However, in recently published guidelines, 
it is recommended that octreotide be considered for the treat-
ment of MBO with peritoneal carcinomatosis [12].

The use of corticosteroids has also been the subject of 
investigation in the management of MBO. Though its mech-
anism of action is unclear, a Cochrane review of 10 random-
ized clinical trials of glucocorticoids was performed [15]. Of 
these 10 trials, 3 were unpublished at the time of the review. 
There was no difference in 1-month mortality. There was a 
trend in favor of corticosteroids (dose range of 6–16 mg/day 
of dexamethasone) in helping to resolve obstructive symp-
toms, and they note that the number to treat was 6 (treat 6 
patients to resolve 1 obstruction). No serious toxicity was 
detected in this short-term use, though not all studies pro-
vided detailed toxicity data [15].

Fig. 20.1 An algorithm for scoring patients with malignant bowel 
obstruction. (Reprinted with permission from Henry et al. [11])
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Finally, the role of histamine 2 antagonists and proton 
pump inhibitors has also been the subject of clinical trials 
and meta-analysis. The meta-analysis by Clark et al. evalu-
ated 7 clinical trials looking at gastric volume aspirates in the 
setting of MBO [16]. Their analysis suggested that ranitidine 
was a superior agent in decreasing gastric volume output, 
and the authors felt that ranitidine should be included in the 
medical management of MBO [16]. Recent published guide-
lines, however, favor proton pump inhibitors given intrave-
nously [12].

In patients who are not felt to be surgical candidates, a 
common clinical question is whether or not a palliative vent-
ing percutaneous endoscopically placed gastrostomy (PEG) 
tube should be placed. A venting PEG tube has the potential 
of venting gastric contents, which can successfully eliminate 
nausea and vomiting in the nonoperable patient, and allow 
for a home discharge without a nasogastric tube. There are 
no set criteria in selecting patients for PEG placement; how-
ever, recent guidelines note that venting gastrostomies are 
often placed very late in the disease course [12]. In single- 
institution studies, the success rate of venting gastrostomy 
tubes in eliminating the need for nasogastric tubes and alle-
viating nausea and vomiting is as high as 96% [17]. A gen-
eral recommendation is to place a venting PEG tube if 
medical management is not successful in alleviating the 
obstruction after a period of 3–7 days [12]. In a patient with 
malignant ascites, it is recommended that the ascites be 
drained prior to venting gastrostomy [12]. Ascites drainage 
can be accomplished via paracentesis; however, a large 
single- institution series demonstrated that patients could 
safely and successfully have both an indwelling peritoneal 
catheter for ascites drainage along with a venting gastros-
tomy [18].

 Section 2: Pearls of Pain Management 
in the Gastrointestinal Oncology Patient

 Celiac Plexus Blocks for Pancreatic Cancer

Pain is nearly universal in patients diagnosed with pancreatic 
cancer. Though a small minority are candidates for curative- 
intent resection, the vast majority of patients are unresect-
able at the time of diagnosis. Patients whose disease is 
unresectable often have upper abdominal pain as a result of 
local growth of their tumor. Patients who undergo curative- 
intent surgery remain at risk for local recurrence of their dis-
ease, and these patients can also develop upper abdominal 
and back pain. It is in these patients that celiac plexus block 
is often considered. Despite being first described in 1914, the 
role of celiac plexus block remains controversial today.

Pain associated with pancreatic cancer is poorly under-
stood. It is felt to directly involve the celiac nerve plexus, 

which transmits visceral pain signals from the upper abdo-
men including the region of the pancreas. Other causes of 
pain may be neuropathic pain from invasion of the celiac 
plexus, infiltration of peripancreatic nerves, chronic pancre-
atic ductal obstruction, and invasion of local structures and 
organs. Celiac plexus neurolysis using ethanol is felt to dis-
rupt afferent pain impulses resulting in nerve fiber demyelin-
ation and axonal degeneration [19]. The first randomized 
trial demonstrating an advantage for celiac plexus neurolysis 
was published in 1993 by Lillemoe and colleagues [20]. This 
was a randomized, double-blind, placebo-controlled trial of 
140 patients undergoing surgery for pancreatic cancer but 
found to have unresectable disease. The patients were ran-
domized to receive chemical celiac plexus neurolysis with 
50% alcohol or placebo injection with saline. Mean pain 
scores favored the neurolysis group at 2 months, 4 months, 
and 6 months postoperatively [20].

In 2015, Lavu and colleagues published their large, pro-
spective, randomized double-blind study of ethanol celiac 
plexus neurolysis in patients who underwent exploration for 
what was felt to be resectable pancreatic and periampullary 
adenocarcinoma [19]. They randomized 400 patients with 
resected pancreatic/periampullary carcinoma to celiac plexus 
neurolysis or placebo. They were unable to demonstrate an 
advantage in subsequent pain scores in patients receiving 
intraoperative neurolysis [19]. Though this was a large and 
well-conducted study, their pain evaluation survey return 
rate markedly diminished over time, making it a difficult 
study to interpret [19]. Nevertheless, this study calls into 
question the practice of immediate, intraoperative celiac 
plexus neurolysis in patients with resectable pancreatic 
cancer.

Finally, in 2013, a systematic meta-analysis was pub-
lished assessing the value of percutaneous celiac plexus neu-
rolysis in pain associated with pancreatic cancer [21]. They 
reviewed 102 studies, and only 6 fulfilled their criteria 
involving 358 patients. They found improved pain scores at 
4 weeks and 8 weeks and less opioid consumption. Thus, this 
analysis favored celiac plexus neurolysis in patients with 
pain associated with pancreatic cancer [21].

The evidence for the efficacy of celiac plexus neurolysis 
is mixed. The primary management of pain associated with 
pancreatic cancer should be opioid therapy. In patients with 
uncontrolled pain, a celiac plexus neurolytic block is very 
reasonable as second-line therapy and is encouraged.

 Pain Assessment and Management

The control of pain is an important part of managing the 
patient with advanced GI malignancies. Pain can be due to 
the effects of the disease or from toxicity of treatment. 
Patients can experience nociceptive pain due to pain involv-
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ing bone metastases or soft-tissue sites of disease. There can 
also be neuropathic pain, which can be due to local effects of 
either primary or metastatic tumors such as involvement of 
the celiac axis in primary pancreatic cancer or pelvic neur-
axial involvement from locally recurrent rectal cancer. 
Neuropathic pain is also commonly seen as a result of che-
motherapy: particularly due to cisplatin, carboplatin, and 
oxaliplatin as well as the taxanes.

Initial pain management involves an initial comprehen-
sive pain assessment. This will provide baseline information 
on the character of the pain, the severity of the pain, and the 
potential causes. There are specific cancer pain syndromes 
that are important to recognize. These include pain involving 
metastatic disease to the spine, which might signify early 
spinal cord compression; abdominal pain due to malignant 
bowel obstruction; sacral plexus involvement from pelvic 
recurrence of disease; celiac plexus involvement from pri-
mary or metastatic disease; and other syndromes such as 
intercostal nerve involvement from metastatic disease to 
ribs/pleura. Recognition of these syndromes will often lead 
to specific interventions.

Options for management of pain are numerous. Radiation 
therapy is typically part of the initial plan in patients with 
localized osseous metastatic disease. Paracentesis is com-
monly needed in managing pain in the patient with intra- 
abdominal dissemination of their disease. In a patient with 
malignant bowel obstruction, nasogastric tube suction and 
medical interventions such as somatostatin analogs and cor-
ticosteroids can specifically improve the pain seen in these 
patients [12].

The most common intervention for patients with pain 
related to metastatic disease is the initiation of opioid ther-
apy. Opioid therapy has been extensively reviewed [22–24]. 
Agents most commonly used include morphine, hydromor-
phone, oxycodone, hydrocodone, transdermal or transmuco-
sal fentanyl, and methadone. The pharmacology and 
pharmacokinetics of these drugs have important differences. 
In patients with advanced GI malignancies, there is often 
renal and/or hepatic compromise, making an understanding 
of opioid pharmacology important.

Morphine and hydromorphone are metabolized via gluc-
uronidation in the liver: a process that is reasonably well- 
preserved in hepatic dysfunction [25]. Hydrocodone is 
metabolized by the cytochrome p450 enzyme CYP2D6 [26]. 
Fentanyl is metabolized by the cytochrome p450 enzyme 
CYP3A4 as are oxycodone and methadone [26]. Methadone 
is also metabolized by cytochrome p450 enzymes CYP2D6 
and 2B6, but is also variably metabolized by CYP2C8, 2C19, 
2D6, and 2C9 [26].

Opioids metabolized by the cytochrome p450 system are 
particularly prone to drug–drug interactions. Interactions 
with enzyme inducers lead to lower opioid blood levels, 
enzyme inhibitors lead to higher opioid blood levels, and 

competitive inhibition from drugs that are substrates of p450 
enzymes can also lead to higher opioid levels.

In the presence of renal insufficiency, it is recommended 
that drugs that are primarily cleared hepatically be utilized 
cautiously: such as fentanyl, oxycodone, or methadone. In 
the presence of hepatic insufficiency, careful use of mor-
phine or hydromorphone is recommended. In the presence of 
both renal and hepatic dysfunction, an earnest effort to estab-
lish the goals of care should be outlined. Choice of opioids 
should be made based on the relative severity of the renal and 
hepatic dysfunction—choosing an opioid accordingly and 
beginning at a low dose. The patient needs to be followed 
closely and the dose carefully titrated.

 Intrathecal Infusion Pumps

Despite advanced surgical techniques, improved radiation 
technology, and evolving chemotherapy strategies for many 
GI malignancies, there remain patients who develop intrac-
table pain. Usually these pain syndromes are related to meta-
static disease involving the abdomen, the retroperitoneum, or 
the pelvis. Pelvic recurrences are particularly problematic—
especially in patients with cancer of the rectum. Patients with 
cancers of the upper abdomen, such as pancreatic cancer and 
gastric cancer, may develop severe pain syndromes related to 
disease involving the celiac plexus. The character of pain in 
these syndromes is variable, but often patients express a feel-
ing of ongoing, gnawing pain. The pain in these patients is 
often a combination of neuropathic and nociceptive pain. 
The management of these pain syndromes can be particu-
larly challenging.

The initial management plan of patients with these pain 
syndromes should revolve around the oral or transdermal 
administration of opioids with drugs such as morphine, oxy-
codone, methadone, hydromorphone, fentanyl, or hydroco-
done. However, dose escalation of these drugs is often met 
with significant toxicity—particularly central nervous sys-
tem (CNS) toxicity including myoclonus or sedation. Patients 
who are unable to tolerate adequate doses of these agents to 
control their pain may be candidates for more invasive inter-
ventions, such as intrathecal infusion pumps. Also, there are 
patients where the neuropathic component of their pain pre-
dominates, and this pain is often incompletely responsive to 
oral or transdermal opioids. Again, in these patients, intra-
thecal infusions can be quite helpful.

Intrathecal administration of opioids, local anesthetics, 
and adjunct drugs such as clonidine has been increasingly 
utilized in patients with intractable, cancer-related pain. The 
feasibility of this technique is dependent on the availability 
of this technology and skilled practitioners in a medical com-
munity. It is important for the practicing oncologist to iden-
tify colleagues in their local community who have access to 
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intrathecal infusion devices, and who are skilled in their 
insertion and their maintenance.

The intrathecal infusion of morphine in refractory cancer 
pain has been the subject of a large randomized controlled 
trial. Smith and colleagues randomized 202 patients who had 
persistent pain despite 200 mg of oral morphine equivalent/
day or who had pain and intolerance to adequate systemic 
doses of opioids. The patients were randomized to continued 
medical management of their pain versus the intrathecal 
infusion of morphine. Both groups had dose titration. The 
study’s primary endpoint was a 20% decrease in the visual 
analog pain score (VAS). Clinical success was defined as 
either a 20% decrease in VAS scores or equal VAS but a 20% 
or greater decrease in opioid toxicity 4 weeks after random-
ization [27].

In patients randomized to the intrathecal administration 
of morphine, 84% of patients achieved clinical success ver-
sus 70% with continued medical management. Regarding 
efficacy, VAS scores with the intrathecal infusion fell 51% 
compared to 39% with continued medical management. The 
composite toxicity scores fell by 50% with intrathecal infu-
sion versus 17% with continued medical management [27].

This randomized trial also assessed the survival of both 
groups of patients. At 6 months, the survival was 54% in the 
intrathecal infusion group versus 37% in the patients medi-
cally managed. The study had an additional analysis at 
12 weeks, and pain and toxicity advantages for the intrathe-
cal infusion remained [28]. Since some of the patients in the 
medical management group ultimately had intrathecal infu-
sion pumps placed, the authors compared all patients who 
received an intrathecal infusion pump versus those who did 
not. Survival analysis again showed an advantage for all 
patients receiving an intrathecal infusion pump (approxi-
mately 50% 6-month survival) versus 32% 6-month survival 
in the medical management group. The survival analysis was 
not a planned analysis, and unrecognized confounding fac-
tors may have contributed to the differences [28]. 
Nevertheless, it remains an interesting observation that 
patients with superior pain relief and toxicity control may 
live longer.

The proper selection of cancer patients for intrathecal 
infusion and the appropriate management of cancer patients 
with intrathecal infusions have been reviewed [29], and 
guidelines have been published [30]. Important recommen-
dations from the guideline include the following:

 1. Patients should undergo a stepped approach to pain man-
agement before proceeding to intrathecal therapy.

 2. Titration of intrathecal medications should be done 
slowly.

 3. Formal pain assessment and quality-of-life measures 
should be part of the routine management of patients on 
intrathecal infusions.

 4. Intrathecal infusion pumps should be shielded from radia-
tion when possible, and interrogated after radiation to 
ensure ongoing function.

 5. Intrathecal infusion pumps are generally not recom-
mended for patients with epidural metastases.

 6. A preimplantation psychological evaluation is recom-
mended for patients with extended longevity who have 
developed a chronic pain syndrome.

 7. A preimplantation trial of intrathecal or epidural opioid 
administration has been suggested and is mandatory for 
some insurance companies, but clinical trials on preim-
plantation intrathecal trials have not been convincing for 
benefit.

 8. The need for anticoagulant therapy is not an absolute con-
traindication to intrathecal infusions; however, the appro-
priate management of anticoagulants is detailed in the 
guideline [30].

 Section 3: Common Toxicities of Oxaliplatin 
and Irinotecan

 Oxaliplatin-Induced Neurotoxicity

Platinum-induced neurotoxicity has been described since the 
first clinical experience with cisplatin. There are now sec-
ond- (carboplatin) and third-generation (oxaliplatin) plati-
num drugs, and neurotoxicity remains an issue with each one 
of these. Oxaliplatin is a very important chemotherapeutic 
agent in the management of GI malignancies. It has also 
become a commonly used agent in the management of 
esophageal, gastric, and pancreatic cancer. Hematological 
toxicity is typically easily managed; however, the most 
important short-term and long-term toxicity is peripheral 
sensory neuropathy. The neurotoxicity of oxaliplatin has 
been the subject of intense investigation and is particularly 
important in colorectal cancer patients. Some have advo-
cated that this side effect should be called chemotherapy- 
induced peripheral neurotoxicity to better reflect the fact that 
this clinical syndrome results from toxic effects of chemo-
therapy [31]. Adding oxaliplatin to fluoropyrimidine-based 
chemotherapy had a significant impact on the cure rate of 
stage III colorectal cancer and high-risk stage II colon can-
cer, and is often given repeatedly in patients with metastatic 
colorectal cancer. Hence, there are large numbers of patients 
who are receiving oxaliplatin in this common disease. This 
has heightened the importance of understanding this neuro-
toxicity, understanding its typical course, and attempting to 
both prevent this toxicity and treat it. Despite extensive clini-
cal and animal studies, the exact pathophysiology of 
oxaliplatin- induced neurotoxicity is not known. Clinically, 
this neurotoxicity is manifest as numbness and tingling in 
distal extremities, cold sensitivity, paresthesias, diminished 
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vibratory sensation, loss of distal reflexes, and can even lead 
to loss of proprioception with an ataxic gait [31].

Oxaliplatin is felt to cause both an acute neurotoxicity 
and a chronic neurotoxicity. The acute neurotoxicity is char-
acterized by cold sensitivity (touching cold objects or swal-
lowing cold liquids), throat and peripheral dysesthesias, and 
muscle cramps. Chronic neurotoxicity is associated with a 
sensory neuropathy with numbness, tingling, and painful 
dysesthesias [32].

The clinical course of oxaliplatin neurotoxicity is vari-
able, but there are now prospective data that have shed some 
light on the typical course that patients take. In their prospec-
tive study of 346 patients enrolled in a randomized study of 
intravenous (IV) calcium/magnesium for the prevention of 
oxaliplatin-induced neurotoxicity, Pachman assessed neuro-
toxicity before and after each cycle of FOLFOX (folinic 
acid, 5-fluorouracil, oxaliplatin) and then at 5 time points 
after completing FOLFOX chemotherapy [33]. Pachman 
reported that 89% of patients had at least 1 symptom of acute 
neuropathy with the first cycle of therapy, and these symp-
toms peaked by day 3 and then improved [33]. However, the 
symptoms did not predictably resolve between treatments. 
Acute neuropathy symptoms became worse during cycles 2 
through 12, with the symptoms being described as moderate/
severe twice as often during the later stages of therapy as 
compared to cycle 1 [33]. For chronic neurotoxicity, the most 
common symptom was tingling followed by numbness and 
pain [33]. During chemotherapy, hands were more com-
monly affected than feet, but at 18 months post chemother-
apy, the feet were more commonly affected. The patients 
with the worst acute neurotoxicity during cycle 1 were the 
patients most likely to report chronic sensory neurotoxicity. 
Chronic neurotoxicity did improve after chemotherapy com-
pletion. However, at 18 months post chemotherapy, 19% of 
patients continued to report severe sensory neuropathy 
symptoms [33].

There have been numerous studies of agents to prevent 
platinum-induced neurotoxicity. These studies have been 
reviewed in a Cochrane review, [34] have been the subject of 
a comprehensive review article [32], and have also been out-
lined as part of the American Society of Clinical Oncology 
(ASCO) practice guidelines for the prevention and manage-
ment of chemotherapy-induced peripheral neuropathy [35]. 
In all 3 of these documents, there was no intervention proven 
to prevent platinum-induced neuropathy. In fact, 2 trials (one 
with the calcium-channel blocker nimodipine and one with 
the supplement acetyl-L-carnitine) demonstrated worse neu-
rotoxicity with the intervention [35].

There is one intervention that deserves special mention. 
The mechanism of the neurotoxicity of oxaliplatin has been 
proposed to be from the production of oxalate (from oxali-
platin metabolism), which subsequently chelates calcium 
and magnesium—elements important in the function of ion 

channels in neuronal membranes [36]. Thus, the administra-
tion of IV calcium and magnesium with FOLFOX chemo-
therapy was studied. In a retrospective study of 161 patients, 
Gamelin and colleagues reported that only 4% of patients 
discontinued oxaliplatin when given IV calcium and magne-
sium versus 31% of patients who did not receive calcium and 
magnesium [37]. This observation led to a significant change 
in practice patterns, with many oncologists adapting the use 
of IV calcium and magnesium. A randomized study of IV 
calcium and magnesium in adjuvant FOLFOX chemother-
apy also showed promising results for diminishing chronic 
neuropathy; however, the study was stopped early when 
another study suggested that IV calcium and magnesium 
decreased chemotherapy efficacy (this detrimental effect was 
later shown to not be present) [38]. Thus with the question of 
safety and efficacy of IV calcium and magnesium still open, 
a large randomized study was performed by the North 
Central Cancer Treatment Group (NCCTG) and the Alliance 
for Clinical Trials in Oncology group.

In 2014, Loprinzi and colleagues reported their large, 
well-conducted, randomized, double-blind study that 
assessed the value of IV calcium and magnesium in the set-
ting of adjuvant FOLFOX chemotherapy in stage II and III 
colon cancer. Patients were randomized to 3 groups. One 
group received IV calcium and magnesium before and after 
FOLFOX therapy, another received placebo before and after 
chemotherapy, and the third group received IV calcium and 
magnesium before chemotherapy and placebo after chemo-
therapy. The primary endpoint of the trial was the European 
Organisation for Research and Treatment of Cancer 
(EORTC)-developed assessment tool called the QLQ- 
CIPN20, which is a validated tool specifically designed for 
chemotherapy-induced peripheral neuropathy (CIPN). Their 
study of 353 patients convincingly revealed no measurable 
effect of IV calcium and magnesium with regard to acute 
neurotoxicity, chronic neurotoxicity, or time to neurotoxicity 
[36]. Thus, the use of IV calcium and magnesium to prevent 
oxaliplatin neurotoxicity cannot be recommended. Hence, 
there remain no known agents to prevent oxaliplatin-induced 
neurotoxicity.

The guideline published by ASCO did provide a moderate 
recommendation for the use of duloxetine for the treatment 
of chemotherapy-induced neurotoxicity. The authors also 
suggested that the use of tricyclic antidepressants, gabapen-
tin, or a compounded gel of baclofen, amitriptyline, and ket-
amine could be tried based on the published experience in 
other neuropathies [35].

 Irinotecan-Induced Diarrhea

Irinotecan has proven to be a valuable drug in the manage-
ment of metastatic colon cancer and metastatic pancreatic 
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cancer, and is often used in the management of gastro- 
esophageal cancers. Irinotecan has been associated with neu-
tropenia, but this toxicity in most cases is simple to control. 
It is also associated with acute, early-onset diarrhea (occur-
ring during the infusion or in the 24 hours after the infusion) 
and late-onset diarrhea (occurring more than 24 hours after 
the infusion). The acute, early-onset diarrhea is part of a cho-
linergic excess syndrome and is easily controlled with paren-
teral atropine and can often be prevented with the prophylactic 
use of atropine prior to the infusion.

Late-onset diarrhea from irinotecan is much more clini-
cally significant, and can result in severe uncontrolled diar-
rhea, electrolyte imbalances, and the need for hospitalization. 
Understanding this syndrome and preventing late-onset diar-
rhea remain topics of intense investigation.

The metabolism of irinotecan is highly complex. 
Irinotecan is a pro-drug and undergoes carboxylesterase- 
mediated hydrolysis to form SN-38: a compound that is 100–
1000 times as cytotoxic as irinotecan. This conversion occurs 
primarily in the liver. Irinotecan is also metabolized by the 
cytochrome p450 system, with oxidation by CYP3A4 being 
the predominant isoenzyme involved. This metabolism con-
verts irinotecan into 2 metabolites: one of which can again be 
converted back to SN-38. SN-38 is then conjugated to an 
inactive and nontoxic conjugate: SN 38 glucuronide. This 
conjugation step is mediated by hepatic UGT1A1, UGT1A7, 
and extrahepatic UGT1A7. However, SN 38 glucuronide can 
be converted back to SN38 by bacterial ß(beta)-glucuroni-
dase and SN38 and irinotecan can also undergo enterohe-
patic circulation. Therefore, there are at least 3 mechanisms 
to enhance SN-38 production and the potential for increased 
cytotoxicity. It is also worth noting that the plasma half-life 
of irinotecan is 14.6  hours, but the half-life of SN 38 is 
28.5 hours [39].

The late-onset diarrhea of irinotecan is still not fully 
understood. It is felt to be due to direct intestinal mucosal 
damage due to SN38-induced cytotoxicity. Cytotoxic effects 
seen include injury to tight junction proteins claudin 1 and 
occludin, causing damage to the intestinal barrier resulting in 
bacterial translocation. The intestinal concentration of SN38 
is enhanced by bacterial ß(beta)-glucuronidase and enterohe-
patic recycling [39].

This complex pharmacology makes predicting toxicity of 
irinotecan difficult, and the prevention of this toxicity has 
proven to be elusive. This issue is further complicated by the 
various doses and schedules that have been utilized with iri-
notecan, making treatment decisions in individual patients 
difficult.

Numerous studies have been performed testing various 
agents and strategies to prevent late-onset diarrhea. These 
studies have been reviewed [39]. Suffice it to say that none of 
the strategies have yet to be shown to convincingly prevent 

late-onset diarrhea. One novel strategy that will require fur-
ther follow-up is inhibitor of bacterial ß(beta)-glucuronidase. 
Such inhibitors would be expected to decrease intestinal 
SN38 exposure. This class of drugs has shown promise in 
animal models, and clinical studies are awaited. Antibiotic 
therapy with neomycin has been studied in randomized trials 
and was shown to decrease grade 3 diarrhea, but increased 
grade 2 diarrhea, and no convincing decrease in overall late- 
onset diarrhea was observed [39].

Genetic polymorphism of UGT1A1 is also a topic of 
important investigation. This enzyme is important in the con-
jugation of SN38 to its more soluble conjugate, which can 
more easily be eliminated in bile and urine. The isoenzyme 
UGT1A1 is felt to be the main member of the UGT family 
involved in the conjugation of SN38. Polymorphisms have 
been observed in the number of TA repeats in the TATA box 
of the UGT1A1 promoter. The most common polymorphism 
seen (“wild type”) has 6 repeats. The most common variant 
polymorphism has 7 repeats and has been named 
UGT1A1∗28 (or 7/7). This polymorphism has been associ-
ated with reduced gene expression and diminished enzyme 
activity resulting in lower SN38 metabolism [40]. Clinical 
studies subsequently revealed a correlation between 
UGT1A1∗28 and irinotecan toxicity—especially neutrope-
nia [41].

This observation led the US Food and Drug Administration 
(FDA) to recommend a labeling change on irinotecan: rec-
ommending that all patients receiving irinotecan be checked 
for UGT1A1 polymorphisms. Patients found to be homozy-
gous for the UGT1A1∗28 polymorphism were recommended 
to have at least 1 dose level reduction in irinotecan. However, 
clinical studies in general have seen the strongest correlation 
with neutropenia and UGT1A1∗28 and less correlation with 
diarrhea. Because UGT1A1 metabolism is just 1 part of the 
metabolic phenotype of irinotecan, there remains contro-
versy over the routine testing of UGT1A1 polymorphisms in 
patients receiving irinotecan therapy [42].

In patients with late-onset diarrhea due to irinotecan, guide-
lines recommend aggressive rehydration and electrolyte 
replacement and aggressive use of antidiarrheals [43]. First-
line therapy should include liberal use of loperamide. In 
patients with severe diarrhea and evidence of the “gastrointes-
tinal syndrome” (severe diarrhea, nausea, vomiting, anorexia, 
and abdominal cramping), immediate use of antibiotics with a 
fluoroquinolone is recommended after obtaining stool for 
stool pathogens, Clostridium difficile, and leukocytes. In 
patients not responding to loperamide, short- acting octreotide 
is recommended with rapid dose escalation to as high a dose 
as 500 mcg TID. Finally, deodorized tincture of opium at a 
dose of 10–15 drops in water every 3–4 hours is another agent 
that is reasonable in refractory cases or camphorated tincture 
of opium at a dose of 5 ml very 3–4 hours [43].
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 Section 4: Communicating with Patients  
Who Have Gastrointestinal Malignancies

 Depression in the Patient  
with Gastrointestinal Malignancies

Depression has been shown to be a common comorbidity 
in patients with GI malignancies, particularly those with 
advanced disease. For example, it has been described that 
diagnostic criteria for depression are found in a significant 
percentage of patients with pancreatic cancer [44]. In a 
small, provocative study, Sebti reported that depression 
was a specific prodrome to the diagnosis of pancreatic 
cancer [45]. In their study of 15 patients with a recent 
diagnosis of pancreatic cancer, 10 patients were diag-
nosed with depression in the year prior to the diagnosis 
of pancreatic cancer [45]. This suggests the possibility of 
malignancy-related biological pathways that may result in 
depressive symptoms. In another study of pancreatic can-
cer patients, Breitbart noted that depression was associ-
ated with elevated levels of the proinflammatory cytokine 
IL-6 [46].

These studies begin to tell the story that the experience of 
advanced cancer can certainly have emotional and psycho-
logical effects, but the cancer itself may also have biological 
effects: both leading to a higher risk of depression. These 
studies and others have begun to emphasize the importance 
of identifying depression in oncology patients. This has led 
ASCO to publish guidelines on the screening, assessment, 
and care of anxiety and depressive symptoms in adults with 
cancer [47]. This guideline was adapted from Canadian 
guidelines previously published.

In their guideline, Andersen et al. noted that the first step 
in assessment for depression is identifying pertinent history 
and risk factors for depression and/or anxiety [47]. These 
include a personal history of depressive disorder, family his-
tory of depression, other psychiatric disorders including sub-
stance abuse, suboptimal social support, lower socioeconomic 
status, other chronic illnesses, and progressive cancer. This is 
followed by 2 questions from the 9-item Personal Health 
Questionnaire (PHQ-9) [48]:

 1. Do you have little interest or pleasure in doing things?
 2. Are you feeling down, depressed, or helpless?

If the patient scores a 0 or 1 on this screen, then no further 
screening is indicated. For patients scoring a 2 or 3 on either 
of these questions, they should complete the other 7 items on 
the PHQ-9. This will categorize patients as having mild, mod-
erate, or severe symptomatology. Identifying those patients in 
the moderate or severe category then should lead to specific 
interventions [47].

The importance of identifying depressive and anxiety dis-
orders goes beyond correcting symptoms. It is believed that 
successful treatment of these conditions can lead to better 
oncological outcomes. In a large population-based study of 
24,000 patients with pancreatic cancer, 8% also carried the 
diagnosis of depression [49]. When evaluating outcomes, it 
was shown that overall survival, reception of curative sur-
gery, and reception of appropriate chemotherapy were all 
negatively impacted by the presence of depression [49]. This 
correlation has also been demonstrated in men with localized 
prostate cancer. In a study of 41,000 men with prostate can-
cer, 1900 men also carried the diagnosis of depression [50]. 
The presence of depression correlated with less curative 
intent prostate surgery, and worse overall survival [50].

The take-home message regarding depression is that all 
oncology practices should begin to build routine depression 
screenings and assessments into their clinic work-flow. 
Oncology clinicians should also identify local resources and 
expertise in the fields of psychology and psychiatry. Though 
oncology practitioners may be able to manage uncompli-
cated depression, more complicated patients should be 
promptly referred to expert local providers.

 Prognostic Awareness in the Patient 
with Gastrointestinal Cancers

The diagnosis of various gastrointestinal cancers carries 
equally variable prognoses. The diagnosis of stage I colon 
cancer carries an operative cure rate of 90% versus an opera-
tive cure rate of 50% in stage III disease. In esophageal can-
cer, many patients present with incurable disease at the time 
of diagnosis and have median survival of 10–15 months. For 
those who are candidates for curative intent therapy, the cure 
rate with combined modality therapy remains only approxi-
mately 35%. In pancreatic cancer, some patients present with 
localized disease and are candidates for curative intent sur-
gery. However, surgery accomplishes cure in just 10–20% of 
patients.

When patients present to the oncologist or the multidisci-
plinary team with a new diagnosis of gastrointestinal cancer, 
the physicians assess the stage of disease, ensure appropriate 
pathological evaluation of biopsy material, and establish the 
optimal treatment strategy. Patients at these initial visits are 
often focused on achieving good outcomes, and they want 
their physicians to offer an honest assessment of their dis-
ease but also provide hope for the future. It is in these con-
versations that initial seeds of an honest appraisal of 
prognosis can be planted.

Over the course of a patient’s illness, their prognosis can 
change as the disease changes. For example, a patient with 
localized pancreatic cancer agrees to surgery in hopes of 
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achieving a surgical cure despite the likelihood of cure being 
quite low. If the disease recurs, their disease is now incur-
able. However, multiagent chemotherapy has been shown to 
extend survival so immediate short-term survival might be 
favorable and frank discussion about prognosis might be 
deferred or delayed by either the patient or the clinician. This 
section outlines an approach to cultivating prognostic aware-
ness over the course of a patient’s illness.

An influential paper by Weeks detailed patient’s under-
standing of prognosis in the setting of advanced and incur-
able lung or colorectal cancer [51]. Patients were interviewed 
and asked to articulate what the goal of their chemotherapy 
was. Surprisingly, 70% of lung cancer patients and 80% of 
colorectal cancer patients were unable to exhibit understand-
ing that chemotherapy was not at all likely to cure their can-
cer [51]. Their results illustrate the difficulty in helping 
patients and families to understand prognosis and clearly 
show that new and different strategies are required to com-
municate prognosis honestly and effectively.

Prognostic awareness has been defined as the patient’s 
capacity to understand their prognosis and the likely illness 
trajectory [52]. Prognostic awareness involves not just 
understanding the expected survival time or chance of cure 
of the disease, but also having a grasp of the expected natu-
ral history of the disease and the potential complications 
and symptoms of the disease. Prognostic awareness is 
important for a number of reasons. Having a good under-
standing of prognosis and natural history of the disease can 
allow patients to plan their lives—particularly when short-
term survival is impaired. Prognostic awareness has also 
been shown to influence the care that patients receive near 
the end of their lives: Accurate prognostic awareness has 
been associated with less chemotherapy, less resuscitation 
measures, and earlier hospice enrollment near the end of 
life [53, 54].

However, explaining prognosis accurately involves con-
versations that are challenging, are often met with resistance 
from patients and families, often result in complex emotions, 
and may require a series of clinical encounters. Jackson and 
colleagues have suggested a 4-step process to help cultivate 
prognostic awareness [52]. In outlining their strategy, they 
note that this is a process that may take several visits to 
execute.

Part of the initial steps toward prognostic awareness is for 
the clinician to obtain the necessary information (from labo-
ratory values, radiographic studies, and from expert col-
leagues) so that one can outline the expected natural history 
of the disease and the expected prognosis to the patient and 
family [52].

Once the clinician understands the prognosis, Jackson 
and colleagues recommend a 4-step process to cultivate 
prognostic awareness:

 1. The first step is an assessment of the patient’s current 
prognostic awareness. They suggest open-ended ques-
tions, such as “What’s your sense of how you are doing?” 
or “How worried are you about what is going on right 
now?” This initial step will give the clinician an idea of 
how ready the patient is to discuss prognosis more frankly 
[52].

 2. The second step is to inquire whether the patient can 
imagine a poorer health state [52]. Comment like “I 
know we are hoping that the chemotherapy provides a 
response in your tumor, but do you ever imagine what it 
would be like if things don’t go well?” Or a question such 
as “What would it be like if you get sicker?” This tech-
nique is a useful way for the clinician to help the patient 
and family imagine what the future might look like, with-
out letting go of their current level of hope [52].

 3. The third step is for the clinician to judge how ready the 
patient may be to discuss prognosis, and at the same time, 
determine the clinical urgency. [52] Sometimes the 
patient explicitly asks detailed questions about their prog-
nosis. It is the clinician’s responsibility to deliver that 
information in a culturally sensitive way. Sometimes a 
patient may ask, “How do you think I am doing, Doctor?” 
A way of investigating what their awareness of their con-
dition is to answer with the question, “I’ve noticed that 
you are getting weaker and not doing your usual activi-
ties. What is your body telling you?” [52].

Some patients are clinically stable and really are not 
prepared to discuss prognosis. In those patients, the con-
versation about prognosis should be deferred to a later 
visit. Though sometimes clinical events can occur sud-
denly, in a stable patient who is resistant to discussing 
prognosis, there is no value in trying to push the discus-
sion on them.

However, if a patient is ambivalent or resistant about 
discussing prognosis, but is clinically declining, then the 
clinician will need to identify what the dilemma or obsta-
cle is in preventing an honest discussion of prognosis 
[52]. By naming the dilemma and partnering with the 
patient, often the conversation about prognosis can move 
forward. An example might be, “Mr. Jones, we have been 
talking a lot about your children the past few weeks. I 
know you want to live to see your children grow and you 
don’t want to burden them either. However, your recent 
CAT scan shows that your disease is getting worse despite 
your treatment. I think we should discuss what all of this 
means: for you and for your family.” The key point is to 
identify the obstacle [52]. This shows the patient that you 
have been listening to them and that you understand what 
issues are most important to them. This will provide a 
layer of trust that is often necessary to have a more frank 
discussion [52].
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 4. The fourth and final step is to deliver prognostic informa-
tion tailored to patient readiness and clinical urgency 
[52]. When a patient demonstrates readiness to discuss 
prognosis—an approach that has been published is the 
Ask, Tell, Ask approach [55]—this strategy begins with 
asking the patient what they understand and what type of 
information they would like (“Ask”) [52]. Some patients 
are interested in expected survival times, while others 
may be more interested in future disease-related compli-
cations. The clinician then provides the information 
(“Tell”) [52].

Once the patient receives the information, the clinician 
must be prepared for the emotional response of the 
patient. The response to these emotions can be as simple 
as touching the patient softly, offering brief periods of 
silence for reflection, reframing hopes, or “I wish” state-
ments [52]. “I wish” statements include statements like, 
“I wish I had better news today” or “I wish the CAT scan 
had better results, but I want you to know that we will 
continue to care for you.” Following this, the clinician 
should “Ask” the patient if they understand the current 
situation and what has been explained [52].

If a patient remains resistant to discussing prognosis 
but there is clinical urgency, again the clinician must iden-
tify the dilemma and partner with the patient [52]. 
Statements like, “I can tell that trying one more round of 
chemotherapy is very important for you, and that discuss-
ing your prognosis is painful and difficult. However, my 
concern is that if we don’t try to speak honestly about 
your progress, it could prevent us from making decisions 
that are consistent with your values and your wishes for 
you and your family.”

Cultivating prognostic awareness is a skill that speaks to 
truly patient-centered care. The National Academy of 
Medicine published an influential monograph, Delivering 
High-Quality Cancer Care: Charting a New Course for a 
System in Crisis, in 2013 [56]. In this publication, the authors 
list 10 specific recommendations on achieving high-quality 
cancer care. In their first recommendation, the authors spe-
cifically recommend that patients and families receive under-
standable information on prognosis [56]. In their second 
recommendation, the authors suggest that the cancer care 
team should provide patients with end-of-life care consistent 
with their needs, values, and preferences [56]. Both of these 
recommendations speak to the importance of prognostic 
awareness. The American Society of Clinical Oncology has 
also published a statement that focuses on delivering indi-
vidualized care to patients with advanced incurable cancer 
[57]. The authors of this paper recommend that patients 
should be well-informed of their prognosis and be given an 
opportunity to express their preferences and concerns [57].

During these difficult conversations, clinicians need to 
explore the patient’s needs, values, and preferences. This 
information will help facilitate honest discussions of progno-
sis. Ultimately, it is hoped that patients and clinicians can 
mutually identify the level of care that matches the patient’s 
values.

 Discussing Refractory Disease with Patients

The management of the patient with metastatic gastrointesti-
nal malignancies has become much more complicated over 
the past 10–15  years. Specifically, the median survival in 
metastatic colorectal cancer has improved from 10–12 months 
to greater than 30 months. This survival time is punctuated 
by a series of chemotherapy and biological therapies. 
However, as the patient nears the end stage of their disease, 
further antineoplastic therapy is no longer beneficial and can 
contribute to a decrease in a patient’s quality of life. Some 
patients, however, find it very difficult to accept an end to 
attempts at chemotherapy, and some of these patients report 
that they are hoping for a miracle. The question that arises is 
how best to negotiate these clinical scenarios.

There are little empirical data to help guide these discus-
sions. Widera and colleagues have written an excellent 
review of this topic, utilizing a literature review as a guide to 
this question. Initially, they cite a survey of 35,000 Americans, 
which noted that 79% of respondents believed in miracles. In 
another survey of the general public and trauma profession-
als, 61% of the public felt that a miracle could save a patient 
in a persistent vegetative state compared to just 20% of 
trauma professionals. Additionally, 57% believed that divine 
intervention could save a person when the physician felt that 
futility had been reached [58].

Knowing that the belief in miracles is relatively common, 
the next question that Widera outlined was to delineate what 
patients and surrogates mean when they are hoping for a 
miracle. There have been conflicting answers to that ques-
tion. Some believe that this hope is “grounded in the belief in 
divine supernatural intervention that supercedes the laws of 
nature.” Others believe that the hope for a miracle is simply 
an expression of hope or optimism. Finally, this hope for a 
miracle could also be a manifestation of denial of the serious 
illness or an expression of anger and frustration [58].

Another question that arises is whether a belief in mira-
cles influences the medical care that is delivered. In one 
study of 68 patients with advanced stage lung or colon can-
cer, patients were asked to what extent divine intervention 
might change the course of their illness. The authors observed 
that a belief in miracles or divine intervention was associated 
with a preference for cardiopulmonary resuscitation. Other 
studies have investigated whether a physician’s belief that 
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medical care was futile influenced a surrogate’s decision 
regarding the futility of interventions. These studies demon-
strated that a significant percentage of surrogates doubted a 
physician’s ability to predict futility. The surrogates that 
doubted the physician’s prediction abilities were more likely 
to request continuation of life support measures. Another 
observation from these studies is that only 2% of surrogates 
base their view of the patient’s prognosis solely on the physi-
cian’s prognostic estimate. Surrogates weigh other issues 
including the patient’s will to live, their own observation of 
the patient, the power of their own support and presence, and 
optimism, intuition, and faith [58].

Finally, the question that arises is how might clinicians 
help patients and surrogates to navigate these very complex 
decisions. There are 2 important studies that provide some 
insight. Balboni and colleagues studied 343 outpatients with 
incurable cancer and followed them until their deaths. They 
studied their caregivers as well. One important observation 
from the study was that patients with high religious coping 
characteristics (patients previously shown to request aggres-
sive care at the end of life) were more likely to receive hos-
pice care and less likely to receive aggressive care near the 
end of life if the patients felt like the medical team had pro-
vided spiritual support [59].

Secondly, Lautrette and colleagues performed a random-
ized trial of standard care versus a communication strategy 
utilizing a standardized communication process (the VALUE 
strategy) and providing a detailed brochure on death and 
dying to families of gravely ill patients in the intensive care 
unit [60]. The VALUE strategy concentrates on the 
following:

 1. Valuing what surrogates are communicating
 2. Acknowledging their emotions
 3. Listening carefully
 4. Understanding who the patient is
 5. Eliciting questions

The researchers found that at 90 days post death, the sur-
rogates in the intervention group had fewer symptoms of anxi-
ety and depression as well as less posttraumatic stress [60].

So when patients and surrogates communicate that they 
believe in miracles, the clinician should consider the 
following:

 1. Belief in miracles is very common.
 2. Belief in miracles can influence medical care such as 

aggressive care at the end of life.
 3. The physician’s prediction of prognosis is only one of the 

many aspects that families and surrogates use to make 
decisions.

 4. Providing spiritual support can help decrease overly 
aggressive end-of-life care.

 5. When holding family meetings, concentrating on listen-
ing to family members, acknowledging their emotions 
and points of view, trying to understand the patient and 
getting to know him/her, and eliciting questions can influ-
ence the experience of the surrogate and family.

 When to Discuss Early Palliative Care

Palliative care as a separate medical specialty is a rapidly 
growing field of medicine. Palliative care has been variably 
defined but generally is focused on improving a patient’s 
quality of life by managing pain and other distressing symp-
toms of a serious illness. Palliative care can be provided 
along with other medical treatments and is not reserved for 
end-of-life care. As the practice of medical oncology has 
grown increasingly complex, there has been an equal increase 
in the components of care that compete for the time of the 
oncology clinician. In patients with metastatic and incurable 
disease, there often is not adequate time to comprehensively 
address symptoms, spiritual, social, and emotional aspects of 
the disease, and a thorough discussion of prognosis and how 
to shape the final chapter of the patient’s life. The palliative 
care practitioner is often called in to address these aspects of 
the patient’s illness.

The timing of palliative care, however, remains controver-
sial. There are certainly those that equate palliative care with 
hospice care, and thus, the palliative care professional is not 
asked to see the patient until they are very near the end of 
their life. In a patient with newly diagnosed metastatic can-
cer, it may not be clear what the “pace” of the disease will be 
and palliative care involvement is deferred until more infor-
mation on the natural history of the disease is available. 
However, there are now 3 randomized trials that try to 
address the timing of palliative care in advanced cancer.

The first study was reported by Temel and colleagues. 
They randomized 151 patients with advanced incurable non- 
small cell lung cancer to immediate palliative care consulta-
tion at diagnosis versus routine care. The study was small, 
and only 107 patients completed both initial and 12-week 
assessments. However, the study was able to demonstrate 
less depressive symptoms in the intervention group and 
improvement in quality of life. There also was less aggres-
sive care at the end of life in the intervention group. In a 
secondary analysis, the palliative group had an improvement 
in median survival (11.6  months vs. 8.9  months) [61]. 
Despite methodological shortcomings, this study has been 
widely cited as evidence for the value of early palliative care 
in advanced non-small cell lung cancer.

In a second study, Zimmerman and colleagues random-
ized 461 patients with a variety of incurable malignancies to 
early palliative care versus standard care. Their intervention 
included a comprehensive consultation followed by tele-
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phone contact as needed and monthly clinic visits. This study 
utilized a number of quality-of-life instruments. At 4 months, 
4 of 5 quality-of-life measures favored early palliative care. 
Overall survival was not reported [62].

Finally, Bakitas and colleagues reported their randomized 
trial of early versus delayed palliative care in advanced 
incurable cancer. They randomized 207 patients to either 
immediate palliative care, which consisted of a palliative 
care consultation, 6 weekly telephone coaching session by a 
nurse, and monthly follow-up, or the same intervention initi-
ated 3  months after diagnosis. In their study, they did not 
identify an improvement in quality-of-life measures with 
early versus delayed palliative care. However, 1-year sur-
vival favored the early intervention group (63% vs. 48%), 
and median overall survival also favored the early palliative 
care group [63].

What these 3 studies tell us is that early palliative care is 
a safe intervention. Early palliative care does not appear to 
damage quality of life, and early palliative care does not 
appear to decrease overall survival. The timing of palliative 
care interventions will depend on the availability of pallia-
tive care expertise in your community and their capacity. It 
will also be dependent on how open the oncology clinician 
and the patient/family are to early palliative care involve-
ment. It is worth pointing out that the number of palliative 
care practitioners in the US is not nearly enough to care for 
each advanced cancer patient. Thus, ASCO and the American 
Academy of Hospice and Palliative Medicine have pub-
lished a guidance statement outlining the palliative care 
skills that all oncology practitioners should possess [64]. It 
is hoped that there will be enhanced training for oncology 
fellows in the coming years so that these goals can be 
realized.

 Recommendations on Communication During 
Transitions in the Care of the Patient

The National Academy of Medicine, as noted, has published 
a monograph that provides a road map for enhancing the care 
of the cancer patient. An overarching theme of this mono-
graph is that oncology care should be patient-centered, and 
focused on the needs, values, and preferences of the patient. 
They recommend that patients and families be provided 
understandable information about cancer prognosis, treat-
ment benefit and harms, palliative care, psychosocial sup-
port, and costs [56]. This task is daunting, and often these 
conversations are emotionally charged and challenging on 
many fronts. It is also noteworthy that most oncologists have 
not been trained in executing these conversations. In this sec-
tion, a protocol published by Dizon and Back will provide 
guidance on how to achieve shared decision-making in the 
setting of transitions in care [65].

Shared decision-making “involves discussing options and 
their potential outcomes, eliciting patient preferences, 
acknowledging the decision and any associated uncertainty, 
and agreeing on a plan to reevaluate the decision.” [65]. 
During transitions in a patient’s course, working toward 
shared decision-making requires a concerted effort by the 
clinician to elicit patient preferences in the context of an 
evolving clinical situation:

 1. A first step during these meetings is to set the tone to 
invite participation. This includes making sure you are in 
a private and quiet place, that the patient is fully dressed 
and comfortable, that supportive family are with him/her, 
and that you gain permission from the patient to discuss 
the issues at hand.

 2. A second step is to ensure that all parties have an under-
standing of the past. This might include reviewing the 
past treatment history briefly so that you can transition to 
the current problem and the next steps. This step can often 
improve rapport with patients and families [65].

 3. A third step is to outline treatment options. This step is 
often fraught with language that can create emotional 
reactions. Words like “there is nothing more we can do” 
or “you have failed second-line chemotherapy” can create 
emotions such as abandonment or blame, respectively. 
Using plain language that outlines the risks and potential 
benefits of each option will allow the patient and family 
to sort out what fits best with their own goals and prefer-
ences. If the clinician feels that palliative care is the best 
option, the patient will still want to know how palliative 
care would be consistent with his/her needs, values, and 
preferences [65].

 4. A fourth step is to step back and notice and observe the 
patient for an emotional reaction. This may require a 
period of silence. The clinician should try to name the 
emotion and when it is appropriate, an empathic state-
ment will help comfort the patient. Statements like: “I can 
tell that today’s news is very difficult.” Or, “I can see that 
you are angry about today’s results. It is normal to be 
angry and frustrated.” Or, “ I wish the CAT scan had a 
better result.” The goal of this step is for the patient to feel 
that the physician understands what they are going 
through [65].

 5. A fifth step is to acknowledge uncertainty [65]. With every 
transition in care, there is uncertainty. “Will the next line 
of chemotherapy be effective? Will palliative care keep 
my pain under control? What are the odds of getting back 
into remission?” The clinician needs to honestly acknowl-
edge this uncertainty, being careful not to provide unreal-
istic expectations. Again, there is language here that can 
lead to misunderstanding. If a treatment option is never 
associated with complete remissions, it is unfair to the 
patient to use a phrase such as, “We need to get treatment 
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started so that we can get the cancer back into remission.” 
A more honest phrase might be, “In this situation, we are 
now using a third type of chemotherapy. What we know 
about this treatment is that about 30% of the time, the 
cancer will either stay stable or even shrink 25–50%. This 
treatment will not cure your disease or put it back into 
remission, but we hope it will help preserve your quality 
of life.”

 6. A sixth step is to titrate information [65]. The clinician 
needs to provide information that will be helpful and use-
ful for the patient to make a decision. Sometimes provid-
ing extraneous information will distract the patient from 
the core issue. If a patient has stage III colon cancer and 
your recommendation is for chemotherapy, it may not be 
helpful to mention the nuclear grade of the tumor. The 
nuclear grade will not alter your recommendation and 
may not be a reproducible risk factor for recurrence. 
Titrating information will also be helpful if you believe 
that other issues should wait for another session, such as 
saying, “That is a very good question. The answer is 
somewhat complicated. I am not trying to avoid the issue, 
but I would prefer to discuss your question next week 
when your husband will be able to join us.”

 7. A seventh step is to clarify what role the patient wants to 
take in the decision-making [65]. This step can be accom-
plished at any time and often would have been clarified at 
a prior meeting. Shared decision-making does not always 
mean that the patient makes his/her own decision after 
getting all the facts. Sometimes the options are over-
whelming the patient, and they simply want the clinician 
to make a strong recommendation. One might say, “So 
today we have talked about a lot of options. Would you 
like my recommendation or would you like to discuss this 
with your family and get back to me tomorrow?”

 8. An eighth step is to incorporate the patient’s concerns 
into your recommendation and discussion. This requires 
us to ask what is worrying the patient the most [65]. If the 
patient previously had a life-threatening neutropenic sep-
sis episode, she may be most worried about taking another 
drug that is likely to cause neutropenia again. Or the 
patient may use her hands for a hobby or vocation and 
wants to avoid neuropathy. The key part of this step is to 
ask the patient their biggest concern. It can be useful to 
say something like, “After hearing the options and the 
pros and cons of each, what worries you the most about 
the next step?”

 9. A ninth step when discussing transitions is communicat-
ing prognosis [65]. It is useful to specifically ask if the 
patient desires to know about prognosis and the expecta-
tions from this treatment. For example: “Some people 
want to know what the future may bring. Would you like 
to talk about prognosis and the future today?” Patients are 
also very different in how they want prognostic informa-

tion communicated. So it helps to ask, “Some people 
want very black-and-white numbers and percentages, 
while others just want a general idea of our expectations. 
How would you like me to talk about this?”

Communication during transitions is a very important 
part of practicing GI oncology. In chronic diseases such as 
metastatic colon cancer, there may be as many as 5–10 tran-
sitions of care over the life of the patient. Managing these 
transitions and involving patients and families with the deci-
sions can provide the patient a much more favorable quality 
of life over the span of their illness. Being prepared for these 
transitions, being sure the patient is supported with family 
during transitions, and responding to emotions can strengthen 
the clinician–patient bond, and help make future transitions 
easier to navigate.

 Conclusion

The care of the patient with GI malignancies can be a very 
rewarding experience. With more effective therapies avail-
able, a patient’s quality of life can be maintained and their 
survival times can be extended. The clinician caring for these 
patients must not only be skilled at administering chemo-
therapy, but must also gain skills in pain and symptom man-
agement, assessment of other syndromes such as depression, 
and must become prepared to participate in emotionally 
charged meetings with their patients. It is hoped that this 
chapter laid the groundwork for the GI oncology clinician to 
begin to gain these skills.
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Gastrointestinal Cancers 
and Thrombosis

Arnab Basu and Alok A. Khorana

 Introduction

Thromboembolism is an important cause of mortality and 
morbidity in patients with cancer. This complication com-
prises venous thromboembolism (VTE), including deep 
venous thrombosis (DVT) and pulmonary embolism (PE), 
and arterial events such as stroke and myocardial infarction. 
Armand Trousseau is the physician most linked with the 
clinical syndrome of hypercoagulability in cancer based on 
his lectures from 1865, although it is likely the association 
was noticed first by Jean Baptiste Bouillaud in 1823 [1]. 
Thromboembolism is widely prevalent across a variety of 
cancers but is especially noted among patients with gastroin-
testinal cancers, a heterogeneous group including esopha-
geal, gastric, pancreatic, hepatobiliary, colorectal, and anal 
cancers. VTE is often the initial manifestation of cancer, 
with an incidence of about 1–2% in unselected cancer 
patients [2]. In patients with gastrointestinal cancers, inci-
dence rates are higher, with studies estimating risks to be 7- 
to 20-fold compared to the general population [3–5]. Progress 
has been made in identifying some key determinants and 
mechanisms of this phenomenon, and several studies are 
being conducted aimed at identifying patients at high risk 
who may benefit from prophylactic anticoagulation. We 
present an overview of the evidence related to epidemiology, 
mechanisms, prevention, and treatment of VTE in gastroin-
testinal cancers.

 Epidemiology

Due to the substantial variation in the presentation of VTE 
across the various subtypes of cancers, we review the epidemi-
ology separately by type of cancer. Unfortunately, there are 
challenges to interpreting the reported “rates” of thrombosis 
across various studies. These challenges arise from differing 
historical timeframes during data collection, different methods 
of quantifying risk (risk per 1000 person years versus lifetime 
cumulative risk versus annualized or short-term incidence), 
and various settings (inpatient versus outpatient, single-center 
versus population-based record linkage studies). Nevertheless, 
these studies provide valuable insight into the considerable 
expected risk of VTE in gastrointestinal cancers.

 Esophageal Cancer

There were an estimated 16,980 new cases of esophageal 
cancer in the United States in 2015 and an estimated 15,590 
deaths [6]. Thrombosis in esophageal cancer also contributes 
to mortality. In a Dutch record linkage study by Blom et al., 
the incidence rate for VTE in esophageal cancer was esti-
mated at 12.5 (95% confidence interval [CI], 7.3–21.4) 
events per 1000 patients in the first 6 months after diagnosis 
[2]. Similarly, a study examining data from hospitalized 
patients with cancer using the National Hospital Discharge 
Survey found an incidence of 20 diagnoses of VTE per 1000 
hospitalizations for esophageal cancer [7]. An analysis of the 
Danish cohort by Cronin-Fenton et al. showed an elevated 
risk of hospitalization for VTE due to esophageal cancer 
with an adjusted incidence rate of 11.6 (95% CI, 3.8–35.0) 
events per 1000 person years. Esophageal, gastric, and gas-
troesophageal junctional tumors are all associated with sig-
nificantly higher rates of VTE.  In a comparative study of 
several chemotherapy regimens, some using cisplatin, there 
was an overall VTE rate of 9.4% across treatment types. 
Cisplatin-based therapy was associated with a doubling of 
thrombotic risk [8].
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 Gastric Cancer

The incidence of gastric cancer is falling in the Western 
hemisphere, with an estimated 24,590 new cases in 2015 and 
10,720 estimated deaths in the United States, but it remains 
an important cause of cancer-related morbidity and mortality 
worldwide [6]. An older population-based analysis of hospi-
tal discharge data in the 1990s approximated an incidence of 
VTE of 85 per 10,000 patients for patients with gastric can-
cer versus 110 per 10,000 patients with pancreatic cancer 
[9]. A more recent analysis based on Surveillance, 
Epidemiology, and End Results (SEER) data reported a 
3-month incidence of 205 per 1000 person years in these 
patients [10]. In a retrospective analysis based on a cohort of 
3095 Korean patients with advanced gastric cancer, esti-
mated VTE rates were 18.8 per 1000 person years, approxi-
mately 5-fold elevated compared to the general population 
but significantly less than seen in pancreatic cancer. In this 
retrospective analysis, there was a correlation between 
female gender, upper stomach involvement, and higher CA 
19-9 levels with the development of thrombotic events [11]. 
There are some recently reported prospective data on VTE 
incidence in gastric cancer among patients receiving chemo-
therapy, which found an incidence of 40.1 (95% CI, 96–199) 
events per 1000 person years, with 56% being DVT and 12% 
PE events. Of note, all of these patients were on chemother-
apy—a known additional risk factor for thrombosis [12].

 Pancreatic Cancer

Pancreatic cancer is a relatively common and lethal diagno-
sis, with an estimated 48,960 new cases and 40,560 deaths 
occurring in 2015 in the United States [6]. Rates of VTE in 
pancreatic cancer are among the highest across all types of 
malignancies. A large European record linkage study by 
Blom et al. in a cohort of 66,000 patients found a cumulative 
incidence of 22.7 events (95% CI, 16.6–31.0) per 1000 
patients, which is at the lower end of the reported spectrum 
but still nearly tenfold elevated over the general population 
[2]. Another cohort study using linked UK databases found a 
much higher absolute rate of 98 per 1000 patient years—the 
highest among all cancers in the cohort [13]. Among the high-
est estimates of VTE risk in pancreatic cancer included a ret-
rospective cohort study conducted at a university hospital in 
the United States where about 35% of patients with pancre-
atic cancer presenting to the hospital and undergoing imaging 
had at least 1 incidental or clinically evident thromboembolic 
episode; 14% continued to have recurrent events [14]. A 
majority of these venous thrombi were located in the portal, 
splenic, and the superior mesenteric venous systems, although 
lower extremity deep veins were also often involved.

Limited prospective data seem to validate the risks estimated 
via these large retrospective cohort studies. A prospective study 

by Blom et al. followed 202 patients with pancreatic cancer and 
found an incidence of venous thrombosis at 108.3 per 1000 per-
son years—a risk approximately 59 times greater than the gen-
eral population [15]. Anatomic location of the tumor was related 
to thrombotic risk, with tumors of the pancreatic body and tail 
doubling the rate of VTE. Patients receiving chemotherapy for 
pancreatic cancer were about 4.8 times as likely to develop 
thrombosis [15]. Advanced stages of disease are also associated 
with higher rates of thromboembolism. Several studies have 
shown that these thromboembolic events also relate to poorer 
survival in patients with pancreatic cancer [14].

 Hepatobiliary Cancer

Hepatocellular carcinoma (HCC) is also relatively common, 
with 35,660 new cases estimated in 2015 and 24,550 deaths 
in the United States. It is also a global problem and the third 
most common cancer in the developing world. Thrombosis is 
a major issue in liver cancer, mostly due to the involvement of 
the portal vein. Estimates for the incidence of portal vein 
thrombosis (PVT) in HCC vary from 10% to 30% [16, 17], 
and studies have found a high rate of PVT on autopsy [18]. 
Patients with cirrhosis and HCC have a very high risk of PVT 
(odds ratio [OR] 17.1 [95% CI, 11.1–26.4]), and other risk 
factors include tumor invasion of the portal vein or surgery 
[19, 20]. Similarly, a single-center retrospective study of 194 
patients diagnosed with HCC at a tertiary referral center 
found factors such as the Child-Pugh score, stage of disease, 
involvement of major vessels, and serum markers of disease 
severity such as low albumin and high alpha- fetoprotein 
(AFP) to be significantly associated with an increased risk of 
PVT.  Interestingly, a higher international normalized ratio 
(INR) was also associated with increased thrombotic risk, 
which emphasizes the difficulty of managing coagulopathies 
in liver disease. In this study, 31% of HCC patients had a 
PVT. Those with PVT also had a concomitant higher risk of 
systemic VTE events (11.5% vs 4.4%; p = 0.04) [21].

There are limited data on the risk of thrombosis in cholan-
giocarcinoma: one retrospective report based on 273 patients 
found a lifetime incidence of 14.6% during and after diagno-
sis; of these, 55% were portal and hepatic vein thrombi, 
while only 35% were DVT- or PE-related events [22]. A pro-
spective cohort study examined 121 patients with cholangio-
carcinoma with VTE screening on presentation and found 
that at cancer diagnosis 15 patients had experienced a VTE 
(12.4%, 95% CI, 7.1–19.6%), suggesting that VTE may be a 
relatively common problem in these cancers as well [23].

 Colorectal Cancer

Colorectal cancer is the most common gastrointestinal 
malignancy. There were 132,700 estimated new diagnoses in 
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2015 with 49,700 expected deaths in the United States [6]. A 
Dutch population-based case control study (the Multiple 
Environmental and Genetic Assessment of risk factors for 
venous thrombosis [MEGA] cohort) estimated a relative risk 
of 16.4 (95% CI, 4.2–63.7) for a VTE event in patients with 
colorectal cancer when compared with the general popula-
tion [5]. A large retrospective analysis of 68,000 patients 
with colorectal cancer demonstrated an incidence of approx-
imately 3% over a time period of 2 years [24]. This risk of 
thrombosis appears greatest in the initial 6 months after diag-
nosis, where incidence was 50 per 1000 patient years. A 
meta-analysis estimated an overall incidence of 33 (95% CI, 
21–53) VTE events per 1000 patient years in these patients, 
based on several published studies [25]. A higher stage of 
disease increases the risk of VTE, as does presence of meta-
static disease [24]. Patients with metastatic colorectal cancer 
undergoing chemotherapy, a known risk factor, demonstrated 
rates of VTE up to 16% [26]. A large population-based case 
control study of patients undergoing chemotherapy studied 
4548 patients with colorectal cancer. Of these, 10.6% had 
VTE event, in comparison to 1.4% among age-, sex-, and 
comorbidity-matched controls [27]. These risk factors have 
been corroborated in multiple studies. In a large UK cohort 
of 10,309 patients with colorectal cancer, the Duke stage 
(hazard ratio [HR] 3.08, 95% CI, 1.95–4.84), administration 
of chemotherapy (HR 1.39, 95% CI 1.14–1.69), and hospi-
talization were all associated with increasing VTE risk [28].

Colorectal surgery is known to be independently associ-
ated with an increased risk of VTE.  Some studies have 
shown a 20–40% postoperative incidence of DVT [29, 30]. 
Even in the presence of VTE prophylaxis, there is a 10% 
postoperative risk for VTEs in patients who undergo 
colorectal surgery [31].

The previous UK-based cohort found an almost 3-fold 
greater risk for VTEs postoperatively in patients with 

higher Duke stages (B and C) compared to Duke Stage A 
disease. The risk of VTE in higher Duke stages also 
remained elevated postoperatively for longer than 4 weeks, 
while most VTE events in Duke stage A happened within 
the first month [28].

 Anal Cancer

Anal cancers are relatively rare, afflicting an estimated 7720 
new US patients in 2015 and causing 1010 estimated deaths 
[6]. Limited data is available on the risk of VTE in these 
patients. A cohort study utilizing the National Hospital 
Discharge Survey found an incidence of 2.1 events per 100 
inpatient admissions among patients with anal carcinoma, an 
elevated risk, and about half the risk of pancreatic cancer at 4.3 
diagnoses per 100 admissions [7]. Almost a third of these VTE 
events were PE. An analysis based on the Dutch cancer study 
found a short-term cumulative incidence of 8.9 VTE events 
(95% CI, 5.6–14.1) per 1000 patients within 6 months of diag-
nosis of anal cancer. Metastatic disease was associated with 
increased risk, with these patients having 12.4 events (95% CI, 
4.0–37.6) per 1000 patients on average [2]. Prospective evalua-
tion of VTE incidence in this setting is necessary to better 
quantify risk of VTE in anal cancer in the contemporary era.

 Mechanisms of Cancer-Related Thrombosis

The high risk of thromboembolic events in gastrointestinal 
cancers can be explained by several factors, including tumor 
biology and the close anatomical supposition of these organs 
with major vascular systems (Fig. 21.1). In addition, all can-
cers, including gastrointestinal cancers, share risk factors 
such as increased circulating prothrombotic factors, increased 

Fig. 21.1 Prothrombotic 
pathways in cancer. 
(Reproduced with permission 
from Lee and Khorana [77])
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platelet activation, and a pro-inflammatory environment. 
Chemotherapy is also an additional risk factor for some of 
these tumors since it frequently includes antiangiogenic and/
or platinum-based treatments that are known to be 
vasculotoxic.

Given the numerous factors associated with this phenom-
enon, there is a need for a theoretical framework to under-
stand mechanisms of thrombosis. One of the most elegant 
and often used models for thrombosis has been the Virchow’s 
triad, which brings together 3 broad determinants of throm-
bogenicity: a stasis of blood flow, endothelial injury, and 
hypercoagulability. While tumors of the gastrointestinal tract 
can frequently cause stasis as well as direct endothelial 
injury through extension, no factor is as important as 
hypercoagulability.

 Procoagulant Factors

Perhaps the most studied factor leading to VTE in cancer 
patients is the increased expression of tissue factor (TF). TF 
is a glycoprotein, which in its full-length form is contained 
within the subendothelial vascular tissue mostly free from 
contact with blood and other blood components. 
Physiologically, when there is damage to the endothelium, 
TF is exposed to the vasculature. TF is a ligand for factor 
VII, and the TF-VIIa complex in turn activates factor X to 
Xa, and subsequently prothrombin to thrombin, leading to 
clot formation. The formation of thrombin also is a strong 
stimulant of the recruitment of platelets, which together lead 
to a stable mechanical plug.

Apart from the direct activation of the extrinsic pathway, 
TF also has multiple other functions, such as angiogenesis 
and cell signaling. TF can stimulate tumor growth and also 
facilitate metastatic spread [32]. Several tumors express 
endogenous tissue factor, and this is a prominent feature of 
cancers that have epithelial components such as gastrointes-
tinal cancers. A large majority (75%) of colorectal carcino-
mas express tissue factor, and there is positive correlation 
between increased expression and metastatic disease [33]. In 
a study of 122 resected pancreatic cancer specimens, 77% of 
pancreatic intraepithelial neoplasia, 91% of intraductal pap-
illary mucinous neoplasms, and 89% of pancreatic cancers 
expressed TF at elevated levels [34]. TF levels also correlate 
with increasing microvascular density in colorectal and pan-
creatic cancer and with increased expression of pro- 
angiogenic factors such as vascular endothelial growth 
factor (VEGF) [34, 35]. Certain genetic triggers may be the 
reason for increased expression of TF in colorectal carci-
noma—these include an activation of the KRAS oncogene as 
well as loss of function of the p53 tumor suppressor gene. 
An activated KRAS causes a PI3K/akt pathway-induced 
stimulation of tissue factor transcription and translation, 

while the loss of function of p53 releases the brakes on TF 
transcription that it usually suppresses. This results in 
greater TF expression on the surface of the colorectal cancer 
cells [36]. A similar mechanism operates in pancreatic can-
cers as well. A corroborative study demonstrated increased 
TF expression in a majority of patients with pancreatic car-
cinoma, with this expression being positively correlated with 
VEGF expression, higher tumor grade, and higher microvas-
cular density [37].

Recent evidence demonstrates that apart from directly 
expressing TF on the cell surface, cancer cells also shed TF 
into the circulation, via the release of TF-bearing micropar-
ticles (TF-MPs). Microparticles are one of the three major 
forms of cellular membrane vesicles, with a radius of 
0.1–1  μ[mu]m, and other membrane vesicles include the 
exosomes (50–100 nM) and apoptotic bodies (1–3 μ[mu]M). 
These TF-MPs are found in great numbers in pancreatic car-
cinoma [38]. In a murine model of pancreatic cancer-induced 
thrombosis, infusion of TF-MPs results in a much greater 
incidence of VTEs versus controls [39]. Tumors are known 
to release exosomes rich in TF especially during epithelial- 
mesenchymal transition [40]. This evidence lends support to 
the hypothesis that TF can promote the metastatic process 
[41]. In addition, TF-MPs are covered with negatively 
charged phospholipids, and as a result, these particles easily 
interact with positively charged coagulation protein com-
plexes and can aid in their assembly and trigger coagulation. 
The role of tumor cell-generated microparticles in thrombo-
sis and metastasis is a focus of continued investigation.

 Platelet-Related Factors

Platelets are a major component of the intravascular environ-
ment and play a key role in hemostasis. There are emerging 
data regarding the importance of platelets in the cancer- 
microenvironment interaction. Most microparticles in the 
bloodstream are actually derived from platelets. Indeed, mic-
roparticles in the circulation are sometimes called “platelet 
dust” [42]. In addition, platelets are some of the largest 
peripherally circulating source of cytokines, such as trans-
forming growth factor-β(beta)1 (TGF-β1). There has been 
increasing interest recently in understanding the interaction 
of tumors with platelets. During the process of thrombogen-
esis under physiologic conditions, typically the release of TF 
and activation of the extrinsic pathway occur in the first 
phase, which then leads to a recruitment of platelets in the 
second phase to form “the platelet plug.” The platelet phase 
makes way for the mature factors such as fibrin to form and 
tightly bind the clot in order to form the “fibrin plug.” 
Tumors, by virtue of expressing TF and by releasing numer-
ous cytokines and microparticles, cause a disruption in the 
microenvironment. We now understand a phenomenon of 
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tumor cell-induced platelet aggregation (TCIPA). Cancer 
cells can frequently express on their surface factors that are 
procoagulant, including TF, which can automatically lead to 
the initiation of the platelet phase of the blood clot, causing 
platelet activation and aggregation. There is evidence that 
increasing TCIPA may be associated with a higher incidence 
of metastatic disease and a more aggressive disease course. 
Apart from TF, several other pro-aggregation factors are also 
released by tumors. One such factor is adenosine diphos-
phate (ADP), a known platelet agonist. Increased ADP secre-
tion by tumors has been observed in lung cancers, 
neuroblastoma, melanoma, and other tumor types [43–45]. 
Apart from ADP, thromboxane A2 (TXA2), a potent pro-
thrombotic arachidonic acid derivative and platelet activator, 
is also generated as part of the interaction between platelets 
and cancer cells, and is highly expressed by tumor cells such 
as in colorectal cancer [46]. TXA2 is also produced by acti-
vated platelets and also leads to further platelet activation 
and aggregation. TXA2 increases the expression of adhesion 
molecules on platelet surface such as the GpIIb/IIIa. Another 
important platelet surface receptor, P-selectin, is a cell adhe-
sion molecule that is expressed in activated platelets, and is 
known to be a possible marker for thrombotic risk [47]. 
There are many studies that show an increased expression of 
P-selectin through contact with cancer cells [48]. Also, some 
recent studies show that a higher rate of P-selectin deposition 
and aggregation with colon cancer cells was associated with 
a higher rate of metastasis and tumor growth [49], and also 
likely contributes to a higher risk of thrombosis in that subset 
of patients [48]. Some recent studies have shown increased 
platelet activation and aggregation both in higher stages of 
cancer as well as increasing activation based on future throm-
botic risks in these patients [50].

 Genetic Determinants

While we have explored briefly the increased release of 
primal factors such as TF, the increased expression of pro-
thrombotic molecules by cancer cells, and also the further 
downstream effects in the coagulation cascade such as the 
platelet phase and fibrin clot formation, there are further 
upstream genetic triggers that underlie the prothrombotic 
phenotype in cancer patients. It is important to understand 
the molecular characteristics of the gastrointestinal tumors 
that lend themselves to the increased risk of thrombosis. 
We previously mentioned that KRAS mutations may drive 
higher levels of TF expression in cancer cells through 
PI3k/akt activation and plausibly increase the risk of 
thrombosis in cancer patients. KRAS mutations are also 
associated with an increased release of pro-inflammatory 
cytokines such as IL-8 and IL-6 and growth factors such as 
G-CSF [51, 52]. Until recently little information was avail-

able on the clinical measure of this risk. A recent retro-
spective cohort study examined this question in a 
population of 172 metastatic colorectal carcinoma patients. 
The risk of VTE was analyzed from 6 months prior to diag-
nosis to any time after diagnosis of mCRC.  Incidence of 
VTE in patients with activated mutated KRAS was 32%, in 
comparison to 17.8% in wild- type KRAS. The odds ratios 
for this association were 2.21 (95% CI, 1.08–4.53). The 
association remained statistically significant when adjusted 
for other factors, such as the use of antiangiogenic therapy 
with bevacizumab, and after adjusting for validated mea-
sures of cancer thrombotic risk, modeled by the Khorana 
score, suggesting an underlying causative relationship oth-
erwise not captured by either means. A logistic regression 
model adjusting for Khorana score, KRAS, and their statis-
tical interaction increased the estimate for the odds ratio 
for VTE to 6.23 (95% CI, 1.56–24.96) when comparing 
patients with a mutation versus not [53].

Most gastrointestinal cancers are predominantly adeno-
carcinomas, characterized by a glandular structure and 
increased mucin production. Carcinoma cells upregulate 
production of mucin through genes such as MUC1, MUC2, 
MUC4, and MUC16. Mucin is known to interact with 
L-selectin and P-selectin. There is evidence to suggest that 
interactions with mucins can spontaneously cause a phe-
nomenon resembling the Trousseau syndrome in mouse 
models [54].

Apart from this, there are a plethora of other described 
oncogenic mutations such as HER2, EGFR, MET, PTEN, 
and TP53, which apart from driving the cancer phenotype 
also may be involved in the hypoxia-angiogenesis pathway, 
upregulation of TF expression and release, and also increase 
of the expression of coagulation factors such as factors II 
and VII and the protease-activated receptors PAR-1 and 
PAR-2 [55].

 Chemotherapy-Related Factors

An additional environmental factor that may enhance throm-
bogenesis in gastrointestinal cancers is systemic antineoplas-
tic therapy. Chemotherapy can have a variety of side effects 
such as direct endothelial injury and increased tumor cell 
lysis causing release of prothrombotic factors. Cisplatin- 
based therapy has been shown to be associated with an 
increased level of von Willebrand factor (vWF) [56]. Starling 
et al. conducted an exploratory prospective analysis on the 
data for the Randomized ECF for Advanced and Locally 
Advanced Esophagogastric Cancer-2 (REAL-2) trial, which 
had 1002 patients with advanced esophageal/gastric or gas-
troesophageal (GE) junctional cancers randomized to com-
pare between 4 different triplet chemotherapy regimens, 
including ECF (epirubicin/cisplatin/fluorouracil), EOX 
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(epirubicin, oxaliplatin, and capecitabine), EOF (epirubicin 
plus oxaliplatin and 5-fluorouracil), and ECX (epirubicin 
with cisplatin and capecitabine). Patients were followed for 
both arterial and venous thromboembolic events (TEs), the 
incidence of which was the primary endpoint. Of 964 
patients, 11.4% (95% CI, 9.4–13.4%) had thromboembolic 
events (both arterial and venous), while 9.4% (95% CI, 7.6–
11.3%) had venous thromboembolic events. In multivariate 
analysis, there was a lower risk of thromboembolism with 
oxaliplatin when compared to cisplatin (HR 0.51 [95% CI, 
0.34–0.76]). Thrombotic rates were similar with the fluoro-
pyrimidines, capecitabine versus fluorouracil (HR 0.84 [95% 
CI, 0.57–1.22]). ECF was the most thrombogenic regimen 
with 15.3% patients having thrombotic events (a large pro-
portion CVAD- associated), while ECF, EOF, and EOX had 
9.1%, 6.8%, and 6.3%, respectively [8]. A large retrospective 
study examined the rate of both arterial and venous thrombo-
embolisms in 932 patients who were treated with cisplatin-
based therapies and found an 18.1% incidence of 
thromboembolic events within 4  weeks of treatment. Of 
these, 92.7% were venous. In these patients on cisplatin ther-
apy, apart from the Khorana score, age, performance status, 
and the presence of central venous, access devices were sta-
tistically associated with an increased risk of thrombosis 
[57]. Another recent study examined 129 patients being 
treated for advanced esophageal/gastric or junctional tumors 
with EXE (epirubicin, oxaliplatin, and capecitabine) and 
found an incidence of 16% (95% CI, 10–24%), with 21 VTE 
events in total. A majority of these patients had asymptom-
atic VTEs (68%), and increased tumor stage was associated 
with a higher risk of VTE [58].

Another systemic therapy agent perceived to be associated 
with increased thrombotic risk is bevacizumab, the anti- 
VEGF antibody used in colorectal and other cancers. A meta-
analysis of 7956 patients in 15 randomized controlled trials of 
bevacizumab for various cancers found the overall incidence 
of venous thromboembolism in these patients at 11.9% (95% 
CI, 6.8–19.9%) with a relative risk of 1.33 (95% CI, 1.13–
1.56) when compared with controls [59]. However, meta-
analysis data suggest that exposure-adjusted incidence rates 
for venous thromboembolism with bevacizumab may not be 
significantly elevated compared to controls receiving chemo-
therapy. In one such analysis, 6055 patients on 10 randomized 
controlled trials of bevacizumab had a combined incidence 
rate of 18.5 events/100 patient years in contrast to 20.3/100 
patient years for controls [60]. However, there is strong evi-
dence suggesting bevacizumab can increase the risk of seri-
ous arterial thrombotic events in cancer patients [61].

Several other VEGF inhibitors such as sunitinib, sorafenib, 
and axitinib are known to increase the rate of arterial throm-
botic events. A meta-analysis of trials found a 1.4% inci-
dence of arterial thrombotic events and a relative risk of 3.03 
(95% CI, 1.25–7.37) when compared with controls [62]. The 
mechanism for this increase in thrombotic risk is still a mat-

ter of investigation, and it has been postulated that VEGF 
inhibition can lead to increase in the hematocrit and viscosity 
due to increasing erythropoietin [63], by making endothelial 
cells more prone to damage [64], or by the independent acti-
vation of platelets through direct interaction [65].

 Risk Assessment Models

In addition to the multiple clinical risk factors discussed ear-
lier, several biomarkers of elevated thrombotic risk have 
been described in the literature (Table 21.1).

Given the multitude of risk factors and biomarkers, it is 
clear the etiology of cancer-associated thrombosis is multi-
factorial. In this context, a combination of multiple risk fac-
tors could better help stratify risk. Khorana et  al. have 
validated a risk assessment model by using the easily avail-
able patient data comprising of platelet count, leukocyte 
count, and hemoglobin in combination with clinical charac-
teristics in a large cohort of cancer patients. When combined 
as a risk score (Table 21.2)—with site of cancer (2 points for 
very-high-risk site, 1 point for high-risk site), a platelet count 
of 350 x 109/L or more (+1 point), hemoglobin less than 10 g/
dL and/or use of erythropoiesis-stimulating agents (+1 point), 
leukocyte counts more than 11 x 109/L (+1 point), and a body 
mass index of 35 kg/m2 or more (+1 point)—these scores pre-
dicted VTE rates in patients who are receiving outpatient che-
motherapy. Rates of VTE in the derivation and validation 
cohorts were about 0.8% to 0.3% in low-risk (score  =  0), 
1.8% to 2% in an intermediate-risk (score = 1–2), and 7.1% to 
6.7% in the high-risk (score ≥ 3) category over a median fol-
low-up of 2.5 months [66]. This risk score was confirmed by 
the Vienna Cancer and Thrombosis Study (CATS). In addi-
tion, this group studied the use of soluble P-selectin (sP-
selectin) and D-dimer to modify the risk score; however, this 
modified version has not yet been validated [67].

The Khorana score has since been validated in several 
other cohorts, such as in a retrospective cohort of patients 
treated with cisplatin where it was an independent predictor 
of VTE risk even after adjusting for other risk factors [57]. 
The Khorana score was also examined in a population of 
patients presenting for early phase I trials. In an analysis of 

Table 21.1 Candidate biomarkers of cancer-associated thrombosis

Platelet count (≥350,000/mm3) Factor VIII
Leukocyte count (11,000/mm3) Prothrombin fragment F 1 + 2
Hemoglobin (<10 g/dL) Activated partial 

thromboplastin time (aPTT) 
>30.8 seconds

D-dimer
Tissue factor (TF) (expression, 
microparticles, antigen, or 
activity)
Soluble P-selectin (53.1 ng/mL)
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the Southern Europe New Drugs Organization (SENDO) 
foundation data from 15 study centers, from the years 2000 
to 2010, a total of 1415 patients presenting for phase I stud-
ies were analyzed for risk of VTE. Of these, 49.9% were on 
trials of cytotoxic therapies, while 22.2% of patients were on 
targeted therapies. In univariate analysis, the Khorana score, 
combination of antiangiogenic and cytotoxic agents, and 
time from cancer diagnosis were associated with a statisti-
cally significant increase of VTE. However, the multivariate 
analysis confirmed only a statistically significant association 
for the Khorana score, indicating that the score captures the 
risk from multiple variables. The hazard ratio of VTE occur-
rence was 7.88 (95% CI, 2.86–21.70) and 2.74 (95% CI, 
1.27–5.92) times higher for the highest (≥3) and intermedi-
ate (1–2) scores as compared with score = 0 [68].

 Studies of Thromboprophylaxis in Cancers, 
Including Gastrointestinal Cancers, 
and Prevention of Recurrent Events

Given the high prevalence and incidence of VTE in this set-
ting, several trials have evaluated the benefit of thrombopro-
phylaxis in patients with higher thrombotic risk (Table 21.3). 
Pancreatic cancer patients were a natural high-risk group to 
study. There are 3 randomized trials evaluating benefit of 
thromboprophylaxis with low-molecular-weight heparins 
(LMWHs) in the pancreas cancer population. These include 
the Charité – Onkologie (CONKO) and FRAGEM trials, and 
a trial from the MD Anderson Cancer Center.

In the CONKO-004 trial, investigators conducted a ran-
domized controlled trial of ambulatory enoxaparin VTE pro-
phylaxis in 312 patients with advanced pancreatic cancer. 
During the first 3 months, there was a decrease in the VTE 
incidence from 9.87% (15 of 152) in the observation arm to 
1.25% (2 of 160) in patients who were on prophylactic 
enoxaparin for a hazard ratio of 0.12 (95% CI, 0.03–0.52). 
Overall cumulative incidence for VTE was 15.1% in the 

observation arm and 6.4% in the treatment arm. In terms of 
toxicity, 5 of 152 patients (3.3%) in the observation arm had 
major bleeding episodes in comparison with 7 of 160 (4.4%) 
in the treatment arm [69].

Another trial in this population, called the FRAGEM trial, 
was conducted in the UK where 123 patients with advanced 
pancreatic cancer who were being treated with gemcitabine 
were randomized 1:1 to dalteparin or placebo. Results were 
encouraging in this trial as well, with 23% rate of thrombosis 
in the observation arm and only 3.4% in the dalteparin arm, 
during the 12-week study period with an estimated relative 
risk of 0.145 (95% CI, 0.035–0.612). VTE risk through the 
entire study period was reduced from 28% to 12%. 
Importantly, the risk of major hemorrhagic events by 
International Society on Thrombosis and Haemostasis (ISTH) 
criteria was also similar (3% versus 3%), although the epi-
sodes of non-major bleeding by ISTM criteria were increased 
almost threefold in the dalteparin arm (9% versus 3%) [70].

Finally, a trial at the MD Anderson Cancer Center random-
ized 75 patients with advanced pancreatic cancer to daltepa-
rin for 16 weeks during chemotherapy versus placebo in a 1:1 
ratio. Patients were assessed for VTE events with screening 
ultrasounds at 8 and 16 weeks of treatment. Of patients in the 
control arm, 22% had VTE compared to 5% in the dalteparin 
arm, with an odds ratio of 0.014 (95% CI, 0.00–0.62) [71].

While these trials have evaluated the role of thrombopro-
phylaxis in the very-high-risk population of advanced pan-
creatic cancer patients, several other trials have also evaluated 
the value of prophylaxis in the general population of cancer 
patients. For example, the Prophylaxis of Thromboembolism 
During Chemotherapy (PROTECHT) trial randomized 1150 
patients in a 2:1 ratio to treatment with nadroparin (LWMH) 
versus placebo, respectively. These patients had a combina-
tion of various cancers, including pancreatic, gastrointestinal 
malignancies, lung, brain, breast, ovarian cancer, and can-
cers of the head and neck. At study completion, 2% of 
patients in the prophylaxis group developed VTE versus 
3.9% in the placebo group. There did not appear to be large 
differences in the risk of bleeding with 0.7% incidence of 
major bleeding in the prophylaxis group compared to none in 
the placebo group, and 7.4% incidence of minor bleeding in 
the treatment group versus 7.9% in the placebo group [72].

Similarly, in the SAVE-ONCO trial, 3200 patients with 
locally advanced or metastatic adenocarcinomas were ran-
domized to receive either semuloparin sodium (an ultra-low- 
molecular-weight heparin) or placebo. While there was clearly 
a statistically significant benefit with reduction of VTE with a 
hazard ratio of 0.36, there was also an increase in the bleeding 
risk with a hazard ratio of 1.4. The absolute measure of VTE 
risk was reduced from 3.4% to 1.2% on the overall analysis, 
and a look at data from the higher risk gastrointestinal cancers 
shows considerable absolute benefit. The hazard ratio for the 
pancreatic cancer group was 0.22 (2.4% in treatment group 
versus 10.9% in placebo); the hazard ratio was similarly lower 

Table 21.2 Risk assessment tool for prediction of cancer-associated 
thrombosis (“Khorana score”)

Patient characteristics
Risk 
score

Site of cancer
Very high risk (stomach, pancreas)
High risk (lung, lymphoma, gynecologic, bladder, 
testicular)

2
1

Prechemotherapy platelet count 350,000/mm3 or more 1
Hemoglobin level less than 10 g/dl or use of red cell 
growth factors

1

Prechemotherapy leukocyte count more than 11,000/mm3 1
Body mass index 35 kg/m2 or more 1

High-risk score ≥ 3
Intermediate-risk score = 1–2
Low-risk score = 0

21 Gastrointestinal Cancers and Thrombosis
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at 0.25 with stomach cancer as well (0.5% in treatment group 
versus 1.9% in placebo); and the colorectal cancer group had 
a hazard ratio of 0.54 (1.1 with treatment versus 2.0% in pla-
cebo). However, the study was not powered to have statistical 
significance for the relatively low number of events in these 
disease subgroups except for pancreatic cancer [73].

Results of the PHACS (Prospective Randomized 
Multicenter Study of Dalteparin Prophylaxis in High-Risk 
Ambulatory Cancer Patients) trial were recently presented. 
This trial selected high-risk patients based on a Khorana 
score ≥ 3, and if negative for VTE on the initial screening, 
patients were randomized to dalteparin prophylaxis versus 
placebo and then followed for 12 weeks; 98 patients were 
eventually analyzed. Pancreatic, gastroesophageal cancers, 
lung, and lymphoma were the most common pathologies. Of 
patients in the dalteparin arm, 12% had VTEs compared with 
21% of patients in the observation arm for a hazard ratio of 
0.69 (95% CI, 0.23–1.89). Bleeding risk was higher with 
dalteparin compared to observation (hazard ratio of 7.0, 95% 
CI, 1.2–131.6). While these results are in line with the previ-
ously described studies, the results were not significant due 
to incomplete accrual and lack of statistical power [74].

Despite the evidence that thromboprophylaxis leads to 
risk reduction for VTE without increase in major bleeding 
episodes, the generally lower absolute risks and absolute risk 
reduction have been a reason for slow uptake and lack of 
positive recommendations on thromboprophylaxis. As a 
result, several newer approaches are being evaluated in both 
patient selection and therapeutic strategies for thrombopro-
phylaxis in cancer patients to better identify higher-risk 
patients and/or to employ lower-risk treatments. In a recent 
phase II trial called the MicroTEC study (Microparticles and 
Thromboprophylaxis with Enoxaparin in Cancer), patients 
were stratified into high versus lower risk of VTE on the 
basis of circulating levels of tissue factor microparticles. Of 
a total of 66 patients evaluated, 32 patients had lower levels 
of TF-MPs, and 34 had high TF-MPs. Of the high-risk 
patients, 23 patients received enoxaparin prophylaxis, while 
11 were observed. The study population was comprised of a 
majority of gastrointestinal tumors (pancreatic 30 of 66, 
colorectal 15 of 66). At 2  months, of patients with high 
TF-MP levels, 27.2% of patients on observation developed 
VTEs, compared to only 5.6% of patients on enoxaparin pro-
phylaxis for a hazard ratio of 6.70 (95% CI, 1.03–43.17) 
[75]. In this study there were no bleeding events ascribed to 
enoxaparin. This study opens the door for a promising 
adjunct biomarker for classifying patients into high risk and 
may have particular significance for gastrointestinal 
cancers.

Newer-generation anticoagulants are also being evaluated 
in these populations. A currently ongoing pilot study will 
evaluate a combination of aspirin and statin to evaluate 
decrease in sP-selectin levels as a biomarker of thrombotic 

risk (NCT02285738). Another currently ongoing study 
called the Apixaban for the Prevention of Venous 
Thromboembolism in Cancer Patients (AVERT) study will 
evaluate one of the safest newer-generation oral anticoagu-
lant, apixaban, in patients with high thrombosis risk defined 
by Khorana scores ≥2. A total of 574 patients are being 
recruited across 7 centers in Canadian hospitals, and ran-
domization will occur between apixaban and placebo. VTE 
rates are to be compared at 7 months (NCT02048865). The 
CASSINI study will evaluate rivaroxaban for VTE preven-
tion in cancer patients at high risk for thrombosis as defined 
by a Khorana score of ≥2, and is recruiting an estimated 700 
participants. The study is expected to be completed by 
September 2018. In this study patients will receive thrombo-
prophylaxis for 180  days while being initiated on chemo-
therapy for their cancer diagnosis (NCT02555878).

With the subject of thromboprophylaxis a matter of 
intense investigation, current uniform recommendations 
from the American Society of Clinical Oncology (ASCO), 
European Society of Medical Oncology (ESMO), and the 
National Comprehensive Cancer Network (NCCN) suggest 
VTE prophylaxis only in patients with cancer who are hos-
pitalized and for patients who have an established VTE for 
preventing recurrences, as described earlier. There are 
some additional special situations, such as patients being 
planned for major abdominal surgery, extremely high-risk 
patients, and patients receiving highly thrombogenic treat-
ments for myeloma. A summary of the current recommen-
dations of the ASCO guidelines committee is provided in 
Table 21.4.

Table 21.4 Recommendations for prophylaxis of cancer-associated 
thrombosis from ASCO

Patients with cancer should be periodically assessed for VTE risk 
using the Khorana score
Oncology professionals should educate patients about the signs and 
symptoms of VTE
Most hospitalized patients with active cancer require 
thromboprophylaxis throughout hospitalization. Data are inadequate 
to support routine thromboprophylaxis in patients admitted for 
minor procedures or short chemotherapy infusion
Routine thromboprophylaxis is not recommended for ambulatory 
patients with cancer. It may be considered for highly select 
high-risk patients
Patients with multiple myeloma receiving imid-based regimens with 
chemotherapy and/or dexamethasone should receive prophylaxis 
with either low-molecular-weight heparin (LMWH) or low-dose 
aspirin to prevent venous thromboembolism (VTE)
Patients undergoing major cancer surgery should receive 
prophylaxis starting before surgery and continuing for at least 
7–10 days
Extending postoperative prophylaxis up to 4 weeks should be 
considered in those undergoing major abdominal or pelvic surgery 
with high-risk features

21 Gastrointestinal Cancers and Thrombosis
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Although the subject of thromboprophylaxis remains contro-
versial, in the setting of a first episode of VTE, there is strong 
clinical data on the benefit of anticoagulation. It is generally 
accepted that without any specific contraindications, 
LMWHs are the most effective agents in this setting. This 
evidence is supported by a large, open-label, randomized 
controlled trial conducted around 1999–2001, where 676 
patients who had a VTE event were placed either on daltepa-
rin (a LMWH) or oral treatment with a coumadin analogue. 
Almost 90% of patients had a solid tumor, and most patients 
had metastatic disease. Dalteparin had a much superior effi-
cacy with 9% recurrence on drug versus 17% with no signifi-
cant differences in bleeding rates.

A large, multicenter, randomized controlled trial called 
the Comparison of Acute Treatments in Cancer Haemostasis 
(CATCH) study was recently concluded, which again reaf-
firmed the superiority of LMWH therapy. In this study, 900 
patients from multiple sites across 32 countries were ran-
domized to receive tinzaparin for VTE recurrence in com-
parison to warfarin. Study patients had multiple solid tumors, 
including colorectal (14.7%) and upper GI cancers (12.5%). 
In this study there was a trend for superiority with tinzaparin 
in prevention of VTEs (7.2% versus 10.5%) (HR 0.65 [95% 
CI, 0.41–1.03]; P = 0.07) with a comparable rate of major 
bleeding but a superior safety profile for clinically relevant 
bleeding (11% vs 17%) (HR, 0.58 [95% CI, 0.40–0.84]; 
P = 0.004) [76].

While the new evidence continues to be evaluated and 
incorporated into clinical practice, the ASCO guidelines 
committee provides the most current practice guidelines on 
the treatment of venous thromboembolism in cancer patients. 
A summary of key recommendations is provided in 
Table 21.5.

 Conclusions and Future Directions

Thromboembolism remains a major cause of morbidity and 
mortality in patients with gastrointestinal cancers, and its 
impact is likely to increase with improving survival and out-
comes in this patient population. Much has been learned 
about the mechanisms, pathophysiology, risk prediction, pre-
vention, and treatment of this complication in the past 
decades. The next few years are likely to see greater progress 
in these areas. The advent of patient-friendly novel oral 
agents will likely see greater adoption of prophylaxis and 
treatment regimens. The availability of risk tools and predic-
tive biomarkers could lead to risk-adapted approaches to 
both prevention and treatment. Continued work in this area 
along with continued education of both patients and clinical 
providers about this important complication of malignancy is 
essential to reduce the burden and consequences of cancer- 
associated thrombosis.
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 Introduction

Although a very common secondary diagnosis for gastroin-
testinal (GI) cancer patients is malnutrition, it is usually 
underappreciated or underestimated among healthcare pro-
fessionals as a result of a low level of awareness. However, 
nutrition status has an important impact on quality of life 
(QoL) and sense of well-being in cancer patients; therefore, 
its significance to patients and families is very high.

Malnutrition and weight loss—which have prognostic 
significance—are prevalent in GI cancer patients [1–3]. 
Multiple factors, including response to the tumor and can-
cer treatments, contribute to malnutrition [4, 5]. 
Malnutrition in GI cancer patients often involves cancer 
cachexia, which is characterized by a chronic, progressive, 
involuntary weight loss and muscle wasting as a result of 
decreased nutrient intake and metabolic alterations due to 
the activation of systemic proinflammatory processes that 
cannot be completely reversed by conventional nutrition 
support [6, 7].

Malnutrition affects all aspects of oncology treatment 
including treatment response, toxicity, performance status, 
QoL, and overall survival [8, 9]. Therefore, a nutritional 

aspect including nutritional screening and nutritional support 
should be considered for all cancer patients.

 Cancer Cachexia

 Definition and Prevalence of Cachexia

Cachexia is derived from the Greek words kakos and hexis, 
which means “bad condition.” Cachexia is a complex devas-
tating condition characterized by loss of skeletal muscle 
mass with or without loss of fat, resulting in progressive 
functional impairment, and cannot be counteracted by con-
ventional nutritional support. By definition, involuntary 
weight loss of ≥5% over 6 months or ≥2% in the presence of 
body mass index (BMI) <20 or sarcopenia should be present 
[7]. It may be associated with many chronic/end-stage dis-
eases, including cancer, heart failure, renal or hepatic failure, 
chronic infections, or other inflammatory disorders. The 
pathogenesis is negative protein and energy balance through 
metabolic and endocrine alterations in addition to reduced 
food intake. Anorexia-cachexia in cancer patients is not syn-
onymous with starvation. Many cancer patients have reduced 
food intake because of gastrointestinal obstruction, depres-
sion, or therapy-induced nausea, and this can be reversed 
with nutritional support and effective anticancer therapy. 
However, the benefit of nutritional support is limited in 
cachexia of patients with advanced cancer. Prevalence of 
cachexia varies according to cancer type; the incidence is 
more than 80% in upper GI cancers. The prevalence is high-
est in pancreatic cancer (88.9%), followed by gastric cancer 
(76.5%), esophageal cancer (52.9%), and colon cancer 
(50%) [10, 11].

Cancer cachexia is associated with worse survival as well 
as compromised quality of life [8]. The clinical spectrum 
ranges from pre-cachexia with minimal weight loss to severe 
refractory cachexia with low performance status and short 
life expectancy [12]. Anorexia, fatigue, reduced exercise 
capacity, and physical activity progressively impair the 

M. G. Halil (*) · M. E. Kuyumcu
Department of Internal Medicine,  Division of Geriatrics, 
Hacettepe University School of Medicine, Altındag,  
Ankara, Turkey
e-mail: meltemgulhan.halil@hacettepe.edu.tr 

Ö. Dizdar 
Department of Medical Oncology, Hacettepe University Cancer 
Institute, Altındağ, Ankara, Turkey 

Z. Ulger 
Department of Internal Medicine,  Division of Geriatrics, Gazi 
University School of Medicine, Gazi University Hospital,  
Besevler, Ankara, Turkey 

S. Yalcin 
Department of Internal Medicine, Division of Medical Oncology, 
Hacettepe University School of Medicine, Institute of Cancer, 
Altındağ, Ankara, Turkey

22

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18890-0_22&domain=pdf
mailto:meltemgulhan.halil@hacettepe.edu.tr


380

patient’s level of independence. Subsequent immobility and 
lethargy results in depression and isolation. Malnutrition is 
associated with increased risk of infections, falls, fractures, 
pressure ulcer development, and impaired quality of life 
[13]. Tolerance to chemotherapy is also reduced and compli-
cations are increased [12]. Finally, it is estimated that 
cachexia accounts for 20% of cancer deaths [13].

 Assessment of Cachexia

Recent studies in various cancers showed improved treat-
ment tolerance and quality of life with early nutritional inter-
vention in patients with early-stage cachexia. Therefore, 
accurate assessment of the patient for the presence of 
cachexia signs is crucial. In one study, the false negativity 
rate in the diagnosis of cachexia among oncology physicians 
was 76% [10], delineating the need for standardized diag-
nostic tools. Asking patients about weight loss is the simplest 
and best validated method for assessment of nutritional sta-
tus in daily practice. Patient-reported history of >5% weight 
loss was associated with shorter overall survival in multivari-
ate analysis in patients treated within 12 Eastern Cooperative 
Oncology Group (ECOG) trials [2]. There are several meth-
ods introduced to assess the symptom burden, including loss 
of appetite, dysgeusia, constipation, early satiety, nausea, 
and vomiting. There is no consensus among the experts upon 
the best way of screening the nutritional status of cancer 
patients. The Nutritional Risk Screening 2002 (NRS 2002) is 
a validated tool to distinguish patients with nutritional risk 
who benefit from nutrition intervention from those who 
showed no benefit of nutrition support. NRS 2002 consists of 
a nutritional score and a severity of disease score and an age 
adjustment for patients >70  years [14]. The Edmonton 
Symptom Assessment Scale questions multiple symptoms 
including appetite and nausea [15]. The Patient-Generated 
Subjective Global Assessment (PG-SGA) also examines 
food intake, weight loss, and other nutritional symptoms 
including nausea, vomiting, constipation, mouth sores, pain, 
etc. The abridged Patient-Generated Subjective Global 
Assessment (aPG-SGA) is a modification of the original 
PG-SGA, and consists of a 4-part questionnaire that scores a 
patient’s weight history, food intake, appetite, and perfor-
mance status. It was recently validated in patients with can-
cer and it is easy to complete [16]. Detailed questionnaires 
provide good data for clinical trials but are difficult to per-
form for patients and healthcare providers in daily practice.

Dual-energy X-ray absorptiometry (DEXA) scan or com-
puterized tomography (CT) can be used to assess fat and lean 
body mass composition, and identify patients with early sar-
copenia. Overweight or obese patients with muscle wasting 
have poorer prognosis and cannot be identified with physical 
examination alone. DEXA is easy to perform and CT is 
already used for staging and response assessment in patients 

with cancer, and both tools may aid in the evaluation of 
cachexia and making treatment decisions [17]. Bioimpedance 
analysis (BIA) is a noninvasive method for estimation of 
body composition based on the principle that electric current 
flows at different rates through the body depending upon its 
composition [18]. It is quick and simple but not as accurate 
as DEXA or CT.

 Mechanism for Cachexia

Anorexia alone cannot cause cachexia. It is the systemic 
inflammation-induced hypermetabolic (catabolic) state that 
causes the devastating condition (Fig.  22.1). There is an 
enormous increase in skeletal muscle proteolysis. Skeletal 
muscle protein breakdown is mainly controlled by ubiquitin- 
proteosome and autophagolysosomal pathways. In the 
ubiquitine- proteosome system, a chain of ubiquitin is 
attached covalently to the proteins and they are targeted for 
degradation by the 26  s proteosome. The most important 
ubiquitin ligases in cancer cachexia are Atrogin-1/Mafbx 
and Murf1 [19]. Autophagy is a catabolic process in which 
damaged macromolecules and organelles are degraded 
within the cell. Autophagy is activated in muscles of tumor- 
bearing animals and might contribute to muscle wasting 
associated with cachexia [20]. These pathways are essen-
tially regulated by different transcriptional signals in healthy 
and disease states. For example, it is hypothesized that 
abnormal production of inflammatory cytokines such as 
tumor necrosis factor (TNF) and interleukine 6 (IL-6) sup-
press the appetite and activate the ubiquitine-proteosome 
pathway, which subsequently results in muscle tissue break-
down. Proteolysis-inducing factor (PIF) is found in the 
serum and urine of patients with various cancers and cachexia 
[21]. PIF increases messenger RNA (mRNA) levels of ubiq-
uitin carrier protein and proteosome subunits and activates 
transcription factor NF-KB, subsequently resulting in mus-
cle protein degradation. PIF also inhibits protein synthesis 
by activation of the RNA-dependent protein kinase [22]. 
Myostatin and activins are other mediators that promote 
muscle loss in cancer cachexia by upregulating Atrogin-1/
Mafbx and Murf1 [23, 24]. Ring finger protein, a family of 
ubiquitin ligases, including muscle RING-finger protein-1 
(MuRF1), has been proposed to trigger muscle protein deg-
radation via ubiquitination. It is activated by NF-KB, PIF, 
and other cytokines that are already increased in patients 
with cachexia [25]. The mechanism behind adipose tissue 
loss is less clear. Zinc alpha2 glycoprotein is an adipokine 
that is upregulated in cancer cachexia and induces lipolysis 
and fat oxidation [26]. Other inflammatory mediators includ-
ing TNF also increase lipolysis and decrease lipogenesis.

Energy homeostasis also has a tight neuroendocrine regu-
lation, with the hypothalamus having the pivotal role. Various 
neurotransmitters including pro-opiomelanocortin, serotonin, 
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and dopamine have divergent roles in appetite regulation. 
Tumor-secreted cytokines also affect these hypothalamic 
neuronal cells and induce hypothalamus-mediated anorexia 
[25]. Ghrelin also attenuates muscle protein degradation and 
cachexia and improves food consumption through hypotha-
lamic effects. Hypothalamus also mediates increased thermo-
genesis and skeletal muscle atrophy in cancer cachexia [27].

Interestingly, cancer cachexia increases energy expendi-
ture in contrast to starvation, in which energy expenditure is 
decreased. This process is mediated by brown adipose tissue 
and coordinated by the hypothalamus [28, 29]. Increased 
oxidative stress and mitochondrial dysfunction are other 
important events associated with cachexia.

Recently, microRNAs (miRNAs) have been shown to 
have a role in the muscle-wasting process due to cachexia. 
Acunzo et  al. found that muscle cachexia was associated 
with a high level of shedding of microvesicles containing 
mir21 from lung and pancreatic cancer cells. These microves-
icles, which contain mRNAs derived from cancer cells, were 
discovered to fuse with myoblasts and induce skeletal mus-
cle cell apoptosis [30]. These microvesicles were particu-
larly active on myoblasts expressing TLR 7/8.

 Management of Cachexia

Loss of appetite, inability to eat, and resulting weight loss 
are burdensome for the patient and the family. Most of the 
patients referred to nutritionists have advanced cachexia, 
which is often unresponsive to treatment. Therefore, all can-
cer patients should be screened for weight loss, nutritional 
status, and the presence of cachexia to identify potential can-
didates for nutritional support.

Current management for cancer cachexia consists of 
identification and treatment of reversible metabolic abnor-
malities, nutritional support, appetite stimulants, anabolic 
agents, and anti-inflammatory agents (Table  22.1). Many 
cancer patients have depression, pain, dyspnea, xerostomia, 
 constipation, gastrointestinal motility problems or obstruc-
tion, which are caused by the tumor itself, chemotherapy, or 
radiotherapy and may cause inadequate caloric intake and 
weight loss. Psychiatric consultation and antidepressants 
may improve depression and effective analgesic therapy 

CANCER

Pro-inflammatory cytokines
TNF-α, IL-1, IL-6, IFN-γ, Zinc α2
glycoprotein, proteolysis inducing
factor, NF-KB, myostatin, activins,
mRNA containing microvesicles

HYPOTHALAMUS

SKELETAL
MUSCLE

ADIPOSE
TISSUE

Lipolysis
Brown adipose tissue
activation
Increased thermogenesis

Proteolysis, autophagy

Decreased appetite,
Increased thermogenesis
Increased energy
expenditure

ATP-Ubiquitin-proteosome
system
Atrogin-1/Mafbx and Murf1

Lean body mass ↓, sarcopenia
Fat mass ↓

CACHEXIA

Fig. 22.1 Mechanism of 
cancer cachexia. 
Abbreviations: TNF tumor 
necrosis factor, IL interleukin, 
IFN interferon, NF-KB 
nuclear factor kappa b, ATP 
adenosine tri-phosphate, 
Murf1 muscle RING-finger 
protein-1, Mafbx muscle 
atrophy F-box

Table 22.1 Management of cachexia

Evaluation Weight loss history
Assessment of sarcopenia (DEXA/
CT/BIA)
Nutritional screening (NRS-2002, 
PG-SGA/ aPG-SGA)
Assessment of oral intake

Treatment of comorbidities Depression
Pain
Xerostomia
Constipation/motility problems
Immobility – exercise

Nutritional support Food fortification
Oral nutritional supplements
Tube feeding
Parenteral/enteral nutrition

Pharmacotherapy of appetite 
and fatigue

Megestrol acetate
Corticosteroids
Cannabinoids
Androgens/selective androgen 
receptor modulator
Ghrelin/ghrelin receptor agonists
Fish oil/eicosapentaenoic acid

DEXA Dual-energy X-ray absorptiometry, CT computed tomography, 
BIA bioelectric impedance analysis, NRS Nutritional Risk Screening, 
PG-SGA Patient-Generated Subjective Global Assessment, aPG-SGA 
Abridged Patient-Generated Subjective Global Assessment
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may reduce pain and improve oral intake [12, 31]. A phase 
II trial of mirtazapine, a tetracyclic antidepressant that may 
lead to weight gain, in patients with cancer-related cachexia/
anorexia resulted in weight gain ≥1 kg at week 4 in 24% of 
the patients. Appetite and health-related quality of life 
(HQOL) were also improved [32]. Constipation may be 
induced by immobilization, narcotic analgesics, 5-HT3 
antagonists, or obstruction. Treatment with dietary manipu-
lation, laxatives, and dilatation/stenting for local GI obstruc-
tion when available may be useful in selected cases. 
Symptomatic agents such as metpamid improve GI motility, 
gastric emptying, and therefore appetite. Endocrine disor-
ders including thyroid dysfunction, adrenal insufficiency or 
hypogonadism, vitamin and micronutrient deficiencies may 
also ameliorate appetite, fatigue, and dysgausea. 
Identification and treatment may result in improvement of 
cachexia [31]. Exercise should be recommended and may 
help to prevent or at least slow down the loss of skeletal 
muscle mass, strength, and physical function. Exercise was 
shown to reduce muscle proteolysis and mitochondrial dys-
function in animal models of cancer cachexia [33]. There 
are no randomized trials on the efficacy of exercise in 
patients with cachexia. However, the benefits of exercise on 
muscle mass, physical function, and even inflammation 
were previously shown [34, 35].

Patients should be counseled with a nutritionist and coun-
seling should include symptom management, type and route 
of delivery of the nutritional support, food fortification, and 
self-monitoring.

 Pharmacotherapy

 Megestrol Acetate
Nutrition is essential but is usually not effective alone, and 
pharmacological treatment and other measures should also 
be considered. The only US Food and Drug Administration 
(FDA)-approved pharmacotherapy for the treatment of 
cachexia is megestrol acetate (MA). MA is a synthetic pro-
gestin that increases appetite and body weight [36]. The 
exact mechanism of action is unknown but it seems to reduce 
inflammatory cytokines and increase neuropeptide Y levels. 
Starting dose is 160 mg/d and improvement at appetite starts 
at this dose. Weight gain is observed at doses >400 mg/d. 
Megestrol acetate has serious side effects including venous 
thromboembolism, edema, dyspnea, and impotence. 
Prolonged use may further increase toxicity. Anti-anabolic 
effect may even result in muscle loss [37]. High doses were 
even associated with increased mortality. Stress dose corti-
costeroid use might be needed in acute illness or preopera-
tively, because these patients may have adrenal suppression. 
Therefore, patients should be informed about potential tox-
icities and minimum effective dose should be used in clinical 
practice.

 Corticosteroids
Two small randomized studies demonstrated improvements 
in fatigue and appetite with dexamethasone and methylpred-
nisolone, but no benefit on lean body mass was observed [38, 
39]. Side effects including edema, candidiasis, depression, 
proximal muscle weakness, and anxiety preclude prolonged 
use. Dexamethasone is preferred because of its lower miner-
alocorticoid effect, and short-term use may be of benefit in 
terminal patients.

 Cannabinoids
Dronabinol is approved for the treatment of anorexia in 
patients with acquired immunodeficiency syndrome (AIDS) 
but data on its use in cancer patients is limited. Two random-
ized studies did not show any difference in appetite com-
pared to placebo and MA, respectively [40, 41]. Combination 
of MA and dronabinol also yielded no additional benefit. 
One recent trial showed improved appetite, caloric intake, 
and quality of life compared with placebo [42].

 Fish Oil or Eicosapentaenoic Acid
A recent systemic review did not demonstrate a clear benefit 
of eicosapentaenoic acid (EPA) on body weight or lean tissue 
in cancer patients [43]. One recent randomized trial in 
patients with advanced non-small cell lung cancer showed 
69% of patients in the fish oil group gained or maintained 
muscle mass. Comparatively, only 29% of patients in the pla-
cebo group maintained muscle mass [44]. Muscle weight 
loss was overall 1 kg in the placebo group.

 Androgens
Testosterone replacement in male patients with advanced 
cancer and hypogonadism improved fatigue, but no effect 
was observed on appetite or weight [45]. Selective androgen 
receptor modulator enobosarm also improved lean body 
mass in patients with advanced cancer and cachexia [46].

 Ghrelin and Ghrelin Receptor Agonists
Ghrelin is an orexigenic peptide hormone produced in the 
stomach and other parts of the GI tract. Ghrelin enhances 
appetite and food intake by binding its hypothalamic recep-
tors, stimulates GI motility, reduces thermogenesis and 
energy consumption, and induces lipogenetic pathways. 
Ghrelin also increases insulin-like growth factor-1 (IGF-1) 
production and inhibits production of proinflammatory cyto-
kines and prevents muscle atrophy by this way. Anamorelin 
is a potent orally active ghrelin receptor agonist with a longer 
half-life than ghrelin [27]. A phase II randomized study in 
patients with stage 3–4 non-small cell lung cancer showed a 
beneficial effect on body weight and improved quality of life 
with anamorelin 100 mg/d compared with 50 mg/d dose or 
placebo. No effect on overall survival was seen [47]. Another 
small phase II study also showed similar results with 
increased lean body mass (LBM) and total body mass with 
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anamorelin 50  mg compared with placebo [48]. Based on 
these results, 3 phase III randomized studies were conducted 
with anamorelin compared with placebo in patients with 
non-small cell lung cancer and cachexia. Anamorelin dose 
was 100 mg /day and was used for 12 weeks. At the end of a 
12-week treatment period, participants were allowed to 
enroll in the ROMANA III trial, which was the extension 
trial of anamorelin to 24  weeks. Recently, the results of 
ROMANA I and II trials were reported and showed increased 
lean body mass, body weight, and improved appetite com-
pared with placebo whereas handgrip strength was similar. 
Patients receiving anamorelin also experienced improvement 
in anorexia-cachexia symptoms as evaluated with the 
Functional Assessment of Anorexia/Cachexia Therapy 
(FAACT) questionnaire. Anamorelin was well tolerated with 
similar overall survival between the study arms. The most 
common grade 3–4 adverse events were fatigue, asthenia, 
atrial fibrillation, and dyspnea (5% each) [49]. The ROMANA 
III trial showed similar safety with prolonged use over 
24 weeks [50]. Ghrelin was suggested to stimulate growth 
hormone and IGF-1 secretion and to potentially promote 
tumor growth, but no difference in tumor progression or 
death rates were observed in these trials.

 Malnutrition in Gastrointestinal Cancer 
Patients

 Prevalence of Malnutrition

Malnutrition, as a risk factor for increased morbidity and 
mortality, is frequent in gastrointestinal cancer patients. 
Nutrition management is really important, however, it 
remains insufficient in cancer patients [51]. The prevalence 
of weight loss and malnutrition ranged from 31% to 87% 
depending on the tumor site and stage, with the highest fre-
quencies observed in patients with aerodigestive tract cancer 
or more advanced disease [2, 52, 53]. The incidence of 
disease- related malnutrition is 30–80% in hospitalized 
patients with cancer. Furthermore, it has been suggested that 
more than 20% of cancer patient mortality—directly or 
not—can be associated with malnutrition, rather than the 
malignant disease itself [54, 55]. At initial cancer diagnosis, 
approximately 50% of patients present with some nutritional 
issues. In gastric and pancreatic cancer, up to 85% of patients 
will develop malnutrition/weight loss during treatment [56].

 Adverse Outcomes of Malnutrition

Malnutrition is the most underappreciated complication of 
gastrointestinal cancer and it has also been associated with 
prolonged hospital stay, increased readmissions to the hospi-
tal, increased frequency and severity of infections, poor 

wound healing, gait disorders, falls and fractures [8, 9, 57–
59]. Unfortunately, nutritional awareness is low among med-
ical practitioners because of lack of sufficient nutritional 
education in medical schools. However, the significance of 
malnutrition to cancer patients and families is very high and 
they may resort to using herbs, supplements, and pills; nutri-
tional information is often specifically requested.

Patients with GI cancer are prone to malnutrition, due to 
loss of appetite, inability to ingest or absorb adequate calo-
ries, mucositis, and metabolic problems. Those patients are 
in a catabolic state and metabolic demands increase with 
anticancer treatment (surgery, chemotherapy, radiotherapy) 
and further worsen the problem [9, 60, 61].

The American Society for Parenteral and Enteral Nutrition 
(ASPEN) guidelines state that cancer patients are nutritionally- at-
risk and should undergo nutrition screening to identify those who 
require formal nutrition assessment with development of a nutri-
tion care plan [60, 61]. Studies show that the prognosis for cancer 
patients with weight loss is worse than weight-stable patients. 
Unintentional weight loss is also associated with treatment-related 
adverse reactions, low quality of life, bad response to cancer treat-
ment, and a poor prognosis [9]. Weight loss is higher in patients 
with pancreatic, gastric, and lung cancer (83–87%) than other 
types of cancer [2]. Andreyev et al. showed in their study of 1555 
patients with four major gastrointestinal cancers that the frequency 
of weight loss is nearly 70% and more frequent in men [8]. Weight 
loss also is associated with less therapy (both dose and duration), 
more drug toxicity, poor performance, poor life quality, lower 
response rate, and shorter overall survival [8]. Therefore, early 
detection and prevention of malnutrition is very important in 
patients with GI cancer. There is no conclusive data that show any 
effect of enteral nutrition (EN) on tumor growth [9].

 Screening/Assessment of Malnutrition

Fifty-five percent of patients reported that their oral food intake 
had decreased since diagnosis with cancer, while 30% of the 
patients with a visual analog score (VAS) between 0 and 3 had 
not received any dietary advice and/or had been prescribed any 
oral nutritional supplements [53]. Systematic screening and care 
of malnutrition is an essential step in the global management of 
all cancer patients [60]. Different assessment methods have been 
used for nutritional evaluation of patients with GI cancer, with 
emphasis on  anthropometry, biochemical data, and clinical and 
subjective evaluation [61, 62]. Screening of malnutrition must be 
performed systematically by the doctor, nurse, or dietitian. If the 
screening is positive, a more detailed investigation is needed. 
The screening tools are relatively similar, using parameters such 
as recent weight loss, recent poor intake/appetite, body mass 
index or body weight measures, and providing a numerical 
score to categorize risk of malnutrition. While choosing a 
screening tool it is important to ensure that it is easy and quick 
to perform and that it can screen all at-risk patients. Various 
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screening tools have been developed and validated for identify-
ing patients at risk of malnutrition, but there is no gold standard 
for evaluating nutritional status. The most widely used screen-
ing tools are Nutrition Risk Screening 2002 (NRS-2002) [63], 
Malnutrition Universal Screening Tool (MUST) [61, 64], sub-
jective global assessment (SGA) [65], and the Mini Nutritional 
Assessment (MNA) test [66].

NRS-2002 consists of a first screening stage (4 simple ques-
tions) followed by a second stage that assesses a patient’s nutri-
tional status and the severity of illness. This method has been 
validated and recognized by the European Society for Clinical 
Nutrition and Metabolism (ESPEN) and it was selected as the 
first choice for hospital inpatients [63, 67]. The MUST is a vali-
dated method and combines percentage unplanned weight loss, 
body mass index, and the effects of acute disease. It is suggested 
for screening of community- dwelling patients [64]. MNA is 
also a valid and effective screening method and ESPEN recom-
mends MNA for nutritional evaluation of geriatric patients [66]. 
The SGA requires a physical examination by a health profes-
sional. Therefore, it is a time consuming but easy tool to use 
[65]. The PG-SGA was developed for cancer patients and 
includes a patient questionnaire in addition to the physical 
examination and was shown to effectively identify malnutrition 
[55, 68]. The PG-SGA, aPG-SGA, SGA, and nutritional risk 
index (NRI) have validated specificity and sensitivity in cancer 
patients, have been the subjects of prospective clinical trials, and 
share an emphasis on clinical data [16, 69, 70].

Anthropometric measurements including weight, height, 
limb circumferences (calf, mid-upper arm), and skinfold 
thicknesses are noninvasive techniques that provide informa-
tion or estimation of body composition, fat, and muscle 
stores [71, 72]. Bioelectric impedance analysis, as a noninva-
sive and easily performed bedside technique of body compo-
sition analysis, may be a good alternative indicator of 
nutritional status [73]. Evaluation of the contribution of body 
composition measurements may give us fat mass and free-fat 
mass or lean body mass changes before weight loss. Thus, it 
provides early recognition of malnutrition [74]. Loss of lean 
body mass is associated with impaired immunity, increased 
infection, bad wound healing, weakness, pressure sores, and 
death—usually from pneumonia [57]. Additionally, evidence 
suggests that lean body mass may be useful to normalize 
doses of chemotherapy. Prado et al. demonstrated that low 
lean body mass is a significant predictor of toxicity in female 
patients administered 5-fluorouracil (5-FU) using the con-
vention of dosing per unit of body surface area [75].

Phase angle measured by BIA may be a useful and sensi-
tive indicator of malnutrition [76]. Depletion of body pro-
teins or lower phase angle (different cut-offs for different 
cancer types) are also associated with a poorer survival in 
cancer patients [77].

Body composition measures, assessed by CT, were 
described as important predictors of nutritional status in 
patients with lung and colon cancers. Evaluation of images 

obtained from the third or fourth lumbar vertebra was assessed 
for adipose tissue, total lean tissue, and total muscle mass [78]. 
Dalal et al. showed that in 41 locally advanced pancreatic can-
cer patients treated with chemoradiation, 81% experienced 
weight loss; during this treatment, median loss of skeletal 
mass was 4%, visceral adipose tissue 13%, subcutaneous adi-
pose tissue 11%, and age and higher visceral adipose tissue 
loss were correlated with survival [79]. Low subcutaneous and 
muscular fat is a sign of poor nutritional status in recent stud-
ies. If confirmed in larger studies, the use of CT for body com-
position measurements as indicators of nutritional status may 
become a useful tool for cancer patients [79].

Sarcopenia is a syndrome characterized by loss of muscle 
mass and strength with adverse outcomes such as physical dis-
ability, poor life quality, and death [80, 81]. In patients with 
metastatic colorectal cancer, sarcopenia was an independent 
predictor of worse recurrence-free and overall survival [82]. 
Levoger et al. demonstrated that sarcopenia identified before 
surgery by CT was associated with impaired overall survival 
in gastrointestinal and hepatopancreatobiliary malignancies, 
and increased postoperative morbidity in patients with colorec-
tal cancer with or without hepatic metastases [83].

Some laboratory parameters, including albumin and preal-
bumin, are suitable for recognition of and intervention for mal-
nutrition. Serum prealbumin is often used to assess adequacy of 
nutritional support more than albumin, given its shorter half-
life of 2.5 days. However, prealbumin is a negative acute-phase 
protein and its synthesis decreases in patients with inflamma-
tion and cancer. C-reactive protein (CRP) is often used in com-
bination with prealbumin to assess whether the changes in 
prealbumin are reflective of adequate nutrition support or 
changes in inflammation [62]. Albumin, creatinine, and urea 
were used for evaluation of malnutrition in some studies, but 
there is not yet enough data for routine recommendation.

Additionally, 1–3 day dietary record is a useful way of 
checking normal eating habits and amount of calories and 
protein consumption by GI cancer patients.

Fruchtenicht et  al. evaluated more than 70 nutritional 
assessment tools that have been described and analyzed in 
different populations. None of the tools was considered as 
the gold standard for nutritional assessment in terms of sen-
sitivity and specificity. They suggested that assessment 
should be performed by combining different methods and 
taking into account the limitations of each method [84].

 Nutritional Support in Gastrointestinal 
Cancer Patients

 Nutritional Requirements

ESPEN states that the nutritional goal in cancer patients is 
improvement of function and outcome by preventing and 
treating undernutrition, enhancing antitumor treatment 
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effects, reducing adverse effects of antitumor therapies, and 
improving quality of life [9].

Generally, the energy requirement of cancer patients is 
equal to normal healthy subjects [9]. In some studies, resting 
energy expenditure (REE), measured by indirect calorimetry, 
showed that in 25% of patients with active cancer REE is 
more than 10% higher, and in another 25% it is more than 
10% lower than predicted energy expenditure [85]. Tumor 
types can affect the REE. REE is normal in patients with gas-
tric or colorectal cancers and higher than expected in subjects 
with pancreatic cancers [86–88]. Other studies with pancre-
atic cancer patients demonstrated a relative increase in REE, 
while physical activity level and total energy expenditure 
(TEE) were decreased when compared to predicted values for 
healthy subjects [89]. The measurement of REE cannot be 
possible for all patients; therefore, TEE can be used for non-
obese patients by using the actual body weight. ESPEN 
guidelines recommend a caloric intake of 30–35 kcal/kg/day 
for ambulatory patients and 20–25 kcal/kg/day for bedridden 
patients. But these recommendations are less favorable for 
severely underweight and severely overweight patients [9].

Standard enteral formulae are recommended for enteral 
nutrition of cancer patients. The recommended protein intake 
range for cancer patients is 1.2–2 g/kg/day. Lipids might be 
the preferred substrate for cancer patients, but there is no 

clear evidence in effectiveness. There is not enough data to 
suggest a cancer-specific enteral formula [90, 91].

 Timing of Nutritional Support 
in Gastrointestinal Cancer Patients

It is hard to determine when to initiate nutritional support in 
gastrointestinal cancer patients. It is relatively easy in obvi-
ously malnourished patients with a curable cancer when they 
are unable to meet their nutritional needs for prolonged peri-
ods. Examples include patients with severe mucositis, dys-
phagia, or intestinal obstruction. All guidelines recommend 
early and complete nutritional support for such patients. 
However, the decision to intervene is more difficult when 
nutritional intake is closer to meeting needs, or when the 
likely period of inadequate intake is uncertain, or in incur-
able patients. In these settings, decision-making is more 
complex, and risk-benefit analysis should be done carefully, 
keeping in mind that nutrition support is not a procedure that 
is completely free of risk [7, 92].

General nutritional management recommendations are 
usually similar in all cancer patients. Table  22.2 [60] and 
Table 22.3 [9] summarize the guideline recommendations of 
ESPEN and ASPEN about nutritional evaluation and support 

Table 22.2 ASPEN guideline recommendations on nutrition support during adult anticancer treatment [60]

ASPEN Guideline Recommendations Grade
Nutrition support therapy during anticancer treatment
1.  Patients with cancer are nutritionally-at-risk and should undergo nutrition screening to identify those who require formal nutrition 

assessment with development of a nutrition care plan.
D

2. Nutrition support therapy should not be used routinely in patients undergoing major cancer operations. A
3.  Perioperative nutrition support therapy may be beneficial in moderately or severely malnourished patients if administered for 

7–14 days preoperatively, but the potential benefits of nutrition support must be weighed against the potential risks of the nutrition 
support therapy itself and of delaying the operation.

A

4. Nutrition support therapy should not be used routinely as an adjunct to chemotherapy. B
5. Nutrition support therapy should not be used routinely in patients undergoing head and neck, abdominal, or pelvic irradiation. B
6.  Nutrition support therapy is appropriate in patients receiving active anticancer treatment who are malnourished and who are 

anticipated to be unable to ingest and/or absorb adequate nutrients for a prolonged period of time
B

7. The palliative use of nutrition support therapy in terminally ill cancer patients is rarely indicated. B
8.  Omega-3 fatty acid supplementation may help stabilize weight in cancer patients on oral diets experiencing progressive, 

unintentional weight loss.
B

9. Patients should not use therapeutic diets to treat cancer. E
10.  Immune-enhancing enteral formulas containing mixtures of arginine, nucleic acids, and essential fatty acids may be beneficial in 

malnourished patients undergoing major cancer operations
A

Grading of Guidelines:
A – Supported by at least two level I investigations
B – Supported by one level I investigation
C – Supported by at least one level II investigations
D – Supported by at least one level III investigations
E – Supported by level IV or V evidence
Levels of Evidence:
I – Large randomized trials with clear-cut results; low risk of false- positive (alpha) and/or false-negative (beta) error
II – Small, randomized trials with uncertain results; moderate-to-high risk of false-positive (alpha) and/or false-negative (beta) error
III – Nonrandomized cohort with contemporaneous controls
IV – Nonrandomized cohort with historical controls
V – Case series, uncontrolled studies, and expert opinion
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Table 22.3 ESPEN guideline recommendations in nonsurgical oncology patients [9]

Subject ESPEN guideline recommendations Grade
General 1. Nutritional assessment of cancer patients should be performed frequently, and nutritional intervention 

initiated early when deficits are detected.
C

General There are no reliable data that show any effect of enteral nutrition on tumor growth. Such theoretical 
considerations should, therefore, have no influence on the decision to feed a cancer patient.

C

Indication general Start nutritional therapy if undernutrition already exists or if it is anticipated that the patient will be unable to 
eat for 4–7 days.

C

Indication general Start enteral nutrition if an inadequate food intake (60% of estimated energy expenditure for 4–10 days) is 
anticipated. It should substitute the difference between actual intake and calculated requirements.

C

Indication general In weight-losing patients due to insufficient nutritional intake enteral nutrition should be provided to improve 
or maintain nutritional status.

B

Perioperative Patients with severe nutritional risk benefit from nutritional support 10–14 days prior to major surgery even if 
surgery has to be delayed.

A

During radiotherapy 
or 
radiochemotherapy

Use intensive dietary advice and oral nutritional supplements to increase dietary intake and to prevent 
therapy-associated weight loss and interruption of radiation therapy.

A

During radiotherapy 
or 
radiochemotherapy

Routine enteral nutrition is not indicated during radiation therapy. C

During 
chemotherapy

Routine enteral nutrition during chemotherapy has no effect on tumor response to chemotherapy or on 
chemotherapy-associated unwanted effects and, therefore, is not considered useful.

C

During stem cell 
transplantation

The routine use of enteral nutrition is not recommended. C

During stem cell 
transplantation

If oral intake is decreased, parenteral nutrition may be preferred to tube feeding in certain situations (i.e., 
increased risk of hemorrhage and infections associated with enteral tube placement in immunocompromised 
and thrombocytopenic patients).

C

Application Prefer the enteral route whenever feasible. A
Application Administer preoperative enteral nutrition preferably before admission to the hospital. C
Route Use tube feeding if an obstructing head or neck or esophageal cancer interferes with swallowing or if severe 

local mucositis is expected.
C

During radiotherapy 
or 
radiochemotherapy

Tube feeding can either be delivered via transnasal or percutaneous routes.
Because of radiation-induced oral and esophageal mucositis, a percutaneous gastrostomy (PEG) may be 
preferred.

C

Type of formula 
general

Use standard formulae. C

Type of formula 
general

Regarding omega-3 fatty acids, randomized clinical trial evidence is contradictory/controversial, and at present, 
it is not possible to reach any firm conclusion with regard to improved nutritional status/physical function. It is 
unlikely that omega-3 fatty acids prolong survival in advanced cancer.

C

Perioperative Use preoperative enteral nutrition preferably with immune-modulating substrates (arginine, omega-3 fatty 
acids, nucleotides) for 5–7 days in all patients undergoing major abdominal surgery independent of their 
nutritional status.

A

Drug treatment In the presence of systemic inflammation, pharmacological efforts are recommended in addition to nutritional 
interventions to modulate the inflammatory response.

C

Drug treatment In cachectic patients, steroids or progestins are recommended in order to enhance appetite, modulate metabolic 
derangements, and prevent impairment of quality of life.

A

Drug treatment Administer steroids for short-term periods only, weighing their benefits against their adverse side effects. C
Drug treatment Consider the risk of thrombosis during progestin therapy. C

ASPEN states that omega-3 fatty acid supplementation 
may help to stabilize weight in cancer patients on oral diets 
experiencing progressive, unintentional weight loss [60]. 
According to ESPEN, randomized clinical trial evidence is 
contradictory, so at present it is not possible to reach any firm 
conclusion with regard to improved nutritional status/physi-
cal function [9].

 Enteral Versus Parenteral Nutrition

If the nutritional aims cannot be achieved by an oral route, 
tube feeding should not be delayed if there is no contraindi-
cation for its use. Tube feeding is not appropriate if there is 
mechanical intestinal obstruction due to cancer or surgical 
short bowel syndrome. In other words, for patients who need 
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in cancer patients. Moreover, these recommendations can 
easily be adapted for the patients with GI cancer.

If food intake is markedly reduced for ≥7 days or intake of 
under 60% of estimated energy expenditure for ≥10  days, 
ESPEN recommends a rapid implementation of nutritional 
support as a clinically appropriate intervention for cancer 
patients [9]. ASPEN recommends perioperative nutrition 
support therapy for moderately or severely malnourished 
patients for 7–14 days preoperatively [60]. Enteral nutritional 
support is recommended if the gastrointestinal tract is avail-
able and functional. Enteral nutrition should be provided to 
improve or maintain nutritional status in cancer patients who 
are losing weight due to inadequate nutritional intake. 
Additionally, enteral nutrition is indicated preoperatively for 
5–7 days in cancer patients or 10–14 days in patients with 
severe malnutrition undergoing major abdominal surgery [9].

During radiotherapy or chemotherapy, suitable dietary 
implementations and oral nutritional supplements are advised 
to increase or maintain dietary intake and to prevent radioche-
motherapy-associated weight loss and ultimately failure of 
these therapies [93, 94]. Routine enteral nutrition is not indi-
cated during radiation therapy and chemotherapy [9, 60]. 
Enteral feeding using nasogastric or percutaneous tubes (e.g., 
percutaneous endoscopic gastrostomy) is recommended in 
radiation-induced severe mucositis or in obstructive tumors 
of the head-neck or thorax or in patients undergoing curative 
anticancer drug treatment, if oral food intake is inadequate 
despite counseling and oral nutritional supplements (ONS). 
Elia et  al. concluded in their meta- analysis that in patients 
undergoing chemotherapy/radiotherapy, oral nutritional sup-
plements or tube feeding had no additional positive effect on 
mortality when compared to routine care. It has to be assumed, 
however, that if response to antitumor treatment is lacking, 
stabilization of weight cannot be anticipated, since additive 
catabolic effects result from both the inflammatory response 
and the chemotherapy [95].

If oral intake is markedly decreased, parenteral nutrition 
(PN) may be preferred to tube feeding in certain situations, 
including increased risk of hemorrhage and infections asso-
ciated with enteral tube placement in immunocompromised 
and thrombocytopenic patients [9].

ESPEN states that in incurable patients, enteral nutrition 
should be provided to minimize weight loss as long as the 
patient consents before the dying phase. When the end of life 
is very close, only minimal amounts of food and water may 
be used to reduce thirst and hunger [9]. ASPEN also states 
that the palliative use of nutrition support therapy in termi-
nally ill cancer patients is rarely indicated [60].

 Oral Nutritional Supplements

There are three ways of providing nutritional support: (1) 
through dietary advice and counseling or oral supplementa-

tion, (2) through enteral (tube feeding via a direct gastric or 
jejunal route), or (3) parenteral nutrition when oral and 
enteral routes are, for any reason, unavailable [31].

Oral nutritional supplements (ONS) are the commonly 
available and less invasive way for supporting cancer patients 
when the primary cause of weight loss is anorexia. The major 
indication of oral nutritional supplements is mildly malnour-
ished patients, or patients who are in good condition but can-
didates for a toxic anticancer therapy that has a significant 
risk of causing major nausea, vomiting, or upper gastrointes-
tinal mucositis. The patients should be able to swallow and 
their intestines must be functioning [31].

ONS or tube feeding was shown to significantly reduce 
weight loss compared to normal food in some studies [9]. As 
a consequence, quality of life could be maintained [96], 
interruptions of treatment could be prevented [97], and the 
frequency of hospital admissions could be reduced [93, 97] 
by ONS.

 Immunonutrition

Gastrointestinal cancer surgery is associated with defective 
immune function and postoperative mortality and morbidity, 
particularly due to infections [98]. Immunonutrition formulae—
containing high-protein and high-energy mixtures of specific 
nutrients including glutamine; arginine; polyunsaturated fatty 
acids (omega-3); nucleotides; taurine; vitamins A, E and C; beta-
carotene; and trace elements such as zinc and selenium—stimu-
late host immunity, improve the control of inflammatory 
response, and increase protein synthesis after major surgery [98]. 
Studies demonstrated that perioperative immunonutrition is ben-
eficial and associated with a low rate of infectious complications, 
length of hospital stay, and low cost compared to a standard iso-
caloric, isoenergy nutritional formulae [99, 100].

Summary of grade A recommendations of ESPEN [101] 
and ASPEN [102] about immunonutrition is as follows:

• Enteral immunonutrition both oral or through a tube for 
5–7 days preoperatively is recommended in all, malnour-
ished and nonmalnourished, patients undergoing gastro-
intestinal cancer surgery.

• Continue immunonutrition postoperatively in patients 
who were malnourished preoperatively: (1) for 5–7 days 
in the absence of complications or (2) until oral feeding 
has been restored, providing at least 60% of nutritional 
requirements.

• Use a combination of immunonutrition and physical 
activity to be more effective, to increase muscle blood 
flow, increase protein assimilation, and reduce inflamma-
tory state.

Immunonutrition is contraindicated in patients with sep-
sis and concomitant hemodynamic instability [98].
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nutritional support, enteral nutrition is generally seen as 
superior to parenteral nutrition in a patient with a functioning 
intestine. ESPEN Guidelines on Enteral Nutrition in 
Oncology indicate the following:

• Nutritional therapy should be started if under-nutrition 
already exists or if it is anticipated that the patient will 
be unable to eat for more than 7 days. EN should also 
be started if an inadequate food intake (<60% of esti-
mated energy expenditure) is anticipated for more than 
10 days [9].

Compelling data in the literature supports the use of 
enteral nutrition rather than parenteral nutrition with bowel 
rest in patients with gastrointestinal malignancy. Interest in 
the enteral route continues to grow, owing to the fact that 
enteral nutrition is usually less expensive, is nutritionally 
complete, and has a more physiological administration than 
intravenous feeding [103]. In patients with cancer, EN may 
be helpful to maintain and even improve nutritional status. 
The ESPEN guideline states the following:

• In patients who are losing weight due to insufficient nutri-
tional intake, EN should be provided to improve or main-
tain nutritional status. This may also contribute to the 
maintenance of quality of life [9].

As a general rule, parenteral nutrition should be reserved 
for patients with severe pre-existing malnutrition admitted to 
the intensive care unit (ICU), and in patients with contraindi-
cations to enteral support [104, 105]. This is based on the 
well-known complications associated with parenteral nutri-
tion administration, both in the long and short term.

A study of 154 esophagus cancer patients compared out-
comes in patients receiving parenteral support following tho-
racic esophagectomy operation versus those receiving enteral 
nutrition. The enteral group had significantly fewer life- 
threatening complications and shorter hospital stays than the 
parenteral group [106].

The role of parenteral support in gastrointestinal can-
cer patients was investigated in several studies. A system-
atic review of the literature by the American 
Gastroenterological Association (AGA) examined ran-
domized trials of parenteral nutritional support in cancer 
patients and showed that parenteral nutrition did not sig-
nificantly improve mortality. There was a statistically sig-
nificant 40% increase in the total complications rate and 
infectious complications were significantly increased [92, 
107]. On the other hand, some studies evaluating early 
institution of parenteral nutritional support in malnour-
ished patients receiving palliative anticancer treatment 
concluded that body weight was maintained, and quality 

of life and survival were significantly improved by the 
addition of parenteral nutrition to oral enteral nutritional 
supplementation [92, 108, 109].

 Gastrostomy Tubes

Patients who have unresectable or widely metastatic disease, 
but either desire or require enteral access for feeding or 
decompression, are good candidates for percutaneous endo-
scopic gastrostomy (PEG) placement. The lower complica-
tion rate and ease of placement make this procedure more 
valuable [104].

In operable patients with esophagus cancer, PEGs are 
sometimes avoided because of the risk of injuring the gastro-
epiploic artery, thus rendering the stomach unusable as a 
replacement conduit for the esophagus. However, PEG 
placement is generally a safe procedure in the setting of 
esophageal cancer, and it does not compromise the stomach 
or esophagogastric anastomosis [110].

Jejunosotomy (J) tubes are an additional option for 
enteral access. Existing gastrostomy tubes can be converted 
to jejunostomy tubes with low morbidity. Placement of a J 
tube avoids potential injury to the stomach. J tubes can be 
placed using either an open or a laparoscopic technique. J 
tubes can also be placed via a percutaneous endoscopic 
technique [111].

 Refeeding Syndrome

During prolonged starvation, fatty acids become the major 
source of energy at the cellular level, instead of glucose. For 
this reason, foods with high glucose content may cause some 
problems in cell functions and integrity, known as refeeding 
syndrome. In a patient who has been malnourished for days 
to weeks, if nutritional support is started the patient should 
be watched carefully for refeeding syndrome, which may 
cause potentially life-threatening metabolic derangements 
[112]. Therefore, in such patients, nutritional support should 
not be very aggressive at the first few days and glucose con-
tent should be increased gradually. Although the risk is 
higher with parenteral feeding, it should be kept in mind that 
enteral and even oral nutrition are not completely safe with 
regard to the refeeding syndrome.

 Nutritional Support in the Perioperative 
Period

It is well established that perioperative malnutrition is asso-
ciated with poor postoperative outcomes in patients undergo-
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ing major surgery [113, 114]. Moreover, surgical procedures 
especially for abdominal cancer may directly affect the nutri-
tional status of patients postoperatively and therefore nutri-
tional evaluation should be performed in all patients going to 
surgery for their gastrointestinal cancer. Although multiple 
studies have failed to demonstrate a survival benefit from 
perioperative nutrition support in patients undergoing major 
cancer surgery [115–117], others have documented fewer 
operative complications, and a shorter length of hospital stay 
in malnourished patients who receive nutritional support 
[118, 119]. ASPEN does not advise routine nutrition support 
therapy in patients undergoing major cancer operations and 
states the following:

• Perioperative nutrition support therapy may be beneficial 
in moderately or severely malnourished patients if admin-
istered for 7–14  days preoperatively, but the potential 
benefits of nutrition support must be weighed against the 
potential risks of the nutrition support therapy itself and 
of delaying the operation [60]. (Grade: A).

ESPEN recommendations about perioperative period of 
cancer patients are similar:

• Patients with severe nutritional risk benefit from nutri-
tional support for 10–14 days prior to major surgery even 
if surgery has to be delayed (A). Whenever feasible, the 
enteral route should be preferred [9](A).

• In all cancer patients undergoing major abdominal sur-
gery, preoperative EN preferably with immune modulat-
ing substrates (arginine, x-3 fatty acids and nucleotides) is 
recommended for 5–7  days independent of their nutri-
tional status [9] (A).

Malnourished patients undergoing major surgery for GI 
malignancies may have fewer complications when postop-
erative feeding is accomplished by the enteral, rather than 
parenteral, route, although the data are conflicting. 
Comparisons of PN to EN also indicate few differences in 
morbidity or mortality between the modalities. However, EN 
is favored to preserve gut integrity and immune markers [60, 
103, 120–123] in patients with GI tumor surgery. In another 
study, early postoperative enteral nutrition in patients with 
upper gastrointestinal cancer undergoing curative resection 
results in an improvement in protein kinetics, net balance, 
and amino acid flux across peripheral tissue compared with 
intravenous nutrition [124].

There are some studies that raise questions about the 
magnitude of the benefit from postoperative feeding. In one 
such report, postoperative enteral nutrition was associated 
with a significantly higher frequency of delayed gastric emp-
tying and a longer duration of nasogastric tube decompres-

sion and hospital stay, but no improvement in postoperative 
complications in patients undergoing a Whipple procedure 
for pancreatic cancer [125].

Parenteral nutrition decreases postoperative complications 
when administered to patients undergoing surgery for cancer, 
but does not appear to provide a survival benefit, with the pos-
sible exception of those who have intestinal failure. Furthermore, 
there are risks (mostly infectious) associated with its use [126]. 
Consequently, perioperative enteral nutrition appears to be more 
beneficial than parenteral nutrition in the reduction of complica-
tions and postoperative hospital stay. Enteral nutrition should be 
used as postoperative nutritional support for malnourished 
patients with gastrointestinal cancer, provided that there are no 
contraindications for enteral nutrition [103].

 Nutritional Support During Radiotherapy

Although routine use of tube feeding during radiotherapy is 
not recommended, there is some evidence that tube feeding 
is beneficial in malnourished dysphagic cancer patients 
undergoing radiotherapy alone or combined with chemother-
apy. Nutritional status can be better preserved and compli-
ance with oncological therapy improved with correct enteral 
nutrition support [31]. Indications for parenteral nutrition in 
patients on radiotherapy do not differ from general indica-
tions of parenteral nutrition. But in severe mucositis, espe-
cially involving the esophagus in patients undergoing 
chemoradiotherapy, it may be difficult to use the oral route 
and place a nasogastric tube. In these patients, a short period 
of parenteral support may be a choice.

ESPEN recommendations on indication for EN during 
radiotherapy or combined radiochemotherapy are as fol-
lows [9]:

• Use intensive dietary counseling and ONS to increase 
dietary intake (A) and to prevent therapy-associated 
weight loss and interruption of radiation therapy in 
patients undergoing radiotherapy of gastrointestinal or 
head and neck areas (A). If an obstructing head and neck 
or esophageal cancer interferes with swallowing, EN 
should be delivered by tube (C).

• TF is also suggested if severe local mucositis is 
expected, which might interfere with swallowing; e.g., 
in intensive radiotherapy or in combined modality 
radiochemotherapy regimens including radiation of 
throat or esophagus (C).

• TF can either be delivered via the transnasal or percutane-
ous routes. Because of radiation-induced oral and esopha-
geal mucositis, a PEG may be preferred (C).

• Routine EN is not indicated during radiation therapy of 
other body regions (C).
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 Nutritional Support in Incurable and Terminal 
Patients

Common symptoms of terminal cancer patients—such as 
nausea, vomiting, loss of appetite, dysphagia, weakness, 
or gastrointestinal tract obstruction—cause reduced oral 
intake and insufficient intake of nutrients and fluids 
before death. Clinical trials failed to demonstrate a posi-
tive effect of nutritional supply during this period in 
reversing weight loss, improving quality of life, or pro-
longing survival; therefore, most of the guidelines rec-
ommend against routine administration of parenteral 
nutrition in patients with advanced cancer [6, 60, 127]. 
But, it should be considered that total macronutrient 
deprivation in ill subjects is associated with substantial 
mortality within a few weeks. Hence, cancer patients 
who are unable to eat and who are going to die early from 
pure starvation rather than from tumor progression can 
benefit from nutritional support [9].

Home parenteral nutritional support may be considered in 
patients with malabsorption from advanced cancer or with a 
malignant bowel obstruction who might otherwise have a 
prognosis that is measured in months, after extensive delib-
eration among the healthcare staff, the patient, and family 
members [126, 128]. However, whether an aphagic, (sub)
obstructed incurable cancer patient should be supported 
through is an extremely controversial topic. This is because, 
although patients with benign intestinal failure may survive 
several years with home parenteral nutrition, incurable can-
cer patients always die after weeks or months despite home 
parenteral nutrition. Additionally, if possible, long-term 
nutritional support may be provided enterally at home, usu-
ally through a gastrostomy [31].

ESPEN recommends the following:

• EN should be provided in order to minimize weight loss, 
as long as the patient consents and the dying phase has not 
started (C). When the end of life is very close, most 
patients require only minimal amounts of food and little 
water to reduce thirst and hunger (B). Small amounts of 
fluid may also help to avoid states of confusion induced 
by dehydration (B). Subcutaneously infused fluids in the 
hospital or at home may be helpful and also provide a 
vehicle for the administration of drugs (C) [9].

 Conclusion

In conclusion, cancer-associated malnutrition or cachexia—
due to reduced food intake and metabolic derangements—is 
very prevalent in GI cancer patients. Malnutrition affects all 
aspects of oncology treatment including toxicity, perfor-
mance status, quality of life, treatment response, and overall 

survival. However, combined with surgery, chemotherapy, or 
radiotherapy, nutritional support can improve tolerance of 
treatment, quality of life, and long-term outcomes in patients 
with gastrointestinal cancer. An aggressive multidisciplinary 
approach should be utilized with nutrition support remaining 
a cornerstone in the management of these patients.
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Management of Peritoneal 
Malignancies

Richard N. Berri and Jennifer M. Ford

 Introduction

Peritoneal malignancies may result in a widespread disease 
process, peritoneal carcinomatosis (PC), which has signifi-
cant morbidity and mortality for patients afflicted by this dis-
ease. Dissemination into the peritoneum and throughout the 
abdomen can be due to a primary peritoneal cancer or other 
primary malignancies that have metastasized, including (but 
not limited to) colorectal cancer, gastric cancer, pancreatic 
cancer, appendiceal cancer, ovarian cancer, and mesotheli-
oma. Patients with gastrointestinal (GI) or gynecologic 
malignancies with peritoneal carcinomatosis may have dis-
mal survival due to a high disease burden within the abdomi-
nal cavity [1]. Some studies suggest the average survival for 
patients with peritoneal carcinomatosis of colorectal origin 
is 18–48  months, for high-grade appendiceal adenocarci-
noma 12–36  months, and for low-grade appendiceal 
 neoplasms >60 months [1].

As the understanding of peritoneal malignancies and peri-
toneal carcinomatosis evolved, it may now be acceptable to 
treat this as locoregional disease [2]. Dr. Paul Sugarbaker, a 
pioneer in the management of peritoneal cancer, was instru-
mental in this paradigm shift and his emphasis on accurate 
assessment of the locoregional tumor burden helped develop 
the current treatment pathways that are followed today. 
Cytoreductive surgery (CRS) plus hyperthermic intraperito-
neal chemotherapy (HIPEC) is now the accepted treatment 
for PC in select patients with acceptable disease burden from 
particular malignancies and a good functional status 

(Table 23.1) [3–5]. The ultimate goal of HIPEC is to destroy 
microscopic disease left behind after optimal CRS. As out-
lined by the American Society of Peritoneal Surface 
Malignancies, indications for CRS with HIPEC are as fol-
lows: a large volume of noninvasive peritoneal carcinomato-
sis or sarcomatosis, peritoneal mesothelioma, low-volume 
peritoneal seeding from invasive cancer, perforated GI can-
cer, cancer adherent to adjacent organs or structures, GI can-
cer with positive peritoneal cytology, GI with ovarian 
involvement, intraoperative tumor spill, or after systemic 
chemotherapy for recurrent ovarian cancer after a long 
disease- free interval and for palliation of patients with malig-
nant ascites [6].

 Patient Selection and Diagnosis

Perhaps the most important factor in this disease entity is 
patient selection and establishing which patients may benefit 
from a surgical approach. This can be extremely challenging. 
Patients who present for evaluation need a comprehensive 
workup to establish a diagnosis and determine the extent of 
disease. Ideally, patients should be referred to high-volume 
centers that have extensive experience in diagnosing and 
treating peritoneal malignancies. A detailed physical exami-
nation and history, including all previous treatments and 
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Table 23.1 Comparing survival rates with CRS + HIPEC versus che-
motherapy (CT) alone

Mean survival 
(months)

Author/study Disease CRS + HIPEC CT alone
Netherlands 
Cancer 
Institute [3]

Colorectal with 
peritoneal 
metastasis 
or + cytology

22.2 12.6

Elias et al. [4] Colorectal with 
peritoneal 
metastasis

62.7 23.9

Glehen et al. [5] Colorectal cancer 19.2 –

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18890-0_23&domain=pdf
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when they occurred, should be established during the first 
evaluation. The two factors that will ultimately have the most 
substantial impact on the outcome of the patient is the histol-
ogy of the primary tumor and the overall burden of perito-
neal disease.

Optimization of preoperative performance status (PS), 
activity level, and comorbidities cannot be overemphasized. 
Often employed is the Eastern Cooperative Oncology Group 
(ECOG) Performance Status; this scale ranges from 0 to 5 
and provides a concise method to assess performance status 
and activity level of patients (see Table  23.2) [7]. 
Comorbidities should be well controlled both preoperatively 
and postoperatively. Previously diagnosed comorbidities are 
present in 18% of patients undergoing major oncologic 
resection. These morbidities increase the risk of acute 
 medical complications (odds ratio [OR] 3.7), in-hospital 
mortality (OR 3.6), hospital costs, postoperative complica-
tions (OR 3.9), and increased complication severity (OR 
3.6) [8].

The American College of Surgeons (ACS) National 
Surgical Quality Improvement Program (NSQIP) calculator 
is a tool that can assist in preoperative evaluation. A recent 
study from our institution validated the risk calculator for 
use in this patient population [9]. The risk calculator is a rea-
sonable tool and is now integrated into our preoperative 
evaluation.

Any patient who demonstrates a poor PS or uncontrolled 
comorbidities must be optimized prior to considering surgi-
cal resection in such a way that is similar to any patient being 
evaluated for any complicated GI oncologic resection. 
Patients benefit from a regimen of physical activity, smoking 
cessation, and medical and nutritional optimization. 
Additionally, the procedure, recovery, outcomes, and possi-
ble adverse effects must all be explained to the patient so 
they have a comprehensive understanding and not unrealistic 
expectations.

 Radiographic Imaging

The use of imaging is essential and is in some cases diag-
nostic of peritoneal carcinomatosis. It is able to reasonably 
discern those patients that demonstrate hematogenous 
metastasis outside of the peritoneal cavity and non-resect-
able liver, lung, or other distant metastasis and are therefore 
not surgical candidates. However, an important tenant of 
peritoneal cancer is that any and all imaging modalities 
may most often dramatically underestimate the true volume 
and burden of peritoneal carcinomatosis. Importantly, this 
must be kept in mind in the preoperative surgical planning 
and especially in discussion with the patient to alert them 
of this possibility of “understaging” with imaging 
(Fig. 23.1) [10].

Imaging modalities used include computed tomogra-
phy  (CT), magnetic resonance imaging (MRI), 
18F-fluorodeoxyglucose (FDG) positron emission tomogra-
phy (PET) scan, and ultrasound (US). US can identify the 
presence of ascites and can be used for image-guided biopsy 
or identification of large intra-abdominal masses [2]. CT 
scan or, if available, MRI with peritoneal malignancy proto-
col is the method most often employed. It can discern size 
(of nodules), location, type of PC, and possible primary sites 
(Figs. 23.2 and 23.3) [2].

The use of multiplanar CT image reconstruction helps 
identify lesions that are small (<5 mm) or located in difficult 
to visualize anatomic positions, such as paracolic gutter or 
hepatorenal space. Smaller nodules (<5 mm) are better visu-
alized when located on the surface of a larger solid organ, 
such as the spleen or liver [2]. An extremely valuable funda-
mental is that the inherent movement of fluid within the 
abdomen deposits disease first within the right upper quad-
rant/right subdiaphragmatic peritoneum, followed by the left 
subphrenic space. In the lower abdomen, the rectovaginal 
pouch/pouch of Douglas is the initial collection space, fol-
lowed by deposits around the urinary bladder then the para-
colic gutters.

The provisional different types of PC are sclerotic, infil-
trative, micronodular/military, and macronodular/nodus. 
These are often identifiable on CT but much overlap between 
types exists. Therefore categorization is based on dominant 
radiographic characteristics. Peritoneal folds appear thick-
ened (diffuse or focal) with sclerotic, jellylike, reticular, 
reticulonodular, nodular, or large plaques [2].

The sclerotic type often involves the mesentery that 
appears thickened and retracted [2]. The greater omentum 
can demonstrate “omental caking,” which is a thick hetero-
geneous neoplastic mixture of micronodular, nodular, or 
large plaque disease [2]. When calcifications are identified it 
is often due to the presence of nodular or plaque lesions [2]. 
These lesions show cyst-like appearances with various levels 
of attenuation [2].

Table 23.2 The Eastern Cooperative Oncology Group (ECOG) 
Performance Status categories [7]

Grade Performance status
0 Fully active, able to carry on all pre-disease performance 

without restriction
1 Restricted in physically strenuous activity, but ambulatory 

and able to carry out work of a light or sedentary nature, 
e.g., light house work, office work

2 Ambulatory and capable of all self-care, but unable to carry 
out any work activities; up and about more than 50% of 
waking hours

3 Capable of only limited self-care; confined to bed or chair 
more than 50% of waking hours

4 Completely disabled; cannot carry on any self-care; totally 
confined to bed or chair

5 Dead
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Fig. 23.1 Top left and right: CT, MRI, PET all negative. Bottom (L and R): laparoscopy with gross disease in a patient with colorectal peritoneal 
carcinomatosis. (Reprinted with permission from Valle et al. [10].)

a b

Fig. 23.2 (a, b) A patient’s CT scan that contains minimal mucinous ascites and disease
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Additional findings present on CT include ascites. 
Ascites of greater than 50 mL (and therefore identifiable on 
CT) is present in more than 70% of patients [2]. Ascites 
may be located freely throughout the abdomen or entrapped 
in different quadrants. Invasive peritoneal nodules can 
sometimes cause encasement of the large and small bowel 
on the serosa or mesentery resulting in complete or partial 
obstruction. Mucinous ascites will irritate the peritoneum 
causing a fibrotic reaction, which results in thickening of 
the peritoneal surfaces and may possibly lead to intestinal 
obstruction [2].

If not already surgically removed, the primary site of the 
cancer can also be sometimes identified—although a combi-
nation of endoscopy and laparoscopy may be necessary. It 
can be evaluated along with peritoneal spread and intra- 
abdominal metastases. If no primary lesion is identifiable 
with imaging, endoscopy, and laparoscopy, a primary perito-
neal neoplasm can be considered. Localized PC will be in 
close proximity to the primary lesion while diffuse is spread 
to most of the peritoneal surfaces. CT is particularly helpful 
when the head of the pancreas, porta hepatis, liver, and root 
of the mesentery are involved with metastatic disease [2]. 
The accuracy of CT decreases with assessment of small 
bowel disease and lesions <5 mm [2].

MRI has demonstrated no diagnostic advantage over 
CT or in prediction of completeness of cytoreduction 
[2]. However, we recently implemented an MRI with 
peritoneal protocol that may have advantages in imaging 
the peritoneum, especially in the surveillance plan of 
young patients after surgery. Evaluation by PET scan 

(when used alone), often underestimates disease and 
may underestimate the disease burden when lesions are 
<5 mm [11, 12].

Furthermore, the ability of the radiologist to detect perito-
neal disease on any imaging study may vary significantly 
between institutions, thus allowing centers with more experi-
ence to accumulate expertise through experience and famil-
iarity with this patient group.

 Multidisciplinary Tumor Board

The use of a multidisciplinary tumor board (MDT) provides 
a comprehensive approach to the patient’s complex disease 
and extensive treatment history. It allows experts from a 
wide variety of medical and surgical specialties to prospec-
tively review the patient’s case and collectively determine 
the treatment most beneficial for the patient. The use of a 
multidisciplinary tumor board is now the standard in cancer 
care. The American College of Surgeons Commission on 
Cancer Program requires that each institution employ an 
MDT for case review and treatment decisions to receive 
proper accreditation [13]. An MDT is an education resource 
for providers, residents, and medical student; it increases 
awareness of different specialist’s perspectives on the 
approach to specific cancers [13].

Each patient who presents with PC from a disseminated 
GI or gynecologic malignancy should be presented at the 
MDT.  The internal structure of each meeting is variable 
according to institution. Typically, the patient’s case is pre-

a b

Fig. 23.3 (a, b) A patient’s CT scan that shows a large volume of mucinous ascites and significant disease
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sented in detail: previous diagnosis, previous treatments 
(surgical and nonsurgical), reason(s) for presentation at the 
MDT, current physical exam, performance status, radio-
graphic evidence, pathologic evidence, histology, and other 
elements of the patient’s case are reviewed and discussed. 
Thus, all participants can contribute to developing a patient- 
specific treatment plan that could include further diagnostic 
tests, chemotherapy, radiation therapy, surgery, no interven-
tion, or any combination thereof. It is essential that all cases 
of peritoneal cancer are routinely presented in GI tumors 
board meetings before treatment decision.

 Resection Guidelines/Operative Indications

In the selection of operative candidates, one may consider 
the following: age, comorbidities, previous surgeries, previ-
ous chemotherapy/radiation, disease-free interval from pre-
vious interventions, histology of primary tumor, peritoneal 
cancer index (PCI), completeness of cytoreductive index 
(CCR) predicted and the peritoneal surface disease severity 
score (PSDSS), prior surgery score (PSS), and simplified 
PCI.

PCI is a tool used to quantify the disease in the abdomen 
and has been found to be an accurate assessment of survival 
[11]. It is most accurate when calculated at the time of opera-
tion, however preoperative radiographic evaluation shows 
reasonable sensitivity with high-volume tumors (100%) [2]. 
However, radiographic PCI decreased in accuracy with small 
bowel involvement (sensitivity of 8–17%) or lesions <5 mm 
(sensitivity 11%) [2]. It is a scoring system that divides the 

abdomen into 13 regions and a lesion size score (LSS) is 
assigned to each region [11]. Primary lesions or localized 
recurrences are excluded from the lesion size assessment 
(Fig.  23.4) [11]. The lesion sizes for all regions are sum-
mated and the total score is assigned from 0 to 39.

Anatomic landmarks help divide the regions of the abdo-
men. The upper transverse plane is located at the lowest part 
of the costal margin; the lower transverse plane is located at 
the anterior superior iliac spine (ASIS). The sagittal planes 
divide into three equal columns. Region 0 is located at the 
umbilicus, region 1 is located in the right hemidiaphragm, 
and numbers continue in a clockwise direction [12]. 
Anatomic structures within each region are defined in 
Table 23.3 [11].

In particular, patients with colorectal cancer and other 
invasive cancers should have a thorough evaluation and a 
documented PCI before committing them to CRS and 
HIPEC.  In 2010, a multicenter French study reported by 
Elias et  al. looked at the role of the PCI in patients with 
colorectal carcinomatosis treated with surgery and HIPEC 
[14]. In this study it was shown that as the PCI increased 
above 20 in patients with CRC and PC, the survival dramati-
cally declined despite having undergone CRS and HIPEC at 
an experienced center. In fact, in this data, there were no 
5-year survivors if the PCI was greater than 20, yet in those 
patients with a PCI of 1–6, the 5-year survival was over 40% 
with a median survival of 40 months [14]. At out our center 
we most often decline patients with PC from CRC and other 
invasive malignancies for HIPEC if the PCI is greater than 
20. However, even if patients with invasive cancer have a 
PCI less than 20 that is not an absolute indication to proceed 

Peritoneal Cancer Index

PCI

Regions

1   Right Upper

4   Left Flank
5   Left Lower

7   Right Lower
8   Right Flank

9   Upper Jejunum
10   Lower Jejunum
11   Upper Ileum
12   Lower Ileum

6   Pelvis

3   Left Upper
2   Epigastrium

0   Central LS 0   No tumor seen
LS 1   Tumor up to 0.5 cm
LS 2   Tumor up to 5.0 cm
LS 3   Tumor > 5.0 cm
            or confluence

9

10

12

11

1 2 3

8 0

7 6 5

4

Lesion Size Lesion Size Score

Fig. 23.4 The peritoneal 
cancer index. (Reprinted with 
permission from Harmon and 
Sugarbaker [11]. Under the 
terms of the Creative 
Commons Attribution License 
(http://creativecommons.org/
licenses/by/2.0))
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with CRS and HIPEC. An example of this is in patients with 
an unresectable volume of tumor localized in one area, such 
as the porta hepatis; although the PCI is low, complete cyto-
reduction may not be possible and these patients generally 
should not be considered for HIPEC.

A noted exception to the PCI >20 rule is in those patients 
with low-grade appendiceal mucinous neoplasms (classic 
pseudomyxoma peritonei) or peritoneal mesothelioma. In 
those patients a PCI greater than 20 and even close to 39 can 
be found yet should not serve as a contraindication to cytore-
duction and HIPEC because of the favorable long-term prog-
nosis if those patients receive complete cytoreduction and 
HIPEC.

Arguably, the most important prognostic factor of treat-
ment success is the CCR [2, 11, 12]. Multiple studies have 
shown improved survival in patients who had undergone 
complete cytoreduction for appendiceal, colorectal, and gas-
tric cancers [11]. It is a good prognostic indicator for many 
different histopathologies. We urge that all patients who 
undergo cytoreduction should have the benefit of a team that 
can and always aims to achieve a complete cytoreduction. 
Complete cytoreduction versus incomplete cytoreduction are 
the main determinants. A CCR of 0 is achieved when there is 
no peritoneal seeding visualized within the abdomen after 
cytoreduction [11]. CCR 1 occurs when nodules <2.5 mm 
persist after CRS [11]. A CCR 2 has residual nodules between 
2.5 mm and 2.5 cm, and a CCR 3 indicates nodules >2.5 cm 

[11]. In order to proceed with HIPEC we advise a CCR of 0 
or 1. This is due to the finding that the CCR-1 tumor size (but 
not CCR-2 and above) is thought to be penetrable by intra-
peritoneal chemotherapy, thus allowing HIPEC to complete 
the surgical cytoreduction. Furthermore, Sugarbaker and 
others have shown that the chance of survival for patients 
with a CCR 0 from a CRC with PC who underwent HIPEC 
to be 40% at 5 years, yet 0% survived 5 years when cytore-
duction was incomplete (CCR 2 and above) [15].

In experienced centers, for very select patients with 
incomplete cytoreduction, such as those with refractory 
malignant ascites, HIPEC may be acceptable even though 
complete cytoreduction has not been achieved.

The peritoneal surface disease severity score (PSDSS) is 
another useful tool that incorporates clinical symptoms, 
extent of carcinomatosis, radiographic PCI, and tumor histo-
pathology (Table 23.4) [12, 16]. Although the initial use was 
for colon cancer with PC, its usefulness has been demon-
strated in appendiceal cancer with PC, and our group has 
published an initial analysis on the usefulness of the stratify-
ing system in our patients [12]. Mild symptoms are defined 
as weight loss of <10% body weight, mild abdominal pain, 
and asymptomatic ascites [16]. Severe symptoms are defined 
as weight loss >10% of body weight, refractory pain, bowel 
obstruction or symptomatic ascites [16]. A total score is cal-
culated and correlated to a stage. A score of 2–3 points cor-
relates to stage I disease; 4–7 points correlate to stage II 
disease; 8–10 points correlate to stage IV disease; and greater 
than 10 points correlate to stage IV disease. Patients who are 
stage I and II may benefit from cytoreduction and HIPEC, 
while stage III and IV rarely benefit from surgery.

In our institution, especially for CRC, the PSDSS is dis-
cussed preoperatively in the Tumor Board and it is shown to 
the patient. If the PSDSS is stage I, then we offer CRS and 
HIPEC upfront. In most cases if the PSDSS is stage II or above, 
we favor 3–6 cycles of systemic chemotherapy followed by 
restaging. In those who were stage II and who did not prog-
ress on systemic therapy, we then offer CRS and HIPEC. For 

Table 23.3 Anatomic structures located in each abdominal region

Regions Anatomic structures
0 central Midline abdominal structures: greater omentum, 

transverse colon
1 right upper Superior surface of the right lobe of the liver, 

undersurface of the right hemidiaphragm, right 
retro hepatic space

2 epigastrium Epigastric fat pad, left lobe of liver, lesser 
omentum, falciform ligament

3 left upper Undersurface of the left hemidiaphragm, spleen, 
tail of pancreas, anterior and posterior surfaces 
of the stomach

4 left flank Descending colon, left abdominal gutter
5 left lower Pelvic sidewall lateral to the sigmoid colon, 

sigmoid colon
6 pelvis Female internal genitalia with ovaries, tubes and 

uterus, bladder, pouch of Douglas, rectosigmoid 
colon

7 right lower Right pelvic side wall, cecum, appendix
8 right flank Right abdominal gutter, ascending colon
9  upper jejunum
10  lower 

jejunum
11 upper ileum
12 lower ileum

Adapted from Harmon and Sugarbaker [11]. Under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/
licenses/by/2.0)

Table 23.4 Peritoneal surface disease severity score

Clinical PCI Histology [colonic/appendiceal]
No 
symptoms
0 points

PCI 
<10
1 point

Well differentiated
Moderately differentiated/N0
Low-grade mucinous neoplasm
1 point

Mild 
symptoms
1 point

PCI 
10–20
3 
points

Moderately differentiated/N1 or N2
Mucinous adenocarcinoma
3 points

Severe 
symptoms
6 points

PCI 
>20
7 
points

Every poorly differentiated
Every signet ring
High-grade mixed adenocarcinoma and 
goblet cell carcinoma
9 points

Modified from Pelz et al. [12]
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those stage III on presentation, if after systemic therapy their 
performance status allows and they did not progress, then 
they may be offered surgery. Stage IV PSDSS patients on 
presentation rarely will become operative candidates and are 
not considered for HIPEC.

Our institution partnered with multiple other centers to 
publish data examining the role of PSDSS for patients with 
PC from CRC.  The data was very encouraging for those 
patients with a low PSDSS stage who underwent CRS and 
HIPEC. In this study 78 patients with a PSDSS stage I had a 
median survival of 81 months and those with PSDSS stage II 
(n = 302) had a median survival of 49 months [17]. Although 
the intent of the study was not to look at survival and the 
patient groups were quite heterogeneous, the data appears 
quite encouraging. As may have been expected, those in the 
study with a PSDSS stage IV (n = 151) had a median survival 
of only 27 months. Thus, in most cases, this survival of stage 
III and IV patients, which may be equivalent to those who 
underwent systemic therapy alone, is not long enough to 
advocate for CRS and HIPEC in those patients with a high 
PSDSS [17].

 Prior Surgical Score

The majority of patients with PC will have had some type of 
prior surgical intervention. This is extremely important as 
the extent of prior surgery before CRS and HIPEC can have 
a negative impact on survival and increase surgical morbid-
ity. Sugarbaker has discussed the cancer entrapment phe-
nomenon as surgical opening of tissue planes creating raw 
surfaces where cancer cells will adhere, become vascular-
ized and progress. This can make subsequent surgical cytore-
duction challenging or impossible, depending on the depth 
of penetration of the implanted cancer cells. A PSS of 0 
means no prior surgery or biopsy only. A PSS of 1 indicates 
1 region of surgery, PSS 2 indicates 2–5 regions, and PSS 3 
indicates more than 5 regions previously explored and 
dissected.

While all of these scoring and stratifying systems alone 
may not be enough to fully evaluate and treat a patient with 
PC, the combined use of the ones discussed here may allow 
the treating team to help standardize their approach to these 
patients. Most importantly, they may allow patients who will 
benefit the opportunity for surgery, while sparing those who 
will not from unnecessary exploration.

 Operative Exploration/Technique

Patients who are appropriate surgical candidates benefit from 
radical therapy and should be brought to the operating room 
with curative intent. Safety and optimal cytoreduction are the 

primary goals. A specialized team of surgeons, nurses, anes-
thesiologists, perfusionists, and pathologists must work 
together to create an optimal, safe, beneficial procedure.

Previously diagnosed comorbidities are present in 18% of 
patients undergoing major oncologic resection. These mor-
bidities increase the risk of acute medical complications (OR 
3.7), in-hospital mortality (OR 3.6), hospital costs, postop-
erative complications (OR 3.9), and increased complication 
severity (OR 3.6) [8]. It becomes imperative to have preop-
erative optimization of these morbidities. Particular attention 
should be paid to patients with previous cardiac medical his-
tory. The adverse effects and risk of general anesthetic effects 
on cardiac function are well documented. The anesthesiolo-
gist must also take into account the duration of the procedure 
and the effects of hypothermia and hyperthermia. The pro-
longed anesthetic exposure provides additional risk. 
Published studies demonstrate a range of operative times for 
CRS + HIPEC from 433 to 470 minutes [18–20]. Patients 
with previous coronary artery disease, congestive heart fail-
ure, or depressed left ventricular function may not be able to 
tolerate prolonged or aggressive intravenous fluid resuscita-
tion [2]. Hyperthermia-induced increases in myocardial oxy-
gen demand can cause devastating hemodynamic compromise 
[2]. The American Heart Association guidelines remain the 
accepted standard evaluation for preoperative cardiac assess-
ment [2].

Special consideration in this patient population is the 
abdominal domain. Patients with PC can have large amounts 
of mucinous ascites (10–15  L) that have been collected 
within their abdomens [2]. The increased volume and pres-
sure can result in a decreased functional residual capacity 
[2]. This is a risk factor for rapid oxygen desaturation, aspi-
ration, and prolonged ventilator requirement [2].

Patient positioning is of vital importance. The prolonged 
operative time increases the risk of pressure-induced wounds. 
All pressure points should be supported and documented as 
such. Additional preventive measures such as the application 
of sequential compression devices (SCD) should be 
employed. The patient may be placed supine, flat, or lithot-
omy; we prefer lithotomy in anticipation of low anterior 
resection reconstruction. Upper extremities can be out-
stretched or tucked as long as no traction is placed on the 
extremity.

 Anesthesia

A close relationship with the anesthesia team is essential for 
the success of the patient who undergoes CRS and 
HIPEC. Furthermore, the experience of the anesthesia team 
can help improve quality and outcomes. Hemodynamic 
monitoring is essential for intraoperative monitoring and 
patient safety. We advocate the use of arterial line for accu-
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rate blood pressure monitoring and selective use of central 
line placement for rapid administration of fluid, blood prod-
ucts, or inotropic support, if necessary. Some institutions do 
not routinely advocate the use of central line placement and 
we make this decision on a case-to-case basis. Although 
measurement of central venous pressure (CVP) does not 
accurately reflect volume status [2], central venous access 
improves the ease of serial lab draws: complete blood count, 
basic metabolic profile/complete metabolic profile, and 
coagulation studies. Close monitoring of such values allows 
prompt intervention and resuscitation if needed. Central 
lines expose the patient to potential risk: mechanical injury 
(pneumothorax, hematoma, bleeding, foreign body reten-
tion) and infection [2]. Other methods of estimating volume 
responsiveness include beat-to-beat changes in stroke vol-
ume (SV) induced by positive pressure ventilation (PPV) [2]. 
A small SV variation (12–13%) can indicate volume respon-
siveness or euvolemia [2]. We do not routinely use a pulmo-
nary artery catheter (Swan Ganz), however, we have 
employed its use in thoracoabdominal HIPEC cases and 
when a patient has a marked preoperative cardiac history. 
Most recently we have employed the use of noninvasive 
hemodynamic monitoring systems, mainly esophageal 
Doppler monitoring, which has been selectively studied and 
used in the management of patients undergoing HIPEC. Our 
initial results show benefit in terms of limiting volume 
replacement during the intraoperative course and we plan to 
analyze this more closely.

Additional dynamic monitoring methods that should be 
employed include esophageal temperature, bladder tempera-
ture, urine output, and close attention to ventilator settings 
during the operation (peak airway pressure, oxygen require-
ments). Frequent monitoring of these parameters, in addition 
to those listed previously, provide dynamic information that 
allows the surgeon and specialized team to monitor patient 
safety and intervene promptly when necessary.

During HIPEC, a hyperdynamic, vasodilatory state is 
induced [2]. The maximum change(s) are seen from 70 to 80 
minutes (of the 90-minute intraperitoneal chemotherapy) 
[2]. Hemodynamic changes are induced by thermal stress; 
this translates into increased cardiac output, decreased sys-
temic vascular resistance, increased heart rate, and increased 
end-tidal carbon dioxide [2]. The increase in cardiac output 
is primarily driven by an increase in heart rate and not myo-
cardial oxygen demand [2]. Esquivel et  al. observed these 
changes with intraoperative esophageal Doppler while using 
the “open coliseum” operative technique [21]. Consensus 
guidelines from the American Society of Peritoneal Surface 
Malignancies now advocate for the closed abdominal tech-
nique [22]. This technique can increase intra-abdominal 
pressure and further exaggerate hemodynamic changes.

One of the biggest intraoperative challenges for the sur-
geon and anesthesiology team is fluid management. It 

becomes tempting to administer large amounts of crystalloid 
fluid in response to changes in the central venous pressures 
(CVP) or “third space” losses. This method can result in 
increased postoperative complications: pulmonary edema, 
adult respiratory distress syndrome (ARDS), impaired heal-
ing of anastomoses, and dilution of coagulation factors and 
platelets, which could result in a clinically significant coagu-
lopathy [2]. There is good documentation that the judicious 
use of intraoperative fluid(s) improves outcomes after major 
gastrointestinal surgery [23]. Frequent laboratory draws, 
urine output, heart rate, ventilator parameters, stroke vol-
ume, cardiac output, and other means can all be used to pro-
vide a reasonable picture of patient status during the CRS 
and HIPEC. Targeted resuscitation should be emphasized 
with use of crystalloid fluid, synthetic colloid, and human- 
derived colloid (blood products). Average estimated blood 
loss (EBL) at our institution is approximately 240 mL, with 
literature citing an average EBL 300–500 mL [2]. However, 
with any large hemorrhage (>500 mL), volume replacement 
with blood products should be discussed. Additional consid-
eration for this patient population is decreased oncotic pres-
sure that may occur secondary to a loss in protein from 
surgically removed ascites. The use of synthetic colloid as 
replacement may need to be considered. The restrictive use 
of fluids during HIPEC has recently translated into improved 
postoperative outcomes, however, it should be stressed that 
adequate resuscitation and renal perfusion must also be 
achieved during the perfusion.

Accurate and frequent measurement of urine output is 
essential for hemodynamic status and renal preservation; 
some chemotherapeutic agents are known nephrotoxins. 
Ensuring adequate intravascular volume is essential as 
increased cardiac output and decreased vascular resistance 
can increase renal blood flow and renal perfusion during 
HIPEC [2, 24]. Dopamine was once thought to provide a 
nephron-protective effect by stimulation of the DA1 recep-
tors (renal vasodilation and inhibition of proximal tubule 
active sodium transport) [24]. However, this is now less 
accepted and administration of dopamine during HIPEC is 
not advocated by the consensus guidelines [22]. However, 
we use low-dose dopamine during the perfusion in the major-
ity of cases, but acknowledge the potential lack of benefit. If 
increased diuresis is needed despite adequate intravascular 
volume and renal perfusion, the administration of furose-
mide can provide additional diuresis [2]. Furthermore, the 
use of vasopressors to increase renal perfusion has been used 
during the perfusion in our and other series with acceptable 
return of increased urine output.

In addition to ensuring adequate volume status, electro-
lyte disturbances (such as potassium) must be corrected prior 
to administration of chemotherapeutic agents to prevent 
exaggerated effects due to renal losses. Certain chemothera-
peutic agents can cause electrolyte disturbances. In rare 
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instances, oxaliplatin can predispose to a lactic acidosis, 
hyperglycemia, and hyponatremia [2]. Cisplatin can cause 
cardiac dysrhythmias (specifically ventricular tachycardia) 
by altered magnesium levels [25]. Additional observations 
comparing mitomycin C to oxaliplatin showed that patients 
receiving oxaliplatin had significant 24-hour postoperative 
hyponatremia, hyperglycemia, and metabolic acidosis, and 
thus strict intraoperative glycemic control is essential [26].

Furthermore, at our institution over a 24-month period we 
have implemented a system to monitor intra-abdominal pres-
sure during the HIPEC. This is intended to help allow for 
additional data to manage the patient’s volume status, hemo-
dynamic changes, and urine output changes during the perfu-
sion. For example, we have experienced in some cases a 
rapid change or decline in urine output when intra- abdominal 
pressures exceed 22 mm Hg and thus this monitoring allows 
us to adjust the pressure by changing the volume of the per-
fusate. Importantly, the pressure monitoring also allows us to 
maintain an adequate pressure that helps ensure optimal pen-
etration of the chemotherapeutic agent being used. This work 
will be published in an upcoming review by the authors.

 Diagnostic Laparoscopy

Traditionally, laparoscopic staging was discouraged due to 
difficulty in trocar placement in the presence of abdominal 
wall mass(es) or multiple previous surgeries, neoplastic con-
tamination of port sites, and skepticism about the reliability 
of the procedure [10]. However, this is being challenged and 
more institutions, including ours, are performing diagnostic 
laparoscopy (DL) regularly. We use an open Hasson tech-
nique for laparoscopy and favor the left upper quadrant if 
feasible (Fig. 23.5). DL allows the surgeon to calculate the 
extent of disease and assess tumor burden, and determine the 
PCI and extent of resection needed to achieve CCR or 0/1 
with less operative time, less morbidity and mortality com-
pared to a laparotomy. DL has demonstrated multiple 
strengths: evaluation of small bowel mesentery, through 
evaluation of all regions of the PCI scoring regions; evalua-
tion of the omental bursa, pelvic cavity, diaphragm, and 
abdominal wall; and allow for peritoneal washings and biop-
sies if needed to determine the course of treatment [10]. Its 
areas of inherent weakness pertain to evaluation of the thick-
ness of diaphragmatic lesions and evaluation of pancreatic or 
lesser sac involvement; however, with the use of intraopera-
tive laparoscopic ultrasound these challenges could be over-
come [10].

Indications for DL include staging of PC already diag-
nosed via imaging, staging of PC of unknown origin, restag-
ing following neoadjuvant therapy, restaging during 
follow-up with uncertain imaging, and restaging following 
adjuvant therapy [10].

At our institution a patient may be brought for DL 
2 weeks prior to a potential CRS + HIPEC or immediately 
prior to CRS + HIPEC. If a patient is brought to the operat-
ing room for diagnostic laparoscopy 2 weeks prior to poten-
tial CRS + HIPEC, he or she can be admitted as “same-day 
surgery” with admission and discharge the same day. Bowel 
preparation is usually not required. The patient is placed 
under general anesthetic with endotracheal intubation. 
Typically, patients previously have had (multiple) gastroin-
testinal surgical procedures; therefore using the Hasson 
technique to enter the abdomen is most safe in our experi-
ence. Location of entry is based on surgeon preference: 
periumbilical, right or left flank, right or left iliac fossa, 
midaxillary line, or left upper quadrant (our preferred site of 
entry) [10]. In our approach, once the fascia is grasped and 
incised, great care should be taken to dissect away any adhe-
sions avoiding bowel injury; and once deemed safe, a large-
diameter blunt Hasson port (10–12 mm) should be inserted 
gently and secured. Ascites should be evacuated prior to 
pneumoperitoneum being established [10]. If the patient has 
a large amount of ascites, pneumoperitoneum may be diffi-
cult to obtain without high intra-abdominal pressures. Some 
of these patients will be able to tolerate higher pressures due 
to chronic domain expansion due to ascites; however, the 
 surgeon must be astute to subtle hemodynamic changes to 
indicate hemodynamic compromise and stop the 
procedure.

When diagnostic laparoscopy is performed immediately 
preceding CRS + HIPEC very little differences exist. Patients 
should be prepared and admitted with expectation for 
CRS  +  HIPEC to be completed. Prior to surgery, patients 
should have completed a bowel preparation, recent imaging 
(CT scan within the last 1–3 months), full laboratory work 

Fig. 23.5 Laparoscopic patient: our four-trocar approach to laparo-
scopic HIPEC in a patient with very low volume, low-grade appendi-
ceal mucinous disease. This patient underwent laparoscopic HIPEC 
(shown here) and was discharged on POD 2
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(CBC, BMP, INR, etc.), electrocardiogram (EKG), and any 
other preoperative testing needed to optimize the patient.

Upon visualization of the abdomen, each quadrant of the 
abdomen and the entire peritoneum should be visualized if 
possible and a PCI calculated. The patient should be rotated 
into at least four different positions to fully inspect the abdo-
men: steep reverse Trendelenburg left tilt, steep reverse 
Trendelenburg right tilt, steep Trendelenburg right tilt, and 
steep Trendelenburg left tilt [10].

In one report, diagnostic laparoscopy was performed in 351 
patients with 99.7% of patients having successful staging [10]. 
Only 1 patient (0.28%) was not able to undergo laparoscopy 
staging due to dense adhesions [2]. Five patients were under 
staged (1.4%) which became evident upon laparotomy and 
resulted in incomplete cytoreduction [10]. There were two site 
infections, one episode of bleeding, one bowel perforation, 
one diaphragm perforation, and zero mortality [10]. No neo-
plastic seeding was detected or any port site metastases [10].

The algorithm for proceeding with CRS + HIPEC after 
DL is outlined in Fig. 23.6 [10]. This algorithm is based on a 
combination of absolute exclusion criteria and relative inclu-
sion criteria if a patient has an acceptable PCI on DL.

If the patient is not a candidate for CRS + HIPEC, the patient 
can be discharged that day with short-term follow-up in the 
office to discuss surgical findings and referral to medical oncol-

ogist. If the patient is eligible for and able to complete further 
systemic treatments, they can then at that point be brought back 
to the surgeon’s office for re-evaluation and restaging. We prefer 
performing diagnostic laparoscopy in a separate setting before 
the intended CRS and HIPEC, especially for high-grade histolo-
gies. This helps limit the mobilization of extensive resources for 
the major procedure when the diagnostic laparoscopy reveals an 
unresectable burden of disease.

 Cytoreductive Surgery

If a patient is deemed an acceptable candidate for CRS + HIPEC 
after laparoscopic evaluation, the pneumoperitoneum is evac-
uated, trocars removed, and laparotomy performed via mid-
line incision. In some patients with very limited disease 
(PCI <10), laparoscopic cytoreductive surgery may be possi-
ble [27, 28]. Esquivel et al. demonstrated that in patients with 
limited disease, laparoscopic cytoreduction is feasible and 
safe [27]. A European study showed that when comparing 
laparoscopic versus open procedures, compete cytoreduction 
was possible without conversion to open [28]. The laparo-
scopic group had a shorter mean operative time (210 versus 
240 minutes), shorter mean length of stay (12 versus 19 days), 
and fewer grade III/IV complications (one versus four) [28].

NO

YES

• Mesenteric root infiltration or not liable to a complete
 cytoreduction
• Pancreatic capsule massively infiltrated, not liable to a
 complete cytoreduction or requiring major pancreatic
 resections
• Expected small bowel resection for more than one
 third of the whole length
• Liver metastases: more than 3 on the same lobe or
 multiple bilateral unresectable

STEP ONE: RULE OUT ABSOLUTE
CRITERIA OF EXCLUSION

No CRS or
HIPEC

STEPTWO: DETERMINE RELATIVE
INCLUSION CRITERIA 

• Determine the ratio between PCI and histology
 (natural history of the primary)
• Possibility of down staging by systemic chemotherapy

STEP THREE: FINAL DECISION ABOUT THE POSSIBILITY
OF REACHING CCR 0/1 BASED ON STEPS 1 & 2 

CONTINUE WITH CRS AND  HIPEC

YES

NO

No CRS or
HIPEC

Fig. 23.6 As from Valle et al. 
[10], algorithm for decision- 
making process for a correct 
indication for radical 
CRS + HIPEC based on 
laparoscopic staging
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To proceed with laparotomy for CRS, a midline incision 
is extended superiorly to the xiphoid (which we routinely 
resect) and inferiorly elliptically around the umbilicus 
(which is resected) to the pubis. Great care must be taken 
when entering the abdomen to prevent inadvertent organ 
injury. Upon entrance into the abdomen, a thorough manual 
inspection should be performed. The surgeon should evalu-
ate all regions: the retrohepatic space, the lesser sac, the spl-
enorenal fossa, the pelvis, small bowel, the mesentery, and 
entire peritoneum. If there is an acceptable PCI (<20) in 
patients with invasive disease, then cytoreductive surgery 
(CRS) with curative intent should proceed; this, of course, 
depends on the primary histology.

A large-caliber, self-retaining retractor that exposes the 
entire abdomen should be utilized. In our practice the 
Thompson liver retractor (Thompson Surgical Instruments, 
Inc., Traverse City, MI) is utilized to expose the entire abdo-
men. Surgeons should also take into consideration the tools 
that are used to resect tumor. Traditional scissor and knife 
resections can cause profuse bleeding from peritonectomy 
and cause a large dissemination of malignant cells within 
the abdomen [29]. The use of electrocautery/electroevapo-
rative surgery should be implemented. A zone of heat necro-
sis (at the margin of resection) is caused by high-voltage 
electrocautery, which destroys all malignant cells within 
this zone [29].

Lysis of all adhesions should precede for all peritonecto-
mies or visceral resections. It is theorized that malignant 
cells are trapped within adhesions, which are not penetrated 
by the chemoperfusate [29]. The “tumor cell entrapment 
hypothesis” is a mechanism whereby malignant cells are 
fixed at sites of prior surgical dissection [29]. It is therefore 
of vital importance to take down all adhesions and preserve 
bowel integrity as much as technically possible.

Cytoreductive surgery for peritoneal malignancies 
includes resection of primary tumor(s) and all metastases; 
this may include the entire peritoneum. Up to five procedures 
may be needed to achieve resection of the peritoneum that is 
involved with the malignancy [29]. The peritonectomy pro-
cedures include: anterior parietal, left upper quadrant, right 
upper quadrant, pelvic, and omental bursectomy [29]. Please 
see Table  23.5 for the resection regions achieved by each 
peritonectomy [29].

Both parietal and visceral peritoneum may need resec-
tion; however, when the visceral peritoneum is involved the 
underlying organ (stomach, small bowel) requires coinciding 
resection [29]. The visceral peritoneum is involved most 
commonly in three locations: the rectosigmoid colon, ileoce-
cal valve, and antrum of the stomach [29]. These three loca-
tions are sites where the bowel and retroperitoneum have a 
particularly strong attachment with less peristalsis of the vis-
ceral peritoneum allowing more time for tumor deposition 
[29]. A complete pelvic peritonectomy is most often required: 

stripping of all sidewalls, peritoneum overlying the bladder, 
the cul-de-sac, and resection of the rectosigmoid colon [29]. 
Resection of the ileocecal valve along with the distal most 
terminal ileum is often required [29]. The pylorus of the 
stomach is fixed to the retroperitoneum, and tumor may col-
lect in the subpyloric space via the foramen of Winslow [29]. 
Large amounts of disease in this area may cause gastric out-
let obstruction [29].

Multiple additional procedures may need to be performed 
to obtain CCR 0/1. If a (right or left) subdiaphragmatic peri-
tonectomy is to be performed, we advocate for xiphoidec-
tomy prior to the peritonectomy [29]. The xiphoid is exposed 
back to its origin at the base of the sternum using electrocau-
tery, which has twofold importance in this area: to control 
arterial bleeding that is located lateral to the xiphoid and to 
allow easier fracture of the xiphoid due to denatured bone 
proteins [29]. The xiphoid can be grasped with a Kocher 
clamp or similar tool and fractured away sharply from the 
base of the sternum.

Alternatively, we prefer that after dissection through the 
abdominal wall, prior to entrance into the abdomen, the sur-
geon dissect the parietal peritoneum off the retrorectus 
sheath. This leaves the anterior peritoneum intact and a small 
peritoneal window at the superior aspect of the incision can 
be created (Fig. 23.7). This will allow the surgeon to inspect 
and palpate the anterior parietal peritoneum and assess if a 
total or partial anterior parietal peritonectomy is needed [29]. 
Dissection should continue superiorly to the undersurface of 
the hemidiaphragm(s) down toward the paracolic gutters 
[10]. The section of the parietal peritoneum in closest attach-
ment with the underlying tissue is along the transverses mus-
cle. Dissection is more difficult here compared to the looser 
connections along lines of Toldt along the paracolic sulcus 
[10]. If cancer nodules are palpated, a complete anterior peri-
tonectomy is required; if no nodules are palpated, then the 
anterior peritoneum can be maintained with only regional 
resections.

A left subphrenic peritonectomy is begun by dissection of 
the epigastric fat pad and peritoneum off the posterior rectus 

Table 23.5 The five different peritonectomy procedures and their 
regions of resection for each

Peritonectomy 
procedures Resection regions
Anterior parietal Epigastric fat pad, umbilicus, and previous 

incisions of the abdomen
Left upper quadrant Greater omentum and spleen
Right upper 
quadrant

Tumor on Glisson’s capsule

Pelvic 
peritonectomy

Uterus, ovaries and rectosigmoid junction

Omental 
bursectomy

Gallbladder and lesser omentum

Modified from Sugarbaker [29]
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sheath [29]. Dissection continues with electrocautery to sep-
arate the peritoneum from the diaphragm, left adrenal gland, 
and superior portion of the perinephric tissue [29]. The 
splenic flexure of the colon should be mobilized medially by 
transection of the peritoneum along the lines of Toldt [29]. 
The stomach (after ligation and transection of all of the short 
gastric arteries) can be reflected medially to allow visualiza-
tion of the left adrenal gland, pancreas, the anterior surface 
of the transverse mesocolon, and perinephric tissues [29]. 
The left lateral liver should be mobilized, with care not to 
injure the inferior phrenic vein, which can be ligated and 
divided if needed to perform inclusive peritonectomy. At this 
point we also incise the pars flaccida to allow access to the 
lesser omentum and caudate liver, which should be explored 
thoroughly. Blood vessels that are encountered during dis-
section of the diaphragm should be well controlled prior to 
division, for these vessels tend to retract into the diaphragm 
muscle, which can be a source for ongoing hemorrhage [29].

A right subphrenic peritonectomy begins similar to that of 
the left: from the right posterior rectus sheath. Dissection 
should be continued in the same manner, using high voltage 
3 mm ball tip electrocautery, taking care to control all vessels 
encountered. To ensure complete peritonectomy, mobiliza-
tion of the liver must be extensive and gentle downward 
retraction should be used so as to not damage the liver or its 
vascular attachments. The right peritonectomy is continued 
until the bare area of the liver is reached [29]. The perito-
neum should be followed onto the liver surface as Glisson’s 
capsule. All of the capsule and associated tumor should be 
removed. It is possible to remove a thick layer of tumor with 
little blood loss by using electrocautery beneath Glisson’s 
capsule [29]. Complete removal of the falciform ligament, 
most importantly at this area of hepatic attachment, is neces-
sary. Not only is tumor deposition along the falciform liga-
ment encountered, but at its entrance in the hepatic 
parenchyma it is covered in peritoneum, creating a tunnel 
with potential tumor deposition [29]. In some patients a 
bridge of hepatic tissue covers the entrance; this bridge must 
be divided to allow full inspection of this area of peritoneum 

[29]. This is often in close proximity to the left hepatic artery, 
so careful, direct dissection must occur [29]. See Fig. 23.8 
for right upper quadrant peritonectomy intraoperative and 
completion.

Lateral dissection over the perinephric tissues and right 
adrenal gland should also be completed [29]. If tumor is 
densely adherent to or invading the tendinous portion of the 
diaphragm, that section should be resected using an elliptical 
excision and promptly repaired with a strong nonabsorbable 
0 suture [29].

Removal of the gallbladder should occur in standard fun-
dus down technique. Once the cystic duct and cystic artery 
are ligated, the tumor overlying the hepatoduodenal ligament 
can be removed [29]. Oftentimes, tumor is heavily layered 
over the ligament, but this can be dissected away bluntly 
[29]. However, thick deposits of tumor can make cystic dis-
section difficult due to skewed anatomy.

We prefer to encircle the porta hepatis and then dissect 
out all structures as the tumor is dissected away. The lesser 
omentum is resected with preservation of the right gastric 
artery [29]. One must inspect for the presence of a replaced 
or accessory left hepatic artery coming from the left gas-
tric artery. This must be preserved unless embedded in 
tumor and its preservation would prevent a complete cyto-
reduction [29]. The gastrohepatic ligament is separated 
from its hepatic attachments at segments 2 and 3, with 
careful dissection around the caudate lobe to not disrupt its 
delicate blood vessels, which has its origins along the 
anterior surface of those segments [29]. The peritoneum 
and lesser omentum is divided along the lesser curvature 
of the stomach [29]. It is separated from the vascular and 
vagal arcades toward the left gastric artery and subse-
quently released [29].

Reflection of the left liver can allow the surgeon to visual-
ize the posterior aspect of the hepatoduodenal ligament and 
omental bursa. The peritoneum overlying the left liver 
extending to the subhepatic vena cava is divided. Blunt dis-
section can then be used to strip the peritoneum from the 
superior recess of the omental bursa, the crus of the right 
diaphragm, and beneath the portal vein [29].

A complete pelvic peritonectomy includes resection of 
the uterus, ovaries, rectosigmoid colon, and peritoneum 
[29]. Pelvic peritonectomy begins with resection of the 
 peritoneum from the inferior aspect of the abdominal inci-
sion. Dissection is continued to the right and left borders of 
the bladder [29]. The peritoneum overlying the surface of 
the bladder is stripped away to the level of the cervix or 
seminal vesicles while counter traction is placed on the ura-
chus [29]. The proper plane for dissection is between the 
musculature of the bladder and its overlying fatty tissue 
[29]. Both uterine arteries are ligated close to the base of the 
bladder, just above the ureters [29]. Laterally, the perito-
neum is continuous with the peritoneum of the right and left 

Fig. 23.7 Anterior parietal peritonectomy in our patient with a low- 
grade appendiceal mucinous carcinomatosis with large volume muci-
nous ascites
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paracolic sulci [29]. Care must be taken not to damage the 
ureters. In females, the round ligament is identified and 
ligated as it enters the internal inguinal ring [29]. Both ovar-
ian veins are ligated at the level of the lower pole of the 
kidney [29]. If tumor burden is present beyond local resec-
tion, the rectosigmoid colon is formally resected just distal 
to the pelvic tumor [29]. Electrocautery is used to excise the 
mesorectum circumferentially [29]. Exposure of the recto-
vaginal septum is then achieved by dissecting the bladder 
away from the cervix where the anterior and posterior vagi-
nal cuff is transected [29]. The perirectal adipose is divided 
beneath the peritoneal reflection to ensure removal of all 
tumor within the cul-de- sac [29]. See Fig. 23.9 for pelvic 
peritonectomy.

Small bowel involvement may be extensive or focal. 
There are five types of small bowel involvement based on 
size and invasiveness. See Table 23.6 [30].

Type 1 nodules are small in size, do not invade past the 
peritoneum and have a less aggressive histology [29]. The 
small size of these nodules are amenable to resection using 
scissors and do not require resection of the small bowel 
wall [29]. Type 2 lesions require a partial thickness resec-
tion of the bowel wall due to invasion into the muscular 
layer [29]. Mucosa and submucosa are left intact and the 
seromuscular layer is repaired primarily [29]. These nod-
ules are preferentially removed via scissor dissection. Type 
3 nodules are large enough that a full-thickness resection of 
the antimesenteric bowel wall is needed [29]. The defect is 

a b

c d

Fig. 23.8 (a, b) Retraction of the liver demonstrating the right upper quadrant peritonectomy site. (c) Left upper quadrant/abdominal wall perito-
neum. (d) The right upper quadrant with liver retraction demonstrating a complete peritonectomy and the removed specimen
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repaired in a two-layered fashion. Type 4 nodules can 
undergo localized resection or segmental small bowel 
resection pending the size (of the nodule) and vascular sup-

ply [29]. A two-layered repair follows the localized resec-
tion, and a hand sewn end- to- end or stapled side-to-side 
small bowel anastomoses are performed for segmental 
resection. Type 5 nodules require a formal small bowel 
resection with associated mesentery (Fig. 23.10) [29]. The 
section of small bowel and mesentery that is resected is 
divided with a linear stapler.

Currently there is no consensus if anastomoses should 
occur prior to or after chemoperfusion of the abdominal cav-
ity. We routinely perform all anastomoses after perfusion. 
The only agreed upon closure prior to HIPEC is that of the 
vaginal cuff to prevent leakage. An observational study over 
a 10-year period demonstrated no difference in the develop-
ment of digestive fistulas in patients who had anastomoses 
performed prior to (26%) or after (74%) HIPEC was per-
formed [31]. Full bowel resections with primary anastomo-
ses should be completed after HIPEC (i.e., type 5 small 
bowel nodules). In our center all bowel anastomoses are per-
formed after HIPEC.

a

b

Fig. 23.9 (a, b) View into the pelvis demonstrating complete removal 
of pelvic peritonectomy and abdominal view after complete 
cytoreduction

Table 23.6 The five types of small bowel involvement

Nodule 
type Description
Type 1 Noninvasive nodule
Type 2 Small invasive nodules on the anti-mesenteric portion of 

the small bowel
Type 3 Moderate sized invasive nodules on the anti-mesenteric 

portion of the small bowel
Type 4 All sizes of invasive nodules at the junction of small 

bowel and its mesentery
Type 5 Large invasive nodules

Modified with permission from Bijelic and Sugarbaker [30]

a b

Fig. 23.10 (a) Small noninvasive resectable nodules in small bowel mesentery. (b) Invasive nodules of various sizes on the small bowel
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 Hyperthermic Intraperitoneal 
Chemotherapy (HIPEC)

Once a CCR 0/1 has been achieved, the team can begin to 
prepare for instillation of the chemoperfusate. HIPEC 
should achieve total destruction of all microscopic in situ 
malignant cells. Animal models have supported a “perito-
neum-tumor” barrier composed of the peritoneal mesothe-
lium, the extracellular matrix that surrounds the tumor and 
successive layers of tumor cells [32]. This barrier is a limit-
ing factor for penetration of the chemoperfusate into the 
tumor.

In previous literature, multiple different techniques to per-
form HIPEC have been described. Variability existed from insti-
tution to institution based on HIPEC method (open coliseum, 
partial closure, peritoneal cavity expander, closed), drug(s) 
used, dosage of drug(s), timing of drug delivery, volume of per-
fusate, inflow temperature, and duration of perfusion.

The American Society of Peritoneal Surface 
Malignancies (ASPSM) was created to develop standard-
ized methods of patient selection and therapy guidelines to 
maximize benefit while minimizing morbidity and over-
treatment of this diverse patient population [22]. As of 
2017, the ASPSM had 240 members from 26 countries 
[33]. When established in 2009, the first goal of the ASPSM 
was to establish standardization of HIPEC delivery in the 
United States of America for multiple disease processes 
(colorectal cancer, ovarian cancer, peritoneal mesotheli-
oma, low-grade appendiceal, and high-grade appendiceal 
cancers) [22, 33]. To date, the consensus guidelines on 
HIPEC delivery for use in  colorectal cancer with peritoneal 
dissemination have been published [22].

Traditionally, three methods of HIPEC delivery have been 
described: open coliseum technique, the peritoneal cavity 
expander (PCE), and closed technique [2]. Although most 
centers now perform exclusively closed technique, we will 
briefly mention the open coliseum and PCE techniques. The 
open method, often referred to as the coliseum technique, 
was originally described by Sugarbaker upon completion of 
CRS, four watertight closed outflow suction drains are 
anchored through the abdominal wall [2]. These drains 
remain in place in the postoperative period [2]. An inflow 
line is placed over the open abdomen into the peritoneal cav-
ity along with accompanying temperature probes [2]. The 
abdominal incision skin edges are suspended to create a self- 
retaining column with the surgical retractor (Fig. 23.11) [34, 
35]. A plastic sheet is placed over the abdominal opening 
that contains a small incision to allow the surgeons to manu-
ally stir the cavity [2]. Personal protection equipment is of 
vital importance to surgeon safety with this technique (dou-
ble glove, goggles, imperforate gown, etc.) [2].

The peritoneal cavity expander is a variation of the open 
coliseum technique that was utilized in Japan without much 

popularity elsewhere [2, 36]. This method utilizes an acrylic 
cylinder with inflow and outflow lines that are secured over 
the abdominal incision [2, 36, 37]. See Figure 23.12 [36]. 
When the expander is filled with perfusate, it allows the 
small bowel to float, allowing it to be manipulated [2].

The closed technique is the method most widely practiced 
and described in the ASPSM consensus guidelines. Once 
cytoreduction has been achieved, the abdomen is thoroughly 
irrigated to remove any cellular debris. Perfusion cannulas 
are attached to inflow catheters with a watertight 0 silk suture 
(or similar suture). Temperature and pressure probes are 
attached to the cannulas with a suture in a similar fashion. 
Inflow and outflow catheters are placed under the diaphragm 
and into the pelvis. The tubing must lie easily without kinks 
or sharp bends. The laparotomy incision is then closed, 
watertight, around the cannulas, creating a closed circuit. 

Smoke evacuator
tubing

Self retaining
retractor

Plastic sheet

Fig. 23.11 Demonstration of the open coliseum HIPEC technique. 
(Reprinted with permission from Esquivel et al. [35])

Fig. 23.12 Demonstration of the peritoneal cavity expander HIPEC 
technique. (Reprinted with permission from Fujimura et al. [36])
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See Fig. 23.13. The abdomen undergoes gentle external agi-
tation to promote fluid circulation and even distribution of 
the perfusate. The closed technique requires a larger volume 
of perfusate and a higher abdominal pressure [2]. This may 
improve perfusate drug penetration into malignant cells [2]. 
At the end of HIPEC, the cavity is drained and laparotomy 
incision reopened; anastomoses are then performed [2].

At our institution we perform a 90-minute perfusion with 
mitomycin C at a 42 °C inflow temperature for colorectal and 
appendiceal cancer and a 60-minute perfusion when using 
cisplatin for peritoneal mesothelioma, gastric, and ovarian 
cancer.

 Chemotherapeutic Drugs

The drug chosen as the chemoperfusant should pose demon-
strable activity against the malignancy being treated. The 

drug must also be directly cytotoxic; drugs needing systemic 
metabolization into their active form are not appropriate for 
use with HIPEC [38]. The ideal agent will possess direct 
cytotoxic activity synergistic with heat, lack local toxicity, 
without systemic spread, or systemic toxicity [38]. Tumor 
specificity should be considered: Previous responses to sys-
temic agents may indicate tumor sensitivity or resistance to 
intraperitoneal agents. Toxicities of the drug chosen is influ-
enced by the drug concentration to the maximal plasma drug 
concentration [38]. This creates a concentration-time curve 
gradient and the area under the curve helps dictate maximal 
doses [38].

The intraperitoneal route will deliver high regional con-
centrations with minimal systemic effect due to the 
“peritoneal- plasma” barrier [38]. This barrier maintains min-
imal displacement of the drug from the peritoneum to the 
plasma [38]. Limited and delayed absorption through the 
peritoneum is more pronounced with high-molecular weight 

a

c

b

Fig. 23.13 The closed technique. (a, b) The abdomen is temporarily closed with cannulas, temperature probes, and pressure probes incorporated. 
(c) The abdomen is gently agitated
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molecules; therefore these drugs are more favorable for use 
in HIPEC [38]. Additionally, any drug that is absorbed into 
the visceral peritoneum will be drained via the portal system 
and undergo first pass metabolism in the liver, therefore inac-
tivating the drug and minimizing systemic exposure [38]. 
Renal excretion of the metabolites is usually rapid. The most 
common presentation of systemic toxicity is bone marrow 
suppression [38].

Intraperitoneal drug concentration and exposure to the 
drug are the two biggest determinants that affect treatment 
[38]. Drug concentration refers to concentration in the peri-
toneum or tumor cells; concentration of drug in the perfusate 
fluid is of less importance [38]. Increased local concentration 
in tissues will improve penetration, and, although this is dif-
ficult to measure, the depth of penetration is estimated to be 
2–5 mm [38].

Heat alone has a direct antitumor effect. Application of 
heat causes protein denaturation, impaired DNA repair, 
inhibition of oxidative metabolism causing cellular acid-
ity, lysosomal activation, and increased apoptosis [2]. 
Heat shock proteins may limit these direct hyperthermic 
effects.

The combination of hyperthermia (temperatures above 
39–40  °C) and neoplastic drug(s) results in exponential 
increase in cytotoxic effect [38]. This is dependent upon 
multiple factors: increased uptake into malignant cells, 
increased membrane permeability, improved membrane 
transport, alteration of drug metabolism (decreased adenos-
ine triphosphate transporters allowing drug accumulation), 
excretion, drug penetration, drug action, and inhibition of 
repair mechanisms [2, 38]. Heat stability of the drug is a 
requirement. We will discuss drugs used for each malignancy 
in the following sections.

In our institution we use mitomycin C (40 mg dose, given 
in two doses, 30 mg at time zero/10 mg at time 60 minutes) for 
appendiceal and colorectal primaries. For gastric cancer, ovar-
ian cancer, and mesothelioma, we use a combination of cispla-
tin and doxorubicin. In patients with recurrence from 
appendiceal and colorectal cancer who present and are candi-
dates for a second debulking and HIPEC, we use melphalan 
(60 mg/m2 for 60 minutes) and have had favorable, safe results.

 Appendiceal Cancer

Cancer of the appendix is rare, with approximately 1% of 
appendectomy specimens harboring malignancy. 
Approximately 200–1000 new cases are reported each 
year, which correlates to 0.12 cases per 1,000,000 of pop-
ulation [2]. Adenocarcinoma was diagnosed in approxi-
mately 65% of new cases. Traditionally, these patients 

were treated with systemic chemotherapy and some deb-
ulking procedures. This would fail to eradicate the micro-
scopic disease and recurrences would occur in more than 
90% [2].

Prognosis is determined by histologic grade, tumor 
biology, age, functional status, and extent of disease at 
diagnosis [2]. Patients may present with copious intra-
abdominal mucin—pseudomyxoma peritonei (any primary 
tumor with copious intraperitoneal mucin production) [2]. 
However, patients may present without mucin and demon-
strate solid peritoneal disease that shows minimal differ-
ences from other gastrointestinal malignancies [2]. 
Sugarbaker and his colleagues first described a new 
approach in 1980 with CRS combined with hyperthermic 
intraperitoneal chemotherapy, which has now become the 
standard of care for treatment of peritoneal dissemination 
from appendiceal neoplasm [2].

Patients will be diagnosed either inadvertently after 
surgery or with late systemic or peritoneal disease [2]. 
These malignancies are classified as either “low grade” or 
“high grade”; however, there is documentation of differ-
entiation of low-grade malignancies into high-grade 
lesions in about 16% of patients [2]. This suggests that 
these malignancies lie on a spectrum rather than definitive 
categories. Pattern of spread is related to the grade of dis-
ease [2].

Luminal obstruction, usually by mucin, is the first 
step in disease dissemination of low-grade tumors 
(Fig.  23.14). Excessive mucin production occludes the 
lumen, which increases pressure and causes perforation 
of the appendix with peritoneal dissemination of mucin 
and tumor cells. Low-grade lesions are associated with 
implantation and spread along the peritoneal surface in a 
predictable sequence: right lower quadrant, the pelvis, 
the right upper quadrant, and finally throughout the 
abdomen [2]. Distant or lymphatic metastases occurs in 
less than 10% of cases [2].

Most centers use mitomycin C for appendiceal tumors. 
Mitomycin C has good activity against gastrointestinal 
malignancies as an alkylating antibiotic [38]. It has accept-
able tumor penetration (2–5 mm) and an intraperitoneal to 
plasma drug area under the curve (AUC) ratio of 13–80, indi-
cating good pharmacokinetics and low systemic toxicity 
[38]. Oxaliplatin has been used in high doses over short 
intervals (30  minutes). In some institutions, systemic 
5- fluorouracil and leucovorin are simultaneously adminis-
tered to enhance oxaliplatin therapy [38]. There is rapid 
absorption of the drug into the tumor, although with a low 
AUC: 13 [38].

Outcomes vary depending on histology, the extent of 
peritoneal seeding, and comorbidites [2]. Mucin-
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producing tumors generally have a more predictable clini-
cal course (peritoneal dissemination) and a better response 
to therapy [2].

In our series, and in most throughout the nation, the 
most common reason for cytoreduction and HIPEC is 
an appendiceal neoplasm. The grade of the appendiceal 
tumor is of utmost importance, and in general all low-
grade mucinous neoplasms of the appendix may be 
treated with debulking and HIPEC if needed. We know 
that this group of patients, if optimally cytoreduced and 
administered HIPEC, has the best prognoses with 
median survival exceeding 10 years in most series. This 
is highly dependent on the grade of the neoplasm and 
perhaps even the molecular profile of the tumor, as 
even low-grade tumors with certain molecular muta-
tions may behave aggressively. High-grade neoplasms, 
as defined by Misradji, can behave as an aggressive 
invasive malignancy. Thus, the management of high- 
and low-grade appendiceal mucinous tumors may differ 
depending on the clinical presentation. When we evalu-
ate a patient with a low-grade appendiceal mucinous 
neoplasm (LAMN), the expected thorough evaluation 
includes a detailed history and physical examination, 
laboratory evaluation (including CEA, CA 19-9, and 
CA-125), review of operative and pathology notes, 
imaging (CT, MRI, PET), and functional performance 
status. Some general, although not completely inclu-
sive, principles can help define the course of treatment 
(Table 23.7).

Furthermore, Sugarbaker and colleagues have recently 
defined the role of right colectomy and based this on histol-
ogy of the primary as shown in Fig. 23.15 [39].

Table 23.7 General principles for treatment of low- and high-grade 
appendiceal mucinous neoplasms

Histology LAMN High-grade
Debulking and HIPEC Yes Yes
Systemic chemotherapy No (usually) Yes
Right colectomy No Yes
Median survival ~10 years ~2 years
LN/distant metastasis No Yes

LAMN low-grade appendiceal mucinous neoplasm, HIPEC hyperther-
mic intraperitoneal chemotherapy, LN lymph node

a

b

c

Fig. 23.14 (a, b) Demonstrating the appendix with tumor and mucin 
production, and (c) mucinous fluid from a patient with a low-grade 
mucinous neoplasm
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 Gastric Cancer

Gastric cancer accounts for the third most common cause 
of malignancy-related death (8.8% each year). The pres-
ence of peritoneal dissemination with gastric cancer is a 
sign of advanced tumor stage, progression, and disease 
recurrence [2]. Risk factors for gastric peritoneal carcino-
matosis (GPC) include advanced T stage (serosal involve-
ment), advanced nodal status, tumor size, young age, 
female gender, signet ring cell histology, and diffuse mixed 
histology [40]. It is estimated that in 5–43% of patients 
who undergo resection with curative intent of the primary 
tumor, peritoneal  dissemination is already present [2, 40]. 
Additionally, peritoneal carcinomatosis is the most com-
mon synchronous lesion (35%) [40]. After gastrectomy 
with D2 lymphadenectomy, peritoneal recurrence occurred 
in 10–50% of patients (with peritoneum being the sole site 
of recurrence in 12–40%) and distant metastases in 25% of 
patients [40, 41]. This is clearly an indicator of poor prog-
nosis with average time to death of 3–7 months [40, 42]. 
Systemic chemotherapy regimens only marginally 
improved survival: 9.5–12 months [40].

Gastric peritoneal carcinomastosis (GPC) occurs with a 
high frequency due to the tendency of gastric cancer to pro-
duce intraperitoneal free cancer cells [40]. These free cells 
can be found in 24% of stage I disease and 40% of stage II 
or III gastric cancer [40]. The occurrence increases if the 
malignancy involves the serosa [40]. Traumatic release 
from surgical manipulation also contributes to intraperito-
neal free cancer cells [40]. These cells are released from 
surrounding lymphatic channels, blood loss within the sur-
gical field, and resection margins [40]. The number of peri-
toneal lavage specimens positive for malignant cells 
doubled after gastrectomy (24% before, 58% after) [43]. 

Cells released adhere to exposed surgical surfaces within 
minutes due to the local release of cytokines, fibrin, and 
other adhesion molecules [44]. This creates a localized 
hypoxic environment rendering the cells relatively immune 
from systemic chemotherapy, thus HIPEC is targeted to 
these cells.

HIPEC has been used for prophylaxis against PC or adju-
vant treatment in gastric cancer. Prophylactic use allows free 
cells to be washed out with destruction of adhered cells by the 
synergist effect of chemotherapy and heat [40]. Most of the 
published literature has been conducted in Asian countries. 
Some of the earlier studies demonstrate a 3-year survival rate 
(74% versus 53%) and decreased occurrence of peritoneal 
recurrence (36% versus 50%) in patients who received pro-
phylactic HIPEC [45]. More studies have demonstrated a sur-
vival advantage for patients undergoing HIPEC as 
prophylactic treatment for PC (Table 23.8) [36, 40, 45–51].

Therapeutic HIPEC has demonstrated survival benefit 
over CRS alone. Drugs that are commonly used include 
mitomycin C, cisplatin, and etoposide (in decreasing order). 
Studies that employed mitomycin C during their HIPEC 
demonstrated 5-year survival rate from 11% to 27% [5, 
52–55].

At our institution we very selectively evaluate patients 
with gastric cancer and PC for CRS and HIPEC. We use the 
PCI, determined usually by laparoscopy, and prefer the PCI 
be less than 10 to consider CRS and HIPEC for patients with 
GC. There is a role for systemic therapy prior to CRS and 
HIPEC for these patients and at least disease stability with-
out progression while on chemotherapy should be a prereq-
uisite for consideration of CRS and HIPEC. We advise that 
these patients only be considered and evaluated at high- 
volume centers that have a demonstrated experience with 
complex CRS and HIPEC.

Perforated Appendix

Pathology shows peritoneal metastases

DPAM

CRS +
Appendectomy

+HIPEC

Well
Differentiated

CRS +
Appendectomy

+HIPEC

CRS +
Appendectomy

+HIPEC

CRS + Right
Colectomy+
HIPEC/EPIC

Moderately
Differentiated

Poorly
Differentiated

CRS + Right
Colectomy+
HIPEC/EPIC

PMCA Intestinal Type

Fig. 23.15 When should a 
right colectomy be 
performed? Proposed 
algorithm for management of 
perforated appendiceal 
epithelial neoplasm. 
(Reprinted with permission 
from Sugarbaker [39])
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 Colorectal Cancer

Patients who present with metastatic disease have 5–7% 
incidence of PC with one-third of those presenting with iso-
lated PC [2]. The presence of PC worsens prognosis. 
Historically, the prognosis was no greater than 6 months if 
no intervention was undertaken [2]. The most common sys-
temic chemotherapeutic regimens employed include 
leucovorin/5-fluorouracil/oxaliplatin (FOLFOX) or 
leucovorin/5-fluorouracil/irinotecan (FOLFIRI). The North 
American N9741 and N9841 trials demonstrated a median 
survival of 12.7 months for patients with PC and 17.6 months 
for patients without PC [2]. The 5-year survival rate was 
4.1% and 6% for the groups [2]. The addition of newer 
agents bevacizumab and cetuximab has demonstrated addi-
tional survival. Median survival has been prolonged 
3–6  months [2]. Saltz et  al. reported a median survival of 
patients receiving FOLFOX + bevacizumab was 21.3 months 
[2, 56].

Peritoneal dissemination treated with surgery alone has 
demonstrated no survival benefit if complete cytoreduction 
cannot be carried out [2]. Studies demonstrated that median 
survival of patients who underwent incomplete resection 
ranges from 6.3 to 15months, while patients who had sys-
temic chemotherapy alone had a mean survival of 
8–17 months [2].

When the disease is limited, complete cytoreduction is 
feasible. Prior to the use of HIPEC, patients who had a good 
performance status with limited disease demonstrated a 
median survival of 25 months and a 5-year survival of 22% 
when complete cytoreduction could be performed [57]. In the 
same study, median survival for patients after systemic che-
motherapy alone was 18 months [57]. It is generally agreed 

upon that a PCI <20 is possibly amenable to surgical resec-
tion. When a patient presents with a PCI >20, palliative sur-
gery may be considered only to relieve symptoms [11, 12].

When performed at an experienced center, the 5-year sur-
vival rate for those patients who received CRS + HIPEC was 
42–51% with a median survival of 33–41  months. This is 
compared to 13% for those who received only chemotherapy 
[2]. Additional studies show that after 5 years (from the date 
of their last treatment) 16% of patients had no recurrence and 
were considered “cured” [2]. However, the new novel tar-
geted agents have allowed patients with peritoneal carcino-
matosis from colorectal cancer to achieve a median survival 
in some cases up to 30 months with combination systemic 
therapy alone.

Both mitomycin C and oxaliplatin have been investigated 
for use during HIPEC for PC due to colorectal carcinomatosis 
[38]. Oxaliplatin used in short durations (30 minutes) at high 
concentrations appears to be well tolerated; systemic intrave-
nous 5-fluorouracil and leucovorin are concurrently adminis-
tered to enhance oxaliplatin activity [38]. Although with good 
initial results, recent data suggests that mitomycin C may be 
a better agent for HIPEC due to colorectal carcinoma with PC 
[58]. This was demonstrated in patients with low burden of 
disease and favorable pathology. Interestingly, in patients 
with unfavorable histology and a high burden of disease, a 
nonsignificant better overall survival was demonstrated when 
oxaliplatin was used [29]. More prospective studies are 
needed. There are a few studies demonstrating use of irinote-
can for HIPEC [38]. This drug, which is activated through 
liver metabolization, has demonstrated high intraperitoneal 
concentrations suggesting possible activity against PC [38].

However, studies that employed irinotecan with oxalpla-
tin demonstrated increased morbidity without survival 

Table 23.8 Studies of prophylactic hyperthermic intraperitoneal chemotherapy (HIPEC) in gastric cancer

Reference Type of study Drug used Survival (HIPEC vs no HIPEC)
Peritoneal recurrence 
(HIPEC vs no HIPEC)

Koga et al. [45] Randomized 
controlled trial (RCT)

Mitomycin C (MMC) 30 mo: 83% vs 67% N/A

Hamazoe et al. [46] RCT MMC 5 year: 64% vs 52%
Median survival: 77 mo vs 66 
mo

39% vs 59%

Fujimura et al. [36] RCT MMC and cisplatin 3 year: 68% vs 23% 9% vs 22%
Ikeguchi et al. [47] RCT MMC 5 year: 51% vs 46% 35% vs 40%
Fujimoto et al. [48] RCT MMC 2 year: 88% vs 77%

4 year: 76% vs 58%
8 year: 62% vs 49%

1.4% vs 23%

Hirose et al. [49] Prospective case 
control

MMC, cisplatin, and 
etoposide

3 year: 49% vs 29%
5 year: 39% vs 17%
Median survival: 33 mo vs 22 
mo

26 vs 45%

Yonemura et al. [50] RCT MMC and cisplatin 5 year: 61% vs 42% 13 vs 15%
Kim et al. [51] Prospective controlled 

study
MMC 5 year: 33% vs 27% 7.6% vs 25%

Modified from Seshadri and Glehen [40]
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advantages [38]. Additional studies are needed before regu-
lar use of irinotecan. Melphalan has significant effect against 
a wide range of gastrointestinal malignancies [38]. Its syner-
gist effect with heat and favorable tissue distribution makes 
it a good option for recurrent malignancies or salvage proce-
dures [38].

Perhaps the most exciting change that has occurred in 
recent months is the addition of CRS and HIPEC into the 
National Comprehensive Cancer Network (NCCN) 
 guidelines. Specifically, the Version 2.2017 guidelines sug-
gest that for patients with synchronous abdominal/peritoneal 
metastases, “complete cytoreductive surgery and/or intra-
peritoneal chemotherapy can be considered in experienced 
centers for select patients with limited PC for whom R0 
resection can be achieved” [59]. This is the first mention of 
CRS and HIPEC in the NCCN guidelines and evidence that 
this may be a viable option accepted by the medical com-
munity for patients with PC from CRC.

 Mesothelioma

Malignant peritoneal mesothelioma (MPM) accounts for 
30% of all malignant mesothelioma cases [2, 60, 61]. It is an 
aggressive tumor that has dismal survival of 6–12  months 
without intervention [61]. Other sites for malignant mesothe-
lioma include the pleura (most common), the pericardium, 
and the tunica vaginalis, with each site demonstrating indi-
vidual epidemiology [2]. MPM is most common in females 
with a mean age of 65–66 years [2, 61].

It is suggested that the development of peritoneal meso-
thelioma possibly occurs through exposure to asbestos. 
Asbestos fibers trigger a foreign body reaction with subse-
quent inflammatory response. The ferritin heavy chain pres-
ent in the asbestos fibers creates reactive oxygen species and 
reactive nitrogen species. The accumulation of these actions 
results in genetic disruption leading to mutations in the 
tumor suppressor gene BAP-1 [60]. The asbestos is inhaled, 
expectorated, and swallowed. In cases without asbestos 
exposure, an oncogenic virus (i.e., the simian vacuolating 
virus—SV40) has been implicated, although more data is 
needed to affirm any relationship [2].

MPM is a locoregional disease, meaning it has a tendency 
to remain in the abdomen throughout disease progression 
[60, 61]. It has a highly variable rate of progression [60]. 
When disease is found outside of the abdomen it is most 
often by direct extension, trans-diaphragmatic lymphatic, or 
extra-abdominal lymph node metastasis [61].

Three histologic subtypes of MPM exist: epitheliod (mul-
ticystic subtype), sarcomatoid, and mixed/biphasic type. 
Epitheliod is the most common. Only with the use of immu-
nohistochemical antibodies can the three types be differenti-
ated [60]. Calretinin, cytokeratin 5/6, and vimentin are most 

commonly used [60]. At least two stains must be used to con-
firm MPM. Some studies suggest an elevated CA-125 tumor 
marker; however, this is unreliable and best used to monitor 
for recurrent disease [2, 60].

Staging of MPM cannot be carried out by conventional 
tumor-node-metastasis (TNM) staging due to its propensity 
to remain intra-abdominal. A proposed staging system is out-
lined in Table 23.9 [2, 60].

The best observed outcomes are for those with CCR 0-1. 
Median overall survival ranges from 30 to 92  months and 
was associated with epithelioid type (multicystic subvariant) 
absence of lymph node metastasis, achievement of CCR 0/1, 
and use of HIPEC [2, 60, 61]. The 1-, 3-, and 5-year survival 
rates after CRS with HIPEC are 70%, 60%, and 41–64% [2, 
60, 61]. Age also affects survival, with a 5-year survival of 
89% for those younger than 55 years versus 15% for those 
55  years of age or older [61]. Features most predictive of 
poor prognosis include sarcomatoid growth pattern, degree 
of tissue invasion into stroma, fat or adjacent structures, and 
CCR of 2 or greater [61].

There are multiple chemotherapeutic agents reported to 
be effective against MPM. These include cisplatin, doxoru-
bicin, mitomycin C, and docetaxel [2, 38]. These drugs have 
been used as solo regimens or in combination. The most 
common being cisplatin, doxorubicin, and mitomycin 
C. Doxorubicin has multiple features making it a good choice 
for HIPEC: high molecular weight, no dose-limiting toxicity 
(when used intraperitoneal), tumor sequestration, and ther-
mal enhancement [38]. A point to highlight is the tumor 
sequestration feature of this drug. Doxorubicin will preferen-
tially infiltrate tumor cells, despite underlying pathology 
[38]. It makes predicting intra-tumor concentration based on 
sample of peritoneal fluid difficult; however, this may result 
in improved efficacy of intraperitoneal administration [38]. 
More research is needed to discover the mechanism. The 
other commonly used drugs, cisplatin and mitomycin C, 
have been discussed elsewhere. Pemetrexed is another drug 
being studied for user in MPM. Pemetrexed has excellent 
systemic activity against mesothelioma and may be a poten-

Table 23.9 A proposed staging system for malignant peritoneal meso-
thelioma (MPM)

Stage

Peritoneal 
carcinomatosis index
(stratified into 
quartiles as a 
surrogate for tumor 
stages)

Tumor 
stage

Node stage
(extra- 
abdominal 
nodal 
metastases)

Metastasis 
stage
(extra- 
abdominal 
metastases)

I 1–10 1 0 0
II 11–20 2 0 0

21–30 3 0 0
III 21–39 4 0–1 0–1

1–39 1–4 1 1

Modified from Alexander Jr and Burke [60]
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tial agent [38]. Currently, there is no evidence suggesting a 
survival advantage with use of any specific drug.

 Ovarian Cancer

Ovarian cancer of epithelial origin (EOC) has a worldwide 
incidence of more than 200,000 per year and is responsible 
for 125,000 deaths annually [2]. Five-year survival is less 
than 50% for most who present with disease that has already 
spread outside of the pelvis (50.2% classified as Stage III 
disease by The International Federation of Gynecology and 
Obstetrics) [2]. Approximately 13% present with distant 
metastasis (Stage IV).

EOC remains confined to the peritoneal cavity and retro-
peritoneal lymph nodes for most of its disease course [2]. For 
many years it was thought to arise from epithelial covering 
of the ovarian. However, it is now thought to more likely 
arise from the distal fallopian tube epithelium that adheres to 
the ovary during ovulation [62]. Survival for EOC is poor 
with a 5-year survival rate of approximately 49% [2].

A distinct subtype of EOC is low malignant potential 
(LMP) tumors. Often referred to as borderline or atypical 
tumors, LMP tumors occur at an earlier stage, younger age 
with a better prognosis, and less aggressive histology [2]. 
Peritoneal carcinomatosis is a feature of advanced disease 
and is associated with a poorer prognosis [2].

Broadly, the natural history of EOC can be divided 
according to treatment time points: front-line, front-line fail-
ure, consolidation, and recurrent disease [2]. Front-line fail-
ure is considered persistent disease at the end of front-line 
treatment [2]. In contrast, consolidation treatment is given 
following a complete response to front-line therapy [2]. 
Prognosis is determined by response to a platinum-based 
chemotherapy: platinum sensitive or platinum resistant [2]. 
Those with disease that recurs greater than 6 months after 
platinum therapy are considered sensitive, while those who 
recur less than 6 months are considered resistant [2].

Front-line treatment consists of CRS with platinum- and 
taxane-based systemic chemotherapy [2]. Prognosis is deter-
mined by the amount of residual disease after CRS, with most 
gynecologic oncology surgeons aiming to remove all visible 
disease (<1 cm) [2]. Some argue that there may be a greater 
chance for complete CRS if chemotherapy is administered and 
used to decrease the volume of disease and ascites [2]. This 
may improve preoperative performance status (PS), shorten 
the length of operation, and decrease operative morbidity [2]. 
Some studies demonstrated a survival advantage for patients 
who underwent initial CRS followed by chemotherapy (versus 
initial neoadjuvant chemotherapy), while a European study 
showed similar survival for women with Stage IIIC and IV 
disease [2, 63, 64]. Patients who had suboptimal CRS (>2 cm 
residual disease) had shorter progression- free survival (PFS) 

and overall survival (OS) after delivery of a platinum- and 
taxane-based chemotherapy versus those who had optimal 
CRS (<1 cm residual disease) [2]. Those with suboptimal CRS 
had PFS of 14.1 months and OS of 26.3 months, while those 
with optimal CRS had PFS of 18.3–23.8 months and OS of 
48.7–65.6 months [2]. Studies have suggestive that survival 
may be up to 106 months if no visible disease remains at the 
end of CRS [2]. The addition of bevacizumab to standard che-
motherapeutic regimens, for front-line treatment, has shown 
no significant increases in PFS or OS [2].

Prior to 2010 there were no consensus guidelines on the 
use of HIPEC as treatment for front-line, front-line failure, 
consolidation, or recurrent disease [2]. The creation of the 
Hyperthermic Intraperitoneal Chemotherapy in Ovarian 
Cancer Registry (HYPERO) has allowed the pooling of data 
and publication of multi-institutional studies on the use of 
CRS + HIPEC in ovarian cancer [65–67]. The initial report 
from HYPERO in 2010 demonstrated no OS and 2 year PFS 
with use of HIPCE versus conventional treatment [2, 66, 67]. 
More recent data published demonstrates median OS of 
25.7–30.3  months with 2-, 5-, and 10-year OS of 49.1%, 
23–25.4%, and 14.3% in both treatment naïve and recurrent 
EOC [68, 69]. Factors significant for increased survival were 
sensitivity to platinum response, completeness of CCR, car-
boplatin alone or a combination of two or more chemother-
apy agents used and duration of hospital stays of 10 days or 
less, Eastern Cooperative Oncology Group performance sta-
tus, and preoperative serum and albumin [68, 69].

 Postoperative Course, Complications, 
and Long-Term Surveillance

Previously diagnosed comorbidities are present in 18% of 
patients undergoing major oncologic resection. These mor-
bidities increase the risk of acute medical complications 
(odds ratio 3.7), in-hospital mortality (OR 3.6), hospital 
costs, postoperative complications (OR 3.9), and increased 
complication severity (OR 3.6) [8]. The risk of 30-day post-
operative mortality increased with increasing age, American 
Society of Anesthesiologists (ASA) score >3, presence of 
pulmonary disease, serum albumin <2.5 mg/dL and receiv-
ing >1 unit red blood cell transfusion intraoperative, liver 
disease, renal disease, sepsis, steroid use, weight loss, bleed-
ing disorder, obesity, cardiac morbidity, and do not resusci-
tate status [70, 71]. Risk factors of increased length of stay 
include age >75 years, male gender, current smoker, depen-
dent functional capacity, preoperative serum sodium 
<135 mmol/L, serum albumin <2.5 mg/dL, white blood cell 
count >11,000 cells/mm3, and hematocrit <37% [71].

Once thought to be an extremely morbid procedure with high 
mortality, the consensus guidelines published by the American 
Society of Peritoneal Surface Malignancies has helped improve 

R. N. Berri and J. M. Ford



417

perioperative morbidity and mortality [72]. Perioperative morbid-
ity has been classified according to the Clavien-Dindo scale in 
some accounts, and this data demonstrates grade III complica-
tion rates occurring in 26–33% of cases and grade IV compli-
cations occurring in 12–26% of cases [18–20]. Average length 
of operation ranged from 433 to 470 minutes [18–20]. Recent 
data demonstrated a low morbidity and zero mortality rate for 
complex oncologic resections: grade I, 7%; grade II, 33%; 
grade III, 9%; and grade IV, 2% [73]. There was 0% mortality 
at 0, 30, 60, and 90 days postoperatively (n = 54) [73]. Length 
of stay was 8.2 days with 30-day readmission rate of 6% [73].

Postoperative surveillance is difficult and thus there is no 
consensus on optimal surveillance methods. The use of serial 
tumor markers is difficult; one study suggested that if preop-
erative CEA and CA19-9 are elevated, then an elevated post-
operative CA19-9 was predictive of recurrence [74]. This 
does not predict the volume of disease, disease stabilization, 
full or partial responses [75]. Magnetic resonance imagining 
can detect tumor recurrence earlier than tumor markers for 
appendiceal neoplasms [76]. Postoperatively, patients under-
went surveillance MRI and tumor markers every 6 months; 
recurrence was identified on average 13 months postopera-
tively [76]. Of the patients identified by MRI, 37% were iden-
tified to have normal tumor marker levels [76]. Tumor markers 
identified half as many patients with disease recurrence com-
pared to MRI [76]. More studies are needed to evaluate imag-
ing modalities for other pathologies. Generally, imaging 
should be performed at 3, 6, and 12 months postoperatively 
and yearly after that.

There is some data supporting the practice of a second 
look operation with patients who have undergone complete 
CRS + HIPEC with CRC and high-risk features [2]. Elias 
and colleagues carried out a prospective study to analyze 
outcomes of a second-look laparotomy 1  year after initial 
CRS + HIPEC [4]. All patients included in this group were 
found to have high-risk features at the original operation: 
previous-limited PC, resected ovarian metastases, and a per-
forated primary lesion [4]. Patients were asymptomatic and 
without evidence of disease (tumor markers, clinical exam, 
MRI, CT, PET scan) [4]. When the second look laparotomy 
was performed, 55% of patients were found to have visible 
PC [4]. These patients underwent CRS  +  HIPEC, and 
12 months from the second look operation 50% were found 
to be disease free [4]. Although more trials and data are 
needed, this demonstrates that a planned second look lapa-
rotomy with intent for complete CRS + HIPEC may be of 
some benefit to select patients.

Long-term quality of life (QoL) and recovery remains 
largely unknown in this patient population. Traditionally 
associated with significant morbidity, studies now demon-
strate lower morbidity rates, which may translate into 
improved quality of life for patients. There are few studies 
that explore the QoL in the postoperative period. The major-

ity of these studies are single-center reviews that use vali-
dated questionnaires not specific for CRS  +  HIPEC [77]. 
When administered at the time of surgery and 3, 6, 9, or 
12 months postoperatively, most patients demonstrate a return 
to an acceptable performance status between 3 and 24 month, 
with a return to baseline at 6–24 months postoperatively [77]. 
Studies demonstrate a lag in recovery of mental health while 
social functioning returned to baseline status 3 months post-
operatively [77]. With such quick returns to an acceptable PS, 
one may extrapolate that patients may continue to improve 
beyond baseline at 6, 9, or 12 months postoperatively [77].

 Conclusion

In this chapter we have attempted to give a summary of the 
diagnosis, management, and treatment of peritoneal malig-
nancies. This is a rapidly evolving area of interest for surgi-
cal and medical oncologists throughout the world. Rigorous 
patient evaluation and selection we feel is a key to successful 
management of patients with PC from any malignancy. The 
disease burden and the histology of the primary tumor and 
metastases we propose are of extreme importance in deter-
mining whether patients are candidates for this approach. 
Finally, the performance status and lack of extra-abdominal 
disease are of utmost importance in evaluating this group of 
patients for CRS and HIPEC.

In patients with PC from appendiceal, colorectal, meso-
thelioma, ovarian, and primary peritoneal cancer there is a 
substantial amount of data and support for at least an evalua-
tion of these patients in a center with an experienced perito-
neal surface malignancy team. For other primary 
gastrointestinal cancers—such as gastric, pancreatic, hepato-
biliary, and other more uncommon disease—there is less 
data to support the routine use of CRS and HIPEC. In par-
ticular, these patients should be evaluated in centers with a 
multidisciplinary team that has significant experience.

There continues to be new developments in this field, and 
it would seem the role of heated and even normothermic 
intraperitoneal chemotherapy for patients with PC will con-
tinue to evolve in an effort to improve the quality of life and 
survival of these patients faced with an extremely challeng-
ing disease.
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Advances in Radiation Therapy 
for Gastrointestinal Cancers

Rachit Kumar, Lauren M. Rosati, and Joseph M. Herman

 Introduction

The role of radiation therapy (RT) in the treatment of gastro-
intestinal (GI) malignancies has been well established; how-
ever, the optimal radiation technique and timing of radiation 
are less clear. The past decade has contributed immensely to 
the advances in treatment planning and delivery as improved 
imaging and technology have surfaced. It is now possible to 
precisely deliver high doses of radiation while sparing nearby 
critical organs. Standard of care has transitioned from three- 
dimensional conformal radiation therapy (3D-CRT) to 
intensity- modulated radiation therapy (IMRT), and image 
guidance has become widely adopted worldwide. Stereotactic 
body radiation therapy (SBRT) has recently emerged as a 
viable, if not more effective, alternative to safely provide 
local control (LC) with millimeter accuracy.

Novel imaging techniques using computed tomography 
(CT), positron emission tomography (PET), and magnetic 
resonance imaging (MRI) have contributed to increased 
accuracy in treatment setup, target delineation, and evalua-

tion of tumor response following therapy. Techniques such 
as four-dimensional CT (4DCT) imaging and motion man-
agement now allow for ablative doses to be achieved with 
limited treatment-related toxicity. Nonetheless, a consider-
able number of management questions remain unanswered 
as we continue to investigate options for these high-risk 
patients given a poor prognosis. In combination with inter-
ventional radiology and surgery, radiation therapy plays a 
large role in maximizing local control; however, distant con-
trol and tumor progression remain a large concern in these 
aggressive GI malignancies. As the field of radiation oncol-
ogy advances, there is a need for improved systemic and tar-
geted therapies in order to achieve optimal multidisciplinary 
care. The discovery of novel biomarkers, prediction of radio-
sensitivity, and response to therapy should result in more 
patients receiving personalized therapy.

 Modern Methods of Radiation Delivery

 Intensity-Modulated Radiation Therapy

While radiation therapy was once delivered only using radioac-
tive sources (including within linear accelerators [linacs]), 
modern forms of radiation therapy are generated from an elec-
trical current by speeding charged particles (electrons) to 
velocities approaching the speed of light. While an in-depth 
assessment of the physics behind this process is beyond the 
scope of this chapter, this development drastically moved the 
field of radiation away from dependence on acquiring and gen-
erating radioactive sources as the basis of all radiotherapy.

For decades, radiation therapy was delivered to patients 
using beams aimed at a center point (isocenter) within the 
patient; however, this delivery was limited by the lack of abil-
ity to model radiation dose distribution more precisely, and 
practitioners often relied on surrogate markers for radiation 
dose including skin erythema. Consequently, radiation doses 
were delivered to a maximum tolerable dose based on a gen-
eral understanding of normal tissue dose constraints. In his 
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landmark paper, Emami published the first set of comprehen-
sive formalized dose constraints in the field of radiation 
oncology [1]. With the advent of CT-based planning, radia-
tion oncologists were now able to more accurately deliver 
radiation dose to the target (tumor) while avoiding adjacent 
normal tissues. The combined understanding of normal tissue 
dose limitations and accurate modeling of internal radiation 
dose pushed the field of radiation to pursue methods in which 
higher doses of radiation would be delivered to the target 
while simultaneously limiting normal tissue dose.

Intensity-modulated radiation therapy (IMRT) resulted from 
the improvement in technology and understanding of normal 
tissue dose. IMRT allows radiation to be precisely “sculpted” to 
target the lesion and spare normal tissues around the lesion. 
Using tungsten metal leaves within the linac, the radiation shape 
can be molded to the appearance of the lesion. Additionally, the 
linac is composed of a table (on which the patient is lying flat) 
and the gantry (in which the radiation beam is generated). The 
gantry is able to move around the patient and deliver radiation 
beams from multiple angles. These beams are able to meet at a 
pre-defined point (the isocenter) and deposit a combined high 
dose of radiation at this target, whereas the surrounding tissue is 
avoided using established normal tissue parameters. For many 
tumors, the use of IMRT has become standard of care on the 
basis of clinical trials demonstrating excellent local tumor con-
trol and reduced acute and chronic toxicity.

 Volumetric Modulated Arc Therapy

Building upon the advancements provided by IMRT, radia-
tion oncologists and physicists investigated the combination 
of IMRT and arc therapy. Arc therapy is an external beam 
radiation therapy (EBRT) applied using a radiation beam that 
remains active as the gantry rotates around a patient. This is 
in contrast to traditional IMRT in which the gantry remains 
fixed at a point, delivers the radiation beam, and then moves 
to the next beam position for treatment delivery. Arc therapy 
has the benefit of providing a more homogeneous dose distri-
bution more rapidly, thereby reducing both patient and 
machine time. Representative examples of rectal cancer 
plans using 3D conformal radiation, IMRT, and volumetric 
modulated arc therapy (VMAT) are shown in Fig. 24.1.

Volumetric modulated arc therapy combines the benefits 
of arc therapy and intensity modulation. This technique 
employs constant gantry movement (as opposed to fixed- 
beam IMRT treatment) as well as modulation of the treat-
ment volume (shaping the beam to better conform to the 
patient). Dosimetric studies of VMAT compared to IMRT 
have been published for upper and lower GI cancers, includ-
ing pancreatic, gastric, and rectal cancers [2–5]. As expected, 
VMAT better aligns with specific normal tissue targets and 
allows for complete treatment within a significantly shorter 
period of time. Due to the complexity of this treatment, appro-

priate experience on the part of dosimetrist and physicist is 
required to ensure adequate quality assurance prior to safe 
treatment delivery.

a

b

c

Fig. 24.1 Examples of rectal cancer plans using (a) 3D conformal 
(3D-CRT), (b) static-field intensity-modulated radiation therapy 
(IMRT), and (c) volumetric modulated arc therapy (VMAT) are pre-
sented. (a) A standard 3-field pelvis plan (right lateral, left lateral, and 
posteroanterior beams) results in a “box” dose distribution that treats 
the target volume (yellow), but with significant dose at the entry points 
both bilateral and posterior. (b) IMRT results in better dose distribution, 
particularly in this patient in whom the inguinal nodes are treated. 
However, while the dose is more conformal around the target volume in 
yellow, the distribution remains slightly more heterogeneous around the 
target. (c) A VMAT plan results in the most conformal dose around the 
yellow target volume with less high dose to uninvolved areas. However, 
while not appreciable on this image, low doses of radiation would be 
seen throughout the uninvolved soft tissue due to the 360° rotation of 
the linear accelerator
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 Stereotactic Body Radiation Therapy

While IMRT has changed the method in which radiation 
therapy has been delivered in recent years, SBRT, also known 
as stereotactic ablative body radiation (SABR), has altered 
the landscape of radiation in the past decade. SBRT is the use 
of high-dose-per-fraction radiation delivered over a short 
course (1–5 fractions) as opposed to standard radiation frac-
tionation that uses lower doses per fraction delivered for 
5–6 weeks.

SBRT has only recently been possible as a consequence 
of modern advents of radiation therapy. Previously men-
tioned utilization of CT simulation has allowed for more 
accurate modeling of radiation dose within the patient. 
Daily imaging, often in the form of on-board CT scanners 
built into the radiation treatment machine, allows for accu-
rate visualization of the lesion within the body for more 
precise targeting of the lesion. Increased speed of radiation 
delivery reduces the amount of time that a patient is 
required to lay on the treatment table. The combination of 
the aforementioned technologies allows radiation oncolo-
gists to plan for higher doses of radiation to the tumor, a 
minimal treatment margin (sometimes no margin) around 
the lesion, accurate visualization of the lesion within the 
patient, and rapid dose fall-off away from the tumor. In 
some cases, these therapies result in outcomes that rival 
surgical excision [6].

These treatment approaches have both practical and clin-
ical advantages over standard radiation therapy. From a 
practical perspective, decreased time receiving radiation 
allows for longer intervals of full-dose chemotherapy. 
Additionally, acute side effects are often decreased with 
shorter courses of more focused radiation therapy. From a 
clinical perspective, higher doses of radiation per delivery 
(daily fraction) generally results in a higher comparative 
radiation dose based on a radiobiological principle known 
as the biologically equivalent dose (BED). The BED is a 
method of comparing different dose fractionations to model 
how much radiation is being delivered with different doses 
per fraction and number of fractions. SBRT doses tend to 
result in a higher BED that may be more ablative than con-
ventionally fractionated BED [7]. However, normal tissues 
are also limited by this same BED principle, as this high-
dose-per-fraction radiation may lead to a higher risk of 
long-term normal tissue damage, potentially due to long-
term vascular endothelial injury.

 Heavy Particle Therapy

Heavy particle therapy is the use of charged or inert large 
particles that are accelerated to the speed of light to deposit 
energy within tissue. They have multiple theoretical advan-
tages, some of which have been realized clinically. 

Whereas electron and photon irradiation have entrance and 
exit radiation doses, including high skin surface doses 
(electrons and low-energy photons), heavy particle therapy 
delivers lower initial doses, higher depth doses, and very 
little exit dose. Consequently, it presents a theoretical 
advantage in delivering radiation to the target and minimal 
damage to surrounding tissues. The most common type of 
heavy particle therapy is proton therapy, which has a 
slightly higher radiobiological effect on the tumor than 
standard therapy.

The largest barriers to the universal implementation of 
heavy particle therapy include the size of the treatment 
machines as well as the initial cost. Although many centers 
have begun utilizing heavy particle therapy for many malig-
nancies, the data demonstrating a clinical benefit is currently 
being evaluated in large clinical trials [8]. In certain popula-
tions, including pediatrics, there is a general consensus 
among radiation oncologists of a true benefit to using heavy 
particle therapy [9]. However, there is a wide disagreement 
in its utilization for other malignancies, particularly in the 
elderly who are unlikely to realize the benefits of reduced 
normal tissue dose in the long term. Another challenge 
includes the inability to utilize daily image guidance in the 
same manner as IMRT.  Data on the use of heavy particle 
therapy will continue to emerge as the adoption of this tech-
nology expands.

 Intraoperative Radiation Therapy

Even in the hands of skilled surgeons, some oncologic sur-
geries cannot remove all microscopic disease. In the setting 
of microscopic disease infiltration, intraoperative radiation 
therapy (IORT) allows for sterilization of possible disease 
along the resection margin to reduce the risk of a local 
recurrence. IORT is not used in isolation; instead it is com-
bined with either neoadjuvant or adjuvant external beam 
radiation therapy (EBRT) for approximately 5 weeks. At the 
time of surgery, a single fraction of radiation using a dose of 
10–15 Gray (Gy) to the surface or 5 mm depth is applied 
during the surgical procedure. As the surgical field is 
exposed, normal tissues may be mobilized to help prevent 
radiation damage that would otherwise be realized with 
standard EBRT.

Methods of IORT include either externally applied radia-
tion (IOERT, using EBRT to maximize surface dose) or 
high-dose-rate brachytherapy (HDR-IORT, designed to have 
a rapid dose decrease past the tissue surface). This therapy 
has been investigated in recurrent rectal cancer, pancreatic 
cancer, and sarcomas [10–13]. Meticulous attention to detail 
is required with this procedure given the very high doses of 
radiation utilized. An operating room (OR) suite that pro-
vides radiation shielding is required for physics quality 
assurance and safety parameters [14].
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 Esophageal Cancer

Radiation therapy remains an important local treatment 
modality in patients with esophageal cancer. While esopha-
gectomy is considered the mainstay of therapy in patients 
with early stage, operable esophageal and gastroesophageal 
(GE) junction cancers, radiation therapy is indicated both for 
patients with unresectable disease and in the neoadjuvant 
setting prior to surgery.

To date, the superiority of chemoradiation as opposed to 
radiation alone has been established in non-metastatic esoph-
ageal cancer [15]. Although dose escalation with radiation 
has not demonstrated superiority over standard dose radia-
tion, the benefit of dose escalation may be more realized with 
the improved technology outlined earlier in the chapter [16]. 
The outcome of the Intergroup 0123 phase III trial investi-
gating the role of dose-escalated radiation to a dose of 
64.8  Gy with concurrent chemotherapy versus a standard 
dose of 50 Gy with concurrent chemotherapy reported that 
median overall survival (OS) was greater for patients treated 
on the standard dose arm rather than the dose escalation arm, 
though not statistically significant (13.0 versus 18.1 months). 
While there are multiple criticisms of this trial, perhaps one 
of the most salient is the fact that the majority of deaths seen 
on this study occurred prior to reaching the dose escalation 
portion of the treatment. For now, a dose of 50–50.4 Gy in 
the definitive setting remains the standard of care, though the 
question of dose escalation may again be raised in future 
trials.

Surgical resection remains the optimal course of therapy 
in appropriately selected esophageal and GE junction can-
cer patients. At least three randomized trials have now dem-
onstrated the superiority of neoadjuvant therapy using 
chemoradiation versus an upfront surgical resection. The 
CALGB 9781 trial randomized patients to two  cycles of 
chemotherapy and 50.4 Gy of radiation followed by surgery 
versus surgery alone [17]. With a median follow-up of 
6 years, there was a statistically significant improvement in 
both median (4.5  years in the neoadjuvant arm versus 
1.8  years in the surgery alone arm) and 5-year OS (39% 
neoadjuvant vs. 16% surgery alone). Similar results were 
seen in the recently published phase III ChemoRadiotherapy 
for Oesophageal cancer followed by Surgery Study 
(CROSS) trial by Van Hagen and colleagues [18]. In this 
study, patients received neoadjuvant carboplatin and pacli-
taxel combined with 41.4 Gy of 3D- CRT followed by sur-
gery or upfront surgery alone. Median OS was 49 months in 
patients receiving neoadjuvant therapy versus 24 months in 
patients receiving surgery alone (hazard ratio [HR] 0.66, 
p = 0.003); 5-year OS was also improved with neoadjuvant 
therapy (47% versus 34%). Despite a lower dose of radia-
tion than is typically used, the CROSS trial reduced the risk 

of local regional recurrence (14% versus 34%, p > 0.001) 
and peritoneal carcinomatosis (4% versus 14%, p < 0.001) 
versus surgery alone. Finally, the Preoperative Chemotherapy 
or Radiochemotherapy in Esophagogastric Adenocarcinoma 
Trial (POET) investigated the role of induction chemother-
apy followed by surgery versus induction chemotherapy and 
then chemoradiation followed by surgery in patients with 
locally advanced GE junction cancers [19]. Despite closing 
early due to poor control, the use of radiation was associated 
with an improved pathologic complete response and node-
negative resection rate, as well as a trend toward improved 
3-year OS.

In sum, radiation is effective both in the definitive setting 
and in the neoadjuvant setting. More recent data has emerged 
regarding the use of advanced radiation techniques including 
IMRT and charge particle therapy in the treatment of esopha-
geal cancer.

 Intensity-Modulated Radiation Therapy 
in Esophageal Cancer

Given the close relationship of the esophagus to multiple 
critical structures within the thorax and abdomen, dose 
escalation has been limited not only by the inherent sensi-
tivity of the GI tract to radiation but also by the spinal cord, 
heart, and lungs. The potential for delivering radiation to 
the esophageal cancer while sparing these normal tissues 
has generated significant interest in the use of IMRT for 
this disease.

Multiple retrospective dosimetric studies have shown 
improvement in lung dose and cardiac dose with the use of 
IMRT. Data from the MD Anderson Cancer Center (MDACC) 
demonstrated an improvement in lung dosimetry when using 
IMRT [20]. Reductions were seen in clinically significant 
parameters including V10 (volume of lung receiving ≥ 10 Gy 
of radiation), V20 (volume of lung receiving ≥  20  Gy of 
radiation), and mean lung dose. Researchers from Memorial 
Sloan Kettering Cancer Center (MSKCC) have reported the 
ability of IMRT to spare cardiac tissue including reductions 
to the cardiac V30, mean heart dose, and mean dose to the 
right carotid artery [21]. However, the Memorial Sloan 
Kettering study did not report a statistically significant 
reduction in lung dose.

Clinically, the MDACC team showed a reduction in 
weight loss with IMRT as opposed to 3D-CRT [22]. Greater 
than 10% body weight was lost in 23.2% of patients when 
treated with 3D-CRT and in only 15.6% of patients treated 
with IMRT (p = 0.04). Intriguingly, no changes were seen in 
the rates of feeding tube placement, esophagitis, and nausea. 
However, at an early follow-up interval of 34.6  months, 
median OS (36 months vs. 24 months) and 5-year overall OS 
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(42.4 vs. 31.3%) were both statistically greater in patients 
treated with IMRT (p = 0.009). No difference was seen in the 
rate of cancer or pulmonary deaths, but a reduction was seen 
in both cardiac and “other” deaths.

Based on these results, the utilization of IMRT in the 
treatment of esophageal cancer has been increasing. Previous 
Radiation Therapy Oncology Group (RTOG) trials, includ-
ing RTOG 0436, have specifically stated that the use of 
IMRT is not allowed. However, the most recent RTOG trials, 
including RTOG 1010, do allow the use of IMRT as an 
appropriate delivery method of radiation (www.rtog.org/
clinicaltrials/protocoltable.aspx). With the endorsement of 
the RTOG, it is reasonable to assume that many centers will 
adopt IMRT as a reasonable standard of care for radiation in 
esophageal cancer.

 Charged Particle Therapy  
in Esophageal Cancer

With the ability of charged particle therapy to effectively 
deliver dose to a depth with minimal exit radiation dose, 
esophageal cancer is an intriguing application for this ther-
apy to minimize dose to the heart, lungs, and spinal cord. 
Due to the paucity of data for dose escalation in esopha-
geal cancer, particle therapy has typically remained lim-
ited to the setting of a boost as opposed to definitive 
therapy.

Data from MDACC demonstrated that an intensity- 
modulated proton therapy (IMPT) plan was able to reduce 
radiation dose to the lungs, heart, and liver, compared to an 
IMRT treatment plan [23]. This dosimetric analysis com-
pared various IMRT and IMPT plans and treated the initial 
planning target volume (PTV) to 50.4 Gy and boosted the 
gross tumor volume (GTV) to 64.8 Gy using 28 fractions in 
a concomitant boost technique. The most optimal plan for 
reducing dose to these key structures was using a three-beam 
IMPT arrangement with anteroposterior (AP), left posterior 
oblique (LPO), and right posterior oblique (RPO) beams. 
Specifically, statistically significant reductions were seen in 
the mean lung (4.30 vs. 8.27 Gy, p = 0.002), heart (17 vs. 
21.2  Gy, p  =  0.003), and liver doses (5.4 v 14.9  Gy, 
p ≤ 0.0001) when compared to the IMRT plan. Improvements 
were also seen in other parameters associated with long-term 
toxicity including the V20 to the lung (percentage, by vol-
ume, of lung receiving at least 20  Gy). A representative 
example of an esophageal plan with dosimetric improvement 
using proton therapy is seen in Fig. 24.2 [23]. Clinical data 
on the use of proton beam therapy has demonstrated poten-
tially greater efficacy, with higher 5-year OS rates than with 
conventional radiotherapy, again using the proton beam ther-
apy as a method to boost the primary tumor. Additionally, no 

grade 3 or higher cardiopulmonary toxicities were reported 
using this boost technique [23].

Investigators from Japan have reported results from their 
phase I/II clinical trials using carbon ions in a hypofraction-
ated approach (to maximize the higher relative biological 
effectiveness of charged particles) [24]. In the first trial, the 
investigators reported one (3.2%) late grade 3 toxicity (grade 
3 acute respiratory disease syndrome in a patient treated with 
35.2 GyE in eight fractions over 2 weeks). In the follow-up 
trial using 43.2  GyE to 50.4  GyE in 12 fractions over 
3 weeks, 4 cases of acute grade 3 toxicity were seen (2 cases 
of grade 3 acute esophagitis and 2 cases of grade 3 acute 
leucopenia). No cases of late grade 3 or higher toxicity were 
appreciated in the dose escalation trial. In both studies, the 
rates of complete pathologic response were significantly 
greater than historical controls. In the dose escalation trial, 
88% of patients (14 of 16) achieved a complete response. All 
patients treated with a dose of 45.6 GyE or higher showed a 
complete response. These results hold a tremendous amount 
of promise, but it should be noted that these were well- 
selected patients with resectable tumors.

As the availability of both proton and carbon-ion radio-
therapy grows, more clinical data will inevitably emerge. 
The potential for dose escalation using this technology is sig-
nificant and should ideally prompt a randomized trial to ver-
ify the benefits purported in the discussed early phase clinical 
trials.

 Positron Emission Tomography-Directed 
Therapy in Radiation Planning  
for Esophageal Cancer

In the 3D conformal era, the target volume for esophageal 
cancers has involved treating 5  cm superior/inferior and 
2 cm radially from the gross target volume as identified on 
planning CT scans and upper endoscopy. With the increased 
use of IMRT, the target volume is now typically reduced to 
4 cm superior/inferior and 1–1.5 cm radially. However, it is 
well recognized that CT scans alone are a suboptimal tech-
nique for identifying the tumor and involved lymph nodes.

The use of PET scans to help better identify gross tumor 
and lymph node extent has been the area of active clinical 
investigation. The use of PET fusion with a planning CT 
scan has been found to both increase and decrease the delin-
eation of gross tumor volume compared to CT scanning 
alone [25]. Importantly, PET scanning has helped to identify 
metabolically active lymph nodes that would not otherwise 
meet size criteria for treatment. The identification of a stan-
dardized uptake value (SUV) threshold is important, and an 
SUV of 2.5 has been identified as a potential minimum value 
for inclusion in the treatment volume.
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 Gastric Cancer

Surgical resection remains the optimal curative modality in 
patients with non-metastatic gastric adenocarcinoma. The 
National Comprehensive Cancer Network (NCCN) recom-
mends a D2 resection whenever technically feasible, with a 

recommendation to obtain at least 15 draining lymph nodes. 
However, chemotherapy with or without radiation remains 
critical in both the perioperative and adjuvant setting. Much 
like the treatment of esophageal cancer, the use of radiation 
has been limited by the radiosensitivity of the alimentary 
tract. Advanced radiation techniques, including IMRT and 
particle therapy, have been investigated as methods to deliver 
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Fig. 24.2 (a) Axial, sagittal, and coronal views of intensity-modulated 
radiotherapy (IMRT) – simultaneous integrated boost (SIB) plan, with 
planning target volume (PTV) treated to 50.4 Gy and gross tumor vol-
ume (GTV) boosted to 65.8 Gy. (b) Axial, sagittal, and coronal views of 
intensity-modulated proton therapy (IMPT) (anteroposterior/left poste-

rior oblique/right posterior oblique [AP/LPO/RPO]) plan, with PTV 
treated to 50.4 Gy and GTV boosted to 65.8 Gy. AP/LPO/RPO beam 
arrangement was optimal for achieving both pulmonary and cardiac 
sparing compared with IMRT plan. (Reprinted with permission from 
Welsh et al. [23])
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higher doses of radiation while limiting the morbidity of 
therapy.

The two major trials that guide perioperative and adjuvant 
therapy are the Medical Research Council Adjuvant Gastric 
Infusional Chemotherapy (MAGIC) trial [26] and the 
Intergroup/Southwest Oncology Group (SWOG) 0116 trial 
[27], respectively. Both trials included patients with stage II–
IV non-metastatic gastric and GE junction adenocarcinoma 
patients (though the Intergroup/SWOG trial included patients 
with stage IB cancers as well), and each had slightly more 
than 500 patients included on the studies. Each trial had a 1:1 
randomization between surgery alone and either surgery 
alone or perioperative/adjuvant therapy. However, an impor-
tant difference between the trials is that patients were 
enrolled after margin-negative (R0) resection in the 
Intergroup study and at the time of diagnosis in the MAGIC 
trial. For this reason alone, direct comparison between the 
two trials is not possible.

The MAGIC trial indicated that three cycles of periopera-
tive ECF (epirubicin, cisplatin, and infusional 5-fluorouracil 
[5-FU]) chemotherapy improved survival over surgery alone 
(5-year OS, 36% vs. 23%, p = 0.008). However, no down-
staging or increase in pathologic response was seen with 
perioperative chemotherapy, including no complete 
responses, no improvement in the R0 resection rate, and no 
difference in nodal disease. Further, only 41% of patients in 
the chemotherapy group completed all of the assigned che-
motherapy. The Intergroup trial, as stated earlier, pre-selected 
for patients with an R0 resection. Following surgery, patients 
were assigned to no further therapy or one  cycle of bolus 
5-FU, followed by combined 5-FU and radiation to a dose of 
45 Gy in 1.8 Gy fractions and then additional two cycles of 
bolus 5-FU.  A statistically significant improvement in OS 
(35 vs. 27 months, p = 0.0046) and median relapse-free sur-
vival (27 vs. 19 months, p < 0.001) was seen with the addi-
tion of postoperative therapy. Although a D2 resection was 
recommended along with the gastrectomy, only 10% of 
patients underwent this surgery, leading to a question of 
whether or not radiation is compensating for inadequate sur-
gery, as the lack of a thorough nodal resection likely contrib-
uted to the lower survival numbers in the surgery alone arm. 
Additionally, major deviations from the recommended RT 
protocol were seen in 41% of the submitted radiation therapy 
plans.

Based on the results of the aforementioned two trials, 
perioperative chemotherapy became the standard of care in 
Europe, while many centers in the United States adopted the 
postoperative chemoradiation protocol from the Intergroup/
SWOG trial. More recent studies are working to refine the 
optimal approach from the above studies, specifically on the 
superiority of perioperative or adjuvant chemotherapy versus 
adjuvant chemoradiation. MAGIC-B (NCT00450203) is an 
on-going trial with the same chemotherapy noted previously 

in the initial MAGIC trial, but with the addition of adjuvant 
bevacizumab, and replaces infusional 5-FU with capecitabine. 
The recently reported Adjuvant Chemoradiotherapy in 
Stomach Tumors (ARTIST) trial randomized patients with 
non-metastatic gastric adenocarcinoma treated with an 
upfront D2 resection to adjuvant chemotherapy (six cycles of 
capecitabine and cisplatin) or adjuvant chemoradiation 
(two cycles of capecitabine and cisplatin, then 45 Gy of radi-
ation with capecitabine, and finally two additional cycles of 
capecitabine and cisplatin) [28]. A disease-free survival ben-
efit was specifically seen in the subset of patients with node- 
positive disease, and this is now being independently 
investigated in the ARTIST II trial (NCT01761461). The 
question of perioperative chemotherapy versus adjuvant 
chemoradiation is being investigated on the on-going Dutch 
CRITICS trial [29].

 Intensity-Modulated Radiation Therapy 
in Gastric Cancer

The location of the stomach within the left upper quadrant 
requires consideration of radiation dose to the lungs, heart, 
small and large intestines, liver, and kidneys. While prospec-
tive data on the use of IMRT in this patient population is 
limited, both retrospective and dosimetric data suggest 
potential benefits for normal tissue sparing.

As expected, most studies employing radiotherapy utilize 
this treatment modality in the adjuvant setting. Consequently, 
dosimetric comparison of target and normal tissues implies a 
postoperative bed into which normal tissues have likely 
migrated. Investigators at Stanford University reviewed their 
outcomes for gastric cancer patients treated in the adjuvant 
setting with either 3D-CRT or IMRT [30]. While disease- 
free survival (DFS) and OS were similar among the two 
groups, the use of IMRT resulted in a lower V20 dose to the 
kidney. Additionally, the serum creatinine remained 
unchanged in patients treated with IMRT, whereas a statisti-
cally significant increase was seen in patients treated with 
3D-CRT (0.8–1.0, p  =  0.02). A retrospective analysis of 
patients treated at The Netherlands Cancer Institute demon-
strated a lower mean dose to the left kidney, resulting in a 
slower decline in glomerular filtration rate (GFR) as mea-
sured by technetium renography versus in patients treated 
with anterior-posterior/posterior-anterior (AP/PA) or 3D- 
CRT [31]. It should be noted, however, that while the rate of 
GFR decline was slower and the absolute GFR was higher in 
patients treated with IMRT, the overall GFR was lower in all 
groups.

VMAT has also been investigated in gastric cancer. A 
dosimetric comparison of 3D-CRT, IMRT, and VMAT radia-
tion delivery methods was completed by researchers in China 
[32]. Mean dose to the target was improved using VMAT 

24 Advances in Radiation Therapy for Gastrointestinal Cancers



428

versus IMRT. Additionally, the V20 of the liver was improved 
using VMAT versus IMRT. However, other dosimetric  values 
were not statistically different between VMAT and IMRT. No 
clinical outcome data comparing VMAT and IMRT has been 
reported.

 Charged Particle Therapy in Gastric Cancer

Proton therapy has also been investigated in the adjuvant 
treatment of gastric adenocarcinoma. A dosimetric analysis 
has been completed by investigators in Italy [33]. Proton 
therapy (2–3-field), 6-field photon IMRT, and 3D-CRT were 
compared. Dosimetrically, improvements were seen in mean 
radiation dose to the small bowel, liver, bilateral kidneys, and 
heart by using proton therapy. While thought-provoking and 
hypothesis-generating, no clinical outcomes can be inferred 
from this data.

Investigators from Japan have used definitive radiation 
therapy in patients with inoperable gastric cancers [34, 35]. 
Relatively high doses were used in these case reports (up to 
86 Gy to the target volume), but results were intriguing, with 
patients found to be alive without recurrence 2 years posttreat-
ment. However, aside from these early case reports, research 
on definitive proton beam or carbon therapy are lacking.

 Pancreatic Cancer

The role of radiotherapy in pancreatic cancer is an evolving 
topic. Adjuvant radiation therapy has not been prospectively 
demonstrated to improve survival [36–39]; however, retro-
spective reports suggest that adjuvant chemoradiation (CRT) 
may have a local control and/or survival benefit in compari-
son with surgery alone [40–42]. The RTOG 0848 trial 
(NCT01013649) was opened in 2009 to determine the role of 
adjuvant fractionated CRT, by assessing whether gem-
citabine plus erlotinib produces improved OS in comparison 
with gemcitabine alone and the role of RT (50.4 Gy) added 
to 5-FU- or capecitabine-based chemotherapy. The guide-
lines and an atlas for the delineation of the CTV used in this 
study were recently published [43].

While retrospective studies have demonstrated a benefit 
to using CRT over chemotherapy alone in locally advanced 
pancreatic cancer (LAPC) patients, conflicting results have 
been published [44–47]. The NCCN guidelines recommend 
an initial course of chemotherapy followed by CRT in order 
to maximize systemic and local control and to select patients 
who are most likely to benefit from CRT.  The Groupe 
Coopérateur Multidisciplinaire en Oncologie (GERCOR) 
LAP 07 trial was designed with the goal of defining the role 
of IMRT after chemotherapy in patients with locally 
advanced pancreatic cancer [48]. The data demonstrated no 

significant difference in OS between the two arms (15.2 vs. 
16.5 months, p = 0.83) although, notably, the CRT group was 
associated with decreased local failure rates (32% vs. 46%, 
p = 0.03). It is important to note that only a small proportion 
of patients went to surgery, but their median survival was 
30 months. This suggests that select patients with LAPC may 
benefit from surgery after maximal neoadjuvant therapy.

Most recently, RT has evolved to play a large role in neo-
adjuvant therapy in patients with borderline resectable and 
locally advanced disease. A meta-analysis of neoadjuvant 
therapy in pancreatic cancer reported on 4394 borderline 
resectable and locally advanced patients enrolled in 111 tri-
als [49]. Although the authors did not stratify by radiation 
delivery, the Response Evaluation Criteria In Solid Tumors 
(RECIST) criteria showed a favorable disease control rate of 
77%, including a 5% complete response rate, 30% partial 
response, and 42% stable disease. Nearly half (47%) of the 
initially unresectable patients underwent surgical explora-
tion, with an overall resection rate of 33% and an R0 resec-
tion rate of 79%. Median OS among resected and unresected 
patients was 20.5 and 10.2 months, respectively.

 Intensity-Modulated Radiation Therapy 
in Pancreatic Cancer

As technologies have advanced in recent decades, IMRT has 
surpassed 3D-CRT as the standard of care technique for con-
ventional CRT in pancreatic cancer. Associated with favor-
able toxicity and potentially improved quality of life (QOL) 
in comparison with 3D-CRT [50, 51], IMRT is particularly 
appealing for patients with the tumor or tumor bed in close 
proximity with radiosensitive normal structures such as the 
duodenum, stomach, bowel, and esophagus. Furthermore, 
IMRT allows for dose escalation that may lead to improved 
local control, especially in patients with margin-positive 
resections treated adjuvantly [52].

Most recently, Prasad and colleagues from the Memorial 
Sloan Kettering published on GI toxicity in patients with 
LAPC receiving IMRT [53]. In comparison with 3D-CRT, 
IMRT was associated with significantly lower grade ≥ 2 GI 
toxicity. A recent Korean study also revealed that patients 
receiving 3D-CRT have significantly more gastroduodenal 
ulcers (p = 0.003) and are at increased risk for GI toxicity 
(OR, 11.67; p = 0.01) [54]. RTOG 1201 was a phase III trial 
currently open to compare dose-intensified chemoradiother-
apy using IMRT (63.0 Gy) versus standard dose using 3D- 
CRT or IMRT (50.4 Gy). Patients were to be stratified by 
SMAD4 status, a potential biomarker that may correlate with 
patterns of disease progression, as intact SMAD4 was sug-
gested to correlate with a locally destructive phenotype [55]. 
However, due to the results of the LAP 07 trial and low 
enrollment, the study was recently closed.
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 Volumetric Arc Therapy in Pancreatic Cancer

Numerous studies have compared the utility of IMRT versus 
VMAT in pancreatic cancer, and it appears that VMAT is 
associated with increased sparing of critical structures. One 
such study compared 3D-CRT, IMRT, and VMAT as neoad-
juvant (n = 4) or adjuvant (n = 8) RT in borderline resectable 
pancreatic cancer (BRPC) or resectable pancreatic cancer 
[56]. Although the numbers are limited, this dosimetric com-
parison of normal tissue parameters revealed that VMAT was 
associated with the most critical structure sparing; although 
IMRT plans spared the liver and left kidney compared with 
3D-CRT, VMAT plans spared these organs and significantly 
decreased dose to the small bowel (D10%, D15%), left kid-
ney (V20), and stomach (V45) as well. Moreover, treatment 
planning and delivery times were most efficient for VMAT. 
These results are consistent with findings at Emory 
University, which reported similar or better sparing of 
abdominal organs with VMAT compared with IMRT [57]. 
Although VMAT has demonstrated dosimetric advantages 
over alternative RT approaches, it remains unclear whether 
this translates to decreased treatment-related toxicity or 
improved patient outcomes.

 Stereotactic Body Radiation Therapy 
in Pancreatic Cancer

Pancreas SBRT has historically been evaluated most fre-
quently in  locally advanced disease, although its utility in 
borderline resectable, resected, and recurrent disease is 
emerging (Fig. 24.3). The combination of maximal chemo-
therapy with effective short-course RT makes SBRT an 
attractive option in pancreatic patients who are likely to 
progress distantly in a short period of time [58–60].

Early data published in Denmark demonstrated poor 
outcomes and unacceptable toxicity associated with 45 Gy 
SBRT in three fractions (15  Gy per fraction) and subse-
quently caused investigators to question the role of pan-
creas SBRT [61]. Stanford University has contributed 
seminal data that single-fraction SBRT (25 Gy × 1) results 
in local control but with questionable GI toxicity [62–64]. 
Therefore, a prospective multicenter phase II trial among 
Stanford University, Johns Hopkins University, and 
MSKCC was designed to evaluate if fractionated SBRT 
(33 Gy SBRT in five fractions) would result in similar local 
control (94% at 1  year) with improved GI toxicity [65]. 
Median OS was 13.9 months, local control was comparable 
at 78%, QOL scores were stable, and rates of grade ≥  2 
acute (2%) and late (11%) toxicity were minimal. Overall, 
delivery of fractionated (3–5 fractions) SBRT demonstrates 
favorable tumor response rates (~30%) and less acute tox-
icity compared with conventional CRT in patients with 

LAPC [66–68]. Nonetheless, additional studies are neces-
sary to evaluate the optimal dose and timing of fractionated 
SBRT.

More recently, SBRT has been evaluated in the neoadju-
vant setting in patients with borderline resectable and 
locally advanced pancreatic cancer. The largest report of 
pancreas SBRT in patients with borderline resectable dis-
ease was recently published by colleagues at Moffitt Cancer 
Center [69]. The 159 patients (110 borderline resectable 
[BR], 49 locally advanced [LA]) included in the study 
received induction chemotherapy (most commonly gem-
citabine, docetaxel, and capecitabine [GTX] in 81%) fol-
lowed by 30 Gy SBRT in five fractions. The overall rate of 
resection was 38%, with 51% in BRPC and 10% in LAPC 
successfully undergoing surgery. The overall margin-nega-
tive resection rate was 97%, with 96% of BRPC and 100% 
of LAPC patients achieving negative margins. Johns 
Hopkins University also reported on 88 with BRPC (n = 14) 
and LAPC (n = 74) who were treated with definitive 5-frac-
tion SBRT treated to a total dose of 33 Gy [70]. Thirty-two 
(80%) of the 74 patients with LAPC were treated on the 
previously mentioned multi-institutional clinical trial [65]. 
All patients had an Eastern Cooperative Oncology Group 
(ECOG) performance status of 0 or 1. Prior to SBRT, the 
majority (88%) of patients were treated with gemcitabine-
based or FOLFIRINOX (folinic acid [leucovorin], 5-fluoro-
uracil, irinotecan, oxaliplatin) multi-agent chemotherapy. 
In this report, 29% of BRPC and 20% of LAPC patients 
successfully underwent surgery. Of these, the margin- 
negative resection rate was 84% overall, with a margin- 
negative resection rate of 84% and 80% in BRPC and 
LAPC, respectively. In both of these manuscripts, distant 
progression remained the primary reason for which patients 
did not undergo surgery, therefore conveying the need for 
more effective systemic therapies.

Less frequently, pancreas SBRT is used in the case of sal-
vage re-irradiation after prior CRT. Three publications have 
published on SBRT re-irradiation after an initial median dose 
of 50.4 Gy CRT. Lominska and colleagues at the University 
of Kansas reported on a median of 23 Gy SBRT delivered to 
28 previously irradiated patients [71]. Median OS was 
5.9  months from SBRT and local control was 86%. Two 
cases of late grade 3 GI toxicity (7%) were reported. Wild 
and colleagues at Johns Hopkins and Stanford reported a 
multi-institutional experience of 18 patients who received re- 
irradiation [72]. Median OS after SBRT was 8.8 months and 
local control was 62%. Only one patient (6%) experienced a 
grade 3 GI toxicity. Dagoglu and colleagues at Beth Israel 
just published on their experience of 30 patients treated with 
25 Gy SBRT re-irradiation [73]. Local control was 78% in 
this cohort and median OS was impressive at 14.0 months. 
Two patients experienced late grade 3 toxicity consistent 
with bowel obstruction.
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 Particle Therapy in Pancreatic Cancer

Massachusetts General Hospital (MGH) reported results of 
a phase I/II trial of neoadjuvant proton therapy to 25 Gy in 
five fractions with concurrent capecitabine followed by sur-
gical resection and adjuvant gemcitabine delivered to 
patients with resectable pancreatic cancer [74]. Of the 35 
patients, only 4% were observed to have grade ≥ 3 GI toxic-
ity. Interestingly, 22% of patients did not undergo surgery 
due to change in diagnosis (2%), metastatic progression 
(4%), or unresectable disease at the time of exploration 
(16%). The node-negative resection rate was reported to be 
very low at 19%, whereas 84% had a margin-negative resec-

tion. Median OS was 17.3 months, with 42% of patients sur-
viving 2 years, and median progression-free survival (PFS) 
was 10.4 months. Of the 37 resected patients, median OS 
and PFS were 27.0 months and 14.5 months, respectively. 
At median follow- up of 38  months, 16% of the resected 
patients had recurred locoregionally. Proton therapy has 
also been reported in patients with LAPC and found to be 
extremely tolerable (0–10% grade ≥  3 toxicity) [75, 76]. 
Interestingly, however, a follow-up report of the Japanese 
study performed endoscopy post-SBRT, and it was observed 
that 49% of patients had radiation-induced gastric and duo-
denal ulcers (grade 1), though the rate of grade ≥ 3 toxicity 
was only 3% [77].

a b

c d

Fig. 24.3 Representative example of pancreas SBRT planning and 
treatment delivery. (a) Radiation planning CT scan (simulation) with IV 
contrast identifies a mass at the head of the pancreas. (b) The pancreas 
mass is drawn (red) and is seen to abut the portal vein (blue), and a 
fiducial is placed prior to the simulation (pink). (c) The nearby duode-
num is drawn as an avoidance structure. (d) Radiation planning is com-

pleted with dose maximally delivered around the tumor abutting the 
portal vein (red – 40 Gy in five fractions), prescription dose delivered to 
the entire pancreas mass (light blue – 33 Gy in five fractions), and rapid 
fall-off in dose to avoid the adjacent duodenum (maroon – 25 Gy in five 
fractions)
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The University of Pennsylvania conducted studies com-
paring dosimetric data among proton and photon therapy in 
patients with pancreatic cancer. One study compared 3D- 
CRT with IMRT, VMAT, and passive scattering and modu-
lated scanning proton therapy (PT) in patients receiving 
adjuvant RT to 50.4 Gy [78]. The study reported that all pro-
ton plans offered significantly lower doses to the left kidney 
(mean and V18Gy), stomach (mean and V20Gy), and spinal 
cord (maximum dose) compared with all the photon plans, 
except in the case of 3-field 3D-CRT with spinal cord maxi-
mum dose. Modulated scanning PT resulted in lower doses 
to the right kidney (mean and V18Gy), liver (mean dose), 
total bowel (V20Gy and mean dose), and small bowel 
(V15Gy absolute volume ratio) compared with all the photon 
plans and passive scattering PT. The dosimetric advantage of 
PT may allow for more tolerable dose-escalated RT to the 
tumor bed and comprehensive nodal areas. Another study 
evaluated 55 Gy delivered to patients with LAPC via double 
scattering (DS) and pencil beam scanning (PBS) proton ther-
apy versus IMRT [79]. DS and PBS proton therapy were 
shown to decrease stomach, duodenum, and small bowel 
dose in low-dose regions compared to IMRT (p  <  0.01). 
However, protons yielded increased doses in the mid-to-high 
dose regions and increased generalized equivalent uniform 
dose to the duodenum and stomach, although these differ-
ences were minimal (<5% and 10%, respectively; p < 0.01). 
This study suggests that proton therapy results in decreased 
low-to-intermediate dose to the treatment volume, although 
high dose of RT to organs at risk (OARs) was not signifi-
cantly reduced. Additional study of the safety and efficacy of 
proton therapy in pancreatic cancer is warranted.

 Image-Guided Therapy and Motion 
Management in Pancreatic Cancer

With IMRT and SBRT, the smaller field sizes can be detri-
mental if respiratory tumor motion is not accounted for. 
Pancreatic tumors can have respiratory motion at times 
greater than 2  cm craniocaudally [80]. If patients have 
≥3  mm breathing motion on fluoroscopy or 4D CT scan, 
tumor immobilization techniques should be utilized [58]. 
Two approaches to motion management are commonly 
employed: immobilization of the target (abdominal com-
pression or breath-hold techniques) and physiologically 
monitoring of tumor motion (tracking or gating) [60]. 
Generally, if breathing motion is <3  mm, patients can be 
treated free-breathing with an internal target volume (ITV) 
based on the 0% and 50% phases of the breathing cycle or 
using gating. In these patients, a PET or MRI simulation may 
improve the ability to delineate the tumor and adjacent struc-
tures as well as provide a baseline to determine treatment 
response.

 Positron Emission Tomography and Radiation 
Therapy in Pancreatic Cancer

Although the literature is sparse, two prospective studies 
have published on the role of PET in patients with LAPC 
who received SBRT. In patients treated with gemcitabine and 
single-fraction 25 Gy SBRT (n = 55), both maximum stan-
dardized uptake value (SUVmax) and metabolic tumor bur-
den (MTB) were associated with a 5- and 8-month OS 
benefit, respectively [81]. Clinical SUVmax persisted as an 
independent predictor for OS (p = 0.03) and progression-free 
survival (p = 0.03) on multivariate analysis. More recently, a 
phase II multi-institutional study evaluating gemcitabine and 
33 Gy SBRT in LAPC, PET avidity at baseline was the stron-
gest predictor of an increased risk of death on multivariate 
analysis (hazard ratio, 2.87; 95% confidence interval [CI], 
1.26–6.50, p = 0.012) [65]. Furthermore, the median maxi-
mum standardized uptake value (SUVmax) was shown to 
decrease from pre- to post-SBRT (from 4.75 g/mL to 3.15 g/
mL; p = 0.001).

 Hepatocellular Carcinoma

Given that hepatocellular carcinoma (HCC) typically arises 
in the context of liver cirrhosis, underlying injury to the liver 
is common and an important factor in determining treatment 
recommendations. The majority of patients will succumb to 
disease progression within the liver; therefore, an important 
goal in seeking therapy involves local tumor control while 
preserving liver function. Of note, the toxicity observed with 
radiotherapy for HCC is greater than that seen with liver 
metastases, generally due to pre-existent liver dysfunction.

 Stereotactic Body Radiation Therapy 
in Hepatocellular Carcinoma

SBRT offers a less invasive technique to maximize local con-
trol while minimizing RT exposure to normal liver tissue in 
patients with hepatic dysfunction. SBRT is primarily recom-
mended for patients with early stage tumors up to a maxi-
mum size of 6 cm and ideally located >1 cm from luminal GI 
organs at risk [82].

Two sequential phase I and II studies of SBRT in 102 
HCC patients with median tumor size of 7 cm reported by 
colleagues at Princess Margaret Cancer Center (PMCC) 
established the foundation of SBRT in HCC [83]. The locore-
gional control rate at 1 year was favorable at 87%; however, 
the rate of grade ≥ 3 toxicity was high at 30% and appears 
that 7% of patients may have died due to causes related to 
treatment. The same group also reported quality of life out-
comes, demonstrating no decrease in QOL although liver 
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SBRT resulted in a temporary detriment in appetite and 
fatigue [84].

Recently published was a single-arm phase I trial con-
ducted at PMCC aiming to evaluate maximally tolerated 
doses of sorafenib administered before, during, and after six 
fractions of SBRT, with stratification by low (<30%) versus 
high (30–60%) effective irradiated liver volume (<30%) 
[85]. Although survival has not yet been reached, prelimi-
nary data reveal that significant toxicity resulted and this 
combination is not recommended outside the setting of a 
clinical trial. The RTOG 1112 is aiming to compare sorafenib 
alone versus SBRT alone followed by daily sorafenib in 
patients with vascular involvement.

Some large, unresectable tumors may be difficult to effi-
ciently treat with SBRT [86]. In these patients, simultaneous 
integrated boost (SIB) consisting of a combination of hypo-
fractionation and dose painting with motion management and 
image guidance techniques may be a safe and effective alter-
native and is shown in Fig. 24.4 [87]. This SIB technique may 
be employed with proton or photon therapy to deliver very 
high doses (up to 140  Gy BED). An attractive option, it 
appears to be feasible yet rates of local control are unknown.

 Particle Therapy in Hepatocellular Carcinoma

Particle therapy appears to have advantages in HCC due to 
its ability to sharply penetrate tissue and deposit maximum 
energy. Proton therapy and carbon-ion radiation for HCC 
have historically been reported to be effective and well toler-
ated for advanced tumors.

A recent Japanese study compared particle therapy with car-
bon ions (passive scattering) versus photon therapy with SBRT 
in patients with HCC [88]. Ten patients received 60 Gy carbon-
ion RT in four fractions, after which a treatment plan of 60 Gy 
in four fractions of SBRT was simulated and created by a single 
radiation oncologist. The PTV D90 was 59.6 ± 0.2 Gy for car-
bon-ion RT in comparison with 56.6  ±  0.3  Gy for SBRT 
(p  <  0.05). Homogeneity index and conformity index were 
1.19 ± 0.03 and 0.79 ± 0.06, respectively, in carbon-ion RT, as 
compared to 1.21 ± 0.01 and 0.37 ± 0.02, respectively, in SBRT, 
with only CI resulting in a significant difference between two 
modalities. Mean liver dose was 8.1 ± 1.4 Gy in carbon-ion RT, 
as compared to 16.1 ± 2.5 Gy in SBRT (p < 0.05). V5 to V50 
were higher in SBRT than carbon-ion RT, and significant dif-
ferences were observed for V5, V10, and V20. Therefore, this 
small dataset suggests that carbon-ion RT may be superior in 
target conformity and sparing of normal liver tissue in compari-
son with SBRT.

On a larger scale, Qi and colleagues in China conducted a 
meta-analysis on photon (n = 3577) versus proton (n = 1627) 
therapy in HCC [89]. Pooled OS was significantly higher at 1, 
3, and 5 years for proton therapy as opposed to photon ther-

apy (relative risk [RR] 1.68, 95% CI 1.22–2.31; p < 0.001; 
RR 3.46, 95% CI 1.72–3.51, p  <  0.001; RR 25.9, 95% CI 
1.64–408.5, p = 0.02, respectively). Progression-free survival 
and local control at longest follow-up were also  significantly 
higher with proton therapy than for photon therapy (p = 0.013 
and p < 0.001, respectively), while comparable efficacy was 

a
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Fig. 24.4 An SBRT plan for liver metastases using simultaneous inte-
grated boost (SIB) is shown. (a) A coronal slice is presented showing a 
hypodense lesion along the left (medial) edge of the liver with adjacent 
clips. The stomach is visible with oral contrast. (b) The red shaded area 
represents the metastatic deposit, and the green shaded area demon-
strates the resection bed and segment 8 of the liver. (c) Radiation dose 
is given to the metastatic tumor volume to a dose of 50 Gy in five frac-
tions (red isodose line). A lower dose of 25 Gy in five fractions (yellow 
isodose line) is given to the resection bed and remainder of segment 8. 
Note that the yellow line curves away from the stomach (light blue 
shading), demonstrating the ability of this technique to reduce gastroin-
testinal toxicity
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observed when comparing proton therapy and SBRT in terms 
of OS, PFS, and LC at longest follow-up. High-grade acute 
and late toxicity was also reported to be lower with proton 
therapy. While these outcomes are promising, concerns of the 
generalizability among numerous other limitations of the 
analysis were subsequently reported [90–92].

 Oligometastatic Disease to the Liver

SBRT has been evaluated in patients with oligometastases to 
the liver. In one retrospective study, Lanciano and colleagues at 
Drexel University reported on 30 patients treated with ablative 
SBRT (BED10 ≥ 79.2Gy) after being heavily treated with sys-
temic (87%) and/or liver-directed therapy (37%) [93]. Of the 
30 patients, 23 (77%) were being treated for liver metastases, 
while the remaining had cholangiocarcinoma (13%) or HCC 
(10%). At a median follow-up of 22 months, 36% of patients 
experienced local failure. A decrease in local failure was found 
with higher doses of SBRT (p = 0.0237); 55% of tumors receiv-
ing a BED10 ≤ 100 Gy had local failure compared with 19% 
receiving a BED10 > 100 Gy. The 2-year actuarial rate of local 
control for tumors treated with BED10 > 100 Gy was 75% com-
pared to 38% for those patients treated with BED10 ≤ 100 Gy 
(p = 0.04). Overall, seven patients (23%) remain alive with a 
median OS time of 20 months from SBRT and 57 months from 
diagnosis. In conclusion, it appears that SBRT was well toler-
ated despite the large amount of prior therapy and resulted in 
favorable rates of local control.

Stanford University also published on toxicity involving 
SBRT in primary (53%) and metastatic (47%) liver lesions 
[94]. Median BED10 was 85.5 Gy (range 37.5–151.2) for a 
median of five fractions (range, 1–5). Rates of GI toxicity 
included 24% grade ≥ 2 and 19% grade ≥ 3. Clinical factors 
associated with grade ≥ 3 GI toxicity were cholangiocarci-
noma histology (p < 0.0001), primary liver tumor (p = 0.009), 
and a biliary stent (p < 0.0001). Dosimetric parameters most 
predictive of grade ≥ 3 toxicity were volume receiving above 
BED10 of (1) 72 Gy ≥ 21 cm3 (relative risk 11.6, p < 0.0001) 
and (2) 66 Gy ≥ 24 cm3 (RR 10.5, p < 0.0001) as well as 
mean BED10 to the central hepatobiliary tract ≥14 Gy (RR 
9.2, p  <  0.0001). This study may be utilized to determine 
dose constraints to improve future treatment-related toxicity 
in liver SBRT. An example of SBRT to liver metastases with 
an SIB technique is shown in Fig. 24.4.

 Cholangiocarcinoma

Making major strides in therapeutic delivery for cholangio-
carcinoma is particularly problematic due to its rarity and 
difficult anatomic location that subsequently result in group-
ing of cholangiocarcinoma with other hepatobiliary malig-

nancies such as hepatocellular carcinoma or gallbladder 
cancer. Often delivered in the adjuvant, unresectable, or 
recurrent setting, radiation therapy offers an improvement in 
quality and quantity of life by maximizing local control.

A recent study reported on unresectable intrahepatic chol-
angiocarcinoma patients receiving ablative radiation with 
BED ≤ 80.5 Gy (n = 60) versus >80.5 Gy (n = 19) from 2002 
to 2014 [95]. Approximately half of patients received IMRT, 
while the remaining received 3D proton (32%) or photon 
(16%) therapy. The median tumor size at diagnosis was 
7.9  cm (range, 2.2–17). Median follow-up time was 
33 months. Median OS was 30 months and the rate of 3-year 
OS was 44%. The 3-year OS (73% vs. 38%, p = 0.017) and 
local control (78% vs. 45%, p  =  0.04) rates for patients 
receiving BED > 80.5 Gy were significantly higher in com-
parison with BED ≤ 80.5 Gy. The investigators concluded 
that high-dose RT is predictive of improved local control and 
OS and a BED > 80.5 Gy appears to be an ablative dose in 
patients with large IHCC tumors.

Evidence of a dose-response relationship in cholangiocar-
cinoma has been reported, yet a majority of patients will fail 
within the radiation field despite the use of doses >45  Gy 
[82]. This has prompted investigation into the use of SBRT 
as a method for dose escalation. In general, higher local con-
trol rates have been seen with SBRT in comparison with 3D- 
CRT trials, and this may be a promising way forward. One 
advantage of SBRT is the short overall treatment time, allow-
ing easier integration with multimodality therapies.

An alternative to dose escalation may be the use of a 
brachytherapy boost. Italian colleagues recently reported on 
their experience with gemcitabine chemoradiation in 27 
patients with unresectable extrahepatic cholangiocarcinoma. 
[96] A total dose of 50.4 Gy was delivered to the tumor and 
39.6 Gy to lymph nodes using 3D-CRT followed by a boost 
with a median dose of 15  Gy (range, 15–20) intraluminal 
high-dose-rate brachytherapy with 192 Ir in select patients 
(22%). Median follow-up was 16 months, with a 2-year local 
control rate of 29%. Two-year and 3-year OS rates were 27% 
and 7%, and median OS was 14 months. The brachytherapy 
boost demonstrated a 7-month advantage (21 vs. 14 months, 
no p-value reported). Acute grades 3 and 4 GI toxicities were 
observed in 15% and 4% of patients, respectively, whereas 
no late toxicity was experienced. It appears that the brachy-
therapy boost improved long-term outcomes; however, addi-
tional investigation is necessary to validate this on a larger 
scale.

 Stereotactic Body Radiation Therapy 
in Cholangiocarcinoma

SBRT in cholangiocarcinoma is most commonly delivered in 
unresectable cases, with 1-year OS rates after SBRT range 
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from 45% to 73% [97–99]. A study on hilar lesions revealed 
impressive rates of progression-free survival (30  months), 
2-year OS (80%), and 4- year OS (30%) although the num-
bers were small (n = 10) [100].

 Particle Therapy in Cholangiocarcinoma

Though particle therapy has been thoroughly studied in hepa-
tocellular carcinoma, the role of proton therapy in cholangio-
carcinoma is less understood. One report involved 28 
unresectable or recurrent cholangiocarcinoma patients 
(including 21% intrahepatic, 21% hilar, 11% extrahepatic, 
11% gallbladder, and 36% local or nodal recurrence) receiv-
ing a median BED of 68.2 Gy [101]. Median follow-up was 
12 months, with 1-year OS of 49% and 1-year local control of 
68%. Age ≥ 70 (10 vs. 14 months, p = 0.03) and ECOG > 1 
(5 vs. --, p < 0.0001) were significant factors for inferior OS, 
while a BED10 > 70 Gy was predictive of improved local con-
trol at 1 year (83% vs. 22%, p = 0.002). Rates of grade 3, 4, 
and 5 toxicity were 29%, 0%, and 0% for overall reasonable 
toxicity. An additional study reported on 20 patients with 
unresectable intrahepatic cholangiocarcinoma received pro-
ton therapy in Japan [102]. The median maximum tumor size 
was 5 cm (range, 1.5–14), with a median total dose of 72.6 Gy 
delivered to the intrahepatic region within 22 fractions and 
56.1 Gy delivered to the lymph nodes in 17 fractions. Of note, 
eight patients were reported to have been treated palliatively 
due to tumor presence outside the radiation field. Median OS 
in the curative group was 27.5 months, with rates of 1- and 
3-year OS at 82% and 38%, respectively. At median time of 
follow-up of 20.8 months, the rate of local control was 75% 
in the curative group. No grade ≥  3 toxicity was reported. 
Therefore, it appears that proton therapy may be a feasible 
option for providing local control in advanced patients.

A phase II multi-institutional study recently reported by 
Hong and colleagues evaluated the role of high-dose, hypo-
fractionated proton beam therapy for HCC (n  =  44) and 
intrahepatic cholangiocarcinoma (n = 37) [103]. The median 
maximum tumor dimension in cholangiocarcinoma patients 
was 6.0 cm (range, 2.2–10.9), 62% of patients received ther-
apy prior to radiation, and the median dose of radiation deliv-
ered was 58.0 Gy. Median follow-up time was 19.5 months, 
with a 94% rate of local control at 2 years. OS at 2 years was 
47%. The rate of grade 3 radiation-related toxicity was 8%, 
while no grade 4 or 5 toxicity was observed.

 Gallbladder Cancer

The role of adjuvant radiation therapy in gallbladder cancer 
is largely unknown, and conflicting studies have been pub-
lished. A recent analysis of the National Cancer Database on 

6690 patients with resected gallbladder cancer reported that 
adjuvant chemoradiation was associated with improved OS 
for all patients (HR 0.77, 95% CI 0.66–0.90), especially 
those who underwent a node-positive resection (HR 0.64, 
95% CI 0.53–0.78) [104]. Among patients with unknown 
lymph node status, those with T2 or T3 disease saw improved 
OS with adjuvant chemoradiation (T2, HR 0.79, 95% CI 
0.63–0.99; T3, HR 0.43, 95% CI 0.30–0.62). Median OS 
was 18.0  months, 12.4  months, and 21.2  months among 
patients who received no adjuvant therapy, adjuvant chemo-
therapy alone, and adjuvant chemoradiation, respectively.

A multi-institutional retrospective report at Johns Hopkins 
University, Mayo Clinic, Duke University, Oregon Health & 
Science University, the University of Michigan, and the 
University of Texas MDACC between 1985 and 2008 dem-
onstrated a median OS of 60.5 months and 5-year OS rate of 
51% [105]. On multivariate analysis, lymph node involve-
ment was a significant factor for inferior OS (HR 4.81, 95% 
CI 2.20–10.52, p < 0.01), while surgery after the year 2000 
was associated with superior OS (HR 0.21, 95% CI 0.10–
0.45, p < 0.01). The Southwest Oncology Group was the first 
to prospectively evaluate the role of adjuvant chemoradiation 
in extrahepatic cholangiocarcinoma and gallbladder cancer 
with the S0809 trial [106]. A total of 79 patients (32% gall-
bladder cancer) were adjuvantly treated with 4  cycles of 
gemcitabine and capecitabine followed by concurrent 
capecitabine and 52.5–54 Gy radiation. The rate of 2-year 
OS was impressive at 65%, with a median OS time of 
35 months. Grade 3 and 4 toxicity rates were 52% and 11%, 
respectively, and most consistent with neutropenia, hand- 
foot syndrome, diarrhea, lymphopenia, and leukopenia. One 
GI bleed (1%) possibly attributed to radiation resulted in 
death. Overall, it appears that this regimen is safe and effec-
tive, providing the foundation for phase III trials in the future. 
While adjuvant radiation appears to be associated with long- 
term benefits, the data is in its infancy, and advanced radia-
tion techniques have not undergone study. It is suggested that 
adjuvant SBRT may be a safe and effective option for 
resected gallbladder patients, although larger study numbers 
are necessary [107].

 Rectal Cancer

Appropriate oncologic resection with a total mesorectal 
excision remains the recommended therapy for patients with 
operable rectal adenocarcinoma [108, 109]. However, there 
is clear consensus in the GI oncology community that a local 
control benefit exists from the use of neoadjuvant or adjuvant 
chemoradiation [110]. A meta-analysis completed by the 
Colorectal Cancer Collaborative Group in 2001 compared 
the results of rectal cancer trials comparing neoadjuvant 
radiation therapy to surgery alone and adjuvant radiation 
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therapy to surgery alone [111]. While no OS benefit was seen 
in this meta-analysis (62% without radiotherapy versus 63% 
with radiotherapy, p = 0.06), both neoadjuvant and adjuvant 
radiation therapy schedules resulted in improved local con-
trol (46% yearly risk reduction with neoadjuvant radiation 
[p = 0.00001] and 37% yearly risk reduction with adjuvant 
radiation [p  =  0.002]). Consequently, surgery alone is not 
recommended for most patients with operable rectal 
adenocarcinoma.

Findings from the German Rectal Cancer Study Group 
trial investigating neoadjuvant versus adjuvant chemoradia-
tion in T3/T4 or node-positive rectal cancer are the backbone 
of treatment for most patients with resectable disease [112]. 
This study demonstrated that 3D-CRT to a dose of 50.4 Gy 
with infusional 5-FU prior to surgery resulted in lower 5-year 
local relapse rates than patients treated in the adjuvant set-
ting with 55.8 Gy of 3D-CRT and the same chemotherapy (6 
versus 13%, p = 0.006). Five-year OS and disease-free sur-
vival were similar between the groups. Both acute (27 versus 
40%, p = 0.001) and late (14 versus 24%, p = 0.01) grade 3–4 
toxicities were lower in patients treated in the neoadjuvant 
setting. The 10-year update of this data has also been recently 
reported [113]. The previously noted local relapse rate 
remained statistically lower in patients treated with neoadju-
vant chemoradiation (7.1 versus 10.1%, p = 0.048). Again, 
no differences were seen in OS, disease-free survival, or 
incidence of distant metastatic disease.

In addition to the reduced rate of local failure previously 
noted, neoadjuvant therapy has become the standard of care 
in patients with T3/T4 or node-positive rectal cancers to 
allow for tumor downstaging (potentially identifying patients 
with more favorable tumor biologies) and sphincter preser-
vation at the time of surgery, a reduced radiation dose in the 
neoadjuvant setting, and smaller radiation fields (not having 
to radiate a surgically violated field). However, in an attempt 
to help reduce toxicity associated with radiation, researchers 
have investigated both IMRT and proton beam therapy to 
help avoid normal toxicity.

 Intensity-Modulated Radiation Therapy 
in Rectal Cancer

As with most disease sites, retrospective dosimetric analyses 
have shown improved target coverage and normal tissue 
sparing with IMRT compared to 3D-CRT [114–116]. Clinical 
data comparing IMRT to 3D-CRT was published by 
Samuelian and colleagues in 2012 [117]. They retrospec-
tively compared 61 patients treated with 3D-CRT to 31 
patients treated with IMRT. Doses between the two groups 
were similar, though the IMRT plans used a simultaneous 
integrated boost technique. The investigators found that 
IMRT reduced the incidence of grade 2 or greater GI toxicity 

versus the use of 3D-CRT (48 versus 62%, p  =  0.006). 
Specifically, IMRT reduced the rate of diarrhea and enteritis 
when compared to 3D-CRT. No significant differences in 
non-GI toxicities were observed. Although GI toxicity was 
reduced, IMRT did not result in fewer treatment breaks or a 
reduction in early termination of therapy.

The RTOG has prospectively investigated the role of 
IMRT in its phase II clinical trial 0822. This prospective 
single-arm study treated patients with cT3-4Nx or cTxN1-2 
rectal adenocarcinoma patients with neoadjuvant IMRT + 
capecitabine + oxaliplatin followed by surgery and adjuvant 
chemotherapy. The primary endpoint was grade 2 or greater 
GI toxicity (28%) in comparison to the oxaliplatin arm of 
RTOG 0247 in which 3D-CRT was used [118]. The rate of 
grade ≥ 2 GI toxicity was 51.5% with IMRT and 40% with 
3D-CRT, clearly not meeting the pre-defined endpoint of 
RTOG 0822 [119]. Central plan review demonstrated that 
the vast majority (93%) of submitted radiation volumes were 
accurate and followed protocol. One criticism of this trial’s 
outcome is the possibility that the higher rate of side effects 
may be due to the use of oxaliplatin.

Despite the results of the aforementioned prospective 
trial, IMRT remains an area of active investigation in rectal 
cancer, and it is likely that future trials will allow IMRT as a 
reasonable delivery option for radiation therapy. For con-
touring recommendations in IMRT, the RTOG has an atlas of 
target structures and reasonable volumetric expansions 
(www.rtog.org/CoreLab/ContouringAtlases/Anorectal.
aspx).

 Charged Particle Therapy in Rectal Cancer

As early as 1992, data had emerged from MGH regarding a 
potential benefit for proton therapy in rectal cancer. A dosi-
metric analysis by Tatsuzaki indicated that proton beam ther-
apy was able to reduce the volume of small bowel irradiated 
in comparison to three different 3D-CRT plans (AP/PA and 
3-field and 4-field box) [120]. Similarly, a Swedish analysis 
in 1996 showed a small benefit of proton beam therapy to 
reduce dose to the small bowel, bladder, and femoral heads 
versus 3D-CRT [121].

More recently, investigators from the Florida Proton 
Institute completed a dosimetric analysis of proton beam 
therapy to both 3D-CRT and IMRT in patients with resect-
able rectal cancer [122]. Compared to 3D-CRT and IMRT 
techniques, proton beam therapy was able to reduce bone 
marrow V5Gy, V10Gy, V15Gy, and V20Gy (p = 0.0156 for 
each). Similarly, proton beam therapy reduced small bowel 
V10Gy, V20Gy, and V30Gy doses compared to 3D-CRT 
(p = 0.0156 for each) but only reduced V10Gy and V20Gy 
small bowel doses compared to IMRT (p = 0.0156 for each). 
In terms of bladder sparing, proton beam therapy reduced 
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bladder V40Gy compared to 3D-CRT (p  =  0.016), but no 
improvement was seen compared to IMRT. The authors note 
the potential benefit proton beam offers, particularly in terms 
of the bone marrow toxicity reduction that may impact future 
chemotherapy options.

As of the writing of this text, published clinical data on 
the outcomes of proton beam therapy in rectal cancer are 
wanting. However, the use of carbon-ion therapy in recurrent 
rectal cancer has been reported. A series of three case reports 
were published by Japanese investigators on patient out-
comes following local recurrence of rectal cancer and subse-
quent treatment with carbon-ion therapy [123]. All patients 
were treated to at least 70.4 GyE in a minimum of 2 GyE per 
fractions. All patients were local recurrence-free at least 
2  years following therapy though a thorough reporting of 
radiation details and toxicity was not completed.

 Endorectal Brachytherapy

Brachytherapy is a technique of providing radiation in direct 
approximation to a tissue surface. In contrast to external 
beam radiation, it often provides high doses of radiation near 
a target site with minimal radiation dose to surrounding 
structures due to rapid dose reduction over a given distance. 
Rectal cancer provides a unique opportunity to use this type 
of therapy due to the presence of the tumor in an accessible 
hollow cavity, thereby allowing brachytherapy by placing a 
radioactive source material directly in contact with the target 
lesion.

Vuong and colleagues first reported their results of this 
technique in a phase I/II trial published in 2002 [124]. 
Patients with operable T2 to early T4, N0–N2 lesions were 
treated using four fractions of 6.5 Gy of daily radiation (total 
dose of 26 Gy) to the tumor and radial margin, followed by 
surgery 4–8 weeks later. If positive nodes were identified in 
the final pathology specimen, adjuvant external beam radia-
tion was applied to a dose 45 Gy in 25 fractions with concur-
rent chemotherapy. The results of the study demonstrated an 
astounding complete clinical response rate of 68% on endo-
scopic rectal ultrasound following therapy, with a 32% 
pathologic T0 N0–N1 rate, and an additional 36% with only 
residual microfoci of carcinoma. These results were updated 
in a 2007 publication [125]. Again, the pathologic complete 
response rate (T0) was 29% with 37% showing microfoci of 
residual disease. The 5-year local recurrence rate was 5%, 
disease-free survival was 65%, and OS was 70%. Local tox-
icity was significant, however, with 99% of patients suffering 
grade 2 proctitis and 1% of patients suffering grade 3 procti-
tis in 7–10 days immediately following treatment. Surgical 
complication rates were low.

Investigators from the Johns Hopkins University com-
pared their early results of patients treated with endorectal 

brachytherapy to patients treated with neoadjuvant external 
beam radiation (IMRT or 3D-CRT) during the same time 
period [126]. A representative section of dose distribution 
with EBT is shown in Fig. 24.5. This report is limited by its 
small sample size (n = 7 for endorectal brachytherapy, n = 25 
for external beam radiation) but demonstrates a trend toward 
improved pathologic complete response rate for endorectal 
brachytherapy (43% versus 12%, p = 0.06). Progression-free 
survival and OS were similar between the endorectal brachy-
therapy group and external beam patients. Data has also been 
reported on the use of endorectal brachytherapy in the re- 
irradiation setting, though this remains hypothesis- generating 
at this time [127].

A 2015 American Society for Radiation Oncology 
(ASTRO) Clinical Practice Statement was published in 2015 
to outline the appropriate customization of radiation therapy 
in stage II and III rectal cancers [128]. Neoadjuvant endorec-
tal brachytherapy alone was felt to be “rarely appropriate” by 
the panel, owing largely to the paucity of data, particularly 
randomized data, on this modality. As its use expands and its 
optimal role in therapy is elucidated, prospective data will 
help to define its true role in the treatment of de novo and 
recurrent rectal cancer.

 Anal Cancer

Unlike most other malignancies in the GI tract, most anal 
carcinomas originate from squamous epithelium. As this his-
tology is generally more radiosensitive than adenocarcino-
mas, most sites of primary squamous cell carcinoma are 
treated with chemoradiation as opposed to surgery (e.g., 
head and neck cancer and upper esophageal cancer). 

Fig. 24.5 A representative section of dose distribution with endorectal 
brachytherapy (EBT) is shown with demonstration of rapid dose fall- 
off. The long, narrow arrow demonstrates the center of the lumen with 
the brachytherapy catheter. The short, thick arrow demonstrates the 
high-dose region (the 100% isodose line). The medium thickness, 
medium length arrow demonstrates the low-dose region (the 30% iso-
dose line). (Reprinted with permission from Smith et al. [126])
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Consequently, the definitive treatment paradigm for most 
non-metastatic squamous cell carcinomas employs chemora-
diation or radiation alone.

The superiority of chemoradiation versus radiation alone 
was demonstrated by two large randomized prospective clin-
ical trials [129, 130]. The United Kingdom Co-ordinating 
Committee on Cancer Research (UKCCCR) Anal Cancer 
Trial Working Party enrolled 585 patients to either radiation 
alone (45 Gy in 20 or 25 fractions) or chemoradiation (the 
same radiation dose with continuous infusion 5-FU plus 
bolus mitomycin C [MMC]) [131]. The 3-year local control 
rate was significantly longer in patients treated with chemo-
radiation (61 versus 36%, p < 0.001), though no difference 
was seen in OS. Similarly, researchers in Europe investigated 
the use of radiation alone (45 Gy in 25 fractions, with a boost 
at 6 weeks) versus chemoradiation (the same radiation dose 
and schedule with continuous infusion 5-FU and bolus mito-
mycin C) [129]. Both 5-year locoregional control (68 versus 
50%, p = 0.02) and colostomy-free survival (72 versus 40%, 
p = 0.002) were improved with the addition of chemotherapy 
to the radiation. It is important to note that both trials used 
classical radiation techniques (3D-CRT).

The landmark trial that has served as the backbone for 
anal cancer, RTOG 98-11, was published by Ajani and col-
leagues in 2006 [132] and updated in 2012 [133]. Patients 
with T2–T4, N0–N3, and M0 anal squamous cell cancers 
were stratified to concurrent chemoradiation with mitomycin 
and 5-FU or induction 5-FU and cisplatin to be followed by 
concurrent 5-FU, cisplatin, and radiation. The radiation dose 
in all patients was 45 Gy if T2N0, or up to 55–59 Gy in T3, 
T4, node-positive, or T2 with residual disease. The induction 
nature of the cisplatin arm of this trial remains a controver-
sial point. At 5 years, the mitomycin arm resulted in superior 
outcomes for colostomy-free survival (71.9 versus 65.0%, 
p = 0.05), DFS (67.8% versus 57.8%, p = 0.006), and OS 
(78.3 versus 70.7, p  =  0.026). While the most significant 
treatment-related toxicity was hematologic (and resulted in 
most treatment delays), toxicity attributed to radiotherapy 
was significant, including radiation dermatitis and GI toxic-
ity. As this trial utilized classical 3D-CRT techniques, these 
toxicities were not unexpected.

 Intensity-Modulated Radiation Therapy  
in Anal Cancer

In order to improve the toxicity profile associated with 
3D-CRT, the RTOG completed their prospective protocol 
0529, an investigation of dose-painted IMRT (DP-IMRT) in 
T2-4, N0-3, M0 anal squamous cell carcinoma [134]. The 
term “dose-painted” refers to the ability of IMRT treatment 
fields to apply a more concentrated radiation dose into a 
small target volume within a larger target volume, and this is 

represented in Fig. 24.6. The investigators sought to deter-
mine whether or not the use of DP-IMRT with 5-FU and 
MMC chemotherapy resulted in a reduction of combined 
grade 2 or greater GI and genitourinary (GU) side effects by 
at least 15% when compared to the radiation/5FU/mitomy-
cin C arm of RTOG 98-11. Radiation doses were 45 Gy to 
elective nodal regions, 50.4 Gy for lymph nodes ≤3 cm in 
size, and 54 Gy to lymph nodes greater than 3 cm in size and 
to the primary anal tumor (all in 30 fractions). The exception 
was patients with T2N0 lesions, who received 50.4 Gy to the 
anal tumor and 42  Gy to the elective nodal regions in 28 
fractions.

The primary endpoint of RTOG 0529, grade 2 or higher 
GI/GU toxicity, was not found to be superior using IMRT as 
opposed to 3D-CRT (77% versus 77%, p = 0.50). Therefore, 
based on the pre-determined criteria of the trial, RTOG 0529 
was a negative trial. However, grade 3 or higher GI/GU tox-
icity was significantly lower using IMRT (21% versus 37%, 
p = 0.0052). Additionally, grade 3 or higher skin toxicity was 
much significantly decreased with IMRT (23 versus 49%, 
p < 0.0001). Equivalently as important, the use of smaller 
radiation fields with IMRT in RTOG 0529 did not increase 
the rate of local failure compared to 3D-CRT in RTOG 
98-11. The 2-year local failure rate (20% versus 23%), 
colostomy- free survival (86% versus 84%), disease-free sur-
vival (77% versus 71%), and OS (88% versus 91%) were not 
statistically different between the trials. Treatment breaks 
during chemoradiation have been well documented to result 

Fig. 24.6 Dose-painted intensity-modulated radiation therapy 
(DP-IMRT) target volumes and doses. A representative image of target 
volumes and doses in a cT3N3M0, stage IIIB case. The primary tumor 
planning target volume (PTV) receives 54 Gy (red colorwash) and the 
elective nodes 45 Gy (blue colorwash). An involved right-sided ingui-
nal node was dose-painted to 50.4 Gy (orange colorwash). (Reprinted 
with permission from Kachnic et al. [134])
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in inferior outcomes in patients with anal cancer [135]. 
Treatment interruptions, as noted by total duration of radia-
tion, were significantly lower in patients treated with IMRT 
(treatment duration 43 days IMRT versus 49 days 3D-CRT, 
p < 0.0001). IMRT in anal cancer is, therefore, considered to 
maintain treatment efficacy while reducing acute morbidity 
compared to 3D-CRT.

At least two recent studies have utilized VMAT is a 
delivery method for IMRT in patients with anal cancer 
with promising results [136, 137]. A dosimetric compari-
son of ten patients comparing 7-field IMRT with VMAT 
was completed by investigators at MDACC [138]. Not 
only were VMAT plans more homogeneous than their 
IMRT counterparts (homogeneity index 2.4% VMAT ver-
sus 4.6% IMRT, p = 0.007), but also doses to multiple criti-
cal structures were significantly lower including the small 
bowel (mean dose 35.5 Gy IMRT versus 31.6 Gy VMAT, 
p = 0.02) and genitalia (mean dose 25.4 Gy IMRT versus 
21.0 Gy VMAT, p = 0.03). Specifically for the small bowel, 
it was noted that while volume receiving low dose V10 Gy 
was higher with VMAT, the volume receiving intermediate 
dose V20  Gy was higher with IMRT.  Finally, treatments 
were considerably faster with VMAT as opposed to IMRT 
(188 seconds versus 728 seconds, p = 0.005). Again, while 
an intriguing outcome, a direct clinical comparison 
between VMAT and IMRT in anal cancer remains 
lacking.

 Charged Particle Therapy in Anal Cancer

Recently, two dosimetric studies have been published that 
investigate the ability of proton beam radiation to ade-
quately treat anal cancer with less potential toxicity than 
IMRT [139, 140]. A radiation planning study from the 
University of Pennsylvania reported that a two-posterior 
oblique field proton beam plan showed reduced volumes of 
low and intermediate doses to many normal structures 
when compared to a 7-field IMRT plan [139]. Specifically, 
the small bowel volume irradiated was reduced using pro-
ton beam radiation for all doses up to 35 Gy with a mini-
mum p-value of 0.0008. Similarly, proton beam radiation 
reduced the irradiated volume of external genitalia for all 
doses up to 29 Gy with a minimum p-value of 0.008.The 
mean external genitalia dose was 7.4 Gy with proton beam 
radiation and 19.4 Gy with IMRT (p  = 0.008). Likewise, 
investigators from the Mayo Clinic demonstrated reduced 
volumetric doses for bone marrow, bladder, and small 
bowel normal structures [140]. As data emerges from anal 
cancer patients treated with proton beam radiation, the 
comparison in toxicities between proton beam radiation 
and IMRT/VMAT will inform the field about whether or 
not this dosimetric benefit is realized clinically.

 Conclusion

The role of radiation remains paramount in most GI malig-
nancies. As technology continues to advance, the role of 
radiation therapy will continue to evolve in turn. As with the 
progression from non-CT-based planning to SBRT, improve-
ments in the delivery of proton beam therapy will likely help 
to reduce normal tissue toxicity while further dose- escalating 
the target. Consequently, previously radio-resistant tumors 
may be more meaningful therapeutic targets with high-dose 
radiation, and tumors once considered non-operable may be 
downstaged to allow for safe and effective surgical resection. 
Finally, as radiation dose is maximally increased and safe 
technique is further optimized, a future may be realized in 
which surgical management of certain tumors becomes 
unnecessary.
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 Introduction

Gastrointestinal (GI) cancers are among the leading health 
problems globally, and the burden is increasing in many 
parts of the world [1]. Imaging plays a crucial role in the 
diagnosis, follow-up, and screening of GI cancers. With the 
development of state-of-the-art technologies and increased 
experience with these modalities, imaging is generally the 
first diagnostic tool employed by physicians in modern med-
ical practice.

In this chapter we provide a general overview of the com-
mon diagnostic imaging findings and optimal use of imaging 
technologies in the diagnosis, follow-up, and screening of 
gastrointestinal tract cancers.

 Esophageal Cancer

 General Overview

Esophageal carcinoma (EC) is the sixth leading cause of 
cancer-related mortality and the eighth most common can-
cer worldwide [2]. The survival rates are dismal, with over-
all 5-year survival ranges from 15% to 25%. The best 
outcomes are achieved with the disease diagnosed at an ear-
lier stage [3, 4].

Squamous cell carcinoma is the most common histologi-
cal subtype, with adenocarcinoma incidence rising dramati-
cally in recent years [5, 6]. The clinical presentations tend to 
occur late in the course of EC, and therefore the patients are 

generally diagnosed at a later stage. The diagnosis is gener-
ally done by endoscopy, but as appropriate staging is crucial 
for the selection of optimal treatment approach in these 
patients, imaging plays a crucial role in the initial and fol-
low- up staging.

The tumor can arise anywhere along the esophagus. As 
the esophagus lacks a proper serosal lining and attaches to 
neighboring structures via a loose adventitia, direct inva-
sion of the adjacent structures may occur easily, including 
the thyroid, larynx, trachea, bronchi, aorta, lung, pericar-
dium, diaphragm, and stomach. Tracheobronchial struc-
tures are commonly involved in the course of EC and, 
consequently, tracheoesophageal and esophagobronchial 
fistulas may develop in 5–10% of the cases [7]. Lymphatic 
dissemination of the EC is also common, and unpredict-
able, as there is extensive lymphatic network around the 
esophagus. The lymphatic drainage of the esophagus is 
rather longitudinal than segmental. The lymphatic metas-
tases may develop distantly from the primary tumor, and 
abdominal lymph nodes may also be involved in 25–50% 
of the cases, more commonly from the distal ECs [8, 9]. 
Hematogenous metastases are also not infrequent and may 
involve the lungs, liver, bones, adrenal glands, pancreas, 
and kidney.

The diagnosis of EC is usually done with endoscopy. 
However, in some cases, conventional barium esophagogram 
may be the diagnostic study. On barium exam, the tumor 
may appear as an irregular, short segment stricture with 
proximal shouldering [10].

 Role of Imaging in the Staging

Comprehensive work-up with endoscopic ultrasonography 
(EUS), computed tomography (CT)/magnetic resonance 
imaging (MRI), and positron emission tomography-CT 
(PET-CT) may all be required for staging of the EC.
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 Endoscopic Ultrasonography
Endoscopic US is required for T staging of the tumor by 
determining the depth of the esophageal wall invasion by the 
tumor. High-frequency transducers are required as high mor-
phologic detail is mandatory for invasion assessment. The 
differentiation of T1/T2 tumors from T3/T4 tumors is crucial 
as preoperative chemotherapy may be helpful before surgical 
resection in T3/T4 tumors; meanwhile surgical resection is 
preferred in T1/T2 tumors. Operator dependence, minimally 
invasive nature of the exam, suboptimal evaluation of the ste-
notic tumors, and perforation risk are the main limitations of 
the study [11].

 Computed Tomography
Computed tomography exam is typically performed in the 
pre-surgical evaluation of the patients with known EC 
(Fig.  25.1a–c). Multidetector computed tomography 
(MDCT) is extremely useful to assess the tumor size, local 
invasion, lymph node involvement, and distant metastases. 
CT has been demonstrated to be highly accurate in the detec-
tion of local invasion of the adjacent structures such as the 
trachea, thoracic aorta, bronchus, or the pericardium (T4 

tumor). The main diagnostic criterion for invasion is the loss 
of detectable fat planes between the esophagus and the 
invaded mediastinal structures. The displacement and inden-
tation of the adjacent structures may be seen in cases of local 
invasion. The prediction of thoracic aortic invasion by the 
EC may be extremely difficult as there is no intervening fat 
plane between the esophagus and the aortic wall. If there is 
more than 90° of direct contact with the tumor and the aortic 
wall, then the tumor is deemed to be invading the aorta. In 
case the contact angle is between 45° and 90°, then the find-
ings are considered to be indeterminate for aortic invasion. In 
cases where the contact is less than 45°, then there is no evi-
dence of aortic wall invasion [12]. The sensitivity and speci-
ficity of CT for the detection of T3 and T4 diseases are 
75%/78% and 75%/86%, respectively [13]. With the wide-
spread use of MDCT, several multiplanar reformations may 
be done, which may allow better assessment of the length 
and anatomic relations of the EC.

CT is also a reliable tool for diagnosing the metastatic 
lymph node involvement. It can detect the enlarged lymph 
nodes and has sensitivity and specificity of 30–60% and 
60–80%, respectively, for nodes greater than 1  cm [4, 14, 

a c

b

Fig. 25.1 Esophageal carcinoma. Axial (a) and coronal (b) contrast- 
enhanced CT images of a 60-year-old male demonstrate squamous cell 
carcinoma of the distal esophagus manifesting as concentric and asym-

metric wall thickening (arrows). (c) Coronal PET-CT reveals increased 
FDG uptake (arrow) in the esophagus cancer
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15]. Contrast-enhanced CT is also highly successful for the 
assessment of solid organ metastases.

 Positron Emission Tomography-Computed 
Tomography
Esophagus cancer appears on PET-CT as increased 
18F-fluorodeoxyglucose (18F-FDG) uptake (Fig.  25.1c). 
However, PET-CT is not used for primary detection or local 
staging of EC, but it is extremely useful for detection of dis-
tant solid organ and lymph node metastases.

Accurate diagnosis of lymph node metastasis is of crucial 
importance for the management of patients with known 
EC.  The esophagus has an extensive lymphatic drainage, 
with most of the lymphatic channels from the upper two- 
thirds draining into the upper mediastinum, while the lower 
third mostly drains into the lower mediastinum and the abdo-
men [14]. However, due to the presence of extensive connec-
tions and collateral draining, it is not unusual to detect skip 
metastasis beyond the adjacent lymph nodes. Despite its suc-
cess in the detection of the distant lymph node metastases, 
PET-CT has a low sensitivity and specificity (51% and 84%, 
respectively) in the local lymph node involvement as these 
nodes are often obscured by the intense metabolic activity in 
the primary tumor [16]. Solid organs are also commonly 
involved, with the lung and the liver being the most com-
monly affected ones; PET-CT is also successful in the detec-
tion of solid organ involvement [17].

Despite some conflicting results in several studies, it has 
been proposed that PET-CT also can be used as a prognostic 
indicator for the assessment of tumor response [11, 18, 19].

 Gastric Cancer

 General Overview

Gastric adenocarcinoma (GAC) is a common malignancy 
listed as the fourth most common cancer worldwide and as 
the second most common cause of cancer-related death 
worldwide [20]. The GAC rates increase with advancing age, 
and the majority of patients are diagnosed between the ages 
of 50–70. The highest incidence rates are in Asia (particu-
larly the Far East countries including Japan, China, and 
Korea). The early stage at the time of detection makes the 
long-term survival highly favorable. Unfortunately, the 
symptoms of GAC are highly non-specific, and most patients 
get diagnosed with locally advanced or metastatic disease. 
The overall survival rates are poor with an estimated 5-year 
survival less than 20% [21, 22]. The rates of GAC are on the 
decline in the developed parts of the world over the past 
50  years. Effective treatments against Helicobacter pylori 
infection and increased screening in Japan have accounted 
for the decrease.

The morphologic appearances of GAC differ widely and 
may present as asymmetric wall thickening, concentric 
mural mass, or diffuse gastric wall thickening with associ-
ated contraction, also known as linitis plastica. Gastric outlet 
obstruction presenting with unrelenting vomiting and signifi-
cant abdominal distension may also be seen in antrally 
located tumors.

 Role of Imaging in the Diagnosis and Staging

Accurate staging—both at the time of initial diagnosis and in 
between the chemotherapy cycles—is of crucial importance 
in selecting the correct treatment options for the affected 
patients. Endoscopy is the mainstay of definitive histopatho-
logic diagnosis, and imaging is the main noninvasive tool for 
the detection of lymph node and solid organ involvement in 
the course of the disease.

 Computed Tomography
Gastric cancer presents with asymmetric thickening of the 
gastric wall on CT (Fig. 25.2). Linitis plastica appears as dif-
fuse gastric wall thickening (Fig. 25.3a–c). CT is the work-
horse modality for differentiating the patients with 
locoregional disease from those with systemic disease. This 
stratification is crucial as patients with systemic disease are 
candidates for palliative treatment rather than aggressive sur-
gical and medical oncologic interventions. Patients with 
locoregional disease need further staging based on whether 
they are candidates for surgical treatment or aggressive med-
ical intervention.

Patients generally have a CT study early in the course of 
the disease, and those with detected visceral organ metasta-
ses may be precluded from unnecessary laparotomy. 

Fig. 25.2 Gastric adenocarcinoma. Axial contrast-enhanced CT image 
of a 72-year-old female demonstrates marked wall thickening in the 
cardia extending to lesser curvature (white arrow)
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Peritoneal involvement is not unusual in the course of the 
disease, and CT may also be very sensitive in the early detec-
tion of ascites and peritoneal implants. Even in the absence 
of detectable peritoneal implants, the presence of ascites is a 
very strong indicator of peritoneal carcinomatosis, a poor 
prognostic finding, and CT is extremely sensitive even if the 
ascites is minute. The primary disease may or may not be 
detected with CT depending on the size of the disease. The 
main limitation of CT is relative insensitivity of detecting 

peritoneal and liver metastases smaller than 5  mm [23]. 
Lymph node classification is also mainly dependent on the 
size, which may cause false-negative interpretation.

Lymphomatous involvement of the GI tract most fre-
quently occurs in the stomach. Gastric lymphoma may mani-
fest as diffuse infiltration of the gastric wall, segmental 
infiltration, or localized polypoid form (Fig. 25.4a, b).

Gastrointestinal stromal tumors (GISTs) of the stomach 
mostly appear as a large, hypervascular, enhancing masses 

a

c

b

Fig. 25.3 Linitis plastica. (a) Axial and (b) coronal contrast-enhanced 
CT images of a 71-year-old woman with gastric adenocarcinoma. The 
tumor manifests as diffuse gastric wall thickening (arrow) with associ-

ated ascites (∗). (c) Coronal contrast-enhanced CT reveals tumoral 
implants (arrow) adjacent to the cecum
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on contrast-enhanced CT.  GIST of the stomach may be 
dumbbell-shaped due to exophytic growth pattern 
(Fig. 25.5a, b).

 Magnetic Resonance Imaging
The use of MRI for the primary diagnosis of GAC is fairly 
uncommon. There are several impediments of using MRI in 

the diagnosis of gastric cancers. Several patient- and 
technique- related factors contribute to this limitation. 
Claustrophobia, inability to lie supine for an extended period 
of time, and the presence of cardiac pacemakers and other 
MR-unsafe body prostheses are the main patient factors. The 
peristalsis of the stomach, the presence of endoluminal gas, 
and the respiratory motion of the anterior abdominal wall 
may be counted among the technique-related difficulties 

a

b

Fig. 25.4 Gastric lymphoma. Axial (a) and coronal (b) contrast- 
enhanced CT images of a 55-year-old female demonstrate mass-like 
thickening of the gastric wall with extension into the lumen (arrows)

a

b

Fig. 25.5 Gastric gastrointestinal stromal tumor (GIST). Axial (a) and 
coronal (b) contrast-enhanced CT images demonstrate a lobulated, het-
erogeneous solid mass (arrows) arising from the gastric wall. The mass 
extends into the lumen and the perigastric fat planes
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[24]. Small lesion size and lack of adequate distension of the 
stomach are among the other setbacks that may preclude the 
detection of small-sized gastric mural lesions.

Gastric cancers may be visualized as asymmetrically or 
mass-forming wall thickening on MRI (Fig. 25.6). Despite 
the aforementioned deterrents of the use of MRI for the diag-
nosis of the primary disease, MRI is very sensitive in the 
detection of hepatic and other visceral metastases. The intro-
duction of diffusion-weighted imaging (DWI) and 
hepatocyte- specific MR contrast agents have great potential 
in early detection and characterization of the visceral meta-
static disease.

 Positron Emission Tomography-Computed 
Tomography
There is a growing use of PET-CT in the staging of the 
patients with GAC. Recently, several studies have been pub-
lished with regard to the potential value of PET-CT in GAC 
staging [25, 26]. PET-CT has a similar sensitivity to CT 
(93%) for the detection of gastric cancer [27, 28]. The FDG 
uptake is lower in mucinous and signet ring cell tumors 
(standardized uptake value [SUV] mean, 4.2) which is 
directly linked to the lower expression of glucose transporter 
1 (GLUT-1) on the cell surface, decreased cellularity, and 
increased amount of intracellular mucin in mucinous and 
signet ring cell tumors [27, 29, 30].

PET-CT may be helpful in the evaluation of lymph node 
involvement. Lymph nodes that are commonly affected are 
perigastric lymph nodes, but several regional nodal stations 
including the celiac artery and its branch vessels may also be 
detected. Unnecessary laparotomies may be prevented owing 
to the high specificity of PET-CT in cases of unresectable 
lymph node metastases [25]. Another common use of 
PET-CT is the detection of distant solid organ metastases 

from GAC.  The liver, adrenals, kidneys, supraclavicular 
lymph nodes, ovaries, and spleen may all be involved [31]. 
Despite all efforts, it is well-known that more than half of the 
patients recur [32, 33]. PET-CT may be used in the detection 
of recurrence (Fig.  25.7a, b). The pattern of recurrence is 
systemic rather than local. The liver and the peritoneal cavity 
are the most common sites for systemic recurrence, whereas 
for local recurrences the most common sites are the resection 
margin, gastric bed, and the locoregional lymph nodes [34].

 Malignant Diseases of the Peritoneum

 Brief Review of Peritoneal Anatomy 
and Physiology

Peritoneum is the serous membrane lining the abdominal 
cavity. The primary function of the peritoneum is to suspend 
the abdominal solid organs as well as the intestinal segments. 
In addition to its primary function, it also serves as a conduit 
for lymphovascular and neural networks that supply the 

Fig. 25.6 Gastric adenocarcinoma. T2-weighted fat-saturated MR 
image demonstrates asymmetric hypointense wall thickening (arrow)

a

b

Fig. 25.7 Gastric carcinoma. (a) Axial contrast-enhanced CT image 
reveals a soft tissue mass (arrow) in the gastric remnant in a patient who 
is status post-partial gastrectomy. (b) PET-CT shows increased FDG 
uptake (arrow), consistent with recurrent tumor
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abdominal structures. Peritoneum may be affected by pri-
mary and secondary neoplastic diseases, with the secondary 
cancers being the most common. The complex anatomic 
structure of the peritoneum also allows the spread of malig-
nant diseases to several abdominal compartments, some-
times in an unpredictable fashion. The prognosis and 
treatment of different neoplastic processes highly vary, and 
therefore, correct identification and reporting of the disease 
burden is of crucial importance for guiding the medical and 
surgical management and also is directly linked with suc-
cessful outcomes. A multimodality approach to peritoneal 
imaging brings together the strength of each modality with 
the potential of increasing diagnostic accuracy. The perito-
neum is composed of two layers, and the peritoneal cavity is 
the potential space between these two layers. The parietal 
peritoneum lines the abdominal wall, and the visceral perito-
neum envelops the abdominal viscera. There is a very small 
volume of fluid within the peritoneal cavity with a content 
similar to plasma. Cephalic movement of the peritoneal fluid 
is caused by the negative intra-abdominal pressure during the 
respiration and also by the peristaltic movement of the intes-
tinal segments.

 General Overview

Peritoneal carcinomatosis (PC) is much more common than 
primary peritoneal neoplasms. Peritoneal spread of malig-
nancy is generally a poor prognostic sign of advanced malig-
nant disease. Most current surgical and pharmacological 
approaches to the treatment of PC are palliative. Several 
mechanisms of tumor dissemination to the peritoneum have 
been proposed, including seeding of the peritoneum by the 
dropped tumor cells as well as the hematogenous and lym-
phatic spread.

Intraperitoneal seeding mostly happens in the course of 
gastrointestinal and ovarian tumors. Secondary seeding has 
also been proposed as a consequence of surgery or biopsy 
when there is spillage of the tumor cells into the peritoneal 
cavity. Once the tumor cells gain access to the peritoneal 
cavity, the neoplastic cells adhere to the mesothelial lining 
of the peritoneum and infiltrate the submesothelial ana-
tomic structures [35]. Once in the peritoneal cavity, the 
freely floating tumor cells also migrate with the peritoneal 
fluid and disseminate to several compartments of the abdo-
men. Hematogenous spread most commonly occurs in the 
setting of advanced stage disease and is most commonly 
detected with the primary tumors of the lung, breast, and 
melanoma [36].

PC may present with focal or diffuse disease. The diffuse 
type mainly presents in three different forms: (1) the plaque 
pattern, (2) the nodular implant pattern, and (3) the mass-like 
pattern [37]. The presentation of PC is highly variable, but 

most patients are asymptomatic or minimally symptomatic 
until the advanced stages of the disease. Abdominal disten-
sion, pain, bloating, and intestinal obstruction are common 
symptoms.

Peritoneal involvement can be seen in many subtypes of 
lymphoma and most frequently in diffuse large B-cell lym-
phoma. Omental involvement in the course of lymphomas is 
uncommon due to absence of lymphoid tissue in omentum.

 Imaging of Peritoneal Carcinomatosis

CT, US, or MRI may all be used in the diagnosis and follow-
 up of PC, with CT and MRI being more common than 
US. US is very useful in the detection of ascites and also to a 
certain extent for the peritoneal masses when ascites is pres-
ent [38]. However, it is an operator-dependent study, and in 
case of small volumes of ascites, its sensitivity may even 
drop further. PET-CT also has a role in the follow-up but is 
rarely used for the diagnosis of PC as the first-line modality.

 Computed Tomography
CT is the unquestionable imaging modality for the diagnosis 
and follow-up of patients with PC. Choosing the relevant CT 
protocol and proper patient preparation are mandatory for 
optimal success with CT. Oral and intravenous (IV) contrast 
administration and rectal contrast use in some cases are cru-
cial for success. The detection rate for implants is high with 
CT; with larger implants, the success rate is even higher [37]. 
With the advance of the MDCT technology, isotropic images 
may be reconstructed in any plane without any loss of infor-
mation in the imaging data. The most common imaging find-
ings of PC are nodular thickening and enhancement of the 
peritoneal lining with associated ascites. It is not uncommon 
to see displacement of the bowel loops and intestinal obstruc-
tion in advanced cases. With infiltration of the small bowel 
mesentery, the mesentery becomes stiff and loses its charac-
teristic undulation. Perivascular spaces may also appear 
infiltrated, and this appearance may give rise to the so-called 
stellate mesentery [39–42].

As ascites is a common finding in the course of PC, the 
discovery of new-onset ascites should prompt a careful 
search for findings that may suggest peritoneal malignancy 
(Fig.  25.8a–c). In the absence of ascites, the detection of 
peritoneal implants may be quite challenging. In these cases, 
paracolic gutters, retrovesical space, ileocecal region, root of 
the small bowel mesentery, the pouch of Douglas, and sub-
hepatic spaces should be scrutinized for occult metastatic 
disease [40] (Fig. 25.8a–c). It should also be borne in mind 
that mucinous carcinomatosis and pseudomyxoma peritonei 
may present as low attenuation masses on CT; and, in case of 
pseudomyxoma peritonei, loculated low attenuation masses 
may indent the contours of solid intra-abdominal organs.
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Mesenteric carcinoids present with the appearance of 
contrast-enhanced mass with linear bands radiating in the 
mesenteric fat on CT (Fig.  25.9a, b). Calcification can be 
detected in 70% of patients [39]. Accompanying fibrosis in 
the mesentery may create a “sunburst” or “spoke-wheel” pat-
tern [39–40].

Peritoneal involvement of lymphoma may appear as vis-
ceral and parietal peritoneum thickening, omental mass, 
mesenteric mass, and bowel wall thickening. Visceral organ 
involvement, lymphadenopathies, and ascites may accom-
pany the findings (Fig. 25.10a–e).

 Magnetic Resonance Imaging
MDCT technology provides radiologists with high- resolution 
images in a very short time. However, the contrast resolution 
of CT may limit the detection of subtle peritoneal disease 

a

b

c

Fig. 25.8 Peritoneal carcinomatosis. (a) Axial contrast-enhanced CT 
image of a 71-year-old female reveals subtle nodularity of the greater 
omentum (arrow) consistent with peritoneal tumor infiltration. Massive 
ascites (∗). (b) Axial contrast-enhanced CT image demonstrates avid 
enhancement of serosal surfaces of the small bowel (arrow) indicating 
serosal tumor involvement. (c) Parietal peritoneum in pelvic region 
enhances (arrowheads) consistent with malignant infiltration

a

b

Fig. 25.9 Mesenteric carcinoid tumor. (a) Axial contrast-enhanced CT 
of a 74-year-old female shows a soft tissue mesenteric mass with subtle 
calcifications (arrow). (b) Low-attenuating focal hepatic lesions 
(arrows) consistent with metastatic disease from mesenteric carcinoid 
tumor
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and therefore to a select subgroup of patients. In a similar 
way, T2-weighted and non-contrast T1-weighted images of 
MRI also have limited use in detecting small peritoneal 
tumor deposits. Therefore, selection of adequate sequences 
and proper patient preparation are of crucial importance for 
an optimal MR study. Fat suppression and IV contrast use 
are mandatory for an optimal MR study performed for the 
evaluation of the peritoneum. Images of the peritoneal sur-
faces can be performed in several planes in order to mitigate 
the detection of the peritoneal nodules and enhancement. As 
peritoneal tumors tend to slowly uptake the IV-administered 
gadolinium and become more conspicuous on delayed 
images, image acquisition at this phase is mandatory. With 

its excellent high soft tissue contrast, MRI, especially with 
IV gadolinium administration, provides excellent images of 
the peritoneum and may allow the detection of CT occult 
peritoneal disease.

 Positron Emission Tomography-Computed 
Tomography
Anatomic imaging with cross-sectional imaging modalities 
are the mainstay of peritoneal tumor implants; however, 
small nodules may be difficult to detect with CT and MRI. In 
some cases, PET-CT may provide diagnostic improvement 
[43]. The implants may appear as FDG-avid nodular soft tis-
sue masses (Fig. 25.10e). Diffuse peritoneal FDG uptake is 

Fig. 25.10 Lymphomatous involvement in the peritoneum. (a) Axial 
contrast-enhanced CT of a 41-year-old male shows enlarged retroperi-
toneal lymph nodes manifesting as a bulky soft tissue mass (arrow). (b) 
Peritoneal lymphomatous involvement may present as omental cake 
(arrow). (c) Axial contrast-enhanced CT image demonstrates thicken-

ing of the cecal wall (arrow) consistent with lymphomatous involve-
ment. (d) Axial contrast-enhanced CT demonstrates nodular masses in 
the pelvic parietal peritoneum (arrow) and lymphomatous involvement. 
(e) PET-CT shows increased FDG uptake (arrows) in peritoneal lym-
phomatous disease
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also an important sign of peritoneal malignant infiltration in 
the absence of discrete nodular peritoneal implants [43, 44]. 
PET-CT may have a significant potential for improving the 
decision-making process regarding surgical and medical 
treatment. It can also provide important information for 
monitoring response to therapy with its unique functional 
assessment feature in addition to anatomic evaluation.

 Malignant Disease of the Small Bowel

 General Overview

Primary tumors of the small bowel are rare. The most com-
monly encountered malignant lesions are adenocarcino-
mas, neuroendocrine tumors, and soft tissue sarcomas. 
Adenocarcinoma is the most common malignant neoplasm 
of the small bowel and accounts for 40% of all malignant 
small bowel neoplasms. The duodenum is the most com-
mon location followed by the jejunum and ileum [45]. The 
incidence of malignant small bowel neoplasms appear to be 

higher in North America and Western parts of Europe com-
pared to Asia [46]. They are predominantly detected in 
older age groups and the mean age of presentation is 65. 
Sarcomas and lymphomas present earlier than the adeno-
carcinomas and carcinoid tumors. The incidence for all 
subtypes tends to increase after the age 40 [47, 48]. 
Metastatic disease to the small bowel is not infrequent, 
with breast, lung, and melanoma being the most common 
primaries [49].

Imaging is crucial for treatment planning as surgical 
resection is the only available curative treatment approach, 
except for small bowel lymphoma. Proper local staging and 
assessment of the distant metastases are crucial for optimal 
treatment planning. Barium studies with fluoroscopy were 
the main tool for the diagnosis in the past, but with the 
advance of endoscopic approaches, these studies have fallen 
out of favor. However, it may still play an important role in 
the diagnosis of cancer in distal small bowel segments 
(including ileal and jejunal). Other imaging modalities—
including CT, MRI, and PET-CT—may all be used for the 
diagnosis and follow-up with CT being the workhorse 
modality.

 Role of Imaging in Diagnosis and Follow-Up

 Computed Tomography
Adequate distension of the small bowel lumen is crucial for 
the CT detection of the enteric lesions, and several agents 
have been proposed for providing endoluminal contrast. Oral 
contrast can be administered via oral route, intestinal tube, or 
simultaneous use of both routes. Each has its own pros and 
cons. The use of ordinary tap water as the endoluminal con-
trast is the most commonly employed technique. The admin-
istration of oral granules that release carbon dioxide may 
also be used in selected patients to obtain better intestinal 
distension. The use of IV contrast is also essential both for 
the evaluation of the primary mass and the metastatic burden 
of the disease.

The presence of concentric thickening of the mucosa is 
the most common imaging finding of adenocarcinomas with 
avid enhancement after IV contrast injection (Fig. 25.11a–d). 
Adenocarcinomas tend to grow endoluminally, but extension 
into the adjacent mesentery is not uncommon. In contrast to 
adenocarcinomas, gastrointestinal stromal tumors (GISTs) 
tend to grow toward the outside of the bowel lumen, which 
may provide a diagnostic clue for the correct diagnosis. The 
acquisition of early arterial phase images may also provide 
important diagnostic data regarding the presence/absence of 
vessel invasion as well as the detection of the necrotic areas 
in the tumor mass. Portal venous phase images are crucial for 
the evaluation of the liver parenchyma for metastatic 
disease.

e

Fig. 25.10 (continued)
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Gastrointestinal stromal tumors are slow-growing and can 
affect the small bowel (Fig. 25.12a–c). They mainly develop 
outside the bowel lumen and, therefore, may present late in 
the course of the disease. They generally enhance heteroge-
neously and may contain large necrotic areas. The differen-
tial diagnosis of GISTs may be difficult to distinguish from 
leiomyomas and leiomyosarcomas, as all these tumors tend 
to present as large solid extraluminally growing masses. 
Histologically, GISTs may be malignant, potentially malig-
nant, or benign, and differential diagnosis between these dif-
ferent groups may be impossible based on imaging findings 
alone. However, mass diameter greater than 5 cm, the pres-
ence of necrotic component, and irregular external contours 
with heterogeneous enhancement are imaging features that 
favor a malignant subtype. Malignant GISTs may be 
 biologically aggressive with distant metastases in addition to 
locoregional spread [50, 51].

Neuroendocrine tumors (NETs, also called carcinoids) 
originate from the chromaffin cells from the base of the 

crypts of Lieberkühn and account for 25% of small bowel 
tumors. The distal ileum, appendix, and Meckel’s diverticu-
lum are the most common locations of NETs [52]. They may 
present as an enhancing mucosal polyp, parietal nodule, or 
focal wall thickening [50]. The enhancement is most promi-
nent on arterial phase images. The accompanying extensive 
fibrosis and sclerosis may give rise to the typical mesenteric 
retraction and deformation with kinking of the adjacent 
small bowel loops. The underlying reason for this extensive 
fibrosis is serotonin release by tumor cells. Small calcified 
foci within the tumor mass are not unusual, and the distant 
metastases of NETs are generally hypervascular with intense 
arterial phase enhancement.

Lymphoma may also affect the small bowel. Primary lym-
phomas directly arise from the small bowel without any 
lymph node or other organ involvement, while in secondary 
lymphomas the epicenter of the disease is extraintestinal with 
secondary involvement of the bowel segments. The disease 
may present as diffuse wall thickening or in the form of pol-

a

c

b

d

Fig. 25.11 Adenocarcinoma of the duodenum. (a) Axial contrast- 
enhanced CT image demonstrates asymmetric wall thickening (arrow). 
The same lesion appears as a hypointense lesion (arrows) on (b) axial 

and (c) coronal T2-weighted MR images. (d) Axial contrast-enhanced 
MR image reveals heterogeneous contrast enhancement within the 
mass (arrow)
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ypoid solid lesions (Fig. 25.13a, b). An important clue for the 
differential diagnosis for lymphoma is the absence of bowel 
obstruction despite the disproportionately large tumor mass. 
In contrast to adenocarcinomas and carcinoids, masses related 
to lymphoma do not contain prominent fibrotic component, 
and, therefore, luminal stenosis due to lymphomatous intesti-
nal wall mass is unusual. After contrast injection, the mural 
mass appears homogenous in contrast to the heterogeneous 
enhancement nature of other small bowel neoplasms.

Small bowel is a frequent site of distant metastatic dis-
ease, and the differential diagnosis of isolated bowel wall 
metastasis may be difficult to differentiate from primary 
small bowel carcinomas.

 Magnetic Resonance Imaging
MR imaging may also be useful, with its excellent soft tissue 
resolution, in the evaluation of small bowel neoplasms in 
select cases. The imaging patterns and findings are not very 
different from those seen with CT exams. MR may also pro-
vide excellent soft tissue contrast regarding the nature of the 
small bowel tumors [53] (Fig. 25.12a–c).

a

b

c

Fig. 25.12 Duodenal gastrointestinal stromal tumor (GIST). (a) Axial 
contrast-enhanced CT of a 74-year-old male demonstrates a well- 
defined duodenal mass (arrow). (b) Axial and (c) coronal T2-weighted 
MR images reveals hypointense mass (arrows) arising from duodenal 
wall

a

b

Fig. 25.13 Ileal lymphoma of a 23-year-old male. (a) Axial contrast- 
enhanced CT shows diffuse wall thickening of the ileum due to lym-
phomatous involvement (arrow). (b) Mesenteric lymph nodes (arrows) 
are also involved
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MR enteroclysis was reported to be a highly sensitive 
exam for detecting the early superficial changes in the small 
bowel wall, allowing the diagnosis of the neoplastic process 
at an earlier stage [54]. Despite its excellent soft tissue con-
trast, the main drawback of MR enteroclysis is its relatively 
invasive nature due the requirement of a nasojejunal tube 
insertion. MR enterography is a noninvasive technique that 
requires ingestion of a large amount of fluid, which some 
patients may find difficult to tolerate. The consistency of dis-
tension in the jejunal and ileal loops is worse in MR enterog-
raphy as compared to MR enteroclysis [53].

 Positron Emission Tomography-Computed 
Tomography
PET-CT has a unique ability of combining the anatomic and 
functional techniques and therefore provides a great oppor-
tunity for differential diagnosis. In appropriate clinical set-
tings, the cognizant use of it may have a substantial impact 
on the clinical decision-making process. Since its introduc-
tion, PET-CT has gained wide acceptance and rapidly 
gained a foothold in the evaluation of bowel disorders. 
Small bowel neoplasms show increased focal FDG uptake 
on PET-CT scans. Adenocarcinomas, GISTs, and metastatic 
deposits in the bowel wall from other sources may all show 
focal increased uptake on PET-CT, whereas in lymphomas 
the FDG uptake is mostly on a long bowel segment [55]. 
The most common primary tumors that tend to metastasize 
to the bowel segments are thyroid, melanoma, breast, and 
lung [56].

The detection of the FDG uptake site may guide the 
endoscopist for higher-yield examination and biopsy and 
therefore has a potential for a faster diagnosis, especially in 
the small bowel [55]. It also can play an important role for 
the initial diagnosis and follow-up of primary small bowel 
neoplasms.

 Somatostatin Receptor-Based Imaging 
Techniques

Neuroendocrine tumors of the bowel can also be evaluated 
with functional imaging techniques. These methods mainly 
depend on the detection of specific cell targets [57]. 
Somatostatin is an endogenously secreted peptide by the 
neuroendocrine cells with antiproliferative and antisecretory 
functions. Somatostatin receptors are expressed with high 
frequency in well-differentiated NETs [58], and therefore 
imaging of bowel NETs can be accomplished with targeting 
somatostatin receptors on NET cells. Usage of gallium-68 
(68Ga)-labeled radioligands is a recently developed technique 
in somatostatin receptor-based imaging. 68Ga is a positron 
emitter that can bind to somatostatin receptors, and it can be 
labeled with several somatostatin analogs including 

68Ga-DOTATOC, 68Ga-DOTANOC, and 68Ga-DOTATATE 
[58, 59]. Uptake of 68Ga-labeled radioligands can be mea-
sured by PET scan, and spatial resolution of 68Ga-PET stud-
ies is also improved with fusion of CT images.

68Ga-DOTANOC–PET-CT can be used to detect and 
localize the primary NETs and their metastases and therefore 
can be used for several purposes including staging, follow-
 up, and detecting the recurrent disease. It is also useful for 
selecting patients for peptide receptor radionuclide therapy 
(PRRT) [58].

The location and extension of the bowel carcinoids can 
also be assessed with 68GA-DOTANOC–PET-CT [60]. 
68Ga-labeled somatostatin analogs were shown to be more 
successful for detecting NETs and its metastases as well as 
the tumor-involved lymph nodes when compared to 
OctreoScan [61]. Uptake of 68Ga-labeled somatostatin ana-
logs in tumor tissues can be quantitatively assessed by using 
the maximum standard uptake values (SUVmax) in PET-CT 
studies. This quantitative assessment can be helpful for 
objective evaluation of treatment response. Sensitivity, spec-
ificity, and accuracy of PET-CT studies by using the 68 
Ga-labeled somatostatin receptor analogs are high for the 
diagnosis of NETs, and this technique was shown to provide 
positive clinical impact for the pre-therapy staging [57].

 Imaging in Malignant Disease of the Colon 
and Anorectal Region

 General Overview

Colorectal cancers are among the most common malignan-
cies and ranked as the third most common cancer. There are 
1.2 million new cases reported with 600,000 deaths per year, 
ranking as the fourth most common cause of global cancer 
mortality [62]. It is most commonly seen after the fifth 
decade, and median age at diagnosis is about 70 years in the 
developed parts of the world [63].

Stage at the time of diagnosis is crucial for selecting the 
proper treatment protocol. On CT, colon cancer most fre-
quently presents with asymmetric wall thickening 
(Figs. 25.14a, b and 25.15a, b). MRI is increasingly being 
used in the local staging of rectal cancers with high success 
rates. All cross-sectional anatomic and functional imaging 
modalities are being used frequently for the detection of dis-
tant metastatic disease.

The last decades have witnessed significant improve-
ments in the endoscopic techniques. Currently, endoscopy is 
the main tool for the diagnosis of rectal cancers, making the 
use of MRI for primary diagnostic purposes secondary in 
this regard. However, MRI plays a pivotal role in the local 
staging of the disease at the time of the diagnosis, as well as 
the follow-up after neoadjuvant chemoradiotherapy.
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PET-CT can be used in the diagnosis of colon cancer. 
Malignant wall thickening appears with avid FDG uptake 
(Fig.  25.16a–c). Recurrent colon cancers in anastomosis 
sites can also be detected with PET-CT (Fig. 25.17a–c).

 Use of Magnetic Resonance Imaging for Local 
Staging in Rectal Cancer

Currently, surgery, coupled with stage-appropriate treat-
ment with chemoradiotherapy, is the mainstay of the treat-
ment in rectal cancers. With the widespread acceptance 

and adoption of the total mesorectal excision (TME), the 
prevalence of local recurrence has declined from 38% to 
less than 10% [64]. From a technical standpoint, TME 
entails en bloc removal of the primary rectal tumor and the 
mesorectum by means of dissecting along the mesorectal 
fascial plane or the circumferential resection margin 
(CRM) [64]. Even with successful TME, the presence of a 
lymph node involved with tumor spread within 1 mm of 
the CRM is a significant risk factor for local recurrence 
[65]. For all the reasons stated earlier, reliable and proper 
imaging is vital for successful treatment planning 
(Fig. 25.18a–f).

The timing of the use of radiotherapy in primary rectal 
cancers is controversial with randomized trials showing low 
or no benefit in T1 and T2 stage cancers and early favorable- 
risk T3 stage cancers (less than 5 mm invasion outside mus-
cularis propria). The success of radiotherapy for decreasing 
local recurrence is more pronounced in advanced stage 3 
tumors (more than 5 mm invasion outside muscularis pro-
pria) [66].

a

b

Fig. 25.14 Colon cancer. (a) Axial and (b) coronal contrast-enhanced 
CT images demonstrate asymmetric wall thickening (arrows) in the 
transverse colon and tumor spread into the pericolonic fat (arrowhead)

a

b

Fig. 25.15 Rectal cancer. (a) Axial and (b) coronal contrast-enhanced 
CT images reveal malignant mural thickening (arrows) causing marked 
luminal narrowing
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Fig. 25.16 Rectal cancer. (a) Axial contrast-enhanced CT image dem-
onstrates malignant mural thickening (arrow). (b) Axial and (c) coronal 
PET-CT images reveal avid FDG uptake in rectal cancer (arrows). Axial 
PET-CT image shows malignant presacral lymph node (arrowhead) 
with FDG uptake
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Fig. 25.17 Recurrence of colon cancer. (a) Axial and (b) coronal CT 
images reveal nodular wall thickening in the anastomosis site (arrows) 
that represents recurrence of colon cancer. (c) PET-CT image demon-
strates FDG uptake in the lesion indicating malignant wall thickening 
(arrow)
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Fig. 25.18 Rectal cancer. (a) Axial, (b) coronal, and (c) sagittal 
T2-weighted MR images of a 39-year-old female reveal prominent 
hypointense thickening of the rectal wall (arrows). Perirectal fat tissue 

involvement is clearly seen (arrowheads). (d) Contrast-enhanced axial, 
(e) coronal, and (f) sagittal T1-weighted fat-saturated images reveal 
intense enhancement of the tumor (arrows)
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The assessment of the lymph nodes is also crucial in 
addition to local T staging of the tumor. Mesorectal, supe-
rior rectal, retroperitoneal, iliac, inguinal and superior rec-
tal, and inferior mesenteric nodes should all be carefully 
assessed in terms of involvement from the primary source 
[67]. In case of malignant lymph node or tumor deposits 
abutting (i.e., is less than 1 mm from) the mesorectal fascia, 
this should be included in the report so that the surgeon 
stays well clear of the tumor at that margin [67]. The detec-
tion of the extramesorectal lymph nodes is also important as 
these lymph nodes may be targeted by adjusting the field for 
radiation therapy or by widening the surgical excision field. 
The main limitation of MR imaging in lymph node assess-
ment is its limited sensitivity. Size criterion is most com-
monly used for nodal tumoral infiltration. The limited 
success of size criterion is likely due to the fact that 30–50% 
of metastases in rectal cancer occur in nodes less than 5 mm 
[67, 68]. There are some other proposed imaging features 
for the diagnosis of lymph node infiltration such as irregular 
or spiculated nodal margin and heterogeneous signal inten-
sity. With the introduction of high-resolution MR sequences, 
these features may help to the correct diagnosis of lymph 
node infiltration [69].

Extramural vascular invasion (EVI) is defined as the inva-
sion of a vessel located outside the muscularis propria in the 
primary tumor area. Several studies have showed that the 
presence of EVI is an important predictor of both local and 
distant failures [70]. It typically appears as a serpiginous 
tumor signal extending through the rectal wall into the adja-
cent vessels [71].

 Radiologic Imaging for Colon Cancer Screening

The development of colon cancer is a multistep process and 
thought to develop from malignant transformation of colonic 
polyps via adenoma-carcinoma sequence [72]. The esti-
mated interval for this malignant transformation, for a polyp 
smaller than 1 cm in diameter, is thought to take an average 
of 10 years, which allows a window of opportunity for early 
detection and intervention [73]. Currently, there is a wide 
consensus that mortality from colorectal cancer screening 
can be reduced via early detection and removal of adenomas 
before they degenerate into invasive cancers.

The detection rate of the colonic polyps increases dramat-
ically after the age of 50, which is the age at which colorectal 
cancer screening is recommended to start in average-risk 
individuals [73, 74]. Fecal occult blood test, endoscopic rec-
tosigmoidoscopy, and colonoscopy are all recommended 
methods for colorectal cancer screening. However, current 
guidelines recommend the evaluation of the entire colon 
either with endoscopic colonoscopy or radiologic imaging 
tests [74].

 Computed Tomography Colonography
Conventional methods of single- or double-contrast barium 
enema studies for colon cancer screening are now being 
more commonly replaced by CT colonography (CTC). 
Advances in CT technology facilitated the use of CTC stud-
ies in colorectal cancer screening in the early 1990s. The use 
of advanced CT techniques allows two-dimensional and 
three-dimensional evaluation of the colon after proper 
colonic cleansing.

Commercially available computer-aided detection (CAD) 
algorithms are also being used more and more frequently in 
the evaluation of the CTC studies. It may be especially useful 
for increasing the sensitivity of polyp detection among the 
less experienced readers of CTC as well as for reducing the 
inter-reader variability. CAD algorithms are most commonly 
used as a secondary reader to detect the missed lesions; they 
also can be used in a confirmatory role in the presence of 
already detected lesions. With the use of CAD algorithms as 
a second reader, it was reported that the sensitivity of polyp 
detection increased by 9–21% with a decreased specificity 
by 1–4% [75–78].

CTC and endoscopic colonoscopy are comparable when 
both are used for screening purposes, and both tests resulted 
in similar rates of detecting advanced cancer; however, more 
polypectomies were performed in the endoscopic colonos-
copy group [79]. Another study reported that in a 5-year 
follow-up of more than 1000 patients with negative screen-
ing, CTC revealed only one interval cancer development, 
which suggests that CTC may be effectively used as a screen-
ing test when performed at 5-year intervals [80].

Patient preparation and lack of patient compliance to 
routine CTC protocols are the main drawbacks of CTC 
exams, but several preparation regimens that necessitate 
minimal or, even, no patient contribution have also been 
suggested [74].

Another important point to be considered is the cumula-
tive radiation dose related to iterative colorectal cancer 
screening with CTC. With the advent of new dose-reduction 
algorithms and iterative reconstruction techniques, the radia-
tion dose with CTC has decreased to levels equivalent to or 
less than the annual background radiation; the repeat tests 
with 5-year intervals offer a very favorable benefit-to-risk 
ratio [74].

 Magnetic Resonance Colonography
MR colonography (MRC) has also recently been adopted as 
a screening tool for colorectal cancers. The introduction of 
MRC is relatively new compared to CTC. Initially the main 
limitations of MRC were its poor spatial resolution, exhaus-
tive use of post-processing programs, and residual air bub-
bles that were easily confused with polyps. However, several 
advances in the MR technology have now made it possible 
for the adoption of MRC as a screening tool. MRC is more 
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commonly utilized in Europe than in the United States. The 
main underlying reason for this is the wide availability of 
CTC in the United States compared to more experience with 
MRC in Europe [74]. With the current state-of-the-art MR 
technology, an optimal MRC exam can be performed in 
20–25 minutes.

As there is no ionizing radiation with MRC, it will not be 
surprising to see that it will be more commonly used in the 
future of colorectal cancer screening.

 Conclusion

Imaging is widely used in both the diagnosis and follow-up 
of gastrointestinal cancers. With the advanced imaging tech-
niques (i.e., functional imaging, diffusion-weighted imag-
ing, perfusion studies, etc.), one can easily predict that 
imaging will be used much more commonly in the future for 
this purpose. In order to acquire the maximum benefit from 
an imaging study, it is crucial to know the distinct advantages 
and limitations of a particular study. An imaging expert 
should be consulted in complex cases for the selection of the 
correct imaging study pertinent to the particular patient.
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 Introduction

Colorectal cancer is the third most common malignancy in 
men and the second in women, with 746,000 and 614,000 
estimated new cases in 2012, respectively; it constitutes the 
fourth cause of cancer death worldwide [1]. For example, 
colorectal cancer incidence is steadily increasing in Spain 
with about 32,000 estimated new cases reported in 2012. It is 
estimated there will be about 246,000 new cases in 2020 in 
Spain [2].

The relative survival rate for colorectal cancer is 65% at 
5 years after diagnosis and 58% at 10 years. Only 40% of 
patients are diagnosed with localized-stage colorectal cancer 
in the United States, for which the 5-year survival rate is 
90% [3]. Survival declines to 70% for patients with regional 
lymph node involvement and to 13% for patients with distant 
metastases [3]. Although surgery is a curative treatment, 
recurrence is frequent, with a rate between 0% and 13% for 
stage 1, 11% and 61% for stage 2, and 32% and 88% for 
stage 3 [4]. Patients with high risk of recurrence receive che-
motherapy, and patients with metastatic disease are treated 
with palliative chemotherapy and targeted therapies. 
However, despite recent progress in treatment strategies, the 
prognosis of advanced colorectal cancer remains poor [5].

Recent advances in the understanding of the genetic 
mechanisms of carcinogenesis of colorectal cancer [6] and 
the immune tumor microenvironment have allowed the 
development of new strategies for investigation with 
immune-based biomarkers and the development of new ther-
apeutic agents that target immune pathways [7].

 Antitumor Immune Mechanisms 
in Colorectal Cancer

 Immune Surveillance

The role of the immune system against cancer was specu-
lated by Ehrlich in 1909, who proposed that the immune sys-
tem could stop the growth of malignant cells. About 50 years 
later, Burnet and Thomas elaborated on the concept of 
immunosurveillance as the competence of the immune sys-
tem to develop a reaction against tumor cell-specific neoan-
tigens that suppress the tumor growth before clinical 
expression. However, this concept of immunosurveillance 
was forgotten until the past decade [8].

The first observations about immunosurveillance were 
recorded upon seeing the cohorts of patients with human 
immunodeficiency virus (HIV) infection, who had higher 
incidences of cancer compared to normal, uninfected patients 
[9]. Then, this concept of immunosurveillance was demon-
strated in 2001 in animal models, when it was observed that 
immunocompetent mice did not develop any neoplasia, 
while RAG2-/- mice, deficient in lymphocytes T and B, 
developed malignant neoplasias more frequently [10].

 Immunoediting

Complementary to the concept of immune surveillance, the 
concept of immunoediting was proposed in 2002, which 
refers to the interaction between cancer and the immune sys-
tem, allowing cancer cells to escape from the immune sur-
veillance [11].

 Immune Escape

Finally, after complex interaction between tumor cells and 
the immune system, the selected pressure exerted on tumor 
cells allows the emergence of resistant clones. This process 
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occurs in 3 phases: (1) the immune surveillance period, with 
the elimination of the tumor cells; (2) the latency period, in 
which there is a state of equilibrium; and (3) the phase of 
escape, or immunoescape, in which appears tumor progres-
sion and clinical expression of malignant disease [11, 12]. 
These complex interactions are summarized in Fig. 26.1 [8].

 Innate Immunity

Innate immunity is the first line of defense of the immune 
system, with specialized cells that recognize tumor-specific 
antigens on the surface of malignant cells the same way as 
the recognition of non-self-pathogens.

 Natural Killer (NK)
Natural killer (NK) cells express 2 types of receptors: activat-
ing and inhibitory receptors. The activator receptors (e.g., 
NKG2D, NK receptor group 2, member D) can bind different 
activating ligands overexpressed on tumor cells, while killer 
inhibitory receptors (e.g., KIR, killer-Ig-like receptor) recog-
nize major histocompatibility complex (MHC) class 1 mole-
cules so that NK cells can be activated by the low expression 
of MHC class 1 molecules reported in tumor cells [13, 14].

In addition, NK cells have a cytotoxic effect on tumor 
cells mediated by other mechanisms such as antibody- 
dependent cell-mediated cytotoxicity (dendritic cells) and 
secretion of cytokines, as IFN-γ(gamma), as well as the 
release of cytotoxic granules containing perforin and gran-
zyme B [12, 15].

There are reports that describe the association between 
extensive intratumoral infiltration of NK cells and better 
prognosis in colorectal cancer [16].

 Natural Killer T (NKT)
Natural killer T (NKT) cells express characteristics of both 
type of cells, NK and T cells. These cells recognize glyco-
lipid antigens such as galactosylceramide presented by 
CD1d, an MHC class 1-like molecule that binds self and for-
eign lipids.

The activation of NKT cells produces secretion of abun-
dant proinflammatory cytokines—interleukin 2 (IL-2), 
interferon gamma (IFN-γ[gamma]), tumor necrosis factor-
alpha (TNF-α), and interleukin 4 (IL-4)—and effector mol-
ecules involved in cell death (perforin, FAS ligand, 
TNF-related apoptosis-inducing ligand [TRAIL]). In the 
same way as NK cells, an increased tumor infiltration of 
NKT cells has been associated with better prognosis in 
colorectal cancer [17].

 Macrophages
Tumor-infiltrating macrophages (TIM) can be divided into 2 
groups: (1) M1 TIM produces proinflammatory molecules 
(IL-6, IL-12, IL-23, and TNF-α[alpha]) and promotes the 
adaptive immunity via increased expression of MHC and 
costimulatory molecules. (2) Conversely, M2 TIM produces 
immunosuppressive cytokines (IL-10, transforming growth 
factor-beta [TGF-β], and prostaglandin E2) and promotes 
angiogenesis through the production of vascular endothelial 
growth factor (VEGF), promoting tumor progression.
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In several neoplasias, tumor infiltration by macrophages 
has been associated with poor prognosis [18], while in colorec-
tal cancer, it seems to be associated with better prognosis [19]; 
however, there are reports that describe the opposite [20].

 Adaptive Immunity

Adaptive immunity is responsible for a long-term immune 
response against tumor cells, including immune memory 
related to a prior immune challenge. This begins when the 
antigen-presenting cells, mainly dendritic cells, capture, 
process, and present tumor antigens to CD4 T cells through 
MHC class 2 or to CD8 T cells through MHC class 1 [8].

Activation of T cells needs 3 signals: (1) recognition of 
the specific antigen presented by the antigen-presenting 
cells, (2) activation of costimulatory molecules (CD80/
CD28, CD40/CD40L), and (3) secretion of cytokines (IL-1, 
IL-2, IL-6, IL-12, IFN-γ[gamma]) [21].

CD8 T cells can recognize and lyse the malignant cells, 
while CD4 T cells modulate the immune response. Two dif-
ferent functions can be identified: (1) The activity of T cell 
helper (Th) 1 cells allows secretion of antitumor cytokines, 
as IL-2 and IFN-γ(gamma), (2) while activity of Th2 cells 
promotes the tumor growth [12].

A subset of these cells, Th17, produces IL-17A, IL-17F, 
IL-21, IL-22, IFN-γ(gamma), and GM-CSF. The Th17 type 
of T cell subset has a controversial role in immunity, having 
been reported to increase or decrease tumor growth depend-
ing on the tumor type or the therapeutic strategy investigated 
[22, 23]. Recently it was reported there is an association 
between Lnc-SGK1 (non-coding RNA of serum and 
glucocorticoid- inducible kinase 1), leading to Th17 and Th2 
differentiation, and Helicobacter pylori infection with poor 
prognosis in gastric cancer [24].

Finally, another subset of CD4+ T cells is the regulatory T 
cells (Tregs), characterized by expression of CD4, CD25 and 
FOXP3, which have a regulatory function promoting the 
maintenance of immune self-tolerance and suppressing the 
immune activity against self-antigens [25]. Some tumor anti-
gens can promote intratumoral proliferation of Tregs favor-
ing cancer-induced immunosuppression. Perhaps therapeutic 
strategies targeting Tregs could have important favorable 
outcomes in treatment of cancer patients [21].

 Immunotherapy Strategies  
in Colorectal Cancer

Peptide, protein, whole tumor cell, and dendritic cell vac-
cines; cytokines; adaptive cell therapy; and monoclonal anti-
bodies are the main immunotherapy strategies for colorectal 
cancer that have been clinically evaluated [26] (Table 26.1 
and Fig. 26.2).

 Vaccination

 Whole Tumor Vaccines
Whole tumor vaccines are made with tumor tissue that has 
been lysed or irradiated, mixed with immune adjuvant such 
as alum, and then reinjected into the patient [27]. These were 
the earliest of the strategies of vaccination because the mate-
rial was easily available and contained all of the known and 
unknown tumor-associated antigens that needed to be elimi-
nated. Thus, while there are no responses against a specific 
antigen, probably a more diverse immune response could 
avoid the possibility of tumor immune escape from a more 
specific vaccine. However, immune response generated by 
the whole tumor vaccine is poor because the small amounts 
of the antigens in the whole tumor are specific to those kinds 
of malignant cells [28, 29].

There are three phase 3 trials with these earliest types of 
vaccine. In 1993, Hoover et al. did not find a benefit for 80 
colorectal cancer patients, stages II and III, with autologous 
tumor cell-bacillus Calmette-Guerin (BCG) vaccine in the 
adjuvant setting [30]. In 2000, Harris et al. performed a trial 
with 412 patients to evaluate autologous tumor cell-BCG 
and did not find differences between the experimental and 
control arms [31]. Finally, Vermorken et  al. repeated the 
same protocol and found an improvement in the recurrence- 
free period (61% risk reduction for recurrences, p = 0.011) 
and recurrence-free survival (42% risk reduction for recur-
rence or death, p  =  0.032), and there was a trend toward 
improved overall survival (OS) [32]. Of note, in all of these 
trials, the control group was assigned to observation, and 
they did not receive any adjuvant therapy.

 Peptide Vaccines
Because of the limited efficacy of whole tumor vaccines, 
which develop a poor immune response, new strategies were 
tried to optimize specific immune response against tumor 
cells. The therapy with peptide vaccines is based on the iden-
tification of a specific tumor antigen that can be recognized 
by T or B cells. Peptide-based vaccines are whole proteins or 
fragments of proteins generated from tumor-specific anti-
gens that are administered in conjunction with an adjuvant 
vaccine molecule (Tables 26.2 and 26.3) [33].

In colorectal cancer, multiple tumor-associated antigens 
have been identified and used for vaccination, antigens such 
as β(beta)-human chorionic gonadotropin (β[beta]-HCG) 
[34], carcinoembryonic antigen (CEA) [35, 36], squamous 
cell carcinoma antigen recognized by T cells 3 (SART 3) 
[37], p53 [38], mucin 1 [39], and survivin-2B [40].

The majority of the phase 1 and 2 trials with peptide vac-
cines did not show clinical benefit. CEA is the most common 
antigen targeted in clinical trials with this strategy. A phase 2 
trial in 56 patients after curative liver metastases resection did 
not show improvement in 2-year overall survival with the use 
of anti-idiotype monoclonal antibody vaccines to the tumor-
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associated antigens CEA [36]. In a phase 2 trial of vaccination 
with β(beta)-HCG peptide in 77 colorectal cancer patients, 
production of antibodies was induced in 56 of them; also this 
antibody induction was not associated with longer overall sur-
vival [34]. In a trial with SART3 peptide vaccine, antibodies 
were detected in patients; however, immune response was lim-
ited to the patients expressing HLA-A24 [37].

Vaccine trials were made both in advanced disease but 
also in adjuvant setting. OncoVAX and Newcastle virus- 
related vaccine (NDV) were developed for the same hypoth-
esis. In a meta-analysis, recurrence-free interval was better 
in the OncoVAX arm (25% ± 13, p = 0.05), and this effect 
was especially shown for the adjuvant setting [41].

In a phase 3 study of metastasectomized advanced 
colorectal cancer patients, there were no overall survival or 
progression-free survival (PFS) benefits; however, in sub-
group analysis of patients with colonic tumors, there was a 
difference in OS and PFS rates (OS HR 3.3, p = 0.042; PFS 
HR 2.7, p = 0.047). In spite of this, patients with rectal can-
cer did not receive any benefit [31].

Phase 1 NCT02600949 trial, a pilot study for applicabil-
ity and safety in pancreatic and colorectal cancers, continues 
to recruit patients.

 Adoptive Cell Transfer Therapy (ACT)

Adoptive cell transfer therapy (ACT) extracts autologous T 
cells from tumoral cells of the patient, then these cells are acti-
vated with cytokines and grown in vitro, after which this prepa-
ration is transferred back into the patient (Table  26.4) [33]. 
Adoptive cell transfer with T cells from sentinel nodes of 16 
colorectal cancer patients with advanced disease has been eval-
uated; the tolerance was excellent, without adverse effects, and 
has led to a complete response in 4 of 9 patients [42]. Likewise, 
there was a report of an improvement in median overall sur-
vival using ACT with T cells of sentinel nodes of patients who 
underwent radical (n = 46) or palliative (n = 25) surgery of 
colorectal cancer, without any adverse effect reported in the 
overall population [43]. However, in a phase 1 trial performed 

Table 26.1 Phase 3 trials with various immunotherapy strategies

Immunotherapy 
strategy Authors Journal Year

Patients 
(N) Treatment arms

Follow-up 
(median) Results

Vaccine (whole 
tumor)

Hoover 
et al. [30]

Journal of 
Clinical 
Oncology

1993 80 Autologous tumor 
cell-BCG after curative 
surgery of CRC stage II or 
III vs. surgery alone

93 months (colon 
cancer patients) 
and 58 months 
(rectal cancer 
patients)

Improved OS and DFS in 
colon cancer patients, but 
no benefits were seen in 
rectal cancer patients

Vaccine (whole 
tumor)

Vermorken 
et al. [32]

The Lancet 1999 254 Autologous tumor 
cell-BCG vaccine after 
curative surgery of CRC 
stage II or III vs. surgery 
alone

5.3 years Improved recurrence- free 
survival and trend to 
improved OS in stage II 
CRC patients. No benefit 
in stage III CRC patients

Vaccine (whole 
tumor)

Harris et al. 
[31]

Journal of 
Clinical 
Oncology

2000 412 Irradiated autologous 
tumor cell-BCG vaccine 
after curative surgery of 
CRC stage II or III vs. 
surgery alone

7.6 years Negative study. There was 
association between 
magnitudes of delayed 
cutaneous hypersensitivity 
with better prognosis

Vaccine (whole 
tumor)

Schulze 
et al. [41]

Cancer 
Immunology 
Immunotherapy

2009 50 Irradiated NDV-infected 
autologous tumor cell 
vaccine after curative 
resection of liver 
metastases vs. surgery 
alone

116 months 
(experimental 
arm) and 
112 months 
(control group)

No differences in OS, 
DFS, and metastases- free 
survival. However in 
colon cancer patients, 
vaccine group has better 
OS and metastases-free 
survival

Monoclonal 
antibody

Fields et al. 
[106]

Journal of 
Clinical 
Oncology

2009 1839 Edrecolomab +5-FU-based 
chemotherapy after 
curative surgery of CRC 
stage III vs. 5-FU-based 
chemotherapy alone

5 years Negative study. No 
differences between both 
arms

Cytokine 
treatment

Correale 
et al. [46]

Journal of 
Immunotherapy

2014 120 FOLFOX-4 vs. GOLFIG 
(gemcitabine + oxaliplatin 
+5-fluoruracil + 
levofolinate + GM-CSF 
sc + aldesleukin sc.) in 
chemotherapy-naïve 
metastatic CRC patients

43.83 months Improved PFS and ORR 
and trend to longer OS in 
GOLFIG arm

CRC colorectal cancer
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by Parkhurst et al., human T cells were modified to express a 
high-avidity CEA-specific murine T cell receptor. Three meta-
static colorectal cancer patients were treated with these cells, 
and all of them experienced decreased serum CEA levels, and 
one of them reached an objective response, but all patients 
developed a severe transient inflammatory colitis, which repre-
sented a dose-limiting toxicity [44].

 Cytokine Treatment

This non-specific immunotherapy strategy consists of stimu-
lation of the immune system with administration of cyto-
kines such as interferon, interleukins, or granulocyte 
macrophage colony-stimulating factor (GM-CSF) 
(Table 26.5) [33].

Vaccination

Tumor antigen

Vectorized tumor
antigen or DNA

Autologous
dendritic cells

Adoptive cell therapy

Non specific immunotherapy

Stimulation of immunity:
inflammatory cytokines

Blockade of inhibitory
pathways:
monoclonal antibodies

Blockade of immune check-points

CTLA-4
Non specific immune

response

Specific T cells
responseLoading with tumor antigen

Irradiation
adjuvants

Irradiated
autologous tumor

cell

Extracted tumor
infiltrating

lymphocytes

V

V

Expansion

Ex vivo

Ex vivo

Ex vivo

a

b

c

Fig. 26.2 Immunotherapy strategies: A: Vaccination produces an 
induction of specific response against tumor antigens B: Adoptive cell 
therapy consists in ex vivo expansion of immune cells of the host. C: 
Non-specific stimulation of immune system can be reached with admin-

istration of proinflammatory cytokines or monoclonal antibodies that 
blockade inhibitory pathways. (Modified from Pernot et  al. [8] with 
permission of Prof. Julien Taiev. All rights reserved)
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Table 26.2 Immunotherapy vaccine studies on colorectal cancers

NCT number Setting
Trial 
phase Vaccines

Number of 
patients Primary endpoint

NCT02448173 Stage II III OncoVAX + surgery vs. surgery 550 Disease-free 
survival

NCT01890213 Stage III I AVX701 12 Adverse events
NCT02718430 mCRC with 

CLM
I VXM01 24 Safety and 

tolerability
NCT01741038 mCRC II-III AlloStim® + cryoablation vs. AlloStim + physician’s 

choice
450 Overall survival

NCT02615574 Refractory 
mCRC

II áDCI vaccine + CKM 44 Overall survival

Modified from Procaccio et al. [33]. https://creativecommons.org/licenses/by/4.0/
mCRC metastatic colorectal cancer

Table 26.3 Adjuvant therapy studies on colorectal cancers

NCT number Setting
Trial 
phase Adjuvant therapy

Number of 
patients Primary endpoint

NCT01545141 Resectable 
CRC

I–II Surgery vs. chemokine modulatory regimen (a 
combination of interferon, celecoxib, and rintatolimod 
prior to surgery)

50 Change in the number of 
tumor-infiltrating CD8+ 
cells

Modified from Procaccio et al. [33]. https://creativecommons.org/licenses/by/4.0/
CRC colorectal cancer

Table 26.4 Adoptive cell therapy study on colorectal cancers

NCT number Setting
Trial 
phase Adoptive cell therapy study

Number of 
patients Primary endpoint

 NCT03008499 mCRC I–II High-activity natural killer versus no special 
treatment

18 Relief degree of tumors evaluated 
by RECIST

 NCT02577588 mCRC I Reactivated T cells 10 DLTs

Modified from Procaccio et al. [33]. https://creativecommons.org/licenses/by/4.0/
mCRC metastatic colorectal cancer, RECIST Response Evaluation Criteria In Solid Tumors, DLT dose-limiting toxicity

Table 26.5 Cytokine treatment studies on colorectal cancers

NCT number Setting
Trial 
phase Cytokines

Number of 
patients

Primary 
endpoint

 NCT02415699 Stage III II–III DC-CIK + chemotherapy versus chemotherapy 100 DFS
 NCT02280278 Stage III III Adjuvant CT → CIKCC versus adjuvant CT 550 DFS

 NCT01929499 Stages 
II–III

II Adjuvant CT + synchronous CIKCC versus adjuvant CT → CIKCC 
versus adjuvant CT

210 DFS

 NCT02466906 Stage III II RhGM-CSF versus placebo 60 DFS
Oncolytic virus
 NCT01274624 KRAS II REOLYSIN® + FOLFIRI, bevacizumab 32 DLTs
 NCT01622543 mCRC II FOLFOX + bevacizumab + reolysin versus FOLFOX + bevacizumab 109 PFS

Modified from Procaccio et al. [33]. https://creativecommons.org/licenses/by/4.0/
DC-CIK dendritic cells and cytokine-induced killer cells, DFS disease-free survival, CT chemotherapy, CIKCC cytokine-induced killer cells in 
colon cancer, RhGM-CSF recombinant human granulocyte-macrophage colony-stimulating factor, FOLFIRI leucovorin, 5-fluorouracil, and irino-
tecan, DLT dose-limiting toxicity, FOLFOX leucovorin, 5-fluorouracil, and oxaliplatin, PFS progression-free survival
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A phase 2 trial (GOLFIG-1) conducted by Correale et al. 
evaluated the efficacy of combination of gemcitabine and 
FOLFOX (leucovorin, 5-fluorouracil, oxaliplatin) plus subcu-
taneous GM-CSF and aldesleukin (GOLFIG regimen) in 46 
metastatic colorectal cancer patients reporting prolonging time 
to progression and improved survival [45]. Based on these find-
ings, a phase 3 trial (GOLFIG-2) performed in 120 metastatic 
colorectal cancer patients comparing GOLFIG and FOLFOX-4 
showed superiority of the GOLFIG regimen in terms of 
response rate (59% vs. 34%, p = 0.0001) and progression-free 
survival (12.4 months vs. 7.9 months HR: 0.64, p = 0.0105) 
[46]. These results should be confirmed by expanded cohorts.

 Checkpoint Inhibitors

Several inhibitory and activatory coreceptors and pathways 
that control T cell functions in normal physiologic settings 
have been described and represent a major strategy in cancer 
immunotherapy.

 Immune Checkpoints in Colorectal Cancer

 Programmed Cell Death Protein 1  
and Its Ligands

Programmed cell death protein 1 (PD-1) is a coinhibitory 
receptor that inducibly expresses on CD4+ and CD8+ T cells, 
NKT cells, B cells, and monocytes/macrophages. Ligands of 
PD-1 include PD-L1 and PD-L2. This pathway has been 
implicated in tumor immune evasion due to the upregulation 
of PD-1 on tumor-infiltrating lymphocytes and increased 
expression of its ligands on tumor cells [47, 48].

Colorectal cancer trials evaluating activity of checkpoint 
inhibitors did not observe clinical responses. In a phase 1 
trial, no responses were observed in 19 colorectal cancer 
patients treated with nivolumab [49]. Also, in 2012, no 
response to therapy was seen in 18 colorectal cancer patients 
using an antagonist of PD-L1 antibody (BMS-936559) [50].

On the other hand, a study demonstrated the association 
of PD-L1 expression with improved survival in colorectal 
cancer specimens [51]. This correlation could be demon-
strated in a subset of colorectal cancer patients, marked by 
mismatch repair (MMR)-proficient tumors, whereas no asso-
ciation was found in MMR-deficient colorectal cancer or 
MSI (microsatellite instability) [52]. This hypothesis that 
immune checkpoint inhibitors could be more effective in 
MSI colorectal cancer was further investigated in a phase 2 
trial of pembrolizumab, another monoclonal antibody target-
ing PD-1 [53]. This study showed that MMR status predicted 
clinical benefit of immune checkpoint blockade with pem-

brolizumab with enhanced responsiveness in MSI colorectal 
cancer [53].

CheckMate 142 was a phase 2 study in advanced MSI-H 
and MSS colorectal cancer patients that evaluated the differ-
ence of benefit between nivolumab monotherapy and 
nivolumab-ipilimumab combination. In MSI-H patients, the 
overall response rate was 25.5% vs. 33.3%, respectively. An 
updated result of this study, presented at the American 
Society of Clinical Oncology (ASCO) 2017, showed in 
nivolumab patients that objective response rate (ORR), PFS 
rate, and OS rate were 31%, 48.4%, and 73.8%, respectively 
[54]. The results were independent from PD-L1 expression, 
BRAF, KRAS mutation status, and history of Lynch syn-
drome. The results, further updated in 2018, showed that 
complete responses increased from 3% to 9%. Progression- 
free survival reached a plateau, which may show the durable 
response with this molecule [55].

In a phase 1b/2 study of RAS wild-type patients, cetux-
imab (400 mg/m2 loading dose with a weekly maintenance 
of 250  mg/ m2) in combination with pembrolizumab 
(200 mg every 3 weeks) was tested in 9 metastatic colorec-
tal cancer patients [56]. Hypomagnesemia, rash, urticaria, 
hypocalcemia, ascites, and alkaline phosphatase (ALP) 
increase were reported as grade 3 adverse events. In 6 
patients, a stabile disease was achieved for more than 
16 weeks. The results are expected to be further confirmed 
in a phase 2 study.

 Cytotoxic T Lymphocyte Antigen-4 and B7

Another molecule involved in T lymphocyte inhibition is 
cytotoxic T lymphocyte antigen-4 (CTLA-4), that is 
expressed on the surface of T cells. CTLA-4 has affinity for 
B7-1 and B7-2, costimulatory receptors on antigen- 
presenting cells, and this interaction transmits inhibitory sig-
nals to attenuate T cell activation [47].

The inhibition of T cell activation also results in the 
reduction of Tregs. Since Tregs accumulation has been 
linked with poor prognosis in colorectal cancer, this could be 
an interesting therapeutic strategy for blockade of CTLA-4 in 
colorectal cancer [57].

Tremelimumab, a similar antibody to ipilimumab (the 
first anti-CTLA-4 approved by the US Food and Drug 
Administration [FDA]), has been investigated in a phase 2 
study for patients with refractory metastatic colorectal can-
cer. Unfortunately, only 1 patient received a second dose, 
whereas the remaining 46 patients had disease progression 
or disease-related death before receiving the planned second 
dose at 3 months [58]. Phase 1 trials are ongoing in combina-
tion with durvalumab, a monoclonal antibody against PD-L1, 
in patients with solid tumors (NCT01975831).
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 Lymphocyte Activation Gene-3

The lymphocyte activation gene-3 (LAG-3), also known as 
CD223, is a receptor of cell surface of the immunoglobulin 
family. Through its interaction with MHC class II, LAG-3 
plays a transcendental role in downregulation of cell prolif-
eration of activated T cells, NK cells, B cells, and dendritic 
cells [59, 60].

Together with CD49b expression, the co-expression of 
LAG-2 marks highly suppressive human type 1 regulatory T 
cells (Tr1), a subgroup of Tregs producing IL-10 [61]. Also, 
it has demonstrated that the co-expression of multiple inhibi-
tory receptors, such as the combination with PD-1, was asso-
ciated with a major T cell exhaustion. Then, the simultaneous 
inhibition of PD-1 and LAG-3 could enhance T effector 
activity as compared to either molecule alone [62]. An analy-
sis of 108 colorectal cancer tissues and their respective non- 
malignant peritumoral tissues showed an increase in number 
of cells expressing LAG-3/CD49b in tumoral tissues as com-
pared with non-malignant peritumoral tissues [63]. These 
observations justify ongoing phase 1 trials with this molecu-
lar target.

 T Cell Immunoglobulin and Mucin  
Containing Protein-3

T cell immunoglobulin and mucin containing protein-3 
(TIM-3) is expressed on IFN-γ(gamma) producing CD4 
Th1+ and CD8 cytotoxic T cells. Through its ligand, 
galectin- 9, TIM-3 is believed to play an important role in 
inhibiting Th1 response and inducing cell death [64]. 
Furthermore, animal models have demonstrated its role in 
T cell exhaustion due to the expression of TIM-3, with 
PD-1, in the most suppressed or dysfunctional popula-
tions of CD8 T cells in hematological and solid malignan-
cies [64].

It was observed that in peripheral blood samples from 
colorectal cancer patients, there were higher levels of circu-
lating TIM-3/PD-1 CD8+ T cells compared to healthy sub-
jects. Likewise, an increase of TIM-3/PD-1 CD8+ T cells was 
shown in colorectal cancer tissues, when compared with 
healthy adjacent peritumoral tissues. Moreover, distinguish-
ing the subset of T cells by the expression of PD-1 demon-
strated a significant lower level of IFN-γ(gamma) production 
in the PD-1 subset. Together with the lack of objective 
responses by PD-1 blockade in colorectal cancer patients, 
these results suggest TIM-3 as a more dominant inhibitory 
receptor, restricting T cell response in colorectal cancer 
patients [64].

There are clinical trials that are testing anti-TIM-3 or anti- 
LAG- 3 blockade in monotherapy and in combination 
(NCT02817633, NCT01968109).

 CD70 and CD27

CD70, a member of the tumor necrosis factor family, is 
expressed for activated T and B cells and mature dendritic 
cells; however, constitutive expression of CD70 in malignant 
cells has been described [65]. Through the interaction with 
its ligand, CD27, the upregulation of CD70 allows the eva-
sion of immune system by three mechanisms: (1) induction 
of T cell apoptosis, (2) skewing T cells toward T cell exhaus-
tion, and (3) increasing suppressive Tregs [66]. In vivo trials 
demonstrated evasion of immune surveillance by recruit-
ment of CD27+ Treg to the tumor site [67].

The role of CD70-mediated immunoescape was demon-
strated in non-small cell lung cancer, where CD27+ lympho-
cytes were found in the tumor microenvironment with a 
trend toward increased Foxp3 expression and higher CD4/
CD8 ratios surrounding CD70+ malignant cells [68].

Although the expression of CD70 has not been described 
in colorectal tumors, unpublished data of Jacobs et al. found 
expression of CD70 in 6 of 28 biopsies [21].

Otherwise, other groups focus the strategy on the 
immunostimulatory potential of a CD27-agonistic mono-
clonal antibody, such as varlilumab. CD27 belongs to the 
tumor necrosis factor receptor superfamily and plays a 
critical role in immunological processes, such as T cell 
survival, T cell activation, and the cytotoxic activity of 
NK cells [69] . Furthermore, ligation of CD27 by CD70 
has shown stimulatory effects on T cell proliferation, 
expansion, and survival dependent upon IL-2 autocrine 
signaling.

 Glucocorticoid-Induced TNFR-Related Protein

Also known as CD357, glucocorticoid-induced TNFR- 
related protein (GITR) is a surface receptor molecule that 
has been shown to be involved in inhibiting the suppressive 
activity of Treg and extending the survival of T effector cells. 
This molecule may be a great promise for the agonistic anti-
bodies in immunotherapy [70].

GITRL, its unique ligand, is expressed on activated 
antigen- presenting cells, and the interaction of them pro-
vides costimulation of effector T lymphocytes [71]. Studies 
in animal models showed that GITR agonistic molecules 
(like DTA-1) can mediate tumor regression mediated by the 
loss of lineage stability of Tregs, reducing its suppressive 
influence in the tumor microenvironment [72].

Schaer et  al. reported a tumor-specific T cell response 
comprised by high numbers of activated Tregs expressing 
high levels of GITR, in colorectal cancer patients with liver 
metastases. The treatment with GITRL produced inhibition 
of Treg-mediated suppression, preventing hyporesponsive-
ness of T cells [72].
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 OX40 (CD134)

OX40 (TNR4 or CD134) is another member of the tumor 
necrosis factor superfamily, similar to GITR and 4-1BB, and 
its engagement promotes T cell activation, survival, prolif-
eration and cytokine production [73]. This molecule is pri-
marily expressed on activated CD4 T cells and on CD8 T 
cells, neutrophils, dendritic cells, and Tregs [74]. Its ligand, 
OX40L, is most common in antigen-presenting cells, addi-
tionally found on activated T cells and B cells [75]. OX40 
expression is induced by T cell receptor stimulation, but 
costimulation via other molecules, such as CD28, or expo-
sure to cytokines can further upregulate expression [76] .

OX40 agonism has been evaluated in preclinical models, 
as a monotherapy, which has resulted in delayed tumor 
growth in vivo and promoted the rejection of various tumors 
[77]. OX40-dependent antitumor immunity required both 
CD4 and CD8 T cells. Combinations of anti-OX40 with 
fractionated radiotherapy, IL-12 and anti-4-1BB, anti-
CTLA-4 and CpG oligonucleotides, anti-CD25 and anti-
CTLA-4 with adoptive cell transfer, transforming growth 
factor β (beta) inhibition, or IL-2 improved antitumor 
responses, tumor rejection, long-term survival, resistance 
to tumor rechallenge in mice bearing various cancers 
[76, 78–82].

In the first phase 1 clinical trial, 30 patients received a 
murine anti-human OX40 monoclonal antibody; regression 
was reported of at least 1 metastatic lesion in 12 patients 
after a single dose [83]. Despite these positive results, it is 
unlikely that anti-OX40 alone will be sufficient to induce 
complete response, since antitumor immunity is directed by 
a dynamic constellation of signals. Perhaps a better benefit 
could be achieved in combination with other agents such as 
antagonistics antibodies, such as PD-L1 (durvalumab and 
atezolizumab) and CTLA-4 (tremelimumab).

Although not reported yet, in the NCT01644968 phase I 
study, anti-OX40 monoclonal antibody reached efficacy. The 
NCT02205333 study is recruiting patients for testing this 
molecule in combination with anti-CTLA-4 and anti-PD-1 
agents.

 4-1BB

4-1BB (or CD137) is a molecule with effects on T cell pro-
liferation and CD8 T cell function [84]. It is expressed on 
activated but not resting T cells, activated natural killer cells, 
natural killer T cells, and is expressed constitutively on some 
population of dendritic cells and Tregs [85].

Stimulation of 4-1BB by its ligand (4-1BBL) or by ago-
nist antibodies enhances the activation of several immune 
cells, including T cells, dendritic cells (upregulation of B7 
molecules and immunostimulatory cytokine production), 

monocytes, and neutrophils, and induces a spectrum of 
effects on B and NK cells [86].

Preclinical trials showed that targeting 4-1BB with 
an agonist antibody can promote tumor control in sev-
eral preclinical models and is frequently associated 
with increase cytotoxic T lymphocyte effector capabil-
ity [87, 88].

Correlation between 4-1BB positivity in peripheral blood 
samples and colorectal cancer stage and invasion depth has 
been reported by Cepowicz et al. [89]. Moreover, expression 
of its ligand was shown to be lower in malignant colonic tis-
sue compared with paired normal tissue [90]. The efficacy of 
4-1BB agonistic agents for the treatment of colorectal cancer 
with liver metastases has been proved in preclinical animal 
models [91].

There are two agonistic antibodies in clinical develop-
ment, with phase 1 trials: urelumab and PF-05082566. A 
case of fatal hepatotoxicity was reported with urelumab in a 
trial in metastatic melanoma, so this study was terminated. 
For PF-05082566 no significant hepatotoxicity has been 
reported to date [92].

4-1BB is upregulated on human NK cells when they 
encounter antibody-bound tumor cells; moreover, increased 
levels of 4-1BB on circulating and intratumoral NK cells 
were directly correlated to an increase in epidermal growth 
factor receptor (EGFR)-specific CD8 T cells, and the combi-
nation with cetuximab marked clear synergism, shown by 
the complete response of the tumor and prolonged survival 
[93, 94].

In the NCT00309023 study, the activity of anti-4-1BB 
antibody was shown. However, the phase 2 study was termi-
nated early due to advanced toxicity. The same agent in 
lower doses is still being tested in the NCT02253922 trial in 
combination with PD-1 blockade.

 CD40

CD40 is a member of the tumor necrosis factor receptor 
superfamily, which was initially characterized on B cells and 
is also expressed on dendritic cells, monocytes, platelets, and 
macrophages as well as by non-hematopoietic cells such as 
myofibroblasts, fibroblasts, and epithelial and endothelial 
cells. Its ligand, known as CD154 or CD40L, is expressed 
primarily by activated T cells as well as activated B cells and 
platelets [95].

The interaction with its ligand, CD40L, on activated Th 
cells enhances the presentation and expression of costimula-
tory molecules, licensing dendritic cells to mature and 
achieve all of the necessary characteristics to effectively trig-
ger T cell activation. In animal models, engagement with 
CD40L promoted cytokine production and enabled effective 
T cell activation and differentiation [96, 97].
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In colorectal cancer, expression of CD40 has been dem-
onstrated [98]. The use of CD40 as a prognostic tool in 
other malignancies has been demonstrated, although fur-
ther studies to elucidate its role in colorectal cancer are 
necessary [99].

Clinical trials with agonistic CD40 monoclonal antibod-
ies have demonstrated clinical activity in absence of relevant 
toxicity. However, response rates remain 20% or less, such 
that CD40 agonists may be more effective in combination 
with chemotherapy, vaccines, or inhibitory checkpoint mol-
ecules such as anti-CTLA-4 or anti-PD-L1 monoclonal anti-
bodies [100].

 Role of Colorectal Cancer Biomarkers 
in Immunomodulation

Despite the recent development of new strategies in therapy 
of colorectal cancer, with genetic profiling of individual 
tumors and new agents with better toxicity profiles, the 
selection of patients and individualized treatment remains 
challenging. In this setting, identification of genetic factors 
that could influence tumor microenvironment is essential to 
improve the selection of a specific therapy strategy.

Lal et al. carried out a bioinformatics analysis of colorec-
tal cancer data in The Cancer Genome Atlas involving 
2-dimensional hierarchical clustering to define an immune 
signature that was used to characterize the immune response 
across key patient groups [101]. An immune signature 
termed the Co-ordinate Immune Response Cluster (CIRC) 
comprising 28 genes was coordinately regulated across the 
patient population. This included essentially all class II 
MHC loci, whereas expressions of class I MHC were 
excluded. Additionally, the major immune checkpoint mole-
cules (PD-L1, PD-L2, LAG-3, TIM-3, CTLA-4) were 
included [101].

 Microsatellite Instability

MSI-high (MSI-H), which is the molecular fingerprint of a 
deficient DNA mismatch repair system and linked to a high 
mutational burden, was associated with a high immune infil-
tration by Th cells and class II-related genes, chemokines, 
and immune inhibitory checkpoint molecules. Similarly, 
POL mutations were linked with high mutational burden and 
high immune infiltration, but the coordinate expression of 
inhibitory pathways observed suggests that the combination 
checkpoint blockade therapy may be required to improve 
efficacy [101].

The MSI-H group of patients were shown to derive the 
benefit from immune checkpoint inhibition; however, in 
microsatellite-stable patients, there could be a small benefit. 
Since then, there are efforts to show a better predictive bio-

marker to target besides the MSI status. In this context, 
“immunoscore” was developed. The immunoscore is a scor-
ing system based on density of CD3- and CD8-positive T 
cells and CD3/CD45RO-positive T memory cells in tumoral 
center and invasive margin. A scoring from low density 
(score: 0) to highest immune infiltration (score: 4) is used. 
Higher scores are correlated with higher PD-L1 levels and 
derive benefit from standard chemotherapy. In addition, 
immunoscore is more predictive for response to chemo-
therapy than MSI status. Recent studies are conducted to 
show the same predicity for immunotherapies [102]. At 
the same time, patients with immunoscores of 3–4 have 
higher immune infiltrates and might have longer disease-
specific recurrence-free intervals independent of MSI status 
[102, 103].

 KRAS

RAS mutation predicts for a relatively poor immune infiltra-
tion and low inhibitory molecule expression. KRAS- and 
NRAS-mutated colorectal cancers have lowered levels of 
CD4 T cells. In this setting, therapy with checkpoint block-
ade may be less efficacious, highlighting a requirement for 
novel strategies in this patient group [101].

 BRAF

Mutations in BRAF have been described in 5–15% of 
colorectal cancer patients and are frequently found in MSI- 
high tumors. BRAF mutation is associated with worse sur-
vival in microsatellite stability tumors, but its role in 
MSI-high tumors is uncertain. Probably the poor prognosis 
does not depend only on the BRAF status; the mutation 
might have different effects depending on the type of genetic 
pathway in which it is produced [104]. Recent data indicates 
that melanomas bearing mutant BRAF may also have altered 
immune responses, suggesting additional avenues for treat-
ment of these patients [105]. Combination of BRAF inhibi-
tors with new immunotherapies such as checkpoint blockade 
antibodies might further enhance immune activation.

 Conclusion

In the last few years, there has been important progress in 
understanding the role of the immune system in the fight 
against cancer. These recent advances open the door to a 
range of therapeutic options with important benefits for 
patients suffering from this malignant disease. The complex 
role of the immune system and its particular physiological 
distribution in the digestive system, especially the colon and 
small intestine, is a challenge in the research and develop-
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ment of new therapies that would be effective to treat cancer. 
Probably, given the significant interaction between tumor 
cells, the immune system, and the tumor microenvironment, 
the best therapeutic strategy will be a combination of cyto-
toxic treatment, biological drugs, and immune-modulating 
drugs, perhaps including a strategy combining vaccines with 
these agents. Despite the evidence of the activity of these 
agents in stimulating the immune system in MMR-deficient 
colorectal cancer, with its high mutational burden, it is not 
possible to establish a definitive role in this subgroup of 
patients. There are many ongoing trials that will help us in 
the understanding of this complex interaction between the 
immune system and cancer, so we should not hesitate to con-
tinue the research that allows us to offer better therapeutic 
strategies and quality of life for our patients.
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 Introduction

Pancreatic ductal adenocarcinoma (PDAC) remains the 
fourth leading cause of cancer-related death in the United 
States. Surgery remains the only potentially curative treat-
ment for pancreatic cancer; however, only 20% of patients 
present with resectable disease [1]. Even after radical resec-
tion, 80% of patients experience recurrence and metastases, 
as micrometastases have already occurred despite disease 
being seemingly resectable [2].

Since the hallmark clinical trial in 1997 that showed supe-
riority of gemcitabine (GEM) over 5-fluorouracil, gem-
citabine has been the mainstay of treatment of PDAC, either 
as single agent or in combination with other treatments [1]. 
Following surgery, adjuvant chemotherapy with gemcitabine 
was associated with longer progression-free and overall sur-
vivals compared to observation alone [3]. For patients with 
locally advanced and metastatic (LA/M) disease, the 2 main 
treatment options are FOLFIRINOX (folinic acid, fluoroura-
cil, irinotecan, and oxaliplatin) [4] and gemcitabine/nab- 
paclitaxel (n-PC) combination [5], with a progression-free 
survival (PFS) and overall survival (OS) of 5.5–6.4 months 
and 8.5–11 months, respectively.

Nab-paclitaxel (n-PC) is a nanoparticle (130-nm) 
albumin- bound formulation of paclitaxel; its water solubility 
gives it the ability to penetrate the tumor microenvironment, 
leading to an increase in the intratumoral levels of gem-
citabine (GEM) [6]. This could be related to inhibition of the 
GEM-catabolizing enzyme, cytidine deaminase, by n-PC 
through the production of reactive oxygen species [6]. 
Combined to GEM, nab-paclitaxel showed improved out-
comes in metastatic PDAC; PFS and OS with GEM/n-PC 
were 5.5 months and 8.5 months, respectively, compared to 
3.7 months and 6.7 months with GEM alone, with a response 
rate of 23%. Grade 3/4 fatigue, neutropenia, peripheral neu-
ropathy, and diarrhea were observed in 17%, 38%, 17%, and 
6% of patients, respectively [5]. Most recently, single-agent 
therapy with the oral fluoropyrimidine derivative S-1 demon-
strated non-inferiority to gemcitabine [7].

In the following sections, we will discuss some of the 
preclinical and clinical advancements in the treatment of 
PDAC.

 Targeting Core Signaling Pathways 
in Pancreatic Ductal Adenocarcinoma

KRAS and CDK2NA represent the most common genetic 
mutations and are found in more than 90% of cases [8, 9], 
followed by mutations in TP53 [10] and SMAD4 [11], which 
are observed in 75–85% and 60% of cases, respectively. 
Mutated KRAS and CDK2NA have been implicated in 
development of PDAC, while mutations of TP53 and 
SMAD4  in its progression [12]. Epigenetic dysregulation 
also adds to the genomic heterogeneity of PDAC. Even in the 
absence of inactivating mutations of tumor-suppressor genes, 
their silencing can occur through methylation [13].

Various efforts were painstakingly undertaken to target 
major signaling pathways in the biology of PDAC, including 
the KRAS and EGFR pathways, as well as targeting the can-
cer stem cells (CSCs) and tumor stroma. This has been aug-
mented by large cancer sequencing initiatives during the past 
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decade that have led to advancements in the comprehension 
of the molecular mechanisms implicated in the  evolution of 
PDAC [12, 14, 15]. However, despite those laborious efforts, 
almost all targeted agents failed to show a survival benefit in 
late clinical trials.

 HER1/EGFR Pathway

Epidermal growth factor receptor (EGFR) is a transmem-
brane receptor member of the ErbB family and is implicated 
in cell-cycle regulation, cell differentiation, adhesion, and 
survival. It is overexpressed in 90% of PDAC cases [16]. Its 
tyrosine kinase domain is activated by a myriad of ligands, 
including epidermal growth factor (EGF), transformation 
growth factor α(alpha) (TGF-α), and betacellulin. Through 
activating EGFR, multiple downstream pathways are acti-
vated that eventually conduct its functions. Those pathways 
include Ras/MAP kinase, phosphatidylinositol 3’-kinase 
(PI3K)/Akt, Janus kinase/Stat, and phospholipase C/protein 
kinase C pathways.

The 2 strategies in targeting EGFR are small-molecule 
tyrosine kinase inhibitors (TKIs) and monoclonal antibodies. 
EGFR inhibitors compete with adenosine triphosphate (ATP) 
for binding to the kinase domain, thereby blocking down-
stream signaling transduction and preventing the biologic 
roles of EGFR. Of these agents, erlotinib was the only one to 
show a very marginal, yet statistically significant, survival 
benefit. It was approved by the US Food and Drug 
Administration (FDA) for first-line treatment of chemonaïve 
patients with locally advanced and metastatic (LA/M) PDAC 
[17]. However, it is not being used in the clinic at the present 
time. The phase III trial by Moore et al. enrolled 569 patients 
with LA/M PDAC who were randomized to receive gem-
citabine (GEM) alone or in combination with erlotinib. 
Patients on the combination therapy arm had a progression- 
free survival (PFS) and overall survival (OS) of 3.75 and 
6.24 months compared to 3.55 and 5.91 months in the GEM 
arm, respectively [18]. This survival benefit was irrespective 
of EGFR status [19]. Gefitinib is another inhibitor of EGFR 
that showed tolerability in phase I/II trials in the setting of 
previously treated inoperable PDAC in combination with 
GEM [20]; median PFS and survival of 4.1  months and 
7.3 months were observed in a phase II trial in combination 
with GEM [21].

Cetuximab is a monoclonal antibody (MAB) that binds to 
the extracellular domain of EGFR that initially showed some 
promising results in a pilot phase II trial in the setting of 
LA/M PDAC in combination with GEM [19]. However, no 
survival benefit was noted in further studies [22–25]. 
Matuzumab showed tolerability in chemonaïve patients with 
advanced disease [26], but further evidence on its efficacy is 
lacking. Nimotuzumab, a humanized MAB, was safe and 

tolerable when administered as monotherapy for patients 
with advanced disease who failed prior therapy [27]. When 
combined with GEM in the setting of first-line treatment for 
advanced disease, nimotuzumab resulted in response rates of 
55.6%, and PFS and OS of 3.71 and 9.29 months, respec-
tively [28]. Nimotuzumab is not currently available in the 
United States.

 HER2 Pathway

Human epidermal growth factor receptor 2 (HER2) is another 
transmembrane tyrosine kinase receptor member of the ErbB 
family. It is overexpressed in 11–45% of PDAC cases and 
has been associated with poorer prognosis [29–31]. 
Trastuzumab, an MAB, showed some benefit in combination 
with GEM in preclinical models [29]. In the clinical setting, 
trastuzumab was tested in combination with GEM [30] as 
well as capecitabine [32]. The trastuzumab/GEM combina-
tion yielded similar results compared to single-agent GEM 
in metastatic PDAC with overexpression of HER2/neu as 
evidenced by immunohistochemistry (IHC) [30]. The trastu-
zumab/capecitabine combination therapy, although proved 
tolerable in the setting of metastatic PDAC, did not perform 
favorably in regards to PFS and OS compared to standard 
chemotherapy [32].

Lapatinib is a reversible, small-molecule TKI that binds 
to and inhibits both EGFR and HER2 [33]. It was initially 
approved by the FDA for the treatment of HER2-positive 
advanced breast cancer in combination with capecitabine 
[34]. In the setting of PDAC, a phase I trial initially showed 
promising results in combination with GEM or GEM/oxali-
platin for the treatment of LA/M disease [35]; however, a 
phase II study of lapatinib/GEM combination therapy failed 
to show a survival benefit [36]. Most recently, lapatinib was 
investigated in combination with capecitabine for second- 
line treatment for GEM-refractory metastatic PDAC, and it 
showed a PFS and OS of 2.6 and 5.2 months, respectively 
[37]; no partial responses were observed.

 KRAS Pathway and Downstream  
Signaling Pathways

KRAS is a GTPase protein that belongs to the Ras family 
and possesses oncogenic activity. The KRAS gene is located 
on chromosome 12p and promotes proliferation and inhibits 
apoptosis through the downstream pathways RAF/MEK/
ERK and PI3K/Akt. KRAS-activating mutations are observed 
in >90% of PDAC cases [8]. Thus far, KRAS has been elu-
sive, and no inhibitors exist despite various attempts to estab-
lish an effective blocker of its activity [12]. The 
farnesyl-transferase inhibitor tipifarnib showed some 
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encouraging results in the preclinical setting [38]. 
Unfortunately, it did not result in a survival benefit in clinical 
trials [39]. Therefore, the focus was shifted toward targeting 
pathways downstream of KRAS.

The RAF/MEK/ERK signaling cascade plays an impor-
tant role in regulating cell proliferation and differentiation 
as well as inflammation and survival. It is often deregulated 
in PDAC due to gain-of-function mutations of the Ras or 
BRAF oncogenes [40, 41]. Mitogen-activated protein kinase 
kinases 1 and 2 (MEK1/2) represent central components of 
this pathway and are appealing targets to inhibit [42–44]. 
Two oral small-molecule inhibitors of MEK1/2 have been 
identified. Selumetinib was tested in comparison to 
capecitabine in the setting of advanced disease [45]. 
Although the OS in the selumetinib arm was longer than 
that in the capecitabine arm (5.4 vs. 5.0 months), the differ-
ence was not statistically significant [45]. Trametinib was 
studied in combination with GEM in chemonaïve metastatic 
PDAC in a phase II randomized, multicenter trial but did not 
yield any survival benefit [46].

Following its activation, KRAS phosphorylates phos-
phoinositide 3 kinase (PI3K), which in turn activates Akt, a 
serine/threonine kinase that is overexpressed in PDAC [44, 
47]. Similar to the RAF/MEK/ERK pathway, the PI3K/Akt 
signaling cascade also has important roles in cell prolifera-
tion, metabolism, and survival [44], and accomplishes this 
through downstream signaling targets, including the mam-
malian target of rapamycin (mTOR). Pharmacological inhi-
bition of PI3K increased the susceptibility of PDAC cell 
lines to chemotherapy and tumor necrosis factor α(alpha) 
(TNF-α)-induced apoptosis [48, 49]. Rigosertib is a first-in- 
class Ras mimetic and small-molecule inhibitor of multiple 
signaling pathways including polo-like kinase 1 (PLK1) and 
phosphoinositide 3-kinase (PI3K). It was investigated in 
combination with GEM for patients with previously 
untreated, metastatic disease; however, it failed to demon-
strate an improvement in survival [50]. Trametinib was also 
investigated in combination with the pan-PI3K inhibitor 
buparlisib (BKM120), but the combination therapy failed to 
show a survival benefit [51]. Enzastaurin, an inhibitor of 
PI3K/AKT and PKCβ(beta), was studied in combination 
with GEM in LA/M PDAC but did not show an advantage 
compared to single-agent GEM [52]. Other trials investi-
gated RX-0201 (an Akt antisense oligonucleotide) in combi-
nation with GEM [53], as well as BEZ235 (an inhibitor of 
PI3K and mTOR) in combination with the MEK inhibitor 
MEK162 [54], and buparlisib (BMK120) in combination 
with mFOLFOX-6 [55]; the results have yet to be released.

Inhibiting mTOR was shown to impede the growth of 
many PDAC cell lines [56] as well as PDAC xenograft 
growth and metastasis, possibly through induction of endo-
thelial cell death and tumor vessel thrombosis [57]. Single- 
agent everolimus, an oral mTOR inhibitor, demonstrated 

minimal to no efficacy in patients with GEM-refractory met-
astatic PDAC [58, 59]. Combining everolimus with 
capecitabine was associated with a PFS and OS of 3.6 and 
8.9 months, respectively [60]. Temsirolimus, another mTOR 
inhibitor, in combination with erlotinib also showed discour-
aging results, and it was hypothesized that the negative feed-
back loop resulting from the mTOR inhibition might account 
for the disease progression toxicity observed in the study 
[59].

 Embryonic Pathways

The Hedgehog (HH) and Notch signaling cascade play a cru-
cial role in cell proliferation and in pancreatic organogenesis 
during embryonic development, and they have been both tar-
geted by novel therapies. The mammalian HH family of 
secreted signaling proteins includes Sonic, Indian, and 
Desert HH (SHH, IHH, and DHH, respectively) [61]. Under 
normal conditions, the HH pathway is negatively regulated 
by the Patched tumor-suppressor protein, which inactivates 
the Smoothened protein [61]. When HH ligands bind to the 
extracellular domain of the Patched protein, they disrupt the 
inhibition of the Smoothened protein and upregulate the Gli 
family of transcriptional regulators [62, 63]. Pathological 
alterations in the HH pathway include loss of the Patched 
protein, activating mutations of the Smoothened protein, and 
upregulation of the Hedgehog ligands and Gli proteins [64]. 
Activation of the HH pathway has been implicated in the 
evolution and maintenance of PDAC [64, 65], and has been 
shown to be overexpressed in more than 70% of pancreatic 
cancers [64]. Specifically, HH-secreted signaling proteins 
were found to be overexpressed in PDAC stroma and cancer 
stem cells (CSCs) stromal and CSCs pools, implying an 
abnormal activation of HH in the main compartment of pan-
creatic cancer [66] in addition to contributing to the desmo-
plastic reaction, a crucial feature of pancreatic cancer that 
limits the delivery of therapeutic agents to pancreatic cancer 
cells [67]. This has made the HH pathway an active field of 
research. Two small-molecule inhibitors of Smoothened 
have been identified so far: vismodegib (GDC-0449) [68] 
and saridegib (IPI-926) [69]. Vismodegib is being investi-
gated in multiple trials for neoadjuvant therapy [70], as well 
as in the treatment of LA/M PDAC as single agent (no 
response [71]) and in combination with GEM [72, 73] (no 
survival benefit [74]), GEM + nab-paclitaxel [75], GEM + 
erlotinib [76], and sirolimus [77]. Saridegib is being evalu-
ated in the setting of advanced disease in combination with 
GEM [78] as well as FOLFIRINOX [79, 80]. Sonidegib 
(LDE-225), a third Smoothened inhibitor, was evaluated in 
the setting of other malignancies [81, 82], and is currently 
under investigation in an ongoing clinical trial for the neoad-
juvant treatment of PDAC [83].
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The Notch pathway also contributes to tumorigenesis 
when aberrantly upregulated [84]. Binding of the 
 membrane- bound Notch receptors (Notch 1–4) to their 
ligands (Delta- like and Jagged) results in proteolysis of 
the Notch receptor, mediated through γ(gamma)-secretase 
(presenilin), and the translocation of its activated form, 
known as the Notch intracellular domain, to the nucleus, 
where it regulates the transcription of a number of target 
genes involved in proliferation and differentiation, and 
interacts with other pathways, including KRAS [85]. 
Notch and its ligands are overexpressed in PDAC [86], 
and efforts were invested in targeting it. RO4929097 is an 
oral inhibitor of γ(gamma)-secretase that showed some 
promising results in a phase II trial in the setting of previ-
ously treated metastatic PDAC [87] and has also been 
studied in combination with GEM [88]. RO4929097 was 
also investigated in the neoadjuvant setting, but the study 
was terminated [89]. MK0752, another γ(gamma)-
secretase inhibitor, showed tolerability in a phase I trial 
[90] and was investigated in combination with GEM for 
the treatment of inoperable disease [91], but more infor-
mation is required about its efficacy. Demcizumab (OMP-
21M18), a humanized immunoglobulin G2 (IgG2) 
monoclonal antibody targeting the Delta-like ligand 4, 
was associated with stable disease in a phase I trial [92] 
and is currently being investigated in 2 ongoing clinical 
trials for LA/M PDAC [93, 94].

 PARP Pathway

The tumor-suppressor BRCA2 gene is located on chromo-
some 13q and is inactivated in fewer than 10% of PDAC 
[95]. Germline mutations in BRCA2 are associated with a 
hereditary predisposition to breast, ovarian, and pancreatic 
cancer [96] via deficiency in DNA damage repair. The poly 
(ADP-ribose) polymerase (PARP) family is a group of 
nuclear enzymes that is involved in mechanisms of cell 
recovery from DNA damage [97]. Under normal condi-
tions, inhibiting PARP members leads to the accumulation 
of double- strand DNA breaks that are then repaired 
through the BRCA-dependent homologous recombination 
mechanism [97]. This would make BRCA1/2-mutated 
tumors, at least theoretically, more susceptible to the 
effects of PARP inhibitors in combination with DNA-
damaging therapy. Olaparib is an oral PARP inhibitor that 
has been investigated in breast and ovarian cancers [98–
100]. In advanced GEM-refractory PDAC, single-agent 
olaparib was associated with a response rate of 21.7% 
[101]. Trials testing olaparib and veliparib in combination 
therapy to other treatments, such GEM, are being under-
taken [102, 103].

 IGFR Pathway

The insulin-like growth factor 1 receptor (IGF1R) and its 
ligands (insulin-like growth factors 1 and 2) are overex-
pressed in pancreatic cells [104, 105]. Preclinical studies 
suggested a protumorigenic role of IGF1R [106]. Upon bind-
ing to is ligands, it triggers downstream pathways involved 
in cell proliferation and survival, such as PIK3/AKT [106]. 
Its blockade inhibits growth and survival of pancreatic can-
cer cells, including those that are KRAS-mutated [106].

Its blockade has been evaluated through multiple trials 
utilizing monoclonal antibodies. Ganitumab initially showed 
tolerable toxicity in combination with GEM in a phase 2 trial 
of treatment-naïve metastatic PDAC [107], but the combina-
tion failed to improve survival in the hallmark GAMMA 
trial, and the study was stopped based on results from a pre-
planned futility analysis [108]. Ganitumab was tested in 
combination with the death receptor 5 monoclonal antibody 
agonist conatumumab in the setting of LA/M PDAC [109]. 
Death receptor 5 is a member of the TRAIL receptor family, 
and its activation leads to apoptosis [110]. Unfortunately, 
although the combination therapy was tolerable, it did not 
yield objective responses [109]. Dual blockade of EGFR and 
IGF1R signaling through combining cixutumumab, another 
IGF1R monoclonal antibody antagonist, with erlotinib and 
GEM failed to show a survival benefit in untreated metastatic 
disease [111].

 Wnt-β(beta)-Catenin Pathway

The Wnt-β(beta)-catenin pathway plays a central role in pan-
creatic cancer progression and cancer stem cells mainte-
nance [112]. PRI-724 is a cyclic AMP-response element 
binding protein/β(beta)-catenin modulator that induces stem 
cell differentiation [113]. It is currently being investigated in 
combination with GEM in the treatment of metastatic dis-
ease [114].

 Inhibition of Angiogenesis

Vascular endothelial growth factor (VEGF) plays a key role 
in neoangiogenesis, a crucial mechanism for tumor growth 
and metastasis [115], and is overexpressed in PDAC [116]. 
Bevacizumab (BV) is a monoclonal antibody against VEGF 
that was associated with improved survival in metastatic 
colorectal cancer [117], and many trials evaluated its effi-
cacy in PDAC, but most failed to show a survival benefit. 
Despite initial promising results with the BV/GEM combi-
nation in the setting of metastatic PDAC [118], a phase III 
trial failed to show a survival benefit with this combination 
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[119]. Furthermore, no survival benefit was observed from 
erlotinib/BV [120] and GEM/erlotinib/BV [121] combina-
tion in the setting of metastatic disease. A phase II trial inves-
tigating cetuximab plus BV with or without GEM was 
terminated early due to lack of sufficient efficacy in both 
treatment arms [122]. Following encouraging results with 
chemotherapy doublets (GEM plus capecitabine) in combi-
nation with biologic doublet (BV plus erlotinib) [123], a 
phase I/II trial showed median PFS and OS of 8.4 and 
12.6  months, respectively, with a confirmed radiological 
response rate of 23% [124]. The combination of BV with 
PARP inhibitor olaparib was well tolerated in a phase I trial, 
but more evidence is lacking on its efficacy [125].

Axitinib is another potent, selective inhibitor of VEGF 
receptors 1, 2, and 3. Adding axitinib to GEM in LA/M 
PDAC did not improve survival [126]. Similarly, sorafenib, a 
multikinase inhibitor of B-raf, VEGF receptor 2, and platelet- 
derived growth factor (PDGF) receptor β(beta), was not 
associated with a survival benefit in combination with GEM 
in advanced PDAC [127]. Aflibercept is a fully humanized 
recombinant fusion protein composed of portions of the 
extracellular domains of VEGF receptors 1 and 2 fused to the 
Fc portion of human immunoglobulin G1 [128]. It binds to 
VEGF-A, VEGF-B, as well as placental growth factors 1 and 
2 (PlGF)-1 and PlGF-2 and thus prevents those ligands from 
binding to VEGF receptor [128]. It was shown to suppress 
tumor growth in preclinical models [128]; however, a phase 
III trial evaluating aflibercept in combination with GEM as 
first-line therapy for metastatic PDAC was terminated due to 
futility following a planned interim analysis [129]. Vatalanib 
is an oral poly-tyrosine kinase inhibitor with strong affinity 
for PDGF and VEGF receptors. It was tested as single-agent 
therapy in GEM-refractory LA/M PDAC and was associated 
with a 6-month survival rate of 29% [130].

Other trials investigated the role of non-steroidal anti- 
inflammatory medications, such as celecoxib and TL-118. 
Combining celecoxib with GEM in LA/M PDAC did not 
demonstrate significant improvement in measured clinical 
outcomes; 4 of the 25 enrolled patients had a partial response 
and 7 had stable disease [131]. The trial investigating 
TL-118 in combination with GEM is still ongoing [132].

 Targeting the Tumor Stroma

The tumor stroma has recently emerged as one of the crucial 
players in the resistance of PDAC to chemotherapy, after it 
was initially thought to be a mechanical barrier to protect the 
host [133]. Formed as a result of a desmoplastic reaction, the 
stroma forms the bulk of the tumoral structure, accounting 
for up to 90% of the tumor anatomy, and is comprised of 
pancreatic stellate cells/tumor-associated fibroblasts, endo-

thelial cells, immune cells, and tumor cells, in addition to 
extracellular matrix (ECM) proteins and growth factors 
[134]. Pancreatic stellate cells/tumor-associated fibroblasts 
remain quiescent until their activation by various cytokines, 
growth factors, and oxidative stress, following which they 
transform into myofibroblast-like cells and secrete large 
amounts of extracellular matrix (ECM) proteins and growth 
factors, all of which nurture the proliferation of pancreatic 
cancer cells [133]. Additionally, this accumulation of ECM 
proteins increases the interstitial pressure, causing compres-
sion of the capillaries and the subsequent impaired blood 
perfusion, which in part decreases drug delivery and in part 
induces a hypoxic state that further promotes tumor survival 
and invasion through activation of a range of genes by 
hypoxia-inducible factor 1-α(alpha) and inducing epithelial- 
mesenchymal transition (EMT) [135].

Due to the versatile roles that pancreatic stellate cells play 
in the survival and chemoresistance of pancreatic cells, they 
have been the target of some therapeutic agents. Dovitinib 
(TKI258) is a small-molecule, potent multikinase inhibitor 
of VEGF1, 2, and 3, fibroblast growth factor receptors 1, 2, 
and 3 (FGFR), and platelet-derived growth factor receptor 
β(beta) (PDGFR) that are expressed on pancreatic stellate 
cells [136]. It was evaluated in phase I studies for the treat-
ment of various solid tumors [136, 137] and has been inves-
tigated in the treatment of advanced/metastatic PDAC in 
combination with GEM and capecitabine [138]. Another cell 
type that was linked to poor prognosis in PDAC is mast cells; 
masitinib, a selective c-Kit inhibitor that efficiently inhibits 
mast cell function, has been under investigation in a phase III 
trial in combination with GEM for LA/M disease [139].

Targeting the stromal connective tissue has also been 
attempted. Although the use of matrix metalloproteinase 
inhibitors showed no additional benefit compared to single- 
agent GEM or in combination to GEM [140, 141], PEGPH20, 
a pegylated formation of recombinant hyaluronidase, was 
associated with a survival benefit in combination with GEM 
especially in hyaluronan-rich tumors [142]. It has been under 
investigation in multiple ongoing trials in the setting of meta-
static disease [143–145].

 Utilizing Delivery Systems

The liposomal delivery system is comprised of phospholipid- 
based vesicles containing the inhibitor payload conjugated to 
a specific carrier that actively targets surface receptors, lead-
ing to engagement and subsequent internalization via endo-
cytic pathway and subsequent release into the cytosol due to 
low pH exposure. Multiple inhibitors can be delivered in this 
manner that can exhibit their cellular effects by improving 
their cellular concentration in the specific targeted cells. 
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Liposomal delivery of geranylgeranyltransferase inhibitors 
(GGTI) and farnesyltransferase inhibitors (FTI) leads to syn-
ergistic inhibition of membrane signaling proteins and K-Ras 
signaling in MiaPaCa-2 cell line, whereas freeform combina-
tions resulted in greater cytotoxic effects [146]. The same 
group was successful in targeting transferrin receptors that 
are overexpressed in cancer cells. Sequencing with another 
nanoparticle in a stepwise manner can further enhance drug 
delivery by helping overcoming resistance induced by des-
moplastic stromal reaction. In a novel approach, a first-wave 
liposome was introduced containing LY364947, a selective 
TGF-β(beta) type-I receptor, which disrupted the molecular 
cascade responsible for pericyte cell differentiation, endothe-
lial cell coverage, and blood vessel stabilization, resulting in 
improved vascular access through open vascular fenestra-
tions. This technique increased the gemcitabine availability to 
be delivered by the second-wave liposome [147]. Pegylated-
modified liposomes can improve the pharmacokinetics fur-
ther by improving drug circulation time. Alternatively, 
combining the payload with an amphipathic molecule con-
taining both an inner, non-polar, hydrophobic region, and an 
exterior-facing, polar, hydrophilic region can increase the 
solubility of non-efficacious inhibitors. In an in  vivo study 
involving subcutaneous tumor in athymic nude mice, vismo-
degib, a hydrophobic Smoothened (SMO) cell surface recep-
tor antagonist, was encapsulated with a copolymer micelle 
that was complexed with the highly soluble oligonucleotide 
K-RAS inhibitor miR-let7b. The combination allowed for 
longer mean residence time of miR-let7b and similar bio-
distribution in implanted ectopic MIA PaCa-2 cells [148]. In 
another in vivo study, encapsulating PH-427, a AKT/PDK1 
inhibitor, into a poly(lactic-co-glycolic acid) (PLGA) biode-
gradable polymer to form PH-427-PNP complex improved 
drug delivery by concealing the hydrophobicity of PH-427 
and allowing for intravenous delivery of the inhibitor [149]. 
As drug-loaded PLGA molecule exhibits a biphasic release 
pattern, with an initial burst release of loosely bound surface 
payload followed by a slower dissipation phase [150], further 
modification to the nanoparticle by supplementing the poly-
mer with an additional layer has been shown to have a more 
delayed and sustained drug release in an in vivo study involv-
ing PH-427-PNP complexes [151]. Nanoparticles can be 
engineered to deliver agents at considerably lower dose with 
the aim of decreasing drug interruption and cessation. In a 
novel combined approach, photodynamic therapy was first 
utilized to irradiate the tumor site containing AsPC1 cells and 
subsequently followed by delivery of photosensitive benzo-
porphyrin-linked nanoliposome and containing cabozantinib, 
a tyrosine kinase inhibitor targeting VEGFR and MET signal-
ing. This photorelease of the inhibitor augmented the antivas-
cular effect of PDT while also prevented metastatic escape 
via the MET pathway [152].

 Micro Ribonucleic Acids

MicroRNAs (miRNA) are small (19–25 nucleotides) 
non- coding ribonucleic acids (RNAs) that interact with 
messenger RNA (mRNA) and serve as negative regula-
tors of gene expression [153, 154] by binding to imper-
fect complementary regions in the 3’ untranslated region 
of the target messenger RNA (mRNAs), inhibiting their 
translation or leading to their degradation. They have 
been shown to influence cell differentiation, prolifera-
tion, and apoptosis [155]. They represent only 3% of the 
human genome but regulate 20–30% of the protein cod-
ing genes [156, 157]. They have been profiled in many 
different malignancies including breast [158], lung [159], 
and colorectal cancer [160], and differential expression 
was detected with those malignancies, all of which has 
made miRNAs promising biomarkers in the screening, 
diagnosis, treatment, and prognosis of PDAC. miRNA-
96, -126, and -217, all of which target KRAS, were found 
to be downregulated in PDAC compared to other noncan-
cerous as well as normal pancreatic tissue [161–163]. 
Furthermore, reexpression of miR-96 and 217 suppressed 
KRAS activity and resulted in reduced tumor migration 
and invasion, suggesting their role as tumor suppressors 
[162, 163]. Several miRNA profiles were observed to dis-
criminate PC from benign pancreatic pathology and 
healthy samples. Circulating miRNA- 483- 3p levels are 
overexpressed in PDAC compared to intrapapillary muci-
nous neoplasms and healthy controls [164]. Elevated 
serum miR-200a and -200b levels were associated with 
silencing of SIP1 and overexpression of E-cadherin in 
patients with pancreatic cancer and chronic pancreatitis 
compared to healthy controls [165]. As miRNAs regulate 
multiple gene expressions and signaling pathways, 
miRNA-based therapies are at an advantage over single-
gene therapy, and, at least hypothetically, targeting miR-
NAs is expected to produce more effective anticancer 
activities. Transfecting pancreatic CSCs with an miR-
200c mimic decreased colony formation, invasion, and 
chemoresistance of pancreatic CSCs by regulating EMT 
[166]. Lu et al. reached similar results with transfection 
of miR-200a [167]. On the same note, transfecting gem-
citabine-resistant pancreatic cells with miRNA-205 and 
miR-7 reduced the expression of TUBB3 and Pak-1, 
respectively, and reduced the CSC population [168]. 
Despite their significant role in disease biology, the miR-
NAs are yet to be incorporated in therapeutic clinical tri-
als for PDAC. To date there are few observational clinical 
studies that are looking into the role of miRNAs in PDAC 
diagnosis in comparison to more routine tests such as 
fluorescence in situ hybridization (FISH) and CA 19–9 
(ClinicalTrials.gov Identifier: NCT02531607).
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 Other Notable Therapies in Pancreatic Ductal 
Adenocarcinoma

 Liposomal Irinotecan

PEP02 (also known as MM-398) is a nanoparticle liposomal 
irinotecan that provides enhanced bio-distribution and supe-
rior pharmacokinetics compared to traditional irinotecan 
[169]. PEP02 has been studied as single agent as well as in 
combination therapy in advanced, GEM-refractory PDAC. In 
40 enrolled patients, single-agent PEP02 was associated with 
a PFS and OS of 2.4 and 5.2  months, respectively. In the 
phase 3 NAPOLI-1 trial, 417 patients with metastatic PDAC 
previously treated with a GEM-based regimen were random-
ized to single-agent PEP02, PEP02 with 5-fluorouracil 
(5-FU)/leucovorin, or 5-FU/leucovorin alone [170]. OS was 
superior in the PEP02+5-FU/leucovorin arm compared to the 
5-FU/leucovorin arm (6.1 vs. 4.2 months, p = 0.012), and no 
difference in OS was noted between the PEP02 and the 
5-FU/leucovorin arms. The NAPOLI-1 trial did not compare 
traditional irinotecan to PEP02.

 TH-302

TH-302 is a hypoxia-activated pro-drug that releases the DNA 
alkylator bromo-isophosphoramide mustard in hypoxic set-
tings. The TH-302/GEM combination was investigated as a 
first-line treatment of LA/M PDAC [171]. In 214 patients ran-
domized to either single-agent GEM, GEM with TH-302 at a 
dose of 240 mg/m2 (G+T240), or GEM with TH-302 at a dose 
of 340 mg/m2 (G+T340), PFS was longer with combination 
therapy compared to single-agent GEM (5.6 vs. 3.6 months, 
p = 0.005). PFS rates for G+T240 and G+T340 were 5.6 and 
6.0 months, respectively. Median OS times for gemcitabine, 
G+T240, and G+T340 were 6.9, 8.7, and 9.2 months, respec-
tively, but the results were not statistically significant.

 Novel Regimens in the Pipeline 
for Pancreatic Ductal Adenocarcinoma

Nucleo-cytoplasmic transport is a fundamental process in nor-
mal and abnormal tissues alike, and its dysregulation has been 
elucidated in a number of hematological and solid malignan-

cies [172]. Cancer cells exploit these processes to stimulate 
tumor growth and to effectively evade apoptotic mechanisms 
[172]. Exportin 1 (XPO1) (also known as chromosome region 
maintenance 1 [CRM1]) represents the main mediator of 
nuclear export in many cell types and mediates cell prolifera-
tion through a number of pathways [173]. XPO1 interacts with 
nucleoporins (NUP214 and NUP88) in the nuclear pore com-
plex [173] and transports cargo proteins containing nuclear 
export signals (NES) out of the cell nucleus [174]. NES are 
short leucine-rich sequences that can be found in many shut-
tling proteins, including numerous tumor suppressors and 
oncogenes [174]. Nuclear proteins exported into the cytoplasm 
by XPO1 in cancer cells include the drug targets [175, 176], 
such as topoisomerase IIα(alpha), and tumor-suppressor pro-
teins [177–181], such as p53, Rb, and APC.  This has made 
nuclear export a potential target for therapeutic intervention in 
cancer by small-molecule nuclear export inhibitors [182]. 
Selinexor, a selective inhibitor of nuclear export, initially 
known as KPT-330, showed safety and tolerability in a phase I 
trial of 189 patients that included 11 patients with pancreatic 
cancer [183]. Grade 3/4 adverse effects included toxicities 
were thrombocytopenia (16%), fatigue (15%), and hyponatre-
mia (13%) [183]. Selinexor is currently being investigated in a 
phase Ib/II trial in combination with GEM and n-PC for the 
treatment of patients with metastatic PDAC [184].

 Conclusion

Despite the many efforts in treating PDAC, it remains the 
fourth leading cause of cancer-related deaths. Its chemore-
sistance stems from key features, including its genomic 
heterogeneity, its dense stroma, and its cancer stem cells 
which play a crucial role in its survival. The mainstay ther-
apy for advanced disease is GEM + nab-paclitaxel or 
FOLFIRINOX for patients with a good performance status. 
Although the past decade unraveled new molecular path-
ways that feed the development and survival of PDAC, 
most efforts to identify target therapy have failed to show a 
survival benefit (Table 27.1 and Table 27.2 [4, 5, 18]). The 
exception is the combination erlotinib/GEM, which showed 
a modest, yet statistically significant, survival benefit. 
Targeting KRAS, which is mutated in more than 90% of 
PDAC, has been unsuccessful, and the focus was shifted to 
target downstream pathways instead. Targeting multiple 

Table 27.1 Landmark positive trials for locally advanced and metastatic pancreatic ductal adenocarcinoma

Treatment Control Number of patients Response rate (%) PFS (months) OS (months) Reference
FOLFIRINOX GEM 342 32 vs. 9.4 6.4 vs. 3.3 11.1 vs. 6.8 [4]
Nab-paclitaxel + GEM GEM 861 23 vs. 7 5.5 vs. 3.7 8.5 vs. 6.7 [5]
Erlotinib + GEM GEM 569 8.6 vs. 8 3.75 vs. 3.55 6.24 vs. 5.91 [18]

PFS progression-free survival, OS overall survival, FOLFIRINOX folinic acid, 5-fluorouracil, irinotecan, and oxaliplatin, GEM gemcitabine
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core signaling pathways might also be a more feasible 
approach to achieve more encouraging results. Innovative 
methods of targeting the various pathways that block the 
malicious nature of this disease remain in dire need.
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 Introduction

Gastrointestinal (GI) malignancies collectively constitute the 
most common cancers encountered worldwide [1, 2]. 
Decades of large randomized international clinical trials of 
cytotoxic therapies led to substantial improvements in sur-
vival rates especially in resectable gastrointestinal tract can-
cers [3–7]. However, despite advances in multidisciplinary 
management and personalized medicine, most patients face 
incurable disease.

It is crucial to incorporate the rapid developments in both 
cancer diagnostics and therapeutics into gastrointestinal trial 
design, and to translate results more quickly to patient care 
while maintaining the reliability and reproducibility of find-
ings. These aims require clinical and basic scientists to work 
in close collaboration with experts in methodology to 
develop sophisticated, dependable, and feasible designs.

A crucial step in conducting a good clinical trial is to pro-
spectively describe all key aspects in a well-written protocol 
[8]. This step is key both for scientific rigor and successful 
recruitment and conduct. The protocol should describe all 
the objectives in detail. The statistical design should be pro-
spectively and clearly defined. The important sections in a 
particular protocol vary depending on the treatment modali-
ties and the statistical design used in the particular trial. All 
relevant treatment modalities, toxicity guidelines, and the 
translational research should be described in designated sec-
tions. The data quality, which may be challenging to achieve 
in large multicenter and international trials, can be enhanced 
by a well-written protocol. Good data quality is not only 

essential for the credibility of the study, but more impor-
tantly, it is an ethical obligation [9, 10]. Nevertheless, despite 
the improvements in the processes put in place to protect the 
integrity and validity of the results as well as to protect the 
trial’s participants during the conduct of a clinical trial—
such as the monitoring of the accumulating data through 
independent data monitoring committees (IDMCs)—other 
challenges have emerged in the field of clinical research.

Since the human genome was sequenced, the number of 
compounds in development has increased by 62% and total 
research and development expenditures have doubled. The 
increased complexity and cost of clinical trials did not neces-
sarily translate into higher success rates. An analysis by the 
Centre for Medicines Research in the United Kingdom has 
concluded that the failure rate for drugs in phase II and III 
clinical trials has been rising since 2008 [11, 12]. In particu-
lar, drugs in development for oncology indications had the 
lowest overall clinical trial success rate of all therapeutic 
areas in development since 2003. As a result, the rising cost 
of incremental gains in health benefits is unsustainable 
within an environment of strained budgets [13]. Recently, 
biomarker-driven approaches have enabled some success in 
distinct subgroups. The year 2017 witnessed the highest 
number of oncology drug approvals by the US Food and 
Drug Administration (FDA) and introduction of checkpoint 
inhibitors into clinical practice for certain biomarker-defined 
GI cancers. That year marked a milestone in oncology with 
the tissue-agnostic approval of pembrolizumab, a checkpoint 
inhibitor, in the treatment of metastatic solid tumors carrying 
microsatellite instability-high/mismatch repair deficient 
(MSI-H/dMMR) by the FDA. This was shortly followed by 
the accelerated approval for nivolumab monotherapy in pre-
viously treated patients with MSI-H/dMMR metastatic 
colorectal cancer (mCRC). Treatment paradigms for gastric 
and hepatocellular cancers are also witnessing a shift glob-
ally, with new approvals for treatment of gastric and hepato-
cellular cancer in the United States and East Asia [14].

The delay in carrying new agents from early development 
to clinical practice is a growing concern among both patients 
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and physicians. The average time for development of a new 
agent was reported to be approximately 7.6 years for onco-
logical compounds [15]. This time takes into account clinical 
trial development and new drug registration.

Designing clinical trials that bring more value to the soci-
ety and to patients requires using appropriate study endpoints 
and targeting more ambitious increments in treatment bene-
fit. Major strategies to decrease failure rates in phase II and 
phase III trials include improving patient selection, pursuing 
early clinical trials demonstrating target engagement or effi-
cacy (the so-called “proof of concept” trials), and enabling 
the earlier termination of the molecules that will not have the 
required activity [16, 17]. Innovative and flexible trial 
designs that would allow real-time learning and adaptations 
to the data in hand (among these, the so-called “adaptive” 
designs) were proposed to make the research approach more 
robust and less prone to failure [18].

Adaptive licensing, such as the European Medicines 
Agency’s (EMA) adaptive pathways approach, may greatly 
improve timely access for patients to new medicines in areas 
of high medical need [13]. Such approaches require the col-
lection, analysis, and interpretation of real-life data to sup-
plement clinical trial data and confirm the benefit-risk 
balance of a product, following a conditional approval based 
on early data (using surrogate endpoints). They also require 
earlier involvement of patients and health-technology- 
assessment bodies during discussions in drug development.

Finally, new forms of multidisciplinary partnerships and 
partnerships between academia and industry will be needed 
to benefit from the expertise of several partners and to com-
bine efforts alongside with cost-sharing models [19, 20].

 Magnitude of Meaningful Clinical Benefit 
and Study Endpoints

Both the American Society of Clinical Oncology (ASCO) 
and the European Society for Medical Oncology (ESMO) 
have deemed it important to define value and clinical benefit 
in cancer care and drug development. The ASCO Cancer 
Research Committee has drawn attention to the need to raise 
the bar for clinical trials by defining clinically meaningful 
outcomes. In gastrointestinal oncology, two working groups, 
composed of experts in carcinomas of the pancreas and 
colon, respectively, have proposed to define the magnitude of 
the benefit that would be considered clinically meaningful 
[21]. For a phase III trial in metastatic pancreatic cancer, rel-
evant goals would be to increase median survival of 
8–9 months in gemcitabine- or gemcitabine/nab-paclitaxel- 
eligible patients by 3–4 months (hazard ratio [HR] = 0.6–
0.75) and of 10–11  months in the FOLFIRINOX (folinic 
acid, 5-fluorouracil, irinotecan, and oxaliplatin)-eligible 
patients by 4–5 months (HR = 0.67–0.69). For a phase III 

trial in metastatic colorectal cancer, a clinically relevant 
objective would be to target an HR = 0.67 in patients with 
disease progression following prior therapies or for a patient 
who is not a candidate for standard second- or third-line 
options.

ASCO’s Value in Cancer Care Task Force launched an 
initiative in 2014 to define value as the combination of 
three factors for cancer therapy care: clinical benefit, tox-
icities, and costs. ASCO Value Framework was recently 
published to assess value in cancer care and illustrate how 
value is defined by the patient, the healthcare provider, and 
the payer [22].

The European Society of Medical Oncology (ESMO) 
announced its tool, the Magnitude of Clinical Benefit Scale 
(ESMO-MCBS), at the 2015 ASCO Annual Meeting. 
ESMO-MCBS is the first standard tool to offer a structured 
and consistent approach to grading the clinically meaningful 
benefit of a drug. The first version of the scale was field- 
tested in a range of settings and scenarios in Europe for 77 
cancer drugs across 10 cancer types [23]. The main points of 
how ESMO-MCBS addresses benefit and endpoints can be 
listed as follows:

• Cure is considered to be more important than deferral of 
death.

• Direct endpoints such as survival and quality of life take 
precedence over surrogates such as progression-free sur-
vival or objective response rate.

• Disease-free survival in potential curable disease is a 
more valid surrogate than progression-free survival or 
response rate in non-curative disease.

• Interpretation of the evidence of benefit derived from sur-
rogate outcomes (such as progression-free survival) may 
be influenced by secondary outcome data.

Separate evaluation algorithms were created for curative 
and non-curative settings, some of which have since been 
updated in ESMO-MCBS version 1.1 [24]. Cost was not 
taken into account in ESMO-MCBS due to the significant 
heterogeneity in costs across Europe. The goal was to assign 
the highest grade to trials with adequate power for a relevant 
magnitude of benefit and to make grade adjustment to reflect 
the observed magnitude of benefit. Different threshold val-
ues for HR and absolute gains for survival, progression-free 
survival (PFS), and disease-free survival (DFS) were dis-
cussed and explored through simulations to adequately 
reflect the expert opinion of the oncology community. The 
implemented combined threshold for the hazard ratio and the 
minimum observed benefit were described (Table 28.1). This 
instrument was designed to be regularly updated with more 
mature data of clinical trials. Updates should be taken into 
consideration while developing trial design and 
methodology.
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While ASCO and ESMO consider similar aspects of clini-
cal benefits such as overall survival (OS), PFS, response rate 
(RR), toxicity, and quality of life (QoL), these are evaluated 
differently. ASCO frameworks use a hierarchy prioritizing 
OS, PFS, and then RR for scoring, whereas the ESMO- 
MCBS prioritizes the primary endpoint of the comparison. 
Thus, the frameworks do not measure identical constructs of 
clinical benefit [25]. Treatment toxicities are also accounted 
for differently in each framework. For example, therapies 
that show improvements in QoL will have a more favorable 
evaluation per the ESMO scale. The ASCO framework inten-
tionally excludes QoL measurements, which are commonly 
derived from patient-reported outcomes, as these measures 
are considered by the ASCO’s Value in Cancer Care Task 
Force to be subjective and potentially inconsistent. In con-
trast, if a clinical trial includes a QoL improvement as a sec-
ondary endpoint, the ESMO score can be upgraded. On the 
other hand, if QoL is reported as a secondary measure, but 
does not demonstrate improvement, the ESMO score may be 
downgraded.

 Endpoints in the Elderly Population

While QoL assessment has become standard in clinical trials 
through the use of validated patient-reported outcome instru-
ments, incorporating QoL endpoints into the trial design 
remains very challenging. In the context of an aging popula-
tion, well-established endpoints for clinical research may not 
be as relevant to older cancer patients because of competing 
risks of death and potentially increased impact of therapy on 

global functioning and quality of life [26]. Co-primary end-
points or composite endpoints could be considered to cap-
ture more than efficacy alone. However, depending on the 
objective, whether it is to get positive results for at least one 
or all co-primary endpoints, the type I or II error must be 
adjusted for multiple testing, which necessitates an increase 
of sample size. Composite endpoints allow the integration of 
multiple dimensions in addition to efficacy (e.g., QoL, evolu-
tion of functionality) into the definition of treatment benefit. 
A composite endpoint consists of multiple single endpoints 
that are combined so that an event is indicated if any of the 
endpoints occurs. Composite endpoints provide advantages 
in randomized controlled trials involving older patients with 
cancer, such as simplicity of using a single endpoint (i.e., the 
composite endpoint) and increased statistical power from the 
higher number events related to the multiple combined 
endpoints.

Composite endpoints are not feasible in all settings, but 
they are justified if the individual components of the com-
posite are clinically meaningful and of similar relative 
importance to clinical care. QoL and preservation of func-
tional capacity and independence are important for the older 
population and should be included more often as endpoints 
in clinical trials in this population. The European Organization 
for Research and Treatment of Cancer (EORTC) has devel-
oped a minimal data set for geriatric assessment to be 
included in clinical trials. Similarly, the Cancer and Leukemia 
Group B (CALGB) has also demonstrated the feasibility of a 
mainly self-administered tool in their trials [27, 28]. Other 
geriatric assessment options are also available, and it is 
important to continue international discussions on this topic 
[29, 30].

 Surrogate Endpoints

 Overall Survival
Overall survival is clearly the most straightforward and clini-
cally meaningful endpoint for later phase, confirmatory tri-
als. However, it requires large studies and extended follow-up 
and this might delay the impact of trial outcome on clinical 
practice and drug development when OS is selected as the 
primary endpoint. In addition, OS includes non-cancer 
deaths, and it is debated whether it may potentially be 
affected by crossover and by the growing number of thera-
peutically active options in second and subsequent lines [31].

Aside from better patient selection and using innovative 
clinical trial designs, identifying proper surrogate endpoints 
has been utilized as a means to expedite the drug approval 
process by the regulatory authorities [32]. Clinicians have 
defined a surrogate endpoint as an alternative endpoint (such 
as a shrinking tumor or lower biomarker levels or precursor 
events) that can be an indicator or sign that the treatment 

Table 28.1 Maximal preliminary scores

Treatments with curative intent
  5% improvement of survival at ≥3-year follow-up
    Improvements in DFS alone HR < 0.60 (primary end point) in 

studies without mature survival data
Treatments with non-curative intent
Primary outcome OS
  Control ≤ 12 months
   HR ≤ 0.65 and gain ≥ 3 months
   or
   Increase in 2-year survival alone ≥ 10%
  Control > 12 months
   HR ≤ 0.70 and gain ≥ 5 months
   or
   Increase in 3-year survival alone ≥ 10%
Primary outcome PFS
  Control ≤ 6 months
   HR ≤ 0.65 and gain ≥ 1.5 months
  Control > 6months
   HR ≤ 0.65 and gain ≥ 3 months

Adapted with permission from Table 2 in Cherny et al. [23]
DFS disease-free survival, HR hazard ratio, OS overall survival, PFS 
progression-free survival
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works and can be used as a substitute for a clinically mean-
ingful endpoint that directly measures survival, function, or 
quality of life [33]. However, a treatment effect on a surro-
gate endpoint—e.g., tumor shrinkage (likely transient)—
does not always translate into patients’ symptom relief or 
prolongation of survival. Strict criteria have been developed 
to validate surrogate endpoints [34]. Besides the biological 
plausibility of a surrogate, a quantitative assessment of the 
strength of evidence for surrogacy is necessary. The prog-
nostic value of the surrogate must be demonstrated, along 
with the evidence that treatment effect on the surrogate reli-
ably predicts treatment effect on the clinical outcome.

 Disease-Free Survival and Progression-Free 
Survival
Recurrence/disease-free survival and PFS have been utilized 
as surrogates for OS to determine effective therapy with 
shorter follow-up. As an example, by using DFS as the pri-
mary endpoint, the MOSAIC trial (Multicenter International 
Study of Oxaliplatin/5-Fluorouracil/Leucovorin in the 
Adjuvant Treatment of Colon Cancer) was able to establish 
the current standard adjuvant treatment approach in colon 
adenocarcinoma 6 years before the OS benefit was proven 
[7, 35]. The OS benefit was later confirmed with the updated 
10-year analysis [36]. The National Surgical Adjuvant Breast 
and Bowel Project (NSABP) C-07 trial also used 3-year DFS 
as primary endpoint, and the results indicated a similar mag-
nitude of benefit [37, 38]. However, even though there was a 
trend toward better OS in initial OS analysis [39], the updated 
analysis with longer follow-up showed that OS was similar 
between treatment groups (HR 0.88; 95% CI, 0.75 to 1.02; 
p = 0.08). Therefore, an “early” treatment benefit on DFS or 
PFS may not translate into a definitive benefit on OS in all 
settings. The use of surrogate outcomes should be limited to 
situations where a surrogate has demonstrated robust ability 
to predict meaningful benefits, or where cases are dire, rare 
or with few treatment options. In both cases, surrogates must 
be used only when continuing studies examining hard end-
points have been fully recruited [40].

The appropriateness of choosing surrogate endpoints in 
GI cancers has been evaluated by expert groups in the past 
couple decades. In 2005, Sargent et al. reported the results of 
a pooled analysis of individual patient data from 20,898 
patients on adjuvant colon cancer trials and demonstrated “a 
consistent and strong association” between the endpoints of 
3-year DFS and 5-year OS [41]. This analysis, known as the 
ACCENT (Adjuvant Colon Cancer Endpoints) analysis, 
included a total of 18 randomized phase III clinical trials 
including 43 different treatment arms. The trials were con-
ducted from 1977 through 1999. During the 8-year follow-
 up period, 80% of recurrences were documented within the 
first 3 years. For 33 of the total 43 study arms, the difference 
between the 3-year DFS and the 5-year OS was less than 3%. 

DFS and OS were found to highly correlate both within 
patients and across trials. It should be kept in mind that in the 
era included in this study (1997–1999), the impact of the pal-
liative systemic treatment options on survival was not as 
meaningful as it is today.

It is not clear, however, whether PFS is equally reliable as 
surrogate endpoints in advanced malignancies of the digestive 
tract. An earlier literature-based analysis from 39 randomized 
controlled trials of first-line chemotherapy in advanced 
colorectal cancer evaluated the correlations between PFS, 
time to progression (TTP), and response rate with overall sur-
vival in the first-line treatment of metastatic colorectal cancer 
and concluded that improvements in PFS are strongly associ-
ated with improvements in OS in this setting [42]. Buyse et al. 
also investigated the validity of using PFS as a surrogate for 
OS and reported a strong correlation between these endpoints 
[43]. However, it is important to remember that the definition 
and the assessment of disease progression have evolved with 
time, with more frequent and more careful radiographic and 
metabolic assessments using more sensitive imaging tech-
niques [44]. Moreover, improvements in access to medical 
care and staging procedures have contributed to lower tumor 
burden upon diagnosis, which, when combined with better 
clinical options beyond progression, have led to less symp-
toms and longer survival post- progression. Statistical model-
ing has suggested that the association between OS and PFS 
becomes weaker in diseases with longer survival post-progres-
sion [45]. It is therefore no longer clear whether PFS is a reli-
able surrogate for OS in metastatic colorectal cancer (mCRC) 
in later phase trials, despite the fact it was found acceptable in 
principle in recent years by the FDA.

The value of these surrogate endpoints in an era of preci-
sion medicine is yet to be established, especially in immune- 
oncology (IO) trials. It remains to be seen whether the 
durability of response with checkpoint inhibitors can be reli-
ably shown to translate into OS benefit in IO-sensitive sub-
groups of GI cancers.

 Objective Tumor Response and Tumor Shrinkage
Aside from PFS and DFS, objective response rate has also 
been explored as a surrogate endpoint. In mCRC, some end-
points of interest with anti-EGFR therapy have been early 
tumor shrinkage (ETS) and depth of response (DpR). While 
ETS and DpR are proposed more recently as surrogates for 
OS than PFS, they seem to correlate with certain clinical out-
comes according to some retrospective analyses [46]. Early 
tumor shrinkage, which is measured at 6 weeks of starting 
treatment, has been considered by some to be an early indi-
cator of high treatment sensitivity [47–50]. While these are 
not appropriate as primary endpoints especially in later phase 
trials, it may be helpful to collect more data on these 
 endpoints by keeping them among secondary endpoints in 
trials with targeted therapy for mCRC.
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Clearly the primary outcome measure in definitive trials 
should remain a clinical event relevant to the patient, or an 
endpoint that measures directly how a patient feels, func-
tions, or survives. At the same time, the establishment of 
more reliable early endpoints for assessing treatment 
response and long-term benefit would guarantee that appro-
priate decisions are taken during the early phases of drug 
development and ensure a timely transition between phases. 
These early indicators do not have to reach the same require-
ments for surrogacy as the endpoints for the approval of can-
cer drugs.

Response evaluation criteria in solid tumor (RECIST) has 
been widely used for the early evaluation of the change in 
tumor burden due to its simplicity and reproducibility and 
the need for standardizing the assessment over the different 
clinical trials. However, with the increasing use of novel tar-
geted agents and immune-modulating agents and the devel-
opment of high imaging techniques, limitations have been 
noted with RECIST version 1.1, which was developed pri-
marily for cytotoxic agents and anatomic imaging. Identified 
areas of potential weakness included: (1) lack of incorpora-

tion of potential early indicators of response such as func-
tional imaging, (2) lack of validation in rarer tumor types, 
and (3) lack of validation for novel (targeted) agents and 
immunotherapies [51]. To incorporate more modern, 
imaging- based response evaluation, the positron emission 
tomography (PET) response criteria in solid tumors 
(PERCIST) 1.0 has been proposed [52], but it still requires 
proper validation. As a consequence, the RECIST Working 
Group has expanded the RECIST data warehouse to include 
trials of targeted agents as well as trials including functional 
imaging. Availability of guidelines for PET imaging allows 
the inclusion of this functional tumor imaging technique in 
large multicenter trials.

The immune-related response criteria (irRC) based on the 
World Health Organization (WHO) criteria [48] and a subse-
quent adaptation of these based on the RECIST criteria 
(irRECIST criteria) were developed to limit declaring treat-
ment failure prematurely in a given patient (Table 28.2) [53]. 
The irRECIST criteria are based on irRC criteria adapted for 
unidimensional measurements, as outlined in Nishino et al. 
[54]. These criteria lack proper validation. Therefore, the 

Table 28.2 Summary of RECIST, irRECIST, and iRECIST criteria

RECIST 1.1 irRECIST iRECIST
Target and 
nontarget lesions

Sum of the longest diameters of target lesions (unidimensional)
Measurable lesions are ≥10 mm in diameter (≥15 mm for nodal lesions)
Maximum of five lesions (two per organ)

New lesion Represents PD Does not correspond to a formal 
progression
The longest diameter will be added 
to the total measured tumor burden 
of all target lesions at baseline

Does not correspond to a formal progression
Is not incorporated in tumor burden

CR Disappearance of all target and nontarget lesions
Nodal short axis diameter < 10 mm
No new lesions

PR Decrease of ≥30% in tumor burden relative to baseline
Non-unequivocal progression of nontarget lesions
No new lesions

SD Neither PR nor PD
PD Increase ≥20% of the sum of LD 

compared with nadir (minimum 
5 mm) or progression of 
nontarget lesions or new lesion

irPD
Increase ≥20% (minimum 5 mm) in 
TMTB compared with nadir or 
progression of nontarget lesions or 
new lesion

iUPD
Increase ≥20% of the sum of LD compared 
with nadir (minimum 5 mm) or progression 
of nontarget lesions or new lesion

Confirmation of progression 
recommended minimum 4 weeks 
after the first irPD assessment

Confirmation of progression recommended 
minimum 4 weeks after the first iUPD 
assessment

Confirmed PD Not required New unequivocal progression or 
worsened progression from initial PD 
visit
Appearance of another new lesion

iCPD
Increased size of target or nontarget lesions
Increase in the sum of new target lesions 
>5 mm
Progression of new nontarget lesions
Appearance of another new lesion

Adapted from [53]
RECIST response evaluation criteria in solid tumor, CR complete response, PD progressive disease, PR partial response, SD stable disease, iUPD 
unconfirmed progressive disease, iCPD confirmed progressive disease, LD longest diameters, TMTB total measured tumor burden
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RECIST working group has developed a consensus guide-
line iRECIST [55]. This guideline not only provides response 
criteria for use in immunotherapy trials, but also aims to 
ensure consistent data collection to facilitate further valida-
tion or future revision of iRECIST as needed.

 Pathological Response
In the neoadjuvant setting, pathological response to therapy 
will require further validation as well. In gastric 
 adenocarcinomas, the Becker regression grading is based on 
the percentage area of viable tumor at the primary tumor site 
in relation to the area of the identifiable tumor bed. Patients 
are classified into the following categories:

• Regression score 1a (complete response): no residual 
tumor

• Regression score 1b (subtotal regression): less than 10% 
residual tumor

• Regression score 2 (partial tumor regression): 10–50% 
residual tumor

• Regression score 3 (minimal or no regression): more than 
50% residual tumor

Tumor regression (regression scores 1a and 1b) was found 
to be an independent prognostic factor for survival in a mul-
tivariate analysis of tumor regression, ypT/N/L category, 
resection status, grading, and Lauren’s classification [56]. 
While pathologic complete response following neoadjuvant 
chemotherapy was reported to indicate favorable survival 
outcome [57], subtotal regression (<10% residual tumor 
cells) did not show differences in outcomes compared to less 
extent of tumor regression [58]. The prognostic value of his-
topathological tumor regression remains not well character-
ized in gastric cancer.

 Precision Medicine in Clinical Trials

Prospectively defining the patient population based on vali-
dated molecular biomarkers gained significance with the 
advances in precision medicine research. This selectivity 
aims to improve the benefit-risk balance by treating only 
patients who may benefit from a new treatment strategy and 
allow a more personalized treatment approach, thus provid-
ing better clinical value. Moreover, biomarker-driven designs 
allow more efficient clinical trials using fewer subjects.

Recent developments in “omics” technologies bring 
promise in better characterization of diseases, which may 
provide both prognostic and predictive information, allowing 
the selection of the most beneficial therapies. An omics- 
based test is defined as “an assay composed of or derived 
from multiple molecular measurements and interpreted by a 
fully specified computational model to produce a clinically 

actionable result” [59]. It refers to a broad array of technolo-
gies that have been increasingly used in cancer detection, 
risk stratification of disease, and prediction of response to 
therapy. These include genomics, proteomics, epigenomics, 
and transcriptomics. However, the clinical translation of 
these developments has been slow despite the rapidly grow-
ing body of data. The process of bringing omics from bench 
to bedside requires rigorous efforts in development and 
validation.

It is important to keep in mind that not all assays currently 
used in clinical trials are properly validated, which in turn 
influences the validity of some of the biomarkers incorpo-
rated into drug trials. The US National Cancer Institute 
(NCI), in collaboration with omics experts and based on 
principles set forth by the Institute of Medicine, developed a 
checklist of criteria to be used as guidelines to promote qual-
ity in omics technology that will be used in clinical trials 
[59]. It was suggested by the developers of this 30-point 
checklist that these criteria should be applied when incorpo-
rating a tumor biomarker test into any clinical trial that pro-
spectively evaluates its clinical utility and that they should 
also be for assessing study quality and evidence strength by 
funding bodies and journals evaluating such studies. The 
checklist is being used to evaluate proposals for NCI- 
sponsored clinical trials in which omics will be used to guide 
therapy. It contains specific recommendations in the follow-
ing areas:

• Specimen collection, processing, storage, etc.
• Technical issues related to omics-based assays (e.g., 

reagents, specimens, instrumentation, scoring methods)
• Mathematical predictive model development, specifica-

tion, and preliminary performance evaluation
• Clinical trial design and conduct (e.g., rigor of statistical 

design, informatics plan for the data, complete specifica-
tion of the omics test)

• Ethical, legal, and regulatory issues (safety and privacy of 
patients, intellectual property issues)

 Ethics of Biomarker Identification: 
Mandatory Biopsies During Clinical Trial

Academic investigators and the pharmaceutical industry are 
increasingly interested in incorporating tissue sampling into 
clinical trial design when studying novel interventions. 
However, trial designs with mandatory research biopsies 
raise ethical concerns because the risk of harm to partici-
pants and the adequacy of voluntary informed consent. In 
consideration of such issues, the Cancer and Leukemia Group 
B (CALGB) Ethics Committee proposed guidelines for clini-
cal trials involving mandatory research biopsies [60]. Any 
cancer clinical trial that has mandatory research biopsies 
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must be well designed to address the scientific question, 
obtain the biopsy in a way that minimizes risk to partici-
pants, and ensure that subjects are fully informed of the risks, 
rationale, and requirements of the study, as well as of treat-
ment alternatives. These basic principles are regularly 
applied by ethics committees. Firstly, the study protocol is 
expected to prospectively and clearly define the rationale for 
the mandatory biopsies and to identify the research planned 
for these biopsies, what the endpoints are and whether an 
appropriate statistical analysis plan has been developed. 
Moreover, there must be a standard acceptable and intelligi-
ble language for informed consent. In addition, there is a 
clear need for data on anatomic sites that may be more acces-
sible to provide realistic estimates of safety to investigators 
and potential trial participants. The urgency to improve these 
aspects were outlined in the findings of Overman et al. [61]. 
They reported that among the 38 clinical trials identified 
from their interventional radiology database as requiring 
mandatory research biopsy, the primary indication was cor-
relative science in 68% of them, and only 26% had a statisti-
cal analysis plan provided in the study protocol. Site-stratified 
biopsy risks were explained in consent forms from only five 
of the studies, and the overall complication rate was 5.2%, 
with 0.8% being major complications. They concluded that a 
better representation of the risks and benefits of research 
biopsies in study protocols and informed consents is needed.

 Traditional Clinical Trial Designs 
and Innovative Approaches

Clinical trials utilizing pharmaceutical agents are classically 
divided into phases I–IV. Earlier phase studies (phase I, I/II, 
and II) are designed to generate data to support and plan later 
phase confirmatory studies, which provide more definitive 
information with the potential to impact standard of care. 
However, the traditional clinical trial approach based on 
sequential, distinct phases may not be the most efficient or 
the most cost-effective path for drug development. Advancing 
clinical trial design and to move toward a more integrated 
view that uses adaptive design tools to increase flexibility 
and maximize, the use of accumulated knowledge has been 
considered as an important step for the future of drug devel-
opment [18].

 Phase I Trials

Traditionally, the main objective of phase I trials has been 
dose finding and to identify the side effects of a drug or drug 
combination [8]. The pharmacokinetics and pharmacody-
namics of a drug are studied in this phase of drug testing. 
Classical phase I trials designs rely on a monotonic dose- 

toxicity relationship in order to determine the maximum tol-
erated dose (MTD). Typically the initial dose is very low and 
is increased in subsequent patients based on pre-planned 
steps that take the dose-limiting toxicities (DLT) into consid-
eration. Cohorts of three to six patients are treated at each 
dose level. The decision to escalate the dose for the next 
cohort depends on whether or not any DLTs were seen at a 
given dose level (dose escalation studies). A phase II recom-
mended dose is defined based on this system, and usually six 
or more patients are treated at the recommended dose for 
confirmation purposes. These are small trials, often includ-
ing patients with different types of tumors.

The standard 3 + 3 dose-escalation design has been chal-
lenged in many ways [62]. Concerns have been raised about 
the operating characteristics of this design. First, the 3 + 3 
cohort method has no explicit objective in mind, other than 
to find a dose that gives an observed DLT rate of no more 
than 33%. Therefore, the 3 + 3 cohort method produces data 
that give no confidence in what the actual DLT rate of any of 
the dose levels might be and thus little confidence in the 
selected MTD [63]. Another major disadvantage of this 3 + 3 
design is that it may involve an excessive number of escala-
tion steps, which may result in a large proportion of the 
patients treated at subtherapeutic doses, while only a few 
patients actually receive doses at or near the recommended 
dose for phase II trials [64]. Therefore, if the therapeutic 
window is wide and the expected toxicity is low, then rapid 
escalation with a novel rule- or model-based design should 
be employed. Several innovative phase I designs have been 
proposed to improve efficiency as compared to the 3  +  3 
design and are summarized in Table 28.3 [63, 65]. Examples 
of such strategies include: accelerated titration designs [66], 
Bayesian model-based designs such as the Continual 
Reassessment Method [67], or the Escalation With Overdose 
Control (EWOC) method [68, 69], which is essentially a 
modified continual reassessment method with additional 
safety measures put in place to avoid exposing patients to 
doses that are potentially too toxic.

More than ever, the increasing number of molecularly tar-
geted agents in early phases of drug development and the 
abundance of information on tumor biology presents a need 
for a more efficient approach to early phase trials [70]. In 
phase I cancer clinical trials that involved cytotoxic agents, 
the conventional primary endpoint was toxicity, which, with 
efficacy, was assumed to increase with the drug dose. 
Molecularly targeted agents modulate specific aberrant path-
ways in cancer cells while sparing normal tissues, and as 
such the toxicity and efficacy of these novel agents may not 
be dose-dependent above a certain level [64]. Demonstrating 
effective target inhibition in tumors was suggested as an 
alternative endpoint, but that type of assessment is very chal-
lenging. Moreover, traditional dose-escalation designs to 
identify the MTD or the biologically active dose (BAD) may 

28 Improving Clinical Trial Design in Gastrointestinal Oncology



500

not be applied to cancer vaccines given that the risks of seri-
ous toxicities with therapeutic cancer vaccines are extremely 
low and that toxicities do not correlate with dose levels [71].

With more thoughtful design, phase I might bring in 
more information than mere toxicity [72]. A promising sig-
nal at this phase might even lead to getting on a fast-track in 
the regulatory approval process. Since ASCO first empha-
sized the importance of phase I trials in cancer treatment 
back in 1997, the landscape of oncologic research has 
changed  tremendously [73]. The rapidly increasing number 
of molecularly targeted agents and immunotherapies along 
with advances in trial design led ASCO to issue a policy 
update on phase I trials [74]. It is pointed out that with newer 
phase I designs, researchers and drug sponsors can study 
signals of antitumor activity while evaluating toxicity. 
Newer phase I designs may also be more ethical by limiting 
the number of patients that may be exposed to subtherapeu-
tic doses.

 Phase II Trials

Classically, after the determination of the MTD in phase I 
trials, phase II trials are conducted to evaluate the antitumor 
activity of the drug or drug regimen, to provide a more 
detailed description of the toxicity. Outcome of phase II tri-
als will lead to an informed decision whether or not to pursue 
the development of the treatment and whether to go for a 
large confirmatory phase III trial. Dose-ranging studies are 
often conducted as phase II trials and are designed with the 
objective of identifying a dose or a few doses to be used in 
future trials. Phase II trials are exploratory studies by nature 
and designed to provide information about major design ele-
ments for use in the phase III trial (statistical variability) and 
to project the magnitude of treatment effects.

Given the high failure rates, the increased costs of phase 
III trials in oncology, and the number of new drugs in early 
development, better design options were considered to opti-
mize the use of resources. In this context, adaptive design 
approaches have revolutionized the field of clinical trial 
designs. Real-time learning during the trial allows adapting 
to the incoming data. Adaptive approaches are also promis-
ing for expediting the drug development program by effi-
ciently combining phase II and phase III trials into seamless 
phase II/III trials [18].

 Adaptive Phase II Trials
In their “Guidance for Industry” on “Adaptive Design 
Clinical Trials for Drugs and Biologics” (February 2010), 
the FDA acknowledged that the flexibilities offered by adap-
tive design trials may be particularly useful in this explor-
atory period of development and encouraged sponsors to 
gain more experience with these adaptive design methods in 
this setting. The definition by the FDA of an adaptive design 
clinical study is a study that includes a prospectively planned 
opportunity for modification of one or more specified 
aspects of the study design and hypotheses based on analy-
sis of data, which is usually interim data, from subjects in 
the study. This distinction between adaptations that are pro-
spectively planned and unplanned adaptations is important, 
given the latest trend toward designs with some unusual 
properties. Initially, the lack of clarity in the definition of 
“adaptive designs” was a source of confusion and has cre-
ated controversy regarding their use [75]. For a valid imple-
mentation of an adaptive trial design, all criteria for adapting 
key clinical trial design parameters should be fully specified 
in advance.

For dose-ranging studies investigating the dose-effect rela-
tionship, using an adaptive allocation of doses—i.e., using accu-
mulated data on responses of subjects in a trial to assign doses 

Table 28.3 Summary of classes of phase I trial designs and key references

Class Specific design Key features Limitations
Algorithmic 
designs

3 + 3 cohort
A + B cohort

Easy to use Can overestimate MTD
No explicit targeted DLT rate
Small sample size leads to 
insufficient data
Not easily extended to more 
complex settings

Nonparametric 
designs

Biased coin (BCD) Computationally simple Not easily extended to more 
complex settingsCumulative cohort (CCD) Identifies MTD more reliably than 

algorithmic designs
Parametric designs Continual reassessment method 

(CRM)
Published software available Computationally intensive

Escalation with overdose control 
(EWOC)

Identifies MTD more reliably than 
algorithmic designs

Requires knowledge of statistical 
modeling

Modified toxicity probability 
interval (mTPI)

Can be extended to more complex settings 
easily

Adapted from [63]
MTD maximum tolerated dose, DLT dose-limiting toxicity
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that are more informative of the dose-response curve—may 
allow researchers to gather more information on the “interesting 
part” of the dose-effect curve between the smallest active dose 
and the highest dose. Therefore, adaptive dose-ranging study 
designs have become quite common and may result in power 
gains to detect dose response and higher precision in estimating 
the target dose and the dose- response curve [76]. In addition, by 
using outcome-adaptive randomization to favor treatment arms 
having more favorable outcomes based on interim data, they 
may also reduce the number of subjects randomized to poten-
tially ineffective treatments.

The so-called “play-the-winner” designs using outcome- 
adaptive randomization in multi-arm clinical trials allow 
allocating patients to multiple arms based on interim efficacy 
findings. Such designs have been experimented with in 
oncology [77]. The advantage is that they may reduce the 
number of patients assigned to the inferior treatment arm. 
However, the debate regarding their operating characteristics 
is ongoing, as some would argue that equipoise is not main-
tained during the conduct of such a trial, and that with the use 
of early stopping rules, the benefits from a response-adaptive 
design relative to equal allocation are greatly lessened. In 
addition, they may have lower probability of selecting supe-
rior treatments as compared to equal randomization [78]. 
Moreover, there is a chance that insufficient information may 
be collected on an inferior arm, which could introduce bias 
into the estimation of treatment effect [79].

 Innovative Biomarker-Driven Phase II Trials: 
Master Protocols
Two of the most commonly used designs utilizing precision 
medicine are basket and umbrella trials (Fig. 28.1) [80].

Basket Trials
Basket trials incorporate a histology-independent, biomarker- 
driven approach in clinical trial design. They are built on the 
assumption that a certain molecular marker predicts response 
to a targeted therapy independent of tumor type [81]. The 
intention is to conduct several parallel phase II trials. For a 
basket trial to succeed, the underlying molecular hypothesis 
should have strong data supporting it.

Among examples of basket trials in gastrointestinal 
oncology are the V-BASKET trial (NCT01524978) evalu-
ating the BRAF inhibitor vemurafenib in non-melanoma 
tumors and the KEYNOTE-028 trial (NCT02054806) 
[82], which is a multi-cohort, non-randomized phase 1b 
basket trial evaluating pembrolizumab, a checkpoint 
inhibitor, in patients with biomarker-positive advanced 
solid tumors.

Challenges with these designs include feasibility issues 
with the low incidence of certain mutations in specific histol-
ogy subtypes. For instance, the CUSTOM study, which eval-
uated molecular profiling and targeted therapy for advanced 
thoracic malignancies, only succeeded in accruing to 2 of the 
planned 15 arms [83], which raised questions about the fea-

Fig. 28.1 Innovative biomarker-driven trial designs in precision oncology. (Adapted from [80]). (Reprinted with permission from Biankin et al. [96])
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sibility of such an approach. Moreover, it is important to 
remember that having multiple trial arms increases the 
chance of a statistically significant result by chance alone if 
no proper adjustment of the type I error is applied.

Umbrella Trials
While basket trials enroll patients according to the presence 
of a particular biomarker or molecular alteration indepen-
dently of a particular cancer type, umbrella trials aim to 
 evaluate many treatments within a single histology. Typically, 
in an umbrella trial, patients with tumors from the specified 
cancer type are screened using a master protocol and subse-
quently assigned to one of several molecularly defined sub- 
protocols with a matched targeted treatment. FOCUS4 trial 
(EudraCT 2012-005111-12) and MoTriColor program are 
examples of master protocols in GI cancers [84].

Similar to basket trials, challenges with these designs 
include feasibility issues with the low incidence of certain 
mutations in specific histology subtypes. Such studies are 
complex as they sometimes rely on parallel development of 
several drugs targeting different mutations within same his-
tology. Various arms may be added and removed during the 
study conduct based on internal or external data availability 
and emergence of new drugs. In addition, it is not always 
clear to which arm patients whose tumors carry several muta-
tions should be assigned. Ideally, rules for allocation to the 
different arms should be clearly described in the protocol.

As a conclusion, both baskets and umbrella trials may 
offer efficient solutions to drugs with predictive biomarkers 
in one protocol. However, feasibility issues and complexity 
of these designs should not be underestimated [85]. In addi-
tion while these designs may offer efficient operational strat-
egies, the underlying statistical design in many baskets and 
umbrella trials is often not innovative and oftentimes as a 
classical phase II design (such as the A-Hern design or a two- 
stage Simon design) is simply applied [82]. More refined 
statistical designs are currently under development [86].

 Phase III Clinical Trials

Phase III trials are confirmatory trials to investigate the com-
parative efficacy of a new treatment as compared to standard 
of care. Large prospective phase III randomized controlled 
trials (RCTs) have traditionally been assigned the highest 
level of evidence, with emphasis on scrutiny on trial design 
and conduct. They may introduce to a new standard of care 
and, in turn, lead to better clinical outcomes. They may lead 
to marketing approval of a new agent by regulatory agencies. 
In contrast to the exploratory trial designs described previ-
ously, the design of confirmatory or evidence-setting trials 
requires a promise to bring a scientifically valid conclusion. 
Therefore, the control of statistical errors and operational 

biases is of paramount importance. In regulatory applica-
tions, strong control of type I errors is required.

In a phase III trial, a two-sided type I error α(alpha) of 
5% is typically used, and the required sample size is com-
puted in order to reach adequate power 1-β(beta) (typically 
chosen as a value around 80–90%) to find a pre-specified 
target treatment benefit that is considered clinically mean-
ingful. When a survival endpoint is used as primary end-
point of the phase III trial, treatment benefit is usually 
expressed in terms of a hazard ratio (HR), assuming a con-
stant hazard over time in both the control and experimental 
arms through exponential distributions. For a given HR, the 
number of events E required in each treatment arm is 
approximately [87]:
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Table 28.4 illustrates how the number of events increases 
in function of the target HR.

As mentioned previously, both ASCO and ESMO have 
drawn attention to the need to raise the bar for clinical trials 
and go beyond the modest increments in efficacy seen with 
traditional interventions. The hope is to achieve this objec-
tive through precision medicine and a better identification of 
patients who really benefit from a given treatment. However, 
while decreasing the sample size by targeting larger treat-
ment benefit in a restricted patient population, these new 
approaches bring other challenges. In a trial designed to tar-
get a molecular alteration of low incidence, a huge screen-
ing effort will be required in order to include a sufficient 
number of patients harboring the specific molecular altera-
tion. As an example, the Neoadjuvant Study Using 
Trastuzumab or Trastuzumab With Pertuzumab in Gastric or 
Gastroesophageal Junction Adenocarcinoma, known as the 
INNOVATION trial (clinicaltrials.gov NCT02205047), is 
investigating the added value of combining these two HER-
2-targeting drugs with perioperative chemotherapy in this 
setting. Over a 4-year accrual period, 225 patients with 
HER-2-positive cancers will have to be centrally random-
ized. Given that approximately 10–20% of patients with 
gastric cancer are expected to have HER-2-positive tumors 
[88–90], a total of 2250 patients will have to be screened. In 
this context, to put in place efficient screening infrastruc-
tures will be a key driver for success.

Table 28.4 Number of events for different hazard ratios for a two- 
sided 5% significance level and 90% power

Hazard ratio Number of events
0.6 81
0.7 166
0.8 423
0.9 1894

A. Atasoy and M. Mauer
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 Adaptive Phase III Designs
The use of adaptive designs during the later confirmatory phase 
has been much more controversial than during the learning 
phase. The motivation for using adaptive trials in the confirma-
tory stage is adapting to the incoming data during the course of 
the trial, which might reduce the chances of trial “failure.” In 
addition, combining “reasonable learning” with confirmation 
within one single trial (seamless phase II/III trials) can help to 
shorten the drug development timelines and allow more effi-
cient use of sample size. The latter is particularly important in 
the setting of rare diseases or rare molecular alterations.

Originally, the controversy surrounding adaptive designs 
was centered on the inherent paradox of learning during the 
course of a later phase trial, which could only be considered 
confirmatory in the presence of pre-specified hypotheses and 
statistical plan. With the availability of the FDA guidance 
and the increasing regulatory acceptance regarding the use of 
more flexible designs, the debate has more recently focused 
on the properties and the operating characteristics of these 
designs. Prerequisites for the regulatory acceptance of such a 
design are the guarantee that the adaptation will not lead to 
bias that increases the chance of a false conclusion that the 
treatment is effective (protection of the type I error) and will 
not lead to positive study results that are difficult to interpret 
irrespective of having control of type I error.

The FDA has classified the adaptive designs into two 
main categories:

 1. Generally well-understood adaptive designs with valid 
approaches to implementation. This category includes:
 (a) Adapting the study eligibility criteria based on analy-

ses of pretreatment (baseline) data: Examination of 
baseline characteristics of the accumulating study 
population may reveal that the expected population is 
not enrolled or not at the desired speed. Modifications 
of some noncritical entry criteria may help to enter 
the population with the desired characteristics or 
allow more patients to qualify.

 (b) Adapting to maintain study power based on blinded 
interim analyses. The sample size or the total study 
duration may need to be adjusted in order to observe 
the required number of events and maintain power.

 (c) Adapting based on interim results of an outcome 
unrelated to efficacy, such as stopping a treatment 
arm that is too toxic.

 (d) Adapting using group sequential methods and 
unblinded analyses for early study termination because 
of either lack of benefit or demonstrated efficacy. The 
implementation of early stopping rules for efficacy or 
futility through group sequential methods is now stan-
dard practice in many modern clinical trials. This is an 
adaptive design in the sense that it offers a possibility 
for early termination with a study sample size reduced 

to the size accumulated at the time of an interim analy-
sis. To protect the trial against operational bias, any 
leakage of information about the interim results should 
be avoided in case the criteria for early termination are 
not met. This is achieved by assigning the responsibil-
ity for monitoring comparisons of efficacy and/or 
safety outcomes to an independent data monitoring 
committee (IDMC) (ICH E9 guidance).

 (e) Adapting the data analysis plan independently of 
within study, between group outcome differences. The 
complete details of the statistical analyses are some-
times difficult to specify in advance not knowing the 
relevant characteristics of the final outcome data. If 
modifications in the data analysis plan are based on a 
review of these characteristics in the entire study popu-
lation in a blinded manner, they do not introduce bias.

2. Adaptive study designs whose properties are less well 
understood. Any adaptive design approach not falling into 
the main category listed above is considered as “less well 
understood” as per this FDA classification system.

 Seamless Phase II/III Trials

Seamless phase II/III trials combine “reasonable learning” 
with confirmation within one single confirmatory trial. The 
following examples can be listed:

• To first select the best dose regimen or the more promis-
ing experimental treatment among several tested based on 
interim data and to next confirm the superiority of the 
selected arm versus the standard of care (multi-arm multi- 
stage or MAMS trials) [91]

• To start to investigate the efficacy of an experimental 
treatment in the overall population and to then select the 
target population (the overall population or a predefined 
subgroup) depending on interim data and to next confirm 
the efficacy of the treatment versus the standard of care in 
the selected population (Adaptive Population Enrichment 
Trials) [92]

 Sample Size Re-estimation Based on Early 
Observed Treatment Difference
The strategy behind adaptive sample size re-estimation 
based on interim-effect size is to plan for a smaller sample 
size under an optimistic treatment effect at the start of the 
clinical trial and to decide whether or not to increase it dur-
ing the course of the clinical trial based on the observed 
treatment difference at interim analysis. Indeed, if the 
observed treatment effect at interim is lower than antici-
pated but still judged promising and clinically relevant, one 
may be willing to increase the sample size to be powered to 
detect such a treatment effect. The FDA strongly discour-
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ages reducing the sample size during the course of a clinical 
trial, as this will reduce the precision of the treatment ben-
efit estimate.

An example of sample size re-estimation is the promis-
ing zone design developed by Mehta and Pocock, which 
will partition the interim outcome into three zones: (1) an 
unfavorable zone, (2) a promising zone, and (3) a favor-
able zone, expressed equivalently in terms of the observed 
HR or the estimated conditional power [93]. The condi-
tional power is the probability that the final study results 
will be statistically significant based on the data observed 
thus far, and assuming that the data still to come will fol-
low the effect estimated from the data in hand. If the results 
fall into the unfavorable zone, the sample size will not be 
increased because the results are not judged promising and 
no change in the design will be made. If the results fall into 
the favorable zone, no change in the design will be made 
given that the initial sample size is considered to be suffi-
cient to reach the desired power at final analysis. However, 
if the results fall in the promising zone, it will trigger an 
increase in sample size to raise the power against a less 
optimistic HR.  The risk in increasing the sample size in 
this manner disadvantage is clear: A larger sample size 
will allow the detection of smaller treatment effects, even 
those that may not be clinically relevant. A difference will 
always exist between treatments, and even if negligible, 
there is the potential to demonstrate this negligible differ-
ence by entering an overwhelming number of patients in 
the clinical trial. Thus, by desiring to increase the chances 
of success, one might end up demonstrating a negligible 
treatment benefit and exposing many patients to an ulti-
mately ineffective drug [94].

In conclusion, adaptive designs could save time and 
resources. However, they need extensive logistics and statis-
tical resources. Extensive simulations need to be performed 
upfront to guarantee adequate operating characteristics and a 

strong control of the type I error in case of a confirmatory 
trial as well as to assess the merits of adaptive designs in 
comparison to better understood methods (such as early 
stopping rules). Finally, processes and firewalls need to be 
put in place upfront to protect the confidentiality of the 
interim results and avoid any risk of back computation of the 
interim results.

 Phase IV Clinical Trials

Drugs that are approved as a result of phase I–III trials often 
require longer-term observation in phase IV studies. The true 
value in real-life settings can be more easily understood with 
these post-marketing studies, which deserve resources and 
efforts just as much as the earlier phase trials that initially 
provided the information to bring the drug to the market. As 
a matter of fact, the more recent EORTC approach delivers 
the message that focusing resources in earlier phase trials 
and in collecting population-based real-world data may be 
the approach needed in the twenty-first century to efficiently 
move cancer treatment forward (Fig. 28.2) [95]. Incorporating 
more real-life data into drug development may help to 
address the gap between efficacy and effectiveness and the 
balance between benefit and risks.

Despite its clear benefits, bringing real-life clinical data 
into drug development represents a major challenge for phar-
maceutical companies, regulators, and health authorities. 
The European Union’s Innovative Medicines Initiative (IMI) 
has officially launched its multi-stakeholder, €16.3 million 
GETREAL project, which is looking at new ways to inte-
grate data from real-life settings into drug development. 
Real-life data is inevitably associated with the risk of biased 
results given the many confounding factors, which may com-
pletely distort the results. One of the aims of the GETREAL 
consortium is to provide recommendations on the design of 

Early clinical trials (R&D)
• Biology / imaging driven
• Integrated TR
• Screening platforms
• Collection of high quality
 data from various sources

• Highly targeted
• Large differences

• Real world data
• Quality of life
• Health economics
• HTA
• Pragmatic trials

Pivotal trials

Population-based
studies

From trials “designed to learn” to real life situation

Fig. 28.2 Advancing cancer 
care by increasing emphasis 
on population-based studies. 
(Reprinted with permission 
from Burock et al. [95])
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studies capable of providing information on the real-world 
effectiveness of medicines, including relative effectiveness, 
and to propose analysis methods best suited to produce unbi-
ased results.

 Conclusion

Gastrointestinal cancers collectively remain the leading 
cause of cancer-related death. A significant proportion of 
seemingly curable patients face relapse despite improve-
ments in multidisciplinary care, and metastatic GI cancers 
remain incurable. Rapid developments in precision medi-
cine bring promise but also a lot more questions, which 
adds to the complexity of conquering GI cancers. 
Moreover, with every advance, it is becoming more chal-
lenging to reliably demonstrate meaningful incremental 
benefit.

Innovative designs and biomarker selection or enrichment 
are among the key tools for cancer researchers in an era of 
precision medicine. However, the complexity and challenges 
in utilizing these advances in tools should be reviewed care-
fully. Moreover, while the advances in “proof-of-concept” 
trials enable a significant growth in the number of drug 
approvals and clinical trials, the value of confirmatory trials 
and real-world data are likely higher than before to support 
the reliability this rapid growth.

Electronic medical record systems continue to grow and 
carry the potential to generate enormous amount of real-life 
clinical data. Making sense of this information will require 
careful planning to be able to accurately give direction to 
cancer care.
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Gastrointestinal Cancer Prevention: 
Diet, Lifestyle, and Therapeutic 
Prevention

Phu N. Tran and Jason A. Zell

 Introduction

Gastrointestinal (GI) malignancies are a diverse set of tumors 
occurring in the GI tract, including cancers of the stomach, 
esophagus, liver, bile ducts, pancreas, ampulla, small intes-
tine, appendix, large intestine (colon, rectum), and anus. 
Most GI neoplasms are adenocarcinomas, but other histo-
logic subtypes are commonly encountered, including squa-
mous cell carcinoma, neuroendocrine tumors (NETs) (poorly 
differentiated NETs as well as well-differentiated carcinoid 
tumors), gastrointestinal stromal tumors (GIST), sarcomas, 
lymphomas, and melanoma. Collectively, GI cancers com-
prise a major global public health burden. The magnitude of 
the problem is borne out by the numbers: globally, there are 
approximately 2.5 million cases of GI cancer per year, with 
gastric cancer, liver cancer, colorectal cancer (CRC), and 
esophageal cancer representing 4 of the top 10 incident can-
cers. The same 4 malignancies and pancreas cancer represent 
5 of the top 10 causes of cancer mortality, and account for 
approximately 1.9 million cancer deaths per year [1]. In the 
United States, CRC has the second highest incidence among 
cancer affecting both genders, and represents the third most 
common cancer cause of death [2]. As such, a great deal of 
importance is placed on prevention efforts aimed at reducing 
risks attributed to this heterogeneous group of GI cancers. 
And yet, clear prevention recommendations exist for rela-
tively few of the aforementioned GI malignancies. The focus 
of this chapter will be to describe cancer prevention efforts 
of GI malignancies as supported by high-quality evidence. In 
particular, we focus on diet, lifestyle (physical activity, 

avoidance of obesity), and therapeutic prevention (chemo-
prevention) strategies across the spectrum of cancer preven-
tion: from unaffected individuals, to those with pre-neoplastic 
conditions, to cancer survivors.

In order to describe current strategies for cancer preven-
tion, one must first discuss carcinogenesis (cancer forma-
tion) – as cancer prevention strategies and carcinogenesis are 
intimately linked. Carcinogenesis is well known to occur 
through the classical steps of initiation, promotion, and pro-
gression. Of note, epigenetic influences decrease and histo-
pathological changes increase throughout this process, 
whereas many cancer prevention strategies (such as smoking 
cessation) are effective across the spectrum of carcinogene-
sis. Numerous carcinogenesis models are available for GI 
cancers, including the best-characterized model of colorectal 
carcinogenesis. This genetic model for colorectal carcino-
genesis was described nearly 30  years ago by Fearon and 
Vogelstein [3]. In this model (Fig. 29.1a), the transition of 
histopathologic events from a normal epithelium to dysplasia 
to early adenoma, late adenoma, frank malignancy, and 
metastasis is accompanied by a series of genetic and epigen-
etic events. Lesser known but important carcinogenesis mod-
els exist for other tumors within the GI tract (Table 29.1) as 
well as other non-GI malignancies (most notably, cervical 
cancer, with CIN I, II, III representing various stages of cer-
vical intraepithelial neoplasia, IEN). The key concept in each 
of these carcinogenesis models is that intermediate and clini-
cally identifiable histologic changes occur prior to the devel-
opment of cancer, known collectively as IEN.

Importantly, the carcinogenesis sequence is not predes-
tined or automatic but can be interrupted at different steps of 
the process. In the words of cancer prevention researcher Dr. 
Frank Meyskens, “The best treatment of malignant disease is 
its prevention. The disease to be prevented is carcinogenesis, 
not cancer” (personal communication, July 1, 2007). As 
example, colorectal adenomas represent IEN of the colorec-
tum, which are clinically recognized prior to cancer develop-
ment, and these adenomas can be treated relatively easily for 
cure. These concepts of carcinogenesis and IEN frame the 
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discussion for the 3 major types of cancer prevention efforts 
among GI (and non-GI) malignancies: (1) primary preven-
tion, (2) secondary prevention, and (3) tertiary prevention 
(Fig. 29.1b).

Primary prevention consists of cancer prevention efforts 
targeting patients without history of cancer, or any pre- 
neoplastic condition. For example, efforts aimed to reduce 
cancer risk in the unaffected population fall into this cate-
gory. Diet modification, physical activity, tobacco aware-
ness, and reduced alcohol intake are common primary 
prevention recommendations. Examples of primary preven-
tion of GI malignancies include public health recommenda-
tions to avoid a diet high in processed meat, in order to 
reduce the risk of CRC. The advantage of primary preven-
tion, of course, is that such recommendations (when sup-
ported by evidence) hold the greatest promise in reducing 

cancer among average-risk individuals. While primary pre-
vention is the ultimate goal from a public health standpoint, 
obtaining high-quality data from which to generate evidence- 
based recommendations is a major challenge. Primary pre-
vention clinical trials are few and far between, as they require 
enrollment of extremely large numbers of subjects due to the 
low event rate (i.e., cancer occurrence), over a tremendously 
long intervention period (decades). Accordingly, primary 
prevention clinical trials are associated with exorbitant costs, 
prolonged duration, and are not always feasible.

Secondary prevention entails cancer prevention efforts 
aimed at patients with pre-neoplastic, clinically identifiable 
progression, but without frank malignancy (IEN). Identifying 
and removing colorectal adenomas is an example of secondary 
prevention. A major advantage is that individuals with IEN can 
be selected as a high-risk group, and interventions (dietary, 

Fig. 29.1 (a) Genetic model for colorectal carcinogenesis, adapted from and originally proposed by Fearon and Vogelstein [3]. (b) Using the 
colorectal carcinogenesis model as a scaffold to direct cancer prevention interventions. ACF aberrant crypt foci
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Table 29.1 Premalignant conditions of gastrointestinal cancers and current management guidelines

Cancers Premalignant conditions Current practice
Colorectum Tubular adenoma < 

Tubulovillous < Villous
Polypectomy and colonoscopy surveillance
  No polyps or small <10 mm hyperplastic polyps: 10 years
  1–2 small (<10 mm) tubular adenomas: 5–10 years
  3–10 tubular adenoma: 3 years
  >10 adenomas: <3 years
  At least 1 large (>10 mm) adenoma: 3 years
  One or more villous adenoma: 3 years
  Adenoma with high-grade dysplasia: 3 years
  Small (<10 mm) sessile polyp w/o dysplasia: 5 years
  Large sessile polyp or sessile polyp w dysplasia: 3 years
  Serrated polyposis syndrome: 1 year

Esophagus Barrett’s esophagus No dysplasia: EGD surveillance q3–5 years
Indeterminate for dysplasia: repeat EGD after 3 months of antireflux therapy
Low-grade dysplasia: EGD surveillance q6–12 months versus endoscopic eradication
High-grade dysplasia and intramucosal carcinoma: endoscopic eradication

Stomach Chronic atrophic gastritis, 
intestinal metaplasia

Test and treat for H. pylori
EGD surveillance with biopsy mapping every 2–3 years in high-risk individuals

Pancreas Intraductal papillary mucinous 
neoplasms (IPMN)
Pancreatic intraepithelial 
neoplasia (PanIn)
Mucinous cystic neoplasm 
(MCN)

Surgery for high-risk IPMN (symptomatic, CBD obstruction, pancreatic ductal dilatation 
>10 mm, enhancing solid component in the cyst)
If main duct IPMN is associated with pancreatic duct dilatation 5-9mm then perform 
EUS-FNA
If main duct IPMN is associated with pancreatic duct dilatation <5 mm then MRCP/CT in 
2 yrs
For moderate-risk branch duct IPMN (cyst >30 mm, enhancing cyst walls, main pancreatic 
duct size 5–9 mm, non-enhancing mural nodule, abrupt change in pancreatic duct caliber) 
perform EUS-FNA
If EUS-FNA revealed positive cytology, mural nodules, thickened cyst walls or intraductal 
mucin then consider resection
Clinical management of PanIn or MCN not available

Liver Cirrhosis Abdominal US and alpha-fetoprotein every 6 months
Transplant eligible if MELD score at least 15

Gallbladder “Porcelain” gallbladder Cholecystectomy
Anus Anal intraepithelial neoplasia 

(AIN):
Low-grade squamous 
intraepithelial lesion (LSIL): 
AIN I
High-grade squamous 
intraepithelial lesion (HSIL): 
AIN II, III, and carcinoma in 
situ (CIS)

LSIL: Treatment is optional, low risk of progression to malignancy
HSIL: Local treatment is required to prevent malignancy

EGD esophagogastroduodenoscopy, CBD common bile duct, EUS-FNA endoscopic ultrasound fine needle aspiration, US ultrasound, MELD 
Model of End-Stage Liver Disease

physical activity, therapeutic prevention) can be tailored to this 
high-risk group with clear endpoints and shorter follow-up 
duration than is possible in primary prevention clinical trials.

With advances in screening, early detection, diagnosis, 
and treatment, more cancer survivors are alive today than at 
any other time in history. In the United States alone, it is 
estimated that there were 14.5 million cancer survivors in 
2014, and by 2024 it is estimated that the number of cancer 
survivors will eclipse 19 million [4]. Tertiary prevention 
focuses on efforts to prevent cancer formation in patients 
that have previously been treated for cure (i.e., cancer survi-
vors). As will be discussed in this chapter, the past decade 
has brought about significant progress in tertiary prevention 
efforts of GI malignancies, particularly CRC.  Throughout 

this chapter, we will identify the available cancer prevention 
efforts for each GI malignancy based on these major preven-
tion strategies: primary, secondary, and tertiary prevention.

 Diet and Prevention of Gastrointestinal 
Malignancies

 Colorectal Cancer

 Primary Prevention
Diet is thought to play a major role in CRC pathogenesis and 
the general consensus is to recommend a diet low in red meat 
and fat, and high in fruits and vegetables. Many epidemiologic 
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studies have identified the association between consumption 
of red meat and processed meats with CRC. A meta-analysis 
of 10 cohort studies found that the CRC risk associated with 
consumption of red meat (100 grams per day) or processed 
meat (50 grams per day) was 17% and 18%, respectively [5]. 
Several mechanisms have been proposed to explain this 
association. Cooking red meat at high temperature produces 
heterocyclic amines and polycyclic aromatic hydrocarbons, 
which are harmful to cells. Genetic polymorphisms in detox-
ification pathways for these compounds have been reported 
to modify the association between red and processed meat 
intake and CRC risk [6, 7]. In addition, polyamines, which 
are derived from arginine (a semi- essential amino acid found 
primarily from dietary meat consumption in non-vegetari-
ans), have been implicated in colorectal carcinogenesis and 
are found in high quantities in meat, among other foods. For 
example, preclinical studies demonstrate that dietary argi-
nine increases total and high- grade colon adenoma incidence 
in ApcMin/+ Nos2+/+ mice [8, 9]. Heme compounds in red meat 
increase reactive radical oxygen species while nitrites in 
smoked, salted, and processed meat products may be con-
verted to carcinogenic N-nitroso compounds in the colon 
[10]. As a result, the International Agency for Research on 
Cancer classified red meat as “probably carcinogenic to 
humans” (Group 2A) and processed meat as “carcinogenic to 
humans” (Group 1) [11].

Fruits and vegetables have been of great interest to cancer 
prevention researchers since they contain antioxidants such as 
vitamins, carotenoids, flavonoids, and fiber. Possible mecha-
nisms include modulation of DNA methylation, protection 
from and repair of DNA damage, induction of detoxifying 
phase II enzymes, and promotion of apoptosis [12]. Dietary 
fiber in fruits and vegetables help decrease insulin- like growth 
factor 1 (IGF-1) activity and inflammatory cytokines, alter 
gut flora, and exert local effects on the colonic mucosa such 
as diluting carcinogens and biliary acids [13]. In contrast to 
the positive results from older case-control studies, most 
recent cohort studies report weak associations between high 
intake of fruits and vegetables and lower risk of CRC.  A 
pooled analysis of 14 cohort studies (n > 750,000) found that 
intake of 800 g fruit and vegetables daily decreases risk for 
distal colon cancer (RR 0.74) but not for proximal cancer (RR 
1.02), compared to intake of less than 200 g per day [14]. A 
subsequent meta-analysis of 19 cohort studies confirmed the 
weak association and suggested little additional benefits asso-
ciated with higher fruit intake of more than 100 g/day [15]. 
Taken together, increasing the consumption of fruits and veg-
etables beyond the levels associated with a balanced diet 
appears to offer little additional cancer preventive benefit.

 Secondary Prevention
A high fiber diet including diets high in fruits and vegetables 
does not appear to affect the adenoma recurrence rate among 
adenoma patients. Data from the Polyp Prevention Trial 

showed that large amounts of fruits and vegetables (as well as 
high fiber and low fat) failed to reduce the risk of recurrent 
adenoma when compared to a usual American diet that 
included at least 200–400 g/day of fruits and vegetables – even 
at 8-year follow-up [16, 17]. Similarly, the Phase III Wheat 
Bran Fiber trial demonstrated no difference in adenoma recur-
rence rate in patients who took high-fiber supplements (13.5 g/
day) versus low intake (2.0 g/day) [18]. However, a very high 
dietary consumption of beans has been associated with lower 
adenoma recurrence rate in the Polyp Prevention Trial. 
Individuals in the highest quartile of dry bean intake compared 
with those in the lowest had a 65% reduction in the recurrence 
of advanced adenomas (OR = 0.35) [19]. The total intake of 
dry beans in the intervention group (high intake of low-fat, 
high-fiber, high-fruit, and vegetable dietary) was 39 g/d, which 
is considerably higher than the average intake for US men 
(21 g/day) and women (13 g/day). Perhaps certain flavonoid 
subtypes in beans contribute to the observed beneficial effects 
on adenoma prevention. Sub-analysis of dietary data from the 
Polyp Prevention Trial found that high intake of flavonols and 
isoflavonoids, not total flavonoid, was associated with a lower 
risk of adenoma recurrence (4th versus 1st quartile group in 
bean intake) [20]. Flavonols are commonly found in beans, 
onions, apples, and tea. In contrast, high intake of flavanones 
was associated with higher risk of adenoma recurrence.

 Tertiary Prevention
There is robust observational evidence on colon cancer 
recurrence risk in survivors with persistently high red meat 
intake. Observational data from the National Clinical Trials 
Network (NCTN) trial C89803, an adjuvant chemotherapy 
study of stage III colon cancer patients, revealed that colon 
cancer survivors in the highest Western dietary pattern (char-
acterized by higher intakes of red and processed meats, 
sweets and desserts, French fries, and refined grains) after 
diagnosis had a 3-fold increased risk of recurrence and a 2.3- 
fold increased risk of all-cause mortality compared with 
patients in the lowest quintile [21, 22]. Surprisingly, a pru-
dent diet (high in legumes, fish, and vegetables) was not 
associated with mortality outcomes in this study. 
Consumption of more than 4.1 servings per week of red meat 
after colon cancer diagnosis was associated with 79% 
increased risk of CRC mortality according to the Cancer 
Prevention Study II Nutrition Cohort study [23]. Processed 
meat consumption was associated with higher cancer recur-
rence rate and inferior overall survival (OS) to greater extent 
in the colon than rectum. In a cohort study of 529 newly 
diagnosed Stage I to III CRC patients in Newfoundland, high 
processed-meat consumption was associated with worse 
disease- free survival (DFS) in patients with colon cancer 
(HR 2.29) but not rectal cancer (HR 0.97) [24]. No associa-
tions were observed with the prudent vegetable or high-sugar 
diet patterns and DFS.  In a population-based analysis of 
CRC patients enrolled in an epidemiologic study at the 
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University of California Irvine, high overall meat consump-
tion of all types was associated with increased risk of death 
among familial (but not sporadic) CRC patients, suggesting 
complex relationships between genetics and diet [25]. In 
contrast, pre-diagnosis meat consumption was not associated 
with CRC-specific mortality among 704 CRC patients in the 
California Teachers Study. However, regular nonsteroidal 
anti-inflammatory drug (NSAID) use (1–3 times/wk, 4–6 
times/wk, daily) versus none was associated with decreased 
CRC-specific mortality among patients in the lowest meat 
consumption tertile (HR 0.22), but not among patients in the 
higher meat intake tertiles [26]. It is postulated that high 
polyamine intake from meat consumption negates the pro-
tective effects of NSAIDs, which are known to regulate cel-
lular polyamine pools by inducing spermine acetyltransferase 
and resultant cellular polyamine export [26].

High glycemic load and total carbohydrate intake may be 
associated with colon cancer recurrence and mortality. Colon 
cancer survivors in the highest quintile of carbohydrate 
intake group were reported to have a 2-fold increased risk of 
disease recurrence and all-cause mortality compared with 
individuals in the lowest quintile [27]. Similarly, consump-
tion of 2 sugar-sweetened beverages per day after colon can-
cer diagnosis had a 75% increased risk of recurrence 
compared with individuals who consumed 2 per month [28].

Emerging data suggest that coffee consumption may 
lower the risk of recurrence and colon cancer-specific mor-
tality among colon cancer patients. Coffee consumption has 
been associated with decreased risk of type 2 diabetes mel-
litus (DM), lower plasma C-peptide, and increased plasma 
adiponectin, an endogenous insulin sensitizer. Based on data 
emanating from C89803, survivors of Stage III colon cancer 
who consumed 4 cups of coffee per day had lower risk of 
colon cancer recurrence than never drinkers (HR 0.58) and 
abstainers (HR 0.48) [29]. The benefits appear to be propor-
tional to the amount of coffee intake. There were no observed 
benefits for non-herbal tea or decaffeinated coffee.

 Non-colorectal Gastrointestinal Tumors

The association between dietary intake and other GI cancers 
is less well studied and mostly focused on primary preven-
tion. Diet is thought to be important in the etiology of gastric 
cancer, and dietary changes are implicated in the recent 
decline in stomach cancer incidence in the developed world. 
Data from case-control studies suggest that risk is increased 
by high intakes of traditionally preserved foods, especially 
salty meats and pickles, while risk is decreased by high 
intakes of fruits and vegetables [30]. The high intake of 
salted and pickled vegetables/foods is associated with 50% 
higher risk of gastric cancer in Korea and China [31].

Prospective studies report mixed results regarding the 
protective effect of fruits and vegetables for gastric cancer 

[32–34]. Despite the anticancer effect of green tea in pre-
clinical studies, most prospective observational studies 
report no association of green tea consumption and reduced 
gastric cancer risk [35]. Well-designed studies are needed to 
examine if the association between diet and gastric cancer is 
confounded by Helicobacter pylori, among other factors. 
Similar to gastric cancer, foods containing N-nitroso com-
pounds have long been implicated in the development of 
esophageal cancer. Aflatoxin from food contaminated with 
endemic fungi in grains and peanuts may exert their muta-
genic potential by reducing nitrates to nitroso compounds 
[36]. Frequent intake of hot food may be associated with 
increased risk of esophageal cancer, possibly by causing 
chronic mucosal injury [37]. Multiple studies have consis-
tently observed an inverse relationship between high fruit 
and vegetable intake and development of esophageal cancer 
[30, 38]. For hepatocellular carcinoma, excess alcohol intake 
remains the most important etiology in the Western society, 
probably via the development of cirrhosis. Exposure to afla-
toxin is an important risk factor among people in developing 
countries, especially in individuals with chronic viral hepati-
tis [39]. There is inconclusive evidence regarding the asso-
ciation of fiber, fruits, and vegetable with HCC. Interestingly, 
coffee has been consistently shown to be associated with 
lower HCC risk. Three recent meta-analyses comprising 
thousands of patients suggested that coffee intake is inversely 
proportional to HCC risk [40–42]. New observational data 
suggest that coffee may help prevent HCC by reducing the 
risk of cirrhosis in a dose-response manner. In a meta- 
analysis involving more than 400,000 participants, daily 
intake of 2 cups of coffee was associated with reduction in 
all-cause cirrhosis and alcoholic cirrhosis by 44% and 38%, 
respectively [43]. Regarding pancreatic cancer, a World 
Cancer Research Fund panel concluded that there is limited 
evidence to suggest that intake of food high in red, processed 
meat, or saturated fat increased pancreatic cancer risk. 
Although there is no clear association between moderate 
alcohol intake and pancreatic cancer, heavy drinkers (more 
than 3 drinks per day) have a significant increased risk [44].

 Lifestyle Factors Related to Prevention 
of Gastrointestinal Malignancies

 Physical Activity

 Colorectal Cancer

Primary Prevention
Physical inactivity has major public health implications 
because it is the second leading cause of preventable death in 
the United States (after smoking). About 37.7% of the US 
population is not active enough for health benefits and an addi-
tional 14.2% does not exercise more than 10  minutes each 
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week on average [45]. Physical activity is inversely related to 
CRC risk (RR 0.76) according to a meta-analysis of 52 studies 
[46]. Further meta-analyses estimated a 15% risk reduction of 
colon polyps and 27% risk reduction of colon cancer due to 
physical activity [47, 48]. The possible protective mechanisms 
of exercise include improving water intake, reducing IGF-1, 
and inflammatory markers such as prostaglandins, and alter-
ing bile acid secretion and gut flora [49, 50]. Although the 
optimal intensity, duration, and frequency of physical activity 
required to reduce cancer risk are unknown, the American 
Cancer Society recommends about 30 minutes of moderate to 
strenuous exercise at least 5 days a week [51].

Secondary Prevention
There are few studies examining the role of physical activity in 
secondary prevention of colon cancer. A pooled analysis from 
2 randomized trials including 1,730 participants concluded that 
sedentary behavior is associated with higher risk of colorectal 
adenoma recurrence among men but not women. Compared to 
the lowest quartile of sedentary time, the odds ratio for the sec-
ond, third, and fourth quartiles among men were 1.23, 1.41, 
and 1.47, respectively [52]. The Polyp Prevention Trial found 
no significant associations between moderate, vigorous, or 
total physical activity at the start of the trial and overall polyp 
recurrence in either men or women [53]. Consistent vigorous 
activity was also not significantly associated with either 
advanced or multiple polyps, nor with polyp recurrence at any 
specific anatomical location in the large bowel.

Tertiary Prevention
In general, cancer survivors rarely return to their pre- 
diagnosis levels of activity after treatment [54, 55]. The com-
bined detrimental effects of cancer, treatment, and recovery 
hinder survivors from increasing physical activity. Numerous 
studies have suggested that exercise improves quality of life 
in cancer survivors but few studies have examined the role of 
exercise on disease-free survival and cancer-specific mortal-
ity. Among colon cancer patients, it is striking to note that 
even a small amount of physical activity may affect disease 
outcome and recurrence. In the Melbourne Collaborative 
Cohort Study comprising of 526 CRC patients, the investiga-
tors found that regular physical activity, even as little as once 
per week, was associated with an absolute improvement of 
14% in overall survival (OS) and 12% in disease-specific 
survival at 5 years compared with no regular activity. The 
benefits were seen mainly in Stage II–III colon cancer survi-
vors with a 39% reduction in overall mortality and 51% 
reduction in disease-specific mortality. No effect on survival 
was noted for the rectal cancer subgroup [56]. High-level 
activity is associated with better outcomes than low-level 
activity according to observation data from the Nurses’ 
Health Study (NHS) cohort. In this study CRC-specific mor-
tality (HR 0.39) and overall mortality (HR 0.43) were lower 
in women who engaged in activity at least 18 MET (meta-

bolic equivalent of task)-hours per week compared with 
those with 3 MET-hours/week [57]. Similarly, men who 
engaged in 27 MET-hours/week of physical activity had 
lower CRC-specific mortality (HR 0.47) than those who did 
less than 3 MET-hours/week. The benefit of physical activity 
was seen regardless of age, stage, body mass index (BMI), 
tumor location, and pre-diagnosis physical activity [58]. 
Categories of MET-hour/week were predefined as less than 
3, 3–8.9, 9–17.9, and 18 or more, to correspond to the equiv-
alent of less than 1, 1 to less than 3, 3 to less than 6, and 6 or 
more hours per week of walking at an average pace [57]. 
Physical activity may provide additional benefit in recur-
rence and survival outcomes above the benefit seen with sur-
gery and adjuvant chemotherapy. In a prospective 
observational study of 832 stage III colon cancer patients 
receiving adjuvant chemotherapy from the National Clinical 
Trials Network (NCTN) C89803 trial, patients who exer-
cised 18–26.9 MET-hours/week and >27 MET-hours/week 
had improved DFS with HRs 0.51 and 0.55, respectively, 
relative to those who exercised <3 MET-hours/week [59]. 
This study also suggested that the protective effect of physi-
cal activity can be seen at 6 MET-hours/week.

A link has been proposed between specific molecular 
markers and benefits from physical activity. Patients with 
tumors harboring p27 loss and WNT-CTNNB1 who engaged 
in 18 MET-hour/week of physical activity were found to 
have 67% risk reduction in cancer-specific mortality [60, 
61]. Additionally, patients with prostaglandin-endoperoxide 
synthase 2 (PTGS2)-positive tumors who engaged in the 
highest quartile of physical activity had an 82% lower risk of 
colorectal cancer-specific mortality compared with the least- 
active individuals [62]. There was no association between 
physical activity after diagnosis and survival in those with 
PTGS2-negative tumors. These studies shed light on the pos-
itive impact of physical activity on risk of CRC progression 
and recurrence, partly by modulating energy metabolism and 
inflammatory signals.

While observational studies establish a strong association 
between physical activity and improved outcome among 
colon cancer survivors, a randomized controlled trial is 
needed to determine whether the association is causal. To this 
end, the Colon Health and Life-Long Exercise Change 
(CHALLENGE) trial undertaken by the National Cancer 
Institute of Canada was designed to determine the effects of a 
structured physical activity intervention on outcomes for sur-
vivors of high-risk stage II or III colon cancer who have com-
pleted adjuvant therapy within the previous 2–6 months [63]. 
The study is currently recruiting patients (NCT00819208).

 Non-colorectal Gastrointestinal Cancers
In general, there is a trend for lower risk of non-colorectal GI 
cancers in active individuals even though the published evi-
dence is not conclusive. Physical activity likely reduces GI 
cancer risk through its beneficial effect on insulin sensitivity, 
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inflammation, and obesity [64]. Most studies observed an 
inverse relationship between physical activity and lower risk 
of esophageal adenocarcinoma [65, 66]. The benefit of phys-
ical activity seen in esophageal adenocarcinoma was mainly 
observed in obese individuals. No significant relationship 
with physical activity was observed for esophageal squa-
mous cell carcinoma [66]. The association between physical 
activity and gastric cancer remains unsettled due to heteroge-
neous study designs and findings. Some case-control and 
cohort studies found a significant inverse relationship of 
physical activity to gastric cancer, with relative risk estimates 
ranging from 0.32 to 0.79; whereas others did not [66]. 
Further well-designed prospective studies and meta-analyses 
are required to answer this question. Most studies consis-
tently reported a decreased risk of liver cancer with higher 
levels of physical activity, including total activity, leisure 
time activity, walking, and vigorous activity [67]. However, 
because different types of activity were measured and a vari-
ety of measures were used to collect the data, no meta- 
analyses could be conducted. While most studies observed 
the increased risk of pancreatic cancer in obese individuals, 
evidence supporting benefits of physical activity is mixed. 
Two US cohort studies comprising 47,000 men and 117,000 
women concluded that moderate activity (<6 METs) was 
associated with decreased risk of pancreatic cancer, espe-
cially among those who are overweight with BMI > 25 kg/m2 
[68]. Data from a prospective cohort study of 80,000 people 
in Japan suggest that physical activity is associated with 
lower risk of pancreatic, liver, and colon cancers even in non- 
obese individuals [69]. In contrast, a US cohort study of 
146,000 individuals reported no difference in pancreatic can-
cer incidence rates between men and women who were most 
active (>31 MET hours per week) at baseline compared to 
those who reported no recreational physical activity [70].

 Control of Obesity

 Colorectal Cancer

Primary Prevention
Obesity is a major health epidemic with increasing preva-
lence of 15% in 1980 to 35% in 2005 in the United States. It 
is estimated that the relative risk of CRC in obese individuals 
is modest (RR 1.09) [71]. Growing evidence points to hyper-
insulinemia as a direct link from obesity to CRC. For instance, 
high glucose, c-peptide (a marker of insulin production), and 
high IGF levels are associated with increased risk (Fig. 29.2) 
[71]. Obese men with BMI more than 30 had an 80% 
increased risk of CRC relative to men with normal BMI [72]. 
Additionally, weight gain of 21 kg in men age 30 to 50 was 
associated with 80% and 50% increased risks of colon and 
rectal cancers, respectively. A meta-analysis comprised of 9 
million individuals from 54 studies concluded that both gen-

eral and central obesity increase CRC risk in men and women 
[73]. The effect of weight loss on CRC was reported in a 
population-based study of more than 65,000 adults in Austria. 
In this study, weight loss (>0.10 kg/m2/year) was associated 
with 50% colon cancer risk reduction in men [74]. Bariatric 
surgery appears to reduce CRC risk (RR 0.32) and other obe-
sity-related cancers in morbidly obese individuals [75].

Secondary Prevention
Obesity is associated with an increased adenoma recurrence 
rate. A pooled analysis from 2 randomized control trials 
(n  =  2,465) found that BMI  >  30 was associated with 
increased odds of having recurrent adenoma in men (OR 
1.36) but not women (OR 0.90) [76]. The odds of adenoma 
recurrence increased drastically among obese individuals 
with family history of colorectal cancer (OR 2.25). A Korean 
cohort study also found significant associations between 
recurrent adenoma and metabolic syndrome (HR 1.33) in 
men [77]. A case-control study in Italy identified BMI > 30 
as independent predictors of synchronous polyps (OR 2.2) 
[78]. This study also reported higher cancer recurrence rate 
in obese patients with stage II CRC with respect to the non- 
obese (p = 0.05). However, this study did not perform gender- 
specific analysis so it is unclear if obese women had higher 
recurrence rates. Despite the adverse consequence of obesity 
on adenoma recurrent rate, there is no convincing evidence 
suggesting that weight loss alone is a sufficient secondary 
prevention. Retrospective analysis of a Japanese cohort esti-
mated that loss of 5% or more body weight among Japanese 
patients over 1 year was associated with reduction in ade-
noma recurrence (OR 0.47) [79]. The study’s limitations 
included its retrospective nature and short (1-year) follow-up 
duration. The prospective controlled Polyp Prevention Trial 
found no association between weight change and polyp 
recurrence (all weight changes, RR = 1.00; weight loss only, 
RR = 1.00; and weight gain only, RR = 1.00) [80].

Tertiary Prevention
There is convincing evidence for the adverse effect of obesity 
in cancer survivors. In a prospective study of more than 900,000 
US cancer survivors, there was increased death from all can-
cers and obesity-related cancers due to obesity. The study esti-
mated that overweight and obesity in the US could account for 
14% of all deaths from cancer in men and 20% of those in 
women [81]. Moreover, obese women with Stage II–III colon 
cancer at baseline had inferior survival and higher recurrence 
rates despite absence of chemotherapy- related toxicity, when 
compared with women of normal weight [82]. The evidence 
for the positive impact of weight loss on survival and recur-
rence in cancer survivors is less conclusive. An Australian 
study concluded that increasing body fat and waist circumfer-
ence decrease cancer-specific survival and that weight loss by 
increasing activity improve overall and CRC-specific survival [56]. 
In a cohort of 21,707 postmenopausal female cancer survivors, 
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women who experienced intentional weight loss >20 pounds 
had lower incidence rates of 11% for any cancer, 9% for colon 
cancer, and 14% for all obesity-related cancer after adjusting 
for other confounders [83]. In contrast, a prospective, observa-
tional study of 1,053 patients who had stage III colon cancer, 
found no association between intentional weight loss with 
disease- free survival time or overall mortality [84]. In sum-
mary, obesity appears to have detrimental effects on colon can-
cer survival and recurrence, but it is less clear if weight 
reduction alone improves outcomes.

 Non-colorectal Gastrointestinal Cancers
Obesity accounts for 20% of all cancer cases and a 5 kg/m2 
increase in BMI is strongly associated with esophageal (RR 
1.51), gallbladder (RR 1.59), pancreatic (RR 1.12), colorec-
tal (RR 1.09), and liver cancer (RR 1.07) [85]. The patho-
physiology of obesity is complex and likely contributes to 
different GI malignancies by different mechanisms 
(Fig. 29.2) [71]. The high insulin state and chronic inflam-
mation from obesity likely drive colon and pancreatic can-
cers. Obesity contributes to liver cancer development 
indirectly by causing nonalcoholic steatohepatitis (NASH) 
and eventual liver cirrhosis. Esophageal adenocarcinoma is 
caused by reflux esophagitis and gallbladder cancer is caused 
by chronic irritation from secretion-gallstones, both of which 
are related to obesity. Obese individuals have about a 2.5- 
fold risk of Barrett’s esophagus, which is a precursor lesion 
to esophageal adenocarcinoma [86]. Obesity-related mark-
ers, including leptin and inflammatory mediators, are corre-
lated to increased risk of esophageal adenocarcinoma (EA) 
progression from Barrett’s esophagus, whereas adiponectin 

had a nonlinear inverse association with risk of EA [87]. 
There is no relationship between obesity and esophageal 
squamous cell carcinoma, which is associated with tobacco, 
alcohol, human papillomavirus (HPV), and achalasia. For 
stomach cancer, recent meta-analyses support an increased 
risk of proximal (cardia) gastric cancer in relation to body 
fatness, making the evidence as “suggestive.” For distal 
(non-cardia) gastric cancer the level of evidence regarding 
obesity and cancer risk remains inconclusive [88]. Weight 
loss appears to benefit women with obesity-related cancers 
more than men. For instance, women who experienced inten-
tional weight loss >20 pounds had 14% lower incidence for 
obesity-related cancer after adjusting for other confounders 
[83]. Perhaps the most convincing evidence that establishes 
the role of weight loss in decreasing overall cancer incidence 
comes from a prospective interventional trial called the 
Swedish Obese Subjects. In this trial, obese women who 
underwent bariatric surgery had lower overall cancer inci-
dence (HR 0.67) than the control group who received con-
ventional care. No observed difference in cancer incidence 
was seen in men (HR 0.97). The lack of benefits of bariatric 
surgery in men in this study may be due to smaller sample 
size (1,180 men versus 2,867 women). In addition, weight 
loss appears to have the largest impact on breast and endo-
metrial cancers, which likely drive the cancer-reduction ben-
efits seen in women [75]. A retrospective observational study 
identified an association between bariatric surgery and lower 
prevalence of liver cancer in academic institutions. 
Individuals with a history of bariatric surgery had a 61% 
lower prevalence of liver cancer compared to those without, 
even after adjusting for sex, race, and ethnicity [89].
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Fig. 29.2 Mechanisms of 
gastrointestinal 
carcinogenesis due to obesity 
and potential interventions. 
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 Therapeutic Prevention

 Colorectal Cancer

The bulk of clinical trials evidence supporting therapeutic 
prevention of GI malignancies involves prevention of CRC 
(Table 29.2). Beyond the scope of this chapter is CRC screen-

ing, including colonoscopy screening  – which is unique 
among screening paradigms as detection and removal of pre- 
neoplastic lesions can be accomplished simultaneously. Prior 
to discussing therapeutic prevention of CRC, it must be 
acknowledged that the declines in US CRC incidence and 
mortality rates over the past few decades have been attrib-
uted largely to CRC screening programs as well as advances 

Table 29.2 Select colorectal cancer chemoprevention studies

Author Study setting Study design
Number of 
patients Intervention Primary outcome

Aspirin/NSAIDs
Steinbach, 2000 Secondary, 

FAP patients
Randomized, 
double-blind

77 Celecoxib Decreased mean number of polyps by 28%

Nugent, 1993 Secondary, 
FAP patients

Randomized 24 Sulindac Decreased duodenal and rectal polyposis

Higuchi, 2003 Secondary, 
FAP patients

Randomized, 
double-blind

21 Rofecoxib Compared to placebo, rofecoxib arm had decreased polyp 
number (9.9%) and size (−16.2% versus 1.5%) at 9 
months

Bertagnolli, 
2006

Secondary Randomized, 
double-blind

2035 Celecoxib Reduced risk of recurrent adenoma vs. placebo (risk ratio 
0.67); increased cardiovascular toxicity at 1 year

Chan, 2007 Primary Population-based 130,000 Aspirin Reduced incidence of CRC (RR 0.64) among COX-high 
individuals

Benamouzig, 
2003

Secondary Randomized, 
double-blind

272 Aspirin Reduced risk for recurrent adenomas found at 
colonoscopy 1 year after treatment (RR 0.73).

Sandler, 2003 Secondary Randomized, 
double-blind

517 Aspirin Reduced risk of recurrent adenoma RR 0.65 at 
12.8 months follow-up

Ishikawa, 2014 Tertiary Randomized, 
double-blind

311 Aspirin Lower risk of cancer recurrence in non-smokers taking 
aspirin (OR 0.37). Higher risk of recurrence with smoker 
taking aspirin (OR 3.44) in Asians

Chan, 2009 Tertiary Randomized, 
double-blind

1279 Aspirin Reduced CRC mortality in patients with COX2 high 
tumors (HR 0.39) but not COX2 low tumors (HR 1.22) at 
11.8-year follow-up

Liao, 2012 Tertiary Retrospective 
observation

964 Aspirin Improved CRC survival (HR 0.18) and OS (HR 0.54) 
among patients with PIK3CA mutation

Kothari, 2015 Tertiary Prospective 
observation

1487 Aspirin No improvement in OS (HR 0.96) or CRC survival (HR 
0.60)

Zell, 2009 Tertiary Population-based, 
prospective

621 NSAIDs Improved OS (HR, 0.55) and CRC-specific survival (HR 
0.40) with NSAID intake among women

Ca2+ and vitamin D
Wactawski- 
Wende, 2006

Primary Randomized, 
double-blind

36,282 Ca2+, Vitamin 
D

Ca2+/Vitamin D had no effect on the incidence of CRC 
among postmenopausal women at 7 years

Baron, 1999 Secondary Randomized, 
double-blind

930 Calcium Decreased risk of adenoma recurrence (HR 0.85)

Baron, 2015 Secondary Randomized, 
double-blind

2259 Ca2+, Vitamin 
D, or both

No effect of intakes of vitamin D3 calcium, or both on 
recurrent adenomas at 3–5 years

Statins
Poynter, 2005 Primary Population- based, 

retrospective
3968 Statins Associated with decreased colorectal cancer (odds ratio, 

0.50)
Coogan, 2006 Primary Population- based, 

case control
3618 Statins Associated with no reduced overall risk of CRC (OR 

0.92) but reduced risk of Stage IV CRC (OR 0.49)
Lee, 2011 Primary Population- based, 

prospective
131,922 Statins Associated with reduced risk for rectal cancer (RR 0.59) 

but not colon cancer (RR 0.99)
Metformin
Hosono, 2010 Secondary, 

Biomarker
Randomized 
controlled

26 Metformin At 1-month follow-up metformin group had decreased 
rectal aberrant crypt foci vs. control

Zell, 2014 Secondary, 
Biomarker

Randomized 
controlled

45 Metformin Twelve weeks of PO metformin did not reduce pS6 level 
(surrogate marker of PI3K pathway) in rectal mucosa

Polyamine inhibitors
Meyskens, 2008 Secondary Randomized 

controlled
375 DFMO and 

Sulindac
DFMO/Sulindac-treated arm had lower adenoma 
recurrence (12.3%) vs. placebo (41.1%); risk ratio 0.30

NSAIDs nonsteroidal anti-inflammatory drugs, FAP familial adenomatous polyposis, CRC colorectal cancer
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in treatment. As discussed, the well-characterized genetic 
model of colorectal carcinogenesis has been used success-
fully as a framework for designing high-quality therapeutic 
prevention clinical trials. As with therapeutic cancer clinical 
trials development, a clear balance of safety must be mea-
sured against clinical benefit, in a risk-stratified manner. For 
therapeutic prevention trials, however, the risk threshold is 
necessarily quite low – since the population at risk is typi-
cally without malignancy.

 Aspirin and Nonsteroidal Anti-inflammatory 
Drugs
Multiple lines of evidence from experimental [90–95], epi-
demiologic [96–100], and clinical trials research [101–105] 
have implicated aspirin and NSAIDs in the primary preven-
tion of CRC. Aspirin is an anti-inflammatory agent, involved 
in prostaglandins inhibition [106]. Cyclooxygenase (COX)-2 
selective and non-selective NSAIDs similarly reduce carci-
nogenesis within the colon through inhibition of prostaglan-
din synthesis (Fig.  29.3) [107]. In patients with familial 
adenomatous polyposis (FAP), one of the major dominantly 
inherited genetic colorectal cancer syndromes, NSAIDs 
clearly reduce adenoma formation [102, 104]. Furthermore, 
aspirin has been shown in clinical trials to reduce the risk of 
recurrent adenomas by 25–30% among adenoma patients 
(secondary prevention) [108] and CRC survivors (tertiary 
prevention) [109]. Clinical trials of various NSAIDs have 
been shown to result in a 40–50% reduction of recurrent 
adenomas (secondary prevention), however, at the cost of 
cardiovascular toxicity [110]. As such, NSAIDs are not rec-

ommended for primary prevention of CRC by the United 
States Preventive Services Task Force (USPSTF) [111]. 
Multiple observational studies in CRC survivors have con-
tributed to our understanding of the roles of aspirin and pre-
vention of CRC progression. Among CRC survivors, regular 
aspirin and NSAIDs use have been associated with improved 
overall survival and cancer-specific survival [112, 113]. 
Subsequent studies of CRC survivors reveal important tumor 
characteristics that exhibit specificity for the association of 
aspirin with improved outcomes. In one study, patients with 
CRC tumors expressing COX-2 (which includes 67% of all 
CRC patients), regular aspirin use was associated with mor-
tality risk reduction [114]. However, aspirin was associated 
with no risk reduction among CRC patients having tumors 
that lack COX-2 expression. Similarly, investigators have 
examined PIK3CA mutations in tumors from CRC patients, 
due to well-described roles of the phosphatidylinositol cas-
cade in colorectal carcinogenesis. Initial reports revealed a 
strong association of regular aspirin use and tumor PIK3CA 
mutation with prolonged overall survival and CRC-specific 
survival [115]. Individuals lacking PIK3CA mutation were 
observed to have no survival benefits of regular aspirin use. 
Other investigators reported similar findings [116], while the 
findings from a third study failed to confirm these results 
[117]. Of note, the “dissenting” report had low statistical 
power. Finally, the benefit of aspirin in tertiary colorectal 
prevention was observed mostly in non-smokers [118, 119]. 
Aspirin intake among smokers was actually associated with 
higher cancer recurrence rate. Given the higher risk thresh-
old for cancer survivors, a phase III clinical trial of the 

Phospho
lipids

Arachadonic
acid

Prostaglandins
Prostacyclin

Thromboxanes

Export

COX 1 & 2

NSAIDs

PPARγ

SSAT

Polyamines

ODC

Ornithine

Eflornithine
(DFMO)
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nonsteroidal anti-
inflammatory drugs 
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metabolism. NSAIDs inhibit 
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COX-2 selective NSAID celecoxib in stage III colon cancer 
patients was launched through the US NCTN in 2010. This 
clinical trial completed accrual in Fall 2015 (NCT01150045), 
with results anticipated in the next couple of years.

 Calcium/Vitamin D
Multiple preclinical studies have established the anti- 
proliferative mechanisms of calcium and vitamin D. Calcium is 
an essential micronutrient that serves as a second messenger 
for many cellular pathways. Putative biological activities 
related to the apparently protective effects of calcium in the 
colon include binding of bile acids, decreasing cytotoxicity of 
fecal water, inhibition of cellular proliferation, and induction of 
apoptosis [120]. Vitamin D promotes cell cycle arrest by partly 
suppressing cyclin D, stimulates cell differentiation via a path-
way involving β(beta)-catenin, and stimulates apoptosis by 
upregulating pro-apoptotic proteins (BAK, BAX) and down-
regulating anti-apoptotic signals (BCL-2) [120, 121]. 
Numerous observational studies report associations between 
regular calcium and CRC risk [122–124]. Reported associa-
tions for vitamin D intake and reduced CRC incidence are 
inconsistent [125–127]. Reports of any benefits of calcium and 
vitamin D supplements on secondary prevention of CRC are 
mixed. Calcium supplementation has been proven to decrease 
recurrent adenomas by 25–30% in adenoma patients [128] and 
also in an NCTN trial of cancer survivors [129]. In contrast, a 
recent prospective randomized trial found no secondary pre-
ventive benefit for daily supplementation with vitamin D, cal-
cium, or both after removal of colorectal adenomas over a 
period of 3–5 years [130]. While calcium supplementation has 
been proven to reduce colorectal adenomas in the clinical trial 
setting, effects on CRC risk are lacking. The Women’s Health 
Initiative (WHI) study, a randomized controlled trial of more 
than 36,000 women given calcium and vitamin D versus place-
bos for 7 years, revealed no effect on CRC risk among post-
menopausal women [131]. Recently, vitamin D has reemerged 
as a potential chemopreventive agent for CRC. A recent obser-
vational study of stage IV CRC patients revealed associations 
of vitamin D with prolonged survival outcomes [132]. 
Certainly, calcium and vitamin D meet the criteria for safety in 
the setting of CRC prevention. However, since the reported 
cancer- preventive effects of calcium and vitamin D are modest 
in comparison with other agents (such as NSAIDs and the 
polyamine inhibitors), the role of calcium and vitamin D in 
CRC prevention is currently undefined.

 HMG Co-A Reductase Inhibitors (Statins)
Over the past couple of decades, statins have been investi-
gated as chemopreventive agents due to the demonstration 
that HMG-CoA reductase is overexpressed in colorectal can-
cer cells [133] and that statins induce apoptosis and inhibit 
cell growth [134, 135]. Initial enthusiasm from observational 
studies suggesting associations with statins on decreased 

overall CRC risk [136] and advanced stage CRC risk [137] 
was diminished by inconsistent results from recent prospec-
tive studies [138–140]. Ultimately, a phase III clinical trial of 
rosuvastatin was launched through the NCTN in an attempt 
to prove clinical benefit in early-stage colon cancer survivors 
(NSABP P-5, NCT01011478). However, the trial was closed 
in Fall 2014 due to poor accrual, in part because of the large 
number of patients in the US already taking a statin for 
cholesterol- lowering purposes. As such, there are currently 
no recommendations for statin use in the setting of primary, 
secondary, or tertiary CRC prevention.

 Metformin
While agreement in the literature is not uniform [141], a 
growing evidence of population-based studies shows lower 
levels of cancer incidence (including CRC) and cancer- 
specific deaths among diabetics on metformin than diabetics 
on other treatments [142–144]. Two non-mutually exclusive 
mechanisms have been proposed: (1) reduction of host insu-
lin levels by metformin and (2) the direct action of metfor-
min as an AMPK activator and mTOR inhibitor in neoplastic 
cells. A key action of metformin is activation of the LKB1/
AMPK pathway (Fig. 29.4) [145]. One pivotal study dem-
onstrated that the in  vivo action of metformin is severely 
attenuated in liver-specific LKB1 knockout mice [146]. 
There is evidence that hyperinsulinemia stimulates aggres-
sive cancer behavior. Metformin has important insulin-low-
ering and glucose-lowering activity in hyperinsulinemic 
patients with the metabolic syndrome, obesity, and/or type 
II diabetes [147]. Metformin has a direct growth inhibitory 
action [148, 149], requiring AMPK activation that leads to 
inhibition of mTOR activation and protein synthesis [148, 
149], and reduced proliferation. Multiple investigations 
suggest specific relevance of these hypotheses to CRC 
[150–158]. In CRC mouse models, 10 weeks of treatment 
with metformin favorably altered mTOR pathway interme-
diates in colorectal polyps and resulted in decreased intesti-
nal polyp formation [153]. In a small clinical trial of patients 
with colorectal aberrant crypt foci (ACF), which have been 
associated with CRC development, metformin 250 mg/d for 
30 days reduced the number of colorectal ACF and dysplas-
tic ACF when compared to placebo [159]. A National 
Cancer Institute (NCI), Division of Cancer Prevention-
funded Phase IIA clinical trial of metformin 1,000 mg po 
bid (after 3-week upward dose titration) for a total of 
3 months was conducted among obese patients with colorec-
tal adenomas, with a primary endpoint of pS6 (by IHC) 
reduction in the colorectal mucosa (pre- vs. post-rectal 
mucosa biopsy analysis). Reports of this trial reveal no dif-
ferences in the proposed rectal mucosa biomarker endpoints 
downstream of mTOR (NCT0131246) [160]. Currently, we 
await the final result of this study among other metformin-
based CRC prevention trials.
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Fig. 29.4 Mechanism of 
action of metformin in cancer 
prevention. Metformin 
decreases insulin production 
indirectly by inhibiting 
gluconeogenesis and 
increasing insulin sensitivity. 
Lower insulin levels decrease 
activation of the PI3K/AKT/
mTOR pathway, which is 
involved in many types of 
malignancies. Additionally, 
metformin also stimulates a 
key cellular energy regulator, 
5’ AMP-activated protein 
kinase (AMPK). Activation of 
AMPK inhibits formation of 
the mTOR complex. 
Metformin also directly 
inhibits the mTOR complex.

 Polyamine Inhibitors
Polyamines are naturally occurring amino acid-derived cat-
ions found in biologic systems [161] and they are involved in 
numerous physiological processes, including wound repair 
and spermatogenesis. However, in excess, polyamines are 
associated with carcinogenesis in epithelial tissues, particu-
larly within the colorectum [162, 163]. The major poly-
amines include putrescine, spermidine, and spermine. 
Polyamines themselves are derived from diet, and through 
conversion directly by intestinal bacteria from ornithine (a 
product of the urea cycle) to the polyamines, or through con-
version of the rate-limiting step in polyamine synthesis, orni-
thine decarboxylase (ODC) [162]. Dietary arginine, which is 
itself a precursor to ornithine and thus the polyamines, is 
believed to be involved in polyamine-associated carcinogen-
esis. In ApcMin/+ mice, intestinal tumorigenesis results 
from dietary arginine supplementation, in a polyamine- 
dependent process that can be inhibited by NSAIDs (through 

induction of spermidine spermine acetyltransferase and sub-
sequent cellular polyamine export), and the ODC inhibitor 
eflornithine (difluromethylornithine, DFMO) (Fig. 29.3) [8, 
164]. In these studies, combination of eflornithine and 
NSAIDs dramatically decrease murine intestinal polyamine 
levels and tumorigenesis. As such, polyamine inhibitors have 
been investigated in a series of clinical trials in humans as 
CRC chemoprevention. Early phase clinical trials revealed 
that low doses of eflornithine could inhibit polyamines in the 
rectal mucosa, and the treatment was well tolerated [165, 
166]. Subsequently, a phase III randomized controlled clini-
cal trial investigated combination eflornithine 500  mg/day 
plus sulindac 150  mg/d versus placebos in colorectal ade-
noma patients over a 3-year duration [167]. Compared with 
both placebos, combination eflornithine and sulindac 
resulted in a 70% decreased adenoma recurrence rate. 
Impressively, the effects against high-risk adenomas (high-
grade dysplasia, villous adenomas) and multiple adenomas 
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were >90%, and the combination regimen was very well tol-
erated. No clinical differences in side effects were observed 
when compared to placebos [167, 168]. However, in subse-
quent analyses, a small, non-significant and transient 8% dif-
ference in audiogram thresholds was observed without 
evidence of clinical hearing loss [169]. Secondary analyses 
from this landmark adenoma trial revealed a number of 
important insights on polyamine inhibition of colorectal car-
cinogenesis. As sulindac has both polyamine inhibitory and 
prostaglandin synthesis inhibitory properties, translational 
analyses were conducted on tissue polyamine and prosta-
glandins levels in the parent study. Importantly, rectal tissue 
biomarker alterations affecting polyamines (but not prosta-
glandins) were observed after eflornithine/sulindac treatment 
in the parent trial [170]. A polymorphism at ODC1 +316 is 
known to modify the effects of regular aspirin use on recur-
rent colorectal adenomas [171]. In the parent trial of ade-
noma risk reduction by polyamine inhibitors, investigators 
observed that the +316 ODC1 polymorphism modulates 
eflornithine/sulindac effects on adenoma recurrence [172]. 
In the parent trial, polyamine inhibitors were effective 
regardless of baseline obesity status [173]. Diet may have 
relevance to polyamine inhibition in CRC prevention. 
Certain foods are high in polyamine content, including 
meats, processed meats, peanut butter, nuts, beer, corn, 
grapefruit juice, and orange juice [174]. In APC Min/+ mice 
dietary polyamine supplementation increases intestinal tis-
sue polyamine levels [175] and decreases anticarcinogenic 
effects of sulindac [176]. Consistent with these experimental 
results, a high dietary polyamine intake abrogated the ade-
noma risk-reductive effects ascribed to eflornithine/sulindac 
among colorectal adenoma patients in the parent trial [177]. 
Currently, a randomized controlled phase III clinical trial of 
CRC survivors is underway within the NCTN to investigate 
eflornithine, sulindac, or placebos on the development of 
high-risk adenoma or second primary CRC (NCT01349881; 
S0820/PACES: Preventing Adenomas of Colon with 
Eflornithine and Sulindac) [178]. Additionally, these poly-
amine inhibitors are being evaluated in a randomized trial of 
FAP patients (NCT01483144). While these polyamine inhib-
itory agents hold promise in CRC prevention, future indica-
tions must await completion of the ongoing randomized 
clinical trials.

 Colorectal Cancer Immuno-prevention
Colorectal cancer is subjected to strong immune surveillance 
as evidence by the presence of tumor-specific antibodies and 
T cells that are found even in colonic adenomas [179, 180]. 
The goal of cancer vaccination is to optimize the pre-existing 
immune surveillance and subsequent elimination of the pre-
malignant lesions. Recent clinical trials have shown modest 
improvement in DFS and OS in patients with several malig-
nancies including melanoma [181], prostate cancer [182], 

and follicular lymphoma [183]. MUC1 is a glycoprotein that 
expresses abnormally in premalignant and malignant CRC 
cells, making it an ideal target for tumor vaccination [184–
186]. In various animal models, MUC1 vaccine administra-
tion results in immune protection against MUC1+ tumors 
[187–189]. Recently, a clinical study demonstrated that 
administration of human tumor-associated antigen (TAA) 
MUC1 vaccine to 39 patients with colonic adenoma elicited 
high levels of anti-MUC1 IgG and produces long-lasting 
immune memory. The vaccine was safe with minimal side 
effects. Lack of response in 22/39 individuals was correlated 
with high levels of circulating myeloid-derived suppressor 
cells (MDSCs), but not regulatory T cells at baseline [190]. 
Increased MDSCs, like regulatory T cells, have been demon-
strated to suppress adaptive immune system [191, 192] and 
have been associated with advanced cancer [193]. Although 
the preliminary immunogenicity data appear promising at 
least in individuals with low baseline MDSCs, we will need 
further clinical data to determine whether this vaccine can 
translate into clinical benefit, such as reducing adenoma 
recurrence. It is anticipated that cancer vaccination will 
assume a greater role in CRC prevention in the future.

 Anal Cancer

Although still rare, the incidence of anal cancer has risen 
substantially with a 3-fold increase in men and 1.7-fold in 
women [194]. Important risk factors include men who have 
sex with other men (MSM), HPV infection, human immuno-
deficiency virus (HIV) infection, chronic immunosuppres-
sion other than HIV infection, and smoking. There is a 
markedly higher incidence of anal intraepithelial neoplasia 
(AIN) and anal cancer in HIV-infected men, particularly 
MSM. In a report of data from 13 cohorts including 34,189 
HIV-infected and 114,260 HIV-uninfected individuals, the 
unadjusted anal cancer incidence rates per 100,000 person- 
years were 131 for HIV-infected MSM, 46 for other HIV- 
infected men, and 2 for HIV-uninfected men [195]. As a 
result, some public health institutions recommend anal can-
cer screening for high-risk populations [195]. Currently, 
there are no randomized trials demonstrating improved sur-
vival with anal dysplasia screening. Other caveats include 
absence of uniform and effective treatment for AIN and 
unknown progression rate from AIN to anal cancer [196]. 
Emerging evidence suggests that use of the HPV vaccine 
reduces the rates of anal intraepithelial neoplasia, including 
grade 2 or 3, among MSM men. In a phase III HPV vaccina-
tion trial that included 598 MSM men, the per protocol effi-
cacy for prevention of HPV related all-grade AIN was 77.5% 
and against AIN2/3 was 74.9% [197]. No adverse event from 
HPV vaccine was observed. The positive results from this 
study, among others, prompted the Advisory Committee on 
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Immunization Practices (ACIP) to recommend HPV vacci-
nation in males in 2011 in addition to the prior recommenda-
tion for females in 2006. The long-term impact of HPV 
vaccine on anal cancer risk and mortality remains to be seen.

 Esophageal Cancer

Esophageal cancer is the eighth most common cancer and 
the sixth most common cause of cancer death [198]. Since 
the 1970s, the incidence of esophageal adenocarcinoma has 
risen dramatically from 10% of all esophageal cancer cases 
in the United States to more than 60% [199] with a concomi-
tant decline in squamous cell carcinoma [200]. Obesity, 
smoking, alcohol, and gastroesophageal reflux are linked to 
Barrett’s esophagus (BE) and subsequent esophageal adeno-
carcinoma. Barrett’s esophagus is a premalignant condition 
that carries an annual risk of developing cancer from 0.1% to 
0.4% per year [201–203]. Consequently, the American 
College of Gastroenterology (ACG) recommends endo-
scopic surveillance every 3–5 years for BE patients without 
dysplasia [204, 205]. For patients with high-grade dysplasia 
or intramucosal carcinoma, ACG recommends endoscopic 
eradication [204]. Guidelines recommend either surveillance 
or endoscopic eradication for patients with low-grade dys-
plasia, but most experts favor endoscopic ablation to prevent 
dysplasia progression.

Endoscopic ablative therapies employ radiofrequency, 
thermal, or photochemical energy to eradicate the abnormal 
Barrett’s mucosa. Radiofrequency ablation (RFA) is the 
most commonly used technique, which delivers radiofre-
quency energy to the esophageal mucosa by an inflatable 
balloon that contains a coil electrode array [206]. RFA is 
highly effective with complete eradication of dysplastic 
Barrett’s mucosa by more than 90% [207, 208]. RFA was 
shown to reduce progression from Barrett’s esophagitis to 
dysplasia (3.6% vs. 16.3%) and neoplasia (1.2% vs. 9.3%) 
relative to sham therapy [209]. However, there is a substan-
tial risk of recurrence following RFA, highlighting the need 
for ongoing endoscopic surveillance [210]. Endoscopic 
spray cryotherapy is a newer ablative technique that freezes 
the Barrett’s mucosa with low-pressure liquid nitrogen or 
carbon dioxide gas. Observational data suggest that cryo-
therapy is highly effective, with an eradication rate of 94% 
for high-grade dysplasia, 89% for dysplasia, 77% for intra- 
mucosal cancer, and 55% for metaplasia [211]. The proce-
dure is safe with no major complications. Long-term data are 
lacking and RFA is still the most commonly used technique. 
Photodynamic therapy is another ablative technique that uti-
lizes photochemical to produce cytotoxicity after exposure to 
light and O2. It is rarely used due to potential serious compli-
cations, such as esophageal stricture and high rate of pro-
gression to malignancy.

Endoscopic mucosal resection (EMR) involves removal 
of esophageal mucosa down to the submucosa and provides 
large tissue specimens for histological examination and path-
ological staging. Endoscopic resection is effective with com-
plete eradication rate of 94% for high-grade dysplasia and 
89% for all Barrett’s mucosa [208]. For large lesions, EMR 
should be combined with RFA to reduce the risk of EMR- 
associated complications such as stricture. For instance, a 
study found that the esophageal stenosis was significantly 
higher in patients who underwent stepwise radical EMR 
compared to those who had EMR followed by RFA (88% vs. 
14%) [212].

Proton pump inhibitor (PPI) therapy is recommended for 
all BE patients given the clinical benefits of reflux control 
and potential as chemoprevention. PPIs reduce esophageal 
mucosal irritation by suppressing reflux acid, which is known 
to cause DNA damage in Barrett’s epithelial cells [213]. A 
retrospective study found that the use of PPI after BE diag-
nosis was independently associated with 75% reduced risk of 
dysplasia [214]. Similarly, a meta-analysis from 7 observa-
tional studies (n = 2,813) also found that PPI use was associ-
ated with a 71% reduction in risk of high-grade dysplasia 
and carcinoma [215]. The long-term consequence of acid 
suppression on this disease is unknown as prospective data 
are lacking. Moreover, it is a fact that the incidence of EAC 
continues to rise throughout the PPI era. The doses of PPI or 
H2 blockers required to treat reflux symptoms are signifi-
cantly lower than the dose required for full acid suppression. 
A prospective study that focused on the progression to dys-
plasia in a cohort of 68 BE patients showed that profound 
acid suppression (omeprazole 40 mg BID) may cause partial 
regression of intestinal metaplasia compared to mild acid 
suppression (ranitidine 150 mg BID) [216]. Larger interven-
tional trials are needed to evaluate the role of higher PPI dose 
and/or a combination of PPI and other agents in esophageal 
cancer prevention.

Nonsteroidal anti-inflammatory drugs and aspirin appear 
to have a chemopreventive effect against BE and 
EC. Preclinical studies showed that Barrett’s metaplastic and 
dysplastic cells overexpressed COX-2 [217], and suppres-
sion of COX-2 by celecoxib in rat model systems resulted in 
decreased esophagitis and prevention of metaplasia and EC 
[218]. Multiple observational studies estimated an approxi-
mately 40% EC risk reduction associated with intake of aspi-
rin or NSAIDs [219–221]. The combination of statins and 
NSAIDs appear to have an additive effect (HR 0.22) [222]. 
However, the phase IIb multicenter, randomized, placebo- 
controlled Chemoprevention for Barrett’s Esophagus Trial 
(CBET) revealed no difference in the rate of cancer progres-
sion in BE patients taking 200 mg celecoxib BID compared 
to placebo after 48-week follow-up [223]. Due to the poten-
tial adverse effects such as GI bleeding and cardiovascular 
toxicities, NSAIDs cannot be recommended for EC chemo-
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prevention at this time. On the other hand, aspirin is a safer 
alternative when given with PPI, but more prospective data 
are needed. A large multicenter phase III trial evaluating the 
efficacy and safety of esomeprazole (high versus low dose) 
with or without aspirin for the prevention of EC in Barrett’s 
esophagus individuals with 10-year follow-up is currently 
being conducted in the United Kingdom [224].

 Gastric Cancer

Gastric cancer (GC) demonstrates significant regional varia-
tion, with high incidence observed in Eastern Asia, South 
America, Eastern Europe, and the Middle East. The overall 
incidence of GC is low in the US but higher in ethnic minori-
ties such as Asians, Hispanics, and African-Americans [225]. 
Since intervention in early GC (T1 lesion) results in more 
than 90% 5-year survival [226, 227], countries with high 
prevalence of GC, such as South Korea and Japan, adopted 
universal screening programs. In Japan, the proportion of 
early GC rose from 15% to as high as 57% with the introduc-
tion of screening programs [228]. Currently, there is no rec-
ommendation for universal GC screening in the US due to 
the lack of cost effectiveness [229]. However, screening 
should be considered in high-risk individuals having atro-
phic gastritis, intestinal metaplasia, gastric adenoma, and 
familial genetic syndromes including hereditary diffuse gas-
tric cancer, familial adenomatous polyposis, Lynch, Peutz- 
Jeghers, and juvenile polyposis [230–232].

Gastric intestinal metaplasia (GIM) is a premalignant 
condition in the gastric carcinogenesis sequence through a 
series of well-defined precursors. These precursor lesions 
include nonatrophic gastritis, multifocal atrophic gastritis, 
intestinal metaplasia, dysplasia, and gastric cancer [233]. 
The risk of progression to cancer is influenced by the viru-
lence factors of the infecting H. pylori strain, environmental 
stimuli, host genetics, and extent of intestinal metaplasia 
[234]. The risk of malignancy can be as high as 11% in atro-
phic gastritis and intestinal metaplasia [235]. Limited evi-
dence suggests that surveillance may lead to early detection 
of GC and improved survival in patients with precursor 
lesions [235, 236]. The European Society of Gastrointestinal 
Endoscopy recommends surveillance for GC in individuals 
with premalignant conditions by upper endoscopy and gas-
tric biopsy mapping every 2–3 years [237]. In contrast, the 
American Society for Gastrointestinal Endoscopy suggests 
that the risk of progression to cancer is low for most 
Americans and recommends against surveillance unless 
other risk factors for GC are present, such as a family history 
of gastric cancer and Asian heritage [238].

Current guidelines recommend to screen and treat H. 
pylori in individuals with premalignant lesions given its 
important role in carcinogenesis of GC [237]. H. pylori erad-

ication resolves non-atrophic gastritis [239, 240] and may 
partially regress multifocal atrophic gastritis [241]. Due to 
the high rates of H. pylori infection and GC in Latin America, 
a US National Clinical Trials Network (NCTN) study was 
conducted in the region [242]. Investigators found that H. 
pylori eradication is possible in resource-poor countries, 
with durable effects seen 1-year after antibiotic treatment 
[243]. In patients with intestinal metaplasia, H. pylori eradi-
cation does not appear to reverse intestinal metaplasia but 
may slow progression to neoplasia [244, 245]. In a random-
ized chemoprevention trial of gastric dysplasia, individuals 
with precursor lesions were treated with triple therapy with 
ascorbic acid, carotene, or placebo [246]. All interventions 
resulted in statistically significant increase in the rates of 
regression for atrophic gastritis (RR 4.8) and intestinal meta-
plasia (RR 3.1). The addition of ascorbic acid or carotene did 
not provide additional benefits over triple therapy. It is 
unclear if improvement in the precursor lesions can prevent 
GC. A large-scale randomized trial in China failed to demon-
strate that H. pylori eradication led to a significant decrease 
in the rate of GC in all H. pylori carriers at 7.5 years [247]. 
Subgroup analysis revealed that H. pylori eradication signifi-
cantly decreased the development of GC in carriers with no 
precursor lesions. Subsequent meta-analysis of 6 studies 
comprising 6,695 individuals found that H. pylori eradica-
tion decreased the risk of GC by 35% [248]. Overall, the 
chemopreventive benefit of H. pylori eradication appears 
highest in individuals with non-atrophic gastritis and atro-
phic gastritis, before the development of intestinal 
metaplasia.

There is some evidence to suggest that long-term intake 
of NSAIDs is associated with decreased incidence of GC 
according to 2 meta-analyses of observational studies [249, 
250]. COX-2 plays an important role in gastric carcinogene-
sis as COX-2 is upregulated in H. pylori-induced inflamma-
tion, precursor lesions, and gastric tumors [251]. A 
prospective cohort study of 150 chronic celecoxib users and 
216 non-users found a higher regression rate of intestinal 
metaplasia in users than non-users (42% vs. 20%) after H. 
pylori eradication [252]. A small, randomized, placebo- 
controlled trial evaluating the effect of celecoxib on 60 
patients following H. pylori eradication also found increased 
regression of precursor lesions in the celecoxib arm after 
3 months [253]. In contrast, a larger, double-blind, random-
ized, placebo-controlled trial involving 213 subjects did not 
find any difference in intestinal metaplasia regression in 
those who took rofecoxib versus placebo for 2 years [254]. 
Currently, NSAIDs are not recommended for GC chemopre-
vention due to an unfavorable risk and benefit ratio.

In general, the chemopreventive benefit of vitamin supple-
mentation is weak based on results from several trials con-
ducted in countries with high GC prevalence. As mentioned 
earlier, the addition of ascorbic acid or carotene did not provide 
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additional benefits over triple therapy in causing regression of 
premalignant lesions [246]. Two other randomized trials, one 
conducted in China [255] and another in Venezuela [256], 
failed to find any difference in progression/regression of gastric 
precancerous lesions between vitamin supplements (ascorbic 
acid, vitamin E, beta-carotene, and selenium) and placebo.

 Pancreas Cancer

Pancreas adenocarcinoma is one of the most aggressive solid 
tumors faced in clinical practice. Unfortunately, no effective 
screening measures have been established for this disease, 
and little has been achieved in the realm of therapeutic pre-
vention. Retrospective analysis of data in the Alpha- 
Tocopherol Beta Carotene Cancer Prevention (ATBC) study 
involving >29,000 male smokers ages 50–69 demonstrated 
no benefit of either alpha-tocopherol or beta carotene on inci-
dence or mortality of pancreas cancer [257]. Prospective clin-
ical trials of pancreas cancer prevention are few and far 
between. Cancer prevention researchers have aimed at pre- 
cancerous conditions in order to test new preventive strate-
gies. In particular, patients with intraductal papillary 
mucinous neoplasms (IPMNs) have been investigated as a 
population at high-risk for developing pancreas cancer. In a 
small clinical trial, sulindac treatment resulted in decreased 
branch duct diameter and mural height in 10 IPMN patients 
when compared to 12 IPMN patients in the control (no sulin-
dac) group [258]. Molecularly targeted therapeutics have 
been investigated as pancreas cancer prevention in IPMN 
patients. Erlotinib (an epidermal growth factor receptor 
[EGFR] tyrosine kinase inhibitor) is approved by the US 
Food and Drug Administration (FDA) for treatment of 
advanced pancreas adenocarcinoma in combination with 
gemcitabine. Preclinical studies have demonstrated that the 
EGFR pathway is important in the progression of IPMN 
lesions [259, 260]. In order to test the effect of erlotinib in a 
population of IPMN patients prior to pancreaticoduodenec-
tomy, a Phase IIa study of erlotinib in IPMN patients was 
launched through the US NCI-Division of Cancer Prevention 
Chemoprevention Consortium [261]. Erlotinib 100  mg by 
mouth daily was given for 21–42  days prior to resection. 
Unfortunately, the trial was closed due to low accrual, with 
only 6 patients on-study. Erlotinib levels were detected both 
in plasma and in resected tissue among study participants, 
and interestingly the one patient having the highest serum and 
tissue erlotinib levels had a clinical response in the short time 
on- treatment. This study reveals some of the challenges of 
studying a therapeutic preventive agent in the setting of pan-
creas cancer prevention, including the relative rarity of the 
pre-cancerous condition (IPMN), as well as the heterogeneity 
of treatment approaches for IPMN patients, and resultant 
challenges to accrual.

 Hepatobiliary Cancers

Liver cancer is a deadly disease, which unfortunately has 
been on the rise in the United States in recent years [2]. 
Therapeutic prevention of liver cancer has been limited; 
however, a few notable advances have been made in the field. 
Due to their anti-inflammatory effects, aspirin and other 
NSAIDs have been investigated in relation to hepatocellular 
carcinoma (HCC) prevention. In a retrospective study of the 
National Institutes of Health  – American Association of 
Retired Persons (NIH-AARP) Diet and Health Study cohort, 
aspirin use vs. no aspirin use was associated with a signifi-
cant 41% decreased risk of HCC, which was independent of 
other key clinical factors [262]. Of note, non-aspirin NSAID 
use was not associated with a decreased risk of HCC in this 
same observational report [262].

S-adenosylmethionine (SAMe) has been investigated as 
HCC prevention. SAMe is a substrate for numerous biochemi-
cal pathways, and has an outstanding safety profile [263, 264]. 
Animal studies have revealed that SAMe deficiency increases 
HCC risk [265–267], and SAMe supplementation reduces 
HCC risk [268, 269]. Given these properties, SAMe was 
investigated in a small, randomized, double-blind, placebo-
controlled clinical trial of HCV patients with advanced cir-
rhosis as a high-risk group [270]. After a 24-week intervention, 
blood levels of SAMe were demonstrably increased in the 
intervention group. However, no effect on serum alphafeto-
protein (AFP) was detected, nor were there effects on markers 
of liver function, hepatitis C virus levels, oxidative stress, or 
quality of life. As such, follow- up studies are not planned.

Although beyond the scope of this chapter, prevention of 
hepatitis B virus (HBV) through vaccination does represent a 
means of primary HCC prevention. Along these lines, curing 
hepatitis C virus (HCV) infection decreases the risk of 
HCC. This has been demonstrated in the era of interferon treat-
ments where sustained HCV response was shown to result in 
lower risk of HCC [271]. Newer agents such as the direct-acting 
anti-viral treatments (sofosbuvir and ledipasvir) along with 
HCV protease inhibitors have outstanding efficacy against 
HCV. Although the cost of these new HCV treatments is a major 
consideration, these agents have generated excitement about the 
possibility of curing HCV. While the long-term effects on HCC 
prevention after treatment with the new HCV medications are 
unknown, it is expected that such agents will dramatically 
reduce the risk of HCC in the population under treatment.

 Conclusion

Prevention of GI malignancies remains an important goal, 
due to the tremendous global health burden of GI cancers. 
While much is to be learned, real progress has been made – 
particularly in our understanding of the roles of diet, lifestyle 
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factors, and chemopreventive agents in the prevention of 
CRC among other GI cancers. Clearly, there is a need for 
more high-quality experimental, epidemiologic, and particu-
larly clinical trials-based evidence in support of effective 
cancer preventive interventions.
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in Tissue Acquisition and Therapeutic 
Interventions for Gastrointestinal 
and Neuroendocrine Malignancies

James J. Farrell

 Introduction

Since the development of the flexible fiberoptic endoscopy 
by Basil Hirschowitz and Larry Curtiss in 1958, gastrointes-
tinal endoscopy has developed an established and important 
role in the diagnosis and treatment of patients with gastroin-
testinal and neuroendocrine malignancies [1]. The last 
10 years has seen an accelerated expansion in its role in sev-
eral areas of both tissue acquisition and therapeutic interven-
tion related to both gastrointestinal and neuroendocrine 
malignancies. This chapter will focus on several of these new 
important developments including endoscopic ultrasound 
(EUS)-guided fine needle biopsy (FNB), endoscopic muco-
sal resection and endoscopic submucosal dissection, endo-
scopic ablative therapies, EUS-guided biliary access, and 
natural orifice transgastric endoscopic surgery (NOTES).

 Tissue Acquisition

 Optical Biopsy

Although the acquisition of intact tissue or cells for micro-
scopic evaluation remains the gold standard in the diagnostic 
work-up of gastrointestinal malignancy, the combination of 
endoscopy and microscopy gives the possibility of on-site 
real-time evaluation. Confocal laser endoscopy (CLE) pro-
vides in  vivo histology, either through using a dedicated 
endoscope or a through the endoscope probe [2]. With over a 
1000-fold magnification of in  vivo tissue, CLE can only 
cover a limited field within the mucosa, requiring extensive 
scanning to obtain an image of the larger gastrointestinal 
organ of interest. As a result, CLE is more useful to focus on 

relatively small areas, to assist in performing targeting endo-
scopic biopsy, to correctly identify and image lesion mar-
gins, and to follow up treatment response [3]. CLE is able to 
distinguish between normal, nonneoplastic (e.g., inflamma-
tory), and neoplastic tissues with very high accuracy, result-
ing in it having a role in dysplasia surveillance in patients 
with premalignant diseases of the gastrointestinal tracts such 
as ulcerative colitis and Barrett’s esophagus (BE) [4]. 
However, the procedure is time-consuming, requires the 
administration of a fluorescein, and raises the issue of the 
endoscopist making a histological diagnosis in the absence 
of a trained pathologist [3].

 Endoscopic Ultrasound-Guided Fine Needle 
Aspiration and Fine Needle Biopsy

 Endoscopic Ultrasound: Fine Needle Aspiration
Whereas EUS imaging alone has an established diagnostic 
role in the diagnosis of small lesions such as pancreaticobili-
ary tumors, as well as the luminal stage of esophageal, gas-
tric, and rectal cancers, its major diagnostic strength is in its 
ability to safely and easily biopsy organs outside the lumen, 
including the pancreas, liver, lymph nodes, adrenal glands, 
and kidneys. Probably the most studied and utilized by EUS 
is EUS-FNA (fine needle aspiration) and more recently EUS- 
FNB (fine needle biopsy) of the pancreas, especially for both 
pancreatic ductal adenocarcinoma and pancreatic neuroen-
docrine neoplasms [5].

EUS-FNA refers to techniques used to acquire tissue pri-
marily for cytologic evaluation, and EUS-FNB refers to tech-
niques used to acquire tissue for histologic evaluation. Both are 
performed using a linear echoendoscope. Typically for pancre-
atic biopsy, the linear echoendoscope needs to be positioned in 
the 2nd and 3rd portion of the duodenum to biopsy uncinate 
lesions, the 2nd portion and the duodenal bulb for pancreatic 
head and neck lesions, and in the stomach for pancreatic neck, 
body, and tail lesions. Apposition between the linear echoendo-
scope and either the gastric or duodenal wall is necessary with 
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continuous endoscopic suction to decrease the amount of air 
intervening and so improve the EUS imaging. Under direct 
EUS guidance, a needle may be passed into the target lesion 
within the pancreas, with fanning recommended through at 
least four different areas to sample most pancreatic masses [6, 
7]. A variety of different gauge needles are available for EUS-
FNA ranging in size from 25 to 19 gauge, although most endo-
sonographers use either a 25G or 22G needle. It is felt that the 
smaller needle is more easily passed through desmoplastic tis-
sue seen with pancreatic ductal adenocarcinoma and induces 
less bleeding, but it is unclear if there are significant differences 
in tissue yield between both needles.

Whereas EUS imaging is very sensitive to diagnose pan-
creatic malignancy (about 95%), it is not specific. Prior to the 
advent of EUS, pancreatic cancer tissue diagnosis was done 
at the time of surgical exploration, by bile duct brushings 
through endoscopic retrograde cholangiopancreatography 
(ERCP) or by percutaneous biopsy using either abdominal 
ultrasound guidance or computed tomography (CT) guid-
ance. ERCP brushing biopsy has a sensitivity of 20–71% in 
the diagnosis of pancreatic malignancy [8]. However, EUS- 
FNA has now typically replaced these methods as the test of 
choice for primary pancreatic tissue diagnosis [5]. Meta- 
analyses have shown a pooled sensitivity of between 85% 
and 87% and a specificity of 96–98% for EUS-FNA in diag-
nosing pancreatic cancer [9, 10].

The recognized benefits of EUS-FNA in the evaluation of 
pancreatic masses include its high yield compared with alter-
native methods of diagnosis, the ability to detect small 
lesions, a low risk of seeding, and the overall cost- 
effectiveness. Although no definitive randomized clinical 
trial (RCT) data exist, EUS-FNA does appear to be effective 
after nondiagnostic CT-guided biopsy or ERCP with cyto-
logic brushing [11, 12]. The theoretical benefit of EUS in 
detecting and so biopsying small pancreatic masses has been 
borne out by several large studies showing the superior accu-
racy of EUS-FNA compared with either CT-FNA or abdomi-
nal ultrasound FNA for pancreatic masses less than 3  cm 
(86% vs. 62%) and even for masses not seen on multidetec-
tor CT [13, 14]. There appear to be a decreased risk and 
clinical significance of peritoneal seeding associated with 
EUS-FNA compared with percutaneous biopsy in patients 
with pancreas masses (2.2% vs. 16.3%) [15]. Overall, EUS- 
FNA of pancreatic masses is considered very safe with an 
overall pancreatitis risk rate (0.3–0.9%) and overall compli-
cation rate of 2.5%. These are compared with high rates of 
pancreatitis of up to 4% with percutaneous biopsies and 
between 5% and 15% for ERCP-guided biopsies [16, 17]. 
Diagnostic EUS-FNA biopsy of the pancreas has been shown 
to result in less invasive additional procedures and more 
cost-effective management of pancreatic cancer, especially 
by avoiding unnecessary surgeries [18, 19].

Nevertheless, EUS-FNA remains operator-dependent with 
a very significant learning curve, requiring specialized train-

ing beyond general endoscopy training [20]. Sampling error 
due to pancreatic cancer desmoplastic reaction and necrosis, 
especially in more aggressive tumors, is associated with the 
suboptimal performance of EUS-FNA. The use of rapid on-
site cytology evaluation (ROSE), whereby pathologists pres-
ent during the EUS-FNA procedure advise the endoscopist 
about adequacy and diagnosis, results in improved overall 
accuracy, fewer needle passes necessary to make a definite 
diagnosis, and decreased need for repeat diagnostic proce-
dures [21, 22]. Several studies have shown a decreased sensi-
tivity of EUS in identification of pancreatic malignant masses 
in the setting of chronic pancreatitis due to the difficulty in 
distinguishing the mass from the surrounding abnormal pan-
creatic parenchyma [22]. In addition, EUS- FNA has a lower 
sensitivity of diagnosing malignancy (ranging between 53% 
and 71%) in the setting of chronic pancreatitis even with the 
use of additional needle passes and the presence of an on-site 
cytologist [23, 24]. Although initial studies seemed to suggest 
the inferior diagnostic yields of EUS and EUS-FNA in the 
diagnosis of other nonadenocarcinoma lesions of the pan-
creas such as pancreatic neuroendocrine tumors (PNETs), 
lymphomas, or metastatic lesions to the pancreas, most recent 
work seems to suggest a higher sensitivity comparable to that 
seen in pancreatic ductal adenocarcinoma probably related to 
the use of ROSE and special cytologic stains [25].

 Endoscopic Ultrasound: Fine Needle Biopsy
The current diagnostic yield for EUS-FNA cytology of pan-
creatic masses is high better than for non-pancreatic indica-
tions, but not perfect [26–30]. There are several reasons for the 
suboptimal diagnostic results, including variable operator- 
dependent EUS imaging and technique, the lack of locally 
available cytologic expertise, poor specimen cellularity, and 
lack of detail on the tissue architecture and morphology. This 
latter issue is particularly problematic for distinguishing well-
differentiated pancreatic ductal adenocarcinoma from normal 
pancreatic tissue, as well as trying to diagnose pancreatic 
malignancy in the setting of chronic pancreatitis [23, 31]. 
Often there is an insufficient amount of tissue with EUS-FNA 
for additional ancillary studies, leading to lack of a definitive 
diagnosis and the need for repeat tissue acquisition.

Hypocellular biopsy tissue material is a common cause for 
a false-negative diagnosis. Hence there are several theoretical 
benefits to endoscopically pursuing a pancreatic histology or 
core biopsy (EUS-FNB). Firstly, the ability to assess tissue 
architecture may improve the ability to diagnose well-differ-
entiated pancreatic adenocarcinoma, where the cytologic 
findings (lack of the typical hyperchromasia of malignancy, 
minimal architectural disorder, and modestly increased 
nuclear-cytoplasmic ratios) may be similar to normal- 
appearing pancreas, and in diagnosing malignancy in the set-
ting of chronic pancreatitis. The second reason to consider a 
core biopsy for histology is the need to get a more representa-
tive sample of the pancreatic mass. For example, because of 
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the dense stromal proliferation typically seen in pancreatic 
ductal adenocarcinoma, it is possible that core histologic tis-
sue would allow for further study of the stroma, which is typi-
cally not commented on or assessed during regular pancreas 
FNA cytology. Another reason to pursue histologic tissue is to 
allow for immunohistochemistry or additional marker stud-
ies. With our increased understanding of the molecular basis 
for pancreatic disease and the role in which molecular mark-
ers (protein, DNA, or RNA based) may be helpful in making 
a diagnosis—such as separating primary pancreatic ductal 
adenocarcinoma from similar looking metastases to the pan-
creas or even predicting a response to treatment—there is a 
need for greater volumes of tissue that can be processed in the 
appropriate way to study and quantify these markers. While 
this may be possible with cytology, the specimens are typi-
cally small, and quantitation of immunocytochemistry mark-
ers is difficult if there is a limited cytologic specimen. A 
histologic core of tissue allows the pathologist to obtain sev-
eral sections for immunohistochemistry protein analysis and 
possibly quantitate the tissue- based marker used. Under these 
circumstances both stroma and epithelial markers may be 
assessed [32, 33]. In addition, the ability to microdissect out 
epithelial tissue may facilitate more accurate DNA or RNA 
analysis of the pancreatic specimen, by being able to identify 
the cell-based origin of the marker in question [34]. Finally, it 
is possible that, with the known limitation of EUS-FNA cytol-
ogy, the availability of reliable pancreatic histologic biopsy 
and core biopsy may remove the need for on-site cytologic 
evaluation and multiple FNA needle passes.

A variety of additional strategies exist to overcome the 
current limitation of both EUS and EUS-FNA or 
FNB.  Contrast-enhanced EUS and EUS elastography are 
two new supplemental imaging technologies, which may 
improve diagnostic yield of EUS imaging and help target 
EUS-FNA and FNB more precisely. Contrast-enhanced EUS 
employs oscillation of microbubbles using ultrasound waves 
after injection of intravenous contrast containing microbub-
bles to enhance imaging of lesions associated with hypervas-
cular structures such as endocrine neoplasms. EUS 
elastography uses assessment of tissue stiffness to help dif-
ferentiate between malignant and nonmalignant masses [35]. 
In addition, a variety of molecular markers including immu-
nocytochemical markers, fluorescence in situ hybridization 
(FISH) analysis, DNA mutational analysis including whole 
exome sequencing, and micro-RNA analysis have been pro-
posed to improve the diagnostic yield of EUS-FNA cytology, 
but currently most are not in routine clinical use [36].

 Cholangioscopy- and Pancreatoscopy-Guided 
Biopsies

The increasing availability of reliable high-quality ERCP- 
guided cholangioscopy and pancreatoscopy, which allows for 

direct visualization of the biliary tree and pancreatic duct, 
respectively, has increased the role for diagnostic ERCP [37]. 
For indeterminate biliary strictures (those without an associated 
pancreatic or other mass on imaging), where the differential 
may include a pancreaticobiliary malignancy such as cholan-
giocarcinoma or pancreatic cancer, cholangioscopy- targeted 
biopsies have an increased diagnostic yield. Although typically 
not performed during the routine evaluation of pancreatic can-
cer, ERCP-guided pancreatoscopy may have a role in the diag-
nosis and staging of a premalignant pancreatic main duct lesion 
such as intraductal papillary mucinous neoplasms (IPMN). The 
direct visualization and biopsy of papillary fronds associated 
with this disease can be helpful in confirming the diagnosis.

 Biopsy of Gastrointestinal  
Subepithelial Lesions

Gastrointestinal subepithelial lesions represent a broad col-
lection of pathologies of the gastrointestinal tract including 
leiomyomas, gastrointestinal stromal tumors (GISTs), lipo-
mas, and granular cell tumors. Routine endoscopic biopsy 
and even EUS-guided FNA or FNB are often insufficient to 
make a tissue diagnosis. This is further complicated by a 
need for a large amount of histologic quality tissue for addi-
tional immunohistochemistry. A variety of newer endoscopic 
tissue acquisition techniques have been described to address 
these issues specifically.

Single-incision needle knife (SINK) biopsy has been pro-
posed as a routine method for tissue acquisition for these sub-
epithelial lesions [38]. After EUS for evaluation of the 
subepithelial lesion, a 6- to 12-mm linear incision using a 
needle knife is made followed by regular forceps bites through 
this incision to obtain three to five regular endoscopic biopsy 
bites for histology. Compared with the often low diagnostic 
yield of EUS-FNA (approximately 12% for subepithelial 
lesions), SINK biopsy has a reported diagnostic rate up to 
93%. Another technique to diagnose and possibly treat small 
subepithelial lesions of the gastrointestinal tract includes suc-
tioning of the lesion into a cap, ligation below the tumor, 
unroofing of the mucosa overlying the subepithelial tumor 
with a needle knife, and biopsying from exposed tumor.

 Therapeutic Interventions

 Endoscopic Resection: Endoscopic Mucosal 
Resection and Endoscopic Submucosal 
Dissection

Endoscopic resection of mucosal and submucosal dysplastic 
and cancerous gastrointestinal lesions is increasingly an 
alternative therapeutic (and often diagnostic) option to surgi-
cal management [39]. Specific areas where endoscopic 
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resection has an established role include in the esophagus 
(dysplasia in the setting of Barrett’s esophagus, superficial 
esophageal adenocarcinoma, and squamous cell carcinoma), 
the stomach (gastric dysplasia, early gastric cancer, and car-
cinoid), small bowel (duodenal adenoma and ampullary ade-
noma) as well as in the colon (adenomatous polyps, some 
early colorectal cancers, and certain carcinoids).

 Technique
Although a variety of endoscopic resection techniques exist, 
the two main types are either endoscopic mucosal resection 
(EMR) or endoscopic submucosal dissection (ESD) [39]. EMR 
involves snare resection without or with prior suction and lift-
ing of the target lesion (Fig.  30.1). ESD involves dedicated 
tools and skilled endoscopic submucosal dissection to remove 
(dissect) lesions off the submucosa (Fig. 30.2). Most studies 
comparing ESD with EMR suggest that ESD is associated with 
improved outcomes including higher en bloc and curative 
resection rates in addition to lower rates of local recurrence for 
malignant and premalignant lesions of the gastrointestinal 
tract, especially in the areas of early gastric cancer, esophageal 
squamous cell carcinoma, and esophageal adenocarcinoma.

Endoscopic mucosal resection is typically performed 
using two techniques: suction (suck-and-cut) and non- 
suction (lift-and-cut) techniques. Submucosal injection with 
an injection needle prior to resection is used to separate 
mucosal and submucosal lesions from the muscularis propria 
and so decrease the risk of perforation. Lack of a lift of the 
lesion after submucosal injection or puckering is concerning 
for deeper invasion of the neoplastic lesion into the muscula-
ris propria but can also be seen with scarring from prior 
endoscopic biopsy and resection. It is often taken as an indi-
cation not to proceed with endoscopic resection.

Submucosal injections are performed using an injection 
needle at one or multiple sites adjacent to the lesion in an 
attempt to lift the lesion away from the muscularis propria. 
Normal saline is the most commonly available substance for 
submucosal injection but can be absorbed out of the submu-
cosa quickly, thereby decreasing its effect. Hence the use of 
more hypertonic solution, such as hypertonic saline, 50% 
dextrose, 10% glycerol, or sodium hyaluronate, has all been 
employed to maintain the submucosal fluid cushion longer, 
especially for endoscopic submucosal dissection [40]. For 
example, 50% dextrose has been suggested to be superior to 
normal saline for prolonged submucosal fluid cushion (SFC), 
lasting up to 5 minutes [41, 42].

After submucosa injection and lifting the lesion away 
from the muscularis propria, the lift-and-suction technique 
uses a transparent cap affixed to the tip of the endoscope 
(cap-assisted EMR, EMRC) to suction the lesion of interest 
into the cap, after which it is resected using a snare placed 
through the cap or after application of a band similar to a 
variceal ligation band [43, 44]. For the technique using a 
band, resection is performed using a snare placed through 
the endoscope above or preferably below the applied band 
[43]. Non-suction EMR techniques also exist, including 
using a grasping device to pull the lesion away from the mus-
cularis propria, after which a snare is used to resect the speci-
men. Whereas EMR has typically been used for small lesions 
<2 cm with the plan to achieve an en bloc resection and con-
firm tissue resection pathologically, the concept of wide-
spread piecemeal EMR may have a role to remove large 
areas, for example, of high-grade dysplasia (HGD) in 
Barrett’s esophagus [45]. However, it can be associated with 
an increased stricture formation when involving the entire 
esophageal circumference.

1 2

3 4

Fig. 30.1 The steps of an 
injection-assisted EMR:  
(1) An injection needle is 
advanced into the submucosal 
plane. (2) A submucosal bleb 
is created, which protects the 
muscularis propria from 
thermal injury. (3) A snare is 
passed over the lesion.  
(4) A snare polypectomy is 
completed. (Reprinted with 
permission from Samdani 
et al. [157])
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Endoscopic submucosal dissection uses a modified nee-
dle knife to remove the lesion by dissecting through the sub-
mucosa, again after submucosal injection of fluid [46]. It 
may remove mucosal and submucosal tumors en bloc irre-
spective of size of the lesion. While pioneered in Japan, there 
is now a growing experience in North America and the rest of 
the world with this technique in the management of early 
neoplasia of the gastrointestinal tract, especially gastric 
cancer.

Prior to performing ESD, the lesion and the margin may 
be imaged more closely using narrow band imaging (NBI) 
or chromoendoscopy, and the outer margin of the lesion 
may be marked with cautery or argon plasma coagulation. 
After submucosal injection is performed under the mark-
ings, a circumferential incision guided by the markings is 
performed with the ESD knife, creating a mucosal flap and 
access for submucosal dissection. The submucosal dissec-
tion to remove the attached mucosal dissection is techni-
cally challenging, requiring avoidance or treatment of 
bleeding submucosal vessels, as well as avoiding the mus-
cularis propria in the dissection plane to avoid full-thick-
ness perforation. The performance of ESD requires 
specialized tools and advanced endoscopic training and 
experience; and a variety of adverse events including perfo-
ration, bleeding, and incomplete removal of the tumor have 
all been described [47]. A hybrid technique, which starts 
with an endoscopic submucosal dissection technique of 
marking and incising the lesion per ESD, and then finishes 
with EMR snare resection of the lesion, has been described 
[48]. The benefit of this approach include en bloc resection 
of lesion permitted by standard EMR with less of the com-
plexity and complications associated with submucosal 
dissection.

 Adverse Events
Overall, endoscopic resection is a safe procedure that may be 
performed on outpatients. Reported adverse events in the 
esophagus include stricture formation, bleeding, and perfora-
tions [49, 50]. In the esophagus, the early complication of per-
foration, which often presents with mediastinal emphysema, is 
reported in up to 3%. Typically, these have been managed 
without surgery but may require management of pneumatho-
races. Immediate bleeding has been reported in up to 10% of 
patients and can typically be treated endoscopically. Late 
complications of endoscopic resection include esophageal 
stricture development, often associated with circumferential 
EMR and ESD, which may be treated successfully with endo-
scopic dilatation. Steroid injection at the time of endoscopic 
resection may decrease the risk of stricture formation. Other 
late bleeding complications (defined as occurring after 5 days) 
have also been reported in series in up to 1% of patients.

In stomach EMR, immediate bleeding has been reported in 
up to 30% of cases, with delayed bleeding being reported in up 
to 5% of patients [51]. For ESD, the reported rates of early 
bleeding and late bleeding are <3%, with the size of the 
resected lesion (>4 cm) and the use of anti-thrombotic medica-
tion being risk factors associated with bleeding [52]. Most 
forms of gastric bleeding related to endoscopic resection may 
be managed endoscopically. Perforation is more common with 
gastric ESD compared with EMR, with one meta- analysis 
reporting a rate of 4.5%, compared with 1.0% [53]. Treatment 
of a perforation generally requires open or laparoscopic sur-
gery, although endoscopic clipping, use of an over- the- scope 
clip device, and even endoscopic suturing have been described 
in the management of small perforations [54]. Factors associ-
ated with an increased risk of perforation with ESD include 
upper stomach tumor location and tumor size >20 mm.

Pathology assessment Marking of margin Submucosal injection

Circumferential cut Dissection of submucosa Resection

Fig. 30.2 Schematic description of ESD. (Reprinted with permission from Hammad et al. [158])
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Similar adverse events are also reported in the colon 
including bleeding (up to 24%), perforation, and post- 
endoscopic submucosal dissection electrocoagulation syn-
drome [51]. Perforations have been reported in up to 10% 
of patients undergoing ESD for colorectal neoplasms. 
Although they can frequently be managed by endoscopic 
clipping and conservative treatment, surgery is still 
required in some cases. Post-endoscopic submucosal dis-
section electrocoagulation syndrome, which has been 
reported in up to 40% of cases, develops when electrical 
current applied during the procedure extends past the 
mucosa into the muscularis propria and serosa, resulting in 
a transmural burn without perforation [55]. Symptoms 
include fever, rebound tenderness, and marked leukocyto-
sis. It is associated with lesions larger than 3 cm and loca-
tion in the rectosigmoid.

 Technical and Clinical Outcomes
Esophageal endoscopic resection is frequently indicated for 
both the diagnosis and therapy of both early cancer and high- 
grade dysplasia, especially in the setting of Barrett’s esopha-
gus [56–59]. For patients with esophageal cancer or 
high-grade dysplasia, endoscopic resection is often used in 
conjunction with an endoscopic ablative technique such as 
radiofrequency ablation (RFA) after the initial endoscopic 
resection to manage the field defect. From a diagnostic per-
spective, when adenocarcinoma or HGD is confined to the 
mucosa at the time of endoscopic resection, then that may be 
sufficient treatment. However, if invasion into the submu-
cosa is identified, then other treatment options should be 
considered given the high rate of nodal metastases (up to 
17%). Whereas endoscopic submucosal dissection can 
achieve a large en bloc resection, standard EMR technique is 
useful for lesions <2 cm in diameter, involving less than one- 
third of the circumference of the esophageal wall and are 
limited to the mucosa of the esophagus, which may be 
assessed prior to resection with EUS or after endoscopic 
resection by pathology review of the margins of the resection 
specimen [60].

For preneoplastic conditions of the esophagus such as 
Barrett’s esophagus, endoscopic mucosal resection is asso-
ciated with high rates of complete eradication of intestinal 
metaplasia (59–100%) and dysplasia (86–100%) [61, 62]. 
Complete eradication of HGD or early adenocarcinoma was 
achieved in up to 97% of patients with EMR in one study, of 
which up to 22% of patients had a recurrence requiring 
addition of endoscopic treatment in up to 85% of patients 
before complete remission was achieved. Risk factors asso-
ciated with recurrence after EMR included piecemeal resec-
tion, long-segment BE, no mucosal ablative therapies of BE 
after complete remission, a lengthy time (longer than 
10 months) to achieve complete remission, and multifocal 
neoplasia [58].

There are low mortality rates following endoscopic 
resection of esophageal cancer and high-grade dysplasia, 
with 5-year survival rates ranging from 76% to 100%. 
However, survival is lower in patients with multiple or cir-
cumferential lesions or with lesions that extend beyond the 
lamina propria [61, 63, 64]. Recurrences are seen in between 
3% and 32% of patients and can often be treated with addi-
tional local endoscopic therapy [61, 63, 64]. Compared with 
equally matched early stage esophageal cancer (T1[a and 
b]) who had undergone surgery, patients treated endoscopi-
cally had higher 30-day survival rates than those treated sur-
gically, but 5-year survival was still lower in the 
endoscopically treated group than in the surgery group 
(77% vs. 88%), possibly related to the endoscopic manage-
ment of T1b tumors, which are associated with a higher risk 
of lymph node involvement [60].

Factors favoring selection of patients with early gastric 
cancer who are appropriate for endoscopic resection with 
EMR or ESD include high probability of en bloc resection, 
tumor histology (intestinal-type adenocarcinoma, tumor 
confined to the mucosa, and absence of venous or lymphatic 
invasion), and tumor size and morphology (<20 mm in diam-
eter, without ulceration, and <10 mm in diameter if flat or 
mildly depressed) [65–68]. Proposed “expanded criteria” for 
endoscopic resection of intestinal-type early gastric cancer 
include mucosal tumors of any size without ulceration, 
mucosal tumors <30  mm with ulceration, and submucosal 
tumors <30 mm confined to the upper 0.5 mm of the submu-
cosa without lymphovascular invasion [68]. Patients meeting 
the “expanded criteria” are at lower risk of lymph node 
metastases than those who do not meet them, although 
patients meeting “expanded criteria” are at an increased risk 
of lymph node metastases compared with those who meet 
standard criteria (2% vs. 4%). For patients who meet these 
“expanded criteria,” and wish to avoid surgery, removal of 
the tumor using ESD (rather than EMR) is generally pre-
ferred because ESD is able to achieve a deeper resection 
margin and en bloc resection [68]. The general indications 
for gastrectomy with removal of perigastric lymph nodes 
include the low probability of en bloc resection with EMR or 
ESD (i.e., the endoscopic resection would be piecemeal), 
diffuse rather than intestinal-type adenocarcinoma pathol-
ogy, submucosal tumor size >30 mm, or an ulcerated tumor, 
or evidence of lymphovascular (lymphatic or venous) inva-
sion in the primary tumor, or known/suspected regional 
lymph node metastases.

A large meta-analysis of Japanese studies with 1852 
patients shows complete resection is possible in more than 
70% of patients, with recurrent cancer seen in only 3% and a 
very high disease-specific survival of 99% [69]. Due to dif-
ferences in how Japanese and non-Japanese pathologists 
classify early gastric cancer and high-grade dysplasia, it is 
unclear if these very positive results may be achieved outside 
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of Japan [70]. Due to the high risk of piecemeal resection 
with EMR being associated with higher rates of local recur-
rence, ESD is now an attractive management option for these 
lesion as it permits en bloc resection of larger tumors that can 
be treated with EMR and also permits a deeper resection 
margin in patients with submucosal involvement who are 
candidates for endoscopic resection. Complete resection 
rates appear to be higher with ESD (83%) than with EMR 
(24%) when comparing equivalent-sized lesions, with on 
average more EMR lesions being removed piecemeal com-
pared with ESD (58% vs. 83%) [71].

Local recurrences occur after gastric endoscopic resec-
tion, especially associated with incomplete resections (up 
to 5%). The management of incomplete resection after 
either gastric EMR or ESD is still controversial, as not all 
patients with tumor-positive resection margins will have 
residual tumor or tumor recurrence. The inability to often 
properly assess the resection margin (both lateral and deep), 
especially for patients who have undergone piecemeal 
resection (who are under increased risk of recurrence), 
makes further decision-making difficult. Typically, gastrec-
tomy has been recommended for patients with incomplete 
resections, especially for tumors with positive margins, 
whereas for poor surgical candidates, those with submuco-
sal involvement or lymphovascular invasion may be con-
sidered for repeat endoscopic resection. Often additional 
local ablation treatments endoscopically are necessary to 
achieve complete eradication for patients with incomplete 
resection.

Patients with early gastric cancer who undergo EMR have 
a high rate of successful eradication of cancer (70–85%), 
with 5-year survival rates of 84–86% [72, 73]. These rates 
are similar to surgical gastrectomy outcomes. The disease- 
specific survival rates at both 5- and 10-year follow-up have 
been reported as high as 99%. The complete endoscopic 
resection rate was lower (approximately 50%) with flat ele-
vated lesions larger than 2 cm and with flat depressed lesions 
that were either larger than 1  cm or were associated with 
undifferentiated adenocarcinoma [72, 73].

There are no randomized trials comparing endoscopic 
versus surgical management of early gastric cancer, although 
studies comparing outcomes in patients treated with endo-
scopic resection with those treated with gastrectomy suggest 
similar clinical outcomes [74, 75]. There were no differences 
between the treatments with regard to mortality, recurrence 
rates, or complications. However, patients treated with EMR 
had a higher risk of metachronous gastric cancer, a shorter 
median hospital stay (8 vs. 15 days), and lower costs of care. 
The role of adjuvant therapy (e.g., chemotherapy or radiation 
therapy) for patients who have undergone complete endo-
scopic resection of early gastric cancer is not clearly estab-
lished, especially for patients with node-negative disease. 
Although there are no clear guidelines, the treatment options 

in patients who develop recurrent early gastric cancer include 
surgery and repeat attempts at endoscopic resection (typi-
cally endoscopic submucosal dissection) [76].

Colorectal endoscopic resection can be used in the treat-
ment of colorectal cancers, including adenocarcinoma and 
rectal carcinoid tumors [77]. Standard traditional inject-
and- cut methods of EMR for colonic neoplasms are 
reported with complete en bloc removal rates of 86–97%. 
Factors associated with incomplete removal include size 
>2 cm and a large sessile configuration. A wide variety of 
sizes and shapes of colonic neoplasms are amenable to 
EMR. However, depressed lesions that may have invasion 
into the submucosa, even when they are small, and deep 
invasion (e.g., lesion fails to lift after injection with saline 
into the submucosa) are a contraindication to EMR, due to 
the high risk of perforation. ESD is also used in the treat-
ment of colon polyps and cancers. In a meta-analysis of 
studies of patients undergoing ESD for large colonic pol-
yps, successful en bloc polyp resection (including histo-
logically negative margins for adenoma) was achieved in 
75–89% of procedures [76].

Outcomes following EMR in the colon are good, par-
ticularly if the lesion can be removed en bloc. In a large 
meta- analysis of both adenomas and early carcinomas 
(mucosal invasion or submucosal invasion <1  mm) 
removed using EMR, there was a 15% rate of recurrence 
especially following piecemeal resection compared 3% 
with en bloc resection [76, 78]. Retreatment at follow-up 
endoscopy is associated with a recurrence rate of 21%. The 
3-year survival rate for patients treated endoscopically is 
reported at 100%. Long- term outcome studies in patients 
who undergo ESD for the treatment of colonic lesions sug-
gest good long-term outcomes for patients with low-risk 
colon lesions that are completely removed with ESD [79, 
80]. Outcomes are not as good for patients with rectal 
lesions or lesions with high-risk features. In one large 
study of colonic ESD, low-risk lesions (completely 
resected, were well- or moderately differentiated adeno-
carcinoma, lacked vascular invasion, and had a depth of 
submucosal invasion <1 mm) were associated with recur-
rence rates of 0% and 6.3% for colon and rectal  cancers, 
respectively, and 5-year recurrence-free survival rates 
were 96% and 90%, respectively. For those with high-risk 
lesions (all other lesions) treated with ESD, the recurrence 
rates were 1.4% and 16%, respectively, with 5-year 
recurrence- free survival rates of 96% and 77%, respec-
tively. Among those with high-risk lesions who underwent 
surgery, the recurrence rates were 1.9% and 4.5%, respec-
tively, with 5-year recurrence-free survival rates of 97% 
and 95%, respectively [79]. EMR has also been evaluated 
in patients with rectal carcinoids with good success rates, 
with one large study quoting a complete resection rate of 
88% for lesions 20 mm or less in diameter [81].

30 The Expanding Role of Endoscopy in Tissue Acquisition and Therapeutic Interventions for Gastrointestinal…



540

 Endoscopic Management of Gastrointestinal 
Subepithelial Tumors

ESD has also been used in the treatment of gastric subepithe-
lial tumors, such as gastrointestinal stromal tumors and leio-
myomas, with high rates for en bloc complete resection 
including negative margins ranging up to 80% [82, 83]. Not 
surprisingly, higher rates of resection are associated with 
tumors in the submucosa compared with those arising from 
the muscularis propria with no rates of recurrence for those 
who had complete resection with negative margins [82, 83].

The development of peroral endoscopic myotomy 
(POEM) relies on the submucosal tunneling technique. 
Using this technique it is possible to remove submucosal 
tumors arising from the muscularis propria such as leiomyo-
mas or gastrointestinal stromal tumors in the esophagus or at 
the esophagogastric (EG) junction, with a high (86–100%) 
successful en bloc resection (negative lateral and deep tumor- 
free margins in all cases) and no local recurrence or distant 
metastases during 12-month follow-up [84]. However, the 
significant complication rate (pneumothorax subcutaneous/
mediastinal air and pneumoperitoneum) has been reported as 
high as 35%. These are typically long procedures with a 
mean procedure time of up to 1 hour being reported [85].

Endoscopic full-thickness resection (EFTR) is another 
novel method to resect submucosal tumors, which tradition-
ally have been managed using surgical resection. It consists 
of resecting the tumor without interrupting the tumor capsule 
and with active perforation. At the end, the defect will close 
with a suture allowing the endoscopic closure of colonic wall 
mucosal defect. A prospective pilot study has shown the fea-
sibility and safety of EFTR of colonic SMTs combined with 
standard metallic clips. Newly developed endoscopic clip-
ping and sewing devices, such as the over-the-scope clip 
(OTSC; Ovesco AG, Germany) and the OverStitch™ sutur-
ing device (Apollo Endosurgery, Inc., Austin, Texas), should 
increase the safety of the colonic EFTR procedure but need 
further investigation.

 Endoscopic Ablation

Several endoscopic ablative technologies exist including 
multipolar electrocoagulation, argon plasma coagulation 
(APC), photodynamic therapy, radiofrequency ablation, and 
more recently cryoablation. The most widely studied is RF 
ablation, especially in the setting of dysplastic Barrett’s 
esophagus.

 Radiofrequency Ablation
Typically, a balloon-based catheter can be used to circumfer-
entially ablate Barrett’s esophagus, or a paddle-based cathe-
ter can be used for focal ablation of short segments of 

Barrett’s esophagus, mucosal tongues, and residual islands 
of dysplasia. EMR alone removes a focal area from the 
Barrett’s esophagus, with the patient remaining at risk for 
developing metachronous lesions arising from the residual 
Barrett’s mucosa. Hence, the addition of an ablative therapy 
with EMR decreases this risk. However, flat dysplasia in the 
setting of Barrett’s esophagus can be ablated with RFA 
alone.

A multicenter randomized, sham-controlled trial investi-
gated the efficacy of RFA in eradicating Barrett dysplasia 
and preventing progression of disease in 127 patients, 64 
with low-grade dysplasia (LGD) and 63 with HGD [86]. 
Complete eradication of dysplasia was achieved in 86% of 
patients, with no statistically significant difference between 
the LGD and HGD groups. By contrast, the sham treatment 
arm had LGD eradication of 23% and HGD eradication of 
19%. A systematic review, involving 9 studies and more than 
429 patients, found that the reported complete eradication 
rate for Barrett dysplasia and metaplasia was between 
71–100% and 46–100%, respectively, without any serious 
adverse events being reported [87]. Although long-term fol-
low- up studies are still limited, the 5-year follow-up data 
suggest that eradication of the Barrett’s mucosa is main-
tained in more than 90% of patients. Buried glands, whereby 
Barrett’s epithelium may be “buried” beneath neosquamous 
after treatment, were noted only in one case [88]. A more 
recent multicenter prospective trial, conducted in Europe, 
showed excellent results in terms of eradication of HGD and 
early cancer in Barrett’s esophagus when a combined 
approach of endoscopic resection and RFA was used [89].

The risk of malignant progression associated with BE and 
LGD is controversial, with variable rates of neoplastic pro-
gression, with progression to high-grade dysplasia and inva-
sive cancer reported as high as 27% after 2 years of follow-up. 
Hence the role of RF ablation for the management of BE 
with LGD is controversial. A multicenter randomized trial 
comparing RFA with surveillance in patients with Barrett’s 
esophagus and LGD found that RFA resulted in a reduced 
risk of neoplastic progression in a 3-year follow-up period 
[90]. The role of RFA in patients with non-dysplastic BE is 
also highly controversial. An argument against RFA in these 
patients is that the annual risk of malignant progression is 
low and many patients with BE are older adults with signifi-
cant comorbid medical conditions that may affect their over-
all survival and quality of life. Factors that favor treatment 
include the efficacy and safety profile of RFA and potential 
cost savings. For most patients with non-dysplastic BE, the 
overall health benefit of RFA may be too low to currently 
indicate its use.

Patients who undergo RFA for BE are at low risk of sub-
sequently developing esophageal adenocarcinoma. In a reg-
istry study of 4982 patients who underwent RFA for BE 
followed for a mean of 2.7  years, esophageal adenocarci-
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noma developed in 100 patients (2%; incidence of 7.8 per 
1000 patient-years) [91]. Although the majority of cancers 
developed in patients with baseline HGD (83 patients), inva-
sive cancer was also seen in patients with baseline LGD (12 
patients) and non-dysplastic BE (3 patients). Factors associ-
ated with cancer development in BE after RFA included 
male sex, older age, longer BE segment length, and higher 
pathologic grade at baseline. The strongest predictors for 
developing esophageal cancer after RFA are the indication 
for treatment and the complete remission rates for dysplasia 
and intestinal metaplasia.

The role of RFA in treating squamous dysplasia and early 
SCCs is less well studied and had been associated with cure 
rates up to 84% at 12-month follow-up. A prospective cohort 
of patients with squamous dysplasia from the UK HALO 
registry showed only a modest 50% response to RFA [92].

Adverse events reported with esophageal radiofrequency 
ablation include esophageal strictures, upper gastrointestinal 
hemorrhage, and chest pain. Whereas stricture rates from 
non-RFA ablation techniques ranging from 0% to 56% have 
been described with other endoscopic ablation techniques, 
studies of RFA for Barrett’s esophagus have shown lower 
rates of stricturing (0–6%). In a large meta-analysis of 18 
studies of esophageal RFA, the most common adverse events 
were stricture formation (5%), pain (3%), and bleeding (1%) 
[87]. Risk factors for the development of esophageal stric-
tures after RFA include prior endoscopic resection or a nar-
row esophagus at baseline due to underlying reflux disease. 
There also is concern that residual Barrett’s esophagus could 
be hidden beneath the neosquamous epithelium following 
ablation, but the clinical relevance of “buried” Barrett’s is 
still uncertain. The possibility of occult malignant progres-
sion of the buried glands has been suggested by cases of 
adenocarcinoma arising underneath neosquamous epithe-
lium after ablation therapy with radiofrequency ablation, 
photodynamic therapy, or argon plasma coagulation.

Other gastrointestinal therapeutic applications for RFA 
include the biliary tree and pancreas. Typically, endoscopic 
palliation of malignant biliary obstruction includes place-
ment of plastic stents or self-expandable metal stents 
(SEMSs). Endobiliary RFA has been used as primary ther-
apy in unresectable biliary malignancies or to treat occluded 
uncovered biliary SEMSs because of tumor ingrowth, with a 
good efficacy and safety profile [93]. However, its survival 
benefit in this cohort of patients is unclear. Prior ablation of 
hilar cholangiocarcinoma with photodynamic therapy (PDT) 
did show a survival benefit [94]. However, its applicability is 
limited by costs, availability, photosensitivity, and the need 
for repeated treatment sessions. Nonrandomized historical 
cohort study data from small studies does suggest that endo-
biliary RFA may have a potential early survival benefit in 
patients with biliary obstruction secondary to unresectable 
pancreatic cancer [93]. However, another recent small retro-

spective study suggested that there is no survival benefit in 
patients with unresectable cholangiocarcinoma who undergo 
ERCP-directed RFA compared with ERCP-directed PDT for 
unresectable cholangiocarcinoma [95].

EUS-guided pancreatic indications for RFA are increas-
ing [96]. The safety and efficacy of EUS-guided RFA of pan-
creatic cysts has been demonstrated in a small set of patients 
with pancreatic cystic neoplasms and neuroendocrine 
tumors. Using a 19- or 22-gauge needle, an RFA probe was 
passed through the needle and, under EUS guidance, used to 
treat several patients [97]. There was a decrease in cyst size 
(39 vs. 20 mm) after RFA and a change in vascularity or an 
area of necrosis in the neuroendocrine tumors, with a single 
complication of abdominal pain in one patient. Several EUS- 
guided ablative treatments for symptomatic pancreatic endo-
crine neoplasms have been reported including most recently 
EUS-guided RFA [96, 97].

 Endoscopic Cryotherapy
For application in gastrointestinal oncology, cryotherapy can 
be performed using devices designed for use with endo-
scopes. During cryotherapy, a substance used to produce 
very low temperature is used to freeze the target tissue, and 
repeated freeze/thaw cycles result in the destruction of 
abnormal tissue. In endoscopic cryotherapy, the cryogen is 
typically a liquefied gas, such as nitrogen or carbon dioxide, 
which may be either directly applied to tissue or used within 
a balloon device. Endoscopic cryotherapy was first used for 
the treatment of Barrett’s esophagus, and the indications for 
its use in other gastrointestinal cancer disorders are expand-
ing [98].

A variety of different endoscopic cryotherapy ablation 
techniques have been assessed in Barrett’s esophagus. In a 
prospective multicenter study with follow-up of 2 years, 80 
patients with dysplastic BE completed endoscopic cryother-
apy (liquid nitrogen spray) every 2–3 months until there was 
no endoscopic evidence of BE and no histologic evidence of 
dysplasia. Complete eradication of dysplasia and intestinal 
metaplasia (IM) was achieved in 84% and 64% of patients, 
respectively [99]. Long-term recurrence of intestinal 
 metaplasia after cryoablation also has been studied in 
patients with both high-grade dysplasia and intramucosal 
cancer who initially attained complete eradication of intesti-
nal metaplasia (CE-IM) with liquid nitrogen cryoablation. In 
follow-up of up to 4 years, recurrent IM and dysplasia were 
seen in 30–41% and 15–19% of patients, respectively [100, 
101]. Endoscopic cryoablation may also have a role in the 
treatment of refractory or recurrent dysplasia after RFA fail-
ure, with complete eradication of dysplasia being achieved in 
75% and CE-IM in 31% [102].

The ability of cryotherapy to treat into the deep submu-
cosa makes it a useful treatment option for esophageal can-
cer. In a multicenter retrospective study, 79 patients with 
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esophageal cancer of a variety of stages from T1 to T4 
(although the majority were T1 lesions) who either failed or 
were ineligible for conventional therapy underwent endo-
scopic cryotherapy with liquid nitrogen as a salvage therapy 
for local disease control. The majority of the patients had 
received previous therapies including EMR, photodynamic 
therapy, chemoradiation, argon plasma coagulation, RFA, or 
a combination of these therapies [103]. Of the 49 patients 
who completed cryotherapy, complete endoscopic remission 
was observed in 72% of the patients with T1 stage tumors 
compared with 33% of the patients with stage T2 to stage T4 
disease. Overall, cryotherapy in the gastrointestinal tract, 
especially the esophagus, appears to be well-tolerated and 
safe. Adverse events are mostly self-limited and include 
chest pain, esophagitis, sore throat, lip ulcer, esophageal 
ulcers, and dysphagia. Rates of significant esophageal stric-
tures requiring endoscopic dilation range from 3% to 13%. 
The significant complication of gastric perforation has been 
reported with the use of both liquid nitrogen and liquid CO2 
systems. No mortality has been reported with the use of 
endoscopic cryotherapy [98].

 Endoscopic Retrograde 
Cholangiopancreatography

 Biliary Decompression
Whereas ERCP has a decreasing diagnostic role in pancreati-
cobiliary malignancy (due to the advent of improve CT and 
MRI, as well as endoscopic ultrasound), it does play a criti-
cal role in palliative treatment, especially for patients with 
unresectable pancreaticobiliary malignancy, through biliary 
stent placement for obstructive jaundice. However, its role in 
preoperative drainage for potentially resectable pancreatic 
malignancy is unclear.

The technical success of biliary stent placement by ERCP 
for pancreatic malignancy is more than 90%. As the majority 
of pancreatic cancers present in the head of the pancreas, and 
the majority of these will present with obstructive jaundice, 
often resulting in progressive liver dysfunction, pruritus, 
coagulopathy, and malabsorption, biliary decompression 
becomes an important treatment goal. As only up to 15% of 
these patients are potentially surgical resection candidates, 
the majority will need some form of biliary decompression. 
Endoscopic biliary decompression has been shown to be less 
invasive, safer, and more convenient than surgical bypass. 
Especially for patients with unresectable pancreatic malig-
nancy, it is important in maintaining quality of life and con-
tinued medical treatments such as chemotherapy.

 Type of Biliary Stents
Initially, plastic biliary stents were used ranging in size from 
7 to 11.5 Fr, with the increasing diameter being associated 

with less stent occlusion. Studies have demonstrated the 
superiority of biliary stenting with these plastic stents com-
pared with surgical biliary decompression with fewer com-
plications, shorter hospital stays, and lower costs [104–106]. 
The development of endoscopic biliary self-expandable 
metal stents offers larger diameter, which is associated with 
reduced risk of occlusion and longer duration of patency. 
The original biliary SEMS were uncovered, which were 
associated with tumor ingrowth (and associated occlusion) 
and were not easily removed. More recently, partially cov-
ered and now fully covered biliary SEMS are associated with 
less tumor ingrowth and are considered to be more easily 
removed (if need be). However, there have been concerns 
about increased rates of cholecystitis (related to cystic duct 
occlusion), pancreatitis (related to pancreatic duct obstruc-
tion), and migration with these covered biliary SEMS.

Multiple studies including a meta-analysis of several 
RCTs comparing plastic stenting with uncovered SEMS, 
while showing no significant difference in technical success, 
therapeutic success rates, or 30-day mortality or complica-
tion rate, did show a lower 4-month stent occlusion rate and 
overall risk of obstruction for uncovered SEMS compared 
with plastic stents [107]. Although the cost of the SEMS and 
the ERCP procedure itself influences the analysis, several 
studies suggest that uncovered SEMS are more cost-effective 
if the patient’s life expectancy is longer than 4–6  months 
[107, 108].

As tumor ingrowth is a major reason for early occlusion 
in uncovered SEMS, SEMS covered with a membrane either 
fully or partially were developed to address this issue. One 
meta-analysis comprising 1061 patients showed no differ-
ence in patency between covered and uncovered SEMS after 
6 and 12 months and no difference in rates of pancreatitis, 
cholecystitis, perforation, bleeding, cholangitis, length of 
hospital stay, or numbers of recurrent biliary obstruction 
[109]. However, covered SEMS did have a higher migration 
rate and a higher rate of tumor overgrowth. Another meta- 
analysis on 5 fully published RCTs comprising 781 patients 
showed that while stent dysfunction occurred at a similar 
rate, there is a trend toward later obstruction with the cov-
ered SEMS [110], which also have a significantly longer 
patency duration and lower frequency of blockage from 
tumor ingrowth compared with uncovered SEMS. Although 
there was no difference in the rates of pancreatitis and cho-
lecystitis between covered SEMS and uncovered SEMS in 
this analysis, the rate of stent migration, tumor ingrowth, 
and sludge formation was all significantly higher in the cov-
ered SEMS groups. Overall, the clinical decision-making 
about deciding which type of biliary stent to use needs to 
balance the risks of migration but ability to reintervene if 
necessary and replace the biliary stents with the likely 
improved patency rates due to less tumor ingrowth of cov-
ered SEMS.
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 Preoperative Biliary Drainage
For patients with clearly resectable pancreatic malignancy, 
the role of preoperative biliary drainage remains controver-
sial. Clinical and experimental data had long supported the 
concept that preoperative hyperbilirubinemia predicted 
increased postoperative complications, possibly related to 
affecting nutritional status and immune function. In fact, 
early studies suggested that there was a link between 
increased levels of serum bilirubin and an increased inci-
dence of postoperative infectious, renal and nutritional com-
plications, as well as postoperative mortality [111]. More 
recently, however, several studies—including a randomized 
controlled trial—suggested that preoperative biliary drain-
age should be avoided in patients with potentially resectable 
pancreatic cancer because it is associated with increased 
morbidity [112]. This multicenter randomized clinical trial 
compared outcomes of preoperative biliary drainage in a 
group of patients with clearly resectable disease and those 
who underwent early surgery and did not have preoperative 
drainage. The technical success of the preoperative endo-
scopic biliary drainage was successful in 94%, but with a 
very high complication rate of 46% including stent occlusion 
and cholangitis. The overall rate of postsurgical complica-
tions were similar, but the rate of serious postoperative com-
plications was significantly higher in the preoperative biliary 
drainage group [112]. This has then been further supported 
by a meta-analysis of six RCTs to compare the outcomes of 
surgery done for biliary obstruction with and without preop-
erative biliary decompression, which demonstrated signifi-
cantly higher levels of serious postoperative morbidity in the 
preoperative biliary drainage group compared with the direct 
surgery group but without a significant difference in terms of 
postoperative mortality or length of hospitalization [113]. 
However, it needs to be remembered that many of these stud-
ies did not include patients with marked hyperbilirubinemia. 
For example, in the RCT by van der Gaag, patients with 
severe jaundice (total bilirubin >14.6 mg/dL) were excluded 
from the study [112]. Therefore, the role of preoperative bili-
ary drainage in patients with marked jaundice is unclear. 
Overall, if the patient is severely jaundiced, or symptomatic 
with, for example, pruritus, or surgery needs to be delayed to 
optimize medical comorbidities or to administer neoadjuvant 
therapy, then preoperative biliary drainage may well be 
justified.

 Role of Biliary Stent Placement in Neoadjuvant 
Treatment of Pancreatic Cancer
With evolving data supporting neoadjuvant chemotherapy 
or chemoradiation therapy for potentially resectable patients 
with pancreatic cancer resulting in improved postsurgical 
outcomes, and its increasing role in borderline resectable 
pancreatic cancer, the role for preoperative biliary decom-
pression in this subgroup of patients is becoming better 

defined [114]. Reliable biliary drainage is required to pre-
vent liver toxicity from some of the chemotherapeutic 
agents used, which may be required for a period of up to 
3 months, before surgery is contemplated. For patients with 
resectable pancreatic cancer with anticipated surgical resec-
tion in less than 3 months, the placement of a plastic biliary 
stent has often been deemed adequate. The advent of newer 
neoadjuvant treatment for locally advanced and borderline 
resectable patients now requires at least 3–4 months of treat-
ment before the patient is reassessed for surgical manage-
ment. These patients also require increased assurance of 
prolonged biliary drainage to avoid interruption of medical 
treatment due to episodes of biliary obstruction or cholangi-
tis. Hence, it does seem reasonable to consider the use of 
SEMS in this group. However, this is balanced by the issue 
of cost and the embedding of these stents in the biliary tis-
sue making their removal at surgery more difficult. SEMS 
have also been associated with the development of a hyper-
plastic reaction that may interfere with surgical resection, 
although there is growing evidence that the use of properly 
placed covered SEMS (due to their ability to prevent tumor 
ingrowth and hyperplasia and so be removed easily) does 
not result in increased operative or postoperative complica-
tions [115, 116].

 Interventional Endoscopic Ultrasound

 Endoscopic Ultrasound Celiac Plexus Neurolysis
EUS-guided celiac nerve block is now a well-accepted treat-
ment for the management of pain associated with pancreatic 
cancer. While similar in technique to either CT or fluoro-
scopically guided plexus neurolysis, the ability of the EUS 
linear echoendoscope to accurately identify the celiac 
plexus and directly guide injection with a local anesthetic 
(e.g., bupivacaine) and alcohol makes this an easy and safe 
alternative to standard pain management [117, 118]. A 
meta- analysis of 119 patients showed the success rate for 
EUS-guided celiac plexus neurolysis (EUS-CPN) in manag-
ing pain in patients with pancreatic cancer of 72% [119]. 
EUS-guided direct celiac ganglion injection has also been 
used for the management of pain, but its superiority is 
unclear [120]. In one small study, positive and complete 
response rates were significantly higher in the EUS-guided 
direct celiac ganglia neurolysis group than in the EUS-CPN 
group [120].

 Endoscopic Ultrasound-Fine Needle Injection
EUS-fine needle injection (EUS-FNI) refers to using EUS for 
direct injection or implantation into the pancreas. The use of 
EUS-guided fiducial marker implantation to help guide ste-
reotactic body radiation therapy (SBRT) is now currently rou-
tinely performed. Fiducial markers are radiopaque seeds that 
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can be placed with a 19G or 22G needle with technical suc-
cess rates of 85–100%, and without serious complications. 
They are implanted in or near the tumor to demarcate its bor-
der and facilitate image-guided radiation therapy and so mini-
mize unnecessary radiation to healthy bordering tissue 
[121–124].

EUS-guided tattooing of the pancreas is also now increas-
ingly used clinically. With improved invasive and noninva-
sive imaging, even small pancreatic adenocarcinomas and 
other neoplasms, especially PNETs, are being identified. To 
assist with perioperative localization, often as these opera-
tions are being performed laparoscopically, EUS-guided tat-
tooing using India ink, indocyanine green, and carbon 
particles is often employed [125–127]. This may be per-
formed several weeks prior to surgical management due to 
the chronicity of the tattoo.

EUS-guided interventions have also emerged as manage-
ment and treatment options for patients with pancreatic can-
cer. A variety of direct injection treatments have been 
performed experimentally in humans including alcohol, 
gemcitabine, paclitaxel (OncoGel), oncolytic adenovirus 
(ONYX-015), immunoreactive agents such as cytoplants, 
dendritic cells, and TNFerade. Whereas alcohol injection has 
been most studied for the management of symptomatic non-
operable insulinomas, the most widely studied EUS-FNI 
treatment for pancreas cancer was TNFerade in a multicenter 
randomized clinical trial for patients with locally advanced 
pancreatic cancer [128–130]. While safe with multiple repeat 
injections, it was not shown to be more effective than stan-
dard treatment [128]. EUS-guided ablations with more 
directed treatments such as radiofrequency ablation and 
brachytherapy implantation have also been tried in patients 
with pancreatic cancer. There are at least two clinical studies 
of the role of EUS implantation of iodine 125 under EUS 
guidance for unresectable pancreas cancer in combination 
with chemotherapy. Both studies of EUS-guided brachyther-
apy showed an improvement in pain symptoms but not over-
all survival [131, 132].

 Endoscopic Ultrasound-Guided Biliary Drainage
Finally, although percutaneous transhepatic biliary drainage 
or surgical decompression is typically formed for biliary 
drainage after a failed ERCP, there is increasing data sup-
porting the safety and efficacy of EUS-guided biliary drain-
age as an alternative, especially in the 3–10% of patients 
with pancreatic cancer who cannot undergo ERCP biliary 
decompression, typically due to tumor infiltration in the 
region of the ampulla. These techniques include EUS-guided 
rendezvous technique, EUS-guided choledochoduodenos-
tomy, EUS-guided hepaticogastrostomy, and even EUS- 
guided gallbladder drainage. Typically, either a dilated 
extrahepatic biliary duct or intrahepatic duct radicle is identi-
fied and accessed with a 19-gauge needle under direct EUS 

guidance. After the tract is dilated, a fully covered metal bili-
ary stent or lumen apposing stent can be deployed for biliary 
drainage. Technical success rates for this procedure are 
quoted at over 90%, but it is associated with a 5–10% risk of 
complications including bile leak and perforation, requiring 
that this be performed at expert centers [133, 134].

 Enteral Stenting

 Malignant Esophageal Obstruction
The primary indications for the use of enteral stents in the 
esophagus are relief of dysphagia and closure of malignant 
tracheoesophageal fistulae. Esophageal cancers are often 
unresectable at the time of presentation, and symptomatic 
palliation of dysphagia with a self-expanding metal stent is 
central to further management. Alternatives to placing a stent 
to manage dysphagia include radiation (with or without che-
motherapy), laser therapy (thermal or photodynamic), alco-
hol injection therapy, intermittent dilation, and surgery. 
However, the treatment options for tracheoesophageal fistula 
are limited. Stent placement in patients who have tumor 
involvement within 2 cm of the upper esophageal sphincter 
is limited by the “foreign body” sensation that develops in 
these cases. Currently, most stents used in the esophagus are 
either fully or partially covered. The results of stent place-
ment for palliation of malignant dysphagia and closure of 
tracheoesophageal fistulae appear to be favorable.

 Gastric Outlet Obstruction and Small Intestinal 
Obstruction
Of patients with pancreatic cancer, 15–20% develop gastric 
outlet obstruction (GOO) [135–137]. Clinical symptoms of 
GOO include vomiting, nausea, malnutrition, and dehydra-
tion. Most patients with GOO are therefore in a poor clinical 
condition at presentation and have a short life expectancy if 
left untreated [138, 139]. Traditionally, open gastrojejunos-
tomy (GJJ) has been the standard palliative treatment in 
these patients. Laparoscopic GJJ has been introduced as an 
alternative to open GJJ to relieve symptoms of malignant 
GOO. Laparoscopic GJJ has been reported to be less inva-
sive and was associated with a faster recovery compared to 
open GJJ; however, morbidity and mortality of the procedure 
remained high [137, 139–141].

Enteral stent placement is an attractive alternative treat-
ment [142–145]. It typically involves the placement of a wire 
across the malignant stricture, followed by a through-the- 
scope deployment of either a covered or uncovered stent, 
typically ranging in diameter from 18 to 22 mm and in length 
from 60 to 120 mm. In the case of pancreatic malignancy, 
often both biliary stenting and duodenal stenting are required. 
The technical challenges for this are dependent on the level of 
the duodenal obstruction. If the level of duodenal obstruction 
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is proximal to the major papilla, often passage of the duode-
noscope through the duodenal stricture is possible (often 
with dilatation), in order to perform biliary stenting prior to 
placement of the duodenal stent. Other approaches in this 
setting include placement of a duodenal stent followed either 
immediately or after a few days by advancement of the duo-
denoscope through the duodenal stent for placement of the 
biliary stent. Alternatively, EUS-guided biliary drainage or a 
percutaneous biliary decompression may be necessary. 
When the obstruction in the 2nd duodenum also involves the 
major papilla, it can be very difficult to place a biliary stent 
by ERCP.  Under these circumstances, a duodenal stent is 
placed followed by either EUS-guided biliary drainage via a 
hepaticojejunostomy or choledochoduodenostomy or percu-
taneous biliary drainage. For the scenario of duodenal 
obstruction distal to the papilla, the sequence of placement 
of both the duodenal and biliary stents is not critical.

Several studies have demonstrated that SEMS placement 
is associated with faster resumption of oral intake, shorter 
postprocedural hospital stays, lesser morbidity, and lower 
costs compared with gastrojejunostomy [127, 146–148]. In a 
systemic review, we compared the outcome of GJJ with that 
of duodenal stent placement [149]. A total of 44 studies were 
selected including only 2 randomized trials (with 27 and 18 
patients) [150, 151]. A total of 1046 patients received a duo-
denal stent, which, in most cases, was an uncovered enteral 
metal stent, with a stent diameter of 20–24 mm, whereas 297 
patients underwent GJJ. This review showed that initial clin-
ical success was higher after stent placement (89% vs. 72%). 
Major complication rates were, however, similar (early: 7% 
vs. 6%, respectively; and late: 18% vs. 17%, respectively). 
Recurrent obstructive symptoms were more commonly seen 
after stent placement, whereas hospital stay was shorter after 
stent placement. The results of this review suggested that 
stent placement is associated with more favorable results in 
patients with a relatively short life expectancy, while GJJ is 
preferable in patients with a better prognosis [149]. More 
recently EUS-guided gastrojejunostomy has been reported 
as a novel alternative to enteral stent placement for manage-
ment of malignant gastric outlet obstruction.

 Colonic Obstruction
Left-sided colonic obstruction may be an emergency caused 
by primary or recurrent colorectal carcinoma in up to 33% of 
patients with these cancers [152]. In primary colorectal can-
cer, initial surgical management typically involves emergent 
colostomy with or without tumor resection. A second opera-
tion is therefore required for resection, and a third is per-
formed at a later date for takedown of the colostomy. In poor 
surgical candidates or patients with recurrent disease, pallia-
tive colostomy is performed. Postoperative mortality rates 
have improved during the past decade but are still estimated 
to be 7%. Expandable metal stents are placed as an alterna-

tive to surgical colostomy for two clinical indications: (1) 
preoperative relief of malignant colonic obstruction, which 
allows colonic decompression and cleansing before elective 
one-stage tumor resection and primary anastomosis and (2) 
palliative treatment of malignant colonic obstruction.

The technical success rate for placement of self- expanding 
metal stents for malignant colonic obstruction approaches 
100%; however, in 6% of cases, immediate decompression is 
not achieved. Causes of early stent failure include poor 
expansion, incomplete stenting of the stricture, fecal impac-
tion, stent migration, and the presence of an unrecognized 
additional proximal malignant stricture. Late causes of 
obstruction following colonic stent placement are usually 
tumor ingrowth or overgrowth. Stent patency may be rees-
tablished with laser ablation, photodynamic therapy, or the 
insertion of an additional stent [152].

Cost-benefit analyses have shown that stenting with sub-
sequent elective surgery is less expensive than emergency 
surgery for treating complete colorectal obstruction, and the 
median time in the hospital is decreased when a stent is used 
as a bridge to surgery [152]. However, the debate persists 
over the role of self-expandable metallic stent (SEMS) place-
ment as a bridge to elective surgery for symptomatic left- 
sided malignant colonic obstruction. Originally, decision 
analysis was used to compare the cost-effectiveness of the 
two competing strategies. Colonic stent resulted in 23% 
fewer operative procedures per patient, an 83% reduction in 
stoma requirement (7% vs. 43%), and lower procedure- 
related mortality (5% vs. 11%). This study concluded that 
colonic stent insertion followed by elective surgery appears 
more effective and less costly than emergency surgery under 
base-case conditions [152]. A more recent meta-analysis and 
systematic review on the subject showed that colon stenting 
was associated with lower short-term overall morbidity and 
lower rates of temporary and permanent stoma. Depending 
on multiple factors such as local expertise, clinical status 
including level of obstruction, and level of certainty of diag-
nosis, colonic stenting does offer some advantages with less 
risk than emergency surgery for left-sided malignant colonic 
obstruction in the short term [153].

 Natural Orifice Transluminal Endoscopic 
Surgery Technique

NOTES is a minimally invasive surgery that can be per-
formed with an endoscope passed through a natural orifice 
(e.g., mouth, anus) and then through an internal incision in 
the stomach, vagina, bladder, or colon [154]. It typically 
avoids the need for skin incision and has the potential main 
advantages of faster recovery with shorter hospital stays, 
lower anesthesia requirements, avoidance of the potential 
complications of transabdominal wound infections, and better 
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postoperative pulmonary and diaphragmatic function. 
Clinically, NOTES has ranged from diagnostic explorations 
of the peritoneal cavity to complex organ resections includ-
ing pancreatectomy, splenectomy, cholecystectomy, gastro-
jejunostomy, and nephrectomy [155]. However, overall 
NOTES safety and efficacy is unclear compared with effec-
tive minimally invasive surgical options such as laparoscopic 
surgery [156].
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 Introduction

Interventional radiology (IR) has come a long way since the 
days of Charles Dotter, who performed the first angioplasty 
by using a combination of basic guidewires and catheters for 
dilating the focal stenosis in the superficial femoral artery in 
a patient with leg ischemia and gangrene [1]. In the last three 
decades, IR has made unparalleled progress owing to the 
vigorous clinical and research efforts of interventional radi-
ologists on top of contributions from the industry in terms of 
development of state-of-art medical equipment widely used 
in IR practice.

Interventional oncology (IO) refers to interventional 
radiologists performing procedures for diagnosing and treat-
ing patients who are already suspected of having cancer. 
Interventional radiologists have made great advances, and 
today they account for irreplaceable members of multidisci-
plinary cancer management teams in tertiary-care centers.

In this chapter, we aim to provide the readers with an 
updated overview of IR applications in clinical oncology.

 Image-Guided Biopsy for Diagnosis

The diagnosis of gastrointestinal cancer typically starts with 
imaging followed by histopathologic examination, with the 
exception of patients endoscopically diagnosed with luminal 
cancers such as gastroesophageal or colorectal cancers. 
Accurate diagnosis typically relies on obtaining an adequate 
specimen representing the suspected tumor mass. With the 
advance in biopsy devices, developments in imaging tech-
nology and massive accumulation of data, dramatic improve-
ments became possible in percutaneous image-guided tissue 
sampling (PITS).

PITS is a safe, well-established, and high-yield technique. 
With the increasing understanding of the molecular biology 
and the recent emergence of the individualized targeted treat-
ment, molecular profiling appeared as an important tool for 
individualized treatment. This factor may also have a poten-
tial to increase the role of tissue sampling in the future [2–4].

PITS may be performed as a fine needle aspiration 
(FNA) biopsy (FNAB) or core biopsy (CB) (Fig. 31.1). In 
FNAB small size, thin needles are used (22 gauges or 
smaller), whereas in the CB technique large diameter cut-
ting needles (20 gauge and larger) are used for tissue sam-
pling. These techniques can be used separately or combined 
in the same biopsy session. Most interventional radiolo-
gists prefer the coaxial biopsy technique, which involves 
the initial placement of a thin-walled needle in or close to 
the target lesion, and subsequent FNA and cutting needle 
core biopsies can be performed through this needle. By 
using this technique, the operator does not need to traverse 
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Fig. 31.1 A 54-year-old female with known breast cancer and newly 
detected focal liver mass (arrow) on follow-up abdominal computed 
tomography (CT). Percutaneous needle biopsy (arrowheads) of the 
lesion under ultrasound guidance confirmed metastatic breast cancer
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the anatomic structures along the trajectory to the target 
lesion, and therefore, patient discomfort and complication 
rates can be minimized. FNABs can be performed safely 
and provide specimens that are adequate for cytologic and 
histologic examination [2–4]. Cutting needles almost 
always provide adequate tissue specimens suitable for his-
topathologic evaluation without increasing complication 
rates [5, 6].

There are no absolute contraindications for PITS, but a 
thorough pre-procedure patient work-up should be per-
formed before PITS.  Relative contraindications include 
significant coagulopathy, severely compromised cardio-
pulmonary function or hemodynamic instability, lack of 
patient cooperation, and pregnancy—the latter in situa-
tions where image guidance involves ionizing radiation 
[7]. PITS is generally a safe procedure with low complica-
tion rates when undertaken with adequate patient work-up 
and in experienced hands. The complications can be 
broadly subclassified into two subgroups: generic and 
organ specific. The major generic complications apply to 
all biopsies including major bleeding, infection, hollow 
viscus perforation, and unintended organ injury [7, 8]. 
Clinically significant bleeding is rare and depends on the 
increased size of the needle, the use of cutting needles, and 
the vascularity of the organ biopsied [9, 10]. Infection as a 
complication is rare with adequate patient preparation and 
attention to the technique. Injury to adjacent organs is also 
rare, and this type of injury will require additional inter-
vention in less than 2% of the patients [7]. Major compli-
cations result in hospital admissions, unplanned increase 
in the level of care, long-term morbidities, or death. Minor 
complications do not have any sequela and may require 
nominal therapy or short hospital stay, generally overnight, 
for observation [7].

 Biliary Interventions

Obstructive jaundice is a manifestation of cholestasis. By 
definition, cholestasis denotes either impairment in the 
formation of bile or obstruction of the free flow of bile to 
the duodenum along the internal and external biliary 
ducts. Primary and secondary tumors of the liver, pan-
creas, and the biliary systems are the commonest causes 
of biliary obstruction. Malignant biliary obstruction 
(MBO) may also lead to fatal liver insufficiency and chol-
angitis [11].

Percutaneous intervention for MBO may be performed to 
decrease serum bilirubin levels to facilitate the delivery of 
certain chemotherapy agents, or in some cases to allow for 
definitive or palliative surgery. Cholangitis is relatively rare 
in the setting of MBO and should be considered in patients 
who underwent previous endoscopic or percutaneous inter-

vention [12, 13]. Fever, right upper quadrant pain, worsening 
hyperbilirubinemia, mental status changes, and sepsis may 
be the clinical manifestations of cholangitis. In patients with 
altered biliary anatomy, percutaneous biliary drainage may 
be the only nonsurgical option for palliative or definitive 
treatment. Biliary interventions are mostly performed as 
multi-stage procedures. For most patients, biochemical liver 
function indices improve after the first intervention [14].

Biliary drainage may be performed as an external or 
external/internal drainage. In external drainage, the draining 
catheter is placed proximal to the level of MBO, whereas in 
external/internal drainage, the catheter is placed across the 
level of MBO. Electrolyte and fluid disturbances, coagulopa-
thy, and malnutrition may complicate external biliary drain-
age [15, 16]. For these reasons, the external biliary drainage 
should be converted to external/internal drainage whenever 
possible. These drainage catheters should be carefully super-
vised during their stay in the biliary system and should be 
exchanged every 2–3 months.

In patients with biliary drainage catheters that were placed 
for malignant obstruction, cholangitis rates are relatively 
high and may be seen in up to 50% of the patients with exter-
nal/internal biliary drainage catheters; the likelihood of 
infection is directly correlated with the length of the stay of 
the catheter [4]. Therefore, patients who have biliary drain-
age catheters in place should have clear treatment plans and 
precisely defined goals, and the use of metallic stents should 
not be delayed in patients who are not operative candidates. 
These stents improve the patient comfort by removing the 
catheter exiting the patients’ skin. These metallic stents have 
high patency rates for 6–9  months and should be liberally 
used in patients with limited life expectancy [17, 18] 
(Fig. 31.2).

Before any biliary intervention, a detailed clinical work-
 up is necessary. The patient’s overall clinical status should 
be reviewed and the relevant laboratory tests should be per-
formed. Patients’ coagulation parameters should be care-
fully evaluated and treated, if necessary. Pre-procedural 
antibiotic use with adequate hydration is also crucial for suc-
cessful outcome. Anesthesia may be consulted in compli-
cated cases.

There should be clear orders for the floor staff after stent 
placements, as patients may experience pain and fever. 
Antibiotics may be used for 48 hours after stent placement 
with adequate pharmacotherapy for pain control.

 Urologic Interventions

Urinary obstruction due to malignant causes is not rare, and 
urinary diversion should be performed in these patients in 
order to prevent obstructive uropathy and permanent renal 
damage. Despite the fact that urologic interventions are gen-
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erally required in the treatment of urinary tumors and stone 
diseases, gastrointestinal cancers may also cause acute or 
chronic urinary obstruction necessitating percutaneous 
interventions. Major causes of urinary obstruction include 
pelvic and retroperitoneal masses.

Percutaneous nephrostomy (PCN) is the most commonly 
applied procedure for the relief of malignant urinary 
obstruction that cannot be managed by placing a ureteric 
stent via cystoscopy [19, 20]. As uninfected obstructed kid-
ney is not an acute threat, PCN placement is an urgent pro-
cedure rather than an emergent one. Elevated urinary 
pressure in urinary obstruction leads to afferent arteriolar 
vasoconstriction with subsequent permanent functional 
loss through a combination of ischemic or disuse-induced 
tubular injury [21, 22]. Complete renal function recovery 
may be expected with 1 week of complete obstruction with 
very little recovery seen after 12 weeks of complete obstruc-
tion [23].

PCN placement is a relatively safe procedure in appropri-
ately selected patients. The major and minor complication 
rates are reported to be around 10%, with a mortality rate of 
0.05–0.3% [20, 24]. Infection, adjacent organ injury, and 
bleeding are among the major complications of PCN. Pleura 
and colon are the most commonly injured organs, however, 
with proper technique the majority of these injuries may be 
prevented. Minor hematuria and bleeding from the newly 
placed PCN catheter are very common and mostly 
transient.

 Percutaneous Ablative Therapies

Percutaneous ablative therapies involve application of ther-
mal and nonthermal energy to treat cancer under imaging 
guidance. Percutaneous ablation is commonly used for the 
treatment of primary and metastatic tumors in the liver or 
lung. They can also be used for palliative purposes in bone 
and soft tissue and lymph metastases.

Thermal ablative technologies include radiofrequency 
ablation (RFA), microwave ablation, and cryoablation. 
Proper pre-procedure work-up including a patient’s overall 
clinical and laboratory evaluation is mandatory. Tumor loca-
tion is also critical and should be evaluated. Tumors that 
abut pancreas, bowel segments, abdominal wall, and gall-
bladder necessitate extra attention as collateral damage to 
these structures may complicate the ablation procedure. 
With the use of hydrodissection and patient positioning, in 
addition to careful technique, most of these tumors may be 
successfully treated without any collateral damage to the 
adjacent organs.

 Radiofrequency Ablation

RFA technology involves application of lethal heat to the 
tumors by using alternating electrical current. The resulting 
frictional heat and movement of electrons within the tumoral 
tissue and surrounding structures cause immediate coagula-
tive necrosis and cell death. In addition to its use in primary 
liver tumors, especially hepatocellular carcinoma, it is also 
widely used in the treatment of metastatic liver disease. This 
heat energy is typically delivered by inserting the RFA probe 
into the tumor under imaging guidance. The size and the 
configuration of the ablation zone can be modified with the 
type and numbers of the electrodes, the duration of ablation, 
and inherent tissue characteristics [25]. With its proven effi-
cacy and safety profile, RFA is now offered to patients who 
are surgical candidates with comparable 5-year survival out-
comes from surgical intervention [26–29]. Several points 
should be addressed during the pre-procedural work-up in 
patients who are planned to be treated with RFA. Metastatic 
lesions close to large-caliber hepatic vessels may induce a 
heat-sink effect, wherein the thermal energy applied is atten-
uated by the blood flow in these large vessels. Large tumor 
size is another limiting factor, and lesions larger than 5 cm 
may be difficult to treat with this technology. Attention 
should be paid to adjacent organs as injuries to gallbladder 
and intestinal loops adjacent to the ablation site may be dev-
astating [4]. RFA, with its long record of success and avail-
ability, is a very attractive technology in the treatment of 
metastatic and primary tumors in several organs, and patients 
may even be discharged at the day of ablation after some 

Fig. 31.2 A 61-year-old female with hilar cholangiocarcinoma deemed 
to be unresectable after clinical and radiological evaluation. Metallic 
biliary stents (arrows) are percutaneously placed into the left and right 
biliary ducts in Y-configuration for palliative purposes
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observation at interventional radiology recovery suites 
(Fig. 31.3a, b).

 Microwave Ablation

Another thermal-based ablative technology is microwave 
ablation (MWA). This technology is relatively new compared 
to RFA and is highly promising. MWA promotes heat pro-
duction through a specifically designed antenna and 
causes polar water molecules to realign continuously with 
an oscillating magnetic field generated from the antenna. 
This continuous realignment of the water molecules pro-
duces friction and subsequent heat, inducing coagulative 

necrosis and cell death [30]. By using MWA several short-
comings of RFA may be circumvented. Low electrical 
conductivity and high tissue impedance—a common 
problem in charred tissues treated with RFA—do not 
affect the propagation of microwaves, and therefore an 
increased treatment effect may be obtained with MWA 
[31]. Heat-sink effect, a common limiting factor in RFA, 
is also not a problem with the MWA technology. The ther-
mal profile generated by the MWA technology overcomes 
the heat-sink effect, allowing the treatment of lesions 
located close to the large-caliber hepatic vessels. MWA 
also allows application of multiple probes at the same 
time into different lesions, which may significantly reduce 
the treatment duration [32]. The grounding pads, manda-
tory to use in RFA, are also not needed with MWA.  
The active heating zone is larger in MWA compared to 
RFA, which reduces the charring and desiccation seen  
in RFA. As a result of this feature of MWA, a more uni-
form ablation zone is achieved within a shorter duration  
[30, 33, 34] (Fig. 31.4a–d).

 Cryoablation

Cryoablation differs in the way the thermal ablation is 
achieved. In this technology, instead of heating, rapid cool-
ing of the tumor tissue is used for ablation. Cryoablation is 
based on the Joule Thomson effect, which is based on the 
high-pressure travel of the gas through a porous plug into 
an area of lower pressure with subsequent cooling and 
expanding of the gas. The cold temperatures obtained with 
cryoablation causes intracellular and extracellular ice and 
crystal formation within the tissue, followed by direct 
destruction of the cellular membranes and subsequent cell 
death [32]. Cryotherapy has been reported to be effective 
for tumors with a size less than 5 cm in diameter, but with 
the utilization of multiple probes, tumors up to 10  cm in 
diameter may now be treated [35]. The iceball that is formed 
during the treatment cycle can be clearly visualized with 
imaging, which confers an advantage as the treatment zone 
can be real-time monitored during the treatment session. 
Abscess, tumor seeding, liver cracking, cryoshock, and 
hemorrhage may complicate cryoablation; however, no sig-
nificant differences have been described between RFA and 
cryoablation in trials comparing these two techniques [36].

 Irreversible Electroporation

Irreversible electroporation (IRE) is the newest ablation 
modality, despite the fact that the idea behind this technology 
dates back to the 1960s [37]. The usefulness of IRE as an 
ablation modality was first described in 2005 where its abla-

a

b

Fig. 31.3 Radiofrequency ablation of liver metastasis. A 52-year-old 
male with newly diagnosed solitary liver metastasis due to colon can-
cer. Patient refused liver resection. (a) Pre-RF ablation contrast- 
enhanced computed tomography (CT) image reveals low-attenuation 
metastatic lesion (arrow) adjacent to the inferior vena cava. (b) Post- 
ablation CT image demonstrates no abnormal enhancement (arrow) 
within the ablation bed suggestive of residual tumor
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tive effect was demonstrated in the liver tissue without 
 thermal effects [38]. The killing effect of IRE is based on the 
ability of high electric field strength causing permanent pore 
formation within the cell membrane, resulting in cell death 
[39]. As IRE is based on nonthermal ablation, the heat-sink 
effect, most commonly observed in tumors adjacent to major 
blood vessels, is not a limiting factor [40]. IRE also does not 
significantly affect the connective tissue elements allowing 
its use in the treatment of tumors in the close vicinity of sen-
sitive structures, such as nerves and bile ducts, without any 
serious long-term effect [40–43]. The major limitation of 
IRE is the requirement of general anesthesia during the pro-

cedure, as complete muscle paralysis is required to reduce 
muscle stimulation during the treatment. Even with complete 
muscle blockade, local muscle stimulation is common. An 
electrocardiogram synchronizer is also necessary to mini-
mize the risk of cardiac rhythm disturbances during the pro-
cedure [39]. IRE can be used in the treatment of kidney, liver, 
pancreas, and lung ablations, but the results in ablating pan-
creatic cancers are especially promising [39] (Fig. 31.5a–c). 
As IRE is a relatively new ablation technology in the treat-
ment arsenal, there are some knowledge gaps, and more 
experience and scientific data are needed before it becomes 
mainstream.

a b

c

d

Fig. 31.4 Microwave ablation of liver metastasis. A 45-year-old male 
with biopsy-proven solitary metastatic focus within the liver paren-
chyma secondary to colon cancer. Patient refused surgical resection of 
the metastasis. (a) Grayscale ultrasound (US) image shows heteroge-
neously hyperechoic solid metastasis (arrows). (b) Pre-treatment 
contrast- enhanced axial magnetic resonance (MR) image confirmed the 

US findings (arrow) and did not demonstrate any additional metastatic 
foci. (c) Grayscale sonographic image shows the properly positioned 
microwave antenna (arrow) within the metastasis. (d) Posttreatment 
subtraction MR image revealed no abnormal enhancement within the 
ablation bed (arrow) consistent with successful treatment

31 Role of Interventional Radiology in Management of Gastrointestinal Cancers and Neuroendocrine Tumors



556

 Hydrodissection

Hydrodissection is a very useful technique in ablative thera-
pies for lesions located close to critical anatomic structures. 
This technique basically involves creation of artificial asci-
tes, which displaces the adjacent organs away from the tumor 
itself. A 5% dextrose in water solution should be used in 
RFA patients, as normal saline may act as an electrical con-
ductor and can propagate ablation [44]. In case the hydrodis-
section fluid is difficult to visualize with computed 
tomography (CT), iodinated contrast may be added to the 
fluid [45].

 Comparison of Percutaneous Ablation 
Technologies

With the advance in percutaneous ablative technologies the 
selection of the correct modality is becoming crucial. With 
the refinement in these technologies, the success of treat-
ments will increase with diminishing complication rates. As 
the RF technology improves, the efficacy of this technology 
appears also to be improved for ablating larger tumors, now 
reported to be around 80–90% [46]. Ablative technologies 
based on microwave are less vulnerable to heat-sink effects 
from adjacent vessels and may be more useful to treat lesions 
adjacent to large caliber vessels. As IRE is a nonthermal 
ablative technology, there is no concern for heat-sink effects, 
and it enables better tumoricidal effect with less risk to dam-
age adjacent vascular and biliary structures. Based on these 
potential advantages of IRE, it will not be surprising to see 
its use in liver tumors in the near future. Because of high 
complication rates and lack of solid scientific data regarding 
its advantages over other ablative modalities, the utilization 
of cryoablation for liver applications is still limited.

 Portal Vein Embolization

Hepatic resection is the standard of care for patients with 
primary and secondary liver malignancies. However, despite 
the advancements in pre-, peri-, and post-surgery care, sig-
nificant complications such as cholestasis, liver failure, syn-
thetic liver dysfunction, and fluid retention are still important 
factors that affect patient morbidity and mortality.

Liver insufficiency is a potentially lethal complication of 
the liver resection, and the volume of future liver remnant 
(FLR) is the main determinator of postsurgical hepatic dys-
function and complications [47–49]. The rationale of portal 
vein embolization (PVE) is to increase the volume of FLR by 
redirecting the blood flow in the portal vein toward the FLR 
by embolizing the portal vein branches feeding the liver seg-

a

b

c

Fig. 31.5 Irreversible electroporation (IRE) of pancreatic cancer. A 
67-year-old male presenting with gradually increasing epigastric pain 
and weight loss. (a) Axial contrast-enhanced computed tomography 
(CT) demonstrated pancreatic head mass (arrow) that was later proven 
to be consistent with adenocancer after endosonographic biopsy. The 
lesion was deemed to be unresectable with extensive vascular invasion. 
Post-IRE treatment axial (b) and coronal (c) contrast-enhanced CT 
images show satisfactory treatment with expected morphologic changes 
represented by devascularization of the tumor (arrows)
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ments that will be removed at surgery. With this redirection 
of blood flow, the nonembolized liver segments will hyper-
trophy with the aim of reducing the risk of potential postop-
erative liver insufficiency, thereby increasing the number of 
patients eligible for surgery [50, 51] (Fig. 31.6a–e).

Adequate pre-procedural planning, as is usual, is manda-
tory for the success of PVE. Cross-sectional imaging with 
multiphasic abdominal CT or liver magnetic resonance 
imaging (MRI) may both be used for this purpose. With the 
information provided from these studies, the total liver vol-
ume, the FLR volume, and anatomy of the portal vein and its 

a

c

e

b

d

Fig. 31.6 Portal vein embolization (PVE) in a 57-year-old male patient 
with right lobe liver metastasis due to colon cancer. (a) Axial contrast- 
enhanced computed tomography (CT) demonstrates the largest meta-
static lesion in the right lobe (arrows). No metastatic lesion was detected 
in the left liver lobe. (b) Axial contrast-enhanced CT before the proce-
dure showing left liver lobe. (c) Pre-embolization portal venography 

demonstrates patent portal vein branches and outlining the anatomy.  
(d) Post-embolization portal venography demonstrates successful 
embolization of the right portal vein branches (arrow) and patent left 
portal vein (arrowhead). (e) Axial contrast-enhanced CT 4 weeks after 
PVE demonstrates satisfactory enlargement of the left liver lobe
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branches can be thoroughly evaluated. The diameter and dis-
tal branches of the portal vein, in order to gain safe access, 
should also be evaluated in these images.

As stated previously, the amount of remnant liver volume 
is crucial for patient well-being after the surgery. Guidelines 
state that PVE may be indicated in patients with anticipated 
FLR of ≤20% in healthy livers, ≤30% in diseased livers or 
those with chemotherapy-associated steatohepatitis, 
and ≤40% in cirrhotic livers [52, 53].

Several studies have reported that FLR standardized to 
patient size may be a reliable indicator for estimating func-
tional liver volume. This is calculated from the data provided 
by CT volumetry measurement of FLR and calculating its 
contribution to the total liver volume as a proportion of esti-
mated liver volume derived from the patient’s body surface 
area [54].

Significant portal hypertension, extensive or partial tumor 
invasion of the portal vein and complete lobar portal vein 
occlusion, renal failure, uncorrected coagulopathy, extrahe-
patic metastases, and absence of a safe access route to the 
portal vein are the leading absolute and relative contraindica-
tions for PVE.

PVE is a safe procedure, which can be performed under 
conscious sedation, with high success rates. The reported 
hypertrophy rates of FLR range from 28% to 46% [4]. A 
systematic review assessing the results of 44 articles, overall 
including 1791 patients who underwent PVE, demonstrated 
a mean hypertrophy rate of 37.9  ±  9%, a success rate of 
99.3%, and a mortality rate of 0.1% [55].

 Transarterial Treatments of Liver Tumors

Primary and secondary malignancies of liver are amenable to 
transarterial treatment approaches due to their unique prefer-
ential blood supply from hepatic artery rather than portal 
vein branches. Bland embolization with particles, emboliza-
tion with drug-loaded particles and transarterial delivery of 
yttrium-90 (Y-90)-coated microspheres are all available in 
the interventionalist’s arsenal for different indications.

 Transarterial Chemoembolization

For transarterial chemoembolization (TACE), a chemothera-
peutic drug is added to the embolic agent. With this 
 combination, a synergistic treatment effect with both tumor 
embolization and controlled, focused release of the drug can 
be obtained. Doxorubicin and cisplatin are the most com-
monly used chemotherapeutic agents in this treatment; how-
ever, several other agents may also be used if needed.

The development of polymer-based drug-eluting micro-
spheres (drug-eluting beads, DEBs) has significantly 

improved the ability of conventional TACE. With this tech-
nology, the chemotherapeutic agent can be delivered at 
higher concentrations locally with decreased systemic toxic-
ity [56] (Fig. 31.7a–c). Most of the data in the literature were 
generated with the use of DC beads produced by 
Biocompatibles/BTG in the UK [57]. These beads can be 
loaded with doxorubicin (DEBDOX) or irinotecan (DEBIRI) 
[58, 59]. These beads are non-biodegradable, spherical 
shaped, and compressible particles that can be loaded with 
doxorubicin or irinotecan with a size range of 75 to up to 900 
microns. The drug release is gradual and continuous, as dem-
onstrated in several animal experiments [56, 60]. Small bead 
size allows for deeper penetration of the particle and more 
extensive necrosis [61]. However, it should be underlined 
that smaller particles are not always better. Serious compli-
cations with 40–120 micron trisacryl spherical microspheres 
due to nontarget embolization have been reported due to the 
passage of these small particles through sinusoids and large 
arteriovenous shunts located within the target tumor [62].

Metastatic colorectal cancer (mCRC) to the liver is a sig-
nificant cause of mortality in colorectal cancer patients. 
Although surgery is the standard of care for these patients, 
unfortunately, many patients are not eligible for potentially 
definitive surgery. TACE with drug-eluting beads may be 
used in these patients as a palliative procedure. A life expec-
tancy greater than 3 months and an appropriate health status 
(Eastern Cooperative Oncology Group status of 2 or less) is 
typically indicated before the treatment [63, 64]. Adequate 
liver reserve is also mandatory for the success of the proce-
dure. Serum bilirubin less than 3 mg/dL, international nor-
malized ratio (INR) of 1.5 or less, and albumin greater than 
3 g/dL are typically good indicators of adequate liver reserve 
[65]. Pre-procedural abdomen CT or MRI is also needed, 
ideally within less than 1 month before the procedure. TACE 
may be performed with doxorubicin or irinotecan, and sev-
eral combinations of TACE with surgery and systemic che-
motherapy have been reported in these patients with differing 
results [66].

The use of TACE in other liver metastases except for 
mCRC to the liver has also been reported, but the data are 
scarce in these patients. The use of TACE in these patients, 
especially in patients with liver metastases due to neuroen-
docrine tumors, appears to be promising [67–71]. Local dis-
ease control and symptomatic relief may be obtained with 
TACE in these patients.

Hepatocellular carcinoma (HCC) is the 6th most common 
cancer and 3rd leading cause of cancer deaths [72]. 
Embolization of HCC was first performed by a French radi-
ologist, Dominique Doyon, in 1974 with the use of gelatin as 
the embolizing agent [73]. Lipiodol was first reported by 
Japanese surgeon Kono as a bounding and accumulating 
agent in HCC [72]. In the first clinical study conducted in 
1983, significant reduction in serum alpha-fetoprotein (AFP) 
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levels have been reported in HCC patients who are treated 
with TACE [74].

The target population for TACE procedure are stage B 
(intermediate stage) patients, according to the Barcelona 
Clinic Liver Cancer (BCLC) staging system. Relatively pre-
served liver function, absence of cancer-related symptoms, 
no evidence of vascular invasion or extrahepatic spread, and 
Child-Pugh stage of ≤ B7 are the preferred conditions for 
optimal TACE procedure [75–78]. TACE may also serve as 
an alternative for patients with early-stage HCC, when other 
more commonly used treatment options cannot be per-
formed. Patients with advanced liver dysfunction are not 
ideal candidates for TACE procedure as severe adverse 
effects may be observed due to ischemic effects of this pro-
cedure. Absolute contraindications for TACE include decom-
pensated cirrhosis (Child-Pugh stage ≥ B8), extensive tumor 
involvement with massive replacement of both lobes, 
severely reduced portal vein flow (with or without tumor 

obstruction), technical contraindication to intra-arterial treat-
ment and severe renal impairment (serum creatinine >2 mg/
dl or creatinine clearance <30 mg/dl) [79]. Relative contrain-
dications are as follows: tumor size >10 cm, severe comor-
bidities, esophageal varices with high risk of bleeding and 
bile duct occlusion, or incompetent papilla due to stent or 
surgery [79].

Long-term survival is unusual after TACE procedure as 
these patients mostly have advanced stage tumors. 
Interruption of the tumor blood flow may also lead to 
enhanced angiogenesis, which may promote new tumor 
formation [80]. Hypoxia inducible factor 1 α(alpha) and 
both plasma and hepatic vascular endothelial growth fac-
tor (VEGF) levels were reported to increase after TACE 
[80]. Combined use of anti-angiogenetic agents with 
TACE was proposed as alternative to overcome this poten-
tial drawback [81].

a

c

b

Fig. 31.7 Transarterial chemoembolization in a 56-year-old male with 
known cirrhosis secondary to chronic hepatitis C virus infection.  
(a) Arterial phase contrast-enhanced computed tomography (CT) dem-
onstrates avidly enhancing lesion (arrows) in the liver dome suggestive 
of hepatocellular carcinoma. The same lesion demonstrated contrast 

wash-out on portal venous phase (not shown). (b) Pre-embolization 
catheter angiography demonstrated the same hypervascular lesion 
(black arrow) seen on CT images. (c) Axial contrast-enhanced CT 
4 weeks after chemoembolization demonstrates almost complete tumor 
response with no enhancement within the tumor tissue (arrow)
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Pre-treatment imaging of TACE should include properly 
protocolled CT or MRI exam for initial assessment of the 
hepatic tumor load. Extrahepatic metastatic disease should 
also be ruled out before the procedure. The most commonly 
preferred drug for TACE, in patients with HCC, is doxorubi-
cin mixed with lipiodol. Doxorubicin can be used with a 
dose of 30–75  mg/m2, not exceeding 150  mg [82]. 
Doxorubicin-eluting beads (DEB)-TACE limited disease, 
according to Milan criteria, is defined as follows: single 
HCC ≤5 cm or multiple tumors (up to 3 at ≤3 cm each) [80]. 
Patients who successfully meet the Milan criteria may be 
treated with a planned dose of 50–75 mg doxorubicin loaded 
into one vial of 2 mL of DC beads (per single session). In 
patients with advanced stage disease, single treatment ses-
sion should include a dose of up to 150  mg doxorubicin 
loaded into two vials of DC beads. Huge or bi-lobar tumors 
necessitate separate sessions with ~4  weeks apart [82]. In 
case of complications related to the procedure, the interval 
between the sessions may be extended. Before the subse-
quent procedure, liver functions should be thoroughly 
evaluated.

 Complications of TACE

TACE-related mortality within 1 month was reported to be at 
4% in the PRECISION V study. In this study acute hepatocel-
lular failure (>60% of cases), hemorrhage due to portal hyper-
tension, tumor rupture, liver abscess, and sepsis were reported 
to be the most common causes of TACE-related mortality 
[83]. Ischemia of nonmalignant liver parenchyma is among 
the leading causes of adverse effects that may manifest as 
increased serum bilirubin levels, encephalopathy, reduced 
prothrombin ratio, and rupture of varices [78]. Among the less 
common complications of TACE are cholecystitis, biliary 
tract-related complications (such as bilomas, stenosis, and 
dilatations), pancreatitis, and bowel perforation [84].

 Response Assessment After TACE

Response evaluation criteria (RECIST) may not be relevant 
for the assessment of tumor response after TACE as overall 
decrease in tumor size may not reflect the true response [85]. 
Modified RECIST (mRECIST) was proposed to be better for 
response assessment in TACE of HCC [86, 87].

Response evaluation after TACE should be performed 
with properly protocolled contrast-enhanced CT or MRI, 
typically 4 weeks after the index session [77] (Fig. 31.8a, b). 
Re-treatment at subsequent fixed intervals may be planned 
for future management. Repeated TACE sessions may be 
related with higher toxicity [79]. On-demand strategy refers 
to re-treatment of patients if viable tumor tissue remains 

(partial response, stabilization, or progression) and can be 
carried out depending on the patient’s liver reserve and over-
all health [78]. Three-month interval follow-up imaging is 
recommended for patients with complete response. Failure 
to achieve an objective imaging response after at least two 
sessions, clinical or functional deterioration, and interval 
development of usual factors that contraindicate TACE pro-
cedure are considered to be factors supporting for the TACE 
untreatable disease progression [78]. Absence of response 
after at least two TACE sessions should prompt consider-
ation for alternative treatment approaches [79, 88]. Average 
number of TACE sessions per patient was reported to be as 
2.5 ± 1.5 [85].

a

b

Fig. 31.8 TACE in a 70-year-old man with HCC. (a) Arterial phase 
axial contrast-enhanced CT demonstrates peripherally avidly enhanc-
ing lesion (arrows) in the right lobe of the liver pathologically proven as 
hepatocellular carcinoma. (b) Arterial phase axial contrast-enhanced 
CT performed 1  month after DEB-TACE procedure revealed unen-
hancement of the lesion (arrow) suggestive of complete tumor response
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 Outcomes

Proper patient selection is of fundamental importance for 
successful clinical outcome. Conventional TACE procedures 
were shown to be more beneficial for patients who are not 
amenable for more radical treatment approaches [80].

DEB-TACE has been shown to be more valuable com-
pared to conventional TACE in HCC.  The PRECISION V 
study, a multicenter phase 2 randomized trial, revealed supe-
riority of DEB-TACE with doxorubicin-eluting beads. This 
approach resulted in less liver toxicity and drug-related 
adverse events [89, 90]. Higher complete response, objective 
response, and disease control rates were reported to be as 
27% vs. 22%, 52% vs. 44%, 63% vs. 52% in DEB-TACE 
group and cTACE group, respectively [91]. Complete tumor 
necrosis was observed in 77% of patients with DEB-TACE 
as compared to 27% in bland embolization [92]. However, 
superiority of DEB-TACE over cTACE is not well- established 
due to lack of solid scientific evidence. The GIDEON study 
is an observational registry study that evaluated the TACE 
use prior to and concomitantly with sorafenib in patients 
with unresectable HCC.  In this study, overall survival was 
12.7  months in patients who underwent TACE prior to 
sorafenib; 9.2  months in non-prior-TACE patients; and 
21.6  months and 9.7  months in concomitant and non- 
concomitant- TACE patients, respectively [93].

Some recent TACE studies have been ongoing with novel 
beads, which are small particles leading to more distal embo-
lization. These smaller particles also allow for embolizing 
the newly formed collateral vessels from prior sessions [94, 
95]. Concerns about extrahepatic embolization and toxicity 
due to collateral circulation have not been validated [96]. A 
prospective study revealed complete and partial response in 
33.3% vs. 44.4% of patients, respectively, with DEBs of 
70 μ(mu)m vs. 150 μ(mu)m (M1®, BTG, United Kingdom) 
[97]. Another novel drug-eluting particle is HepaSphere, 
which is a microsphere having a dry caliber of 30–60 μ(mu)
mol/L. This particle expands to 166–242 (197 ± 31) μ(mu)
mol/L in saline solution and to 145–213 (148 ± 45) μ(mu)
mol/L after loaded with doxorubicin [98]. Complete response 
and objective response rates (complete response + partial 
response) were found to be as 22.2% and 68.9%, respec-
tively [99].

 Post-embolization Syndrome
Post-embolization syndrome (PES) is common after liver- 
directed therapies, especially TACE. It is generally a benign 
process and can be managed effectively. Nausea, vomiting, 
abdominal pain, and fever are common after TACE and may 
be seen in up to 90% of the patients [100]. Intravenous fluid 
resuscitation and pain management are the mainstays of 
treatment, but the symptoms may continue up to a week or 
10 days.

TACE with the use of DC beads appears to have increased 
tolerability with a significant reduction in liver toxicity and 
doxorubicin-related side effects compared to conventional 
Lipiodol-based TACE [89].

 Selective Internal Radiotherapy with Y-90

External beam radiotherapy has historically played a lim-
ited role in the treatment of liver tumors as the liver tissue 
is not tolerant to high-dose radiation. Liver radiation 
doses exceeding 35  Gy typically cause a clinical syn-
drome characterized by hepatomegaly, elevated liver 
enzymes, and ascites. These symptoms may be persistent 
and recovery may take weeks or even months [101–103]. 
These limitations have promoted a search for a better and 
more tolerable way of high-dose radiation delivery to 
liver tumors. Y-90 has emerged as a feasible molecule to 
achieve this effect. By definition, radioembolization refers 
to injection of embolic particles loaded with a radioiso-
tope by using catheter angiography techniques [63] 
(Fig. 31.9a–c). Y-90-loaded microspheres can deliver beta 
radiation to the tumor and provide tumoricidal effects. As 
stated, Y-90 subsequently decays to stable zirconium 90 
emitting beta radiation in the meanwhile and has a physi-
cal half-life of 64.2  hours [101]. The mean penetration 
achieved by the emissions is 2.5  mm with a maximum 
reach of 11  mm. This limited penetrative capability of 
these emissions provides local tumoricidal effect without 
nontarget radiation of the healthy liver tissue, which is a 
common feature in external beam radiotherapy [104]. 
With the use of this technique, up to 150 Gy of radiation 
may be delivered to the liver without any significant radio-
toxicity to the liver [63].

There are two commercially available radioembolic 
devices available. TheraSphere was first approved in 1999 
by the US Food and Drug Administration (FDA) under 
humanitarian device exemption, for treatment of unresect-
able hepatocellular carcinoma, and is a glass microsphere. 
The second device, SIR-Spheres, was approved by the FDA 
in 2002 for the treatment of CRC metastases with adjuvant 
intrahepatic artery chemotherapy for floxuridine [63]. 
Combined analysis of three trials of first-line FOLFOX (leu-
covorin, fluorouracil, and oxaliplatin) chemotherapy with or 
without selective internal radiotherapy (SIRT) revealed effi-
cacy of SIRT in local disease control [105] (Fig. 31.10a, b). 
However, the same study revealed that addition of SIRT to 
first-line FOLFOX chemotherapy in patients with liver-only 
and liver- dominant metastatic colorectal cancer did not 
improve overall survival compared with that for FOLFOX 
alone [106]. Therefore; early use of SIRT in combination 
with chemotherapy in patients with metastatic colon cancer 
was not recommended [106].
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In contrast to TACE, radioembolization is a two-step pro-
cedure. The first angiography procedure is performed for 
vascular mapping and embolization of the vessels that may 
cause nontargeted internal radiation during the actual radio-
embolization process. Technetium 99m (Tc 99m)-labeled 
macroaggregated albumin (MAA) is also injected at this pro-
cedure into the target vessel in order to assess fraction of the 
MAA that shunts to the lungs. This assessment is especially 
important as significant shunting of the radioembolization 
particles to the lungs may cause severe radiation pneumoni-
tis after the procedure. The lung shunt fraction is incorpo-
rated into the dosimetry calculations to minimize radiotoxicity 
to the lungs.

Radioembolization can be performed in three ways: 
whole liver radioembolization, sequential (treating one lobe 
followed by the other), and lobar (treating only one single 
lobe of the liver). The decision-making process of selection 

a

b

c

Fig. 31.9 Radioembolization with Y-90. (a) Axial contrast-enhanced 
CT demonstrates solid mass (arrow) close to the liver dome (pathologi-
cally proven colon cancer metastasis). (b) Y-90 infusion through the 
right hepatic artery. (c) Four weeks after the treatment of the lesion 
manifested with significant reduction in its vascularity (arrow) consis-
tent with tumor necrosis

a

b

Fig. 31.10 A 54-year-old female patient with multiple liver metastases 
from breast cancer. (a) Axial contrast-enhanced CT demonstrates mul-
tiple enhancing metastatic lesions (arrows) in the liver. (b) CT examina-
tion performed 3  months after SIRT procedure reveals shrinkage of 
metastases (arrow)
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of any of these approaches for a given patient is based on the 
disease burden, distribution, vascular anatomy, and the over-
all medical condition of the patient. Dosing of the overall 
radiation may be modified in patients with impaired liver 
reserve.

PES is milder in radioembolization compared to TACE, 
and patients may generally be discharged on the same 
day, in contrast to TACE, wherein patients generally stay 
overnight for management of PES.  Nontarget emboliza-
tion and subsequent radiation injury is rare and can be 
minimized with improved technique and careful pre-pro-
cedural assessment [107]. The safety and efficacy of 
internal radioembolization for the treatment of mCRC to 
the liver have been confirmed in several studies by several 
groups [66].

As with TACE, several studies have examined the effect 
of Y-90 internal radioembolization with systemic chemother-
apy and reported promising results [66].

5-Fluoro-deoxy-uridine (FUDR) has been extensively 
used for intraarterial hepatic chemoembolization (IAHC) as 
the uptake percent of this agent is 95% at the first pass. With 
this way, 100–300 times higher dose of FUDR may be 
delivered to the liver when compared to systemic conven-
tional intravenous treatment [66]. All clinical trials using 
5-FU or FUDR demonstrated a better response rate for 
IAHC than for systemic intravenous (IV) treatments. 
Despite this apparent advantage, only a few trials have dem-
onstrated a benefit of this approach in overall survival [108, 
109]. In one randomized trial, a significant survival benefit 
was reported for patients undergoing continuous hepatic 
arterial infusion with FUDR compared with the control arm 
patients who were treated with systemic chemotherapy with 
5FU/best medical treatment (BMT) (13.5 versus 7.5 months; 
p = 0.03) [110].

There are only a few absolute contraindications for Y-90 
microsphere treatment. Radiation pneumonitis occurs when 
lung exposure exceeds 30 Gy during treatment. This poten-
tial complication can be prevented by pre-procedure prepara-
tion angiography performed with 99mTc macroaggregated 
albumin (MAA). It is important that liver injection of MAA 
is performed with flow rates and catheter position mimicking 
the anticipated Y-90 infusion rate and catheter position in the 
actual treatment session. In patients with vascular anatomy 
incompatible with safe treatment, radioembolization should 
also not be performed [111].

Relative contraindications to Y-90 microsphere treatment 
include limited hepatic reserve, irreversibly elevated biliru-
bin levels, compromised portal vein (unless selective or 
superselective radioembolization can be performed), and 
prior radiation therapy involving the liver [111].

 Gastrointestinal Stenting for Palliation 
of Obstruction

Gastrointestinal stenting is primarily used for palliation 
approaches or as a means for transition to definitive surgery. The 
major goal of these stents is to restore and maintain the patency 
of any obstructed segment of the gastrointestinal system. Since 
their first use, they underwent significant development from the 
first rigid stents to today’s more flexible and effective stents. In 
modern practice, expandable plastic and metal stents as well as 
biodegradable stents are commonly used for maintaining 
patency in several parts of the gastrointestinal tract [112]. Self-
expandable metal stents (SEMS) are the most commonly used 
stents for this purpose, and they are manufactured from stainless 
steel and alloys such as Nitinol and Elgiloy or a combination of 
Nitinol and silicone [112]. In order to reduce in-stent tumor 
growth and subsequent obstruction, these metals stents may be 
covered with silicone or a membrane [112].

 Stent Use for Esophageal Obstruction

Esophageal cancers (EC) are not uncommon, and, unfortu-
nately, fewer than 50% of the patients are potential candidates 
for surgical resection. Most of the patients diagnosed with EC 
are at an advanced stage at the diagnosis, with dysphagia 
being the most common symptom. Palliation is critical in 
these patients and stents are commonly used for this purpose.

Covered or uncovered SEMS are commonly used for main-
taining the patency of the esophageal lumen (Fig. 31.11a–c). 
Covered stents are especially useful in patients with malignant 
fistula formation between the esophagus and the adjacent ana-
tomic structures [113, 114]. Esophageal stent insertion may be 
combined with brachytherapy as a safe palliative option in 
patients with EC who are not operative candidates [115].

Covered stents are reported to be more successful in terms 
of long-term patency and prompt relief of malignant obstruc-
tion with significantly reduced requirement for repeat inter-
vention [116]. Anti-reflux stents are also available with 
complication rates and quality of life similar to those with 
conventional SEMS; however, further research is needed to 
confirm these optimistic results [117]. The technology of 
biodegradable stents is relatively new with its unique advan-
tages. SEMS may interfere with radiotherapy planning and 
delivery schedule, but biodegradable stents have no such 
effect and they generally dissolve within 6–8, which gener-
ally corresponds to the radiotherapy schedule [118–120]. 
Stent migration, which may be seen after shrinkage of tumor 
after chemoradiotherapy, may necessitate an extra procedure 
for stent removal in patients with metallic stents. However, 
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Fig. 31.11 Esophageal stent placement in a 50-year-old male patient 
who was deemed inoperable based on extensive intra-abdominal meta-
static disease. (a) Axial contrast-enhanced computed tomography 
(CT) image demonstrates circumferential wall thickening (arrow) in 

the thoracic esophagus. (b) Fluoroscopy image revealed the almost 
complete blockage of barium passage (arrow) at the tumor location. 
(c) Post- deployment fluoroscopy view revealed successful coverage of 
the stenotic esophageal segment with the stent (arrows)
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this is not an issue in patients with biodegradable stents as 
they resolve spontaneously after a certain period of time.

The technical success rate is extremely high (>95%) in 
cancers of thoracic and abdominal esophagus, with a reported 
mortality rate of 0.5–2% [117]. As for the cervical portion of 
the esophagus, special stents have been designed. These 
stents have lower radial expansion force, with a small proxi-
mal collar to reduce reflux, or with a proximal delivery sys-
tem to secure correct positioning [121, 122]. Orotracheal 
compression has been reported in patients having stents 
located above the carinal level [123].

 Gastroduodenal Stenting

Stenting can be a very helpful palliation alternative for 
maintaining gastroduodenal patency where curative surgery 
is not a viable alternative [124] (Fig. 31.12a, b). Duodenal 
obstruction due to advanced stage pancreatic cancer is the 
most common indication for gastroduodenal stenting 
(GDS). As its onset of action is quick and placement causes 
minimal morbidity, GDS is an excellent alternative to pallia-
tive surgery in patients with poor life expectancy [125, 126]. 
In a prospective randomized trial comparing laparoscopic 
gastrojejunostomy with duodenal stenting, stenting was 

found to be superior to surgery for relieving gastric outflow 
obstruction in terms of morbidity, postoperative pain, hospi-
tal stay, and 1-month quality of life [127]. The clinical suc-
cess parameters for GDS are relief of obstruction, 
improvement in nutritional status and oral feeding, and a 
better quality of life. As for GDS the success rate is high and 
was reported to be between 79% and 91% [128, 129].

The procedure is safe with a morbidity between 11% and 
43% [130]. Bleeding, perforation, biliary obstruction (in 
patients treated with covered stents), and migration are 
among the early complications [131]. Stent migration, 
 perforation, duodenal fistula, and stent fracture should be 
considered as delayed complications. Previous dilatation, 
technically difficult stent placement or the use of rigid guide-
wires, concomitant corticosteroid use, and chemotherapy 
should be counted among the risk factors for perforation.

 Colonic Stenting

Acute colonic obstruction is the presenting symptom in a sig-
nificant portion of colorectal cancers and immediate  surgery 
in these patients carries high morbidity (40–60%) and mortal-
ity (8–20%) [132, 133]. Colonic stenting has emerged since 
the 1990s first as a palliative procedure and then as a bridge to 

a b

Fig. 31.12 A 65-year-old female patient with known inoperable pan-
creatic cancer who previously underwent palliative gastrojejunostomy 
for gastric outlet obstruction. She now presented with recurrent symp-
toms. (a) Fluoroscopy image demonstrates long-segment tight stenosis 

at the anastomosis (arrowheads). Also note the previously placed biliary 
stent (arrow). (b) Post-deployment fluoroscopy image demonstrates 
well-expanded stent (arrowheads) covering the stenosed lumen
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permanent surgery to achieve better clinical outcomes in 
these patients [134]. The technical success rate is reported to 
be high (90%). However, it should be noted that inability to 
cross the stricture with the guidewire, difficult anatomy with 
extensive tortuosity of the involved bowel segment, increased 
enteral peristalsis, or tight stenoses are limiting factors for the 
technical success of the procedure [134–137].

 Percutaneous Gastrostomy

Gastrostomy is a commonly performed interventional radiol-
ogy procedure in patients with swallowing difficulties, espe-
cially in patients with head and neck cancer and neurological 
disorders (Fig. 31.13a–c). Malnutrition is a significant clini-
cal problem in these patients with studies showing 29–33% 

a

c

b

Fig. 31.13 A 35-year-old male patient with newly diagnosed locally 
invasive hypopharyngeal tumor referred for gastrostomy placement due 
to significantly limited oral intake. (a) Fluoroscopy image demonstrates 
successful puncture of the distended stomach with the hollow needle 

(arrowheads). (b) Fluoroscopy image shows successful advancement of 
the guidewire through the hollow needle. (c) Final image reveals suc-
cessful placement of the gastrostomy tube (arrow)

A. D. Karaosmanoglu et al.



567

of inpatients are malnourished [138]. Aside from basic 
hydration and nutrition, enteral feeding is especially impor-
tant in patients with metabolic stress [139].

Surgical gastrostomy is a well-established procedure that 
has been performed since the nineteenth century. The first 
fully percutaneous gastrostomy was reported in the early 
1980s [140], and since then it has been widely used.

There are very few absolute contraindications for percuta-
neous gastrostomy placement (PGP) including severe uncor-
rected coagulopathy, bowel ischemia, active peritonitis, and 
GI obstruction (unless the aim of the procedure is palliative 
rather than nutrition). Ascites, severe portal hypertension with 
varices, postsurgery stomach, the presence of ventriculoperi-
toneal shunt, and long-term immunosuppression should be 
considered among relative contraindications for PGP [141].

The technical success of PGP is high with reported rates 
of 95–100% [142–144]. Rates of complication have been 
reported to be lower in patients with radiologically inserted 
gastrostomy compared to endoscopically placed gastrostomy 
[145, 146].

Bleeding, peritonitis, and colonic perforation should be 
considered among the major complications related to the 
procedure, but these complications may be significantly 
decreased with a meticulous technique.

 Celiac Neurolysis

Abdominal pain is a common problem in patients with 
abdominal cancers and can sometimes be debilitating for the 
affected patients. The management of this issue is complex 
and may often necessitate the use of high-dose narcotics with 
subsequent potential side effects [147].

Anatomically, the pain fibers in the upper abdomen relay 
through the splanchnic nerves and the celiac plexus. Celiac 
plexus refers to the collection of nerve fibers located in the 
retroperitoneum along the anterolateral wall of the abdomi-
nal aorta [148]. The celiac plexus supplies sensory afferent 
fibers to several organs in the upper abdomen including: 
liver, biliary system, pancreas, spleen, adrenal glands, kid-
neys, mesentery, and stomach and bowel segments. With this 
anatomic information, it is not surprising to consider block-
ing the nociceptive receptors in the celiac plexus might be a 
viable option in the alleviation of intractable abdominal pain 
in patients with cancers of the aforementioned organs. 
Anatomically, the celiac plexus is located in the retroperito-
neal space and embedded in the fat tissue, located just ante-
rior to the abdominal aorta, caudad to the level of the origin 
of the celiac artery [147].

Ethanol and phenol are the most commonly used agents 
for this purpose, and the procedure may be performed under 
fluoroscopy, ultrasonography, and CT [149] (Fig. 31.14a, b). 

Celiac neurolysis is a safe procedure with a reported compli-
cation rate of less than 2% [150, 151]. Orthostatic hypoten-
sion, back pain, and transient diarrhea are common after the 
procedure [152]. Bed rest for 12 hours after the procedure 
and adequate hydration are helpful measures to counter the 
effects of autonomic dysfunction that emerges after the pro-
cedure [147]. Other severe side effects are rare.

Celiac neurolysis is a highly effective procedure with a 
long-lasting benefit in 70–90% of patients with various upper 
abdominal cancers [150]. The procedure is particularly 
effective in patients with pancreatic cancer. The pain may be 
completely abolished with celiac neurolysis alone in 10–24% 
of the patients and in 80–90% of the patients when combined 
with other treatment methods [153, 154].

a

b

Fig. 31.14 A 45-year-old male patient presenting with intractable 
abdominal pain, unresponsive to full-dose narcotics, due to local inva-
sive inoperable pancreatic adenocancer. (a) Axial computed tomogra-
phy (CT) image demonstrates successful location of the hollow needle 
(arrowheads) right anterior to the abdominal aorta. (b) Axial CT image 
shows confirmation of the correct location of the needle after injection 
of contrast through the hollow needle. After confirming the correct 
location, absolute alcohol was injected to this location (not shown). 
Patient almost fully responded to the procedure with minimal narcotic 
support
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 Conclusion

Interventional oncology has recently emerged as one of 
the key players in the management of oncology patients. In 
today’s modern oncology practice, the interventional radi-
ologists, especially the ones experienced in the treatment 
of cancer patients, play an indispensable role in the clini-
cal management and follow-up. Interventional radiologists 
are one of the permanent members of tumor boards, and 
they provide significant support to their surgical and medi-
cal oncologist colleagues. It will be of no surprise that, 
with their constant intellectual efforts and subsequent cre-
ativity, they will play even more important roles in the 
near future.

References

 1. Rosch J, Keller FS, Kaufman JA.  The birth, early years, 
and future of interventional radiology. J Vasc Interv Radiol. 
2003;14(7):841–53.

 2. Charboneau JW, Reading CC, Welch TJ. CT and sonographically 
guided needle biopsy: current techniques and new innovations. 
AJR Am J Roentgenol. 1990;154(1):1–10.

 3. Reading CC, Charboneau JW, James EM, Hurt 
MR.  Sonographically guided percutaneous biopsy of small 
(3  cm or less) masses. AJR Am J Roentgenol. 1988;151(1): 
189–92.

 4. Odisio BC, Wallace MJ. Image-guided interventions in oncology. 
Surg Oncol Clin N Am. 2014;23(4):937–55.

 5. Hopper KD, Abendroth CS, Sturtz KW, Matthews YL, Shirk SJ, 
Stevens LA. Blinded comparison of biopsy needles and automated 
devices in vitro: 2. Biopsy of medical renal disease. AJR Am J 
Roentgenol. 1993;161(6):1299–301.

 6. Hopper KD, Abendroth CS, Sturtz KW, Matthews YL, Shirk SJ, 
Stevens LA. Blinded comparison of biopsy needles and automated 
devices in vitro: 1. Biopsy of diffuse hepatic disease. AJR Am J 
Roentgenol. 1993;161(6):1293–7.

 7. Gupta S, Wallace MJ, Cardella JF, Kundu S, Miller DL, Rose SC, 
et  al. Quality improvement guidelines for percutaneous needle 
biopsy. J Vasc Interv Radiol. 2010;21(7):969–75.

 8. Kim KW, Kim MJ, Kim HC, Park SH, Kim SY, Park MS, 
et  al. Value of “patent track” sign on Doppler sonography after 
percutaneous liver biopsy in detection of postbiopsy bleed-
ing: a prospective study in 352 patients. AJR Am J Roentgenol. 
2007;189(1):109–16.

 9. Geraghty PR, Kee ST, McFarlane G, Razavi MK, Sze DY, Dake 
MD.  CT-guided transthoracic needle aspiration biopsy of pul-
monary nodules: needle size and pneumothorax rate. Radiology. 
2003;229(2):475–81.

 10. Schubert P, Wright CA, Louw M, Brundyn K, Theron J, Bolliger 
CT, et al. Ultrasound-assisted transthoracic biopsy: cells or sec-
tions? Diagn Cytopathol. 2005;33(4):233–7.

 11. Nordback IH, Pitt HA, Coleman J, Venbrux AC, Dooley WC, Yeu 
NN, et al. Unresectable hilar cholangiocarcinoma: percutaneous 
versus operative palliation. Surgery. 1994;115(5):597–603.

 12. Ozden I, Tekant Y, Bilge O, Acarli K, Alper A, Emre A, et  al. 
Endoscopic and radiologic interventions as the leading causes 
of severe cholangitis in a tertiary referral center. Am J Surg. 
2005;189(6):702–6.

 13. Sutter CM, Ryu RK. Percutaneous management of malignant bili-
ary obstruction. Tech Vasc Interv Radiol. 2015;18(4):218–26.

 14. Saad WE, Wallace MJ, Wojak JC, Kundu S, Cardella JF. Quality 
improvement guidelines for percutaneous transhepatic cholangi-
ography, biliary drainage, and percutaneous cholecystostomy. J 
Vasc Interv Radiol. 2010;21(6):789–95.

 15. Garcia MJ, Epstein DS, Dignazio MA.  Percutaneous approach 
to the diagnosis and treatment of biliary tract malignancies. Surg 
Oncol Clin N Am. 2009;18(2):241–56, viii.

 16. Madoff DC, Wallace MJ. Palliative treatment of unresectable bile 
duct cancer: which stent? Which approach? Surg Oncol Clin N 
Am. 2002;11(4):923–39.

 17. Lee BH, Choe DH, Lee JH, Kim KH, Chin SY. Metallic stents 
in malignant biliary obstruction: prospective long-term clinical 
results. AJR Am J Roentgenol. 1997;168(3):741–5.

 18. Wagner HJ, Knyrim K, Vakil N, Klose KJ. Plastic endoprosthe-
ses versus metal stents in the palliative treatment of malignant 
hilar biliary obstruction. A prospective and randomized trial. 
Endoscopy. 1993;25(3):213–8.

 19. Farrell TA, Hicks ME.  A review of radiologically guided per-
cutaneous nephrostomies in 303 patients. J Vasc Interv Radiol. 
1997;8(5):769–74.

 20. Ramchandani P, Cardella JF, Grassi CJ, Roberts AC, Sacks D, 
Schwartzberg MS, et  al. Quality improvement guidelines for 
percutaneous nephrostomy. J Vasc Interv Radiol. 2003;14(9 Pt 
2):S277–81.

 21. Klahr S. Pathophysiology of obstructive nephropathy. Kidney Int. 
1983;23(2):414–26.

 22. Vaughan ED Jr, Marion D, Poppas DP, Felsen D. Pathophysiology 
of unilateral ureteral obstruction: studies from Charlottesville to 
New York. J Urol. 2004;172(6 Pt 2):2563–9.

 23. Dagli M, Ramchandani P. Percutaneous nephrostomy: technical 
aspects and indications. Semin Interv Radiol. 2011;28(4):424–37.

 24. Zagoria RJ, Dyer RB. Do’s and don’t’s of percutaneous nephros-
tomy. Acad Radiol. 1999;6(6):370–7.

 25. Ahrar K, Matin S, Wood CG, Wallace MJ, Gupta S, Madoff DC, 
et  al. Percutaneous radiofrequency ablation of renal tumors: 
technique, complications, and outcomes. J Vasc Interv Radiol. 
2005;16(5):679–88.

 26. Cho YK, Kim JK, Kim WT, Chung JW. Hepatic resection versus 
radiofrequency ablation for very early stage hepatocellular carci-
noma: a Markov model analysis. Hepatology. 2010;51(4):1284–90.

 27. Gillams AR, Lees WR.  Five-year survival following radiofre-
quency ablation of small, solitary, hepatic colorectal metastases. 
J Vasc Interv Radiol. 2008;19(5):712–7.

 28. Gillams AR, Lees WR.  Five-year survival in 309 patients with 
colorectal liver metastases treated with radiofrequency ablation. 
Eur Radiol. 2009;19(5):1206–13.

 29. Oshowo A, Gillams A, Harrison E, Lees WR, Taylor I. Comparison 
of resection and radiofrequency ablation for treatment of solitary 
colorectal liver metastases. Br J Surg. 2003;90(10):1240–3.

 30. Simon CJ, Dupuy DE, Mayo-Smith WW.  Microwave abla-
tion: principles and applications. Radiographics. 2005;25(Suppl 
1):S69–83.

 31. Lubner MG, Brace CL, Hinshaw JL, Lee FT Jr. Microwave tumor 
ablation: mechanism of action, clinical results, and devices. J Vasc 
Interv Radiol. 2010;21(8 Suppl):S192–203.

 32. Saldanha DF, Khiatani VL, Carrillo TC, Yap FY, Bui JT, Knuttinen 
MG, et al. Current tumor ablation technologies: basic science and 
device review. Semin Interv Radiol. 2010;27(3):247–54.

 33. Martin RC, Scoggins CR, McMasters KM. Safety and efficacy of 
microwave ablation of hepatic tumors: a prospective review of a 
5-year experience. Ann Surg Oncol. 2010;17(1):171–8.

 34. Wright AS, Sampson LA, Warner TF, Mahvi DM, Lee FT Jr. 
Radiofrequency versus microwave ablation in a hepatic porcine 
model. Radiology. 2005;236(1):132–9.

 35. Georgiades CS, Hong K, Bizzell C, Geschwind JF, Rodriguez 
R. Safety and efficacy of CT-guided percutaneous cryoablation for 
renal cell carcinoma. J Vasc Interv Radiol. 2008;19(9):1302–10.

A. D. Karaosmanoglu et al.



569

 36. Shock SA, Laeseke PF, Sampson LA, Lewis WD, Winter TC 3rd, 
Fine JP, et al. Hepatic hemorrhage caused by percutaneous tumor 
ablation: radiofrequency ablation versus cryoablation in a porcine 
model. Radiology. 2005;236(1):125–31.

 37. Coster HG. A quantitative analysis of the voltage-current relation-
ships of fixed charge membranes and the associated property of 
“punch-through”. Biophys J. 1965;5(5):669–86.

 38. Davalos RV, Mir IL, Rubinsky B. Tissue ablation with irreversible 
electroporation. Ann Biomed Eng. 2005;33(2):223–31.

 39. Silk M, Tahour D, Srimathveeravalli G, Solomon SB, Thornton 
RH.  The state of irreversible electroporation in interventional 
oncology. Semin Interv Radiol. 2014;31(2):111–7.

 40. Charpentier KP, Wolf F, Noble L, Winn B, Resnick M, Dupuy 
DE.  Irreversible electroporation of the liver and liver hilum in 
swine. HPB (Oxford). 2011;13(3):168–73.

 41. Schoellnast H, Monette S, Ezell PC, Deodhar A, Maybody M, 
Erinjeri JP, et al. Acute and subacute effects of irreversible electro-
poration on nerves: experimental study in a pig model. Radiology. 
2011;260(2):421–7.

 42. Schoellnast H, Monette S, Ezell PC, Maybody M, Erinjeri JP, 
Stubblefield MD, et al. The delayed effects of irreversible electro-
poration ablation on nerves. Eur Radiol. 2013;23(2):375–80.

 43. Silk MT, Wimmer T, Lee KS, Srimathveeravalli G, Brown 
KT, Kingham PT, et  al. Percutaneous ablation of peribiliary 
tumors with irreversible electroporation. J Vasc Interv Radiol. 
2014;25(1):112–8.

 44. Ziemlewicz TJ, Wells SA, Lubner MG, Brace CL, Lee FT Jr, 
Hinshaw JL.  Hepatic tumor ablation. Surg Clin North Am. 
2016;96(2):315–39.

 45. Patel SR, Hinshaw JL, Lubner MG, Lee FT Jr, Nakada SY, Hedican 
SP. Hydrodissection using an iodinated contrast medium during 
percutaneous renal cryoablation. J Endourol. 2012;26(5):463–6.

 46. Yu H, Burke CT. Comparison of percutaneous ablation technolo-
gies in the treatment of malignant liver tumors. Semin Interv 
Radiol. 2014;31(2):129–37.

 47. de Meijer VE, Kalish BT, Puder M, Ijzermans JN.  Systematic 
review and meta-analysis of steatosis as a risk factor in major 
hepatic resection. Br J Surg. 2010;97(9):1331–9.

 48. Ribero D, Abdalla EK, Madoff DC, Donadon M, Loyer EM, 
Vauthey JN. Portal vein embolization before major hepatectomy 
and its effects on regeneration, resectability and outcome. Br J 
Surg. 2007;94(11):1386–94.

 49. Shoup M, Gonen M, D’Angelica M, Jarnagin WR, DeMatteo RP, 
Schwartz LH, et al. Volumetric analysis predicts hepatic dysfunc-
tion in patients undergoing major liver resection. J Gastrointest 
Surg. 2003;7(3):325–30.

 50. Brouquet A, Andreou A, Shindoh J, Vauthey JN.  Methods to 
improve resectability of hepatocellular carcinoma. Recent Results 
Cancer Res. 2013;190:57–67.

 51. Rees M, John TG. Current status of surgery in colorectal metasta-
ses to the liver. Hepato-Gastroenterology. 2001;48(38):341–4.

 52. Anaya DA, Blazer DG, Abdalla EK. Strategies for resection using 
portal vein embolization: hepatocellular carcinoma and hilar chol-
angiocarcinoma. Semin Interv Radiol. 2008;25(2):110–22.

 53. Vauthey JN, Dixon E, Abdalla EK, Helton WS, Pawlik TM, 
Taouli B, et al. Pretreatment assessment of hepatocellular carci-
noma: expert consensus statement. HPB (Oxford). 2010;12(5): 
289–99.

 54. Orcutt ST, Kobayashi K, Sultenfuss M, Hailey BS, Sparks A, 
Satpathy B, et  al. Portal vein embolization as an oncosurgical 
strategy prior to major hepatic resection: anatomic, surgical, and 
technical considerations. Front Surg. 2016;3:14.

 55. van Lienden KP, van den Esschert JW, de Graaf W, Bipat S, 
Lameris JS, van Gulik TM, et al. Portal vein embolization before 
liver resection: a systematic review. Cardiovasc Intervent Radiol. 
2013;36(1):25–34.

 56. Hong K, Khwaja A, Liapi E, Torbenson MS, Georgiades CS, 
Geschwind JF.  New intra-arterial drug delivery system for the 
treatment of liver cancer: preclinical assessment in a rabbit model 
of liver cancer. Clin Cancer Res. 2006;12(8):2563–7.

 57. Chapiro J, Tacher V, Geschwind JF. Intraarterial therapies for pri-
mary liver cancer: state of the art. Expert Rev Anticancer Ther. 
2013;13(10):1157–67.

 58. Constantin M, Fundueanu G, Bortolotti F, Cortesi R, Ascenzi P, 
Menegatti E. Preparation and characterisation of poly(vinyl alco-
hol)/cyclodextrin microspheres as matrix for inclusion and separa-
tion of drugs. Int J Pharm. 2004;285(1–2):87–96.

 59. Qian J, Truebenbach J, Graepler F, Pereira P, Huppert P, Eul T, 
et al. Application of poly-lactide-co-glycolide-microspheres in the 
transarterial chemoembolization in an animal model of hepatocel-
lular carcinoma. World J Gastroenterol. 2003;9(1):94–8.

 60. Lewis AL, Gonzalez MV, Lloyd AW, Hall B, Tang Y, Willis 
SL, et  al. DC bead: in  vitro characterization of a drug-delivery 
device for transarterial chemoembolization. J Vasc Interv Radiol. 
2006;17(2 Pt 1):335–42.

 61. Gonzalez MV, Tang Y, Phillips GJ, Lloyd AW, Hall B, Stratford 
PW, et  al. Doxorubicin eluting beads-2: methods for evaluating 
drug elution and in-vitro: in-vivo correlation. J Mater Sci Mater 
Med. 2008;19(2):767–75.

 62. Ahmadzadehfar H, Sabet A, Biermann K, Muckle M, 
Brockmann H, Kuhl C, et  al. The significance of 99mTc-MAA 
SPECT/CT liver perfusion imaging in treatment planning for 
90Y-microsphere selective internal radiation treatment. J Nucl 
Med. 2010;51(8):1206–12.

 63. Lewandowski RJ, Geschwind JF, Liapi E, Salem R. Transcatheter 
intraarterial therapies: rationale and overview. Radiology. 
2011;259(3):641–57.

 64. Pellerin O, Geschwind JF. Intra-arterial treatment of liver metasta-
ses from colorectal carcinoma. J Radiol. 2011;92(9):835–41.

 65. Minocha J, Salem R, Lewandowski RJ. Transarterial chemoem-
bolization and yittrium-90 for liver cancer and other lesions. Clin 
Liver Dis. 2014;18(4):877–90.

 66. Bhutiani N, Martin RC 2nd. Transarterial therapy for colorectal 
liver metastases. Surg Clin North Am. 2016;96(2):369–91.

 67. Gaur SK, Friese JL, Sadow CA, Ayyagari R, Binkert CA, Schenker 
MP, et al. Hepatic arterial chemoembolization using drug-eluting 
beads in gastrointestinal neuroendocrine tumor metastatic to the 
liver. Cardiovasc Intervent Radiol. 2011;34(3):566–72.

 68. Liapi E, Geschwind JF, Vossen JA, Buijs M, Georgiades CS, 
Bluemke DA, et al. Functional MRI evaluation of tumor response 
in patients with neuroendocrine hepatic metastasis treated with 
transcatheter arterial chemoembolization. AJR Am J Roentgenol. 
2008;190(1):67–73.

 69. Memon K, Lewandowski RJ, Mulcahy MF, Riaz A, Ryu RK, Sato 
KT, et al. Radioembolization for neuroendocrine liver metastases: 
safety, imaging, and long-term outcomes. Int J Radiat Oncol Biol 
Phys. 2012;83(3):887–94.

 70. Rhee TK, Lewandowski RJ, Liu DM, Mulcahy MF, Takahashi G, 
Hansen PD, et al. 90Y radioembolization for metastatic neuroen-
docrine liver tumors: preliminary results from a multi-institutional 
experience. Ann Surg. 2008;247(6):1029–35.

 71. Roche A, Girish BV, de Baere T, Baudin E, Boige V, Elias D, 
et al. Trans-catheter arterial chemoembolization as first-line treat-
ment for hepatic metastases from endocrine tumors. Eur Radiol. 
2003;13(1):136–40.

 72. Cartier V, Aube C. Diagnosis of hepatocellular carcinoma. Diagn 
Interv Imaging. 2014;95(7–8):709–19.

 73. Doyon DMA, Jourde AN, Regensberg C, Frileux C. L’embolisation 
artérielle hépatique dans les tumeurs malignesdu liver. Ann 
Radiol. 1974;17:593–603.

 74. Marelli L, Stigliano R, Triantos C, Senzolo M, Cholongitas E, 
Davies N, et al. Transarterial therapy for hepatocellular  carcinoma: 

31 Role of Interventional Radiology in Management of Gastrointestinal Cancers and Neuroendocrine Tumors



570

which technique is more effective? A systematic review of cohort 
and randomized studies. Cardiovasc Intervent Radiol. [Meta-
Analysis Review]. 2007;30(1):6–25.

 75. Llovet JM, Di Bisceglie AM, Bruix J, Kramer BS, Lencioni R, 
Zhu AX, et  al. Design and endpoints of clinical trials in hepa-
tocellular carcinoma. J Natl Cancer Inst. [Research Support, 
N.I.H., Extramural Research Support, Non-U.S. Gov’t Review]. 
2008;100(10):698–711.

 76. Bruix J, Sherman M. Management of hepatocellular carcinoma: 
an update. Hepatology. [Practice Guideline]. 2011;53(3):1020–2.

 77. Anonymous. EASL-EORTC clinical practice guidelines: manage-
ment of hepatocellular carcinoma. J Hepatol. [Practice Guideline]. 
2012;56(4):908–43.

 78. Boulin M, Delhom E, Pierredon-Foulongne MA, Cercueil JP, 
Guiu B.  Transarterial chemoembolization for hepatocellular 
carcinoma: an old method, now flavor of the day. Diagn Interv 
Imaging. 2015;96(6):607–15.

 79. Raoul JL, Sangro B, Forner A, Mazzaferro V, Piscaglia F, 
Bolondi L, et  al. Evolving strategies for the management of 
intermediate- stage hepatocellular carcinoma: available evidence 
and expert opinion on the use of transarterial chemoembolization. 
Cancer Treat Rev. [Research Support, Non-U.S. Gov’t Review]. 
2011;37(3):212–20.

 80. Lencioni R. Management of hepatocellular carcinoma with tran-
sarterial chemoembolization in the era of systemic targeted ther-
apy. Crit Rev Oncol Hematol. [Review]. 2012;83(2):216–24.

 81. Cao DD, Xu HL, Liu L, Zheng YF, Gao SF, Xu XM, et  al. 
Thalidomide combined with transcatheter arterial chemoem-
bolization for primary hepatocellular carcinoma: a systematic 
review and meta-analysis. Oncotarget. [Meta-Analysis Review]. 
2017;8(27):44976–93.

 82. Lencioni R, Petruzzi P, Crocetti L.  Chemoembolization of 
hepatocellular carcinoma. Semin Interv Radiol. [Review]. 
2013;30(1):3–11.

 83. Lammer J, Malagari K, Vogl T, Pilleul F, Denys A, Watkinson A, 
et al. Prospective randomized study of  doxorubicin-eluting- bead 
embolization in the treatment of hepatocellular carcinoma: 
results of the PRECISION V study. Cardiovasc Interv Radiol. 
[Clinical Trial, Phase II Comparative Study Multicenter Study 
Randomized Controlled Trial Research Support, Non-U.S. Gov’t]. 
2010;33(1):41–52.

 84. Sun Z, Li G, Ai X, Luo B, Wen Y, Zhao Z, et  al. Hepatic and 
biliary damage after transarterial chemoembolization for malig-
nant hepatic tumors: incidence, diagnosis, treatment, outcome and 
mechanism. Crit Rev Oncol Hematol. [Research Support, Non- -
U.S. Gov’t Review]. 2011;79(2):164–74.

 85. Forner A, Ayuso C, Varela M, Rimola J, Hessheimer AJ, de Lope 
CR, et al. Evaluation of tumor response after locoregional thera-
pies in hepatocellular carcinoma: are response evaluation criteria 
in solid tumors reliable? Cancer. [Comparative Study Evaluation 
Studies Research Support, Non-U.S. Gov’t]. 2009;115(3):616–23.

 86. Gillmore R, Stuart S, Kirkwood A, Hameeduddin A, Woodward 
N, Burroughs AK, et  al. EASL and mRECIST responses are 
independent prognostic factors for survival in hepatocellular can-
cer patients treated with transarterial embolization. J Hepatol. 
[Research Support, Non-U.S. Gov’t]. 2011;55(6):1309–16.

 87. Shim JH, Lee HC, Kim SO, Shin YM, Kim KM, Lim YS, et al. 
Which response criteria best help predict survival of patients 
with hepatocellular carcinoma following chemoembolization? A 
validation study of old and new models. Radiology. [Comparative 
Study Validation Studies]. 2012;262(2):708–18.

 88. Bolondi L, Burroughs A, Dufour JF, Galle PR, Mazzaferro V, 
Piscaglia F, et  al. Heterogeneity of patients with intermediate 
(BCLC B) hepatocellular carcinoma: proposal for a subclassifica-
tion to facilitate treatment decisions. Semin Liver Dis. [Research 
Support, Non-U.S. Gov’t Review]. 2012;32(4):348–59.

 89. Lammer J, Malagari K, Vogl T, Pilleul F, Denys A, Watkinson 
A, et  al. Prospective randomized study of doxorubicin-eluting- 
bead embolization in the treatment of hepatocellular carcinoma: 
results of the PRECISION V study. Cardiovasc Intervent Radiol. 
2010;33(1):41–52.

 90. Vogl TJ, Lammer J, Lencioni R, Malagari K, Watkinson A, Pilleul 
F, et  al. Liver, gastrointestinal, and cardiac toxicity in interme-
diate hepatocellular carcinoma treated with PRECISION TACE 
with drug-eluting beads: results from the PRECISION V random-
ized trial. AJR Am J Roentgenol. [Multicenter Study Randomized 
Controlled Trial]. 2011;197(4):W562–70.

 91. Deschamps F, Solomon SB, Thornton RH, Rao P, Hakime A, 
Kuoch V, et  al. Computed analysis of three-dimensional cone- 
beam computed tomography angiography for determination of 
tumor-feeding vessels during chemoembolization of liver tumor: 
a pilot study. Cardiovasc Intervent Radiol. 2010;33(6):1235–42.

 92. Nicolini A, Martinetti L, Crespi S, Maggioni M, Sangiovanni 
A.  Transarterial chemoembolization with epirubicin-eluting 
beads versus transarterial embolization before liver transplanta-
tion for hepatocellular carcinoma. J Vasc Interv Radiol: JVIR. 
[Comparative Study]. 2010;21(3):327–32.

 93. Geschwind JF, Kudo M, Marrero JA, Venook AP, Chen XP, 
Bronowicki JP, et al. TACE treatment in patients with sorafenib- 
treated unresectable hepatocellular carcinoma in clinical prac-
tice: final analysis of GIDEON.  Radiology. [Research Support, 
N.I.H., Extramural Research Support, Non-U.S.  Gov’t]. 
2016;279(2):630–40.

 94. Lewis AL, Taylor RR, Hall B, Gonzalez MV, Willis SL, Stratford 
PW.  Pharmacokinetic and safety study of doxorubicin-eluting 
beads in a porcine model of hepatic arterial embolization. J Vasc 
Interv Radiol: JVIR: JVIR. 2006;17(8):1335–43.

 95. Poon RT, Tso WK, Pang RW, Ng KK, Woo R, Tai KS, et al. A 
phase I/II trial of chemoembolization for hepatocellular car-
cinoma using a novel intra-arterial drug-eluting bead. Clin 
Gastroenterol Hepatol. [Clinical Trial, Phase I Clinical Trial, 
Phase II Randomized Controlled Trial Research Support, Non- -
U.S. Gov’t]. 2007;5(9):1100–8.

 96. Nishikawa H, Kita R, Kimura T, Osaki Y.  Transcatheter arte-
rial embolic therapies for hepatocellular carcinoma: a literature 
review. Anticancer Res. [Review]. 2014;34(12):6877–86.

 97. Spreafico C, Cascella T, Facciorusso A, Sposito C, Rodolfo L, 
Morosi C, et  al. Transarterial chemoembolization for hepato-
cellular carcinoma with a new generation of beads: clinical- 
radiological outcomes and safety profile. Cardiovasc Intervent 
Radiol. 2015;38(1):129–34.

 98. Dinca HPJ, Baylatry MT, Ghegediban SH, Pascale F, Manfait 
M, editors. Why do small size doxorubicin-eluting microspheres 
induce more tissue necrosis than larger ones? A comparative study 
in healthy pig liver (oral communication 2206-2). CIRSE annual 
meeting; 2012; Lisbon.

 99. Malagari K, Pomoni M, Moschouris H, Kelekis A, Charokopakis 
A, Bouma E, et  al. Chemoembolization of hepatocellular car-
cinoma with hepasphere 30–60 μm. Safety and efficacy study. 
Cardiovasc Intervent Radiol. 2014;37(1):165–75.

 100. Leung DA, Goin JE, Sickles C, Raskay BJ, Soulen 
MC.  Determinants of postembolization syndrome after hepatic 
chemoembolization. J Vasc Interv Radiol. 2001;12(3):321–6.

 101. Geschwind JF, Salem R, Carr BI, Soulen MC, Thurston KG, 
Goin KA, et  al. Yttrium-90 microspheres for the treatment of 
hepatocellular carcinoma. Gastroenterology. 2004;127(5 Suppl 
1):S194–205.

 102. Ingold JA, Reed GB, Kaplan HS, Bagshaw MA. Radiation hepati-
tis. Am J Roentgenol Radium Therapy, Nucl Med. 1965;93:200–8.

 103. Lawrence TS, Robertson JM, Anscher MS, Jirtle RL, Ensminger 
WD, Fajardo LF. Hepatic toxicity resulting from cancer treatment. 
Int J Radiat Oncol Biol Phys. 1995;31(5):1237–48.

A. D. Karaosmanoglu et al.



571

 104. Salem R, Thurston KG. Radioembolization with 90Yttrium micro-
spheres: a state-of-the-art brachytherapy treatment for primary 
and secondary liver malignancies. Part 1: technical and methodo-
logic considerations. J Vasc Interv Radiol. 2006;17(8):1251–78.

 105. Virdee PS, Moschandreas J, Gebski V, Love SB, Francis EA, 
Wasan HS, et  al. Protocol for combined analysis of FOXFIRE, 
SIRFLOX, and FOXFIRE-global randomized phase III trials of 
chemotherapy +/− selective internal radiation therapy as first-line 
treatment for patients with metastatic colorectal cancer. JMIR Res 
Protoc. 2017;6(3):e43.

 106. van Hazel GA, Heinemann V, Sharma NK, Findlay MP, Ricke J, 
Peeters M, et al. SIRFLOX: randomized phase III trial compar-
ing first-line mFOLFOX6 (plus or minus bevacizumab) versus 
mFOLFOX6 (plus or minus bevacizumab) plus selective inter-
nal radiation therapy in patients with metastatic colorectal can-
cer. J Clin Oncol. [Clinical Trial, Phase III Comparative Study 
Randomized Controlled Trial]. 2016;34(15):1723–31.

 107. Riaz A, Awais R, Salem R. Side effects of yttrium-90 radioembo-
lization. Front Oncol. 2014;4:198.

 108. Piedbois P, Buyse M, Kemeny N, Rougier P, Carlson R, Allen- 
Mersh T, et  al. Reappraisal of hepatic arterial infusion in the 
treatment of nonresectable liver metastases from colorectal can-
cer. J Natl Cancer Inst. [Meta-Analysis Research Support, Non- -
U.S. Gov’t]. 1996;88(5):252–8.

 109. Kemeny NE, Niedzwiecki D, Hollis DR, Lenz HJ, Warren RS, 
Naughton MJ, et  al. Hepatic arterial infusion versus systemic 
therapy for hepatic metastases from colorectal cancer: a ran-
domized trial of efficacy, quality of life, and molecular markers 
(CALGB 9481). J Clin Oncol. [Multicenter Study Randomized 
Controlled Trial Research Support, N.I.H., Extramural]. 
2006;24(9):1395–403.

 110. Allen-Mersh TG, Earlam S, Fordy C, Abrams K, Houghton 
J. Quality of life and survival with continuous hepatic-artery flox-
uridine infusion for colorectal liver metastases. Lancet. [Clinical 
Trial Comparative Study Randomized Controlled Trial Research 
Support, Non-U.S. Gov’t]. 1994;344(8932):1255–60.

 111. Kennedy A. Radioembolization of hepatic tumors. J Gastrointest 
Oncol. [Review]. 2014;5(3):178–89.

 112. Committee AT, Varadarajulu S, Banerjee S, Barth B, 
Desilets D, Kaul V, et  al. Enteral stents. Gastrointest Endosc. 
2011;74(3):455–64.

 113. Dai YX, Li CY, Xie Y, Liu XD, Zhang JX, Zhou J, et  al. 
Interventions for dysphagia in oesophageal cancer. Cochrane 
Database Syst Rev. 2014;(10).

 114. Katsanos K, Sabharwal T, Adam A.  Stenting of the lower gas-
trointestinal tract: current status. Cardiovasc Intervent Radiol. 
2011;34(3):462–73.

 115. Bergquist H, Johnsson E, Nyman J, Rylander H, Hammerlid 
E, Friesland S, et  al. Combined stent insertion and single high- 
dose brachytherapy in patients with advanced esophageal 
cancer--results of a prospective safety study. Dis Esophagus. 
2012;25(5):410–5.

 116. Vakil N, Morris AI, Marcon N, Segalin A, Peracchia A, Bethge 
N, et  al. A prospective, randomized, controlled trial of covered 
expandable metal stents in the palliation of malignant esophageal 
obstruction at the gastroesophageal junction. Am J Gastroenterol. 
2001;96(6):1791–6.

 117. Malgras B, Lo Dico R, Pautrat K, Dohan A, Boudiaf M, Pocard 
M, et al. Gastrointestinal stenting: current status and imaging fea-
tures. Diagn Interv Imaging. 2015;96(6):593–606.

 118. Shin JH, Song HY, Kim JH, Kim SB, Lee GH, Park SI, et  al. 
Comparison of temporary and permanent stent placement with 
concurrent radiation therapy in patients with esophageal carci-
noma. J Vasc Interv Radiol. 2005;16(1):67–74.

 119. Song HY, Lee DH, Seo TS, Kim SB, Jung HY, Kim JH, et  al. 
Retrievable covered nitinol stents: experiences in 108 patients 

with malignant esophageal strictures. J Vasc Interv Radiol. 
2002;13(3):285–93.

 120. Stivaros SM, Williams LR, Senger C, Wilbraham L, Laasch 
HU.  Woven polydioxanone biodegradable stents: a new treat-
ment option for benign and malignant oesophageal strictures. Eur 
Radiol. 2010;20(5):1069–72.

 121. Shim CS, Jung IS, Bhandari S, Ryu CB, Hong SJ, Kim JO, et al. 
Management of malignant strictures of the cervical esophagus 
with a newly-designed self-expanding metal stent. Endoscopy. 
2004;36(6):554–7.

 122. Siersema PD.  Esophageal cancer. Gastroenterol Clin N Am. 
2008;37(4):943–64, x.

 123. Libby ED, Fawaz R, Leano AM, Hassoun PM. Airway complica-
tion of expandable stents. Gastrointest Endosc. 1999;49(1):136–7.

 124. Dormann A, Meisner S, Verin N, Lang AW. Self-expanding metal 
stents for gastroduodenal malignancies: systematic review of their 
clinical effectiveness. Endoscopy. 2004;36(6):543–50.

 125. Fiori E, Lamazza A, De Cesare A, Bononi M, Volpino P, Schillaci 
A, et  al. Palliative management of malignant rectosigmoidal 
obstruction. Colostomy vs. endoscopic stenting. A randomized 
prospective trial. Anticancer Res. 2004;24(1):265–8.

 126. Jeurnink SM, Steyerberg EW, van Hooft JE, van Eijck CH, 
Schwartz MP, Vleggaar FP, et al. Surgical gastrojejunostomy or 
endoscopic stent placement for the palliation of malignant gastric 
outlet obstruction (SUSTENT study): a multicenter randomized 
trial. Gastrointest Endosc. 2010;71(3):490–9.

 127. Mehta S, Hindmarsh A, Cheong E, Cockburn J, Saada J, Tighe 
R, et al. Prospective randomized trial of laparoscopic gastrojeju-
nostomy versus duodenal stenting for malignant gastric outflow 
obstruction. Surg Endosc. 2006;20(2):239–42.

 128. Del Piano M, Ballare M, Montino F, Todesco A, Orsello M, 
Magnani C, et al. Endoscopy or surgery for malignant GI outlet 
obstruction? Gastrointest Endosc. 2005;61(3):421–6.

 129. van Hooft JE, Uitdehaag MJ, Bruno MJ, Timmer R, Siersema 
PD, Dijkgraaf MG, et al. Efficacy and safety of the new wallflex 
enteral stent in palliative treatment of malignant gastric outlet 
obstruction (DUOFLEX study): a prospective multicenter study. 
Gastrointest Endosc. 2009;69(6):1059–66.

 130. Masci E, Viale E, Mangiavillano B, Contin G, Lomazzi A, Buffoli 
F, et al. Enteral self-expandable metal stent for malignant lumi-
nal obstruction of the upper and lower gastrointestinal tract: a 
prospective multicentric study. J Clin Gastroenterol. 2008;42(4): 
389–94.

 131. Nassif T, Prat F, Meduri B, Fritsch J, Choury AD, Dumont JL, 
et  al. Endoscopic palliation of malignant gastric outlet obstruc-
tion using self-expandable metallic stents: results of a multicenter 
study. Endoscopy. 2003;35(6):483–9.

 132. Pearce NW, Scott SD, Karran SJ. Timing and method of reversal 
of Hartmann’s procedure. Br J Surg. 1992;79(8):839–41.

 133. Tan CJ, Dasari BV, Gardiner K.  Systematic review and meta- 
analysis of randomized clinical trials of self-expanding metal-
lic stents as a bridge to surgery versus emergency surgery 
for malignant left-sided large bowel obstruction. Br J Surg. 
2012;99(4):469–76.

 134. Tejero E, Mainar A, Fernandez L, Tobio R, De Gregorio MA. New 
procedure for the treatment of colorectal neoplastic obstructions. 
Dis Colon Rectum. 1994;37(11):1158–9.

 135. Aitken DG, Horgan AF. Endoluminal insertion of colonic stents. 
Surg Oncol. 2007;16(1):59–63.

 136. Tilney HS, Lovegrove RE, Purkayastha S, Sains PS, Weston- 
Petrides GK, Darzi AW, et al. Comparison of colonic stenting and 
open surgery for malignant large bowel obstruction. Surg Endosc. 
2007;21(2):225–33.

 137. Watt AM, Faragher IG, Griffin TT, Rieger NA, Maddern GJ. Self- 
expanding metallic stents for relieving malignant colorectal 
obstruction: a systematic review. Ann Surg. 2007;246(1):24–30.

31 Role of Interventional Radiology in Management of Gastrointestinal Cancers and Neuroendocrine Tumors



572

 138. Vanderwee K, Clays E, Bocquaert I, Gobert M, Folens B, 
Defloor T. Malnutrition and associated factors in elderly hospital 
patients: a Belgian cross-sectional, multi-centre study. Clin Nutr. 
2010;29(4):469–76.

 139. McClave SA, Martindale RG, Vanek VW, McCarthy M, Roberts 
P, Taylor B, et al. Guidelines for the provision and assessment of 
nutrition support therapy in the adult critically ill patient: Society 
of Critical Care Medicine (SCCM) and American Society for 
Parenteral and Enteral Nutrition (A.S.P.E.N.). JPEN J Parenter 
Enteral Nutr. 2009;33(3):277–316.

 140. Preshaw RM. A percutaneous method for inserting a feeding gas-
trostomy tube. Surg Gynecol Obstet. 1981;152(5):658–60.

 141. Sutcliffe J, Wigham A, McEniff N, Dvorak P, Crocetti L, Uberoi 
R.  CIRSE standards of practice guidelines on gastrostomy. 
Cardiovasc Intervent Radiol. 2016;39(7):973–87.

 142. de Baere T, Chapot R, Kuoch V, Chevallier P, Delille JP, Domenge 
C, et  al. Percutaneous gastrostomy with fluoroscopic guidance: 
single-center experience in 500 consecutive cancer patients. 
Radiology. 1999;210(3):651–4.

 143. Ryan JM, Hahn PF, Boland GW, McDowell RK, Saini S, Mueller 
PR. Percutaneous gastrostomy with T-fastener gastropexy: results 
of 316 consecutive procedures. Radiology. 1997;203(2):496–500.

 144. Shin JH, Park AW.  Updates on percutaneous radiologic gas-
trostomy/gastrojejunostomy and jejunostomy. Gut Liver. 
2010;4(Suppl 1):S25–31.

 145. Laasch HU, Wilbraham L, Bullen K, Marriott A, Lawrance JA, 
Johnson RJ, et al. Gastrostomy insertion: comparing the options--
PEG, RIG or PIG? Clin Radiol. 2003;58(5):398–405.

 146. Wollman B, D’Agostino HB, Walus-Wigle JR, Easter DW, 
Beale A.  Radiologic, endoscopic, and surgical gastrostomy: An  

 institutional evaluation and meta-analysis of the literature. 
Radiology. 1995;197(3):699–704.

 147. Kambadakone A, Thabet A, Gervais DA, Mueller PR, Arellano 
RS.  CT-guided celiac plexus neurolysis: a review of  anatomy, 
indications, technique, and tips for successful treatment. 
Radiographics. 2011;31(6):1599–621.

 148. Mercadante S, Nicosia F. Celiac plexus block: a reappraisal. Reg 
Anesth Pain Med. 1998;23(1):37–48.

 149. Akhan O, Altinok D, Ozmen MN, Oguzkurt L, Besim 
A.  Correlation between the grade of tumoral invasion and pain 
relief in patients with celiac ganglia block. AJR Am J Roentgenol. 
1997;168(6):1565–7.

 150. Eisenberg E, Carr DB, Chalmers TC.  Neurolytic celiac plexus 
block for treatment of cancer pain: a meta-analysis. Anesth Analg. 
1995;80(2):290–5.

 151. Wang PJ, Shang MY, Qian Z, Shao CW, Wang JH, Zhao 
XH. CT-guided percutaneous neurolytic celiac plexus block tech-
nique. Abdom Imaging. 2006;31(6):710–8.

 152. Akhan O, Ozmen MN, Basgun N, Akinci D, Oguz O, Koroglu 
M, et al. Long-term results of celiac ganglia block: correlation of 
grade of tumoral invasion and pain relief. AJR Am J Roentgenol. 
2004;182(4):891–6.

 153. Ischia S, Ischia A, Polati E, Finco G. Three posterior percutane-
ous celiac plexus block techniques. a prospective, randomized 
study in 61 patients with pancreatic cancer pain. Anesthesiology. 
1992;76(4):534–40.

 154. Ischia S, Polati E, Finco G, Gottin L, Benedini B. 1998 Labat 
Lecture: the role of the neurolytic celiac plexus block in pan-
creatic cancer pain management: do we have the answers? Reg 
Anesth Pain Med. 1998;23(6):611–4.

A. D. Karaosmanoglu et al.



573© Springer Nature Switzerland AG 2019
S. Yalcin, P. Philip (eds.), Textbook of Gastrointestinal Oncology, https://doi.org/10.1007/978-3-030-18890-0_32

Screening for Gastrointestinal Cancers

Fadi Antaki, Stephanie Judd, Ziad Kanaan, 
Suhag M. Patel, and Kirthi K. Lilley

 Introduction

Screening refers to the identification of a harmful condition 
or risk factor while it is still in the asymptomatic stage of the 
disease. The goal of screening for malignant conditions is to 
allow for treatment to be initiated at an early, curable stage. 
In some cancers of the gastrointestinal (GI) tract, screening 
also allows for the identification and treatment of the precur-
sor premalignant lesion, such as Barrett’s esophagus (BE) 
for esophageal adenocarcinoma (EAC) or adenomatous pol-
yps for colorectal cancer (CRC).

Wilson and Jungner [1] proposed criteria for screening in 
1968, and these are still applicable today:

 1. The condition sought should be an important health problem.
 2. There should be an accepted treatment for patients with recognized 

disease.
 3. Facilities for diagnosis and treatment should be available.
 4. There should be a recognizable latent or early symptomatic stage.
 5. There should be a suitable test or examination.
 6. The test should be acceptable to the population.
 7. The natural history of the condition, including development from 

latent to declared disease, should be adequately understood.
 8. There should be an agreed policy on whom to treat as patients.
 9. The cost of case-finding (including diagnosis and treatment of 

patients diagnosed) should be economically balanced in relation to 
possible expenditure on medical care as a whole.

 10. Case-finding should be a continuing process and not a ‘once and 
for all’ project.

(Text excerpt reprinted with permission from Wilson and 
Jungner [1]. http://apps.who.int/iris/bitstream/10665/37650/1/
WHO_PHP_34.pdf).

Each type of cancer of the GI system fulfills these criteria to 
a different extent. Colorectal cancer is the best candidate for 
screening as it fulfills many of the above criteria: It is a com-
mon illness (Fig. 32.1) [2]; it has a relatively long asymptom-
atic or latent phase; multiple tests exist for early detection; 
the natural history is well understood; and treatment at an 
early stage carries an excellent prognosis. On the other hand, 
many other GI malignancies, such as pancreatic cancer, 
esophageal cancer, and liver cancer, are not ideal candidates 
for screening—at least not for the general population.

In this chapter, we will review each of the major cancers 
of the gastrointestinal system as a potential candidate for 
screening and summarize the current recommendations and 
practices related to screening.
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 Esophageal Cancer

Approximately 17,000 new cases of esophageal cancer are 
diagnosed per year in the United States [2]. The prognosis 
remains grim as nearly 16,000 individuals die of the disease 
each year [2]. There are two main types of esophageal can-
cer: squamous cell carcinoma (SCC) and esophageal ade-
nocarcinoma (EAC). The incidence of EAC has been 
rapidly rising in recent years, especially in Western coun-
tries, in parallel with the rising prevalence of gastroesopha-
geal reflux disease (GERD) and Barrett’s esophagus [3]. 
EAC has surpassed SCC as the most common form of 
esophageal cancer [4]. In developing countries, esophageal 
SCC continues to be the most prevalent type of esophageal 
cancer [5].

 Risk Factors

The risk factors for esophageal SCC include tobacco and 
alcohol consumption [6, 7], dietary factors including inges-
tion of food products containing N-nitroso compounds or 
toxin-producing fungi such as aflatoxin [8, 9], demographic 
and socioeconomic factors, and possibly hereditary factors 
[10–12]. Some of the risk factors are shared with lung cancer 
as well as head and neck cancer, and there is a 3–14% rate of 
synchronous esophageal SCC in those with head and neck 
cancer [13, 14]. Tylosis is a rare genetic condition that car-
ries a 40–90% lifetime risk of esophageal SCC [15, 16]. 
Patients with achalasia and those with a history of caustic 
injury to the esophagus carry an increased risk of SCC as 
well [17, 18].

The main predisposing condition for EAC is Barrett’s 
esophagus (BE), which is a metaplasia of the mucosa of the 
lower esophagus that arises when the normal squamous 
mucosa is replaced by an intestinal-type columnar epithe-
lium. BE is thought to be a consequence of chronic GERD 
[19]. Other risk factors include male sex, Caucasian race, 
advancing age, obesity, and smoking [20–22]. There is also 
an increased risk for BE and EAC among first-degree rela-
tives of patients with BE or EAC [23]. Among those with 
chronic GERD, the prevalence of Barrett’s esophagus is as 
high as 15% [24, 25]. Barrett’s esophagus can progress from 
nondysplastic metaplastic mucosa to low-grade and then 
high-grade dysplasia before developing into adenocarci-
noma. The rate of progression to EAC is low for those with 
nondysplastic BE (0.2–0.5% per year) but increases in those 
with low- and high-grade dysplasia (0.7% and up to 7% per 
year, respectively) [26–31]. However, many cases of EAC 
occur in patients without previous complaints of GERD or a 
previous diagnosis of BE, which significantly limits the abil-
ity of BE surveillance programs to affect EAC mortality in 
the general population [32–35].

 Screening Methods

Barium esophagram can help detect large neoplastic 
lesions; however, its sensitivity is limited for early lesions 
and, therefore, is no longer used as a screening test. 
Esophagogastroduodenoscopy (EGD) allows for direct 
visualization as well as sampling of the esophageal mucosa 
by brushings or biopsies. It can be used for screening for 
both SCC and EAC as well as screening for BE. In cases of 
BE, specific protocols have been described for tissue sam-
pling during EGD. It is recommended to obtain four-quad-
rant biopsies every 2  cm in nondysplastic BE and every 
1 cm in those with a history of dysplasia [36–39]. In addi-
tion, any nodular, prominent, or suspicious area(s) should 
be sampled separately. EGD also allows for the resection of 
suspicious areas within a segment of Barrett’s mucosa by 
endoscopic mucosal resection (EMR), which provides his-
topathological staging and potentially treatment. Although 
EGD and biopsies are considered the gold standard for 
screening for BE, these are not without limitations: 
Determining the extent of BE with precision is not always 
easy, given the difficulty in determining the gastroesopha-
geal junction in those with short-segment BE.  Moreover, 
there is weak interobserver agreement for low-grade dys-
plasia among pathologists, and many recommend having a 
second pathologist concur with the interpretation. The pres-
ence of inflammation from uncontrolled GERD also makes 
the interpretation of dysplasia more difficult [28, 40–42].

Other modalities for screening for Barrett’s esophagus 
that are under investigation include video capsule endoscopy 
of the esophagus, unsedated transnasal endoscopy, and cyto-
logical analysis using a gelatin-coated sponge called capsule 
sponge. For esophageal capsule endoscopy (ECE), the sensi-
tivity and specificity for diagnosing BE in individuals with 
GERD are 67% and 87%, respectively [43]. Unsedated 
transnasal endoscopy demonstrated similar rates of detection 
of BE when compared to conventional EGD, and in one 
study higher patient satisfaction [44]. Capsule sponge is a 
nonendoscopic method whereby the patient swallows a gela-
tin capsule with mesh that is attached to a string into the 
stomach. Once the capsule dissolves, the mesh is exposed 
and collects cells that can be analyzed as it is pulled through 
the lower esophageal sphincter and gastroesophageal junc-
tion. According to a recent study, the capsule sponge has a 
sensitivity and specificity of 73% and 94%, respectively, for 
Barrett’s esophagus spanning at least 1  cm and 90% and 
94%, respectively, for BE spanning 2 cm or more [45].

 Recommendations and Guidelines

For esophageal SCC, it is a common practice in many institu-
tions to perform an EGD in patients diagnosed with head and 
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neck cancer as part of the so-called triple endoscopy to rule 
out synchronous disease [13, 46]. However, given the absence 
of data showing cost-effectiveness or improved survival, cur-
rent US guidelines do not endorse this practice. Similarly, it 
might be appropriate to perform periodic screening EGDs in 
individuals with tylosis, achalasia, or a history of caustic 
injury, given the high lifetime incidence of developing esoph-
ageal SCC, although the supporting data is limited [47].

The identification of BE would allow screening practices 
to be focused on those with the highest risk for EAC. However, 
screening the general population for Barrett’s esophagus or 
EAC is not recommended [37, 38]. Guidelines recommend 
screening only those at highest risk for BE, which includes 
males with chronic GERD with other risk factors for EAC 
such as central obesity, Caucasian race, family history of 
Barrett’s or EAC, and smoking [37–39]. Female patients 
with chronic GERD and multiple risk factors for BE are 
screening candidates as well. If BE is not identified on initial 
screening EGD, then repeat screening is not justified as the 
yield is very low, unless reflux-induced esophagitis was pres-
ent at the time of the initial EGD [48]. There are no random-
ized trials showing a decrease in either disease-specific or 
overall mortality from Barrett’s surveillance. However, sev-
eral case-control and cohort studies, and one large meta- 
analysis, have shown that cases of EAC detected as part of 
endoscopic surveillance for BE tend to present at an earlier 
stage and have a longer survival time [31, 32, 34, 35, 49, 50], 
although part of this effect could be attributed to lead-time 
bias and length-time bias. On the other hand, at least one 
case-control study found no evidence that Barrett’s surveil-
lance improved EAC survival [51]. A multicenter trial is cur-
rently underway evaluating the benefit of surveillance 
endoscopy for Barrett’s esophagus [52]. Despite the limited 
data, surveillance of those with Barrett’s esophagus is rec-
ommended with periodic endoscopic examinations and biop-
sies of the columnar epithelium [37, 38]. The suggested 
interval is every 3–5  years for those with nondysplastic 
Barrett’s and more frequently for those with low- or high- 
grade dysplasia (every 6–12 months for low-grade dysplasia 
and every 3  months for high-grade dysplasia that has not 
been resected or ablated). Endoscopic therapies such as 
EMR or radio-frequency ablation (RFA) have been recom-
mended for those with dysplasia or early superficial cancer 
to avoid progression to invasive adenocarcinoma [37–39].

 Stomach Cancer

In the United States, gastric cancer is the 15th most common 
cancer, but worldwide it is the 5th most common malignancy 
and the 3rd leading cause of cancer-related mortality [2, 5]. 
Each year 26,000 new cases of gastric cancer are diagnosed 
in the United States, resulting in an estimated 11,000 deaths 

[2]. Men have twice the incidence of women [2]. The most 
common type of gastric cancer is adenocarcinoma and there-
fore will be the focus of this section. Gastric cancer is associ-
ated with a poor prognosis, with an overall 5-year survival of 
about 20–30%, except in Japan where rates above 70% have 
been reported, possibly due to the elevated number of early 
neoplastic lesions detected by screening [2, 5, 53, 54]. The 
overall incidence of gastric cancer has been declining over 
the past few decades, and this has been, in part, attributed to 
the declining rates of Helicobacter pylori infection [55].

 Risk Factors

The role of Helicobacter pylori infection in predisposing to 
gastric adenocarcinoma is well established [56], and it has 
been classified by the World Health Organization (WHO) as 
a Class I carcinogen [57]. By some estimates, more than 
70% of cases of gastric cancer worldwide are linked to H. 
pylori infection [58]. Eradication of H. pylori infection has 
been shown to correlate with a decreased risk of gastric can-
cer (46% lower risk in a recent large meta-analysis) [59]. 
However, other factors besides H. pylori infection play a role 
in the development of gastric cancer, as incidence of gastric 
cancer varies widely from country to country [60, 61]. Other 
risk factors for gastric adenocarcinoma include tobacco and 
alcohol consumption, low socioeconomic status, obesity, 
family history of gastric cancer, foods high in nitrates as well 
as high salt diet, and prior history of gastrectomy [62]. 
Genetic conditions such as Lynch syndrome, familial adeno-
matous polyposis (FAP), Cowden syndrome, Peutz-Jeghers 
syndrome, and Li-Fraumeni syndrome also increase the risk 
of gastric adenocarcinoma [63–68].

Histologically, gastric adenocarcinoma has been divided 
into two broad categories that include the diffuse type and 
the intestinal type, which are based on the Lauren histologi-
cal classification [69]. The Correa cascade describes the pro-
gression of histological changes seen in the intestinal type of 
gastric cancer with H. pylori playing a key role in the initia-
tion of the cascade [70]. Persistent inflammation over time 
leads to the development of atrophic gastritis, which subse-
quently leads to intestinal metaplasia, dysplasia, and eventu-
ally gastric carcinoma [71]. Chronic atrophic gastritis and 
intestinal metaplasia are known premalignant conditions that 
have an annual progression rate of less than 1% [72]. Gastric 
intestinal metaplasia (GIM) is a condition in which the gas-
tric epithelium is largely replaced by either small intestinal- 
type epithelium or colonic-type epithelium. The most 
commonly used classification of GIM is described by Jass 
and Filipe, which classifies metaplasia into complete (type I) 
and incomplete types (types II and III) [73, 74]. Although 
incomplete types have been associated with higher risk of 
progression to gastric cancer, there is no current standardized 
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way to implement the histological subtypes in clinical prac-
tice [75], and often, it is not reported by pathologists [76]. 
Due to the low risk of progression to gastric cancer in the US 
population, surveillance is currently not recommended by 
the American Society for Gastrointestinal Endoscopy 
(ASGE) for this condition unless there are other coexisting 
risk factors, such as family history of gastric cancer or Asian 
descent [77]. In contrast, European guidelines have recom-
mended endoscopic surveillance every 3 years for those with 
extensive gastric atrophy and/or intestinal metaplasia [75].

Low-grade dysplasia (LGD) and high-grade dysplasia 
(HGD), if found on histology, are also associated with 
increased risk of progression to gastric carcinoma of the 
intestinal subtype [78, 79]. For patients with LGD, periodic 
surveillance is recommended starting within 1 year of diag-
nosis. Consideration for stopping surveillance can be made 
after two consecutive negative endoscopies [75, 77, 80]. In 
patients with HGD and endoscopically defined lesion, imme-
diate surgical or endoscopic resection should be considered 
given the high risk of progression to adenocarcinoma [78]. 
Immediate histological re-evaluation with extensive biopsies 
with subsequent surveillance every 6–12 months should be 
considered in those with HGD without an endoscopically 
identified lesion [75, 77].

Hereditary diffuse gastric cancer (HDGC) is an autosomal 
dominant disease that involves mutation in CDH1 
(E-cadherin) gene and is also associated with predisposition 
to gastric cancer [81]. Due to the high penetrance rate of gas-
tric cancer, prophylactic total gastrectomy, rather than screen-
ing, is recommended to those affected with HDGC [82].

Pernicious anemia is also associated with an increased 
risk of gastric adenocarcinoma as well as gastric carcinoid 
tumors. A large case-control study found that patients with 
pernicious anemia were at increased risk for noncardia gas-
tric adenocarcinoma and gastric carcinoid tumor with odds 
ratios (ORs) of 2.18 and 11.43, respectively [83]. Current 
ASGE guidelines recommend a single diagnostic upper 
endoscopy performed at the time of diagnosis of pernicious 
anemia to screen for gastric cancer as the risk of cancer is 
highest within a year of diagnosis [77]. Diagnostic endos-
copy is also recommended if upper gastrointestinal symp-
toms develop in the patients with pernicious anemia [77].

 Screening Methods

Due to the low incidence in North America, screening for 
gastric cancer is not recommended. Population-based 
 screening is practiced in some countries in East Asia with 
higher gastric cancer incidence, particularly Japan and 
Korea. Although there are various noninvasive and invasive 
modalities for gastric cancer screening, upper GI endoscopy 
and contrasted radiological studies, particularly X-ray 

 photofluorography, are the most commonly utilized screen-
ing modalities. Other less commonly used noninvasive tests 
include serological screening with serum pepsinogen test, H. 
pylori antibody, or Gastrin 17.

For screening tests to be considered effective, they must 
not only reduce mortality rate but also be cost-effective when 
implemented in population-based screening programs. Most 
of the studies performed to evaluate the effectiveness of 
these screening tools for gastric cancer are observational 
studies performed in high prevalence areas.

 Contrasted Radiographic Tests: X-Ray 
Photofluorography (Upper Gastrointestinal 
Series)

In Japan, X-ray photofluorography, also known as upper GI 
series (UGIS), is the initial test of choice for population- 
based gastric cancer screening and opportunistic screening. 
UGIS is performed by swallowing a barium meal followed by 
a series of X-ray films that image the stomach at various 
angles. Although there are no randomized controlled trials 
addressing the effect of UGIS for gastric cancer screening, 
case-control studies, mainly from Japan, have shown reduc-
tion in gastric cancer mortality by 40–60% [84–88]. Estimated 
sensitivity and specificity of UGIS based on these studies 
ranged from 60 to 80% and 80 to 90%, respectively [89].

 Endoscopy

While upper endoscopy or esophagogastroduodenoscopy 
(EGD) has a well-established role in diagnosis, staging, treat-
ment, and palliation of gastric cancer, its implementation for 
screening is still evolving. A mortality reduction of 30% was 
reported in one case-control study of patients screened with 
endoscopy as compared to those who were never screened 
[90]. Other studies have compared UGIS and EGD and 
showed higher detection rates with EGD and therefore con-
cluded that EGD was a more effective screening tool for gas-
tric cancer based on comparison of sensitivity, specificity, 
and positive predictive value [91, 92]. An additional potential 
benefit of an EGD over an UGIS is the ability to perform a 
therapeutic resection at the same time as screening.

 Serological Testing: Serum Pepsinogen Test 
and Helicobacter pylori Antibody

Serological testing is currently not recommended as an  initial 
screening test for gastric cancer in any of the international 
guidelines. However, it may still have a role in identifying 
high-risk groups. There are three serological methods of 
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screening, which include the serum pepsinogen testing, H. 
pylori antibody screening, or a combination of both tests. 
Due to low specificity (73%), screening using serum pep-
sinogen testing is not recommended [93]. The combination 
method is used in Japan to help identify high- risk groups 
who may benefit from endoscopic screening [94].

 Recommendations and Guidelines

Due to the low incidence of gastric cancer and the lack of 
proven cost-effectiveness, there are no national guidelines 
for gastric cancer screening in the United States and Europe. 
Screening may be considered in first-generation immigrants 
from high-risk regions, especially for those with a family 
history of gastric cancer [95]. Japan and Korea are the only 
two East Asian countries to have nationwide screening pro-
grams, and this is due to the higher prevalence of gastric can-
cer in this region. The Japanese guidelines recommend 
annual screening for those 40 years of age or over with UGIS 
for population-based screening [89]. Other methods of gas-
tric cancer screening including serum pepsinogen test, H. 
pylori antibody, and endoscopy were evaluated; however, 
due to insufficient evidence, these methods were not recom-
mended for population-based screening, but can be used for 
opportunistic screening [89]. More recently, the Japanese 
guidelines on gastric cancer screening were revised and have 
recommended either UGIS or EGD as initial screening test 
for those aged 50 and older. Repeat screening is recom-
mended every 2–3 years instead of every year as in the 2008 
guidelines. These changes were made as a result of declining 
incidence of gastric cancer in the 40–50 age group as well as 
large amount of costs associated with mass screening [94].

Guidelines for gastric cancer screening have existed in 
Korea since 2001. Biennial screening is offered in Korea to 
those aged 40 years or older with either upper gastrointesti-
nal series (UGIS) or endoscopy [96]. Despite the high inci-
dence of gastric cancer, there is no national program for 
gastric cancer screening in China at this time [60].

 Colorectal Cancer

Colorectal cancer (CRC) is one of the most common cancers 
and often develops in a multistep process starting with pre-
cancerous polyps (colonic adenomas) [97, 98]. In the United 
States alone, 140,000 new cases of CRC and approximately 
47,500 deaths are expected annually [2]. Worldwide, CRC is 
the third most common cancer in men (746,000 cases, 10.0% 
of the total cancers) and the second in women (614,000 
cases, 9.2% of the total cancers) [5]. More than half of these 
cases occur in developed regions, and there is a significant 
tenfold incidence variation across the world [5].

 Risk Factors

The risk of colorectal cancer development is largely acquired, 
although genetic factors play a role. The most studied fac-
tors, which are also integrated into current screening recom-
mendations, include age and family history of CRC [99]. 
Among those with family history, the risk of CRC is highest 
in people with multiple first-degree relatives or relatives who 
have developed colorectal cancer at a relatively young age 
[100]. The increase in lifetime risk related to family history 
is usually between 2- and 6-fold [100]. In the United States, 
CRC has higher incidence and mortality in African Americans 
as compared to Caucasians [101]. The lifetime risk of CRC 
is almost equal in men and women; however, the prevalence 
of advanced adenomas is higher in men than women, and 
adenomas are found at an earlier age in men than women 
[102–104].

Other factors that convey an increased risk of CRC 
include obesity and elevated body mass index (BMI), smok-
ing, as well as dietary factors (high intake of red and pro-
cessed meats, highly refined grains and starches, and sugars) 
[105]. There are also several factors that are known to 
decrease the risk of CRC. Medications such as aspirin [106], 
COX-2 inhibitors (such as celecoxib and rofecoxib) [107, 
108], and postmenopausal hormones in women [109] have 
been associated with substantial reductions in colorectal can-
cer risk, though their use is limited by their own associated 
risks [110].

 Average-Risk Populations

Individuals are considered to be at average risk when no pre-
viously identified CRC risk factors are identified. Around 
three quarters of all colorectal cancers are diagnosed in 
average- risk persons, and approximately 90% occur during 
the sixth decade of life or later—although the prevalence of 
CRC is increasing in the younger population.

 High-Risk Populations

A prior history of CRC increases the risk of another pri-
mary cancer by 1.4 times as compared to the rate in the 
general population [111]. Additionally, a history of ade-
nomatous colorectal polyps also increases the risk of 
CRC, especially if the polyps are multiple, large, or have 
villous architecture [112]. Patients with ulcerative colitis 
(UC) and Crohn’s (CD) colitis are at increased risk of 
developing CRC. Ulcerative colitis, in particular, carries a 
high risk for malignant transformation, with UC patients 
being up to 30 times more likely to develop CRC and 3 
times more likely to die from CRC compared with the 
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general population [113]. Risk factors for CRC in UC 
patients include disease duration greater than 8  years, 
pancolitis, biopsy-proven colonic dysplasia, and the pres-
ence of primary sclerosing cholangitis affecting the liver 
[114]. Those with Crohn’s colitis also have a 4.5-fold 
higher relative risk of developing CRC than the general 
population [115].

 High-Risk Genetic Syndromes

Lynch syndrome, also known as hereditary nonpolyposis 
colon cancer (HNPCC), is one of the most common heredi-
tary colon cancer syndromes and accounts for approxi-
mately 3% of all CRC [101]. It is an autosomal dominant 
syndrome that is caused by mutations in DNA mismatch 
repair genes and confers a lifetime risk of colorectal cancer 
of approximately 80% with a mean age at diagnosis of 
44  years [101]. Colorectal adenomas usually develop by 
age 20–30 years and are thought to progress to colorectal 
cancer more quickly than sporadic adenomas [101]. 
Familial adenomatous polyposis (FAP), another autosomal 
dominant genetic syndrome, accounts for about 1% of all 
CRC cases and is caused by mutations in the APC gene 
[116]. Hundreds to thousands of polyps occur throughout 
the colon beginning in adolescence [116]. Tumors develop 
beginning in the 20s, and development of CRC is almost 
universal in these individuals, usually before age 50 [116]. 
Other forms of FAP include Gardner syndrome and Turcot 
syndrome, which are associated with desmoid tumors, 
sebaceous or epidermoid cysts, osteomas (especially of the 
mandible), and fibromas in Gardner’s [117]; and brain 
tumors (primarily medulloblastomas and gliomas) in 
Turcot’s [117]. Other less common syndromes include the 
serrated polyposis syndrome, the juvenile polyposis syn-
drome, and Peutz-Jeghers syndrome.

 Screening Modalities

Many CRC deaths could be prevented if precancerous 
polyps were detected with regular screening and removed 
prior to the development of invasive cancer [118, 119]. 
Detection of precancerous lesions, such as colorectal ade-
noma, is key to reducing the incidence of CRC [118, 120]. 
No accurate, simple, broadly applicable screening test 
currently exists for the detection of colorectal adenomas 
that can identify candidates for intervention (endoscopic 
removal). Currently available CRC screening tools are 
divided into:

 1. Structural tests that detect early CRC as well as precan-
cerous polyps. Such tests have disadvantages, such as 
need for laxative preparation, which can complicate 
patient compliance, elevate costs, and potentially put 
patients at risk for a complication.

 2. Stool/fecal-based tests that focus more on early detection 
of asymptomatic CRC to improve mortality, without 
affecting incidence.

 Colonoscopy

Colonoscopy is an endoscopic procedure that allows for 
the evaluation of the entire colon. It allows for screening 
for existing CRC as well as for resection of precancerous 
polyps. To date, screening colonoscopy has not been evalu-
ated in randomized controlled trials with CRC incidence or 
mortality as primary endpoints. However, many case-con-
trol and cohort studies have shown that colonoscopy is 
associated with a reduction in CRC-related mortality 
(Table  32.1) [119, 121–128]. A study from the US 
Department of Veterans Affairs showed a protective effect 
for colonoscopy from CRC (OR 0.43 [0.30–0.63]) [119]. 

Table 32.1 Studies of colonoscopy for colorectal cancer (CRC) screening

Study Year Design Screened cases Controls Follow-up (years) Effect on CRC
Baxter et al. [122] 2009 Case-control 10,292 51,460 8 Decrease in CRC mortality
Kahi et al. [126] 2009 Prospective 715 SEER 

database
18 Decrease in CRC incidence

Nonsignificant decrease in 
CRC mortality

Singh et al. [123] 2010 Retrospective cohort 54,803 General 
population

10 Decrease in CRC mortality

Brenner et al. [127] 2010 Retrospective cohort 586 2,701 10 Decrease in incidence of 
advanced neoplasia

Brenner et al. [128] 2011 Case-control 1,688 1,932 10 Decrease in CRC incidence
Nonsignificant change in 
CRC mortality

Manser et al. [124] 2012 Prospective controlled 1,912 20,774 6 Decrease in CRC incidence 
and mortality

SEER Surveillance, Epidemiology, and End Results
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Additionally, two large Canadian studies reported an asso-
ciation between colonoscopy and decreased CRC mortal-
ity, with an OR of 0.69 [0.63–0.74] for the Ontario 
case-control study [122] and a risk reduction of 29% for 
the Manitoba retrospective cohort study [123] . However, 
those retrospective studies showed a strong left-sided effect 
with lower efficacy against right- sided cancers [122, 123]. 
The largest prospective study to date showed a 53% reduc-
tion in CRC with colonoscopy [125]. It is currently consid-
ered the “gold standard” for CRC screening [118, 125, 
129]. Colonoscopy has some disadvantages including high 
patient noncompliance, the need for sedation, morbidity 
such as colon perforation [130], need for bowel cleansing, 
and expense [131]. Adverse events associated with colo-
noscopy increase with age [132]. Screening colonoscopy is 
recommended every 10  years, although if precancerous 
polyps are resected, then shorter interval follow- up is 
required [133].

 Flexible Sigmoidoscopy

Flexible sigmoidoscopy is an endoscopic procedure that 
involves the examination of the distal colon, from the rectum 
up to the splenic flexure. When used as a screening test, it is 
usually repeated every 3–5 years. If adenomas are detected 
by sigmoidoscopy, a follow-up colonoscopy is recom-
mended. Randomized controlled trials have shown a decrease 
in CRC-related mortality, mainly for distal CRC with flexi-
ble sigmoidoscopy (Table 32.2) [134–140]. Despite this, its 
use in the United States has significantly declined as it has 
been mainly replaced by screening colonoscopy [141–143]. 
However, screening sigmoidoscopy continues to be used in 
many parts of the world.

 Double-Contrast Barium Enema

The use of double-contrast barium enema (DCBE) has sig-
nificantly decreased and is only an alternative in patients 
who cannot undergo colonoscopy or where a full colono-
scopic examination to the cecum is not completed [144].

 Computed Tomography Colonography

Also known as virtual colonoscopy, computed tomography 
colonography (CTC) has the advantages of being noninva-
sive and not requiring sedation. The risk for test-related com-
plications is very low [145, 146]. CTC has a sensitivity of 
91% and specificity was 85% for adenomas 10 mm or larger. 
Both sensitivity and specificity decrease as the polyp size 
decreases [147]. Limitations of CTC include the need for a 
bowel preparation, follow-up colonoscopy for positive stud-
ies, the high prevalence of extra-colonic findings (up to 16%) 
that require further work-up, and the risks related to radiation 
exposure, which includes the potential for leading to addi-
tional cancers [148]. In the United States, CTC is not widely 
used as a screening test, mainly due to lack of insurance 
coverage.

 Fecal Occult Blood Tests

Fecal occult blood testing (FOBT) works by detecting early 
cancer and, therefore, decreasing CRC-specific mortality. 
FOBT includes guaiac-based tests (gFOBT) and fecal 
immunochemical tests (FIT) [148]. These tests are inexpen-
sive, easy to administer, and require no bowel preparation. 
Several large randomized controlled trials have previously 

Table 32.2 Randomized control trials of colorectal cancer (CRC) screening by sigmoidoscopy

Study Year Screened cases Controls Follow-up (years) Effect on CRC
Selby et al. [134] 1988 5,156 5,557 16 Decrease in CRC mortality

OR = 0.41 (95% CI: 0.25–0.69)
Kavanagh et al. [135] 1998 3,195 21,549 8 Decrease in CRC incidence

Nonsignificant change in CRC mortality
Thiis-Evensen et al. [136] 1999 400 399 13 Decrease in CRC incidence

Nonsignificant change in CRC mortality
Hoff et al. [137] 2009 13,653 41,092 7 Nonsignificant change in CRC incidence or mortality
Atkin et al. [138] 2010 57,099 112,939 11 Decrease in CRC mortality

HR = 0.69 (95% CI: 0.59–0.82)
Segnan et al. [139] 2011 17,148 17,144 11 Decrease in CRC incidence

Nonsignificant change in CRC mortality
Schoen et al. [140] 2012 77,445 77,455 12 Decrease in CRC incidence

Decrease in CRC mortality, RR = 0.74 (95% CI: 
0.63–0.87)

OR odds ratio, CI confidence interval
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shown reductions in CRC mortality by using annual gFOBT 
(up to 30%) (Table 32.3) [149–152]. In the follow-up of one 
of these studies, the effect of screening by gFOBT on CRC 
mortality persisted after 30  years of follow-up [153]. 
Dietary factors can lead to both false positives and false 
negatives with gFOBT, while FIT is more accurate as it is 
more specific to human hemoglobin. FIT is currently the 
preferred test for occult blood in stool and is used annually. 
As in all other screening tests, a positive test requires a fol-
low-up colonoscopy. FIT tests have good sensitivity and 
specificity for CRC (up to 91% and 94%, respectively) and 
a lower sensitivity of 20–67% for adenomatous polyps 
[154, 155].

 Stool-Based DNA Testing

Attempts to identify specific DNA mutations associated with 
CRC in exfoliated colonocytes in the stool have been under-
taken. Early generations of these tests were very limited due 
to low sensitivity and specificity [156]. A second-generation 
multitargeted DNA test for CRC (Cologuard®, Exact 
Biosciences, Madison, WI) was found to have excellent sen-
sitivity (92.3%) for detection of cancer stages I–IV with a 
specificity of 87% [157]. Currently, Cologuard is commer-
cially available in the United States and is approved by 
Medicare for screening of average-risk patients every 
3 years, although no long-term randomized trial has shown it 
to be an effective option as a screening modality.

 Other Screening Modalities

Carcinoembryonic antigen (CEA) assay is the most popular 
assay for clinical monitoring. It has been used for postopera-
tive surveillance and for monitoring response to therapy. 
CEA, however, lacks sufficient sensitivity and specificity as 
a screening test [158]. Methylated septin 9 has been reported 
to have good sensitivity and specificity for CRC, up to 72% 
and 80%, respectively, but with a limited ability to detect 
colorectal adenomas [159]. In April 2016, the US Food and 
Drug Administration (FDA) approved Epi proColon® 

(Epigenomics AG, Seattle, WA), which measures serum 
methylated septin 9 DNA, as a noninvasive CRC screening 
test, for average-risk patients who are not willing to get 
screened by colonoscopy or FIT.

Other markers in development include CSA (colon 
cancer- specific antigen)-1, 2, and 3, colon cancer-secreted 
protein (CCSP)-2 [160], galectin-3-ligand, and haptoglobin- 
related glycoprotein. Recently, CA11-19 emerged as a prom-
ising serologic tumor marker for the diagnosis of CRC with 
a sensitivity of 98% and specificity of 84% [161].

 Comparison of Screening Methods

To date, there has been no published prospective study com-
paring the different screening modalities for CRC screening, 
although two large randomized trials are currently underway 
comparing the efficacy of FIT to screening colonoscopy in 
reducing mortality from CRC. One study found that adher-
ence with colorectal cancer screening was the highest when 
patients were given an option between FOBT and colonos-
copy, rather being advised to have a specific test [162].

 Future Direction

The greatest impact of any future screening test would be 
disease detection before development of invasive cancer, i.e., 
adenoma detection. Many studies have recently explored 
microRNAs (miRNAs) as biomarkers for early cancer detec-
tion and screening. MicroRNAs are small noncoding RNA 
molecules that regulate gene expression posttranscription-
ally by binding to the 3′ untranslated regions of target mes-
senger RNAs, playing a crucial role in the regulation of 
protein expression. MicroRNAs are involved in many cellu-
lar processes and have been associated with various diseases, 
including cancer [163]. To date, studies looking at miRNAs 
and CRC are inconclusive and contradictory. Some investi-
gators have found plasma miRNA to be useful, whereas oth-
ers have not. Problems with studies include small sample 
sizes, varying techniques of normalization, methods of anal-
ysis, and use of pooled samples [164–167].

Table 32.3 Randomized controlled trials of colorectal cancer (CRC) screening by guaiac-fecal occult blood testing (FOBT)

Study Country Age range Year Cohort
Follow-up
(years) Frequency

Effect on CRC mortality
RR 95% CI

Mandel et al. [149] United States 50–80 1993 46,551 13 Annual 0.67 (95% CI 0.50–0.87)
Biennial 0.94 (95% CI 0.68–1.31)

Kewenter et al. [150] Sweden 60–64 1994 68,308 8.3 2 screensa 0.88 (95% CI 0.69–1.12)
Hardcastle et al. [151] United Kingdom 45–74 1996 152,850 7.8 Biennial 0.86 (95% CI 0.74–0.99)
Kronborg et al. [152] Denmark 45–75 1996 61,933 10 Biennial 0.82 (95% CI 0.68–0.99)

RR relative risk, CI confidence interval
a16–24 months apart
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 Guidelines for Screening

 Average-Risk Groups
Two major US guidelines, from the American Cancer Society 
(ACS) and Multi-Society Task Force (MSTF) and the US 
Preventive Services Task Force (USPSTF), were released in 
2008 [168, 169]. Other guidelines include those of the 
American College of Gastroenterology (ACG) and the 
American College of Physicians (ACP). All US guidelines 
endorse screening of average-risk patients for CRC starting 
at age 50 until age 75 (USPSTF) or until life expectancy is 
less than 10 years. There have been some suggestions to start 
screening of African Americans at age 45 [170], although 
this has not been formally accepted yet. Most of the US 
guidelines recommend screening with one of the options dis-
cussed earlier, either FOBT, sigmoidoscopy, or colonoscopy. 
The ACS/MSTF also include fecal DNA and CTC. The ACG 
guidelines endorse colonoscopy as the preferred screening 
test.

 High-Risk Groups
High-risk groups consist of patients with personal history of 
CRC, prior history of premalignant colorectal polyps (ade-
nomas or sessile serrated polyps), inflammatory bowel dis-
ease (IBD) (either UC or Crohn’s colitis), family history of 
CRC, or those with genetic syndromes predisposing to 
CRC. In patients with prior history of CRC, periodic surveil-
lance with colonoscopy is recommended [171]. In those with 
a history of premalignant polyps, a repeat colonoscopy is 
recommended at 1-, 3-, 5-, or 10-year intervals depending on 
polyps’ number, size, and histology [133]. In patients with 
inflammatory bowel disease, UC or Crohn’s colitis, the rec-
ommendation is to perform surveillance colonoscopy start-
ing 8  years after diagnosis and every 1–2  years afterward 
[168]. Screening with colonoscopy is the preferred option in 
patients with a significant family history of colon cancer or 
in those with a genetic predisposition to CRC [168]. 
Generally, a colonoscopy should be performed at an earlier 
starting age and shorter intervals than an average-risk 
population.

In summary, for average-risk patients aged between 50 
and 75, there is broad consensus to recommend CRC screen-
ing using one of the available modalities.

 Liver Cancer

Worldwide, approximately 700,000 cases of liver cancer are 
diagnosed annually with 600,000 deaths related to the dis-
ease each year, making it the third most common cause of 
cancer-related death [5, 172]. It is estimated that approxi-
mately 42,000 new cases will be diagnosed in the United 
States in 2018, resulting in 30,000 deaths from primary liver 

cancer and intrahepatic bile duct cancer [2]. There are pro-
found variations in the incidence of hepatocellular carci-
noma (HCC) throughout the world. The incidence of HCC is 
rising in developing countries, and while a nonsignificant 
increase was noted in the United States in recent analysis, the 
mortality of HCC continues to increase both in the United 
States and around the world [173, 174].

 Identifying High-Risk Population

HCC develops in the setting of chronic liver disease. The 
most common risk factors for HCC include chronic viral 
hepatitis (hepatitis B virus [HBV] and/or hepatitis C virus 
[HCV]), alcoholic cirrhosis, inherited errors of metabolism 
such as hereditary hemochromatosis and alpha-1 antitrypsin 
deficiency, Wilson’s disease, and stage 4 primary biliary cir-
rhosis. Exposure to aflatoxin is another risk factor for HCC 
[175–177].

Whether to include a patient with any chronic liver dis-
ease in a screening program depends upon the risk of HCC, 
which in turn depends upon the incidence of HCC. Ideally, 
any screening intervention should be cost-effective. 
Published models have shown that the HCC surveillance is 
cost-effective, specifically if the incidence of HCC is above 
a certain threshold [178, 179].

 Chronic Hepatitis B

HCC can develop in hepatitis B carriers even in the absence 
of liver cirrhosis. In fact, approximately 30–50% of patients 
with chronic hepatitis B who develop HCC do not have 
 cirrhosis [180]. The American Association for Study of Liver 
Diseases (AASLD) guidelines recommend an HCC inci-
dence threshold of 0.2% per year for chronic hepatitis B to 
be considered for a screening program to make it cost- 
effective [181]. The following groups of patients with 
chronic hepatitis B: Asian men over the age of 40, Asian 
women over the age 50, hepatitis B carrier with family his-
tory of HCC, Africans as well as African Americans, and 
those who have developed liver cirrhosis have been shown to 
exceed this threshold and therefore are at increased risk of 
developing HCC [181].

Risk factors for HCC in chronic hepatitis B carriers 
include male sex, increasing age, higher HBV DNA, HBeAg 
and HBV DNA positivity, core-promoter mutations, co- 
infection with human immunodeficiency virus (HIV), and 
presence of cirrhosis. Risk scores [182, 183] have been 
developed to identify the at-risk population, but these scoring 
systems are not yet validated or used in clinical practice.

Risk of HCC persists in Asians who are hepatitis B carri-
ers even after seroconversion (development of HBeAb or 
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loss of HBsAg), and hence, they should continue HCC 
screening [182, 184]. Risk of HCC declines significantly in 
non-Asians who are chronic carriers and have long-term 
inactive replication or those with loss of HBsAg [185, 186]. 
There is insufficient data to determine if HCC screening 
should be continued in this population.

 Chronic Hepatitis C

In contrast to chronic hepatitis B, HCC development is seen 
in chronic hepatitis C patients only after they develop cir-
rhosis. However, limited data does show that HCC develop-
ment is possible in chronic hepatitis C patients with bridging 
fibrosis in the absence of cirrhosis [187]. The AASLD rec-
ommends enrolling patients with chronic hepatitis C for 
HCC screening once the incidence of HCC rises above the 
threshold of 1.5% per year to make it cost-effective [181]. 
This threshold is exceeded in patients with chronic HCV cir-
rhosis but not in patients with chronic hepatitis C without 
cirrhosis [187]. Patients with liver cirrhosis who have cleared 
hepatitis C should continue HCC surveillance [181].

Therefore, to enroll a patient with chronic hepatitis C in a 
screening program, accurate assessment of the degree of 
liver fibrosis and presence of cirrhosis is required. Several 
noninvasive markers, formulas, and imaging modalities 
[188–193] have been developed to help predict fibrosis or 
cirrhosis without obtaining liver biopsy, which is currently 
the gold standard. These tests are not fully validated and 
should be used with caution. Transient elastography is a new 
technology, which is increasingly being used to predict the 
presence of liver cirrhosis or advanced fibrosis [194–196]. 
More data is required prior to making any definitive recom-
mendations about the use of this technology.

 Alcoholic Liver Disease

Excess alcohol consumption increases the risk of develop-
ment of HCC when it leads to liver cirrhosis [197]. Studies 
that aimed to identify incidence of HCC in alcoholic cirrho-
sis probably overestimated the true incidence since these 
studies predated hepatitis C virus identification. In a study 
published in 2000, alcoholic liver disease was noted to be 
present in 35.1% of patients with HCC [198], while another 
study suggested that the 5-year cumulative HCC risk was 
approximately 1% in patients with alcoholic cirrhosis [199]. 
These studies reveal that there are wide variations in HCC 
occurrence in this patient population. The true incidence of 
HCC in alcoholic cirrhosis still remains unknown, but it is 
probably high enough to warrant screening for HCC.

 Cirrhosis Due to Other Causes

In general, cirrhosis increases the risk of HCC. Risk factors 
for development of HCC in patients with cirrhosis from any 
cause include age >40  years, male sex, obesity, diabetes, 
cigarette smoking, family history of HCC, hepatic venous 
outflow obstruction, and aflatoxin exposure, in addition to 
other risk factors mentioned previously [200–202].

An HCC incidence cutoff of 1.5% per year is suggested in 
patients with liver cirrhosis due to any cause other than 
chronic hepatitis B for consideration for enrollment in a 
screening program. However, there are a few areas where 
definitive recommendations cannot be made due to lack of 
accurate evidence. For instance, in patients with cirrhosis 
related to NAFLD (nonalcoholic fatty liver disease), the true 
incidence of HCC is unknown. Similarly, in patients with 
autoimmune hepatitis-related cirrhosis, HCC incidence was 
noted to be about 1.1% per year, which is below the sug-
gested cutoff [203]. In view of the limited data, HCC screen-
ing is recommended for patients with liver cirrhosis from any 
cause.

 Screening Modalities

 Serological Tests
Various serological tests have been evaluated for HCC 
screening. One such test is alpha fetoprotein (AFP). 
Sensitivity of AFP for HCC screening depends upon the 
cutoff value chosen. Sensitivity of AFP is only about 60% 
when a cutoff value is set at 20 ng/mL [204] and decreases 
if a higher cutoff value is used (to improve specificity), 
thus defeating the purpose of using AFP as a screening 
test. Additionally, smaller HCCs may not secrete clini-
cally detectable levels of AFP, and early cancers may be 
missed if AFP alone is used for screening [205]. 
Significantly elevated AFP may suggest poorly differenti-
ated cancers, which are frequently too advanced for any 
therapeutic resection to be considered. Studies have 
shown that neither AFP nor des- gamma- carboxy pro-
thrombin alone is optimal for HCC screening [206]. Since 
AFP level can be elevated in certain nonmalignant condi-
tions and could be normal in some HCC patients [207], 
the AASLD no longer recommends use of AFP as a 
screening test.

Other biomarkers that have been evaluated for HCC 
screening include ratio of glycosylated AFP to total AFP, 
glypican-3, alpha fucosidase, vascular endothelial growth 
factor (VEGF), osteopontin, prostaglandin E2, HSP-70, and 
plasma microRNAs, but definite recommendations cannot be 
made at present due to limited data.
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 Radiological Tests
The most commonly used radiological tool for HCC screen-
ing is ultrasound (US). Hepatic ultrasound has sensitivity as 
high as 94% and specificity that approaches 90% for HCC 
screening, although it is less sensitive for early-stage HCC 
[208]. Higher detection rates have been noted with combined 
use of ultrasound and AFP, but this strategy also raises the 
cost of care and false-positive rates. Performance of other 
imaging modalities such as CT scan and magnetic resonance 
imaging (MRI) has been evaluated in diagnostic studies, 
once suspicion for HCC is raised by other methods. Exact 
performance characteristics of these modalities for HCC 
screening are therefore unknown. In general, CT scan has a 
good sensitivity for HCC, especially when dynamic CT scan 
(“triple phase”) is used; however, its cost and repeated expo-
sure to radiation limit its use as a screening modality. A 
recently published small, randomized controlled trial com-
pared performance and cost of twice-a-year ultrasound to 
once-a-year triple-phase CT scan [209]. This trial showed 
that the biannual ultrasound was marginally more sensitive 
and less costly for detection of early HCC compared with 
annual CT scan. However, HCC-related mortality remained 
high. Magnetic resonance imaging is highly sensitive for 
detection of HCC; however, it is not cost-effective as a 
screening test and is currently mainly used to confirm a sus-
pected ultrasound diagnosis.

 Screening Interval
The interval for screening is usually determined by the tumor 
growth rates, and an interval of 6–12  months is recom-
mended based on tumor doubling time. A community-based 
randomized trial compared HCC surveillance at 4-month vs. 
12-month interval in chronic viral hepatitis and showed that 
the 4-month interval detected more patients with very early- 
stage HCC but overall survival was not different between the 
groups [210]. A multicenter randomized trial from Europe 
compared 3-month vs. 6-month screening for HCC in 
patients with cirrhosis using ultrasound and found that the 
overall HCC detection was similar in both groups [211]. A 
multicenter study from Italy reported similar survival rates in 
patients with cirrhosis screened at 6-month vs. 12-month 
interval [212]. A retrospective study has reported improved 
early HCC detection rates and patient survival rates with 
semiannual screening than annual screening [213]. The 
AASLD recommends HCC surveillance using ultrasound, 
with or without AFP, every 6 months.

 Evidence of Benefit from Screening
Improvement in 5-year survival rates to greater than 60% has 
been noted with tumor resection or liver transplantation if 
HCC is detected early, which is in contrast to only about 

32% for advanced tumors [214]. Evidence of benefit of a 
screening program for HCC comes from a large randomized 
controlled trial from China involving 18,816 patients with 
current or prior hepatitis B. The trial compared 6-month sur-
veillance with AFP and liver ultrasound to no surveillance 
and showed a 37% reduction in HCC-related mortality in the 
surveillance group in spite of suboptimal adherence (less 
than 60%) to recommended surveillance [215].

 Summary and Recommendations

In summary, screening is recommended for those at high risk 
for developing HCC (Fig. 32.2). Ultrasound is the preferred 
modality and should be performed every 6  months. 
Additionally, patients on liver transplant waiting lists should 
also be screened, as those with HCC are given priority for 
transplant in many countries, including the United States.

 Pancreatic Cancer

Pancreatic cancer accounts for 4% of all cancers diagnosed, 
affecting approximately 330,000 individuals worldwide [5]. 
It is the second most commonly diagnosed cancer of the 
digestive system, with 55,300 newly diagnosed cases in the 
United States in 2016 [2]. The incidence of pancreatic cancer 
rises sharply after age 45 and is nearly equivalent between 
both sexes [2], but appears to be modestly higher in blacks 

Fig. 32.2 Diagnostic algorithm for suspected HCC.  CT computed 
tomography, MDCT multidetector CT, MRI magnetic resonance imag-
ing, US ultrasound. (Modified from Bruix et al. [181]. Under terms of 
https://creativecommons.org/licenses/by/2.5/)
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(14.8 per 100,000) than whites (8.8 per 100,000) [216].  
The prognosis of pancreatic cancer remains grim, and 
approximately 44,300 individuals were expected to die from 
the disease in 2018 [2]. In the United States, pancreatic can-
cer is the fourth most common cause of cancer-related death 
and is the seventh most common cause worldwide [2, 5].

 Risk Factors

Pancreatic cancer is slightly more common in men than in 
women, is usually diagnosed in those greater than age 45, 
and has a higher incidence in some ethnic groups such as 
African Americans, Ashkenazi Jews, and Pacific Islanders 
[217]. As in many gastrointestinal malignancies, the risk of 
pancreatic cancer appears to be related to a combination of 
genetic, environmental, and lifestyle factors. The genetic risk 
factors include familial pancreatic cancer, hereditary pancre-
atitis, and other genetic syndromes. Other risk factors include 
nonhereditary chronic pancreatitis, premalignant pancreatic 
cysts, and lifestyle factors such as cigarette smoking, obesity, 
diabetes mellitus, and lack of physical activity.

While most pancreatic cancers appear to be sporadic, 
approximately 5–10% of individuals with pancreatic cancer 
can identify a first-degree relative with the disease [218], and 
a hereditary component may be present in up to 17% of pan-
creatic cancers [219]. Familial pancreatic cancer is defined as 
an inherited susceptibility to the development of pancreatic 
cancer with two or more first-degree relatives with the dis-
ease, in the absence of known genetic mutations or cancer 
syndromes. Individuals born to families with familial pancre-
atic cancer are estimated to carry up to a 13% increased risk 
of developing the disease, and those with first-degree rela-
tives diagnosed prior to age 50 appear to carry the greatest 
risk [220]. According to data from the National Familial 
Pancreas Tumor Registry, the observed-to-expected ratio of 
pancreatic cancer was 6.4 for individuals with 2 affected rela-
tives, which increased to 32 if 3 relatives were affected [221].

Autosomal dominant hereditary pancreatitis is a rare ill-
ness and is usually caused by mutations in serine protease 1 
gene (PRSS1) that encodes cationic trypsinogen. 
Approximately two-thirds of cases are caused by mutations 
R122H and N29I [222]. By some estimates, those affected 
carry a 40% lifetime risk of developing pancreatic cancer 
[223], with one study suggesting a 54% risk by age 75 years 
[224]. Cigarette smokers with autosomal dominant heredi-
tary pancreatitis appear to be at a significantly higher risk 
[225]. Recommendations from the Consensus Committees 
of the European Registry of Hereditary Pancreatic Diseases 
include screening these individuals for pancreatic cancer 
starting at age 40, though no specific recommendations were 
given regarding the interval or modality of screening [226].

A substantial number of rare genetic syndromes are also 
associated with pancreatic cancer. The highest risk is in those 
with Peutz-Jeghers syndrome (PJS), which is characterized 
by germline mutations in gene STK11. These individuals 
carry up to a 36% lifetime risk of pancreatic cancer with a 
relative risk of 132 [227]. Other genetic syndromes such as 
Lynch syndrome, familial adenomatous polyposis (FAP), 
and ataxia-telangiectasia are also associated with a modestly 
increased risk of pancreatic cancer [228–230]. Cystic fibro-
sis, an autosomal recessive disease caused by mutations in 
the cystic fibrosis transmembrane conductance regulator 
(CFTR) gene, may also be associated with an increased risk 
of pancreatic cancer, though studies are conflicting. One 
study described an increased risk of pancreatic cancer in 
their cohort with an odds ratio of 61 [231], but others studies, 
including one evaluating nearly 29,000 patients with cystic 
fibrosis, found only a 2.6-fold increased risk [232].

In addition to the heritable conditions and syndromes, 
chronic pancreatitis is also a risk factor for pancreatic cancer, 
though the estimated risk varies significantly among studies. 
For instance, a prospective study from France showed a rela-
tive risk of 19.0 among patients with chronic pancreatitis 
[233], whereas a 10-year case-control study in Italy pro-
jected a relative risk of 5.7 among chronic pancreatitis 
patients [234]. The risk factors in those with chronic pancre-
atitis and mechanisms by which chronic inflammation transi-
tions into invasive cancer are still being clarified. Risk factors 
for chronic pancreatitis include toxic-metabolic factors such 
as heavy alcohol use, tobacco use, hypercalcemia, and 
chronic renal insufficiency; genetic factors such as heredi-
tary pancreatitis; autoimmune factors such as isolated auto-
immune chronic pancreatitis; recurrent and severe acute 
pancreatitis including post-radiation exposure and vascular 
disease; obstructive factors such as with duct obstructions 
from tumors or trauma; and idiopathic.

Individuals with neoplastic pancreatic cysts, specifically 
mucinous cystic neoplasms (MCN) and intraductal papillary 
mucinous neoplasm (IPMN), are at risk of developing pan-
creatic adenocarcinoma from malignant degeneration of the 
cyst as well as de novo pancreatic cancer not directly associ-
ated with the cystic lesion. The increased use of cross- 
sectional imaging has resulted in a much higher prevalence 
of pancreatic cysts than previously known, and many of 
those cysts are mucinous ones (MCNs or IPMNs), which 
carry a premalignant potential. Pancreatic cyst features that 
increase malignant risk include size greater or equal to 3 cm, 
presence of a solid component of the cyst, as well as a dilated 
main pancreatic duct [235]. The best evidence at this time 
suggests that individuals with two or more of these high-risk 
features should be evaluated with endoscopic ultrasound 
(EUS) with fine needle aspiration (FNA) of the cyst for cyto-
logical and biochemical analysis.
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Environmental and host risk factors for pancreatic cancer 
include cigarette smoking, obesity, diet, and physical inac-
tivity. Cigarette smoking has been shown to be a strong risk 
factor for pancreatic cancer with a large prospective study 
reporting a relative risk among current smokers of 2.5 [236]. 
As expected, the duration of smoking appears to be directly 
correlated with risk, as those who have a 40-year pack his-
tory carry a 3- to 5-fold increased risk [237]. Early-onset dia-
betes mellitus also appears to be associated with pancreatic 
cancer as approximately 80% have either diabetes or 
impaired glucose tolerance upon diagnosis [238]. It is 
unclear at this time whether diabetes predisposes to pancre-
atic cancer or if the cancer itself promotes the development 
of diabetes [239]. In addition, obesity has been shown in sev-
eral studies to be associated with the development of pancre-
atic cancer. Results from the Health Professionals Follow-Up 
Study and the Nurses’ Health Study showed that a body mass 
index (BMI) greater than 30  kg/m2 was associated with a 
relative risk of 1.72 [240]. Taller height also appeared to be 
further associated with an increased risk of pancreatic cancer 
with a relative risk of 1.81 [240]. Physical activity appeared 
to have a protective effect. Moderate amounts of physical 
activity, particularly in those who were overweight or obese, 
carried a reduced risk of pancreatic cancer with a relative 
risk of 0.45 [240]. Dietary intake of large amounts of satu-
rated fat and meat have been associated with pancreatic can-
cer in most but not all studies [237, 241], while diets high in 
fruits and vegetables have been shown to be protective in 
case-control but not in prospective studies [242, 243]. 
Occupational exposures, such as chlorinated and polycyclic 
aromatic hydrocarbons, may also increase the risk of pancre-
atic cancer [244, 245].

 Screening

Although there have been innovations in the treatment of 
pancreatic cancer, diagnosing pancreatic cancer in its poten-
tially curative stages remains challenging. Screening modali-
ties for pancreatic cancer include imaging such as computed 
tomography (CT), magnetic resonance imaging (MRI)/mag-
netic resonance cholangiopancreatography (MRCP); endo-
scopic procedures such as endoscopic ultrasound (EUS) and 
endoscopic retrograde cholangiopancreatography (ERCP); 
and tumor markers such as CA 19-9. Molecular-based genetic 
markers are on the horizon but not yet used in clinical prac-
tice. Despite the variety of screening modalities available, the 
optimal approach remains unclear. CT scan is a noninvasive 
and readily available imaging tool, but is the least sensitive of 
all screening modalities, especially if the pancreatic duct is 
not dilated [246]. It is also associated with a significant 
amount of radiation, especially if repeated over years for sur-
veillance. MRI with MRCP, however, may currently be the 

preferred imaging tool as it is noninvasive, is not associated 
with radiation exposure or procedural complications, and has 
equal (or even greater) diagnostic accuracy for IPMN when 
compared to CT scan or ERCP [247, 248]. Although only 
performed at a few centers, secretin-enhanced MRCP is an 
excellent way to assess for small duct lesions. EUS is an 
excellent endoscopic modality [249] to screen for pancreatic 
cancer and pancreatic intraepithelial neoplasia (PanIN) and 
also can detect mural nodules within IPMNs, which may pre-
dict malignant transformation of those cysts. Disadvantages 
of EUS include its cost, procedural complications, decreased 
sensitivity in those with chronic pancreatitis, and interob-
server variability. ERCP is another endoscopic modality, but 
its use as a screening test is limited due to the risk of compli-
cations [247]. Serum markers such as CA 19-9 have been 
used, but currently are not recommended for screening pur-
poses due to suboptimal sensitivity and specificity and only 
should be employed to risk stratify patients prior to treatment 
and as part of a posttreatment surveillance protocol [250]. 
There are also multiple molecular-based tests using DNA 
microarray technology as well as biomarkers on the horizon, 
but utility of these in screening and surveillance of pancreatic 
cancer is not yet substantiated [251].

 Evidence for Screening

At present, only approximately 10–20% of patients diag-
nosed with pancreatic cancer are operative candidates, which 
is currently the only potentially curative treatment [252]. 
However, despite this, only approximately 15% of those 
undergoing surgery survive past 2 years. The goal of screen-
ing is, therefore, to identify pancreatic malignancies at ear-
lier, more operable, and hence more curable stages. However, 
routine screening has been limited in the average-risk popu-
lation by the low incidence of pancreatic cancer, the cost of 
screening, and the suboptimal sensitivity and specificity of 
many screening modalities and from morbidity of  endoscopic 
screening strategies. Despite this, some advocate screening 
in high-risk populations in order to identify noninvasive neo-
plasia including intraductal papillary mucinous neoplasm 
(IPMN) and high-grade pancreatic intraepithelial neoplasia 
(PanIN). There have been few prospective studies to date that 
have evaluated screening of high-risk individuals [251].

In support of screening high-risk individuals, Brentnall 
et  al. evaluated ERCP, EUS, CT scan, and tumor markers 
including carcinoembryonic antigen (CEA) and CA 19-9 in 
patients with a familial clustering of pancreatic cancer con-
sisting of two or more relatives with pancreatic cancer span-
ning two or more generations [219]. Out of 14 patients, 7 
had abnormal findings and all underwent surgery with 
PanIN found on histologic assessment. In addition, a pro-
spective study completed by the American Cancer of the 
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Pancreas Screening (CAPS) Consortium studied 225 high-
risk individuals who were asymptomatic and underwent a 
single screening with CT, MRI, or EUS [253]. Forty-two 
percent were found to have abnormalities consisting of a 
pancreatic lesion or dilated duct with the majority found to 
have IPMNs [253]. EUS was found to be the most sensitive 
test, detecting an abnormality in 42.6% of individuals, while 
MRI and CT scan detected abnormalities in 33% and 11%, 
respectively [253].

 Guidelines

Given the low prevalence of pancreatic cancer, the lack of 
accurate noninvasive testing modalities, and the absence of 
evidence that screening improves survival, there are no rec-
ommendations from any major societies for screening of 
asymptomatic average-risk individuals for pancreatic cancer. 
The US Preventive Services Task Force recommends against 
screening for pancreatic cancer in asymptomatic adults 
[254]. Screening of high-risk individuals remains controver-
sial and is currently only supported by one guideline written 
by a consensus committee of the European Registry of 
Hereditary Pancreatic Diseases, Midwest Multi-Center 
Pancreatic Study Group, and International Association of 
Pancreatology. They recommend screening only in individu-
als with hereditary pancreatitis at age 40 or greater [226], 
while in 2012, an International Cancer of the Pancreas 
(CAPS) Consortium recommended screening with EUS or 
MRCP in all individuals with a >10-fold increased risk of 
pancreatic cancer [255]. These individuals would include not 
only those with hereditary pancreatitis but also Peutz-Jeghers 
syndrome; those with one or more first- or second-degree 
relatives with pancreatic cancer and who also carry a muta-
tion such as BRCA1, BRCA2, or p16 or who have been diag-
nosed with Lynch syndrome; or those with three or more 
first-, second-, or third-degree relatives with pancreatic can-
cer, with at least one who is a first-degree relative [256]. 
Screening can also be considered in those individuals who 
have two first-degree relatives with pancreatic cancer [256]. 
However, both the National Comprehensive Cancer Network 
(NCCN) and the American Gastroenterological Association 
(AGA) do not recommend any screening even for high-risk 
individuals, as screening has not been shown to improve sur-
vival [257]. A more recent prospective study from three 
expert European centers showed that the benefits of surveil-
lance in patients with a history of family pancreatic cancer 
are inconclusive [258]. In terms of screening options, there is 
no consensus on the best modality to use, on the timing of 
when to initiate screening, on the appropriate screening 
interval, or on the optimal management of those with lesions 
detected through these screening modalities.

 Conclusion

In conclusion, the role of screening in gastrointestinal malig-
nancies varies depending on the prevalence of the disease as 
well as the cost and benefit of screening. Colorectal cancer 
screening, using one of several methods, is broadly recom-
mended for the general population, while screening for hepa-
tocellular carcinoma and esophageal cancer is only 
recommended for those with established risk factors (hepati-
tis B and cirrhosis, and Barrett’s esophagus, respectively). 
Screening for stomach cancer and pancreatic cancer is not 
recommended at this time. Research is ongoing for accurate 
noninvasive screening tests for many of these diseases and 
will hopefully lead to more options for the early detection 
and treatment of these common malignant conditions.
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Selvi Thirumurthi, Eduardo Vilar, and Patrick J. Lynch

 Introduction

The main job of a medical oncologist is to confirm a cancer 
diagnosis, assure appropriate staging of the malignancy, and 
institute state-of-the-art treatment, typically chemotherapy 
for advanced disease or for adjuvant treatment for locally 
advanced tumors. Our mission in this chapter will be to high-
light the intersection of these functions with the cancers that 
manifest an inherited susceptibility.

No more than about 3% to at most 5% of gastrointestinal 
(GI) malignancies show a clear inherited basis. As we shall 
see, there are only a few instances in which the presence of 
an underlying inherited susceptibility has an important bear-
ing on prognosis or selection of chemotherapy. Nevertheless, 
the medical oncologist, as an institution’s specialist in the 
area of cancer, will often be called upon to help develop and 
coordinate a program for the identification and management 
of inherited cancer susceptibility.

In this chapter, we will take a somewhat historical per-
spective and will combine broader issues of disease manage-
ment with specific areas that selectively impact the medical 
oncologist. As will be seen, ongoing rapid advances in 
molecular technology are transforming the approach to per-
sonalized therapy in the cancer patient and to the diagnosis of 
underlying susceptibility. In our description of specific inher-
ited syndromes, the focus will be the traditional one of recog-
nizing characteristic disease expressions (phenotype) in the 
cancer patient, along with patterns of expression in families, 

the combination of which may suggest a very narrow range 
of conditions. Counseling regarding the advantages and limi-
tations of mutation testing is followed by such testing. 
Detection of a pathogenic mutation may affect cancer care 
and survivorship surveillance, and direct predictive testing in 
at-risk relatives. While all of this may prove challenging to 
that majority of clinicians who do not work in the field of 
clinical cancer genetics, even this paradigm is being sup-
planted by the use of broader and more powerful germline 
genetic “panels.” Panels are test arrays that can be readily 
ordered from a handful of clinical genetic testing laboratories 
and that offer identification of genetic susceptibility to 
colorectal cancer (CRC)/adenomas, breast cancer, endocrine 
neoplasia, and more. Other panels are not even limited to 
specific cancers. An entire body of literature is already devel-
oping to help guide the clinician through the range of options 
now available [1, 2]. The good news about panels is that the 
clinician needs to know very little about inherited cancer sus-
ceptibility in order to arrange testing that may provide a clear 
understanding of the basis for a patient’s cancer risk. The bad 
news is that such testing, whether informative or not, typi-
cally opens up a host of issues that will likely need to be 
addressed by a team that does have expertise in the manage-
ment of inherited cancer risk. Powerful tools carry powerful 
consequences when properly used and just as powerful con-
sequences when misused.

 Familial Adenomatous Polyposis

The first evidence that inherited susceptibility might contrib-
ute to the formation of precancerous adenomas and ulti-
mately colorectal cancer involved familial adenomatous 
polyposis (FAP). Because of the very distinctive pheno-
type—the presence of hundreds to thousands of adenomas—
the presence of such a disease phenotype clearly characterized 
the affected individual. As modern concepts of Mendelian 
inheritance evolved, it became obvious that FAP was an 
autosomal dominant condition. Until the discovery of the 
APC gene responsible for FAP, screening consisted of 
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 sigmoidoscopy in the children of affected individuals. Upon 
recognition of polyps, the era of prophylactic surgery began, 
with the performance of colectomy (with ileo-rectal anasto-
mosis or J-pouch reconstruction) or proctocolectomy with 
end-ileostomy. Thus, early on there was the potential to pre-
vent malignancy by means of surveillance and early surgical 
intervention. Unfortunately, about 30% of cases of FAP pres-
ent as de novo cases, with no obvious antecedent family his-
tory. Often such cases presented with symptoms of bleeding, 
anemia, or obstruction at an early age, and commonly with a 
delay in diagnosis and presence of advanced disease.

There is no evidence of a unique natural history, progno-
sis, or patterns of response to chemotherapy or radiation that 
differ in FAP compared with its sporadic counterparts.

Assuming a given patient is able to benefit from surgery 
and survives an initial colorectal cancer, he or she remains at 
risk of cancer of the remaining rectum. Also, the risk of duo-
denum cancer remains for colorectal cancer survivors and 
for those undergoing prophylactic colectomy. Tumors that 
arise in the GI tract following an initial colectomy or procto-
colectomy are generally treated in the same fashion as such 
tumors occurring sporadically. However, an important con-
sideration is the fact that about 10% of FAP patients and 
families carry a significant risk of intra-abdominal desmoid 
disease. Commonly, desmoids occur within several years of 
colectomy and may compromise attempts at further opera-
tion for new cancers in the rectum or upper GI tract. Desmoids 
are almost invariably benign, but their infiltrative pattern 
commonly causes obstruction of the bowel, ureters, or other 
vital structures. Their very unpredictable natural history 
makes prediction of response to intervention rather challeng-
ing. Some desmoids occur as single space-occupying masses 
in an old surgical wound and as such are often removed sur-
gically. Ominously, however, desmoid disease is commonly 
an infiltrating ill-defined mass in the small bowel mesentery. 
Operations to resect such desmoids are commonly very 
bloody, involve sacrifice of small bowel leading to short gut, 
and may be followed by recurring desmoid in any event.

Despite the unpredictable natural history of desmoid 
tumors, attempts at medical management have been under-
taken. Small and poorly controlled trials have employed 
agents such as sulindac, the common nonsteroidal anti- 
inflammatory drug (NSAID), and/or antiestrogen compounds 
tamoxifen and toremifene. When such agents are ineffective, 
then more aggressive chemotherapeutic measures may 
include use of doxorubicin (Adriamycin®). In some cases, a 
favorable response to chemotherapy can be followed by sur-
gical resection. It has been our experience that even stable, 
relatively asymptomatic mesenteric desmoid disease can pre-
vent completion of duodenectomy in patients with severe 
dysplasia or invasive cancer of the duodenum. At our institu-
tion, all patients with evidence of intra- abdominal desmoid 
related to FAP undergo consultation with a medical oncolo-
gist having a special expertise in soft- tissue sarcomas.

Depending on the institutional setting, an additional role 
for the medical oncologist can include oversight of surveil-
lance programs for extraintestinal disease. Having a working 
knowledge of the tumor spectrum of FAP can be helpful in 
this regard (Fig. 33.1) [3]. Patients with FAP are at increased 
risk of thyroid cancer and brain tumors, primarily medullo-
blastoma. There is not a clear consensus regarding the role of 
thyroid screening in FAP.  The available clinical practice 
guidelines such as those provided by the National 
Comprehensive Cancer Network (NCCN) in the USA (www.
nccn.org) [4] or the European Society for Medical Oncology 
(ESMO) do provide some guidance in this area, in addition 
to providing a broad and at the same time detailed overview 
of management strategies for FAP (www.esmo.org) [5].

Aside from the immediate oncologic management of the 
patient with FAP are important issues having to do with pre-
dictive testing and coordination of surveillance. Not all 
patients with colon cancer and multiple polyps have an APC 
mutation. It is now clear that a similar phenotype can occur 
in patients with biallelic mutations in the MUTYH gene (so- 
called MYH-associated polyposis or MAP). This condition 
is autosomal recessive. Although siblings of affected patients 
are at 25% risk of being biallelic carriers themselves, and 
thus warrant surveillance, it is quite rare for a patient with a 
biallelic MUTYH mutation to have a clinically affected par-
ent. Genetic counseling is thus very important as it has impli-
cations for risk to relatives. The benefits of testing are 
considerably different compared to FAP. Typically, a patient 
with MAP presents either with a colorectal cancer in the set-
ting of oligopolyposis, or the patient may present with a pol-
yposis phenotype at the time of a baseline screening 
colonoscopy. Data from Grover et al. have shown a near 90% 
likelihood of an APC mutation when a patient presents with 
a thousand or more adenomas. However, in patients with a 
modest number of adenomas (20–99), the likelihood of 
either an APC or MUTYH biallelic mutation is in the range of 
3–5% [6]. A prior probability of 5% has commonly been 
taken as a threshold for consideration of mutational testing. 
Consequently, a patient with 20 or more adenomas, with or 
without cancer, may be considered an appropriate candidate 
for APC and MUTYH testing. If a diagnosis of MAP is made, 
it is now clear that such patients are at risk of upper GI 
malignancy—though it is not clear that an increased risk of 
desmoid disease is present in MAP. An ongoing controversy 
in MAP is the question of cancer risk in mono-allelic carri-
ers. No clear guidelines exist for the screening of siblings 
and children who are carriers of one mutated allele. A com-
mon approach when counseling patients with biallelic 
MUTYH mutations is to do mutational testing on such a 
patient’s spouse. If the spouse is free of an MUTYH muta-
tion, then it can safely be concluded that all children will be 
mono-allelic carriers. A Spanish cohort study described 
MUTYH biallelic mutations in 7% of patients presenting 
with 10 or more colon polyps. The most frequent mutations 
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were c.536A>G, p.Y179C and c.1187G>A, p.G396D. The 
authors went on to propose looking for these common muta-
tions as the first step in their genetic testing strategy. Patients 
who were heterozygous for one of these mutations subse-
quently underwent whole-gene sequencing. There were good 
sensitivity and specificity when using this strategy in a 
Caucasian Spanish population [7]. Borras et  al. proposed 
extrapolating this testing strategy to other Caucasian popula-
tions by including testing for founder mutations adapted for 
each country in the second step of testing the whole MUTYH 
gene analysis [8].

 Hereditary Nonpolyposis Colon 
Cancer/“Lynch Syndrome”

 Problems of Terminology

In the early twentieth century, the University of Michigan 
pathologist, Aldred Warthin, reported the case of the now 
 well-known “family G” in which a constellation of early- onset 
colorectal cancer, uterine cancer, and gastric cancer clustered 
in excess. These findings remained essentially dormant until 
the 1960s when Henry Lynch, a medical oncology fellow 
with medical genetics training, began tracking another 

Midwest family with somewhat similar features. In addition 
to revisiting the pedigree of family G, he and his colleagues 
over the next 20 years developed a registry of families with 
similar features. Originally termed the “cancer family syn-
drome,” the clinical features of early-onset colorectal cancer, 
early-onset endometrial cancer, autosomal dominant trans-
mission, apparently improved survival compared to sporadic 
counterparts, and a broader tumor spectrum (including ovar-
ian cancer, uroepithelial cancer, and skin tumors) became 
apparent. In order to avoid confusion with the so-called can-
cer family syndrome of Li and Fraumeni (now called 
Li-Fraumeni syndrome and involving mutations in the TP53 
tumor suppressor gene), the terminology for the cancer fam-
ily syndrome of Lynch and Warthin was changed to the term 
“hereditary nonpolyposis colon cancer” or HNPCC, in order 
to distinguish it from familial adenomatous polyposis. This 
HNPCC term is somewhat clumsy and overlong, but more 
unfortunately, perhaps, it would lead one to believe that 
colorectal cancer is the only important tumor. For these rea-
sons, Boland recommended the term “Lynch syndrome,” in 
recognition of the early work of Henry Lynch. Although the 
term has entered fairly broad acceptance, there are problems 
here as well. Lynch syndrome has come to be limited to fam-
ilies in which a pathogenic mismatch repair (MMR) variant 
has been found. The older term HNPCC continues to be 
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commonly used to describe families that clinically appear to 
more or less have the clinical syndrome, but in which no 
mutation is detected. This in turn can easily be confused with 
the so-called familial cancer syndrome “X,” which by defini-
tion is a family that meets Amsterdam criteria for HNPCC 
but in which there is no evidence of microsatellite instability 
(MSI) in colorectal or other tumors and in which no MMR 
mutation is detected. To complicate matters further, the term 
“Lynch-like” has been coined, typically referring to families 
with MSI tumors but in which no MMR mutation is detected. 
The proliferation of terms is problematic at best for cogno-
scenti and likely baffling to the generalist. The reader is 
asked to indulge the unfortunate terms, until such time as 
term(s) better reflecting the underlying molecular basis is 
offered and comes into common parlance. Meanwhile, for 
purposes of this discussion, we will use the term HNPCC 
generically, supplemented as needed with clear modifiers.

 Early Working Groups

In the 1970s, investigators in Europe interested in FAP gath-
ered together in England for a workshop in the interest of 
harmonizing data collection among registries that had 
emerged for its tracking and management. Some of these, 
such as those in Denmark, were truly national registries, 
while others were single- or multi-institutional programs. 
Members of this so-called Leeds Castle Polyposis Group, or 
LCPG, continued to meet every 2 years and began to formu-
late guidelines for FAP management. Because of its narrow 
focus on FAP, investigators interested in HNPCC formed a 
parallel society termed the International Collaborative Group 
(ICG) on HNPCC. This group formed in 1990 and met annu-
ally. Shortly after the turn of this century, the LCPG and ICG 
merged and their working group is now called the 
International Society for Gastrointestinal Hereditary Tumors 
(InSiGHT). The group continues to meet biannually. 
Regional groups for the study of FAP, HNPCC, and other 
newly emerging GI polyposis and nonpolyposis GI cancers 
have formed in the Americas (Collaborative Group of the 
Americas on Inherited Colon Cancer or “CGA-ICC”) and in 
Europe the so-called “Mallorca” group. These working 
groups can be expected to collaborate in designing future 
studies.

 Molecular Basis for Hereditary Nonpolyposis 
Colon Cancer: Mismatch Repair Gene 
Mutations and Microsatellite Instability 
in Tumors

The major breakthrough in understanding the genetic basis 
for HNPCC, which has ultimately come to guide many 

aspects of management, was the discovery of the locus con-
taining the first MMR gene. This was based on a genome- 
wide search for evidence of linkage between disease 
expression typical of the HNPCC spectrum and otherwise 
anonymous genes. This approach was not unlike the basis for 
establishment of genetic linkage between breast/ovarian can-
cer and the BRCA genes. Only after linkage to a locus on 
chromosome 2 and recognition of disease-causing mutations 
in a gene within that region, the MSH2 gene, was it obvious 
that the MMR system was the basis for HNPCC. Within a 
very short time, additional genes within the MMR family 
were identified: the MLH1, MSH6, and PMS2 genes. Over 
the past 20 years since these genes were identified, a host of 
important correlations have been drawn.

 Pathology

It had been known for some time that DNA mismatches 
occur in eukaryotes, with research into mechanisms for the 
identification and repair of such mismatches ongoing in 
yeast species. Considerable progress has been made in defin-
ing a characteristic pathology for HNPCC tumors. Colorectal 
cancers that occur due to an underlying MMR mutation are 
commonly poorly differentiated while at the same time 
remaining diploid. They are characterized by “tumor infil-
trating lymphocytes,” that is, infiltration of the malignant 
epithelial cells with mature lymphocytes. In addition, a so- 
called Crohn’s-like reaction occurs, involving peri-tumoral 
lymphocytic infiltrate. Indeed, astute GI pathologists can 
have their index of suspicion raised for the possibility of 
HNPCC simply on the basis of this characteristic pathology. 
A huge volume of translational laboratory investigation has 
gradually disclosed the intricate details of the normal and 
abnormal workings, as well as regulation of the MMR genes 
[9, 10].

 Genotype/Phonotype Correlations

A volume of information from large registries, including 
population-based registries, has yielded a wealth of informa-
tion about genotype/phenotype correlations in patients with 
underlying MMR mutations. In most clinical series, the 
MLH1 and MSH2 genes are the most frequently mutated 
genes in HNPCC, with each one accounting for about 40% 
of all mutation-positive cases. MLH1 is associated with a 
relatively severe phenotype, with early age of onset being 
common. MSH2 is also associated with a severe phenotype. 
In addition, MSH2 generally carries the broadest range of 
extra-colonic tumors. The MSH6 gene tends to be associated 
with later age of onset, a higher tendency toward rectal can-
cer, and a higher risk of endometrial cancer.
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PMS2 appears to be the least penetrant MMR gene. It is 
not uncommon for patients in their 50s, 60s, or older to be 
found to have a PMS2 mutation, in the relative or complete 
absence of a family history of malignancy. In fact, rare bial-
lelic mutations in PMS2 have been reported [11–13]. The 
phenotype is quite severe, with cancer onset in the teens or 
younger. When biallelic mutations are present, there is typi-
cally no immunohistochemical expression of PMS2, even in 
normal tissues, hence the term “constitutional” mismatch 
repair deficiency or “CMMRD.” Because of the very young 
appearance of malignancy, occasionally including brain 
tumors and hematologic malignancies, such patients are 
commonly encountered by pediatric oncologists. Biallelic 
mutations in carriers of MLH1 and MSH2 have not been 
described and are likely lethal in utero.

Population studies have been conducted in which all cases 
of colorectal cancer are tested for evidence of MSI, either by 
polymerase chain reaction (PCR)-based assay or by use of 
immunohistochemistry (IHC). Informative cases are then 
tested for the presence of an underlying MMR mutation, by 
means of direct exon sequencing, supplemented by assays 
for detection of more complex rearrangements, including 
deletions not detectable with sequencing or alternatively are 
studied for the presence of somatic methylation of the pro-
moter of the MLH1 gene. These studies have become more 
robust as more powerful and nuanced technologies have 
emerged. The most recent studies indicate that underlying 
MMR mutations account for only about 1–3% of all colorec-
tal cancers [14, 15].

 Microsatellite Instability (MSI) 
and Distinguishing Sporadic MSI 
from Hereditary Nonpolyposis Colon Cancer

Microsatellite instability (MSI) is the hallmark of HNPCC 
tumors. As we now know, microsatellites are short repeat 
sequences of mono-, di-, tri-, and even tetra-nucleotides 
(e.g., ACACACACACAC) occurring at both coding and 
noncoding regions widespread in the entire genome. In 
malignancies caused by underlying MMR gene mutations, 
there is typically an increase or decrease in the length of 
these repeat sequences that can easily be detected by gel 
electrophoresis, consisting of a different, extra band occur-
ring in the tumor compared with normal tissue. The source of 
normal reference tissue is typically normal mucosa taken at 
a surgical margin, although we prefer to take an endoscopic 
biopsy of normal mucosa at a distance from the tumor edge, 
submitted separately for the purpose of PCR-based assay. In 
some cases, such as archived tumor material, micro-dissected 
normal stroma can be used. Of course, peripheral blood or 
any other normal tissue can be utilized as a reference. In gen-
eral, MSI is present when at least several different genes with 

microsatellite-containing regions are mutated. Panels of MSI 
markers are used, and in most cases all or nearly all such 
genes are mutated in HNPCC tumors. If there are no changes 
in the frameshift length of microsatellites, then the tumor is 
considered microsatellite stable (MSS). If one mutation is 
found, the tumor is MSI low, and if two or more microsatel-
lite mutations or frameshift length changes are detected, the 
tumor is MSI high.

Use of such panels provides an easy way to distinguish 
HNPCC tumors from sporadic cases. HNPCC tumors virtu-
ally always show evidence of MSI, whereas sporadic cases 
do not. This difference is subject to one very important 
caveat. MSI can be caused not only by the presence of MMR 
mutations but also by acquired methylation of the MLH1 
promoter. The frequency of MSI has been consistently deter-
mined in large unselected series of CRC at approximately 
12–15% of stage II and III colorectal cancers [16, 17]. If in a 
given population of CRC, 15% have MSI but only 3% have 
an MMR mutation, then as much as 80% of all MSI cases 
will be found to be sporadic. Now most of these cases will be 
older and will have no significant family history of cancer. 
But if the clinical strategy at a given institution is to query all 
CRCs for evidence of MSI (see the “Universal Testing” sec-
tion of this chapter), then some convenient method for distin-
guishing likely HNPCC from likely sporadic MSI must be 
found. Fortunately, there are features that reliably distinguish 
sporadic microsatellite unstable tumors from true HNPCC 
tumors. This is the presence, noted earlier, of MLH1 hyper-
methylation in the sporadic cases. This typically involves 
methylation of the promoter region of the MLH1 gene. 
HNPCC tumors virtually never show hypermethylation. At 
our institution, our routinely used clinical requisition form 
provides for the performance of methylation assay in the 
event MSI is detected. A surrogate for hypermethylation 
involves the presence of BRAF mutations. Virtually, all MSI 
unstable tumors that are sporadic and that manifest hyper-
methylation also have evidence of BRAF mutations. 
Conversely, germline mutation-positive HNPCC cases are 
virtually always wild type (WT) for somatic BRAF 
mutations.

An alternative or surrogate measure of MSI involves 
immunohistochemistry, discussed later. One problem with 
the reliance on MSI is the recognition that approximately 
15% of all colorectal cancers show evidence of microsatel-
lite instability. As mentioned previously, in most population 
series, about 80% of these tumors are in older patients with 
no family history. That these are indeed sporadic is demon-
strated by the fact that efforts to detect mismatch repair 
mutations are negative. Population studies in which MSI (or 
IHC as a surrogate) are done on all colorectal cancers have 
MMR mutations detected in only about 20% of this 15% of 
cases that show microsatellite instability, thus yielding the 
final figure of 2–3% of all tumors are HNPCC.

33 Hereditary Gastrointestinal Cancers



600

 Role of Immunohistochemistry

A simpler, cheaper, and in most cases a more informative 
way to evaluate for MSI is to perform IHC staining for 
expression of each of the MMR-associated proteins. In prac-
tice this works like any other IHC. Tumor slides are stained 
for proteins corresponding to MLH1, MSH2, MSH6, and 
PMS2 genes. Intact staining for all proteins denotes a micro-
satellite stable tumor. Loss of staining for one of these pro-
teins indicates loss of expression of the corresponding gene 
and likelihood of underlying germline mutation. This is 
especially helpful as patterns of IHC expression can help pri-
oritize and limit expensive germline testing.

There are several important cautions to be made when 
relying on IHC. First, loss of MLH1 protein may well be an 
epigenetic change that is somatic in nature. It denotes inac-
tivation of MLH1 due to the same hypermethylation process 
that accounts for MSI-H tumors. Second, it is important that 
there be nontumorous positive control cells, typically stro-
mal elements in the tissue section showing loss of MMR 
expression. Third, staining may be patchy and at least par-
tially retained in true mutation carriers, especially MSH6. 
Staining may sometimes be retained in MLH1 mutation car-
riers, suggesting the presence of protein that is immunore-
active but not functional. Finally, because of the functional 
heterodimers of MLH1 with PMS2 and of MSH2 with 
MSH6, tumors losing expression of MLH1 will generally 
have an obligated, concomitant loss of PMS2, and those 
with MSH2 loss a corresponding MSH6 loss. Notably, pop-
ulation studies such as the Spanish Epicolon study have 
shown that the correlation between MSI when done by 
PCR-based assay and MSI as inferred by protein loss by 
IHC is not perfect. Between 5% and 10% of cases with MSI 
by PCR will show normal IHC, and a similar proportion 
with loss of protein expression by IHC will have normal 
MSI. This is most evident in population-based series such 
as Epicolon where the overall prior probability for abnor-
mality is low, overall, such that false positives may be more 
prevalent.

Notwithstanding some of the limitations of IHC, it does 
appear that reliance on IHC alone has come to dominate the 
approach to clinically oriented testing. A final, practical note 
of caution when relying on IHC: If a patient has a high pre- 
test or “prior” probability of having germline MMR mutation 
(e.g., young, strong family history, no evidence of polyposis) 
but normal IHC staining, get a second pathology opinion on 
the staining and/or be prepared to do PCR-based MSI testing. 
Likewise, when the clinical picture is compelling but initial 
PCR-MSI is normal, consider IHC.  Alternatively, if the 
tumor assays are normal in the setting of a compelling clini-
cal picture, go ahead with germline mutation testing for all 
MMR genes (as well as EPCAM, noted later), but with coun-
seling that stresses a low likelihood of mutation detection in 
the face of normal MSI/IHC.

Several additional points warrant mentioning. When 
tumor testing is considered, the assumption is that the tumor 
is, in fact, an invasive adenocarcinoma. It is possible that 
benign tumors can be informative when malignant tissue is 
not available. An example might be a patient who is undergo-
ing clinical colonoscopy screening due to a parent with 
early-onset colorectal cancer. In such cases, there will com-
monly be no archival tumor tissue from the affected parent 
available for testing. The parent may be deceased and thus 
unavailable for direct germline mutation testing. If our 
patient undergoing colonoscopy is found to have an adenoma 
but no invasive malignancy, the question becomes the yield 
of doing PCR-MSI or IHC on that adenoma tissue. Little 
attention has been devoted to this issue, but at least one report 
suggests a reasonable yield, at least for large adenomas and 
those with severe dysplasia [18].

 Clinical Decision-Making About Whom to Test

There are three basic strategies for determining which patient 
merits testing for a germline MMR mutation.

 1. Utilize clinical criteria to maximize likelihood that infor-
mative patients have tumor tissue selected for MSI/IHC 
(e.g., “Bethesda Guidelines”—see next section).

 2. Test all CRC and perhaps all endometrial cancers for 
MSI/IHC (“universal” testing).

 3. Instead of relying on tumor testing to select patients for 
further germline mutation testing, simply use risk predic-
tion models to arrive at an acceptable threshold above 
which to offer mutational testing (e.g., PREMM1, 2, 6 
and related models).

 Bethesda Guidelines

In the relatively early days of testing for HNPCC, the pri-
mary role for evaluating tumors for evidence of MSI was 
apparent. In the absence of firm data on the yield of testing 
all tumors for MSI or testing all patients for germline MMR 
mutations, an expert panel provided recommended threshold 
clinical criteria that would warrant MSI/IHC. These are the 
Bethesda Guidelines (Table 33.1) [19].

The panel specified the mononucleotide and dinucleotide 
markers considered optimal for PCR-based MSI testing 
(MLH1, MSH2, MLH6, PMS2). Not considered directly at 
the time of this report was the potential for using IHC as a 
surrogate for PCR-MSI.  Subject to the cautionary note 
above, it is likely that IHC would be recommended as a suit-
able alternative (Table 33.2) [7].

Several reports have suggested a good yield when apply-
ing Bethesda guidelines or some simplified modification of 
them in clinical practice. However, clinical guidelines can 
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often have a high sensitivity for detecting a condition but at 
the expense of low specificity.

 Universal Testing

However positive the yield may be when applying clinical 
criteria for selecting patients for tumor and/or germline test-
ing, one question that persists is “Are there patients with 
germline MMR mutations for HNPCC that would be missed 
with application of clinical selection criteria? If so, how 
many are there and can they be predicted in any other way?”

Such questions logically led to the performance of several 
very important population studies. These essentially demon-
strate that there are a small proportion of cases with MMR 
mutations that would not have been identified by Bethesda or 
even “relaxed” Bethesda-like guidelines. More recent series 
have suggested that a higher proportion of such cases are 
found to have MSH6 and PMS2 mutations. This should not 
be surprising, given the lower penetrance of these genes.

 Predictive Models

A major disadvantage of clinical decision-making based on 
tumor testing is the need for such a tumor and the costs 
 associated with the PCR-MSI or IHC.  If suitable selection 

criteria existed on which to predict mutation likelihood in the 
absence of tumor testing, these issues disappear. One deci-
sion model, PREMM1, 2, 6, was subjected to a further mod-
eling exercise in which it was concluded that germline 
mutation testing in patients with a >/+ 5% prior probability 
of mutation would be cost-effective [20]. The PREMM1, 2, 
6 model does not use any data from tumor testing (Fig. 33.2) 
[21] but rather is based on personal or family history of 
tumors in the spectrum of HNPCC, taking age of onset and 
number or affected relatives into account.

Use of predictive models can be helpful in clinic when 
counseling otherwise healthy patients having a family his-
tory of colorectal and other cancers. The quick bedside cal-
culation of risk can often be reassuringly low and can help 
dissuade from mutational testing that has a very low yield.

 Testing Algorithms and Operational Issues 
for Genetic Counselors

Whether selective or universal tumor testing, or risk assess-
ment model-based testing is employed, there are reasonably 
straightforward algorithmic approaches to the workup of 
colorectal cancer patients for possible HNPCC. The details 
of the workup are important, but so is the clinical practice 
model in which the work is done.

The first step is to determine whether to test a given 
malignancy for MSI at all. Most clinical practice guidelines 
do favor use of tumor-based testing with either PCR-MSI or 
IHC. This is increasingly either universal (testing all CRCs) 
or a simple modification of universal testing (all cases below 
age, 70, 60, or 50, depending on local resources). In others, 
more narrow clinical selection criteria may be employed 
(modifications of Bethesda guidelines). In all such circum-
stances, it is essential that the clinical unit have procedures 
in place for routine performance of the testing. This requires 
clarity regarding the criteria for testing (if not strictly uni-
versal), assignment of responsibility for the ordering of test-
ing, and an understanding of the role for genetic counselors 
(or otherwise suitably trained personnel). This latter point is 
important. Not all patients whose tumor is tested will neces-
sarily need to see a genetic counselor. The counselor is usu-
ally in the best position to review all of the issues that are 
relevant: age of patient, presence or absence of family 
 history, presence or absence of multiple polyps, and results 
of MSI/IHC. In the interest of efficiency, this can and should 
generally be accomplished through a simple review of the 
medical record. Thus, an older patient with unremarkable 
family history and either an MSS tumor or MSI-H tumor 
with hypermethylation or BRAF mutation requires no fur-
ther consideration for underlying genetic susceptibility.

The less selective the clinical criteria, the greater the like-
lihood that a given case of MSI will be sporadic, as 80% of 

Table 33.1 Revised Bethesda Guidelines: when to perform MSI test-
ing in colorectal tumors

Colorectal cancer diagnosed in a patient under age 50
If synchronous, metachronous colorectal, or other HNPCC- 
associated tumors are present regardless of age
Colorectal cancer with MSI-H histology in a patient under age 60
Colorectal cancer diagnosed in one or more first-degree relatives 
with an HNPCC-associated tumor with one of the cancers 
diagnosed before age 50
Colorectal cancer diagnosed in two or more first- or second-degree 
relatives with HNPCC-associated tumors, regardless of age

Adapted from [19]
HNPCC hereditary nonpolyposis colon cancer, MSI-H microsatellite 
instability-high

Table 33.2 Amsterdam II Criteria [4]

At least three relatives with HNPCC-associated cancer (colorectal, 
endometrial, small bowel, renal pelvis, or ureteral) with all of the 
following criteria present:
  One must be a first-degree relative of the other two
  At least two successive generations affected
  At least one relative diagnosed with HNPCC-associated cancer 

diagnosed before age 50
  FAP excluded
  Tumors verified whenever possible

HNPCC hereditary nonpolyposis colon cancer, FAP familial adenoma-
tous polyposis syndrome
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all MSI-H cases are sporadic. A simple means of further dis-
tinguishing these is thus important. Most institutions that 
routinely perform MSI/IHC with a low threshold (universal 
or near-universal testing) do also routinely perform a meth-
ylation assay or BRAF mutation assay. Only cases with no 
methylation and wild-type BRAF are then referred on for 
genetic counseling in anticipation of mutational testing.

 Hereditary Nonpolyposis Colon Cancer 
and Microsatellite Instability in General Carry 
a Prognosis and Sensitivity to Chemotherapy 
That Differs from Microsatellite Stable Tumors

One of the earlier observations in HNPCC was a tendency 
toward improved survival [10, 22]. This was the case even 
before any of the MMR genes were discovered. The earliest 

observation was really before any organized screening efforts 
had begun that would have improved survival through early 
diagnosis [23]. Moreover, early diagnosis through screening 
would have led to an earlier average stage at diagnosis, but 
even the original reports on survival adjusted for stage at 
diagnosis.

Post-hoc analyses of large cooperative trials have now 
consistently shown that patients with microsatellite 
instability- high (MSI-H) tumors experience better stage for 
stage survival compared with microsatellite stable tumors 
[17, 24, 25]. Some of these same trials have demonstrated 
that within-stage differences in response to 5-fluorouracil 
(5-FU)-based therapies exist between MSI and MSS tumors 
[24].

What the post-hoc analyses from these trials have not 
been able to distinguish is whether there are differences in 
prognosis or treatment response within the MSI group. Put 
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Fig. 33.2 Clinical diagnostic algorithm for tumor testing. CRC 
colorectal cancer, IHC immunohistochemistry, MSS microsatellite sta-
ble. § PREMM1,2,6 (Prediction of Mismatch Repair Gene Mutations in 
MLH1, MSH2, and MSH6) score can be calculated at http://premm.dfci.
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with their own specified cut-off scores. ∗BRAF testing: (+), mutation 
present; (−), mutation absent/wild type. ∗∗Surveillance recommenda-
tions based on personal and family history. ‡Gene-specific germline 
mutational analysis. (Reprinted with permission from Kastrinos and 
Stoffel [21])
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another way, we do not know whether there are differences 
between mutation-positive HNPCC patients and their spo-
radic counterparts, since the trial databases have not reliably 
distinguished these populations. Patients with colorectal 
cancer deficient in MMR genes had lower rates of tumor 
recurrence, longer time to tumor recurrence, and improved 
survival rates compared to those with proficient MMR genes 
when treated with 5-fluorouracil [24].

The MOSAIC adjuvant therapy trial (oxaliplatin/fluoro-
uracil/leucovorin) of stage II and III CRC demonstrated that 
addition of oxaliplatin improved 3-year disease-free survival 
(DFS) and 6-year overall survival (OS) [26]. An update 
focusing on 10-year OS/DFS by mismatch repair status and 
BRAF mutation showed that while BRAF mutation status 
was not independently predictive of survival benefit, patients 
with MSI tumors treated with oxaliplatin experienced a 
favorable OS at a level of p = 0.014 compared with those 
receiving 5-FU/leucovorin alone [27]. As with other similar 
trial analyses, the low prevalence of patients with MSI 
tumors (only 9.4% in this series) limited the power to detect 
treatment differences.

 Genetic Counseling and Testing in At-Risk 
Relatives

To the clinicians treating existing tumors, the emphasis 
rightly is placed on the management of that tumor, and our 
commentaries on scope of surgery decision-making, survival 
features, and chemotherapy responsiveness have addressed 
this. We have also addressed survivorship issues having to do 
with clinical surveillance for new colorectal, other GI, and 
extraintestinal tumors. However, it is incumbent upon us to 
reckon with the fact that, for family management purposes, 
our index CRC case found to have an MMR mutation is sim-
ply that: the first case found in that family. Depending on the 
size and composition of the family, there may be tens to hun-
dreds of individuals potentially at risk of carrying the same 
pathogenic variant as that harbored by our index case. These 
identifiable individual relatives will benefit from knowledge 
of their risk, from predictive genetic testing, and from clini-
cal surveillance essentially identical to that offered as a sur-
vivorship program for the index case.

Clinical practice guidelines make it very clear that rela-
tives should be offered genetic counseling and testing. The 
clinician most familiar with risk assessment, counseling, 
predictive laboratory testing, and surveillance can and should 
be involved in these processes. But these processes are very 
time-consuming and each discussion also can be very time- 
consuming. As such, the genetic counselor provides invalu-
able assistance in educating at-risk patients about their risk 
and the pros and cons of genetic testing. When performed 
properly, the elements of informed consent to undergo 

genetic testing call for a necessarily involved discussion 
[28]. In the USA, there are a host of commercial laboratories 
to choose from and issues of insurance coverage commonly 
need to be worked through. For better or worse, genetic 
counselors become very conversant with these issues.

The notion of starting with a disease-affected patient, test-
ing for and finding a disease-associated mutation, and then 
moving on to predictive testing of at-risk relatives is termed 
“cascade” testing. The points referred to earlier that deal 
with the genetic counseling/testing process for the at-risk 
relative should make perfect sense, even if somewhat 
involved and beyond the scope of practice for the individual 
practitioner. Yet, this process is child’s play compared to the 
challenges of identifying just who in the family is at risk and 
communicating the existence of that risk to them.

The standard of care in the USA and other Western coun-
tries for risk notification basically consists of the counselor 
providing the index case with a sense of the need for them to 
communicate to at-risk relatives the importance of their 
undergoing counseling/testing. This is commonly reinforced 
by giving the index case printed materials about the condi-
tion in question, that they may pass this along to at-risk rela-
tives. The reality is that this standard, even when met, is 
generally very ineffective in reaching very many relatives.

A host of barriers exist. Despite the counseling, the index 
patient may not feel an understanding of the technical infor-
mation, fearing much will be lost in the translation. Many 
families suffer from dysfunctional communication patterns, 
with either the index patient or the at-risk patient being cut 
off. Even in families that are well educated and communica-
tive, more distant relatives (cousins, etc.) may simply not 
have been contacted for decades or may not even be known 
at all.

If it is recognized that the index patient may not be in an 
ideal position to communicate such critical information to 
relatives, might there be a role for the provider in doing so? 
Just as barriers exist for the patient, barriers exist for the 
provider. The most obvious barrier is the simple fact that our 
clinical practice models do not really provide for care 
beyond the index patient, unless one or more relatives sim-
ply happen to become our patients themselves. We simply 
do not have the time or the support structure for doing so as 
a part of routine clinical service. Some institutions have reg-
istries that have the potential for following extended fami-
lies. But until conditions such as HNPCC become more 
“mainstream” the resources for such efforts are harder to 
identify and to rationalize. Any such effort would be con-
ducted under the notion of research, but the issues to be 
addressed are frankly those of clinical management. Whether 
considered a research or clinical undertaking, prevalent and 
otherwise appropriate concerns over confidentiality and pri-
vacy carry a chilling effect on even the most well intentioned 
of undertakings. Another chilling effect is the doctrine of 
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“genetic exceptionalism.” This is the notion, discredited by 
most in the field but nevertheless prevalent in some circles, 
that presupposes that genetic information is somehow taboo 
and not something that can be managed in a routine clinical 
fashion, not unlike the way in which psychiatric records are 
sometimes regarded.

In many respects, the gap between the needs of at-risk 
relatives and our ability to address them suggests the need 
for reframing the entire conversation in terms of a public- 
health model. Fortunately, there are models that can be 
looked to. Suthers, writing on behalf of the clinical genetics 
service unit for the State of South Australia (Adelaide), in 
2008 described an approach in which counselors offered to 
directly contact at-risk relatives of patients with MMR and 
BRCA mutations [29]. Index cases simply completed a form 
listing names and postcodes of at-risk relatives. The clinical 
services unit then corresponded with relatives, providing 
form letters summarizing the nature of risk and offering 
counseling within South Australia or referral to providers in 
other Australian states. The program was able to approxi-
mately double the number of at-risk relatives identified and 
tested. Very few complaints were lodged over “inflicted 
insight” or other such issues. Index cases were encouraged to 
talk to their relatives in whatever fashion was felt best, but 
such communication was to be considered as “in addition to” 
rather than “instead of” communication from the genetics 
services unit. Very few cases existed in which the index case 
explicitly asked that a relative not be contacted. The basic 
features of this program continue to the present time (Nicola 
Pawlowski, personal communication). A very similar pro-
gram is now operating at a national level in New Zealand 
(Susan Parry, personal communication). It is true that these 
units operate as a component of the respective health minis-
tries in these countries, are budgeted as such, and carry the 
respect and authority that the health ministries otherwise 
possess. As such, the exact model might not translate pre-
cisely to the USA or to other jurisdictions. What the pro-
grams in South Australia and New Zealand offer are models 
for consideration. They show the “art of the possible” and as 
such pose a challenge to those of us in other countries in 
which the lack of suitable health-delivery models or lack of 
will continue to compromise getting service to those in need 
in a way that works.

 Clinical Surveillance and Clinical Practice 
Guidelines

Let us take the case of two MMR mutation carriers: the index 
patient who has undergone curative resection with or without 
further chemotherapy, tested on the basis of MSI status or 
other clinical features warranting mutational testing, and the 
case of the at-risk relative found to have the same mutation in 
the setting of predictive testing triggered by the diagnosis of 

the index case. Depending on age, both would be considered 
for essentially the same clinical surveillance. Existing clinical 
practice guidelines exist from several independent sources, 
including the National Comprehensive Cancer Network 
(NCCN) as well as the combined GI societies of the American 
Gastroenterology Association (AGA), American Society of 
Gastrointestinal Endoscopy (ASGE), European Society for 
Medical Oncology (ESMO), the American Society of Clinical 
Oncology (ASCO), and the American Society for Colorectal 
Surgery (ASCRS). Although some minor differences do exist, 
these are remarkably consistent with one another. They pro-
vide algorithms for the evaluation of cancer patients for MSI 
(some recommending universal testing, citing the EGAPP, 
while others making more generous provision for clinical 
decision-making). They all endorse predictive testing.

The various clinical practice guidelines provide recom-
mendations for clinical surveillance in survivors and in 
asymptomatic mutation carriers (sometimes termed “pre- 
vivors” by advocates). Essentially, all provide levels of evi-
dence for the recommended surveillance strategies. The only 
surveillance strategy for which support exists on the basis of 
well-conducted observational trials (no randomized con-
trolled trials exist for surveillance strategy or interval) is that 
of optical colonoscopy [30]. The usually recommended 
interval for MLH1 and MSH2 mutation carriers is 1–2 years, 
beginning at age 20–25. Note that both the recommended 
ages at initiation and interval provide for a degree of discre-
tion on the part of the provider based on various clinical con-
siderations. In light of the lower penetrance for MSH6 and 
especially for PMS2, there is a growing tendency toward lib-
eralization of the age at initiation (30–35), but not for longer 
intervals, as there are insufficient data on differences, by 
gene, in the pace of the adenoma to carcinoma sequence. The 
small observational trials that support these approaches are 
themselves supported by partly retrospective, partly prospec-
tive cohort observations from the international Cooperative 
Family Registry (CFR) and a European cooperative data col-
lection depicting short cancer risks in groups under surveil-
lance more or less according to the above guidelines [31, 32]. 
The European study, in particular, expresses concern about 
relatively high rates of interval cancers despite surveillance 
at these intervals. Yet the numbers of cases are small enough 
as to likely defy analysis over the issue of colonoscopy 
 quality (prep quality, operator’s adenoma detection rate or 
ADR, etc.) versus tumor biology (aggressive growth). Such 
findings certainly invite innovation at the level of surveil-
lance tools (CT colonography, mutation DNA in the stool) 
and intervals—ideally in randomized trials.

If controversy exists with respect to the best approach to 
colon neoplasia surveillance, there is much less basis for 
any recommendations for surveillance beyond the colon. 
Extra- colonic screening recommendations are predicated 
on lifetime risks of cancer and clinical prudence, not rigor-
ous observational trials, much less randomized trials.
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 Upper Gastrointestinal Tract Surveillance

In the absence of any meaningful observational data, the 
NCCN recommends testing and treating for Helicobacter 
pylori infection of the stomach, and for periodic upper GI 
(UGI) endoscopy for those from high-risk geographies and 
for those with immediate family history of UGI cancer. 
There is some suggestion that stomach and small bowel can-
cer risk is appreciable mainly for MSH2 carriers, somewhat 
or much less so for MLH1, MSH6, and PMS2. Our practice is 
to offer UGI endoscopy to MSH2 carriers with an effort to 
reach at least the proximal jejunum, performed at the time of 
alternate colonoscopy, thus at intervals of about 2–4 years. In 
non-MSH2 carriers especially, any surveillance of the UGI 
tract has to be predicated upon individual considerations.

Because the risk of small bowel tumors is increased, the 
question is raised regarding possible approaches to the jeju-
num and ileum, beyond the reach of conventional UGI 
endoscopy. If such assessment were to be done, capsule 
enteroscopy would be the tool of choice. Indeed, one trial 
does exist, albeit essentially negative [33].

The risk of pancreatic cancer is at least marginally 
increased in HNPCC. However, major limitations exist for 
screening even in those at highest risk, such as use of mag-
netic resonance pancreatography (MRP) and endoscopic 
ultrasound in those with Peutz-Jegher syndrome and 
CDKN2A mutation carriers [34]. Consequently, there can be 
no recommendation at present for pancreas screening in gen-
eral for MMR mutation carriers. Exceptions may exist for 
those with an immediate family history of pancreatic cancer, 
but even here any decision in favor would have to be entirely 
empiric, likely in response to major patient anxiety.

 Gynecologic Surveillance

The risk of endometrial cancer is second only to that of 
colorectal cancer in HNPCC. In fact, many HNPCC patients 
will present with endometrial cancer as their sentinel event. 
As such, the uterus should be an important target of clinical 
attention, both for surveillance in at-risk patients and for uni-
versal tumor testing in patients with endometrial cancer. Risk 
of ovarian cancer is also increased in HNPCC, and in general 
is a much more feared malignancy than is endometrial. The 
cumulative risk of uterine cancer varies with the specific 
MMR mutation present and ranges from 15 up to 70% (in 
patients with MSH6 who have the lowest risk). The cumula-
tive risk of ovarian cancer can be as high as 22% (patients 
with MSH2 and MSH6 at higher risk) [35]. The most com-
monly employed tool for screening for both diseases is 
annual transvaginal ultrasound (TVUS). However, interpre-
tation can be challenging in premenopausal women resulting 
in poor sensitivity and specificity with this modality.

Surveillance is recommended for endometrial cancer in 
patients meeting Bethesda criteria or those patients with 
identified MMR mutations with an annual combined imag-
ing and biopsy approach. The best data on ovarian cancer 
screening come from trials in BRCA mutation carriers, 
where the risk of ovarian cancer far exceeds that in 
HNPCC.  Several observational studies have evaluated the 
impact of screening for ovarian and endometrial cancer in 
patients with HNPCC and data have been disappointing. Let 
us take one example: 175 women with HNPCC were enrolled 
in a screening program. Eleven cases of endometrial cancer 
were diagnosed through screening with only nine diagnosed/
suspected on biopsy and four with suspicious findings on 
TVUS.  Four women were diagnosed with ovarian cancer, 
none of them through the screening tests [36]. Being enrolled 
in a screening program should translate to a survival benefit 
for patients. However, this has not been demonstrated with 
endometrial cancer and there is a scarcity of studies even 
evaluating the effectiveness of ovarian cancer screening.

Tissue sampling is, of course, the gold standard. Toward 
that end we have piloted a so-called “combined screening” 
program. Women with MMR mutations who are otherwise 
undergoing periodic colonoscopy were invited to undergo 
endometrial biopsy while under sedation for the colonos-
copy procedure, eliminating the need for a separate visit and 
procedure, and offering sedation that would otherwise be dif-
ficult to rationalize. Our data showed that this was very well 
received by the women engaged in the program. Biopsy 
yield data are not yet mature, but early findings suggest a 
good yield for hyperplasia and atypical hyperplasia. No can-
cers have yet been detected, but no interval cancers have 
been observed either [37].

In light of the limitations of both endometrial and ovarian 
cancer surveillance, an obvious question is the role of pro-
phylactic total abdominal hysterectomy/bilateral salpingo- 
oophorectomy (TAH/BSO). Since the risk of primary 
peritoneal carcinoma is not the concern in HNPCC that it is 
in HBOC, outcome data on our institutional series of women 
undergoing TAH/BSO showed no risk of postoperative 
 endometrial or ovarian cancer. Current recommendations are 
for women who are carriers of MMR mutations to undergo 
TAH/BSO once they have completed childbearing.

 Polyposis Syndromes Other than Familial 
Adenomatous Polyposis

 Peutz-Jegher Syndrome

Peutz-Jegher syndrome (PJS) is inherited as an autosomal 
dominant disorder. It is much rarer than FAP and should 
never be confused with FAP. It is caused by the STK11 gene 
and the great majority of patients will be found to have a 
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pathogenic variant in this gene. The most characteristic dis-
tinguishing clinical feature is the presence of small pig-
mented freckling of the lips and buccal mucosa or fingers. 
Since these are fairly subtle in most cases and cause no 
symptoms, they can commonly be overlooked. These patients 
are at risk for cancers of the breast, pancreas, colon, small 
intestine, and stomach.

The most common presenting symptoms generally do 
involve the GI tract. A typical presentation will be abdominal 
pain due to obstruction in the teenage years or younger, com-
monly due to intussusception of the small bowel related to 
the presence of a large polyp. These polyps, hamartomas, are 
the other characteristic defining feature of PJS along with the 
noted freckling. These hamartomas may at times be difficult 
to distinguish from juvenile polyps (see “Juvenile Polyposis” 
in next section), but the pathology characteristically involves 
smooth muscle strands extending in finger-like projections 
interdigitated between exuberant glands. The glandular epi-
thelium itself may show areas of cystic dilation akin to those 
seen in juvenile polyps and, like juvenile polyps, are nondys-
plastic. However, foci of dysplasia may emerge and form the 
basis for risk of adenocarcinoma in any part of the colon, 
small bowel, or stomach. The polyps can involve any part of 
the GI tract. Considerable variability can exist between 
members of the same family with respect to the severity of 
polyp involvement and the area of the gut involved.

Peutz-Jegher hamartomas typically have a very long stalk. 
This makes even very large polyps fairly easy to remove 
endoscopically. We generally do not undertake to aggres-
sively remove small polyps unless they are few in number, 
preferring to focus on larger polyps that have formed a stalk. 
This is a reasonable approach both in the colon and small 
bowel.

Of particular importance to the oncologist is the risk of 
extraintestinal malignancy, most notably involving the 
breast, pancreas, and reproductive organs. While most PJS 
patients will be followed by endoscopists concerned with the 
GI polyps, as described earlier, the care of such patients 
really requires a multidisciplinary approach and it may fall to 
the oncologist to coordinate such care.

Surveillance guidelines in PJS do exist and are rather dra-
conian (Table 33.3) [35, 38]. Surveillance is ideally overseen 
by clinicians in a high genetic-risk breast and gynecology 
clinic, and typically involves aggressive breast and pelvic 
imaging. No recommendations exist for mastectomy. 
However, consideration may be given to oophorectomy 
based on considerations similar to those for women with 
BRCA mutations—namely, increased risk of cancer with 
high mortality and suboptimal measures for early detection.

Surveillance for pancreatic cancer poses special chal-
lenges. Patients with PJS carry a lifetime risk of pancreatic 
cancer that may be as high as 20% [39]. The notion of pro-
phylactic pancreatectomy raises the extraordinary issue of 

surgical risk and postoperative diabetes and exocrine pancre-
atic insufficiency. Historically, measures for early pancreatic 
cancer detection have been entirely unsatisfactory. Recent 
improvements in imaging, involving magnetic resonance tar-
geting the pancreas, complemented by endoscopic ultra-
sound have shown some promise [34].

In summary, the key principles of management of PJS 
include regular endoscopic surveillance augmented by a 
multidisciplinary approach to surveillance of extraintestinal 
organs at risk, in the interest of early cancer detection and 
prevention. We are not aware of any data suggesting that the 
natural history or management of locoregional or advanced 
malignancy in PJS tumors differs appreciably from sporadic 
counterparts.

 Juvenile Polyposis

Juvenile polyps may occur sporadically in infants, children, 
and adults. Considerable histologic overlap exists between 
juvenile and inflammatory polyps, with the main feature 
being prominent cystic dilation of nondysplastic but exuber-
ant glands. When sufficiently numerous, extending beyond 
early childhood, or particularly when associated with any 
family history of similar involvement, the presence of juve-
nile polyposis syndrome (JPS) should be suspected. JPS is 
most commonly caused by pathologic mutations in the 
SMAD4 gene. Less commonly, mutations in the BMPR1A 
gene cause a nearly identical clinical picture. It is likely that 

Table 33.3 Surveillance guidelines for patients with Peutz-Jegher 
syndrome

Organ
Patient age 
(years)

Surveillance 
interval Surveillance exam

Colon 8 (if no polyps 
resume at 18)

3 years Colonoscopy

Stomach 8 (if no polyps 
resume at 18)

3 years EGD

Small bowel 8 (if no polyps 
resume at 18)

3 years Capsule endoscopy

Pancreas 30 1–2 years MRCP or EUS
Breast 25 1 year Breast MRI and 

MMG
Endometrial/
ovarian

25 1 year Pelvic exam and 
ultrasound 
(trans- pelvic or 
transvaginal)

Cervix 25 1 year Pap smear
Testicular Birth to 

teenage years
1 year Testicular exam, 

ultrasound if 
abnormal exam

Lung n/a n/a Smoking cessation

Adapted from [35, 38]
EGD esophagogastroduodenoscopy, MRCP magnetic resonance chol-
angiopancreatography, EUS endoscopic ultrasound, MRI magnetic res-
onance imaging, MMG mammography
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other genes yet to be identified can also cause JPS. As with 
Peutz-Jegher syndrome, marked variation in severity (age at 
onset, polyp count) may exist within the same family. As 
with PJS, the polyps themselves are nondysplastic, but foci 
of dysplasia with attendant cancer risk can occur. The ten-
dency toward dysplasia and cancer in polyps seems more 
typical in some families than others.

Although polyps may involve the small bowel, risk of 
intussusception appears much lower than in PJS. Several sig-
nificant clinical features have emerged in recent years as par-
ticular sources of concern to those managing patients with 
JPS.  In some patients, the number, size, and confluence of 
juvenile polyps of the stomach are associated with refractory 
anemia. In such cases, prophylactic gastrectomy may be 
required. While it is not clear that gastric cancer risk is lim-
ited to such cases of severe gastric polyposis, the difficulty in 
aggressively sampling polyps already causing problems of 
anemia makes it easier to arrive at a decision in favor of pro-
phylactic gastrectomy.

Another clinical complication in some families with JPS 
is the concomitant presence of hereditary hemorrhagic telan-
giectasia. The Cleveland Clinic group has written an excel-
lent review of the association and the surveillance and 
management measures to be undertaken [35, 40].

 Hereditary Gastric Cancer

Gastric cancer is more common worldwide than in North 
America and is associated with several environmental risk 
factors, the most recognized being Helicobacter pylori infec-
tion. Familial clustering of gastric cancer is seen in 10% of 
cases in the general population where gastric cancer in a 
first-degree relative confers a two- to threefold risk to an 
individual [41]. Up to 3% of familial gastric cancer occurs in 

the setting of hereditary diffuse gastric cancer (HDGC) [42]. 
HDGC is associated with a mutation in the CDH1 gene that 
codes for E-cadherin, a protein responsible for cell-to-cell 
adhesion and epithelial integrity. The mutation detection rate 
can be up to 50% when multiple family members have dif-
fuse gastric cancer under the age of 50 [43]. Mutation in the 
CDH1 gene confers a cumulative risk of gastric cancer of 
80% by age 80 with a mean age of diagnosis at age 40 [44]. 
Women with a CDH1 mutation are uniquely at risk for lobu-
lar breast cancer with a 60% lifetime risk [44]. Clinical crite-
ria for testing individuals for CDH1 germline mutations are 
described [44].

The only way to eliminate risk of gastric cancer among 
patients with a CDH1 mutation is prophylactic total gastrec-
tomy. The timing of referral to a surgeon is individualized to 
each particular patient. Grossly normal gastrectomy speci-
mens will often show microscopic foci of signet ring cells on 
histopathology. Patients may opt for annual surveillance 
endoscopy while they are considering gastrectomy. Upper 
endoscopy should be performed by an experienced gastroen-
terologist with sufficient time taken to examine all segments 
of the gastric body and antrum. In our experience, greater 
than 50 biopsy specimens should be obtained from different 
segments of the stomach with special attention paid to any 
mucosal abnormalities. Even perfectly normal exams can 
reveal signet ring adenocarcinoma on histopathology 
prompting referral for surgery (Figs. 33.3, 33.4, 33.5, 33.6, 
33.7, and 33.8).

Apart from HDFC, there is also an increased risk for gas-
tric cancer—both diffuse and intestinal types—in many 
other hereditary cancer syndromes including HNPCC, FAP, 
PJS, Li-Fraumeni, and Cowden syndrome (Table  33.4). 
Patients affected by these syndromes who are living in areas 
of high incidence of gastric cancer carry a greater risk, sug-
gesting the possible influence of environmental factors [42].

Fig. 33.3 (a–j) Intra-tumoral lymphocytes and mucinous differentiation. (Figures courtesy of Deyali Chatterjee MD, Department of Pathology, 
University of Texas MD Anderson Cancer Center)
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Fig. 33.4 Invasive lobular carcinoma with signet ring features 20×. 
(Courtesy of Tim Foo MD, Department of Pathology, University of 
Texas, MD Anderson Cancer Center)

a

b

c

Fig. 33.5 (a–c) Adenocarcinoma variegated 10×. (Figures courtesy of 
Tim Foo MD, Department of Pathology, University of Texas, MD 
Anderson Cancer Center)

Fig. 33.6 Adenocarcinoma with Crohn’s-like response 10×. (Courtesy 
of Tim Foo MD, Department of Pathology, University of Texas, MD 
Anderson Cancer Center)

Fig. 33.7 Invasive lobular carcinoma 20×. (Courtesy of Tim Foo MD, 
Department of Pathology, University of Texas, MD Anderson Cancer 
Center)

Fig. 33.8 Signet ring adenocarcinoma seen on routine gastric biopsy. 
(Courtesy of Deyali Chatterjee MD, Department of Pathology, 
University of Texas MD Anderson Cancer Center)

33 Hereditary Gastrointestinal Cancers



610

 Hereditary Pancreatic Cancer

As in gastric cancer, the majority of pancreatic cancer cases 
is sporadic, with 5–10% related to either familial cluster-
ing, inherited risk for pancreatitis predisposing one to can-
cer, or in the setting of a hereditary cancer syndrome. 
Individuals with two to three relatives with pancreatic can-
cer (one of whom is a first-degree relative) or two first-
degree relatives with pancreatic cancer should undergo 
screening themselves [34]. There is no consensus on the 
appropriate age to start screening. However, it is suggested 
to begin at age 40 or at 10 years younger than the youngest 
affected relative. Pancreatic adenocarcinoma is associated 
with many hereditary cancer syndromes with PJS confer-
ring the greatest  lifetime risk (36%), familial atypical mul-
tiple mole melanoma syndrome (16%), and HNPCC (9%) 
[45–47]. Familial breast and ovarian cancer are associated 
with germline mutations of BRCA1 and BRCA2 and are at 
risk for pancreatico-biliary and gastric cancer. Specifically, 
BRCA2 carriers carry a higher risk for pancreatic cancer 
(up to tenfold) compared to BRCA1 carriers (up to fourfold) 
[48]. Patients with hereditary pancreatitis have a PRSS1 
mutation that predisposes them to early-onset and chronic 
pancreatitis as well as a significant lifetime risk of up to 
50% by age 75 [49].

While the importance of screening for early detection of 
pancreatic cancer is recognized, there is no single ideal 
screening method. Annual endoscopic ultrasound or MRI 
with magnetic resonance cholangiopancreatography 
(MRCP) is commonly used. While endoscopic ultrasound 
is operator dependent, it has demonstrated a higher diag-
nostic yield in some studies [48]. While abdominal CT 
scans can be used, the sensitivity of this modality is lower 
than the others and there can be cumulative exposure to 
radiation when used in a screening program [50]. Patients 
should be encouraged to eliminate modifiable risk factors 
for pancreatic cancer including tobacco use and follow a 
low-fat diet [35].
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 Introduction

The human genome project, completed in 2003, provided the 
first reference map for the whole human genome and stimu-
lated enormous advances in sequencing technology, making 
comprehensive genomic information readily accessible 
beyond basic science researchers. These technologies 
allowed for an increasingly detailed description of the 
molecular landscape of cancer, including gastrointestinal 
(GI) cancers, and were facilitated by large collaborative ini-
tiatives such as The Cancer Genomic Project (CGP) in the 
United Kingdom and The Cancer Genome Atlas (TCGA) 
project in the United States. Furthermore, widespread avail-
ability of next-generation sequencing (NGS) has led to 
extensive use of this method in the clinic and at the individ-
ual patient level.

The potential for clinical utility of cancer genomics is 
pronounced. In-depth molecular knowledge can offer unique 
opportunities for exploring cancer pathogenesis, germline 
mutation inheritance, and early cancer detection. NGS has 
the capability to identify unique features of an individual’s 
cancer, hence the potential for personalizing diagnostic and 
therapeutic strategies. Monitoring a patient’s cancer genome 
over time after receiving various lines of treatment has the 
potential to reveal underlying resistance mechanisms. This 
information, in turn, may lead to design of new treatments 
that overcome the resistance.

Despite the potential benefits, integration of cancer 
genomics in care delivery, especially in the area of solid can-
cer treatments, including gastrointestinal (GI) malignancies, 
has been challenging. This is largely due to complexity of 

cancer genomics. If cancer was a product of one prominent 
driver mutation or genetic aberration, design of drugs against 
that driver mutation/aberration would effectively control that 
cancer type. A prime example is Philadelphia chromosome 
positive chronic myelogenous leukemia (CML). Balanced 
chromosomal translocation between chromosome 9 and 22 
leads to the formation of the BCR-ABL1 fusion gene. This 
results in expression of an abnormal protein with tyrosine 
kinase activity, leading to proliferation and survival advan-
tage for cells harboring this translocation. Imatinib decreases 
the tyrosine kinase activity of the BCR-ABL protein or, in 
the case of gastrointestinal stromal tumors (GIST), the activ-
ity of the cKIT receptor tyrosine kinase. In contrast to CML, 
with few exceptions, GI cancers are mostly arising as a result 
of complex somatic mutations with involvement of multiple 
molecular pathways. Using therapies targeting one pathway 
therefore has not led to prolonged and clinically relevant 
control of GI cancers, as they rarely depend solely on activa-
tion of a single pathway. Furthermore, in presence of multi-
ple mutations/genetic alterations it becomes difficult to 
identify the clinical importance of each mutation and priori-
tize treatment based on them. Temporal and spatial heteroge-
neity of the tumor, lack of availability of adequate tissue, 
limited access to clinical trials, and off-label treatments are 
all among challenges faced while utilizing clinical genomics 
in clinical practice.

 Cancer Genomics Basics

 Methodology

Next-generation sequencing (NGS) technologies have resulted 
in the most significant advances in cancer genomics and have 
revolutionized personalized medicine as we know it. These 
technologies allow for the entire genome or specific DNA seg-
ments to be sequenced at increased speed, accuracy, sensitiv-
ity, and drastically reduced costs compared to historic methods. 
Perhaps the most well-known NGS  technology is sequence by 
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synthesis (SBS), an approach that incorporates fluorescently 
labeled nucleotides into a DNA strand for visualization by 
emitting fluorophore signals [1]. Library preparation occurs 
when DNA is isolated from a specimen and undergoes frag-
mentation. Specialized adaptors are then ligated to each end of 
the DNA fragments, turning them into sequencing libraries. 
The sequencing libraries are then loaded into a flow cell where 
the adaptor fragments bind to surface-bound oligonucleotides. 
Amplification generates clonal clusters that are ready to be 
sequenced. Reversible terminator-bound deoxyribonucleotide 
triphosphates (dNTPs) are designed to match to complimen-
tary bases during each sequencing cycle. Images are taken and 
a fluorescent signal corresponding to each base indicates that 
a nucleotide has been added. Lastly, data analysis aligns the 
sequences to a reference genome using bioinformatics soft-
ware to identify any differences. Single nucleotide variations 
(SNVs), insertions/deletions (indels), and copy number varia-
tions (CNVs) detected from an individual sample highlight the 
clinical utility of NGS in oncology.

Genomic sequencing can be done in tumor tissue, adjacent 
normal tissue, and non-adjacent normal tissue (such as normal 
blood samples). Paired analyses of tumor and normal DNA 
allow for identification of harmless gene variants with signifi-
cantly greater precision compared to tumor-alone analysis. 
Furthermore, this approach has been demonstrated to reveal 
germline mutations related to cancer predisposition syndromes 
frequently and in clinical situations where family history was 
not suggestive of an underlying genetic cause of cancer [2].

Beyond DNA sequencing, NGS of RNA is gaining 
increasing clinical relevance. This is, in part, based on the 
fact that messenger-RNA (mRNA) contains genomic infor-
mation post RNA splicing (a process during which introns 
are removed and exons are joined to form the mature mRNA). 
This is of particular importance for the analysis of gene 
fusions, since chromosomal breakpoints are frequently 
located at various positions in intronic gene regions. These 
are easily missed by NGS gene panels due to incomplete 
coverage of the intronic regions but can be reliably identified 
at the RNA level, since the spliced RNA does not contain 
intronic sequences. RNA analysis can be accomplished by 
anchored multiplex polymerase chain reaction (PCR) fol-
lowed by NGS or baited capture pull-downs. The latter is the 
current gold standard since anchored multiplex PCR is less 
sensitive. In addition, RNA sequencing using baited capture 
pull-down analysis allows for assessment of gene expression 
levels, thus providing information on increased gene expres-
sion as a result of gene amplification and on presence of 
RNA form mutant alleles. This is important for the interpre-
tation of mutations, since it is known that about 30% of gene 
mutants are not expressed [3]. Lastly, advanced analysis 
approaches allow for detection of Human Leukocyte Antigen 
(HLA) subtypes and Homologous recombination deficiency 
(HRD), both features of immediate clinical relevance.

 Principles of NGS-Based Clinical Decision- 
Making in Gastrointestinal Oncology

 Direct Targeting of Activated Oncogenes
Among GI cancers/tumors, advances in the treatment of gas-
trointestinal stromal tumors (GIST) demonstrate how cancer 
genomics can reveal crucial information, allowing for the 
design of disease-specific treatment approaches. Unlike most 
GI tumors, these rare tumors are believed to be derived from 
the interstitial cells of Cajal [4]. These tumors are highly 
unresponsive to chemotherapy and radiation. Surgical resec-
tion can temporarily control the disease, albeit many will 
relapse eventually [5]. Genomic studies have revealed that 
gain of function mutations in the KIT (~80%) and platelet 
derived growth factor (PDGFR) genes (~10%) are drivers of 
tumor growth in the majority of GISTs [6]. Activating muta-
tions in these oncogenes result in production of receptors 
with constitutively active tyrosine kinase activity, hence acti-
vation of downstream pathways and survival advantage of 
affected cells [7]. Highly specific and potent tyrosine kinase 
inhibitors such as imatinib can potently inhibit activated 
pathways resulting in cell killing [8]. Treatment with ima-
tinib induces objective response rates of up to 50–75% with 
a subset of patients reaching durable response [9]. Genotyping 
of GIST has implications for the choice of treatment and 
dosage of the treatment applied. For example, while GIST 
tumors with KIT exon 11 mutations are mostly sensitive to 
imatinib doses of 400 mg/day, those with KIT exon 9 muta-
tions are less sensitive to imatinib and may require higher 
doses (800 mg/day). Presence of a KIT exon 17 (D816V) 
mutation implies resistance to imatinib as does a PDGFRA 
exon 18 mutation (D842V) [10]. Genotyping is therefore 
now a standard part of GIST treatment, whenever use of 
tyrosine kinases is considered.

 Targeting Molecular Themes That Span Across 
Disease Types
Unlike GIST, the majority of GI cancers are products of 
complex genomic and epigenetic changes, and many of these 
are specific to individual cancer types. However, genomic 
studies have revealed alterations that are shared across GI 
and non-GI cancers and can be exploited across tumor types. 
Occurrence of certain fusion genes and alterations in DNA 
repair pathways demonstrate the potential of cancer-type- 
independent, purely molecularly driven treatment 
approaches.

 Gene Fusions
Genomic translocations involving kinases can lead to forma-
tion of chimeric proteins with constitutively activated kinase 
function and oncogenic potential. A prominent example of 
this mechanism of oncogene activation are gene fusions 
involving the tropomyosin receptor kinase (Trk) family that 
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encode for three transmembrane tyrosine kinase proteins 
(NTRK1–3). Trks play a major role in development and 
function of neuronal tissues [11]. Pathogenic NTRK gene 
fusions result in constitutively active kinases and are found 
in 0.5–2.7% of colorectal cancers [12–14] and ~3% of intra-
hepatic cholangiocarcinomas [15] and also found rarely, but 
repetitively, in gastric and pancreatic cancers [16]. 
Larotrectinib was approved by the US Food and Drug 
Administration (FDA) for use in any tumor type harboring 
such gene fusions in November 2018 based on an overall 
response rate of 75%. Entrectinib and LOXO-195 are exam-
ples of TRK inhibitors with promising results in early-phase 
trials, with occasional durable responses lasting beyond 2 
years [17–19]. NTRK, ROS, and anaplastic lymphoma 
kinase (ALK) rearrangements in GI cancers can be effi-
ciently evaluated by a two-step immunohistochemistry/poly-
merase chain reaction (IHC/PCR) method [16] or through 
RNA sequencing.

 Mismatch Repair (MMR)
Genomic evaluation of patients with Lynch syndrome 
revealed defective DNA mismatch repair (MMR) as the 
pathogenic mechanism predisposing the affected patients to 
different cancers, including colorectal and endometrial can-
cer [20]. MMR is a DNA repair mechanism that identifies 
DNA base mismatches and abnormal DNA loops formed 
during DNA replication, recombination, and repair and cor-
rects these errors [21]. MMR deficiency (MMR-D) in Lynch 
syndrome is mostly due to loss of function mutation in mutL 
homologue 1 (MLH1), mutS homologue 2 (MSH2), MSH6, 
or post meiotic segregation increased 2 (PMS2) [22]. Loss 
of any of these proteins results in microsatellite instability. 
Microsatellites are small repetitive sequences of DNA, dif-
ferent among individuals but highly preserved during the 
lifespan of one individual [23]. Patients with MMR-D are 
susceptible to somatic mutations resulting in variations of 
length of microsatellites, a status called microsatellite insta-
bility (MSI-H), and to the development of mutations in large 
numbers of genes harboring longer stretches of a single 
nucleotide, such as adenosine. Detection of MMR-D is cur-
rently accomplished by IHC evaluation of expression of 
MMR-D-related proteins (MLH1, MSH2, MSH5, and 
PMS2) or DNA-based evaluation for microsatellite instabil-
ity. Not every tumor with MSI-H phenotype harbors the 
genetic mutations mentioned [21]. Genomic and epigenetic 
evaluation has shown presence of MMR-D beyond Lynch 
syndrome. For example, CpG island methylation is a com-
mon mechanism for silencing of genes, including tumor 
suppressor genes [24]. Hypermethylation of the MLH1 gene 
is a common mechanism for MMR-D in colorectal cancer 
[25]. MicroRNAs (miRNAs) are non-coding RNAs involved 
in epigenetic control of multiple human genes. miRNA-155 
is overexpressed in MSI-H colorectal tumors [26] and is 

proposed to silence MMR genes and lead to MMR-D phe-
notype. Moreover, there are MSI-H tumors for which no 
specific mutation/epigenetic change linked to MMR-D is 
described yet.

Regardless of the pathogenesis, the high number of muta-
tions present in MSI-H tumors leads to a high rate of expres-
sion of immunogenic neoantigens (proteins specifically 
expressed in the tumor cells and recognized by the immune 
system as “foreign”). Expression of these neoantigens pro-
motes susceptibility of cancers with MMR-D to immuno-
therapy [27, 28]. Clinical trials have established the role of 
immune checkpoint inhibitors, such as the programmed cell 
death protein 1 (PD-1) inhibitors pembrolizumab and 
nivolumab [29, 30].

 DNA Double-Strand Repair (DDR)
While Lynch syndrome provided the clinical background for 
the exploration of mismatch repair, hereditary breast and 
ovarian cancer syndromes revealed a critical role of muta-
tions in the Breast cancer 1/2 (BRCA 1/2) genes. Both genes 
are key components of the enzymatic machinery involved in 
repairing DNA double- strand breaks by homologous recom-
bination (HR). Since maintenance of DNA integrity is cru-
cial for cellular survival, redundant mechanisms exist. BRCA 
proteins play a major role in DNA double-strand repair 
(DDR) through the HR pathway. In cells with deficient HR, 
double-strand damage repair relies on non-homologous end 
joining (NHEJ). This mechanism is error-prone with a pos-
sibility of accrual of deletions or small insertions. Therefore, 
cells deficient in BRCA1/2 are prone to accumulate DNA 
errors and genomic instability overtime resulting in increased 
risk of malignant transformation [31]. A key feature of cells 
harboring HR mutations resulting in HR deficiency is the 
finding of genome-wide loss of heterozygosity—a phenom-
enon that is increasingly used to detect functional HR defi-
ciency [32, 33]. It is noteworthy that HR is a complex 
mechanism and relies on multiple enzymes. Ataxia telangi-
ectasia mutated (ATM), ATM and rad3-related (ATR), part-
ner and localizer of BRCA2 (PALB2), checkpoint kinase 2 
(CHEK2), and an additional ~30 enzymes are needed to 
carry out HR flawlessly. Mutations in genes encoding for 
such proteins are increasingly recognized to cause HR defi-
ciency beyond alterations in BRCA1/2—a phenomenon 
known as BRCAness [34].

Pivotal work performed by the Ashworth and Helleday 
groups demonstrated that mutations in BRCA1/2 and cells 
with BRCAness features can be targeted through induction 
of synthetic lethality [35, 36]. This concept was initially 
described in yeast genetics and used to uncover compensa-
tory pathways. It is based on the presence of at least two 
genes that are crucial for cell survival and are able to com-
pensate for loss of the other. Inactivation of one such gene 
will not lead to cell death, as the compensating gene covers 
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for the lack of function resulting from loss of the second 
gene. However, defects in both can lead to cell death, hence 
synthetic lethality. Poly ADP-ribose polymerase 1 (PARP1) 
and BRCA display such behavior. PARP1 is responsible for 
recognition and repair of single-stranded DNA breaks. If 
PARP function is deficient, these single-strand breaks can 
turn to double-strand breaks during DNA replication and can 
be repaired by HR. Cells carrying BRCA1/2 mutations or the 
BRCAness molecular feature therefore are susceptible to 
PARP inhibition. While somatic mutations in BRCA1/2 nor-
mally lead to mono-allelic loss of BRCA1/2  in tumors, 
germline carriers of BRCA1/2 mutations are susceptible to 
bi-allelic loss of wild-type BRCA genes. This is due to fre-
quent occurrence of locus-specific loss of heterozygosity in 
tumors of germline carriers of BRCA1/2 mutation. Such 
tumors are exquisitely susceptible to PARP inhibition [37, 
38]. The role of PARP inhibition in advanced cancer (includ-
ing breast, ovarian, prostate and pancreas cancer) with germ-
line BRCA mutation was evaluated in a phase II trial [39]. 
Single-agent olaparib led to an overall response rate of 26% 
and disease stabilization lasting more than 8 weeks in 42% 
of patients. Multiple clinical trials are ongoing to evaluate 
the clinical utility of PARP inhibition in the context of germ-
line BRCA mutation, and more importantly, BRCAness 
(examples: NCT02184195, NTC02677038). ATM, ATR, and 
CHEK1/2 are also genes with potential synthetic lethality in 
the context of BRCA mutation [40]. Efficacy of direct CHEK 
1 inhibitor prexasertib in patients with advanced tumor and 
homologous repair deficiency is being evaluated in a phase II 
ongoing clinical trial (NCT02873975).

 Matching Treatments and Molecular 
Abnormalities

Direct Targeting of Mutant Proteins
Availability of genomic evaluation at an individual level has 
brought the goal of rationally matching treatments and indi-
vidual patients in reach, and an increasing number of patients 
with gastrointestinal malignancies might benefit from 
genomic sequencing. Multiple large-scale clinical trials are 
ongoing to explore the role of molecularly matched treat-
ments. The multi-arm multi-stage FOCUS4 trial is a 
biomarker- stratified prospective study open to patients with 
metastatic colorectal cancer fit for first-line chemotherapy in 
the UK [41]. Eligible patients are started on 16 weeks of 
standard chemotherapy, during which the molecular charac-
teristics of the tumor is delineated. In the second part, 
responders to chemotherapy are stratified to cohorts of bio-
marker directed “maintenance” targeted therapy or treatment 
with a placebo. If promising signals of clinical activity are 
seen, then the cohort is expanded into a phase III clinical 
trial. The Targeted Agent and Profiling Utilization Registry 
(TAPUR) study, launched by the American Society of 

Clinical Oncology (ASCO), is a phase II clinical trial with a 
direct matched treatment design. So far, 16 arms have been 
established with different targeted therapies being associated 
with each arm (NCT02693535). The National Cancer 
Institute-Molecular Analysis of Therapy Choice (NCI- 
MATCH) trial is a phase II study aiming to explore the effi-
cacy and safety of genetic testing-directed therapy in 
lymphomas, multiple myelomas, and solid tumors. As of 
February 2018, this study had 30 arms with intended use of 
23 distinct drugs. This study also aims to search for possible 
mechanisms of resistance and predictive biomarkers 
(NCT02465060).

 Exploiting Cancer Cell Vulnerabilities Through 
Induction of Synthetic Lethality
This strategy mainly relies on finding weaknesses in tumor 
cells and trying to apply treatments that take advantage of 
this weakness. Application of treatments with potential for 
inducing DNA damage to tumors with defective DNA dam-
age repair mechanisms is one such utility of cancer genom-
ics. Platinum-based agents are believed to exert their 
cytotoxic effect by DNA damage. Agents known to impair 
DNA repair mechanism including PARP inhibitors are 
therefore combined with platinum-based chemotherapy to 
enhance the cytotoxicity and lethality on cancer cells. 
Apply this to a cell with already damaged DNA repair 
(such as cells with BRCAness) and potentially you will 
have even more effective cancer lethality. Combinations of 
inhibitors of ATM, ATR, PARP, WEE1, CHEK1/2, and 
platinum-based agents are the subjects of study in multiple 
clinical trials [42].

 Role of Next-Generation DNA Sequencing 
as a Diagnostic Tool
Genomic profiling not only has the potential to guide thera-
pies, but also adds to the armamentarium of cancer diagnos-
tics. The use of molecular profiling technologies to identify 
the tissue of origin in carcinomas of unknown primary (CUP) 
highlights this aspect. CUP comprises a heterogeneous mix-
ture of cancers. These tumors share presence of metastatic 
disease without an identifiable primary tumor after comple-
tion of standardized/adequate diagnostic workup. The diag-
nostic workup traditionally has consisted of imaging and 
immunohistochemical studies of the tissue biopsy [43]. 
Application of molecular profiling has opened new poten-
tials in recognizing the primary source of CUP. As an exam-
ple, in a prospective trial, using a 92-gene reverse transcription 
(RT)-PCR assay in 289 CUP samples resulted in prediction 
of tissue of origin in 85% of tested tumors. It was suggested 
that application of site-specific treatments might translate to 
better clinical outcomes [44]. Among the most frequent pre-
dicted primary sites were biliary tract (18%) and colorectal 
(10%) cancers. Inclusion of liquid biopsy and evaluation of 
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circulating tumor DNA (ctDNA) or circulation tumor cell 
(CTCs) might further enhance ability to define the tissue of 
origin and search for driver actionable mutations [45]. 
Further prospective studies are needed to establish the diag-
nostic role and therapeutic utility of molecular profiling in 
CUP.

 Germline Evaluation
Lynch syndrome and BRCA1/2 are examples of utility of 
genomic sequencing in germline evaluation. Germline evalu-
ation at an individual level can identify cancer susceptibility 
mutations and set the stage for enrollment in intensified 
screening/preventive protocols of affected individuals and 
their relatives. Furthermore, germline evaluation can add 
valuable knowledge to pathogenesis of cancer and bring new 
therapeutic options to the clinic. So far, such examples have 
been discussed above in the context of hereditary breast and 
ovarian cancer (HBOC) and Lynch syndrome. Another 
example of increasing clinical importance is the increasing 
recognition of genetic underpinnings of pancreas cancer. 
Other than HBOC and Lynch syndrome, family members 
affected by familial melanoma (FM), familial adenomatous 
polyposis (FAP), Peutz-Jeghers syndrome (PJS), and 
Li-Fraumeni syndrome (LFS) are also at increased risk of 
development of pancreatic adenocarcinoma [46]. Germline 
sequencing of patients with pancreatic cancers has revealed 
mutations in pancreatic adenocarcinoma development: 
BRCA1/2, PALB2, ATM, cyclin-dependent kinase inhibitor 
2A (CDKN2A; role in FM), MLH1/2, MSH6, PMS2, epithe-
lial cell adhesion molecule (EPCAM; role in Lynch), adeno-
matous polyposis coli (APC), serine-threonine kinase 11 
(STK11; role in PJS), protease serine 1 (PRSS1; role in 
hereditary pancreatitis), and tumor protein 53 (TP53; role in 
Li-Fraumeni) [47].

GI and pancreaticobiliary neuroendocrine tumors can 
also develop in the context of hereditary syndromes. Multiple 
endocrine neoplasia type 1 (MEN1), Von Hippel-Lindau 
(VHL), neurofibromatosis 1 (NF-1), and tuberous sclerosis 
complex (TSC) are all autosomal-dominated syndromes 
resulting in increased risk of GI and pancreaticobiliary neu-
roendocrine tumors [48].

Gastric cancer is mostly a sporadic disease, with 1–3% of 
cases occurring in the context of hereditary syndromes. 
Hereditary diffuse gastric cancer (HDGC) is a well- 
recognized form of hereditary gastric cancer. Individuals 
with germline pathogenic E-cadherin gene (CDH1) mutation 
are at increased risk of both lobular breast cancer and diffuse- 
type gastric cancer. Pathogenic germline mutations in CDH1, 
however, are found in only 40% of families that would clini-
cally qualify as HDGC.  Genomic studies have revealed 
mutations in multiple other genes as culprits for develop-
ment of HDGC; most of these mutations are reported only in 
single families [49].

 Understanding Genomic Features Resulting 
in Exceptional Therapeutic Responses.
The discovery of MMR deficiency as a predictive biomarker 
of response to immunotherapy in colorectal cancer high-
lights the utility of cancer genomic sequencing in patients 
showing exceptional responses to therapies. A phase I study 
for evaluation of safety of immunotherapy with checkpoint 
inhibitor in advanced solid tumors showed exceptional 
response in one patient with CRC [50, 51]. Genomic evalua-
tion of this patient showed mismatch repair deficiency 
(MMR-D; MSI-H genotype). Based on the hypothesis that 
mismatch repair deficiency might relay tumor susceptibility 
to immune checkpoint inhibitors, a phase II study was 
designed [29]. This study showed significantly an improved 
response rate and progression-free survival in the MMR-D 
CRC cohort as opposed to the mismatch proficient CRC 
group. Data for non-CRC cohort with MMR-D, published 
later, demonstrated profound sensitivity to PD-L1 inhibition 
in MMR-D cancers across tumor types [28] and led to US 
FDA approval of pembrolizumab for advanced solid tumors 
with MMR-D. Nivolumab has also gained FDA approval in 
advanced colorectal cancer with MMR-D, pending further 
prospective trials [30].

 Gastrointestinal Cancer Genomics by  
Tumor Site

An ever-growing body of genomics data on molecular fea-
tures of gastrointestinal cancers has helped to identify recur-
rent molecular features that subdivide classical histologic 
types of gastrointestinal cancers. These increasingly inform 
clinical science and set the stage for the development of 
rational treatment strategies. We will review key findings and 
discuss clinical implications:

 Esophageal/Gastric Cancer

 Molecular Classification
While distinct clinical features of squamous and adenocar-
cinomas of the esophagus have long been observed, a recent 
TCGA study of esophageal cancers established molecular 
distinctions between the two subtypes. The squamous cell 
histology resembled squamous cell carcinomas (SCCs) of 
other organs rather than adenocarcinoma of the same organ. 
Three SCC subtypes were identified in this study. Subtype 1 
had frequent alterations in NRF2 pathway (which regulates 
response to oxidative stressors) and amplifications of SOX2 
and TP63. Gene expression of this subtype resembled that 
of classical lung SCC and head and neck SCC. Subtype 2 
had high leukocyte infiltration, higher expression of immu-
nomodulatory protein BST-2, and high level of cleaved 
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caspase- 7. This indicates a possible role for immune-
directed and apoptosis-regulating therapies in this subtype 
of SCC. Subtype 3, comprising only a minority of esopha-
geal SCCs (4 tumors), had relatively low TP53 mutations 
(25%) but frequent alterations of PI3K (100%) and mixed-
lineage leukemia protein 2 (MLL2) (75%) pathways. 
Adenocarcinomas of the esophagus, on the other hand, had 
much in common with the chromosomally unstable variant 
of gastric adenocarcinoma with ERBB2/HER2 and vascular 
endothelial growth factor A (VEGFA) amplification and 
TP53 mutation [52].

TCGA results of gastric cancer were published in 2014 
[53]. Based on comprehensive molecular evaluation of 295 
samples, 4 major tumor subtypes were identified. Epstein- Barr 
virus (EBV)-associated tumors (9%) were rich in DNA meth-
ylation (lacking the MLH1 hypermethylation though) and had 
frequent PI3K mutations (80%) and high amplifications of 
JAK-1 and PD-L1. MSI-H tumors (22%) were characterized 
by high mutational burden. The remainder of cases was classi-
fied by degree of aneuploidy as genomically stable (20%) and 
chromosomally instable (50%) tumors. Genomically stable 
tumors carry the highest percentage of CDH1 mutation. This 
gene encodes for a calcium-dependent cell-cell adhesion gly-
coprotein (E-cadherin). Lack of expression of E-cadherin 
leads to production of tumors that do not form solid masses, 
but rather form sheets of cancerous cells beneath the stomach 
lining, hence the term “diffuse gastric cancer.” The chromo-
somally instable (CIN) subtype demonstrates a high degree of 
aneuploidy, high percentage of P53 mutation, and amplifica-
tions of receptor tyrosine kinases. While EBV-associated 
tumors were mostly located in the fundus and body of the 
stomach, CIN tumors were localized in the gastroesophageal 
junction (GEJ) or the cardia of stomach.

The Asian Cancer Research Group (ACRG) performed a 
genomic analysis of 300 gastric adenocarcinoma samples 
obtained from a single center in South Korea [54]. Whole- 
exome sequencing of the samples revealed four different 
subtypes: MSI-H (22%), microsatellite-stable/epithelial-to- 
mesenchymal transition (MSS/EMT:15%), MSS/TP53+ 
(26%), and MSS/TP53- (35%). Linking the subtypes to clin-
ical outcome, this classification was of prognostic value in 
terms of overall survival: MSI-H > MSS/TP53+ > MSS/
TP53− > MSS/EMT. MSS/TP53− had higher percentage of 
human epidermal growth factor receptor 2 (HER2) amplifi-
cation (17.4 as opposed to <3% in other groups). Compared 
to all other groups, the MSI-H subtype had significantly 
higher ARID1A (44%), PI3K-PTEN-mTOR (42%), ALK 
(16%), ERBB2, and KRAS (16%) somatic mutations. The 
MSS/TP53+ had the highest percentage of EBV-associated 
tumors. The MSS/EMT was found in patients with younger 
age and the majority of patients had diffuse-type gastric can-
cer. Prognostic value of the classification system is verified 
in independent cohorts [54].

 Clinical Utility of Molecular Analysis 
in Esophagogastric Cancer

Immune Checkpoint Inhibitors
Both the ACRC and TCGA analyses demonstrated that 22% 
of gastric cancers are mismatch-deficient. MMR status and 
PD-L1 expression both can serve as predictive biomarkers 
for response to immune checkpoint inhibitors. Using PD-L1 
as predictive of response to treatment, phase I/II gastric can-
cer studies demonstrated response rates to pembrolizumab 
and nivolumab treatment ranging from 16% to 22% [55, 
56]. KeyNote-059 was a phase I study of pembrolizumab in 
patients with advanced gastric/GEJ tumors. Of participants 
in this study, 55% had positive PD-L1 expression by IHC 
(≥1%). The objective response rate in PD-L1 expressers 
with unknown MMR status or MSS status was reported as 
13.3%. Nearly 60% of patients with a response had response 
duration more than 6 months. This study led to FDA 
approval of pembrolizumab for patients with advanced gas-
tric/GEJ adenocarcinomas with ≥1% expression of PD-L1 
by IHC (NCT02335411). Among the patients enrolled in 
this study only 3% (7 patients) had MSI-H tumors. Response 
rate to pembrolizumab among these patients was 57%. The 
aforementioned study of pembrolizumab in MMR-D 
advanced solid tumors also included five gastroesophageal 
cancers, three of which had complete response to treatment 
(60%) [28]. Based on the results of this study, pembroli-
zumab is approved by the FDA for advanced solid cancers 
in general with MMR-D status—this includes gastric and 
GEJ tumors.

HER2 Inhibitors
HER2 was the first widely accepted biomarker for personal-
ized treatment of gastric cancer. Around 12–20% of US 
patients with gastric/GEJ tumors are estimated to have HER2 
overexpression and/or amplification, as determined by IHC 
or fluorescence in situ hybridization (FISH), respectively 
[57, 58]. Treatment with trastuzumab (a monoclonal anti-
body directed against HER2) along with chemotherapy as 
first-line therapy in patients with HER2 over-expressing/
amplified gastric cancer improves response rates and overall 
survival compared to chemotherapy alone [59]. HER2 ampli-
fication can be determined reliably by next-generation DNA 
sequencing. Addition of pertuzumab (another monoclonal 
antibody against HER2) to trastuzumab for first-line 
 treatment of HER2-positive gastric/GEJ was shown to be 
well tolerated in a phase II study [60]. A phase III trial 
(NCT01774786) exploring the potential of this combination 
did not show overall survival benefit as presented to the 
European Society for Medical Oncology (ESMO) in 2017 
[61]. The utility of TDM-1 (HER2/chemotherapy drug con-
jugate) in addition to chemotherapy in gastric cancer was 
evaluated in a phase I trial (NCT01702558), which showed 
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fair tolerance of the drug. However, the GATSBY trial, a 
phase II/III trial comparing TDM-1 to taxane-based chemo-
therapy in advanced HER2-positive gastric cancer 
(NCT01641939), was terminated due to futility.

Some gastric cancers harbor activating HER2 mutations. 
Neratinib is an oral irreversible HER2 tyrosine kinase inhibi-
tor. SUMMIT, a phase II basket trial, evaluated the efficacy 
of neratinib in treatment of solid tumors with HER2 activat-
ing mutations, including gastric/GEJ tumors. While occa-
sional responses were seen in biliary cancer, gastric and 
colorectal cancers did not have significant durable response 
to this treatment [62].

Vascular Endothelial Growth Factor Receptor 
Blockade
VEGF overexpression as determined by IHC is a common 
finding in gastric/GEJ tumors (~60%) [63]. In agreement 
with this, the TCGA dataset demonstrates recurrent amplifi-
cation of the gene encoding VEGFA in gastric cancer, espe-
cially for the CIN subtype. Ramucirumab, a VEGF receptor-2 
(VEGFR2) antibody, with or without paclitaxel is approved 
for second-line treatment of gastric/GEJ cancer after pro-
gression on chemotherapy [64, 65]. Ramucirumab has been 
tested in the first-line setting in combination with 
capecitabine/cisplatin (phase III RAINFALL study). 
Although combination improved progression-free survival, 
no significant overall survival benefit was added with this 
combination [66]. VEGF expression level has not been suc-
cessfully established as a biomarker of response to VEGF 
inhibitors. Identification of a predictive biomarker of 
response/resistance to VEGF inhibition is therefore urgently 
needed.

Fibroblast Growth Factor Receptor 2 Inhibitors
Fibroblast growth factor receptor 2 (FGFR2) gene encodes 
the FGFR2 tyrosine kinase. This protein plays an important 
role in cell proliferation and angiogenesis. FGFR2 amplifica-
tion has been reported in around 15% of diffuse-type gastric 
cancers [67]. AZD4547 (FGFR2 inhibitor) has been tested as 
a single agent in advanced gastric cancer with FGFR2 ampli-
fication. Compared to paclitaxel, AZD4547 was not associ-
ated with improvement in survival [68]. The role of dovitinib 
(a multikinase inhibitor against FGFR, VEGFR, PDGFR, 
FLT-3, KIT, CSF1) +/− chemotherapy in advanced gastric 
cancer patients with FGFR2 amplification is under active 
investigation (NCT01719549, NCT01921673). Initial stud-
ies of the anti-FGFR2b antibody FPA-144 showed promising 
results [69]. A combination study with chemotherapy is cur-
rently ongoing (NCT03343301).

PI3K-AKT-mTOR Inhibitors
As demonstrated in the TCGA study, the PI3K-AKT-mTOR 
pathway is frequently affected in gastric cancer. 

Combination of PI3K inhibitors with other targeted treat-
ments for advanced solid tumors is being studied in early-
phase clinical trials (NCT01613950, NCT01576666). 
AZD5363 and GDC-0068 are examples of AKT inhibitors, 
the role of which in combination with chemotherapy is 
under study for treatment of gastric cancer (NCT02451956, 
NCT02449655, NCT01896531). Everolimus (mTOR inhib-
itor) as a single agent in advanced gastric cancer has not 
been proven to lead to improved overall survival compared 
to placebo [70], although exceptional responders were 
observed in cases with multiple molecular alterations within 
the pathway [71].

 Small Bowel Adenocarcinoma

 Molecular Classification
Small bowel adenocarcinoma (SBA) is a relatively rare 
type of GI malignancy. Currently, this disease is treated in 
analogy to the treatment of colorectal cancer (CRC). 
However, when compared to CRC stage by stage, SBA is 
generally associated with worse outcome [72]. A recent 
study showed distinct genomic features of SBA compared 
to CRC [73]. Most frequent mutations in SBA were TP53 
(58%), KRAS (54%), APC (27%), SMAD4 (17%), and 
PI3K (16%). Compared to CRC, APC and TP53 muta-
tions were less frequent in SBA, whereas CDKN2A was 
more frequent in SBA (14% vs 3%). There were frequent 
potentially targetable mutations in SBA as shown in 
Table 34.1.

Among SBA tumors, 7.6% were MSI-H and 7.9% were 
MMR-D by IHC. Nearly 10% of SBAs had high mutational 
burden. These features suggest a potential role for immuno-
therapy in SBA.

Table 34.1 The most common potentially targetable mutations in 
SBA

Gene Mutation rate (%)
PI3K 16
HER2 9.5
BRAF 9.1
ATM 7.6
FBXW7 6.9
ERBB3 6.3
NF1 6.0
CTNNB1 5.7
MDM2 5.7
PTEN 5.7

PI3K phosphoinositide 3-kinase, HER2 human epidermal growth factor 
receptor 2, ATM ataxia telangiectasia mutated, FBXW7 F-box/W 7, 
NF1 neurofibromatosis type 1, CTNNB1 catenin beta 1, MDM2 mouse 
double minute 2, PTEN phosphatase and tensin

34 Molecular Diagnostics and Genomic Profiling in Individualized Therapies of Gastrointestinal Cancers



620

 Colorectal Cancer

 Molecular Classification
TCGA data on colorectal cancer (CRC) sequencing were 
published in 2012 [74]. The analysis identified 24 signifi-
cantly mutated genes with APC, TP53, SMAD4, KRAS, 
and PIK3CA being among the most frequently mutated 
genes. Among samples evaluated as part of the TCGA 
colorectal cancer analysis, 16% were hypermutated, of 
which 75% had high microsatellite instability (MSI-H) and 
the rest had somatic mutations in one or more of mismatch 
repair genes.

Mutation frequencies were significantly different among 
hypermutated versus non-hypermutation tumors, as stated in 
Table 34.2.

Other molecular classification systems for CRC have 
been proposed previously by different groups [75, 76]. 
Results of the CALGB 80405, CRYSTAL, and FIRE-3 
studies highlighted that right- and left-sided colon cancers 
demonstrate distinct clinical behaviors [77, 78]. This 
might be explained by the difference in the embryological 
origin of right colon (midgut) versus left colon (hindgut). 
In agreement with this, genomic studies have established 
multiple molecular differences between the two. Right-
sided lesions are frequently hypermutated, MSI-H, show 
immune infiltration, and carry BRAF mutations [79]. 
High frequency in BRAF mutation in right-sided tumors 
is associated with high CpG island methylation phenotype 
(CIMP). CIMP- associated methylation of MLH1 pro-
moter is the predominant cause of MSI-H status in these 
tumors [80]. Left-sided tumors on the other side are 
mostly MSS tumors with epidermal growth factor recep-
tor (EGFR) amplification/overexpression, WNT/MYC 
pathway activation, and TP53 mutation [81]. It is there-
fore not surprising to see differences in response to treat-
ments including EGFR inhibitors based on the sidedness 
of the tumor.

 Clinical Utility

WNT Signaling
Uninhibited Wnt signaling is the hallmark of colorectal car-
cinogenesis and tumor maintenance. Adenomatous polypo-
sis coli (APC) gene is mutated in the majority of colorectal 
cancers (~50–80%). Biallelic inactivating mutations of APC 
gene, a tumor suppression gene, lead to decreased produc-
tion of APC protein. This in turn leads to uninhibited activa-
tion of the β(beta)-catenin-dependent Wnt signaling [82]. 
APC mutation is not the only mechanism for uninhibited 
Wnt signaling. Mutations in the Wnt gene itself or regula-
tors of Wnt signaling other than APC also can lead to the 
same uninhibited signaling cascade activation: APC 50%, 
FBXW7 10%, β(beta)-catenin 5%, TCF7L2 4%, and AXIN1 
3.5% [83]. Furthermore, epigenetic dysregulation can lead 
to overexpression or lack of expression of these genes and 
serve as another mechanism of aberrant Wnt signaling in 
colorectal cancer. Therapeutic inhibition of Wnt signaling 
has therefore been a long-standing goal [84]. However, 
development of specific and potent inhibitors of this path-
way has been challenging. Wnt signaling plays a major role 
in regeneration of intestinal stem cells and maintenance of 
healthy intestinal tissue. Therefore, effective inhibition of 
this pathway may lead to severe GI toxicity. Wnt signaling 
is interconnected with various additional signaling circuits. 
Thus, effects of inhibition of this cascade can be counter-
acted by activation compensatory pathways. Despite the 
early disappointment, work on inhibitors of this pathway is 
still ongoing without a clearly promising compound having 
emerged [85].

BRAF Mutation
RAS-RAF-MEK-ERK signaling plays a major role in cell 
growth, differentiation, and survival. Activating mutations of 
BRAF oncogene are found in nearly 10% of colorectal can-
cers, in particular in the form of BRAF V600E mutations. 
This mutation is associated with poor prognosis and lack of 
response to conventional chemotherapy. Unlike melanoma, 
application of single-agent BRAF inhibitors in BRAF- 
mutant colorectal cancer has been ineffective so far. Feedback 
activation of EGFR pathway is proposed as one reason for 
ineffectiveness of vemurafenib (a BRAF inhibitor) in 
colorectal cancer. Combination of EGFR inhibition and 
BRAF inhibition is therefore suggested as a mechanism to 
overcome such resistance [86]. Addition of vemurafenib to 
irinotecan and cetuximab has been evaluated in a phase II 
clinical trial, and initial results presented at the ASCO annual 
meeting in 2017 suggested improved progression-free sur-
vival [87]. BGB283, a dual EGFR and BRAF inhibitor, has 
shown effective anti-tumor activity in preclinical models of 
BRAF-mutated colorectal cancer [88] and is under evalua-
tion in solid tumors with BRAF mutation (NCT02610361). 

Table 34.2 The most frequent mutations in colorectal cancer (CRC) 
by mutational burden

Hypermutated CRC (%) Non-hypermutated CRC (%)
ACVR2A (63) APC (81)
APC (51) TP53 (60)
TGFBR2 (51) KRAS (43)
BRAF (46) TTN (31)
MSH3 (40) PI3K (18)
MSH6 (40) SMAD4 (10)

ACRV2A activin a receptor type 2A, APC adenomatous polyposis coli, 
TGFBR2 transforming growth factor beta receptor 2, BRAF B-Raf, 
MSH3 mutS homologue 3, MSH6 mutS homologue 6, TP53 tumor pro-
tein 53, KRAS Kirsten rat sarcoma, TTN Titin, PI3K phosphoinositide 
3-kinase, SMAD4 Mother Against DPP homolog 4
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Triple inhibition of BRAF, EGFR, and MEK also has been 
studied with promising results [89–91]. Triplet inhibition 
with BRAF, EGFR and MEK inhibitors is now recom-
mended by the National Comprehensive Cancer Network 
(NCCN) for colorectal patients with BRAF V600E mutation 
[92].

HER2 Amplification
HER2 amplification can be found in around 5% of RAS 
wild-type colorectal cancers. HERACLES-A, a phase II clin-
ical trial performed in Italy, demonstrated effectiveness of 
lapatinib (a HER-family tyrosine kinase inhibitor) in combi-
nation with trastuzumab (monoclonal anti-HER2 antibody) 
in heavily pretreated metastatic colorectal cancer patients 
with positive HER2 expression (by IHC) or gene amplifica-
tion (FISH) [93].

Rare Mutations
MMR Status MMR status as a predictive biomarker for 
response to immunotherapy in metastatic colorectal cancer 
has been discussed previously in this chapter. The role of 
MMR status as predictive of response to checkpoint inhibi-
tors in the adjuvant setting is currently under evaluation 
(NCT02912559). MMR-D status has been proposed as pre-
dictive of lack of response to adjuvant 5-fluorouracil (5-FU)-
based chemotherapy in patients with early-stage colon 
cancer [94, 95]. Other than a role as a predictive biomarker, 
MMR-D can serve as a prognostic biomarker in colorectal 
cancer of different stages, especially stage II colon cancer 
[96–99]. Based on these studies, adjuvant chemotherapy is 
not recommended with CRC patients with stage II and low- 
risk features carrying mismatch repair deficiency.

NTRK Gene Fusions Universal use of NGS has led to 
detection of rare, but recurring mutations/gene alteration. 
These mutations at times serve as predictive biomarkers for 
targeted therapy. Neurotrophic tropomyosin receptor kinase 
(NTRK) gene fusion is one such rearrangement that is found 
in colorectal cancer (~0.5–2.7%). Availability of TRK inhib-
itors has attracted attention to these gene fusions as target of 
therapy. Larotrectinib is a TRK inhibitor with promising 
results in phase I/II trials in pediatrics and adults with 
advanced solid tumors with NTRK gene fusions, with occa-
sional durable responses [18]. Entrectinib (a pan-TRK, ROS- 
1, and ALK inhibitor) was proven safe in two phase I clinical 
trials among patients with various metastatic solid tumors 
including colorectal cancer [17]. Efficacy of entrectinib is 
being further evaluated in a phase II trial (STARTRK-2) 
(NCT02568267). LOXO-195 (a second-generation TRK 
inhibitor) is being studied in early-phase clinical trials 
(NCT03215511). Overall tolerability and durability of 
response among responders to the aforementioned inhibitors 

highlight the therapeutic potential of these inhibitors. Very 
recently, data became available demonstrating co-occurrence 
of mismatch repair deficiency and NTRK gene fusions. The 
underlying biology remains unclear and optimal therapeutic 
sequencing of NTRK inhibitors and immune checkpoint 
inhibitors needs to be determined.

Other than the therapeutic purpose, rare mutations can at 
times serve as biomarkers for the presence of hereditary 
colorectal cancer. Biallelic mutations of MUTYH are found 
in around 1% of patients with colorectal cancer. It is associ-
ated with a pseudo-polyposis phenotype and a 28-fold 
increase in CRC risk [100]. Germline mutation of MUTYH 
gene leads to defective base excision repair (BER) and accu-
mulation of mutations in other genes, and eventually cancer 
development. Detection of such mutations by NGS can lead 
to improved surveillance and therefore improved outcome in 
families with such germline mutations.

EGFR Inhibition
EGFR monoclonal antibodies have an established role in the 
treatment of metastatic colorectal cancer. In 2006, it was 
revealed that a mutation in exon 1 of KRAS is related to 
resistance to cetuximab [101]. Later in 2013, as part of the 
PRIME clinical trial, the predictive role of extended RAS 
mutation (KRAS and NRAS exon 2, 3, and 4) was estab-
lished, this time in response to panitumumab [102]. Routine 
assessment for extended RAS mutations is now a standard of 
care step before initiation of treatment with EGFR monoclo-
nal antibodies. Debate is ongoing about how much BRAF 
serves as a predictive biomarker or response to EGFR anti-
bodies, on top of its role as a poor prognostic biomarker in 
general. A meta-analysis of nine phase III and one phase II 
trials, evaluating the role of cetuximab/panitumumab either 
as first- or second-line treatment, suggested no benefit from 
treatment with either one in carriers of exon 15 BRAF muta-
tion [103]. One study presented at the 2015 ASCO annual 
meeting suggested systematic BRAF mutation analysis 
could further optimize the predictive armory of response 
EGFR monoclonal antibodies [104]. The NCCN treatment 
guidelines (version 2.2017) recommend assessment of 
colorectal cancers for BRAF exon 15. In the presence of 
such mutation, response to cetuximab/panitumumab is 
deemed highly unlikely. A predictive role of PIK3CA and 
PTEN mutation has been suggested, but not universally 
applied [105].

 Pancreatic Cancer

 Molecular Classification
It has long been known that KRAS mutations are the pre-
dominant molecular alteration in pancreatic ductal adenocar-
cinoma (PDAC), occurring in more than 90% of the cases. 
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Beyond KRAS, additional recurrent findings have been doc-
umented and, as in colorectal cancer, different classifications 
for pancreatic cancer based on molecular subtypes have been 
developed. While a number of these classifications rely on 
exome sequencing [106, 107], others rely on tumor tran-
scriptome [108–110]. TCGA study has further involved non- 
coding RNA expression and proteomics as part of the 
integrated genomic profiling [111]. While these classifica-
tions share common subgroups, variations between them 
exist. These variations are speculated to be partly due to the 
variability in tumor cellularity/contamination with non- 
malignant cells in the tumor, differences in experimental and 
analytical models, as well as differences in data quality.

One classification, relying on PDAC transcriptome, pro-
posed four subtypes of squamous, pancreatic progenitor, 
immunogenic, and aberrantly differentiated endocrine exo-
crine (ADEX). In addition to activating mutations in KRAS 
(92%), mutations affecting ten distinct pathways were 
described, resulting in disruption of G1/S checkpoint mecha-
nism (78%), TGF-B signaling (47%), histone modification 
(24%), and BRCA mutations (BRCA1, BRCA2, ATM, and 
PALB2; 5% germline and 12% somatic) [108]. Wadell et al. 
proposed a classification mechanism with reliance on struc-
tural variation events [106]. Unstable subtype (subtype 4), 
which accounted for 14% of samples in this study, repre-
sented features typical of pancreatic cancer tumors with 
BRCAness.

Furthermore (as outlined in the previous section on 
Colorectal Cancer), identifying patients with hereditary pan-
creatic cancer syndromes can drive personalized screening 
schemas in affected families and might offer personalized 
treatment options in affected individuals.

 Clinical Utility of Molecular Analysis in Pancreatic 
Cancer

KRAS Mutations
Activating mutation of KRAS is seen in ~90% of pancreatic 
cancer patients. Attempts to target KRAS mutations directly 
have failed so far, although promising new approaches are 
being pursued [112]. Indirect targeting of the mutation 
through combination therapies with MEK and EGFR or 
HER3 inhibitors showed promising results in preclinical 
studies [113]. Clinical studies of these combinations demon-
strated anti-tumor activity but were associated with extensive 
toxicity [114, 115]. Other common mutations in pancreatic 
cancer are mutations in tumor suppressor genes such as 
CDKN2A, TP53, SMAD, and BRCA. Some of these altera-
tions might be amenable to synthetic lethality strategies.

BRCA1/2 Mutations/BRCAness
As previously discussed (see section on Small Bowel 
Adenocarcinoma), deficient DNA damage repair including 

deficient DDR in the context of BRCAness might make pan-
creatic cancer cells susceptible to platinum chemotherapy 
and ATM/ATR/PARP inhibitors. A phase II study of single- 
agent veliparib (PAPR inhibitor) as second-line treatment in 
patients with previously treated BRCA-mutated pancreatic 
adenocarcinoma (PAC) showed disappointing data with no 
partial response and only 25% stable disease by 4 months 
[116]. The role of PARP inhibition in combination with che-
motherapy or as maintenance therapy is the subject of ongo-
ing studies. Although prior studies have suggested response 
to platinum chemotherapy in BRCA-mutated PACs, they 
have shown response to other chemotherapies including 
gemcitabine as well. It is therefore not clear whether 
improved responses are platinum-specific [117].

Mismatch Repair Deficiency
Mismatch repair deficiency is only present in ~2% of all pan-
creatic cancers. Testing using NGS can reveal this feature 
that is highly predictive of response to immune check point 
inhibitors.

Metabolic Pathways
Mutations in metabolism pathway genes—including PI3k, 
HIF, MYC, and P53—are common in pancreatic cancer. 
CPI-613 is a potent inhibitor of alpha-ketoglutarate dehydro-
genase (KGDH), one of the key glycolysis enzymes [118]. 
Tolerability of CPI-613 in combination with FOLFIRINOX 
(leucovorin, 5-FU, irinotecan, oxaliplatin) has been estab-
lished [119]. Effectiveness of CPI-613 in pancreatic cancer 
in combination with FOLFIRINOX is under active evalua-
tion (NCT03374852).

Nuclear Export Factor
Over-activation of nuclear export of tumor suppressor pro-
teins has been demonstrated, in preclinical models, to inhibit 
function of these proteins without the need for inactivating 
mutation of their corresponding genes. This has been dem-
onstrated in particular for overexpression of Exportin 1 or 
chromosomal region maintenance protein 1 (CRM1) [120]. 
Selinexor is a reversible inhibitor of CRM1, designed with 
the intention of nuclear retention of tumor suppressors such 
as APC, P53, Rb, BRCA1, and P27. Preclinical studies in 
pancreatic cancer showed early promise for combination of 
selinexor and gemcitabine [121]. A phase Ib/II trial of 
selinexor combined with gemcitabine/abraxane is ongoing 
(NCT02178436).

 Hepatocellular Carcinoma

 Molecular Classification
Integrated genomic analysis of 363 hepatocellular carcinoma 
(HCC) cases by TCGA suggested the presence of three 
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major HCC subtypes with prognostic implications [122]. 
Mutational analysis suggested IDH 1/2 mutation in a subset 
of samples with close similarity to what is seen in cholangio-
carcinoma. Immune phenotyping of HCC revealed a subtype 
with high immune infiltration with potential for response to 
immune checkpoint inhibitors. Mutation and pathway analy-
sis suggested a potential therapeutic role for inhibitors of 
WNT, MDM4 (plays a role in apoptosis regulation), MET, 
VEGFA, and TERT (telomerase reverse transcriptase). 
Methylation profiling suggested the presence of four hyper-
methylation clusters. Cluster 1 was significantly associated 
with hepatitis B virus (HBV) infection. HBV-associated 
tumors were more likely to be P53 mutated and less likely to 
be TERT mutated. Cluster 4 was significantly associated 
with hepatitis C virus (HCV) infection. Tumors in this clus-
ter had high prevalence of CDKN2A (a tumor suppressor) 
epigenetic silencing, CTNNB1 (gene encoding beta-catenin 
with roles in cell-cell adhesion and protein transcription reg-
ulation) mutation, and TERT promoter mutations. Cluster 3 
contained all of the samples with IDH1/2 (crucial role in cell 
metabolism) mutation. Different mutational landscape and 
methylation profiles in HBV- and HCV-infected patients 
therefore suggest a possibility of differential treatment based 
on etiology of the HCC.

 Clinical Utility of Molecular Analysis 
in Hepatocellular Carcinoma
Possible response to immunotherapies has been suspected 
due to presence of immune infiltration in the tumor. This sus-
picion was confirmed after the CheckMate 040 trial, which 
established the role of nivolumab for second-line treatment 
of HCC (post sorafenib) [123]. The role of pembrolizumab 
in treatment of HCC is under evaluation (NCT02702401). 
Genomic studies further proposed a potential for targeting 
WNT, MDM4, MET, VEGFA, and TERT. Therefore, multi- 
target TKIs were tested for efficacy in HCC. Sorafenib, len-
vatinib, and regorafenib are examples of such multi-target 
TKIs established as treatments in HCC. The role of specific 
TKIs, such as c-MET inhibitors, is under active evaluation 
[124]. Cabozantinib has proven survival benefit in patients 
with advanced HCC in the second- or third-line setting as 
opposed to placebo [125].

Fibroblast Growth Factor Signaling
Fibroblast growth factors (FGFs) are a family of growth fac-
tors composed on 20-plus members in humans, encoded by 
different genes. FGFs have the ability to bind to FGF recep-
tors (FGFRs), leading to activation of their intracellular tyro-
sine kinase domain [126]. Different FGFs and FGFRs are 
connected to HCC tumorigenesis and metastasis [127–129]. 
FGF signaling is further connected to resistance to sorafenib 
in HCC [130]. Brivanib, a combined VEGF and FGF inhibi-
tor, was studied in HCC post sorafenib, without significant 

improvement in survival when compared to placebo [131]. 
Among different FGF signaling pathways, FGF19/FGFR4 
signaling is suspected to play a major role in resistance to 
sorafenib [132]. Specific FGFR4 inhibitors are studied in 
subsets of HCCs with high FGFR4 or FGF19 expression by 
IHC.  A phase I study of BLU-554 (FGFR4 inhibitor) in 
heavily pretreated HCCs with FGF19 positivity by IHC 
showed good tolerability and promising responses [133]. 
The efficacy of a combination of FGF401 (FGFR4 inhibitor) 
with PDR001 (PD-1 inhibitor) in patients with FGFR4- 
positive HCCs is being explored in a phase II trial 
(NCT02325739).

 Cholangiocarcinoma

 Molecular Classification
Analysis of 38 liver fluke-negative intrahepatic and hepatitis- 
negative cholangiocarcinoma (CCA) samples by TCGA 
demonstrated 4 molecularly distinct subtypes that were asso-
ciated with anatomical location. Among the four subtypes, 
CCA-harboring mutations in IDH1/2 genes was a group with 
aberrant mitochondrial and chromatin regulator gene expres-
sion and preferential intrahepatic location. This study also 
tested similarities between this subclass and the IDH 1/2 
mutant HCC subtype, suggesting the possibility of similar 
therapeutic management. It is speculated that cholangiocar-
cinoma developing in the context of other risk factors, 
including liver flukes and hepatitis B and C infection, might 
have different molecular spectra. Such samples were 
excluded from this TCGA study [134].

In another study of 260 biliary tract cancers, distinct 
molecular features were seen among cancers of different 
anatomic locations. While intrahepatic CCA samples har-
bored frequent FGFR2 fusion genes and IDH1/2 mutation, 
extrahepatic cancers more frequently harbored PRKACA or 
PRKACB gene fusions. Gall bladder cancers frequently car-
ried EGFR, ERBB3, and PTEN mutations. Common bile 
duct cancers were enriched for BRCA1, BRCA2, and PI3K 
mutations. This translated to presence of genetic alterations 
in nearly 40% of biliary tract cancers. A subtype of tumors 
harbored a high number of somatic mutations with possibil-
ity of a role for immune checkpoint inhibitors [135].

 Clinical Utility of Molecular Analysis 
in Cholangiocarcinoma
Genomic evaluation has shown multiple mutations with 
potential for therapeutic targeting in cholangiocarcinoma 
[136].

FGFR Gene Fusions
FGFR2 gene fusions are reported in 11–45% of patients with 
intrahepatic CCAs [137]. The preliminary result of the phase 
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II study of BGJ398 (small molecule tyrosine kinase, pan 
FGFR inhibitor) showed promising results in CCA patients, 
when directed to those with FGFR fusions or FGFR gene 
alterations [138]. Multiple other small molecule TKIs with 
ability to target FGFR are targets of early-phase trials.

IDH1/2 Inhibitors
IDH1/2 mutations are common in intrahepatic CCAs, as 
compared to other CCAs (~25% vs. 5%) [137]. After a prom-
ising phase I study, AG-120 (oral small molecule inhibitor of 
IDH1) is being evaluated in a phase III study for treatment of 
advanced previously treated CCAs with IDH-1 mutation 
(NCT02989857). AG-221, an oral IDH-2 inhibitor, is also 
under early phase I/II study for advanced solid tumors 
including intrahepatic CCA with IDH-2 mutation 
(NCT02273739).

Immune Checkpoint Inhibitors
As part of the KEYNOTE-028 phase I study, the role of pem-
brolizumab in patients with advanced biliary tract cancer 
with detectable PD-L1 expression was evaluated. Nearly 1/3 
of patients achieved disease control (partial response or sta-
ble disease).

Other Targeted Therapies
Targeting PRKACA and PRKACB fusions, EGFR/
HER2(ERBB2)/ERBB3, PI3K-AKT-mTOR, RAF/MEK/
ERK and hedgehog signaling is also being explored actively 
in different phase clinical trials [137].

Overall, malignancies of the biliary tract are rich in poten-
tially targetable molecular lesions. In light of limited chemo-
therapeutic options, early molecular testing using 
next-generation DNA sequencing technologies should be 
strongly considered.

 Gastroentropancreatic Neuroendocrine 
Tumors (GEP-NETs)

 Molecular Classification
Gastrointestinal neuroendocrine tumors (NETs) are a hetero-
geneous group of tumors arising from the enterochromaffin 
cells of the gut. Pancreatic neuroendocrine tumors (PanNETs) 
normally arise from the islets of the Langerhans. NETs can 
be classified on the basis of hormone secretions as functional 
and non-functional, and anatomically as foregut, midgut, and 
hindgut tumors. But, more importantly, based on the level of 
differentiation and histologic grade, these tumors are classi-
fied into well-differentiated (low and intermediate grade) 
and poorly differentiated (high grade). The latter classifica-
tion has prognostic and therapeutic value [139]. Clinical util-
ity of the classification based on grade, however, has been 
challenging. Despite pathologic similarity, tumors of each 

category can have distinct prognostic and biologic behavior. 
Expanded molecular analysis of these tumors might result in 
improved prognostic classification and guide therapeutic 
interventions.

Small intestine NETs (SI-NETs) are the most common 
NET. The genomic landscape of SI-NETs has been evaluated 
in two separate studies. Banck et  al. showed that SI-NETs 
overall harbor a low somatic mutation load [140]. Observed 
somatic gene mutations were mostly non-recurrent. However, 
these mutations had the tendency to cluster into distinct 
molecular pathways. In about 46% of the studies, SI-NETs 
had mutated or deleted SMAD genes, 23% had amplified SRC 
gene, and 29% had genetic alterations in the PI3K/Akt/mTOR 
pathways. AURKA amplification (19%) and alterations in 
PDFGR (20%) were also common. Overall, 72% of the 
patients in this study had genetic alterations that were poten-
tially actionable [140]. Francis et al. confirmed the paucity of 
recurrent somatic gene alterations in SI-NETs. CDKN1B was 
the most frequent somatic recurrent gene alteration found in 
this study (10%). Chromosomal arm level copy number gains 
or losses were frequent findings in these tumors [141].

PanNETs are the second most common NET after 
SI-NETs. Scaroa et al. showed presence of germline muta-
tions in MUTYH, CHEK2, BRCA2, MEN1, and VHL in 
17% of clinically sporadic pancreatic NETs. Somatic gene 
mutations and deletions were clustered in four main path-
ways: chromatin remodeling, mTOR signaling, DNA damage 
repair, and telomerase maintenance [142]. Somatic mutations 
of MEN1 (35%), activated mTOR signaling (14%), and 
DAXX (apoptotic regulator) or ARTX (chromatin modified) 
(40%) are among the most frequent somatic mutations in 
PanNETs [143–145]. Less than 10% of PanNETs happen as 
part of familial cancer syndromes. Mutations of VHL, MEN1, 
TSC1, TSC2, and neurofibromatosis type 1 (NF1) genes 
account for the majority of these cases [146–148]. It is note-
worthy that poorly differentiated PanNETs are a distinct cat-
egory of PanNETs with completely different biology and 
gene expression and were not the focus of the aforementioned 
studies. Poorly differentiated neuroendocrine tumors have a 
high mutational burden. The most common mutations in this 
group consist of TP53 (53%), KRAS (30%), PI3K/PTEN 
(22%), and BRAF (13%) mutations [149].

As shown above, recurrent somatic genetic mutations are 
rare in SI-NETs. MEN1, DAXX, and ARTX—three of the 
most common mutated genes in PanNETs—have well- 
developed roles in chromatin remodeling and epigenetic 
regulation. Dysregulated epigenetic mechanism therefore 
has been the focus of interest as a potential regulator of gas-
troentropancreatic NETs (GEP-NETs). DNA methylation, 
histone modification, and posttranscriptional modification by 
non-encoding RNAs are three of the epigenetic regulator 
mechanisms. How-Kit et al. used DNA methylation profile as 
a tool to distinguish different subtypes of GEP-NETs [150]. 
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They found a different methylation profile for each of the 
PanNETs and proposed two distinct methylation profiles for 
SI-NETs. The role of DNA methylation patterns and histone 
modifications, as well as expression patterns of non- encoding 
RNAs as prognostic factors or predictors of metastasis pat-
tern, has been investigated, but has not gained meaningful 
clinical application yet [151–153].

 Clinical Utility of Molecular Analysis in GEP-NETs
The mTOR pathway is a crucial regulator of cell prolifera-
tion, apoptosis, angiogenesis, and metabolism [154]. 
Activating mutations of mTOR pathway genes are a common 
finding in both PanNETs (14%) and SI-NETs (29%) as 
described previously. Expression profiling of PanNETs has 
showed downregulation of tuberous sclerosis-2 (TSC-2) and 
phosphatase and tensin homolog (PTEN)—two of the inhibi-
tory regulators of mTOR pathway in 2/3 of studied tumors 
[145]. Inactivating mutations of MEN1 are frequently 
observed in both hereditary and non-hereditary forms of 
PanNETs. These mutations result in removal of key inhibitors 
of the mTOR pathway, therefore constitutively activating the 
pathway [155]. Inhibition of mTOR pathway has therefore 
been a therapeutic approach of interest in NETs. Everolimus 
(an mTOR inhibitor) has gained FDA approval for treatment 
of progressive well-differentiated non- functional NETs of the 
pancreas and lung based on a phase III study (RADIANT-4) 
[156]. The role of everolimus for grade 3 tumors is under 
ongoing investigation (NCT02113800, NCT02687958, 
NCT02695459, NCT02248012). Sapanisertib, a small mole-
cule mTOR inhibitor, is the subject of a phase II study for 
refractory G1-2 PanNETs.

Epigenetic mechanism dysregulation, as mentioned pre-
viously, is an area of active investigation in NETs. Histone 
deacetylase (HDAC) is a regulator enzyme crucial for chro-
matin remodeling. Preclinical studies suggested a role of 
HDAC inhibitors in inhibiting NET cell growth. HDAC 
inhibitor panobinostat has been studied in phase II clinical 
trial for control of metastatic low-grade NETs and showed 
low response rate, but high stable disease [157]. Belinostat 
(another HDAC inhibitor) in combination with cisplatin and 
etoposide has been studied in a phase I trial for grade 3 
NETs, the results of which are not published yet 
(NCT00926640). A therapeutic role of targeting DNA meth-
ylation in NETs is not well established yet.

 Challenges and Future Perspectives

 Genomic Complexity, Prioritization, 
and Co-occurring Mutations

Comprehensive analysis of cancer genomes has revealed 
diverse genetic abnormalities even within cancers of a single 

type. An individual tumor frequently carries multiple muta-
tions, not all carrying the same weight in driving cancer. 
Among individuals with the same cancer type, some muta-
tions that are likely driving cancer progression are therapeu-
tically targetable but occur with low frequency. Therefore, 
establishment of the role of such mutations in a given tumor 
type through conventional trials is challenging. Novel clini-
cal trial approaches—such as basket and umbrella trials as 
well as systematic links between molecular profiling labora-
tories and institutions conducting clinical trials—will be cru-
cial for overcoming this limitation. It has become clear that 
coexisting mutations might regulate sensitivity to targeted 
therapies [158].

It is now common practice to obtain NGS results for GI 
cancers, which frequently reveals more than one targetable 
mutation. Assuming targeted therapy for all actionable muta-
tions is available, prioritizing the choice of treatment 
becomes a challenge. While access to an institutional molec-
ular tumor board might help in such situations, use of pre-
clinical animal models and/or computational platforms 
might be increasingly relevant help [159, 160].

 Dynamic Changes

Even though during drug development molecular pathways 
are mostly considered as linear, what exists in real life is a 
complex network of pathways. Blockade of one single path-
way can therefore lead to a shift to other pathways or be 
bypassed by arbitrary pathways, hence resulting in a lack of 
efficacy of such a drug or development of resistance [161]. 
With advancement in high throughput next-generation 
sequencing, simultaneous evaluation of multiple “omics” is 
available now. However, our knowledge of how to interpret 
all the available information is still limited. Advancements in 
system biology to study complex biological systems are 
therefore needed for such interpretations [162, 163].

 Future Perspective: Treatment Monitoring 
Using Circulating Tumor DNA (ctDNA)

Tumor tissue biopsy remains the gold standard for diagnosis 
and evaluation of tumor characteristics, including tumor 
genomic alterations. “Liquid biopsy” is being studied 
increasingly as a possible alternative/adjunct to the conven-
tional tumor biopsy. Liquid biopsy involves study of circu-
lating tumor cells (CTCs), circulating tumor DNA (ctDNA), 
circulating exomes, miRNA, mRNA, and so forth. Being 
noninvasive, cheap, and easy to perform, this mode of biopsy 
is theoretically ideal for monitoring tumor characteristics 
over time. A recent study has established the value of large- 
scale ctDNA profiling by NGS in establishment of a genomic 
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landscape of colorectal cancer. ctDNA profiling in this study 
resulted in comparable frequency of genomic alterations as 
opposed to direct tissue sample profiling. Furthermore, this 
study identified new mutations in EGFR extracellular 
domain, which predicted resistance to EGFR antibody treat-
ment [164]. Prior studies have shown the value of ctDNA 
profiling in evaluation/prediction of resistance emergence to 
EGFR inhibition by monitoring KRAS, NRAS, and BRAF 
genes [165, 166]. Further prospective trials would be needed 
to establish the clinical utility of liquid biopsy in colorectal 
cancer treatment monitoring.

 Tumor Heterogeneity

The concept of spatial and temporal tumor cell heterogeneity 
has long been known [167, 168]. Clinically relevant ques-
tions remain:

• At the molecular level, to what extent is the biopsied sec-
tion of tumor representative of the whole tumor? [169, 
170].

• Are molecular characteristics of the original tumors and 
metastases the same?

• How are the molecular characteristics of the tumor chang-
ing over time?

• How would tumor heterogeneity affect clonal evolution 
and acquisition of resistance to treatment?

These are concepts that cannot be easily addressed 
through traditional surgical/needle biopsy. Analysis of 
ctDNA might help in addressing these questions since tumor 
DNA in the bloodstream might represent clinically relevant 
clones [171, 172].

 Access to Tissue

To perform somatic mutation analysis of solid tumors, ade-
quate high-quality samples are required. Typically, these are 
obtained either intraoperatively or through image-guided 
fine needle biopsy. The latter frequently provides only small 
amounts of cells, in particular in pancreatic cancer. 
Furthermore, as the potential role of genomic studies in 
monitoring of clonal changes occurring in tumors over time 
continues to expand, serial invasive biopsies are of limited 
utility. Evaluation of circulating tumor cells (CTC) and cell- 
free tumor DNA (ctDNA) can provide meaningful insights 
[164, 173, 174]. However, differences have been observed 
between results of ctDNA and tissue-based NGS DNA anal-
ysis [175]. In addition, mutations resulting from clonal 
hematopoiesis, but not from cancer cells, are frequently 
detected by ctDNA analysis and might lead to false-positive 

results [176]. Thus, the exact role of ctDNA in the manage-
ment of gastrointestinal cancers remains to be defined.

 Clinical Utility Challenges

NGS can detect potentially actionable mutations in cancer 
cells. Clinical availability of targeted therapies remains a 
practical clinical challenge—since results frequently suggest 
use of a particular drug outside of their approved indication. 
Access to drugs in such a situation is limited to clinical trials 
or off-label use of the targeted therapy. However, the rarity of 
driver/actionable mutations prevents testing of many muta-
tion/drug pairings in clinical trials. An approach of approval 
of NGS tests with ongoing evidence generation, as recently 
proposed by the FDA, might accelerate this process [177].

 Conclusion

Advances in cancer genomics have deepened our knowledge 
of cancer biology at a rapid and accelerating pace and have 
raised hopes for the development of increasingly efficacious 
tailored treatments for GI cancers. Further advances in high 
throughput technologies, tissue acquisition, and systems 
biology will set the stage for improved cancer diagnosis and 
treatment. Results of biomarker-based basket trials such as 
FOCUS, TAPUR, and NCI-MATCH will inform the future 
of precision oncology for GI malignancies and beyond.
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Preserving Fertility in Patients 
with Gastrointestinal Cancers

Didem Tunalı, Sule Yildiz Oğuz, Ugur Selek, Emre Balik, 
Senol Tonyali, Sertac Yazici, and Özgür Öktem

 Introduction

Millions of young women are diagnosed with cancer every 
year, and exposed to cytotoxic chemotherapy regimens and 
radiation [1]. Unfortunately, modern combination regimens 
of chemotherapy and radiotherapy consequently have nega-
tive impacts on both reproduction functions and quality of 
life for both females and males.

Premature gonadal failure, infertility, and other poor 
reproductive outcomes of subsequent cancer therapies are 
being recognized as long-term consequences of cancer ther-
apies. Therefore, preservation of gonadal function and fer-
tility has become one of the major quality of life issues for 
cancer survivors at reproductive ages. In addition, sphincter 
dysfunction and other issues related to permanent colos-
tomy are other factors that adversely affect the quality of 
daily and sexual life in the surviving patients with colorectal 
cancers. In this chapter, we will review the impact of treat-
ment modalities on reproductive functions of both female 

and male patients diagnosed with gastrointestinal cancers 
and summarize the current established and experimental 
strategies to preserve their fertility and reproductive 
function.

 Incidence and Facts About Gastrointestinal 
Cancers

The numbers of new cases of invasive cancer of the gastroin-
testinal system (GIS) that were expected in the United States 
in 2017 by sex are shown in Table 35.1 [2] with estimated 
new diagnoses and estimated deaths.

According to US cancer statistics of 20171, the estimated 
number of newly diagnosed GI cancers was 310,440, and the 
number of GI cancer deaths was estimated to be 157,700 [2]. 
Among both sexes, colorectal cancers are the most common 
of the GI cancers, followed by pancreas and hepatobiliary 
tract cancers. Estimated death rates are comparable in both 
sexes. Therefore, more focus will be given to colorectal 
cancers.

Newly diagnosed cancer patients consider fertility preser-
vation to be a critical issue [3, 4]. A trial in men showed that 
banking sperm was a positive factor for emotionally fighting 
with cancer, even though the sperm samples were never used 
for some patients [4]. The President’s Cancer Panel in the 
United States recommends that all cancer patients who are in 
the reproductive period of their life should be informed about 
the risk of treatment-related infertility.

In a trial of patients between 20 and 40  years old who 
were diagnosed with colorectal cancer, only 34% of them 
were told about the fertility risks associated with treatment 
and the options for fertility preservation [5]. Patients receiv-
ing radiation were more often offered fertility preservation, 
because of the well-known risks of radiation therapy on 
reproductive organs. Age was an important factor for this 
discussion, being statistically important in males; however, 

1 The most recent data available at the time of this chapter’s writing.
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while it was also important in females, it was not statistically 
significant according to this trial [5].

So as a result, fertility preservation options should be dis-
cussed with patients and referral to fertility specialists should 
be done as required.

 The Impact of Treatment Modalities 
for Gastrointestinal Tumors on 
Reproductive Organs

 Females

The clinical manifestations of chemotherapy-induced ovar-
ian damage may range from temporary menstrual irregular-
ity to amenorrhea, infertility, and premature ovarian failure 
depending upon the extent of the damage in the ovarian fol-
licle pool. Resting primordial follicles, the earliest form of 
follicles, constitute 90% of the follicle pool (ovarian 
reserve), with the remaining 10% belonging to the growing 
follicles at the primary stage and beyond [6]. The probability 
of developing such adverse reproductive outcomes depends 
on multiple factors such as the age and ovarian reserve of the 
patient, and the type, dose, and duration of the chemother-
apy regimen. Younger patients (<age 40) have larger ovarian 
reserves (higher number of primordial follicles in their ova-
ries) and therefore are more likely to retain or regain men-
strual function than those older than age 40 after exposure to 
chemotherapy drugs (22–56% vs. 11%) [7]. A chemother-
apy agent that preferentially targets the primordial follicles 
may result in the diminishment or total exhaustion of ovar-
ian reserve depending upon the toxicity, dose, and duration 
of the therapy. If the loss of ovarian function develops dur-
ing or shortly after the completion of cancer therapy, it is 
termed acute ovarian failure (AOF). AOF generally reflects 
the destruction of the growing follicle fraction, especially 

antral follicles and preovulatory follicles, which are the 
main sources of sex steroid secretion. AOF may be revers-
ible depending upon the extent of the damage in the follicle 
stockpile. But it should be remembered that return of men-
ses does not guarantee a normal reproductive life span since 
the loss of primordial follicles may occur insidiously with-
out any warning sign or menstrual abnormalities. This also 
explains why women with critically diminished ovarian 
reserves may continue to menstruate regularly. For survivors 
who retained or resumed ovarian function after the comple-
tion of cancer treatment, a subset will go on to experience 
menopause before age 40 and be classified as having prema-
ture menopause.

 Males

Chemotherapy, surgery, and irradiation adversely affect tes-
ticular function by various mechanisms such as direct cyto-
toxic effect on the germ cells and traumatic injury of the 
testes and its vascular structures and innervations [8]. It has 
been shown that about 40–63% of men have impaired sperm 
quality (such as low count, poor motility, or abnormal mor-
phology) at the time of cancer diagnosis [9]. The testis was 
found to be highly vulnerable to the toxic effects of chemo-
therapy and irradiation in all stages of a male’s life. The risk 
of testicular dysfunction or failure is dependent on the type 
and dose of chemotherapeutic agent and duration of irradia-
tion, and its manifestation varies from temporary oligozoo-
spermia to permanent azoospermia depending upon the 
extent of the damage.

Cytotoxic effects of gonadotoxic treatment after puberty 
in males is an extensively studied issue. However, there is 
a paucity of information regarding the effects of these 
treatment modalities to immature testes. The most actively 
proliferating cells are more prone to the cytotoxic effects 

Table 35.1 Cancer statistics 2017 [2]

Estimated new cases Estimated deaths
Both sexes Male Female Both sexes Male Female

Digestive system 310,440 175,650 134,790 157,700 92,350 65,350
Esophagus 16,940 13,360 3580 15,690 12,720 2970
Stomach 28,000 17,750 10,250 10,960 6720 4240
Small intestine 10,190 5380 4810 1390 770 620
Colon 95,520 47,700 47,820 50,260 27,150 23,110
Rectum 39,910 23,720 16,190
Anus, anal canal, and anorectum 8200 2950 5250 1100 450 650
Liver and intrahepatic bile duct 40,710 29,200 11,510 28,920 19,610 9310
Gallbladder and other biliary 11,740 5320 6420 3830 1630 2200
Pancreas 53,670 27,970 25,700 43,090 22,300 20,790
Other digestive organs 5560 2300 3260 2460 1000 1460
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of gonadotoxic treatment, thus the differentiating sper-
matogonia are most susceptible to these treatments. It has 
also been reported that less active stem cell poll might be 
depleted. The recovery of sperm production after cancer 
treatment is associated with the spermatogonial stem cell 
population and their differentiation ability. If the treatment 
does not kill spermatogonial stem cells, normal sperm pro-
duction is usually achieved within 3 months after cancer 
treatment.

Long-term survivors of cancer (lymphoma, testicular can-
cer, colorectal cancer, etc.) are affected by long-term effects 
of chemotherapy.

Spermatogenesis is more affected by chemotherapy than 
is testosterone production because the germinal epithelium 
of testis is more sensitive to being destroyed by chemother-
apy than are the Leydig cells. The degree of the damage of 
germinal epithelium of the testis is affected by the stage of 
the sexual maturation of the testis. Postpubertal testis is more 
sensitive to the deterioration of chemotherapy when com-
pared with prepubertal testis [10]. The effects of chemother-
apy on sperm production depend on both the drug type and 
drug dose [11–16].

Germinal Epithelium The cells in the seminiferous tubules 
of the germinal epithelium have the highest mitotic index 
and meiotic index, so they are the ones that are most affected 
by the toxic effects of chemotherapy [12, 17]. As a result of 
the kinetics of spermatogenesis, sperm counts begin to 
decrease within a few weeks of chemotherapy, and azoosper-
mia occurs in 2–3 months [18, 19]. Chemotherapy is most 
toxic to rapidly proliferating type B spermatogonia because 
chemotherapy agents are acting on the sperm cells during 
cell division. Type B spermatogonia can be reproduced from 
the germinal stem cell layer.

But the severity and duration of gonadal damage is best 
related to the number of damaged stem cells (also called type 
A spermatogonia) [20]. Drugs that destroy the stem cells 
cause permanent infertility. When the stem cells within the 
tubules remain intact, spermatogenesis may recover approxi-
mately 12 weeks after chemotherapy.

Leydig Cells These cells are the ones that produce testos-
terone and they are less commonly affected by chemotherapy 
[11, 21, 22]. When there is Leydig cell abnormality, we 
observe low levels of testosterone and high levels of lutein-
izing hormone (LH) [22]. In a clinical trial of 35 male 
patients suffering from mild Leydig cell damage after che-
motherapy, supplemental testosterone for 12 months showed 
no beneficial impact on the quality of life, lipids, or bone 
mineral density (BMD) [23]. However, in patients with 
hypogonadal testosterone levels, testosterone replacement is 
a reasonable option.

 Chemotherapy and Other Systemic 
Therapies

 Females

Chemotherapy agents have different gonadotoxic potentials 
depending upon their category and mode of action. Alkylating 
agents such as cyclophosphamide are the most toxic. They 
are followed in order of decreasing cytotoxicity by platinum 
drugs, topoisomerase inhibitors, taxanes, anthracyclines, and 
antimetabolite drugs (Table  35.2) [24–27]. Some of these 
drugs are cell cycle specific and some are not. In the former 
category, methotrexate and 5-fluorouracil (5-FU) exert their 
cytotoxic effects in the S phase during DNA replication, 
while vinorelbine and taxanes (also called mitotic inhibitors) 
impair mitotic cell division by disrupting polymerization and 
depolymerization of mitotic spindles, respectively. In con-
trast, cell cycle nonspecific agents such as cyclophospha-
mide, topoisomerase inhibitors, and antitumor antibiotics 
(anthracyclines) damage cells at every stage of the cell cycle, 
causing a more widespread ovarian damage. Resting primor-
dial follicles appear to be more sensitive to cyclophosphamide- 
induced gonadotoxicity than growing follicles at primary 
stage and beyond [28]. Chemotherapy agents that act in a 
cell cycle specific manner, such as 5-FU and methotrexate, 
are less harmful to primordial follicles and are more likely to 
damage the fraction of growing follicles with higher meta-
bolic demand such as preantral and antral cohorts in the 
ovary. Unfortunately, there is a paucity of data in the litera-
ture that assesses the gonadotoxic potentials of chemother-
apy regimens used in the treatment of GIS tumors.

Oxaliplatin, 5-FU, capecitabine, irinotecan, cetuximab, 
bevacizumab, panitumumab, or aflibercept are used preop-
eratively or postoperatively in the treatment of colorectal 
cancers [29–32].

 Cytotoxic Drugs
Among the aforementioned drugs, oxaliplatin is more detri-
mental to the ovary than the others. Oxaliplatin and other 
platinum-containing cancer drugs such as cisplatin (cisplatin 
is widely used for gastric cancer treatment) cause the DNA 
strands to cross link, which impairs DNA replication and 
mitosis, and ultimately induces apoptosis.

5-FU and its orally administered prodrug form, 
capecitabine, have the least or no ovarian toxicity at all [1]. 
Oxaliplatin is combined with 5-FU and leucovorin in what is 
known as the FOLFOX regimen. In a study of 73 females 
under age 50 who were treated with this regimen, 41% 
(n = 20) experienced amenorrhea during chemotherapy and 
16% had persistent amenorrhea 1  year after completion of 
chemotherapy [33]. The incidence of amenorrhea during che-
motherapy trended higher in patients older than 40 compared 
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Table 35.2 Chemotherapy drugs categorized according to their mechanism of action and effect on ovarian functions [24–27]

Category Group Gonadotoxicity

Antimetabolites Folic acid antagonists (aminopterin, methotrexate, 
pemetrexed, raltitrexed)
Purine analogs (cladribine, clofarabine, fludarabine, 
mercaptopurine, pentostatin, thioguanine)
Pyrimidine analogs (cytarabine, decitabine, fluorouracil/
capecitabine, floxuridine, gemcitabine, enocitabine, 
sapacitabine)

Mild toxicity
Block DNA synthesis
Cell cycle specific (S phase, DNA synthesis)
Possibly more toxic on the growing fraction of the follicle pool at 
preantral stage and onward due to their higher mitotic rates and 
metabolic demands

Alkylating agents Nitrogen mustards (chlorambucil, chlormethine, 
cyclophosphamide, ifosfamide, melphalan, bendamustine, 
trofosfamide, uramustine)
Nitrosoureas (carmustine, fotemustine, lomustine, 
nimustine, prednimustine, ranimustine, semustine, 
streptozocin)
Platinum (alkylating- like) (carboplatin, cisplatin, 
nedaplatin, oxaliplatin, triplatin tetranitrate, satraplatin)
Alkyl sulfonates (busulfan, mannosulfan, treosulfan)
Hydrazines: (procarbazine)
Triazenes: (dacarbazine, temozolomide)
Aziridines (carboquone, ThioTEPA, triaziquone, 
triethylenemelamine)

Alkylating chemotherapeutics are the most gonadotoxic agents
Targets cells at different stages of cell cycle (not cell cycle 
specific). They exert selectively more toxicity on resting 
primordial follicles (cyclophoshamide)
High-dose cyclophosphamide (200 mg/kg) is frequently used as 
conditioning therapy before bone marrow transplantation (BMT)
Used as the first-line therapy for leukemia, lymphoma, and other 
pediatric tumors

Spindle poisons
Mitotic inhibitor

Taxanes (docetaxel, larotaxel, ortataxel, paclitaxel, 
tesetaxel)
Vinca (vinblastine, vincristine, vinflunine, vindesine, 
vinorelbine, ixabepilone)

Less cytotoxic than alkylating agents and platinum group
Taxanes function as mitotic inhibitor by stabilizing microtubules 
and as a result, interfering with the normal breakdown of 
microtubules during cell division
The vinca alkaloids inhibit assembly of microtubule structures. 
Disruption of the microtubules arrests mitosis in metaphase. 
Therefore, the vinca alkaloids affect all rapidly dividing cell types 
including cancer cells, but also those of intestinal epithelium and 
bone marrow
No ovarian toxicity was documented in a small number of women 
receiving vincristine [24]

Cytotoxic
Antitumor 
antibiotics

Anthracycline family (aclarubicin, daunorubicin, 
doxorubicin, epirubicin, idarubicin, amrubicin, pirarubicin, 
mitoxantrone, pixantrone, valrubicin, zorubicin)
Streptomyces (actinomycin, bleomycin, mitomycin, 
plicamycin)—hydroxyurea

Anthracyclines inhibit DNA and RNA synthesis by intercalating 
between base pairs of the DNA/RNA strand, thus preventing the 
replication of rapidly growing cancer cells
They also create iron-mediated free oxygen radicals that damage 
the DNA and cell membranes
They follow alkylating and platinum compounds in ovarian 
toxicity
They inhibit transcription by binding DNA at the transcription 
initiation complex and preventing elongation by RNA polymerase
Their gonadal toxicity profiles are similar to anthracyclins

Topoisomerase 
inhibitors

Camptotheca (camptothecin, topotecan, irinotecan, 
rubitecan, belotecan)
Podophyllum: (etoposide, teniposide)

They form a ternary complex with DNA and the topoisomerase I 
enzyme, preventing re-ligation of the DNA strands. This causes 
errors in DNA synthesis and promotes apoptosis of the cancer cell
Limited data suggest moderate ovarian toxicity [25–27]

Monoclonal 
antibodies

Receptor tyrosine kinase inhibitors (cetuximab, 
panitumumab, trastuzumab)—CD20 (rituximab)
Others (alemtuzumab, bevacizumab, edrecolomab, 
gemtuzumab)

No data on ovarian toxicity

Tyrosine kinase 
inhibitors

Axitinib, bosutinib, cediranib, dasatinib, erlotinib, gefitinib, 
imatinib, lapatinib, lestaurtinib, nilotinib, semaxanib, 
sorafenib, sunitinib, vandetanib

No data on ovarian toxicity

Cyclin- dependent 
kinase inhibitors

Alvocidib, seliciclib No data on ovarian toxicity

Others Fusion protein (aflibercept), denileukin diftitox No data on ovarian toxicity
Photosensitizers Aminolevulinic acid, efaproxiral, methyl aminolevulinate, 

porfimer sodium, talaporfin, temoporfin, verteporfin
No data on ovarian toxicity

Ungrouped Retinoids (alitretinoin, tretinoin), anagrelide, arsenic 
trioxide, asparaginase (pegaspargase), atrasentan, 
bortezomib, carmofur, celecoxib, demecolcine, elesclomol, 
elsamitrucin, etoglucid, lonidamine, lucanthone, 
masoprocol, mitobronitol, mitoguazone, mitotane, 
oblimersen, omacetaxine, sitimagene ceradenovec, tegafur, 
testolactone, tiazofurine, tipifarnib, vorinostat

No data on ovarian toxicity

D. Tunalı et al.



637

with patients aged 40 and younger (59% vs. 31%; p = 0.075). 
There was no statistically significant difference in persistent 
amenorrhea between the two age groups (24% vs. 13%; 
p  = 0.42) [33]. A similar study compared the incidence of 
amenorrhea in 95 premenopausal women with colon carci-
noma and 67 premenopausal women with rectal carcinoma 
aged 40 years or younger [34].

FOLFOX (5-fluorouracil, calcium leucovorin, oxalipla-
tin), XELOX (capecitabine, oxaliplatin), or capecitabine 
alone are used as adjuvant treatment in colorectal cancer 
patients after optimal surgery. Patients with stage II or III 
rectal cancer were treated with neoadjuvant or adjuvant 
chemoradiotherapy with 5-FU or capecitabine. The inci-
dence of amenorrhea was no different between the women 
receiving adjuvant FOLFOX and those receiving XELOX 
(4.9% vs. 5.6%; p = 0.913). Of the 51 patients with rectal 
cancer, 48 patients (94.1%) experienced a cessation of men-
ses during chemoradiotherapy, and no patient resumed men-
ses after the completion of chemoradiotherapy. Only three 
(5.9%) patients maintained menses after the completion of 
treatment. Thus, the incidence of amenorrhea was signifi-
cantly lower in patients with colon cancer (4.2%; 3 of 72) 
when compared with patients with rectal cancer (94.1%; 48 
of 51) (p < 0.01) [34].

Limited data on the gonadotoxicity of irinotecan and 
other topoisomerases suggest that they are more toxic to the 
ovary than antimetabolite drugs. Irinotecan induced apopto-
sis of the granulosa cells of the ovarian follicles by upregu-
lating FasL expression [35, 36].

Docetaxel, cisplatin, oxaliplatin, 5-FU, capecitabine, epi-
rubicin, and irinotecan are commonly used before or after 
surgery in the treatment of gastric carcinomas [37]. Cisplatin 
and oxaliplatin pose a greater risk of ovarian damage than 
other drugs. Data on ovarian toxicity of docetaxel is largely 
derived from breast cancer patients receiving taxane-based 
chemotherapy protocols. For instance, the PACS01 trial—
comparing six cycles of fluorouracil, epirubicin, and cyclo-
phosphamide (6FEC) versus three cycles of FEC followed 
by three  cycles of docetaxel (3FEC/3D)—showed that 
patients receiving the 6FEC versus the 3FEC/3D had similar 
rates of amenorrhea at the end of chemotherapy (93% vs. 
92.8%) [38]. However, 1  year later more patients in the 
3FEC/3D arm than in the 6FEC arm recovered menses 
(35.5% vs. 23.7%, p < 0.05) and had premenopausal  hormone 
levels (43% vs. 29%). There was an increased incidence of 
reversible amenorrhea (i.e., resumption of menses or recov-
ery of premenopausal hormone values) in the taxane- 
containing arm for patients aged more than 40 years (20.5 vs. 
10.5%, p  =  0.025), whereas there was no difference in 
patients below 40 years of age, suggesting that the addition 
of docetaxel to the FEC regimen may increase the gonado-
toxic potential of the regimen in older patients. The Breast 
Cancer International Research Group (BCIRG) 01 trial 

showed that the incidence of amenorrhea was higher in the 
docetaxel, doxorubicin, and cyclophosphamide (TAC) arm 
compared with the fluorouracil, doxorubicin, and cyclophos-
phamide (FAC) arm (51.4% vs. 32.8%, respectively) [39]. In 
the light of these data, it can be concluded that docetaxel has 
a moderate gonadotoxic potential.

Similarly to other anthracyclines, epirubicin acts by inter-
calating DNA strands. Intercalation results in complex for-
mation that inhibits DNA and RNA synthesis. It also triggers 
DNA cleavage by topoisomerase II, resulting in mechanisms 
that lead to cell death. Binding to cell membranes and plasma 
proteins may be involved in the compound’s cytotoxic 
effects. Epirubicin also generates free radicals that cause cell 
and DNA damage [1]. Anthracyclines are far less toxic than 
alkylating agents and platinum drugs. Amenorrhea was 
reported by 80% of premenopausal patients who received 
anthracycline-based regimens for breast cancer. However, 
none of the patients under 30  years of age had menstrual 
abnormalities, whereas 96% of those 40–49  years of age 
developed amenorrhea. Amenorrhea was permanent for most 
women over 40, but it was reversible for 50% of patients 
under 40 years of age [40].

 Monoclonal Antibodies
Monoclonal antibodies are used in the metastatic period of 
GI cancers. Cetuximab and panitumumab are monoclonal 
antibodies that inhibit epidermal growth factor receptor 
(EGFR). Bevacizumab and aflibercept are inhibitors of vas-
cular endothelial growth factor (VEGF) pathway. In 2011 the 
US Food and Drug Administration (FDA) added a warning 
label to bevacizumab because of its ovarian toxicity, which 
was documented in a prospective study conducted by the 
developer company. In that study 179 premenopausal women 
were randomized to receive chemotherapy with or without 
bevacizumab; the incidence of ovarian failure was higher in 
the bevacizumab arm (34%) compared to the control arm 
(2%). After discontinuation of bevacizumab and chemother-
apy, recovery of ovarian function occurred in 22% (7/32) of 
these bevacizumab-treated patients [41].

Receptor Tyrosine Kinase Inhibitors
Imatinib mesylate is a small molecule tyrosine kinase inhibi-
tor (TKI) that targets BCR-ABL and c-kit and is used in the 
treatment of gastrointestinal stromal tumors (GISTs) in GI 
cancers. There are some case reports that show gonadotoxic 
effects of this drug on human ovary [42, 43]. Two animal stud-
ies assessing the protective role of this drug against cisplatin- 
induced ovarian toxicity yielded conflicting results [44, 45]. A 
recent in vitro study utilizing human ovarian tissue samples 
and granulosa cells showed that imatinib had gonadotoxic 
effects on human ovary and did not confer any protection 
against cisplatin-induced follicle death [46]. Well- designed 
clinical studies are needed to test its gonadotoxic effects.
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 Males

The chemotherapy agents that are most deleterious for male 
fertility are alkylating agents (cyclophosphamide, chloram-
bucil, cisplatin, and busulfan). Among these drugs, cisplatin 
is the one that we mostly use in GI cancers—especially in 
gastric, pancreatic, and biliary tract cancers. Oxaliplatin is 
widely used in regimens for colorectal, gastric, pancreatic, 
and biliary cancers. These drugs have a risk of permanent 
infertility with cumulative dose ranges [11, 17, 21, 47, 48]. 
Infertility with alkylating agents is dose and age dependent. 
We will discuss each drug below.

For many cases, azoospermia or oligospermia is tempo-
rary after chemotherapy; sperm production recovers within 
months to as long as 4 years following therapy. Sperm counts 
do appear to be lower after chemotherapy, and there can be 
damage to the DNA of sperm after chemotherapy. This dam-
age is repaired by 2 years after therapy, although the exact 
time for repair is not known. That is why men are typically 
counseled to wait 2  years after therapy before fathering a 
child.

In prepubertal males, some chemotherapeutics impair fer-
tility; fortunately, in many cases, azoospermia is not perma-
nent, and after a variable period of time, spermatogenesis 
comes back [20, 49]. But most of the data about the impact 
of chemotherapy on spermatogenesis comes from the studies 
including adult patients [50, 51].

 Cytotoxic Drugs
Chemotherapy drugs that have the highest risk of infertility 
in males are actinomycin D, busulfan, carboplatin, carmus-
tine, chlorambucil, cisplatin, cyclophosphamide (Cytoxan®), 
cytarabine, ifosfamide, lomustine, melphalan, nitrogen mus-
tard (mechlorethamine), and procarbazine (Table 35.3) [52]. 
Higher doses of these drugs may cause permanent infertility, 
and combination regimens may cause more deterioration of 
fertility. The risks of permanent infertility are higher when 
males are treated with a combination of chemotherapy and 
radiotherapy to the abdominal region or pelvis.

Some drugs have a lower risk of infertility in males when 
they are given in low to moderate doses 5-fluorouracil (5-FU), 
6-mercaptopurine (6-MP), bleomycin, cytarabine (Cytosar®), 
dacarbazine, daunorubicin (Daunomycin®), doxorubicin 
(Adriamycin®), epirubicin, etoposide (VP-16), fludarabine, 
methotrexate, mitoxantrone, thioguanine (6-TG), thiotepa, 
vinblastine (Velban®), and vincristine (Oncovin®).

Cisplatin, oxaliplatin, 5-FU, capecitabine, and irinotecan 
are the drugs that we use in the treatment of GI cancers. The 
regimens are FOLFOX, XELOX, FOLFIRI (leucovorin, 
5-FU, irinotecan), FOLFIRINOX (leucovorin, 5-FU, irinote-
can, oxaliplatin), and DCF (docetaxel, cisplatin, 5-FU) are 
the combination regimens that we generally prefer to use for 
the GI cancers.

Oxaliplatin is a phase nonspecific alkylating-like platinum 
agent just like cisplatin. In a trial, eight male patients receiv-
ing oxaliplatin (two patients were metastatic and additionally 
received bevacizumab) were treated with XELOX or 
FOLFOX regimens. The median age for the men was 38 years 
(33–41 years). After treatment the male patients had follicle-
stimulating hormone (FSH) elevation and inhibin-B deple-
tion, which means that spermatogenesis was affected. 
However, their testosterone levels transiently increased, and 
sex hormone-binding globulin (SHBG) levels were not 
altered, indicating that their Leydig cells were functional [53].

5-FU is a cell cycle specific (S phase, DNA synthesis) 
drug and widely used in combination with other drugs in 
almost all of the GI cancer treatment regimens. A trial with 
rats showed that 5-FU decreased the number of spermatozoa 
in a time- and dose-dependent manner. 5-FU decreases the 
number of spermatozoa by inhibition of cell multiplication 
and interference with the sperm differentiation process [54]. 
There is a negative linear correlation between the sperm 
count and 5-FU exposure. The deepest fall in the sperm 

Table 35.3 Chemotherapy drugs with highest risk of infertility in 
males

Chemotherapy (dose to cause 
effect) Known effect on sperm count
Chlorambucil (1.4 g/m2) Prolonged or permanent 

azoospermiaCyclophosphamide (19 g/m2)
Procarbazine (4 g/m2)
Melphalan (140 mg/m2)
Cisplatin (500 mg/m2)
BCNU (1 g/m2) Azoospermia in adulthood if 

treated before pubertyCCNU (500 mg/m2)
Busulfan (600 mg/m2) Azoospermia likely, and these 

are often given with other highly 
sterilizing agents, adding to the 
effect of them

Ifosfamide (42 g/m2)
BCNU (300 mg/m2)
Nitrogen mustard
Actinomycin D
Doxorubicin (770 mg/m2) When used alone, causes only 

temporary reductions in sperm 
count. In combination with the 
above agents, may be additive in 
causing azoospermia

Thiotepa (400 mg/m2)
Cytarabine (1 g/m2)
Vinblastine (50 g/m2)
Vincristine (8 g/m2)
Amsacrine When used in conventional 

regimens, cause only temporary 
reductions in sperm count. In 
combination with the above 
agents, may be additive in 
causing azoospermia

Bleomycin
Dacarbazine
Daunorubicin
Epirubicin
Etoposide
Fludarabine
Fluorouracil
6-mercaptopurine
Methotrexate
Mitoxantrone
Thioguanine

Adapted from [52]
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count occurs on the 35th day of 5-FU administration. This 
points out that the cells that are most sensitive to 5-FU are 
the ones belonging to the spermatogonial cell population and 
the toxicity of 5-FU rises over time [54].

Irinotecan is an S phase-specific inhibitor of topoisomer-
ase I. Irinotecan prevents ligation of the DNA strand by bind-
ing to topoisomerase I-DNA complex, and causes 
double-strand DNA breakage and cell death, which impairs 
cell proliferation. In vivo, irinotecan is converted into its 
active metabolite, 7-ethyl-10-hydroxycamptothecan (SN38), 
and that is a thousand times more cytotoxic than irinotecan 
itself [55]. In a mouse model trial, it was shown that 
irinotecan- metabolite SN38 resulted in damage to testes, sig-
nificantly affecting germ cells following exposure to clini-
cally relevant concentrations of SN38. Interestingly, in 
contrast, it had only minor effects on the ovaries and had no 
effects on ovarian germ cell number even following exposure 
to 50 times higher concentrations of SN38 than that reported 
to date in patients following irinotecan administration [56]. 
In this trial, prepubertal mice were used and this model 
shows that germ cells in the ovaries of prepubertal girls may 
be less susceptible to damage by irinotecan administration 
than those in the testes of prepubertal boys [56].

Men undergoing chemotherapy including irinotecan are 
generally warned of a possible impairment in sperm produc-
tion, [57] despite the fact that there are no data available 
showing the effect of irinotecan on spermatogenesis.

Cisplatin is a phase nonspecific alkylating-like platinum 
agent. As we mentioned earlier, alkylating chemotherapeu-
tics are the most gonadotoxic agents. Cumulative doses 
>400 mg/m2 cisplatin cause permanent infertility in 50% of 
men, but lower doses may not cause long-term impaired fer-
tility [16]. In a trial of germ cell tumors, with one group 
receiving chemotherapy and the other group not receiving 
chemotherapy, it was shown that serum FSH and LH levels 
showed significant differences in the group of patients who 
received cumulative cisplatin above 400  mg/m2. These 
patients were also the ones with azoospermia [18]. Yet, some 
studies have found no significant differences in FSH and LH 
levels after 2 years of chemotherapy including total cisplatin 
less than 400 mg/m2 [58].

Unfortunately, permanent azoospermia may happen in 
more than 50% of the patients who received total cisplatin of 
more than 600 mg/m2 [59]. It is difficult to predict the time 
and dose dependence of recovery in patients receiving cis-
platin, because in a trial with follow-up of 8 years, some of 
the patients achieved a recovery of spermatogenesis even 
though they received more than 600 mg/m2 cisplatin [60].

The existing trials with gemcitabine on male fertility are 
only the ones with animal models. In one of these trials, there 
was a reduction in height, perimeter, and area of seminifer-
ous tubular morphology of Swiss albino mice; the sertoli cell 
number of the mice also decreased. Sperms have shown 

banana heading and lost their normal look. The effects were 
partially reversible at the end of 2 months for sperms and 
permanent after 2  months for sertoli cells. Consequently, 
gemcitabine affects the process of spermatogenesis adversely 
in a dose- and time-dependent manner; the effects are par-
tially reversible [61].

 Monoclonal Antibodies
Bavcizumab can impair fertility in women, but there are no 
studies showing reduction in male fertility.

When added to cisplatin, cetuximab exacerbated the 
effects of cisplatin on testicular parameters: including testis 
and epididymis weights, epididymal-spermatozoa total 
motile count, anti-Müllerian hormone (AMH) concentration, 
meiosis, and apoptosis. In fact, cetuximab had a mild effect 
on testicular reserve, but when added to cisplatin it exacer-
bated cisplatin-induced testicular toxicity [62].

 Radiation Therapy
Spermatogenesis is highly vulnerable to damage even at very 
low doses of irradiation. However, the extent of the damage 
depends on the dose, treatment area, and fractionation sched-
ule. Recovery of spermatogenesis takes place by means of 
type A spermatogonia within 30 months following radiation 
with 2–3  Gy. Permanent damage in spermatogenesis and 
permanent azoospermia may occur at doses exceeding 6 Gy.

The utility of radiotherapy in rectal cancers was ques-
tioned via two important meta-analyses, and its robust role 
has been verified [63, 64]. The Colorectal Cancer 
Collaborative Group (CCCG) evaluated 22 trials including 
8500 cases and concluded that both preoperative (46% dec-
rement in  local recurrence) and postoperative (37% decre-
ment in  local recurrence) radiotherapies provided local 
control benefit over surgery alone [63]. The Swedish Council 
of Technology Assessment in Health Care reported their 
analysis of 42 randomized studies, 3 meta-analyses, and 36 
prospective and 7 retrospective studies including 25,000 
cases and concluded that the preoperative radiotherapy 
approach ensured better local control than postoperative 
radiotherapy [64]. The point to be remarked upon is the sig-
nificant 10% increase in overall survival with preoperative 
single-modality radiotherapy while the postoperative radio-
therapy approach failed to reach significance without 
chemotherapy.

The first randomized study demonstrating overall survival 
benefit for all cohorts with preoperative radiotherapy alone 
was the Swedish trial [65]. Clinically resectable 1168 rectal 
cancer patients were randomized to 25 Gy (5 Gy fractions in 
1 week) preoperative radiotherapy and immediate surgery in 
1 week versus surgery alone, and revealed the local control 
and overall survival benefit with preoperative radiotherapy. 
In the era of total mesorectal excision (TME), a Dutch trial 
evaluated the same protocol and pointed out the significant 
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decrement in  local failures (surgery alone 8.2% vs. radio-
therapy + surgery 2.4%) while noting longer a follow-up 
requirement for survival [66]. Swedish trials [67–69] com-
paring surgery alone with neoadjuvant short-course radio-
therapy and immediate surgery identified that radiotherapy 
reduced local recurrence ranging from 52% to 65% as well 
as resulted in an absolute benefit of 8% in overall survival at 
13 years [69]. Even in the TME era, randomized studies of 
the Dutch TME trial [70, 71] and Medical Research Council 
(MRC) CR07 trial [72] showed an approximately 50%–60% 
relative reduction of local recurrence after short-course pre-
operative radiotherapy with an absolute local control benefit 
of 5%–6%, while no overall survival benefit with radiation 
was found.

Preoperative radiotherapy has been shown to be prefera-
ble to postoperative radiotherapy with lower rates of local 
relapse and toxicity [73, 74]. The regimens differ in the pre-
operative radiotherapy approach. While a short course is pre-
ferred in Northern Europe, a long course is favored in 
Southern Europe and America. Neoadjuvant radiotherapy 
has been developed to offer two regimens that could be 
accepted as standard for resectable rectal cancer: short- 
course 25 Gy (5 × 5 Gy) radiation therapy alone and long- 
course chemoradiation therapy (CRT).

The literature was lacking randomized trials comparing 
neoadjuvant short-course radiotherapy with neoadjuvant 
chemoradiotherapy for T3 cancers until the results of 2 trials 
questioning this dilemma [75–79]: (1) a Polish study evalu-
ating the difference in rates of sphincter-preserving surgery 
between the long-course chemoradiation and short-course 
radiotherapy, and (2) an Australian study evaluating differ-
ences in local recurrence rates between these arms. Both tri-
als demonstrated significantly increased early radiation 
toxicity in the chemoradiation group (grade 3–4 acute toxic-
ity rates, Polish, 18% vs. 3%; Australian, 28% vs. 1.9%), 
which turned into improved adherence to the protocol in 
short-course radiation-only arms. Interesting in the Polish 
trial were the similar sphincter-preservation rates in both 
arms (short: 61% and long: 58%) and lower local recurrence 
rates in the short arm (short: 10.6% and long: 15.6%). 
Although the follow-up is still limited, no significant differ-
ences were observed between the randomized groups regard-
ing survival, postoperative complications, late toxicity rates 
(severe late toxicity, Polish: 10.1% vs. 7.1%; Australian: 
7.6% vs. 8.8%), quality of life, and anorectal and sexual 
functions in males and females.

The recent phase III Polish II trial for cT4 or fixed cT3 
rectal cancer investigated the comparison of long-course pre-
operative chemoradiation of 50.4  Gy in 28 fractions com-
bined with two 5-day cycles of bolus 5-FU 325 mg/m2/day 
and leucovorin 20 mg/m2/day during the first and fifth week 
of irradiation along with 5 infusions of oxaliplatin 50 mg/m2 
once weekly versus short course 5 × 5 Gy and 3 cycles of 

consolidation FOLFOX4 chemotherapy [80]. Bujko et  al. 
revealed no differences in local efficacy between both arms 
but an improved overall survival and lower acute toxicity for 
the 5× 5 Gy schedule with consolidation chemotherapy [80]. 
The RAPIDO phase 3 trial is open to accrual for locally 
advanced rectal cancer randomizing a standard arm of 
chemoradiation (1.8 Gy × 25 or 2 Gy × 25 with capecitabine) 
preoperatively, followed by selective postoperative adjuvant 
chemotherapy of eight cycles of CAPOX (capecitabine and 
oxaliplatin) versus short-course radiotherapy followed by 
neoadjuvant six cycles of CAPOX chemotherapy [81].

Neoadjuvant therapy also has been investigated to be a 
total preoperative therapy before surgery with upfront rather 
than adjuvant chemotherapy to further improve outcomes by 
addressing possible micrometastatic disease as well as the 
primary tumor. Two phase II studies, UK and Spain trials, 
have evaluated induction chemotherapy followed by CRT 
before surgery in high-risk patients based on magnetic reso-
nance imaging (MRI) for extent of extramural tumor and risk 
of circumferential resection margin positivity [82, 83]. 
Induction CAPOX chemotherapy before CRT in the UK 
EXPERT and Spanish GCR-3 trials had similar pathological 
complete response (pCR) and complete resection rates in 
comparison to postoperative adjuvant CAPOX, while more 
favorable compliance and toxicity profiles were achieved 
[83, 84]. Similarly, the Memorial Sloan Kettering Cancer 
Center (MSKCC) experience of total neoadjuvant radiother-
apy with FOLFOX and chemoradiation followed by planned 
TME resulted in a considerable rate of pCR, and delivery of 
planned therapy, in addition to offering a very selective 
decent stand for possible nonoperative management [85]. 
mFOLFOX6 chemotherapy after concurrent chemoradiation 
before TME has also shown a potential to increase the pCR 
up to 38% [86].

The recently proposed NRG-GI002 phase II clinical trial 
platform will be randomizing a phase II modular clinical trial 
utilizing total neoadjuvant therapy with parallel experimen-
tal arms [87].

 Females

Ionizing radiation and chemotherapy agents induce genomic 
damage and apoptosis in both oocytes and the surrounding 
granulosa cells, culminating in apoptotic death of the follicu-
lar apparatus [1, 88].

The direct action of radiation on DNA is the predominant 
mechanism of damage for particle radiation. There are also 
indirect actions that come from the interaction of radiation 
with other substances in the cell, such as water leading to the 
formation of free radicals and DNA damage. This mecha-
nism is particularly true for sparsely ionizing radiation such 
as X-rays. Gonadal damage occurs by direct exposure to 
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radiation such as in the case of pelvic or low abdominal or 
lumbo-sacral spinal irradiation [89]. Furthermore, scatter 
radiation may cause significant damage even if the gonads 
are outside the radiation field. The risk of premature ovarian 
failure is higher with increasing radiation doses. Single doses 
appear to be more toxic than fractionated doses [90]. The 
dose required to induce permanent ovarian failure would vary 
from 20.3 Gy at birth to 14.3 Gy at 30 years [91]. In contrast 
to chemotherapy, uterine function is also often irreversibly 
compromised by radiation. Radiation-induced damage to 
uterine vascular and muscular structures result in decreased 
uterine blood flow, reduced uterine volume, decreased endo-
metrial thickness, and loss of distensibility, and can poten-
tially lead to infertility and adverse pregnancy outcomes such 
as miscarriages, still births, fetal growth restrictions, pre-
eclampsia, and preterm deliveries in the survivors exposed to 
uterine radiation during childhood [89, 92–94].

 Males

Radiotherapy for rectal cancer has been shown to be associ-
ated with reduced serum testosterone and increased FSH and 
LH [95]. Abdominal or pelvic radiotherapy in men bears the 
potential risk of scattered doses to the testes, which are out-
side of the treatment volume, causing impairment of their 
fertility [96]; measurements on anthropomorphic phantoms 
and thermoluminescent dosimetry measures on patients 
determined the magnitude of the scattered testicular doses (in 
four-field treatment with anterior-posterior and two lateral 
parallel pairs) to be approximately 1–2% of the target dose 
[96]. The risk of infertility after pelvic radiation depends on 
the testicular doses. Doses as small as 0.1 Gy would lead to 
decreased sperm counts, whereas doses of 1.5–4 Gy would 
possibly result in permanent sterility as spermatozoa seem 
not to tolerate irradiation doses higher than 6 Gy [97]. If total 
gonadal dose in any kind of scatter in pelvic radiotherapy 
exceeds 1.5 Gy, irreversible azoospermia is at stake [98]. The 
Leydig cells, responsible for testosterone production, are less 
sensitive to radiation effects, but start to be damaged by doses 
higher than 15–20  Gy in prepubescent males and above 
30 Gy in mature males [97]. If the testicular dose is not high 
enough for permanent azoospermia, sperm counts are gener-
ally at their lowest in 4–6 months after treatment while they 
are expected to return to pretreatment levels in most males 
10–24 months after treatment—possibly longer with higher 
doses. The treatment position of pelvic radiotherapy was also 
shown to be effective on testicular doses in patients with rec-
tal carcinoma, and supine four-field pelvic radiotherapy 
seemed to provide lesser testicular doses to prone four-fields 
and prone three-fields in male patients with rectal carcinoma 
receiving 45 Gy pelvic radiotherapy [99]. Mean LH and FSH 
levels were shown to significantly increase after pelvic ther-

apy (350%/185% of the pretreatment values) with a decrease 
in testosterone levels, along with the mean cumulative radia-
tion exposure to the testicles, which was up to 7.1% of the 
prescribed dose [100]. Most of the gonadal dose was deliv-
ered by the posterior-anterior field due to the divergence of 
the beam toward the testicles in the basic three-dimensional 
approach. Testicular dose during rectal cancer radiotherapy 
can be defined as a dose constraint to decrease the scattered 
dose for better recovery of spermatogenesis with total doses 
below 100  cGy [101]. Modern radiotherapy series can 
achieve acceptable testicular doses. The median planned 
mean total dose for short-course radiotherapy (prescribed 
dose of 25 Gy, 5 × 5 Gy) was 0.57 Gy (range 0.06–14.37 Gy) 
and 0.81 Gy (range 0.36–10.80 Gy) for long-course radio-
therapy (prescribed dose of 50 Gy, 25 × 2 Gy or 50.4 Gy, 
28 × 1.8 Gy), which encourages chances of better recovery of 
spermatogenesis after radiotherapy [102, 103].

Different groups have studied rectal cancer radiotherapy 
based on the amount of small bowel receiving intermediate- 
and low-doses of radiation and correlation between the rates 
of severe diarrhea [104–106], revealing that a strong dose- 
volume relationship existed for the occurrence of Grade 3 
acute small bowel toxicity in patients receiving preoperative 
radiochemotherapy. Consequently, a great interest has arisen 
to use highly conformal treatment approaches, such as 
intensity- modulated radiation therapy (IMRT) and volumet-
ric modulated arc treatment (VMAT), delivering a highly 
conformal target dose while minimizing the dose to organ at 
risks (OAR). Numerous studies of the locally advanced rec-
tal cancers have been working on different treatment 
approaches and comparisons including proton therapy, 
VMAT, IMRT and three-dimensional conformal radiother-
apy (3DCRT) [107–112].

Clinical target volumes for conformal radiotherapy in rec-
tal cancer have been documented as a Radiation Therapy 
Oncology Group (RTOG) Consensus Panel contouring atlas 
[113]:

• The radiotherapy field for the lower pelvis was defined as 
covering the entire mesorectum to the pelvic floor with a 
minimum of 2 cm caudad to gross rectal disease and not 
more than a few millimeters beyond the levator muscles.

• The field for mid pelvis was defined as pelvic sidewall 
musculature or the bone laterally, approximately 1  cm 
into the posterior bladder anteriorly, and at least the pos-
terior portion of the internal obturator vessels between the 
external and internal iliacs in the mid pelvis.

• The field for the upper pelvis was defined as the rectosig-
moid junction or 2 cm proximal to the superior extent of 
macroscopic disease in the rectum/peri-rectal nodes with 
the most cephalad aspect being bifurcation of the common 
iliac vessels into external/internal iliacs, at the approxi-
mate boney landmark of sacral promontory [113].
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There has been documented a recent revised international 
contouring guideline based on delineation endorsed by inter-
national experts [114], which recommends consideration of 
anisotropic clinical target volume (CTV) margins anteriorly 
to account for bladder/uterus/seminal vesicles movement. 
Due to the fact that mesorectum, the fat around the rectum in 
the mid-low pelvis, being bounded anteriorly by the meso-
rectal fascia and by the posterior border of the anterior pelvic 
organs—such as prostate, seminal vesicles, bladder and 
penis bulb in men and the vagina and uterus in women—an 
anterior anisotropic internal margin is recommended to 
account for motion and/or volume variation for the bladder, 
uterus, and seminal vesicles [114].

 Options of Fertility Preservation of Patients 
with Gastrointestinal Cancers

 Females

Young women diagnosed with GIS cancers should be coun-
seled for fertility preservation options because of the risk of 
infertility and premature ovarian failure associated with the 
use of chemotherapy and radiation at adjuvant settings. As 
stressed in the clinical guidelines by the American Society of 
Clinical Oncology (ASCO) and the practice committee opin-
ion of the International Society for Fertility Preservation 
(ISFP) [115, 116], all cancer patients with interest in future 
fertility should be referred for consideration of fertility pres-
ervation. In a study performed by Strong et al., less than 20% 
of women of childbearing age who were given a diagnosis of 
colorectal cancer had documented counseling for 
 posttreatment infertility and nearly 40% of the women had 
documented difficulty with pregnancy or changes in menses 
after treatment [117]. Even though some oncologists appear 
to routinely discuss the impact of treatment on potential fer-
tility very few refer their patients to a reproductive endocri-
nologist, according to the results of the other survey 

conducted among 249 oncologists. When planning treat-
ment, 30% rarely consider a woman’s desire for fertility. 
Gynecologic oncologists were more likely to routinely con-
sider fertility compared with other oncologists (93% vs. 
60%). Gynecologic oncologists were also more likely to pro-
vide a less effective regimen to better preserve fertility com-
pared to other oncologists (61% vs. 37%). Most oncologists 
(86%) would be willing to sacrifice less than a 5% reduction 
in disease-free survival if a regimen offered better fertility 
outcomes; only 36% felt that patients would be willing to 
sacrifice a >5% reduction in disease-free survival in order to 
preserve fertility [118]. These results underscore the critical 
role of oncologists in informing patients and parents about 
the risk of future infertility and other treatment-related 
adverse reproductive outcomes and to refer them to repro-
ductive endocrinologists to discuss fertility preservation 
options.

Currently, embryo freezing and oocyte freezing are the 
established fertility preservation methods according to the 
most recent guidelines of the American Society for 
Reproductive Medicine (ASRM) and Society for Assisted 
Reproductive Technology (SART) [119]. Other options 
include ovarian tissue cryopreservation, the use of 
gonadotropin- releasing hormone agonist concurrent with 
chemotherapy administration, in  vitro maturation (IVM), 
and ovarian transposition (Fig. 35.1).

 Embryo Freezing
Embryo cryopreservation is the most established fertility pres-
ervation technique for patients with partners and a sufficient 
amount of time before cancer treatment. According to the data 
from the Society for Assisted Reproductive Technology and 
the European IVF Monitoring Program, the clinical pregnancy 
rate per frozen-thawed embryo exceeds 50% in women 
younger than 35 years [120, 121]. Cryopreservation employs 
standard ovarian stimulation techniques and has been used for 
two decades to store surplus embryos for in vitro fertilization 
(IVF) patients. It typically requires 10–14  days of ovarian 
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stimulation. Therefore, this strategy should be considered as 
the first option for patients with GIS cancer who have not 
completed childbearing, should they have enough time to 
undergo ovarian stimulation and do not have any contraindica-
tion for it.

 Oocyte Freezing
Oocyte cryopreservation is ideal for women who do not have 
a partner and do not want to use donor sperm for fertility 
preservation. It does not require fertilization after egg 
retrieval, thus creation of unnecessary embryos can be pre-
vented. Historically, the first live birth from a frozen human 
oocyte was reported in 1986 [122]. However, oocyte cryo-
preservation had been considered an experimental procedure 
until 2012. Previously, most oocytes were cryopreserved by 
slow freezing, and pregnancy rates with cryopreserved 
oocytes were too significantly low to be regarded as an estab-
lished assisted reproduction technology (ART). However, 
significant advances in cryopreservation methods with a 
wide use of vitrification since 2006 have changed the course 
and status of oocyte cryopreservation in ART. With the dra-
matic increase in success with vitrification during recent 
years, the rates of ongoing pregnancy, top-quality embryo, 
embryo cleavage, and fertilization do not differ between the 
vitrified and the fresh oocyte groups [123]. When the data 
from 1998–2008 was analyzed, the oocyte survival rate was 
higher in the vitrified group (81%) compared to the slow- 
freezing group (68%). The live birth rate per embryo transfer 
(after fertilizing the thawed/warmed oocytes) was 14% and 
34% in the slow-frozen and vitrified groups, respectively 
[124]. Cobo et al. reported that clinical pregnancy rates of 
IVF cycles with vitrified oocytes did not differ from those of 
fresh IVF cycles (55.4% vs. 55.6% per transfer) [125]. 
Nevertheless, the live birth rates per fresh mature oocyte and 
per vitrified oocyte have been low (4–6% vs. 4.5%) accord-
ing to the results of several meta-analyses [125–127]. 
Moreover, the number of oocytes harvested and the live birth 
rate per oocyte further decrease with chronologic aging, 
especially after the age of 37. For instance, the live birth rate 
per mature oocyte is 4.47% for women under 37. From the 
age of 38 and onward, a significantly lower rate is noted, 
declining from 3.80% at the age of 38 to 0.78% at 43 [126].

At this point, one may ask “how many oocytes should be 
frozen to achieve a live birth?”’ A recent longitudinal cohort 
multicentric study has provided an answer to this question by 
showing that more than 8 oocytes are required to improve 
live birth rates (22.6% versus 46.4%). When fewer oocytes 
are available in women aged >38 years, results are dramati-
cally reduced (12.6% versus 27.5%) [128]. These figures are 
extremely useful in order to provide accurate information on 
the realistic success rate of oocyte freezing when counseling 
breast cancer patients who wish to have their oocytes frozen 
for successful pregnancy in the future. Another important 

issue about gamete freezing is the risk of congenital anoma-
lies in the offspring. To date, no apparent increase in the rate 
of congenital anomalies has been reported as compared to 
US national statistics for natural conceptions reported by the 
US Centers for Disease Control (CDC) [124]. As there is 
clear evidence that overall success rates of oocyte cryo-
preservation are comparable to those of embryo cryopreser-
vation, the American Society for Reproductive Medicine and 
the Society for Assisted Reproductive Technology finally 
announced that oocyte cryopreservation should no longer be 
considered experimental [119]. The fact that the ASRM 
removed the “experimental” label from oocyte cryopreserva-
tion will facilitate broader use of oocyte cryopreservation 
and reinforce the value of this strategy for fertility preserva-
tion in cancer patients. Indeed, clinical applications of oocyte 
cryopreservation would be expanded beyond fertility preser-
vation in young cancer patients in the future.

Most human oocytes have been cryopreserved at the 
metaphase II stage either by slow freezing or vitrification 
techniques. However, controlled ovarian stimulation (COS) 
and egg retrieval for mature oocyte cryopreservation cannot 
be an option for some women, especially those with fast- 
growing breast cancer requiring immediate neoadjuvant che-
motherapy or who are uncomfortable with elevated hormone 
levels during COS. In that case, cryopreservation of imma-
ture oocytes at the stage of germinal vesicle (GV) can be an 
attractive alternative to cryopreservation of mature oocytes, 
as it does not require COS and thus no delay in cancer treat-
ment and no elevation of estrogen levels. To date, cryopreser-
vation of immature oocytes at the GV stage has not been very 
successful. It appears that GV oocytes are as vulnerable to 
cryo-injury as mature oocytes and easily compromised for 
normal maturation and fertilization capacity. The possible 
changes after GV oocyte cryopreservation include premature 
chromosomal condensation, externalization of chromatin 
fragments into the cytoplasm, perturbations in the organiza-
tion and distribution of microtubules and mitochondria, and 
alteration in protein synthesis activity in the cytoplasm dur-
ing maturation [129]. As cryopreservation of GV oocytes is 
not a realistic option at present, an alternative strategy is in 
vitro maturation (IVM) of GV stage oocytes to MII oocytes 
followed by vitrification of mature oocytes. In this way, 
oocyte retrieval can be done without COS, and oocytes can 
be cryopreserved at the MII stage rather than the GV stage. 
The success rates with this strategy will mainly rely on the 
quality of IVM technology though. The role of IVM as a 
fertility-preserving strategy in breast cancer patients will be 
discussed later in more detail.

The overall divorce rate does not appear to be increased in 
cancer patients. But there is a gender disparity in the occur-
rence of divorce. An interesting study examining the role 
gender played in so-called partner abandonment revealed 
that a woman is sixs times more likely to be separated or 

35 Preserving Fertility in Patients with Gastrointestinal Cancers



644

divorced soon after a diagnosis of cancer than if a man is the 
patient (20.8% vs. 2.9%) [130]. Other studies conducted in 
cancer survivors obtained similar results [131]. This fact 
underscores the importance of unfertilized gamete banking 
in female cancer patients facing a higher risk of divorce or 
separation. In such cases perhaps oocyte cryopreservation 
should be considered instead of embryo cryopreservation; or 
at least a half of the total number of oocytes should be frozen 
without insemination with sperm of the husband or partner.

 Ovarian Tissue Cryopreservation
Ovarian cryopreservation is the only option of fertility pres-
ervation in patients in whom cancer therapy cannot be 
delayed because of a rapidly growing tumor; or ovarian 
stimulation is contraindicated for embryo or oocyte freez-
ing. Ovarian tissue cryopreservation does not require ovar-
ian stimulation and ovarian tissue can be harvested 
laparoscopically without any preparation [132]. Removed 
tissue is processed into thin cortical slices and frozen via 
slow freezing. This procedure is much less successful than 
embryo and oocyte cryopreservation in terms of live birth 
rate. Ovarian tissue cryopreservation has become a clini-
cally feasible technology for fertility preservation in cancer 
patients since the report of the first live birth in 2004 and 
more than 50 live births reported to date after orthotopic 
autotransplantation of frozen-thawed human ovarian tissue 
in 2004 [133, 134]. To date, this strategy is the only fertility 
preservation option for prepubertal girls. The ovarian cortex 
contains primordial follicles with oocytes arrested in the 
diplotene of prophase of the first meiotic division. It has 
been suggested that the relatively high surface/volume 
ratio, low metabolic rate, and the absence of zona pellucida 
make primordial follicles less  susceptible to damage from 
freezing [1]. Banking of ovarian tissue relies upon this fea-
ture of primordial follicles. Most ovarian tissue has been 
cryopreserved using slow freezing techniques, which have 
been successful although not optimized. Recently, vitrifica-
tion of ovarian tissue has been attempted with good results 
[135, 136].

The age of the patient is a crucial factor to consider as the 
chance of restoration of ovarian function and fertility is 
closely correlated to the number of follicles in the ovarian 
graft. Only young GIS cancer patients with good ovarian 
reserves can be candidates for ovarian tissue freezing since 
more than half of the eggs in the ovary are lost during the 
ischemic period after grafting until re-vascularization occurs. 
An additional 10–15% of the oocytes will be lost during the 
freezing and thawing process. Current experience with 
human ovarian transplantation suggests that women over 38 
may not be good candidates for ovarian tissue banking as the 
chance of pregnancy with ovarian transplantation is 
extremely low [116]. In addition, it is recommended to eval-
uate the ovarian reserve with anti-Müllerian hormone and 

antral follicle count (AFC) before cryopreservation of ovar-
ian tissue.

When the patient is ready to have a family, stored ovarian 
tissue is thawed and transplanted either to the orthotopic or 
heterotopic site. In the orthotopic transplantation technique, 
frozen-thawed ovarian cortical pieces can be grafted near the 
infundibulopelvic ligament (if both ovaries were removed 
before) or on the existing nonfunctional ovary. In the hetero-
topic transplantation method, ovarian tissue can be grafted at 
any place other than the original site of the ovary, such as 
subcutaneous tissue of the forearm or rectus muscle of the 
abdomen. The advantage of orthotopic transplantation is that 
natural conception is possible. However, this technique 
requires an invasive procedure with general anesthesia. 
Heterotopic transplantation can be done without general 
anesthesia. It is easy to monitor follicle development, and to 
remove the grafts if needed. To date, orthotopic autotrans-
plantation of frozen-thawed ovarian tissue has resulted in 24 
live births worldwide [137]. On the other hand, no baby has 
been born after heterotopic transplantation [138]. The causes 
of failed conception after heterotopic ovarian transplantation 
can be multifactorial. One factor may be the suboptimal 
environment of the heterotopic site that may affect follicular 
development and the quality of oocytes. Indeed, environ-
mental factors at the heterotopic site are not identical to 
those of the orthotopic site in the pelvis. Whereas the envi-
ronment of graft sites can influence the survival of grafted 
ovarian tissue, the major damage to follicles is done by cryo-
injury during freezing and thawing and ischemia after trans-
plantation. The significant concern with autologous ovarian 
transplantation in cancer patients is the safety of transplant-
ing stored ovarian tissue, since the risk of reintroduction of 
cancer cells exists in certain cancers such as leukemias. 
Metastases were repeatedly detected in ovarian tissue 
obtained for cryopreservation purposes from patients with 
leukemia, as well as in one patient with Ewing sarcoma. No 
metastases were detected in ovarian tissue from lymphoma 
and breast cancer patients who had their ovarian tissue cryo-
preserved. There are reports of ovarian tissue cryopreserva-
tion in patients with anal cancers but no information was 
provided regarding the analysis of the grafts for the presence 
of malignant cells [139]. Data is scarce on histological 
examination of ovarian tissue from patients with colon and 
gastric cancers undergoing ovarian tissue cryopreservation. 
But there are some clinical and autopsy studies that have 
indicated ovarian metastases to be present in colon and gas-
tric carcinoma patients [140]. Therefore, there is concern 
about auto-transplantation safety in patients with colorectal 
and gastric cancers. Where safety of ovarian tissue trans-
plantation in cancer patients is uncertain, we may need to 
develop and perfect new technologies including in  vitro 
growth and maturation of follicles and/or isolated follicle 
transplantation instead of autotransplantation.
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 Gonadotropin-Releasing Hormone (GnRH) 
Analogs
The administration of gonadotropin-releasing hormone ago-
nists (GnRHa) during chemotherapy has been proposed as a 
potential fertility-preservation strategy to preserve ovarian 
reserve after emergence of the promising findings from anec-
dotal reports, primate models, and non-randomized trials in 
humans [141]. However, randomized controlled trials 
(RCTs) have shown inconsistent results in female patients 
with cancer, giving rise to a debate among the physicians and 
scientists in the fields of oncology and reproductive medi-
cine over the actual role of GnRHa in the prevention of 
chemotherapy- induced ovarian failure. Some of these trials 
demonstrated a protective effect of GnRHa in preserving 
ovarian function after chemotherapy [142–145], whereas 
other trials did not [146–148]. The professional societies of 
oncology and reproductive medicine/fertility preservation 
currently emphasize lack of a proven molecular mechanism 
with gonadal protection with GnRHa during chemotherapy, 
and underscore the need for research in this understudied 
issue [116, 141]. Various mechanisms have been suggested, 
including GnRHa-induced decrease in the number of pri-
mordial follicles entering the differentiation stage, reduction 
of ovarian perfusion due to a GnRHa-induced hypoestro-
genic state, and decreased ovarian cell apoptosis, through 
either activation of GnRH receptors or upregulation of 
intragonadal antiapoptotic molecules (GnRHas) during adju-
vant chemotherapy. But none of these theories has been vali-
dated so far [88, 141, 149]. We have recently shown that 
GnRH agonist leuprolide acetate neither activated anti- 
apoptotic pathways nor conferred any protection against 
chemotherapy-induced follicle death in human ovary in vitro 
[150]. Because of no clear protective effects of GnRHa, 
GnRHa should not be offered among the first-line fertility 
preservation methods, but can be considered as a backup 
method in cancer patients.

 In Vitro Maturation of Oocytes (IVM)
Vitrification of mature oocytes harvested after controlled 
ovarian simulation has recently become an established 
method to preserve fertility of cancer patients as mentioned 
previously. But mature oocytes cannot be obtained if there is 
no sufficient time for ovarian stimulation; or there is a con-
traindication for it. In these cases, immature oocytes can be 
retrieved without ovarian stimulation in both follicular and 
luteal phases before exposure to gonadotoxic therapies for 
breast cancer patients. This also avoids exposure to supra-
physiological levels of estrogens. Immature oocytes can also 
be collected from antral follicles during ovarian cryopreser-
vation, and both procedures can be combined [151]. Germinal 
vesicle (GV) stage and metaphase-I (MI) oocytes are imma-
ture ones that can be matured into metaphase II (MII) oocytes 
using special in vitro maturation solutions. GV and MI 

oocytes can be frozen but their maturational capacity after 
warming is lower than fresh ones [152]. Therefore, they have 
to be matured to MII stage before cryopreservation. Mature 
oocytes can be frozen; or fertilized and preserved as embryos. 
In a retrospective cohort analysis of 66 patients with breast 
cancer, immature oocytes were collected and matured 
in vitro and then either vitrified (group 1, n = 35) or fertilized 
and preserved as vitrified embryos (group 2, n  =  31). In 
group 1 the average number of oocytes retrieved was 
11.4 ± 8.8, the maturation rate was 64.2%, and an average of 
7.9 ± 6.6 oocytes were vitrified per patient treated. In group 
2 (vitrified embryos) the average number of oocytes retrieved 
was 9.7 ± 6.4, the maturation rate was 53.2%, and an average 
of 5.8 ± 2.7 mature oocytes were available for fertilization 
per patient. The fertilization rate was 77.8%, resulting in 
4.5 ± 2.7 vitrified embryos per patient. Calculated pregnancy 
rates per vitrified oocyte and embryo were 3.8% and 8.1%, 
respectively [153]. In summary, IVM combined with oocyte 
or embryo freezing can be a viable option for some breast 
cancer patients since it avoids the delay of cancer treatment 
and possible exposure to the supraphysiological level of 
estrogen. However, the technique itself requires more exper-
tise and experience compared to the standard IVF 
procedure.

 Ovarian Transposition
Transposing the ovaries out of the radiation field is an option 
for preserving gonadal function. Females treated with whole 
abdominal and/or pelvic irradiation for Hodgkin disease, 
Wilms tumor, or other solid tumors, or colorectal tumors 
(e.g., rhabdomyosarcoma, neuroblastoma) are at high risk of 
AOF [154]. If no chemotherapy is planned that would result 
in definite gonadal failure, the ovaries can be surgically 
moved with their vascular pedicle outside the pelvis (trans-
posed) to shield them from radiation therapy. When ovarian 
transposition is performed prior to radiotherapy, ovarian 
function is retained in the majority of young girls and adoles-
cent females [155, 156]. Spontaneous pregnancies and live 
births have been reported after transposition of the ovaries 
[157]. If the patient is to undergo an abdominal surgery, the 
ovaries can be transposed at the same time. Laparoscopic 
surgery to mobilize the ovaries is easily performed on an out-
patient basis with minimal risk to the patient before the 
scheduled radiotherapy. Small metal clips are often placed 
on the ovary to outline its new position so the radiation 
oncologist may identify the ovary prior to initiating treat-
ment. The success retaining ovarian function with ovarian 
transposition prior to radiotherapy varies between 16% and 
90% [154]. Success rates are affected by the degree of scatter 
radiation, vascular compromise, the age of the patient, dose 
of radiation, whether the ovaries were shielded, and whether 
concomitant chemotherapy is used [154]. Fallopian tube 
infarction, chronic ovarian pain, ovarian cyst formation, and 
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migration of ovaries back to their original position before 
radiotherapy is completed are reported complications [158]. 
Patients undergoing pelvic radiation must be made aware of 
the fact that ovarian transposition will not circumvent the 
harmful effects of radiation on the uterus and other pelvic 
structures, which might prevent them from carrying a 
pregnancy.

 Males

Male patient with GI cancers should be considered for pre-
serving fertility before treatment. In a survey conducted 
among 201 young male cancer survivors, it was found that 
only 51% of the patients were offered sperm banking prior 
to cancer treatment [4]. Impairment of spermatogenesis can 
exist before, during, or after cancer treatment, and it was 
shown that stress caused by the psychological effects of 
cancer diagnosis might have a negative impact on spermato-
genesis [159]. It is impossible to predict who will be affected 
permanently, but initial assessment should be done with:

 1. Semen analysis (World Health Organization criteria 
[160])— volume 1.5 (1.4–1.7) ml, sperm concentration 
15 (12–16) million/ml, progressive motility 32 (31–34%), 
and vitality 58 (55–63%)

 2. Hormonal analysis—FSH, LH, and testosterone

The most reliable and extensively used method for adult 
male fertility preservation is sperm cryopreservation 
(Fig.  35.2). Besides ejaculated semen, testicular sperm 
extraction from testicular biopsies might be an option for 
sperm retrieval in azoospermic male patients and boys unable 
to ejaculate. Assisted ejaculation techniques (i.e., penile 

vibratory stimulation and electroejaculation) can be used in 
patients who are not capable of ejaculation via masturbation 
due to their physical and psychological state [9, 161]. 
Although sperm banking is well established in adult fertility 
preservation, it still remains a challenge in adolescents and 
prepubertal boys. The other techniques that can be utilized in 
male fertility preservation include cryopreservation of tes-
ticular tissue or spermatogonial stem cell (SSC), testicular 
xenografting, in  vitro germ cell maturation, and artificial 
gametes, which are mostly experimental [9, 162].

 Sperm Cryopreservation (Banking)
Sperm cryopreservation is the most reliable choice of method 
to preserve male fertility before cancer treatment [159]. It has 
been described in the eighteenth century and became feasible 
with the development of sperm cryoprotectants in the mid-
1900s [163]. Collecting semen samples via masturbation is 
the preferred method because it allows obtaining high-qual-
ity sperm with the lowest cost. Using lubricants must be 
avoided as these materials are often toxic to sperm [164].

An alpha agonist may be useful to direct ejaculate forward 
in patients with a history of retrograde ejaculation history.

In azoospermic males, surgical sperm extraction tech-
niques such as microsurgical testicular sperm extraction 
(mTESE) and microsurgical epididymal sperm aspiration 
(MESA) can be the method of choice [164].

If the male patient is too ill to collect sample by ejaculation, 
electroejaculation, percutaneous epididymal sperm aspiration, 
or needle testicular sperm extraction (TESE) or testicular 
sperm aspiration (TESA) options are available techniques.

Testicular Tissue Cryopreservation This is an investiga-
tional technique for fertility preservation that is used for 
 prepubertal boys. This technology is experimental and it 

Cryopreservation of
gametes or gonadal tissue

Reduction of
gonadal toxicity

Post-pubertal Pre-pubertal

Sperm
cryopreservation

Sperm
banking

Electro-
ejaculation

Testicular
sperm

extraction

Testicular tissue
cryopreservation

Gonadal
shielding

Fig. 35.2 Some methods to 
preserve adult male fertility
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should be remembered that it has not been demonstrated suc-
cessfully in humans [165–167].

Gonadal Shielding For males receiving radiation therapy 
only, gonadal shielding may be an option if sperm collection 
is not possible [168, 169]. Suppression of testicular function 
during chemotherapy by the administration of gonadotropin- 
releasing hormone (GnRH) agonists has not been successful 
and is not recommended as the main protective.

 Conclusion

Practice behavior of physicians in referring cancer patients 
for fertility preservations is another relatively understudied 
issue. Unfortunately, a considerable number of patients feel 

that their cancer physicians do not sufficiently inform them 
about the impact of the cancer therapy on fertility and the 
options to preserve it (Figs.  35.3a, b and 35.4 [48]). Even 
though some oncologists appear to discuss routinely a treat-
ment’s impact on fertility, few indeed refer their patients to 
reproductive endocrinologists. When planning treatment, 
30% rarely consider a woman’s desire for fertility. 
Gynecologic oncologists were more likely to routinely con-
sider fertility compared with other oncologists (93% vs. 
60%). Gynecologic oncologists also were more likely to pro-
vide a less effective regimen to better preserve fertility (61% 
vs. 37%). Most oncologists (86%) would be willing to sacri-
fice less than a 5% reduction in disease-free survival if a regi-
men offered better fertility outcomes; 36% felt patients would 
be willing to sacrifice >5% [118]. Another survey that exam-
ined oncologists’ referral practice patterns for fertility preser-
vation among US physicians using the American Medical 

Fig. 35.3 National Comprehensive Cancer Network (NCCN) recommendations: (a) male, (b) female
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Association Physician Masterfile database demonstrated that 
referrals were more likely among female physicians and that 
less than half of US physicians are following the guidelines 
from the American Society of Clinical Oncology, which sug-
gest that all patients of childbearing age should be informed 
about fertility preservation. These results not only show us 
that fertility preservation is still not well perceived among 
physicians but also underscore the critical role of oncologists 
at academic medical centers in informing and referring can-
cer patients who have concerns about their fertility.
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Pregnancy and Gastrointestinal Cancers
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 Pregnancy and Gastrointestinal Cancers

The second most common cause of death for women in 
reproductive age is cancer. The mean age of mothers is on 
the rise today [1]. As the incidence of cancer rises with age, 
the incidence of cancer during pregnancy is expected to also 
rise. Cancer incidence during pregnancy is between 0.07% 
and 0.1%. In Europe, between 3000 and 5000 pregnant 
women are diagnosed with cancer annually, while in the 
United States of America, this number is 3500. The most 
common cancers during pregnancy are cervical cancer, 
breast cancer, melanoma, and lymphoma. Colorectal cancer 
is the 7th most common type of cancer diagnosed during 
pregnancy [2]. Just like the other types of cancer diagnosed 
during pregnancy, there are oncologic, obstetrical, ethical, 
religious, legal, and socioeconomic issues regarding the 
diagnosis and treatment of gastrointestinal cancer 
(Table  36.1). The well-being of the fetus and the mother 
must always be considered. There are contradictions as the 
treatment of the pregnant woman may harm the fetus. 
Working with a multidisciplinary team involving an obstetri-
cian/perinatologist, a surgeon, a radiation oncologist, a med-
ical oncologist, a radiologist, a social worker, a genetic 
counselor, and an ethicist is necessary for the diagnosis and 
treatment of gastrointestinal cancers during pregnancies.  

The 2 most important factors that need to be considered are 
the stage of cancer and pregnancy. Stages of pregnancy and 
fetal development should be well-known to find the appro-
priate treatment plan for both the patient and fetus. The loca-
tion, type, and stage of the cancer and what the mother 
prefers are very important considerations.

 Pregnancy Stages and Fetal Development

Pregnancy is divided into three stages: (1) the germinal stage, 
which is the first 2 weeks; (2) the embryonic stage, which is 
between the end of the 2nd week and 2nd month; and (3) the 
fetal stage, which is the remaining time until birth. During 
the germinal stage, cell division begins, implantation fol-
lowed, and the embryonic disk is formed. The placenta is 
also formed during this stage. During those first 2  weeks, 
potential damage because of cancer therapy will cause the 
death of the embryo and spontaneous abortion. The second 
stage is the embryonic stage, and the developing baby is 
called an embryo. Embryogenesis is the first 60 days of the 
pregnancy, and this is the time during which the embryo 
forms and develops. From 2 to 4 weeks, the embryo travels 
down the fallopian tube into the uterus where it implants. The 
implantation is completed by the end of the 4th week. During 
the embryonic stage, the embryo is susceptible to drugs, 
infection, radiation, and nutritional deficiencies. The period 
after the 60th day until the birth is called organogenesis.  
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Table 36.1 Managing cancer during pregnancy

Oncologic issues Obstetrical issues Other issuesa

Therapy timing
Therapy type
Maternal effects of 
therapy
Outcomes on the 
mother

Fetal effects of 
therapy
Fetal monitoring
Use of 
corticosteroids
Amniocentesis
Delivery time
Delivery route

Termination of the 
pregnancy
Fetal advocate
Fetal viability
Future fertility
Cost of therapy
Autonomy right

aEthical, religious, legal, and socioeconomic issues
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This stage is the fetal stage, and the developing baby is now 
called a fetus [3].

Clinically, pregnancy has three trimesters each lasting 
3  months. Exposure to systemic anticancer therapy in the 
first trimester may result in spontaneous abortion and fetal 
malformation in 20–30% and 10–25% of pregnancies, 
respectively. Embryogenesis is completed before the 2nd tri-
mester starts. In 2nd and 3rd trimesters, the fetus is less sus-
ceptible to damage by teratogens. Systemic anticancer 
therapies after the first trimester most commonly result in 

low birth weight. A mother’s dietary problems because of 
cancer treatment are thought to be responsible for the low 
birth weight in addition to the cytotoxic treatment itself. 
Cytotoxic therapy in the 2nd and 3rd trimesters results with 
intrauterine growth retardation, miscarriage, premature birth, 
and low birth weight in 20–40% of pregnancies [3, 4]. 
Possible effects of radiation for different gestational age are 
shown in Table 36.2 and Fig. 36.1.

 Diagnostic and Staging Imaging 
and Pregnancy

Symptoms of gastrointestinal tract tumors such as nausea, 
vomiting, abdominal pain, change in bowel habits, and rectal 
bleeding are also among physiological changes seen during 
pregnancy and often interpreted as such by both the clinician 
and the patient. Due to the potential risks of X-ray usage on 
the fetus, further investigation is usually not carried out. 
However, many pregnant women are exposed to ionizing 
radiation for diagnostic reasons or treatment. The number of 
anomalies that may present in the fetus depends on the radia-
tion dose and stage of pregnancy. The period between the 
18th and 38th days of pregnancy is when the embryo develops 

Table 36.2 Possible effects of radiation on fetus at different gesta-
tional ages

Gestational age Adverse effects Dose
The 1st trimester
(Before implantation:
0–2 weeks)

Lethal or no effect 50–100 mGy

The 2nd trimester
(Organogenesis:
3–7 weeks)

Congenital anomalies 
and growth retardation

200–250 mGy

The 3rd trimester
(Early fetal stage:
8–15 weeks)

High risk of mental 
retardation and 
microcephaly

50–310 mGy

Late fetal stage
(16–25 weeks)

Low risk of mental 
retardation

250–280 mGy

Period of dividing zygote,
implantation, and bilaminar
embryo (weeks)

1 2 3 4 5 6 7 8 9 16 32 38

Main Embryonic Period (weeks) Fetal Period (weeks)

Morula

Embryonic
disc

Amnion

Blastocyst

Embryonic disc
Not susceptible to
teratogenesis

Death of embryo and
spontaneous abortion
common

Major congenital anomalies Functional defects and minor anomalies

External genitalia

Palate

Teeth

Masculinisation of female
genitalia

Cleft palate

Enamel hypoplasia and
staining

Eyes

Ears

Microphthalmia, cataracts, glaucoma

Low-set malformed ears and deafness

Upper lip

Upper limb

Lower limb

Cleft lip

Heart

Amelia, meromelia

Amelia, meromelia

Neural-tube defects

TA, ASD, and VSD

Mental retardation CNS

Fig. 36.1 Possible effects of radiation for different gestational ages. (Reprinted with permission from Cardonick and Iacobucci [3])
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to fetus. In this period, the fetus is the most sensitive to the 
radiation, and in choosing the best imaging tool, the safety of 
fetus must be considered. In diagnostic radiological proce-
dures, the fetus is exposed to a dose of radiation lower than 
1 rad. Recent studies show that radiation dose harmful to a 
fetus is above 50  mGy (5  rad), and most of the diagnostic 
tools do not exceed that dose level [1]. Before using diagnos-
tic tools or treatments that expose radiation, a pregnancy test 
must be done in women of childbearing age. Also pregnant 
women should be informed about the possible effects on the 
fetus, and the benefit of both the mother and fetus must be 
taken into consideration [5].

Pregnancy tests are performed routinely for oncologic 
female patients in reproductive age. If the patient is pregnant, 
diagnostic nuclear medicine procedures should be avoided as 
much as possible. None of the radionuclide treatment options 
is safe for pregnant patients. Treatment should be delayed 
until the baby is born or the pregnancy is terminated. Along 
with dose-dependent changes induced by ionizing radiation, 
there are cytotoxic effects independent of dose. There are 
studies that show intrauterine radiation exposure increasing 
leukemia incidence [6].

According to the 1977 report of the National Council on 
Radiation Protection and Measurements (NCRP), exposure 
to radiation less than a dose of 50 mGy is negligible. The risk 
of malformation has been reported to increase above control 
levels of 150 mGy [7]. Therefore, any effect on a fetus due to 
radiation exposure from diagnostic procedures is very rare. 
However, radiation accidents or therapeutic radionuclide use 
is very dangerous for the fetus. It should also be kept in mind 
that the risk of spontaneous abortion is 15%, prematurity and 
growth retardation 4%, major malformation 3%, and mental 
retardation 1% in normal pregnancy [8].

 Radiological Diagnosis

The study conducted by Ueo et al. is one of the largest stud-
ies on this subject. Out of 61 pregnant patients with gastric 
cancer, 96.7% were in advanced stage at the time of diagno-
sis [9]. Delayed diagnosis and advanced-stage presentation 
of the patients are the most important factors that have a 
negative influence on the prognosis.

Diagnostic tools for colorectal cancer in pregnant patients 
are very similar with non-pregnant patients [10]. To detect 
liver metastases, abdominal ultrasounds should be performed. 
Abdominal computed tomography (CT) scan should be 
avoided during the first trimester of pregnancy due to the 
radiation exposure. Colonoscopy with a biopsy is the only 
way to make a definitive diagnosis [11]. However, risk of fetal 
hypoxia associated with maternal hypoxia, uterine pressure 
rise, placental rupture, and intestinal perforation should be 
taken into consideration for colonoscopy during pregnancy 

[12, 13]. Colonoscopy for left-side tumors is safe. For right-
side tumors, risks can be minimized if the colonoscopy is per-
formed in the left lateral decubitus position with careful 
manipulation, maternal nasal oxygen administration, and car-
diotocography monitor [14, 15].

The first step in the diagnosis of GI cancer during preg-
nancy should be ultrasound. However, the last 10 years has 
seen a gradual increase in the use of CT with contrast for 
staging and to detect metastasis during pregnancy [16, 17].

The control dose for modern CT scanners, which use 
automated exposure, is around 13  mGy [18, 19]. During 
pregnancy, intravenous (IV) and oral iodine-based contrasts 
can be used. Iodinated contrast agents barely cross the pla-
centa and enter fetal circulation. Fetal toxicity has not been 
observed in patients or in experimental studies. Thyroid dis-
orders in newborns have not been reported [7]. CT imaging 
is contraindicated due to teratogenicity, especially in the first 
trimester. In early organogenesis, a radiation dose of 0.05 Gy 
can cause mental retardation. In late organogenesis, which is 
after the 16th week, a radiation dose of 0.06–0.31 Gy can 
cause microcephaly and mental retardation. The risk of car-
cinogenesis rises in childhood and the adolescent period if 
there is prenatal radiation exposure [20, 21]. Fetal radiation 
doses are shown in Table 36.3 [20, 21].

Ultrasound and magnetic resonance imaging (MRI) can 
be alternatives to avoid the radiation in pregnant women with 
GI cancers. However, ultrasound compared to abdominal CT 
has lower sensitivity. Ultrasound can be used transrectally 
for staging of rectal tumors [22]. A fetus is not exposed to 
radiation with MRI, but it is exposed to the magnetic field, 
which is more than 10,000 times greater than that of Earth. 
The effect of MR imaging on a fetus, especially in the first 
trimester, is still unknown [23, 24]. In all trimesters, MRI at 
1.5 Tesla or less is not considered problematic. MRI at 3.0 T 
has not been proven safe, and MRI at 1.5 T or less should be 
used for pregnant patients. IV contrast agents are avoided, 
especially in the first trimester, since they can access fetal 
circulation. If there is an indication, a non-contrast 1.5 T MR 
imaging would be safe to use [20, 23, 25].

Endoscopic biopsy should be the first choice if there are 
prolonged and treatment-resistant gastrointestinal symptoms 
in pregnancy [26]. According to the American Society of 

Table 36.3 Fetal radiation doses with abdominal imaging [20, 21]

Imaging test Fetal radiation dose (mGy)
Abdominal radiography
(Low to moderate dose examinations)

0.1–3

Fluoroscopy
(Low to moderate dose examinations)

1–10

Pelvic CT
(High dose)

9.4

Abdominal CT
(High dose)

8

CT computed tomography
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Gastrointestinal Endoscopy Guidelines: If therapeutic inter-
vention is desired, instead of radiologic or surgical interven-
tions, endoscopy is a safer alternative if clinically appropriate. 
If possible, it should be performed in the 2nd trimester. Due 
to maternal oversedation, hypoventilation, hypotension, or 
maternal positioning, precipitating uterine hypovasculariza-
tion and fetal hypoxia can develop. Teratogenic effects asso-
ciated with sedative agents and premature birth risk should 
also be considered.

 Nuclear Medicine

Accurate staging of malignant tumors in pregnant women is 
crucial just like it is for non-pregnant women. The presence 
and location of tumors determine therapy and prognosis. 
Therefore, functional imaging tools such as 
18F-fluorodeoxyglucose (FDG)-positron emission tomogra-
phy (PET)/CT, FDG-PET/MR, and MR with diffusion- 
weighted imaging open new horizons in oncological imaging. 
The use of CT and FDG-PET/CT staging examinations in 
oncology patients has grown rapidly during the past decade. 
However, CT and FDG-PET/CT examinations are associated 
with substantial exposure to ionizing radiation. The exposure 
of a single whole-body FDG-PET/CT examination is 
8–20  mSv in adult women (0.013–0.031  mSv/MBq) [27]. 
Most of the procedures are not a significant risk to the fetus. 
However, some of the radiopharmaceutical compounds may 
pose a significant risk to the developing baby. Still, most of 
them deliver acceptable amounts of radiation doses [27]. 
Radiation-absorbed doses to the fetus for different stages of 
pregnancy can be found in Table 36.4.

 Cancer Treatment Modalities

There are oncological, obstetrical, ethical, legal, and socioeco-
nomic issues for cancer treatment during pregnancy. Effects of 
treatment on both the mother and the fetus must be considered 
[28]. Among the gastrointestinal cancers, colorectal cancer is 
the most common [29]. Gastric cancer is very rare, with 
approximately 136 reported cases in the literature [30]. 
Pancreatic cancer and hepatoma are even rarer [31, 32]. For 
gastrointestinal cancer in pregnant women, there are no special 

guidelines. The treatment is different for every patient and cus-
tomized according to the gestational age and cancer stage.

 Systemic Therapy

Conventional cytotoxic drugs do not only affect cancer cells 
but also healthy cells. Chemotherapy agents can also cross 
placenta and affect the fetus since they have low molecular 
weight. Still, most patients who decide not to terminate the 
pregnancy are treated with chemotherapy. With the use of 
chemotherapy in the first trimester, risks of malformation, 
spontaneous abortion, and fetal death increase. All chemo-
therapy agents are teratogenic for animals. Teratogenic 
effects on humans for most of the agents are unknown. 
Teratogenic effects depend on gestational week, dosage, and 
the agent used [33]. For the first trimester, malformation risk 
after chemotherapy exposure is estimated at 10–20%. For the 
second and third trimesters, major malformations are thought 
to have no association with chemotherapy exposure [3]. But 
these agents may increase the risk of intrauterine growth 
restriction (IUGR) and low birth weight [34]. Pregnancy cat-
egories of chemotherapy agents and targeted cancer thera-
pies used in gastrointestinal cancer are shown in Tables 36.5 
and 36.6. As there are no longitudinal follow-up of these 

Table 36.4 Radiation dose absorbed by the fetus during different 
stages of pregnancy

Stage of pregnancy 18F- FDG 99mTc- MDP
Early 0.0180 0.0061
3 months 0.0180 0.0054
6 months 0.0160 0.0027
9 months 0.0150 0.0024

18F-FDG, 18F-fluorodeoxyglucose; 99mTc-MDP, technetium-99- 
methylene diphosphonate

Table 36.5 Pregnancy categories of chemotherapy agents used in gas-
trointestinal cancer and studies on humans/animals

Studies on  
animals

Studies on 
humans

Pregnancy 
category

Cisplatin T∗ ++ D
Carboplatin T +++ D
Gemcitabine T∗ ++ D
Oxaliplatin T∗ +++ D
Fluorouracil T +++ D
Irinotecan T∗ + D
Epirubicin T∗ +++ D
Docetaxel T∗ +++ D
Paclitaxel T +++ D
Capecitabine T∗ + D

T Teratogenic
T* Data suggesting teratogenicity is not strong enough
(+ in some cases, ++ in case series with small number of patients, +++ 
There are studies on other cancers as well as gastrointestinal cancer)

Table 36.6 Pregnancy categories of targeted cancer therapies used for 
gastrointestinal cancer and studies on humans/animals

Studies on  
humans

Studies on  
animals

Pregnancy 
category

Bevacizumab ND T C
Cetuximab ND T∗ C
Panitumumab ND T C
Sorafenib ND T D
Imatinib ND T D

T Teratogenic
T* Data suggesting teratogenicity is not strong enough
ND No data
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babies born to treated mothers, long-term effects of chemo-
therapy are not fully established.

Systemic chemotherapy should not be started in the first 
trimester. Many chemotherapy agents other than methotrex-
ate can be used safely during the second and third trimesters. 
Doxorubicin and epirubicin can be used safely during the 
second and third trimesters [35]. Except for a few cases, tax-
ane use has not been shown to cause congenital anomalies. 
Compared to carboplatin, cisplatin has more side effects on 
the fetus [3]. Weekly chemotherapy sessions may be a better 
approach when delivering chemotherapy during pregnancy. 
Thus, pregnancy can be monitored closely, and drugs can be 
stopped if needed. If the fetus is conceived during the treat-
ment, course of the treatment is uncertain. Exposure for the 
first 2–3 weeks is not associated with teratogenicity but with 
the risk of miscarriage. If there is a long-term exposure to 
drugs, the patient should be informed about congenital 
anomalies and possibly abortion [3].

 Radiation Therapy

High-energy X-rays are used to kill cancer cells when using 
radiation therapy, and this can harm the fetus in all three tri-
mesters of pregnancy. Radiation therapy is not recommended 
during the first trimester because it is the time when the 
major organs and nervous system start to develop. The safety 
of radiation therapy in the second and third trimesters is 
dependent on the location of the tumor and the radiation 
dose. In general, the use of radiation therapy should be 
avoided during the pregnancy. Women should be advised to 
wait until delivery of the baby, especially when tumors are 
mostly located in the pelvis [36].

 Surgery

Surgery is the safest treatment of cancer for the fetus. 
Improvements in surgery and anesthetics make surgery a 
relatively safe and effective option for treatment during 
pregnancy despite the risks associated with it. If a surgically 
resectable tumor is diagnosed after the 20th week of preg-
nancy, surgery can be postponed until after the birth. Delivery 
may be delayed until the 28th to 32nd weeks for the lung 
maturation of the fetus. If there is bowel obstruction, a 
diverting colostomy is recommended until the birth and then 
definitive therapy can be provided. As for the delivery route, 
vaginal delivery is preferred if the tumor is not obstructing 
the pelvis. If caesarean delivery is planned, resection of the 
tumor can be done right after birth. If a tumor is diagnosed 
before the 20th week of pregnancy, surgery may be done 
without disturbing the gravid uterus [37]. However, gastro-
intestinal cancers diagnosed before the 20th week of the 

pregnancy remain very rare, so there is not enough data on 
surgical safety on the fetus. In exceptional situations, hyster-
ectomy or termination of the pregnancy may be needed.

If surgery during pregnancy is selected, minimally invasive 
procedures such as laparoscopic surgery are considered to be 
more reliable and safer than open conventional surgery. The 
advantages of laparoscopic surgery for pregnant women are 
similar to non-pregnant women. With laparoscopic proce-
dures, there is less discomfort, pain, or scarring after the sur-
gery, and the recovery time is somewhat shorter. In addition, 
the incidence of thromboembolism compared to open surgery 
is lower. Fetal acidosis due to intraperitoneal CO2 insufflation, 
preterm birth, placental rupture, reduced uteroplacental blood 
flow due to the high intraperitoneal pressure, and fetal hypoxia 
are among the major complications of laparoscopy during 
pregnancy, but those data are not supported with high-quality 
recommendations. Recent data support that laparoscopic sur-
gery should be postponed in first trimester to second trimester 
and in third trimester to after delivery, but these recommenda-
tions are not supported with strong evidence and have been 
left with only expert opinions. The current data support that 
laparoscopy can be performed safely in all trimesters with 
similar risks to conventional surgery [37]. Surgery and/or lap-
aroscopic surgery during pregnancy is not a one-man show; 
on the other hand is a multidisciplinary team work. 
Preoperative work-up for patient preparation, anesthesia dur-
ing surgery in pregnant woman, and fetus monitoring are 
basic and mandatory corner stones of surgical treatment in 
pregnant women. The surgeon’s skill and experience are 
important, and especially surgeon should be familiar with 
laparoscopic surgery in non- pregnant women and should be a 
member and leader of a multidisciplinary team consisting of 
gynecologist, oncologist, pediatrician, radiologist, and perina-
tologist in order to reduce maternal and fetal complications.

 Other Issues

Breastfeeding is not advised if the woman with a cancer 
diagnosis is actively receiving chemotherapy because che-
motherapeutic agents can transfer to the breast milk and so to 
the baby. Thus, for all women receiving cytotoxic, hormonal, 
and targeted treatments, breastfeeding is contraindicated. 
Mothers are advised to wait at least 2–4 weeks before breast-
feeding after the chemotherapy is stopped [38].

Placental metastasis is very rare. There have been less 
than 100 cases reported in the last decades, and metastasis to 
the fetus has been seen in only 15% of those cases. However, 
those numbers are not reliable since there is no routine histo-
logical examination of placentas. Gastrointestinal cancer is 
the 5th most common cancer with placental metastasis. The 
incidence of placental metastasis in different types of can-
cers is shown in Table 36.7 [38].

36 Pregnancy and Gastrointestinal Cancers
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 Conclusion

The incidence of cancer during pregnancy is a very difficult 
problem for both fetus and mother. There are oncologic, 
obstetrical, ethical, religious, legal, and socioeconomic 
issues regarding the diagnosis and treatment of cancer. There 
is a need for more information about this issue. However, it 
is impossible to make clinical trials for pregnancy with can-
cer. Multicenter cohort studies are needed. This issue will 
continue to be complex during the era of targeted therapy 
and immunotherapy.

Obstetricians/perinatologists, surgeons, radiation oncolo-
gists, medical oncologists, radiologists, genetic counselors, 
and ethicists should work in multidisciplinary teams for the 
diagnosis and treatment of gastrointestinal cancers during 
pregnancies.
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Vaccination in Patients 
with a Gastrointestinal Cancer

Şehnaz Alp and Murat Akova

 Introduction

Cancer patients are remarkably vulnerable to infectious dis-
eases as a consequence of impaired host defenses; immuno-
suppressive characteristics of the disease or its treatment; 
and increased potential of exposure to pathogens due to fre-
quent medical care requirements. Reducing the incidence of 
vaccine-preventable diseases has a favorable impact on the 
morbidity and mortality in oncology patients. Hence, vacci-
nation is recommended as a part of standard of care of these 
patients [1–5]. The risk of infection and the ability to mount 
a protective immune response to a vaccine are closely related 
to the degree of immunosuppression resulting from the 
severity of the disease or administration of chemotherapy or 
radiation therapy. The immune response to vaccines in can-
cer patients cannot be predicted, but tends to be less potent 
than healthy individuals. However, vaccination may still pro-
vide significant clinical benefits in this patient population. A 
favorable protection may also require additional strategies 
such as passive immunization or prophylactic measures such 
as antiviral prophylaxis during influenza A outbreaks [1, 6].

 Definition of the Degree 
of Immunosuppression

The degree of immune impairment is usually categorized as 
high- and low-level immunosuppression. High-level immu-
nosuppressed patients are those having combined primary 
immunodeficiency disorder; receiving cancer chemotherapy; 
human immunodeficiency virus (HIV)-infected adults with 

CD4 T-lymphocyte count < 200 cells/mm3; solid organ trans-
plantation recipients within 2  months after transplant; 
patients receiving corticosteroid therapy with a dose of 
≥20  mg/day of prednisone or equivalent for ≥14  days; or 
patients receiving tumor necrosis factor-alpha (TNF- 
α[alpha]) inhibitors or rituximab (anti-CD20 monoclonal 
antibodies). In hematopoietic stem cell transplantation 
(HSCT) recipients, the degree of immunosuppression 
depends on the type of transplant, source of stem cell, type of 
donor, and presence and treatment of graft-versus-host dis-
ease (GVHD) [7, 8].

Patients with low-level immunosuppression are those 
receiving corticosteroid therapy lower than 20  mg/day of 
prednisone or equivalent for ≥14 days or receiving alternate- 
day regimen; HIV-infected adults with CD4 T-lymphocyte 
count of 200–499 cells/mm3; and those taking methotrexate 
(MTX) with a dose of ≤0.4  mg/kg/week or azathioprine 
≤3 mg/kg/day, or 6-mercaptopurine ≤1.5 mg/kg/day [7].

 Safety of Vaccination in Immunosuppressed 
Individuals

Vaccines are classified into two groups: live or inactivated 
vaccines. Available data indicate that safety profiles of inac-
tivated vaccines are nearly the same in both immunocompe-
tent and immunocompromised individuals [7, 9]. 
Nevertheless, immunocompromised patients are most likely 
to have reduced immune response to vaccination [6, 7, 9]. 
Immunization with live viral vaccines may result in prolif-
eration of attenuated vaccine strains. Accordingly, live vac-
cines are usually contraindicated in immunosuppressed 
patients [6, 7].

While deciding whether or not to administer a vaccine to 
an immunocompromised patient, the balance between the 
risks and benefits should be evaluated considering the risk 
of vaccine-preventable disease; the risk of infection due to 
the vaccine strain; and the risk of vaccine-related side 
effects [7].
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 Timing of Immunization

If possible, vaccines should be administered prior to the 
planned immunosuppressive medications, chemotherapy, 
radiation therapy, or splenectomy. Live viral vaccines can be 
administered at least 4  weeks before immunosuppression, 
but should be avoided during administration of chemother-
apy regimens, and should not be given within 2 weeks of ini-
tiation of immunosuppression. Inactivated vaccines should 
be applied at least 2  weeks prior to immunosuppression. 
Both inactivated vaccines and live viral vaccines for vari-
cella, and measles, mumps, and rubella (MMR) can be 
administered according to the recommended schedule to 
patients whose disease is in remission and the last chemo-
therapy cycle was completed at least 3 months previously. If 
anti-B-cell antibodies are included in the chemotherapy regi-
men, vaccination should be postponed at least 6 months. In 
case of immune globulin product replacement, vaccination 
should be deferred for a particular interval specific to each 
product [6, 7, 10].

Administration of vaccines during cancer chemotherapy 
should not be considered as valid doses unless protective 
antibody titers are documented. In such cases, revaccination 
should be performed after immune recovery [6, 7].

 Vaccination in Adults with Solid Cancer

The following recommendations are principally based on the 
“2013 Infectious Diseases Society of America (IDSA) 
Clinical Practice Guideline for Vaccination of the 
Immunocompromised Host” prepared by an international 
panel of experts to provide evidence-based suggestions on 
immunization of patients with altered immune status and 
their household contacts [7]. Moreover, ‘2016 Adult 
Immunization Schedule approved by the Centers for Disease 
Control and Prevention’s Advisory Committee on 
Immunization Practices (ACIP), the American Academy of 
Family Physicians, the American College of Physicians, the 
American College of Obstetricians and Gynecologists, and 
the American College of Nurse-Midwives’ on the use of 
licensed vaccines primarily for people living in the United 
States (updated and published annually) is proposed provid-
ing that the scheme is adapted to the principles on the timing 
and safety of immunization practices in immunocompro-
mised individuals [10].

 Influenza Vaccination

Clinical studies have reported high mortality rates (exceed-
ing 30%) due to influenza among high-risk oncology 
patients [1, 5, 11–15]. The rates of seroconversion following  

inactivated influenza vaccine in patients with cancer usu-
ally range between 24% and 78% [6, 16–18]. As expected, 
immune response to influenza vaccine is closely related to 
the administered chemotherapy regimen and timing of vac-
cination within the chemotherapy cycle [6]. Even though a 
recent meta-analysis revealed that the rates of seroconver-
sion and protection in cancer patients after inactivated 
influenza vaccine were nearly one-third of those in immu-
nocompetent individuals [19], in some studies, the rates of 
seroconversion in oncology populations after influenza 
vaccination seem to be comparable to those in healthy con-
trols [1, 3, 17, 20–23]. Moreover, influenza vaccination 
was associated with a significant decrease in influenza-like 
illness in a cohort of children with cancer in remission 
state [19].

Inactivated influenza vaccine is recommended annually 
for patients with hematological malignancies or with solid 
tumors, unless they receive anti-B-cell antibodies or inten-
sive chemotherapy. If the patient is receiving anti-B-cell 
antibodies, vaccine administration should be delayed at 
least 6 months, because a poor response to the vaccine is 
anticipated [7]. Some authors favor administering an inacti-
vated influenza vaccine to patients receiving intensive che-
motherapy (e.g., induction or consolidation regimen for 
acute leukemia) to protect them against seasonal influenza 
strains [6].

Given the high case fatality rates, in certain circum-
stances, vaccination should be considered along with pro-
phylactic measures to protect against influenza [1, 6]. 
Antiviral prophylaxis should be considered for patients 
receiving intensive chemotherapy who have contact with an 
influenza case within 48 h, or if the vaccine strains and the 
circulating seasonal influenza strains do not match [6].

Live attenuated influenza vaccine should not be adminis-
tered to immunocompromised individuals [7].

 Pneumococcal Vaccination

Streptococcus pneumonia is one of the most common 
pathogens causing pneumonia and sepsis in oncology set-
tings [1]. Immunocompromising conditions as indications 
for pneumococcal vaccination are congenital or acquired 
immunodeficiency, HIV infection, leukemia, lymphoma, 
Hodgkin’s disease, multiple myeloma, chronic renal fail-
ure, nephrotic syndrome, generalized malignancy, solid 
organ transplantation, iatrogenic immunosuppression (due 
to systemic corticosteroids, cancer chemotherapy, or radi-
ation therapy), and anatomical or functional asplenia 
(sickle cell disease and other hemoglobinopathies, 
 congenital or acquired asplenia, splenic dysfunction, and 
splenectomy) [10]. Even though it was reported that 
administration of multivalent pneumococcal conjugate 
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vaccine to cancer patients resulted in protective antibody 
titers nearly as high as those of healthy controls [1, 3, 22, 
24], most patients receiving radiation therapy or myeloab-
lative regimens and those with B-cell malignancies tend to 
have suboptimal immune responses [1, 3, 25–29]. 
Pneumococcal vaccine should be administered at least 
2  weeks before immunosuppressive therapy or elective 
splenectomy. Vaccination during intense chemotherapy 
can result in a poor response [6].

Patients who have not previously been vaccinated with 
13-valent pneumococcal conjugate vaccine (PCV13) or 
23-valent pneumococcal polysaccharide vaccine (PPSV23) 
should receive PCV13 followed by PPSV23 at least 
8 weeks apart. A second dose of PPSV23 should be given 
at least 5 years after the first dose of PPSV23. For patients 
who have previously been vaccinated with one dose of 
PPSV23, a single- dose PCV13 should be administered at 
least 1 year after the first dose of PPSV23. A second dose 
of PPSV23 should be given at least 8 weeks after PCV13 
and no sooner than 5 years after the last dose of PPSV23 
[6, 7, 10]. Patients who have not received PCV13 but have 
been vaccinated with 2 doses of PPSV23 should receive 
PCV13 at least 1 year after the last dose of PPSV23. For 
patients who have had PCV13 vaccination but not PPSV23, 
the first dose of PPSV23 should be administered at least 
8 weeks after PCV13. A second dose of PPSV23 should be 
given 5 years after the first dose of PPSV23. If a patient 
has received PCV13 and 1 dose of PPSV23, a second dose 
of PPSV23 should be performed at least 8  weeks after 
PCV13 and no sooner than 5 years after the first dose of 
PPSV23 [10].

 Haemophilus Influenza Type B (Hib) Vaccination

Children with malignancies have an increased risk of devel-
oping Haemophilus influenzae type b (Hib) infection as 
compared to healthy children [30]. Adult cancer patients, 
other than HSCT recipients, do not seem to have such a great 
risk. While Hib conjugate vaccine is indicated for children 
with cancer, it is not routinely recommended to adult cancer 
patients unless they undergo HSCT [6]. However, 1 dose of 
Hib vaccine is recommended to patients with anatomical or 
functional asplenia or sickle cell disease or to those for 
which an elective splenectomy is planned if they have not 
been previously vaccinated with Hib vaccine [10]. 
Vaccination for Hib should be administered more than 
2 weeks prior to or more than 3 months after treatment with 
myeloablative regimens and/or radiation therapy, and prefer-
ably at least 2 weeks before splenectomy. With the use of 
this strategy, the level of antibody titers achieved in cancer 
patients tends to be comparable to those in healthy individu-
als [1, 3, 10, 25, 31].

 Varicella Vaccination

The morbidity and mortality rates of primary varicella infec-
tion are high in seronegative cancer patients. Varicella vac-
cination with a two-dose schedule at least 4 weeks apart is 
recommended to adult patients without evidence of immu-
nity to varicella at least 4 weeks before initiation of immuno-
suppressive therapy. Evidence of varicella immunity in 
adults refers to serologic evidence of immunity or laboratory- 
confirmed disease; history of varicella or herpes zoster diag-
nosed or verified by a health-care provider; US-born before 
1980 (except health-care personnel and pregnant women); 
and documentation of varicella vaccination in two doses at 
least 4 weeks apart [7, 10]. Varicella vaccine should not be 
administered to highly immunocompromised patients. As 
with other viral vaccines, varicella vaccine can be adminis-
tered to cancer patients whose disease is in remission and 
who have not received chemotherapy for at least 3 months 
[6, 7, 9].

 Zoster Vaccination

Cancer patients have an increased risk of herpes zoster [6, 
32]. A single dose of zoster vaccine is recommended to 
patients ≥ 60 years of age if it can be administered at least 
4 weeks before initiation of immunosuppressive therapy [7, 
10]. It should be considered for varicella-positive patients 
aged 50–59  years provided that it can be given at least 
4 weeks before immunosuppressive therapy. Zoster vaccine 
is contraindicated in oncology patients receiving chemother-
apy, but can be administered to cancer patients whose dis-
ease is in a remission state and whose last chemotherapy or 
radiation therapy was at least 3 months previously [6, 7, 9].

 Measles, Mumps, Rubella (MMR) Vaccination

Adults born in 1957 or later should have a report of receipt of 
1 or more doses of MMR vaccine or laboratory-documented 
immunity to measles, mumps, and rubella. For both the mea-
sles and mumps component, a routine second dose of MMR 
vaccine, administered at least 4 weeks after the first dose, is 
recommended for students in postsecondary education insti-
tutions; those who work in a health-care facility; or for inter-
national travelers [10].

Oncology patients infected with measles have high mor-
tality rates [6, 33]. MMR vaccine should be administered as 
indicated and scheduled in the current guidelines [10], but 
should not be given during chemotherapy. However, it may 
be given to cancer patients whose disease is in a remission 
state and at least 3 months have passed after the last chemo-
therapy cycle [6].

37 Vaccination in Patients with a Gastrointestinal Cancer



666

 Hepatitis A Vaccination

Cancer patients with indications for hepatitis A vaccination 
as stated in the current guidelines and those asking for pro-
tection from hepatitis A virus infection should receive hepa-
titis A vaccine [10]. Single-antigen vaccines are administered 
in 2 doses 6–12 months or 6–18 months apart in accordance 
with the prescribed vaccine. Hepatitis A and hepatitis B vac-
cine can be administered concomitantly. If combined hepati-
tis A and hepatitis B vaccine will be used, a 3-dose schedule 
at 0, 1, and 6 months should be administered; or alternatively 
a 4-dose schedule at 0, 7, and 21–30  days followed by a 
booster dose at 12 months can be used. Vaccine efficacy may 
be lower in oncology patients [6, 10].

 Hepatitis B Vaccination

Cancer patients who have indications for hepatitis B vaccina-
tion as stated in the current guidelines, and those who are 
willing to receive hepatitis B vaccine should be immunized 
against hepatitis B [6, 10, 34]. Hepatitis B vaccination in 
3-dose series should be completed. At least 1 month after the 
first dose, the second dose should be given and followed by 
the third dose at least 2 months after the second dose and at 
least 4 months after the first dose. Coadministration of hepa-
titis B and hepatitis A vaccine is feasible if hepatitis A vac-
cine is also indicated or requested. If combined hepatitis B 
and hepatitis A vaccine will be used, a 3-dose schedule at 0, 
1, and 6 months should be administered; or alternatively a 
4-dose schedule on 0, 7, and 21–30  days followed by a 
booster dose at 12 months may be used [6, 10]. Adult patients 
with immunocompromising conditions or hemodialysis 
patients should receive 1 dose of 40 mcg/mL (Recombivax 
HB®) given in a 3-dose schedule at 0, 1, and 6 months or 2 
doses of 20 mcg/mL (Engerix-B®) administered simultane-
ously as a 4-dose schedule at 0, 1, 2, and 6 months [10].

Seroconversion to hepatitis B vaccine can occur in cancer 
patients with similar frequency to healthy subjects unless it 
is administered during chemotherapy [1, 3, 35]. Concomitant 
myeloablative regimens were associated with poor immune 
responses (nearly 20%) [1, 3, 36–38].

 Tetanus, Diphtheria, and Acellular Pertussis 
Vaccination

Many cancer patients receiving chemotherapy are not pro-
tected against tetanus, diphtheria, and pertussis. Tetanus and 
diphtheria (Td) booster doses should be considered for oncol-
ogy patients. For people ≥  11  years of age who have not 
received tetanus toxoid, reduced diphtheria toxoid, and acel-
lular pertussis (Tdap) vaccine, or with unknown vaccination 

status, a dose of Tdap should be given and followed by tetanus 
and diphtheria toxoid (Td) booster doses every 10 years [6, 39, 
40]. If possible, Tdap should be given before initiation of 
treatment. Even though data on immune response to tetanus 
and diphtheria vaccines are limited in this patient group, exist-
ing data on children receiving maintenance chemotherapy 
revealed a similar response as compared to healthy controls 
[40]. Adults with unknown or incomplete history of receiving 
3-dose primary vaccination series should begin or complete 
the primary vaccination series including a Tdap dose. For 
unvaccinated adults, the first 2 doses should be given at least 
4 weeks apart followed by the third dose 6–12 months later. 
For patients who have received incomplete vaccination (fewer 
than 3 doses), the remaining doses should be given [10].

 Meningococcal Vaccination

For meningococcal vaccination, no specific recommenda-
tions can be made for cancer patients. Current guidelines on 
recommended immunization schedules should be followed 
[10]. Immune response to meningococcal vaccine may be 
suboptimal in oncology patients [6, 9, 10].

 Human Papillomavirus (HPV) Vaccination

Patients with cancer should receive human papillomavirus 
(HPV) vaccine with the same indications and schedule as 
stated in the current guidelines [10]. For use in females, biva-
lent (2vHPV), quadrivalent (4vHPV), and 9-valent (9vHPV) 
HPV vaccines are licensed; for use in males, 4vHPV and 
9vHPV are available. In cancer patients, response to vaccina-
tion may be suboptimal [6, 41]. Since the vaccine should be 
administered by intramuscular injection, thrombocytopenic 
patients may have a risk of developing hematoma [6].

 Poliovirus Vaccination

The incidence of poliovirus infection is low in the United 
States and Western Europe. Routine vaccination of 
adults ≥ 18 years of age who reside in the United States is not 
recommended since most adults are considered to be immune, 
and the risk of exposure to wild poliovirus is low. Nevertheless, 
revaccination with inactivated polio vaccine (IPV) is still rec-
ommended for transplant recipients and oncology patients, 
particularly for those at elevated risk of poliovirus exposure [1, 
6] such as travelers to areas where poliomyelitis is endemic or 
epidemic, and laboratory staff with possible exposure to speci-
mens that may contain poliovirus. Administration of poliovi-
rus vaccine to adults at risk of infection is scheduled according 
to the previous vaccination history and the particular time 
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period required for protective immune response. For adults 
who have not been vaccinated and at risk of exposure to polio-
myelitis, primary immunization with IPV scheduled in 3 doses 
is recommended. The first and second dose of IPV should be 
given 1–2 months apart, and the third dose needs to be admin-
istered 6–12 months (at least 6 months) after the second dose. 
If completion of this schedule is not possible because of the 
time required for protection is limited, alternative vaccination 
strategies can be used. If ≥8 weeks are available before protec-
tion is needed, IPV vaccination schedule in 3 doses can be 
completed by giving each dose at least 4 weeks apart. If only 
4–8 weeks are available, 2 doses of IPV should be given at 
least 4 weeks apart. If less than 4 weeks are available, a single 
dose of IPV should be given, and the remaining doses must be 
completed later if the person is still at risk of infection. For 
adults who have previously received a primary series of 3 or 
more doses and are at increased risk of exposure to poliovirus, 
1 dose of IPV should be given. If a primary series of vaccina-
tions have not previously been completed, and increased risk 
of exposure to poliovirus is present, the remaining doses of 
IPV should be given [42].

 Vaccination of Household Contacts 
of Immunocompromised Patients

Immunocompetent household members of immunocompro-
mised patients can receive inactivated vaccines according to 
the recommended immunization schedules. They should be 
vaccinated annually with either inactivated influenza vaccine 
or live attenuated influenza vaccine. However, live attenu-
ated influenza vaccine is only recommended to healthy, non-
pregnant individuals aged between 2 and 49 years [7, 10]. 
Live attenuated influenza vaccine should not be administered 
to household contacts of patients with severe combined 
immune deficiency (SCID) or HSCT recipients within 
2 months after transplant and/or with GVHD. If live attenu-
ated influenza vaccine is administered to a household mem-
ber of these high-risk patients, contact should be avoided for 
7  days. Oral polio vaccine should not be administered to 
household contacts of immunocompromised patients [7].

Other live vaccines—such as combined MMR vaccines, 
varicella vaccine, zoster vaccine, rotavirus vaccine (in infants 
aged between 2 and 7  months), yellow fever vaccine, and 
oral typhoid vaccine (as travel advice)—can be administered 
to healthy household members of immunocompromised 
patients. But, highly immunocompromised individuals 
should be advised to avoid handling of diapers of infants 
within 4  weeks of rotavirus vaccination. They should also 
avoid contact with any varicella or zoster vaccine recipient 
who experiences rash or skin lesions after vaccination. 
Contact should be avoided until the lesions are crusted [7].

 Conclusion

Vaccination is of utmost importance for immunosuppressed 
patients for protection from several vaccine-preventable 
diseases. Patients with solid tumors can be safely vacci-
nated with non-live vaccines. Particular emphasis should 
be put on annual influenza vaccination and pneumococcal 
vaccination schedules—both of which can be applied as in 
healthy individuals. Since the morbidity and mortality 
from the latter diseases will be significantly higher in the 
immunosuppressed—thus in patients with solid tumors—
the patient should strongly be advised to be vaccinated. 
The timing of vaccination is very important to achieve a 
protective immunity, and a timeframe when the patient is 
least immunosuppressed should be chosen when applying 
vaccines.
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Symptom Management 
in Gastrointestinal Cancers

Tugba Yavuzsen, Nazli Kazaz, Özgür Tanriverdi, 
Tulay Akman, and Mellar P. Davis

 Introduction

Gastrointestinal (GI) cancer is a term for a group of cancers 
that includes cancers of the esophagus, gallbladder, liver, 
pancreas, stomach, small bowel (large intestine or colon and 
rectum) intestine, and anus.

Symptom management for GI cancers depends on the 
type of cancer, the stage, the development of systemic 
symptoms such as anorexia, early satiety nausea, dysgeusia 
and smell changes, and other comorbidities. In 2018, there 
were an estimated 1.7 million new cancers expected to be 
diagnosed and 609,640 cancer deaths in the United States, 
according to the American Cancer Society [1]. In the 
United States, colorectal cancer is one of the four most 
prevalent cancers by age and sex [1]. Patients diagnosed 
with cancer are confronted with many distressing symp-
toms. Fatigue is the most common symptom followed by 
pain, poor well- being, sleep disturbances, poor appetite, 
drowsiness, anxiety, depression, dyspnea, and nausea [2]. 
Symptoms may occur early, particularly in esophageal, 
gastric, and pancreatic cancers. Clinicians should assess a 
patient’s symptom burden at the time of diagnosis using 

validated questionnaires. Symptoms may be directly 
related to the tumor or release of inflammatory cytokines or 
can result from treatment or associated comorbidities such 
as diabetes or cirrhosis.

Symptoms appear to cluster together in more than a ran-
dom fashion and thus were used to define various syndromes 
in the early years of medicine [3]. Some of the clusters are 
defined clinically and some statistically. Symptom clusters 
may help in cancer diagnosis, management, and prognosti-
cation [4]. Certain symptoms negatively affect quality of 
life (QOL) and influence the treatment compliance of 
patients as well as add to their caregivers’ burden. Assessing 
evolving symptom clusters with follow-up and early pallia-
tive intervention for symptoms can improve QOL for a can-
cer patient [5].

The philosophy of palliative care is based on interdisci-
plinary management—an approach that requires multiple 
specialties to work together, focused on the patient, family, 
and community at large. Providing for the palliative needs 
of the patient, wherever the patient is (at home, at nursing 
home, or in hospital), is the most basic cancer care. The 
palliative care philosophy treats death as a natural part of 
living, and trying to improve quality of life is fundamental 
to the experience of cancer. Palliative care does not seek to 
hasten or delay death and is patient-centered and not 
disease- centered. It focuses on providing a patient with the 
best quality of life possible until the moment of death. 
Palliative care should not be limited to the last period of life 
but should be applied early in the course of incurable can-
cers and to continue beyond death to support the patient’s 
family.

In this chapter, we will discuss the management of 
common symptoms in GI cancers, including anorexia, 
cachexia, nausea and vomiting, mucositis, diarrhea, malig-
nant bowel obstruction, ascites, jaundice, and hepatic 
encephalopathy. We will also discuss cancer-related 
fatigue, hematological and neuropsychiatric symptoms, 
pain, and skin problems.
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 Nutritional Problems Associated 
with Gastrointestinal Cancer

At the cancer diagnosis, nutritional disorders become an 
emergent issue. Patients with cancer are frequently at risk of 
malnutrition, not only because of physical and metabolic 
effects of the disease but also because of adverse effects of 
anticancer treatments, and nutritional intake changes associ-
ated with food consumption or/and malabsorption [6]. 
Malnutrition is the most frequent nutritional disorder in 
patients with GI cancer and is associated with anorexia- 
cachexia syndrome (ACS), worsening of prognosis, and 
shortened survival rate. Early diagnosis of nutritional prob-
lems in GI cancer patients is essential to avoid further com-
plications and improve survival rate. The greatest challenge 
in patients with GI cancer is to prevent involuntary weight 
loss, which is common in clinical practice and should be 
considered a warning sign in cachexia development. Early 
nutritional screening has been recommended in all patients 
to identify any specific risk of malnutrition [7].

Anorexia-cachexia syndrome can be missed with the ini-
tial diagnosis. Early assessment and diagnosis seems to be 
crucial for therapy [8, 9]. The prevalence of ACS in patients 
with advanced cancer, except with breast cancer, ranges from 
25% to more than 80% before death [10].

Cachexia is a complex metabolic syndrome associated 
with underlying chronic disease, and is characterized by the 
loss of muscle with or without fat mass. It is characterized by 
systemic inflammation, negative protein and energy balance, 
and an involuntary loss of lean body mass with or without 
wasting of adipose tissue [9]. The pro-inflammatory cyto-
kines produced by tumor cells is the main initiator that 
results in proteasome-dependent proteolysis and heat shock 
proteins upregulation as contributors to wasting [11]. In a 
study by DeWys in 1980, within Eastern Cooperative 
Oncology Group (ECOG) chemotherapy trials, weight loss 
was identified with high prevalence in cancer and it was 
associated with decreased survival [12].

Cachexia is responsible for 22% of all cancer deaths [13]. 
Anorexia (loss of appetite) affects up to three-fourths of can-
cer patients. Anorexia may not always accompany cachexia 
but these two symptoms often occur together in cancer.

The pathogenesis of human cancer anorexia is multifacto-
rial but poorly understood. It likely results from altered 
peripheral hypothalamic signals and neurohormonal media-
tors due to up-regulated cytokines and eicosanoids and dys-
regulated of monoamines [14]. Multiple gastrointestinal 
symptoms were present simultaneously (causing anorexia) 
in 97% of advanced cancer patients [15]. Systematic assess-
ment of these symptom profiles should help improve the 
understanding of pathophysiology and clinical features of 
ACS. The diagnosis of cancer-related anorexia is based on 
loss of appetite and the desire to eat. It is only a part of ACS 

and is usually associated with other gastrointestinal symp-
toms. Many questionnaires that have been developed provide 
a multidimensional assessment. However, it is often difficult 
to repetitively use these surveys due to the question burden 
on patients and their caregivers [16]. Therefore, there is a 
need for a simple, one-question survey for advanced cancer 
patients [17].

Cancer cachexia remains under-diagnosed and under- 
treated because of the lack of a universal definition; globally 
accepted diagnostic and classification criteria have not been 
established [18–21]. In a systematic review published in 
2012 that looked at the value of symptom assessment to pre-
dict survival in advanced cancer patients [21], anorexia, 
cachexia, and weight loss were the most frequent symptoms 
in multivariate analyses to have prognostic significance—
especially in advanced lung and GI cancers. The refractory 
cachexia is mostly seen in the terminal stages of cancer and 
is not reversible by aggressive nutritional support. However, 
pre-cachexia is important because early interventions with 
various medical treatments may prevent advancement to irre-
versible cachexia.

A significant proportion of patients will have sarcopenic 
obesity, which is often overlooked. Sarcopenic obese patients 
with cancer have an observed higher risk of dose-limiting 
toxicity during chemotherapy and surgery complications 
compared to non-sarcopenic obese patients [22, 23].

Professional nutritional counseling is a dedicated and 
repeated communication process that aims to provide 
patients with a thorough understanding of nutritional topics 
that can lead to lasting changes in eating habits. The best 
way to maintain or increase energy and protein intake is to 
be done with normal food. However, this is often difficult 
and, in addition to counseling, oral nutritional supplements 
(ONS) are required. It can be given to cancer patients 
through enteral tubes (enteral nutrition [EN]) or parenteral 
infusions (parenteral nutrition [PN]). A mini-review showed 
that there was no difference in improving the clinical out-
comes except that PN resulted in more infections when 
compared with EN [24]. Physical therapy including physi-
cal activities of daily life, resistance and aerobic exercise 
training, and techniques also increase muscle mass and/or 
muscle strength.

 Nausea and Vomiting in Gastrointestinal 
Cancers

Nausea is defined as an unpleasant subjective feeling with a 
need to vomit. Salivation, skin pallor, cold sweat, and tachy-
cardia often accompany nausea. Vomiting is the retropulsion 
of gastric ingredients through the mouth. Approximately 
50% of cancer patients will have nausea or vomiting during 
the course of their disease [25].
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Nausea is regulated by the autonomic nervous system, but 
vomiting is controlled by the brainstem with a multistep 
reflex pathway. Vomiting occurs by way of afferent stimula-
tion from the chemoreceptor trigger zone (CTZ, area pos-
trema), cerebral cortex, limbic system, vestibular-labyrinthine 
apparatus, vagal afferent fibers in gastrointestinal tracts to 
the vomiting center, which is located in the medulla (nucleus 
tractus solitarius). Efferent impulses arise from the vomiting 
center to the salivation center, abdominal muscles, respira-
tory center, and cranial nerves [26]. There are multiple neu-
rotransmitters and receptors (i.e., serotonin, dopamine, 
substance P) in the gastrointestinal tract, the vomiting center, 
and the CTZ that generate vomiting. Chemotherapeutic 
agents activate these receptors via vagus serotonin receptors 
(5HT3) and neurokinin 1 receptors (and substance P), which 
accounts for acute and delayed chemotherapy-induced nau-
sea and vomiting (CINV), respectively [27].

The etiology-based classification and treatment (except 
CINV) is summarized in Table  38.1 [28]. The treatment 
strategies and agents vary according to the causes of nausea 
and vomiting (N&V). Cancer patients are exposed to many 
drugs during their treatment, and nausea is an important side 
effect of many anticancer drugs as well as the opioids used to 
control pain [29].

The other significant problem faced by cancer patients 
involves gastric motility disorders. Gastroparesis and loss of 
gastric accommodation have been described as complica-
tions of several GI malignancies and as a distant (paraneo-
plastic) effect from non-GI cancers such as lung cancer. 
These gastric motility disorders often accompany nausea and 
vomiting, abdominal pain, bloating, and early satiety [30, 
31]. The prevalence of malignancy-associated gastroparesis 
is unknown but is probably under-recognized and under- 
treated [30]. In a prospective study, gastroparesis was related 

to impaired gastric emptying (tumor itself, ascites, hepato-
megaly, drug-related, other) in 44% of patients, chemically 
caused (metabolic, drug-related, infectious) in 33%, visceral/
serosal (bowel obstruction, other) in 31%, intracranial in 8%, 
and anxiety in 7% [32].

GI cancers may cause mechanical small bowel obstruc-
tion because of intrinsic or extrinsic compression. Surgery is 
unlikely to be helpful in most cases with gross cancer noted 
on abdominal cross-sectional imaging; therefore, palliative 
approaches should be utilized in an evidence-based manner. 
Gastrointestinal decompression is important in the treatment 
of nausea and vomiting from bowel obstruction (Table 38.1 
shows other causes for nausea and vomiting [28]). Octreotide, 
hyoscine butylbromide, glycopyrrolate, ranitidine, cortico-
steroids, and antiemetics are helpful in reducing nausea and 
vomiting from bowel obstruction. Placement of stents and 
percutaneous gastrostomies can often relieve nausea and 
vomiting unresponsive to medication.

Nausea and vomiting are common side effects of chemo-
therapy and targeted agents for which patients with advanced 
GI cancers are treated [14]. Guidelines are only based on the 
type of chemotherapy agent used and its emetogenic poten-
tial. However, severity and duration of nausea and vomiting 
varies based on patient-related, tumor-related, and treatment- 
related factors [33]. Tumor location, type of chemotherapy 
agents used, and concomitant radiation exposure are respon-
sible for variations in the incidence of nausea and vomiting 
[34, 35]. For example, cisplatin-induced nausea and vomit-
ing is less likely to occur in patients with a history of chronic 
high intake of alcohol [36]. Female gender and patients 
younger than 50 years of age have a greater risk for nausea 
and vomiting on highly emetogenic and moderately 
 emetogenic chemotherapy [37, 38]. History of motion sick-
ness and emesis during pregnancy are the other risk factors.

Table 38.1 Etiology-based classification of nausea and vomiting [28]

Etiology Examples Appropriate first-line antiemetic and typical starting dose
Chemical Drugs, e.g., opioids, digoxin, antibiotics, 

cytotoxic; toxins, e.g., ischemic bowel, infection; 
metabolic, e.g., hypercalcemia

Haloperidol, 1.5 mg bd or 5 mg subcutaneously over 24 h

Delayed gastric 
emptying

Drugs, e.g., opioids, tricyclic antidepressants; 
ascites
Hepatomegaly; autonomic dysfunction

Metoclopramide, 10 mg qds or 40 mg subcutaneously over 24 h
Domperidone, 10 mg qds

Gastrointestinal Bowel obstruction Hyoscine butylbromide, 60 mg subcutaneously over 24 h or 
cyclizine, 150 mg subcutaneously over 24 h
Consider adding haloperidol and/or dexamethasone. If partial 
obstruction and/or abdominal colic consider metoclopramide instead

Radiation colitis, post-chemotherapy Ondansetron, 8 mg bd-tds
Cranial Raised intracranial pressure, e.g., from tumor or 

intracranial bleed; meningeal infiltration
Cyclizine, 50 mg tds or 150 mg subcutaneously over 24 h (in 
conjunction with dexamethasone)

Vestibular Drugs, e.g., opioids vestibular neuritis and 
labyrinthitis

Cyclizine, 50 mg tds or 150 mg subcutaneously over 24 h

Cortical Anxiety, anticipatory N&V, pain Benzodiazepines, e.g., oral lorazepam, 0.5 mg as required

bd twice daily, tds three times daily, qds four times daily, e.g. exempli gratia, N&V nausea and vomiting
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 Chemotherapy-Induced Nausea and Vomiting

Chemotherapy-induced N&V has been classified as acute, 
delayed, anticipatory, breakthrough, refractory, and chronic 
[39–41]:

 Acute and Delayed Nausea and Vomiting
Acute N&V occurs during the first 24 h after chemotherapy 
administration, whereas delayed emesis occurs more than 24 h 
after chemotherapy [42]. Acute emesis commonly begins 
within the first 2 h after chemotherapy administration, peaks in 
the first 4–6 h, and resolves within the first 24 h. Delayed N&V 
is associated with certain drugs (e.g., cisplatin, cyclophospha-
mide, doxorubicin, and ifosfamide) given at high doses or on 
sequential days. The etiologies and patient risk factors for 
acute and delayed N&V are similar. The incidence for both 
types of N&V varies by the emetogenic potential of the che-
motherapeutic agents used [43–45]. Experiencing nausea and 
vomiting while receiving chemotherapy negatively affects 
patient quality of life; however, the incidence and severity of 
this complication is decreasing in recent years through the use 
of new antiemetic medications. Risk factors include:

• The emetogenic potential of the specific drug
• The dose
• The treatment schedule
• How chemotherapy agents are combined [46]

In a prospective study, patients with colon cancer on 
oxaliplatin-based chemotherapy received a 
5- hydroxytryptamine 3 receptor antagonists (5 HT3RA) and 
dexamethasone 20 mg prior to oxaliplatin. Routine prophy-
laxis was not given for delayed emesis. The CR rate was 90% 
for acute emesis, but 54% for delayed emesis [43]. 
Recommendations now include the use of a neurokinin1 
receptor antagonist (e.g., aprepitant or fosaprepitant) where 
available [47].

 Anticipatory Nausea and Vomiting
Anticipatory N&V (ANV) is a learned or conditioned 
response. Anticipatory nausea occurs in one-third of patients 
receiving chemotherapy, while anticipatory vomiting occurs 
in about one in ten patients [48]. With cancer chemotherapy, 
the first chemotherapy infusion is part of a learning experi-
ence that provides information about the patient’s particular 
susceptibility to nausea and vomiting. ANV occurs typically 
after three or four cycles of chemotherapy, largely after 
patients have experienced N&V with earlier treatments. 
Smells, sights, and sounds of the treatment room stimulate 
ANV.  Many variables potentially affect the incidence of 
ANV. These risk factors are similar to those of CINV [49].

Aggressive prophylaxis with the initial courses of highly 
emetogenic and moderately emetogenic chemotherapy is the 

best way to avoid ANV. The proper use of antiemetics during 
chemotherapy may have a dramatic effect in decreasing the 
incidence of ANV [49]. In randomized trials, benzodiaze-
pines combined with standard antiemetic therapy reduced 
the incidence of acute and ANV significantly. Guidelines 
also recommend lorazepam and alprazolam combined with 
antiemetics [50–52]. Behavioral therapies (relaxation/sys-
tematic desensitization, hypnosis with guided imagery, 
music therapy) and acupuncture/acupressure also can be 
helpful and are recommended for ANV [53–56].

 Breakthrough Nausea and Vomiting
Breakthrough N&V describes patients who fail on antiemetic 
prophylaxis during initial chemotherapy cycles within 5 days 
(≥3 episodes of vomiting).

 Refractory Nausea and Vomiting
Patients who have refractory N&V show no response to anti-
emetic treatment.

 Chronic Nausea and Vomiting
Chronic N&V has a variety of potential etiologies. Potential 
factors include gastrointestinal, cranial, metabolic, drug- 
induced (e.g., morphine), cytotoxic chemotherapy-induced, 
and radiation-induced mechanisms [42].

The American Society of Clinical Oncology (ASCO) has 
developed a rating system for chemotherapeutic agents and 
their respective risk of acute and delayed emesis (Table 38.2) 

Table 38.2 Emetogenic potential of intravenous and oral antineoplas-
tic agents used in GI cancers [57]

Degree of emetogenicity (incidence) Agent
High (>90%) Cisplatin
Moderate (30–90%) Oxaliplatin

Carboplatin
Epirubicin
Irinotecan
Imatinib

Low (10–30%) Paclitaxel
Docetaxel
Mitomycin
Gemcitabine
5-Fluorouracil
Etoposide
Capecitabine
Tegafur/uracil
Cetuximab
Trastuzumab
Panitumumab
Ramucirumab
Regorafenib
Sunitinib
Everolimus
Ziv-aflibercept

Minimal (<10%) Bevacizumab
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[57]. Chemotherapy drugs are located in all four groups 
commonly used in GI cancers. ASCO guidelines largely use 
the chemotherapy agent to grade the risk of N&V [57].

 Guidelines for Prevention and Treatment 
of Chemotherapy-Induced Nausea 
and Vomiting

 Highly Emetogenic Chemotherapy
The Multinational Association of Supportive Care in Cancer 
(MASCC)/European Society for Medical Oncology 
(ESMO), the American Society of Clinical Oncology 
(ASCO), and the National Comprehensive Cancer Network 
(NCCN) have each created CINV management guidelines. 
All three guidelines [58] suggest a combination of 5 HT3RA, 
dexamethasone, and neurokinin-1 receptor antagonist (NK1 
RA) on the first day for acute CINV, and NK1 RA with dexa-
methasone prophylaxis is recommended for delayed CINV 
for highly emetogenic agents. The NCCN guidelines recom-
mend netupitant/palonosetron and dexamethasone combina-
tion for acute CINV and olanzapine for both acute and 
delayed emesis (in combination with palonosetron and dexa-
methasone for acute emesis prophylaxis).

 Moderately Emetogenic Chemotherapy
Combinations of 5HT3RA and dexamethasone with or with-
out NK1 RA are recommended for acute emesis with moder-
ately emetogenic chemotherapy. Triple antiemetics are 
recommended the MASCC/ASCO guidelines for anthracy-
cline and cyclophosphamide chemotherapy. NCCN guide-
lines recommend triple prophylaxis for the other moderately 
emetogenic agents (e.g., carboplatin, epirubicin, ifosfamide, 
and irinotecan) additionally and also recommend netupitant/
palonosetron and dexamethasone combination. The use of 
olanzapine is recommended by the NCCN for the high 
emetogenic group. For delayed emesis, dexamethasone is the 
preferred agent; 5HT3RA can be used alternatively instead 
of dexamethasone. Metoclopramide is not recommended in 
the new guidelines for moderately emetogenic chemother-
apy. Olanzapine is superior to metoclopramide in treating 
breakthrough nausea and vomiting.

 Low Emetogenic Chemotherapy
Steroid alone is recommended with low emetogenic chemo-
therapy for prophylaxis of acute emesis. The NCCN guide-
lines recommend prochlorperazine or metoclopramide for 
prevention of acute emesis as an alternative to steroid or 
5HT3RAs. There is no recommendation for delayed emesis.

 Minimal Emetogenic Chemotherapy
No prophylaxis is suggested routinely before minimal 
emetogenic chemotherapy, according to all three guidelines.

 Management of Breakthrough and Refractory 
Nausea and Vomiting
Dopamine receptor antagonists (metoclopramide), benzodi-
azepines (lorazepam), and neuroleptics (olanzapine) are sug-
gested by the MASCC and NCCN guidelines for management 
of breakthrough and refractory N&V.

 Non-pharmacological Strategies
Non-pharmacological strategies may help to reduce nausea 
and vomiting and may help the treatment with drugs. These 
strategies include nutritional advice (avoiding strong smells 
and foods that taste spicy or salty, taking frequent but small 
meals), acupuncture and acupressure (effective in postopera-
tive N&V and CINV), relaxation methods, and behavior 
therapy [59].

 Mucositis, Diarrhea, and Dysphagia

Mucositis and diarrhea are common toxicities caused by sys-
temic chemotherapy, targeted agents, or radiation therapy, 
which share a common mechanism [60, 61]. Mucositis is a 
mucosal damage caused by an inflammatory response to 
treatment. Stomatitis or oral mucositis chronologically 
occurs later than small bowel mucosal damage. Diarrhea 
may occur as a result of increased motility or ion secretion in 
the absence of mucosal damage. The prevalence of mucositis 
is 20–40% of patients receiving standard-dose chemotherapy 
and 80% receiving high-dose chemotherapy [62]. The preva-
lence of oral mucositis in colorectal cancer patients on che-
motherapy varies from 42% to 21% [61]. The clinical effects 
of mucositis on patients depend on anatomical site. Painful 
ulceration and dysphagia reflect upper gastrointestinal toxic-
ity while abdominal cramps, bloating, and diarrhea reflect 
small bowel and colon toxicity [63]. The pathogenesis is 
complex and consists of five stages as proposed by Sonic 
et  al.: (1) initiation, (2) upregulation and message genera-
tion, (3) signaling and amplification, (4) ulceration, and (5) 
healing phase [64].

Irinotecan and 5-fluorouracil (5-FU), often used in combi-
nation chemotherapy regimens for GI cancers, have been 
extensively researched [61]. The most common side effect is 
diarrhea in patients receiving adjuvant 5-FU-based chemo-
therapy regimens. Gastrointestinal toxicity is influenced by 
type of doses—bolus or infusion 5-FU—and time of day 
(there is less toxicity at night due to slower cellular division 
at night along the mucosa), patient genotype for metabolizing 
enzymes (5-FU) and cytochrome P450 (CYP1A1 for irinote-
can), and comorbidities [65, 66]. Monoclonal antibodies to 
epidermal growth factor receptor (EGFR), such as cetuximab 
and panitumumab, used to treat advanced colorectal cancer 
are known to cause diarrhea too [60]. Bevacizumab and other 
monoclonal antibodies used against vascular epidermal 
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growth factor (VEGF) cause less diarrhea than other multi-
targeted tyrosine kinase inhibitors (TKIs) directed at VEGF 
receptors [67]. In a study of 747 patients who received TKIs, 
the most common reported GI side effect was oral mucosal 
sensitivity (dysesthesia) [67]. Regorafenib, an oral small 
TKI, which has been used increasingly in the treatment of 
metastatic colorectal cancer, is also known to produce muco-
sitis [68]. Few evidence-based treatments are available and 
no licensed agent is available for prophylaxis. Dose modifica-
tion is usually done with additional cycles once mucositis 
occurs.

Published interventions for mucositis (not including the 
oral cavity) are amifostine, octreotide, sucralfate enemas, 
sulfasalazine, and probiotics, which should be given as per 
guideline recommendations. For oral mucositis, basic oral 
care is the main treatment. In addition, growth factor and 
cytokines, anti-inflammatories, antimicrobials, coating 
agents, patient-controlled analgesia, laser and light therapy, 
cryotherapy, and natural and miscellaneous agents have been 
reported to be helpful [69].

Carcinoid tumors arise from neuroendocrine cells, which 
are widespread in the human body, especially in the organs 
derived from the primitive intestine. One-third of those occur 
in the GI tract. Malignant carcinoid syndrome is character-
ized by an array of signs and symptoms, such as hot, red 
flushing of the face; debilitating diarrhea; and asthma attacks 
caused by vasoactive hormones secreted by metastases from 
carcinoid tumors [70]. Intestinal obstruction may result from 
the primary tumor or from the sclerosing reaction in the sur-
rounding mesentery. Patients with severe diarrhea should be 
careful to avoid dehydration or vitamin deficiency. Systemic 
therapy should be used to control humorally mediated symp-
toms when the tumor spreads elsewhere. The somatostatin 
analogs octreotide and lanreotide are used to control carci-
noid symptoms and tumor progression in advanced inopera-
ble disease [71]. Telotristat-ethyl, which is a tryptophan 
hydroxylase inhibitor, should be considered in addition to 
somatostatin analog (SSA) therapy for diarrhea not con-
trolled by SSA [72]. Anti-proliferative drugs may be useful 
for symptom palliation. Antineoplastic agents inhibit cell 
growth and proliferation, and interferons show antiviral, 
antitumor, and immunomodulatory actions for the manage-
ment of carcinoid syndrome [73].

Esophageal cancer and treatment-related stricture may 
cause progressive dysphagia, nutritional problems, and 
weight loss. Nutritional assessment should be carefully mon-
itored for this patient population to avoid ACS. More than 
50% of patients already have inoperable disease at the time 
of diagnosis [74]. When looking at the outcomes of patients 
with advanced esophageal cancer who receive palliative care 
by either stent alone or stent plus an additional modality, the 
combined modality showed significant improvement in over-
all survival rates as well as QOL scores [74]. A meta-analysis 

and systematic review emphasizing the complications of 
stent placement in patients with esophageal cancer has 
shown that some stents, thermal ablative therapy, and brachy-
therapy have been associated with fewer complications [75].

 Malignant Bowel Obstruction 
in Gastrointestinal Cancers

Malignant bowel obstruction (MBO) is not an infrequent 
complication in patients with advanced GI cancer. It is most 
commonly seen in advanced colon cancer (25–40%), fol-
lowed by gastric cancer (6–19%) [76, 77]. Small bowel 
obstruction occurs more frequently than the large bowel 
obstruction (61% versus 33%) [78].

The diagnostic criteria of MBO are:

• Clinical evidence of bowel obstruction that is manifested 
by nausea, vomiting, and colic and abdominal pain

• Radiographic or endoscopic evidence of obstruction dis-
tal to the Treitz ligament

• The presence of primary intra-abdominal with incurable 
disease based on computed tomography (CT) or magnetic 
resonance imaging (MRI)

• Extra-abdominal primary cancer with clear intraperito-
neal metastases [79]

Pathophysiological mechanisms responsible for obstruc-
tion include mechanical obstruction (such as intrinsic tumor 
growth within bowel lumen or extrinsic compression from 
outside the cavity, benign adhesions, post-irradiation fibro-
sis, intussusception) and motility disorders (tumor infiltra-
tion of mesentery, bowel muscle, celiac, or hypogastric 
plexus). The pathophysiology involves accumulation of gas-
trointestinal secretion proximal to the obstruction, decreased 
gastrointestinal absorption, hyper- or hypomotility, and 
inflammation. Constipating drugs (e.g., anticholinergic, opi-
oid), paraneoplastic neuropathy, or pseudo-obstruction may 
contribute to the development of MBO [80]. Often more than 
one factor is responsible for obstructions.

Nausea, vomiting, colicky abdominal pain, and constipa-
tion are the symptoms of MBO. Nausea presents early and is 
severe in upper MBO. Vomiting can be constant or episodic 
and contain aqueous, mucous, or bilious secretions. Often 
vomiting relieves the nausea only to have nausea recur a few 
hours later. In lower obstruction, vomiting may be infrequent 
and nausea less severe. The colic pain is caused by peristalsis 
with increased endoluminal pressure in the absence of effec-
tive transit. Borborygmi are often heard when auscultating 
the abdomen. Pain is periumbilical and not well localized. 
Tumor infiltration of abdominal structures or peritoneum is 
responsible for the continuous pain [80]. MBO also may be 
accompanied by anemia (70%), hypoalbuminemia (68%), 
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changes in hepatic enzymes (62%), dehydration and prerenal 
renal azotemia (44%), cachexia (22%), ascites (41%), pal-
pable abdominal tumor masses (21%), periumbilical nodes 
(called Sister Mary Joseph nodes), a Blumer shelf on rectal 
examination, and cognitive impairment from metabolic dis-
turbances (23%) [81].

Management requires a multidisciplinary involvement 
and multimodal therapy. If estimated life expectancy is 
months and the patient is a candidate for surgery (no gross 
disease on CT scan, normal albumin, nutritionally fit, and 
with chemotherapy treatment options), surgery is the treat-
ment of choice. Surgery may be avoided in patients with 
multiple comorbidities, poor nutritional status, history of 
radiotherapy to the abdomen or pelvis, level of obstruction or 
multiple obstructions, ascites, peritoneal carcinomatosis, 
palpable intra-abdominal masses, very advanced disease, 
poor performance status, and possibly advanced age [82, 
83]. Surgical complications in bowel obstruction are com-
mon in those with advanced intra-abdominal carcinomatosis, 
diminishing QOL, and having a 30-day post-surgery mortal-
ity rate of 30%.

For poor-risk patients, pharmacological and interven-
tional therapies may be beneficial by providing symptomatic 
relief. The pharmacological options include opioids, anti-
emetics (metoclopramide, haloperidol, or olanzapine), corti-
costeroids (dexamethasone), anticholinergics, octreotide, 
and combinations. Nausea and vomiting are the most dis-
tressing symptoms and may be relieved by combination of 
antiemetics and anti-secretory agents. Metoclopramide is the 
first choice in antiemetic drugs for partial but not complete 
bowel obstruction due to its prokinetic effects. If bowel func-
tion cannot be maintained, anti-secretory medications are 
recommended by the NCCN guidelines. Drugs available for 
the reduction of gastrointestinal secretions include scopol-
amine (hyoscine) butylbromide outside of the United States, 
glycopyrrolate within the United States, and octreotide, a 
somatostatin analog, within the United States and Europe.

The interventional therapies that may palliate nausea 
include a venting gastrostomy tube, percutaneous endo-
scopic gastrostomy tube, and endoscopic stents. Nutritional 
support is a very important part in the management of MBO 
if attempts are made to reverse the obstruction surgically. 
Some individuals with obstructions not amenable to surgery, 
with slow growing tumors and not cachectic, may benefit 
from parenteral nutrition and should be given a trial of nutri-
tional support. Individuals with an expected short survival do 
not benefit from total parenteral nutrition. Total parenteral 
nutrition is recommended for patients with years to months 
to live based on NCCN guidelines. Hydration should be con-
sidered for those who are not candidates for nutritional sup-
port. Hypodermoclysis (subcutaneous infusion) of 1 L, but 
not more than 2 L, a day may improve symptoms and fore-
stall cognitive failure from dehydration.

The prognosis of patients with MBO who have received 
maximal surgical, chemotherapeutic, and interventional 
treatment is very poor; survival ranges from a few weeks to a 
few months [84].

 Malignant Ascites

Malignant ascites is a common occurrence with GI and pel-
vic cancers. The prevalence of malignant ascites in GI can-
cers is approximately 15% [85]. The pathophysiology seems 
to be complex and multifactorial. Abdominal fluid is 
absorbed through lymphatics on the inferior surface of the 
diaphragm, which become obstructed with peritoneal cancer 
altering the balance between production and absorption. 
Increased permeability of tumor vessels via vascular endo-
thelial growth factor (VEGF), and macro and micro invasion 
of lymphatic channels underlie fluid accumulation [86]. 
Other mechanisms causing ascites are generally associated 
with peritoneal and liver metastasis leading to hypoalbumin-
emia and venous obstruction.

Treatment approaches in patients with ascites are mostly 
palliative, and do not impact survival. Common medical 
interventions include paracentesis and diuretics. There are 
no randomized controlled trials of diuretics in malignant 
ascites but anecdotally it can be successful in some patients 
[87]. Multiple paracentesis with indwelling catheters at regu-
lar intervals control symptoms such as dyspnea, nausea, and 
abdominal pain [88]. Cytoreductive surgery with hyperther-
mic intraperitoneal chemotherapy (HIPEC) in the manage-
ment of ascites has been reported to be successful in selected 
patients such as those with pseudomyxoma peritonei [89]. 
This procedure should be considered in carefully selected 
patients because of its morbidities. Other treatment 
approaches such as peritoneal-venous shunting procedures, 
targeted therapies, immunotherapy, anti-VEGF agents, and 
radioisotopes are promising, but further investigations are 
necessary [90].

 Jaundice

Gastrointestinal cancers with liver metastases cause jaundice 
by obstructing intrahepatic or extrahepatic bile ducts [91, 
92]. Jaundice portends a poor outcome, delays or disrupts 
antitumor treatment, and contributes to poor quality of life 
and mortality. Jaundice is classified as prehepatic, hepatic, 
and posthepatic obstruction. Prehepatic jaundice is caused 
by hematological and genetic disorders. Hepatic jaundice is 
a heterogeneous group of disorders associated with necrosis 
of hepatocytes (hepatocellular injury) or functional impair-
ment of biliary excretion (cholestasis). Posthepatic jaundice 
develops tumor infiltration within extrahepatic bile ducts or 
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by compression from regional nodal involvement. History, 
physical examination, blood tests, and noninvasive imaging 
techniques are able to differentiate the various causes of 
jaundice. Relief of biliary obstruction may be by way of sur-
gical or nonsurgical (metallic or plastic stents) decompres-
sion and provides relief from pruritus and jaundice [92]. 
Pruritus from a biliary obstruction may respond to oral nal-
trexone, bile acid binders, rifampin, ondansetron or selective 
serotonin reuptake inhibitors, or mirtazapine. Pruritus does 
not respond to gabapentinoids.

 Fatigue in Gastrointestinal Cancers

Fatigue is one of the most distressing symptoms associated 
with cancer and cancer treatment, but as a symptom it is 
quite often underestimated. Cancer and its treatment both 
cause fatigue. The prevalence is 70–100% in different stud-
ies [93]. Fatigue occurs in half of the patients during chemo-
therapy and 60–93% patients during radiotherapy [94–96].

Cancer-related fatigue (CRF) is complex, and has psycho-
logical, physical, and emotional domains. CRF is defined as 
a persistent, subjective sense of tiredness related to cancer or 
cancer treatment. Fatigue may be seen in patients at any 
stage in the course of the illness but is more prevalent in 
patients with more advanced disease and those on active 
therapy. The etiology of fatigue is multifactorial in the major-
ity of patients with advanced cancer. The most important fac-
tors contributing to CRF are progressive tumor growth, 
treatment with a wide range of systemic therapies, or radia-
tion therapy. Also anemia, pain, dyspnea, nausea, emotional 
distress, cognitive impairment, sleep disturbance, anorexia, 
cachexia, and poor nutrition are the other important factors 
contributing to CRF [97]. Radiotherapy and chemotherapy 
commonly cause anemia, diarrhea, anorexia, nausea, vomit-
ing, and weight loss and contribute to fatigue.

Fatigue associated with pain, sleep disturbance, or lack of 
appetite is common in GI cancer patients and significantly 
affects the overall quality of life [97, 98]. A prospective cohort 
study evaluated the effect of fatigue on overall survival in 
patients with esophageal cancer [99]. This study found that 
CRF was associated with a decreased survival. Anemia and 
poor nutrition frequently occur in GI cancer patients, and ane-
mia is considered an important cause of fatigue. Malnutrition 
and weight loss independently affect fatigue and QOL in GI 
cancers [100]. Cognitive impairment is an important symp-
tom in cancer patients related to side effects of treatments 
and/or cancer diagnosis. It is also well- known that fatigue and 
cognitive impairment often occur together. Vardy et al. pub-
lished a large longitudinal study that evaluated cognitive 
function and fatigue in colorectal cancer patients [101]. Three 
groups of patients were compared before and after surgery, 
patients with limited metastatic disease, and healthy controls. 

They found that women with early stage of colorectal cancer 
had greater cognitive impairment and 52% of patients with 
early stage of colorectal cancer had self-reported fatigue.

Cancer-related fatigue profoundly affects QOL of both 
patients and their families, and as a result it decreases motiva-
tion [102] and may also significantly interfere with the deliv-
ery of effective therapy [93]. In managing fatigue, the possible 
underlying causes in a patient must be very carefully assessed. 
Questionnaires that examine the physical, emotional, and cog-
nitive aspects of fatigue may be useful. Several tools are avail-
able: Brief Fatigue Inventory (BFI); Multidimensional Fatigue 
Inventory (MFI-20), which gauges dimensions of fatigue such 
as general fatigue, physical fatigue, decreased activeness, 
motivation and psychological fatigue [103]; the Rotterdam 
Symptom Checklist (RSCL) [104]; and the Functional 
Assessment of Cancer Therapy- Fatigue Scale (FACT-F) 
[105]. The intensity of fatigue can be examined by means of a 
verbal rating scale (VRS), visual analog scale (VAS), and 
numerical rating scale (NRS) of the linear analog scale assess-
ment. Also, the possible underlying causes must be assessed.

Specific treatment to reverse the underlying causes such 
as treating anemia or metabolic or endocrine abnormalities, 
as well as managing pain, sleep disturbance, depression, or 
anxiety are initial treatments. Appropriate psychotherapy 
and physiotherapy, and dietary education must be given to 
the patient. Cognitive and behavioral therapy can be done 
individually. Regular exercise may decrease fatigue, depres-
sion, and anxiety symptoms [93].

Moreover, for patients with severe fatigue, in whom non- 
pharmacologic methods are not helpful, pharmacological 
treatment can be used. Corticosteroids decrease fatigue in 
cancer patients. Methylprednisolone at a dose of 32 mg/day 
reduces fatigue [106]. Megestrol acetate at a dose of 160–
480 mg/day demonstrated rapid improvement in fatigue and 
can be used in the treatment of fatigue symptom [107]. 
Psychostimulants such as methylphenidate, dexmethylphe-
nidate, or modafinil decrease fatigue and alleviate depres-
sion. Psychostimulants are found to be especially effective in 
treating fatigue related to opioid-induced sedation. 
Randomized trials of psychostimulants for fatigue have con-
flicting results. The potential benefit of psychostimulants for 
fatigue in advanced cancer patients has not been established. 
More research is needed to define the role of psychostimu-
lants in the management of fatigue [108–110]. Some herbal 
remedies, such as ginseng, may help to reduce fatigue. A ran-
domized, double-blind study of 364 patients from 40 cancer 
centers showed that American ginseng at 2  g per day for 
8 weeks was effective in reducing CRF [111].

Non-pharmacologic interventions are also important for 
management of cancer-related fatigue. Physical activity, 
yoga, cognitive behavioral therapy, and educational inter-
ventions for patients and care providers are the most recom-
mended [112, 113].
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 Hematological Complications

Hematological symptoms are common among patients with 
GI cancers, particularly gastric and pancreatic cancer. The 
symptoms generally relate to an increase or decrease in the 
number of blood cells, as well as disorders of the hemostatic 
system [114]. The symptoms can present at the time of diag-
nosis, during the process of treating the cancer, and during 
the follow-up period due to the cancer itself, its metastasis, 
and systemic treatment, including radiation therapy.

These issues can result from various causes. They may 
not only be related to cancer- or metastases-related issues, 
such as bone marrow infiltration, and paraneoplastic hemato-
logical syndromes, which are not associated with the pri-
mary tumor or its metastatic lesions [114]. Hematological 
complications also can result from cancer treatment, such as 
chemotherapy-induced cytopenias [114], including throm-
bocytopenia, anemia, and leukopenia as well as pancytope-
nia [115]. These can arise from myelosuppression because of 
chemotherapy, targeted molecular therapy, and radiation 
treatment [116].

Furthermore, many other medical problems—such as 
comorbidities, drugs interactions, adverse effects from medi-
cations other than anticancer-cancer drugs, as well as meta-
bolic disorders—can be underlying causes of hematological 
symptoms.

Anemia, which can lead to weakness and fatigue, is the 
most common hematological disorder in patients with gas-
trointestinal cancer [114, 117]. It can often arise from iron 
deficiency, which relates to occult or massive bleeding via 
the gastrointestinal tract and other causes, such as gastroin-
testinal tract surgery, cancer cachexia, and nutritional disor-
ders during the time of the diagnosis and the process of 
treating cancer [117, 118]. Similarly, another cause of ane-
mia is vitamin B12 deficiency, which can be associated with 
gastrectomy surgery, gastric cancer related with chronic 
active gastritis called pernicious anemia, linitis plastica, ade-
nocarcinoma of the small intestine, and neuroendocrine 
tumors localized in the stomach and small intestine [117]. 
Vitamin B12 deficiency leads to megaloblastic anemia with 
oval macrocytosis as well as neurocognitive symptoms such 
as walking and movement disorders, disturbed vision, 
depression, behavioral disorders, and a decline in mental 
abilities such as memory, understanding, and judgment 
[118]. In addition, a deficiency in folic acid level can result 
in macrocytic anemia [118].

Thrombocytopenia is often an adverse effect of antican-
cer drugs or bone marrow suppression because of direct can-
cer infiltration [114, 117, 119]. Many drugs have been 
reported to cause thrombotic microangiopathy [120, 121], 
including oxaliplatin, which is commonly used in the treat-
ment of colorectal, gastric, and pancreatic cancers. Unlike 
lymphomas and other solid tumors, such as breast and lung 

carcinomas, GI cancers present less frequently with idio-
pathic thrombocytopenic purpura (ITP), as well as throm-
botic thrombocytopenic purpura (TTP), hemolytic uremic 
syndrome (HUS), and disseminated intravascular coagula-
tion (DIC) [116, 122–125].

Deep vein thrombosis (DVT) and thromboembolism are 
not infrequent and occur mostly in patients with pancreatic 
and gastric cancers and may occur as the first presentation of 
malignancy [126, 127]. Moreover, DVT can be seen as a 
paraneoplastic syndrome called superficial migratory throm-
bophlebitis, particularly in patients with pancreatic carci-
noma [127]. Several risk assessment tools have been 
developed for calculating the risk of thrombosis in cancer 
patients. Each tool is designed for a specific risk assessment. 
It is important to note that these tools should only be used in 
cancer patients who meet the criteria [128]. Current guide-
lines recommended low-molecular weight heparin (LMWH) 
monotherapy over vitamin K antagonist for the treatment of 
cancer-associated venous thromboembolism. However, 
recent clinical data could not show any superior efficacy for 
prevention and mortality rate [129]. The direct oral antico-
agulants may be effective treatment, although the risk reduc-
tion for recurrent DVT with these agents compared to 
LMWH has not been well-assessed [130]. Many targeted 
agents are used in cancer treatments, but hematologic toxic-
ity is seldom seen [131]. Nevertheless, bevacizumab, a 
monoclonal antibody-targeted VEGF, is an important cause 
of deep vein thrombosis in patients with colorectal carci-
noma [132].

 Neuropsychiatric Symptoms 
of Gastrointestinal Cancers

Neuropsychiatric symptoms are most commonly encoun-
tered in clinical situations among patients with cancer [133]. 
Not only can symptoms arise from various cancer- or 
metastases- related issues (e.g., brain metastases, leptomen-
ingeal involvement, and spinal cord invasion), as well as 
paraneoplastic neurological syndromes not associated with 
the primary tumor or its metastatic lesions, but also cancer 
treatment-related issues [133, 134]. Furthermore, many other 
medical problems—such as comorbidities, side effects of 
medications apart from anticancer drugs, and metabolic dis-
orders—also can be underlying causes of these symptoms 
[133]. However, neuropsychiatric symptoms are relatively 
uncommon among patients with GI cancers compared to 
those with other solid malignancies [133, 134]. Using the 
current literature, we review the neuropsychiatric symptoms 
in patients with GI cancers as follows.

Differential diagnosis is the first step in an approach to 
neuropsychiatric symptoms in GI cancer patients. Therefore, 
they must be carefully distinguished from intracranial 
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 hemorrhage; ischemic cerebrovascular disease; otitis media; 
hypertensive attack; acute cardiac syndromes; diabetic neu-
ropathy; vertebral mechanical diseases; metabolic disorders, 
such as drug intoxication, hypo- or hypernatremia, hypo- or 
hypercalcemia, uremic or hepatic encephalopathy, and hypo-
glycemia; and psychiatric diseases, such as psychosis, depres-
sion, and anxiety [133–135]. This is because the management 
of these symptoms caused by cancer or cancer treatment is 
very different from the approaches to treating other causes.

 Cancer-Related Neurological Symptoms

Cancer-related neurological symptoms in patients with GI 
cancers include headache, vision disorders, dizziness, ataxia, 
diplopia, syncope, seizures, sensory or motor disorders, dys-
arthria, neuropathic pain, and delirium [133–135]. Headaches 
are the most common among all of these symptoms [133]. 
Brain metastases are the most important cause of cancer- 
related headaches, and they cause increased intracranial 
pressure and other neurological symptoms that may be often 
accompanied by a headache, depending on where the meta-
static lesions are in the brain, their size, and number of 
masses [133, 134]. In studies, the incidence of brain metasta-
sis ranged from 2% to 8%, which is very rare in comparison 
to the incidence among patients with breast and lung cancer 
[133–135]. However, this rate is increased in patients with 
colorectal cancer, which is due to longer survival on new tar-
geted molecular therapies [135].

Ataxia is another important neurological symptom and it 
may be related to cerebellar metastasis from GI cancer, as 
well as paraneoplastic cerebellar degeneration. The differen-
tial diagnosis consists of metabolic disorders, peripheral ver-
tigo, alcohol consumption, and drug interactions [134, 135]. 
Paraneoplastic neurological syndromes are seen rarely in 
patients with GI cancers. To the best of the authors’ knowl-
edge, based on a literature search, only a few case reports 
have identified paraneoplastic syndromes in patients with 
colorectal and gastric cancers [134, 135].

 Treatment-Related Neurological Symptoms

Peripheral neuropathy is an important and commonly seen 
treatment-related symptom in patients with GI cancers, and it 
can result from an oxaliplatin- or taxane-based chemotherapy 
[133–136]. It occurs always as sensorimotor polyneuropathy 
in the hands and feet [134, 136]. It can be acutely prevented 
by prophylactic venlafaxine. Additionally, other cancer drugs 
that cause neuropathy include cisplatin, gemcitabine, irinote-
can, 5-fluorouracil, and capecitabine [136]. The American 
Society of Clinical Oncology (ASCO) has released guidelines 
for the management of chemotherapy- induced peripheral 

neuropathy (CIPN) in oncology patients [137]. The use of 
some drugs, supplements, and vitamin E have been recom-
mended for prevention and treatment. Multiple studies and 
meta-analyses have failed to identify any drug that can pre-
vent CIPN. Duloxetine is the only drug that has demonstrated 
efficacy for the treatment of CIPN [137].

 Cancer-Related Psychiatric Symptoms

Psychiatric symptoms in relation to cancer or its metastasis, 
as well as psychiatric paraneoplastic disorders, have not been 
defined well in the literature [138]. Regardless, most cancer 
patients suffer from psychiatric disorders, such as depres-
sion, anxiety, cognitive disruptions, and fear of death, during 
the time of cancer diagnosis and treatment, as well as during 
the follow-up period as a cancer survivor [138, 139].

 Treatment-Related Psychiatric Symptoms

As with other cancer patients, patients with GI cancers suffer 
mostly from various cognitive and psychological disorders, 
such as depression, panic attacks, anxiety, fear of death, for-
getfulness, and sleep disorders [138]. In previous studies, the 
prevalence of depression and anxiety in cancer patients 
ranged from 35% to 75% [138]. Decreases in cognitive func-
tion and in movement can lead to worsening of the 
 psychologic status of patients, resulting in impaired mood 
and reduction in QOL [138, 140]. Although the underlying 
mechanism has not been defined clearly, the “chemo-brain” 
is an issue that should be discussed because it may lead to 
cognitive and emotional disorders [138, 141].

Delirium is another important symptom in cancer patients, 
which occurs in all stages of cancer, especially in the termi-
nal stage [142]. Many issues can be suggested as causes of 
delirium in cancer patients, including infections, fever, and 
metabolic disorders, as well as the use of opioids and other 
drugs [142].

Neuropsychiatric symptoms in patients with GI cancers 
can present at the time of diagnosis, during the process of 
treating cancer, and during the follow-up period, except in 
the terminal stage, due to both the cancer itself and its metas-
tasis and the systemic treatment, including radiation therapy. 
In conclusion, the effective and correct management of these 
symptoms is the most important for patients.

 Pain in Gastrointestinal Cancers

Pain is one of the most common and distressing symptoms 
experienced by cancer patients. It is defined by the 
International Association for the Study of Pain as an 
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unpleasant sensory and emotional experience associated 
with actual or potential tissue damage, or described in rela-
tion to such damage [143]. According to a systematic 
review, the prevalence of pain is 59% of patients undergoing 
cancer treatment, 64% of patients with advanced disease, 
and 33% of patients after curative treatment [144]. In 
another study, which examined symptoms reported by 
patients after open-ended questioning vs. those systemati-
cally assessed using survey [145], pain was the most com-
mon symptom identified by open- ended questions but 
fatigue was more prevalent when systematic assessment 
was done. The European pain survey assessed 5084 adult 
cancer patients [146]. The prevalence of pain in all patients 
(excluding those patients with skin cancer) was 72%. The 
highest prevalence of pain was found in patients with pan-
creatic and colorectal cancers.

Cancer pain is a complex, temporally changing symptom 
of the mixed mechanisms. It involves inflammatory, neuro-
pathic, ischemic, tumor-related compression, and invasion at 
multiple sites [147]. Interestingly only 1/3 of bone metasta-
ses are painful, indicating that local factors such as cytokines 
or hypoxemia are important contributors to pain. Cancer 
pain is a subjective symptom—a heterogeneous experience 
that is influenced by pain memory, gender, genetics, expec-
tations, mood, and culture. The first step is diagnosis, and 
the second step is assessment. These are important for the 
management of pain. Cancer pain is categorized as acute and 
chronic based on onset and duration. Causes of pain are 
mostly from the underlying cancer or its metastasis and less 
often secondary to antineoplastic therapies and comorbidi-
ties unrelated to cancer [148]. Considering the complexity of 
the neurophysiological pain and neurochemical process, cli-
nicians need to evaluate the pathophysiological mechanisms, 
etiologies history, and physical findings obtained as well as 
the need to integrate inspection and testing. According to the 
pathophysiology of cancer pain classified as nociceptive, 
neuropathic, idiopathic, and psychogenic, it is oftentimes a 
mixed disorder.

Cancer pain is relieved in 80–90% of patients using an 
opioid-based analgesic regimen and the World Health 
Organization’s (WHO) analgesic ladder as guidelines [149, 
150]. Morphine has long been accepted as the opioid choice 
for moderate to severe pain. Management of cancer pain also 
requires expertise in the use of non-opioid analgesics and 
other adjuvant analgesics such as glucocorticoids, tricyclic 
antidepressants, anticholinergics, and bisphosphonates.

Neuropathic pain management is difficult. The prevalence 
of neuropathic pain varies between 19% and 39% in patients 
with cancer [151, 152]. It has a higher negative impact on 
QOL than nociceptive pain. The use of only morphine is 
often insufficient to treat neuropathic pain, therefore adju-
vant agents should be considered for pain management. 
Neuropathic pain is associated with cancer type, stages, or 

chemotherapy agents [152]. Some chemotherapy agents, 
such as oxaliplatin, cause neuropathic pain leading to neuro-
toxicity. Oxaliplatin is a commonly used third-generation 
platinum derivate that has been demonstrated to be effective 
in GI tumors, especially in colorectal cancer studies. Grade 3 
sensory neurotoxicity induced by oxaliplatin has been 
observed in 12.4–18% of patients during the treatment phase 
[153, 154] and 2% of patients at 2 years following discon-
tinuation [155].

Invasive methods can be used in case of failure of phar-
macological treatment. The neurolytic blocks of sympathetic 
pathways, including celiac plexus block (CPB) and superior 
hypogastric plexus block (SHPB), have been used for years. 
The European Palliative Care Research Collaborative group 
[156] has published a systematic review along with its rec-
ommendations for sympathetic blocks for visceral cancer 
pain management. An evidence-based assessment in pub-
lished trials was generally poor due to some limitations. 
According to the review, sympathetic blocks resulted in 
decreases in pain, opioid consumption, and opioid-induced 
side effects. CBP is a strong recommendation for patients 
with pancreatic cancer, while there is a weak recommenda-
tion for SHBP.

Commonly occurring among patients with GI and gyne-
cologic cancers, acute and sub-acute intestinal obstructions 
are important causes of abdominal pain. These obstructions 
are estimated to occur in 10–28.4% of colorectal cancers 
[157]. Colicky abdominal pain, distension, nausea, vomit-
ing, and the absence of stools or emission of flatus are com-
mon symptoms in malignant bowel obstruction. Symptom 
palliation for GI symptoms and pain is crucial but does not 
affect the potential surgical or curative outcome. The most 
commonly used medical agents to treat symptoms are ste-
roids and anti-secretory and antiemetic agents. Opioids can 
rarely be omitted, as acute pain also needs to be addressed. 
The adverse effects of opioids should be taken into consid-
eration, especially for GI dysmotility in patients with malig-
nant bowel obstruction. Consequently, it is important to 
manage cancer pain based upon its frequency as well as its 
adverse impact on quality of life for patients and their 
families.

 Skin Problems in Gastrointestinal Cancers

Agents used in cancer treatment may cause a range of skin 
and nail changes. Chemotherapy affects fast-growing cells 
such as skin and nail cells. Rash, angioedema, urticaria, and 
contact dermatitis are more likely in patients who receive 
chemotherapy. Targeted therapies may cause some specific 
skin toxicities. In addition, patients who receive radiation 
therapy have skin reactions, color changes, and recall 
phenomena.
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 Skin Problems with Common Cytotoxic Agents

The most important toxicities with cytotoxic agents are alo-
pecia and stomatitis. Usually, hair loss starts within 
2–4 weeks after treatment (e.g., anthracycline, which is used 
in gastric cancer) and regrows within the 3–6 months after 
completion of the treatment. Stomatitis occurs in about 40% 
of patients and especially within the first weeks of therapy. 
Oral care is important before chemotherapy and isotonic 
mouthwashes are helpful for treating stomatitis [158, 159].

Nail changes seem to occur in regimens containing tax-
anes and epidermal growth factor receptor (EGFR) inhibi-
tors [160, 161]. Capecitabine (28–74% of patients) and 
5- fluorouracil (34% of patients receiving continuous infu-
sion and 13% of patients receiving bolus injection), which 
are commonly used in GI cancers, may cause a dose-limit-
ing cutaneous toxicity called palmoplantar erythrodyses-
thesia (PPE). It manifests with palmar and plantar erythema, 
edema, and dysesthesia with varying degrees of pain, scal-
ing, and vesiculation. It usually occurs within the first 
2–12 days after using the drug [162]. A small clinical trial 
has shown that treatment with vitamin B6 can reduce the 
symptoms of hand-foot syndrome [163]. However, pyri-
doxine has been found to not be effective for PPE associ-
ated with capecitabine in a randomized, double-blind, 
placebo- controlled study [164]. Patients taking celecoxib 
with capecitabine had a low incidence of PPE in retrospec-
tive studies [162]. Systemic and topical corticostreoids 
have been studied; positive and negative results have been 
found [165, 166]. The important issue is preventing this 
syndrome by avoiding high temperatures, heavy exercises, 
tight clothes and shoes, and using emollients and keratolyt-
ics [162].

 Skin Problems with Targeted Therapies

In recent years, targeted therapies are commonly used in GI 
cancers. Multi-tyrosine kinase inhibitors (as sunitinib, 
sorafenib)—used in GI neuroendocrine tumors, GI stromal 
tumors, and hepatocellular carcinoma—may also cause PPE, 
with 10–28% of patients treated with sunitinib and 10–62% 
of patients treated with sorafenib. Treatment is similar to 
PPE associated with capecitabine [162].

The epidermal growth factor receptor is often overex-
pressed or dysregulated in GI cancers. The EGFR-mediated 
signaling pathway-targeting agents (cetuximab and panitu-
mumab) are increasingly part of the treatment of colorectal 
carcinoma. The toxicity profile of these drugs is commonly 
characterized by a papulopustular reaction involving the 
skin. EGFR inhibition may cause follicular occlusion and 
altered microflora; this results an immune response and 
inflammation [167]. Patients experience sensorial disease 

with erythema and edema within the first week of treatment. 
The papulopustular eruption occurs from weeks 1 to 3, fol-
lowed by crusting at week 4. Erythema and dry skin may 
persist through 4 to 6 weeks despite the successful treatment 
[168].

The management of skin toxicity induced by anti-EGFR 
therapies is mostly empiric and supportive. Few manage-
ment guidelines for EGFR-inhibitor-mediated dermatologic 
toxic effects are published, but most of them are not evidence- 
based [169]. Prophylactic use of oral tetracycline may be 
effective, topical tazarotene is ineffective, and topical 
pimecrolimus is ineffective in randomized controlled trials 
[170–172]. In general, recommendations are use of gentle 
shampoos and soaps, moisturizing skin, use of high sun- 
protective factor creams, and avoiding topical acne medica-
tions such as retinoids.

Treatment for skin reactions induced by anti-EGFR thera-
pies varies by grades. The National Cancer Institute’s (NCI) 
Common Terminology Criteria for Adverse Events (CTCAE) 
version 3.0 or 4.0 can be used. But according to some opin-
ions, the Pérez-Soler grading system better reflects the spe-
cific skin toxicities than the NCI-CTCAE [173]. In grade 1 
(mild) acneiform rashes, recommended treatment is topical 
clindamycin 2% with hydrocortisone 1% (if rash continues 
after 2 weeks). Systemic treatment should be started if skin 
reactions are grade ≥ 2 and oral minocycline or doxycycline 
should be added to topical therapies. In grade 3 (severe) 
lesions, the treatment should be interrupted until toxicity 
improves to grade ≤ 2 and the treatment is the same as grade 
2. Topical clindamycin 2% with triamcinolone acetonide 
0.1% is recommended for scalp lesions in grades 2 and 3. If 
lesions decrease, dose reduction should be recommended. 
However, if there is no improvement of severe lesions, the 
recommendation is to discontinue the anti-EGFR therapies 
permanently [174].

 Skin Problems with Radiation Therapies

Radiation therapy can cause skin to become dry and peel. It 
can also cause pruritus and skin color changes—turning red 
or darker. Symptomatic treatment is recommended for cuta-
neous injury associated with radiation. Recall phenomena is 
important for medical oncology; it is an acute inflammatory 
reaction that develops in the previously irradiated areas after 
receiving chemotherapy. Chemotherapy triggers the skin 
reaction, and skin becomes red, blisters, peels, or hurts. 
Radiation recall can occur months or even many years after 
irradiation, but at least more than 7 days after radiotherapy. 
In the literature, radiation recall is mostly experienced with 
capecitabine, which is used in GI cancers. There are no any 
specific treatment modalities, so symptomatic treatment is 
recommended for these phenomena [175].

T. Yavuzsen et al.



681

References

 1. Cancer Facts & Figures 2018. Atlanta: American Cancer Society. 
2018. https://www.cancer.org/content/dam/cancer-org/research/
cancer-facts-and-statistics/annual-cancer-facts-and-figures/2018/
cancer-facts-and-figures-2018.pdf. Accessed 12 June 2018.

 2. Hui D, Shamieh O, Paiva CE, Perex-Cruz PE, Kwon JH, 
Muckaden MA, et  al. Minimal clinically important differ-
ences in the Edmonton Symptom Assessment Scale in cancer 
patients: a prospective, multicenter study. Cancer. 2015;121(17): 
3027–35.

 3. Kirkova J, Walsh D, Aktas A, Davis MP.  Cancer symptom 
clusters: old concept but new data. Am J Hosp Palliat Care. 
2010;27(4):282–8.

 4. Aktas A. Cancer symptom clusters: current concepts and contro-
versies. Curr Opin Support Palliat Care. 2013;7(1):38–44.

 5. Temel JS, Greer JA, Muzikansky A, Gallagher ER, Admane S, 
Jackson VA, et  al. Early palliative care for patients with meta-
static non-small-cell lung cancer. N Engl J Med. 2010;363(8): 
733–42.

 6. Garla P, Waitzberg DL, Tesser A.  Nutritional therapy in gas-
trointestinal cancers. Gastroenterol Clin N Am. 2018;47(1): 
231–42.

 7. Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, 
Bozzetti F, et al. ESPEN guidelines on nutrition in cancer patients. 
Clin Nutr. 2017;36:11–48.

 8. Strasser F, Bruera ED.  Up to date on anorexia and cachexia. 
Hematol Oncol Clin North Am. 2002;16(3):589–617.

 9. Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger 
RL, et  al. Definition and classification of cancer cachexia: an 
international consensus. Lancet Oncol. 2011;12(5):489–95.

 10. Strasser F, Bruera E. Cancer anorexia/cachexia syndrome: epide-
miology, pathogenesis, and assessment. In: Ripamonti C, Bruera 
E, editors. Gastrointestinal symptoms in advanced cancer patients. 
New York: Oxford University Press; 2002.

 11. Aoyagi T, Terracina KP, Raza A, Matsubara H, Takabe K. Cancer 
cachexia, mechanism and treatment. World J Gastrointest Oncol. 
2015;7(4):17–29.

 12. Dewys WD, Begg C, Lavin PT, Band PR, Bennett JM, Bertino 
JR, et al. Prognostic effect of weight loss prior to chemotherapy in 
cancer patients. Eastern Cooperative Oncology Group. Am J Med. 
1980;69(4):491–7.

 13. Warren S. The immediate cause of death in cancer. Am J Med Sci. 
1932;184:610–3.

 14. Davis MP, Dreicer R, Walsh D, Lagman R, LeGrand S. Appetite 
and cancer associated anorexia: a review. J Clin Oncol. 
2004;22(8):1510–7.

 15. Yavuzsen T, Walsh D, Davis MP, Kirkova J, Jin T, LeGrand S, 
et al. Components of the anorexia-cachexia syndrome: gastroin-
testinal symptom correlates of anorexia. Support Care Cancer. 
2009;17(12):1531–41.

 16. Kirkova J, Davis MP, Walsh D, Tiernen E, O’leary N, LeGrand 
SB, et al. Cancer symptom assessment instruments: a systematic 
review. J Clin Oncol. 2006;24(9):1459–73.

 17. Davis MP, Yavuzsen T, Kirkova J, Walsh D, Karafa M, LeGrand 
S, et al. Validation of a simplified anorexia questionnaire. J Pain 
Symptom Manag. 2009;38(5):691–7.

 18. Andreyev HJ, Norman AR, Oates J, Cunnigham D.  Why do 
patients with weight loss have a worse outcome when undergo-
ing chemotherapy for gastrointestinal malignancies? Eur J Cancer. 
1998;34(4):503–9.

 19. Aapro M, Arends J, Bozzetti F, Fearon K, Grunberg SM, Herrstedt 
J, et al. Early recognition of malnutrition and cachexia in the can-
cer patient: a position paper of a European School of Oncology 
Task Force. Ann Oncol. 2014;25(8):1492–9.

 20. Wallengren O, Lundholm K, Bosaeus I.  Diagnostic criteria of 
cancer cachexia: relation to QOL, exercise capacity and sur-
vival in unselected palliative care patients. Support Care Cancer. 
2013;21(6):1569–77.

 21. Trajkovic-Vidakovic M, de Graeff A, Voest EE, Teunissen 
SC. Symptoms tell it all: a systematic review of the value of symp-
tom assessment to predict survival in advanced cancer patients. 
Crit Rev Oncol Hematol. 2012;84(1):130–48.

 22. Mei KL, Batsis JA, Mills JB, Holubar SD. Sarcopenia and sarco-
penic obesity: do they predict inferior oncologic outcomes after 
gastrointestinal cancer surgery? Perioper Med (Lond). 2016;5:30.

 23. Anandavadivelan P, Brismar TB, Nilsson M, Johar AM, Martin 
L.  Sarcopenic obesity: a probable risk factor for dose limiting 
toxicity during neo-adjuvant chemotherapy in oesophageal cancer 
patients. Clin Nutr. 2016;35(3):724–30.

 24. Chow R, Bruera E, Chiu L, Chow S, Chiu N, Lam H, et al. Enteral 
and parenteral nutrition in cancer patients: a systematic review 
and meta-analysis. Ann Palliat Med. 2016;5(1):30–41.

 25. Stephenson J, Davies A. An assessment of etiology-based guide-
lines for the management of nausea and vomiting in patients with 
advanced cancer. Support Care Cancer. 2006;14:348–53.

 26. Wickham R.  Evolving treatment paradigms for chemotherapy- 
induced nausea and vomiting. Cancer Control. 2012;19(2 
Suppl):3–9.

 27. Darmani NA, Crim JL, Janoyan JJ, Abad J, Ramirez J.  A re- 
evaluation of the neurotransmitter basis of chemotherapy-induced 
immediate and delayed vomiting: evidence from the least shrew. 
Brain Res. 2009;1248:40–58.

 28. Gordon P, Le Grand SB, Walsh D.  Nausea and vomiting in 
advanced cancer. Eur J Pharmacol. 2014;722:187–91.

 29. Oosten AW, Oldenmenger WH, Mathijssen RH, van der Rijt CC. A 
systematic review of prospective studies reporting adverse events 
of commonly used opioids for cancer related pain: a call for the use 
of standardized outcome measures. J Pain. 2015;16(10):935–46.

 30. Donthireddy KR, Ailawadhi S, Nasser E, Schiff MD, Nwogu 
CE, Nava HR, et  al. Malignant gastroparesis: pathogenesis and 
management of an under recognized disorder. J Support Oncol. 
2007;5(8):355–63.

 31. Davis MP, Walsh D, Lagman R, Yavuzsen T. Early satiety in can-
cer patients: a common and important but under recognized symp-
tom. Support Care Cancer. 2006;14(7):693–8.

 32. Warr DG. Chemotherapy and cancer related nausea and vomiting. 
Curr Oncol. 2008;15(Suppl 1):4–9.

 33. Aprile G, Rihawi K, De Carlo E, Sonis ST.  Treatment-related 
gastrointestinal toxicities and advanced colorectal or pancreatic 
cancer: a critical update. World J Gastroenterol. 2015;21(41): 
11793–803.

 34. Poon M, Hwang J, Dennis K, DeAngelis C, Zhang L, Chung H, 
et al. A novel prospective descriptive analysis of nausea and vom-
iting among patients receiving gastrointestinal radiation therapy. 
Support Care Cancer. 2016;24(4):1545–61.

 35. Bouganim N, Dranitsaris G, Hopkins S, Vandermeer L, Godbout 
L, Dent S, et al. Prospective validation of risk prediction indexes 
for acute and delayed chemotherapy-induced nausea and vomit-
ing. Curr Oncol. 2012;19(6):e414–21.

 36. Sullivan JR, Leyden MJ, Bell R. Decreased cisplatin-induced nau-
sea and vomiting with chronic alcohol ingestion. N Engl J Med. 
1983;309(13):796.

 37. Tonato M, Roila F, Del Favero A. Methodology of antiemetic tri-
als: a review. Ann Oncol. 1991;2(2):107–14.

 38. Roila F, Tonato M, Basurto C, Bella M, Passalacqua R, Morsia D, 
et al. Antiemetic activity of high doses of metoclopramide com-
bined with methylprednisolone versus metoclopramide alone in 
cisplatin-treated cancer patients: a randomized double-blind trial 
of the Italian Oncology Group for Clinical Research. J Clin Oncol. 
1987;5(1):141–9.

38 Symptom Management in Gastrointestinal Cancers

https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2018/cancer-facts-and-figures-2018.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2018/cancer-facts-and-figures-2018.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2018/cancer-facts-and-figures-2018.pdf


682

 39. Kris MG, Urba SG, Schwartzberg LS. Clinical round table mono-
graph. Treatment of chemotherapy-induced nausea and vomit-
ing: a post-MASCC 2010 discussion. Clin Adv Hematol Oncol. 
2011;9(1):supp1–15.

 40. Hesketh PJ. Chemotherapy-induced nausea and vomiting. N Engl 
J Med. 2008;358(23):2482–94.

 41. Grunberg SM, Osoba D, Hesketh PJ, Gralla RJ, Borjeson S, 
Rapoport BL, et al. Evaluation of new antiemetic agents and defi-
nition of antineoplastic agent emetogenicity–an update. Support 
Care Cancer. 2005;13(2):80–4.

 42. Schwartzberg L.  Chemotherapy-induced nausea and vomiting: 
state of the art in 2006. J Support Oncol. 2006;4(2 Suppl 1):3–8.

 43. Hesketh PJ, Sanz-Altamira P, Bushey J, Hesketh AM. Prospective 
evaluation of the incidence of delayed nausea and vomiting in 
patients with colorectal cancer receiving oxaliplatin-based che-
motherapy. Support Care Cancer. 2012;20(5):1043–7.

 44. Schwartzberg L.  Addressing the value of novel therapies in 
chemotherapy- induced nausea and vomiting. Expert Rev 
Pharmacoecon Outcomes Res. 2014;14(6):825–34.

 45. Sekine I, Segawa Y, Kubota K, Saeki T.  Risk factors of 
chemotherapy- induced nausea and vomiting: index for personal-
ized antiemetic prophylaxis. Cancer Sci. 2013;104(6):711–7.

 46. Roscoe JA, Morrow GR, Hickok JT, Stern RM. Nausea and vom-
iting remain a significant clinical problem: trends over time in 
controlling chemotherapy-induced nausea and vomiting in 1413 
patients treated in community clinical practices. J Pain Symptom 
Manag. 2000;20(2):113–21.

 47. Hesketh PJ, Bohlke K, Kris MG. Antiemetics: American Society 
of Clinical Oncology clinical practice guideline update summary. 
J Oncol Pract. 2017;13(12):825–30.

 48. Morrow GR, Roscoe JA, Kirshner JJ, Hynes HE, Rosenbluth 
RJ. Anticipatory nausea and vomiting in the era of 5-HT3 anti-
emetics. Support Care Cancer. 1998;6(3):244–7.

 49. Morrow GR, Roscoe JA, Hickok JT.  Nausea and vomiting. In: 
Holland JC, Breitbart W, Jacobsen PB, et  al., editors. Psycho- 
oncology. New York: Oxford University Press; 1998. p. 476–84.

 50. Malik IA, Khan WA, Qazilbash M, Ata E, Butt A, Khan 
MA. Clinical efficacy of lorazepam in prophylaxis of anticipatory, 
acute, and delayed nausea and vomiting induced by high doses 
of cisplatin. A prospective randomized trial. Am J Clin Oncol. 
1995;18(2):170–5.

 51. Aapro MS, Molassiotis A, Olver I. Anticipatory nausea and vom-
iting. Support Care Cancer. 1995;13(2):117–21.

 52. Ravazi D, Delvaux N, Farvacques CJ, De Brier F, Van Heer C, 
Kaufman L, et al. Prevention of adjustment disorders and anticipa-
tory nausea secondary to adjuvant chemotherapy: a double- blind, 
placebo-controlled study assessing the usefulness of a alprazolam. 
J Clin Oncol. 1993;11(7):1384–90.

 53. Carey MP, Burish TG. Etiology and treatment of the psychologi-
cal side effects associated with cancer chemotherapy: a critical 
review and discussion. Psychol Bull. 1988;104(3):307–25.

 54. Lyles JN, Burish TG, Krozely MG, Oldham RK. Efficacy of relax-
ation training and guided imagery in reducing the aversiveness of 
cancer chemotherapy. J Consult Clin Psychol. 1982;50(4):509–24.

 55. Redd WH, Andresen GV, Minagawa RY.  Hypnotic control of 
anticipatory emesis in patients receiving cancer chemotherapy. J 
Consult Clin Psychol. 1982;50(1):14–9.

 56. Morrow GR, Morrell C. Behavioral treatment for the anticipatory 
nausea and vomiting induced by cancer chemotherapy. N Engl J 
Med. 1982;307(24):1476–80.

 57. Hesketh PJ, Bohlke K, Lyman GH, Basch E, Chesney M, 
Clark-Snow RA, et  al. Antiemetics: American Society of 
Clinical Oncology focused guideline update. J Clin Oncol. 
2016;34(4):381–6.

 58. Tageja N, Groninger H. Chemotherapy-induced nausea and vom-
iting: an overview and comparison of three consensus guidelines. 
Postgrad Med J. 2016;92(1083):33–40.

 59. Lotfi-Jam K, Carey M, Jefford M, Schofield P, Charleson C, 
Aranda S.  Nonpharmacologic strategies for managing common 
chemotherapy adverse effects: a systematic review. J Clin Oncol. 
2008;26(34):5618–29.

 60. Miroddi M, Sterrantino C, Simonelli I, Ciminata G, Philips RS, 
Calapai G. Risk of grade 3-4 diarrhea and mucositis in colorectal 
cancer patients receiving anti-EGFR monoclonal antibodies regi-
mens: a meta-analysis of 18 randomized controlled clinical trials. 
Crit Rev Oncol Hematol. 2015;96(2):355–61.

 61. Lee CS, Ryan EJ, Doherty GA. Gastro-intestinal toxicity of che-
motherapeutics in colorectal cancer: the role of inflammation. 
World J Gastroenterol. 2014;20(14):3751–61.

 62. Jones JA, Avritscher EB, Cooksley CD, Michelet M, Bekele 
BN, Elting LS.  Epidemiology of treatment-associated mucosal 
injury after treatment with newer regimens for lymphoma, breast, 
lung, or colorectal cancer. Support Care Cancer. 2006;14(6): 
505–15.

 63. Logan RM, Gibson RJ, Bowen JM, Stringer AM, Sonis ST, 
Keefe DM. Characterization of mucosal changes in the alimen-
tary tract following administration of irinotecan: implications for 
the pathobiology of mucositis. Cancer Chemother Pharmacol. 
2008;62(1):33–41.

 64. Sonic ST, Elting RS, Keefe D, Peterson DE, Schubert M, Hauer- 
Jensen M, et al. Perspectives on cancer therapy-induced mucosal 
injury: pathogenesis, measurement, epidemiology, and conse-
quences for patients. Cancer. 2004;100(9 Suppl):1995–2025.

 65. Andre T, Colin P, Louvet C, Gamelin E, Bouche O, Achille E, 
et  al. Semimonthly versus monthly regimen of fluorouracil and 
leucovorin administered for 24 or 36 weeks as adjuvant therapy in 
stage II and III colon cancer: results of a randomized trial. J Clin 
Oncol. 2003;21(15):2896–903.

 66. Twelves C, Wong A, Nowacki MP, Abt M, Burris H 3rd, Carrato 
A, et  al. Capecitabine as adjuvant treatment for stage III colon 
cancer. N Engl J Med. 2005;352(26):2696–704.

 67. Yuan A, Kurtz SL, Barysauskas CM, Pilotte AP, Wagner AJ, 
Treister NS. Oral adverse events in cancer patients treated with 
VEGFR-directed multitargeted tyrosine kinase inhibitors. Oral 
Oncol. 2015;51(11):1026–33.

 68. Grothey A, Georga S, van Cutsem E, Blsy JY, Sobrero A, Demetri 
GD. Optimizing treatment outcomes with regorafenib: personal-
ized dosing and other strategies to support patient care. Oncologist. 
2014;19(6):669–80.

 69. Lalla RV, Bowen J, Barasch A, Elting L, Epstein J, Keefe DM, et al., 
The Mucositis Guidelines Leadership Group of the Multinational 
Association of Supportive Care in Cancer and International 
Society of Oral Oncology (MASCC/ISOO). MASCC/ISOO clini-
cal practice guidelines for the management of mucositis second-
ary to cancer therapy. Cancer. 2014;120(10):1453–61.

 70. Feldman JM.  Carcinoid tumors and syndrome. Semin Oncol. 
1987;14(3):237–46.

 71. Narayanan S, Kunz PL.  Role of somatostatin analogues in the 
treatment of neuroendocrine tumors. Hematol Oncol Clin North 
Am. 2016;30(1):163–77.

 72. Dillon JS, Chandrasekharan C.  Telotristat ethyl: a novel agent 
for the therapy of carcinoid syndrome diarrhea. Future Oncol. 
2018;14(12):1155–64.

 73. Pusceddu S, De Braud F, Festinese F, Bregant C, Lorenzoni 
A, Maccauro M, et  al. Evolution in the treatment of 
gastroenteropancreatic- neuroendocrine neoplasm, focus on sys-
temic therapeutic options: a systematic review. Future Oncol. 
2015;11(13):1947–59.

 74. van Rossum PSN, Mohammad NH, Vleggaar FP, van Hillegersberg 
R. Treatment for unresectable or metastatic oesophageal cancer: 
current evidence and trends. Nat Rev Gastroenterol Hepatol. 
2018;15(4):235–49.

 75. Doosti-Irani A, Mansournia MA, Rahimi-Foroushani A, Haddad 
P, Holakouie-Naieni K.  Complications of stent placement in 

T. Yavuzsen et al.



683

patients with esophageal cancer: a systematic and network analy-
sis. PLoS One. 2017;12(10):e0184784.

 76. Miller G, Boman J, Shrier I, Gordon PH. Small-bowel obstruc-
tion secondary to malignant disease: an 11-year audit. Can J Surg. 
2000;43(5):353–8.

 77. Baines M, Oliver DJ, Carter RL. Medical management of intes-
tinal obstruction in patients with advanced malignant disease. A 
clinical and pathological study. Lancet. 1985;2(8462):990–3.

 78. Librach SL, Horvath AN, Langlois EA. Malignant bowel obstruc-
tion. In:  Palliative Medicine  – a case based manual. 2nd ed. 
New York: Oxford University Press Inc.; 2005. p. 213–7.

 79. Anthony T, Baron T, Mercadante S, Green S, Chi D, Cunningham 
J, et al. Report of the clinical protocol committee: development 
of randomized trials for malignant bowel obstruction. J Pain 
Symptom Manag. 2007;34(Suppl 1):49–59.

 80. Tuca A, Guell E, Martinez-Losada E, Codorniu N.  Malignant 
bowel obstruction in advanced cancer patients: epidemiology, 
management, and factors influencing spontaneous resolution. 
Cancer Manag Res. 2012;4:159–69.

 81. Tuca A, Codorniu N, Garzón, Serrano G.  Malignant bowel 
 obstruction due to advanced cancer in palliative care: observa-
tional and descriptive study. 5th Research Forum of European 
Association for Palliative Care; May 2008; Trodheim, Norway. 
Poster: 462.

 82. Laval G, Marcelin-Benazech B, Guirimand F. Recommendations 
for bowel obstruction with peritoneal carcinomatosis. J Pain 
Symptom Manag. 2014;48(1):75–91.

 83. Francescutti V, Miller A, Satchidanand Y. Management of bowel 
obstruction in patients with stage IV cancer: predictors of out-
come after surgery. Ann Surg Oncol. 2013;20(3):707–14.

 84. Ripamonti C, Twycross R, Baines M, Bozzetti F, Capri S, De 
Conno F, et  al. Clinical-practice recommendations for the man-
agement of bowel obstruction in patients with end-stage cancer. 
Support Care Cancer. 2001;9(4):223–33.

 85. Smith EM, Jayson GC.  The current and future management of 
malignant ascites. Clin Oncol (R Coll Radiol). 2003;15(2):59–72. 
(review).

 86. Nagy JA, Herzberg KT, Dvorak JM, Dvorak HM. Pathogenesis 
ascites formation: initiating events that lead to fluid accumulation. 
Cancer Res. 1993;53:2631–43.

 87. Lee CW, Bociek G, Faught W. A survey of practice in management 
of malignant ascites. J Pain Symptom Manag. 1998;16(2):96–101.

 88. Fleming ND, Alvarez-Secord A, Von Grueningen V, Miller MJ, 
Abernetjy AP. Indwelling catheters for the management of refrac-
tory malignant ascites: a systematic literature overview and ret-
rospective chart review. J Pain Symptom Manag. 2009;38(3): 
341–9.

 89. Randle RW, Sweet KR, Swords DS, Shen P, Stewart JH, Levine 
EA, et  al. Efficacy of cytoreductive surgery with hyperthermic 
intraperitoneal chemotherapy in the management of malignant 
ascites. Ann Surg Oncol. 2014;21(5):1474–9.

 90. Cavazzoni E, Bugiantella W, Graziosi L, Franceschini MS, Donini 
A. Malignant ascites: pathophysiology and treatment. Int J Clin 
Oncol. 2013;18(1):1–9.

 91. Boulay BR, Parepally M.  Managing malignant biliary obstruc-
tion in pancreas cancer: choosing the appropriate strategy. World J 
Gastroenterol. 2014;20(28):9345–53.

 92. Ho CS, Warkentin AE. Evidence based decompression in malig-
nant biliary obstruction. Korean J Radiol. 2012;13(S1):S56–61.

 93. Franc M, Michalski B, Kuczerawy I, Szuta J, Skrzypulec-Plinta 
V.  Cancer related fatigue syndrome in neoplastic diseases. Prz 
Menopauzalny. 2014;13(6):352–5.

 94. Huang X, Zhang Q, Kang X, Song Y, Zhao W. Factors associated 
with cancer-related fatigue in breast cancer patients undergoing 
endocrine therapy in an urban setting: a cross-sectional study. 
BMC Cancer. 2010;10:453.

 95. Pettersson G, Berterö C, Unosson M, Börjeson S.  Symptom 
prevalence, frequency, severity, and distress during chemother-
apy for patients with colorectal cancer. Support Care Cancer. 
2014;22(5):1171–9.

 96. Li SX, Liu BB, Lu JH.  Longitudinal study of cancer-related 
fatigue in patients with colorectal cancer. Asian Pac J Cancer Prev. 
2014;15(7):3029–33.

 97. Arndt V, Merx H, Stegmaier C, Ziegler H, Brenner H. Restrictions 
in QOL in colorectal cancer patients over three years after diag-
nosis: a population based study. Eur J Cancer. 2006;42(12): 
1848–57.

 98. O’Gorman C, Denieffe S, Gooney M. Literature review: preop-
erative radiotherapy and rectal cancer impact on acute symptom 
presentation and QOL. J Clin Nurs. 2013;23(3–4):333–51.

 99. Stauder MC, Romero BK, Atherton DG, Deschamps C, Jatoi 
A, Sloan JA, et  al. Overall survival and self-reported fatigue in 
patients with esophageal cancer. Support Care Cancer. 2013;21(2): 
511–9.

 100. Kitano T, Tada H, Nishimura T, Teramukai S, Kanai M, Nishimura 
T, et  al. Prevalence and incidence of anemia in Japanese can-
cer patients receiving outpatient chemotherapy. Int J Hematol. 
2007;86(1):37–41.

 101. Vardy J, Dhillon HM, Pond GR, Rourke SB, Xu W, Dodd A, et al. 
Cognitive function and fatigue after diagnosis of colorectal can-
cer. Ann Oncol. 2014;25(12):2404–12.

 102. Scott JA, Lasch KE, Barsevick AM, Piault-Louis E.  Patient’s 
experiences with cancer-related fatigue: a review and synthesis of 
qualitative research. Oncol Nurs Forum. 2011;38(3):E191–203.

 103. Lin J-M, Brimmer DJ, Maloney EM, Nyarko E, Belue R, Reeves 
WC. Further validation of the Multidimensional Fatigue Inventory 
in a US adult population sample. Popul Health Metrics. 2009;7:18.

 104. Brola W, Ziomek M, Czernicki J. Fatigue syndrome chronic neu-
rological disorder. Neurol Neurochir Pol. 2007;41(4):340–9.

 105. Minton O, Stone PC. The use of proteomics as a research meth-
odology for studying cancer-related fatigue: a review. Palliat Med. 
2010;24(3):310–6.

 106. Popiela T, Lucchi R, Giongo F.  Methylprednisolone as pal-
liative therapy for female terminal cancer patients. The 
Methylprednisolone Female Preterminal Cancer Study Group. 
Eur J Cancer Clin Oncol. 1989;25(12):1823–9.

 107. De Conno F, Martini C, Zecca E, Balzarini A, Venturino P, Groff 
L, et  al. Megestrol acetate for anorexia in patients with far- 
advanced cancer: a double-blind controlled clinical trial. Eur J 
Cancer. 1998;34(11):1705–9.

 108. Lower EE, Fleishman S, Cooper A, Zeldis J, Faleck H, Yu Z, et al. 
Efficacy of dexmethylphenidate for the treatment of fatigue after 
cancer chemotherapy: a randomized clinical trial. J Pain Symptom 
Manag. 2009;38(5):650–62.

 109. Bruera E, Yennurajalingam S, Palmer JL, Perez-Cruz PE, Frisbee- 
Hume S, Allo J, et  al. Methylphenidate and/or a nursing tele-
phone intervention for fatigue in patients with advanced cancer: 
a randomized, placebo-controlled, phase II trial. J Clin Oncol. 
2013;31(19):2421–7.

 110. Spathis A, Dhillan R, Booden D, Forbes K, Vrotsou K, Fife 
K. Modafinil for the treatment of fatigue in lung cancer: a pilot 
study. Palliat Med. 2009;23:325–31.

 111. Barton DL, Liu H, Dakhil SR, Linquist B, Sloan JA, Nichols CR, 
et al. Wisconsin ginseng (Panax quinquefolius) to improve cancer- 
related fatigue: a randomized, double-blind trial, N07C2. J Natl 
Cancer Inst. 2013;105(16):1230–8.

 112. Jensen W, Baumann FT, Stein A, Bloch W, Bokemeyer C, de Wit 
M, et al. Exercise training in patients with advanced gastrointes-
tinal cancer undergoing palliative chemotherapy: a pilot study. 
Support Care Cancer. 2014;22(7):1797–806.

 113. Pachman DR, Price KA, Carey EC. Nonpharmacologic approach 
to fatigue in patients with cancer. Cancer. 2014;20(5):313–8.

38 Symptom Management in Gastrointestinal Cancers



684

 114. Maguire D, O’Sullivan GC, Collins JK, Morgan J, Shanahan 
F.  Bone marrow micro-metastases and gastrointestinal cancer 
detection and significance. Am J Gastroenterol. 2000;95:1644–51.

 115. Wang Y, Probin V, Zhou D. Cancer therapy-induced residual bone 
marrow injury-mechanisms of induction and implication for ther-
apy. Curr Cancer Ther Rev. 2006;2(3):271–9.

 116. Varma A, Spier BJ, Pfau PR, Safdar N. A case of newly diagnosed 
metastatic pancreatic cancer presenting with associated immune 
thrombocytopenic purpura. Wis Med J. 2009;108(9):459–61.

 117. Zhu A, Kaneshiro M, Kaunitz JD.  Evaluation and treatment of 
iron deficiency anemia: a gastroenterological perspective. Dig Dis 
Sci. 2010;55(3):548–59.

 118. Yachimski PS, Friedman LS.  Gastrointestinal bleeding in the 
elderly. Nat Clin Pract Gastroenterol Hepatol. 2008;5(2):80–93.

 119. Pelesof LC, Gerber DE. Paraneoplastic syndromes: an approach 
to diagnosis and treatment. Mayo Clin Proc. 2010;85(9):838–54.

 120. Reese JA, Bougie DW, Curtis BR, Terrell DR, Vesely SK, Aster 
RH, et al. Drug-induced thrombotic microangiopathy: experience 
of the Oklahoma Registry and the Blood Center of Wisconsin. Am 
J Hematol. 2015;90(5):406–10.

 121. Niu J, Mims MP.  Oxaliplatin-induced thrombotic thrombocyto-
penic purpura: case report and literature review. J Clin Oncol. 
2012;30(31):1705.

 122. Mimica M, Tomic M, Babic E, Karin M, Bevanda M, Alfirevic 
D, et al. Gastric cancer with bone marrow invasion presenting as 
severe thrombocytopenia. Turk J Gastroenterol. 2014;25(Suppl 
1):229–30.

 123. Arslan D, Uysal M, Tatli AM, Gunduz S, Sezgin-Goksu S, 
Bassorgun CI, Coskun HS, Bozcuk H, Savas B.  Her-2 posi-
tive gastric cancer presented with thrombocytopenia and skin 
involvement: a case report. Case Rep Oncol Med. 2014;2014: 
194636.

 124. Yazdi MF, Hashemian Z, Nazmieh H, Ghadimi H.  A report of 
three cases with thrombotic thrombocytopenic purpura (TTP) 
secondary to an occult gastric adenocarcinoma. Pak J Med Sci. 
2009;25(4):689–92.

 125. Lechner K, Obermeier HL.  Cancer-related microangiopathic 
hemolytic anemia: clinical and laboratory features in 168 reported 
cases. Medicine. 2012;91(4):1–11.

 126. Khorana AA.  Cancer-associated thrombosis: updates and con-
troversies. Hematology Am Soc Hematol Educ Program. 
2012;2012:626–30.

 127. Khorana AA, Fine RL.  Pancreatic cancer and thromboembolic 
disease. Lancet Oncol. 2004;5(11):655–63.

 128. Sheth RA, Niekamp A, Quencer KB, Shamoun F, Knuttinen 
MG, Naidu S, et  al. Thrombosis in cancer patients: etiol-
ogy, incidence, and management. Cardiovasc Diagn Ther. 
2017;7(Suppl):S178–85.

 129. Chai-Adisaksopha C, Iorio A, Crowther MA, de Miguel J, 
Salgado E, Zdraveska M, et  al. Vitamin K antagonists after 6 
months of low-molecular-weight heparin in cancer patients with 
venous thromboembolism. Am J Med. 2017;131(4):430–7. pii: 
S0002-9343(17)31277-9.

 130. Elalamy I, Mahe I, Ageno W, Meyer G. Long term treatment of 
cancer associated thrombosis: the choice of the optimal anticoagu-
lant. J Thromb Haemost. 2017;15(5):848–57.

 131. Melosky B.  Supportive care treatments for toxicities of anti-
egfr and other targeted agents. Curr Oncol. 2012;19(Suppl 1): 
S59–63.

 132. De Loughery TG, Beer TM. Bevacizumab and thrombosis: some 
answers but questions remain. Cancer. 2015;121(7):975–7.

 133. Newton HB. Neurological complications of systemic cancer. Am 
Fam Physician. 1999;59(4):878–86.

 134. Giglio P, Gilbert MR. Neurological complications of cancer and 
treatment. Curr Oncol Rep. 2010;12(1):50–9.

 135. Sio TT, Paredes M, Uzair C. Neurological manifestation of colonic 
adenocarcinoma. Rare Tumors. 2012;4(2):e32.

 136. Bano N, Najam R, Mateen A.  Neurological adverse effects in 
patients of advanced colorectal carcinoma treated with different 
schedules of FOLFOX. Chemother Res Pract. 2013;2013:379870.

 137. Hershman DL, Lacchetti C, Dworkin RH, Lavoie Smith EM, 
Bleeker J, Cavaletti G, et  al. Prevention and management of 
chemotherapy- induced peripheral neuropathy in survivors of adult 
cancers: American Society of Clinical Oncology clinical practice 
guideline. J Clin Oncol. 2014;32(18):1941–67.

 138. Klicovac T, Djurdjevic A.  Psychological aspects of the can-
cer patients’ education: thoughts, feelings, behavior and body 
reaction of patients faced with diagnosis of cancer. J BUON. 
2010;15(1):153–6.

 139. Deckx L, van Abbema DL, van den Akker M, van den Broeke C, 
van Driel M, Bulens P, et al. A cohort study on the evolution of 
psychosocial problems in older patients with breast or colorectal 
cancer: comparison with younger cancer patients and older pri-
mary care patients without cancer. BMC Geriatr. 2015;15:79.

 140. Vardy JL, Dhillon HM, Pond GR, Rourke SB, Bekele T, Renton 
C, et al. Cognitive function in patients with colorectal cancer who 
do and do not receive chemotherapy: a prospective, longitudinal, 
controlled study. J Clin Oncol. 2015;33(34):4085–92.

 141. Detrich J, Prust M, Kaiser J. Chemotherapy, cognitive impairment 
and hippocampal toxicity. Neuroscience. 2015;309:224–32.

 142. Centeno C, Sanz A, Bruera E.  Delirium in advanced cancer 
patients. Palliat Med. 2004;18(3):184–94.

 143. Merskey H, Bugduk N. Classification of chronic pain. Descriptions 
of chronic pain syndromes and definitions of pain terms. 2nd ed. 
Seattle: IASP Press; 1994.

 144. Van den Beuken-van Everdingen MH, de Rijke JM, Kessels AG, 
Schouten HC, Van Kleef M, Patijn J. Prevalence of pain in patients 
with cancer: a systematic review of the past 40 years. Ann Oncol. 
2007;18(9):1437–49.

 145. Homsi J, Walsh D, Rivera N, Rybicki LA, Nelson KA, LeGrand SB, 
et al. Symptom evaluation in palliative medicine: patient report vs 
systematic assessment. Support Care Cancer. 2006;14(5):444–53.

 146. Breivik H, Cherny N, Collett B, de Conno F, Filbet M, Foubert AJ, 
et al. Cancer-related pain: a pan-European survey of prevalence, 
treatment, and patient attitudes. Ann Oncol. 2009;20(8):1420–33.

 147. Pathophysiology of cancer pain and opioid tolerance. In: The 
British Pain Society’s cancer pain management. 2010. https://
www.britishpainsociety.org/static/uploads/resources/files/book_
cancer_pain.pdf. Accessed 12 June 2018.

 148. Grond S, Zech D, Difenbach C, Radburgh L, Lehmann 
KA.  Assessment of the cancer pain: a prospective evalua-
tion in 2266 cancer patients referred to a pain service. Pain. 
1996;64(1):107–14.

 149. Walsh D.  Pharmacological management of cancer pain. Semin 
Oncol. 2000;27(1):45–63.

 150. Vielhaber A, Portenoy RK. Advances in cancer pain management. 
Hematol Oncol Clin North Am. 2002;16(3):527–41.

 151. Stacey B. Management of peripheral neuropathic pain. Am J Phys 
Med Rehabil. 2005;84(3):S4–S16.

 152. Bennett MI, Rayment C, Hjermstad M, Aass N, Caraceni A, Kaasa 
S. Prevalence and aetiology of neuropathic pain in cancer patients: 
a systematic review. Pain. 2012;153(2):359–65.

 153. de Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, 
Cassidy J, et  al. Leucovorin and fluorouracil with and without, 
oxaliplatin as first-line treatment in advanced cancer. J Clin Oncol. 
2000;18(6):2938–47.

 154. Andre T, Boni C, Mounedji-Boudiat L, Navarro M, Tabernero 
J, Hickish T, et  al. Oxaliplatin, fluorouracil, and leucovo-
rin as adjuvant treatment for colon cancer. N Engl J Med. 
2004;350(23):2343–51.

 155. Briani C, Argyriou A, Izquierd C, Velasco R, Campagnolo M, 
Alberti P, et al. Long-term course of oxaliplatin-induced polyneu-
ropathy: a prospective 2-year follow-up study. J Peripher Nerv 
Syst. 2014;19(4):299–306.

T. Yavuzsen et al.

https://www.britishpainsociety.org/static/uploads/resources/files/book_cancer_pain.pdf
https://www.britishpainsociety.org/static/uploads/resources/files/book_cancer_pain.pdf
https://www.britishpainsociety.org/static/uploads/resources/files/book_cancer_pain.pdf


685

 156. Mercandante S, Klepstad P, Kurita GP, Sjogren P, Giarratano 
A, European Palliative Care Research Collaborative Group 
(EPCRC). Sympathetic blocks for visceral cancer pain manage-
ment: a systematic review and EAPC recommendations. Crit Rev 
Oncol Hematol. 2015;96(3):577–83.

 157. Ripamonti C, De Conno F, Ventafridda V, Rossi B, Baines 
MJ. Management of bowel obstruction in advanced and terminal 
cancer patients. Ann Oncol. 1993;4(1):15–21.

 158. Alexandrescu DT, Wiernik PH, Dutcher JP.  Chapter 90. 
Chemotherapy toxicities and complications. In: Young NS, 
Gerson SL, High KA, editors. Clinical hematology. Philadelphia: 
Mosby Elsevier; 2006. p. 1144–54.

 159. Kurkjian DC, Ozer H.  Management of adverse effects of treat-
ment. In: Devita VT, Lawrence TS, Rosenberg SA, Weinberg RA, 
editors. DeVita, Hellman and Rosenberg’s cancer: principles & 
practice of oncology. 8th ed. Philadelphia: Lippincott Williams & 
Wilkins; 2008. p. 2617–38.

 160. Minisini AM, Tosti A, Sobrero AF, Mansutti M, Piraccini BM, 
Sacco C, et al. Taxane induced nail changes: incidence, clinical 
presentation and outcome. Ann Oncol. 2003;14(2):333–7.

 161. Robert C, Sibaud V, Mateus C, Verschoore M, Charles C, Lanoy 
E, et al. Nail toxicities induced by systemic anticancer treatments. 
Lancet Oncol. 2015;16(4):e181–e9.

 162. Lipworth AD, Robert C, Zhu A.  Hand-foot syndrome (Hand- 
foot skin reaction, palmar-plantar erythrodysesthesia): focus on 
sorafenib and sunitinib. Oncology. 2009;77(5):257–71.

 163. Fabian CJ, Molina R, Slavik M, Dahlberg S, Giri S, Stephens 
R.  Pyridoxine therapy for palmar-plantar erythrodysesthesia 
associated with continuous 5-fluorouracil infusion. Investig New 
Drugs. 1990;8(1):57–63.

 164. Kang YK, Lee SS, Yoon DH, Lee SY, Chun YJ, Kim MS, et al. 
Pyridoxine is not effective to prevent hand-foot syndrome associ-
ated with capecitabine therapy: results of a randomized, double 
blind, placebo-controlled study. J Clin Oncol. 2010;28(24):3824–9.

 165. Curran CF, Luce JK.  Fluorouracil and palmar-plantar erythro-
dysesthesia. Ann Intern Med. 1989;111(10):858.

 166. Comandone A, Bretti S, La Grotta G, Manzoni S, Bonardi G, 
Berardo R, et  al. Palmar-plantar erythrodysesthesia  syndrome 

associated with 5-fluorouracil treatment. Anticancer Res. 1993; 
13(5c):1781–3.

 167. Busam KJ, Capodieci P, Motzer R, Kiehn T, Phelan D, Halpern 
AC. Cutaneous side-effects in cancer patients treated with the ant 
epidermal growth factor receptor antibody C225. Br J Dermatol. 
2001;144(6):1169–76.

 168. Lacouture ME, Melosky BL.  Cutaneous reactions to anticancer 
agents targeting the epidermal growth factor receptor: dermatol-
ogy–oncology perspective. Skin Therapy Lett. 2007;12(6):1–5.

 169. Fox LP.  Pathology and management of dermatologic toxicities 
associated with anti-EGFR therapy. Oncology (Williston Park). 
2006;20(5 Suppl 2):26–34.

 170. Jatoi A, Rowland K, Sloan JA, Gross HM, Fishkin PA, Kahanic 
SP, et al. Tetracycline to prevent epidermal growth factor recep-
tor inhibitor-induced skin rashes: results of a placebo-controlled 
trial from the North Central Cancer Treatment Group (N03CB). 
Cancer. 2008;113(4):847–53.

 171. Scope A, Agero AL, Dusza SW, Myskowski PL, Lieb JA, Saltz L, 
et  al. Randomized double-blind trial of prophylactic oral mino-
cycline and topical tazarotene for cetuximab-associated acne-like 
eruption. J Clin Oncol. 2007;25(34):5390–6.

 172. Scope A, Lieb J, Dusza S, Phelan DL, Myskowski PL, Saltz L, 
et al. A prospective randomized trial of topical pimecrolimus for 
cetuximab-associated acne-like eruption. J Am Acad Dermatol. 
2009;61(4):614–20.

 173. Pérez-Soler R, Delord JP, Halpern A, Kelly K, Krueger J, Sureda 
BM, et  al. HER1/EGFR inhibitor–associated rash: future direc-
tions for management and investigation outcomes from the 
HER1/EGFR inhibitor rash management forum. Oncologist. 
2005;10(5):345–56.

 174. Melosky B, Burkes R, Rayson D, Alcindor T, Shear N, Lacouture 
M, et al. Management of skin rash during EGFR-targeted mono-
clonal antibody treatment for gastrointestinal malignancies: 
Canadian recommendations. Curr Oncol. 2009;16(1):16–26.

 175. Burris HA, Hurtig J.  Radiation recall with anticancer agents. 
Oncologist. 2010;15(11):1227–37.

38 Symptom Management in Gastrointestinal Cancers



687© Springer Nature Switzerland AG 2019
S. Yalcin, P. Philip (eds.), Textbook of Gastrointestinal Oncology, https://doi.org/10.1007/978-3-030-18890-0

Index

A
Abdominal compression, 220
Abdominal pain, 567
Ablative proton therapy, 221
Abridged Patient Generated Subjective Global Assessment  

(aPG- SGA), 380
Acquired immunodeficiency syndrome (AIDS), 330
Actinomycin D, 638
Active Breathing Coordinator™ system, 219–220
Acute colonic obstruction, 565
Acute emesis, 672
Acute nausea and vomiting, 672
Acute ovarian failure (AOF), 634
Adaptive designs, 500
Adaptive immunity, 89, 467
Adenocarcinoma, 1, 2, 411

clinical staging, 58
distant metastasis (M), 57
of duodenum, 455
histologic grade (G), 57
with mucinous features, 43
with neuroendocrine differentiation, 272
pathological staging, 58
postneoadjuvant therapy, 58
primary tumor (T), 57
regional lymph nodes (N), 57

Adenoma
with high-grade dysplasia, 40
low-grade dysplasia, 40

Adenomatous polyposis coli (APC) gene, 5, 620
Adjuvant Chemoradiotherapy in Stomach Tumors  

(ARTIST) trial, 427
Adjuvant Chemotherapy Trial of TS-1 for Gastric Cancer  

(ACTS-GC), 82
Adjuvant Colon Cancer Endpoints (ACCENT), 496
Adjuvant 5-FU-based therapy, 123–125
Adjuvant radiation therapy, 428, 434, 435
Adjuvant therapy, 470

rectal cancer, 168 (see Rectal cancer)
resectable metastatic colorectal cancer

combination therapy, 127
neoadjuvant treatment, 127
resected pulmonary metastases, 127, 128
systemic therapy, 126

stage I colon cancer, 109
stage II colon cancer

5-FU/LEV, 114
B2 Colon Cancer Trials, 114, 115
FOLFOX4 vs. LV5FU2, 115
gene signatures, 116, 117
microsatellite instability, 115, 116

NSABP protocols C-01, C-02, C-03, and C-04, 114, 115
QUASAR phase III trial, 114, 115

stage III colon cancer
in elderly patients, 113, 114
fluoropyrimidine, 110–112
5-fluorouracil and irinotecan, 112
microsatellite instability, 115, 116
oxaliplatin, 111, 112
with targeted Agents, 113

Adoptive cell transfer therapy (ACT), 468–470
Adrenocortical carcinoma, 211
Adriamycin, 596, 638
Adult Immunization Schedule, 664
Adults with solid cancer, vaccination, 664

Haemophilus influenzae type b vaccination, 665
hepatitis A vaccination, 666
hepatitis B vaccination, 666
household contacts of immunocompromised patients, 667
human papillomavirus vaccine, 666
influenza vaccination, 664
meningococcal vaccination, 666
MMR vaccination, 665
peumococcal vaccination, 664, 665
poliovirus vaccination, 666, 667
tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis 

vaccination, 666
varicella vaccination, 665
zoster vaccination, 665

Advanced gastric cancer, palliative gastrectomy, 352
Advanced HCC, radiotherapy

localized hepatocellular carcinoma and advanced cirrhosis, 221, 222
palliation of metastases and tumor thrombi, 221

Advanced hepatic cirrhosis, 221
Advanced pancreas carcinoma

aggressive pain management, 264
aging, 264
anorexia, 264
biomarker

BRCA1 and 2 gene mutations, 263
hENT1, 263
hyaluronan, 263
SPARC, 263
UGT1A1 polymorphism, 263

cachexia, 264
chemotherapy

drug toxicity and cost, 256
Erlotinib, 256
5-fluorouracil and irinotecan doublet (FOLFIRI) regimen, 258
FOLFIRINOX (5-FU, leucovorin, oxaliplatin,  

and irinotecan), 256
FOLFOX regimen, 257

https://doi.org/10.1007/978-3-030-18890-0


688

Advanced pancreas carcinoma (cont.)
gemcitabine and nab-paclitaxel regimen, 256, 257
nanoliposomal encapsulated irinotecan, 257
OFF, 257
second-line therapy, 257
survival and quality of life, 256

first-line therapy with gemcitabine, 260
functional decline, 264
metastases-related symptoms, 264
molecular alteration, 259
nutritional support, 264
ongoing trials, 264
palliative decompressive procedures, 264
post first-line therapy, 257
systemic therapies, challenges, 264
targeted therapeutic approaches

drug resistance mechanism, 258
genetic alternation or pathway, 258
molecular makeup of tumors, 258

treatment, 240
resistance, 264

US Food and Drug Administration, 256
venous thromboembolism, 264
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gemcitabine/platinum combination therapy, 187
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immunotherapy, 192
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bevacizumab, 188
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sorafenib, 188
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Biologically equivalent dose (BED), 423
Biomarker-driven approaches, 493
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Bleomycin, 638
Bone marrow suppression, 411
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Borderline resectability, PDAC
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neoadjuvant therapy

chemoradiation, 245
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FOLFIRINOX over gemcitabine, 247
gemcitabine, 247
gemcitabine-based chemoradiation, 245
histologic response to induction, 246
histopathologic response of tumor cells, 246
induction chemotherapy, 246
NCCN clinical practice guidelines, 246
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patient management, 245
preoperative therapy, 247
R0 resection rates, 247
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randomized phase II trial, 245
resectability and overall survival, 245, 246
staging, 245
surgical resection, 246
survival, 245
trials, 244
vascular resection and reconstruction, 247

nonoperative management, 236
positive pathologic margins, 236
tumor-vascular interface, 236
unresectability, 236
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Borderline resectable tumors, 236
Bowel obstruction, algorithm, 353
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BRAF, 474

inhibition, 155
mutation, 620, 621

BRAFV600E, 191
BRCA gene mutation in patients with pancreas cancer, 263

BRCA1/2 mutations, 622
BRCAness, 615, 616, 622
Breakthrough nausea and vomiting, 672, 673
Breast cancer, 551, 562
Breast Cancer Linkage Consortium (BCLC), 5
Breathing motion during radiotherapy with image guidance, 220
Brief Fatigue Inventory (BFI), 676
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Brivanib, 623
Bronchial asthma, 273
Bronchospasm, 273
Burkitt’s lymphoma (BL)/Burkitt's leukemia, 50, 315, 335, 341, 342
Busulfan, 638
Butylbromide, 675

C
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Cabozantinib, 623
Cachexia, 379, 670
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Calcium, 519
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Cancer-associated thrombosis

etiology, 372
hazard ratio, 373
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Cancer cachexia (cont.)
computerized tomography, 380
dual energy X-ray absorptiometry scan, 380
energy expenditure, 381
hypothalamus, 381
immobility and lethargy, 380
inflammation-induced hypermetabolic (catabolic) state, 380
management, 381, 382
mechanism of, 381
microRNAs, 381
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myostatin and activins, 380
nutritional intervention, 380
oxidative stress and mitochondrial dysfunction, 381
pharmacotherapy

anamorelin, 382, 383
cannabinoids, 382
corticosteroids, 382
dronabinol, 382
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quality of life, 379, 380
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thermogenesis, 381
tolerance to chemotherapy, 380
treatment tolerance, 380
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Cancer cells, intracellular signaling pathways, 258
Cancer family syndrome, 597
Cancer Genomic Project (CGP), 613
Cancer genomics

access to tissue, 626
cholangiocarcinoma

FGFR gene fusions, 623, 624
IDH1/2 mutations, 624
immune checkpoint inhibitors, 624
molecular classification, 623
targeted therapies, 624

circulating tumor DNA, 625, 626
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EGFR inhibition, 621
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Wnt signaling, 620
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FGFR2, 619
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immune checkpoint inhibitors, 618
molecular classification, 617, 618
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vascular endothelial growth factor receptor blockade, 619
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molecular analysis, clinical utility of, 625
molecular classifications, 624, 625

genomic complexity, 625
hepatocellular carcinoma, 623

cabozantinib, 623
FGF signaling, 623
molecular classification, 623
pembrolizumab, 623

multiple omics, evaluation of, 625
next-generation sequencing (see Next-generation sequencing (NGS))
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matabolic pathways, 622
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molecular classification, 621, 622
nuclear export factors, 622

prioritization, 625
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tumor cell heterogeneity, 626
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Cancer of gallbladder, 185
Cancer-related fatigue (CRF), 676
Cancer-related thrombosis
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hypercoagulability, 370
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pro-coagulant factors, 370
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thromboembolic events, 369
thrombogenicity, 370
tissue factor, 370
treatment, 376
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surgery, 659
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(CLASSIC) trial, 82
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Carcinogenesis, 509
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Carcinomas of unknown primary (CUP), 616
Cardiopulmonary resuscitation, 361
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Carney-Stratakis syndrome, 290, 293, 321
Carney triad, 321
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CASSINI study, 375
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activation, 261
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Cell proliferation and differentiation, 481
Central venous access, 402
Central venous pressure (CVP), 402
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CgA secretion, NETs, 274
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Chemoprevention for Barrett's Esophagus Trial (CBET), 522
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sample size re-estimation, 503, 504
surrogate endpoints

disease-free survival, 496
objective tumor response and tumor shrinkage, 496–498
overall survival, 495, 496

Index



692

Clinical trials (cont.)
pathological response, 498
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Coagulopathies in liver disease, 368
Cognitive and behavioral therapy, 676
Cognitive impairment, 676
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Colitis-associated dysplasia, 42
College of American Pathologists (CAP) checklist, 16, 33, 34
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imaging, 461
CTC, 461
MRC, 461, 462

T staging, 31
Colon Health and Life-Long Exercise Change (CHALLENGE) trial, 514
Colonic obstruction, 545
Colonic polyps, 39
Colonic stenting, 565, 566
Colonoscopy, 578–581
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Colorectal adenocarcinomas, 42
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antitumor immune mechanisms
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colorectal sarcomas
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complete cytoreduction, 414, 415
cytokine treatment, 470
diet and prevention
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mesothelioma, 50
mitomycin C and oxaliplatin, 414
molecular classification, 620
molecular testing, 43
mortality rates, 3
neuroendocrine tumors, 46, 47
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secondary prevention, 515
tertiary prevention, 515, 516
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palliative surgery, 414
pathological staging, 51–53
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small colonic biopsies, 37
TNM staging, 38–39
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prostate and bladder carcinoma, 50
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colonoscopy, 578–580
computed tomography colonography, 579
double-contrast barium enema, 579
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chemotherapy-associated bowel perforation, 340
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combined modality approach, 340
double-contrast barium enema, 340
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gastrointestinal involvement, 339
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inflammatory bowel disease, 340
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Colorectal surgery, 369
Combination of Children's Oncology Group (COG) risk groups, 313
Combination therapies for HCC, 217
Combined screening program, 605
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cancers, 400
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Complete eradication of intestinal metaplasia (CE-IM), 541
Computed tomography (CT)

colorectal cancers, 457
esophageal cancer, 446, 447
gastric adenocarcinoma, 447–449
peritoneal carcinomatosis, 451–453
pregnancy, 657
small bowel, malignant disease of, 454–456

Computed tomography colonography (CTC), 579
colon cancers, 461

Computer-aided detection (CAD) algorithms, 461
Confocal laser endoscopy (CLE), 533
Congenital/acquired immunodeficiency disorders, 336
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Constitutional mismatch repair deficiency (CMMRD), 599
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Continual reassessment method, 499
Controlled ovarian stimulation (COS), 643
Conversion therapy (neoadjuvant), 142, 143
Co-ordinate immune response cluster (CIRC), 474
Corticosteroids, 671, 675, 680
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Cowden syndrome, 45
CpG island methylation phenotype (CIMP), 620
Crohn’s (CD) colitis, 577
Crohn’s-like reaction, 598
Crohn-like peritumoral features, 43
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Cyclin dependent kinase inhibitors, 636
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Cyclophosphamide, 638
Cystic pattern, 28
Cytarabine, 638
Cytokine treatment, 469–471
Cytopathologic evaluation, 16–18
Cytopathology specimen submission protocols, 20
Cytoreductive index (CCR), 399
Cytoreductive surgery (CRS), 675

HIPEC, 409
peritoneal malignancies
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bowel resections with primary anastomoses, 408
care, 407
dissection, 406
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laparoscopic cytoreduction, 404
laparoscopic evaluation, 404
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lectrocautery, 407
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parietal and visceral peritoneum, 405
peritonectomies/visceral resections, 405
peritonectomy intraoperative and completion, 406
porta hepatis, 406
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resection of ileocecal valve, 405
resection of primary tumor, 405
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Deep venous thrombosis (DVT), 367, 677
Definitive chemoradiotherapy, 61
Delayed nausea and vomiting, 672
Delirium, 678
Depression, GI, 359
Desmoid disease, 596
Desmoplastic stromal reaction, 484
Devascularization of large HCCs, 217
Dexamethasone, 673

Diarrhea, 673
Dietary fiber, 7
Diets, 7
Diffuse gastric cancer, 618
Diffuse large B cell lymphoma (DLBCL), 49, 330, 341
Diffuse tumors, 22
Digestive fistulas, 408
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Disease-free survival (DFS), 496
Disseminated primary intra-abdominal disease, 315–316
DNA damage repair, 482
DNA double-strand repair (DDR), 615, 616
DNA mismatch repair (MMR), 43, 621
DNA repair pathways, 260
Docetaxel, 637, 658, 672
Domperidone, 671
Dose-limiting toxicities (DLT), 499
Dose-painted intensity modulated radiation therapy (DP-IMRT), 437
Dose–response evaluation, 7
Double-contrast barium enema (DCBE), 579
Doxorubicin, 558, 560, 596, 638
Doxycycline, 680
Drug-eluting beads (DEBs), 558
Duke Stage A disease, 369
Duloxetine, 678
Duodenal gastrointestinal stromal tumor (GIST), 456
Durvalumab, 473
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Dysphagia, 67, 673
Dysplasia, 42
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Barrett’s esophagus, 59, 60
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local recurrence rates, 59
long-term outcomes, 59
multimodality management, 59
superficial esophageal cancer, 59
T1a/T1b tumors, 59, 60

esophagectomy, 60
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lymph node metastases, 59
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Ectopic crypts, 41
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EGFR inhibitors, 149–150, 621
EGFR-MAPK and PI3K pathways, 75
18-gene colon cancer assay, 116
Electron microscopy, 21
Embryo cryopreservation, 642, 643
Embryogenesis, 655
Embryonic pathways, 481, 482
EMR, see Endoscopic mucosal dissection (EMR)
Endometrial stromal sarcoma, 50
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Endorectal brachytherapy (EBT), 436
in rectal cancer, 436

Endoscopic ablation
endoscopic cryotherapy, 541, 542
radiofrequency ablation, 540, 541
therapies, 522

Endoscopic cryotherapy, 541, 542
Endoscopic full-thickness resection (EFTR), 540
Endoscopic mucosal dissection (EMR), 540

adverse events, 537
technical and clinical outcomes, 536–539

Endoscopic mucosal resection (EMR), 21, 522
Endoscopic resection

endoscopic mucosal resection, 536, 537
adverse events, 537
technical and clinical outcomes, 538, 539

endoscopic submucosal dissection
adverse events, 537, 538
technical and clinical outcomes, 538, 539
techniques, 536, 537

Endoscopic retrograde cholangiopancreatography  
(ERCP), 534, 585

biliary decompression, 542
biliary stent placement in neoadjuvant treatment of pancreatic 

cancer, 543
biliary stents, types of, 542
preoperative biliary drainage, 543

Endoscopic spray cryotherapy, 522
Endoscopic submucosal dissection (ESD), 59

adverse events, 537, 538
technical and clinical outcomes, 538, 539
techniques, 536, 537

Endoscopic ultrasonography, esophageal cancer, 446
Endoscopic ultrasound–fine needle aspiration (EUS-FNA), 533, 534
Endoscopic ultrasound–fine needle biopsy (EUS-FNB), 533–535
Endoscopy

GAC, 447
pregnancy, 657

Energy homeostasis, 380
ENETS/WHO Nomenclature and classification for NETs, 271
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Enteral immunonutrition, 387
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Enteral stenting

colonic obstruction, 545
gastric outlet obstruction, 544, 545
malignant esophageal obstruction, 544
small intestinal obstruction, 544, 545

Enteral vs. parenteral nutrition, 386, 388
Enteropathy-associated T-cell disease, 339
Enteropathy-associated T-cell lymphoma (EATL), 335
Entrectinib, 621
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Epidermal growth factor receptor (EGFR)-directed therapies, 136
Epidermal growth factor receptor (EGFR) inhibitors, 86, 87, 167,  
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Epidermal growth factor receptor (EGFR) pathway
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panitumumab, 189
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Epithelial-mesenchymal transition, 370
Epithelial tumors, 100
Epstein–Barr virus (EBV), 6
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lymphomagenesis, 330
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risk factors, 574
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EGD, 574
recommendations and guidelines, 575

Esophageal cancer (EC), 674
age-standardized incidence rates, 1
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AJCC TNM staging, 56
cancer grade, 56
cancer location, 56
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dysphagia and progressive loss of weight, 316

clinical manifestations, 56
CT, 446
definitive CRT, 55
diagnosis, 56, 445
dysphagia, palliative management, 67
early disease

adjuvant treatment, 60
endoscopic therapy, 59, 60
esophagectomy, 60

EGJ staging, 56
epidemiology, 55, 367
esophageal adenocarcinoma, 574
esophageal stenting, 351
etiologic factors, 55, 56
gastrointestinal stenting, 563–565
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PET-CT, 447

incidence and mortality rates, 1, 2
locally advanced disease

definitive chemoradiotherapy, 61
neoadjuvant treatment, 61–63
non-operative treatment, 63, 64
unresectable disease, 65, 66

lymphatic dissemination, 445
metastatic disease, 66, 67
molecular analysis, clinical utility of

FGFR2, 619
HER2 inhibitors, 618, 619
immune checkpoint inhibitors, 618
PI3K-AKT-mTOR inhibitors, 619
vascular endothelial growth factor receptor blockade, 619

molecular classification, 617, 618
mortality rate, 1
preoperative CRT, 55
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radiotherapy, 55
resectable esophagogastric junction adenocarcinomas, 65
risk factors, 1, 574
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chemoradiation, 424
IMRT, 424, 425
neoadjuvant therapy, 424
positron emission tomography-directed therapy, 425

screening
barium esophagram, 574
esophageal capsule endoscopy, 574
esophago-gastro-duodenoscopy, 574
methods, 574
recommendations and guidelines, 575
risk factors, 574

squamous cell carcinoma, 574
survival rates, 445
therapeutic prevention, 522, 523
TNM staging, 56
tracheobronchial structures, 445

Esophageal capsule endoscopy (ECE), 574
Esophageal endoscopic resection, 538
Esophageal stenting, esophageal cancer, 351
Esophageal stent placement, 564
Esophagectomy, 59, 60, 424
Esophagogastric junction (EGJ) tumors, 55
Esophago-gastro-duodenoscopy (EGD), 574, 576
Ethanol celiac plexus neurolysis, 354
Etoposide, 638, 672
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(EGILS), 333, 338
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EUS-guided tattooing, 544
Everolimus, 88, 619, 625, 672
Excised GI cancer specimens, 33
Exophytic tumors, 22
Exportin 1 (XPO1), 485
Extended lymphadenectomy, 249
Extensive intraoperative peritoneal lavage (EIPL), 81
External beam radiation therapy (EBRT), 422, 423
Extrahepatic cholangiocarcinoma (EHCC), 185
Extrahepatic metastatic disease, 560
Extramural vascular invasion (EVI), 461
Extranodal lymphomas, 333
Extranodal marginal B-cell lymphoma of mucosa-associated  

lymphoid tissue (MALT) type, 330
Extranodal marginal zone B-cell lymphoma (MZL), 49, 331
Extranodal NK/T-cell lymphoma, 335, 337
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Familial adenomatous polyposis (FAP), 5, 44, 99, 578, 595–597
Familial GIST, 321
Familial pancreatic cancer, 584
Fatigue, 669, 676
Fecal immunochemical tests (FIT), 579
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cancer statistics 2017, 633, 634
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cytotoxic drugs, 635, 637
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in vitro maturation of oocytes, 645
monoclonal antibodies, 637
oocyte freezing, 643, 644
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ovarian transposition, 645, 646
TKI, 637
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radiation therapy, 639, 640
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Fibroblast growth factors (FGFs) signaling, 623
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Flow cytometry, 337
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Follicular lymphoma (FL), 49, 338, 341
Follicular lymphoma-specific International Prognostic Index (FLIPI), 

344
Foregut carcinoids, 273
Foregut tumors, 270
Four-dimensional CT (4DCT) imaging, 421
4-point grading system, 52
FRAGEM trial, 373
Fruit and vegetable consumption, 7
Functional Assessment of Cancer Therapy-Fatigue Scale (FACT-F), 
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Functional pancreatic NETs, 277
Function preserving surgery, 81
Fundus down technique, 406
Future liver remnant (FLR), 556
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risk factors, 197
survival, 197
targeted therapies
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PI3K-AKT-mTOR pathway, 201
RAS-RAF-MEK-MAPK pathway, 201
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unresectable disease, 199
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histopathologic evaluation, 76
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pathology
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robot-assisted surgery, 81

survival rates, 2
therapeutic prevention, 523, 524
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Gastric lymphoma, 448, 449
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chemoimmunotherapy, 334
combination chemoimmunotherapy, 334
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endoscopic and imaging findings, 331
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immunosuppressive therapy, 330
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long-term immunosuppressive therapy, 330
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radiation therapy, 334
risk factors, 330
rituximab to anthracycline-based combination therapy, 334
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bone marrow biopsy, 332
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cisplatin vs. carboplatin plus etoposide, 282
classification and nomenclature, 270
colonoscopy screening, 270
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platinum-based chemotherapy, 282
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proliferative rate, 270
second-line therapy, 282
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toxic chemotherapy, 282
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positron emission tomography, 315
staging, 315
treatment approaches, 316
tumor histology, 315

histologic subtypes, 329
nodal disease, 329
pretreatment evaluation, 330
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risk factors, 329
staging system, 329
treatment, 329

Gastrointestinal (GI) malignancies
adjuvant and neoadjuvant therapies, 351
anxiety disorders, 359
chemotherapy and biological therapies, 351, 361
clinical urgency, 360, 361
depression, 359
emotional and psychological effects, 359
management, 351
medical care, 361
pain management

abdominal pain, bowel obstruction, 355
causes, 355
celiac plexus block, 354
celiac plexus involvement, primary/metastatic disease, 355
celiac plexus neurolytic block, 354
central nervous system toxicity, 355
chemotherapy strategies, 355
clonidine, 355
control of, 354
curative-intent surgery, 354
fentanyl, 355
intercostal nerve involvement, 355
intrathecal infusion of morphine, 356
intrathecal infusion pumps, 355, 356
local anesthetics, 355
morphine and hydromorphone, 355, 356
neuropathic pain, 355
nociceptive pain, 355
opioid therapy, 355
paracentesis, 355
pelvic recurrences, 355
primary/metastatic tumors, 355
radiation therapy, 355
renal/hepatic compromise, 355
sacral plexus involvement, pelvic recurrence of disease, 355
spinal cord compression, 355

palliative care, 351–354 (see Palliative care, GI malignancies)
pathological evaluation of biopsy material, 359
patient-centered care, 361
patient readiness and clinical urgency, 361
patient’s quality of life, 361
PHQ-9, 359
platinum-induced neurotoxicity, 356, 357
prognosis, 359–361
recurrence, 351
religious coping characteristics, 362
standard care vs. communication strategy, 362

Gastrointestinal neuroendocrine tumors, classification, 319
Gastrointestinal stenting, 563

colonic stenting, 565, 566
for esophageal obstruction, 563–565
gastroduodenal stenting, 565

Gastrointestinal stromal tumor (GIST), 16, 48, 49, 289, 448, 454, 455, 
614, 637

anatomic considerations, 295
asymptomatic, 289
chemotherapy, 294
in children

clinical presentation, 321
diagnosis/staging, 322
epidemiology, 321
gastrointestinal bleeding, 321
histologic patterns, 321

mitotic index and size, 322
outcomes, 322
pathogenesis, 321
risk factors, 321
treatment, 322
tumor predisposition syndromes, 321
tumor rupture, 322

clinical behaviors, 293
clinical trials, 302
contrast-enhanced CT scan, 290
crenolanib, 302
CT evidence of response, 290
cytoreductive surgery, 300
dasatinib, 302
disease-free survival, 294
endoscopic ultrasound, 290
etiology, 293
histologic evaluation, 290
imatinib, 294

adjuvant treatment, 296, 297
adverse events, 299
BFR14 study, 299
B-2222 study, 298
cardiotoxicity, 299
clinical trials, 296
computed tomography scan, 291
CYP450 3A4, 299
dosing and duration, 298–299
enzymatic pathway, 299
epithelioid features, 292
hypodense tumor, 300
intratumoral hemorrhage/degeneration, 299
mutational status, 299
neoadjuvant imatinib, 297, 298
primary resistance, 300
prospective clinical trials, 298
secondary resistance, 300
side effects, 299
supportive care, 299
treatment algorithm, 295
tumor density, 299

immunohistochemical staining for KIT, 290
immunotherapy, 303
incidence, 290
KIT gene mutations, 292
laparotomy, 295
magnetic resonance imaging, 290
masitinib, 302
metastasectomy, 300
metastases, 289
minimally invasive surgery, 295
molecular abnormalities, 289
molecular analysis, 290
molecular classification, 292, 293
mutations in, 294
neoadjuvant imatinib, 296
nilotinib, 302
nomogram, 293, 294
NTRK fusions, 302
ponatinib, 302
positron emission tomography, 290
prognostic factor, 293
recurrence, 293
recurrence-free survival, 294
regorafenib, 301
resection of residual disease, 300
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Gastrointestinal stromal tumor (GIST) (cont.)
risk of recurrence/metastases, 294
sorafenib, 302
sporadic, 293
subepithelial mass on endoscopy, 290
submucosal tumors, 289
sunitinib, 300, 301
surgery goals, 294
symptomatic patients, 289
TKI therapy, 301
translational therapeutics in oncology, 289
treatment algorithm, 294
tumor characteristics, 293
tumor rupture, 294
tumor size and mitotic rate, 293
tyrosine kinase inhibitor therapy, 294
unresectable liver metastases, 300
vatalanib, 302

Gastrointestinal subepithelial lesions, biopsy of, 535
Gastrointestinal subepithelial tumors, endoscopic management of, 540
Gastrointestinal system (GIS) malignancies, in children, see Pediatric 

GIS cancers
Gastrointestinal toxicity, 673
Gastrointestinal tract by systemic lymphomas, extranodal involvement

activated B-cell subtype, 344
bendamustine/rituximab, 345
centroblasts, 343
chemotherapy, 345
clinical manifestations, 341
cytological variants of MCL, 343
diagnosis, 342, 343
endoscopy and colonoscopy, 344
epidemiology, 341, 342
etiology and risk factors, 342
extranodal disease, 343
follow-up, 345
ibrutinib, 345
laboratory studies, 343
maintenance rituximab therapy, 344
neutropenic fever, 344
NF-κ (kappa)B pathway, 344
nodal enlargement, 341
prognostic factors, 341, 344
R-CHOP, 344
reference hematopathology laboratory, 342
R-HyperCVAD with high-dose cytarabine and methotrexate, 344
rituximab-based chemotherapy, 344
secondary extranodal involvement, 341
site-related symptoms, 341
staging, 343, 344
subtypes, 341
surgical intervention, 344
systemic chemotherapy plus rituximab, 344
treatment, 344, 345

Gastroparesis, 671
Gastrostomy tubes, 388
GATSBY trial, 85
Gela score, 334
Gemcitabine, 428–431, 433, 434, 639, 658, 672, 678
Gemcitabine, docetaxel and capecitabine (GTX), 429
Gemcitabine nab-paclitaxel, 257
Gene fusions, 614, 615
Gene mutation testing, 137
Genetic counseling, 603, 604
Genetic exceptionalism, 604
Genetic polymorphisms of UGT1A1, 358
Genomic profiling, 616, 622

Genomic sequencing, 614
German CONKO-003 trial, 257
Germinal epithelium, 635
Germline mutations in BRCA2, 482
GITSG trial, 239, 240
Glisson’s capsule, 406
Glucocorticoid-induced TNFR-related protein (GITR), 472
Glycopyrrolate, 671
Goblet cell carcinoids (GCC)

atypical, 103
clinical presentation, 103
diagnosis, 103
localized early stage disease, 104
locally advanced and metastatic disease, 104
prognosis, 104
staging system, 104

Gonadal function preservation, 633
Gonadal shielding, 647
Gonadotropin-releasing hormone agonists (GnRHa), 645
Graft-versus-host disease (GVHD), 663
Granulocyte macrophage colony-stimulating factor (GM-CSF), 469
Group sequential methods, 503
Guaiac-fecal occult blood testing (gFOBT), 579, 580
GVAX pancreas vaccine, 261
GVAX with cyclophosphamide and CRS-207, 263
Gynecologic surveillance, 605

H
Haemophilus influenzae type b (Hib) vaccination, 665
Haloperidol, 671
HCC, see Hepatocellular carcinoma (HCC)
Heat-sink effect in hypervascular tumors, 217
Heavy particle therapy, 423
Hedgehog (HH) and Notch signaling cascade, 260, 481, 482
Helicobacter pylori, 6, 7

antibody screening, 577
eradication therapy, 334
infections, 2, 330

Hematological complications, 677
Hematopoietic cell transplantation (HCT), 339
Hematopoietic stem cell transplantation (HSCT), 663
HepaSphere, 561
Hepatic arterial infusion (HAI) therapy, 143
Hepatic jaundice, 675
Hepatic metastasectomy, 142
Hepatic parenchyma, 406
Hepatic resection, 556
Hepatic reserve assessment, 212
Hepatic tumors, in children

benign/malignant, 311
blastemal origin, 312–314
epithelial origin, 314, 315

Hepatic ultrasound, 583
Hepatitis A vaccination, 666
Hepatitis B vaccination, 666
Hepatitis B virus (HBV), 6, 314, 524
Hepatitis C virus (HCV) infection, 6, 314, 524
Hepatobiliary cancer

epidemiology, 368
therapeutic prevention, 524

Hepatoblastoma
children

clinical presentation, 312
diagnosis, 312
epidemiology, 312
histopathological subgroups, 312

Index



701

outcomes, 314
prognostic factors, 312
staging system, 312
treatment, 312–314

risk groups stratification, 312
Hepatocellular carcinoma (HCC), 4, 50, 513, 524, 558, 560, 581

adult type and variants, 314
anatomic resection, 213, 214

vs. nonanatomic resection, 213
asymptomatic, 207
cancer mortality, 207
children

arterial phase hypervascularization, 314
chemotherapy, 315
clinical presentation, 314
diagnosis, 314
epidemiology, 314
histopathological subtypes, 314
overall survival rate, 315
prognosis, 315
radiological investigations, 314
treatment, 315

chronic hepatitis B virus infection, 207
cirrhosis, 207
clinical trials, 224–225
epidemiology, 368
functional single-photon emission CT with technetium-99m sulfur 

colloid, 222
grading, 211
hepatic resection, 212
hepatic transarterial embolization, 215–217
histopathology

bile ducts, 207
clear-cell variant, 208
definitive hepatocellular differentiation, 208
diagnosis, 208
encapsulated, 207
extrahepatic metastasis, 207
hyaline bodies, 209
immunohistochemical/ultrastructural studies, 208
intracytoplasmic inclusions, 208
light microscopy, 208
multifocal, 207
nodular mass, 207
pedunculated tumor, 207
portal and hepatic veins and vena cava, 207
pseudocapsule, 207
reticulin staining, 208
single nodule, 207
special stains, 208
undifferentiated carcinoma, 209

with hyaline globules, 210
incidence of, 581
international normalized ratio, 368
interventional radiology, 215
intrahepatic recurrence, 213, 214
intraoperative consideration, 214
MET signaling, 227
with microvascular invasion, 214, 215
mitogen-activated protein kinase kinase tyrosine kinase activity, 

227
molecular analysis, clinical utility, 623

cabozantinib, 623
fibroblast growth factor signaling, 623
pembrolizumab, 623

molecular classification, 623
molecularly targeted therapy

axitinib, 226
bevacizumab, 226
brivanib, 226, 227
everolimus, 227
immune checkpoints, 227
immunotherapies, 227
mammalian target of rapamycin, 227
microvascular density, 224
nivolumab, 227
preclinical and clinical studies, 224
regorafenib, 226
sorafenib, 226
sunitinib, 226
tremelimumab, 227
tumor expression of PD-L1, 227

multicentric carcinogenesis, 213
nonanatomic resection, 213
non-preventable risk factors, 207
nontumoral hepatic parenchyma, 213
particle therapy, 432, 433
pathologic staging, 211
patient selection and pathologic factors, 212
preventable risk factors, 207
prognostic factors, 214, 215
radiotherapy, role of, 219–221
RAS/RAF/mitogen-activated protein kinase  

kinase/extracellular signal-regulated  
kinase pathway, 227

recurrence-free survival rates, 214
risk factors, 207
SBRT, 431, 432
screening

alcoholic liver disease, 582
chronic hepatitis B, 581, 582
chronic hepatitis C, 582
cirrhosis, 582
diagnostic algorithm for, 583
evidence of benefit, 583
high-risk population, 581
radiological tests, 583
screening interval, 583
serological tests, 582

staging, 211
surgical resection, 213, 214
survival benefit, 215
treatment

5-fluorouracil, 223
chemotherapeutic regimens, 223
cisplatin, 223
combinations of chemotherapeutic agents, 223
capecitabine and cisplatin, 223
cisplatin, interferon α(alpha)-2b, doxorubicin, and 

5-fluorouracil, 223
epirubicin, cisplatinum and infusional 5-fluorouracil, 223
gemcitabine and doxorubicin, 223
gemcitabine and oxaliplatin, 223
oxaliplatin, 5-fluorouracil and leucovorin, 223
gemcitabine, 223
molecularly targeted therapy, 223, 224
nonsurgical therapies, 222
preclinical trials, 223
single-agent chemotherapies, 223
staging and prognostic systems, 222
supportive care, 222
surgical, 222
systemic chemotherapy, 222

vascular invasion, 213, 215
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Hepatocyte growth factor (HGF), 87
Hereditary breast and ovarian cancer (HBOC) syndrome, 5, 6, 617
Hereditary diffuse gastric cancer (HDGC), 75, 576, 607, 617
Hereditary gastric cancer, 607, 609, 610
Hereditary gastrointestinal cancer for medical oncologist

familial adenomatous polyposis, 595–597
hereditary gastric cancer, 607, 609, 610
hereditary nonpolyposis colon cancer (see Hereditary  

nonpolyposis colon cancer)
hereditary pancreatic cancer, 610
polyposis syndromes

juvenile polyposis, 606, 607
Peutz-Jegher syndrome, 605, 606

Hereditary nonpolyposis colon cancer, 44, 578, 597
Bethesda guidelines, 600, 601
clinical decision-making, 600
clinical surveillance and practice guidelines, 604
early working groups, 598
genetic counseling and testing in at-risk relatives, 603, 604
genetic counselors, testing algorithms and operational issues for, 

601, 602
genotype/phenotype correlations, 598, 599
gynecologic surveillance, 605
IHC, 600
microsatellite instability, 599, 602, 603

in tumors, 598
mismatch repair gene mutations, 598
pathology, 598
predictive models, 601
terminology, problems of, 597, 598
universal testing, 601
upper gastrointestinal tract surveillance, 605

Hereditary non-polyposis colorectal cancer (HNPCC), see Lynch 
syndrome. See Lynch syndrome

Hereditary pancreatic cancer, 610
Hereditary polyposis syndromes, 99
Hereditary syndromes, colorectal cancer

Cronkhite-Canada syndrome, 46
familial adenomatous polyposis, 44
HNPCC/Lynch syndrome, 44
Juvenile polyposis syndrome, 45
MutY-associated polyposis, 44
Peutz-Jegher syndrome, 46
serrated polyps, 44

Heterotopic transplantation, 644
High-dose-rate brachytherapy (HDR-IORT), 423
High-grade dysplasia (HGD), 540, 576
High-grade neoplasms, 412
High-grade squamous cell intraepithelial lesions (HSIL), 177, 178
High-level immunosuppressed patients, 663
Highly active anti-retroviral therapy (HAART), 181
Highly emetogenic chemotherapy, 673
High microsatellite instability (MSI-H), 620
High-risk genetic syndromes, 578
Hilar cholangiocarcinoma, 553
Hindgut tumors, 271
Histogenetic classification, 27
Histone deacetylase (HDAC), 625
HMG-CoA reductase inhibitors (statins), 519
Hodgkin’s lymphoma, 50
Home parenteral nutritional support, 390
Homologous recombination (HR), 615
HPV-related precancerous high-grade anal intraepithelial neoplasia 

(HGAIN), 175
Human epidermal growth factor receptor (HER)

HER2 amplification, 84, 85, 190, 621

HER2 antagonists, 155–156
HER2 inhibitors, 200, 618, 619
HER1 pathway, 480
HER2 pathway, 480

Human equilibrative nucleoside transporter 1 (hENT1), 263
Human genome project, 613
Human HER2-positive gastric cancer xenograft model, 85
Human immunodeficiency virus (HIV) infection, 175, 330
Human microbiome studies, 7
Human papilloma virus (HPV), 175

vaccination, 666
Hyaluronan, 260, 263
Hydrodissection, 556
Hyoscine butylbromide, 671
Hypergastrinemia, 276
Hyperplastic polyps (HPs), 39, 40
Hyperthermia-induced, myocardial oxygen demand, 401
Hyperthermic intraperitoneal chemotherapy (HIPEC), 675

chemoperfusant, 410
closed technique, 409
drug metabolism, 411
drugs, intraperitoneal drug concentration and  

exposure, 411
drug toxicities, 410
inflow and outflow catheters, 409
intraperitoneal route, 410
membrane permeability, 411
microscopic in situ malignant cells, 409
mitomycin C, 411
patient selection and therapy guidelines, 409
perfusate fluid, 411
perfusion cannulas, 409
peritoneal cavity expander, 409
peritoneal-plasma barrier, 410
peritoneum-tumor barrier, 409
variability, 409

Hypocellular biopsy tissue material, 534
Hypofractionated approach, 425
Hypofractionated proton beam therapy, 434
Hypoxia-activated agents, 259, 260

I
IDH1/2 mutations, 624
Ifosfamide, 638
Ileal lymphoma, 456
Image-guided biopsy for diagnosis, 551, 552
Image-guided locoregional therapies (LRTs), HCC, 215
Imatinib, 613, 658, 672
Immune checkpoints, 262

inhibitors, 89, 192, 262, 263, 618, 624
Immune escape, 465, 466
Immune-related response criteria (irRC), 497
Immune surveillance, 465
Immune therapy, cancers, 261
Immunodeficiency, 330
Immunoediting, 465
Immunohistochemistry (IHC), 21, 22, 600

and molecular studies, small intestinal lymphomas, 337
Immunomarkers, 22
Immunonutrition, 386, 387
Immunophenotyping, 21, 337

MCL, 343
Immunoproliferative small intestinal disease (IPSID), 335
Immunosuppression, degree of, 663
Immunotherapy, 154, 155
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biliary tract cancer, 192
CTLA-4 inhibitor, 89

IMRT, see Intensity-modulated radiation therapy (IMRT)
Inactivated polio vaccine (IPV), 666
Inclusive peritonectomy, 406
Incomplete cytoreduction, 400
Independent data monitoring committee (IDMC), 493, 503
Indolent lymphomas of small intestine, 338
Infiltrative ulcerating tumors, 22
Inflammatory state, 8
Influenza vaccination, 664
Inherited bone marrow failure syndromes, 316
Inherited disorders associated with pancreatobiliary neuroendocrine 

tumors, 272
Innate immunity

macrophages, 466, 467
natural killer T, 466

INNOVATION trial, 502
Innovative biomarker-driven phase II trials, 501

basket trials, 501, 502
umbrella trials, 502

Inoperable pancreatic cancer, 565
In-situ hybridization (FISH and CISH), 21
Insulin-like growth factor 1 receptor (IGF1R), 258, 482
Insulinomas, 320
Intense lymphocytic intretumoral infiltrates, 43
Intensity modulated proton therapy (IMPT), 425, 426
Intensity modulated radiation therapy (IMRT), 421, 422, 426, 438, 641

in anal cancer, 437, 438
in esophageal cancer, 424, 425
gastric cancer, 427, 428
in pancreatic cancer, 428
in rectal cancer, 435
Tungsten metal leaves, 422

Intensive dietary counseling, 389
Interferon alpha (IFNa), NETs, 278
International Agency for Research on Cancer (IARC), 5
International Childhood Liver Tumor Strategy Group, 312
International Extranodal Lymphoma Group (IELSG) on gastric 

lymphoma, 334
International normalized ratio (INR), 212
International Prognostic Index, 343
International Society for Fertility Preservation (ISFP), 642
International Society on Thrombosis and Haemostasis (ISTH)  

criteria, 373
Interventional endoscopic ultrasound

EUS fine needle injection, 543, 544
EUS-guided biliary drainage, 544
EUS-guided celiac plexus neurolysis, 543

Interventional oncology (IO), 551
Interventional radiology (IR)

biliary interventional, 552
celiac neurolysis, 567
gastrointestinal stenting, 563

colonic stenting, 565, 566
for esophageal obstruction, 563–565
gastroduodenal stenting, 565
self-expandable metal stents, 563

hydrodissection, 556
image-guided biopsy for diagnosis, 551, 552
percutaneous ablative therapies, 553

cryoablation, 554
hydrodissection and patient positioning, 553
irreversible electroporation, 554–556
microwave ablation, 554, 555
radiofrequency ablation, 553, 554

percutaneous gastrostomy, 566, 567
portal vein embolization, 556–558
transarterial treatment of liver tumors

selective internal radiotherapy with Y-90, 561–563
transarterial chemoembolization (see Transarterial 

chemoembolization (TACE))
urinary obstruction, 552, 553

Intestinal metaplasia, 575
Intestinal obstruction, 674
Intestinal T-cell lymphoma (ITL), 335
Intraarterial hepatic chemoembolization (IAHC), 563
Intraductal papillary mucinous neoplasms (IPMN), 317, 524, 535, 585
Intraepithelial neoplasia (IEN), 509
Intrahepatic cholangiocarcinoma (IHCC), 185, 220
Intramucosal carcinoma, 40
Intraoperative radiation therapy (IORT), 423
Intraperitoneal chemotherapy (IPC), 81
Intraperitoneal disease, 104
Intra-tumoral lymphocytes and mucinous differentiation, 607
Intrauterine growth restriction (IUGR), 658
Intravascular lymphoma (IVL), 50, 332
Invasive lobular carcinoma, 609
In vitro fertilization (IVF), 642
In vitro maturation (IVM), 643

of oocytes, 645
Ipatasertib (GDC-0068), 88
Ipilimumab, 89, 471
Irinotecan, 558, 620, 635, 637–639, 658, 672, 673, 678
Irinotecan-induced diarrhea, 357, 358
Irradiated healthy liver volume, 219
irRECIST criteria, 497
Irreversible electroporation (IRE), 554–556
Islet cell tumors, 269
Isocitrate dehydrogenase (IDH) 1/2, 191

J
JACOB study, 85
Janus kinase (JAK) pathway, 260
Jaundice, 675, 676
JCOG9912 study, 83
Jejunosotomy (J) tubes, 388
Juvenile polyposis syndrome (JPS), 45, 606, 607

K
Kaposi sarcoma (KS), 47, 48
KEYNOTE-012 phase Ib study, 90
Khorana score, 372, 373
Ki67 (MIB1) index, 19
Korean Laparoscopic Gastrointestinal Surgery Study  

Group (KLASS), 79
KRAS mutations, 371, 474, 480, 481, 622

and BRAF mutational testing, 43, 44

L
Lactic dehydrogenase (LDH), 343
Lanreotide, NETs, 278
Laparoscopic-assisted distal gastrectomy (LADG), 79
Laparoscopy, 659
Laparoscopy-assisted PPG (LAPPG), 81
Lapatinib, 621
Large circumferential jejunal ulcers without overt tumor masses, 337
Large polyps, 38
Larotrectinib, 621
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Late-onset diarrhea of irinotecan, 358
Lauren classification, 28
Lauren’s criteria, 74
Leeds Castle Polyposis Group (LCPG), 598
Leiomyosarcomas, 47, 48
Lenvatinib, 623
Leucovorin, 640
Leydig cells, 635, 641
Li-Fraumeni syndrome, 575, 597
Linitis plastica, 447, 448
Lipiodol, 558
Lipogenesis, 380
Lipoleiomyosarcomas, 47
Lipolysis, 380
Liposomal delivery system, 483, 484
Liposomal irinotecan, 485
Liquid biopsy, 625
Liver cancers, image-guidance techniques, 220
Liver-directed therapy, 143–144
Liver failure, tumor replacement, 276
Liver insufficiency, 556
Liver transplantation, 277, 314, 320

and arterial chemoembolization, 314
Liver tumor tracking, 219
Liver volumetry and portal vein embolization, 212, 213
Locally advanced disease

definitive chemoradiotherapy, 61
neoadjuvant treatment, 61–63
non-operative treatment, 63, 64

Locally advanced pancreatic cancer (LAPC), 428–431
Locoregional therapies, HCC

advanced stage, 218, 219
early stage, 217, 218
intermediate stage, 218
very early stage, 217

LOGiC trial, 85
Lomustine, 638
Lorazepam, 672, 673
Low emetogenic chemotherapy, 673
Low-grade anal intraepithelial neoplasia (LGAIN), 177
Low-grade and high-grade appendiceal mucinous neoplasms, 412
Low-grade appendiceal mucinous neoplasms (LAMN) (classic 

pseudomyxoma peritonei) or peritoneal mesothelioma, 400, 
412

Low-grade B-cell lymphoma of mucosa-associated lymphoid tissue, 
331

Low-grade dysplasia (LGD), 540, 541, 576
Low-grade squamous cell intraepithelial lesions (LSIL), 177
Low-level immunosuppression, 663
Low malignant potential (LMP) tumors, 416
Low-molecular weight heparin (LMWH) monotherapy, 677
Lugano classification, 338
Lugano staging system, 332, 337
Lugano system, 332, 338

for staging of gastrointestinal lymphomas, 333
Luminal obstruction, 411
Lung NETs/bronchial carcinoids, 271
Lymphadenectomy, 77–79, 249
Lymphatic invasion by tumor, 33
Lymph node metastasis, 52
Lymphocyte activation gene-3 (LAG-3), 472
Lymphoepithelioma-like carcinoma, 209
Lymphoid infiltrate in post-treatment gastric biopsies, 334
Lymphoma

Burkitt lymphoma, 50
diffuse large B cell lymphoma, 49

extranodal marginal zone lymphoma, 49
follicular lymphoma, 49
Hodgkin’s lymphoma, 50
incidence, 315
intravascular lymphoma, 50
primary effusion lymphoma, 50
T-cell lymphoma, 50

Lymphoma malign B (LMB-96), 316
Lymphomatoid granulomatosis, 332
Lymphomatous in peritoneum, 453
Lymphomatous submucosal nodules producing polypoid lesions, 341
Lynch syndrome, 5, 44, 471, 578, 617

See also Hereditary nonpolyposis colon cancer

M
99mTc Macro-aggregated albumin (MAA), 563
Macrophages, 260, 261, 466, 467
Macroscopic classification, 22–24
MACRO-TTD trial, 146
Magnetic resonance cholangiopancreatography (MRCP), 610
Magnetic resonance colonography (MRC), colon cancers, 461, 462
Magnetic resonance imaging (MRI)

colorectal cancers, 457
gastric adenocarcinoma, 449, 450
peritoneal carcinomatosis, 452, 453
pregnancy, 657
rectal cancers, 458, 461
small bowel, malignant disease of, 456, 457

Magnetic resonance pancreatography (MRP), 605
Maintenance therapy

bevacizumab and combinations, 145–148
chemotherapy-free interval, 145
definition, 144
EGFR inhibitors, 148
intermittent irinotecan, 146
leucovorin/5-FU therapy, 145

without oxaliplatin, 145
with/without bevacizumab, 144

optimal duration, 144
OPTIMOX1 study, 145
OPTIMOX2 trial, 145
oxaliplatin, 144
stop-and-go strategies, 144

Major histocompatibility complex (MHC) class 1 molecules, 466
Malignant adenoma, 41, 42
Malignant ascites, 675
Malignant biliary obstruction (MBO), 552
Malignant bowel obstruction (MBO), 674, 675

abdominal radiographs, 352
advanced intra-abdominal malignancy, 352
algorithm, 353
corticosteroids, 353
decision-making, 353
dexamethasone’s mechanism of action, 353
end-of-life care, 352
fecal stasis, 352
histamine 2 antagonists, 354
malignant adhesions, 352
management, 352–354
medical management, 354
medical treatment, 353
morbidity and mortality, 352
obstruction, 352
octreotide therapy/surgical management, 352, 353
PEG placement, 354
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proton pump inhibitors, 354
ranitidine, 353
risk factors, 353
surgical intervention, 353

Malignant carcinoid syndrome, 674
Malignant esophageal obstruction, 544
Malignant peritoneal mesothelioma (MPM), 415
Malignant polyps, 42
Malnutrition, 379, 566, 670, 676

adverse outcomes, 383
anthropometric measurements, 384
assessment methods, 383
body composition measurements, 384
1-3 day dietary record, 384
detection and prevention, 383
5-fluorouracil, 384
laboratory parameters, 384
low subcutaneous and muscular fat, 384
morbidity and mortality, 383
numerical score, 383
nutritional assessment tools, 384
phase angle, 384
prolonged hospital stay, 383
screening/assessment, 383–384
visual analog score, 383
weight loss during treatment, 379, 383

Malnutrition universal screening tool (MUST), 384
MALT lymphoma-associated translocation (MALT1) protein, 330, 

331, 335
of colorectal region, 340

Mammalian Target of Rapamycin (mTOR) pathway, NETs, 278
Mantle cell lymphoma (MCL), 339, 341
Maximum tolerated dose (MTD), 499, 500
MD Anderson Cancer Center (MDACC), 236
Measles, mumps, rubella (MMR) vaccination, 665
Mechlorethamine, 638
Medical Research Council Adjuvant Gastric Infusional Chemotherapy 

(MAGIC) trial, 427
Megestrol acetate, 676
MEK and PI3K/AKT pathways, 258
MEK inhibitor trametinib and everolimus (mTOR inhibitor), 259
Melanoma, 51
MELD score, 212
Melphalan, 638
Meningococcal vaccination, 666
MEN-1 syndrome, 276
Mercaptopurine, 663
6-Mercaptopurine (6-MP), 638
Mesenteric carcinoid tumor, 452
Mesenteric desmoplastic fibrosis, 274
Mesothelioma, 50
MET inhibitors, 201
Metabolic pathways, 622
Metachronous lesions, 59
Metagenomics approaches, 7
Metastatic adenocarcinoma, 255
Metastatic breast carcinoma, 50
Metastatic clear-cell renal cell carcinoma, 211
Metastatic colo cancer, irinotecan, 357, 358
Metastatic colorectal cancer (mCRC), 493, 496, 558

BRAF inhibition, 155
chemotherapy options

combined with VEGF and EGFR inhibitors, 142
FOLFIRI combined with VEGF or EGFR inhibitors, 140–141
FOLFOX, 137
FOLFOX combined with EGFR inhibitors, 138, 139

FOLFOX combined with VEGF inhibitors, 138
FOLFOXIRI, 141
FOLFOXIRI combined with bevacizumab, 141, 142
IFL, 139
XELOX, 139
XELOX combined with bevacizumab, 138, 139

epidemiology, 135
human epidermal growth factor receptor 2  

antagonists, 155–156
immunotherapy, 154, 155
maintenance therapy

5-FU/leucovorin or capecitabine with or without  
bevacizumab, 144

bevacizumab and combinations, 145–148
chemotherapy-free interval, 145
definition, 144
EGFR inhibitors, 148
intermittent irinotecan, 146
leucovorin/5-FU therapy, 145
leucovorin/5-FU therapy without oxaliplatin, 145
optimal duration, 144
OPTIMOX1 study, 145
OPTIMOX2 study, 145
oxaliplatin, 144
stop-and-go strategies, 144

patient characteristics, 135
second-line therapy

chemotherapy, 148–149
EGFR and VEGF inhibitor combinations, 151
EGFR inhibitors, 149–150
ramucirumab, 151
VEGF inhibitors, 150

surgical options
adjuvant therapy after metastasectomy, 143
conversion therapy (neoadjuvant), 142, 143
hepatic metastasectomy, 142
liver-directed therapy, 143–144
pulmonary metastasectomy, 142
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Nucleo-cytoplasmic transport, 485
Nucleoporins (NUP214 and NUP88), 485
Nutritional awareness, 383
Nutritional management, 385
Nutritional problems, 670
Nutritional Risk Screening 2002 (NRS 2002) tool, 380

Index



708

Nutritional support, 379
gastrointestinal cancer

ASPEN, 385
energy requirement, 385
ESPEN, 384, 385
food intake, 387
incurable and terminal patients, 390
oral intake, 387
perioperative malnutrition, 388
perioperative nutrition support, 389
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image-guided therapy and motion management, 431
IMRT, 428
innovative approaches, 255
irinotecan, 358
molecular analysis, clinical utility of

BRCA1/2 mutations/BRCAness, 622
KRAS mutations, 622
metabolic pathways, 622
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nab-paclitaxel, 479
nimotuzumab, 480
ongoing trials, 486
patient care, 235
PET/CT, 239
positive trials, 485
positron emission tomography, 239
resectability rate, 235, 236
restaging, 239
signaling pathways, 479
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ascites, 398
cardiac output, 402
central venous pressures, 402
chemotherapeutic agents, 402, 403
closed technique, 410
coagulopathy, 402
complete cytoreduction, 400
consensus guidelines, 416
CRS + HIPEC versus chemotherapy, 395
CT, 398
decision making process, 404
diagnosed comorbidities, 416
diagnostic laparoscopy, 403, 404
dopamine, 402
dynamic monitoring methods, 402
electrolyte disturbances, 402
endoscopy and laparoscopy, 398
fluid management, 402
hyperdynamic, vasodilatory state, 402
imaging modalities, 396, 417
intra-abdominal pressure, 403
intraoperative glycemic control, 403
intraoperative monitoring and patient safety, 401
intravascular volume, 402
laparoscopic staging, 403
long-term quality of life and recovery, 417
magnetic resonance imaging, 398, 417
minimal mucinous ascites and disease, 397
morbidity and mortality, 395
mucinous ascites, 398
multiplanar CT image reconstruction, 396
oncologic resection, 401
operative candidates, 399

Index



710
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perioperative morbidity, 417
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Primitive neuroectodermal tumor (PNET) of pancreas, 317
Prior surgery score (PSS), 399
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positron emission tomography, 431
SBRT, 429, 430
VMAT, 429

pregnancy, gastrointestinal cancers, 659
rectal cancer, 434, 435, 641

charged particle therapy, 435, 436
endorectal brachytherapy, 436
IMRT, 435

skin problems, 680
stereotactic body radiation therapy, 423
volumetric modulated arc therapy, 422

Radiation Therapy Oncology Group (RTOG) trials, 240, 247, 425
Radioembolization, 561, 562

with Yttrium-90, HCC, 216, 218
Radio-frequency ablation (RFA), 59, 216, 217, 522, 538, 540, 541, 

553, 554, 575
adverse events, 541
applications for, 541
EUS-guided pancreatic indications for, 541
high-grade dysplasia, 540
low-grade dysplasia, 540
squamous dysplasia and early SCCs, 541

Radiologic imaging
colon cancers, 461

computed tomography colonography, 461
MRC, 461, 462

tests, HCC, 583
RAF/MEK/ERK signaling cascade, 481
RAINBOW trial, 86
Ramucirumab, 85, 151, 619, 672
Randomized ECF for Advanced and Locally Advanced 

Esophagogastric Cancer-2 (REAL-2) trial, 83, 371
Ranitidine, 671
Rapid on-site cytology evaluation (ROSE), 534
RAS-RAF-MEK-MAPK pathway, 201
Recombivax HB®, 666
Rectal ampulla, 51
Rectal cancer (RC), 422, 434, 435, 458–460

adjuvant chemotherapy
5-FU-based therapy, 123–125
oxaliplatin, 125

charged particle therapy, 435, 436
chemoradiation

NCCTG 794751 study, 118
neoadjuvant versus adjuvant chemoradiation, 118, 119
NSABP R-01 randomized trial, 118

choice of systemic therapy
adjuvant and neo-adjuvant therapy, 168
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CONKO-001 calling for single-agent gemcitabine, 241
conventional chemotherapeutic and/or chemoradiation regimens, 

241
cytotoxic therapies, 241
definition, 235, 237
erlotinib, 241
5-FU/gemcitabine chemotherapy, 240

gemcitabine, 241
local, regional/systemic recurrence, 239
multimodal therapeutic strategies, 239
neoadjuvant and adjuvant chemoradiation, 239

adjuvant therapy, 243
benefits, 242
biliary tree decompression, 242
chemoradiation protocols, 242, 244
chemotherapy administration, 242
combination gemcitabine-cisplatin, 244
complications, 242
external beam intraoperative radiation therapy, 243
gemcitabine, 243
gemcitabine plus cisplatin, 244
in high-risk resectable disease, 245
locoregional disease control, 243
locoregional recurrence, 242
mitomycin, 243
multimodal therapy, 242
neoadjuvant 5-FU-based chemoradiation, 243
pancreaticoduodenectomy, 243
pancreaticojejunal anastomotic leak rate, 242
phase II multi-institutional neoadjuvant trial, 242, 244
safety and feasibility, 243
side-effect profiles, 243, 245
surgical resection, 242
trials, 244
tumor sampling, 242

radiation therapy, 239
randomized controlled adjuvant trials, 241
R0/R1 resection, 240, 241
venous occlusion, 235

Resection margins, 31
Residual tumor, 29
Respiratory gating, 220
Response evaluation criteria in solid tumor (RECIST) criteria, 246, 

277, 428, 497, 560
Retinoids, 680
Robot-assisted surgery, 81
Rofecoxib, 577
ROMANA III trial, 383
ROS1 fusions, 191, 192
Rotterdam Symptom Checklist (RSCL), 676

S
S-adenosylmethionine (SAMe), 524
SAKK 41/06 trial, 146
Sapaniserib, 625
Sarcomatoid carcinoma, 209
Sarcopenia, 384
Satellite lesions (skip lesions), 33
SAVE-ONCO trial, 373
SBRT, see Stereotactic body radiation therapy (SBRT)
Scandinavian Sarcoma Group study, SSGXVIII, 297
Scirrhous carcinoma, 209
Screening, 573

colorectal cancer
average risk populations, 577, 581
carcinoembryonic antigen assay, 580
colonoscopy, 578–580
computed tomography colonography, 579
double-contrast barium enema, 579
fecal occult blood testing, 579, 580
flexible sigmoidoscopy, 579
high risk genetic syndromes, 578
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high risk populations, 577, 578, 581
incidence of, 577
microRNAs, 580
modalities, 578
risk factors, 577
stool-based DNA testing, 580

definition, 573
esophageal cancer

esophageal adenocarcinoma, 574
esophageal capsule endoscopy, 574
esophago-gastro-duodenoscopy, 574
recommendations and guidelines, 575
risk factors, 574
squamous cell carcinoma, 574

gastric cancer
esophago-gastro-duodenoscopy, 576
incidence of, 575
population-based screening, 576
recommendations and guidelines, 577
risk factors, 575, 576
serological testing, 576, 577
X-ray photofluorography, 576

incidence and death rates, United States, 573
liver cancer (see Hepatocellular carcinoma (HCC))
pancreatic cancer

CT scan, 585
DNA microarray technology, 585
EUS, 585
evidence for, 585, 586
guidelines, 586
incidence of, 583
risk factors, 584, 585

Secreted protein acidic and rich in cysteine (SPARC), 263
Selective internal radiotherapy (SIRT), 561

with Y-90, 561–563
Selinexor, 485
Semiquantitative approach, 28
SEMS, see Stents or self-expandable metal stents (SEMSs)
Sequence by synthesis (SBS), 614
Sequential compression devices (SCD), 401
Serological testing, 576, 577, 582
Serotonin testing, NETs, 274
Serrated polyposis syndrome, 39, 44
Serum pepsinogen testing, 577
Sessile serrated adenoma (SSA), 39–41

with cytological dysplasia, 39
Sessile serrated polyps (SSP), 40
Severe combined immune deficiency (SCID), 667
Sex hormone-related hepatocellular carcinoma, 212
Short tandem repeats (STRs), 43
Siewert type I tumor, 56
Siewert type II tumor, 56
Siewert type III tumor, 56
Sigmoidoscopy, 579
Signal transducer and activator (STAT) pathway, 260
Signet ring adenocarcinoma, 609
Signet ring features, 43
Simplified PCI, 399
Simultaneous integrated boost (SIB), 426, 432
Single-antigen vaccines, 666
Single-incision needle knife (SINK) biopsy, 535
Single nucleotide polymorphism (SNP) array, 76
SIOPEL PRETEXT staging system, 312
SIOPEL, risk stratification, 313
SIR-Spheres, 561
Skeletal muscle atrophy, 381

Skin problems, 679
with cytotoxic agents, 680
radiation therapies, 680
with targeted therapies, 680

16S ribosomal RNA hypervariable region, 7
Small, asymptomatic, well-differentiated pancreatic  

NETs, 275
Small bowel adenocarcinoma (SBA)

advanced stage disease, 98
clinical presentation, 97
clinical staging, 97, 98
diagnosis, 97
epidemiology, 97
localized early stage disease, 98
molecular classification, 619
prognostic factors, 97

Small bowel malignancies, 97, 407
adenocarcinoma, 454
imaging, 454

computed tomography, 454–456
MRI, 456, 457
PET-CT, 457
somatostatin receptor-based, 457

incidence of, 454
types, 408

Small bowel NETs, 271, 276
Small colonic biopsies, 37
Small intestinal lymphomas, primary

antibiotics, 338
B-cell origin, 336
B-cell/T-cell, 335
blood count and peripheral blood smear, 335
Campylobacter infection, 336
characteristic imaging, 336
chemotherapy, 338
chronic inflammation, 336
clinical trials, 339
cross-sectional imaging, 337
CT scans of chest and abdomen, 336
diagnosis, 336, 337
distribution of, 335
duodenum, 335
EATL, 335
endoscopic findings and tumor location, 337
etiological factors, 335
extranodal NK/T-cell lymphomas, 335, 339
follow-up, 339
gluten-free diet, 339
H. pylori, 336
in ileum, 335
immunosuppressive agents, 336
incidence, 336
intestinal involvement, 335
jejunum, 335
laboratory studies and bone marrow biopsy, 337
laparotomy, 338
MALT lymphomas, 335
nutritional support, 339
pathological confirmation, 337
prognosis, 338
radiation therapy to abdomen, 336, 338
R-CHOP, 339
recurrence, 339
resection, 338
risk factors, 336
risk of perforation, 335
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Small intestinal lymphomas, primary (cont.)
staging, 338

tools, 337
submucosal lymphoid tissue, 335
surgical intervention, 338
surveillance, 339
T-cell lymphomas, 335
tetracycline to anthracycline-based chemotherapeutic  

regimens, 338
tissue sampling, 337
treatment, 338, 339

Small intestinal obstruction, 544, 545
Small intestine

histological types, 2
incidence, 2
mortality, 2

Small intestine NETs (SI-NETs), 624
Small-molecule inhibitor of multiple signaling pathways, 481
Small-molecule nuclear export inhibitors, 485
Small nodular and polypoid tumors, 340
Small non-invasive resectable nodules in small bowel mesentery, 408
Small surgical pathology specimens, 21
Solid pseudopapillary tumor of the pancreas, 316
Solid/trabecular pattern, 28
Somatostatin analogs, 277, 278

therapy, 674
Somatostatin receptor-based imaging techniques, 457
Somatostatin receptor scintigraphy (octreoscan), 274, 275, 277
Sorafenib, 432, 561, 623, 658, 680

antitumor effect, 280
Southern Europe New Drugs Organization (SENDO)  

foundation data, 373
Southwest Oncology Group (SWOG), 247, 258
Spermatogenesis, 635, 639, 641
Sperm cryopreservation, 646, 647
Spindle poisons mitotic inhibitor, 636
Sporadic GIST (nonfamilial/nonhereditary), 293
Sporadic juvenile polyps, 45
Squamous cell cancer (SCC), 316, 445, 574, 617

clinical (cTNM), 57
distant metastasis (M), 57
histologic grade (G), 57
location, 57
occurence, 1
pathological (pTNM), 57
postneoadjuvant therapy (ypTNM), 57
primary tumor (T), 57
regional lymph nodes (N), 57
risk factors, 1, 574
screening

EGD, 574
recommendations and guidelines, 574, 575

Squamous cell carcinoma of the anal canal (SCCA)
biomarkers, 182
cancer types, 176
clinical and pathologic staging, 178
delayed anatomical complication, 181
diagnosis, 178
epidemiology, 175
hematological complications, 181
long-term radiation treatment, 181
premalignant squamous cell neoplastic lesions, 176–177
prevention, 182
prognostic factors, 182
risk factors

human immunodeficiency virus, 175
human papilloma virus, 175
pelvic radiation therapy, 176
sexual orientation, 175
smoking, 175

screening, 177
short-term complications, 181
surveillance, 181
treatment

HIV+ patients, 181
locally advanced, 179, 180
locally persistent, progressive or recurrent, 181
metastatic disease, 180
regional, 179

SSA, see Sessile serrated adenoma (SSA)
Staging classifications / designator rules, 31–32
Standard RECIST (Response Evaluation Criteria in  

Solid Tumors), 300
Stellate mesentery, 451
Stem and progenitor cells, 261
Stem cell factor inhibitor BBI608, 261
Stem cells, 261
Stents/self-expandable metal stents (SEMSs), 541–543, 545, 563
Stereotactic ablative body radiation (SABR), 423
Stereotactic body radiation therapy (SBRT), 219, 246, 421, 423, 543

in cholangiocarcinoma, 433, 434
in hepatocellular carcinoma, 431, 432
oligometastatic disease to the liver, 432, 433
in pancreatic cancer, 429, 430

Stomach cancer, see Gastric cancer
Stomatitis, 673
Stool-based DNA testing, 580
Subdiaphragmatic peritonectomy, 405
Subjective global assessment (SGA), 384
Submucosal injections, 536, 537
Sucralfate enemas, 674
Sulfasalazine, 674
Sulindac, 520, 521, 596
Sunitinib, 672
Superficial migratory thrombophlebitis, 677
Superior hypogastric plexus block (SHPB), 679
Surgical pathologic (histopathologic) evaluation, 16, 19
Surveillance, Epidemiology and End Results (SEER) database, 269, 368
Syndromic polyps, 45
Symptom management for GI cancers

diarrhea, 673
fatigue, 669, 676
hematological complications, 677
jaundice, 675, 676
malignant ascites, 675
malignant bowel obstruction, 674, 675
mucositis, 673, 674
nausea and vomiting (see Nausea and vomiting (N&V))
neuropsychiatric symptoms

cancer-related neurological symptoms, 678
cancer-related psychiatric symptoms, 678
treatment-related neurological symptoms, 678
treatment-related psychiatric symptoms, 678

nutritional problems, 670
pain, 678, 679
skin problems, 679

with cytotoxic agents, 680
radiation therapies, 680
with targeted therapies, 680

Systemic chemotherapy, 659

Index



715

T
Tamoxifen, 596
Tarextuman, 261
Targeting downstream signaling pathways

MAPK pathway, 190
PI3k/Akt pathway, 190

Taxane, 637, 659, 678
T-cell histiocyte rich large B-cell lymphoma, 332
T-cell immunoglobulin and mucin containing protein-3 (TIM-3), 472
T-cell lymphomas, 50, 337
Technetium 99m-labeled macroaggregated albumin (MAA), 562
Tegafur Uracil, 672
Telotristat-ethyl, 674
Testicular sperm aspiration (TESA), 646
Testicular sperm extraction (TESE), 646
Testicular tissue cryopreservation, 646
Tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis 

(Tdap) vaccination, 666
TH-302, 485
The Cancer Genome Atlas (TCGA) project, 613
Thermogenesis, 381
Thioguanine (6-TG), 638
Thiotepa, 638
3-arm AIO-0207 trial, 147
Three-dimensional conformal radiation therapy (3D-CRT), 421, 424, 

427–429, 431, 433, 435, 437, 438, 641
Three Regimens of Eloxatin Evaluation (TREE) trial, 138
Thrombocytopenia, 677
Thromboembolism, 367, 677
Thrombogenesis under physiologic conditions, 370
Thromboprophylaxis in cancers

anticoagulants, 375
enoxaparin prophylaxis, 375
prevalence and incidence, 373
risk reduction, 375
sP-selectin levels, 375

Time to failure (TTF), 147
Tissue acquisition

cholangioscopic- and pancreatoscopic-guided biopsies, 535
endoscopic ultrasound–fine needle aspiration, 533, 534
endoscopic ultrasound–fine needle biopsy, 534, 535
gastrointestinal subepithelial lesions, biopsy of, 535
optical biopsy, 533

TNM staging, 15–16, 29–33
Tobacco-induced carcinogenesis, 4
Tobacco smoke, 4
Topical clindamycine, 680
Topical tazarotene, 680
Topoisomerase inhibitors, 636
Toremifene, 596
Total abdominal hysterectomy/bilateral salpingo-oophorectomy (TAH/

BSO), 605
Total neoadjuvant therapy (TNT), 170
Total/partial anterior parietal peritonectomy, 405
Traditional serrated adenomas (TSA), 39, 41
Traditional vs. PPPD, 248
Transanal minilaparoscopy-assisted natural orifice transluminal 

endoscopic surgery approach, 162
Transarterial chemoembolization (TACE), 558–560

cisplatin, 558
complications, 560
doxorubicin, 558
HCC, 558, 559
mCRC, 558
outcomes, 561

DEB-TACE, 561
HepaSphere, 561
post-embolization syndrome, 561

polymer-based drug-eluting microspheres, 558
pre-treatment imaging, 560
response assessment after, 560

Transarterial radioembolization (TARE), 143, 144
HCC, 216

Transient elastography, 582
Transitional liver cell tumor, 314
Trastuzumab, 618, 621, 672
Trastuzumab emtansine, 85
Tregs, see Regulatory T cells (Tregs)
Tremelimumab, 89, 471, 473
Trifluridine/tipiracil (TAS-102), 153, 154
Triple endoscopy, 575
Trousseau syndrome in mouse models, 371
Tubular/tubullovillous adenomas, 39, 40
Tumoral EGFR expressio, 258
Tumoral hypoxia, 259, 260
Tumor associated antigen (TAA), 521
Tumor associated macrophages (TAM) infiltration, 89
Tumor budding, 28
Tumor cell entrapment hypothesis, 405
Tumor cell heterogeneity, 626
Tumor cell-induced platelet aggregation (TCIPA), 371
Tumor deposits (TD), 33
Tumor infiltrating lymphocytes, 598
Tumor infiltrating macrophages (TIM), 466
Tumor necrosis and left liver hypertrophy, 213
Tumor periphery, 33
Tumor stroma, 483
Tumor-suppressor BRCA2 gene, 258, 482
Tumor testing, 602
Typical tubular adenoma, 41
Tyrosine kinase inhibitors (TKIs), 258, 480, 636, 637

of epidermal growth factor receptor, 258
NETs, 280

U
UGT1A1 polymorphisms, 358
Ulcerative colitis (UC), 577
Ulcerative enteritis, 336
Umbrella trials, 502
Unresectable disease, 65, 66
Unresectable extrahepatic cholangiocarcinoma, 433
Unresectable intrahepatic cholangiocarcinoma, 433, 434
Unresectable tumors of rectum and anus, 318
Upper gastrointestinal series (UGIS), 577
Upper gastrointestinal tract surveillance, 605
Upper GI series (UGIS), see X-ray photofluorography
Upper pelvis, 641
Urea breath testing, 334
Urelumab, 473
Urinary 5-HIAA testing, carcinoid syndrome, 274
Urinary obstruction, 552, 553

V
Vaccination

in adults with solid cancer, 664
Haemophilus influenzae type b (Hib), 665
hepatitis A, 666
hepatitis B, 666
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household contacts of immunocompromised patients, 667
human papillomavirus vaccine, 666
influenza, 664
meningococcal vaccine, 666
MMR, 665
pneumococcal, 664, 665
poliovirus vaccination, 666, 667
tetanus toxoid, reduced diphtheria toxoid, and acellular 

pertussis vaccine, 666
varicella, 665
zoster, 665

immunosuppression, degree of, 663
peptide vaccines, 467, 468
safety in immunocompromised individuals, 663
timing of immunization, 664
whole tumor vaccines, 467

Vaccine-preventable diseases, 663
13-valent pneumococcal conjugate vaccine (PCV13), 665
23-valent pneumococcal polysaccharide vaccine (PPSV23), 665
VALUE strategy, 362
Varian real-time position management system, 219
Varicella vaccination, 665
Vascular endothelial growth factor (VEGF) pathway, 200, 201, 217, 

466, 637, 675
bevacizumab, 188
cerdiranib, 188
neoangiogenesis, 482
sorafenib, 188
sunitinib, 188
vandetanib, 188, 189

Vascular endothelial growth factor receptor blockade, 619
Vascular endothelial growth factors, NETs, 279, 280
Vascular endothelial growth factor (VEGF)/VEGF receptor (VEGFR) 

pathway, 85, 259
Vascular epidermal growth factor (VEGF), 673–674
Vascular invasion, 215
Vascular resection and reconstruction, pancreaticoduodenectomy, 249, 

250
Vector-based vaccines, 262
Velban, 638
Vemurafenib, 620
Venous invasion by tumor, 33
Venous thromboembolism (VTE) in cancer, 367

treatment
anticoagulation, 376
ASCO guidelines, 376
dalteparin, 376
and prophylaxis, 374

risk tools and predictive biomarkers, 376
survival and outcomes, 376
warfarin, 376

Vienna Cancer and Thrombosis Study (CATS), 372
Villous adenomas, 40
Vinblastine, 638
Vincristine, 638
Viral vectors, 262
Virchow’s triad, 370
Visceral obesity, 8
Vitamin D, 519
Vitamin K antagonist, 677
Vitrification of mature oocytes, 645
Volumetric modulated arc therapy (VMAT), 422, 438, 641

gastric cancer, 427, 428
in pancreatic cancer, 429

V325 phase III study, 83

W
Weight loss, 383
Well-differentiated neuroendocrine tumor, 46, 47
Well-intermediate-grade pancreatic gastrointestinal neuroendocrine 

tumors and carcinomas, 211
Whipple resection (pancreaticoduodenectomy), 99, 100
WHO grading system, 47
Whole-cell vaccines, 261, 262
Whole-genome shotgun, 7
Whole tumor vaccines, 467
Wild-type GIST (no mutation), 322
Wnt-β(beta)-catenin pathway, 482
Wnt signaling, 620
World Health Organization (WHO), 271

classification system, 335
IARC Monographs program, 7

Wotherspoon histological index, 334

X
XELOX (capecitabine, oxaliplatin), 637, 638
Xiphoidectomy, 405
X-ray photofluorography, 576

Z
Ziv-aflibercept, 150, 151, 672
Zollinger-Ellison syndrome, 276
Zoster vaccination, 665
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