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Preface

Esophageal cancer is a major cause of cancer-related mortality worldwide. In the 
Western world, there has been a change in esophageal cancer presentation due to the 
rapidly rising incidence of distal esophageal adenocarcinoma. The heterogeneity of 
the disease and its aggressive clinical course has rendered the task of the develop-
ment of an optimal multimodal management approach a challenging one. On the 
brighter side, there has been a noted surge in exploring novel therapeutic approaches 
in medical, surgical, and radiation therapy, including immune-based and targeted 
approaches, as well as palliative and nutritional supportive care.

Esophageal Cancer: Prevention, Diagnosis and Therapy, second edition, pro-
vides a unique and updated comprehensive review of the current epidemiology, 
molecular biology, staging, and treatment of cervical, thoracic, and junctional 
tumors. In addition, it highlights the differences in etiology, prognosis, and manage-
ment of squamous cell and adenocarcinomas of the esophagus.

Promising novel diagnostic approaches and an in-depth review of cellular and 
molecular biology of premalignant lesions, the role of immunotherapy, as well as 
palliative and nutritional aspects are discussed in depth. We hope this second edition 
will further incite the interest of specialists from various diagnostic and therapeutic 
disciplines and will promote further research in the field of esophageal cancer.

Atlanta, GA, USA Nabil F. Saba 
 Bassel F. El-Rayes
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1Epidemiology and Risk Factors 
for Esophageal Cancer

Keshini Vijayan and Guy D. Eslick

 Introduction

Esophageal cancer has a long and fascinating history and the epidemiology is geo-
graphically dynamic with wide variation from region to region [1]. There have been 
several recent publications reporting the global epidemiology of esophageal cancer. 
The majority of these published papers have used the International Agency for 
Research on Cancer (IARC) databases (e.g., GLOBOCAN 2012) data as the basis 
for any data analysis conducted. Esophageal cancer remains the eighth most com-
mon cancer worldwide, with 455,784 new cases in 2012, and it is the sixth most 
common cause of death from a cancer with approximately 400,156 deaths annually 
[2]. Figures 1.1 and 1.2 show the breakdown of new cases and deaths associated 
with esophageal cancer by gender and also comparing developed and developing 
countries. Future predictive models estimate that by the year 2035, the number of 
new cases of esophageal cancer will almost double to 808,508 and the number who 
will die from the disease will reach 728,945 individuals in that year, making it an 
enormous cancer burden globally [3]. In fact, it is one of a handful of cancers for 
which the number of new cases in some regions of the world is actually increasing 
[4], with average annual increase ranging from 3.5% in Scotland to 8.1% in Hawaii 
[5]. It is disappointing, given the increases in rates of esophageal cancer and the 
continued poor prognosis for this cancer, that it receives very little attention relative 
to other cancers; however, there has recently been a call for a greater research focus 
and funding for male-dominated cancers like esophageal cancer [6]. There is an 
urgent need for cancer research organizations to provide increased and dedicated 
funding to gain a greater understanding of the dynamic epidemiology of esophageal 
cancer. This will be crucial to determine the causes and risk factors associated with 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-29832-6_1&domain=pdf
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developing this lethal cancer and, more importantly, form the cornerstone of devel-
oping any prevention strategies.

There are two main histological types of esophageal cancer: adenocarcinoma 
and squamous cell carcinoma [7]. The epidemiology and risk factors for esophageal 
cancer vary substantially by these two different histological cell types. Published 
studies usually categorize esophageal cancer studies into either “adenocarcinoma” 
or “squamous cell carcinoma” histological types or a combined “esophageal can-
cer” grouping which contains both histological types.

Estimated New Cases Estimated Deaths
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Male Female Male Female
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Fig. 1.1 The incidence and mortality for all cancers, note esophageal cancer
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 Epidemiology

 Incidence

 Esophageal Adenocarcinoma
The global age-standardized incidence rate of esophageal adenocarcinoma (EAC) 
was estimated at 0.7 per 100,000 (1.1  in men and 0.3  in women) in 2012, with 
52,000 estimated cases occurring during the year [8]. The highest incidence rates 
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Eastern Asia 16.9

13.7

11.9

8.1

7.0

6.8

6.5

5.6

5.4

5.4

4.6

4.2

3.6

3.6

3.2

3.1

2.9

2.4

1.7

0.8 0.4

0.6

1.5

2.1

0.2

0.6

1.0

1.4

2.0

1.2

1.7

1.1

0.8
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5.4

Southern Africa

Eastern Africa

Northern Europe

South America
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20 10 0 10 20

Age-standardized rate per 100,000

Fig. 1.2 Age-standardized incidence rates of esophageal cancer among males and females glob-
ally (GLOBOCAN 2012)
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were observed in Northern and Western Europe (3.4  in men and 0.6  in women), 
Northern America (3.5  in men and 0.4  in women), and Oceania (3.4  in men and 
0.6 in women)—contributed to mainly by Australia and New Zealand—while the 
lowest rates were found in Eastern/Southeastern and Central Asia (0.6 in men and 
0.2 in women) and sub-Saharan Africa (0.4 in men and 0.2 in women) [8]. The high-
est national rates were observed in the UK (7.2  in men and 2.5  in women), the 
Netherlands (7.1 in men and 2.8 in women), Ireland (5.4 in men and 2.9 in women), 
Iceland (3.9 in men and 2.7 in women), and New Zealand (4.0 in men and 1.5 in 
women), while the highest absolute incidence occurred in the United States, with 
10,000 cases occurring in 2012, of which 88% were in men [8].

In the United States, there has been a disturbing trend in which the number of 
new cases of EAC has been increasing faster than that of any other cancer, and inci-
dence data suggests that this increase commenced sometime in the mid-1970s. The 
reasons for this dramatic increase in EAC are multifactorial and complex and are 
not explained by known risk factors. Data from the National Cancer Institute (NCI) 
Surveillance, Epidemiology, and End Results (SEER) database have shown an 
increase in the incidence of EAC from 0.40 cases per 100,000 in 1975 to 2.58 cases 
per 100,000 in 2009, with an average annual percentage increase in incidence of 
6.1% in men and 5.9% in women during the period from 1975 to 2009 [9]. 
Interestingly, geographic variability was observed in the incidence of EAC across 
the United States, with the highest age-standardized incidence rates observed in the 
Northeast and Midwest and the lowest observed in the South and West [10]. 
Likewise, the annual percentage change over the 10-year period from 1999 to 2008 
varied widely, a 3.19% annual increase for men in the Northeast, in contrast to the 
0.80% annual increase observed in the West [10]. The increase in EAC incidence is 
predicted to continue until 2030 with a plateauing trend, reaching 8.4–10.1 cases 
per 100,000 person-years for males and 1.3–1.8 per 100,000 person-years for 
females [11].

In Europe, increasing EAC incidence trends were observed in most countries 
during the period from 1980 to 2002, with the steepest increases observed in the 
male population in Denmark, the Netherlands, England, and Scotland, where the 
incidence of EAC has overtaken that of esophageal squamous cell carcinoma [12]. 
Overall, the age-standardized incidence rate in Northern and Western Europe was 
3.4 per 100,000 for men and 0.6 per 100,000 for women in 2012 [8].

 Esophageal Squamous Cell Carcinoma
Globally, esophageal squamous cell carcinoma (ESCC) is the more commonly 
occurring of the two histological subtypes, with 398,000 estimated incident cases in 
2012 and a global age-standardized incidence rate of 5.2 per 100,000 (7.7 in men 
and 2.8 in women). The highest incidence rates occurred in Eastern/Southeastern 
Asia (13.6 in men and 4.3 in women), sub-Saharan Africa (6.4 in men and 4.0 in 
women), and Central Asia (5.9 in men and 3.6 in women) [8]. The highest estimated 
national rates were calculated for Malawi, Turkmenistan, Kenya, Mongolia, and 
Uganda [8]. The lowest incidence regions were North America (1.7  in men and 
0.7 in women), Oceania (2.0 in men and 1.2 in women), and Southern Europe (2.4 in 
men and 0.4 in women) [8].

K. Vijayan and G. D. Eslick
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Approximately 80% of ESCC cases in 2012, or 315,000 cases, occurred within 
what is termed the “esophageal cancer belt,” an area stretching across Central to 
Eastern Asia from the Caspian littoral region through Iran, Iraq, and Kazakhstan to 
the northern provinces of China [8]. Additionally, 210,000, more than half of all 
ESCC cases, occurred in China in 2012 [8]. This dramatic concentration of ESCC 
cases to this particular geographical area is likely to reflect local risk factors.

In China, 2015 data reported that esophageal cancer (predominantly squamous 
cell carcinoma) was the fourth most commonly diagnosed and the leading cancer 
cause of death for both males and females [13]. Data analyzed between 2000 and 
2011 revealed that the incidence of cancer of the esophagus had decreased for both 
males (annual percentage change −3.2) and females (annual percentage change 
−5.5). Mortality rates also decreased for both males (annual percentage change 
−6.1) and females (annual percentage change −6.4) during this period.

In the United States, the national age-standardized incidence rate for ESCC is 
4.93 per 100,000 in men and 2.30 per 100,000 in women [10]. In contrast with the 
trends observed in EAC, incidence rates of ESCC in the United States have been 
decreasing at a rate of around 3% per year in both genders and across regions, which 
has generally been attributed to a decrease in the practice of smoking [10, 14]. 
Figure 1.3 shows that ethnic variation exists within the United States for esophageal 
cancer rates. An excellent graph highlights the differences between States in North 
America in terms of both EAC and ESCC by gender (Fig. 1.4).

This trend has been mirrored in Europe, where ESCC incidence has been decreas-
ing or stabilizing over the last several decades in most countries [10]. The incidence 

AC SCC

African American

Asian and Pacific Islander

American Indian

Caucasian

6.0 4.0 2.0 0.0 2.0 4.0 6.0
Age standardized incidence rate

FEMALE MALE

Fig. 1.3 Incidence rates of esophageal cancer in the United States by ethnic group
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Fig. 1.4 Age-standardized incidence rates in the United States and Canada
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rates in most European countries were between 2 and 4 per 100,000 in 2002, with 
the exceptions of France, which although experiencing a steep decrease in incidence 
over the last couple of decades still had an incidence rate of above 5 per 100,000, 
and Slovenia, which has not followed the trend and has actually seen an increase in 
ESCC incidence rates from just below 2 per 100,000  in 1980 to around 5 per 
100,000 in 2002.

 Mortality

In the United States, the estimated number of deaths from esophageal cancer in 
2018 was 15,850, with a large male predominance (12,850 male deaths versus 3000 
female deaths) [15]. The mortality rate from esophageal cancer increased from 4.67 
to 5.44 cases per 100,000 during the period from 1993 to 2007 for white males and 
experienced only a minor increase from 0.76 to 0.77 in white females during the 
same period [16]. Esophageal cancer mortality rates are predicted to increase in the 
United States, with most of the deaths contributed to by EAC [11]. Cause-specific 
EAC deaths for years 2011–2030 are estimated to range between 142,300 and 
186,298, almost double the number of deaths in the past 20 years, and EAC mortal-
ity rates are estimated to reach 5.4–7.4 cases per 100,000 person-years for males 
and 0.9–1.2 cases per 100,000 person-years for females by 2030 [11].

In EU, decreasing trends were observed for esophageal cancer mortality in males 
in a number of several southern and western European countries, and in central 
Europe mortality has also stabilized or declined since the mid-1990s [12]. In some 
northern European countries, mortality rates from esophageal cancer are still 
increasing, likely due to the continued increase in EAC observed in that region. 
Similar to the situation in the United States, the female mortality rate from esopha-
geal cancer in Europe was comparatively low and remained stable or decreased 
[12]. Overall, deaths from esophageal cancer have declined in European men, from 
5.34 to 4.99 per 100,000 during the period from 2000 to 2009. European women 
also experienced a modest decrease in mortality during this period, from 1.12 to 
1.09 per 100,000 [12]. European mortality rates from esophageal cancer are pre-
dicted to decline to 4.46 per 100,000 men (resulting in approximately 22,300 deaths) 
and 1.07 per 100,000 women (resulting in approximately 7400 deaths) by 2015 
[12]. Significantly, the predicted mortality rate for UK men is 8.51 per 100,000 by 
2015, above the European average [12], which again is likely due to the expected 
continued increase in EAC incidence.

A recent analysis of esophageal cancer mortality data shows that Bulgaria and 
the Philippines have escalating rates of cancer death among females [17]. These 
results can be seen in Fig. 1.5, which also shows changes in incidence and mortality 
rates for other countries.

1 Epidemiology and Risk Factors for Esophageal Cancer
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 Survival

Esophageal cancer remains a rapidly fatal disease. The current 5-year survival rates 
are 19% in the United States [15] and 12% in Europe, with the highest European 
rate observed in Belgium (21.8%) and the lowest occurring in Lithuania (5.7%) 
[18]. There is generally no difference reported in survival between the two histo-
logical types, EAC and ESCC [18].

One study which did investigate EAC separately reported improved 5-year rela-
tive age-adjusted EAC survival rates in the United States since 1975, with the great-
est improvement observed in cases with localized disease [9]. The 5-year survival 
rate in this group has increased from only 2.1% in 1975 to just over 50% in 2009 [9]. 
The 5-year survival for all stages of EAC in the United States has increased from 
just under 5% in 1975 to just over 20% in 2009 [9].

a

b

Fig. 1.5 (A) Incidence trend of esophageal cancer in males (left panel) and females (right panel). 
(B) Mortality trend of esophageal cancer in males (left panel) and females (right panel)

K. Vijayan and G. D. Eslick



9

 Risk Factors

An evidence-based approach has been taken with this section of the chapter. Where 
possible, meta-analyses or systematic reviews of the literature were used to sum-
marize the current level of evidence for each risk factor.

 Esophageal Adenocarcinoma

The risk factors for EAC are presented diagrammatically in Fig. 1.6 and are dis-
cussed individually below.

 Age and Gender
The majority of individuals with EAC are aged 50–60 years [19]. The incidence of 
EAC has a strong male preponderance. Globally, the incidence of EAC was 
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Fig. 1.6 Risk factors associated with esophageal adenocarcinoma
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estimated to be 1.1 per 100,000 in men and 0.3 per 100,000 in women in 2012, a 
difference in incidence of over threefold [8]. The difference was most obvious in the 
highest incidence areas of Northern and Western Europe (3.4  in men and 0.6  in 
women), Northern America (3.5  in men and 0.4  in women), and Oceania (3.4  in 
men and 0.6  in women). Also striking are the predicted incidence rates in 2030, 
which are estimated at 8.4–10.1 cases per 100,000 person-years for males and 1.3–
1.8 per 100,000 person-years for females [11].

 Ethnicity
Several studies have found that Caucasians are more likely to develop EAC com-
pared to ESCC. Most recently, two studies conducted in 2017 afforded further evi-
dence that Caucasians had a higher risk of developing EAC. The first study compared 
Caucasian individuals to Africans, non-white Hispanics, Asians, Pacific Islanders, 
and Native Americans, concluding that Caucasians were more likely to develop 
EAC (p < 0.002) [20]. The second study confirmed this finding, reaffirming that the 
incidence rate of EAC was higher in Caucasians than in Asian and African ethnic 
groups upon analysis of the SEER database (p < 0.05) [21]. This study also sug-
gested that molecular patterns associated with the relevant genes for EAC are simi-
lar between Asians and Caucasians (however, small differences do preside) and that 
these differences may be crucial in tumorigenesis and personalized treatment.

 Eating Disorders

Obesity
A 2015 review found a consistent relationship in which patients with higher-than- 
normal BMIs had a higher risk of developing EAC compared to patients with nor-
mal BMI. Patients with BMI ≥40 kg/m2 had a higher risk of developing this cancer 
(OR, 4.76, 95% CI, 2.96–7.66), compared to patients with BMI 35–39.9 kg/m2 (OR, 
2.79, 95% CI, 1.89–4.12), BMI 30–34.9 kg/m2 (OR, 2.39, 95% CI, 1.86–3.06), and 
BMI 25–29.9 kg/m2 (OR, 1.54, 95% CI, 1.26–1.88) [22].

As discussed above, there has been a dramatic increase in the incidence of EAC 
over the last several decades in many Western countries such as the United States, the 
UK, and the Netherlands. One of the contributing factors to this increase is thought 
to be the obesity epidemic, which has risen to prominence during a similar time 
period. Obesity is linked with gastroesophageal reflux disease (GERD) and Barrett’s 
esophagus, a precursor lesion to EAC. A meta-analysis conducted in 2012 found a 
positive association between a body mass index (BMI) between 25 and 30 and EAC 
(relative risk (RR), 1.71, 95% confidence interval (CI), 1.50–1.96) [23]. The risk 
increased even further for BMI ≥ 30 (RR, 2.34, 95% CI, 1.95–2.81) [23]. The con-
tinuous RR for a 5-point increase in BMI was RR 1.11 and 95% CI 1.09–1.14 [23].

This is a consistent finding, with an earlier meta-analysis likewise finding an 
increased risk of EAC associated with a BMI of over 25 (males, OR, 2.2, 95% CI, 
1.7–2.7; females, OR, 2.0, 95% CI, 1.4–2.9) [24]. A population-based study from 
Australia which included 367 EAC patients also reported an increased risk for BMIs 
of 30–35 (OR, 2.1, 95% CI, 1.4–3.1) which increased almost threefold (OR, 6.1, 
95% CI, 2.7–13.6) for BMIs over 40, after adjusting for reflux [25].
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Bulimia Nervosa
Historically, it has been proposed that the risk of EAC may be elevated in individu-
als who suffer from eating disorders like bulimia, caused by the acidic damage to 
esophageal mucosa in the process of self-induced vomiting [26]. A retrospective 
2015 study reported seven cases that were hospitalized for anorexia nervosa, later 
developing ESCC (SIR, 6.1, 95% CI, 2.5–12.6), with a mean interval period of 
22 years. However, this did not support the authors’ hypothesis that patients with 
bulimia would experience higher risks of developing EAC, but the authors empha-
size that it is premature to rule out an increased risk entirely due to the small sample 
size in their analysis [27].

 Gastroesophageal Reflux Disease
Gastroesophageal reflux disease (GERD) is an important risk factor for EAC. A 
review from 2002 reported an increased risk of EAC associated with GERD, with 
the risk estimates ranging from OR 2.50 and 95% CI 1.50–4.50 to OR 16.40 and 
95% CI 8.30–28.40 for individuals who had experienced GERD symptoms for 
5  years or more, compared with asymptomatic subjects [28]. There was a very 
apparent dose response, with EAC risk increasing with longer duration, as well as 
with increased frequency of symptoms. In one study included in the review, the risk 
was increased by almost eightfold (95% CI, 5.30–11.40) for those who reported at 
least weekly symptoms of GERD. Severity and duration of symptoms appeared to 
act synergistically, with individuals who had experienced severe symptoms for over 
20 years being 43.5 times more likely (95% CI, 18.30–103.50) to have EAC than 
asymptomatic subjects. Recall bias does not seem to have influenced the results, 
because the study also included ESCC subjects, in whom an association was not 
found between reflux and the risk of cancer.

A more recent population-based case-control study from Australia published in 
2008 also reported an increased risk of EAC associated with reflux (OR, 6.40, 95% 
CI, 4.50–9.0) [25]. There was also an apparent synergistic relationship with obesity, 
with the risk increasing threefold between nonobese subjects with reflux (OR, 5.60, 
95% CI, 2.80–11.30) and obese patients with reflux (OR, 16.50, 95% CI, 
8.9–30.6).

 Barrett’s Esophagus
Barrett’s esophagus is defined as a change in the distal esophageal epithelium of any 
length that can be recognized as columnar-type mucosa at endoscopy and is con-
firmed to have intestinal metaplasia by biopsy [29]. It is recognized as the precursor 
lesion of EAC and patients with Barrett’s esophagus are 30–125 times more likely 
to develop EAC compared with the general population [30]. However, despite the 
alarming appearance of these figures, investigators have repeatedly concluded that 
in relative terms, Barrett’s esophagus patients remain at low risk of malignant pro-
gression and predominantly die due to causes other than EAC [30–32].

In a large meta-analysis from 2010 consisting of 51 studies, Sikkema et al. [30] 
reported a pooled estimate for EAC incidence of 6.3 per 1000 person-years of fol-
low- up (95% CI, 4.7–8.4), corresponding to an annual risk of 0.6% and a pooled 
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incidence of fatal EAC of 3.0 per 1000 person-years of follow-up (95% CI, 2.2–
3.9). The mortality rate due to causes other than EAC was 12-fold higher with an 
estimate of 37 deaths per 1000 person-years, as compared with the mortality rate 
due to EAC. Put another way, only 7% of the total number of patients died from 
EAC, while 93% died due to other causes.

A more recent meta-analysis from 2014 analyzed the incidence of EAC and 
high-grade dysplasia in Barrett’s esophagus patients with low-grade dysplasia [32]. 
The annual incidence of EAC was 0.54% (95% CI, 0.32–0.76). A subgroup analysis 
looking at mortality from EAC included four studies and 318 patients with Barrett’s 
esophagus and low-grade dysplasia. 4.4% of the patients developed EAC and 
1–2.2% died due to the cancer, while 28.3% died due to causes other than esopha-
geal disease.

 Socioeconomic Status
There is very little information on the role of socioeconomic status in relation to 
EAC and the data is conflicting. A Swedish case-control study with 189 EAC cases 
and 820 control subjects aimed to determine the role of various socioeconomic fac-
tors in relation to EAC [33]. The data suggested that skilled manual workers were at 
an increased risk of developing EAC (OR, 3.70, 95% CI, 1.70–7.7); however after 
adjustment for tobacco smoking, BMI, and reflux symptoms, the result became 
nonsignificant (OR, 2.00, 95% CI, 0.90–4.50). There was also an increased adjusted 
risk for those who lived alone (OR, 2.30, 95% CI, 1.20–4.50). An earlier case- 
control study of 554 patients with EAC and 695 controls from the United States 
reported that there was an increased risk of developing EAC including junctional 
tumors among those with a lower level of education (<12 years); however, these 
findings were not statistically significant (OR, 1.3, 95% CI, 0.90–2.10; OR, 1.3, 
95% CI, 0.80–2.00, respectively) [34]. The findings adjusted for age, sex, geo-
graphic center, BMI, smoking status, and alcohol consumption. A recent study 
which assessed sociodemographic and geographical factors in relation to esopha-
geal cancer mortality in Sweden found that individuals with a lower education were 
at an increased risk (HR, 1.64, 95% CI, 1.11–2.38), as were those living in densely 
populated areas (HR, 1.31, 95% CI, 1.14–1.50) [35].

 Occupation
A recent large cohort study found that men had higher risks of developing EAC if 
they were waiters (SIR, 2.58, 95% CI, 1.41–4.32), cooks and stewards (SIR, 1.72, 
95% CI, 1.04–2.69), seamen (SIR, 1.52, 95% CI, 1.16–1.95), food workers (SIR, 
1.51, 95% CI, 1.18–1.90), miscellaneous construction workers (SIR, 1.24, 95% CI, 
1.04–1.48), and drivers (SIR, 1.16, 95% CI, 1.01–1.33). The same study found 
lower risks of developing EAC in men who were technical workers (SIR, 0.81, 95% 
CI, 0.72–0.92), physicians (SIR, 0.40, 95% CI, 0.16–0.81), teachers (SIR, 0.72, 
95% CI, 0.57–0.90), religious workers (SIR, 0.75, 95% CI, 0.56–0.98), and garden-
ers (SIR, 0.77, 95% CI, 0.61–0.95). Among women, elevated risks for EAC were 
observed in food workers (SIR, 0.76, 95% CI, 0.31–1.57) and wait staff (SIR, 0.84, 
95% CI, 0.40–1.55), while decreased risks were seen in teachers (SIR, 0.88, 95% 
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CI, 0.56–1.33), nurses (SIR, 0.79, 95% CI, 0.38–1.45), and assistant nurses (SIR, 
1.02, 95% CI, 0.60–1.61). This study exemplifies that the risk for esophageal cancer 
varies with occupation; however the authors assert that the risk posed by most occu-
pational categories do not differ according to histological type [36]. As such, a 1995 
Swedish study found higher incidences of esophageal cancer in men that were 
employed in specific industries, including the food (SIR, 1.3, p < 0.05) and beverage 
and tobacco (SIR, 1.8, p < 0.05) industries, vulcanizing shops within the rubber 
industry (SIR, 4.7, p < 0.01), breweries (SIR, 4.2, p < 0.01), and butchery (SIR, 2.1, 
p < 0.01), as well as waiters, particularly employed in hotels and restaurants (SIR, 
3.1, p < 0.01) [37]. It is important to note that some of these observations could be 
attributable to lifestyle factors like alcohol consumption and smoking, which are 
known risk factors for esophageal cancer. Occupational exposure to other risk fac-
tors of EAC could also render individuals of a certain occupation more susceptible 
to the development of EAC.  Examining occupational exposure to smoke, an 
American study reported that firefighters are more likely to develop cancers of the 
esophagus, after adjusting for race (OR, 1.6, 95% CI, 1.2–2.1) [38].

 Helicobacter pylori Infection
There has been conflicting data regarding the role of Helicobacter pylori infection 
in the development of ESCC and EAC.  A meta-analysis of case-control studies 
reported that EAC (n = 9) risk was significantly reduced in patients with H. pylori 
infection (OR, 0.58, 95% CI, 0.48–0.70), which was similar for studies of H. pylori 
cagA-positive strains (n = 6) (OR, 0.54, 95% CI, 0.40–0.73) [39]. Another meta- 
analysis of case-control or nested case-control studies published in the same year 
assessed the relationship between H. pylori infection and EAC and ESCC [40]. The 
link between H. pylori infection and EAC (n = 13) was consistent with the previous 
meta-analyses (OR, 0.56, 95% CI, 0.46–0.68), as was the relationship with H. pylori 
cagA-positive studies (n = 5) (OR, 0.41, 95% CI, 0.28–0.62).

 Diet

Hot Food and Beverage
A meta-analysis reported that hot food and beverage increases the odds of develop-
ing esophageal adenocarcinoma; however, the relationship observed was not signifi-
cant (OR, 0.78, 95% CI, 0.45–1.35) [41]. A recent IARC report into the potential 
carcinogenic properties of very hot beverages found that there was limited evidence 
in humans for the carcinogenicity of drinking very hot beverages. However, there 
were a number of positive associations reported linking drinking very hot beverages 
and esophageal squamous cell carcinoma. The overall finding was that drinking 
very hot beverages at temperatures above 65 °C is probably carcinogenic to humans 
(Group 2A) [42].

Meat Consumption
Meat consumption and in particular red meat consumption is a known risk factor for 
colorectal cancer. A meta-analysis to determine the association between meat 
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consumption and risk of esophageal cancer analyzed 29 studies involving 1,208,768 
individuals [43]. Any meat consumption was associated with an increased risk of 
developing EAC (OR, 1.53, 95% CI, 1.16–2.03), as was red meat (OR, 1.19, 95% 
CI, 1.08–1.33) and barbecued meat (OR, 1.23, 95% CI, 1.07–1.42). There was an 
increased risk associated with processed meat consumption, but it was not statisti-
cally significant (OR, 1.11, 95% CI, 1.00–1.23). Consumption of white meat 
(chicken) decreased the risk of EAC (OR, 0.87, 95% CI, 0.75–0.99), along with fish 
(OR, 0.79, 95% CI, 0.54–1.15) which was not statistically significant.

Fruit and Vegetables
Another meta-analysis of observational studies aimed to determine the association 
between fruit and vegetable intake and risk of EAC [44]. The analysis included 12 
studies with 1572 cases of EAC and found that intake of both fruit (OR, 0.73, 95% 
CI, 0.55–0.98) and vegetables (OR, 0.76, 95% CI, 0.59–0.96) was associated with a 
decreased risk of developing EAC.

 Minerals and Vitamins

Flavonoids
Flavonoids are a class of plant pigments, often responsible for the vivid colors of 
fruits and vegetables. Common dietary sources of flavonoid include black tea, 
orange and grapefruit juice, and wines. Historically, little or no consistent associa-
tion was found for a possible relationship between flavonoids and esophageal ade-
nocarcinoma. However, a 2015 study found that the intake of anthocyanidins, 
present in wine and fruit juice, reduced the risk of developing EAC (OR = 0.43, 
95% CI, 0.29–0.66) [45]. A 2016 meta-analysis confirmed this finding, reporting 
that intake of dietary flavonoids reduces the risk of developing esophageal cancer, 
regardless of histological type (OR, 0.91, 95% CI, 0.75–1.10; I(2), 0.0%) [46]. This 
was also reflected in another meta-analysis conducted in 2016, which compared 
patients of highest intake and lowest intake for total flavonoids and for each flavo-
noid subclass. It reported lower risks for developing esophageal cancers, regardless 
of histological type, in the intake of anthocyanidins (OR, 0.60, 95% CI, 0.49–0.74), 
flavanones (OR, 0.65, 95% CI, 0.49–0.86), flavones (OR, 0.78, 95% CI, 0.64–0.95), 
and total flavonoids (OR, 0.78, 95% CI, 0.59–1.04) [47].

Vitamin D
Most recently, a 2016 meta-analysis found a nonsignificant elevated risk for devel-
oping adenocarcinoma and vitamin D intake (OR, 1.45, 95% CI, 0.65–2.24). This 
meta-analysis also discussed the results obtained from one study that reported a 
decreased risk (OR, 0.49, 95% CI, 0.31–0.79) of esophageal adenocarcinoma in 
individuals who had a higher lifetime mean daily UV radiation exposure [48].

N-Nitrosodimethylamine (NDMA)
NDMA is a semi-volatile organic compound found in industrial waste and 
sometimes in very low concentrations in food, such as meats. A 2016 
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meta-analysis reported no significant relationship with EAC (RR, 1.18, 95% CI, 
0.98–1.41) [49].

Folate
There is conflicting evidence regarding the role of folate in the development of 
upper gastrointestinal cancers. Evidence exists both implicating folate in carcino-
genesis and suggesting that folate may reduce cancer risk. A recent meta-analysis of 
9 studies and including 2574 esophageal cancer cases found high dietary folate 
intake to be associated with a decreased risk of any histological type of esophageal 
cancer (OR, 0.59, 95% CI, 0.51–0.69) [50]. The study also found a risk reduction 
for EAC (OR, 0.57, 95% CI, 0.43–0.76) associated with a high dietary folate intake 
[50]. These results are supported by findings that polymorphisms in genes involved 
in folate metabolism that result in lower circulating folate levels are associated with 
an increased risk of esophageal cancer.

 Drugs

Sex Steroids
A recent study reported that higher levels of sex steroids may be linked with a 
decreased risk of developing EAC.  As such, higher levels of dehydroepiandros-
terone (DHEA) were associated with a 72% decreased risk (OR, 0.28, 95% CI, 
0.13–0.64; p = 0.001). Similarly, estradiol was also associated with a 48% reduced 
risk (OR, 0.52, 95% CI, 0.29–0.93; p = 0.03) [51].

Proton Pump Inhibitors
Acid-suppressive medications such as proton pump inhibitors (PPIs) are commonly 
used in the management of GERD. It has been suggested that PPI use may decrease 
the risk of progression from Barrett’s esophagus to EAC.  A meta-analysis from 
2014 based on seven observational studies investigated this possibility and found a 
decreased risk of EAC or high-grade dysplasia in patients with Barrett’s esophagus 
taking PPIs (OR, 0.29, 95% CI, 0.12–0.79) [52]. There is no clinical evidence indi-
cating that PPI therapy may increase the risk of neoplastic progression to EAC, and 
therefore if this finding is supported by further studies, it could warrant the use of 
PPI therapy in patients with Barrett’s esophagus for its chemopreventive effects.

Bisphosphonates
Following a report by the US Food and Drug Administration of 23 cases of esopha-
geal cancer between 1995 and 2008, which implicated the bisphosphonate alendro-
nate as a possible causative agent, there has been an increase in interest and 
investigation into the potential for an increased carcinogenic risk associated with 
bisphosphonate use, particularly for esophageal cancer. However, several studies 
have subsequently reported conflicting results. A meta-analysis from 2012 of seven 
studies with 19,700 esophageal cancer cases did find an increased risk of esopha-
geal cancer associated with any bisphosphonate use (OR, 1.74, 95% CI, 1.19–2.55) 
[53]. In addition, the study found the risk to be increased with longer duration of use 
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compared with shorter duration (OR, 2.32, 95% CI, 1.57–3.43, versus OR, 1.35, 
95% CI, 0.77–2.39) [53].

Nonsteroidal Anti-inflammatory Agents and Aspirin
A number of studies have reported conflicting results on the relationship between 
aspirin and nonsteroidal anti-inflammatory agents (NSAIDs) and esophageal can-
cer, especially EAC. A prospective cohort study and meta-analysis failed to find a 
statistically significant association between either aspirin (OR, 1.00, 95% CI, 0.73–
1.37) or NSAID (OR, 0.90, 95% CI, 0.69–1.17) use and EAC risk in the results from 
the cohort study [54]. The meta-analysis conducted by the same investigators did 
however find a decreased risk of EAC associated with both aspirin (OR, 0.64, 95% 
CI, 0.52–0.79) and NSAID (OR, 0.65, 95% CI, 0.50–0.85) use. A more recent meta- 
analysis from 2011 likewise found a decreased risk of EAC associated with both 
aspirin (OR, 0.73, 95% CI, 0.65–0.83) and NSAID (OR, 0.84, 95% CI, 0.72–0.98) 
use [55]. The meta-analysis also found a reduced risk of EAC among patients with 
Barrett’s esophagus associated with either aspirin or NSAID use (RR, 0.64, 95% CI, 
0.42–0.96) [55].

Statins
Recently, a chemopreventive role for statins in esophageal cancer has been sug-
gested. An early meta-analysis that included seven studies (n = 6895 esophageal 
cancer cases) found a reduced risk of esophageal cancer associated with statin use 
(OR, 0.75, 95% CI, 0.67–0.84) [56]. Moreover, a greater reduction was observed for 
a longer duration of use (OR, 0.45, 95% CI, 0.31–0.67), with no heterogeneity 
(I2 = 0%, p = 0.79). There was also a reduction in the risk of progression to EAC in 
BE patients (OR, 0.56, 95% CI, 0.41–0.76), with no heterogeneity (I2  =  0%, 
p = 0.93). Only atorvastatin and simvastatin showed a statistically significant reduc-
tion in risk, with OR 0.68, 95% CI 0.55–0.86, and OR 0.76, 95% CI, 0.66–0.89, 
respectively; no heterogeneity was present. Subgroup analyses for prospective and 
retrospective studies both showed a reduced risk, with OR 0.75, 95% CI 0.67–0.86, 
and OR 0.68, 95% CI 0.54–0.86, respectively; heterogeneity was not present [56]. 
A recent meta-analysis of 20 studies included 372,206 cancer cases and 6,086,906 
controls [57]. Statin use was not associated with an increased risk of esophageal 
cancer among patients with Barrett’s esophagus (OR, 0.59, 95% CI, 0.50–0.68). In 
addition, statin use was associated with a lower incidence of both EAC (OR, 0.57, 
95% CI, 0.43–0.76) and all esophageal cancers (OR, 0.82, 95% CI, 0.70–0.88) [57].

 Alcohol Consumption and Tobacco Smoking
The lack of a relationship between alcohol consumption and EAC is consistent 
across studies. No relationship between alcohol consumption and EAC was found 
in a recent large prospective cohort study from the Netherlands [58]. In fact, the lack 
of relationship between alcohol consumption and EAC was confirmed by a meta- 
analysis which included 20 case-control and 4 cohort studies (RR, 0.87, 95% CI, 
0.74–1.01) [59].
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Smoking, however, has been linked with EAC.  A meta-analysis of 33 studies 
published found that compared to never smokers, there was an increased risk of EAC 
among current smokers (RR, 2.32, 95% CI, 1.96–2.75), ever smokers (RR, 1.76, 
95% CI, 1.54–2.01), and ex-smokers, (RR, 1.62, 95% CI, 1.40–1.87) [60]. Similarly, 
in a large prospective follow-up study of 474,606 participants, current smokers were 
at increased risk for EAC (HR, 3.70, 95% CI, 2.20–6.22), as were former smokers 
(HR, 2.82, 95% CI, 1.83–4.34), when compared with never smokers [61].

Another meta-analysis found that the risk of EAC increased with greater 
BMI. However, after adjusting for other confounding factors, it was noted that there 
was a significant inverse relationship with drinking-years in those drinkers that con-
sumed <5 drinks per day, who had particularly reported no acid reflux. Conversely, 
no such association was found for heavier drinkers [62]. In 2017, a meta-analysis 
examined the effect of water pipe smoking and esophageal cancer, without classify-
ing the histological type of the cancer [63]. Water pipe smoking is a method of 
tobacco smoking originating from the Middle East that involves smoking a variety 
of flavored tobacco using a water pipe. Some modern terms that describe this type 
of smoking are shisha, hookah, hubble-bubble, narghile, and qalyan. The paper col-
lected data from five case-control studies, reporting that water pipe smoking confers 
a significant positive association (OR, 3.63, 95% CI, 1.39–9.44) [63].

 Metabolic Disorders
A recent population-based study reported that EAC is mildly associated with meta-
bolic syndrome in elderly patients (OR, 1.16, 95% CI, 1.06–1.26) [63]. The associa-
tion in males is linked to individuals without prior diagnosis of GERD; however, it 
was noted that in females, the occurrence of EAC was not related to GERD status 
[64]. Over the last 30 years, the incidence of EAC and diabetes mellitus has been 
increasing steadily in the United States. Investigating a possible association to explain 
this trend, a recent study found that diabetes mellitus is significantly associated with 
EAC independent of obesity, another known risk factor for EAC (OR, 2.20, 95% CI, 
1.70–2.80) [65]. This was confirmed in a meta-analysis, reporting that diabetes mel-
litus conferred an increased risk for EAC (RR, 1.43, 95% CI, 1.35–1.51) [66].

 Esophageal Squamous Cell Carcinoma

The risk factors for ESCC are presented diagrammatically in Fig. 1.7 and are dis-
cussed individually below.

 Age and Gender
The incidence of esophageal cancer increases with age. The majority of individuals 
with ESCC are aged between 60 and 70 years, an older age group than for EAC; 
however, there are some specific groups that are at much higher risk very early in 
life (in their 20s) [19]. As with EAC, ESCC is more common in men than in women. 
The global incidence was estimated at 7.7 per 100,000 in men and 2.8 per 100,000 in 
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women. Again, as with EAC, the difference in incidence between the genders is 
most evident in the high-incidence region of Eastern and Southeastern Asia (13.6 in 
men and 4.3  in women) [8]. In the United States, the national age-standardized 
incidence rate for ESCC is 4.93 per 100,000 in men and 2.30 per 100,000 in women 
[10]. This difference is thought to be due to risk factors such as smoking and alcohol 
consumption which historically have had a larger male participation rate.

 Ethnicity
A recent finding reported a higher incidence of ESCC in individuals of African 
descent compared to Caucasians. However, it also highlights that the racial dispari-
ties in this cancer have declined over time in the United States [67]. This observa-
tion was supported by another study that found the incidence of ESCC to be the 
highest among African-Americans compared with white non-Hispanics, Hispanics, 
or Asians, according to the SEER database. Additional analysis determined that the 
estimated incidence of ESCC in African-American men (at age 60) who consumed 
alcohol and tobacco (30/100,000) was relatively similar to the incidence of EAC in 
white non-Hispanic men (at age 60) with GERD (40/100,000) [68]. In another 
study, it was reported that ESCC rates varied in different Asian ethnic groups, but it 
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was far more prevalent in both foreign-born and US-born Asian-Americans. This 
study reported that rates of ESCC were higher in US-born Asian men (4.0 cases per 
100,000) compared with foreign-born Asian men (3.2 cases per 100,000) and 
Caucasian men (2.2 cases per 100,000) (p  =  0.03). This suggests that there are 
genetic and environmental factors that come to play in the incidence of ESCC [69].

 Alcohol Consumption and Tobacco Smoking
The distinct risk outcomes of alcohol consumption observed in EAC and ESCC are 
plausibly attributable to the varying pathogeneses between the two histological types 
[70]. The association between alcohol consumption, smoking, and ESCC is well 
established, as is the synergistic increase in risk that heavy alcohol consumption and 
smoking have on this cancer. A large prospective cohort study from the Netherlands 
consisting of 120,852 participants and published in 2010 found a greatly increased 
risk of ESCC in consumers of >30 g of ethanol per day compared with nondrinkers 
(RR, 4.61, 95% CI, 2.24–9.50) [58]. The RR for current smokers who consumed 
between 5 and 15 g of ethanol per day was 4.48 (95% CI, 1.97–10.20), and this 
increased in daily drinkers of 15 g of ethanol to 8.05 (95% CI, 3.89–16.60), when 
compared with never smokers who consumed <5 g/day of ethanol.

A recent meta-analysis specifically analyzed the effects of alcohol consumption 
and tobacco use on ESCC, both alone and in combination [71]. This study found an 
increased risk in nonsmoking drinkers (OR, 1.21, 95% CI, 0.81–1.81), though this 
was statistically nonsignificant, and in nondrinking smokers (OR, 1.36, 95% CI, 
1.14–1.61). This increased to OR 3.28 (95% CI, 2.11–5.08) in concurrent smokers 
and drinkers. Studies have reported ORs as high as 50.1 for the increased risk of 
ESCC in the highest smoking and highest alcohol consumption group, compared 
with nonsmokers and nondrinkers [72].

Recently, meta-analyses have been conducted analyzing the dose-response risk 
of alcohol consumption on esophageal cancer, with particular emphasis on light and 
moderate alcohol drinkers, nonsmokers, and, in recognition of genetic polymor-
phisms involved in alcohol metabolism, different racial groups. A meta-analysis 
which included 40 case-control and 13 cohort studies found that after adjusting for 
age, sex, and tobacco smoking, there was an increased risk of ESCC associated with 
light alcohol drinking (≤12.5 g/day) (RR, 1.38, 95% CI, 1.14–1.67), which increased 
for moderate drinkers (12.5–50 g/day) (RR, 2.62, 95% CI, 2.07–3.31) and for high 
alcohol intake (>50 g/day) (RR, 5.54, 95% CI, 3.92–7.28) [73]. The association was 
slightly stronger in Asian studies for light drinkers (RR, 1.52, 95% CI, 1.06–2.19), 
but was weaker for moderate (RR, 2.52, 95% CI, 1.69–3.74) and heavy (RR, 4.31, 
95% CI, 2.46–7.55) consumption. Among never-smokers, the risk estimates were 
RR 0.74, 95% CI, 0.47–1.16, for light; RR 1.54, 95% CI, 1.09–2.17, for moderate; 
and RR 3.09, 95% CI, 1.75–5.46, for heavy drinkers.

Another meta-analysis which also examined racial effects on risks of ESCC 
found that compared to nondrinkers, weekly consumption of more than 200 g of 
alcohol was associated with an increased risk of ESCC, and the risk was greater in 
Asian never drinkers (OR, 5.05, 95% CI, 3.40–7.49) than for Europeans (OR, 3.42, 
95% CI, 2.29–5.09) [74]. This observation could be due to the effect of 
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polymorphisms of genes involved in alcohol metabolism occurring more commonly 
in those populations.

Another meta-analysis examined the relationship between light alcohol drinking 
and various cancers by comparing light drinkers (defined as consuming ≤12.5 g of 
ethanol or ≤1 drink per day) to nondrinkers [75]. The study found a positive relation-
ship even for light drinkers (RR, 1.30, 95% CI, 1.09–1.56) and estimated that 24,000 
deaths from esophageal ESCC were attributable to light drinking in 2004 worldwide.

Tobacco smoking is also independently associated with an increased risk of 
ESCC. A large prospective follow-up study of 474,606 participants found that cur-
rent smokers were at increased risk for ESCC (HR, 9.27, 95% CI, 4.04–21.29), as 
were former smokers (HR, 4.35, 95% CI, 1.95–9.72), when compared with never 
smokers [61]. The association was much stronger for ESCC in current smokers than 
the same study found for EAC.

Further evidence analyzing race-specific effects of alcohol and tobacco on the 
risk of ESCC also found an increased risk of ESCC, with the effect of current smok-
ing versus never smoking being weaker among Asians (OR, 2.31, 95% CI, 1.78–
2.99) than among Europeans (OR, 4.21, 95% CI, 3.13–5.66) [74].

 Socioeconomic Status
The evidence for a relationship between socioeconomic status and ESCC appears to 
be much clearer than for EAC. In a case-control study, 347 male cases and 1354 
male controls consisting of both African-Americans and Caucasians from the 
United States were compared in terms of social class [76]. Income was an important 
factor and those individuals with a low income (<$10,000 per year compared with 
those earning $25,000 or more annually) had a substantially increased risk of devel-
oping ESCC (African-American OR, 8.00, 95% CI, 4.30–15.00; Caucasian OR, 
4.30, 95% CI, 2.10–8.70). Another case-control study from India compared 703 
cases of ESCC with 1664 controls matched by age, sex, and geographic area [77]. 
After adjusting for ethnicity, place of residence, religion, education, fruit intake, 
vegetable intake, smoking status, hookah, nass, ever-use of bidi and gutka, and alco-
hol consumption, there was a strong relationship between occupations requiring 
physical activity and ESCC (OR, 5.65, 95% CI, 3.49–9.12).

 Occupation
As noted previously, the risk of developing esophageal cancer based on occupa-
tional categories does not generally vary with the histological type of tumor. 
However, a study reported that among men, increased risks of ESCC were seen in 
waiters (SIR, 3.22, 95% CI, 2.30–4.38), cooks and stewards (SIR, 2.53, 95% CI, 
1.94–3.25), seamen (SIR, 1.77, 95% CI, 1.53–2.05), food workers (SIR, 1.21, 95% 
CI, 1.03–1.42), miscellaneous construction workers (SIR, 1.39, 95% CI, 1.25–1.54), 
and drivers (SIR, 1.23, 95% CI, 1.13–1.34) [36]. As seen with EAC, lower risks for 
ESCC were observed among technical workers (SIR, 0.72, 95% CI, 0.66–0.79), 
physicians (SIR, 0.46, 95% CI, 0.27–0.74), teachers (SIR, 0.49, 95% CI, 0.40–
0.60), religious workers (SIR, 0.59, 95% CI, 0.47–0.74), and gardeners (SIR, 0.72, 
95% CI, 0.63–0.82).

K. Vijayan and G. D. Eslick



21

 Opium
This potential link was first reported in 1977 based on a 2-year clinical study under-
taken in Northern Iran [78]. One potential mechanism by which opium may assist 
in esophageal cancer formation relates to papaverine (1% in crude opium) affecting 
esophageal peristalsis and causing esophageal relaxation and stasis [79]. This com-
bined with micronutrient deficiency makes the esophageal mucosa vulnerable to 
carcinogenic attack. A case-control study was conducted in the Golestan Province 
in Northeastern Iran with 300 ESCC cases and 571 controls whose age, gender, and 
neighborhood of residence matched [80]. An adjusted analysis found that opium use 
was associated with a twofold increased risk of developing ESCC (OR, 2.12, 95% 
CI, 1.21–3.74).

 Diet

Hot Food and Beverages
A comprehensive meta-analysis found an increased risk associated with the con-
sumption of hot food and beverages and the development of ESCC (OR, 2.29, 95% 
CI, 1.79–2.93), which remained even after adjusting for the confounding variables 
like smoking and alcohol consumption (OR, 2.39, 95% CI, 1.71–3.33) [41].

There have been numerous studies assessing the level of risk associated with diet 
and nutrition in the development of esophageal cancer. Several recent evidence-
based meta-analyses have determined the risk associated with various food groups 
and vitamins in relation to esophageal cancer.

Eggs
A risk assessment of egg consumption and esophageal cancer reported that among 
seven studies (n  =  2223 cases), there was an increased risk (OR, 1.25, 95% CI, 
0.98–1.61); however, this was not statistically significant [81].

Meat Consumption
A recent meta-analysis to determine the association between meat consumption and 
risk of esophageal cancer analyzed 29 studies involving 1,208,768 individuals [43]. 
The study found an increased risk of ESCC associated with the consumption of red 
meat (OR, 1.41, 95% CI, 1.24–1.61), processed meat (OR, 1.54, 95% CI, 1.06–
2.23), and barbequed meat (OR, 1.33, 95% CI, 1.15–1.45). The consumption of 
white meat (chicken) (OR, 0.73, 95% CI, 0.65–0.83) and fish (OR, 0.66, 95% CI, 
0.58–0.76) both conferred a protective effect on the development of ESCC.

Pickles
A relationship between Asian pickled vegetable consumption and ESCC has been 
suggested by experimental studies; however, the results of epidemiological studies 
have been inconsistent. A meta-analysis from 2009 sought to investigate the rela-
tionship and included 34 studies, of which 3 were prospective studies [82]. They 
found an increased risk of ESCC associated with the consumption of pickled vege-
tables (OR, 2.08, 95% CI, 1.66–2.60). The adjusted studies retained the positive 
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relationship (OR, 2.15, 95% CI, 1.64–2.81). However, the subgroup analysis of the 
three prospective studies revealed a nonstatistically significant relationship (OR, 
1.52, 95% CI, 0.82–1.63), illustrating the need for more prospective studies to con-
firm the potential relationship.

Tea and Coffee Consumption
A number of studies have investigated whether a relationship exists between the 
consumption of tea and coffee and esophageal cancer. The most recent is a large 
European study which included 442,143 participants from nine European countries 
[83]. The results showed a decreased risk of esophageal cancer of any type among 
current smokers who consumed high levels of coffee (HR, 0.48, 95% CI, 0.28–
0.83), as well as a decreased risk of ESCC among current smokers who consumed 
high levels of tea (HR, 0.46, 95% CI, 0.23–0.93) and coffee (HR, 0.37, 95% CI, 
0.19–0.73). There was also a decreased risk of ESCC in men who consumed high 
levels of coffee (HR, 0.42, 95% CI, 0.20–0.88). There were no statistically signifi-
cant associations with EAC.

Another large study from Norway examined the relationship between coffee 
intake and oral and ESCC in a follow-up of 389,624 Norwegian men and women 
aged 40–45 years [84]. Using 1–4 cups per day as the reference level of consump-
tion, the study did not find a statistically significant relationship, neither protective 
nor harmful, linking different levels of coffee consumption and ESCC.

A large follow-up study from the United States with 481,563 subjects, including 
123 ESCC and 305 EAC cases, also investigated the relationship between hot tea, 
iced tea, and coffee consumption and risk of upper gastrointestinal tract cancers 
[85]. The only statistically significant relationship observed was an inverse associa-
tion between high levels of coffee drinking and EAC for the cases occurring in the 
last 3 years of follow-up—the risk estimate for drinking >3 cups/day compared to 
<1 cup/day was HR 0.54 (95% CI, 0.31–0.92).

A Cochrane review conducted in 2009 investigated the consumption of green tea 
(from the Camellia sinensis plant) for the prevention of cancer and found no evi-
dence that green tea consumption reduces the risk of gastrointestinal cancers, 
including esophageal cancer [86].

In addition, a recent IARC report into the potential carcinogenic properties of 
very hot beverages found that there was limited evidence in humans for the carcino-
genicity of drinking very hot beverages. However, there were a number of positive 
associations reported linking drinking very hot beverages and esophageal squamous 
cell carcinoma. The overall finding was that drinking very hot beverages at tempera-
tures above 65 °C is probably carcinogenic to humans (Group 2A) [42].

 Minerals and Vitamins

Toenail Mineral Concentration
A recent study examined the concentration of selenium (OR, 0.78, 95% CI, 0.41–
1.49), zinc (OR, 0.80, 95% CI, 0.42–1.53), chromium (OR, 0.9, 95% CI, 0.46–
1.80), and mercury (OR, 0.61, 95% CI, 0.27–1.38) in a population based study and 
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found no significant evidence asserting a correlation between toenail mineral con-
centration and SCC [87].

NDMA
Though NDMAs have not been proven to be significantly associated with EAC, 
evidence has been published suggesting that there is a significant positive relation-
ship with ESCC (RR, 1.72, 95% CI, 1.01–2.96) [88].

Folate
A recent meta-analysis of 9 studies including 2574 esophageal cancer cases found 
high dietary folate intake to be associated with a decreased risk of any histological 
type of esophageal cancer (OR, 0.59, 95% CI, 0.51–0.69) [50]. The study also found 
a risk reduction for ESCC (OR, 0.63, 95% CI, 0.44–0.89) associated with a high 
dietary folate intake [50]. These results are supported by findings that polymor-
phisms in genes involved in folate metabolism that result in lower circulating folate 
levels are associated with an increased risk of esophageal cancer.

Diet-Related Inflammation
Chronic diet-related inflammation has been linked to increased risk of developing 
diabetes [89], heart disease [90], and obesity [91]. Several studies have detected a 
positive association between diet-related inflammation and ESCC. A 2015 study 
investigated participants with varying dietary inflammatory indices (DII), uncover-
ing that higher DII scores (i.e., more pro-inflammatory diets) were associated with 
a higher risk of ESCC with the DII being used as a categorical variable (OR quintile 
5 versus 1, 2.46, 95% CI, 1.40–4.36) [92]. This result was further supported by a 
study conducted a year later that presented significant associations for ESCC (OR 
quartile 4 versus 1, 4.35, 95% CI, 2.24–8.43) and EAC (OR quartile 4 versus 1, 
3.59, 95% CI, 1.87–6.89) for individuals with higher recorded DIIs [93].

 Maté Consumption
Maté is a tealike infusion made from the leaves of the perennial tree Ilex paraguar-
iensis, which is native to Argentina, Brazil, Paraguay, and Uruguay. It is a popular 
drink in some parts of South America, where it is also variously also referred to as 
yerba maté, erva maté, chimarraõ, and cimarrón. The consumption of maté is sus-
pected to be a risk factor for cancers of the upper aerodigestive tract, including 
ESCC. In a recent meta-analysis of nine studies, 1565 ESCC cases were analyzed 
to determine the relationship [94]. ESCC was associated with exposure to maté 
drink (OR, 2.57, 95% CI, 1.66–3.98). There was an increased risk of ESCC associ-
ated with a higher consumption of maté, versus low consumption (OR, 2.76, 95% 
CI, 1.33–5.73, versus OR, 1.84, 95% CI, 1.12–3.00).

 Tooth Loss and Oral Hygiene
There is a dearth of data on the relationship between oral hygiene/tooth loss and esoph-
ageal cancer. A recent case-control study conducted in Kashmir on ESCC patients 
(n = 703) and matched controls (n = 1664) reported an inverse association between 
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never cleaning teeth and developing ESCC (OR, 0.41, 95% CI, 0.28–0.62) [95]. There 
was also an association made with the combined number of decayed, missing, or filled 
teeth (3–4) (OR, 2.44, 95% CI, 1.47–4.03). The adjusted data suggest that the greatest 
risk is associated with an increased number of decayed, missing, or filled teeth.

There have been a couple of other studies which have focused on tooth loss in 
relation to risk of developing esophageal cancer. A study from China found an 
increased risk of esophageal cancer associated with tooth loss (RR, 1.30, 95% CI, 
1.10–1.60) [96]. An increased risk of ESCC was also found in subjects in Iran who 
had 32 decayed, missing, or filled teeth compared with those who had 15 or less 
decayed, missing, or filled teeth (OR, 2.10, 95% CI, 1.19–3.70) [97]. In addition, 
compared with daily toothbrushing, practicing no regular oral hygiene resulted in 
more than a twofold increase of ESCC risk (OR, 2.37, 95% CI, 1.42–3.97). These 
results were not significantly changed when the analysis was restricted to never 
smokers. Another study also confirmed the increased risk of ESCC associated with 
tooth loss in two other regions, namely, Central Europe and Latin America [98]. The 
study found missing 6–15 teeth was an independent risk factor for esophageal can-
cer in Central Europe (OR, 2.84, 95% CI, 1.26–6.41) and Latin America (OR, 2.18, 
95% CI, 1.04–4.59). An increased risk of esophageal cancer associated with miss-
ing teeth was also reported in Japan (OR, 2.36, 95% CI, 1.17–4.75) [99].

By contrast, a study from Finland found no statistically significant relationship 
between tooth loss and ESCC [100]. Likewise, a Swedish study from 2011 which 
included 6156 ESCC cases found no association between oral disease and ESCC 
after adjustment for diseases related to alcohol consumption (OR, 1.3, 95% CI, 
0.9–1.9) or tobacco smoking (OR, 1.1, 95% CI, 0.8–1.7) [101].

Oral Cancer
Oral cancer and ESCC share similar risk factors, namely, smoking and alcohol con-
sumption. The occurrence of primary oral cancer has been reported to increase the 
risk of developing secondary ESCC, based on a population-based study conducted 
in Taiwan over 28 years [102]. The study suggested that there was a bidirectional 
relationship between oral cancer leading to esophageal cancer and vice versa. 
Primary oral cancers were ten times more likely to develop a secondary cancer of 
the esophagus (SIR, 10.40, 95% CI, 9.35–11.53), and those individuals with pri-
mary esophageal cancer were seven times more likely to develop a secondary oral 
cancer (SIR, 7.31, 95% CI, 6.11–8.67). An Iranian study found that in its analysis of 
a possible relationship between these two cancers, a relatively high rate of opium 
abuse (9%) was observed in the patients affected by oral cancer [103]. There is 
some correlation between opium addiction and oral and ESCC, as opium is also a 
proposed risk factor (OR, 1.77, 95% CI, 1.17–2.68) for ESCC [104].

 Infectious Disease

Viral Disease
A 2015 study found that HIV infection was correlated with the incidence of SCC 
(OR, 2.30, 95% CI, 1.00–5.10); however, it also noted that there is a more promi-
nent risk in individuals under 60 years of age (OR, 4.30, 95% CI, 1.50–13.20) [105]. 
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Another study that investigated 51 mucosotropic HPV types detected no such asso-
ciation between SC and mucosal alpha-papillomaviruses [106]. A meta-analysis 
reported that a prior HPV infection increases the risk of ESCC by threefold (OR, 
3.04, 95% CI, 2.20–4.20). The authors also indicated that studies that were con-
ducted in countries with low to medium ESCC incidence presented a stronger rela-
tionship with HPV (OR, 4.65, 95% CI, 2.47–8.76) than that in areas of high OSCC 
incidence (OR, 2.65, 95% CI, 1.80–3.91) [107].

Helicobacter pylori Infection
There has been conflicting data regarding the role of Helicobacter pylori infection in 
the development of ESCC and EAC. An early meta-analysis of 18 studies reported a 
decreased risk for ESCC in patients with H. pylori infection (OR, 0.85, 95% CI, 0.55–
1.33) and a nonsignificant increased risk associated with H. pylori cagA- positive 
strains (OR, 1.22, 95% CI, 0.70–2.13) [108]. In addition, there was an inverse statisti-
cally significant association with H. pylori infection and EAC (OR, 0.52, 95% CI, 
0.37–0.73) and for H. pylori cagA-positive strains (OR, 0.51, 95% CI, 0.31–0.82).

A meta-analysis of case-control studies reported that the level of risk for ESCC 
(n = 5) was decreased but not statistically significant (OR, 0.80, 95% CI, 0.45–1.43), 
but studies of cagA-positive strains (n = 2) showed an increased nonsignificant risk 
(OR, 1.20, 95% CI, 0.45–3.18) [39].

Moreover, in the same year there was another meta-analysis of case-control or 
nested case-control studies assessing the relationship between H. pylori infection 
and esophageal adenocarcinoma and squamous cell carcinoma [40]. When assess-
ing ESCC (n = 9), the risk was increased but not statistically significant (OR, 1.10, 
95% CI, 0.78–1.55), and the link with cagA studies (n = 4) was null (OR, 1.01, 95% 
CI, 0.80–1.27).

A more recent systematic review and quantitative meta-analysis aimed to deter-
mine the relationship between H. pylori infection and ESCC [109]. There were 40 
studies that were included in the final analysis which included 3806 cases and 
15,897 controls. The relationship between H. pylori infection and ESCC (n = 17) 
appeared protective but not statistically significant (OR, 0.82, 95% CI, 0.63–1.06). 
There was no evidence of publication bias (p = 0.53), but there was significant het-
erogeneity (I2 = 74.00; p < 0.001). However, among those with H. pylori cagA- 
positive strains (n = 12), there was an increased risk of developing ESCC (OR, 1.39, 
95% CI, 1.14–1.71; I2 = 0.00, p = 0.88). There was no heterogeneity among these 
studies (I2  =  0.00). This finding was further enforced by the strong relationship 
demonstrated in developing countries (OR, 1.70, 95% CI, 1.25–2.32). This meta- 
analysis identified a statistically significant relationship between H. pylori cagA 
positivity and ESCC, which had not previously been identified.

 Medications

Bisphosphonates
Following a report by the US Food and Drug Administration of 23 cases of esopha-
geal cancer between 1995 and 2008 which implicated the bisphosphonate 
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alendronate as a possible causative agent, there has been an increase in interest and 
investigation into the potential for an increased carcinogenic risk associated with 
bisphosphonate use, particularly for esophageal cancer. A meta-analysis from 2012 
of seven studies with 19,700 esophageal cancer cases did find an increased risk of 
esophageal cancer associated with any bisphosphonate use (OR, 1.74, 95% CI, 
1.19–2.55) [53]. In addition, the study found the risk to be increased with longer 
duration of use compared with shorter duration (OR, 2.32, 95% CI, 1.57–3.43, ver-
sus OR, 1.35, 95% CI, 0.77–2.39) [53].

 Conclusions

Esophageal cancer, while not a common cancer, continues to increase in incidence, 
with predictive models estimating cases of esophageal cancer to almost double to 
808,508 by the year 2035, resulting in 728,920 deaths in that year from the disease. 
The two histological subtypes, esophageal adenocarcinoma and esophageal squa-
mous cell carcinoma, differ in their epidemiology and risk factors by geographic 
region.

EAC has experienced a surge in incidence rates during the past few decades, 
most strikingly in Western countries, where incidence rates have increased up to 
six- to sevenfold during the period from 1975 to 2009. In Northern and Western 
Europe, North America, and Australia, its incidence continues to increase and is 
expected to plateau by 2030. ESCC is still the more common of the two histological 
subtypes, and in certain countries its incidence has stabilized or decreased recently. 
Approximately 80% of ESCC cases in 2012, or 315,000 cases, occurred within 
what is termed the “esophageal cancer belt,” which stretches across Central and 
Eastern Asia, with more than half of all ESCC cases occurring in China.

Risk factors for the two subtypes vary widely. While both are more common in 
men, EAC is associated with GERD, Barrett’s esophagus, and obesity, whereas 
ESCC seems to result from exposure to carcinogens and is associated with tobacco 
smoking, the consumption of alcohol and certain foods and beverages, poor oral 
hygiene, and a low socioeconomic status. Recent developments have included 
investigations into the effects, both protective and harmful, of different commonly 
used medications such as PPIs, bisphosphonates, and NSAIDs on esophageal can-
cer; studies looking into the impact of food and beverage subgroups such as meat, 
pickles, folate, and maté drink on esophageal cancer; as well as studies evaluating 
the effects of light to moderate alcohol drinking on esophageal cancer and how 
alcohol consumption affects the risk of esophageal cancer among different racial 
groups.

Esophageal cancer remains a rapidly fatal disease, with 5-year survival rates of 
19% in the United States and 12% in Europe. Given its poor prognosis and that it is 
one of the few cancers which continue to increase in incidence, greater research 
focus and funding into this disease is urgently required.
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 Introduction

 Histological Differences

Esophageal cancers comprise cancers of different histological types of diverse cellular 
and molecular bases [1, 2]. The two major histological types of esophageal cancers 
are squamous cell carcinoma and adenocarcinoma. It is important to note that there 
are histological variants of both squamous cell carcinoma and adenocarcinoma, such 
as basaloid squamous cell carcinoma, spindle cell carcinoma, mucoepidermoid carci-
noma, and adenosquamous carcinoma [3–6]. In addition, neuroendocrine neoplasms 
such as small cell carcinoma of the esophagus account for approximately 1% of pri-
mary esophageal carcinoma [7]. All these carcinomas have distinct clinicopathologi-
cal features. Limited studies have revealed that the cellular and molecular biology of 
these uncommon types of esophageal carcinomas is different from those of esopha-
geal squamous cell carcinoma or adenocarcinoma [4, 8, 9].

The current understanding of the cellular and molecular biology of esophageal 
cancers focuses on esophageal squamous cell carcinoma and esophageal adenocar-
cinoma. The difference in prevalence of these two major histological types in differ-
ent geographic regions is likely due to the complex interactions of genetic and 
environmental factors. In general, esophageal squamous cell carcinoma predomi-
nates in areas with high incidence of esophageal cancer, whereas esophageal adeno-
carcinoma is more common in areas with low incidence of esophageal cancer. In 
addition, the genetic mechanisms of esophageal squamous cell carcinoma are com-
plex with multiple genetic factors proposed [2]. On the other hand, most esophageal 
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adenocarcinomas show genetic changes of the progression of lesions related to acid 
reflux. The histological progression from reflux esophagitis to Barrett’s metaplasia 
to dysplasia to adenocarcinoma is well known.

 Applications of Molecular and Cellular Biology

Esophageal cancer is one of the leading causes of cancer death worldwide despite 
recent improvements in surgical and adjuvant therapies. Better understanding of the 
cellular and molecular biology of these cancers will allow us to apply this knowl-
edge to clinical management, thereby increasing the quality of life of patients with 
esophageal cancer. Thus, the study of cellular and molecular biology of esophageal 
cancer serves the following purposes: (1) to establish the presence or absence of an 
infectious cofactor, (2) to understand the genetic mechanisms of disease, (3) to pro-
vide prognostic information, and (4) to predict response to medical therapies and 
new modalities of treatment. In performing research and interpreting and applying 
knowledge in this area, it is important to bear in mind the histological differences 
between esophageal cancers.

 Establishment of an Infectious Cofactor

For esophageal adenocarcinoma, gastroesophageal reflux and the resulting Barrett’s 
esophagus (intestinal metaplasia) are the most important risk factors [1]. Obesity, 
tobacco use, drugs, and dietary factors also play roles as risk factors [10]. Besides 
these, the role of infection in the development of esophageal cancer has long been 
suspected, in particular the role of human papillomavirus (HPV).

 Human Papillomavirus

In esophageal cancers, the main infectious cofactor under intensive study is 
HPV. HPV is a non-enveloped double-stranded DNA virus that can infect the basal 
cells of the skin or mucosa. The majority of patients with HPV infections are asymp-
tomatic. After the infection, approximately 10% of patients may have persistent 
infection, which may lead to cancer [11]. In squamous cell carcinomas of the upper 
aerodigestive tract, in particular in the oropharynx, identification of the presence of 
HPV in the carcinomas is of important value [12]. In these sites, patients with HPV- 
positive cancers have better prognosis when compared to patients with HPV- 
negative cancers. The detection of HPV in oropharyngeal squamous cell carcinomas 
also predicts better response to radiotherapy. The detection of HPV in clinical set-
tings is indirectly achieved by the identification of expression of p16 protein by 
immunohistochemistry (IHC) [13].

The esophagus is distal to the oropharynx and histologically lined by stratified 
squamous epithelium as in the oropharynx. Studies to investigate HPV in esophageal 
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squamous cell carcinomas have been underway for 30 years [14, 15]. Thus, there is 
considerable data on the role of HPV infection in the development of esophageal 
cancer. The majority of studies were in esophageal squamous cell carcinoma.

Pooled analysis of five studies (in the years 2006–2013) from the literature 
revealed that HPV prevalence in esophageal adenocarcinoma was 35.0% (range, 
1–90%) and HPV-16 prevalence was 11.4% [16]. Due to the limited number of stud-
ies on esophageal adenocarcinoma, no detailed analysis of the impact was available. 
Nevertheless, the hypothesis is that progressive acid damage to the esophagus 
increases the likelihood of mucosal breaks and allows the virus to enter the basal 
layer of the transformation zone. Recently, transcriptionally active HPV was noted 
to be strongly associated with Barrett’s dysplasia and esophageal adenocarcinoma, 
suggesting a potential role of HPV in esophageal carcinogenesis. The involvement 
of HPV is reported to be via wild-type p53 and aberrations of the retinoblastoma 
protein pathway [17]. On the other hand, Antonsoon and colleagues in 2016 showed 
no evidence of HPV DNA in a large cohort (n = 233) of histologically confirmed 
archived esophageal adenocarcinomas [18]. Thus, HPV alone is unlikely to cause 
esophageal adenocarcinoma.

In esophageal squamous cell carcinoma, summarized HPV prevalence from both 
early and recent meta-analysis was 22% [16]. In general, HPV prevalence was 
higher in studies conducted in Asian countries and was much lower in studies con-
ducted in Western countries such as in Europe and America [2]. Stratified analysis 
by localization of cancer showed that esophageal squamous cell carcinoma was 
only slightly higher in the cervical portion but not significantly higher than the 
middle or lower portion of the esophagus [19].

With respect to HPV DNA detection in meta-analysis, the prevalence of esopha-
geal squamous cell carcinoma detected by type-specific primer PCR method 
(30.4%) was significantly higher than that by broad-spectrum primers (20.8%) [16]. 
Limited studies have employed the IHC method to detect p16 protein to study HPV 
infection in esophageal carcinoma. Nevertheless, the current data using p16 detec-
tion in esophageal squamous cell carcinoma did not reflect the HPV status in the 
cancer [20]. Detection of HPV DNA is thus the preferred means of studying HPV 
in esophageal carcinoma.

Human papillomaviruses are a group of more than 100 subtypes of viruses [11]. 
Slightly more than 30 subtypes are oncogenic in humans and are defined as high 
risk and low risk for cancers [21]. From pooled data, HPV-16 was the most fre-
quently observed subtype with a summarized prevalence of 11.4% [2, 16]. The 
other six most frequent individual HPV subtypes identified in esophageal squamous 
cell carcinoma, in order of decreasing prevalence, were HPV-18 (2.9%), HPV-6 
(2.1%), HPV-11(2.0%), HPV-52 (1.1%), HPV-33 (0.8%), and HPV-31 (0.6%). 
Apart from HPV-6 (low-risk type), all the detected types belong to high-risk carci-
nogenic HPV types. HPV-16 can induce cancer stem-like cell phenotypes in esoph-
ageal squamous cell carcinoma through the activation of the p13K/AKT signaling 
pathway [22].

Overall, HPV infection was associated with an increased risk of esophageal 
squamous cell carcinoma. However, the association was not as strong as that for 
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oropharyngeal squamous cell carcinoma or cervical squamous cell carcinoma. The 
impact on survival of patients with esophageal squamous cell carcinoma has not 
been clearly determined. Patients with HPV-positive esophageal squamous cell car-
cinoma had better response to chemoradiation [23, 24]. Wang and colleagues also 
reported better 3-year survival in patients with HPV-positive cancers [24]. On the 
other hand, de Costa and colleagues showed no predictive values of HPV, p16, and 
p53 status on the survival of patients with esophageal squamous cell carcinoma in a 
recent multivariate analysis [25]. At this stage, routine evaluation of HPV or p16 
status is not required in the management of esophageal cancer.

The importance of studying the pathogenesis of HPV in cancers also stems from 
the availability of effective vaccines against HPV in the market. Prophylactic HPV 
vaccine is now in its second generation [26]. The vaccine is useful to prevent prema-
lignant genital and anal lesions arising from infection with HPV when given to 
young females. Australia was the first country to offer complimentary HPV vac-
cines to boys and girls. The clinical impact of the vaccination program is already 
visible in the population. Although there is no data from clinical trials regarding the 
efficacy of the vaccines for HPV-related cancers outside the genital tract, it is likely 
that universal vaccination could affect the prevalence of HPV-related esophageal 
cancers in the future.

 Epstein-Barr Virus

The detection rates of Epstein-Barr virus (EBV) in esophageal cancer are variable 
and range from 0% to 35% [27–29]. This variability likely results from differences 
in racial, geographical, and detection methods used. It is worth noting that lympho-
cytes in the cancer stroma can harbor EBV, and thus detection of virus in esophageal 
cancer by PCR-based methods may show false-positive results [28]. On the other 
hand, in situ hybridization may provide false-negative results due to a higher rate of 
RNA degradation. Most studies have shown that EBV-associated esophageal cancer 
demonstrates similar morphologic findings to undifferentiated carcinoma of the 
nasopharynx, which is associated with EBV. At the current time, the identification 
of EBV in esophageal carcinoma has no clinical application.

 Bacteria

Helicobacter pylori, previously known as Campylobacter pylori, is a Gram-negative 
microaerophilic spiral bacterium, which is the major cause of peptic ulcer disease 
and a recognized cause of gastric carcinoma. Some strains of H. pylori may protect 
patients from gastroesophageal reflux disease and esophageal adenocarcinoma [27, 
29]. This effect may result from the bacterium decreasing acid production through 
the production of cytokines [29]. It is worth noting that the decreased prevalence of 
H. pylori worldwide because of antibiotics use parallels the increased prevalence of 
esophageal adenocarcinoma [29]. Overall, there is no consensus on the role of H. 
pylori in esophageal adenocarcinoma, with substantial differences between the 
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results of Asian and Western studies. Metagenomics studies have identified many 
other types of bacteria in the esophagus [27, 30]. Metagenomics is the study of 
microbiota in their natural habitat using next-generation sequencing through a PCR- 
based analysis of bacterial 16S rRNA genes. Two distinct clusters, a predominantly 
Gram-positive cluster (type I) and a predominately Gram-negative cluster (type II), 
were noted. The type II cluster may stimulate expression of different proteins and 
genes leading to reflux and trigger the process of adenocarcinoma formation.

 Understanding Genetic Mechanisms

 Genetic Profiles

Esophageal carcinomas are biologically aggressive cancers and thus their genetic 
profiles are complex. Oncogenes, tumor-suppressor genes, metastatic genes, apop-
tosis genes, proliferation-related factors, epigenetic factors, and proteins related to 
metastases have roles in the pathogenesis of both esophageal squamous cell carci-
noma and esophageal adenocarcinoma [2, 31]. In recent years, studies have sug-
gested that many components of the P13/AKT (phosphatidylinositol 3-kinase/
protein kinase B) pathway may be important in the pathogenesis of esophageal 
squamous cell carcinoma. The expressions of different markers such as E-cadherin, 
N-cadherin, p120, DNAJB6 (DnaJ homolog subfamily B member 6), and phos-
phorylated AKT play roles in progression of the cancer as well as predicting the 
prognosis of patients with the cancer [32–34]. Oncogenic proteins such as receptors 
for vascular endothelial growth factor (VEGF) and calpain 10 (CAPN10), which is 
regulated by gene amplified in esophageal cancer 1 (GAEC1), are related to the 
clinical progression of esophageal squamous cell carcinoma [35, 36]. In addition, 
epigenetic changes such as promoter methylation of nidogen-2 (NID2, a key com-
ponent of the basement membrane) could suppress the epidermal growth factor 
receptor (EGFR)/AKT metastasis-related pathway and control cancer metastases 
[37]. In general, for both esophageal squamous and adenocarcinoma, p53 mutation 
is an important genetic change [38, 39].

DNA copy number alterations and methylation analysis could detect many of the 
genetic and epigenetic changes in esophageal carcinomas [40–43]. Studies from 
about 2000 onwards have used comparative genomic hybridization (CGH) and 
expression array to identify the differences in genetic profiles between esophageal 
cancer and noncancerous esophageal tissue [44–47]. Chromosomal regions with 
amplification may harbor oncogenes, and chromosomal regions with deletion may 
harbor tumor-suppressor genes. CGH can identify the whole profile of cytogenetic 
changes in an individual cancer. Using this approach, researchers have identified 
many new cancer-related genes in both esophageal squamous cell carcinoma and 
esophageal adenocarcinomas [48–54]. These provide more information regarding 
the carcinogenesis of esophageal cancers as well as defining gene candidates as 
prognostic markers and molecular targets for therapy.

The traditional method of detecting genetic mutations is by Sanger sequencing 
[55]. The introduction of next-generation sequencing in research and clinical 
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practice has led to the sequencing of many new genes and generated vast quantities 
of genetic data at a low cost [56, 57]. These recent technologies allow researchers to 
sequence DNA much more quickly and economically than the previously used 
Sanger sequencing and as such have revolutionized the study of genomics and 
molecular biology. The first commercially available next-generation sequencer was 
available in 2007, and many newer versions offer the ability to detect multiple genes 
in one experimental run using smaller size equipment (Fig. 2.1). Using these robust 
new sequencing platforms, whole exome sequencing and whole genome sequencing 
of patients with esophageal carcinoma are possible. In the literature, reports of whole 
exome sequencing have been noted mainly in esophageal squamous cell carcinoma 
and occasionally in esophageal adenocarcinoma [58–67]. Many novel mutations and 
genetic pathways have been detected which could help us to understand the patho-
genesis of this group of cancers with complex genetic alterations (Table 2.1).

The International Cancer Genome Consortium (ICGC) coordinates a large num-
ber of research projects that have the common aim of comprehensively elucidating 
the genomic changes present in many cancers [68]. The preliminary meeting was in 
2007 and the consortium launched a public notice in 2010. The primary goals of the 
ICGC are to generate comprehensive catalogues of genomic abnormalities (somatic 
mutations, abnormal expression of genes, epigenetic modifications). For esophageal 
cancer, the genomic study of esophageal squamous cell carcinoma was conducted 
by researchers in China, whereas the study of esophageal adenocarcinoma was per-
formed by researchers in the United Kingdom.

Whole genome sequencing data for esophageal cancer began to appear in the 
literature in 2013 [69–83]. A large volume of information is available for the two 
major histological subtypes of esophageal cancer, which provides substantial 
resources for future research directions for the better management of patients with 
esophageal carcinoma (Table 2.1). The information includes (1) the first report of 
many novel driver gene mutations, (2) the relevant frequencies of key mutations in 
esophageal carcinomas, (3) the identification of predominant mutation pathways in 
esophageal cancers, (4) mutational signatures related to risk factors and (5) progres-
sion of the cancer as well as changes related to adjuvant chemotherapy. It is worth 
noting that as predicted from the biological aggressiveness of esophageal cancer, 
the genomic changes obtained are very complex. It will take time for research into 

Fig. 2.1 Use of 
next-generation 
sequencer to study 
esophageal carcinoma. A 
chip (arrow) in which 
DNA to be sequenced is 
loaded. On the right side, 
the chip (arrow) is in the 
grounding plate on the 
benchtop sequencer
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Table 2.1 Whole exome and whole genome sequencing results in esophageal carcinoma

Author/year/place Samples Findings
Whole exome sequencing in esophageal carcinoma
Lin/2014/China 139 ESCC Novel mutated genes, RTK-MAPK-PI3K pathways, cell 

cycle, and epigenetic regulation are frequently dysregulated
Wang/2015/China 9 ESCC and 

matched blood 
samples

Importance of deletion of 9p21.3 covering CDKN2A/2B, 
amplification of 11q13.3 covering CCND1, and p53 
mutation

Stachler/2015/
USA

30 EAC and 
Barrett’s 
esophagus

Importance of p53 in the progression

Raiendra/2016/
Australia

EAC (4 
HPV-positive 
and 78 
HPV-negative)

Distinct genomic differences between HPV-positive and 
HPV-negative EAC

Findlay/2016/UK 30 EAC 
before and 
after 
neoadjuvant 
chemotherapy

Changes in driver mutations and acquire new mutations 
after chemotherapy

Liu/2016/Africa 59 ESCC Mutational signature analysis revealed common signatures 
associated with aging, cytidine deaminase activity 
(APOBEC), and a third signature of unknown origin

Hao/2016/China 13 ESCC Evidence of spatial intra-tumor heterogeneity with multiple 
mutations

Chen/2017/China 45 ESCC with 
matched 
dysplasia

Mutations in p53 and gains in 3q are early alterations in 
ESCC development

Forouzanfar/2017/
Iran

9 familial 
ESCC

Identify Notch signaling pathway in ESCC pathogenesis

Dai/2017/Hong 
Kong

41 ESCC with 
15 matched 
lymph nodes 
with ESCC

Critical roles of ZNF750 mutations, TP53 putative GOF 
mutations, and nucleosome disorganization in ESCC 
metastasis

Whole genome sequencing in esophageal carcinoma
Dulak/2013/UK 15 EAC Novel genes (include chromatin-modifying factors and 

candidate contributors SPG20, TLR4, ELMO1, and 
DOCK2) identified as well as the potential activation of the 
RAC1 pathway

Song/2014/China 17 ESCC Frequent mutations in well-known tumor-associated genes 
(p53, RB1, CDKN2A, PIK3CA, NOTCH1, NFE2L2), and 
two novel genes (ADAM29 and FAM135B) as well as in 
histone regulator genes

Nones/2014/
Australia

22 EAC Oncogene amplification through chromothripsis- derived 
double-minute chromosome formation (MYC and MDM2) 
or breakage-fusion-bridge (KRAS, MDM2, and RFC3). 
Telomere shortening is more prominent in EACs bearing 
localized complex rearrangements. Mutational signature 
analysis also confirms that extreme genomic instability in 
EAC can be driven by somatic BRCA2 mutations

Weaver/2014/UK 12 EAC and 
Barrett’ 
esophagus

The majority of recurrently mutated genes in EAC were 
mutated in non-dysplastic Barrett’s esophagus. Only p53 
and SMAD4 mutations occurred in a stage-specific manner, 
confined to high-grade dysplasia and EAC

(continued)
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Table 2.1 (continued)

Author/year/place Samples Findings
Paterson/2015/
UK

22 EAC and 
matched 
normal tissue/
blood

Somatic mobile elements insertions are abundant in EAC

Ross-Innes/2015/
UK

23 pairs of 
EAC and 
Barrett’s 
esophagus

(i) Barrett’s esophagus is polyclonal and highly mutated 
even in the absence of dysplasia; (ii) when cancer develops, 
copy number increases and heterogeneity persists such that 
the spectrum of mutations often shows little overlap 
between EAC and adjacent Barrett’s esophagus; and (iii) 
despite differences in specific coding mutations, the 
mutational context suggests a common causative insult 
underlying these two conditions

Zhang/2015/
China

104 ESC and 
previous 
reports

Cytidine deaminase activity (APOBEC)-mediated 
mutational signature, high activity of hedgehog signaling, 
and the PI3K pathway

Qin/2016/China 10 ESCC Identify mutations in VANGL1 as well as in three coding 
genes (SHANK2, MYBL2, FADD) and two noncoding 
genes (miR-4707-5p, PCAT1)

Sawada/2016/
Japan

144 ESCC Patients were assigned to three groups, which are 
associated with environmental (drinking and smoking) and 
genetic (polymorphisms in ALDH2 and CYP2A6) factors. 
Many tumors contained mutations in genes that regulate 
the cell cycle, epigenetic processes, and the NOTCH, WNT, 
and receptor-tyrosine kinase- phosphoinositide 3-kinase 
signaling pathways

Secrier/2016/UK 129 EAC Mutational signatures showed three distinct molecular 
subtypes with potential therapeutic implication: (i) 
enrichment for BRCA signature with prevalent defects in 
the homologous recombination pathway, (ii) dominant 
T > G mutational pattern associated with a high mutational 
load and neoantigen burden, and (iii) C > A/T mutational 
pattern with evidence of an aging imprint

Cheng/2016/
China

31 ESCC Molecular defects such as chromothripsis and breakage-
fusion-bridge are important in malignant transformation of 
ESCCs and demonstrate diverse models of somatic 
variation-derived target genes in ESCCs

Cheng/2016/
China

A portion of 
104 ESCC 
(stage I or II)

FAM84B and the NOTCH pathway are involved in the 
progression of ESCC

Fels Elliott/2017/
UK

171 EAC Toll-like receptor pathway genes are recurrently mutated

Noorani/2017/
UK

10 EAC 
matched 
pre- and 
post- 
chemotherapy

The genomic landscape of pre- and post-chemotherapy is 
similar for EAC

Liu/2017/China 70 ESCC and 
squamous 
dysplasia

Squamous dysplasia and ESCCs each had similar 
mutations and markers of genomic instability, including 
apolipoprotein B messenger RNA editing enzyme, catalytic 
polypeptide-like

ESCC esophageal squamous cell carcinoma, EAC esophageal adenocarcinoma, HPV human pap-
illoma virus

A. K. Lam



41

the functional aspects of these genomic changes to be applied to the clinical man-
agement of patients with this group of cancers.

 MicroRNAs (miRNAs)

MicroRNAs (miRNAs) are a class of small, well-conserved, non-coding RNAs that 
regulate the translation of RNAs. Many studies have shown that miRNAs have 
important biological and pathological functions in many cancer types [84–96]. 
miRNAs affect a variety of biological processes in the body as well as act as onco-
genes, tumor-suppressor genes, or regulators of cancer stem cells. Due to their small 
size, there are established means of miRNA detection methods (traditional and new) 
in serum, cell lines, and human tissues in esophageal carcinoma [97, 98].

In esophageal adenocarcinomas, expression levels of different sets of miRNAs are 
altered during the development of adenocarcinoma from Barrett’s esophagus. In different 
studies, miRNAs such as miRNA-192, miRNA-196, and miRNA-21 were frequently 
upregulated, whereas miRNA-203, miRNA-205, and miR-let-7 were commonly down-
regulated during the development from Barrett’s esophagus to esophageal adenocarci-
noma [99]. In addition, changes in the expression of miRNAs are associated with the 
prediction of metastasis, prognosis, and response to chemoradiation in patients with 
esophageal adenocarcinoma. Similarly, many miRNAs are involved in the pathogenesis 
of esophageal squamous cell carcinoma. miRNAs have oncogenic or suppressor roles as 
well as potential roles as diagnostic and prognostic markers in the cancer. Many more 
miRNAs have been identified in esophageal squamous cell carcinoma as the carcinoma 
has a more complex carcinogenesis than esophageal adenocarcinoma [100–102].

Experimental studies to manipulate miRNAs in cancer cell lines may provide 
new strategies for cancer therapeutics. However, further studies, such as how to 
deliver miRNAs specifically to cancer tissues, are required in order to be able to 
apply miRNAs for clinical use.

 Cancer Stem Cells

Cancer stem cells (CSCs) are a subgroup of cancer cells with properties resembling 
the critical properties of embryonic stem cells such as self-renewal and maintenance 
of stemness [103–106]. Only cancer stem cells have tumor-initiating properties. 
CSCs are responsible for initiation, progression, metastases, and recurrence in can-
cer. They play an important role in the resistance of cancer to adjuvant therapies and 
in cancer recurrence via their activation of different signaling pathways such as 
Notch, Wnt/β-catenin, TGF-β, hedgehog, PI3K/AKT/mTOR, and JAK/STAT path-
ways [105, 106]. In addition, epithelial-mesenchymal transition (EMT) may be 
involved in epithelial cell immortalization and enrichment of stemness. These 
immortal cells may regain their original properties via mesenchymal-epithelial tran-
sition (MET) and maintain epithelial stem cell properties [107].

Identification of cancer stem cells is important in cancer and is challenging. 
CSCs are most often identified by detecting the expression of their antigens in a 
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group of stem cells [108]. Many surface markers can be used to detect CSCs by 
directly targeting their specific antigens present in cells. In addition, multiple ana-
lytical methods and techniques including functional assays, cell sorting, filtration 
approaches, and xenotransplantation methods can identify CSCs.

In esophageal squamous cell carcinoma, markers such as CD44, ALDH, Pygo2, 
MAML1, Twist1, Musashi1, side population (SP), CD271, and CD90 can be used to 
identify CSCs in individual cancer masses. In addition, stem cell markers like 
ALDH1, HIWI, OCT3/4, ABCG2, SOX2, SALL4, BMI-1, NANOG, CD133, and 
podoplanin are associated with patient prognosis, pathological stage, cancer recur-
rence, and therapy resistance [109]. In esophageal adenocarcinoma, CSCs are 
responsible for intrinsic and acquired chemotherapy resistance, which is associated 
with EMT regulation [110]. As in esophageal squamous cell carcinoma, different 
methods including functional assays, cell sorting using various intracellular & cell 
surface markers and xenotransplantation techniques can identify and separate out 
CSCs. None of these methods alone can guarantee complete isolation of the CSC 
population. Thus, a combination of methods may be used to detect and isolate CSCs.

The development of specific markers and signaling molecules to target esophageal 
carcinoma CSCs and the validation of these stem cells might provide the basis for a 
revolutionary treatment approach for the elimination and/or differentiation of CSCs in 
esophageal cancer. Emerging therapeutic tools based on specific properties and func-
tions of CSCs may improve clinical outcome of esophageal carcinomas. Therefore, 
innovative insight into the biology of cancer stem cells and therapies targeted to can-
cer stem cells will help to achieve effective management of esophageal cancers.

 Prognostic Information

 Predication of Progression

Aneuploidy (detected by FISH/flow cytometry), promoter hypermethylation, and 
cyclin A protein expression have been shown to correlate with the progression from 
Barrett’s esophagus to esophageal adenocarcinoma [111, 112]. Despite these find-
ings, there is generally a lack of large prospective studies to validate the use of these 
markers in clinical practice. The most likely candidate for clinical application is p53 
protein overexpression as determined by IHC, which correlates with neoplastic pro-
gression to esophageal adenocarcinoma. It could be a useful adjunct to determine 
the grade of dysplasia in Barrett’s esophagus. In addition, the results have been vali-
dated in some studies and the procedure used is simple.

The expression or identification of cellular and molecular markers can predict 
the survival of patients with esophageal adenocarcinoma [113, 114]. Some of the 
more commonly described markers are EGFR1 and 2, transforming growth factor 
(TGF α and β1), p53, Ki-67, cyclin-dependent kinase inhibitor 1 (p21), B-cell lym-
phoma 2 (Bcl-2), cyclooxygenase-2 (COX-2), nuclear factor-κB (NF-κB), VEGF, 
tissue inhibitor of metalloproteinase (TIMP), and microsatellite instability (MSI). 
At present, there is no routine testing for these markers, as researchers have not vali-
dated these markers adequately in prospective studies.
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In esophageal squamous cell carcinoma, many molecular and cellular markers 
are associated with patient prognosis. Expression levels of p21, p53, cyclin D1, 
Ki-67, and E-cadherin provide some prognostic information [33, 34, 36, 115, 116]. 
However, this approach is not widely used.

 Guidelines for Medical Therapies

 Prediction of Response to Medical Therapies

Preoperative chemoradiation is a standard treatment for esophageal cancers. In 
patients who undergo neoadjuvant chemoradiation therapy, histological regression 
of the primary cancer, indicated by percentage of residual viable cells, is an impor-
tant prognostic factor in addition to nodal status and gender [117].

It is thus important to have a means to predict the response to chemoradiation. 
The grade of esophageal squamous cell carcinoma could potentially predict the 
response to preoperative chemotherapy [118]. Many molecular makers have been 
studied [119–122]. p53 protein is expected to be a representative biomarker. The 
cell cycle markers CDC25B and 14-3-3sigma have potential as response biomarkers 
independent of the p53 status. The DNA repair markers, p53R2 or ERCC1, VEGF, 
and hedgehog signaling pathway factor Gli-1 also have potential as predictive bio-
markers. However, further studies are required to validate the findings. In esopha-
geal adenocarcinoma, expression of EGFR, VEGF, NF-κB, and cDNA microarray 
could act as predictive factors for preoperative chemoradiation.

It is important to be aware of the histological changes after preoperative chemo-
radiation [3]. In the current AJCC (American Joint Committee on Cancer) guide-
lines for staging of esophageal carcinoma, patients having preoperative 
chemoradiation have different guidelines for pathological staging than those patients 
without preoperative therapy [123].

 Predictors for Targeted Therapy

Targeted therapy involves targeting a specific gene mutation in the cancer. In clinical set-
tings, oncologists use targeted therapies to treat melanoma, breast cancer, and colorectal 
cancer with promising results [124–128]. Testing the cancer tissues for molecular mark-
ers is useful to predict the response of the patients to these targeted therapies.

Of the potential targets trialed to date in esophageal cancer, EGFR (Her 1 and 
Her 2) and VEGF surface receptor antagonists have shown the most promising 
results [129–133]. For instance, overexpression of EGFR-1 is present in 1/3 to 2/3 
of esophageal adenocarcinoma and squamous cell carcinoma tissues. Her 2 (also 
known as c-erbb2, CD340, and Neu) staining has been demonstrated in esophageal 
squamous cell carcinoma [134].

The most important advance in the molecular biology and oncology of esophageal 
adenocarcinoma at the gastroesophageal junction is the approval of anti-Her 2 therapy 
for the treatment of this cancer [135]. On October 20, 2010, the US Food and Drug 
Administration (FDA) granted approval for the use of trastuzumab (Herceptin), which 
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targets the Her 2 protein. Trastuzumab in combination with other chemotherapy is 
approved for the treatment of patients with Her 2 overexpressing metastatic esophageal 
adenocarcinoma at the gastroesophageal junction who have not received prior treatment 
for metastatic disease. The approval was based on the findings in many clinical trials that 
trastuzumab-based therapy offered a significant survival advantage for patients with Her 
2 overexpressing locally advanced, recurrent, or metastatic gastric and gastroesophageal 
junctional adenocarcinomas when compared to conventional therapy alone. Approval of 
the use of trastuzumab by the US FDA was followed by authorities in other countries, 
e.g., the Therapeutic Goods Administration (TGA) in Australia.

Pathologists are required to determine the Her 2 status in biopsy or resection 
material from gastroesophageal junction tumors as well as metastatic sites. IHC and 
in situ hybridization (ISH) testing is used to assess the expression of Her 2. Precise 
testing of the Her 2 status is important, as Her 2 is the only biomarker established 
for patients with advanced esophageal adenocarcinoma of the gastroesophageal 
junction. Pathologists should ensure that biopsies or resection specimens used for 
testing are properly fixed and pathologically assessed [136]. In many clinical labo-
ratories, the protocol adopted is a combination of testing of Her 2 by IHC and 
ISH. Her 2 staining is membranous in cancer cells and is scored as “negative, 1+, 
2+, and 3+” depending on standard criteria. In many centers, for cases that are nega-
tive or “1+” by IHC, the patients are not considered candidates for anti-Her 2 ther-
apy. In cases that are strongly positive (3+, as defined by strong and complete 
membranous reactivity), patients are candidates for anti-Her 2 therapy. Esophageal 
adenocarcinomas at the gastroesophageal junction that are equivocal (2+) in stain-
ing are typically tested by ISH to reach a decision regarding trastuzumab therapy.

 Research Sources for Molecular and Cellular Studies 
in Esophageal Cancers

 Tissue Studies

Human cancer can be studied at the tissue level when tumor tissue is surgically 
removed from the human body. These cancer tissues are without blood supply and 
degeneration will quickly occur. Cancer studies on these tissues can be performed in 
several ways. In clinical settings, cancer tissues are fixed in formalin and embedded 
in paraffin. Thin sections can be cut from the paraffin-embedded tissues, stained by 
hematoxylin and eosin, and examined by pathologists under light microscope. These 
sections are useful for various molecular studies. In fact, many esophageal cancer 
research findings derived from studies are performed on paraffin-embedded tissues. 
This approach has the benefit of providing superior morphological features for study-
ing histological features as well as localization of biomarkers at the cellular level 
when compared with other methods (Fig. 2.2). It is worth noting that histological 
assessment is important before starting any further molecular research. It is impor-
tant to confirm the presence of cancer and the proportion of cancer cells on histologi-
cal examination of the tissue. Proper dissection and histological examination of 
cancer tissue provides information regarding histological type, grading, and 
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b

Fig. 2.2 Histological features of carcinomas from formalin-fixed and paraffin-embedded sam-
ples. (a) Well-differentiated squamous cell carcinoma. (b) Well-differentiated adenocarcinoma. (c) 
Lymph node with metastatic esophageal adenocarcinoma
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pathological staging which are important parameters to determine the behavior of the 
cancer as well as the treatment options for esophageal carcinoma [3, 123, 137].

In recent years, the use of tissue microarray (TMA) has increased for testing 
molecular markers in large numbers of samples by either IHC or ISH (Fig. 2.3). The 

a b

c e
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Fig. 2.3 Tissue microarray (TMA) of esophageal carcinoma. (a) Making tissue microarray block 
by manual technique. (b) A tissue microarray block with multiple tissue cores in the paraffin. (c) 
Section stained by hematoxylin and eosin taken from the tissue microarray block of esophageal 
squamous cell carcinoma. (d) Higher magnification of two of the cores of 3c. (e) The TMA section 
used to test a biological marker
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testing of multiple samples in a block allows rapid screening of large numbers of 
patient samples and reduces the costs of reagents. The use of tissue in the form of 
TMA minimizes the amount of invaluable patient tissue used for research tests, 
making it available for essential clinical use. In the TMA technique, a hollow needle 
is used to remove tissue cores as small as 0.6 mm in diameter from regions of inter-
est in each paraffin block. These tissue cores are then inserted in a recipient paraffin 
block in a precisely spaced array pattern [138]. The cores of tissues in the recipient 
block are from different patients. There are some drawbacks as cancer is heteroge-
neous, and small samples from a cancer may not represent the information that 
could be obtained by studying the whole tumor section. In addition, preparation and 
workup on the TMA blocks require greater technical expertise and time than con-
ventional tissue blocks.

The drawback of working on paraffin-embedded tissues is that formalin irrevers-
ibly cross-links proteins via the amino groups, thus preserving the structural integ-
rity of the cells to allow staining with dyes to analyze abnormalities in the tissue that 
indicate cancer. The effect of these cross-linking fixatives on the nucleic acids and 
proteins may impair molecular interactions. To overcome this drawback, snap- 
freezing in liquid nitrogen and storage at −80 °C is used to collect esophageal can-
cer tissues for use in research. The snap-freezing approach provides tissues that are 
superior in quality for molecular studies, for instance, whole genome or whole 
exome studies in esophageal carcinomas; however, the morphological features are 
inferior to those obtained using paraffin-embedded sections (Fig. 2.4).

The staining of histological sections will fade over time. In addition, storage of 
large amounts of histological sections is difficult. Whole-slide imaging allows scan-
ning and storage of the histological slides in digital files [139]. This also allows 
long-term storage of research data as well as computerized analysis of histological 
parameters (Fig. 2.5). Researchers can share information more easily using digi-
talized slides.

Blood samples are also important research materials for patients with esophageal 
carcinomas. Blood can be used to analyze circulating DNA, miRNA, or CTCs in 
esophageal carcinoma patients [140, 141].

 Cancer Cell Lines

It is worth noting that research with removed cancer tissue cannot provide func-
tional dynamic studies of esophageal cancers. For functional studies in esophageal 
cancer, studies are often performed in cancer cell lines derived from tissues obtained 
freshly from surgery. Several molecular approaches are used to block the genetic 
changes in the cancer [142]. For instance, RNA interference (RNAi) is a normal 
physiological mechanism in which a short effector antisense RNA molecule regu-
lates target gene expression. RNAi can silence a particular gene of interest in a 
sequence-specific manner and is used to target various molecular pathways in 
esophageal carcinoma by designing RNAi specific for key pathogenic genes. Several 
RNAi-based strategies are being explored to develop therapeutics against 

2 Cellular and Molecular Biology of Esophageal Cancer



48

a

b

c

Fig. 2.4 Histological features of esophageal carcinoma prepared by sectioning of frozen tissues. 
The quality of the morphological features is inferior to those in Fig. 2.2 or 2.3. (a) Squamous cell 
carcinoma of esophagus. (b) Non-neoplastic esophageal epithelium (control in research). (c) Para- 
esophageal lymph node infiltrated by squamous cell carcinoma
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esophageal carcinoma, including inhibition of overexpressed oncogenes, blocking 
cell division by interfering with cyclins and related genes, and enhancing apoptosis 
by suppressing anti-apoptotic genes.

Cancer cell lines need the appropriate medium to grow. Cancer cell lines often 
grow without attaching to a surface and they can proliferate to a much higher den-
sity in a culture dish. The resulting transformed cancer cell lines, in reciprocal fash-
ion, can often cause tumors if injected into a susceptible animal to generate an 
animal model. Cancer cells can be harvested from the animal and form a more sta-
ble cancer cell line. In esophageal cancers, some of the more commonly used cell 
lines are actually secondary cell lines. Cancer cell lines can allow functional studies 
to be performed. They can be stored in liquid nitrogen for an indefinite period and 
retain their viability when thawed.

a

b

Fig. 2.5 Whole-slide imaging of esophageal carcinoma. (a) Capture of the histology of an esoph-
ageal squamous cell carcinoma frozen section by scanner. (b) Image obtained from scanning of an 
esophageal adenocarcinoma. Arrow and scale are indicated. Zooming of the image is possible as 
noted on the right upper corner
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In esophageal cancers, there are published cancer cell lines available for both 
adenocarcinoma and squamous carcinoma [143–146]. When compared to esopha-
geal squamous cell carcinoma, esophageal adenocarcinoma is relatively uniform in 
characteristics as the risk factors and pathogenesis are more established. Model 
research on esophageal adenocarcinoma relies almost entirely on a relatively small 
set of established cancer cell lines. The high genomic similarities between the 
esophageal cell lines and their original cancers provide rationale for their use. 
Nonetheless, cancer cell lines nearly always differ in important ways from the origi-
nal cancer from which they were derived.

 Animal Models

Animal models are important to study the effects of cancer in vivo and for the pro-
duction of cancer cell lines. An animal model may be a clinically relevant applica-
tion for developing therapeutic strategies. Cancer development is a complex process 
involving the accumulation of genetic alterations and their downstream effects as 
well as interactions with the microenvironment in different tissues. The cancer 
microenvironment and its interactions with the cancer are important in determining 
the growth dynamics of different cancers.

Injection of cancer or cancerous cells in the subcutaneous tissue of the skin of 
immunodeficient mice is a common practice to produce a cancer model in animals 
(Fig. 2.6a). In many instances, researchers use a cancer cell line as it is easy to 
grow. However, to adopt a personalized approach for testing the cancer from a 
particular group of patients, injection of cancer tissue is required which is labelled 
as patient-derived xenograft (PDX) model. This approach requires careful plan-
ning and highly experience personnel, and there is a high failure rate of growth of 
the tumor in the animal (when compared to using commercially obtained cancer 
cell lines).

In esophageal cancers, this approach cannot recapitulate the microenvironment 
of the esophagus or the response to targeting carcinogens. One approach is to 
generate an orthotopic (occurring at a normal site) model for esophageal carci-
noma [147, 148] (Fig. 2.6b). The orthotopic model provides the optimum environ-
ment for cancer growth and drug testing. In the anatomical setting of esophageal 
cancer, the site is very difficult to approach surgically. Several approaches have 
been explored, but most of these have some shortcomings. The establishment of 
these orthotopic models needs to involve radiological guidance (magnetic reso-
nance imaging and fluorescence imaging) so the cancer and the metastases can be 
visualized in real time [149]. In addition, pathological examination is important to 
clarify the histological typing, microscopic location, and microenvironment of the 
cancer in the animal.
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 Introduction

Like most structures of the alimentary canal, the esophagus is a tubular muscular 
structure that contains a mucosa, submucosa, muscularis propria, and surrounding 
connective tissue (termed adventitia in the esophagus) (Fig. 3.1). Anatomically, the 
esophagus extends from the cricopharyngeal muscle, which forms the upper esoph-
ageal sphincter, to the lower esophageal junction, where the stomach originates. 
Histologically, the mucosa consists of a stratified non-keratinizing squamous epi-
thelium, lamina propria and muscularis mucosae. The squamous epithelium sits 
atop a basement membrane that separates it from the lamina propria. The lamina 
propria is composed of loose fibroconnective tissue, lymphatic spaces, and capillary 
vessels. The muscularis mucosa is a thin muscular layer that separates the mucosa 
from the submucosa. The submucosa is composed of dense irregular fibrovascular 
connective tissue admixed with scattered mucin-producing glands (esophageal sub-
mucosal glands) and ducts, which aid in the passage of food. Deep to the submucosa 
is the muscularis propria, which is primarily composed of striated muscle in the 
upper 1/3 of the esophagus, smooth muscle in the lower 1/3 of the esophagus, and a 
mixture of both in the mid esophagus. Finally, deep to the muscularis propria is the 
adventitia, a layer of connective tissue and adipose tissue that helps link the esopha-
gus to adjacent structures. The esophagus, unlike most tubular structures of the ali-
mentary canal, lacks a serosa (Fig. 3.1).

Neoplastic transformation can involve any of the cell types found in the 
esophagus. However, the vast majority of malignant tumors that arise from the 
esophagus are epithelial in origin. This review will focus on the malignant 
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epithelial lesions of the esophagus, namely, adenocarcinoma and squamous cell 
carcinoma, and their precursor lesions.

Esophageal cancer affects more than 450,000 people worldwide and squamous 
cell carcinoma is the predominant histologic type [1]. In the United States, Australia, 
the United Kingdom, and some Western European countries, the incidence of ade-
nocarcinoma is increasing rapidly and now exceeds that of squamous cell carci-
noma [1]. The estimated number of new cases of esophageal cancer in the United 
States in 2019 is 17,650, and the vast majority (13,750) will affect men [2]. 
Esophageal cancer is estimated to be the seventh leading cause of cancer deaths in 
men in 2019 in the United States, accounting for 13,020 or 4% of all cancer deaths 
(following lung, prostate, colorectal, pancreatic, liver cancer and leukemia) [2].

Squamous epithelium
Lamina propria

Muscularis mucosae

Submucosa

Muscularis Propria
(Internal Layer)

Muscularis Propria
(External Layer)

Adventitia

Fig. 3.1 Structural layers of the esophagus (H&E stain). The innermost layer (or tunica) is the 
mucosa. The mucosa is composed of an epithelial lining (squamous epithelium), the underlying 
lamina propria (loose connective tissue that supports the epithelium), and the muscularis mucosae 
(a thin layer of smooth muscle). Deep to the mucosa is the submucosa, which contains more cel-
lular connective tissues, prominent blood vessels (with muscularized arteries), nerve fibers 
(Meissner plexus), and submucosal mucus (exocrine) glands. A submucosal gland is present in this 
figure. The thick outer muscular layer is called the muscularis mucosa (or muscularis externa) and 
in the distal esophagus (as shown in this figure) is composed of an inner circular layer and an outer 
longitudinal layer of smooth muscle; they layers are separated by the myenteric plexus. Skeletal 
muscle is admixed with smooth muscle of the muscularis propria in the mid esophagus, and in the 
proximal esophagus, the outer muscular layers are primarily composed of skeletal muscle. The 
outermost layer of the esophagus is the adventitia, which is composed of loose connective tissue 
and helps to anchor the esophagus in place (H&E stain, 20×)
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 Pathology of Adenocarcinoma and Its Precursor Lesions

Adenocarcinoma typically arises in the distal third of the esophagus and is associated 
clinically with dysphagia and weight loss. Several risk factors have been described 
for esophageal adenocarcinoma, including increased age, male gender, white ethnic-
ity, high body mass index, low fruit and vegetable intake, absence of Helicobacter 
pylori infection, the presence of a hiatal hernia, and history of reflux disease [3–10]. 
Clinical observations and studies in animal models suggest a linear sequence in the 
development of esophageal adenocarcinoma. Initially, the replacement of the normal 
squamous epithelium by glandular mucosa (gastric type or intestinal type) occurs 
secondary to repeated injury from bile and acid reflux. This is followed by dysplastic 
change within this metaplastic tissue, leading to the development of invasive carci-
noma after molecular evolution of the dysplastic epithelium.

 Precursor Lesions of Esophageal Adenocarcinoma: Barrett’s 
Esophagus and Barrett’s Esophagus-Associated Dysplasia

As recommended by the American College of Gastroenterology in 2016, Barrett’s 
esophagus (BE) “should be diagnosed when there is extension of salmon-colored 
mucosa into the tubular esophagus extending ≥1 cm proximal to the gastroesopha-
geal junction (GEJ) with biopsy confirmation of intestinal metaplasia (IM)” [11]. 
Of note, not all professional organizations or countries, including the British Society 
of Gastroenterology and Japan, require the histologic documentation of intestinal 
metaplasia [12, 13].

Macroscopically, Barrett’s esophagus appears as a well-demarcated area of ery-
thematous or “velvety” mucosa within the squamous-lined tubular esophagus. 
Histologically, three different types of columnar or glandular metaplasia can be seen 
on biopsies from patients with “Barrett’s” esophagus: (1) gastric cardia-type mucosa 
(composed of mucin secreting glands); (2) gastric oxyntic (or fundus)-type mucosa 
composed of parietal cells, chief cells, and mucus secreting cells; and (3) specialized 
columnar epithelium or intestinal metaplasia containing round, bluish, barrel-shaped 
cells called goblet cells, often admixed with gastric cardia-type glands (Fig. 3.2). 
From the pathologist’s perspective, the gastric-type mucosa +/− goblet cells seen in 
the tubular esophagus is indistinguishable from the true gastric mucosa seen in the 
cardia. Because intestinal metaplasia is commonly seen in the cardia of the stomach 
in the general population without Barrett’s esophagus [14], the American College of 
Gastroenterology guidelines recommend that biopsies only be taken if there is mac-
roscopic evidence of Barret’s esophagus. Biopsies should not be performed in the 
presence of a normal Z line or a Z line with <1 cm of variability as sampling of gas-
tric cardia with intestinal metaplasia may occur [11]. If the pathologist does not see 
submucosal glands on a biopsy and does not know what the endoscopist observed at 
the time of biopsy, a diagnosis of “gastric-type mucosa with intestinal metaplasia” 
may be rendered instead of a diagnosis of “Barrett’s esophagus.”
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It is worth noting that, in addition to designating the presence and/or absence of 
intestinal metaplasia, pathology reports may detail several other histologic mimics 
of metaplasia. “Pseudogoblet cells” refer to barrel-shaped gastric foveolar cells that 
may look like goblet cells on low magnification but have an eosinophilic tinge and 
do not stain for Alcian blue due to a production of neutral mucins. The term “colum-
nar blues” refers to the identification of mucus cells that contain bluish mucin on the 
H&E stain and stain positive for Alcian blue but lack goblet cell morphology. The 
term “multilayered epithelium” may be noted in reports. This finding refers to the 
identification of an epithelium that contains flattened squamous-appearing cells in 
the basal layers with an overlying columnar mucus cell layer. Studies have shown 
that this epithelium can show immunohistochemical features similar to intestinal- 
type epithelium, indicating that it may represent an early or intermediate phase in 
the development of intestinal metaplasia and Barrett’s esophagus [15]. Finally, 
pathologists may report the presence of “subsquamous intestinal metaplasia” (also 
called “buried Barrett’s” or “squamous overgrowth”), particularly in endoscopic 
mucosal resection specimens. Although subsquamous intestinal metaplasia is pres-
ent in the majority of endoscopic mucosal resection specimens and is no longer felt 
to be a post-ablative phenomenon, the long-term clinical significance is uncertain 
and histologic evaluation of squamous-lined mucosa adjacent to areas of BE may be 
indicated [16, 17].

Once a diagnosis of Barrett’s esophagus has been rendered, increased surveil-
lance is indicated at intervals of 3–5 years to monitor for the presence of dysplasia 
and/or adenocarcinoma. Studies have shown 0.12–0.38% of patients with nondys-
plastic Barrett’s esophagus will develop adenocarcinoma each year [18]; thus 

a b

Fig. 3.2 Intestinal metaplasia. (a) In this example, the squamous mucosa has been replaced by 
glandular mucosa of intestinal type. Some intact squamous epithelium is present on the left. All of 
the glands present on the right contain goblet cells (specialized columnar epithelium or intestinal 
metaplasia). If this biopsy was obtained ≥1 cm proximal to the GEJ, these findings are consistent 
with Barrett’s esophagus (H&E stain, 100×). (b) Gastric-type mucosa with rare goblet cells (focal 
intestinal metaplasia). Many biopsies from islands of velvety mucosa within the tubular esophagus 
contain gastric cardiac-type glands. If even one goblet cell is identified, a diagnosis of (focal) intes-
tinal metaplasia can be rendered. As shown in this example, there are about five goblet cells (two are 
highlighted by arrows) present within gastric-type mucosa. If this biopsy was obtained ≥1 cm proxi-
mal to the GEJ, these findings are consistent with Barrett’s esophagus (H&E stain, 100×)
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screening efforts have focused largely on identifying metaplasia in at-risk individu-
als. Definitive dysplastic change falls into one of two general categories: low-grade 
or high-grade dysplasia. Features of low-grade dysplasia (Fig.  3.3a) include 
increased epithelial proliferation characterized by nuclear crowding and minimal 
distortion of glandular architecture. Mild cytologic atypia and nuclear enlargement, 
hyperchromasia, stratification, and irregular nuclear contours are also observed. 
Nuclear-to-cytoplasmic ratios and mitotic counts remain low, basal nuclear polarity 
is preserved, and in general, the glandular architecture is retained, though there may 
be increased glandular crowding. Low-grade dysplasia in Barrett’s esophagus may 
resemble the epithelium of a colonic-type adenoma or may be composed of foveolar 
or gastric-type neoplastic cells. For a diagnosis of low-grade dysplasia, the cyto-
logic atypia should extend to the surface. When surface involvement is not present 
or cannot be evaluated (for example, due to squamous overgrowth), the term “indef-
inite for dysplasia” may be used.

In contrast to low-grade dysplasia, high-grade dysplasia (Fig. 3.3b) is character-
ized by increased cellular atypia and complex architecture. Cells have high 
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Fig. 3.3 Dysplasia in Barrett’s esophagus. (a) Low-grade dysplasia. All of the glandular epithe-
lium in this example is involved by low-grade dysplasia; there is a small portion of intact squamous 
mucosa present (arrow). When dysplasia develops in Barrett’s esophagus, the normal goblet cells 
are often lost because they are replaced by neoplastic epithelial cells that are replicating without 
normal inhibition and maturation. Characteristic features of low-grade dysplasia include elonga-
tion and crowding of the cell nuclei (penicillate nuclei) and increased nuclear-cytoplasmic ratios. 
These features are typically present from the deep glands all the way to the luminal surface, indi-
cating the lack of maturation. As opposed to high-grade dysplasia, the cell nuclei are still basally 
oriented (nuclear polarity is maintained), the nuclei are not round, and nucleoli are inconspicuous 
(H&E stain, 100×). (b) High-grade dysplasia. All of the glands in this example show evidence of 
dysplasia; two glands (∗) show features of low-grade dysplasia, but most of the remaining glands, 
especially towards the left and towards the luminal surface, show features of high-grade dysplasia. 
In high-grade dysplasia, there are both cytologic changes and architectural changes. Cytologically, 
the nuclear-cytoplasmic ratio is increased and the nuclei “round up” often contain prominent 
nucleoli and lose polarity (several nuclei appear detached from the basal aspect of the cells and are 
present towards the luminal surface of the glands). Architecturally, the cells proliferate within the 
lumens of the dysplastic glands, creating cribriform architecture or “gland-within-gland” morphol-
ogy (arrowheads). Necrotic and apoptotic cells are also often present within glandular lumens 
(arrow) (H&E stain, 100×)
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nuclear- to- cytoplasmic ratios, and there is a loss of basal nuclear polarity with the 
large often rounded nuclei containing prominent nucleoli. There is also distortion of 
the normal glandular architecture, often with intraglandular bridging or cribriform-
ing. Cellular or apoptotic debris may be found within glandular lumens. Mitotic 
activity is evident and often extends beyond the deep proliferative zone and may 
reach the luminal surface. Deep glands with dilated lumens lined by attenuated 
epithelium may also indicate the presence of high-grade dysplasia or a lesion of 
greater clinical significance (Fig. 3.4). In the seventh edition of the AJCC staging 
manual, the term “Tis” (or “carcinoma in situ”) was removed from all epithelial 
neoplasia of the gastrointestinal tract and was replaced by “high-grade dysplasia” 
[19]. This distinction is unchanged in the eighth edition of the AJCC staging manual 
[20]. Since there are some cases of intraepithelial neoplasia that are more atypical 
than expected for high-grade dysplasia, or cases where definitive invasion cannot be 
documented, some pathologists may use the term “carcinoma in situ” or “at least 
high-grade dysplasia.” If these terms are noted in the pathology report without an 
explanatory comment, a discussion with the pathologist may help clarify its mean-
ing in individual cases.

Ancillary studies to aid in the detection of goblet cells and/or dysplasia in 
Barrett’s esophagus are of limited utility at this time. Goblet cells produce acid-rich 
mucins and thus stain intensely blue with an Alcian blue stain at a pH of 2.5. In 
addition, the intestinal mucosa stains positive for immunohistochemical stains such 
as CDX2, villin, and MUC-2 (markers of intestinal differentiation) [21–24]. 
Although ancillary stains can detect goblet cells and intestinalized epithelium, these 
stains are not required for a diagnosis of intestinal metaplasia, as the goblet cells can 

Fig. 3.4 Attenuated gland in the background of high-grade dysplasia. Even though the epithelial 
lining of the dilated gland is flat and appears bland, the presence of luminal necrotic debris and its 
presence within muscle bundles make this gland suspicious for attenuated high-grade dysplasia, 
and it may actually represent early intramucosal adenocarcinoma. If present in the submucosa or 
within the muscularis propria, attenuated glands with these same histologic features would be 
diagnostic of invasive adenocarcinoma (H&E stain, 100×)

J. Tracht et al.



67

often be readily identified on the routine hematoxylin and eosin (H&E) stain 
(Fig. 3.2) [25]. Immunohistochemistry to detect aberrant p53 expression in dyspla-
sia and/or as an indicator of malignancy risk may be performed by pathologists; 
however, its utility in complementing routine histology remains uncertain. Some 
studies indicate that p53 may be useful in the identification of dysplasia and malig-
nant progression [26, 27]. Immunohistochemistry for p53 is used occasionally by 
pathologists as an adjunct to diagnosis in select cases. However, based on the review 
by the Rodger C. Haggitt Gastrointestinal Pathology Society, routine use of ancil-
lary studies is not recommended for the diagnosis of Barrett’s esophagus, dysplasia 
in Barrett’s esophagus, or for the final determination of high risk of malignant pro-
gression [25]. Further larger prospective studies are needed before p53 or other 
biomarkers are recommended for this purpose [25].

As recommended by the American College of Gastroenterology, a diagnosis of 
dysplasia of any grade within Barrett’s esophagus should be rendered after review by 
two separate pathologists, and ideally, this review would include at least one patholo-
gist with expertise in gastrointestinal pathology [11]. This is due to the high inter-
observer variability seen in the diagnosis of dysplasia in Barrett’s epithelium. Such 
variability is seen most often in the categories of low-grade dysplasia and indetermi-
nate for dysplasia [28]. Variability is also seen between academic and community-
centered practices. Recent studies have demonstrated a large percentage of diagnoses 
of low-grade and indeterminate for dysplasia rendered at community- based practices 
are downgraded when reviewed by a pathologist with gastrointestinal pathology 
training [29–31]. However, a pathologist with this specialized gastrointestinal train-
ing may not always be available in all settings, and in some settings a second patholo-
gist may not be available for additional review. Therefore, it is important to 
communicate with the pathologist to determine how to approach these instances in 
which a new diagnosis of dysplasia in Barrett’s esophagus is made.

 Esophageal Adenocarcinoma

Once adenocarcinoma develops, it can be managed by different modalities. Small 
early lesions may be amenable to endoscopic mucosal resection. Surgery +/− neo-
adjuvant therapy is the treatment of choice for more deeply invasive or more 
advanced lesions. Grossly, esophageal adenocarcinoma often appears as an infiltra-
tive mass in the distal third of the esophagus, although fungating, polypoid, and flat 
growths can be seen (Fig. 3.5a). Histologically, adenocarcinoma is characterized by 
invasion beyond the basement membrane. Invasion beyond the basement membrane 
into the lamina propria of the esophagus is a significant development, as it allows 
access to lymphatic channels that are not found in other areas of the alimentary 
track, such as the colon. Hence, as per the AJCC staging recommendations, early 
esophageal adenocarcinoma is staged as either T1a (intramucosal invasion) or T1b 
(submucosal invasion) [20].

In pathology, most early adenocarcinomas are evaluated on either small biopsies 
or endoscopic mucosal resection (EMR) specimens. Determining the depth of 
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Fig. 3.5 Adenocarcinoma. (a) Esophagogastrectomy specimen with adenocarcinoma. The stom-
ach, with normal rugal folds, is towards the left, while the inked squamous-lined esophageal 
margin is towards the right. The arrowheads highlight the esophagogastric junction. The majority 
of the esophagus is lined by velvety-appearing mucosa, which represents Barrett’s esophagus. 
The arrow indicates the squamocolumnar junction, which is several centimeters from the esopha-
gogastric junction. Within the distal esophagus and within Barrett’s segment, there is an exo-
phytic mass that is an adenocarcinoma. This patient did not receive neoadjuvant therapy prior to 
the resection. (b) Intramucosal adenocarcinoma. A small focus of adenocarcinoma is invading 
with a pushing border into the space (∗) between the two layers of the duplicated muscularis 
mucosae, making this a pT1a adenocarcinoma. Even though this tumor has invaded through the 
internal layer of the muscularis mucosae (MMi), it has not invaded through the outer (duplicated) 
layer (MMo), so this is not invasive into the submucosa (SM) (H&E stain, 40×). (c) Well-
differentiated adenocarcinoma. This endoscopic mucosal resection specimen shows dysplasia 
towards the luminal surface and glandular structures “dripping” through the muscularis mucosae 
into the submucosa. On low magnification (H&E stain, 20×), there is no obvious desmoplastic 
response. On high magnification (inset, H&E stain, 200×), if taken out of context, the malignant 
gland could represent a dysplastic gland, but its presence in the submucosa (as noted by the large 
muscular artery adjacent to the gland) indicates that this is invasive adenocarcinoma present in the 
submucosa. (d) Invasive adenocarcinoma. This example is primarily well differentiated as most 
of the malignant cells are forming glands. There is not much desmoplasia in this example, but the 
malignant glands are present within the muscularis propria and the smooth muscle fibers can be 
seen in the background stroma. Compared to high-grade dysplasia, there is a bit more cytologic 
and nuclear atypia in this example of adenocarcinoma, including more nuclear pleomorphism, as 
well as irregularly shaped glands (upper right corner) and some small nests and single cell infiltra-
tion (arrowheads) (H&E stain, 100×)
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invasion can be challenging on such specimens because of a phenomenon known as 
duplication of the muscularis mucosae. For unknown mechanistic reasons, in areas 
of intestinal metaplasia (Barrett’s esophagus), a new internal layer of the muscularis 
mucosa is created (Fig. 3.5b) [32, 33]. In order to become a T1b lesion, an adeno-
carcinoma arising in these areas needs to invade through three layers: the “new” 
superficial muscularis mucosae, the loose connective tissue between the two layers, 
and then the deep or true muscularis mucosae. Hence, true submucosal invasion is 
difficult to determine on small biopsies or superficial EMR specimens.

Since EMR specimens are small but contain pertinent information, recommen-
dations for the handling of such specimens have been reported [34]. Ideally, fresh 
specimens should be pinned to cork or foam prior to formalin fixation. Photographic 
documentation is recommended. Then the entire specimen should be submitted for 
histologic evaluation. In addition to reporting the main pathologic findings (dyspla-
sia or intramucosal carcinoma), pathologists must comment on the status of the 
lateral (mucosal) and deep margins. If an adenocarcinoma is present, the depth of 
invasion must be assessed. As noted above, the pitfall of overcalling a T1a lesion as 
a T1b tumor due to a duplicated muscularis mucosae must be avoided. The AJCC 
further subdivides both intramucosal (m1, m2, and m3) and submucosal (sm1, sm2, 
sm3) invasion [20]. Although the AJCC does not take into account the different lay-
ers of the duplicated MM, other studies have [35]. Hence, pathologists should 
attempt to describe the specific depth of invasion, for example, “intramucosal ade-
nocarcinoma, invasive into the superficial muscularis mucosal layer.” However, 
only the depth of mucosal invasion may be discernable on biopsies or small EMR 
specimens. Determining the different levels of submucosal invasion (i.e., sm1, sm2, 
sm3) is not practical in biopsies or small EMR specimens where the outer limit of 
the measurement (border of the muscularis propria) is absent. However, given the 
high risk of nodal involvement with submucosal invasion, the precise depth of inva-
sion on these types of specimens should not alter patient management.

Grading of adenocarcinoma has prognostic significance and falls into one of three 
categories: well (G1), moderately (G2), or poorly (G3) differentiated; undifferenti-
ated tumors are uncommon, often cannot be subtyped as squamous or glandular, and 
are considered to be grade 4 (G4) tumors. The importance of accurate tumor grading 
is critical for clinical management, as AJCC guidelines for clinical staging of adeno-
carcinoma integrate tumor grade into the algorithm for determining clinical stage 
(Table 3.1) [20]. For example, a well or moderately differentiated T2 N0 M0 tumor 
is stage IC, while a poorly differentiated T2 N0 M0 tumor is stage IIA. For adenocar-
cinoma, grading involves determining the percent of tumor that is composed of 
glands: well-differentiated tumors contain >95% glands, moderately differentiated 
tumors contain 50–95% glands, and poorly differentiated tumors display <50% glan-
dular architecture [36]. When tumors contain areas of multiple grades, the highest 
grade is documented. Histologically, well-differentiated tumors are composed of 
glands with irregular shapes or profiles (often with focal cribriform formation) lined 
by cuboidal to columnar cells with mild to moderate atypia. Not all adenocarcinomas 
illicit a desmoplastic response. In the absence of desmoplasia, a well-differentiated 
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adenocarcinoma could be easily misdiagnosed as dysplasia if assessed out of con-
text. Hence, even the most bland-appearing glands are adenocarcinoma if they are 
present in the submucosa or muscularis propria (Fig. 3.5c). Esophageal adenocarci-
nomas are often well-to-moderately differentiated (Fig.  3.5d). As tumors become 
more poorly differentiated, a more sheetlike appearance is identified. Signet-ring 
cells, single infiltrating cells, and/or wildly atypical tumor cells may be present. 
Often, poorly differentiated tumors elicit a strong desmoplastic response from neigh-
boring stromal cells. When dealing with a poorly differentiated adenocarcinoma on 
biopsy specimens, metastatic disease should be considered and excluded, either clin-
ically or immunohistochemically (for example, immunostains for breast markers 
could help diagnose metastatic breast carcinoma). Unfortunately, there are no immu-
nomarkers that are diagnostic of esophageal adenocarcinoma, although most tumors 
express CK7 and may express CDX2 and CK20.

 Pathology of Squamous Cell Carcinoma and Its Precursor 
Lesions

The development of invasive squamous cell carcinoma in the esophagus, like squa-
mous cell carcinoma at other sites, is thought to arise from progression of a dysplas-
tic epithelium [37, 38]. The sequence of events leading to squamous dysplasia and 
squamous cell carcinoma is ill defined. However, it is clear from association studies 
that chronic irritation, inflammation, and/or genetic factors are contributory. In the 
United States, several risk factors for squamous cell carcinoma have been docu-
mented including alcohol consumption, smoking, lye exposure, hot beverage 
consumption, exposure to nitrates/nitrosamines, male gender, increased age 
(with peak incidence in seventh decade), as well as African-American race [39, 40]. 

Table 3.1 Influence of grade 
on clinical stage for 
esophageal adenocarcinoma 
and squamous cell carcinoma

T Grade Clinical stage
Adenocarcinoma
T1 1 or X IA
T1a 2 IB
T1b 1, 2 or X IB
T1 3 IC
T2 1 or 2 IC
T2 3 or X IIA
Squamous cell carcinoma
T1a 1 or X IA

2 or 3 IB
T2 1 IB

2, 3 or X IIA
T3 1 IIA

2, 3 or X IIB

Note: For all entries above, the N stage is N0 and 
the M stage is M0. Grade 1 is well differentiated, 
grade 2 is moderately differentiated, and grade 3 
is poorly differentiated
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A synergistic relationship between alcohol consumption and smoking is well docu-
mented, though the precise molecular basis for this association remains uncertain 
[41]. Medical conditions that predispose the esophagus to chronic irritation, includ-
ing achalasia and diverticula, are associated with increased risk [42]. Non-
epidermolytic palmoplantar keratoderma, a disease associated with hyperkeratosis 
as a result of keratin gene mutations, is also associated with increased risk and 
patients are often counseled about increased screening [43]. Finally, with the rather 
recent acknowledgment that human papillomavirus (HPV) infection is a risk factor 
for oropharyngeal squamous cell carcinoma, the association between HPV infection 
and esophageal squamous cell carcinoma has been studied. However, while HPV 
has been shown to be causative in some cases of esophageal disease in high preva-
lence areas, there are cases that do not show any association with HPV infection 
[44]. Hence the development of esophageal squamous cell carcinoma appears to be 
multifactorial.

 Precursor Lesions of Esophageal Squamous Cell Carcinoma

Squamous dysplasia is uncommonly detected when there is not a concomitant car-
cinoma. Endoscopically, dysplastic epithelium may appear friable and erythema-
tous. Because squamous dysplasia is difficult to observe grossly, special stains may 
be used to highlight areas concerning for dysplasia, including toluidine blue (a basic 
dye which binds to nucleic acids and highlights areas with increased nuclear content 
common in dysplasia) and Lugol’s iodine stain (which highlights areas with 
decreased glycogen content seen in dysplasia). Cytologically, dysplastic cells are 
indistinguishable from those observed in invasive disease, but they are confined to 
the epithelium by an intact basement membrane. Histologic features of squamous 
dysplasia include increased nuclear-to-cytoplasmic ratios, nuclear hyperchromasia, 
and pleomorphism. Premature keratinization (e.g., dyskeratosis) may be observed 
in the cytoplasm and an increased mitotic activity is typically present. Cells lose 
their polarity and may display increased crowding. Squamous dysplasia is separated 
into two categories: low-grade intraepithelial neoplasia (LG-IEN), which includes 
mild and moderate dysplasia, and high-grade intraepithelial neoplasia (HG-IEN), 
which includes severe dysplasia and squamous cell carcinoma in situ (WHO 5th 
ed.) [45]. With LG-IEN, the above neoplastic changes are generally confined to the 
lower third of the epithelium, whereas with HG-IEN, these features extend to the 
surface. As with adenocarcinoma, high-grade lesions portend a higher risk towards 
developing invasive disease.

 Esophageal Squamous Cell Carcinoma

Squamous cell carcinoma typically arises as a mass in the middle third of the esoph-
agus, although an estimated 30% of cases can arise in the distal third of the esopha-
gus [46]. Typically, squamous cell carcinoma appears as a firm, white flat mucosal 

3 Pathology of Premalignant and Malignant Disease of the Esophagus



72

lesion, as an exophytic ulcerated mass or as polypoid projections, that latter presen-
tation being associated with a spindled morphology (Fig. 3.6a). Surface ulceration 
is often present.

Squamous cell carcinomas are graded as either well (G1), moderate (G2), or 
poorly (G3) differentiated based on their ability to recapitulate squamous epithelial 
cells (Fig. 3.6b,c); undifferentiated tumors are uncommon, often cannot be subtyped 
as squamous or glandular, and are considered to be grade 4 (G4) tumors. As with 
adenocarcinoma, accurate grading of specimens is critical as AJCC guidelines for 
clinical staging likewise integrate tumor grade into the algorithm for tumor staging 

a
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Fig. 3.6 Squamous cell carcinoma. (a) Esophagogastrectomy specimen (only the esophagus is 
shown with the esophageal margin towards the right). A large ulcerating tumor with heaped-up 
edges is present within the squamous-lined esophagus. (b) Histologically, this low-magnification 
image shows the invasive squamous cell carcinoma (towards the left) undermining the squamous 
mucosa (to the right) and invading down into the muscularis propria (H&E stain, 20×). (c) 
Histologically, at higher magnification, the invasive squamous cell carcinoma on the left is attempt-
ing to recapitulate normal squamous epithelium (present on the right). Although there is a sugges-
tion of keratin formation within the tumor (arrows), overall this tumor is moderately differentiated 
(H&E stain, 100×)
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(Table 3.1); of note, the change in clinical stage occurs between well and moderately 
differentiated, which is different than for adenocarcinomas, where the cutoff is 
between moderately and poorly differentiated [20, 36]. Well-differentiated lesions 
will display the nuclear features of dysplastic change and maintain an increased 
nuclear-to-cytoplasmic ratio, but will have intracellular bridges and/or bright eosino-
philic swirls of keratin (e.g., keratin pearls). Often, an intense desmoplastic reaction 
is observed in the surrounding stroma. As lesions become less differentiated, more 
varied histologic features will be observed, often with sheets or nests of basophilic 
cells. Frequently, single cell invasion can be identified. Rare intercellular bridge and 
keratin pearl formation may be identified, but are not abundant. In poorly differenti-
ated tumors, immunohistochemical stains for CK5/6, p63, and p40 may prove useful. 
In the case of undifferentiated squamous cell carcinoma, they prove diagnostic.

 Assessment of Specimens

Beyond indicating histologic subtype and tumor grade, special care must be taken 
to detail additional factors that will impact patient prognosis. These include margin 
status; tumor size and location; depth of invasion (e.g., pathologic T stage); pres-
ence of lymphatic, vascular, or perineural invasion; and lymph node status (if lymph 
nodes are present in the specimen). Additionally, if neoadjuvant therapy is adminis-
tered, assessment of therapy effect is warranted.

Tumors that are not amenable to endoluminal therapy will likely require partial 
or complete esophagectomy, which should include a portion of the proximal stom-
ach and the adjacent soft tissue and/or lymph nodes. When received in the pathol-
ogy laboratory, the entire radial/adventitial margin is inked allowing for assessment 
of margin status. The serosal surface of the stomach should also be inked (typically, 
with distinct colors) to allow for orientation and to assess for serosal involvement. 
Once inked, the specimen is opened longitudinally. Appropriate sections should 
include the esophageal and gastric margins, full thickness sections of the lesion at 
the point of greatest depth of invasion (with inked adventitial margin), and represen-
tative sections of tumor in relation to the proximal (esophageal) and distal (e.g., 
gastric) mucosa. For cases with preoperative chemotherapy and/or radiation ther-
apy, the lesion typically appears as an excavated scar and should be entirely submit-
ted to allow for assessment of treatment effect. All lymph nodes identified by either 
palpation of direct visualization should be submitted and evaluated for metastatic 
disease. The National Comprehensive Cancer Network currently specifies that at 
least 15 lymph nodes should be examined after esophagectomy [47]. Regional 
lymph nodes extend from periesophageal cervical nodes for the cervical esophagus 
to celiac lymph nodes for the distal esophagus. Anatomic dissection should include 
upper mediastinal and perigastric lymph nodes if possible (in addition to periesoph-
ageal lymph nodes) as recent anatomic and clinical studies suggest that submucosal 
lymphatic vessels connect longitudinally to the superior mediastinal and the para-
cardial lymphatics, while lymphatic routes to periesophageal nodes originate from 
the muscle layer [47].
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Current staging guidelines for esophageal carcinoma follow the TNM staging 
system detailed in the eighth edition of AJCC guidelines published in 2017 [20]. 
This system applies to those lesions which arise primarily in the esophagus, includ-
ing those involving the esophagogastric junction with or without proximal stomach 
involvement. As mentioned before, unlike most clinical staging systems, the clinical 
staging of esophageal carcinomas integrates tumor grade for both squamous and 
adenocarcinoma (Table 3.1). Adenosquamous carcinomas (e.g., those lesions with 
both glandular and squamous differentiation) are staged according to squamous 
protocols. Primary pathologic tumor staging (e.g., pT staging) involves assessing 
the depth of invasion and is the same for both squamous and adenocarcinoma. High- 
grade lesions confined to the epithelial basement membrane are classified as pTis 
(this includes high-grade dysplasia in Barrett’s esophagus and HG-IEN squamous 
dysplasia). pT1 lesions include those lesions in which lamina propria, muscularis 
mucosae, or submucosal invasion can be demonstrated, with invasion into the lam-
ina propria or muscularis mucosae being classified as pT1a and invasion into the 
submucosa classified as pT1b. Adventitial involvement is classified as pT3 lesions, 
while involvement of adjacent structures (e.g., aorta, pleura, pericardium, dia-
phragm) is classified as pT4. The eighth edition of the AJCC guidelines split pT4 
lesions into two stages: those that are resectable (pT4a) and those that are deemed 
unresectable (pT4b). Finally, lymph node involvement is divided into 5 categories: 
pNX, pN0, pN1, pN2, or pN3. pNX is used for specimens in which lymph nodes 
cannot be assessed or were not removed (e.g., EMR specimens, by default, will not 
have lymph nodes). pN1 designates involvement in 1–2 lymph nodes, while pN2 
represents involvement in 3–6 lymph nodes. Involvement of 7 or more lymph nodes 
is classified as pN3. Extranodal extension, in which metastatic deposits erode the 
lymph node capsule and extend into the perinodal space, is associated with poor 
prognosis and may be indicated in reports when present.

Finally, since esophageal cancer has a poor 5-year survival rate of only 17% for 
all stages [48], some patients are offered neoadjuvant chemotherapy and/or radia-
tion therapy prior to surgery. Similar to other tumor sites, such as rectum and pan-
creas, this approach has several theoretical benefits. Neoadjuvant therapy may (1) 
improve symptoms, such as dysphagia, (2) downstage the tumor with the hope of 
increasing resection rates, (3) treat micrometastatic disease that is not detected on 
imaging studies, and (4) indicate the biologic behavior of the tumor by its response 
to treatment that may help guide further therapy [49].

In the TNM classification, specimens that have received neoadjuvant chemo-
therapy and/or radiation therapy should be designated with a “y” prefix (e.g., ypT3, 
ypN2). Studies have shown that the pathologic responses in the tumor to primary 
therapy are important predictors of local recurrence and long-term survival [50–52]. 
The College of American Pathologists’ Protocol for the Examination of Specimens 
from Patients with Carcinoma of the Esophagus recommends the reporting of 
response to prior chemotherapy or radiation therapy (www.CAP.org). Although 
other grading systems exist [50, 52, 53], the CAP assigns response to one of four 
tumor regression grades. According to this system, those specimens in which no 
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viable cancer cells can be found and are suggestive of complete response are classi-
fied as grade 0. When single cells or small groups of cancer cells are identified, 
response is deemed “moderate” and is given a tumor regression grade of 1. Minimal 
response (e.g., grade 2 response) represents those specimens in which residual can-
cer shows extensive fibrosis, while grade 3 lesions (e.g., poor response) represent 
those lesions in which minimal tumor lysis is observed and extensive residual can-
cer remains. Sometimes sizable pools of acellular mucin are observed after treat-
ment; importantly, these acellular pools of mucin should not be interpreted as 
residual disease.

 HER2-Neu Testing

In October 2010, the FDA granted approval for trastuzumab for the first-line treat-
ment of HER2+ metastatic esophagogastric adenocarcinoma in combination with 
cisplatin and capecitabine or 5-fluorouracil. This approval followed the publication 
of the results of the ToGA trial that showed a 2.7-month prolongation of medial 
overall survival in patients with advanced gastric, esophageal, or esophagogastric 
adenocarcinomas that overexpressed HER2 [54]. In 2016, the College of American 
Pathologists, the American Society for Clinical Pathology, and the American Society 
of Clinical Oncology issued guidelines for HER2 testing and clinical decision mak-
ing for patients with esophageal or gastroesophageal junction adenocarcinoma [55]. 
These guidelines recommend assessment of HER2 overexpression in patients with 
locally advanced, recurrent, or metastatic adenocarcinoma of the esophagus/gastro-
esophageal junction. Per these recommendations, assessment of HER2 overexpres-
sion can be performed on biopsy or resection specimens prior to initiation of 
treatment with trastuzumab. The use of cell blocks prepared from cytologic prepara-
tions to assess for HER2 overexpression is also deemed acceptable, though not 
ideal. HER2 assessment can also be performed in metastatic lesions if needed. It is 
suggested that the tissue block containing the lowest grade of tumor should be used 
for HER2 assessment. The recommendations further state that appropriately vali-
dated HER2 immunohistochemistry (IHC) be performed initially. Of note, the scor-
ing system for HER2 positivity in gastric or gastroesophageal junction cancer is 
different from the scoring used in breast cancer [54, 55]. Cases showing 3+ IHC 
expression are interpreted as positive, 2+ expression as equivocal, and both 1+ and 
0 expression as negative. According to the 2016 recommendations and NCCN 
guidelines, samples with equivocal (2+) IHC expression must then be examined by 
HER2  in situ hybridization [55, 56]. Cases with 3+ overexpression by IHC 
(Fig. 3.7a) or cases showing ISH positivity (a HER2:CEP17 ratio of ≥2) are consid-
ered positive. These patients are then eligible for combination chemotherapy and 
trastuzumab. It is important to realize, though, that only a relatively small number 
of esophageal adenocarcinomas overexpress the HER2 protein on the surface of 
their cells; the positivity rate ranges from 17% to 22% [57].
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 Microsatellite Instability Testing

In May 2017, the FDA granted accelerated approval for pembrolizumab, a PD-1 
inhibitor, for the treatment of unresectable or metastatic solid tumors that are mic-
rosatellite instability-high (MSI-H) or mismatch repair deficient (dMMR). This 
includes solid tumors that have progressed despite previous chemotherapeutic treat-
ment and for which there is determined to be no other adequate therapeutic treat-
ment option. Microsatellite instability and/or mismatch repair deficiency can occur 
at relatively high frequencies in colorectal, gastric, esophageal, and pancreatic ade-
nocarcinomas and at lower frequencies in endometrial, bladder, ovarian, and other 
carcinomas [58, 59]. This approval by the FDA is unprecedented and unique because 
treatment parameters are not defined as site or tumor specific, but are rather based 

Fig. 3.7 Her2, MLH1 and PD-L1 testing by immunohistochemistry. (a) This is an example of Her2 
overexpression in esophageal adenocarcinoma. There is strong, complete basolateral membranous 
(brown) staining in ≥10% of the tumor cells (HER2 immunohistochemical stain, 400×). (b) This is 
an example of loss of MLH-1 in adenocarcinoma. The background inflammatory and stromal cells 
show scattered nuclear staining. However, the cells within the malignant gland (arrowhead) show 
complete loss of nuclear staining for the mismatch repair protein. PMS2 would also be lost in this 
case (MLH-1 immunohistochemical stain, 400×). (c) This is an example of PD-L1 expression in 
adenocarcinoma of the gastroesophageal junction. There is strong membranous (dark brown) stain-
ing of some tumor cells, as well as negative staining in tumor cells (arrowheads), with a resultant 
combined positive score (CPS) of ≥1 (PD-L1 immunohistochemical stain, 400×)
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on the presence of a molecular abnormality in potentially any tumor type in any 
location. Based on the results of five single-arm multicohort multicenter trials 
(KEYNOTE-016, KEYNOTE-164, KEYNOTE-012, KEYNOTE-028, and 
KEYNOTE-158), the NCCN guidelines recommend pembrolizumab for second- 
line or subsequent therapy for MSI-H or dMMR for esophageal and esophagogas-
tric junction adenocarcinomas [56, 58, 60].

Microsatellite instability testing can be performed either molecularly, to detect 
patterns of microsatellites in key genes, or immunohistochemically, to detect loss of 
protein expression as a surrogate marker of an abnormally functioning gene. 
Microsatellites are simple (1 or more base pair) units that may be repeated up to 100 
times and are scattered throughout the genome. Due to their redundancy, errors, 
such as DNA slippage, can occur during DNA replication. Mismatch repair genes 
play a critical role in the identification and correction of these errors. Failure of the 
mismatch repair apparatus leads to persistence of errors and an alteration in the 
length of a microsatellite sequence. Persistence of such errors leads to frameshift 
mutations with loss of the normal function of the involved genes, which can lead to 
tumorigenesis. MSI is defined as a change of any length due to either insertion or 
deletion of repeating units in a microsatellite within a tumor when compared to 
normal tissue. MSI can be detect by PCR using a validated panel of microsatellites 
or as part of a validated next-generation sequencing panel.

Currently, many pathology laboratories routinely use immunohistochemistry as 
the test of choice to determine the microsatellite status of a tumor. The DNA mis-
match repair system requires the cooperation of many genes, including MLH1, 
PMS2, MSH2, and MSH6. Biochemically, the MSH2 protein recognizes and binds 
directly to the mismatched DNA sequence and then forms a heterodimer with 
MSH6. Binding of a second heterodimer, MLH1 and PMS2, is needed for proper 
function of the MMR complex to adequately excise and repair the mismatched 
nucleotides. Intact staining of all four proteins indicates that the tumor is mismatch 
repair protein proficient and therefore microsatellite stable. Loss of staining for one 
or two paired proteins indicates that the tumor is dMMR and therefore MSI 
(Fig. 3.7b).

 PD-L1 Testing

In September of 2017, the FDA granted accelerated approval of pembrolizumab for 
the treatment of recurrent locally advanced or metastatic, gastric, or gastroesopha-
geal junction adenocarcinoma that expresses PD-L1. Patients are eligible for treat-
ment as a third-line or subsequent therapy if disease progression occurs after two 
attempts with fluoropyrimidine- and platinum-containing chemotherapy and/or 
HER2/neu-targeted therapy [56, 61]. The FDA-approved immunohistochemical 
stain for the determination of PD-L1 status is the 22C3 pharmDx antibody kit by 
Dako. Expression of PD-L1 within adenocarcinoma is determined by calculation of 
a combined positive score (CPS), which is assessed by positive membranous stain-
ing of PD-L1 within tumor cells and tumoral or peri-tumoral lymphocytes and 
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macrophages; a total number of 100 tumor cells must be present. This total is 
divided by the total number of cells examined, then divided by 100. A CPS of ≥1 is 
considered positive (Fig. 3.7c) and the tumor eligible for third-line treatment with 
pembrolizumab [56]. Initial diagnostic tissue prior to the initial attempts of treat-
ment can be used to evaluate for PD-L1 expression. However, additional tissue can 
be obtained if indicated.
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4Barrett’s Esophagus: Diagnosis 
and Management

Adam Templeton, Andrew Kaz, Erik Snider, 
and William M. Grady

 Introduction

Esophageal adenocarcinoma (EAC) is one of the most rapidly increasing cancers in 
developed countries. EAC is thought to arise from a specialized intestinal metapla-
sia in the esophagus, called Barrett’s esophagus (BE), which forms in the lower 
esophagus in response to chronic acid reflux injury [1]. Barrett’s esophagus occurs 
in 1–6.4% of the US population and is the strongest risk factor for EAC [2]. As such, 
people with BE are placed in surveillance programs with the intent to decrease 
EAC-associated mortality. Unfortunately, despite years of study of BE and EAC, it 
is still controversial whether current BE surveillance programs effectively decrease 
mortality from EAC. The controversy likely stems from low-sensitivity methods for 
identifying people with BE, the modest accuracy of current surveillance methods to 
identify people with BE at increased risk of EAC, and the morbidity of historical 
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treatments for high-grade dysplasia and EAC. Recent advances have been made or 
are being made that address all these issues; thus, BE continues to be a promising 
target for screening and surveillance [3, 4].

The asymptomatic nature of BE and the current requirement for endoscopic 
biopsies and histologic assessment of the biopsies to diagnose BE pose several 
challenges to the use of BE for early cancer detection and treatment. These chal-
lenges include: (1) What is the optimal way to identify patients with BE and appro-
priately risk-stratify identified BE patients for surveillance? (2) What is the optimal 
surveillance program for a particular patient with BE, including issues related to 
surveillance intervals and methods used for surveillance? (3) What are the indica-
tions for endoscopic or surgical treatment? In this chapter we will review Barrett’s 
esophagus with a special focus on the diagnosis and management of this 
condition.

 Natural History and Risk Factors

 Natural History

Norman Barrett was the first to describe the clinical finding of a columnar-lined 
epithelium that extended proximal to the gastroesophageal (GE) junction. The 
condition that bears his name is now recognized as the replacement of the normal 
esophageal squamous mucosa with a columnar-lined metaplastic epithelium [5]. 
Metaplasia is thought to arise as a response to esophageal reflux of hydrochloric 
acid and bile acids that damage the esophageal mucosa [6]. The subsequent pro-
gression of BE to dysplasia and eventually EAC is felt to involve the accumula-
tion of a series of genetic and epigenetic alterations that are also likely driven in 
part by genotoxic damage secondary to reflux of gastric fluids [7]. As with other 
premalignant conditions such as colonic adenomas, Barrett’s esophagus is asymp-
tomatic, and clinically important only because of its malignant potential. As an 
identifiable precursor to cancer, BE is a logical target for screening and surveil-
lance programs aiming to decrease  EAC-associated  morbidity and mortality 
through the prevention of EAC or the detection and treatment of early-stage 
EAC. Unfortunately, the utility of these programs is suboptimal because of our 
incomplete understanding of the epidemiology, biology, and natural history of BE 
and EAC. Although it presumably requires many years for BE to transform into 
EAC, it is unclear how long BE to EAC progression takes and how variable the 
progression sequence is between different patients. Nonetheless, data from 
patients in surveillance programs suggest that when high-grade dysplasia arises, 
there is often concurrent EAC or a high risk of progression to EAC during the next 
6 months to 2 years [8–11]. It also appears unlikely that BE can spontaneously 
regress once it has formed.
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 Risk Factors for BE and EAC

 Risk Factors for BE and Strategies to Identify  
a Screening Population
The true prevalence of BE is unclear; however, estimates range from 1% to 18%. 
The marked variability in prevalence estimates is presumably secondary to the 
variability of the underlying populations studied. In studies of patients referred for 
endoscopic evaluation of reflux symptoms or dyspepsia, BE can be found in 
between 6–18% of patients, with higher percentages reflective of more stringent 
criteria for symptomatic reflux disease [12–14]. In studies in the United States of 
patients referred for screening colonoscopy that additionally underwent upper 
endoscopy, BE was found in 6–8% of patients [15, 16]. In the two largest popula-
tion-based studies from Sweden and Italy, the incidence appears to be closer to 
1–2% [17, 18].

Because  gastroesophageal reflux disease (GERD) is thought to be the major 
mechanism driving  the formation of BE, the presence of chronic symptomatic 
GERD has become a central clinical indication for BE screening. Yet reflux symp-
toms have poor sensitivity and specificity for identifying patients with BE. In some 
of the larger population studies noted above, less than 50% of those with BE reported 
reflux symptoms prior to their diagnosis [17, 18]. In other studies, those with symp-
tomatic reflux disease and erosive changes on endoscopy were found to have a five- 
fold increased risk of developing BE in the following 5 years when compared to 
patients with nonerosive reflux disease [19]. In addition, symptomatic GERD may 
best predict those with long-segment BE as opposed to those with short-segment BE 
[20]. Notably, the longer reflux symptoms have been present, the greater the relative 
risk of BE [12]. However, the low prevalence of BE even in the setting of chronic 
GERD does not support the use of chronic reflux symptoms alone as an indication 
for BE screening, which has led to the use of a combination of demographic risk 
factors (e.g., older age, Caucasian race, obesity) in addition to chronic GERD to 
identify candidates for BE screening exams [19, 21–23].

Aside from chronic gastroesophageal reflux, several demographic features are 
associated with an increased risk for intestinal metaplasia and dysplasia of the 
esophagus. BE has a higher incidence in Caucasians, males, and those with cen-
tral adiposity. The incidence of BE also increases with age [24, 25]. With few 
exceptions, BE is uncommon  in the young (in men below age 20, in women 
below age 40), African Americans, Asians, or women [24]. Other associated clin-
ical risk factors include the presence of a hiatal hernia [12], obstructive sleep 
apnea [26], possibly diets low in fruit, and cigarette smoking [27]. The contribu-
tion of H. pylori remains unclear; however, there is some evidence that gastric 
infection with H. pylori may decrease the risk of developing BE [28], possibly 
through gastric mucosal atrophy and decreased parietal cell hydrochloric acid 
production.
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 Risk Factors for the Progression of BE to EAC
Once it develops, the time course for progression of BE to EAC is variable. Currently, 
the most accepted clinical risk factor for progression to adenocarcinoma is the degree 
of dysplasia present in BE. In the absence of dysplasia, large population studies sug-
gest that the annual risk of progression to EAC is low, approximately 0.12–0.40% [8, 
29, 30]. Those with low-grade dysplasia (LGD) have an annual risk of progression 
from 0.6% to 13.4% [8–10, 31–33]. Studies are markedly divergent in the estimate 
of the annual risk of high-grade dysplasia progression, with the lowest estimates 
being 2% per year and the highest reported risk at 59% per year [34–38].

Among those diagnosed with BE, several risk factors are clearly associated with 
an increased risk for progression to EAC. In the largest reported population study, 
de Jonge assessed 42,207 Dutch patients with BE.  EAC was found to be most 
closely associated with age >75 (hazard ratio (HR) 12), male sex (HR 2.01), and 
presence of LGD at the time of the baseline exam (HR 1.91) [30]. Additionally, a 
longer duration of heartburn symptoms and increased frequency of reflux symptoms 
were associated with a five-fold increased risk for the development of EAC [39].

Histological stability of BE over time also associates with a decreased risk of 
progression of BE to EAC. In a multicenter cohort of patients with BE, those who 
had persistent nondysplastic BE were least likely to develop EAC or progress to 
HGD at a median of 5 years of follow-up [40]. Prevalent cases are more likely to 
progress than incident cases. In a study of a series of patients with BE from Cleveland 
(N  =  299), patients with BE and LGD or indefinite for dysplasia (IND) had an 
annual incidence rate of HGD or EAC of 2.4% and 0.6%, respectively. Within this 
group, the greatest risk for progression to HGD or EAC was for male patients, those 
patients with longer length of BE, and those patients with multifocal dysplasia and 
nodules seen on endoscopy. The median time after diagnosis of BE to diagnosis of 
HGD was 63.1 months and for EAC was 53 months. In this group, 58.5% regressed 
to nondysplastic BE (NDBE). Notably, prevalent cases of BE (those within 1 year 
from their BE diagnosis) had an increased risk of progression to EAC compared to 
incident cases [33]. These findings suggest that those at highest risk for dysplastic 
progression devolve to cancer quickly, and those with stable dysplastic changes 
over a course of years are less likely to progress. This may also explain why in a trial 
of radiofrequency ablation for dysplasia in BE, 19% of patients with high-grade 
dysplasia developed cancer at 1 year [41]. As with regression, this may partially 
represent under-sampling or intra-observer pathologic disagreement; however, it 
may also indicate that a more dynamic phenotype exists that progresses quickly to 
cancer in patients with more histologically advanced BE.

Just as there is variability in the likelihood of progression of BE, spontaneous 
regression of BE to squamous epithelium may occur but appears to do so variably 
and very infrequently. Some of the studies mentioned above suggest that as many as 
half of patients diagnosed with LGD may regress to nondysplastic BE [33, 42]. 
However, due to the known limitations of endoscopic surveillance (e.g., variability 
in the areas of BE biopsied from endoscopic exam to exam, small proportion of BE 
sampled) and modest consistency of the pathologic assessment of dysplasia (see 
further discussion below), it should be noted that some of the reported cases of 
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regression may in fact be due to intra-observer pathologic disagreement or sampling 
error (i.e., areas of dysplasia not biopsied on follow-up exams). Features associated 
with regression are short segment of BE [33] and acid suppression with proton- 
pump inhibitor (PPI) medications [43–45].

 Diagnosing Barrett’s Esophagus (BE): Current Criteria and Areas 
of Controversy

Currently, in the United States, the diagnosis of BE requires both endoscopic visual-
ization of columnar mucosa extending above the gastroesophageal junction and 
biopsies of this region confirming the presence of intestinal metaplasia [21, 22, 46]. 
Endoscopically, columnar mucosa has a stereotypic appearance of “salmon” or “red-
dish” appearing tongues or patches, which is distinct from the normal pale- whitish 
appearance of squamous mucosa (Fig. 4.1). Accurate determination of the location 
of the GE junction, the diaphragmatic hiatus, and the squamo-columnar junction 
where the esophageal squamous epithelium meets the gastric mucosa (also known as 
the Z-line) is critical for determining the length of BE and identifying the presence 
of a concurrent hiatal hernia. In the United States, the GE junction is classically 
defined by the top of the gastric folds [21]; however in Japan, endoscopists have used 
the bottom edge of the palisading esophageal vessels to define the GE junction [47, 
48]. It remains to be determined which method is more accurate [21, 48].

Several types of columnar epithelium can be found in the biopsy samples of 
suspected BE, including gastric-fundic type, cardiac type, and intestinal type [49]. 
Gastric-fundic type is typically considered as part of a hiatal hernia and not thought 
to be associated with an increased risk of malignancy. There is controversy regard-
ing whether a pathologic diagnosis of BE requires the presence of goblet cells 
within the BE segment (i.e., specialized intestinal metaplasia). In the United States, 

Fig. 4.1 Endoscopic 
image demonstrating short 
segment of Barrett’s 
esophagus without 
nodularity. Prague C1M2
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specialized intestinal metaplasia is considered the hallmark of BE as this is clearly 
associated with increased risk of malignancy [21, 46]. It is less clear whether there 
is a risk of malignancy associated with cardiac tissue that extends above the level of 
the GE junction. The most recent British guidelines propose cardiac-type epithe-
lium be designated BE.  These guidelines state that the reason for designating 
cardiac- type epithelium is the concern that a lack of goblet cells may be a conse-
quence of sampling error and that non-goblet cell specialized intestinal metaplastic 
(SIM) epithelium may contain molecular features typically observed in goblet-cell 
epithelium [22]. US societies currently disagree with this designation because of the 
lack of definitive data supporting the concept that non-goblet cell SIM epithelium 
carries an increased risk of progressing to EAC, and because of both the financial 
cost and the negative emotional impact of placing patients with non-goblet cell BE 
under surveillance for a condition of unclear significance [8, 21, 50, 51].

BE has historically been divided into long-segment BE (>3 cm) and short seg-
ment BE (<3 cm), which has been used to stratify BE patients into high-risk (long- 
segment BE) and low-risk (short segment BE) (Fig. 4.2a–d).While increasing length 
of BE is clearly associated with increased risk for malignant progression, there is a 
lack of consensus regarding what differentiates a short segment of Barrett’s 

a
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Fig. 4.2 (a–d) Endoscopic images demonstrating long segment Barrett’s esophagus with low- 
grade dysplasia. Low-grade dysplasia does not have endoscopic features that can reliably distin-
guish it from nondysplastic Barrett’s esophagus
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esophagus (SSBE) from an irregular squamo-columnar junction. The identification 
of SSBE is clinically important because of the small increased risk of EAC even in 
people with SSBE [52]. In addition, there are no current guidelines regarding the 
number of biopsies required to establish an initial diagnosis of BE. Due to the very 
low risk of malignancy associated with SSBE and ongoing debate regarding the 
value of current BE surveillance strategies, it is controversial whether an irregular 
z-line should be biopsied with the intent of making a diagnosis of BE [22].

 Tissue-Based Diagnostic and Risk Markers
Broadly speaking, a biomarker is a detectable indicator for the presence or future 
risk of disease. In the case of Barrett’s esophagus, this term encompasses demo-
graphic measurements, such as BMI or smoking status; histologic findings such as 
low-grade dysplasia (LGD) or inflammation; and molecular markers such as aneu-
ploidy or tetraploidy or aberrant DNA methylation [53]. Symptoms of long- standing 
GERD have historically been the main clinical features used to identify people at 
risk of having BE, who are then advised to undergo endoscopic assessment. It is 
clear that many people with BE have no history of GERD, which is one of the rea-
sons behind the lack of clear success of current BE surveillance programs for pre-
venting EAC [7]. With regard to strategies to identify BE at high risk of progressing 
to EAC, the presence or absence of BE with or without dysplasia on histologic 
review is currently the only biomarker used clinically for risk stratification and 
directing treatment [21, 22, 46]. This dearth of well-studied biomarkers and the reli-
ance on reflux symptoms and endoscopic findings of dysplasia had led to what Reid 
has called the “paradox” of BE management. In this paradox, Reid notes several 
frustrating epidemiologic facts: (1) a large number of individuals with BE are 
asymptomatic, (2) nearly 50% develop EAC without associated GERD symptoms, 
(3) 95% of EACs arise without a prior diagnosis of BE, and (4) nearly 80% of EAC 
arise without a prior diagnosis of GERD [7]. Furthermore, the vast number of peo-
ple with BE detected by endoscopy will not progress to EAC and instead will die of 
unrelated causes, which is a consequence of the late age of occurrence of most 
EACs. In fact, the majority of people with BE are more likely to die from complica-
tions of cardiac disease than from EAC [54]. With these insights, several areas of 
active research in molecular biology are underway to resolve the “paradox” of BE 
and may lead to a more effective approach to identifying and managing those 
patients with BE. A number of promising markers have been identified, however, 
currently there are only a limited number of biomarkers available to precisely iden-
tify patients with BE and BE patients at high risk of progression to EAC.

With recent advances in genomics (i.e., next-generation sequencing), epigenom-
ics, proteomics, and microarray technology, many potential diagnostic and prognos-
tic molecular biomarkers have been identified at the level of DNA, RNA, and 
individual proteins. Examples of types of prospectively tested molecular biomark-
ers include chromosomal alterations such as abnormal DNA ploidy and alterations 
in DNA copy number (based on fluorescence in situ hybridization (FISH)) [55–57], 
gene mutations, aberrantly methylated genes, loss of heterozygosity of specific 
DNA loci [42], and measurements of clonal diversity in the BE tissue [58]. These 
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molecular alterations may serve as adjunctive markers to delineate the degree of 
dysplasia (e.g., use of FISH probes for C-MYC to confirm HGD or carcinoma [57]) 
or to further risk stratify patients at greatest risk for progression to EAC (e.g., loss 
of ploidy associates with a 38.7% increased relative risk of developing EAC [55]). 
Other nonprospectively evaluated but promising markers include epigenetic altera-
tions in the form of aberrantly methylated gene panels [59], and alterations in gene 
mRNA and microRNA expression [60]. Several groups have also explored the use 
of protein markers to augment endoscopic visualization and diagnosis of BE with 
dysplasia [56]. At this time, these studies are limited by a lack of suitably large 
prospective clinical validation trials because of the lack of sufficiently large esopha-
geal tissue repositories from appropriate patient populations [59].

 BE Surveillance: Current Clinical Strategies and Features That Affect 
the Implementation of the Surveillance Program
Once the diagnosis of BE is established, an appropriate assessment should be per-
formed to stratify the patient into a low- or high-risk group for the development of 
esophageal cancer. Optimal risk stratification dictates specific aspects of the recom-
mended BE surveillance program. Thus, the index endoscopy description should 
include information on the length of the esophagus involved, the presence or absence 
of nodularity or other lesions, and whether esophagitis or atypical appearing glands 
were present [21, 22].

Because the length of BE directly correlates with increasing risk of malignancy, 
it is recommended that the endoscopist clearly document the length of the visual-
ized BE segment as well as the circumferential extent [21, 22, 46]. In order to 
improve the consistency of the description of these endoscopic features, there is 
multi-society support for the use of the “Prague classification” to describe BE. This 
system mandates that the endoscopist report the length of circumferential involve-
ment and the maximal length of BE measured from the GE junction (e.g., 4 cm of 
circumferential involvement with a tongue extending an additional 2 cm would be 
reported as C4M6). Standardization of the description of BE using the Prague clas-
sification promises to both facilitate communication between providers and to assist 
the endoscopist in determining response to therapy. There is reasonable agreement 
between operators using this classification tool [61, 62].

Another critical feature that governs specific aspects of a BE surveillance pro-
gram is the presence of dysplasia. It is important to recognize that the presence of 
esophagitis, either visualized on endoscopy or by histology, impairs the ability of 
the pathologist to diagnose dysplasia, and may result in a pathologic description of 
“indefinite for dysplasia (IND)” [22]. In this instance, the patient is advised to com-
ply with aggressive anti-GERD therapy (i.e., twice daily proton pump inhibitor 
(PPI) therapy) for at least 3 months and then have follow-up endoscopic biopsies 
performed. It is also important to recognize that esophageal ulceration may repre-
sent invasive EAC when high-grade dysplasia (HGD) is present [63].

The presence of mucosal abnormalities such as nodularity, glandular irregularity, 
or ulceration is concerning for dysplasia, particularly in the absence of esophagitis 
[64–66]. If these changes are visualized on endoscopy, standard practice is for 
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endoscopic resection (ER) of the affected segment [21, 22] (the techniques of endo-
scopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD) are 
discussed below). For staging, these resective techniques provide more tissue than 
can be obtained with standard endoscopic biopsies. Consequently, ER has proved 
more useful than adjunctive staging techniques such as CT or endoscopic ultra-
sound for distinguishing HGD from EAC. The use of ER improves the certainty of 
pathologic diagnosis and staging of superficial EAC lesions, in part by increased 
intra-observer agreement and better diagnostic reproducibility when compared to 
standard biopsy specimens [67–71].

The use of high-definition white light endoscopy (HD-WLE) theoretically 
improves the endoscopist’s ability to identify BE and to identify abnormal and 
potentially dysplastic glands within the segment of BE, though studies demonstrat-
ing the superiority of HD-WLE over conventional “low-resolution” endoscopy are 
lacking. At the present time, HD-WLE remains the standard of care for the endo-
scopic management of BE. Adjunctive technologies such as narrow band imaging 
(NBI), confocal microscopy, chromoendoscopy, volumetric laser-enhanced imag-
ing, and optical coherence technology are still being assessed with regard to their 
role in the management of BE, as discussed below [21, 22].

 The Role of Dysplasia in Risk Stratification in Guiding  
BE Surveillance and Treatment
Dysplasia is the central factor used currently for determining the risk for EAC and 
for guiding BE surveillance exam intervals and for selecting patients for EMR/
ESD. The Vienna classification system divides BE into five categories: no dysplasia, 
indefinite for dysplasia, low-grade dysplasia, high-grade dysplasia, and invasive 
neoplasia [72]. Despite discrete categories, the transformation of BE from LGD to 
HGD and then to intramucosal carcinoma (IMC) occurs along a spectrum. As such, 
it is important to note two points: (1) the artificial separation between LGD, HGD, 
and IMC results in difficulties with intra-observer variability and (2) a single biopsy 
specimen only samples a small fraction of the larger field of BE and may miss adja-
cent dysplasia. Because much of the BE management algorithm rests on differenti-
ating subtypes of dysplasia, societal guidelines recommend two expert pathologists 
review biopsies reported as dysplastic or intramucosal carcinoma to provide confi-
dence in the diagnosis [21, 22, 46]. A challenge in diagnosing BE is the high level 
of intra- and inter-observer variability for pathologic differentiation of dysplasia. 
This lack of agreement holds true even between expert gastrointestinal pathologists 
[10, 72–74] and is thought in part due to the relatively arbitrary nature of the dis-
crete categories placed on the continuum of dysplastic BE. While there is relative 
consensus for nondysplastic BE and for IMC, separating LGD and HGD remains 
challenging [75]. Despite this limitation, the degree of dysplasia remains the only 
clearly identified biomarker which has received support across clinical societies for 
directing specific treatment regimens [21, 22, 46].

Molecular markers to reliably determine the risk of EAC have recently been vali-
dated for clinical use and may help improve our current model of risk stratification. 
There is now sufficient validation data for p53 immunohistochemistry to support its 
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consideration for clinical use in assessing the significance of LGD and resolving the 
inter-observer variability seen with histology alone. Nuclear expression of p53 is a 
surrogate for TP53 mutations that stabilize the p53 protein, and complete loss of 
p53 can also indicate a TP53 mutation that leads to failed translation of the protein. 
However, this assay is not 100% sensitive for all inactivating genetic alterations[76]. 
Studies of nuclear p53 expression by IHC conducted in large observational cohorts 
of patients with BE have shown that this assay can improve inter-observer variabil-
ity in diagnosing dysplasia and can predict progression risk with an OR of 3–8 [56, 
77–83]. However, concerns about the reproducibility of this assay remain, as the 
reported p53 positivity rate in BE dysplasia ranges from 50% to 89%[79, 80]. This 
appears to be because p53 immunostaining protocols are not standardized, nor is the 
interpretation of the results, leading to inter-observer variability and suboptimal 
reproducibility for a clinical assay. Some authorities in this field have proposed that 
the addition of p53 immunostaining to the histopathological assessment may 
improve the diagnostic reproducibility of a diagnosis of dysplasia in BE and should 
be considered as an adjunct to routine clinical diagnosis. This has led the British 
Society of Gastroenterology to propose its use in this setting (Grade C recommen-
dation in the most recent BSG Guidelines) [22].

The variability in the reported risk of progression based on dysplasia is rela-
tively striking. It is clear that those with confirmed nondysplastic BE have a rela-
tively low risk of adenocarcinoma; however the reported range of risk of progression 
to EAC for dysplastic BE between studies is large [6]. One of the explanations 
given for this variability is the reliance on forceps biopsies to sample the BE field. 
Within a column or tongue of Barrett’s there may be several areas of dysplastic 
foci, and these areas can be easily missed using standard biopsy forceps. The com-
monly accepted “Seattle Protocol” relies upon four-quadrant biopsies every 2 cm 
in nondysplastic BE, or every 1 cm in dysplastic BE. However, even when this 
aggressive tissue sampling protocol is performed appropriately, small foci of dys-
plasia may be missed [8].

 Novel Screening and Surveillance Methods
As previously discussed, current BE screening and surveillance methods suffer 
from a number of issues related to cost, procedural risk, and suboptimal detection 
rates. Therefore, new technologies that can enhance the detection of BE or early 
EAC, or avoid the cost and risk associated with frequent endoscopy, are an area of 
considerable research activity. This section will summarize endoscopic and nonen-
doscopic methods under active investigation. Although several techniques are quite 
promising, with few exceptions these have not yet been recommended for routine 
use according to society guidelines [21, 22, 84].

Advances in endoscopic technology, including novel microscopic or imaging 
modalities, have been developed to supplement or supplant traditional HD-WLE 
and the Seattle biopsy protocol for the detection of Barrett’s metaplasia or dyspla-
sia. These techniques can be divided broadly into wide-field and cross- sectional 
modalities [85]. Wide-field methods, similar to traditional endoscopy, are employed 
to survey large mucosal surfaces, while cross-sectional imaging typically only 
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assesses smaller areas but can assess depth of mucosal penetration. The primary 
wide-field methods currently in use include chromoendoscopy, narrow-band imag-
ing and autofluorescence imaging, while cross-sectional techniques include optical 
coherence tomography, volumetric laser endomicroscopy, and confocal laser 
endomicroscopy.

Chromoendoscopy involves the use of topically applied dyes, most commonly 
methylene blue or acetic acid, to enhance the visible contrast between metaplastic 
or dysplastic tissue and normal squamous tissue. Advantages of chromoendoscopy 
include its relatively low cost and lack of need for specialized equipment. Meta- 
analysis of acetic acid chromoendoscopy for the detection of HGD or EAC demon-
strated a sensitivity and specificity of 0.92 and 0.96, respectively. However, the 
detection of Barrett’s metaplasia, while highly sensitive (0.96) was nonspecific 
(0.69) [86].

Narrow-band imaging (NBI), also known as electronic chromoendoscopy, relies 
on filtering the visible light spectrum to enhance endoscopic contrast. Optical peaks 
matching the absorption spectrum of hemoglobin are enhanced, allowing improved 
visualization of hypervascular tissues, such as BE or areas of dysplasia. Randomized 
controlled trial data and meta-analyses have demonstrated that NBI may increase 
the yield of the diagnosis of dysplasia while requiring fewer biopsies [87, 88]. A 
conditional recommendation for the adjuvant use of this technique was included in 
the most recent version of the American College of Gastroenterology (ACG) guide-
lines for the diagnosis and management of BE [84].

Autofluorescence imaging (AFI) uses excitation of endogenous fluorophores to 
differentiate between metaplastic and dysplastic tissue. Dysplastic or neoplastic tis-
sue excites at difference wavelengths than squamous or metaplastic tissue, allowing 
the visual differentiation of high-grade dysplasia or EAC.  Studies have demon-
strated this technology has an increased sensitivity for the detection of HGD or EAC 
compared to WLE alone, although AFI has not been demonstrated to improve the 
detection of dysplasia when compared to the Seattle protocol [89, 90].

The combination of the above modalities (WLE, NBI and AFI) has been termed 
“endoscopic trimodal imaging (ETMI).” This technology, while possibly useful for 
the detection of dysplasia in a small subset of high-risk patients, has not been dem-
onstrated to increase the diagnostic yield of dysplasia during routine surveillance 
[91, 92].

Molecular imaging, a process where neoplasia- or dysplasia-specific fluorescent- 
tagged markers are applied topically to the esophageal mucosa, is still in the initial 
stages of development. A variety of cell surface moieties, including lectins, pep-
tides, antibodies, and enzymes are under investigation as potential targets, and sev-
eral have shown promise in ex vivo and pilot studies [93–96].

Optical coherence tomography (OCT) employs differential laser backscattering 
to provide real-time, cross-sectional, subsurface imaging, similar to ultrasound but 
with dramatically increased resolution (~10 μM) and lower depth of penetration 
(1–3  mm) [97]. Second-generation OCT, known as volumetric laser endoscopy 
(VLE) or optical frequency domain imaging (OFDI), can be used to rapidly acquire 
360° cross-sectional imaging of up to 6 cm of esophageal length [98]. Retrospective 
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data and ex vivo trials suggest that VLE has an increased rate of dysplasia and neo-
plasia detection compared to the Seattle protocol in BE surveillance [99, 100] 
(Fig. 4.3). VLE may also be employed for procedural planning or staging of previ-
ously detected BE or EAC, although its clinical role has yet to be firmly 
established.

Confocal laser endomicroscopy (CLE) provides high-magnification, histology- 
like images that can be collected during endoscopy. CLE with targeted biopsy had a 
sensitivity of 89% and specificity of 83% for the detection of neoplasia in meta- 
analysis, although these values varied significantly between studies, presumably 
related to technique, operator experience and the type of CLE system used (probe or 
endoscope based) [101].

In addition to novel esophageal imaging techniques, non-oral approaches to 
endoscopy are also under investigation. Ultrathin transnasal endoscopy is an alter-
native screening method that has some advantages over traditional oral endos-
copy. The transnasal approach bypasses the root of the tongue and thus avoids the 
discomfort and gagging associated with oral endoscopy. Transnasal endoscopy 
can be undertaken in an office setting without sedation, and therefore can be per-
formed by physician extenders [102]. Transnasal endoscopy has a similar 
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Fig. 4.3 (a–c) Endoscopic image demonstrating an irregular GEJ junction. OCT imaging show-
ing atypical glands later demonstrated on EMR to represent high-grade dysplasia
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sensitivity and specificity to standard endoscopy for the detection of BE, although 
suffers from reduced optical quality and reduced yield of intestinal metaplasia on 
biopsy [103]. Although it has not gained widespread acceptance at this point, it 
has been recommended by the ACG as an acceptable alternative to traditional 
endoscopy for BE screening [84].

Nonendoscopic methods for BE screening have the advantages of being less 
invasive and less costly than endoscopic options. One method currently being evalu-
ated is based on retrievable esophageal cytology collection devices, such as the 
“Cytosponge” or “Esophacap,” which are swallowed capsules that degrade in the 
stomach to release a sponge tethered to a string. As the sponge is pulled back 
through the esophagus and out of the mouth, it captures esophageal cells which can 
later be analyzed for particular molecular changes associated with BE and/or dys-
plasia [2]. The use of the Cytosponge combined with the tissue biomarker trefoil 
factor 3 (TFF3) had a reasonable sensitivity (87%) and specificity (92%) for detec-
tion of BE segments greater than 3 cm in length in a large cross-sectional trial. The 
device was well tolerated by patients with only minimal anxiety or discomfort 
reported [104]. Another study determined the Cytosponge was cost-effective, with 
the potential to reduce mortality from EAC as compared to a no-screening strategy 
[105]. Additional accurate biomarkers are being sought with this and similar swal-
lowable devices, which may enhance BE detection as well as risk-stratification of 
known BE [106–108]. For example, the use of a panel of two methylated DNA 
biomarkers on samples collected by a swallowable balloon device achieved a sensi-
tivity of 90.3% and specificity of 91.7% for the detection of BE in an early clinical 
trial [108].

Blood, stool, or saliva biomarkers would theoretically provide an ideal screening 
or surveillance method given their ease and safety of collection. A number of such 
markers, including circulating microRNAs, metabolite panels, and peptides have 
been identified in small, retrospective, in vitro, and nonhuman trials, although to 
date none have been evaluated in prospective clinical trials [109–112].

 Treatment of Barrett’s Esophagus

The treatment of BE is primarily focused on the prevention of BE progressing to 
EAC. Until recently, this meant that the focus of BE treatment was on managing 
risk factors for progression, such as controlling acid reflux, and on endoscopic 
surveillance to detect HGD or carcinoma, at which point patients were referred 
for surgical resection of the esophagus. Despite improvements in minimally inva-
sive surgical techniques, the morbidity and mortality of esophagectomy remains 
high (2–5%) even at expert centers [113]. This high mortality prompted the devel-
opment of endoscopic treatments for BE. These modalities include ablative tech-
niques such as radiofrequency ablation (RFA), cryotherapy, photodynamic therapy 
(PDT), and argon plasma coagulation (APC), and resective therapies such as 
EMR and ESD.  While surgical management remains the standard of care for 
patients with esophageal cancer that has progressed beyond the level of IMC, 
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endoscopic treatments are the new standard of care for patients with dysplastic BE 
[21, 22, 46, 84].

 Nonendoscopic Management of BE

 Lifestyle Modifications
The only currently recommended nonendoscopic management strategy for BE is 
the avoidance of risk factors known to be associated with the risk of progression to 
EAC. Based on the risk factors described above, it is intuitive, albeit poorly studied, 
that avoiding smoking, decreasing central adiposity, and consuming a diet high in 
fruits and vegetables should be recommended to all patients with a diagnosis of 
BE. Less intuitive is the recommendation that patients with BE have an assessment 
of their cardiovascular function and/or cardiovascular disease risk factors. In a 
population- based study from the UK, individuals diagnosed with BE had an 
increased risk of death from esophageal cancer; however, the largest single cause of 
death was ischemic heart disease. BE patients had a fourfold increased risk of dying 
from ischemic heart disease versus esophageal cancer [54]. This raises the interest-
ing question of whether patients diagnosed with BE would be better served by first 
optimizing their cardiovascular health before embarking on extensive screening and 
surveillance programs for their BE.

 Chemoprevention
There is no proven agent that is effective for primary or secondary chemoprophy-
laxis for BE. Even though there is considerable data in preclinical models that reflux 
of acid/bile is a central mechanism for BE formation and progression, there remains 
no evidence that patients with asymptomatic reflux have a mortality benefit from the 
use of PPIs or histamine 2 receptor inhibitors [21, 22]. Nonetheless, the use of PPI 
medications irrespective of symptomatic reflux has been recommended by some 
authorities [114], although most society position statements do not promote PPI use 
in the absence of symptomatic reflux. There is relatively strong support for the use 
of PPIs in BE patients with symptomatic GERD or those patients undergoing endo-
scopic eradication therapy (EET) [21, 22].

To add to the controversy, there are a number of well-done but conflicting studies 
regarding the role of acid suppression in BE therapy. A longitudinal study from the 
Netherlands demonstrated a 75% reduction in the risk of dysplastic progression in 
patients compliant with PPI therapy [115]. Another large population-based study 
demonstrated no benefit for PPI therapy in patients with Barrett’s and possibly 
increased risk of advanced disease [116].For patients with symptomatic reflux, 
there is clearly a role for diet and lifestyle modification and antacid therapy for 
symptom control. Also, for patients who are undergoing endoscopic therapy of BE, 
medication nonadherence may contribute to incomplete eradication of BE [117, 
118]. A biological explanation for incomplete acid reflux suppression leading to 
incomplete BE eradication may be in part secondary to the poor barrier function of 
the neo-squamous epithelium [119]. Data from case-control studies have suggested 

A. Templeton et al.



97

that the use of nonsteroidal anti-inflammatory medications (NSAIDs) may prevent 
Barrett’s and EAC [120, 121]; however, in aggregate, the studies performed to date 
have found little to no benefit for the use of NSAIDs for chemoprophylaxis in all 
patients [122, 123]. Instead, it is typically recommended that individuals with BE 
undergo evaluation for cardiovascular risk factors, and initiate aspirin therapy based 
on cardiovascular risk status, under the assumption that they may also benefit from 
a possible reduction in EAC risk as well.

 Surgical Management
Given the putative benefit of acid control in preventing the progression of BE to 
EAC, fundoplication was previously advocated for individuals with BE to decrease 
refluxate exposure and thus decrease the risk of BE progression. However, no study 
to date has shown a clear benefit for fundoplication in decreasing the progression of 
BE [124, 125]. There may be a role for the use of fundoplication in patients under-
going endoscopic eradication who are unable to achieve eradication in the setting of 
hiatal hernia or persistent reflux [118].

 Endoscopic Management
The success of endoscopic therapy is generally determined by: (1) the removal of 
dysplastic or nondysplastic BE epithelia (eradication), and (2) the promotion of 
neo-squamous growth following therapy (remission). To obtain both complete erad-
ication and durable remission, endoscopists generally use a combination of endo-
scopic resection (EMR or ESD) and ablative therapies (Figs. 4.3 and 4.5). As noted 
above, EMR provides improved staging capabilities. Appropriate staging is a criti-
cal aspect of ER because unlike esophagectomy, endoscopic therapy is limited to 
mucosal lesions and cannot address locally advanced neoplasms with submucosal 
involvement or regional lymph node metastasis. If appropriately staged, the risk of 
lymph node involvement for HGD or IMC is less than 2%. However, lymph node 
involvement increases to 20% with submucosal invasion [126]. Thus, determination 
of submucosal involvement plays an important role in determining whether treat-
ment will be primarily endoscopic or surgical.

There are two currently practiced techniques of endoscopic mucosal resection: 
the cap and snare technique and the band-assisted ligation technique. In the cap 
and snare technique, a submucosal injection is first performed and then, using a 
snare fit to the edge of an endoscopic cap, the targeted area of BE is suctioned into 
the cap. Next, the snare is closed around the suctioned mucosa and cautery is used 
to resect the targeted mucosa. In the band-assisted technique, a band ligator is 
attached to the end of the endoscope, and in a similar fashion to endoscopic vari-
ceal band ligation, the mucosa is suctioned into the cap, a band is deployed around 
the suctioned mucosa, and then a snare is used to resect the banded mucosa with 
cautery (Fig. 4.5).

Endoscopic submucosal dissection for Barrett’s remains less common, though 
has been increasingly described for nodular Barrett’s. ESD is an advanced endo-
scopic technique that permits en bloc resection of mucosal and submucosal lesions. 
This technique has the benefit of improved histopathologic evaluation with the 
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potential for decreased local recurrence rates due to en bloc curative resection. 
Widespread uptake of this practice has been limited by a steep learning curve and 
increased risks of perforation, stricture and bleeding. However, a recent meta- 
analysis of the limited literature (501 patients, 524 lesions) demonstrated low risk 
of stricture (11.6%), perforation, or bleeding (1.5% and 1.7%) [127].

The use of resective techniques in combination with effective medical manage-
ment of reflux can result in durable eradication of BE; however, the use of EMR as 
monotherapy for BE, particularly when applied circumferentially, has a prohibi-
tively high risk (30–40%) of esophageal stricture without demonstrating any 
improvement in eradication rates [128–130]. For this reason, in the United States, 
EMR is generally performed for the staging of nodular BE and, once the nodular 
area is removed, it is subsequently followed by radio frequency ablation (RFA).RFA 
is applied under endoscopic visualization using either circumferential balloon cath-
eters or RFA application devices attached to the tip of the endoscope (Fig. 4.4). 
After initial treatment, patients return for repeat endoscopy every 2–3 months for 
“touch-up” ablation treatments of persistent BE, as indicated by the appearance of 
the post-RFA BE (Figs. 4.4 and 4.5). The procedure is widely considered safe and 

a
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Fig. 4.4 (a–d) Endoscopic images demonstrating (a) short-segment Barrett’s esophagus, (b) cir-
cumferential radio-frequency ablation (RFA) balloon catheter inflated, (c) post-RFA treatment 
appearance of Barrett’s esophagus, (d) 3-month follow-up of Barrett’s esophagus demonstrating 
ablation of Barrett’s esophagus
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the post-therapy quality of life is substantially better than that after esophageal 
resection. The major adverse events are stricture formation (4–10%), bleeding 
(<1%), and perforation (<1/1000) [130, 131]. Randomized controlled studies have 
shown that use of RFA can result in durable eradication of BE with a relatively 
infrequent adverse event rate [132, 133]. A large systematic review and 
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Fig. 4.5 (a–f) Endoscopic images demonstrating (a) Barrett’s with nodule (pathology of nodule: 
high-grade dysplasia), (b) narrow-band imaging (NBI) of nodular lesion, (c) submucosal injection 
of nodule with saline (saline lift) prior to endomucosal resection (EMR), (d) EMR using Duette 
banding kit, (e) EMR site after snare removal, (f) 3-month follow-up of site with scar and no endo-
scopically evident Barrett’s esophagus
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meta- analysis of 18 studies involving 3802 patients treated with RFA demonstrated 
complete eradication of dysplasia in 91% of patients and complete eradication of 
intestinal metaplasia (IM) in 78% of patients. Notably, progression to cancer only 
occurred in 0.2% of patients during treatment and 0.7% of patients after complete 
eradication [131].

Given that the rates of complete eradication of dysplasia and metaplasia remain 
less than 100%, along with the complication of stricture formation (5% of patients 
treated with RFA alone, 10–13% in patients treated with RFA and resection), 
cryotherapy is being explored as an alternative ablative treatment [130, 134]. 
Unlike RFA, cryoablation is a noncontact method of directing a spray of liquid 
nitrogen on the Barrett’s mucosa. This causes rapid freezing and thawing and 
resultant cell membrane disruption, apoptosis, thrombosis, and necrosis of the 
superficial layers of the esophagus, potentially decreasing injury to deeper struc-
tures and thus, decreasing stricture formation [135]. Data is limited; however, 
recently published long-term retrospective data of 40 patients with HGD and IMC 
demonstrated complete eradication of 98% of HGD, 90% of dysplasia and 60% of 
IM [136]. This study demonstrates feasibility of cryotherapy, though more work 
is required to determine if cryotherapy could be used to complement RFA or 
would replace it.

 Determining Candidacy for Endoscopic Management of BE: Issues 
Surrounding the Use of Ablation Therapy for Low-Risk BE

The success of endoscopic therapy in achieving durable eradication for HGD has 
resulted in multi-society consensus suggesting the use of endoscopic treatment as 
first line for patients with HGD [21, 22, 46]. The larger question is whether patients 
with a lower risk of malignant progression, including those with nondysplastic BE 
or LGD, should be offered EET followed by surveillance. More recently the ACG 
recommended that patients with LGD confirmed by two pathologists should undergo 
EET. This is largely based on the 2014 surveillance versus radiofrequency ablation 
(SURF) multicenter study[137]. In this study, 136 patients with a confirmed diagno-
sis of BE with LGD were enrolled and randomized to ablation or surveillance. 
Notably, the risk of progression to HGD or adenocarcinoma was reduced to 1.5% 
for ablation versus 26.5% for control (95% CI, 14.1–35.9%; P < 0.001). In a recent 
follow-up report of these patients, Duits et al. found that the number of pathologists 
confirming LGD as well as patients who had persistence of LGD over time increased 
the risk for development of HGD or EAC [138].

The issue of treating low-risk BE endoscopically is less a matter of safety than 
one of cost and necessity. Treating BE with HGD endoscopically is generally con-
sidered cost-effective and there are estimates using the most recently revised rates 
of progression to cancer that suggest that RFA is cost effective for patients with 
LGD [139, 140]. However, EMR and RFA for nondysplastic BE is generally con-
sidered to have an inappropriately high risk:benefit ratio and to be prohibitively 
expensive from a population-level perspective[139, 141].
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 Surveillance After Treatment
The main goal of therapy is complete eradication or remission of intestinal metapla-
sia (CEIM or CRIM), though many argue that a lesser goal, complete eradication of 
intestinal dysplasia (CEID), or cancer is a reasonable endpoint. CEIM is defined as 
endoscopic and histologic remission of intestinal metaplasia on follow-up 
endoscopy.

Multiple studies have shown that despite initial endoscopic and histologic eradi-
cation, 12–32% of patients will have recurrence of dysplasia and 0.7–1.4% will 
experience recurrence of EAC [130, 131, 133]. The greatest probability of recur-
rence is at 1 year, although those who did not initially recur have a lower but still 
possible chance of recurrence [133]. Patients with a longer initial segment of 
Barrett’s and more advanced pathology appear to be at greater risk for recurrence 
[142].

Currently, the ACG is the only professional society to provide practice guidelines 
for post-EET surveillance. These guidelines recommend a stratified approach, sug-
gesting individuals with baseline HGD undergo endoscopy every 3 months for the 
first year following CEIM, and those with baseline LGD (or those with HGD in 
their second year of surveillance) undergo endoscopy every 6 months. For those 
who have not progressed, annual surveillance is then recommended [84].

 Current Controversies Surrounding BE Surveillance and Treatment
Recognition of Barrett’s as a marker for EAC led to the early acceptance of endo-
scopic screening and surveillance. These programs are endoscopically intensive. 
Individuals with BE are currently advised to undergo endoscopy every 1–5 years 
depending on the presence and degree of dysplasia. Two studies highlight the con-
troversy regarding screening and surveillance programs. In a study comparing 
patients with adenocarcinoma from 1995 to 2009 to a matched control population 
of patients with BE, the authors found that endoscopic surveillance provided no 
mortality benefit [143]. This study included patients prior to the widespread use of 
HD-WLE and the use of less morbid endoscopically based treatment, yet the lack of 
any benefit from screening is concerning. Some of the lack of surveillance benefit 
may in part be explained by the known poor adherence to the recommended biopsy 
protocol by community endoscopists [144]. Of interest, this study demonstrated that 
early cancers were found in the surveyed population, but that there was no mortality 
benefit in this group. However, a more recent study evaluated all patients diagnosed 
with EAC between 1999 and 2009 within the Netherlands Cancer Registry for prior 
surveillance. In this group of 9780 EAC patients, mortality was significantly lower 
(adjusted HR 0.79; 95% confidence interval (0.64–0.92) when compared to patients 
with a prior BE diagnosis who did not participate in surveillance [3]. This study 
highlights the importance of performing surveillance appropriately, but also demon-
strated that 90% of all patients with EAC in this group did not have a diagnosis of 
BE preceding their diagnosis of EAC.

If endoscopic surveillance of BE is challenging to perform in clinical practice 
and outcomes from clinical trials of ablation demonstrate durable response, it is 
reasonable to ask whether all BE should be ablated. Again, the clinical issues 
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surrounding ablating all Barrett’s include (1) the low absolute risk of BE progress-
ing to EAC; (2) the suboptimal performance of current risk markers; (3) the risks of 
complications from EMR and RFA; and (4) problems predicting who will achieve a 
durable response to ablation and who can be successfully discharged from ongoing 
surveillance. As such, the treatment recommendations for nondysplastic BE remain 
vague. In very-low-risk cohorts (e.g., short segment of Barrett’s, female, slender, 
and non-Caucasian), there is likely no benefit to treatment or surveillance; however, 
individuals with multiple risk factors for BE progression might benefit from treat-
ment and ongoing surveillance.

 Conclusions

The ultimate goal of the management of BE is to prevent EAC. Recent studies sug-
gest that population-based screening tests utilizing a variety of biomarkers or 
demographic characteristics that identify those people at risk for BE and that accu-
rately risk stratify could be implemented in the near future. Ideally, these individu-
als could then undergo simple, noninvasive, or minimally invasive screening tests 
to confirm the presence of BE. Depending on the risk profile of the individual, 
appropriate treatment or surveillance could then be performed and tailored to the 
individual’s progression risk. As our prognostic and therapeutic tools continue to 
improve, it is widely anticipated that the benefits of screening and surveillance in 
large, multicenter controlled trials of BE will be shown. Since many of the risk 
factors for the development of BE and EAC are expected to remain static or 
increase in the coming years, unless we refine our screening and surveillance pro-
grams beyond the reliance on a single biomarker (dysplasia), we cannot hope to 
reduce the upward trend in the incidence of esophageal cancer and EAC-related 
deaths.
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An emerging focus over the last few decades has been into cancer chemoprevention, 
using supplements or medication to avoid or delay the potential medical and psy-
chological catastrophe of a cancer diagnosis. The idea is to take a safe, economi-
cally viable, well-tolerated, and well-understood medication which, given to a 
group in the population, could prevent carcinoma before invasion or at least delay 
the premalignant process to a later time point.

Esophageal cancer carries a huge burden of morbidity and mortality to patients 
around the world, with the UK having one of the worst rates of adenocarcinoma [1]. 
At diagnosis the disease is often at an advanced stage, surgery is extremely invasive, 
chemotherapy and radiotherapy treatments are aggressive, and endoscopic treat-
ments limited to tertiary centers in areas of higher socioeconomic strength. 
Chemoprevention is an exciting prospect for this condition given the potential 
impact on patients and the potential relief to healthcare systems as populations age. 
Chemoprevention has been a key focus in other areas of medicine and has been 
extremely effective in reducing the burden of disease in cardiology, and many medi-
cations used in large populations for this purpose hold promise in cancer chemopre-
vention as will be described. The challenge going forward is narrowing down which 
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agents can be attractive to large populations of essentially healthy patients in the 
hope of preventing malignancy. Described below is an overview of the evidence for 
a few of the key areas of interest for esophageal chemoprevention, with an explora-
tion of the associated side effects and some considerations for the future.

 Proton Pump Inhibitors

Acid exposure plays an important role in the initiation of Barrett’s esophagus (BE) 
and its progression to esophageal adenocarcinoma; therefore, proton pump inhibi-
tors (PPIs) have been historically used as the backbone of medical treatment for the 
symptoms of gastroesophageal reflux disease (GERD). Several studies have inves-
tigated the role of proton pump inhibitors in the prevention of progression from BE 
to esophageal adenocarcinoma. In a large prospective cohort study, 75% of patients 
known to have BE and taking PPI had a reduction in the risk of neoplastic progres-
sion, independent of age, gender, BE length, esophagitis, histology, and use of other 
medications [2].

Other studies have shown that despite PPI use, 20% of BE patients experience 
pathological reflux, hence none of the PPIs have been proven to completely prevent 
neoplastic progression [3]. Maintenance of normal epithelial differentiation and cell 
proliferation is an important goal in cancer chemoprevention. Bearing in mind that 
intermittent esophageal acid exposure enhances cell proliferation, which is well 
correlated with the development of dysplasia, this may explain why BE patients 
remain at a certain risk for neoplastic progression during PPI use.

Several studies have hypothesized that effective intra-esophageal acid suppression 
may be beneficial in the long-term treatment of BE patients, due to the theoretical and 
logical concept that acid suppression should lead to well-differentiated BE epithelia 
while also minimizing cell proliferation, and thus should reduce the likelihood of 
progression to dysplasia or adenocarcinoma [4]. A systematic review that pooled the 
results of several trials investigating chemoprevention of esophageal adenocarcinoma 
reported mixed results [5]; some studies reported that PPIs cause regression of BE [6, 
7], while others failed to reach statistical significance [8, 9]. These discrepancies in 
the literature at that stage resulted mainly from a lack of standardized method for 
measuring the length and distribution of Barrett’s [10]. A lack of correlation between 
the acid suppression and symptom relief might also mean higher doses of PPI are 
required to achieve therapeutic acid suppression [11]. This concept has been investi-
gated in a study which reported that standard doses of PPIs administered to BE 
patients could relieve symptoms of GERD after a 6-month period, but many partici-
pants continued to have pathological acid reflux as measured by 24-h pH monitoring, 
and remained, therefore, at risk of developing adenocarcinoma [4].

Peters et al. performed a randomized double-blind study, in which participants 
were given 40 mg omeprazole twice a day and underwent pH esophageal monitoring 
to confirm adequate acid suppression. After 2 years, there was a statistically signifi-
cant regression of BE [12]. There is a paucity of data investigating the cellular effects 
of PPI treatment. Absolute suppression of acid reflux has been shown to reduce cell 
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proliferation [4, 13] and increase expression of the cyclin-dependent kinase inhibi-
tors p16 and p21 [14]. This therefore suggests that aggressive acid suppression may 
influence the alterations in cell cycle control that occur during carcinogenesis; reduc-
ing risk and therefore also supporting the findings reported by Peters et al. [12].

Whether aggressive acid-lowering treatment can modify the risk of cancer devel-
opment is still unconfirmed due to a lack of robust clinical trials investigating this 
question. It may be that transformation of Barrett’s to dysplasia is the most impor-
tant step that should be focused upon rather than regression of Barrett’s epithelium. 
A prospective analysis of over 200 patients over a 20-year period has shown that 
PPIs significantly reduced risk of dysplasia in Barrett’s esophagus [15]. This study, 
unfortunately, remains in relative isolation; however, preliminary data is emerging 
from the Aspect trial, which is the largest randomized controlled trial looking at 
aspirin plus high or low dose omeprazole. Data presented at the ASCO annual con-
ference at the time of writing showed high dose (40 mg BD) esomeprazole, in com-
bination with aspirin, provided a significant effect on all-cause mortality in Barrett’s 
patients versus 20 mg once daily if taken for at least 7 years. These data are encour-
aging but it is important to note that the study enrolled Barrett’s confirmed cases and 
so this does not yet represent a course for all GERD cases, pending further informa-
tion from the full dataset.

 NSAIDs/Aspirin

Aspirin, a key agent in cardiovascular chemoprevention, has already been found to 
have a significant role in the prevention of colorectal cancer and is recommended 
for use in 50–59-year-olds with a significant cardiovascular risk profile (10% or 
more over 10 years) by the US Preventative Services Task Force [16]. Through evi-
dence initially gathered in large cohort studies [17–19], this relationship was dem-
onstrated in hereditary colorectal cancer patients in randomized controlled trials 
through the CAPP trial series [20]. The large cohorts also showed significant links 
with esophageal cancer and extensive work to define the biochemical process 
involved has been undertaken.

There are four main theories of why aspirin works in chemoprevention. Firstly, 
inflammation plays a significant role in the cancers that aspirin is considered to pre-
vent and on one level it inhibits the release of inflammatory cytokines by immune 
cells, reducing downstream cellular changes, particularly through limiting release of 
TNF, INFy, WNT5A, IL-1, IL-6, and CXCL1 [21–23]. Platelet-mediated effects have 
also been described, linking reduced thromboxane production from platelets prevent-
ing cell proliferation that occurs as a reaction to neoplastic disruption to tissues [17].

However, the main causative pathways in esophageal cancer that appear to 
relate to aspirin and NSAIDs are the COX mediated pathways and the subsequent 
effects on β-catenin [24] (Fig. 5.1). Cell migration and proliferation are stimulated 
by the shift of β-catenin to the nucleus of the cell where it causes a gene expression 
sequence, hence it has pro-neoplastic effects at higher concentrations in the cell 
[21]. β-catenin is usually ubiquitylated after being flagged by T41 and S45 amino 

5 Chemoprevention of Esophageal Cancer



116

acid residues; however, in the context of aspirin this process is emphasized by 
inactivation of protein phosphatase 2A which is responsible for breaking down T41 
and S45 [21]. PGE2 produced via the COX pathway stimulates the migration of 
β-catenin via stimulation of the EP-2 receptors in the epithelial cell and 
WNT-signaling.

PGE2

Via COX
pathway

EP-2
receptor

Cytoplasmic
accumulation

Nuclear
translocation

Target Gene
Activation

Cell
Proliferation
Differentiation
Survival

TCF7L2

PP2A

T41 S45

β-catenin
β-catenin

β-catenin

β-catenin

β-catenin

WNT
signalling

Epithelial cell

Nucleus

ASPIRIN

Fig. 5.1 A diagram showing the β-catenin pathways hypothesized to be affected by aspirin, modi-
fied from a diagram by Drew et al. in the 2016 paper “Aspirin and colorectal cancer: the promise 
of precision chemoprevention” Nature Reviews [21]. Green arrows represent stimulation pathways 
and red arrows inhibitory. Inhibiting the stabilization of β-catenin through inactivation of protein 
phosphatase 2A (PP2A)-promoting ubiquitylation; through inhibiting COX-2-mediated produc-
tion of prostanoids by preventing COX-2 from converting arachidonic acid to prostaglandin E2 
(PGE2) which in turn can stimulate the WNT signaling pathway
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In the COX pathway, arachidonic acid is metabolized through COX enzymes, 
resulting in the production of prostaglandins such as PGE2, PGF2, and PGD2. 
NSAIDs and aspirin disturb this process through interfering with the action of the 
COX enzyme [25]. There are two types of COX, denoted COX1 and COX2: high 
levels of COX2 have been implicated in neoplastic conditions [26]. It was also 
noted that metaplastic cell progression through to dysplasia and adenocarcinoma 
was associated with increased levels of COX2 mRNA and protein [27]. Barrett’s 
esophagus and associated esophageal adenocarcinoma patients were found to have 
upregulation of COX2 mRNA expression, which occurs early in the neoplastic 
transformation process [28]. One of the studies carried out in the US concluded 
that inhibition of COX2 expression through using selective COX2 inhibitor has a 
chemopreventive effect in Barrett’s esophagus [29]. This was supported further by 
another study which showed that food-borne natural flavonoid quercetin and selec-
tive COX2 inhibitors hinder cell proliferation and induce apoptosis in esophageal 
adenocarcinoma in vitro [30].

Clinical trials are encouraging. A meta-analysis by Rothwell et al. found a signifi-
cant reduction in 20-year cancer-related mortality for patients with all solid cancers 
and particularly GI cancers taking daily aspirin versus control [31]. Evidence from 
Parkin et al. suggested an all-cancer reduction of 7–10% with 10 years of regular 
aspirin use in 50–65-year-olds, with most clear associations in GI cancers with 
esophageal, colorectal and gastric cancers all reduced by up to one-third [32]. A large 
population-based case-control study of UK and Netherlands populations by Masclee 
et al. looked at esophageal adenocarcinoma risk in Barrett’s patients with concurrent 
use of PPI, NSAIDs, aspirin or statins and found no significantly significant associa-
tions [33]. However, a large case control study derived from Scotland- based general 
practice demonstrated decreased risk of upper aerodigestive tract cancer with usage 
of aspirin and not COX2 inhibitor [34]. Systematic review and meta-analysis sup-
ported the protective association between aspirin/NSAID and esophageal adenocar-
cinoma with more protection in patients with greater usage and longer duration [35].

The risks associated with long-term aspirin use are well understood, namely an 
increased risk of bleeding in general through unselective COX inhibition, which 
reduces thromboxane release, thus increasing the risk of platelet-mediated bleeding, 
and an increased risk of GI bleeding due to COX1 inhibition causing gastric ulceration 
through reduced production of prostaglandin E2 [17]. This creates concerns for many 
investigators regarding the use of aspirin in otherwise healthy populations; however 
encouraging data has come from Cuzick et al. suggesting a 10-year use of daily aspirin 
in 100 average > 55-year-olds would only produce 0.25 more GI bleeds in women and 
0.49 in men for a benefit of 2.29 fewer cancers, strokes and MI in men and 1.32 in 
women over a 15-year period [36]. The use of combination therapy with PPI could 
ameliorate this risk further and we await data from the full publication of ASPECT 
[37]. Hur et  al. assessed patient preferences for chemopreventive agents and found 
76% of Barrett’s patients would be open minded to the use of aspirin in this context 
[38]. The familiarity of aspirin to both patients and clinicians, and its extensive use in 
cardiovascular disease as a secondary effect strongly support its potential, and further 
studies are required prior to its widespread use for esophageal cancer prevention.
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 Statins

Statins, as a widely used cardiovascular risk reduction treatment, were also found in 
large cohort studies [39] to show potential for chemoprevention of cancer. Since 
then, statins have been linked with prevention in many different cancer types includ-
ing colorectal [40], advanced prostate [41], hepatocellular [42, 43], and esophageal 
[39] cancers. The proposed mechanism for this relates to how statins affect the 
RAF-MAPK-ERK pathway resulting in an anti-inflammatory and proapoptotic 
state, and also prevent problems with normal cell survival and differentiation 
through inhibition of HMG CoA’s conversion to mevalonate [44]. Activation of the 
mitogen-activated protein kinase (MAPK) signaling cascade was found to play a 
role in neoplastic progression of Barrett’s esophagus [45] which creates a possible 
route for neoplasia suppression by statins, although overall the mechanism is not 
completely understood.

A recent meta-analysis of 39 cohort and two case-control studies were conducted 
to evaluate the role of statins in influencing mortality in esophageal cancer patients. 
This concluded that using statins prediagnosis and postdiagnosis has a positive 
impact on survival rate [46]. One of the population-based cohort studies showed 
that patients on statins prior to diagnosis of esophageal cancer had 19% reduction in 
their mortality [47]; however another cohort study in the UK concluded that although 
patients with esophageal adenocarcinoma experienced reduced risk of cancer 
related mortality, this effect was not observed in patients with esophageal squamous 
cell cancer [48].

Statins, like aspirin, have a crossover effect with cardiovascular disease preven-
tion which gives them potential for secondary morbidity reduction and they are well 
known to clinicians and patients, allowing for ease of counseling. Unfortunately 
some major concerns have been raised about possible problems with the elderly 
including an increased risk of cancer [49, 50]. The numbers needed to treat coming 
out of trials are extremely high—for esophageal cancer they have been quoted as 
high as 1266 and are offset dramatically by numbers needed to harm of 91 for 
myopathy in men (moderate-severe myopathy) and 136 for severe liver derange-
ment [51]. The link to esophageal cancer prevention at this stage is too weak to 
recommend use for chemoprevention, especially in the context of the concerns 
raised above. Large randomized controlled trials would help to assess the value of 
statins for esophageal cancer chemoprevention.

 Metformin

Studies have looked at the antineoplastic and chemopreventative effects of metfor-
min in esophageal squamous cell carcinoma in vivo and in vitro. It was found that 
metformin selectively inhibits human esophageal squamous cancer cell growth and 
induces apoptosis and autophagy through inactivating Stat3 and repressing Bcl-2 
[52]. Associations have also been made with metformin triggering an AMPK-related 
stress response reducing cancer cell survival via the AMPK/LKB1 pathway [53].
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Randomization has not been utilized to study the effects of metformin in esopha-
geal cancer. However, metformin has been shown to improve radiological and path-
ological response in established esophageal adenocarcinoma patients when used as 
a neo-adjuvant to chemoradiation; this effect is dose-dependent [54]. Though it is 
not yet clear from the current evidence base if we can associate metformin with 
esophageal cancer reduction, certainly some risk factors for all cancers—obesity, 
sedentary lifestyle, and diabetes—relate to the metabolic state and there is evidence 
to suggest a link to metformin reducing the rate of all cancers by 31% in diabetic 
patients in long-term use [55]. GI upset in many patients can make metformin pro-
hibitive in healthy patients and the evidence is not strong enough here either; there 
is possible stronger evidence in hepatocellular prevention [56], 31% overall risk 
reduction of all cancers and colonic adenoma rates [57] (p = 0·034, risk ratio 0·67 
[95% CI 0·47–0·97]) in nondiabetic populations also. Increasing need for this medi-
cation in the general population due to rising obesity levels and early-onset type II 
diabetes may allow for more large-scale trials.

 Conclusions

Chemoprevention is an extremely exciting prospect overall; however, moving this 
approach into widespread use is still a long way away (Table 5.1). There is strong 
evidence for the use of chemoprevention in a few cancer areas—aspirin for colorec-
tal cancer and tamoxifen for estrogen-receptor positive breast cancers, and aspirin is 
recommended in high-risk groups [16, 58, 59]. If it would be possible to slow or halt 
the progression of Barrett’s to dysplasia using a simple, cheap, readily available 
medication, combining this with improving our ability to perform targeted endo-
scopic assessment and build on the surveillance process could improve the 

Table 5.1  Overview of agents discussed

Agent
Hypothesized
pathway Cancers prevented Risks

PPI Reduce inflammatory result 
of direct acid reaction with 
epithelial cells

Esophageal cancer Increased gastric cancer 
in long-term cohort 
studies
Electrolyte abnormalities
Bone metabolism effects

Aspirin/
NSAIDS

β-Catenin, platelet mediated, 
COX inhibition, reducing 
inflammatory cytokines

Esophageal, CRC, 
hereditary CRC, breast, 
ovarian, pancreatic, 
prostate, lung

GI bleeding, intracranial 
hemorrhage, all bleeding

Statins Proapototic via RAF- 
MAPK- ERK reducing cell 
survival via inhibition of 
HMG CoA to mevalonate

Esophageal, CRC, 
HCC, gastric, prostate

Liver injury, myopathy, 
renal derangement, 
increased cancer risk in 
the elderly

Metformin Proapoptotic via inactivating 
Stat3 and repressing Bcl-2; 
AMPK stress response 
reducing survival

All cancers pancreatic, 
HCC

Diarrhea, nausea, 
abdominal discomfort
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incidence rates of esophageal cancer. The concern has been raised that preventing a 
curable malignancy by pushing the time to progression forward may result in 
patients being diagnosed too late for alternative modalities such as surgery, espe-
cially as many develop esophageal cancer in older age. Although some data support 
the concept of widespread aspirin or PPI chemoprevention, before the evidence is 
stronger, we would risk delaying a few cases while placing a healthy population at 
risk of adverse drug reactions. Further studies will help stratify these difficult deci-
sions (Table 5.2). Genetic profiling trials are also underway looking for gene targets 
to risk stratify patients into chemoprevention programs. Certainly, until these genes 
can be defined, demographic risk stratification is likely to shape chemoprevention 
practice for esophageal cancer, as already occurs in cardiology.
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Staging of cancer of the esophagus and esophagogastric junction for the eighth edi-
tion of the AJCC and UICC cancer staging manuals [1, 2] was constructed on a 
strong foundation of seventh edition data and analysis [3, 4]. A greatly expanded 
eighth edition Worldwide Esophageal Cancer Collaboration (WECC) database, 
with a substantial increase in both numbers of patients entered and variables col-
lected [5–7], facilitated a more robust and reliable Random Forest-based machine 
learning analysis. Random Forest techniques provided risk-adjusted survival esti-
mates for all patients from which distinctive and homogeneous stage groups with 
monotonically decreasing survival were identified.

Key to eighth edition staging is stage groupings by classifications. There are 
three separate classifications each with separate recommendations for both adeno-
carcinoma and squamous cell carcinoma: the classic reference pathologic (pTNM) 
stage groupings, the newly introduced neoadjuvant pathologic (ypTNM) stage 
groupings, and clinical (cTNM) stage groupings [8–10].

 Cancer Classifications

Published in 1977, the AJCC “first edition” Manual for Staging of Cancer intro-
duced AJCC designated TNM definitions and, where possible, stage groupings for 
18 disease sites, including the esophagus. Importantly, “general rules and the rela-
tionship between time and the staging of cancer” were introduced. These “Rules for 
Classification” included pretreatment information, which was designated clinical 
diagnostic staging (cTNM); information obtained at surgical exploration, desig-
nated surgical-evaluation staging (sTNM); information from gross and histologic 
examination of the resection specimen, designated posttreatment pathologic staging 
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(pTNM); information obtained at treatment failure and before additional treatment, 
designated retreatment staging (rTNM); and information found at autopsy, desig-
nated autopsy staging (aTNM) [11]. These have evolved primarily into clinical 
(cTNM), pathological (pTNM), and postneoadjuvant (ypTNM) stage groups.

Inconsistent and ineffective clinical staging modalities and newness of neoadju-
vant therapy, compared to the conclusiveness of pathologic assessment of resection 
specimens, have led to sharing of pathologic stage grouping (pTNM) with corre-
sponding cTNM or ypTNM groups. However, this sharing implies more than a 
common TNM language. The dual purpose of staging as outlined in the “first edi-
tion” UICC Cancer Staging Manual states “(TNM) classification is a means of 
recording facts observed by the clinician [about the cancer] whereas staging implies 
interpretation of these facts regarding prognosis” [12]. Therefore both terminology 
and prognosis need to be shared. This sharing of stage groups among classifications 
was examined by the AJCC Upper GI Task Force in preparing the eighth edition 
cancer staging manual. The need for separate stage groups based on category (TNM) 
was identified, although the need to harmonize with prognosis was not. As a conse-
quence, a given clinical stage group does not carry the same prognosis as the identi-
cal pathologic stage group or the identical postneoadjuvant stage group.

 Cancer Categories

Another consequence of sharing among classifications was the sloppy use of the 
term “classification,” to describe both the relationship of time to cancer staging 
(classification) and the cancer characteristics, now defined as categories [1]. Criteria 
define the elements of categories. Esophageal anatomic cancer categories include 
primary tumor (T), regional lymph node (N), and distant site (M) (Table  6.1; 
Fig. 6.1). Subcategorization of pT1 into pT1a and pT1b has refined and improved 
Stage I grouping. Regional lymph nodes (N), which are found in the periesophageal 
tissue from the upper esophageal sphincter to the celiac artery, are clarified in a new 
map (Fig. 6.2). The non-anatomic cancer category Grade (G) is important for patho-
logic stage grouping (pTNM) of early-stage cancers (Table 6.1). Undifferentiated 
cancers require additional analyses to expose a histopathologic cell type. If glandu-
lar origin can be determined, the cancer is staged as a Grade 3 adenocarcinoma, if a 
squamous origin can be determined or if the cancer remains undifferentiated after 
full analysis, it is staged as a Grade 3 squamous cell carcinoma (Table 6.1). Cancer 
location is not important for adenocarcinoma stage grouping but in conjunction 
with Grade is necessary to subgroup pT3N0M0 squamous cell carcinoma. The defi-
nition of the esophogastric junction is revised such that cancers involving the eso-
phogastric junction with epicenters no more than 2 cm into the gastric cardia are 
staged as adenocarcinomas of the esophagus, and those with more than 2  cm 
involvement of the gastric cardia are staged as stomach cancers (Fig. 6.3). Location 
was considered by the AJCC Upper Gastrointestinal Expert Panel as a placeholder 
until comprehensive genomic analysis could identify cell of origin rather than arbi-
trary measurement locations [13].
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 Cancer Stage Groupings

 Pathologic Stage Grouping (pTNM)

Historically, pathologic stage groupings after esophagectomy alone have been the 
sole basis for all cancer staging. Today pathologic staging is losing its clinical rele-
vance for advanced stage cancer as neoadjuvant therapy replaces esophagectomy 

Table 6.1 Cancer staging categories for cancer of the esophagus and esophagogastric junction

T Category Criteria
Tx Tumor cannot be assessed
T0 No evidence of primary tumor
Tis High-grade dysplasia, malignant cells confined by the basement membrane
T1 Tumor invades the lamina propria, muscularis mucosa, or submucosa
T1aa Tumor invades the lamina propria or muscularis mucosa
T1ba Tumor invades the submucosa
T2 Tumor invades the muscularis propria
T3 Tumor invades adventitia
T4 Tumor invades adjacent structures
T4aa Tumor invading pleura, pericardium, azygos vein, diaphragm, or peritoneum
T4ba Tumor invading other adjacent structures, such as aorta, vertebral body, and 

airway.
N category Criteria
NX Regional lymph nodes cannot be accessed
N0 No regional lymph node metastasis
N1 Metastasis in 1–2 regional lymph nodes
N2 Metastasis in 3–6 regional lymph nodes
N3 Metastasis in 7 or more regional lymph nodes

M category Criteria
M0 No distant metastasis
M1 Distant metastasis
Adenocarcinoma
G category

Criteria

G1 Well differentiated, > 95% of tumor is composed by well-formed glands
G2 Moderately differentiated, 50% to 95% of tumor shows gland formation
G3 Poorly differentiated, tumors composed of nest and sheets of cells with 

<50% of tumor demonstrating glandular formation. Undifferentiated, if 
glandular origin can be identified

Squamous cell 
carcinoma
G category

Criteria

G1 Well-differentiated, prominent keratinization with pearl formation and a 
minor component of nonkeratinizing basal-like cells. Tumor cells are 
arranged in sheets, and mitotic counts are low

G2 Moderately differentiated, variable histologic features, ranging from para-
keratotic to poorly keratinizing lesions. Generally, pearl formation is absent

G3 Poorly differentiated, consists predominantly of basal-like cells forming 
large and small nests with frequent central necrosis. The nests consist of 
sheets or pavement-like arrangements of tumor cells, and occasionally are 
punctuated by small numbers of parakeratotic or keratinizing cells

aSubcategories
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alone. However, it remains relevant for early-stage cancers and as an important stag-
ing and survival reference point.

 Squamous Cell Carcinoma
In the eighth edition, there is no net change in the number of staging subgroups; 
however, there is significant rearrangement and renaming (Table 6.2a). pStage 0 is 
restricted to high-grade glandular dysplasia, pTis. Subcategorization of T1 com-
bined with Grade requires 2 pStage I subgroups: pStage IA (pT1aN0M0G1) and 
pStage IB (pT1aN0M0G2-3, pT1bN0M0, and pT2N0M0G1). pT2N0M0G2-3 can-
cers, pT3N0M0 cancers of the lower thoracic esophagus, and pT3N0M0G1 cancers 
of the upper thoracic esophagus comprise pStage IIA. pStage IIB is comprised of 
T3N0M0G2-3 cancers of the upper thoracic esophagus and pT1N1M0 cancers. 
pStage III and pStage IV are identical for both adenocarcinoma and squamous cell 
carcinoma.

 Adenocarcinoma
Staging subgroups increased from 9  in the seventh edition to 10  in the eighth 
(Table  6.2b). pStage 0 is restricted to high-grade glandular dysplasia, pTis. 

Fig. 6.1  Eighth edition TNM categories. T is categorized as Tis: high-grade dysplasia; T1: cancer 
invade lamina propria, muscularis mucosae, or submucosa and are subcategorized into T1a (cancer 
invades lamina propria or muscularis mucosae) and T1b (cancer invades submucosa); T2: cancer 
invades muscularis propria; T3: cancer invades periesophageal tissue; T4: cancer invades local 
structures and are subcategorized as T4a (cancer invades adjacent structures such as pleura, peri-
cardium, azygos vein, diaphragm, or pericardium; and T4b (cancer invades major adjacent struc-
tures, such as aorta, vertebral body, or trachea). N is categorized as N0: no regional lymph node 
metastasis; N1: regional lymph node metastases involving 1–2 nodes; N2: regional lymph node 
metastases involving 3–6 nodes; and N3: regional lymph node metastases involving 7 or more 
nodes. M is categorized as M0: no distant metastasis; and M1: distant metastasis

T. W. Rice and E. H. Blackstone
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Fig. 6.2 (a–c): Lymph node maps for esophageal cancer regional lymph nodes, from left (a), right 
(b), and anterior (c). The regional lymph nodes are as follows: 1R: Right lower cervical paratra-
cheal nodes: between the supraclavicular paratracheal space and apex of the lung, 1L: Left lower 
cervical paratracheal nodes: between the supraclavicular paratracheal space and apex of the lung, 
2R: Right upper paratracheal nodes: between the intersection of the caudal margin of the innomi-
nate artery with the trachea and the apex of the lung, 2L: Left upper paratracheal nodes: between 
the top of the aortic arch and apex of the lung, R4: Right lower paratracheal nodes: between the 
intersection of the caudal margin of the innominate artery with the trachea and cephalic border of 
the azygos vein, L4: Left lower paratracheal nodes: between the top of the aortic arch and the 
carina, 7: Subcarinal nodes: caudal to the carina of the trachea, 8U: Upper thoracic paraesophageal 
lymph nodes: from the apex of the lung to the tracheal bifurcation, 8M Middle thoracic paraesoph-
ageal lymph nodes: from the tracheal bifurcation to the caudal margin of the inferior pulmonary 
vein, 8Lo: Lower thoracic paraesophageal lymph nodes: from the caudal margin of the inferior 
pulmonary vein to the EGJ, 9R: Pulmonary ligament nodes: within the right inferior pulmonary 
ligament, 9L: Pulmonary ligament nodes: within the left inferior pulmonary ligament, 15: 
Diaphragmatic nodes: lying on the dome of the diaphragm and adjacent to or behind its crura, 16: 
Paracardial nodes: immediately adjacent to the gastroesophageal junction, 17: Left gastric nodes: 
along the course of the left gastric artery, 18: Common hepatic nodes: immediately on the proximal 
common hepatic artery, 19: Splenic nodes: immediately on the proximal splenic artery, 20: Celiac 
nodes: at the base of the celiac artery, Cervical periesophageal level VI and level VII lymph nodes 
are named as per the head and neck map
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Subcategorization of T1 combined with Grade requires 3 pStage I subgroups: 
pStage IA (pT1aN0M0G1), pStage IB (pT1aN0M0G2 and pT1bN0M0G1-2), and 
pStage IC (pT1N0M0G3 and pT2N0M0G1-2). pT2N0M0G3 remains the sole can-
cer in pStage IIA.  T3N0M0 and pT1N1M0 comprise pStage IIB. pStage III is 
reserved for advanced cancers with relatively good survival. pT2N1M0 and 
pT1N2M0 form pStage IIIA, while pT2N2M0, pT3N1-2M0, and pT4aN0-1M0 
form pStage IIIB. pStage IV was subcategorized with the realization that the most 
locally advanced cancers have survival similar to cancers with metastasis to distant 
sites (M1). pT4aN2M0, pT4bN0-2M0, and pTanyN3M0 are pStage IVA. Cancers 
with metastasis to distant sites (M1) are restricted to pStage IVB.

 Neoadjuvant Pathologic Stage Grouping (ypTNM)

New to the eighth edition is stage grouping of patients with esophageal cancers that 
have undergone neoadjuvant therapy and pathologic review of the resection speci-
men. Drivers of this addition include absence of equivalent pathologic (pTNM) 

Fig. 6.3 Location of esophageal cancer primary site, including typical endoscopic measurements 
of each region measured from the incisors. Exact measurements depend on body size and height. 
Location of cancer primary site is defined by cancer epicenter. Cancers involving the EGJ that have 
their epicenter within the proximal 2  cm of the cardia (Siewert types I/II) are to be staged as 
esophageal cancers. Cancers whose epicenter is more than 2 cm distal from the EGJ, even if the 
EGJ is involved, will be staged using the stomach cancer TNM and stage groupings. EGJ esopha-
gogastric junction, LES lower esophageal sphincter, UES upper esophageal sphincter

T. W. Rice and E. H. Blackstone



133

O 

IA IA
IIB IIIA IVA IVB

IVB

IVB

IVB

IVB

IVB

IB IB

IB IIB IIIA IVA

IB IB
IIIA IIIB IVA

IIA IIA

IIA IIA
IIIB IIIB IVA

IIA IIB

IIIB IIIB IVA IVA

IVA IVA IVA IVA

N1 N2 M1

T1a

T2

T3

N3U/M

T1b 

L 

G1
G2-3

T4b

N0
a

b

T4a

G1
G2-3

G1
G2-3

Tis

O 

IA

IIB IIIA IVA

IVA

IVA

IVA

IVA

IVA

IVB

IVB

IVB

IVB

IVB

IVB

IIB IIIA

IIIA IIIB

IIB IIIB IIIB

IIIB IIIB IVA

IVA IVA IVA

N1 N2 M1

T1a

T2

T3

N3 

T1b
G1
G2

T4b

N0 

T4a

G3

IB
IC

IC

IIA

IB

IC

G1
G2
G3

G1
G2
G3

Tis

Table 6.2 (a) Pathologic Stage Groupings (pTNM)—squamous cell carcinoma. (b) Pathologic 
Stage Groupings (pTNM)—adenocarcinoma

categories for the peculiar neoadjuvant pathologic categories (ypT0N0-3M0 and 
ypTisN0-3M0), dissimilar stage group compositions, and markedly different sur-
vival profiles.

The groupings are identical for both histopathologic cell types (Table 6.3). Grade 
plays no role in neoadjuvant pathologic stage grouping. ypStage I is comprised of 
ypT0-2N0M0 cancers. ypStage II is the single entity ypT3N0M0. ypStage IIIA is 
comprised of cancers confined to the esophageal wall with ypN1 regional nodal 
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category (ypT0-2N1M1). ypStage IIIB is comprised of ypT1-3N2M0, ypT3N1M0, 
and ypT4aN0M0 cancers. ypStage IVA includes ypT4aN1-2M0, ypT4bN0-2M0, 
and yp TanyN3M0. ypStage IVB is comprised of ypM1 cancers.

 Clinical Stage Grouping (cTNM)

Also new to the eighth edition is clinical stage grouping (cTNM) prior to treatment 
decision (Table 6.4). Clinical staging is done largely in the absence of histologic 
cancer data in that the TNM categories are typically defined by imaging and not by 
microscopic examination of a resection specimen. Dissimilar stage group composi-
tion (Tables 6.2 and 6.4) and survival profiles necessitated clinical stage grouping 
(cTNM) separate from pathologic stage grouping (pTNM).

 Squamous Cell Carcinoma
cStage 0 is comprised of cTis (Table  6.3a). cStage I is exclusivelycT1N0-1M0. 
cStage II is comprised of cT2N0-1M0 and cT3N0M0 cancers. cStage III is com-
prised of cT3N1M0 and cT1-3N2M0 cancers. cT4a-bN0-2M0 and all cN2-N3M0 
cancers are placed in cStage IVA. cStage IVB is reserved for cM1 cancers.

 Adenocarcinoma
cStage 0 is comprised of cTis (Table 6.3b). cStage I is exclusively cT1N0M0. cStage 
IIA is cT1N1M0 and cStage IIB is cT2N0M0. cStage III is cT2N1, cT3-4aN0-1M0. 
T4bN0-1M0, and all cN2-N3M0 comprise cStage IVA. cStage IVB is comprised of 
all cM1 cancers.
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I IIIA IIIB IVA
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Table 6.3 Neoadjuvant pathologic stage groupings (ypTNM)—adenocarcinoma and squamous 
cell carcinoma
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Table 6.4 (a) Clinical stage groupings (cTNM)—squamous cell carcinoma. (b) Clinical stage 
groupings (cTNM)—adenocarcinoma

 Changes Between Seventh and Eighth Edition Cancer Staging

The changes in classifications and categories between the seventh and eighth edition 
are listed in Table 6.5.
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 Conclusions

Eighth edition staging for cancer of the esophagus and esophagogastric junction are 
data-driven and expanded from pathologic stage grouping (pTNM) to pathologic 
stage grouping after neoadjuvant therapy (ypTNM) and clinical staging (cTNM) 
before treatment decision.
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7Radiologic Assessment of Esophageal 
Cancer

Valeria M. Moncayo, A. Tuba Kendi, and David M. Schuster

 Introduction

Esophageal cancer represents the third most common gastrointestinal tract malignancy 
and sixth most common cause of cancer death worldwide [1, 2]. About 17,290 new 
cases of esophageal cancer will be diagnosed in the United States in 2018 (13,480 in 
men and 3810 in women) and about 15,850 deaths from esophageal cancer are esti-
mated by the American Cancer Society [3]. The majority of esophageal cancers are 
either squamous cell carcinoma (SCC) or adenocarcinomas [1, 2]. SCC is the most 
common pathologic subtype with a higher incidence in developing countries [1, 2, 4]. 
Esophageal adenocarcinomas comprise 15% of all esophageal cancers [4]. Other 
malignant tumors such as sarcomas, lymphoma, and small cell carcinoma (neuroendo-
crine tumor) are rather rare [4]. Accurate initial staging of esophageal cancer is required 
to guide treatment protocols and to estimate prognosis [1, 2, 4–6].

 Diagnosis

For many developing countries, barium esophagogram remains the primary diagnostic 
test for esophageal cancer [5]. The most common radiographic appearance is the pres-
ence of an abrupt irregular narrowing with an ulcerated surface in a stricture [5, 7] 
(Fig. 7.1). Modern barium esophagogram detects a lesion in 98% of studies of patients 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-29832-6_7&domain=pdf
mailto:vmoncay@emory.edu
mailto:dschust@emory.edu
mailto:kendi.ayse@mayo.edu


140

with esophageal cancer and is suggestive of esophageal cancer in 96%, with an esti-
mated positive predictive value of 42% [5, 8]. As clinical diagnosis of esophageal can-
cer requires tissue confirmation, most centers in developed countries perform 
esophagoscopy with tissue sampling instead of esophagogram. Although the flexible 
fiberoptic system is most commonly utilized, in cases with severe stricture, esophagos-
copy may not be possible. In these circumstances, endoscopic esophageal ultrasound 
(EUS) and EUS fine-needle aspiration (EUS FNA) are the procedures of choice. FNA 
with biopsy of suspicious findings is an important step during the staging process [5].

 Staging

Clinical staging tools include esophagoscopy with biopsy, EUS, EUS-FNA, CT, and 
FDG positron emission tomography/computed tomography (PET/CT). 
Bronchoscopy, cervical lymph node biopsy, endoscopic bronchial ultrasound 
(EBUS) and EBUS-FNA, ultrasound, or CT-directed biopsies can be used in spe-
cific cases [1, 2, 4, 5, 7].

Fig. 7.1 Barium esophagogram of a 
patient with esophageal cancer shows 
abrupt narrowing of esophagus and 
focal areas of ulceration (arrow) with 
stricture

V. M. Moncayo et al.
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CT [9] and EUS have been the mainstay imaging modalities for initial staging; 
however, these modalities may over- or understage as many as 30–40% of cases 
[10]. PET/CT demonstrates superiority to other modalities especially given its 
effectiveness in the detection of distant metastatic disease [10]. Wallace et al. exam-
ined multiple imaging modalities for staging and concluded that the preferred stag-
ing procedure was PET/CT followed by EUS in cases where no evidence of 
metastasis was observed by PET/CT [10, 11].

Staging of esophageal cancer has been updated in the eighth edition of the 
American Joint Committee on Cancer (AJCC)/Union for International Cancer 
Control (UICC) cancer staging manuals [12]. This new edition includes separate 
clinical (CTNM), pathologic (pTNM), and postneoadjuvant therapy (ypTNM) stag-
ing groupings [12]. It is relevant to acknowledge that clinical staging is in general 
limited by the resolution of the imaging methods used for such staging. The limita-
tions and strengths of each modality should, therefore, be taken into consideration.

Depth of invasion defines the T staging of primary cancer. T is (in situ) tumors 
are intra- epithelial without invasion of the basal membrane, currently termed high-
grade dysplasia. T1 cancers extend beyond the basal membrane and invade the 
lamina propria, muscularis mucosa, or submucosa. T1 cancers can be classified as 
mucosal (T1a) or submucosal (T1b). T2 cancers breach into but not beyond the 
muscularis propria. T3 cancers invade beyond the esophageal wall without invading 
adjacent structures. T4 cancers invade structures adjacent to the esophagus. T4a 
cancers are still resectable, invading adjacent structures like the pleura, pericar-
dium, and diaphragm. T4b tumors are unresectable due to invasion of other adjacent 
structures like the aorta, vertebral bodies, or trachea [2, 4, 5, 13].

A regional lymph node is defined as any paraesophageal lymph node extending 
from cervical nodes to celiac nodes. N classification includes N0 (no cancer- positive 
nodes), N1 (1 or 2 nodes), N2 (3–6 nodes), and N3 (7 or more) [2, 4, 5].

Distant metastasis is classified as either M0, no distant metastasis, or M1, distant 
metastasis. Histopathologic cell type is either squamous cell carcinoma or adeno-
carcinoma as AJCC/UICC staging is based on cancers arising from the esophageal 
epithelium. Histologic grade is categorized as G1 well differentiated, G2 moder-
ately differentiated, G3 poorly differentiated, and G4 undifferentiated [4, 5, 13]. 
The histologic grade has been eliminated from the AJCC/UICC eighth edition, with 
the expectation for it to be considered for the ninth edition.

In this new edition, cancer location is expressed as the distance of the epicenter 
of the cancer from the incisors. Upper and lower border of the tumor and cancer 
length are needed to provide the epicenter. This is new compared to the prior deter-
mination of tumor location in the seventh edition, which was the proximal end of the 
cancer from the incisors. This location can be correlated with anatomic imaging. If 
the tumor is above the sternal notch, the esophageal cancer is located in the cervical 
esophagus. An upper thoracic location on CT corresponds to the region between the 
sternal notch and lower border of the azygos vein. Middle thoracic tumors are 
located between the azygos vein and inferior pulmonary vein. The lower thoracic 
region is below the inferior pulmonary vein to the stomach or gastroesophageal 
junction (Fig. 7.2) [4, 5, 11]. Adenocarcinomas with epicenter no more than 2 cm 
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into the gastric cardia are staged as esophageal adenocarcinomas, and those extend-
ing further are staged as stomach cancers.

 T Staging

T1 and T2 tumors are generally treated with surgery, whereas patients with T3 and 
T4 tumors are frequently offered preoperative chemotherapy and/or radiation ther-
apy. Hence, the detection of depth of invasion for proper T staging becomes crucial 
[1, 2, 4, 5, 7].

 EUS
EUS is the most accurate imaging tool that provides information about involvement 
of the esophageal wall that is necessary to define T stage. EUS may detect the 
involvement of adjacent structures, specifically the invasion through the muscularis 

Incisors

Inferior pulmonary
vein

Azygos
vein

Sternal notch

Esophagogastric
junction

Upper esophageal
sphincter

Fig. 7.2 Anatomic 
localization of esophageal 
cancer
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propria layer, so that it may upstage a cancer to T4 in the presence of invasion [6]. 
The performance of EUS has been shown to improve as the T stage increases [2, 7]. 
The distinction between T1 or T2 and T2 or T3 cancers is essential for decision mak-
ing because the former are typically N0, requiring resection alone, while T3–4 can-
cers have a higher probability of N1 disease requiring neoadjuvant therapy [12, 14].

EUS is not accurate in differentiating T is from T1. However, US performed with 
high-frequency probes showed very good results in distinguishing mucosal versus 
submucosal invasion [1]. In comparison to CT, EUS is more accurate in differentiat-
ing between T1, T2, and T3 tumors [2]. However, there are shortcomings of 
EUS. Like any other sonographic examination, it is operator dependent, and in cases 
where the esophageal lumen is narrowed, it may be impossible to pass the endo-
scope through the stricture [2, 4]. In these cases, mechanical dilatation can be per-
formed; however, there is increased risk of esophageal perforation [1, 4].

The appropriate therapy for esophageal cancer partly relies on the accurate 
assessment of disease extent. This information is often acquired from PET/CT and 
EUS. The length of disease (LoD) is an important measurement that can influence 
therapy decisions. The results from a recent study showed that PET/CT tends to 
under-measure LoD compared to EUS [15].

Evaluation of depth of invasion for superficial esophageal cancer is generally 
performed by white light imaging (WLI) and EUS. Recent advances in magnifying 
endoscopy and narrow band imaging (M-NBI) enabled the assessment of the pattern 
of intra-epithelial papillary capillary loops and avascular area to predict the histol-
ogy and cancer invasion depth. As the classification method for M-NBI is compli-
cated, it is not widely used in clinical practice. Recently, a simplified method of 
classification was suggested by the Japanese Esophageal Society. A study by Wang 
et al. confirmed that a training program for this new simplified method improved the 
diagnostic accuracy of cancer invasion depth [16].

 CT and MRI
Assessment of the esophagus by CT can be challenging especially for T1 and T2 
esophageal cancers, as the detection of a small tumor in a poorly distended tubular 
structure is quite difficult. Usually, the esophageal wall measures less than 3 mm on 
CT of a distended esophagus [2, 4]. A wall thickness more than 5 mm is considered 
abnormal [4]. Asymmetric thickening of the esophageal wall is a primary but non-
specific finding [4] for esophageal cancer. CT assessment is less accurate for the 
detection and staging of esophageal cancer compared to EUS [1, 2, 4] (Fig. 7.3).

In circumstances when esophagoscopy is not possible, mostly due to the pres-
ence of a marked stricture, CT may provide information about the location of the 
tumor.

The most useful aspect of CT in T staging is to evaluate for the presence of 
invasion of adjacent soft tissues. Direct invasion or obliteration of the fat plane 
between the tumor and the anatomic structure may indicate local invasion [1, 2, 4, 
7]. However caution is advised in cachectic patients and in patients with prior his-
tory of radiation therapy or surgery as fat planes on CT may not be clearly depicted 
[1, 2, 7].
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In addition, local invasion is suggested by a contact angle of more than 90° 
between the cancer and the aorta or thickening and displacement or indentation of 
the posterior membrane of the trachea or left mainstem bronchus, yet neither of 
these findings is definitive [1, 4, 6]. Finally, tumor extension in the airway or a fis-
tula between the esophagus and airway may be visualized; still bronchoscopic con-
firmation is necessary. Pleural effusion and pleural wall thickening are suspicious 
findings on CT for tumoral invasion. Direct extension of tumor to the heart or loss 
of pericardial fat plane can also be detected by CT.

With recent advances in CT technology, it is possible to provide higher quality 
images with isotropic voxels as well as CT esophagography or virtual endoscopy [4].

Multi-planar reformatted images (MPRs) are useful to estimate tumor length and 
assessment of the exact location of esophageal cancer is more accurate compared to 
that achieved with axial images only [1, 4]. MPRs are also useful in evaluating 
esophageal cancers at the esophagogastric junction (EGJ) [1]. Pneumo-CT is a tech-
nique developed to image stenotic lesions, optimizing tumor visualization at the 
esophageal wall [17]. Administration of effervescent granules, air insufflations, or 
ingestion of large amounts of water is another method to better visualize the esopha-
geal wall by CT [4].

Magnetic resonance imaging (MRI) has a limited role in imaging of esophageal 
cancer due to technical shortcomings. Early studies with MRI demonstrated poor 
quality especially due to motion artifacts and cardiac/respiratory-related artifacts. 
Recent developments in cardiac respiratory gating, availability of high field mag-
nets (1.5 and 3 T) for imaging, and the development of new and faster imaging 
sequences have resulted in better-quality images. The addition of sequences such as 
diffusion-weighted imaging and dynamic contrast enhancement has improved 
esophageal cancer imaging. Preliminary studies with high-resolution MR imaging 
report high accuracies for T staging, close to that of EUS [18–20].

Fig. 7.3 Axial contrast-
enhanced CT of the upper 
abdomen shows marked 
circumferential thickening of 
the distal esophagus (arrow), 
consistent with known 
esophageal cancer. 
Unfortunately, CT was not 
able to properly determine T 
staging as the assessment of 
esophageal wall layers was 
limited with this imaging 
technique
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 FDG PET
The first report in the literature of the use of FDG PET in a patient with esophageal 
cancer was described in 1995, by Yasuda [10, 21]. Given that FDG PET provides 
mostly metabolic information about the tumor, determination of T stage is not one 
of its strengths. Though 92–100% of esophageal cancers are FDG avid, lack of 
visualization of esophageal wall layers, even with combined FDG PET/CT limits 
accurate assessment of T stage. Some authors, such as Kato, report that T1 tumors 
lack FDG uptake, likely due to their size below the resolution for PET (0.7–1 cm) 
[22]. In the study by Kato, it was found that T2, T3, and T4 tumors have similar 
levels of FDG uptake [23]. Advanced T staging could be seen with combined PET/
CT, when the metabolic activity extends to adjacent soft tissues in the mediastinum, 
and the fat planes are lost suggesting invasion [1].

Increasing data exist to support the use of quantitative measures or metabolic 
parameters of the primary tumor as prognostic predictors. These include standard-
ized uptake value (SUV), metabolic tumor volume (MTV) and total tumor glycoly-
sis (TLG), among others [23–25]. A meta-analysis of ten studies with 542 patients 
by Pan reports that high SUVs are associated with a significantly poorer overall 
survival and disease free survival. Foley studied these independent predictors of 
survival, and the most significant was TLG (defined by the product of metabolic 
volume of primary tumor times SUVmean). In Foley’s study, another significant 
predictive factor was the “Metastatic Length of Disease” defined as the total length 
of disease including nonregional lymph node metastases and distant metastases 
measured in mm. The total count of involved local lymph node metastases on PET/
CT was also a significant predictor of survival [24].

Finally, FDG uptake secondary to inflammation from esophagitis may confound 
accurate T staging, although the pattern of FDG uptake is usually linear and diffuse 
compared to focal for malignancies [26].

 N Stage

Lymphatic involvement can occur at very early stages of esophageal cancer due to 
the unique bidirectional lymphatic drainage system of the esophagus. The intramu-
ral (mucosal) drainage system is located in the lamina propria. Unlike other parts of 
the gastrointestinal system, this location can result in early dissemination of tumor 
cells. The second, longitudinal system is localized in the submucosa, within the 
muscular layer [4].

 EUS
EUS and EUS FNA are primary tools to identify regional nodal involvement. 
EUS has an accuracy of 72–80% [2]. CT has an accuracy ranging between 46 
and 58% [1]. Although EUS is superior to CT in detecting lymph node metasta-
sis, the sensitivity and specificity vary depending on location; for example, 
detection of celiac axis lymph nodes is better than that of mediastinal lymph 
nodes with EUS [1].
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Combined use of EUS with FNA improves accuracy [1, 2, 4]. However, EUS 
FNA can only be performed in lymph nodes that are approachable [4]. Metastatic 
lymph nodes can appear as well-defined (clear border), round, homogeneous, and 
low-echoic lesions measuring more than 10 mm in diameter [4]. According to Rice 
et al. [7], the accuracy of detecting nodal metastasis in lymph nodes with all five of 
these features is 100% [7]. However, very few metastatic lymph nodes present with 
all of these findings, especially in a peri-esophageal location.

Recent study by Goense et al. showed that cervical ultrasonography has no addi-
tional value over PET/CT in assessment of cervical lymph node metastases. PET/
CT provides a better diagnostic confidence compared to cervical ultrasonography. 
However, FNA can be still needed for cervical lesions that are identified on PET/CT 
[27].

 CT and MRI
CT provides information about nonregional lymph nodes, mainly supraclavicular, 
abdominal, retrocrural lymph nodes. A short axis of more than 1 cm of a lymph 
node on CT is the most widely used criterion for suspicious lymph node involve-
ment (Fig. 7.4). The cut offs for retrocrural and supraclavicular nodes are 0.6 cm 
and 0.5 cm, respectively. However, normal-sized lymph nodes may contain tumor 
deposits, resulting in false negative examination. Also an enlarged lymph node may 
not be malignant but could be inflammatory, resulting in false positive results with 
CT [2, 4]. Therefore, sensitivity and specificity of detection of nodal metastasis with 
CT are low, with reported accuracy of 46–58% [2, 4].

MRI in its current state has moderate-to-poor diagnostic value for N staging. 
There are studies showing markedly improved diagnostic accuracy of MRI for N 
staging by using fast sequences and SPIO contrast agent [28, 29].

Fig. 7.4 Axial contrast-
enhanced CT of the lower 
thoracic/upper abdomen 
region shows periesophageal 
lymphadenopathy, most 
consistent with malignant 
lymphadenopathy (arrow) as 
well as abnormal thickening 
of adjacent esophageal wall 
consistent with known 
esophageal cancer
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 FDG PET
FDG PET/CT combines the anatomic delineation of CT with PET, which can also 
identify tumoral deposits by the presence of FDG activity. FDG PET is limited in 
the detection of locoregional lymph nodes in close proximity to the primary tumor 
in which intense FDG activity may obscure FDG uptake in small adjacent lymph 
nodes [1, 4, 19]. The reported sensitivity and specificity for detection of locore-
gional lymph nodes by PET/CT is 59% and 81%, respectively, from a meta-analysis 
of 12 publications [5]. The sensitivity of EUS compared with PET/CT is superior 
for the detection of lymph nodes, although specificity is lower [9, 30]. The presence 
of locoregional lymph nodes does not preclude surgery; yet, if lymph nodes are seen 
beyond these boundaries, such as in the retroperitoneum or upper/mid-neck, the 
patient would be considered to have distant metastatic disease where surgery is 
contraindicated [31].

Compared to the detection of lymph node metastasis from lung cancer and 
other cancers, FDG PET/CT is less accurate in esophageal cancer [5]. The addi-
tion of FDG PET to EUS FNA does not change N classification significantly [5]. 
The sensitivity of PET/CT for the detection of distant nodal metastasis is 90% 
[2]. The combined use of PET and CT improves the detection rate of nodal dis-
ease (Fig. 7.5). Still, false-positive findings due to chronic inflammation may be 
a limitation [1].

Metabolic parameters have also been used in the evaluation of N staging. A study 
by Moon evaluated patients with clinically N0 disease, and reported that combined 
use of T classification and SUVmax were strong predictors of occult metastatic 
disease [32]. Other metabolic parameters such as TLG and MTV have been also 
studied by different groups. Hsu found a significant correlation between extratu-
moral maximum SUV and N classification [33].

Fig. 7.5 Sagittal fused 
PET/CT image of the 
thoracic level shows the 
hypermetabolic esophageal 
cancer (arrow) and more 
cranially located hypermeta-
bolic periesophageal lymph 
node (arrowhead)
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 M Stage

In patients with recent diagnosis of esophageal cancer, 20–30% will have distant 
metastasis at the time of diagnosis [1, 2]. Metastases are mostly found in the liver, 
lung, adrenals, and bones [1, 2, 4, 7]. Except for the brain, contrast-enhanced CT of 
the chest, abdomen, and pelvis will cover most of the areas that may have metastatic 
deposits. The most updated National Comprehensive Cancer Network (NCCN) 
guidelines propose the use of PET/CT in initial staging when upper gastrointestinal 
endoscopy, biopsy, and CT scan with and without contrast of the chest and abdomen 
fail to reveal M1 disease [34].

 EUS
EUS has limited value in the assessment of distant metastasis. EUS can only detect 
distant metastasis if there is direct contact between the involved organ and the EUS 
probe, as in the retroperitoneum, left lateral segment of the liver, or celiac axis 
lymph nodes [1, 4, 7].

 CT and MRI
Although CT is only 63–74% sensitive, it remains the mainstay for imaging of dis-
tant metastasis [4]. Hepatic metastases are visualized as low-density ill-defined 
lesions. Contrast-enhanced CT imaging during portal venous phase is mostly used 
for hepatic metastasis [1]. Lesions less than 1 cm are difficult to detect with CT, 
which may result in false-negative results [5]. Adrenal metastases usually appear as 
focal adrenal enlargement or an adrenal nodule. Optimized CT, MR imaging, percu-
taneous FNA, or laparoscopy may be required to confirm the etiology of these 
lesions [7, 35].

Solitary pulmonary metastases are rare at initial presentation. Solitary pulmo-
nary nodules are more likely to be either benign or synchronous lung malignancies 
[5]. Therefore, tissue confirmation of solitary pulmonary nodules detected during 
staging should be considered [4]. Multiple pulmonary metastatic nodules are 
uncommon at initial presentation, though are seen more at late stages. CT is very 
sensitive at detecting pulmonary metastasis. Most pulmonary metastases are round, 
well defined, and noncalcified [1].

Brain metastases are reported in 2–4% of patients presenting with esophageal 
cancer. They tend to occur in patients with large EGJ adenocarcinomas, which have 
local invasion or lymph node metastasis [5, 36], and are best detected with opti-
mized CT or brain MRI.

 FDG PET
The most common sites for distant metastasis from esophageal cancer are liver, 
lung, bones, and adrenal glands. Less commonly seen are metastases to the brain, 
subcutaneous tissues, thyroid gland, skeletal muscles, and pancreas [37]. The piv-
otal role of FDG PET in esophageal cancer is the detection of distant metastases 
(Figs. 7.6 and 7.7). As M stage is a major determinant of treatment planning, PET/
CT performed at initial workup is becoming the standard of care [1].
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In comparison with other modalities, PET alone is superior to CT in detecting 
metastatic cancer [1, 2, 5], yet combined PET/CT has lower sensitivity for lesions 
less than 1 cm. PET/CT detects radiologically occult distant metastases in 10–20% 
of cases [1, 7, 22]. FDG PET can be cost effective in preventing noncurative surgery 
by the detection of metastasis that are not identified with conventional imaging [1]. 
A meta-analysis reported that PET has 71% sensitivity and 93% specificity in the 
detection of distant metastases in comparison to 52% and 91% for CT, respectively 
[7, 38]. Disease management strategies may change in up to 38% of cases, by using 
PET/CT [39, 40].

Fig. 7.6 Axial fused PET/
CT images of the lower 
thoracic region show the 
large markedly hypermeta-
bolic esophageal mass, two 
metastatic pulmonary 
nodules (one is hypermeta-
bolic marked with arrow), 
and periesophageal 
metastatic adenopathy

Fig. 7.7 Coronal fused 
PET/CT image shows 
hypermetabolic esophageal 
cancer with multiple 
periesophageal metastatic 
adenopathy. There is also left 
supraclavicular and celiac 
axis hypermetabolic 
metastatic lymph nodes 
(arrows). There is also 
curvilinear hypermetabolic 
activity at the right 
perihepatic region, consistent 
with subdiaphragmatic 
metastatic implants
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Co-registered PET/CT has greater sensitivity, specificity, and overall accuracy 
than PET alone [1]. The combination of PET with CT has diagnostic accuracy of 
80–92%. A relative limitation of PET/CT is lower sensitivity for liver metastases, 
secondary to the use of noncontrast CT by most centers [1]. Magnetic resonance is 
now considered the most sensitive noninvasive imaging modality for the detection 
of liver metastasis from gastrointestinal tract malignancies, followed closely by 
PET/CT in comparison with ultrasonography and CT [41]. Distant lymph node 
metastases without involvement of locoregional lymph nodes have been reported to 
occur in 25% of cases [37, 42, 43] (Fig. 7.7).

 Therapeutic Response

The same staging modalities used for clinical staging can be used during assessment 
of therapeutic response.

 EUS
EUS is inaccurate in determining T stage after therapy as it cannot distinguish 
inflammation/fibrosis from cancer; hence overstaging is the most common error [1]. 
Understaging can also occur secondary to difficulty in detection of residual micro-
scopic disease [1]. Accuracy of EUS for detection of pathologic lymph nodes is also 
reduced by alterations in the appearance of pathological lymph nodes after therapy 
and possibly smaller metastatic deposits within the lymph nodes that are difficult to 
detect by ultrasound [7]. Use of EUS is also limited in some post-therapy condi-
tions, including luminal stenosis and post-radiation esophagitis [1].

 CT
Although CT is widely used during staging of esophageal cancer, it has very limited 
value in the assessment of therapy response as both viable tumor and post-therapy 
inflammatory changes have similar appearance on CT [1].

 FDG PET
The prediction of tumor response early, during the neoadjuvant regimen, is of cru-
cial importance. FDG PET is very useful in this regard. Decrease in FDG uptake 
early in the process, compared with initial metabolic activity in the primary tumor 
has been validated as a potential prognostic predictor in several studies [44] 
(Fig. 7.8).

It is important to remember that patients who have had radiation therapy may 
demonstrate higher levels of FDG uptake compared to patients receiving only che-
motherapy [44]. Metabolic parameters may aid in assessing response to neoadju-
vant therapy. Hatt studied SUV and TLG and found that the latter had better 
sensitivity and specificity for tumor response [45]. A prospective, multicenter study 
by Palie found that tumor volume, TLG, and maximum SUV are good predictors of 
poor response to neoadjuvant therapy. Other studies have found that a decrease in 

V. M. Moncayo et al.



151

SUVmax of 35–60% between initial staging and after therapy PET/CT correlates 
with pathologic response [37, 46–49]. PET/CT has been found useful and superior 
to other modalities in the detection of new interval metastasis after neoadjuvant 
chemotherapy in 8–17% of cases [37]. Further studies are still needed to define the 
role of FDG PET in measuring response to therapy.

The NCCN guidelines recommend the use of PET/CT for the assessment of dis-
ease response at 5–8  weeks after preoperative or definite chemoradiation before 
surgery or initiation of postoperative treatment. PET alone is no longer offered in 
clinical practice. Also, these guidelines emphasize that ulceration caused by radia-
tion therapy is a common false positive finding on PET/CT, therefore its combina-
tion with endoscopy may be useful to identify patients with high risk of residual 
tumor after preoperative chemoradiation [34].

 Surveillance and Restaging

 CT
The presence of new regional adenopathy or new soft tissue thickening is a CT find-
ing concerning for recurrence [31].

 FDG PET
FDG PET has a very good detection rate of recurrence or metastatic disease. It has 
been shown that FDG PET can provide additional information in up to 27% of cases 
[31]. One of the shortcomings of FDG PET is the presence of FDG activity with 
infection or inflammation. Hence, tissue sampling is required when an FDG avid 
focus is noted that is concerning for recurrence [31].

a b

Fig. 7.8 Axial fused PET/CT images before (a) and after (b) therapy show the marked improve-
ment of FDG activity of the tumor, most consistent with good therapy response
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 Treatment Complications

Patients undergoing multimodality therapy are at risk for more acute toxicities. 
Nonhematologic toxicities including esophagitis, infection, aspiration, and gastro-
intestinal or cardiac events can be diagnosed with the combination of clinical/labo-
ratory and imaging information (Fig. 7.9) [31].

Anastomotic leakage is the most common surgical complication, with cervical 
anastomosis having higher risk than distal anastomosis [31]. Fluoroscopic esopha-
gography with water-soluble contrast agents is the study of choice [31]. CT evalua-
tion by an initial noncontrast study followed with oral administration of a 
low-osmolar IV contrast material is also used [31]. A recent study by Lantos con-
cluded that esophagography had slightly lower sensitivity and substantially higher 
specificity compared to CT. Combined use of both modalities had 100% sensitivity. 
Hence, both studies can confidently exclude postoperative leaks [50]. Shoji et al. 
suggested a positive air bubble sign on CT as an objective and a noninvasive screen-
ing method for esophageal leaks [51].

A major surgical challenge is to have an adequate resection without compromis-
ing the blood supply for the esophageal conduit. Esophageal conduit necrosis is a 
rare but a life-threatening complication. A recent study by Lainas et al. suggested 
that esophageal conduit necrosis after esophagectomy may be due to preexisting 
celiac axis stenosis, either extrinsic stenosis by the median arcuate artery or intrinsic 
stenosis by atherosclerosis. Both of these findings can be evaluated by preoperative 
CT [52].

Late complications include esophageal stricture and perforation, which may be 
assessed with esophagography. Pulmonary toxicities such as pneumonitis may also 
be diagnosed with cross-sectional imaging, including CT or PET/CT [31].

Fig. 7.9 Axial CT at lower 
thoracic level of a patient 
after esophageal cancer 
resection and gastric pull 
through. There are foci of 
ground glass opacities 
(arrow), and focal areas of 
pulmonary nodules (arrow) 
secondary to aspiration

V. M. Moncayo et al.



153

 Novel Imaging Modalities for Esophageal Cancer

A recently available hybrid modality (PET/MR) imaging allows the combination of 
both anatomic and functional information [35]. Lee investigated the role of PET/
MR imaging in preoperative staging of esophageal cancer patients and compared 
MRI with FDG PET, EUS, and CT. In this study, PET/MR showed T staging accu-
racy comparable to EUS, and higher accuracy than EUS and PET in the prediction 
of N staging. PET/MR may have substantial potential in the imaging of esophageal 
cancer [35].

There is ongoing research in nuclear oncology with the development of novel 
radiotracers. 18F-fluorothymidine (FLT), a nucleoside analogue which is a marker 
of cell proliferation, has been evaluated as a potential relevant radiotracer in esopha-
geal cancer. Early studies testing the capabilities of 18F-FLT PET for initial T and 
N staging were not encouraging, as 18F-FLT PET/CT scans showed less uptake in 
the tumors and more false negative findings [53, 54]. However, several more recent 
studies have evaluated 18F-FLT for the prediction of tumor response after chemo-
therapy, suggesting that this radiotracer could perform superiorly to F18-FDG, 
although more studies are needed to further validate its use [55–57].

Other novel PET radiotracers include 18F-FAMT, which accumulates in tumor 
cells via the L-type amino-acid transporter 1 (LAT1), which has been found to be 
associated with cell proliferation and angiogenesis. Suzuki correlated PET param-
eters with the development of lymph node metastasis in clinically N0 esophageal 
SCC cancer patients and it was found that elevated uptake correlated with advanced 
stage and lymph node metastasis. Although more studies are needed to determine 
the clinical use of F18-FAMT, it represents a potential target for guided therapeutic 
interventions [58].

CT texture analysis assessing components of the tumor and intratumoral hetero-
geneity has been studied in preoperative evaluation of esophageal cancer. A recent 
texture analysis study by Liu et al. showed that texture analysis has great potential 
in differentiating different T and N stages of esophageal cancer [59].

Machine learning methods have gained use to predict complex biological prob-
lems. One of the machine learning models is support vector models (SVMs). A 
recent study showed that assessment of CT images by using SVMs performed better 
than CT size criteria in diagnosing lymph node metastases in esophageal cancer 
before chemotherapy [60].
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 Introduction

The incidence of esophageal adenocarcinoma (EAC) has increased approximately 
700% since the late 1970s, outpacing the rate of growth of other major epithelial 
malignancies [1]. Over 10,000 cases are now diagnosed annually in the USA and 
most patients do not live more than 5 years after diagnosis [2, 3]. Meanwhile, the 
incidence of esophageal squamous cell carcinoma (SCC) has declined over several 
decades [1]. While SCC has no known premalignant condition amenable to screen-
ing, EAC is preceded by Barrett’s esophagus (BE) in a metaplasia-dysplasia- 
carcinoma sequence. Barrett’s esophagus has been a target for screening efforts and 
eradication via endoscopic approaches in order to detect and prevent progression to 
EAC. The risk of developing EAC among patients with untreated Barrett’s esopha-
gus is approximately 0.4–0.5% per year [4]. Multiple risk factors such as male gen-
der and long-segment Barrett’s esophagus increase the risk of progression [5]. The 
relatively good 5-year prognosis in early-stage disease compared with advanced 
stages has led to efforts aimed at the early detection of esophageal cancer in Barrett’s 
esophagus [6, 7]. The use of endoscopy for the prevention, diagnosis, and treatment 
of esophageal cancer continues to evolve.
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 Screening for Barrett’s Esophagus

The relatively low prevalence of Barrett’s esophagus among patients with gastro-
esophageal reflux disease (GERD), the current lack of reliable methods for identify-
ing high-risk individuals, and the risk and cost associated with upper endoscopy 
make population-based screening for Barrett’s with upper endoscopy imperfect. 
The American Gastroenterological Association (AGA) in 2011 recommended endo-
scopic screening for Barrett’s esophagus in patients with multiple risk factors for 
esophageal adenocarcinoma. These risk factors include age greater than or equal to 
50  years, male sex, Caucasian race, chronic GERD, presence of a hiatal hernia, 
elevated body mass index (BMI), and intra-abdominal distribution of body fat 
(Table 8.1). This recommendation was graded as weak with moderate-quality evi-
dence, underscoring the lack of consensus in this area.

The British Society of Gastroenterology (BSG) in 2014 recommended screening 
patients with chronic GERD symptoms plus three of the following: age 50 years or 
greater, Caucasian race, male gender, and obesity (Table 8.1). They suggest that the 
threshold to screen for BE should be lowered if there is a family history with one 
first-degree relative with BE or esophageal adenocarcinoma (grade C recommenda-
tion) [8]. While current screening efforts focus on patients with GERD symptoms, 
BE is known to be present in patients without GERD, and up to 57% of patients with 
esophageal adenocarcinoma never report typical symptoms of GERD [9, 10]. Some 
studies have shown that the current practice of using endoscopy after 5 years of 
GERD symptoms may detect only a limited number of patients who are actually at 
risk for progression to esophageal adenocarcinoma [4, 11]. The American College 
of Gastroenterology (ACG) in 2016 continues to recommend against screening for 
Barrett’s esophagus in the general population as noted in the 2008 guidelines but 
has added a focus on screening men with ≥5 years of GERD symptoms with two 
additional risk factors [12]. Screening is less emphasized in women with chronic 
GERD in the absence of multiple risk factors due to a lower risk of EAC.

A case-control study of 63 patients with esophageal adenocarcinoma found that 
laryngopharyngeal reflux symptoms, such as asthma, aspiration, and hoarseness, 
might be more prevalent in those with EAC than typical GERD symptoms. Chronic 
cough was found to be an independent risk factor for EAC, and some have suggested 
that it may be helpful for screening purposes in identifying people at risk [13].

The low overall incidence of high-grade dysplasia (HGD) and intramucosal car-
cinoma (IMC) disfavors population-based screening with conventional endoscopy 
[4, 14–16]. Efforts are underway to identify screening methods that may be more 
broadly applicable. Unsedated examinations and non-endoscopic options utilizing 
cytology or capsule esophagoscopy are being evaluated [17, 18]. A veteran popula-
tion with or without GERD symptoms was randomized to unsedated transnasal 
esophagoscopy (TNE) or capsule esophagoscopy (ECE) to evaluate BE screening 
and 12.6% of those randomized to TNE crossed the minimal clinically important 
threshold for overall procedure tolerability as opposed to none randomized to ECE 
(p = 0.001) [19]. A study involving 96 patients assessing the accuracy and feasibility 
of unsedated exams with disposable endoscopes compared to conventional upper 
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Table 8.1 Screening and surveillance endoscopy

AGA 2011 [5]
ASGE 2012 
[119] BSG 2014 [8] ACG 2016 [12]

ESGE 2017 
[33]

Screening 
endoscopy

White male, 
age 
>50 years, 
GERD, hiatal 
hernia, 
obesity

GERD 
>5 years, 
white, male, 
age 
>50 years, 
family 
history of 
BE or EAC

Chronic GERD 
symptoms +3: 
(50 years or older, 
white, male, 
obese). Screening 
threshold lower for 
family history of 
BE or EAC in first 
degree relative

Men with 
>5 years and/or 
frequent (weekly 
or more) 
symptoms of 
GERD (heartburn 
or acid 
regurgitation) 
and two or more 
risk factors for 
BE or EAC. RF: 
age >50 years, 
Caucasian race, 
central obesity 
(waist 
circumference 
>102 cm or 
waist-hip ratio 
>0.9), current or 
past history of 
smoking, 
confirmed family 
history of BE or 
EAC (in 
first-degree 
relative)

>5 years 
GERD, 
multiple risk 
factors (age 
≥50 years, 
white race, 
male sex, 
obesity, 
first-degree 
relative with 
BE or EAC

Surveillance endoscopy
No dysplasia 
on 2 exams

3–5-year 
interval

3-year 
interval

2–3 years if max 
segment length 
≥3 cm; 3–5 years 
if max length 
<3 cm

3–5-year interval
Repeat in 
1–2 years if 
suspected BE but 
no dysplasia 
detected

≥1 cm < 3 cm: 
5-year interval
- ≥3 
and <10 cm 
3-year interval
≥10 cm: Refer 
to BE expert 
center

LGD Every 
6–12 months

Repeat 
within 
6 months, 
then every 
12 months. 
Consider 
ablation

Every 6 months Every 12 months Every 6 months 
until no 
dysplasia and 
then every 
1 year

HGD 
surveillance

Every 
3 months if 
no 
eradication 
therapy

Endoscopic 
ablation

Multidisciplinary 
team discussion. 
Typically 
endoscopic 
ablation

Endoscopic 
management

Every 3 months 
if repeat biopsy 
is negative for 
dysplasia. Treat 
with RFA if 
HGD on repeat

ACG  American College of Gastroenterology, AGA  American Gastroenterological Association, 
BSG British Society of Gastroenterology, ASGE American Society for Gastrointestinal Endoscopy, 
ESGE European Society of Gastrointestinal Endoscopy, GERD gastroesophageal reflux disease, 
BE Barrett’s esophagus, EAC esophageal adenocarcinoma, LGD low-grade dysplasia, HGD high-
grade dysplasia, EMR esophageal mucosal resection, APC argon plasma coagulation, PDT photo-
dynamic therapy, RF radiofrequency ablation
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endoscopy found a moderate level of diagnostic agreement between the two modali-
ties, with Kappa coefficients of 0.409 for erosive GERD and 0.617 for Barrett’s 
esophagus [20]. The procedure was well tolerated, fast, and considered safe. In a 
study of 121 patients undergoing conventional endoscopy and unsedated small- 
caliber endoscopy, 71% indicated that they would prefer to have unsedated small- 
caliber endoscopy performed [17]. In this study, BE was found in 26% of the 
population undergoing conventional endoscopy and in 30% of those undergoing 
unsedated endoscopy. The level of diagnostic agreement was moderate with a 
Kappa of 0.591. An ingestible esophageal sampling device coupled with immuno-
cytochemistry for trefoil factor 3 is being studied as a non-endoscopic screening 
modality for BE. A study with 504 patients found a sensitivity of 90% and specific-
ity of 93.5% for identifying Barrett’s 2 cm or longer when compared to conven-
tional upper endoscopy [21]. A study in 2015 attempted to determine whether a 
minimally invasive cell sampling device, the Cytosponge, coupled with immunohis-
tochemical staining for the biomarker Trefoil Factor 3 (TFF3), may be able to select 
patients who need endoscopy for BE screening. The study involved 11 UK hospitals 
with 1110 patients and found that 93.9% successfully swallowed the Cytosponge 
without any serious adverse events. The Cytosponge was also favorably rated com-
pared to upper endoscopy (p < 0.001). The test sensitivity was found to be 79.9% 
(95% CI 76.4%–83.0%) which increased to 87.2% (95% CI 83.0%–90.6%) in 
patients with ≥3 cm of circumferential BE. The specificity for diagnosing BE was 
92.4% (95% CI 89.5%–94.7%) [22].

 Surveillance

The rate of progression to cancer in non-dysplastic BE was initially thought to be 
close to 1% per year in small studies [23]; however, subsequent studies have sug-
gested a rate of progression to cancer as low as 0.12% per year [24]. The ACG and 
AGA estimate the likely rate of progression to cancer to be around 0.2–0.5% per 
year [5, 12].

The goal of endoscopic surveillance in Barrett’s esophagus is to detect dysplasia, 
especially HGD and IMC, which can be treated through endoscopic measures 
before progression to invasive adenocarcinoma or metastatic disease occurs. The 
AGA recommends using high-resolution endoscopes (>850,000 pixels) when 
examining BE. The availability of this technology has allowed endoscopists to bet-
ter identify areas of concern within the Barrett’s epithelium and to improve biopsy 
targeting of suspicious lesions. After obtaining targeted biopsies, 4-quadrant biop-
sies are taken every 1–2 cm for patients with non-dysplastic BE and every 1 cm for 
patients with dysplastic BE (whether high grade or low grade). This protocol has 
become the standard of care though questions arise regarding the time and cost 
involved with the extensive sampling and subsequent interpretation. Some research 
has suggested that large-capacity or jumbo biopsy forceps may also increase the 
amount of tissue acquired and the detection of dysplasia [25]. Use of a systematic 
protocol for biopsies has been shown to be more effective in detecting BE and 
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dysplasia in BE [26]. The presence of dysplasia should be confirmed by two expert 
pathologists [5]. Surveillance endoscopy for BE is performed based on the highest 
degree of dysplasia present. If no dysplasia is identified initially, a second endos-
copy with protocol-based biopsies as above should be performed within 1  year. 
Subsequent surveillance endoscopy should be performed every 3  years for non- 
dysplastic Barrett’s esophagus (Table 8.1) [27].

When BE is identified, control of acid reflux is indicated. Reduction of inflam-
mation with a proton pump inhibitor (PPI) may improve visual recognition of a 
lesion or nodule on surveillance endoscopy and could theoretically interfere with 
carcinogenesis [27]. Biopsies from each segment of BE should be submitted to 
pathology in separate containers to better focus future treatment in areas of concern 
if dysplasia is discovered.

BE is classified endoscopically according to the Prague classification, using C 
for the circumferential segment and M for the maximal length of involvement [28]. 
The length of circumferential Barrett’s from the gastroesophageal (GE) junction is 
recorded, as is the length of the maximal extent of Barrett’s extending proximally 
from the lower esophageal sphincter. There is good interobserver agreement in 
using these criteria [12, 28], and the approach provides a clear method of commu-
nicating the extent of the Barrett’s involvement.

If low-grade dysplasia (LGD) is identified, another endoscopy should be per-
formed within 6 months to confirm the degree of dysplasia. Surveillance endoscopy 
should then be performed every year until no dysplasia is identified on two consecu-
tive exams (Table 8.1) [27]. Recent data have suggested a benefit with radiofre-
quency ablation (RFA) for low-grade BE, and this practice is becoming more 
established [29, 30]. The current approach for BE with high-grade dysplasia is to 
treat with RFA for flat Barrett’s esophagus with high-grade dysplasia. Other options 
including esophagectomy and continued surveillance with upper endoscopy every 
3 months may be considered in some circumstances. Endoscopic mucosal resection 
should be performed for areas of nodularity and mucosal irregularity prior to initiat-
ing RFA [31, 32].

The BSG has several similarities in its surveillance guidelines compared to those 
of the AGA and ACG (Table 8.1). They recommend surveillance every 2–3 years for 
non-dysplastic BE (ND-BE) if the maximum segment length is greater than or equal 
to 3 cm and 3–5 years if the maximum segment length is less than 3 cm. They also 
recommend surveillance with endoscopy every 6 months if LGD is discovered until 
two consecutive exams show non-dysplastic BE. When HGD or carcinoma is dis-
covered, they recommend discussion with the patient and a multidisciplinary team 
(MDT) determination for surveillance intervals and treatment. The MDT should 
include an interventional endoscopist, gastrointestinal pathologist, radiologist, and 
surgeon. This team should consider factors such as comorbidities, nutritional status, 
patient preference, and staging. They suggest an outpatient discussion regarding the 
morbidity and mortality related to the potential treatment options, long-term sur-
vival, and quality of life [8].

The European Society of Gastrointestinal Endoscopy (ESGE) in 2017 recom-
mends surveillance depending on the size of non-dysplastic BE lesion discovered: 
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5-year interval for ≥1 cm <3 cm disease, 3-year interval for ≥3 and <10 cm disease, 
and disease ≥10 cm requiring referral to a BE expert center. For LGD they recom-
mend surveillance every 6 months until no more dysplasia is found and then every 
1 year thereafter. For HGD they recommend surveillance every 3 months if repeat 
biopsy is negative for dysplasia and to treat with RFA if HGD is found on repeat 
endoscopy [33].

A study from the Netherlands Cancer Registry compared patients participating 
in a surveillance program for BE before EAC diagnosis with those not participating 
in such a program between 1999 and 2009 [1]. Two-year and five-year mortality 
rates were lower in patients undergoing adequate surveillance (adjusted hazard ratio 
(HR)  =  0.79, 95% confidence interval (CI)  =  0.64–0.92) when compared with 
patients with a prior BE diagnosis who were not participating. This study suggested 
that there is a mortality reduction from EAC if adequate surveillance for BE is 
performed.

There are many novel and advanced imaging modalities being incorporated into 
surveillance endoscopy, including narrow band imaging, confocal laser endomi-
croscopy, and optical coherence tomography. The technologies might improve tar-
geting and detection. While early studies suggest utility, these advanced imaging 
modalities are currently being studied primarily in specialty centers and academic 
institutions. Broader adoption may await standardized diagnostic criteria for dif-
ferentiating ND-BE, LGD, and HGD [34].

 Endoscopic Treatment of Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) has been implicated in the development of 
BE, and multiple endoscopic approaches have been studied to control GERD. Some 
trials have been disappointing and thus far no one endoscopic modality has emerged 
as a standard. One device involves the use of radiofrequency energy delivered 
through a catheter equipped with a flexible balloon-basket assembly with four elec-
trode needle sheaths [35]. Radiofrequency energy is delivered at varying levels from 
the lower esophageal sphincter to the gastric cardia. This procedure was approved 
by the FDA in 2000 [36]. The endoscopic treatment is performed with sedation and 
is typically an outpatient procedure [37]. The procedure may lead to collagen depo-
sition at the gastroesophageal junction (GEJ) and may increase lower esophageal 
sphincter (LES) pressure. It is thought that the procedure also has neuromodulatory 
effects from selective neurolysis of vagal afferents leading to reduced transient LES 
relaxations. The ablation may also decrease the perception of heartburn pain due to 
the influence on sensory nerves as well as reduce reflux [38–40].

Another device involves an endoluminal gastroplication with suture placement at 
the LES for reduction of symptoms. It was also approved by the FDA in 2000 [41]. 
Its function is to mechanically restore a barrier against reflux. There is some data 
suggesting that there is a decrease in esophageal sensitivity to acid after placement 
of the sutures [37, 42, 43]. Other endoscopic gastroplication devices creating lay-
ered full thickness plications of the wall of the cardia have been described [44].
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Another endoscopic anti-reflux device creates a transoral incisionless esophago-
gastric fundoplication (TIF). It creates an anterior partial fundoplication by attach-
ing the fundus of the stomach to the anterior and left lateral wall of the distal 
esophagus. Patients with moderate to severe GERD or those who are partially 
responsive to PPIs may benefit from treatment. Contraindications include BMI 
greater than 35 kg/m2, Barrett’s esophagus, esophageal varices, hiatal hernia greater 
than 2 cm, and major connective tissue disorders [45, 46].

A non-absorbable ethylene-vinyl-alcohol polymer which was injected into the 
musculature or deep submucosa of the LES where it solidified into a sponge-like 
implant to increase the LES pressure was previously described [47–49]. The device 
was voluntarily recalled in 2005 due to major reported side effects.

In summary, some data suggest that radiofrequency energy produces an improve-
ment in GERD symptoms and quality of life with negligible morbidity [50–52], and 
that this approach has a good safety profile and low complication rate (<0.07% by 
2006) [53]. There continues to be active development in plicating devices for the 
endoscopic treatment of GERD. Other systematic reviews have reviewed endolumi-
nal therapies for the treatment of gastroesophageal reflux [54]. Especially in the 
presence of a large hiatal hernia, laparoscopic nissen fundoplication remains a very 
effective approach.

 Diagnosis of Barrett’s Esophagus and Esophageal 
Adenocarcinoma

 Upper Endoscopy for Tissue Diagnosis
The standard approach for the diagnosis of esophageal adenocarcinoma and 
Barrett’s esophagus involves visually directed biopsied obtained at an upper endos-
copy. For Barrett’s esophagus, the Seattle protocol involves 4-quadrant biopsies 
every 1–2 cm under white light endoscopy with a goal of detecting dysplasia [55]. 
The BSG Guidelines published in 2014 recommend a 2 cm biopsy interval protocol 
in addition to the sampling of any visible lesions (BSG Grade B). They state that 
adherence to this method is variable (10–79%), with lower adherence for longer 
segments. Lower adherence may contribute to less dysplasia detection [56–58].

To establish the diagnosis of BE, endoscopic and histologic criteria must be met. 
Endoscopic criteria include displacement of the Z-line (the squamocolumnar junc-
tion) proximal to the GEJ, identified by the pinch of the lower esophageal sphincter. 
In BE, salmon-colored Barrett’s mucosa extends proximally and is distinguished 
from the pale, glossy appearing squamous mucosa [59]. Pathologic criteria include 
the presence of intestinal metaplasia with goblet cells in the mucosa. Because of the 
implications for management, the diagnosis of dysplasia or adenocarcinoma should 
be confirmed by two expert histopathologists [8]. However, even experienced gas-
trointestinal pathologists may disagree on a diagnosis of HGD and intramucosal 
adenocarcinoma [60]. Nodularity and mucosal irregularity within the Barrett’s epi-
thelium are more likely to contain dysplasia or carcinoma and should be targeted 
with focal biopsy or removed with endoscopic mucosal resection (EMR). Flat and 
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occult lesions may be easier to detect with specialized modalities such as narrow 
band imaging [55].

 Advanced Modalities to Improve Detection

 Narrow Band Imaging
Narrow band imaging (NBI) is a high-resolution endoscopic technique that enhances 
the imaging of the fine structure of the mucosal surface without requiring the instil-
lation of staining agents. It involves the use of selective wavelengths of light [55]. 
The depth of penetration of light directly correlates to its wavelength, and increased 
depth of light penetration leads to a similar increase in wavelength of visible light. 
For instance, the blue light used in NBI allows optimal superficial imaging [61], 
while red light has longer wavelengths and penetrates deeper. The blue light 
(415 nm) and green light (540 nm) of NBI are absorbed by hemoglobin and demon-
strate superficial vasculature [62]. NBI may be preferred in some settings to chro-
moendoscopy, which involves instillation of a dye such as methylene blue to stain 
the mucosa in the gastrointestinal tract for enhanced visualization. The dye in chro-
moendoscopy requires formulation and attention to application and may not distrib-
ute evenly over the mucosa.

A meta-analysis of eight studies including 446 patients and 2194 lesions demon-
strated that the sensitivity and specificity for detecting HGD with NBI with magni-
fication were 96% and 94%, respectively. The sensitivity for IMC was 95% and the 
specificity was 65% [63]. A randomized crossover trial of 123 patients showed that 
NBI without magnification identified a higher proportion of patients with dysplasia 
compared to white light (30% vs. 21% with p = 0.0001) [64]. A similar number of 
patients found to have IMC were discovered with the use of fewer biopsies using 
NBI compared to white light (3.6 vs. 7.6 with p = 0.0001). However, interobserver 
agreement regarding interpretation of NBI images of IMC and dysplasia between 
expert and nonexpert endoscopists may be low [65–67]. NBI does not increase cost 
or add any significant risk and requires a negligible amount of time and is therefore 
often considered a standard part of the endoscopic examination in Barrett’s 
esophagus.

 Confocal Laser Endomicroscopy
Confocal laser endomicroscopy (CLE) uses a low-power laser to illuminate tissue 
and detects the reflected fluorescent light. The laser is directed at a certain depth and 
light is reflected back through a very thin focal plane, refocused, and passed through 
the confocal aperture which enhances spatial resolution. Scanning is performed in 
both the horizontal and vertical planes and an in vivo microscopic image of biologi-
cal tissue is produced. White-light endoscopy and CLE are performed together with 
images displaying simultaneously. It provides gray-scale imaging of tissue micro-
structures at or near the level of histopathology. These images may be at 1000-fold 
magnification [68]. An endoscope-based system (eCLE) (Optiscan Pty., Ltd., 
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Notting Hill, Australia; Pentax) for CLE is no longer on the market. The probe- 
based system (pCLE) passed through the working channel of the endoscope is in 
use (Cellvizio; Mauna Kea Technologies, Paris, France) [55].

One study using the Mainz criteria (confocal Barrett’s classification system) 
demonstrated a sensitivity and specificity of 98% and 94% for BE and 93% and 
94% for BE-associated dysplasia, respectively, in predicting in vivo histology [69]. 
Strong inter-observer and intra-observer agreement was reported using this classifi-
cation system (kappa 0.84 and 0.89, respectively). A randomized controlled study 
involving 192 patients with BE compared high-definition white-light endoscopy 
(HD-WLE) with random biopsies to endoscopy plus eCLE with targeted biopsies. 
In this study, the combination of HD-WLE and eCLE increased the diagnostic yield 
of biopsies for neoplasia (22% vs. 6%) and significantly lowered the number of 
biopsies required [70]. A multicenter study of 101 patients suggested that adding 
pCLE to HD-WLE significantly improved the detection of neoplasia; sensitivity and 
specificity with HD-WLE alone were 34.2% and 92.7%, respectively, compared to 
68.3% and 87.8% with combined pCLE and HD-WLE (p = 0.002 and p < 0.001) 
[71]. Another smaller study did not show as promising results with 68 patients in 
three centers when assessing pCLE vs. WLE. Specificity and negative predictive 
value were low at 12% and 18%, respectively [72]. A recent meta-analysis compar-
ing NBI and CLE for detecting neoplasia in BE suggested that CLE significantly 
increased the per-lesion detection rate for esophageal neoplasia, HGD, and EAC in 
BE patients. Of the five studies including 251 patients, the pooled additional detec-
tion rate (ADR) of CLE for per-lesion detection of neoplasia was 19.3% (95% CI: 
0.05–0.33, I2 = 74.6%). The pooled sensitivity of NBI was not significantly lower 
than that of CLE and the pooled specificities were similar [73]. While CLE offers 
the promise of real-time histology, caveats include the fluorescein administration, 
cost, small field of view, and learning curve. Further investigation may better define 
the role for the technology [55].

 Optical Coherence Tomography
Optical coherence tomography (OCT) is similar to ultrasound technology but uses 
light waves in place of sound. It creates a cross-sectional image of tissue using 
infrared light by penetrating up to 3 mm in depth using a catheter through a standard 
endoscope. It does not require the administration of fluorescein. The intensity of the 
back-scattering of light creates cross-sectional and 3-dimensional images of tissue 
microstructures. The images are similar to coarse black and white histopathology. 
OCT does not require contact with esophageal tissue and can visualize the epithe-
lium, basement membrane, vasculature, and lamina propria. Nuclear dysplasia can-
not be observed [74]. A prospective study involving 33 patients with BE demonstrated 
the accuracy in the detection of dysplasia in BE. The sensitivity and specificity of 
OCT for detecting dysplasia were 68% and 82% [75], respectively, and the diagnos-
tic accuracy for the four endoscopists involved ranged from 56 to 98%. Computer- 
aided diagnosis (CAD) algorithms might increase accuracy of detection of dysplasia 
and metaplasia. A recent study used histology as a reference standard and developed 
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a CAD algorithm with a sensitivity of 82%, specificity of 74%, and accuracy of 83% 
for detecting dysplasia in BE [76]. OCT is not currently widely available [77].

A study assessing the presence of dysplasia in BE looked at 177 biopsy- 
correlated images to evaluate a novel dysplasia index using OCT image character-
istics of IMC and HGD in Barrett’s esophagus. The sensitivity and specificity rates 
for diagnosing HGD/adenocarcinoma were 83% and 75%, respectively. There was 
significant correlation between diagnoses of IMC/HGD by histopathology and 
scores for the image features including dysplasia, surface maturation, and gland 
architecture [78].

 Endoscopic Mucosal Resection for Diagnosis
Endoscopic mucosal resection (EMR) is recommended for patients with Barrett’s 
esophagus with nodules, raised lesions, or mucosal irregularity. With EMR, a spe-
cialized cap is affixed to the end of an endoscope, and tissue is suctioned into the 
cap. A band is deployed at the base to create a pseudopolyp of tissue. The tissue is 
then removed using snare electrocautery. This technique allows the removal of an 
approximately 1 cm area of mucosa and a portion of the underlying submucosa for 
histologic examination. Repeated contiguous EMR may be performed to resect a 
larger area of tissue (piecemeal EMR). EMR provides a much larger tissue speci-
men for examination by pathologists than traditional forceps biopsy. It is more 
likely to detect cancer or dysplasia, and it allows pathologists to define the precise 
depth of invasion in early cancers for staging [59]. The technology was originally 
developed as a diagnostic procedure in the 1980s and has now evolved into an effec-
tive therapeutic modality as well [6].

In a retrospective analysis involving 35 patients with BE undergoing both EMR 
and mucosal tissue biopsy, 63% of specimens were discordant [79]. Fifty-three per-
cent of biopsy results were upstaged with EMR, and the most common change was 
an upstaging to invasive adenocarcinoma. Approximately 10% of biopsy specimens 
were downstaged via examination of EMR specimens. Of the 13 cases of invasive 
adenocarcinoma discovered through EMR, 92% were upstaged, leading to manage-
ment change in 34% of cases. Another study demonstrated that EMR changed the 
grade or T-stage in 48% of patients when compared to traditional biopsies. EMR has 
also been employed in eliminating the affected Barrett’s segment in 94% of cases 
and has been shown to reduce the need for esophagectomy [80]. EMR is a critical 
component in the accurate staging and proper management of BE-related lesions 
(Figs. 8.1 and 8.2).

EMR may also help to diagnose invasive squamous cell carcinoma. In one study, 
51 patients diagnosed with high-grade intraepithelial squamous neoplasia upon 
biopsy after endoscopic iodine staining were evaluated with EMR for comparison 
of results [81]. Histologic examination of EMR specimens showed that 23.5% 
(12/51) had tumor invasion of the lamina propria and 7.8% (4/51) had muscularis 
mucosa invasion. The other 68.6% (35/51) had confirmed high-grade intraepithelial 
squamous neoplasia. Follow-up was a median of 23 months with two recurrences 
both needing a second EMR. Per 2016 ACG guidelines, patients with LGD and 
HGD should have EMR performed if mucosal abnormalities are present [12].
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Fig. 8.1 Endoscopic staging of T1a esophageal adenocarcinoma. (a) 3 mm nodule at Z-line. (b) 
The same lesion visualized under narrow band imaging. (c) Endoscopic ultrasound showing the 
lesion limited to the mucosa. (d) Endoscopic mucosal resection (EMR) of the lesion. The pathol-
ogy results revealed intramucosal adenocarcinoma with 4 mm negative margins. In this case the 
EMR was therapeutic as well as diagnostic

 Staging

 Endoscopic Ultrasound for Locoregional Staging
Endoscopic ultrasound (EUS) is the procedure of choice to establish the depth of 
invasion and lymph node (LN) status and is the most accurate tool for the TNM 
staging of esophageal neoplasia [82]. EUS is preceded by a careful upper endo-
scopic examination which provides information about the location of the disease, 
the extent of the background Barrett’s epithelium, and also may reveal features such 
as gastric extension and the presence of a hiatal hernia. EUS establishes the T-stage 
by visualizing the wall layers and defining the depth of invasion. EUS does not 
visualize nuclear and cellular changes [83], and with early-stage N0 disease, an 
EMR may be performed for pathologic examination to establish the precise T-stage, 
grade, and histopathologic features such as lymphovascular invasion. EUS may not 
be required for HGD and small intramucosal tumors before endoscopic or surgical 
treatment [55].

The main use of EUS in Barrett’s-related disease has been the detection of inva-
sive tumors and the presence of lymph node metastases (LNM). This can allow 
ablative therapy in those with disease limited to the mucosa and select submucosal 
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tumors without malignant-appearing LNs [83]. Many studies show that when EUS 
is inaccurate it tends to overstage more often than understage, especially in superfi-
cial Barrett’s neoplasms [84, 85]. In a study involving 125 patients with esophageal 
carcinoma (86% with adenocarcinoma), EUS was 80% sensitive for determining 
nodal metastasis compared to 40% for CT (p < 0.001). The diagnostic accuracy was 
81% with EUS compared to 61% with CT (p = <0.001) [86].

Miniprobe EUS utilizes a slim catheter introduced via the working channel of an 
endoscope to provide high-resolution radial echoendosonographic images over a 
shorter depth of penetration. It can be used to examine the esophageal wall even in 
situations of stenosis. In a study involving 143 patients with esophageal carcinoma, 
112 having EAC, 78% of patients were accurately staged and would have been 
assigned to the appropriate therapy group, while 11% were overstaged and would 
have been overtreated, and 11% were understaged and would have been undertreated 
using miniprobe EUS to differentiate locally advanced from limited cancer [87].

EUS is accurate in differentiating T1 and T2 lesions and superior to CT for 
lymph node staging according to a prospective trial with 100 patients with early 
Barrett’s-related carcinoma [87]. The T-stage diagnosed with CT was T1 or less in 
every patient. Using EUS, the T-stage was T1  in 92% of cases and >T1  in 8%. 
Significantly more LNs were found with EUS compared to CT (28 vs. 19), and the 

12 mm nodule 
without invasion to 
muscularis propria 

a b

c d

Fig. 8.2 Endoscopic staging of T1b esophageal adenocarcinoma. (a) 12  mm nodular mass at 
Z-line. (b) The same lesion visualized under narrow band imaging. (c) Endoscopic ultrasound 
showing the lesion not invading the muscularis propria. For this reason, endoscopic mucosal resec-
tion was indicated for staging. (d) Endoscopic mucosal resection of the lesion
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sensitivity of CT for N-staging was low compared with EUS (38% vs. 7%) [87]. In 
another study involving 48 patients with 8 having submucosal invasion, EUS pro-
vided accurate staging in 41/48 patients (85%) with only one patient overstaged and 
6 patients understaged compared to the histologic diagnosis [88].

In another study involving 33 patients with adenocarcinoma, 21 with squamous 
cell carcinoma, and 1 with lymphoepithelial-like carcinoma, 86% of the 40 T1 m 
lesions on EUS were confirmed on pathology. Of the 33 T1sm lesions diagnosed on 
EUS, 66% were confirmed as T1sm. The accuracy of EUS in evaluation of LNM 
was 71% with negative predictive value of 84%. The accuracy by histological type 
was 70% for adenocarcinoma and 81% for squamous cell carcinoma, which was not 
found to be statistically significant [89].

Early detection of SCC is also very important as finding and treating these lesions 
can lead to a 5-year survival rate of more than 90% after endoscopic or surgical man-
agement [90]. EUS is considered to be the best option for staging esophageal SCC. A 
study showed that the accuracy of EUS for staging T1a lesions (mucosal lamina 
propria and muscularis mucosa infiltration) and T1b (submucosal infiltration) lesions 
was 70.8% (51/72) with a sensitivity of 74.3%. Multivariate analysis suggested that 
the accuracy of EUS was related to the length of the lesion (p = 0.029) [91].

A more recent study investigated the use of EUS and computed tomography- 
positron emission tomography (CT-PET) in relation to survival in esophageal can-
cer. In Kaplan-Meier analyses, patients who had EUS or EUS  +  CT-PET had 
improved survival for all stages compared with no EUS or CT-PET except in stage 
0 disease. EUS increased the likelihood of receiving endoscopic therapies, esopha-
gectomy, and chemoradiation. Multivariable Cox proportional hazards models dem-
onstrated that receiving EUS was a predictor for improved 1-year (HR 0.49, 95% CI 
0.39–0.59, p < 0.0001), 3-year (HR 0.57, 95% CI 0.48–0.66, p < 0.0001), and 5-year 
(HR 0.59, 95% CI 0.50–0.68) survival [92].

 Endoscopic Treatment of Early Esophageal Cancer

Traditional therapy for early-stage esophageal cancer and BE with HGD had been 
esophagectomy with lymph node dissection. However, esophagectomy carries sig-
nificant morbidity, ranging from 20 to 50% [93], and may have lifelong quality of 
life implications. In addition, the mortality from esophagectomy ranges from 2 to 
9% [93–95]. Definitive endoscopic therapy with EMR of malignancy followed by 
subsequent RFA of residual BE has been increasingly utilized in BE with HGD as 
well as early-stage esophageal cancer, defined as Tis, T1a, and T1b tumors.

 Endoscopic Mucosal Resection as Therapy for Intramucosal 
Adenocarcinoma

As discussed above, endoscopic mucosal resection (EMR) should be performed for 
diagnostic purposes in areas within BE with concerning features such as nodularity 
or mucosal irregularity. In these cases, it may provide diagnostic information (pre-
cise T-stage, degree of differentiation, margins, presence or absence of 
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lymphovascular invasion). The precise depth of tumor invasion may further refine 
treatment allocation. EMR may also be therapeutic in select cases of HGD, Tis, T1a, 
and certain T1b tumors, as it allows resection of the superficial layers from the sub-
mucosa (Fig. 8.1).

The efficacy and safety of endoscopic therapy with EMR in Tis and T1a lesions 
has been demonstrated [96]. Longer-term mortality outcomes for early-stage cancers 
have been similar between endoscopic therapy and esophagectomy [97–100]. 
Prospective studies have demonstrated complete oncologic eradication and low mor-
tality with endoscopic therapy for Tis and T1a lesions [101–105]. The National 
Comprehensive Cancer Network (NCCN) recommends endoscopic resection of Tis 
and T1a esophageal adenocarcinoma followed by RFA as the preferred therapy. A 
recent study also demonstrated excellent outcomes with endoscopic therapy in highly 
selected cases with T1b adenocarcinoma limited to the superficial-most third of the 
submucosa (T1b sm1 lesions), though this approach continues to be debated [106].

Patient selection remains the critical question when deciding between endo-
scopic resection and esophagectomy for early-stage tumors. Since a decision to 
pursue endoscopic therapy over esophagectomy implies foregoing lymph node dis-
section, patient selection must be aimed at identifying patients at low risk for nodal 
metastasis. The risk of nodal metastasis and thereby the risk of incomplete onco-
logic outcome can be weighed against the risk of surgical mortality in selecting a 
treatment modality [5, 106].

A 2012 review of 70 studies and 1874 patients with surgical pathology showed 
no nodal metastasis in 524 patients with HGD and 26 of 1350 patients with intramu-
cosal carcinoma, representing a 1.93% incidence of nodal metastasis in this group. 
More recently, an analysis of 715 patients with early-stage esophageal adenocarci-
noma undergoing esophagectomy in the Surveillance, Epidemiology and End 
Results (SEER) database of the National Cancer Institute helped to stratify patients 
by risk of nodal metastasis according to tumor size and degree of differentiation. 
There were no cases of nodal metastasis among Tis cases. Among 323 T1a cases, 
6.8% had nodal metastasis. The incidence was 5.2% among low-grade tumors, 
2.3% among tumors smaller than 2 cm in diameter, and 1.7% among tumors that 
were both low grade and smaller than 2 cm. Among 353 T1b cases, 18.1% had nodal 
metastasis, with an incidence of 8.6% for low-grade tumors smaller than 2 cm and 
3.0% for low-grade tumors smaller than 1 cm [107].

Other than depth of invasion, size, and histologic grade, lymphovascular invasion 
has been identified as a risk factor for nodal metastasis. Tumors with lymphovascu-
lar invasion are typically considered for esophagectomy due to the higher risk of 
nodal metastasis.

In a retrospective study involving 62 patients with superficial esophageal adeno-
carcinoma, there was a local recurrence in 14 of 64 patients, 3–36 months after 
EMR. Larger diameters were most commonly associated with recurrence (p = 0.01) 
[108]. Typically, a local recurrence is managed with repeat EMR. A prospective 
study of EMR in patients with either early esophageal adenocarcinoma or HGD in 
Barrett’s esophagus showed promising results for use of EMR in lower risk disease. 
Complete local remission was achieved in 97% of a group of 35 patients with 
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“low- risk” disease, including macroscopic types I, IIa, IIB, IIc, lesion diameter up 
to 20 mm, mucosal lesion, histologic grades G1 and G2, and/or HGD. EMR may be 
a less invasive option for highly selected early cancers [96].

A study of 176 patients treated for mucosal EAC (T1a) with EMR or surgery had 
similar cumulative mortality (17%) with either method. Treatment modality was not 
a significant predictor of survival on multivariable analysis. Recurrent EAC was 
detected in 12% of patients treated endoscopically and all of the recurrences were 
successfully re-treated endoscopically [91]. In a study involving 114 patients with 
mucosal EAC treated surgically or endoscopically, complete remission (CR) was 
achieved in all patients except for one in the EMR group who died from other causes 
before CR could be achieved. Complications from surgery were found in 32% of 
patients with 0% major complications found in the EMR group (p < 0.001). There 
was a higher recurrence rate in patients who underwent EMR with one patient hav-
ing local recurrence and four with metachronous neoplasia. Repeat endoscopic 
treatment was possible in all patients [109].

Another study involved the role of EMR in curing esophageal adenocarcinoma. 
The lesions had to meet low-risk criteria which included: lesion diameter <20 mm 
and macroscopically type I (polypoid), IIa (elevated), IIb (flat), or IIc (depressed) 
lesions that were <10 mm and well-differentiated or moderately differentiated ade-
nocarcinoma (grade G1 (well differentiated)/G2 (moderately differentiated)) and 
lesions limited to mucosa (m type) without known nodal metastasis or lymphovas-
cular invasion proven by histology. One hundred patients met these criteria and 
were treated with EMR. Results showed that complete local remission was achieved 
in 99 of 100 patients [103]. Median follow-up was 33 months, and during that time 
11 patients developed metachronous lesions classified as high-grade dysplasia or 
mucosal cancer. After repeat endoscopic management all patients again achieved 
complete local remission. The authors calculated 1-, 2-, 3-, and 5-year survival rates 
as 99%, 99%, 98%, and 98%, respectively. No severe complications, such as bleed-
ing or perforation occurred in the acute phase and no patients died. Common minor 
complications that occurred with EMR included hemorrhage after EMR success-
fully treated with epinephrine [103].

A study involving 107 patients with BE and suspected HGD or IMC had reassur-
ing results for the eradication of neoplasia with EMR [110]. In 80.4% of patients, 
the BE was eradicated completely. Over the follow-up time of 40 months there was 
a 71.6% (53 of 74) complete remission rate from intestinal metaplasia and 100% 
complete remission rate from HGD (74 of 74) or cancer (74 of 74). HGD and IMC 
recurred in one patient each, and they were both treated to complete remission with 
EMR. Complications involved strictures in 41.1% and symptomatic dysphagia in 
37.3% of patients requiring dilations. Perforations occurred in two patients after 
EMR and in one after dilation.

Some centers have reported good results with superficially invasive submucosal 
EAC treated endoscopically. One study showed no lymph node metastases in T1b 
sm1 lesions (tumor invasion limited to the superficial third of the submucosa) [111]. 
In another study of 120 patients with HGD or T1 adenocarcinoma, 1% showed 
LNM in T1m1–3/sm1 tumors compared with 44% of T1sm2 and 3 tumors [112].
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EMR has also been used for small, localized esophageal squamous cell neo-
plasms as an alternative to surgical therapy. It has been shown to have similar effi-
cacy when compared to esophagectomy [113]. EMR is limited by the size of the 
lesion due to the increased risk of piecemeal resection in larger lesions leading to 
more recurrence of disease and incorrect histological evaluation [114]. Endoscopic 
submucosal dissection (ESD) is common in Asia and allows removal of larger 
esophageal lesions en bloc. ESD may have a lower local recurrence rate than EMR 
[114–116].

 Radiofrequency Ablation for Barrett’s Esophagus with Dysplasia

The recommended management for BE with HGD without adenocarcinoma is EMR 
for any suspicious lesions followed by RFA [5]. In a landmark multicenter, sham- 
controlled trial, 127 patients with dysplastic BE underwent RFA or a sham proce-
dure. Among patients with LGD, complete eradication occurred in 90.5% in the 
RFA group and 22.7% in the control group (p < 0.001). In the HGD group, there 
was an 81% eradication rate in the RFA group compared with 19% in the control 
group (p < 0.001). In the RFA group, 77.4% of patients had complete eradication of 
intestinal metaplasia compared with 2.3% in the control group (p < 0.001) [14]. 
Given the high rate of progression to adenocarcinoma typically observed among 
patients with HGD, this study established the utility of RFA for patients with HGD.

The use of RFA for LGD in BE is being evaluated. The rate of progression from 
LGD to adenocarcinoma is lower than in HGD. Reports of the use of RFA for treat-
ment of low-grade dysplasia are heterogeneous with short follow-up periods as 
found in a meta-analysis of 37 studies and 521 patients with LGD [117]. Due to the 
lack of data on long-term follow up, the potential benefit of ablation in reducing 
carcinoma risk in those with LGD compared to the risks and cost of treatment with 
RFA is incompletely characterized [5, 118]. The American Society for 
Gastrointestinal Endoscopy (ASGE) recommended in 2011 that select patients with 
BE LGD be considered for ablation procedures [119]. In a study involving 68 
patients with LGD randomized to RFA and 68 patients with LGD randomized to 
endoscopic surveillance, ablation reduced the risk of progression to HGD or adeno-
carcinoma by 25% (1.5% for ablation v. 26.5% for control, p < 0.001) [30]. The 
absolute risk of progression from LGD to adenocarcinoma was reduced by 7.4% 
(p = 0.03). Among patients receiving RFA, complete eradication occurred in 92.6% 
with dysplasia and 88.2% with intestinal metaplasia compared to 27.9% with dys-
plasia and 0% with intestinal metaplasia in the control group. Follow-up was over a 
3-year period. In practice, due to the good safety profile of RFA and anxiety sur-
rounding observational management for a premalignant lesion in the esophagus, 
RFA is frequently offered in the setting of LGD.

In 2013, a systematic review and meta-analysis of studies examined the rate of 
complete eradication of dysplasia and intestinal metaplasia and the rate of IMC 
recurrence after treatment. Complete eradication of metaplasia and dysplasia 
occurred in 78% and 91% of patients, respectively. IMC recurrence occurred in 
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13% of patients. Stage advancement to cancer occurred in 0.2% of patients during 
treatment and in 0.7% after complete eradication of metaplasia. Heterogeneity was 
a noted limitation [120].

A retrospective review involving 36 patients at two tertiary care facilities with 
biopsy-proven IMC were treated with RFA after or during treatment with 
EMR. Complete eradication of IMC/dysplasia was achieved in 89% with patients 
requiring a mean of 1–2 EMRs and 2–3 RFA sessions to achieve eradication. The 
mean follow-up period was 24 ± 19 months and complete eradication at that time 
was 81%. Treatment complications included bleeding in 3% and stricture formation 
in 19% [121].

HGD or carcinoma can develop in some patients even after previous successful 
eradication of neoplasia or intestinal metaplasia. There have been reports of patients 
developing subsquamous neoplasia at least 6 months after RFA and two patients 
who developed subsquamous neoplasia after EMR and before RFA. It is possible 
that anatomical characteristics could interfere with the energy delivery of RFA to 
lesions. While continued surveillance is indicated in patients who have undergone 
RFA, the proper intervals are unknown. One approach has been to perform surveil-
lance endoscopy every 3  months for 1  year after ablation and then increase the 
interval to every 6 months for 1 year, subsequently increasing to annually [122]. 
EMR and RFA have been used in tandem to increase the rate of complete remission 
of Barrett’s-related lesions. However, using RFA after EMR may increase the risk 
of complications such as esophageal scarring. This can lead to increased risk of 
tears, strictures, and perforations. However, several studies have shown that these 
risks are low and may be equal to using RFA alone [34, 123, 124].

A more recent study involving a large, multicenter registry investigated the safety 
and efficacy of RFA vs. RFA after preceding EMR for nodular BE with advanced 
neoplasia (HGD or IMC). Safety outcomes included stricture, bleeding, and hospi-
talization while efficacy outcomes included complete eradication of intestinal meta-
plasia (CEIM), complete eradication of dysplasia (CED), and number of RFA 
treatments needed to achieve CEIM. CEIM was achieved in 84% of patients treated 
with RFA alone or after EMR. CED was achieved in 94% of patients with combina-
tion therapy and 92% with RFA only (p = 0.17). Safety outcomes and durability of 
eradication were not different between groups [125].

Another study comparing RFA in BE with HGD and IMC using a UK registry 
showed that in 515 patients, those with IMC were more likely to have visible lesions 
requiring preceding EMR than those with HGD and these may carry a higher risk of 
cancer progression. Patients underwent RFA every 3 months until all visible BE 
mucosa was ablated or cancer developed. The 12-month complete response for dys-
plasia and IM were almost identical (p = 0.7) and progression to invasive cancer was 
not significantly different at 12 months (p = 0.19). In IMC, RFA with preceding 
EMR was associated with superior durability compared with RFA alone (p = 0.01) 
[32]. A 6-year follow-up study looking at 508 patients completing therapy with 
combined EMR and RFA for BE-related neoplasia showed that complete remission 
of dysplasia (CR-D) and complete remission of intestinal metaplasia (CR-IM) 
improved significantly from 77% and 56% to 92% and 83%, respectively 
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(p  <  0.0001). EMR for visible lesions before RFA increased from 48% to 60% 
(p = 0.013). Rescue EMR after RFA decreased from 13% to 2% (p < 0.0001). No 
difference was seen to be significant in terms of progression to OAC at 12 months 
(p = 0.51) [29].

The EURO-II study involved 13 European centers and looked at EMR followed 
by RFA to eradicate BE with HGD and/or IMC. There were 132 patients undergo-
ing a median 3 RFA treatments with complete eradication of neoplasia achieved in 
92% and CE-IM in 87%, per intention to treat analysis, and 98% and 93%, respec-
tively, in the per-protocol analysis. Mild-to-moderate adverse events occurred in 
19% of patients. This study showed that intensive multimodality endotherapy with 
EMR and RFA is safe and highly effective [31].

 Conclusions

The incidence of esophageal adenocarcinoma is progressively increasing and its 
growth rate outpaces that of the other major epithelial malignancies. Endoscopy 
has a critical role in the evaluation, diagnosis, staging, and management of 
Barrett’s esophagus and esophageal cancer. Screening may be considered for 
patients with GERD, especially in the presence of any red-flag symptoms such as 
weight loss, dysphagia, or bleeding. Surveillance is utilized in patients with 
Barrett’s esophagus to detect progression to dysplasia and early cancer, when 
tumors are superficial and curable by endoscopic or surgical modalities. 
Endoscopic ultrasound is the modality of choice for the locoregional evaluation of 
esophageal tumors, establishing the T and the N stage. EMR provides very spe-
cific diagnostic and staging information with early tumors, further refining con-
siderations for treatment allocation. EMR forms the cornerstone of endoscopic 
treatment for early cancers. EMR is also indicated for any nodularity or mucosal 
irregularity in patients with dysplasia. Radiofrequency ablation is the treatment of 
choice for flat Barrett’s esophagus with high-grade dysplasia, and following EMR 
once all the nodularity has been resected. As technology continues to progress, 
endoscopic approaches stand to provide ever- greater detection, more accurate 
staging, and less invasive management options for the large population of patients 
with esophageal cancer.
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9Principles and Approaches in Surgical 
Resection of Esophageal Cancer

Nassrene Elmadhun and Daniela Molena

 History of Esophageal Resection

Resection of esophageal carcinoma was first successfully performed in 1913  in 
New York City by Franz Torek through a left chest approach. The patient survived 
with an esophagostomy and gastrostomy for 12  years [1]. While other surgeons 
described restoring enteric continuity subcutaneously using transverse colon or 
stomach, Japanese surgeon Oshawa in Kyoto performed the first successful esopha-
gectomy with intrathoracic reconstitution of esophagogastric continuity in 1933. 
This technique was further popularized by Richard Sweet from Massachusetts 
General Hospital in 1945 with his descriptions of left-sided approach to trans- 
thoracic esophagectomy [2, 3]. In the same year, British surgeon Ivor Lewis was the 
first to describe an alternative right-sided approach for dissection and resection of 
the thoracic esophagus in 1946, which did not require a diaphragmatic incision, and 
would allow for dissection of the thoracic esophagus under direct visualization [4].

Ivor Lewis described his esophagectomy as a two-staged procedure. The first 
stage involved a midline laparotomy, mobilization of the gastric conduit, and clo-
sure. The right thoracotomy followed a week later with esophagectomy and esopha-
gogastric anastomosis. The Ivor Lewis esophagectomy was refined in the decades 
that followed and has evolved into the one-stage procedure that still bears his name 
today. In the 1960s, British surgeon McKeown popularized a technique adding a 
third cervical phase to the Ivor Lewis esophagectomy moving the anastomosis from 
the chest into the neck [5]. Esophagectomy without thoracotomy was first described 
by the German surgeon Alwin von Ach and Austrian surgeon Wolfgang Denk in 
1912 [6]. The so-called transhiatal esophagectomy which involves a gastric 
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mobilization and transhiatal blunt esophageal mobilization followed by cervical 
anastomosis was revived and popularized by Japanese surgeon Hiroshi Akiyama 
from Tokyo and American surgeon Mark Orringer [7, 8]. Currently, esophagectomy 
is most commonly performed by an open technique with the transhiatal approach or 
Ivor Lewis approach being the most common techniques. The newest development 
in esophagectomy is minimally invasive esophagectomy wherein the abdominal 
mobilization of the gastric conduit and thoracic esophageal mobilization is all per-
formed laparoscopically and thoracoscopically.

 The Balance Between Technical Complications and Outcomes

Esophagectomies have historically been associated with a high incidence of mor-
bidity and mortality, much of which can occur as a consequence of intraoperative 
technical complications, including anastomotic leaks, conduit failures, strictures, 
thoracic duct leaks, and recurrent nerve injuries. Some of these technical complica-
tions can be attributed to poor technique; others, however, are likely related to 
aspects of the surgical approaches discussed in this chapter. Although advances in 
pain management, respiratory physiotherapy, endoscopic and radiologic interven-
tions, and intensive care management have all contributed to the overall improve-
ments in morbidity and mortality seen in recent years, technical complications and 
their consequences persist. In addition to carrying immediate perioperative risks, 
technical complications can also have an insidious, long-lasting effect on survival, 
one that is masked by short-term improvements [9]. Consequently, when choosing 
an operative approach, consideration should be given to the incidence of the techni-
cal complications associated with the chosen approach, and the risk of these com-
plications should be balanced against the oncologic and long-term symptomatic 
benefits of the approach.

In general, the aspects of esophagectomy that have been associated with a higher 
risk of complications include the use of thoracotomy, a more radical resection, a 
more extensive lymphadenectomy, and a cervical incision. Thoracotomies have been 
consistently associated with a higher risk of pneumonia, a finding seen in both retro-
spective studies [10] and a prospective randomized trial [11]. Likewise, more radical 
resections require longer operative times, which have been associated with increased 
incidence of respiratory complications [12]. More extensive lymphadenectomies 
also require longer operative times and are more likely to result in chyle leak. Last, 
rates of anastomotic leak and stricture are consistently higher the more proximal the 
anastomosis is: when the anastomosis is performed in the neck, the incidence of 
leaks is 8–15%, compared with 0–7% when the anastomosis is performed in the 
chest [13]. Furthermore, the more proximal the anastomosis, and when a cervical 
incision is used, the greater the likelihood of a recurrent nerve injury.

What is obvious regarding the associations between various aspects of esopha-
gectomy and complications is that the aspects of an operation that are needed to 
achieve appropriate oncologic goals are often in direct conflict with the need to 
minimize technical complications. Thus, when selecting an operative approach, 
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there needs to be careful consideration of both the risks of the operation and the 
oncologic benefits. Clearly, this would imply that, for some patients for whom an 
aggressive approach is unlikely to result in a significant oncologic benefit, the asso-
ciated risks of aggressive surgery are not warranted. On the other hand, for patients 
who can gain a clear benefit from a more radical resection, an aggressive approach 
is likely worthwhile.

 Operative Nomenclature

There are many possible surgical approaches for performing an esophagectomy, 
with the nomenclature variably describing the number of cavities opened (McKeown, 
Ivor Lewis, and transhiatal), the extent of lymphadenectomy (1-field, 2-field, modi-
fied 3-field, and 3-field), and the radicality of the resection (en bloc). With the intro-
duction of minimally invasive techniques, a description of the type of access incision 
is now also used (open, minimally invasive, minimally invasive “assisted,” and 
robotically assisted). Whereas the components of an en bloc resection are well 
described—and include resection of the pericardium, contralateral pleura, azygous 
vein, thoracic duct, and cuff of diaphragm (in junction tumors) [14]—the extent of 
lymphadenectomy is less well characterized. A “1-field lymphadenectomy,” which 
refers to an intra-abdominal lymphadenectomy, does not define precisely which 
nodes need to be removed. Whereas many would agree that the equivalent of a gas-
tric D1 lymphadenectomy is appropriate (N1 nodes—immediate perigastric nodes), 
others would argue for a more thorough approach, such as a D2 lymphadenectomy 
(N1 nodes + left gastric, celiac axis, common hepatic, splenic hilum, splenic artery, 
and hepatic artery nodes) [15]. The second field of a lymphadenectomy commonly 
refers to an infra-azygous nodal resection, including the subcarinal nodes and all 
periesophageal nodes from the subcarina down to the level of the hiatus. Last, the 
terminology used to describe the third field of a lymphadenectomy is inconsistent. 
A standard third field includes the intrathoracic component along the left and right 
recurrent laryngeal nerves, as well as a cervical component in which the remaining 
recurrent nerve nodal chain and the deep cervical nodes are removed [15]. An 
extended third field also includes the bilateral cervical and supraclavicular nodes.

Equally ambiguous in the terminology used to define lymphadenectomy is the 
designation of a “minimally invasive” approach. For instance, a “minimally invasive 
Ivor Lewis approach” could imply laparoscopic and thoracoscopic incisions, but for 
some, the use of either a laparotomy or a thoracotomy would still qualify as a mini-
mally invasive “assisted” approach. Finally, although a surgical approach can limit 
the extent of the lymphadenectomy or the radicality of the procedure, the name of 
the approach does not necessarily imply the extent of the lymphadenectomy or the 
radicality of the operation. For instance, whereas a McKeown esophagectomy 
allows for a 1-, 2-, or 3-field lymphadenectomy with or without an en bloc compo-
nent, an open transhiatal esophagectomy does not allow for a formal second- or 
third-field lymphadenectomy or an en bloc resection. Consequently, the most accu-
rate way to describe an operative approach is by a combination of descriptors; 
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examples would include “a minimally invasive, McKeown esophagectomy with a 
2-field lymphadenectomy with thoracoscopy and laparotomy” or “an open Ivor 
Lewis esophagectomy with en bloc resection and a 2-field lymphadenectomy.”

 Principles: Importance of Lymphadenectomy

There is accumulating evidence supporting an association between a more aggres-
sive lymphadenectomy and survival in surgically treated patients with esophageal 
cancer [16, 17]. This association is strongest in patients with the highest risk of 
nodal disease [18]. That is, in patients who are least likely to have nodal metasta-
ses, fewer than ten nodes should be removed; in patients with a high risk of nodal 
disease, more than 30 nodes should be removed; and in patients with almost no 
risk (T1a) of nodal disease, as well as patients with many involved nodes (N3), 
removal of additional nodes has little bearing on survival. This better understand-
ing of tumors with low and high risks of nodal metastases provides the necessary 
oncologic rationale for endoscopic resection of superficial tumors (T1a). 
Conversely, most patients currently undergoing surgery have a moderate-to-high 
risk of nodal metastases and performing an adequate lymphadenectomy in these 
patients mandates an aggressive approach. Level I support for this approach 
comes from the only prospective randomized trial that has addressed the effect of 
surgical approach on survival. This trial compared a “radical” transhiatal 
approach that is much more thorough than the typical transhiatal esophagectomy 
with an en bloc Ivor Lewis esophagectomy. The main difference between the two 
arms of this trial was the number of nodes removed (31 for en bloc, 16 for tran-
shiatal). The results showed a trend toward improved survival for the en bloc 
Ivor Lewis approach, compared with the radical transhiatal approach [11]. 
Furthermore, an unplanned subgroup analysis found a statistically significant 
survival benefit in patients with 1–8 nodes involved, which is consistent with the 
concept that patients at risk of nodal disease benefit most from an aggressive 
lymphadenectomy [19].

When selecting a surgical approach, the choice should therefore take into account 
the need for an adequate lymphadenectomy. In some cases—for instance, when an 
endoscopic resection is not feasible—an approach that achieves a limited lymphad-
enectomy, such as a transhiatal approach, is adequate. On the other hand, in most 
patients, an adequate lymphadenectomy will consist of an aggressive intra- 
abdominal and intrathoracic lymphadenectomy (i.e., 2-field). The intra-abdominal 
component should include the celiac, splenic, and common hepatic lymph nodes, 
and the intrathoracic lymphadenectomy should include all the lymph nodes from 
the subcarinal space down to the hiatus. Because of these requirements, an intratho-
racic approach is necessary to adequately remove all potentially involved lymph 
nodes, and an approach such as a transhiatal esophagectomy should be considered 
to be inadequate for these patients. It should be noted that an appropriate lymphad-
enectomy allows for either open or minimally invasive approaches, as long as an 
appropriate lymph node dissection is achieved.
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 Principles: Importance of Margins

The importance of margins has been vigorously debated despite little level I evi-
dence supporting any one viewpoint. Most discussions regarding margins refer to 
radial margins, rather than proximal or distal margins. Regardless of which margins 
are being referenced, “nihilists” use retrospective studies to support the position that 
the presence of involved margins is an indication of aggressive tumor biology, for 
which more radical surgery would have little effect on outcome; supporters of radi-
cal resections (en bloc, 3-field lymphadenectomy), on the other hand, cite primarily 
single-center retrospective studies to show favorable survival outcomes in patients 
treated with more radical resection. Confounding many of these retrospective stud-
ies, however, is that they often fail to control for the depth of tumor invasion and that 
the issue of radial margins is relevant only for T3-T4 tumors. Furthermore, with the 
current widespread use of preoperative chemoradiation therapy, R0 resection rates 
from standard approaches are now comparable to those from en bloc esophagecto-
mies without preoperative therapy, rendering the question of the importance of 
radial margins even more difficult to resolve. The proximal and distal margin dis-
tances needed to optimize survival are likewise not well defined. Retrospective stud-
ies that have evaluated these margins have recommended various distances. Of note, 
these studies tend to be small, and the results are likely confounded by other vari-
ables. Furthermore, as has been documented for gastric cancer, adequate margin 
distance seems to be relevant only in patients with a moderate tumor burden; it is 
less relevant in patients with either very advanced- or early-stage disease. Last, 
vigorous debate continues regarding the extent of proximal and distal margins 
needed for Siewert II and Siewert III tumors. The debate about these tumors primar-
ily centers on whether a sufficient proximal margin is attainable for Siewert II 
tumors through a purely abdominal approach and whether a complete gastrectomy 
is necessary for Siewert III tumors. The only level I evidence addressing the opera-
tion type and margins, again, comes from the one randomized trial that compared 
two surgical approaches [11]. Although this trial did not answer the question of the 
importance of achieving R0 resection, it did show that similar rates of R0 resection 
can be achieved using either approach. The implication of this finding is that various 
aggressive, well-performed surgical approaches can achieve similar rates of R0 
resection and that, since there are conflicting data on the importance of margin sta-
tus, it would make sense to err on the side of an aggressive resection, in an attempt 
to achieve similar rates of R0 resection.

An issue particular to patients who have been treated with chemotherapy and 
radiation before surgery is the importance of establishing the extent of tumor exten-
sion before therapy. It is a generally accepted dictum that a resection should incor-
porate all sites of disease that are present before therapy. However, since most 
patients will have tumor regression after therapy, accurate assessment and mapping 
before chemoradiation therapy is critical. Furthermore, the operative plan should be 
based on the original assessment, rather than on a revised plan formulated from 
posttreatment imaging. This issue is most relevant in patients with disease extension 
into the gastric cardia and subcardia regions. In these patients, if a gastric conduit is 
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to be used, the extent of a possible distal resection is limited because of technical 
considerations (conduit size, vascular supply). A separate technical issue, which 
arises more commonly in previously treated patients, is the intraoperative finding of 
an involved proximal or distal resection margin on frozen section. One reasonable 
approach in these patients, if achieving negative margins requires a significant 
extension of the procedure, is to defer the extended procedure until the final patho-
logic report is available; if the patient’s prognosis is poor on the basis of the final 
pathologic report, then a more extensive and likely morbid procedure holds little 
potential benefit for the patient [20].

 Surgical Management of the Pylorus and Conduit Size

The origin of the belief that a gastric emptying procedure is necessary during an 
esophagectomy stems from data on gastric surgeries for ulcer patients. In these 
patients, in whom vagotomies were performed to reduce acid production, a gastric 
emptying procedure was shown to be necessary [21], at the risk of gastric obstruc-
tion. What is often overlooked, however, is that these ulcer patients often also had 
an abnormal pylorus attributable to scarring from their ulcer disease; therefore, it is 
not clear that extrapolating this finding to esophagectomies is appropriate. 
Furthermore, although some studies have suggested that gastric emptying is impor-
tant and that, when it is not performed, a postoperative gastric obstruction can result 
in a higher risk of aspiration pneumonia, anastomotic leak, and death [22], these 
findings are not definitive, and other studies have found no such associations [23]. 
Some of these studies also indicate that, by avoiding gastric emptying, one can per-
haps achieve better long-term functional outcomes, with less dumping and bile 
reflux, two of the most debilitating long-term consequences of an esophagectomy 
with a gastric conduit. Confounding much of these data on gastric emptying is the 
possibility that the conduit diameter might also contribute to the emptying function 
of the gastric conduit, a variable that many of the studies fail to control for [24]. 
Whereas some surgeons prefer not to tubularize the gastric conduit, because of the 
concern that a narrow conduit will jeopardize the vascular supply and increase the 
risk of anastomotic leaks [25], others believe that a narrower conduit results in less 
stasis and bile reflux. One consistent finding among studies supporting gastric emp-
tying procedures is that most patients treated without this procedure never develop 
a problem, and, furthermore, the vast majority of patients undergoing the procedure 
likely do not need it and are possibly subjected to long-term functional problems 
because of it. Therefore, two reasonable approaches to managing the pylorus arise: 
[1] non-surgically preempt problems by temporarily disabling the pylorus, either by 
use of a botulinum injection [26], or by use of pre-resection endoscopic balloon 
dilation of the pylorus [27]; [2] do nothing to the pylorus and use a postoperative 
nasogastric tube as a means of monitoring gastric emptying, with selective endo-
scopic management of the few patients who have gastric emptying problems [28]. 
With regard to the size of the gastric conduit, the data that show an association 
between diameter, perioperative complications, and long-term functional status are 
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inconclusive; therefore, a reasonable surgical approach is to balance the varying 
recommendations and to create a reasonably narrow conduit (5–6 cm).

 Surgical Techniques

 Ivor Lewis Esophagectomy

Location of the tumor, surgeon preference, patient surgical history, choice of esoph-
ageal substitute, and previous radiation are all important considerations for the sur-
geon when selecting a surgical technique for esophagectomy. The most common 
indication for an Ivor Lewis esophagectomy is middle third or distal esophageal 
squamous or adenocarcinoma.

Ivor Lewis esophagectomy is performed in two phases: first, the abdominal 
phase followed by the thoracic phase. With the patient placed in supine position, an 
upper midline abdominal incision is made for abdominal exploration. A self- 
retaining retractor is placed and the left lobe of the liver is retracted cephalad to 
expose the hiatus. The gastrohepatic ligament is incised up to the right crus. The 
hiatus and distal esophagus are dissected anteriorly and posteriorly then the abdom-
inal esophagus is encircled with a Penrose drain to assist in providing traction for 
dissection at the hiatus. The boundaries of the hiatal dissection include the aorta 
posteriorly, the pleura laterally, and the pericardium anteriorly.

The lesser sac is entered taking care to preserve the right gastroepiploic artery 
pedicle, which will ultimately provide the blood supply for the gastric conduit. 
Dissection along the greater curvature continues toward the spleen and the short 
gastric vessels are divided close to the spleen and taken to the left crus. The remain-
der of the phrenoesophageal ligament attachments are divided, and the abdominal 
esophagus and cardia are freed.

The stomach and duodenum are mobilized from retroperitoneal attachments and 
is deemed adequate when the pylorus can reach the right crus without tension. The 
left gastric artery is divided and all associated lymph nodes are swept from the com-
mon hepatic artery medially to the specimen side. Lymphadenectomy is continued 
to clear the lymphatic tissues along the splenic artery. Thus, all the nodal tissue from 
the common hepatic artery to the splenic artery is swept up toward the specimen to 
be removed en bloc.

Along the lesser curvature, the right gastric artery is divided. The stomach is then 
partially transected from the point where the right gastric artery is divided and car-
ried up toward the fundus. The staple line is reinforced with interrupted lemberted 
sutures.

A feeding jejunostomy is inserted typically 40 cm distal to the ligament of Treitz. 
The feeding jejunostomy serves as definitive enteric access postoperatively and can 
be removed once the patient is tolerating an oral diet. The abdomen is closed and the 
patient is prepared for the thoracic phase.

The patient is re-positioned in the left lateral decubitus position with the right 
side up in preparation for a right thoracotomy. A posterolateral right thoracotomy is 
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performed sparing the serratus muscle. The chest is entered in the fourth or fifth 
interspace. The lung is retracted anteriorly and the inferior pulmonary ligament is 
divided. The infracarinal lymph nodes are cleared from the right and left mainstem 
bronchi. The azygous vein is divided and the vagus nerve is identified at this level 
and divided to avoid traction injury to the recurrent laryngeal nerve. All periesopha-
geal fatty and nodal tissue is swept toward the specimen side. The esophagus is 
dissected circumferentially from the vertebral body to the pericardium. Care should 
be taken to carefully clip or tie any lymphatics that are encountered to avoid possi-
ble chylothorax. Arterial branches originating directly from the aorta are also identi-
fied and divided. The proximal transection point is typically at the level of the 
transected azygous vein.

The anastomosis can be fashioned in a variety of ways at the discretion of the 
surgeon. Though we prefer the end-to-end stapled circular anastomosis, several 
anastomotic techniques have been described including hand-sewn (single layer vs. 
double layer), stapled (circular vs. side to side linear stapled anastomosis), and 
hybrid techniques [29–32]. Studies have not definitively proven one technique to be 
superior over another technique. In a meta-analysis evaluating 12 randomized con-
trol trials with over 1400 patients, there was no difference in the incidence of anas-
tomotic leak or postoperative mortality [32] in circular stapled anastomosis 
compared to the hand-sewn technique. There was an increased incidence of anasto-
motic stricture and decreased operative time for the circular stapled anastomosis 
compared to the hand-sewn anastomosis.

After the anastomosis is completed, the remaining omentum is used to wrap 
around the conduit and tucked between the staple line and the airway to prevent 
possible fistula. Any redundant stomach is reduced back into the abdomen and the 
conduit is sutured to the diaphragmatic hiatus to prevent paraconduit hernia. The 
conduit is also secured to the mediastinal pleura to take some of the tension off the 
anastomosis. Chest tubes are placed anteriorly and posteriorly and the thoracotomy 
incision is closed.

 Minimally Invasive Ivor Lewis Esophagectomy

Up until two decades ago, esophagectomy involved laparotomy and thoracotomy 
for Ivor Lewis esophagectomy or laparotomy and cervical incision for transhiatal 
esophagectomy or laparotomy, thoracotomy, and cervical incision for 3-hole 
McKeown esophagectomy. In attempts to reduce the morbidity and mortality of 
open esophagectomy, James Luketich adopted and refined the technique for mini-
mally invasive esophagectomy [25, 33]. Though many hybrid approaches have been 
reported, minimally invasive esophagectomy typically includes laparoscopic tran-
shiatal esophagectomy, laparoscopic-thoracoscopic 3-hole McKeown esophagec-
tomy and laparoscopic-thoracoscopic Ivor Lewis esophagectomy. The majority of 
mid-esophageal to distal esophageal/gastroesophageal junction tumors can be 
resected with good exposure and adequate margins using the minimally invasive 
Ivor Lewis approach.
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Similar to the open Ivor Lewis esophagectomy, the abdominal phase begins with 
the patient in supine position. Six abdominal ports are placed including one for the 
liver retractor, one for the laparoscopic camera, and two ports each for the surgeon 
and the first assistant. The abdomen is first insufflated with carbon dioxide and 
inspected for evidence of occult metastasis. Similar to open Ivor Lewis esophagec-
tomy, the dissection begins at the hiatus. The gastrohepatic ligament is opened and 
the left gastric and celiac lymph node dissection is completed. The lower esophagus 
is circumferentially dissected at the level of the crus and into the mediastinum 
through the hiatus. The greater curve of the stomach is mobilized and the lesser sac 
is entered below the gastric antrum preserving the right gastroepiploic artery. The 
stomach is further mobilized from its retrogastric attachments. If needed, a Kocher 
maneuver is performed to mobilize the duodenum in order to allow for the pylorus 
to reach the right crus without tension. The left gastric pedicle is skeletonized and 
divided at the take-off from the celiac artery. All associated lymph node and fatty 
tissue is swept toward the specimen. The gastric conduit is created by first stapling 
the right gastric artery pedicle at the lesser curve and carrying the staple line up 
toward the fundus to create a tubular gastric conduit. A feeding jejunostomy is 
placed in the left lower quadrant using a modified Seldinger technique with a com-
mercially available jejunostomy-tube kit.

The patient is then turned and positioned in the left lateral decubitus position. 
Five ports are placed in the chest: one port for the camera, one for the first assistant 
to provide suction, and two ports for the surgeon. The esophagus is mobilized in the 
chest similar to open esophagectomy with division of the inferior pulmonary liga-
ment and division of the mediastinal pleura anterior and posterior to the esophagus. 
The azygous vein is divided and the esophagus is circumferentially dissected. The 
subcarinal lymph nodes are excised en bloc with the specimen. The vagus nerve is 
divided just above the azygous vein to avoid traction injury to the recurrent laryn-
geal nerve. Lymphatic tissue along the aortoesophageal branches and lymphatic 
tributaries are clipped to prevent chyle leak. The specimen with the attached gastric 
conduit is pulled into the chest taking care to preserve proper orientation of the 
conduit. At this time the anterior working port is enlarged to a 5-cm access incision. 
The specimen is transected proximal to the tumor and removed through the access 
incision. The stapled esophagogastric anastomosis is fashioned with an end-to-end 
stapler. Excess omentum is wrapped around the anastomosis especially between the 
conduit and airway to prevent fistula. The conduit is secured to the crus of the dia-
phragm to prevent conduit herniation through the esophageal hiatus. Chest tubes are 
placed and the incisions are closed.

 Transhiatal Esophagectomy

Transhiatal esophagectomy can be considered as a safe, expeditious, and effective 
technique for resection of distal esophageal cancers with no evidence of subcarinal 
nodal disease on positron emission tomography or endoscopic ultrasound. The pro-
cedure is first performed through an upper midline laparotomy. After assessing for 
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occult metastatic disease, the dissection proceeds similar to the abdominal phase of 
Ivor Lewis esophagectomy: the distal esophagus is circumferentially dissected free 
from the crus at the hiatus. The right gastroepiploic pedicle is preserved and the 
greater curvature is mobilized. The left gastric artery is identified and transected. 
Lymphadenectomy at the celiac axis is performed and swept toward the specimen. 
A Kocher maneuver is performed to ensure adequate mobilization of the gastric 
conduit. A feeding jejunostomy is placed.

The diaphragm is incised up to the pericardium to open the hiatus. The distal 
10 cm of the esophagus is mobilized under direct vision while keeping the esopha-
gus on tension. The surgeon’s hand completes the remainder of the mediastinal 
mobilization with gentle blunt finger dissection to the level of the carina.

An oblique incision is made along the anterior border of the left sternocleido-
mastoid muscle extending down to the suprasternal notch. Dissection is carried 
down medially to the carotid sheath. The omohyoid muscle is divided and the mid-
dle thyroid vein and inferior thyroid artery are divided. The recurrent laryngeal 
nerve is identified and preserved. A plane is developed between the trachea and 
esophagus. The cervical esophagus is bluntly mobilized from adjacent tissues cir-
cumferentially with special attention not to injure the membranous portion of the 
trachea. The remainder of the mediastinal esophagus is dissected with blunt cervical 
dissection from the cervical incision. The esophagus is then transected at the level 
of the thoracic inlet in order to preserve as much of the cervical esophagus as 
possible.

The surgeon’s hand is then inserted through the hiatus posterior to the esophagus 
to lyse any remaining adhesions in the mediastinum. The esophagus is delivered 
downward out of the hiatus. The stomach is separated from the esophagus with a 
linear stapler along the lesser curve and the specimen is removed from the field. A 
chest tube is passed through the cervical incision down through the mediastinum 
and out of the hiatus. The chest tube is then sutured to the gastric conduit and pulled 
up through the cervical incision taking care to ensure proper orientation of the gas-
tric conduit. The cervical esophagogastric anastomosis is fashioned either using an 
end-to-end stapled anastomosis or hand-sewn in a single or double layer according 
to surgeon preference. The gastric conduit is secured to the hiatus to prevent hernia-
tion. A drain is placed in the neck near the anastomosis and bilateral anterior chest 
tubes are also placed. The abdominal and neck incisions are closed.

 3-Hole McKeown Esophagectomy

The 3-hole esophagectomy is defined by thoracic esophageal mobilization, lymph 
node dissection, abdominal exploration, stomach mobilization, lymph node dissec-
tion, placement of feeding jejunostomy, and left cervical incision for cervical anas-
tomosis. The advantage of the McKeown 3-hole approach is less morbidity if a 
leak occurs in the neck compared to leak in the chest. The McKeown esophagec-
tomy is an appropriate surgical approach for Siewert type I and II tumors, as well 
as all patients with tumor above the gastroesophageal junction, up to the level of 

N. Elmadhun and D. Molena



195

the clavicles. Advantages of the Ivor Lewis esophagectomy compared to the 
McKewon esophagectomy include lower stricture rate, lower leak, and lower aspi-
ration rates [34].

With the patient positioned in left lateral decubitus position, a right posterolateral 
thoracotomy is made similar to Ivor Lewis esophagectomy in the fourth or fifth 
intercostal space. The thoracic esophagus is mobilized as described above, the azy-
gous vein is divided, and the subcarinal and mediastinal lymph nodes are cleared. 
Two chest tubes are placed and the chest is closed. The patient is positioned in 
supine position and an upper midline incision is made. The gastric conduit is mobi-
lized as described above and the celiac lymph nodes along the lesser curvature are 
swept toward the specimen. A feeding jejunostomy is placed.

Next, an oblique incision is made along the anterior border of the left sternoclei-
domastoid muscle. Similar to the transhiatal neck dissection, the omohyoid muscle 
is divided, the recurrent laryngeal nerve is identified and preserved, and the dissec-
tion is carried down to the cervical esophagus. The cervical esophagus is bluntly 
mobilized from the neck down into the mediastinum. The esophagus and attached 
gastric conduit is pulled up into the neck taking care to preserve the orientation of 
the conduit. The esophagus is transected and is passed off the field as specimen. The 
esophagogastric anastomosis is then fashioned either with a stapler or hand-sewn 
according to surgeon preference. A drain is placed in the neck near the cervical 
anastomosis, and the neck and abdominal incisions are closed.

 Esophagectomy Complications

 Conduit Ischemia

Conduit ischemia occurs as a result of compromise of the conduit blood supply, 
which typically presents with early clinical deterioration within the first 2–3 days of 
surgery. Initially, patients may develop tachycardia, arrhythmia, or an increased 
oxygen requirement. It is important to have a low threshold for performing esopha-
goscopy to evaluate for ischemia early since conduit ischemia can progress rapidly 
to sepsis and clinical lability. In the setting of gross ischemia and hemodynamic 
instability, reoperation is indicated with takedown of the conduit, cervical esopha-
gostomy, wide drainage, and staged reconstruction at a later date [35].

 Anastomotic Leaks

Anastomotic leak presents within the first week with signs of evolving clinical dete-
rioration and sepsis with high chest tube output. Initial evaluation with esophagram 
with water-soluble contrast can reveal the location and size of the leak. Small leaks 
in a stable patient can be managed with percutaneous drainage, antibiotics, and 
bowel rest. Endoscopic placement of a covered stent can also be used to seal the 
leak while the anastomosis heals over the course of 4–6 weeks [36, 37]. In septic 
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patients with large leaks, operative exploration including debridement, drainage, 
and possible diversion is indicated for source control.

 Anastomotic Stricture

Anastomotic stricture can occur in the weeks to months following esophagectomy 
as a result of ischemia, leak, or use of a small diameter circular stapler [38, 39]. It is 
important to perform endoscopic evaluation to rule out recurrent disease, and dila-
tion either with a tapered or balloon dilator. Commonly, patients will need more 
than one treatment in order to manage the anastomotic stricture. Alternatively, 
retrievable self-expanding esophageal stents can be placed temporarily for the man-
agement of anastomotic stricture [40].

 Chylothorax

Chylothorax results from either direct injury to the thoracic duct or one of the lym-
phatic tributaries. Clinically, chylothorax presents as unusually high chest tube 
output that may be serous or milky in character. The diagnosis can be confirmed by 
checking the triglyceride level in the fluid after a fat challenge. Low-output chylo-
thorax (defined as daily output less than 1 L in 24 h) can be managed conserva-
tively with complete bowel rest and total parenteral nutrition. If the output persists, 
or if the chylothorax is high output (defined as daily output greater than 1 L in 
24 h) then intervention may be required such as surgical thoracic duct ligation or 
lymphangiogram and thoracic duct embolization performed by interventional radi-
ology [41].

 Conclusions

The data supporting any one surgical approach for esophagectomy for cancer are 
mostly anecdotal. A prudent approach would be to balance aspects of the available 
data and to favor a more aggressive resection in patients who may benefit from it 
and a more limited resection in those who will not. The available data suggest that 
patients with T2-T3 tumors would most likely benefit from a resection that removes 
at least 30 local-regional lymph nodes in a manner that also obtains wide radial 
margins, whereas patients with T1 tumors or those with tumors with more than 7 
involved lymph nodes should undergo a less aggressive nodal dissection (radial 
margins for such patients are either not relevant [T1] or do not contribute to survival 
[>7 nodes]). The consequence of being uniformly aggressive is that some patients 
will be unnecessarily exposed to added perioperative complications, with no added 
oncologic benefit. Likewise, a stomach conduit that is fashioned into a 5–6 cm tube 
should be wide enough to avoid concerns regarding ischemia, while being narrow 
enough to minimize the risk of stasis.
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10Principles of Radiation Therapy

Neil Bryan Newman and A. Bapsi Chakravarthy

 Introduction

The treatment design and delivery of radiation for esophageal cancer requires a 
comprehensive understanding of the natural history of disease, patterns of failure, 
anatomy, and principles of radiobiology. The use of pretreatment imaging, such as 
computerized axial tomography (CT) scans, endoscopic ultrasonography, and posi-
tron emission tomography (PET) scans, has improved target delineation. State-of- 
the-art equipment and advances in radiation planning software have improved 
treatment-related toxicities by allowing increasing dose to tumor while minimizing 
dose to surrounding normal structures.

Despite radical resection, a significant number of patients develop locoregional 
and/or distant recurrence leading to poor overall survival with surgery alone. This 
has led to the use of neoadjuvant therapies to complement resection. Over the past 
four decades, chemotherapy either alone or in combination with radiation therapy 
has been extensively studied. Although the role of radiation in the treatment of 
esophageal cancer has been clearly established, the integration of targeted agents as 
well as the ideal sequencing of chemotherapy, radiation, and surgery remain to be 
determined.
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 Radiation Alone

Historically, the results of radiation therapy alone in the treatment of localized 
esophageal cancer have been poor, with 2-year survival rates of approximately 
10–20%, and 5-year survival rates approaching less than 5%.

A prospective trial, Radiation Therapy Oncology Group (RTOG) 85–01, found 
that concurrent chemoradiation (CRT) using 5000 cGy with 5-fluorouracil (5-FU) 
and cisplatin was superior to 6400 cGy of radiation alone in terms of local control, 
distant control, and survival [1]. Longer term follow-up confirmed these findings, 
with a 5-year survival rate of 27% in the combined modality group. The median 
survival duration was 9.3  months. On the other hand, no patients were alive at 
5 years in the RT-alone group (P < 0.0001) [2]. Therefore, radiation alone is cur-
rently reserved for use primarily in the palliative setting.

 Surgery Alone

Patients with early esophageal cancers (T1aN0 disease) that involve only the mucosa 
(lamina propria or into but not through the muscularis mucosae) have a less than 3% 
risk of nodal metastases and therefore may be considered for endoscopic mucosal 
resection alone. Patients with T1bN0M0 disease that invades the submucosa are 
currently treated with surgery alone. For those patients who are not surgical candi-
dates, definitive CRT using 5040 cGy with concurrent carboplatin and paclitaxel 
can be considered.

Patients with higher stages of disease including T2–4, N0 or node-positive dis-
ease should be evaluated by a multidisciplinary team of surgeons, medical oncolo-
gists, and radiation oncologists to determine the best treatment plan for the individual 
patient, taking into consideration multiple factors including the location of the 
tumor, histology, comorbidities, and patient preferences. All patients should be 
evaluated for trimodality therapy.

 Surgery With or Without Preoperative Radiation

Early attempts to improve local control and survival considered the addition of pre-
operative radiation alone to surgery. From 1977 to 1985, Wang and colleagues car-
ried out a prospective randomized trial of 206 patients delivering 4000  cGy of 
radiation to the whole mediastinum and left gastroepiploic lymphatics followed by 
surgery versus surgery alone. The 5-year overall survival (OS) was 35% in the com-
bined modality arm and 30% in the surgery alone arm. The primary pattern of fail-
ure in both arms was intra- or extra-thoracic lymph node metastasis (41% vs. 34%) 
[3]. The Gastrointestinal Tumor Study Group (GITSG) pooled five trials that 
reported one-year mortality data. No statistically significant difference in the risk of 
mortality with preoperative radiotherapy was found when compared to surgery 
alone (RR, 1.01; 95% CI, 0.88 to 1.16; P = 0.87) [4]. Therefore, preoperative radia-
tion alone is currently not utilized.
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 Surgery With or Without Postoperative Radiation

Given the poor outcomes with surgery alone, multiple randomized trials have investi-
gated resection followed by adjuvant radiation as compared to resection alone. In one 
such study, Teniere et  al. randomized 221 patients to esophagectomy followed by 
4500–5500 cGy vs. surgery alone. The median survival was 18 months in both arms 
and there was no significant difference in 5-year survival (21% vs. 19%) [5]. Although 
the rates of local recurrence with radiotherapy were slightly lower, this benefit was 
achieved at the expense of increased morbidity. Moreover, autopsy series have shown 
that systemic spread appears independent of achieving local control, thereby reinforcing 
the concept that esophageal cancer is often a local presentation of a systemic disease 
with occult metastasis at or around the time of diagnosis. Therefore, we no longer 
utilize postoperative radiation alone in the treatment of esophageal cancer.

 Radiation With or Without Concurrent Chemotherapy

A landmark trial utilizing primary CRT was RTOG 85–01 [1]. One hundred and 
twenty-one individuals with T1-T3  N0-N1  M0, squamous cell carcinoma (SCC) 
(86%) or adenocarcinoma (14%) of the thoracic esophagus with no gastric involve-
ment or distant metastases were randomized to receive either radiation alone to 
6400 cGy or 5000 cGy with concurrent chemotherapy with 5-FU (1000 mg/m2/24hr 
for 4 days in weeks 1, 5, 8, 11) and cisplatin (75 mg/m2 in weeks 1, 5, 8, 11). At 
5-year follow-up, the OS for CRT was 26% (95% confidence interval [CI], 15%–
37%) compared with 0% following RT alone. Median survival was 14.1 months in 
the CRT arm vs. 9.3 months in the RT alone arm on long-term follow-up [6]. Although 
persistent disease was the greatest cause of treatment failure in both groups, this was 
more common in the radiation alone arm. The results of RTOG 85-01 and several 
other randomized studies (Table 10.1) have demonstrated a survival advantage to 
combined modality therapy over radiation alone [7–9]. The improvement in survival 
in these trials was related in part to improvement in local control, but also to decreases 
in distant metastases. The distant metastases (with or without locoregional disease) 
accounted for the first site of treatment failure in 30% of the patients within the RT 
group versus 16% of patients in the combined modality group [6].

Table 10.1 Randomized studies comparing radiation alone with combined chemoradiation

Study No. of patients
Radiation dose 
(Gy) Chemotherapy

2-year survival 
(%)

Araujo et al. 
[7]

28 50 None 22
31 50 5-FU, MMC, Bleo 38

Smith et al. 
[8]

62 60 None 12
65 60 MMC, 5-FU 27

Roussel et al. 
[9]

69 56.25 None 6 (3 YS)
75 56.25 MTX 12 (3 YS)

Herskovic 
et al. [1]

60 64 None 10
61 50 5-FU, CDDP 38
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As local failure rates even in the combined modality arm of RTOG 8501 were 
50%, subsequent trials evaluated whether higher doses of radiation could improve on 
these results [10]. Two hundred and eighteen patients with either SCC (85%) or ade-
nocarcinoma (15%) were randomized to receive combined modality therapy consist-
ing of cisplatin and fluorouracil with concurrent radiation, either a high dose of 
6480 cGy or standard doses of 5040 cGy, with the same chemotherapy. The trial was 
stopped after interim analysis due to 11 treatment-related deaths in the dose- escalation 
arm compared to 2 in the standard arm. Paradoxically, 7 of the 11 deaths in the high-
dose arm had received 5040 cGy or less at the time of death. There was no significant 
difference in median survival (13 vs. 18.1 months), 2-year survival (31% vs. 40%), or 
locoregional failure (56% vs. 52%) between the high-dose and standard-dose arms, 
respectively. This trial established 5040 cGy as the standard dose for definitive CRT.

Another attempt at dose escalation included the use of a brachytherapy boost. In 
a phase II study, patients completed 5000 cGy of external beam radiation, which was 
followed 2 weeks later by high-dose-rate (HDR) or low-dose-rate (LDR) brachy-
therapy. Patients had concurrent cisplatin and continuous infusion 5-FU for four 
cycles. Due to life-threatening toxicities in 24% of patients, including 6 tracheo-
esophageal fistulas, brachytherapy boost is no longer used in the United States [11].

 Trimodality Therapy Compared to Surgery Alone

Given the improved survival and local control with the addition of chemotherapy to 
radiation, the question as to whether chemoradiation followed by surgery was supe-
rior to surgery alone needed further investigation. The major randomized controlled 
trials comparing CRT plus surgery to surgery alone are summarized in Table 10.2.

In the Walsh study, 113 patients were randomized to 4000 cGy in 15 fractions 
with concurrent 5-FU and cisplatin followed by surgery versus surgery alone. 
The median and 3-year survival rates were 16  months and 32% for the CRT 
group and 11 months and 6% for the surgery-only group (P = 0.01) [12]. This 

Table 10.2 Selected trials of neoadjuvant chemoradiation versus surgery alone

Study n Dose Chemotherapy
pCR 
(%)

Medn S 
(months)

3YOS 
(%) P

Walsh et al. 
[12]

58 40 Gy/3 weeks CDDP 25 16 32 0.01
55 None None 11 6

Urba et al. 
[13]

50 45 Gy
(1.5 bid)

CDDP/5-FU/
VLB

28 17 30 0.15

50 None None 18 16
Burmeister 
et al. [14] 

128 35 Gy/3 weeks CDDP/5-FU 12.5 22 42 0.57
128 None None 19 36

Tepper et al. 
[15]

30 50.4 Gy/5.5 
weeks

CDDP/5-FU 40 53.8 39 0.002

26 None None 21.5 15
van Hagen 
et al. [16] 

175 41.4 Gy/4.5 
weeks

Carbo/Taxol 29 49 58 0.003

188 None None 24 44
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study was criticized for its short follow-up time (median 10 months), unconven-
tional radiation dose, and fraction size as well as the poor survival outcomes in 
the surgery-alone arm compared to other randomized trials. The Urba study [13] 
was a small randomized study comparing 45 Gy of radiation BID with chemo-
therapy to surgery alone and found no difference in overall survival.  The 
Burmeister Study [14] was a phase III study that found that the addition of che-
motherapy to 35 Gy of  radiation did not improve its primary outcome of pro-
gression free survival nor its secondary outcome of overall survival. Although 
this too was an unconventional radiation dose.

The CALGB 9781 trial randomized patients (both with and without nodal positiv-
ity) to neoadjuvant CRT using a standard radiation dose and fraction size (5040 cGy 
in 28 fractions) with concurrent cisplatin and 5-FU followed by surgery versus sur-
gery alone. Although the trial was closed early due to poor accrual, the median and 
5-year survival rates were 4.5 years and 39% for patients receiving CRT and 1.8 years 
and 16% for patients receiving surgery alone [15]. Multiple meta- analyses have exam-
ined the survival outcomes following CRT and surgery compared to surgery alone 
[16–20]. All but one analysis showed a significant reduction in mortality when CRT 
was added to surgery. Sjoquist et al. [20] reviewed 12 randomized controlled trials 
with a total of 1854 patients comparing CRT followed by surgery versus surgery 
alone. The HR for all-cause mortality for patients receiving neoadjuvant CRT was 
0.78 (95% CI, 0.70–0.88; P < 0.0001) and this benefit was irrespective of histology. 
Urschel et al. evaluated 9 randomized trials with a total of 1116 patients and con-
cluded that 3-year survival was improved with CRT (odds ratio [OR] = 0.66; 95% CI, 
0.47–0.92; P = 0.016). Improvements in survival were most pronounced with concur-
rent CRT (OR = 0.45; 95% CI, 0.26–0.79; P = 0.005) compared with sequential ther-
apy (OR = 0.82; 95% CI, 0.54–1.25; P = 0.36). In 2012, van Hagen et al. published 
the “ChemoRadiotherapy for Oesophageal cancer followed by Surgery Study” 
(CROSS) trial. Patients with resectable (T1N1 or T2–3/N0-N M0) esophageal or 
gastroesophageal junction (GEJ) tumors were randomized to neoadjuvant CRT with 
4140 cGy in 23 fractions with concurrent carboplatin and paclitaxel followed by 
surgery versus surgery alone. A pathological complete response was achieved in 47 of 
161 patients (29%) who underwent resection following CRT. Median OS was 49.4 
months in the trimodality arm versus 24.0 months in the surgery-alone group. At a 
median follow-up of 45.4 months, the 3- and 5-year OS rates, respectively, were 58% 
vs. 44% and 47% vs. 24% for trimodality therapy vs. surgery-alone arms (p = 0.003) 
[21]. Interestingly, subset analysis showed that patients with SCC benefited the most 
from this regimen. The benefit of trimodality therapy was associated with a HR of 
0.74 for adenocarcinoma histology while it was 0.42 for patients receiving trimodality 
therapy for SCC.Follow-up data on the CROSS study revealed that overall and 
locoregional recurrence rates were 58% and 34% in the surgery arm, respectively, 
while they were 35% and 14% in the trimodality arm [22]. Despite concerns regarding 
the lower doses of radiation used in the trimodality arm, the incidence of in-field 
recurrence was less than 5%. The predominant pattern of failure remained distant 
failures at 31% as compared to 14% local-regional failures. Although concerns have 
also been raised about the lower doses of chemotherapy, the CRT arm resulted in 
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significant decrease in both peritoneal carcinomatosis from 14% to 4% (P < 0.001) as 
well as hematogenous spread (35% vs. 29%; P = 0.025). On the other hand, the lower 
doses of both radiation and chemotherapy have resulted in a much improved side 
effect profile as compared to RTOG 8501.While neoadjuvant CRT improves outcomes, 
it is less clear which subsets of patients benefit the most. To determine whether 
patients with adenocarcinoma histology had similar outcomes when stratified by 
nodal status a retrospective analysis using the NCDB database was performed [23]. 
This study reviewed outcomes on 1301 patients and compared those who received 
trimodality therapy vs. surgery alone. Three-year OS was better for trimodality 
therapy over surgery alone (49% vs. 38%). However, when stratified by nodal status, 
the survival advantage of receiving trimodality therapy was greater for node-positive 
patients. HR in node- positive patients (n = 618) was 0.52, p < 0.001. Interestingly, 
with node-negative patients (n  = 691), the adjusted HR of receiving trimodality 
therapy was 0.84 and was not significant. While this data is potentially clinically 
relevant, it would be difficult to implement due to mismatch between clinical and 
surgical staging. 

 Definitive Chemoradiation Compared to Neoadjuvant 
Chemoradiation

Stahl et al. compared CRT with or without surgery. Patients with locally advanced 
SCC were randomized to induction chemotherapy (5-FU, leucovorin, etoposide, 
cisplatin) followed by CRT (4000 cGy with concurrent cisplatin/etoposide) fol-
lowed by surgery versus the same induction chemotherapy followed by CRT 
(6500 cGy with cisplatin and etoposide) [24]. There was no significant difference 
between treatment arms in terms of OS at 2 years (40% vs. 35%). Although there 
was no survival benefit in favor of surgery, those patients had better 2-year 
progression-free survival (PFS; 64% vs. 41%, p = 0.03). Of note though, 
treatment-related mortality was higher in the surgery arm (13% vs. 4%, p = 0.03). 
Cox regression analysis revealed clinical tumor response to induction 
chemotherapy to be the single independent prognostic factor for OS (hazard ratio 
[HR], 0.30; 95% CI, 0.19–0.47; P < 0.0001). In a French trial by Bedenne et al., 
444 patients with SCC underwent concurrent CRT with two cycles of cisplatin 
and 5-FU. Patients who demonstrated a partial or complete response to treatment 
were then randomized to receive either surgery or additional CRT.  Only 259 
(58%) of the patients treated with this regimen went on to randomization. The 
median survival time was 17.7 months in the surgery group versus 19.3 months 
in the definitive CRT group. Similar to the Stahl study, local control was improved 
in the surgery arm, 66.4% vs 57%. However, the trial suffered from poor accrual 
and suboptimal design. The randomization of these patients did not take place at 
the time of diagnosis, rather after they were treated with CRT. Therefore, those 
who were unresponsive to CRT went on to surgery, but were not followed on the 
trial; this may have limited the quality of the analysis as these patients would 
have likely benefited most from surgery as part of the treatment regimen [25].
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 Surgery With or Without Neoadjuvant Chemotherapy Alone

To determine whether neoadjuvant chemotherapy alone could replace neoadjuvant 
CRT, the MRC conducted a trial randomizing patients to cisplatin 80 mg/m2 plus 
fluorouracil 1000 mg/m2 daily by continuous infusion for 4 days followed by sur-
gery or surgery alone. Preoperative radiation was left to the discretion of the treating 
physician. Only 9% of patients received radiation and this was similar in both arms. 
There was a significant improvement in 2-year survival with the addition of chemo-
therapy (43% to 34%, p = 0.004) [26].

In contrast to the MRC study, the Intergroup trial 0113, RTOG 8911, which also 
randomized patients to either preoperative 5-FU and cisplatin followed by surgery 
or surgery alone, found no difference in 2-year survival (38–40%) and a high rate of 
local failure in both arms (27–29%) [27]. The rate of local failure was much higher 
than in the neoadjuvant CRT arm of the CROSS trial (5%) [21].

In the phase III PreOperative therapy in Esophagogastric adenocarcinoma Trial 
(POET), patients with adenocarcinomas of the GE junction were randomized to 
either induction chemotherapy (cisplatin, leucovorin, 5-FU) followed by surgery or 
the same induction chemotherapy followed by CRT (concurrent cisplatin/etoposide 
with 3000 cGy in 15 fractions) followed by surgery. Although the study closed early 
due to poor accrual, the preoperative CRT arm had an improved 3-year survival over 
chemotherapy alone of 47.4% to 27.7% (p = 0.07) [28].

 Adjuvant vs. Neoadjuvant Therapy

The Pasquali meta-analysis pooled together 33 randomized trials with 6072 patients 
who were able to receive either surgery-alone, neoadjuvant chemotherapy/radiation 
therapy/CRT, or adjuvant chemotherapy/radiation therapy/CRT. Surgery along with 
adjuvant regimens showed no significant survival advantage, while neoadjuvant 
CRT was superior to surgery (HR 0.77, p  <  0.001). Neoadjuvant chemotherapy 
demonstrated a HR of 0.89 (p = 0.051). This supports neoadjuvant CRT with sur-
gery as the superior regimen when esophagectomy is feasible [29].

 Cancer of the Cervical Esophagus

Squamous cell carcinomas of the cervical esophagus that extend from the hypo-
pharynx to the sternal notch are a unique challenge due to the associated surgical 
morbidity. These tumors represent 5–6% of esophageal cancers. Surgery may 
require removal of a portion of the pharynx, larynx, and radical neck dissection 
causing severe functional deficits and impairment of quality of life. Therefore, 
cervical esophageal tumors are treated with primary CRT similarly to locally 
advanced cancers of the hypopharynx and larynx, with surgery reserved for salvage.

Multiple series have demonstrated similar survival outcomes between surgery 
and CRT in this population [30, 31]. In a phase II trial by Bidoli et al., 101 patients 
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were treated with cisplatin and 5-FU with concurrent radiation to 3000 cGy. Patients 
with potentially resectable tumors were then assessed for curative surgery; the 
remaining patients received two more cycles of chemotherapy and additional radia-
tion to a total dose of 5000 cGy. Of the 40 patients who were candidates for surgery, 
32 patients underwent resection with a reported surgical mortality of 22%. Of the 61 
nonsurgical patients, 37 patients (61%) achieved complete clinical remission, and 
14 patients (23%) achieved partial remission. The median survival for the entire 
group was 15 months. At 10 years, freedom from disease progression was similar in 
the two groups (24%), whereas the median survival (22 months vs. 12 months) and 
the OS rates (17% vs. 9%) were superior in the nonsurgical compared with the sur-
gical patients, a factor likely explained by the high surgical mortality rate [30].

 Cancers of the Gastroesophageal Junction

The incidence of adenocarcinoma of the GEJ continues to increase over the last few 
decades. Cancers of the GEJ have been included in gastric and esophageal trials, 
and therefore the optimal treatment approach for these patients remains unclear. 
Four major trials that have included patients with GEJ tumors are the US Intergroup 
0116 trial, the MAGIC trial, the German POET trial, and the CROSS trial. The US 
Intergroup 0116 trial provides the most compelling data for the use of adjuvant 
CRT.  Following resection, patients (n  =  556) were randomly assigned to either 
observation alone or adjuvant chemoradiotherapy. Three-year disease-free (48% vs. 
31%) and overall (50% vs. 41%) survival rates were significantly better with com-
bined modality therapy. This benefit was confirmed with longer follow-up with 
5-year OS being 43% vs. 28%, HR for survival 1.32 (95% CI 1.10–1.60) [32].

Another study of patients with gastric cancer (74%) included patients with both 
distal esophageal tumors (11%) as well as GEJ tumors (15%). The Medical Research 
Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) trial randomized 503 
patients to surgery-alone or surgery-plus perioperative chemotherapy consisting of 
3 cycles of epirubicin, cisplatin, and infusional 5-FU (ECF). The OS was significantly 
better in the chemotherapy group (HR for death 0.75, 95% CI 0.60–0.93) as was PFS 
(HR for progression 0.66). The 25% reduction in the risk of death favoring chemo-
therapy translated into an improvement in 5-year survival from 23 to 36% [33].

The German multicenter POET trial was the first randomized study exclusively for 
patients with adenocarcinomas of the GEJ. Patients with locally advanced (EUS- staged 
T3–4, N0, M0) adenocarcinoma of the lower esophagus, GEJ or gastric cardia were 
randomized to neoadjuvant chemotherapy (12 weeks) followed by surgery, or induc-
tion chemotherapy followed by 3 weeks of concurrent chemoradiotherapy followed by 
surgery. Although the study was closed prematurely due to poor accrual, there was a 
trend toward improved 3-year survival with chemoradiotherapy (47% vs. 28%; 
p = 0.07). The rate of complete (R0) resection was similar in both arms (72% vs. 70%) 
but the pathologic complete response rate was higher with chemoradiotherapy (16% 
vs. 2%), as was the rate of negative lymph nodes (64% vs. 38%). Moreover, the local 
failure rate in the chemotherapy-alone group was high (41%), a finding that has been 
reported by others when radiation was not a component of trimodality therapy [28].
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Therefore, cancers of the GEJ can be treated with either perioperative chemo-
therapy as outlined in the MAGIC trial or postoperative CRT as outlined in the 
Intergroup 0116 study. The CROSS trial also favored the trimodality approach 
with improvement in survival compared to surgery alone. Therefore, the trimodal-
ity approach using neoadjuvant chemotherapy with weekly carboplatin and pacli-
taxel with radiation is the favored approach. In patients where the tumor comes to 
within 2  cm of the GEJ, suggesting a primary esophageal origin, neoadjuvant 
CRT using weekly carboplatin/paclitaxel is preferred. On the other hand, for 
patients whose tumors are located primarily in the stomach and can tolerate 
aggressive chemotherapy, the perioperative approach (per MAGIC) is the favored 
approach. If patients are not good candidates for the aggressive chemotherapy 
regimen outlined by MAGIC, surgery followed by CRT (per Intergroup 0116) is 
recommended. Finally, patients who are not surgical candidates are considered for 
primary CRT.

 Palliative Radiotherapy Alone in the Metastatic Setting

More than 50% of patients present with unresectable or metastatic disease at the 
time of presentation [34]. Historically, radiotherapy has played an important role in 
the management of unresectable or metastatic disease, both for palliation of dyspha-
gia, pain, and bleeding.

Recently, a phase III study performed by the Trans-Tasman Radiation Oncology 
Group (TROG) 03.01 and National Cancer Institute of Canada (NCIC) CTG ES.2 
trial found that CRT led to increased toxicity without additional symptom control or 
improved survival compared to radiation alone. This study enrolled 220 patients, the 
majority with metastatic disease, and randomized them to palliative radiation alone 
(3000–3500 cGy) or concurrent CRT (with cisplatin and 5-FU) in order to evaluate 
symptomatic dysphagia control, quality of life, and survival. There was no statisti-
cally significant difference in median dysphagia-free survival or median OS between 
the two groups. On the other hand, the grade 3–4 acute toxicity was significantly 
worse for patients receiving CRT (36% vs. 16%, p = 0.0017) [34]. Therefore, we 
favor radiation alone in the metastatic setting.

We favor the use of either radiation alone or CRT for relief of dysphagia over the 
placement of stents. Stents often result in pain with swallowing as well as severe 
reflux symptoms. Over 70% of patients can achieve relief of dysphagia and remain 
dysphagia-free until death. There can be transient worsening prior to improvement 
of symptoms and patients should be warned to anticipate this.

 Chemoradiation Therapy in the Metastatic Setting

Although the majority of patients with metastatic esophageal cancer are best treated 
by radiation alone, there is a wide spectrum of presentations of this disease. In 
patients with good performance status and oligometastatic disease, a more aggres-
sive approach utilizing CRT may be considered.
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There is some retrospective data suggesting that definitive CRT therapy to the 
primary site may confer a survival advantage in this group of patients.

In an analysis of stage IV patients (n = 12,683) using the NCDB, patients were 
grouped into three cohorts: (1) chemotherapy plus conventional palliative dose 
radiotherapy (<5040  cGy); (2) chemotherapy plus definitive dose radiotherapy 
(≥5040  cGy); or (3) chemotherapy alone. Compared with chemotherapy alone, 
patients who received chemotherapy plus definitive dose radiotherapy(>5040 cGy) 
had improved survival with a median OS of 8.3 vs. 11.3 months [HR = 0.72, 95% 
confidence interval: 0.70–0.74, p ≤ 0.001). As in all retrospective analyses, there is 
a risk of selection bias as patients with better performance status as well as fewer 
sites of metastatic disease are more likely to receive a definitive course of CRT [35].

A prospective phase II trial of 60 patients comparing definitive CRT to chemo-
therapy alone in stage IV disease has also suggested a statistically significant advan-
tage for definitive CRT in terms of tumor response rate (83.3% vs. 46.7%, p = 0.001) 
as well as PFS (9.3 vs. 4.7  months, p  =  0.021) and OS (18.3 vs 10.2 months at 
18 months of follow-up [36]. For the subgroup of patients with low volume oligo-
metastatic disease, we recommend 5040 cGy to the gross tumor volume alone with-
out inclusion of regional nodes and concurrent weekly carboplatin/paclitaxel.

 Esophageal Cancer in Older Patients

Patients over 65 are becoming an increasingly prevalent group of esophageal cancer 
patients and require additional consideration prior to undergoing esophagectomy. 
Lester et al. designed a large retrospective study comparing outcomes of trimodality 
therapy for patients older than 65 (n = 202) with those younger than 65 (n = 369) to 
see whether the therapeutic gains conferred by trimodality therapy were offset by 
morbidity of esophagectomy in elderly populations [37]. Interestingly, in terms of 
OS, DFS, and FFEC (freedom from esophageal cancer) there was no significant 
difference noted in terms of hazard ratios on multivariable cox regression analyses. 
Median OS was 4.2 years for the older patient cohort vs. 5.3 years for the younger 
cohort. However, of note, older patients had a significant increase on multivariable 
analysis of morbidity for both cardiac and pulmonary issues (HR~2.0). Both mor-
bidities were linearly associated with age. This data suggests that in carefully 
selected elderly patients, especially those without comorbid conditions, trimodality 
therapy should be considered.

Xu et al. compared patients over the age of 80 who underwent CRT with two 
younger patient cohorts to see how well they were able to tolerate therapy. While 
older patients had more comorbidities and the median survival was approximately 
15 months compared to over 20 months in younger patient cohorts, there were no 
statistically significant differences in OS and recurrence-free survival between the 
two groups. The main difference was an 11% rate of radiation pneumonitis among 
the older patients vs. less than 4% in the younger group [38]. This underscores that 
the elderly may do well with definitive CRT alone if they are unwilling or unable to 
undergo an esophagectomy.
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 Radiation Techniques

 Imaging

Today, 3D planning by computed tomography helps better outline both the target 
and normal tissues to help minimize side effects such as acute esophagitis and pneu-
monitis without compromising clinical outcomes. Further improvements in  local 
disease characterization can be achieved by PET/CT imaging. A retrospective defi-
nition of tumor volumes in 21 cases of esophageal cancer by both CT and PET/CT 
showed the former inadequately covered disease in 36% of patients and treatment 
plan modifications based on the latter reduced dosage to the lungs and heart [39].

Treatment planning of esophageal cancer is further complicated by its location in 
the thorax, where chest and diaphragm movements can alter location with each 
respiratory cycle, up to 6 mm in any direction [40]. Four-dimensional CT planning 
is one approach to overcome this problem. This requires imaging being acquired 
throughout a breathing cycle. These images can then be interpolated to generate an 
expanded treatment volume called the internal target volume (ITV). Patients should 
be simulated after not eating or drinking for 4 h prior to simulation (as well as daily 
treatments) to avoid variations in stomach filling. Oral and intravenous contrast dur-
ing CT simulation allows for better visualization of both tumor and nodal chains as 
well as the stomach and small bowel.

 Contouring

Contouring begins by identifying the tumor volume using a combination of endo-
scopic ultrasound, CT, and PET imaging. This defines the “gross tumor volume” 
(GTV), which includes both the gross tumor as well as involved lymph nodes. Margins 
are typically expanded to include microscopic disease in what is termed the “clinical 
tumor volume” (CTV). In esophageal cancer, margins of 4 cm in the superior and 
inferior directions along with a 1.0 cm to 1.5 cm in the radial directions are used to 
account for subclinical submucosal spread. Superior and inferior expansions follow 
the contour of the esophagus and stomach. Dose to uninvolved stomach should be 
kept to a minimum as it may be used for future reconstruction. Using four-dimen-
sional CT scans, an “internal target volume” (ITV) can be mapped to set boundaries 
of where the tumor could be at any point of respiration during treatment. The CTV 
also includes high-risk nodal stations. Elective nodal coverage of the peri- esophageal 
nodes should be included in all patients. When the tumor is proximal, the supracla-
vicular nodes are included, para-esophageal nodes are treated for tumors of the middle 
third, while for distal tumors celiac nodes are included. Tumors that extend into the 
stomach may require inclusion of nodes of the lesser curvature as well as spleen [41]. 
The inclusion or exclusion of uninvolved nodal basins is often made on pragmatic 
grounds of field size that result in acceptable normal tissue tolerance.

A further expansion is placed on the CTV or the ITV when considering daily 
variations in patient positioning, yielding a “planning target volume” (PTV) that is 
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used to design treatment fields. The expansion placed on the PTV takes into account 
daily setup errors and can range from 0.5 to 1.0 cm. The current standard of care in 
the United States is to deliver either 5000 cGy in 25 fractions or 5040 cGy in 28 
fractions with concurrent chemotherapy. Currently in Asia, total doses are generally 
higher in the range of 6000 cGy.

 Dose Constraints

For tumors in the upper esophagus, the relevant nearby structures that must be 
accounted for include the spinal cord and larynx. Likewise, treatment of tumors in 
the lower esophagus requires attention to dose to the lung, kidneys, liver, and heart. 
The volume of lung receiving more than 20 Gy (V20) is kept to less than 35%. The 
volume of lung receiving more than 5Gy (V5) should be less than 60%. As pulmo-
nary complications increase with increasing mean lung dose, it should be kept to 
less than 2000 cGy [42].

In a multivariate analysis of patients with locally advanced lung cancer treated 
with either standard dose radiation to 6000 cGy or high-dose radiation of 7400 cGy 
with concurrent carboplatin/paclitaxel, heart V40 was a significant independent pre-
dictor of survival [43]. In a pooled analysis of six dose escalation trials in Stage III 
non-small cell lung cancer (NSCLC), 2-year cardiac events increased with increas-
ing mean heart dose [44]. Therefore, the volume of heart receiving more than 50 Gy 
(V50) is kept to less than 30% and the volume receiving more than 30 Gy (V30) is 
less than 100%. Mean heart dose should be less than 2000 cGy. These constraints 
avoid acute toxicities such as radiation pneumonitis in the lungs as well as long- 
term cardiac deaths and are used to limit normal tissue toxicity when treating esoph-
ageal cancers with radiation.

Respiratory gating is capable of reducing the ITV margin by turning the radia-
tion treatment beam on during specified times of the respiratory cycle [45]. This 
leads to radiating less normal tissue and lowering heart V30 as well as lung V20.

 Intensity-Modulated Radiation Therapy vs. 3D Conformal 
Radiation Therapy

Three-dimensional conformal radiation therapy (3D-CRT) is currently the main-
stay of treatment, delivering precisely shaped radiation beams from varying 
angles to the diseased tissue while reducing exposure to nearby healthy tissue. 
Intensity- modulated radiation therapy (IMRT) increases both the number of con-
current beams used and modulates their intensity so as to conform to the treatment 
volume. This further improves dose conformality and minimizes dose to healthy 
tissues. In a retrospective analysis of patients at MD Anderson who underwent 
3D-CRT or IMRT treatment, patients undergoing 3D-CRT had a greater risk of 
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death overall (72.6% vs. 52.9%) with an increased incidence of cardiac death and 
locoregional recurrence [46]. Unlike patients who are treated with IMRT for lung 
cancer where few proceed to surgery, patients with esophageal cancer are often 
being treated in the neoadjuvant setting. The risk of radiation pneumonitis has 
been suggested retrospectively to increase with the volume of lung receiving 
doses of radiation of more than 500 cGy [47]. The use of volumetric modulated 
arc therapy (VMAT) allows for adequate treatment as the gantry rotates with con-
formal or modulated fields and has the potential to reduce heart dose V30 (31% 
vs. 55%, p = 0.02) as compared to 3D conformal therapy [48]. Although VMAT 
decreases high doses to critical structures such as the heart and lung, low doses are 
often given to larger volumes of both lungs (see Fig. 10.1). Despite encouraging 
single-institution retrospective studies, there are no large trials that have con-
firmed the superiority of IMRT to 3D CRT in esophageal cancer [46, 49]. As the 
CROSS regimen resulted in excellent pathologic response of 29% and a local-
regional recurrence rate of only 14% in patients, it is reasonable to consider spar-
ing patients the toxicity by limiting the total dose to 4140 cGy for patients who 
clearly have resectable tumor [21].

Fig. 10.1 A comparison 
of Isodose lines for 
3D-CRT (top) to IMRT 
(bottom)
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 Brachytherapy

In patients who are in need of palliation where external beam radiation cannot be used, 
high-dose rate brachytherapy can be utilized using 600 cGy in 3 fractions or 800 cGy 
in 2 fractions to palliate dysphagia. Brachytherapy should not be used with external 
beam radiation or concurrent chemotherapy. In this procedure, a catheter is directed 
through the nose or mouth into the esophagus and to the tumor site under fluoroscopic 
guidance. The catheter is secured in place and the patient undergoes CT simulation for 
treatment planning. Once planning is complete, the radioactive source is advanced 
through the tube and treatment is initiated using high–dose-rate brachytherapy.

A randomized trial involving 209 patients with inoperable esophageal cancer 
examined the outcomes of brachytherapy (1200 cGy) versus stent placement for 
esophageal obstruction. While the stented group showed rapid improvement, the 
brachytherapy effect was more durable, extending relief to 115 days vs. 82 days. 
The brachytherapy group also demonstrated better quality of life scores and fewer 
complications, especially that of hemorrhage (5% vs. 13%) [50].

A prospective study by Sur et al. examined the placement of high-dose brachy-
therapy seed prescribed to 1  cm from the source axis using three different dose 
levels in 121 patients. Higher doses of 1800 cGy in three fractions led to greater OS 
at 12 months compared to lower dose regimens such as 1200 cGy in one fraction 
(35% vs. 9.8%). Furthermore, higher dose rate led to better dysphagia free survival. 
On multivariate analysis, it appeared that tumor length was most significant in pre-
dicting disease-free survival [51].

Additionally, a meta-analysis of six prospective studies for palliation of dyspha-
gia with brachytherapy [52] examined 623 patients with doses ranging from 1200 to 
2100 cGy and found that DFS was 86.9% at 3 months, 67.2% at 6 months, and 
29.4% at 12 months. Main side effects included esophageal stenosis (12.3%) and 
fistula formation in about 8.1% of patients.

 Targeted Therapies

Epidermal growth factor receptor (EGFR) is known to be overexpressed in up to 
50% of esophageal cancer cases. Unfortunately, EGFR-targeted agents have failed 
to improve outcomes in multiple clinical trials including REAL-3 (panitumumab) 
[53], SCOPE1 [54], and RTOG 0436 [55] (cetuximab).

RTOG 0436 [55] randomized 344 patients with inoperable esophageal cancer to 
cisplatin, paclitaxel, and radiation (5040 cGy) with or without cetuximab. The addi-
tion of cetuximab failed to improve OS at 2- or 3-year endpoints or clinical response 
as measured by repeat endoscopy 6–8  weeks following treatment completion. 
Therefore, strategies utilizing EGFR-targeted agents added to standard concurrent 
regimens in unselected patients are no longer being investigated.

The ongoing RTOG 1010 phase III trial is examining the addition of trastuzumab 
(Herceptin) to trimodality therapy of HER2 overexpressing esophageal adenocarci-
noma. Patients with HER2-amplified tumors are randomized to paclitaxel, carbopla-
tin, and radiation with or without trastuzumab. Patients randomized to the trastuzumab 
arm continue maintenance therapy every 3 weeks for 13 treatments [56].
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Immune checkpoint inhibitors in the PD1/PDL1 inhibitor class have been shown 
to improve DFS, PFS, and OS as a monotherapy in advanced solid tumors including 
esophageal and gastric cancers. Currently, there are several ongoing trials examin-
ing the benefits of adding immunotherapy in cancers of the esophagus. The 
Checkmate-577 (NCT02743494) study is an ongoing phase III trial, which is ran-
domizing patients with localized cancers of the esophagus and GEJ following neo-
adjuvant CRT and surgery to nivolumab or placebo. The primary endpoints being 
evaluated are OS and DFS [57]. Another phase III trial (NCT02730546) is examin-
ing the addition of pembrolizumab in combination with chemotherapy and radiation 
in the neoadjuvant setting. Primary endpoints are OS and DFS [58].

 Proton Therapy

Using particle beams comprised of protons instead of photons has potential advan-
tages to conventional therapy but still requires further study before it is established 
as a standard of care. Proton beam therapy (PBT) allows a sharp dose fall off follow-
ing depositing most of its energy at the desired of depth, known as the Bragg peak. 
This may allow further reductions in dose to normal tissue while allowing for dose 
escalation to the tumor. The dose at the target is not compromised while normal tis-
sues are spared allowing for a greater therapeutic ratio.

A prospective study by Lin et al. evaluated 62 patients who were treated with 
PBT to median dose of 50.4 Gy with concurrent chemotherapy. The median follow-
 up time for survivors was 20.1 months and 28% of patients had a complete patho-
logic response, which is similar to that seen with traditional treatment modalities. 
Outcomes in terms of acute radiation side effects were encouraging with most side 
effects, usually over 80%, being grade 1–2 esophagitis, fatigue, and dermatitis. No 
differences in OS or distant metastasis among patients receiving neoadjuvant proton 
therapy vs. definitive proton therapy were observed [59]. This small series serves as 
a basis for further prospective comparisons to conventional therapies.

Another retrospective dosimetric analysis compared doses to the heart in 727 patients 
who received either IMRT or proton therapy. Volumes of the heart receiving doses 
between 20 and 40 Gy were significantly lower with proton therapy. Doses to the left 
circumflex artery, left main coronary, left atrium, and right atrium and mean heart dose 
were significantly less with proton therapy. Whether this cardiac sparing effect results in 
long-term survival benefit for esophageal cancer patients remains to be determined [60]. 
There are currently several ongoing phase II and III trials of concurrent carboplatin/
paclitaxel with proton therapy followed by surgery such as (NCT01684904) [61].

 Imaging Biomarkers of Response

In addition to improving chemotherapy agents by the use of targeted agents and 
newer radiation techniques, another strategy is tailoring treatment to an individual 
patient’s response to induction chemotherapy  prior to preop chemoradiation. An 
ongoing multicenter phase II study (CALGB 80803) is randomizing patients to mod-
ified FOLFOX6 (100 mg/m2 oxaliplatin and 100 mg/m2 leucovorin (LV) as a 2-h 
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intravenous infusion on day 1, followed by 5-FU at 2000 mg/m2 as a 46-h continuous 
infusion) for three cycles versus two cycles of carboplatin and paclitaxel as induction 
therapy. Pre- and posttreatment PET scans are obtained. Patients who have greater 
than 35% decrease in SUVmax continue on the same chemotherapy regimen during 
preop chemoradiation, otherwise they cross over to the other chemotherapy arm. 
Interim results of this study have demonstrated that for patients who were nonre-
sponders based on PET and crossed over to alternative chemotherapy during CRT 
that the pCR was 15.6% and the resulting efficacy endpoint was met [62].

 Radiomics

Radiomics is a method of quantifying tumor phenotypes by extracting a large 
amount of imaging characteristics using advanced computer algorithms. The use of 
advanced algorithms attempts to characterize the tumor as well as its microenviron-
ment by assessing features such as heterogeneity, which can reveal features known 
to correlate with resistance and angiogenesis. In a retrospective study of patients 
treated with definitive CRT, features were assessed before and after therapy in a set 
of 36 patients and correlated with OS. Patients who had more irregularly shaped 
tumors that were more heterogeneous (indicating relative hypoxia and perhaps 
resistance) had a marked survival disadvantage of a difference of nearly 20 months 
[63]. Whether posttreatment imaging can at some point be used to facilitate salvage 
therapy remains to be further investigated.

In one study, 4D-CT scans were used to help identify tumor-related features, 
which correlated with OS [64]. Nearly 1045 features were identified in esophageal 
cancer and modeled using specialized software along with 3-dimensional recon-
structions of image sets. These software programs are able to characterize key tumor 
imaging features such as tumor shape/size, geometric boundaries, gray zone bor-
ders, and spatial voxel intensity and identify which features are most relevant. Large 
data-set imaging features may soon be able to prognosticate which tumors are more 
responsive to therapy.

 Biomarker-Driven Therapy

In an effort to individualize therapy, molecular biomarkers that can predict response 
are being evaluated. Cytotoxic T cells (lymphocytes) are known to mediate host 
immunity against neoplastic cells [65]. A meta-analysis of several studies in esoph-
ageal cancer has shown that in a combined group of 1540 patients treated with tri-
modality therapy, higher neutrophil to lymphocyte ratios predict a poorer survival 
outcome. This is thought to stem from poor immune response against the tumor 
[66]. Recently, a retrospective study evaluating 512 patients with esophageal cancer 
found that patients who develop grade 4 lymphopenia during definitive CRT for 
esophageal cancer have a median OS of 2.8 years vs. 5.0 years for those with grade 
0–2 lymphopenia (HR 1.58) [67]. Furthermore, patients who received PBT (which 
reduces total body dose due to its physical properties of depositing energy more 
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locally) were less likely to have grade 4 lymphopenia. Additional prospective stud-
ies need to be performed to determine the relative effect on declining immune sys-
tem progenitor cells and whether sparing of bone marrow and/or circulating 
lymphocytes via lower mean body dose is a method of mitigating this side effect.

Another biomarker that has been investigated is excision repair cross- 
complementing protein (ERCC1). ERCC1 is used to repair platinum-damaged 
DNA through the nucleotide excision repair pathway. The SouthWest Oncology 
Group SWOG 0353 trial was a prospective phase II study that evaluated the effect 
of mRNA levels of ERCC1 as well as thymidylate synthase in trimodality therapy 
of esophageal cancer. Levels of ERCC1 were inversely related to 2-year OS (16% 
to 62%) while thymidylate synthase was not associated with survival [68].

Two promising biomarkers are transcription factors BMI1 and Gli-1. BMI1 is a 
transcription repressor oncoprotein known to be involved with cancer stem cell self- 
renewal and proliferation [69]. Yoshikawa et al. analyzed 78 patients, of whom 24 
were positive for BMI1 expression. All patients were treated with standard-of-care 
trimodality therapy and interestingly mean OS and DFS were 21.8 vs. 76.6 months 
(p = 0.002) and 16.8 vs. 76.2 months (p = 0.005), respectively, for patients with 
positive expression of BMI1 compared to those without [70]. These dramatic differ-
ences could potentially be explained by the self-renewal capacity induced by the 
transcription factor. Similarly, Gli-1 is a transcription factor in the hedgehog path-
way that has been shown to be elevated in esophageal cancer. Gli-1 has been shown 
to be involved in maintaining cancer stem cell populations and promoting hedgehog 
pathway transcription through mTOR [71].

One study performed at MD Anderson Cancer center followed 167 patients for 
pathological complete response following trimodality therapy. They correlated the 
levels of Gli-1 in tissue samples with pathological complete response and found that 
increased levels of Gli-1 inversely correlated with obtaining a pathological com-
plete response (OR 0.84, p = 0.001) at a mean follow-up time of 81.5 months [72]. 
These biomarkers are starting to show promise toward understanding why some 
cancers are more resistant to traditional therapy.

 Conclusions

The ideal treatment approach for patients with locally advanced esophageal cancer 
is controversial and requires a multidisciplinary approach involving surgeons, medi-
cal oncologists, and radiation oncologists. For the operable patient, a trimodality 
approach using preoperative chemoradiation followed by surgical resection is 
favored. For inoperable patients, primary chemoradiation is recommended. All 
patients should undergo CT-based treatment planning. Intensity-modulated radia-
tion therapy (IMRT) may be utilized when dose to critical organs such as heart and 
lung cannot be achieved using 3-D techniques. Although there are many areas of 
active investigation including combining chemoradiation with targeted agents, 
immunotherapy, radiomics, biomarker-driven treatment approaches, and the use of 
protons in the treatment of esophageal cancer, their role has yet to be established in 
the care of esophageal cancer patients.
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 Introduction

Cervical esophageal cancer (CEC) was historically treated with primary surgery, 
typically a pharyngo-laryngo-esophagectomy (PLE), a morbid procedure with sub-
stantial impact on a patient’s long-term quality of life. More recently, a paradigm 
shift has occurred such that now the preferred initial approach is treatment with 
definitive, concurrent chemotherapy and radiation (CRT), with a goal of preserving 
a functional larynx while not compromising survival. As the cervical esophagus lies 
at the junction of the hypopharynx and proximal esophagus, there has been ongoing 
debate as to whether CEC should be treated with CRT schedules used in  locally 
advanced head and neck squamous cell cancers (HNSCC) as opposed to the CRT 
schedules used in more distal esophageal cancers. This chapter will briefly review 
the anatomy, risk factors, clinical presentation, and diagnostic work-up of CEC, and 
will close with a more detailed discussion of the data that have informed the current, 
however variable, approach to the treatment of CEC.

 Anatomy

The cervical esophagus originates at the upper esophageal sphincter, just caudal to 
the hypopharynx, and posterior to the cricoid cartilage (Fig.  11.1). The upper 
sphincter comprises muscle fibers from the inferior pharyngeal constrictors, the cri-
copharyngeus muscle, and the cervical esophagus. It is lined by a layer of stratified 
squamous epithelium, and in turn virtually all (95%) of the cancers that originate in 
the cervical esophagus are squamous cell carcinomas (SCCs) [1]. The cervical 
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Fig. 11.1 Divisions of the esophagus. The esophagus is commonly divided into four regions 
including: the cervical, upper, middle, and lower thoracic/abdominal esophagus
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esophagus is around 5 cm in length, and extends 15–20 cm from the incisors on 
endoscopy. The transition between the cervical and thoracic esophagus is generally 
considered to be the point at which the esophagus enters the thoracic inlet. Osseous 
landmarks approximating the cervical esophagus include the C6/C7 vertebral body, 
demarcating the origin, and the sternal notch or T3 vertebral body, indicating its 
termination.

The lymphatic drainage of the cervical esophagus includes the lower cervical 
chain and supraclavicular nodes, the extensive submucosal lymphatics of the proxi-
mal esophagus, and the paratracheal and paraesophageal lymph nodes in the upper 
mediastinum. Surgical series have found metastases to the cervical lymph nodes in 
25% of cases, and to mediastinal lymph nodes in 60% of cases [2]. Compared to 
hypopharynx primaries, isolated CECs have a lower tendency to involve the cervi-
cal lymphatics, and are more likely to metastasize to lymph nodes in the mediasti-
num. The primary pattern of pathologic lymph node involvement is to the 
supraclavicular fossa and cervical levels II–IV. Involvement of cervical levels I, V, 
and VI is rare. Unlike other esophageal sites, involvement of the upper abdominal 
lymph nodes (i.e., celiac/para-aortic) does not commonly occur [3].

 Epidemiology

Only 5% of esophageal tumors arise in the cervical segment, making it the least 
common site for esophageal cancer [1]. The incidence in men is twice as common 
as in women. Risk factors for CEC are similar to those of HNSCC, including a his-
tory of alcohol and/or tobacco use and betel nut chewing. These common risk fac-
tors lead to a second malignancy rate of 30%, primarily in other portions of the 
upper aero-digestive tract [4]. Certain cultural practices, such as the frequent inges-
tion of hot beverages, may also add to the risk through repetitive thermal injury [5].

In the last decade, the human papilloma virus (HPV), which is rapidly becoming 
the leading cause of some HNSCCs, has been proposed as a causal factor in CEC. It 
has been associated with a three- to sixfold increase in the risk of SCC of the esoph-
agus; however, it has also been found in a small minority of cases in the United 
States in some retrospective series [6, 7]. While it is known in HNSCC that HPV- 
associated malignancies have a more robust treatment response and more favorable 
prognosis, the influence of HPV on response to therapy and survival in CEC remains 
unknown [8]. Overall, the prognosis of CEC has historically been poor, with a 
population- based registry study demonstrating a median overall survival (OS) of 
14 months [9].

There have been no studies focused on the molecular changes underlying the 
development and progression of CEC specifically. The Cancer Genome Atlas 
(TCGA) Research Network has published a comprehensive analysis of the 
molecular features of esophageal carcinoma [10]. In this study, 90 esophageal 
SCCs and more than 100 esophageal or gastroesophageal junction adenocarcino-
mas were subjected to next-generation sequencing, gene expression and epigen-
etic profiling, and in some cases proteomic analysis. The findings suggested that 
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esophageal SCC and esophageal adenocarcinoma are two distinct molecular dis-
eases. Interestingly, esophageal SCC shares more molecular features with 
HNSCCs, of which the majority were oral cavity and oropharynx cancers, than 
with esophageal adenocarcinoma, which had a genetic landscape more similar to 
gastric cancers.

Also, important with respect to potential therapeutic options for CEC, TCGA 
analysis found that HER2 overexpression, a targetable molecular aberration, was 
relatively common in esophageal adenocarcinomas (32%), but was virtually absent 
(3%) in esophageal SCCs. Trastuzumab, an anti-HER2 antibody, has been shown to 
be beneficial in the treatment of gastro-esophageal and gastric tumors overexpress-
ing the receptor [11]. Another targetable aberration, EGFR overexpression, was 
found in approximately 20% of esophageal SCCs. Cetuximab, an anti-EGFR anti-
body, has shown no benefit for patients with esophageal cancers, which is in con-
trast to HNSCCs, where its addition to RT improved OS when compared to RT 
alone [12, 13].

 Presentation

Cervical esophageal cancer patients most often present with dysphagia, which can 
be due to obstruction of the esophageal lumen or dysfunction of the muscles of 
deglutition as a consequence of tumor infiltration. The incidences of the most com-
mon symptoms at presentation are as follows: dysphagia (96%), weight loss (61%), 
neck pain (32%), neck mass (28%), and vocal cord paralysis (24%) [1]. Most CECs 
extend superiorly into the hypopharynx or inferiorly into the thoracic esophagus, 
and are locally advanced at presentation, commonly involving nearby anatomic 
structures, including the thyroid gland, thyroid and cricoid cartilages, and recurrent 
laryngeal nerve [14].

 Diagnosis, Workup, and Staging

The work-up for CEC, in the setting of the aforementioned symptoms, typically 
starts with an upper endoscopy with biopsy to establish the diagnosis. Endoscopic 
ultrasound should be utilized to more accurately assess the T-stage and regional 
nodal involvement. Accuracy in defining the T-stage of esophageal SCC with 
endoscopic ultrasound (EUS) is approximately 80% [15]. The accuracy and speci-
ficity of EUS in detecting more proximal lymph node groups, such as the cervical, 
upper paraesophageal, and supraclavicular nodes is over 90%, while sensitivity is 
more variable, ranging from 30 to 60% [16]. A contrast-enhanced CT of the neck, 
chest, and abdomen should be performed in order to assess the extent of locore-
gional disease. If PET/CT is available, it should be utilized for initial staging, as 
it has been reported to upstage 20% of patients when compared to CT alone, thus 
potentially altering treatment management [17].
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Bronchoscopy is recommended to rule out tracheoesophageal fistula, as up to 
35% of cervical esophageal patients have been noted to have tracheal invasion 
[1]. Esophageal dilation, if feasible, may be done at the time of initial evaluation 
in order to improve dysphagia and prevent the need for feeding tube placement 
during CRT. Alternative methods for alimentation, such as a jejunostomy tube, 
should be considered prior to the initiation of treatment, especially for those 
with obstructive lesions, and for those who are planned to be managed surgi-
cally. Jejunostomy tube placement during treatment can prolong the treatment 
duration or alter the chemotherapy schedule, either of which could lead to sub-
optimal outcomes. Percutaneous endoscopic gastrostomy tubes should be 
avoided, as they may interfere with the subsequent surgical anastomosis. Given 
the rarity and complexity of CEC, the National Comprehensive Cancer Network 
(NCCN) has recommended that a multidisciplinary team should evaluate all of 
these patients prior to the initiation of treatment in order to coordinate proce-
dures and therapy, and tailor their sequence to the needs of each individual 
patient.

 Management

 Surgery

Historically, surgical management was the sole treatment modality for CEC. The 
extent of surgical resection for CECs typically requires removal of portions of the 
pharynx, the larynx, and the proximal to entire esophagus in a procedure known as 
a pharyngo-laryngo-esophagectomy (PLE). A small proportion of patients with 
CEC are eligible for larynx-sparing surgeries. A PLE requires a permanent trache-
ostomy, a mediastinal dissection, and commonly a bilateral radical neck dissection. 
Gastrointestinal continuity is accomplished with a gastric pull-up anastomosis or an 
interposition free jejunal graft [18].

Most published surgical series of PLE are heterogeneous, and in addition to CEC 
also include cancers of the larynx and hypopharynx. Further limiting our ability to 
interpret the success of surgery alone in addressing the locoregional disease is the 
fact that few of these historical series have reported these critical data. Importantly, 
historical series of surgery alone typically report high rates of operative mortality 
and relatively low rates of long-term survival (Table 11.1). In one of the largest 
series of surgery alone, including both hypopharynx and CEC primaries, the overall 
5-year actuarial survival was 16% when excluding the in-hospital mortality of 

Table 11.1 Select historical series of surgery alone for CEC

Series Patients (n) Operative mortality Survival
Gunnlaugsson et al. [20] 17 24% 12% (5 years)
Peracchia et al. [21] 74 19% 15% (3 years)
Pearson et al. [22] 25 NR 16% (5 years)
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5.5%  [19]. In patients who underwent a complete resection, those with cervical 
esophageal primaries had a worse 5-year survival when compared to those with 
hypopharynx primaries (17 vs. 26%).

Overall reports of hospital mortality rates for PLE have ranged from 5 to 30%, 
but have decreased in recent years with more modern surgical capabilities and better 
postoperative care [23, 24]. Morbidity associated with PLE includes anastomotic 
leaks, wound infection, pneumonia, and cardiovascular complications in the peri- 
operative period, in addition to the near universal psychological sequelae of a laryn-
gectomy. Local control with surgery alone is approximately 50%, and the 
predominant pattern of failure is locoregional (80%) [14, 25]. The sum of these data 
suggests that surgery alone is often an inadequate treatment with significant short- 
and long-term morbidity.

 Surgery with Adjuvant Therapy

Given the poor survival outcomes in patients with CEC who were treated with 
surgery alone, a number of retrospective series have evaluated the efficacy of 
postoperative therapy. One of the larger contemporary surgical series of PLE with 
adjuvant therapy included 209 patients, 78 of whom had CEC [26]. In this series, 
the majority of patients received combined modality treatment (20% received 
neoadjuvant chemotherapy and/or radiation, 73% received postoperative radio-
therapy). The in- hospital mortality rate was 5%, with significant complications 
occurring in 38% of patients. The 5-year survival rate for patients with CEC 
remained low, at 14%. On multivariate analysis, predictors for poorer outcomes 
included a primary in the cervical esophagus, a T3- or T4-stage tumor, and lack of 
postoperative radiation therapy. Neither overall nor treatment-specific rates of 
local control were reported.

Furthermore, in an experience of 41 patients treated with PLE for SCC 
involving the pharyngoesophageal junction, 51% of patients received postoper-
ative radiotherapy, generally 3–4 weeks after surgery to a mean dose of 47.5 Gy. 
The patient group was further subdivided into two groups based upon the likely 
site of origin of the primary tumor, be it hypopharynx (n  =  26) or cervical 
esophagus (n = 15). In this study, the 5-year OS in this series was 32%, but was 
only 13% in the patients with primary cervical esophagus tumors [27]. On mul-
tivariate analysis, as in the previous trial, a primary location in the cervical 
esophagus and lack of adjuvant radiotherapy were found to be poor prognostic 
factors.

Lastly, an institution in Hong Kong with significant experience with PLE pub-
lished a comprehensive report of the immediate surgical outcomes of 62 patients 
who underwent primary resection for CEC [23]. In this report, an R0 resection was 
achieved in 60% of the cases, and 60% of patients received adjuvant radiation ther-
apy. In-hospital mortality was 7% and the 2-year OS was 38%. Neither rates of local 
control nor the prognostic impact of adjuvant therapy were reported.
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 Concurrent Chemotherapy and Radiation Therapy in Esophageal 
Cancer

As discussed above, PLE is an inherently morbid procedure that leaves permanent 
functional alterations, and in turn, has a substantial impact on the patient’s long- 
term quality of life in addition to relatively high potential for postoperative mortal-
ity. Consequently, there is a need for alternative approaches allowing for functional 
organ preservation without compromising survival. Definitive CRT has evolved as 
an alternative, and often preferred initial modality, given the possibility of func-
tional larynx preservation. CRT is now recommended as the first-line treatment 
modality for SCC of the cervical esophagus by the NCCN, with surgery reserved for 
salvage of recurrent or progressive disease.

Randomized trials evaluating concurrent CRT in the treatment of esophageal 
cancer, in both the definitive and neoadjuvant setting, have influenced the treatment 
approach for CEC. These trials primarily, if not exclusively, included middle and 
lower esophageal and gastroesophageal junction cancers, with variable rates of 
SCCs versus adenocarcinomas.

In the landmark Radiation Therapy Oncology Group (RTOG) 85-01 trial, 129 
patients with esophageal cancer were randomized to 64 Gy alone or 50 Gy con-
current with combination cisplatin and 5-fluorouracil (5-FU) followed by adju-
vant chemotherapy. The majority of patients in this trial had cancers that originated 
in the upper to middle thoracic esophagus, while only one case was noted to origi-
nate in the cervical esophagus. Nearly 90% of these patients had SCC. The com-
bination of chemotherapy and radiation therapy resulted in a significant OS 
improvement, with 26% of patients in the combined modality arm alive after 
5 years as compared to 0% in the arm assigned to receive radiation alone [28]. The 
addition of chemotherapy also decreased the incidence of both local and distant 
recurrence, albeit with more toxicity. The results of this trial established CRT as 
superior to RT alone in the nonsurgical, definitive treatment of esophageal cancer, 
in particular SCCs.

Neoadjuvant CRT followed by surgery has also been shown to be superior to 
surgery alone in two randomized trials. The CALGB 9781 and CROSS trials both 
randomized patients with locally advanced esophageal cancers to receive neoadju-
vant CRT prior to surgery or to proceed directly to esophagectomy [29, 30]. Each 
used different chemo regimens, though both were platinum-based, and the CALGB 
study used a higher dose of RT (50.4 vs. 41.4 Gy). These trials, which predomi-
nantly included adenocarcinomas (approximately 75%), noted a doubling of median 
survival in patients receiving CRT, from approximately 2 to 4 years. In the context 
of CEC, it is important to consider the pathologic analysis of the surgical specimens 
following esophagectomy in the patients treated with neoadjuvant CRT in these two 
trials. The CALGB study noted a 40% pathologic complete response (pCR), with-
out differentiating between the SCCs and adenocarcinomas. The CROSS trial noted 
an overall 29% pCR rate, with a pCR of 49% in SCC versus a pCR of 23% in 
adenocarcinomas.
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As CRT alone has better outcomes than RT alone, and as neoadjuvant CRT fol-
lowed by surgery has better outcomes than surgery alone, the question remains as to 
whether CRT alone has comparable outcomes to triple modality therapy. There have 
been two randomized trials that have attempted to answer this question. Firstly, a 
study from France compared neoadjuvant CRT to definitive CRT in thoracic esoph-
ageal cancers, predominantly SCCs, though it did exclude cancers originating 
within 18 cm of the dental ridge. In this trial, patients were randomized following 
an initial course of CRT and clinical reassessment. Those noted to have responded 
to treatment were then randomized to surgery versus definitive CRT. Those who 
received definitive CRT received either a split-course regimen or a total dose of 
66 Gy in daily 2 Gy fractions with concurrent 5-FU and cisplatin. Two-year survival 
was not statistically different, with 34% alive in the arm receiving neoadjuvant CRT, 
and 40% in the arm receiving CRT alone [31]. Locoregional recurrence was reduced 
with trimodality therapy (34 vs. 43%), but three-month mortality was higher in the 
same group (9 vs. 1%). A German study also compared neoadjuvant CRT to defini-
tive CRT in 172 patients with cancers of squamous histology involving the upper/
mid esophagus, though in this trial, inclusion was not dependent upon disease 
response to initial therapy [32]. Again, no significant difference in OS was noted; 
however, local progression was reduced with trimodality therapy. Notably, each of 
these trials used radiation techniques that are not considered standard for esopha-
geal cancer, including split-courses, twice daily fractionation, and/or brachytherapy. 
Nevertheless, the use of surgery after neoadjuvant CRT did not improve survival in 
these patients when compared to CRT alone.

 Concurrent Chemotherapy and Radiation Therapy 
in Hypopharynx Cancer

Just as trials focused on treatment regimens for cancers of the lower esophagus have 
influenced the approach for CEC, randomized trials evaluating CRT in the treatment 
of hypopharynx cancer, and other HNSCCs, have also influenced the practice. In 
patients with hypopharynx cancers being treated with a larynx preserving strategy, 
French investigators randomized patients to induction chemotherapy followed by 
RT, or to a concurrent CRT approach with cisplatin and a planned dose of 70 Gy to 
gross disease. The number of patients included in the trial was relatively low, limit-
ing power to detect survival differences; however, the concurrent CRT arm had sig-
nificantly higher rates of functional larynx preservation (92 vs. 68% at 2 years) [33].

A large meta-analysis of chemotherapy in head and neck cancer (MACH-NC) 
has reported the benefit of the addition of chemotherapy to radiotherapy across sev-
eral tumor sub-sites. In patients with hypopharynx cancer, the hazard ratio of death 
associated with the addition of chemotherapy was 0.88 (95% CI: 0.80–0.96), with 
an absolute 5-year OS benefit of 4% [34]. This survival benefit was primarily attrib-
uted to the use of concurrent chemotherapy with platinum-agent monotherapy or 
combination chemotherapy regimens.
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The European Organisation for Research and Treatment of Cancer (EORTC) 
conducted a randomized trial in patients with predominantly hypopharynx prima-
ries, comparing a surgical approach (total laryngectomy, partial pharyngectomy, 
and neck dissection followed by postoperative RT) to induction chemotherapy fol-
lowed by definitive RT to 70 Gy. At 10 years of follow-up, there was no statistically 
significant difference in OS, and more than half of survivors in the non-operative 
arm retained a functional larynx [35].

 Studies Focused on Cervical Esophageal Cancer

Randomized trials addressing disease sites above and below the cervical esophagus 
would support an organ-preserving strategy, which could be an effective initial 
approach in CEC. Findings in line with this idea come from relatively large retro-
spective institutional series, focused more specifically on CEC, which have com-
pared CRT to PLE with or without adjuvant therapy. Investigators from Hong Kong 
reported their institutional experience of patients with CEC treated with CRT or 
PLE. From 1995 to 2008, a total of 107 patients were treated with PLE, CRT, or 
palliative treatment. The patients receiving up-front CRT were treated to a total dose 
of 60–68 Gy with concurrent cisplatin and 5-FU. Of these patients, 30% had a clini-
cal complete response, while 50% had a partial response significant enough to result 
in down-staging. Of the entire cohort receiving up-front CRT, 24% ultimately 
required salvage PLE. The median survival of patients in the PLE and CRT arms 
were not significantly different (20 vs. 25 months, respectively) [23].

A prospective trial from Italy examined the effects of a combined modality 
approach for patients with SCC of the esophagus, approximately one-third of which 
were located in the cervical esophagus. Patients were treated with combination cis-
platin (100 mg/m2/day) on day 1 and fluorouracil (1000 mg/m2/day) on days 1–4 for 
two cycles with concurrent RT to a total dose of 30 Gy. Patients were subsequently 
assessed for surgery, and those not deemed to be operative candidates were treated 
with additional chemotherapy and 20  Gy RT (50  Gy total). In this trial, a non- 
operative approach was favored for CEC, with PLE reserved as salvage treatment 
for recurrent or persistent disease. Of the nonsurgical patients, 61% achieved com-
plete clinical remission [36]. The median survival in the surgical and nonsurgical 
groups were 12 and 22  months, respectively, with significant procedure-related 
mortality likely contributing to worse survival in the surgical group. Larynx preser-
vation was achieved in 30% of the patients with CEC in this trial.

These series suggest definitive CRT has equivalent to improved outcomes when 
compared to a primary surgical approach. Following CRT, patients with persistent 
or recurrent disease should be assessed for salvage surgery, although outcomes are 
generally poor in this population. For example, at one high volume surgical center, 
the outcomes of 12 patients treated with salvage surgery between 1990 and 2005 
were analyzed, with 42% of patients having one or more postoperative complica-
tions. While only one patient died of postoperative complications, the cause of death 
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was recurrent cancer in 83%, with a median survival of 21 months [37]. PLE is 
technically more demanding in an irradiated neck, and postoperative complications 
are more likely, in turn limiting the success of this strategy.

Seeking improved outcomes by limiting the extent of surgery, an alternative 
approach was described by German investigators where patients underwent preop-
erative CRT followed by a limited resection and free jejunal graft interposition. 
Prior to 2000, patients were treated to 30 Gy in 2-Gy daily fractions with continuous 
infusional 5-FU. Since then, patients have been treated to 45 Gy in 1.8-Gy daily 
fractions with concurrent 5-FU with or without cisplatin. In this series, a pCR was 
seen in 29% of patients, with 76% having an R0 resection [38]. Despite high com-
plication rates, in-hospital mortality was low, and a median survival of 30 months 
was reported. Similar to other neoadjuvant results, patients with a complete tumor 
response had a more favorable prognosis.

Several retrospective series have reported the outcomes of patients treated with 
definitive CRT for CEC (Table  11.2). Burmeister et  al. reported on 34 patients 
treated with CRT, the majority of which had stage I–II disease. Local complete 
response rates were 91%, with a 5-year OS of 55% [39]. Yamada et al. reported their 
institutional experience with 27 patients treated with CRT, including more locally 
advanced tumors than the Burmeister study. Median survival was 14 months, with a 
5-year OS of 38% [40]. German investigators have described a sequential approach 
where patients with locally advanced CEC are treated with induction chemotherapy, 
followed by concurrent CRT. OS was appreciably lower in these trials, although the 
tumors appeared to be more advanced [41, 42].

More recently, a comprehensive, retrospective analysis from Peking Union 
Medical College in China evaluated the outcomes of primary CRT with or with-
out surgery and primary surgery with or without adjuvant treatment [43]. In this 
analysis, 224 patients were included, 161 of whom received primary RT (the 
majority received >60 Gy), and 63 of whom received primary surgery (27 had 
no adjuvant treatment). The operative mortality rate was low, at 1.5%, and the 
2-year OS was 50.7%. No differences were noted between the two groups for 
local, regional, and distant failure-free survival. A subset of patients matched 
for age, grade, and stage showed a trend toward an improvement in regional 
recurrence-free survival in the primary RT group. This finding is in line with 
several other recently reported retrospective studies in which the 3-year OS for 
CEC is now commonly greater than 50%, with a Japanese study noting a 10-year 
OS of 35.6% [44–46].

Table 11.2 Selected series of concurrent chemotherapy and radiation therapy alone for the definitive 
treatment of cervical esophagus cancer

Study N Chemotherapy regimen RT dose CR OS
Burmeister et al. [39] 34 CDDP/5FU or 5FU alone 61.2 Gy 91% 55% (5 years)
Yamada et al. [40] 27 CDDP/5FU 66 Gy 38% (5 years)
Stuschke et al. [42] 17 CDDP/Etop 60–66 Gy 24% (3 years)
Cao et al. [43] 161 CDDP/5FU >60 Gy 51% (2 years)
Zenda et al. [47] 30 CDDP/5FU 60 Gy 73% 67% (3 years)
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The outcomes of a multicenter Phase II trial further support the idea that an 
attempt at organ preservation with CRT should be the initial approach in the 
treatment of CEC. In this trial, 30 patients, predominantly with locally advanced 
disease, were treated with CRT consisting of a CDDP/5FU-based chemotherapy 
regimen given concurrently with 60 Gy 3DCRT in 30 fractions, and followed by 
two additional cycles of chemotherapy [47]. In this trial, the 3-year OS and 
laryngectomy- free survival were 67% and 53%, respectively, but lower in 
patients with T4 disease. Nonhematologic grade 3 toxicities were less than 15% 
during CRT.

 Radiation Dose for Cervical Esophagus Cancer

Given the overall poor outcomes of CEC patients, attempts at further optimizing 
the CRT platform have been undertaken. RT dose escalation in esophageal can-
cer was investigated in INT-0123, which randomized patients with clinical stage 
T1-T4, N0-N1 esophageal carcinoma to 50.4 or 64.8 Gy, both with concurrent 
cisplatin and 5-FU chemotherapy. The majority of these patients had SCC 
(~85%). The study closed early after an interim analysis revealed little chance for 
the high dose arm to show a survival advantage. For the 218 eligible patients, 
there was no significant difference in median or 2-year survival or local/regional 
recurrence [48]. A higher number of treatment-related deaths were seen in the 
high-dose arm; however, the majority of these deaths occurred prior to reaching 
50.4 Gy.

While INT-0123 included all locations of esophageal cancer, retrospective 
evidence suggests high-dose conformal CRT is feasible in CEC.  Investigators 
from Princess Margaret Hospital reported their experience comparing their prior 
institutional protocol of 54 Gy in 20 fractions with 5-FU on days 1–4 and cispla-
tin or mitomycin C on day one to their updated institutional protocol of 70 Gy in 
35 fractions delivered concurrent with high-dose cisplatin every 3 weeks using a 
conformal RT technique. After a median follow-up of 3 years, no significant dif-
ferences in survival or locoregional recurrence were seen [49]. Severe dysphagia 
requiring insertion of an enteral feeding tube, stent, or esophageal dilation was 
seen in 45% of patients with no significant difference between dose arms. In 
contrast, a retrospective series from China suggests improved OS with radiation 
doses of 66 Gy [50].

A recent National Cancer Data Base analysis of CEC, which categorized patients 
as receiving standard (50–50.4 Gy), medium (>50.4 to <66 Gy), or high (>66 Gy) 
doses of RT, found no difference in OS among the groups [51]. This is in contrast to 
some of the aforementioned retrospective studies that have suggested that outcomes 
are dose-dependent [44, 46]. Therefore, there is no clear evidence for dose- escalated 
radiotherapy. Furthermore, there is no clear evidence for a preferred concurrent 
chemotherapy platform. Most series have utilized a combination of 5-FU and cis-
platin. Outcomes utilizing weekly carboplatin and paclitaxel, as in the CROSS trial, 
have not been reported for CEC.

11 The Multidisciplinary Management of Early-Stage Cervical Esophageal Cancer
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 Radiotherapy Technique

The optimal radiation technique for CEC is typically either 3D-conformal 
RT  (3DCRT) or intensity-modulated radiotherapy (IMRT). IMRT is a tech-
nique allowing for variation of the intensity and shape of each beam, typically 
accomplished by the use of computer-controlled dynamic multileaf collimators. 
This allows for improved conformality and dose homogeneity, and decreased dose 
to normal structures such as the spinal cord, brain stem, and parotid glands 
(Fig. 11.2) [52].

Recent retrospective studies have supported the dosimetric advantages of 
using IMRT or volumetric-modulated arc therapy (VMAT) over 3DCRT, and 
have suggested a survival advantage. A Chinese study noted similar survival 
outcomes overall with lower lung V20, and lower maximum doses to the spinal 
cord and brachial plexus when IMRT or VMAT was used [53]. At Princess 
Margaret, patients with CEC who were treated from 1997 to 2013 with 2D RT, 
3DCRT, and IMRT, all with concurrent chemotherapy, were analyzed for differ-
ences in OS, locoregional, and distant control [54]. There were no differences 
in locoregional control among the groups, but notably there was a nonsignificant 
trend for improved 5-year OS in the IMRT group as compared to the 3DCRT 
group (43% vs. 22%).

Our institutional practice is to treat a single volume including the primary 
tumor/esophagus with a 3 cm superior expansion to include the hypopharynx and 
larynx and a 3 cm inferior expansion to account for submucosal spread of dis-
ease. The radial volume encompasses the soft tissues of the mediastinum inferi-
orly and the cervical levels III–V lymph nodes superiorly. These volumes are 
expanded to create the planning target volume to account for daily setup uncer-
tainty. This single volume is treated to a total dose of 50.4 Gy with concurrent 
carboplatin and paclitaxel. The supraclavicular nodes are covered, with further 
elective neck coverage based on the extent of lymphatic involvement. Radiation 
treatment volumes and dose distribution for a typical CEC patient are shown in 
Fig. 11.2.

Acute adverse effects from RT include mucositis and esophagitis resulting in ody-
nophagia. While typically relieved by topical and oral analgesics, patients occasion-
ally require placement of a feeding tube for adequate alimentation. One of the more 
common late effects is esophageal stricture. Of those who do develop a stricture, they 
are often mild requiring no specific treatment. Moderate cases can be treated with 
repeated dilation. Severe strictures are rare, but may require palliative PLE in certain 
cases for relief of dysphagia. Another common late effect is hypothyroidism requir-
ing life-long thyroid supplementation. Chemotherapeutic side effects relate to the 
particular agents delivered, but predominantly include myelosuppression.

J. P. Tanksley et al.
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 Conclusions

The lack of high-level evidence for the management of CEC has led to a variety of 
treatment protocols. Findings extrapolated from trials including HNSCC patients 
versus those focusing on more distal esophageal cancers have led to varying opin-
ions on the optimal selection of concurrent chemotherapeutic agents and radiation 
dose. Retrospective studies of CEC are hampered by selection bias and significant 
heterogeneity of the patient population, in addition to relatively limited outcome 
data. Despite these difficulties, the predominant management strategy has become 
definitive CRT in an effort to preserve a functional larynx, with PLE reserved for 
salvage in the setting of recurrent disease. Unfortunately, the optimal concurrent 
chemotherapy regimen and radiation dose is unknown, and more carefully analyzed 
studies addressing the question of which CRT regimen to implement are needed if 
we hope to improve survival outcomes in this challenging disease.

Fig. 11.2 Sagittal, axial, and coronal images of a treatment plan for CEC. Gross tumor volume is 
demarcated by the solid green volume, and the yellow line represents the 100% isodose line
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12The Multidisciplinary Management 
of Early-Stage Thoracic Esophageal 
Cancer

Brandon Mahal and Theodore S. Hong

 Diagnosis

The appropriate work-up and staging of thoracic esophageal carcinoma is essential 
for appropriate treatment recommendations. Initial work-up includes history and 
physical exam, upper GI endoscopy with biopsy, CT chest/abdomen with oral and 
IV contrast, PET-CT, endoscopic ultrasound, and bronchoscopy for masses located 
at or above the carina.

 Anatomy

The esophagus is anatomically defined into four regions based on measured dis-
tance from the incisors. The cervical esophagus is located from the cricoid cartilage 
to the thoracic inlet (~15 to 18 cm from the incisors). The upper thoracic esophagus 
is located from the thoracic inlet to tracheal bifurcation (~18 to 24 cm from inci-
sors). The mid thoracic esophagus is located from the tracheal bifurcation to the 
midway of the gastroesophageal junction (~24 to 32 cm from incisors). The lower 
thoracic or abdominal esophagus encompasses the gastroesophageal junction (~32 
to 40 cm from incisors). The esophagus lacks a serosal layer and has an extensive 
lymphatic drainage. Cancers that arise in the upper third of the esophagus drain 
predominately to the supraclavicular, cervical, and superior mediastinal nodes, 
while cancers in the lower esophagus can drain to the lower mediastinum and celiac 
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gastric or hepatic nodes. Influenced by location, middle thoracic cancers can drain 
superiorly or inferiorly. Nodal stations at risk must be taken into account during 
surgical node dissection and radiation planning. The majority of upper to mid tho-
racic esophageal cancers are SCC, while lower thoracic and gastroesophageal are 
predominantly adenocarcinoma (see Chap. 1).

 Surgical Management

Appropriate candidates for surgical resection of thoracic esophageal carcinoma 
include patients with early clinically staged disease (T1N0–T2N0) and patients 
planned for trimodality therapy following chemoradiation therapy (Chap. 9). 
Surgical resection options include open and laparoscopic or minimally invasive 
approaches. Surgeon preference, tumor location, planned lymph node dissection, 
and planned anastomosis dictate surgical approach and type (transhiatal, transtho-
racic (Ivor Lewis), and tri-incisional).

Transhiatal esophagectomy is accomplished with a midline laparotomy and 
left neck incision with blunt dissection of the thoracic esophagus and a cervical 
anastomosis generated [1]. Due to difficulty with complete visualization with 
blunt dissection, a complete lymphadenectomy is typically not accomplished. 
Modern experiences show post-operative mortality of ~1% and anastomotic leak 
rates of ~10% [2–5].

Transthoracic (Ivor Lewis) esophagectomy is performed with laparotomy and 
right thoracotomy that allows direction visualization of the thoracic esophagus 
and enables a full thoracic lymphadenectomy. This approach may be limited to 
cancers of the lower thoracic esophagus due to the proximal/superior resection 
that generates an intrathoracic esophagogastric anastomosis. Post-operative mor-
tality is less than 4% with similar outcomes compared to a transhiatal approach [6, 
7]. Post- operative complications include severe reflux (3–20%), risk of intratho-
racic anastomotic leakage that can result in severe morbidity, and close proximal 
margins [8–10].

Tri-incisional esophagectomy is a less commonly used approach and is accom-
plished with a right posterolateral thoracotomy/thoracoscopy, laparotomy, and left 
neck incision. This approach permits direct visualization during mediastinal and 
upper abdominal lymphadenectomy with the generation of a cervical esophagogas-
tric anastomosis. Post-operative mortality is less than 4% with anastomotic leak 
rates of ~5% [11].

 Evolution of Multimodality Therapy

Management of localized esophageal cancers with surgery or radiotherapy alone 
has historically poor survival outcomes, with 5-year survival rates ranging from 0 to 
20% [12–15]. Locoregional failure rates from modern reported trials range from 32 
to 45% of patients that undergo resection [2, 15–17]. Modern surgical advances and 
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post-operative care have mildly improved survival rates for patients that undergo 
resection alone (5-year overall survival rates 20–25%). A vast majority of patients 
with esophageal cancer are unresectable (~60–70%) at presentation, and only ~20% 
of patients are ultimately able to proceed to surgery [18]. Based on these observa-
tions, the rationale for preoperative radiation therapy (RT) in an attempt to increase 
resectability and survival has been investigated. Data from multiple prospective tri-
als of patients treated with preoperative RT have failed to show improvements in 
survival outcomes or resection rates [19, 20]. A meta-analysis of 5 randomized trials 
including 1147 patients showed a non-statistically significant trend toward survival 
benefit for patients treated with preoperative RT (HR 0.89, p = 0.06) [21]. Post- 
operative RT has been evaluated in two randomized trials that failed to demonstrate 
a survival benefit [22, 23]. Despite improvements in staging, surgical techniques, 
post-operative care, and radiation delivery, the risks of locoregional recurrences and 
metastatic disease have formed the rationale for combined modality therapy with 
the addition of chemotherapy.

 Preoperative Chemotherapy

Preoperative chemotherapy has been tested in multiple randomized controlled trials 
for patients with resectable esophageal cancer. Intergroup 0133 (Radiation Therapy 
Oncology Group 8911) randomized 443 patients with resectable esophageal cancer 
(adenocarcinoma or SCC) to surgery alone or three cycles of preoperative cisplatin 
and 5-fluorouracil followed by surgery and two additional cycles of chemotherapy 
[15]. There was no observed benefit associated with the preoperative chemotherapy 
arm for median survival (15 months vs. 16 months), 4-year overall survival (26% vs. 
23%), or R0 resection rate (59% vs. 63%) [24]. Regardless of treatment arm, patients 
with a complete resection (R0 vs. R1) had improved 5-year survival (32% vs. 5%).

The Medical Research Council Oesophageal Cancer Working Party reported on 
802 patients with resectable esophageal cancer (adenocarcinoma or SCC) treated 
with surgery alone or two cycles of preoperative cisplatin and 5-fluorouracil and 
surgery [25]. Patients in the preoperative chemotherapy arm had statistically signifi-
cant improved 2-year (43% vs. 34%) and 5-year overall survival rates (23% vs. 
17%) and R0 resection rates (60% vs. 54%). The differences in outcomes between 
the INT-0113 and MRC trials may be explained in part by the slightly higher rate of 
patients with adenocarcinoma enrolled in the MRC study (MRC 66% adenocarci-
noma, 31% SCC; INT-0133 54% adenocarcinoma, 46% SCC).

Two randomized trials have evaluated the role of preoperative chemotherapy 
(cisplatin and 5-fluorouracil) in patients with esophageal SCC and failed to observe 
a survival benefit [16, 26].

A meta-analysis of 8 randomized trials encompassing 1724 patients with resect-
able esophageal cancer demonstrated a 2-year overall survival benefit of 7% (HR 
0.9, p = 0.05) with benefit limited to patients with adenocarcinoma [27]. A recent 
updated meta-analysis of 9 randomized trials (1981 patients) demonstrated a sur-
vival benefit for neoadjuvant chemotherapy compared to surgery alone (HR 0.87, 
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p = 0.005), with observed benefit for adenocarcinoma (HR 0.83, p = 0.01) but not 
statistically significant for SCC (HR 0.92, p = 0.18) [28].

 Preoperative Chemoradiation Therapy

Preoperative chemoradiation has been evaluated with multiple randomized trials 
(Table 12.1). The EORTC randomized 282 patients with T1-3N0 and T1-2N1 SCC 
to surgery alone or preoperative chemoradiation therapy and surgery. Chemoradiation 
consisted of two cycles of cisplatin, and radiation was delivered using a split course 
of 37 Gy in 10 fractions. There was no difference in overall survival, and median 
survival was 18.6 months for both treatment arms [30]. Preoperative chemoradia-
tion was associated with an improved disease-free survival, higher rate of curative 
resection, and more post-operative deaths.

The FFCD 9901 trial randomized 195 patients with early-stage esophageal can-
cer to surgery versus neoadjuvant chemoradiation therapy (45 Gy in 25 fractions 
with 2 cycles of cisplatin and fluorouracil). Seventy percent of patients enrolled had 
SCC. With a median follow-up of ~93 months, there were no observed differences 
between surgery and combined modality arms for overall survival (53% vs. 48%) or 
complete resection rates (92% vs. 94%). Local regional control was improved in 
patients in the combined modality arm (29% vs. 15%). After interim analysis, the 
trial was stopped due to futility of either treatment arm reaching superiority. Post- 
operative mortality was significantly increased for patients in the combined modal-
ity arm (11% vs. 3.4%, p = 0.049) [34].

Table 12.1 Trials of neoadjuvant chemoradiation vs. surgery in esophageal carcinoma

Reference Year Path Arm N OS MS pCR RT Chemo
[29] 1988–

1991
SCC 
100%

S
CRT

45
41

3y 14%
3y 19%

11 m
10.5 m

9.8% 20 Gy CDDP, 5FU

[2] 1989–
1994

SCC 
25%
AC 
75%

S
CRT

50
50

3y 16%
3y 30%
NS

17.6 m
16.9 m
NS

28% 45 Gy 
(BID)

CDDP, 5FU, 
vinblastine

[30] 1989–
1995

SCC 
100%

S
CRT

139
143

3y 34%
3y 37%
NS

18.6 m
18.6 m
NS

21% 37 Gy CDDP

[31] 1994–
2000

SCC 
35%
AC 
63%

S
CRT

128
128

3y 36%
3y 31%
NS

22.2 m
19.3 m
NS

13% 35 Gy CDDP, 5FU

[32] 1997–
2000

SCC 
25%
AC 
75%

S
CRT

30
26

5y 16%
5y 39%
SS

7.8 m
19.4 m
SS

33% 50.4 Gy CDDP/5FU

[33] 2004–
2008

SCC/
AC

S
CRT

188
178

5y 34%
5y 47% 
SS

49 m
24 m
SS

29% 41.4 Gy Carboplatin, 
paclitaxel
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CALGB 9781 randomized patients with stage I–III SCC or adenocarcinoma of 
the thoracic esophagus and GEJ to surgery alone or neoadjuvant chemoradiation 
(50.4 Gy in 28 fractions) with concurrent cisplatin and 5-fluorouracil followed by 
surgery. The trial enrolled 56 of a target 500 patients and closed early due to non- 
accrual. A pathologic complete response was observed in 40% of patients on the 
combined modality arm. Intent to treat analysis with a median follow-up of 6 years 
showed an improvement in median overall survival (4.5 years vs. 1.8 years) and 
5-year overall survival (39% vs. 16%) for patients on the combined modality treat-
ment arm [32].

The landmark CROSS study randomized 366 patients with resectable (T1N1, 
T2-3N0–1) esophageal or GEJ cancer to surgery alone or weekly carboplatin and 
paclitaxel with concurrent radiation therapy (41.4 Gy in 23 fractions) followed by 
surgery, with stratification by performance status, nodal stage, histology, and treat-
ment center [33]. Baseline patient characteristics included 75% esophagus versus 
22% GEJ tumors and 75% adenocarcinoma versus 23% SCC tumor histology. 
Patients on the combined modality arm had improved median survival (49.4 months 
vs. 24 months) and complete resection rate (92% vs. 69%, p < 0.001), with a patho-
logic complete response rate of 29% in the neoadjuvant chemoradiation arm and 
significantly lower local recurrence rates and hematogenous spread for patients in 
the combined modality arm (34% vs. 14%, p < 0.001, and 35% vs. 29%, p = 0.025, 
respectively). Overall survival was significantly improved for the combined modal-
ity arm (HR 0.657, p  =  0.003), with an absolute 5-year survival benefit of 13% 
observed for patients in the combined modality arm (47% vs. 34%). Notably, post- 
operative mortality was 4% in both arms. Long-term follow-up results confirmed 
the overall survival benefits associated with neoadjuvant chemoradiation when 
added to surgery (HR 0.68, p = 0.003), with clinically relevant improvements in 
both SCC (median OS 81.6 months with trimodality therapy, HR 0.48, p = 0.008) 
and adenocarcinoma subtypes (median OS 43.2 months with trimodality, HR 0.73, 
0.038) [35]. This landmark trial established preoperative chemoradiation as the 
standard of care for early-stage localized adenocarcinoma of the thoracic esophagus 
and suggests that the observed survival benefit is due to improved local control 
associated with combined modality therapy [17]. Notably, a meta-analysis that 
included 1854 patients from 12 randomized trials of neoadjuvant chemotherapy 
versus surgery alone (including the CROSS trial) similarly showed a survival ben-
efit for patients treated with neoadjuvant chemoradiotherapy over surgery alone 
(0.78, p  =  0.0001), with observed benefit for both esophageal SCC (HR 0.80, 
p = 0.004) and adenocarcinoma (HR 0.75, p = 0.02) [28].

 Chemoradiation Versus Trimodality Therapy

Trimodality therapy (neoadjuvant chemoradiation followed by surgery) versus defin-
itive chemoradiation therapy has been evaluated in two randomized European trials. 
A French study, FF9102, randomized 259 patients with resectable (T3–4, N0–1) 
esophageal cancer (SCC and adenocarcinoma, with nearly 90% SCC) to trimodality 
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therapy versus definitive chemoradiation. All patients received neoadjuvant cisplatin 
and 5-fluorouracil and radiation therapy (46  Gy in 23 fractions or a split course 
15 Gy in 5 fractions). Patients with a partial or complete clinical response were then 
randomized to surgery or additional chemoradiation therapy (cisplatin and 5-fluoro-
uracil and 20 Gy in 10 fractions or split course 15 Gy in 5 fractions). No difference 
was observed in median survival for trimodality versus definitive chemoradiation 
(17.7 months vs. 19.3 months) or 2-year overall survival (34% vs. 40%). An improve-
ment in local control at 2 years was observed for trimodality vs. definitive chemora-
diation (65% vs. 57%), and treatment-related mortality was increased in patients 
treated with trimodality therapy (9% vs. 1%, p = 0.002) [36].

Stahl et al. reported on 172 patients with T3–4, N0–1 (EUS staged) SCC of the 
upper and mid esophagus [37]. Patients were treated with induction chemotherapy 
(three  cycles of 5-fluorouracil, leucovorin, etoposide, and cisplatin) followed by 
chemoradiation (40 Gy with concurrent cisplatin and etoposide) and then random-
ized to surgery or definitive chemoradiation to >65 Gy. There was no difference in 
median overall survival (16 months vs. 15 months) or 3-year overall survival (28% 
vs. 20%) for the surgery or chemoradiation arm. Improved freedom from local pro-
gression (64% vs. 41%) and treatment-related mortality (13% vs. 4%) were statisti-
cally significant between the surgery and chemoradiation arms.

Additional randomized trials have observed no difference in survival outcomes 
for patients with resectable esophageal cancer treated with surgery versus definitive 
chemoradiation [38, 39]. Collectively these data suggest that the addition of surgery 
to chemoradiation does not provide a survival benefit, at least for SCC histologies. 
Based on these observations, some argue that definitive chemoradiation is a stan-
dard of care and that surgery may serve as a salvage therapy, in particular for SCC 
histologies. The same conclusions are not widely applied to adenocarcinoma his-
tologies given that this histology was not adequately represented in these studies.

The phase II RTOG 0246 study enrolled 43 patients treated with induction chemo-
therapy (2 cycles of 5-fluorouracil, cisplatin, and paclitaxel) followed by chemoradia-
tion (50.4 Gy with concurrent 5-fluorouracil, cisplatin) and salvage esophagectomy 
for persistent or recurrent disease. With a median follow-up of 6.7 years, the estimated 
5-year survival rate was 37%. Salvage resection was attempted in 51% of patients due 
to residual or recurrent disease or patient choice [40].

The role of surgery for salvage therapy following persistent disease or failure after 
definitive chemoradiation therapy in patients with early-stage SCC may be a reason-
able management option in appropriately selected early-stage patients [41, 42].

Cumulatively, these data suggest that trimodality therapy is an appropriate treat-
ment option for patients with resectable thoracic esophageal malignancies. The 
underlying biological differences between SCC and adenocarcinoma likely contrib-
ute in part to observed differences in treatment outcomes from reported trials, where 
SCC histology may be more responsive to chemoradiation and therefore benefit to 
a lesser degree from trimodality therapy. Baseline patient characteristics and risk 
factors associated with SCC (tobacco and alcohol use) or adenocarcinoma (obesity, 
GERD, Barrett’s disease) may also contribute to observed survival outcomes and 
post-operative mortality risk.
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 Radiation Dose Escalation and Chemotherapy Regimens

With chemoradiation established as a standard of care approach to therapy, Intergroup 
0123 investigated the role of radiation dose escalation by randomizing patients with 
clinical stage T1–T4, N0–N1 SCC or adenocarcinoma to concurrent chemoradiation 
therapy (fluorouracil and cisplatin) to a total dose of 64.8 Gy vs. 50.4 Gy. Median 
survival (13 vs. 18 months), 2-year survival (31% vs. 40%), and locoregional failure 
rates (56% vs. 52%) were similar when comparing high-dose and low-dose treatment 
arms, respectively. There were 11 treatment-related deaths in the high-dose arm, and 
7 of the deaths occurred at doses less than 50.4 Gy [43]. As such, the standard of care 
radiation dose has remained 50.4 Gy due to concern for treatment-related toxicity.

To study optimal chemotherapy regimens, the multicenter phase II–III 
PRODIGE5/ACCORD17 trial compared definitive chemoradiotherapy with 50 Gy 
in 25 fractions in combination with FOLFOX (fluorouracil, leucovorin, oxaliplatin) 
versus fluorouracil and cisplatin in patients with localized esophageal cancer. With 
a median follow-up of 25.3 months, there were no significant differences in median 
progression-free survival (9.7 months in FOLFOX arm vs. 9.4 months in fluoroura-
cil/cisplatin arm, p = 0.64) or median overall survival (20.2 months in FOLFOX arm 
vs. 17.5 months in fluorouracil/cisplatin arm, p = 0.70). Treatment arms were simi-
lar in regard to completion of all chemotherapy (71% in FOLFOX arm vs. 76% in 
fluorouracil/cisplatin arm). While no significant differences were noted in toxicity 
profiles, there were more toxicity-related deaths in the fluorouracil/cisplatin arm 
versus the FOLFOX arm (6 vs. 1, p = 0.66) [44]. As such, FOLFOX and fluoroura-
cil/cisplatin remain reasonable standard of care radiotherapy options.

 Potential Toxicity and Treatment Planning

Historically, radiation treatment fields for esophageal cancer have included large 
cranio-caudal borders in order to cover at-risk nodal volumes (ranging from supra-
clavicular to celiac stations) and standard superior-inferior tumor expansion (rou-
tinely 5 cm) using 3D planning techniques. A standard treatment design included 
anterior-posterior/posterior-anterior (AP-PA) limited by spinal cord constraints fol-
lowed with a boost using an off-cord multi-field arrangement. In addition to the 
spinal cord, organs at risk include the lungs, heart, liver, and kidneys. Dose-volume 
histogram constraints for lung metrics have been studied in relation to risk of radia-
tion pneumonitis with models based on testing the normal tissue complication prob-
ability models [45]. Notably, technical advances in radiation delivery techniques 
including intensity-modulated radiation therapy (IMRT) have enabled improved 
conformal dose distributions with the ability to limit dose to adjacent normal tis-
sues; Fig. 12.1 depicts a representative IMRT generated plan for a patient with SCC 
of the thoracic esophagus. While no randomized evidence is available for compari-
son of 3D versus IMRT, improved dose homogeneity and dose-volume histogram 
(DVH) parameters can be accomplished with IMRT planning [46]. Lung and car-
diac dosage has been shown to be significantly reduced with IMRT compared to 3D 
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Fig. 12.1 IMRT plan for T3N0 thoracic esophageal squamous cell carcinoma. Patient planned for 
concurrent neoadjuvant chemoradiation therapy (carboplatin/paclitaxel) in anticipation of surgical 
resection. Treatment prescription for 45 Gy in 1.8 Gy fractions to CTV with 5.4 Gy in 1.8 Gy fraction 
boost to GTV. (a) Coronal slice of treatment plan with isodose lines. (b) Axial slice of treatment with 
isodose lines. (c) DVH histogram. CTV 4500 dark purple (average 4981 cGy), CTV 5040 light purple 
(average 5195 cGy), GTV red (average 5206 cGy), heart pink (average 2480 cGy), left lung orange 
(average 1277 cGy), right lung yellow (average 1136 cGy), spinal cord teal (average 1321 cGy)

B. Mahal and T. S. Hong



245

planning (mean heart dose 22.9 vs. 28.2 Gy; V30 24.8% vs. 61%) [47]. Furthermore, 
advances in radiation delivery techniques including planning arc therapy [48, 49], 
4D planning [50], and personalized risk assessment [51] may further aid in target 
delineation and minimizing treatment-associated toxicities.

 Treatment Response

A complete pathologic response following neoadjuvant therapy for esophageal cancer 
is an important prognostic factor observed in multiple studies [2, 26, 31, 52], and post 
treatment pathologic stage is highly significant for survival with combined modality 
therapy [53]. An estimated 20–60% of patients with complete response to neoadju-
vant therapy have residual disease on surgical resection or pathologic review [54].

PET scans following preoperative chemoradiation have shown mixed results in 
regard to predicting histopathologic response and survival outcomes for patients 
with locally advanced esophageal cancer [55–60]. CALGB 80803 is an ongoing 
phase II trial assessing PET response to guide treatment in locally advanced esopha-
geal cancer. Here, patients are randomized to FOLFOX6 (three cycles) or carbopla-
tin/paclitaxel (two  cycles), and treatment response is assessed by interval 
PET. Patients that demonstrate an imaging response (>35% decrease in SUVmax) 
continue on the same chemotherapy regimen in anticipation of planned radiother-
apy and surgery. Patients without favorable response are crossed over to the alterna-
tive chemotherapy in anticipation of further treatment.

 Conclusions

A multidisciplinary approach in the initial evaluation and management of early- 
stage thoracic esophageal cancer is key to an appropriate treatment strategy. 
Treatment options include clinical trial enrollment for eligible and interested 
patients, concurrent chemoradiation in anticipation of surgical resection, definitive 
chemoradiation, and in select cases esophagectomy followed by chemoradiation. 
Continued improvements in the realms of diagnostic imaging and treatment assess-
ment, molecular profiling, chemotherapy, minimally invasive surgical techniques, 
and improved radiation planning and delivery systems will aid in the goal of 
improved outcomes in the treatment of esophageal malignancies.
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 Introduction

Esophageal cancer is a highly lethal malignancy which occurs less frequently in the 
USA than in other geographic regions. It is estimated that it will account for 17,290 
diagnoses and will be responsible for 15,850 deaths in the USA in 2018, making it 
the seventh leading cause of cancer-related death in American men [1]. Conversely, 
it is a major contributor to the cancer burden worldwide and is endemic in parts of 
East Asia where more than half of the approximately 500,000 cases per year world-
wide develop [2]. High incidences are also observed in the Caspian littoral and the 
Transkei province in South Africa [3, 4]. It should be noted that this number does 
not fully take into account gastroesophageal or gastroesophageal junction (GEJ) 
tumors, which may variably be categorized as gastric cancers.

Squamous cell carcinomas (SCCs) and adenocarcinoma account for 98% of all 
cases of esophageal cancer. In the USA, adenocarcinomas account for 75% of cases 
following an increase of 4–10% per year in men since the mid-1970s. In contrast, 
there has been a steady decline in the number of cases of SCC which has been attrib-
uted to a decline in tobacco and alcohol consumption [5, 6]. In contrast, 90% of 
cases in Asia are SCC [7, 8]. Adenocarcinomas have increased in frequency due 
potentially to an increase in the incidence of gastroesophageal reflux disease 
(GERD) and obesity [9]. Helicobacter pylori, implicated in peptic ulcer disease and 
associated with an increased risk of gastric cancer, has not been linked with the 
development of esophageal cancer. Furthermore, infection with H. pylori may lead 
to a reduction in gastric acidity in association with atrophic gastritis leading to spec-
ulation that a decline in the prevalence of H. pylori infection may predispose to an 
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increase in GERD and therefore contribute to the increased incidence of GEJ adeno-
carcinoma [10, 11]. SCCs classically occur in the proximal two-thirds of the esoph-
agus, and adenocarcinomas arise in the distal third of the esophagus and GEJ.

Recent years have seen advances in the management of esophageal cancer which 
have led to clinically meaningful improvements in outcomes. While surgical resec-
tion is the mainstay of treatment for locally advanced esophageal cancer, resulting 
in 5-year overall survival (OS) rates from 10 to 30–40% in various studies [12, 13], 
the addition of chemotherapy and/or radiotherapy are also recognized to be key in 
improving outcomes. Numerous studies—that have evaluated patients with both 
adenocarcinoma and SCC histologies and focused on tumors of the esophagus/GEJ 
and/or stomach—have demonstrated, as a whole, that pre- and post-operative strate-
gies for locally advanced disease, including chemotherapy or chemoradiation, 
improve outcomes when added to surgery. This chapter focuses on the studies which 
have established pre- and post-operative therapy as standard of care in the treatment 
of localized esophageal cancer, which accounts for approximately 40–50% of 
patients with this diagnosis. Where relevant, we will note whether these studies 
primarily enrolled patients with esophageal/GEJ or gastric tumors. Evolving 
approaches and areas of clinical equipoise are also discussed.

 Pre-operative Chemotherapy

Given that the risk of distant relapse is significant, pre-operative chemotherapy has 
been evaluated with the rationale that early systemic therapy might eradicate micro- 
metastatic disease.

Some of the earlier phase III trials evaluating pre- or peri-operative chemother-
apy in esophagogastric adenocarcinomas have either been negative or demonstrated 
more marginal benefit. The North American Intergroup 113 trial randomized 440 
patients with esophageal cancer to pre-operative 5-fluorouracil (5-FU)/cisplatin or 
immediate surgery [14]. No significant difference in survival was detected. About 
half of the patients had adenocarcinoma, and those with tumor extension 2 cm dis-
tally beyond the GEJ were excluded. The MRC OE2 trial evaluated surgery with or 
without pre-operative cisplatin/5-FU. This study enrolled 802 patients and reported 
a modest improvement in 5-year OS with the addition of pre-operative therapy 
(23% vs. 17%, p = 0.03) to surgery [15]. Two-thirds of patients had adenocarcino-
mas, and 75% had distal esophagus or gastric cardia tumors. Finally, the European 
EORTC 40954 trial evaluated pre-operative 5-FU/leucovorin and cisplatin in 144 
patients with GEJ and gastric adenocarcinoma [16]. The study closed prematurely 
due to poor accrual, and while no significant difference in survival was detected, the 
power of this study was limited.

Data from the UK phase III MAGIC (Medical Research Council Adjuvant 
Gastric Infusional Chemotherapy) trial led to peri-operative chemotherapy being 
adopted as the principal approach in Europe [17]. This trial evaluated three cycles 
(9 weeks) each of pre- and post-operative ECF (epirubicin/cisplatin/5-FU) and sur-
gery or surgery alone. Of 503 patients, 15% and 11% had GEJ and lower esophageal 
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tumors, respectively. Peri-operative chemotherapy resulted in significant improve-
ment in 5-year OS (36% vs. 23%, p = 0.009), establishing this regimen as a standard 
of care. Of note, the complete resection rate (R0) was relatively poor at 69.3% in 
patients who received pre-operative therapy and 66.4% in the surgery- alone group.

More recently, the French FFCD 9703 trial reported a similar degree of benefit to 
that seen with pre-operative chemotherapy in the MAGIC trial [18]. This study ran-
domized 224 patients with esophagogastric adenocarcinoma to six cycles (18 weeks) 
of pre-operative 5-FU/cisplatin followed by surgery vs. surgery alone. A significant 
improvement in 5-year disease-free survival (DFS; 34% vs. 19%, p = 0.003) and OS 
(38% vs. 24%, p = 0.02) was detected. While cross-trial comparisons are made with 
caution, the survival benefit seen in this study is very similar to that observed with 
ECF in the MAGIC study, raising questions about the benefit of the anthracycline. 
The R0 resection rate was improved in patients who received pre-operative therapy 
compared to patients who underwent surgery alone (84% vs. 73%, p = 0.04).

The UK MRC OEO-5 study randomized 897 patients with esophageal and GEJ 
adenocarcinomas to pre-operative chemotherapy with 6 weeks of 5-FU/cisplatin or 
12  weeks of ECX (epirubicin/cisplatin/capecitabine) [19]. While an improved 
pathologic complete response (pCR) was observed in the ECX group vs. the 5-FU/
cisplatin group (11% vs. 3%), there was no difference in median DFS (14.4 months 
vs. 11.6 months, p = 0.051) or OS (26.1 months vs. 23.4 months, p = 0.19) between 
groups. In addition, the R0 resection rates were poor, 66% in the patients who 
received ECX and 59% in the patients who received 5-FU/cisplatin.

These results also challenge the convention that anthracycline provides addi-
tional benefit in this setting. In addition, this study raises uncertainty regarding the 
optimal duration of neoadjuvant therapy as this study suggests that 6 weeks of pre- 
operative chemotherapy conveys the same survival benefit as the 12 weeks of ther-
apy administered in the MAGIC and FFCD studies. While this may be counterintuitive 
based on the MAGIC and FFCD studies as well as other studies in gastric cancer 
that have administered 6–12 months of adjuvant chemotherapy, these results are not 
without precedent [20, 21]. A randomized phase II study by Ajani et al., discussed 
in more detail below, found no survival benefit for the addition of four cycles of 
induction 5-FU/oxaliplatin before pre-operative chemoradiation for 5 weeks with 
5-FU/oxaliplatin [22]. Furthermore, the CROSS study (which is discussed later) 
also found an absolute improvement in OS in the range of 10–15% as seen in other 
positive phase III studies discussed here, despite only receiving 5 weeks of carbo-
platin/paclitaxel [23, 24]. In addition, only 40–50% of patients in the MAGIC and 
FFCD studies received or completed adjuvant therapy following surgery indicating 
that patients obtain benefit from chemotherapy at durations significantly less than 
6 months. Results from the CRITICS study (presented in abstract form), which will 
be discussed later, underline further the difficulty in administering adjuvant therapy 
[25]. These data suggest, given the lack of a biological rationale to split systemic 
therapy to before and after surgery, that future clinical trials should focus on evalu-
ating pre-operative approaches.

The recently published STO3 trial from the UK evaluated the addition of the 
anti-vascular endothelial growth factor A (VEGF-A) antibody, bevacizumab, to 
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three cycles each of pre- and post-operative chemotherapy with ECX in patients 
with operable distal esophagus, GEJ, and gastric cancers [26]. Patients had rigorous 
staging with endoscopic ultrasound (EUS), CT, and laparoscopic staging. Of 1063 
patients enrolled, the majority had cancers of the distal esophagus (13–14%) or GEJ 
(50–51%). Bevacizumab in combination with ECX did not improve outcomes. 
Three-year OS was 50.3% in the chemotherapy-alone group vs. 48.1% in the che-
motherapy plus bevacizumab group (HR 1.08, 95% CI 0.91–1.29, p = 0.36). The 
rate of anastomotic leak was higher in the patients who received bevacizumab. Of 
note, rates of R0 resection were relatively low (61% vs. 64%) with distal gastric 
cancers having a high R0 resection rate (87%) and distal esophageal and Siewert 
type I tumors having the lowest rate (66% and 61%, respectively). Preliminary 
results of the FLOT4-AIO phase III trial were recently presented in abstract form 
[27]. This study randomized 716 patients with resectable gastric or GEJ adenocar-
cinoma to peri-operative FLOT (5-FU/oxaliplatin/docetaxel) or physician’s choice 
of ECF or ECX. Over 80% had T3/4 disease, and 79.5% were node positive, while 
56% had GEJ adenocarcinoma. Forty-four percent of patients had distal gastric can-
cers. FLOT was superior to ECF/ECX in all efficacy endpoints including curative 
resection rates (84% vs. 77%, p = 0.011), progression-free survival (PFS; 30 vs. 
18 months, hazard ratio [HR] 0.75, p = 0.004), and OS (median OS 50 vs. 35 months; 
5-year OS 45% vs. 36%, HR 0.77, p = 0.012). Benefit was seen across all sub-
groups, and while the rate of adverse events was similar between groups, there was 
more grade 3/4 nausea and vomiting with ECF/ECX and more grade 3/4 neutrope-
nia with FLOT. Thus, while there is no benefit to addition of an anthracycline to 
pre-operative systemic therapy, there appears to be benefit for a docetaxel- containing 
three-drug regimen. Only half of patients completed all planned chemotherapy 
(largely due to failure to deliver post-operative chemotherapy), again highlighting 
the difficulty in administering adjuvant therapy and suggesting that future clinical 
trials should focus on evaluating pre-operative approaches. The data for pre- 
operative chemotherapy is summarized in Table 13.1.

Finally, a meta-analysis of ten randomized studies evaluating pre-operative che-
motherapy for esophageal and GEJ cancers demonstrated a 13% decreased risk of 
all-cause mortality in patients with adenocarcinoma compared to surgery alone (HR 
0.87, 95% CI 0.79–0.96, p < 0.005) [28]. There was a non-significant trend toward 
benefit for pre-operative therapy in patients with SCC (HR 0.92, 95% CI 0.81–1.04, 
p = 0.18). There was no significant difference in the rate of complete (R0) resections 
with neoadjuvant therapy (relative risk [RR] 1.11) or in the risk of distant recurrence 
(RR 0.94). The MAGIC and EORTC 40954 trials were excluded from this analysis 
as outcomes were not stratified by tumor location (gastric vs. GEJ tumors).

 Pre-operative Chemoradiation

The Radiation Therapy Oncology Group (RTOG) 85-01 trial was a landmark phase 
III study which established the superiority of chemoradiation over radiation alone 
[29]. Patients with locoregional thoracic esophageal carcinoma were randomized to 
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radiation with 64 Gy in 32 fractions over 6.5 weeks or cisplatin and infusional 5-FU 
during weeks 1 and 5 concurrent with radiation 50 Gy in 25 fractions over 5 weeks. 
The chemoradiotherapy group also received two further cycles of chemotherapy 
after completion of radiation. Patients did not undergo surgery in this study. The 
trial closed prematurely after 121 patients had been accrued, when an interim analy-
sis demonstrated improved median OS with chemoradiation compared to radiation 
alone (12.5  months vs. 8.9  months). Two-year and 5-year survival were also 
improved in the chemoradiation arm (38% vs. 10% and 27% versus 0%, respec-
tively) compared to the radiation-alone arm [30]. While 90% of patients on this 
study had SCC, long-term survival was also demonstrated in the small minority of 
patients with adenocarcinoma with 13% of patients alive at 5 years. In addition to a 
survival benefit, disease recurrence was significantly reduced by the addition of 
chemotherapy to radiation. At 1 year, the rate of persistent or recurrent disease was 
62% in patients who received radiation versus 44% in the chemoradiation arm, still 
an unacceptably high rate of local failure suggesting that surgery should continue to 
have a role in the treatment paradigm. Distant recurrence rates were 38% and 22%, 
respectively. Based on this seminal study, chemoradiation became the standard non- 
operative management of patients with locally advanced esophageal SCC.

Since then, several randomized trials have evaluated pre-operative chemoradia-
tion vs. surgery alone in esophageal cancer. Of six contemporary randomized stud-
ies [23, 31–35] which compared pre-operative chemoradiation followed by surgery 
to surgery alone, three have demonstrated a survival benefit to this approach. The 
results are outlined in Table 13.2.

The Dutch CROSS trial was a well-conducted phase III study which enrolled 366 
patients with esophageal tumors, 75% of whom had adenocarcinoma. Over 80% had 
T3/4 tumors and 65% were node positive by EUS [23]. Pre-operative radiation at a 
dose of 41.4 Gy concurrent with weekly carboplatin/paclitaxel for 5 weeks was com-
pared to surgery alone and resulted in a higher R0 resection rate (92% vs. 67%, 
p  <  0.001), a pCR rate of 29% (23% for adenocarcinoma; 49% for SCC), and 
improved median OS (49.4 vs. 24.0 months, p = 0.003).The 3-year OS rate was 58% 
vs. 44%, and the survival benefit persisted with longer (median 84 months) follow- up 
(5-year OS 47% vs. 33%, HR 0.67). Pre-operative therapy was relatively well- 
tolerated, with mostly grade 3 toxicities noted in only 20% of patients. There was no 
increased post-operative mortality with the addition of chemoradiation. Patients with 
SCC appeared to derive greater benefit than those with adenocarcinoma (univariate 
HR for death 0.45 vs. 0.73). However, long-term follow-up has confirmed a clini-
cally relevant OS benefit for patients with both adenocarcinoma and SCC histologies 
and a 9% reduction in the occurrence of distant metastases in patients treated with 
chemoradiation (39% vs. 48%, HR 0.63, p = 0.0040) [24]. This regimen has become 
a standard of care and the reference regimen for most clinical trials.

Carboplatin/paclitaxel is well-tolerated, convenient to administer, and associated 
with the highest pCR rate for SCC (49%) to date in a phase III trial. The pCR rate 
of 23% for adenocarcinoma compares favorably to other studies. However, it 
remains unclear if carboplatin/paclitaxel is the optimal regimen, relative to standard 
5-FU/cisplatin used in other trials, to combine with radiotherapy in the pre- operative 
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setting. The Cancer and Leukemia Group B (CALGB) 80803 study provides some 
insight into the relative merits of carboplatin/paclitaxel versus a 5-FU plus platinum 
regimen [36]. This study randomized 257 patients with esophageal and GEJ adeno-
carcinoma, to receive induction modified FOLFOX6 (infusional 5-FU/leucovorin/
oxaliplatin) or carboplatin/paclitaxel for 5–6  weeks followed by a [18F]2-fluoro- 
deoxy-D-glucose positron emission tomography (FDG-PET) scan. Patients who 
were PET responders continued with the same regimen during subsequent concur-
rent chemoradiation, and patients who were PET non-responders crossed to the 
other chemotherapy regimen with radiation prior to surgery. Preliminary results of 
this study are discussed in more detail below. The pCR rate in the patients who were 
PET responders to induction FOLFOX who went on to receive the same regimen 
with radiotherapy was 37.5% compared to a 12.5% pCR rate in patients who were 
PET responders to induction carboplatin/paclitaxel and who received this regimen 
with radiation. Both treatments were well-tolerated. While the study was not 
designed to detect a difference in outcome between induction regimens, these 
results are hypothesis-generating. We await survival data from this study.

In contrast, the NEOSCOPE phase II trial enrolled patients with ≥T3 and/or 
≥N1 esophageal or Siewert 1/2 GEJ adenocarcinoma to receive two cycles of induc-
tion capecitabine/oxaliplatin, and subsequently patients were randomized to pre-
operative capecitabine/oxaliplatin with radiation or carboplatin/paclitaxel with 
radiation [37]. Eighty-five patients were enrolled in this study. Of 77 patients who 
underwent surgery, 12/41 (29.3%) who received carboplatin/paclitaxel achieved 
pCR vs. 4/36 (11.1%) of those who received capecitabine/oxaliplatin. However, the 
trial was not powered to detect a difference in pCR between arms. Of note, the neu-
tropenia rate during chemoradiation was significantly higher in the carboplatin/
paclitaxel arm (21.4% vs. 2.6%, p = 0.01). This did not translate into an increased 
risk of mortality. There continues to be clinical equipoise regarding the preferred 
chemotherapy regimen to combine with radiation.

Many other randomized trials completed in this setting are associated with meth-
odological concerns (such as the lack of meticulous pre-treatment staging with EUS 
or laparoscopy) and enrolled significantly smaller numbers of patients than random-
ized pre-operative chemotherapy trials (e.g., the positive CALGB 9781 study 
enrolled only 56 patients), and debate continues regarding their interpretation. 
While the results of these trials are conflicting, cumulatively, they demonstrate 
higher rates of complete resection and decreased local recurrence rates. A benefit 
for pre-operative chemoradiation is also supported by the previously discussed 
meta-analysis, in which 13 randomized trials of chemoradiation prior to surgery 
(including the 5 trials discussed above) were analyzed [28]. Pre-operative chemora-
diation was associated with a decreased risk of all-cause mortality of 25% (HR 0.75, 
95% CI 0.59–0.95, p = 0.02) in patients with adenocarcinoma histology and 20% 
(HR 0.80, 95% CI 0.68–0.93, p = 0.004) in patients with squamous histology com-
pared to surgery alone.

Benefit for intensification of combined modality therapy with the addition of 
induction chemotherapy prior to pre-operative chemoradiation and surgery has been 
evaluated in a randomized phase II trial [22]. As discussed above, patients received 
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weekly oxaliplatin/5-FU (96 h infusion dosed at 250 mg/m2/day) for 5 weeks with 
50.4  Gy radiation with or without four  cycles of induction chemotherapy with 
oxaliplatin/5-FU every 2 weeks prior to chemoradiation. Of 120 patients treated, 
97% had adenocarcinoma and 97% had GEJ tumors. There was no significant dif-
ference in the pCR rate, the primary endpoint (26% in the induction arm vs. 11% in 
the chemoradiation alone arm, p  =  0.094), or OS between groups (43.6 vs. 
45.6 months, p = 0.69).

The role of adjuvant chemotherapy in patients who have received pre-operative 
chemoradiation and curative-intent surgery has also been evaluated in a recent pro-
pensity score-matched analysis [38]. Over 10,000 patients with ≥T2 or node- 
positive adenocarcinoma of the distal esophagus or gastric cardia were identified 
from the US National Cancer Database. A total of 732 propensity score-matched 
patients who received post-operative chemotherapy were compared to 3660 patients 
who underwent observation alone. The 5-year OS was improved in the patients who 
received adjuvant therapy (38% vs. 34%), suggesting a potential benefit for post- 
operative chemotherapy. However, given the small survival benefit coupled with the 
recognized difficulty in administering adjuvant therapy after surgery and the poten-
tial selection bias of patients capable of receiving adjuvant therapy, these results are 
hypothesis-generating rather than practice-changing.

 Pre-operative Chemoradiation for Early-Stage Disease

The majority of patients enrolled in the above studies had locally advanced disease 
(currently defined as uT3–4, node-positive tumors by EUS staging), and the man-
agement of patients with earlier stage disease is less well defined.

The French FFCD 9901 study addressed this issue. This trial randomized 195 
patients with early-stage cT1-2Nany or cT3N0 tumors to pre-operative 5-FU/cispla-
tin (2 cycles of infusional 5-FU on days 1–4 and 29–32 and cisplatin on days 1 or 2 
of each cycle) and radiation (45 Gy) followed by surgery vs. surgery alone [39]. A 
majority of patients (72%) had SCCs, and 24% and 74%, respectively, had cT1 and 
cN0 tumors. The R0 resection rate in the surgery-alone arm was a remarkable 93%, 
and this was not enhanced with pre-operative chemoradiation. Similarly, median 
DFS and OS (47.5% vs. 53%, HR 0.99) were not significantly different between 
study arms at a median follow-up of 94 months. There was no benefit across sub-
groups analyzed. However, in-hospital post-operative mortality was significantly 
increased in the chemoradiation arm (11.1% versus 3.4%, p = 0.049).

Surprisingly, despite the lack of improvement in R0 resection rates, locoregional 
recurrence was reduced in the chemoradiation arm (22.1% versus 28.9%, p = 0.02). 
However, the rate of distant recurrence was not significantly different between both 
arms (22.5% vs. 28.9%, p = 0.31). Furthermore, the unexpectedly high post- operative 
mortality in the chemoradiation arm as compared with 4% in both treatment arms of 
the CROSS study might have obscured a small survival benefit from chemoradiation.

However, these results are consistent with other published data and in keeping 
with the current guidelines from the National Comprehensive Cancer Network 

13 The Multidisciplinary Management of Early Distal Esophageal…



260

which recommend upfront surgery for patients with cT1N0 tumors. An accepted 
approach—discussed below—is definitive chemoradiation without surgery for 
patients with SCC who achieve a clinical complete response.

 Pre-operative Chemoradiation Versus Chemotherapy

Pre-operative chemoradiation has been compared to pre-operative chemotherapy in 
a number of studies. The German POET (Pre-operative Chemotherapy or 
Radiochemotherapy in Esophagogastric Adenocarcinoma Trial) study randomized 
119 patients with GEJ adenocarcinomas to 16 weeks of infusional 5-FU with leu-
covorin and cisplatin followed by surgery or 12  weeks of infusional 5-FU with 
leucovorin and cisplatin followed by chemoradiation with cisplatin/etoposide and 
then surgery and suggested possible superiority of chemoradiation over chemother-
apy [40]. The trial closed prematurely due to poor accrual, limiting its power to 
detect a difference between the treatment groups. However, patients who received 
pre-operative chemoradiation had a higher pCR rate (15.6% vs. 2%, p = 0.03) and 
node-negative status (ypN0 64.4% vs. 36.7%, p = 0.01) than those who received 
pre-operative chemotherapy alone. There was a trend toward an improvement 
in  local control (76.5% vs. 59%, p  =  0.06) and 3-year OS (47.4% vs. 27.7%, 
p = 0.07) for the chemoradiation group.

The meta-analysis by Sjoquist et  al. discussed above also reported a non- 
significant trend toward improved outcomes with pre-operative chemoradiation 
over chemotherapy where the HR for all-cause mortality was 0.88 (95% CI 0.76–
1.01, p = 0.07) in favor of chemoradiation [28].

Potentially, the most compelling justification favoring pre-operative chemoradia-
tion over chemotherapy alone is the suggestion of an improvement in R0 resection 
rates for tumors that involve the GEJ. The R0 resection rates in the 1400 patients 
treated on the contemporary MAGIC and OEO-5 studies were less than 70%, and 
importantly, in the OEO-5 study, the majority of patients were rigorously assessed 
to be surgical candidates with EUS and FDG-PET imaging. In contrast, patients 
who received pre-operative chemoradiation in the CROSS study had R0 resection 
rates exceeding 90%.

 Use of PET Imaging to Guide Pre-operative Therapy

FDG-PET imaging is an increasingly well-defined tool to assess response to 
therapy. A number of studies have shown that the degree of response as detected 
by PET following pre-operative chemoradiation [41, 42] or chemotherapy [43, 
44] correlates highly with pathologic response at surgery and with patient 
survival.

In the German MUNICON trial, patients with locally advanced GEJ adenocarci-
nomas who had a suboptimal response to 2 weeks of induction 5-FU/cisplatin, as 
determined by serial PET imaging, had treatment discontinued and underwent sur-
gery. Patients who had a metabolic response by PET (defined as ≥35% reduction in 
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standard uptake value between baseline and repeat scan) continued with an addi-
tional 12 weeks of chemotherapy prior to surgery [45].

Patients who were PET responders had a significantly improved R0 resection rate 
(96% vs. 74%, p = 0.002), pathologic response rate (58% vs. 0%, p = 0.001), median 
event-free survival (29.7 vs. 14.1 months, p = 0.002), and median OS (not reached 
vs. 25.8 months, p = 0.015) compared to patients who were PET non- responders. Of 
note, outcomes for patients who were PET non-responders and underwent immedi-
ate surgery were similar to outcomes of such patients in an earlier trial who com-
pleted 3 months of pre-operative chemotherapy [43], indicating that outcomes were 
not compromised by immediate surgery. These results therefore support early dis-
continuation of inactive pre-operative chemotherapy in PET non- responder patients.

Subsequently, MUNICON-2 evaluated “salvage” chemoradiation with cisplatin 
prior to surgery in patients who were PET non-responders to pre-operative 
cisplatin/5-FU [46]. Of 56 patients enrolled, 23 were defined as PET non- responders. 
While histopathologic responses were seen in the PET non-responders, they were 
found to have inferior 2-year PFS (64% vs. 33%, p = 0.035) and a trend toward 
inferior 2-year OS (71% vs. 42%, p = 0.10). These results underline the unfavorable 
biology of patients who are PET non-responders but do not out rule the possibility 
that these patients can receive effective salvage therapy. However, in this study, 
cisplatin was administered with radiation despite having been associated with sub-
optimal outcomes by PET when administered with 5-FU as induction therapy.

The use of PET assessment as a strategy to tailor subsequent chemotherapy dur-
ing concurrent radiation has been explored. Long-term DFS has been reported in 
patients who had progression on PET imaging after induction chemotherapy and 
were changed to alternative chemotherapy during subsequent chemoradiation [47]. 
A subsequent retrospective review of 201 patients with esophageal and GEJ adeno-
carcinomas where treatment was changed to alternative chemotherapy during radia-
tion for some PET non-responders was undertaken [48]. These data suggested that 
improvements in pCR rate and PFS are achievable in PET non-responder patients 
whose treatment is switched. A trend toward improvement in OS was observed.

As described above, this concept was directly studied in the CALGB 80803 trial. 
Preliminary results presented in abstract form indicated improvement in the pCR 
rate in PET non-responders who changed chemotherapy to 17% (carboplatin/pacli-
taxel switched to mFOLFOX6) and 19% (mFOLFOX6 switched to carboplatin/
paclitaxel) [36], when compared to a historical rate of 3% in the retrospective analy-
sis discussed above. Survival data are awaited. The study met its primary endpoint 
and suggests that early response assessment using PET could be incorporated into 
future studies aiming to identify more effective regimens for treatment of esopha-
geal and GEJ cancers.

 Definitive Chemoradiation

Direct comparisons of chemoradiation vs. surgery in resectable esophageal carci-
noma are lacking. Two randomized European studies have compared definitive 
chemoradiation with chemoradiation followed by surgery and have provided data to 
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support a non-surgical approach in select patients [49, 50]. Despite improvement 
in local control with surgery, neither trial demonstrated improved survival with tri-
modality therapy. The populations enrolled were predominantly patients with SCC 
histology. Therefore, definitive chemoradiation is a reasonable approach in patients 
with SCC who obtain an endoscopic complete response and who are not surgical 
candidates.

One of these studies (FFCD 9102) also provides some data with regard to whether 
patients who do not respond to initial chemoradiation with cisplatin/5-FU benefit 
from subsequent surgery. In this study, patients with potentially resectable T3, N0–1 
esophageal SCC (89%) or adenocarcinoma (11%) received induction chemoradio-
therapy with either 46 Gy in 4.5 weeks or split course 2 × 15 Gy (days 1–5 and 
22–26) radiation concurrent with two cycles of 5-FU/ cisplatin. Only patients with 
at least a partial response were randomized to surgery vs. further chemoradiation 
[three further cycles of chemotherapy with either 20 Gy or 15 Gy (split course) 
radiation]. Of the 451 registered patients, 192 were not randomized to further pro-
tocol therapy, due to poor response, medical contraindications, or patient refusal 
[51]. Of these 192 non-randomized patients, 112 underwent subsequent surgery 
with 80 undergoing R0 resections. The median OS for the patients who underwent 
surgery was significantly superior to patients who did not (17.0 vs. 5.5  months, 
p < 0.0001) and was comparable to the median OS of the patients who were ran-
domized (18.9 months, p = 0.40). While this analysis has clear limitations and must 
be interpreted cautiously, it does suggest that salvage esophagectomy may be ben-
eficial for a subset of patients who do not respond to initial chemoradiation.

FOLFOX also appears to be a comparable option to 5-FU/cisplatin based on the 
French PRODIGE5/ACCORD17 study, which randomized 267 patients to either 
regimen with radiation as definitive therapy [52]. Similar to the studies above, 85% 
of patients had SCC. Survival and toxicities were comparable in both arms.

Patients with adenocarcinoma have lower rates of pCR after chemoradiation, and 
there are no randomized data demonstrating that definitive chemoradiation is com-
parable to chemoradiation and surgery. In patients where the operative risk is esti-
mated to be substantial and given the high morbidity and mortality associated with 
esophagectomy, one option is to closely monitor those patients who obtain a clinical 
complete response to pre-operative chemoradiation with follow-up endoscopy and 
imaging. A salvage esophagectomy can be considered in those patients who develop 
locoregional relapse with no evidence of distant progression. A potential drawback 
to this approach is that operative morbidity and mortality may significantly increase 
when surgery is delayed beyond 6–8 weeks following completion of chemoradia-
tion. However, three studies have reported no significant deterioration in outcomes 
in patients who underwent delayed surgery with salvage esophagectomy [53–55].

A study from MD Anderson Cancer Center reported outcomes in 65 patients 
with esophageal adenocarcinoma who underwent salvage esophagectomies a 
median of 216 days following chemoradiation [53]. When compared to matched 
patients who underwent planned esophagectomy after chemoradiation, post- 
operative complications and survival did not appear to be different between groups. 
A French retrospective review also examined this approach in 848 patients, 540 of 
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whom underwent esophagectomy following pre-operative chemoradiation and 308 
who underwent salvage surgery after chemoradiation for either persistent (234 
patients) or recurrent (74 patients) disease [54]. While the rate of anastomotic leak 
and surgical infection were increased in the salvage group, in-hospital mortality was 
similar and relatively high in both groups (8.4% versus 9.3%, p = 0.688). Three- 
year DFS (39.2% versus 32.8%, p = 0.232) and OS (43.3% versus 40.1%, p = 0.542) 
were also comparable between groups.

Finally, the RTOG 0246 study evaluated induction chemotherapy with 5-FU/
cisplatin/paclitaxel and chemoradiation with 5-FU/cisplatin in 43 patients with 
locally advanced esophageal cancer. Surgery was reserved for patients with locally 
persistent/recurrent disease [55]. While this trial did not meet its primary endpoint 
of improving 1-year survival to 77.5%, it did suggest that post-operative mortality 
was not increased by delaying surgery.

Based on the above data, definitive chemoradiation may be considered for 
selected patients at institutions with significant multidisciplinary experience in this 
strategy. Decisions regarding surgery versus chemoradiation should be made with a 
fully informed patient.

Addition of the anti-epidermal growth factor receptor (EGFR) antibody, cetux-
imab, to definitive chemoradiation was not associated with an improvement in out-
comes in two phase III studies. The UK SCOPE-1 study enrolled 258 patients, 73% 
of whom had SCC histology and 60% had stage III disease, who were randomized 
to capecitabine/cisplatin and radiation with or without cetuximab [56]. The primary 
endpoint of being treatment failure-free at 24 weeks was lower in the cetuximab arm 
vs. the standard arm (66.4% vs. 76.9%). Patients in the cetuximab arm also had 
inferior OS (22.1 vs. 25.4 months, HR 1.45, p = 0.035), were less likely to complete 
standard chemoradiation, and also had higher rates of dermatologic and metabolic 
toxicities. More recently, the RTOG 0436 study was presented in abstract form [57]. 
This study evaluated cisplatin/paclitaxel and radiation with or without cetuximab in 
the non-operative setting for locally advanced esophageal adenocarcinomas and 
SCCs. There was no difference in outcomes between both arms, confirming a lack 
of benefit for cetuximab combined with chemoradiation.

 Post-operative Chemoradiation

In the USA, post-operative chemoradiation is a standard of care for GEJ and gastric 
cancers following upfront resection, in large part due to results of the influential 
Intergroup 116 trial [58].

This trial randomized 556 patients (20% had tumors that involved the GEJ) with 
resected stage ≥ IB disease to adjuvant chemoradiation with bolus 5-FU/leucovorin 
or observation alone. The 3-year relapse-free survival (RFS; 48% vs. 31%, 
p < 0.001) and 3-year OS (51% vs. 40%, p = 0.005) were significantly improved in 
patients who received chemoradiation. However, many patients in this trial under-
went inadequate surgical resections—54% had less than a D1 or D2 lymph node 
resection. This trial is often criticized because the radiation administered potentially 
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compensated for inadequate surgery given that the greatest impact of chemoradia-
tion was a reduction in the rates of local recurrence. Radiotherapy may not provide 
meaningful benefit in the setting where optimal D1 or D2 surgical resection is 
undertaken.

Based on these results, the CALGB 80101 trial investigated the role of more 
intensive chemotherapy with ECF in 546 patients with gastric cancer (30% of whom 
had tumors involving the GEJ and proximal stomach) [59]. Patients were random-
ized to bolus 5-FU/leucovorin preceding and following chemoradiation with infu-
sional 5-FU or ECF before and after chemoradiation with infusional 5-FU. There 
was no improvement in 5-year DFS (44% vs. 44%, p = 0.69) or OS (39% vs. 37%, 
p = 0.94) with the addition of an anthracycline and platinum/5-FU. These results 
suggest that chemoradiation with 5-FU alone remains a standard of care in the adju-
vant setting. While pre- and post-operative ECF without radiation is a standard 
treatment option, data does not support the use of ECF solely as an adjuvant treat-
ment regimen.

The Dutch CRITICS trial compared peri-operative ECX or EOX (epirubicin, 
oxaliplatin, capecitabine) to pre-operative ECX or EOX and adjuvant chemoradia-
tion with capecitabine in patients with gastric and GEJ (17% of patients) adenocar-
cinoma. These results have been presented in abstract form and demonstrated no 
difference in PFS or 5-year OS (40.8% vs. 40.9%) for either treatment arm. Although 
subgroup analyses are planned, the nearly superimposable Kaplan-Meier survival 
curves confirm, for now at least, that patients who have received pre-operative che-
motherapy should not receive adjuvant chemoradiation in a standard fashion [25]. 
These results are summarized in Table 13.3.

In general, adjuvant therapy should be reserved for patients with resected node- 
positive or T3/4 disease who did not undergo pre-operative therapy. Only approxi-
mately 50–60% of patients in the Intergroup 116, CALGB, and CRITICS studies 
completed all planned treatment, providing strong rationale for the administration 
of pre-operative therapy. The above studies are outlined in Table 13.3.

 Post-operative Chemotherapy

Two large phase III East Asian trials have demonstrated a survival benefit for post- 
operative chemotherapy alone in patients with gastric carcinoma.

The Japanese ACTS-GC (Adjuvant Chemotherapy Trial of TS-1 for Gastric 
Cancer) study randomized 1059 patients with stage II/III gastric cancer who had 
undergone D2 resection to 1 year of adjuvant S-1 or observation [60]. There was a 
significant improvement in 5-year RFS (65.4% vs. 53.1%, HR 0.65, 95% CI 0.54–
0.79) and OS (71.7% vs. 61.1%, HR 0.67, 95% CI 0.54–0.83) compared to observa-
tion alone. A benefit was seen across all subgroups.

The CLASSIC trial (Capecitabine and Oxaliplatin Adjuvant Study in Stomach 
Cancer) enrolled 1035 East Asian patients following D2 resection for stage II–IIIB 
gastric carcinoma [61]. Patients were randomized to adjuvant capecitabine and 
oxaliplatin for 6 months or observation. Five-year DFS (68% vs. 53%, HR 0.58, 

M. Greally and D. H. Ilson



265

p < 0.0001) and OS (78% vs. 69%, HR 0.66, p = 0.0015) were improved in patients 
who received chemotherapy.

Given that most East Asian patients have distal gastric tumors and both studies 
included only a very small minority of patients with GEJ tumors, it is unclear 
whether these data can be extrapolated to the patient population discussed here.

Currently, it remains unclear whether post-operative chemotherapy in patients 
with resected esophageal SCC improves outcomes. Two Japanese studies random-
ized patients with esophageal SCC to receive cisplatin/vindesine [62] or 5-FU/cis-
platin (JCOG 9204) [63], respectively. While adjuvant cisplatin/vindesine was not 
associated with a survival benefit, an unplanned subset analysis of JCOG 9204 dem-
onstrated a survival benefit for patients with lymph node involvement (5-year DFS 
52% vs. 38%).

The possible benefit of post-operative therapy suggested by the above trial led to 
the JCOG 9907 study which randomized 330 patients with esophageal SCC to sur-
gery and two  cycles of either pre- or post-operative 5-FU/cisplatin [64]. Pre- 
operative chemotherapy improved 5-year OS (55% vs. 43%, p = 0.04) compared to 
post-operative therapy. However, only 58% of the patients randomized to post- 
operative therapy received any treatment, and 23% of the patients randomized to 
this arm of the study had pN0 disease and did not receive post-operative therapy per 
protocol, based on prior data that adjuvant therapy only benefited patients with 
lymph node positivity. In addition, pre-operative chemotherapy was associated with 

Table 13.3 Results of significant phase III trials of post-operative chemoradiation in GEJ/gastric 
adenocarcinoma

Treatment
No. of 
patients

Disease-free survival Overall survival Local 
failure∗ ReferenceMedian Overall Median Overall

Surgery 275 19 months 3-year 
31%

27 months 3-year 
41%

29% MacDonald 
et al. [58]

Post-op 
5-FU/LV → 
5-FU/RT → 
5-FU/LV

281 30 months 3-year 
48%

36 months 3-year 
50%

19%

Post-op 
5-FU/LV → 
5-FU/RT → 
5-FU/LV

280 30 months 5-year 
39%

36.6 months 5-year 
44%

NS Fuchs et al. 
[59]

Post-op ECF 
→ 5-FU/RT 
→ ECF

266 28 months 5-year 
37%

37.8 months 5-year 
44%

NS

ECX/EOX → 
surgery → 
ECX/EOX

393 27.6 months 5-year 
38.5%

42 months 5-year 
40.8%

NS Verheij et al. 
[25]

ECX/EOX → 
surgery → 
chemoRT

395 30 months 5-year 
39.5%

39.6 months 5-year 
40.9%

NS

Adeno adenocarcinoma, ECF epirubicin/cisplatin/infusional 5-fluorouracil, ECX epirubicin/cispl-
atin/capecitabine, EOX epirubicin/oxaliplatin/capecitabine, LV leucovorin, NS not stated, RT 
radiotherapy
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a survival benefit only in N0 patients, contrasting with the JCOG 9204 study which 
reported a benefit only in N1 patients.

The above results are summarized in Table 13.4.

 Future Directions

Potential for progress in this disease may lie in enhancing our understanding of and 
ability to exploit the molecular biology of esophageal tumors. A comprehensive 
molecular evaluation of 295 primary gastric adenocarcinomas as part of The Cancer 
Genome Atlas (TCGA) project identified four molecular subtypes of gastric cancer 
[65]. The chromosomal instability subtype was most common, occurring in 50% of 
gastric tumors but nearly 95% of esophageal and GEJ adenocarcinomas. Focal 
amplifications of receptor tyrosine kinases, and mutations in such genes as TP53, 
ARID1A, SMAD4, and CDKN2A occur commonly in this subtype. A more recent 
study by the TCGA research network has demonstrated that the histologic subtypes 
of esophageal adenocarcinoma and SCC are distinct in their molecular characteris-
tics [66]. SCCs showed frequent genomic amplifications of CCDN1 and SOX2 and/
or TP63, while ERBB2, VEGFA, and GATA4 and GATA6 were commonly 

Table 13.4 Results of phase III post-operative chemotherapy trials in esophageal and gastric 
cancer

Treatment Histology
No. of 
patients

Survival Local 
failurea ReferenceMedian Overall

Surgery Adeno 
(gastric)

530 NR 5-year 
61%

2.8% Sakuramoto et al. 
[20], Sasako et al. 
[60]Surgery +S-1 529 NR 5-year 

72%
1.3%

Surgery Adeno 
(gastric)

515 NR+ 5-year 
78%

44% Bang et al. [21, 61]

Surgery + 
Capeox

520 NR+ 5-year 
69%

21%

Surgery SCC 100 NS 5-year 
45%

30% Ando et al. [62]

Surgery + 
cisplatin/
vindesine

105 NS 5-year 
48%

30%

Surgery SCC 122 NS 5-year 
52%

46% Ando et al. [63]

Surgery +5-FU/
cisplatin

120 NS 5-year 
61%

8%

5-FU/cisplatin + 
surgery

SCC 164 NS 5-year 
55%

NS Ando et al. [64]

Surgery +5-FU/
cisplatin

166 NS 5-year 
43%

NS

Capeox, capecitabine/oxaliplatin, CR complete response, N/A not applicable, NR not reached, NS 
not stated, S-1 tegafur/gimeracil/oteracil
Numbers in bold indicate statistically significant differences
aLocal failure with or without distant recurrence
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amplified in adenocarcinomas. In addition to ERBB2, other potential targetable 
amplifications identified in adenocarcinomas were EGFR, IGF1R, RAS, VEGFA, 
and cell cycle pathway amplifications. In addition, in this study, esophageal and 
GEJ adenocarcinomas strongly resembled the chromosomally unstable variant of 
gastric adenocarcinoma but had a higher frequency of DNA hypermethylation.

This data suggests that adenocarcinomas and SCCs should not be considered a 
single entity and clinical trials evaluating neoadjuvant, adjuvant, or systemic thera-
pies should avoid enrolling patients with both histologies. Furthermore, the emer-
gence of a more rational categorization of esophageal tumors may provide a 
framework to develop new therapies.

As discussed in previous sections, the addition of anti-VEGFA antibodies (beva-
cizumab) and anti-EGFR antibodies to peri-operative chemotherapy and definitive 
chemoradiation, respectively, has not led to an improvement in outcomes. Her2- 
directed therapy in combination with pre-operative and adjuvant therapy is also 
being evaluated. The RTOG 1010 study (NCT01196390) enrolled 591 patients with 
Her2-positive ≥T2 or node-positive adenocarcinoma of the esophagus or 
GEJ. Patients received trastuzumab during pre-operative chemoradiation with car-
boplatin/paclitaxel and for an additional 9 months after surgery. Results from this 
study are pending.

Novel treatments that target specific molecular alterations in esophageal cancer 
continue to be evaluated. Evaluation of anti-EGFR therapy in the metastatic setting 
has shown no benefit, and in the UK Gefitinib for Oesophageal Cancer Progressing 
After Chemotherapy (COG) trial, the use of gefitinib as second-line therapy did not 
improve OS over best supportive care in an unselected population [67]. A subsequent 
prespecified molecular analysis was performed which demonstrated [68] that EGFR 
copy number gain (CNG), as assessed by fluorescence in situ hybridization (FISH), 
appears to identify a subgroup of patients with esophageal cancer who may benefit 
from gefitinib as second-line therapy [69]. Patients with EGFR CNG had improved 
response rates and OS. However, this finding requires validation in other trials.

Another recent study evaluated rilotumumab, which selectively targets the ligand 
of the MET receptor, hepatocyte growth factor, in combination with ECX in patients 
with advanced MET-positive gastric or GEJ adenocarcinoma. There was no 
improvement in outcomes with the addition of this therapy to first-line chemother-
apy in the metastatic setting.

Immune checkpoint inhibitors (pembrolizumab and nivolumab) have shown 
benefit in the chemorefractory setting and are now being evaluated in earlier-stage 
disease. The CheckMate 577 study (NCT02743494) is evaluating adjuvant 
nivolumab vs. placebo following pre-operative chemoradiotherapy and surgery in 
760 patients with esophageal and GEJ cancer.

Finally, comparative studies of peri-operative chemotherapy vs. chemoradiation 
are ongoing. The ESOPEC study (NCT 92509286) is comparing chemoradiation 
with carboplatin/paclitaxel as per CROSS to FLOT and is recruiting 438 patients 
with ≥T2 or node-positive esophageal adenocarcinoma. The Neo-AEGIS trial 
(NCT01726452) is recruiting 594 patients with ≥T2 or node-positive disease and 
randomizing patients to the CROSS approach or peri-operative chemo with ECF/
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ECX, and finally TOPGEAR (NCT01924819) is enrolling 752 patients with esoph-
ageal, GEJ, or gastric cancers who will receive peri-operative ECF or two cycles of 
ECF followed by chemoradiation with either infusional 5-FU or capecitabine and 
then three further cycles of ECF after surgery. Interpretation of Neo-AEGIS and 
TOPGEAR will be difficult in light of recent data showing superiority of FLOT over 
ECF/ECX and OEO-5 showing no benefit for ECX above two cycles of  5-FU/cis-
platin. However, these trials have been amended to allow substitution of FLOT for 
the ECX or ECX regimen.

 Conclusions

Esophageal cancer continues to be a significant worldwide health problem, and 
esophageal adenocarcinoma is becoming an epidemic in Western countries. The 
treatment of locally advanced esophageal carcinoma has evolved considerably over 
the last 15 years, and based on multiple phase III trials, it is recognized that multi-
modal therapy improves outcomes. Several trials have demonstrated a survival ben-
efit for the addition of pre-operative chemoradiation to surgery in patients with 
esophageal and GEJ tumors. The use of PET imaging to guide the choice of chemo-
therapy with radiation appears to be a promising strategy. While peri-operative che-
motherapy is an alternative treatment option for GEJ adenocarcinomas, it is unclear 
if chemotherapy improves local control over surgery alone, and recent studies have 
shown suboptimal R0 resection rates of 70% with this approach. Definitive chemo-
radiation is the standard of care in patients who are not surgical candidates, and in 
addition, it is an acceptable approach for patients with SCC who obtain a clinical 
complete response.

Adjuvant chemoradiation is a validated treatment option in patients with resected 
esophageal or GEJ adenocarcinoma. While adjuvant chemotherapy alone is associ-
ated with improved outcomes in East Asian studies, it is unclear if these data can be 
extrapolated to patients with GEJ tumors. There remains no proven benefit for adju-
vant chemotherapy in patients with resected SCC.
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Despite the decreasing incidence and mortality rate, gastroesophageal (GE) cancers 
remain the third leading cause of cancer-related deaths worldwide [1]. This is in 
large part from the absence of symptoms in the early stages of disease, where 40% 
of patients present with advanced metastatic disease. Unfortunately, the prognosis 
in advanced gastroesophageal cancers is poor, where the 5-year overall survival is 
less than 5% [2]. During the past decade, therapeutic advances include the approval 
of several targeted therapies for patients with newly diagnosed and treatment- 
refractory metastatic gastroesophageal adenocarcinoma [3–5]. This progress, how-
ever, has only resulted in an incremental improvement in patient outcomes, 
highlighting the need to develop novel treatment strategies in this disease. In this 
chapter, we will review current therapies that are used and being investigated in 
ongoing clinical trials, which include targeted therapies and immunotherapeutic 
approaches in advanced esophageal cancers.

 Targeting HER-2

The ErbB family consists of four plasma membrane-bound receptor tyrosine kinases 
including erB-2, also frequently called HER-2 (human epidermal growth factor 
receptor 2) protein or HER-2/neu. HER-2 plays a critical role in cancer cell biology 
by facilitating in cellular apoptosis, differentiation, and tumor proliferation. The 
activation of the HER-2 receptor occurs through hetero- or homo-dimerization with 
other ErbB family members, which result in the upregulation and aberrant activa-
tion of downstream signaling pathways. In gastric and gastroesophageal cancers 
(GE), HER-2 overexpression and/or amplification has been reported up to 34% and 
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is associated with poor prognosis, where HER-2 overexpression was associated 
with poor survival and clinicopathological characteristics [6]. Thus, novel therapeu-
tic agents that inhibit HER-2 are a rational treatment strategy for advanced GE 
cancers (Table 14.1).

Table 14.1 Phase 3 randomized clinical trials of targeted therapies

Study Target Regimen
Line of 
therapy

Primary 
EP Results Ref

TOGA HER-2 XP chemotherapy 
+/− trastuzumab

1st OS Positive. HR 0.74; 
95% CI 0.6–0.91; 
p = 0.005

[5]

JACOB HER-2 XP 
chemotherapy, 
trastuzumab+/− 
pertuzumab

1st OS Negative. HR 0.84, 
95% CI 0.71–100, 
p = 0.0565

[9]

TyTAN HER-2 Paclitaxel 
+/− lapatinib

2nd OS Negative. HR 0.84; 
95% CI 0.64–1.11; 
p = 0.104

[12]

LOGIC HER-2 CapeOx 
+/− lapatinib

1st OS Negative. HR 0.91; 
95% CI 0.73–1.12; 
p = 0.350

[11]

GATSBY HER-2 T-DM1 vs. taxane 2nd OS Negative. HR 1.15; 
95% CI 0.89–1.43; 
p = 0.86

[15]

AVAGAST VEGFA XP chemotherapy 
+/− bevacizumab

1st OS Negative. HR 0.87; 
95% CI 0.73–1.03; 
p = 0.100

[20]

AVATAR VEGFA XP chemotherapy 
+/− bevacizumab

1st OS Negative. HR 1.11; 
95% CI 0.79–1.56; 
p = 0.557

[21]

REGARD VEGFR2 Ramucirumab  
vs. placebo

2nd OS Positive. HR 0.776; 
95% CI 0.603–
0.998; p = 0.047

[3]

RAINBOW VEGFR2 Paclitaxel 
+/− ramucirumab

2nd OS Positive. HR 0.807; 
95% CI 0.678–
0.962; p = 0.017

[4]

RAINFALL VEGFR2 XP chemotherapy 
+/− ramucirumab

1st OS Positive. HR 0.75; 
95% CI 0.61–0.94; 
p = 0.011

[22]

Li et al. VEGFR2 Apatinib  
vs. placebo

3rd OS Positive. HR 0.71; 
95% CI 0.54-0.94; 
p < 0.016

[24]

ANGEL VEGFR2 Apatinib  
vs. placebo

4th and 
beyond

OS Ongoing 
(NCT03042611)

INTEGRATE II VEGFR2 Regorafenib  
vs. placebo

3rd OS Ongoing 
(NCT02773524)

XP fluoropyrimidine/platinum, OS overall survival, EP endpoint, HR hazard ratio, HER-2 human 
epidermal growth factor receptor 2, VEGF vascular endothelial growth factor
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 Trastuzumab

In preclinical studies, trastuzumab, a monoclonal antibody (mAb) that targets the 
extracellular domain of the HER-2 protein, inhibited tumor growth in HER-2-
overexpressing xenograft models of human gastric cancer cell lines and enhanced 
activity in combination with chemotherapy. These observations led to TOGA study, 
a randomized phase 3 clinical trial, where patients with treatment-naïve advanced or 
metastatic gastric or GE adenocarcinoma with overexpression of HER-2 received 
fluoropyrimidine/cisplatin chemotherapy alone or in combination with trastuzumab 
[5]. Patients were eligible if their tumor samples were scored as 3+ on immunohis-
tochemistry or if they were FISH positive with a HER-2/CEP17 ratio ≥ 2. The pri-
mary endpoint of overall survival (OS) was met, where patients that received the 
combination experienced a median survival benefit of 2.7  months compared 
(13.8 months versus 11.1 months) to those that received chemotherapy alone (HR 
0.74, 95% confidence interval (CI) 0.60–0.91, p = 0.0046) [5]. Treatment was well 
tolerated, where rates of grade 3 or higher adverse events did not differ between the 
two groups. The positive results from TOGA changed the treatment paradigm for 
patients with advanced HER-2+ disease, for whom treatment with platinum and 
fluoropyrimidine cytotoxic chemotherapy in combination with trastuzumab is now 
the standard of care.

 Pertuzumab

Pertuzumab is a monoclonal antibody that inhibits HER-2 dimerization, where its 
mechanism of action differs and is complementary to trastuzumab. The combination 
of pertuzumab and trastuzumab significantly improved progression-free survival in 
patients with advanced HER-2+ breast cancer (CLEOPATRA trial), resulting in 
dual anti-HER-2-directed therapy the standard therapeutic approach [7]. Similar to 
the clinical activity observed in breast cancer, preclinical studies conducted in HER-
2+ human gastric xenograft models showed significant anti-tumor activity from per-
tuzumab in combination with trastuzumab compared with each monotherapy [8]. 
Based on these results, JACOB, a randomized phase 3 trial, investigated whether 
pertuzumab in combination with trastuzumab, fluoropyrimidine, and cisplatin cyto-
toxic chemotherapy would improve overall survival in patients with HER-2+ 
advanced gastric or GE cancer [9]. Despite an observed median 3.3-month survival 
benefit in patients that received the combination, the results failed to achieve statis-
tical significance (17.5 vs. 14.2 months, HR 0.84, 95% CI 0.71–100, p = 0.0565) 
[9]. From the negative results observed in JACOB, pertuzumab and specifically dual 
HER-2-targeted treatment strategies are not relevant in the treatment for advanced 
HER-2+ gastric or GE cancers.
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 Tyrosine Kinase Inhibitors (TKI) that Target HER-2

Lapatinib, an approved multi-target small molecular inhibitor in HER-2+ breast 
cancer [10], failed to demonstrate any significant clinical activity across two phase 
3 trials. In the LOGIC study, patients with treatment-naïve metastatic HER-2+ GE 
cancer were randomized to receive CapeOx chemotherapy alone or in combination 
with lapatinib [11]. The addition of lapatinib to CapeOx chemotherapy failed to 
improve overall survival (12.2 vs. 10.5  months, HR 0.91, 95% CI 0.731–1.12, 
p = 0.3492). As part of their preplanned exploratory analysis, median overall sur-
vival among Asian patients was 16.5 months with lapatinib versus 10.9 months with 
placebo (HR 0.68, p = 0.0261) compared with 10.0 months (lapatinib arm) versus 
9.1 months in patients from other parts of the world [11]. However, HER-2 status is 
not known to vary based on these patient characteristics, which are not reliable or 
predictive for patient outcomes in this setting. The lack of efficacy from lapatinib 
was consistent in the refractory setting where in the phase 3 TyTAN trial, patients 
who received the combination of lapatinib with paclitaxel chemotherapy failed to 
show a survival benefit compared to those that received chemotherapy alone 
(11.0 months with lapatinib versus 9.9 months with paclitaxel alone) [12].

 Trastuzumab-Emtansine (T-DM1)

T-DM1 is an antibody drug conjugate that consists of the monoclonal antibody 
trastuzumab linked to the cytotoxic agent emtansine (DM-1) and functions by 
inducing tumor cell cytotoxicity and antibody-dependent cell-mediated cytotoxic-
ity. Trastuzumab inhibits tumor cell growth by binding to the HER-2/neu receptor, 
whereas DM1 enters the cell and induces cytotoxicity by tubulin binding [13]. In 
gastric cancer cell xenograft models, enhanced tumoricidal activity was observed 
from T-DM1 compared to trastuzumab monotherapy [14]. This promising activity 
led to GATSBY, a phase 2/3 trial that investigated T-DM1  in patients with 
treatment- refractory advanced gastric or GE cancer [15]. In an open-label adap-
tive phase 2/3 trial, patients were randomized to receive either T-DM1 or taxane 
chemotherapy, with a primary endpoint of overall survival. T-DM1 failed to dem-
onstrate a survival benefit over taxane chemotherapy arm (7.9  months vs. 
8.6 months, respectively) [15].

Despite HER-2 overexpression/amplification being an established therapeutic 
target in breast and GE cancers, the discordance in clinical activity between the two 
diseases suggests that HER-2-positive tumors are not created equal. This is likely 
due to in part from the varying incidence in HER-2 positivity, pathologic concor-
dance rates, and detection testing measures. The knowledge of HER-2 as a prognos-
tic and predictive biomarker has been well established in breast cancer, which 
includes an understanding of mechanisms of de novo and acquired treatment resis-
tance. While the information generated from breast cancer research does not directly 
apply to gastric or GE cancers, aspects can be utilized in the knowledge and future 
development of treatment strategies in HER-2+ GE cancers.

D. H. Ahn and T. Bekaii-Saab



279

 Targeting Angiogenesis

Vascular endothelial growth factors (VEGF) are integral in vasculature develop-
ment and formation in adults. VEGF ligands (VEGFA, B, C, D, and E and placental 
growth factor) stimulate endothelial cell growth and induce angiogenesis [16]. 
Ligands mediate the angiogenic response by binding to their respective receptor 
tyrosine kinases (RTKs), VEGFR 1–3, and induce pro-angiogenic effects (increased 
angiogenesis, endothelial cell survival and migration, increased vascular permeabil-
ity) through subsequent signal transduction. Angiogenesis is essential for tumor 
proliferation and without the necessary microenvironment, and its inhibition induces 
cessation of tumor growth. In GE cancers, VEGF overexpression was associated 
with known poor prognostic tumor markers and has been shown to be prognostic for 
patient outcomes in solid tumor malignancies [17–19]. As such, anti-angiogenic 
approaches represent a rational treatment strategy in GE cancers.

 Bevacizumab

Bevacizumab is a monoclonal antibody that targets VEGF and has been approved 
for the treatment of several solid tumor malignancies, leading to its investigation in 
GE cancers. AVAGAST, a randomized phase 3 trial, investigated fluoropyrimidine/
platinum chemotherapy with bevacizumab or placebo in treatment-naïve metastatic 
GE cancers [20]. Despite a 2.1 survival benefit that was observed in patients who 
received bevacizumab, the survival difference failed to reach statistical significance 
(12.1 vs. 10.1 months, HR 0.87, 95% CI 0.73–1.03, p = 0.1002). AVATAR, a similar 
randomized phase 3 trial conducted in China, also failed to demonstrate a signifi-
cant survival benefit from bevacizumab in patients with treatment-naïve metastatic 
GE adenocarcinoma [21]. Despite the clinical activity seen in other gastrointestinal 
malignancies, the negative results observed in these two studies suggest bevaci-
zumab should not be given as a potential treatment in advanced GE cancers.

 Ramucirumab

Ramucirumab, a fully humanized IgG1 monoclonal antibody that targets VEGFR2, 
has been investigated and is approved for treatment-refractory advanced gastro-
esophageal cancers. In the phase 3 REGARD trial, patients that previously failed 
platinum/fluoropyrimidine chemotherapy were randomized to receive ramucirumab 
versus placebo [3]. The study met its primary endpoint, where patients who received 
ramucirumab experienced a median 1.4-month survival benefit in comparison to the 
placebo arm (5.4 vs. 3.8 months, HR 0.77, 95% CI 0.603–0.998, p = 0.047) [3]. 
Adverse events were similar between the two groups, with the ramucirumab group 
experiencing higher rates of hypertension (16% vs. 8%) [3]. Based on these positive 
findings in conjunction with the results observed from COUGAR-02 which demon-
strated a clinical benefit from taxane chemotherapy in treatment-refractory 
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metastatic gastroesophageal cancer, the RAINBOW trial was conducted, where 
patients were randomized to receive weekly paclitaxel (80 mg/m2 days 1, 8, and 15 
every 28 days) with or without ramucirumab on days 1 and 15. The results showed 
a significant survival benefit favoring the ramucirumab arm, where patients experi-
enced a 2.2-month survival benefit in comparison to the placebo arm (9.6 vs. 
7.4 months, HR 0.807, 95% CI 0.678–0.962) [4]. In the ramucirumab arm, a higher 
proportion of patients experienced grade 3 or higher neutropenia (133 [41%] of 327 
vs. 62 [19%] of 329), leucopenia (57 [17%] vs. 22 [7%]), hypertension (46 [14%] 
vs. 8 [2%]), fatigue (39 [12%] vs. 18 [5%]), anemia (30 [9%] vs. 34 [10%]), and 
abdominal pain (20 [6%] vs. 11 [3%]). The incidence of grade 3 or higher febrile 
neutropenia was low in both groups. Based on the positive results observed in 
REGARD and the RAINBOW trial, ramucirumab received FDA approval as a 
monotherapy or in combination with paclitaxel chemotherapy. Based on the degree 
of peripheral neuropathy, the ramucirumab in combination with paclitaxel is the 
preferred treatment choice. Based on the promising results observed in the refrac-
tory setting, the RAINFALL trial, a randomized phase 3 trial, was completed, which 
investigated ramucirumab in the first-line setting. Patients with treatment-naïve 
metastatic GE cancer received cisplatin/fluoropyrimidine (5-fluorouracil or 
capecitabine per investigator’s choice) chemotherapy with or without ramucirumab. 
The primary endpoint of the study was PFS, with OS as its secondary endpoint. The 
study met its primary endpoint, which showed a statistically significant difference 
in PFS (HR 0.75, 95% CI 0.61–0.94, p = 0.01), favoring the ramucirumab arm [22]. 
However, the difference equated to a 0.3-month benefit in PFS (median PFS 5.7 
versus 5.4  months) between the two treatment arms. No survival benefit was 
observed in patients that received ramucirumab. Thus, despite the study meeting its 
primary endpoint, the lack of a clinically meaningful improvement in PFS will 
likely not result in a significant change in practice, and ramucirumab should be 
reserved in the treatment-refractory setting, where there is a more pronounced ben-
efit in patient outcomes.

 Tyrosine Kinase Inhibitors that Target VEGF

Another strategy in targeting angiogenesis that has shown promise is with tyrosine 
kinase inhibitors that inhibit angiogenesis. Several agents have shown promise and 
are currently undergoing investigation in the treatment of GE cancers. Regorafenib, 
an oral multi-targeted tyrosine kinase inhibitor that inhibits several receptor tyrosine 
kinases including angiogenesis (through blocking VEGFR2 and endothelial- specific 
type 2), is approved in the treatment of metastatic colorectal cancer [23] and is 
under investigation in the treatment of advanced gastroesophageal cancers. 
INTEGRATE, an international randomized phase 2 trial, investigated the clinical 
efficacy of regorafenib versus best supportive care in patients with treatment- 
refractory advanced GE cancers. The study met its primary endpoint, where patients 
who received regorafenib demonstrated a significant improvement in PFS (2.6 vs. 
0.9, HR 0.40, 95% CI 0.28–0.59, p  >  0.001). A non-significant trend toward an 
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improvement in OS was seen favoring the regorafenib arm (5.8 vs. 4.5 months, HR 
0.74, 95% CI 4.4–6.8, p = 0.147). Toxicities related to regorafenib were similar to 
those in previous studies. To confirm the observed positive results, INTEGRATE II, 
an international randomized placebo controlled phase 3 trial, with a primary end-
point of overall survival is ongoing (ClinicalTrials.gov, NCT02773524) and, if posi-
tive, will offer another treatment option for patients with treatment-refractory 
disease. Apatinib, an oral tyrosine kinase inhibitor that selectively inhibits VEGFR2, 
showed a significant benefit in overall survival in a Chinese placebo controlled ran-
domized phase 3 trial, where patients randomized to Apatinib experienced a 1.8- 
month survival benefit (6.5 vs. 4.7  months, HR 0.709, 95% CI 0.537–0.937, 
p = 0.0156) [24]. The most common grade 3 or 4 toxicities observed included neu-
tropenia (37.5%), anemia (25%), thrombocytopenia (25%), palmar-plantar erythro-
dysesthesia (27.8%), proteinuria (47.7%), and hypertension (35.2%) [24]. To 
corroborate the clinical activity observed in the Chinese patient population, ANGEL, 
an internationally run placebo controlled phase 3 trial, is currently ongoing 
(ClinicalTrials.gov, NCT03042611).

 Immunotherapy in the Treatment  
of Gastroesophageal (GE) Cancers

Over the past decade, immunotherapeutic approaches, most notably immune check-
point inhibitors, epitomized by antibodies against T lymphocyte regulators CTLA-4 
(cytotoxic T lymphocyte-associated protein 4) and programmed death-1 (PD-1), has 
emerged as a promising treatment option for many solid tumor malignancies and 
has garnered much enthusiasm as a potential treatment option in GE cancers 
[25–28].

In GE cancers, PD-1 and its ligands programmed death-ligand 1 (PD-L1) and 
programmed death-ligand 2 (PD-L2) have been shown to be overexpressed and play 
an integral role in regulating the immune response to cancer cells. In GE cancers, 
immunosuppressive PD-L1 protein expression has been shown to be associated 
with a poor prognosis [29]. Thus, targeting PD-1/PD-L1 with immune checkpoint 
inhibitors can potentially enhance the immune response to GE cancers and repre-
sent an innovative treatment strategy. Several PD-1, PD-L1, and CTLA-4 immune 
checkpoint inhibitors have been investigated in advanced GE cancers (Table 14.2).

ATTRACTION-02, a placebo controlled randomized phase 3 trial, was con-
ducted in East Asia (Japan, South Korea, and Taiwan), where patients with treatment- 
refractory GE cancer were randomized to receive either nivolumab, a PD-1 inhibitor 
(3 mg/kg IV Q2 weeks), or placebo [30]. The primary endpoint of the study was OS, 
with secondary endpoints that included PFS, overall response rate (ORR), and dis-
ease control rate (DCR) [30]. The study met its primary endpoint, where patients 
who received nivolumab experienced a 1.12-month survival benefit compared to 
those randomized to the placebo arm (median OS 5.26 months vs. 4.14 months, HR 
0.63, 95% CI 0.51–0.78, p < 0.0001). The survival benefit was observed regardless 
of PD-L1 expression status. Grade 3 or 4 treatment-related adverse events occurred 
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in 10% of the patients who received nivolumab compared to 4% in the placebo arm. 
No new safety signals were observed in the study. Similar results were observed in 
KEYNOTE-059, a global open-label single-arm multi-cohort phase 2 trial that 
investigated pembrolizumab, a PD-1 inhibitor, in patients with treatment-refractory 
GE cancers [31]. In Cohort 1, patients received pembrolizumab 200 mg Q3 weeks 
for up to 2 years or until disease progression or intolerable toxicity. The primary 
endpoint of the study was safety and ORR in all patients and in the subset of patients 
with PD-L1+ tumors. PD-L1 expression was evaluated by the PD-L1 IHC 22C3 
pharmDx Kit (Dako), and PD-L1 positivity was based on a combined positive score 
(CPS) ≥ 1. CPS is determined by the number of PD-L1 staining cells (tumor cells, 
lymphocytes, macrophages) divided by the total number of tumor cells evaluated, 
multiplied by 100 [31]. Of the 259 patients enrolled in Cohort 1, an ORR of 11.6% 
was observed in all patients where patients with PD-L1+ had an ORR of 15.5% 
versus 6.4% in PD-L1- tumors [31]. Forty-six patients (17.8%) experienced one or 
more grade 3 to 5 treatment-related adverse events [31]. Based on these results, the 
FDA approved pembrolizumab for patients with locally advanced or metastatic GE 
adenocarcinoma whose tumors express PD-L1.

In contrast to the results observed in ATTRACTION-02 and KEYNOTE-059, 
several other randomized clinical trials that investigated PD-1 or PD-L1 inhibitors 
failed to demonstrate any meaningful clinical activity in GE cancers (Table 14.2). 
KEYNOTE-061, a randomized phase 3 trial, investigated pembrolizumab versus 
paclitaxel in patients with treatment-refractory GE cancers whose tumors expressed 
PD-L1 positivity [32]. The primary endpoints were overall survival and progression- 
free survival in patients with a programmed cell death-ligand 1 (PD-L1) combined 
positive score (CPS) of 1 or higher. Pembrolizumab did not significantly improve 
OS compared to paclitaxel, where patients treated with pembrolizumab had a 
median OS of 9.1 months versus 8.3 months in patients treated with paclitaxel (HR 
0.82, 95% CI 0·66–1·03, p = 0.0421) [32]. There was no significant difference in 
PFS between the two treatment arms (1.5 months in patients treated with pembroli-
zumab versus 4.1  months with paclitaxel) (HR 1.27, 95% CI 1.03–1.57) [32]. 
JAVELIN Gastric 300 (NCT02625623), a global randomized phase 3 trial, investi-
gated avelumab, a PD-L1 inhibitor, compared to physician’s choice of chemother-
apy (irinotecan or paclitaxel) in patients with advanced GE cancer that progressed 
or relapsed after two prior chemotherapy regimens. While the results have not been 
published, a press release stated that the study failed to demonstrate a survival ben-
efit from avelumab therapy.

Thus, taking into consideration the positive and negative results observed across 
several phase 3 trials, it is evident that further work needs to be done to refine and 
identify patients with GE cancers that will benefit from immunotherapeutic 
approaches. In 2014, The Cancer Genome Atlas (TCGA) completed a comprehen-
sive molecular assessment of GE cancers. The TCGA characterized four distinct 
molecular subtypes, Epstein-Barr virus (EBV), microsatellite instability (MSI), 
genomically stable (GS), and chromosomal instability (CIN), which were based on 
various alterations which included gene mutations, copy number alterations, gene 
expression, and DNA methylation [33]. Each of the molecular subtypes is 
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characterized by distinct genomic characteristics, where tumors positive for EBV 
displayed PIK3CA mutations and PD-L1 amplification, in contrast to the CIN sub-
type, which was characterized by marked aneuploidy and focal amplification of 
receptor tyrosine kinases. Potentially, these findings will allow for improved patient 
selection for specified therapies, which includes identifying specific patient sub-
groups likely to benefit from immunotherapies. Given the prevalence for PD-L1 and 
PD-L2 expression in the EBV molecular subgroup, patients with EBV+ tumors may 
be preferred candidates for immunotherapies aimed at targeting the PD-1/PD-L1 
axis [34]. In addition to the characterization of patients subgroups likely to benefit 
from immunotherapies, further work is needed in the identification of novel bio-
markers predictive for immunotherapy response which include PD-L1 expression, 
gene expression signatures, serum-soluble factors, and tumor mutation burden [35]. 
While PD-L1 has been suggested to be a potential predictive biomarker, it appears 
to be prognostic, as clinical activity is observed in patients who tumors do not 
express PD-L1 [31]. However, given the association between MSI-H and response 
to checkpoint inhibitors, MSI positivity is predictive for response to PD-1 blockade 
and should be assessed in all patients with GE cancers [36]. While immune check-
point inhibitors have demonstrated modest activity in patients that response to these 
agents, future strategies aimed at enhancing the anti-tumor immune response includ-
ing the combination of various novel agents are needed. CHECKMATE-032 inves-
tigated nivolumab at varying doses in combination with ipilimumab, an anti-CTLA-4 
antibody, in patients with treatment-refractory GE cancer, where the primary end-
point of the study was ORR.  Despite including a relatively treatment-refractory 
cohort of patients, the combination of nivolumab (1 mg/kg Q3 weeks) and ipilim-
umab (3 mg/kg Q3 weeks) resulted in an ORR of 24%, where patients with PD-L1 
positivity had a ORR of 40% (4 out of 10 patients) compared to 22% in the PD-L1 
negative cohort (7 out of 32 patients) [37]. While the combination demonstrated 
promising clinical activity, 21% of patients treated with nivolumab (1 mg/kg Q3 
weeks) and ipilimumab (3 mg/kg Q3 weeks) experienced serious treatment-related 
adverse events, of which 17% were grade 3 or 4 [37]. Thus, despite the encouraging 
clinical activity observed from the combination of PD-1 and CTLA-4 inhibitors, an 
improvement in the toxicity profile is needed prior to its application into clinical 
practice. Alternative strategies, aimed at targeting other suppressive immune check-
point proteins including LAG-3 and IDO (tryptophan-catabolizing enzyme that 
contributes to an immunosuppressive tumor microenvironment), are ongoing in 
early phase trials.

 Conclusions and Future Directions

Treatment of advanced GE cancers remains an unmet need, where standard treat-
ment regimens provide modest improvement in patient outcomes. Recent advances, 
primarily in our understanding of the molecular subtypes present in GE cancers, 
are encouraging and have spurred further investigation in tailoring studies toward 
specific subgroups of patients. While early findings with immunotherapies are 
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promising, further work is needed, primarily in the understanding of the immune 
system and the immunosuppressive tumor microenvironment, which will allow the 
development and investigation of novel alternate therapies aimed at stimulating the 
immune system.
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 Introduction

Esophageal cancer is a highly aggressive malignancy which accounted for approxi-
mately 17,290 cases and 15,850 deaths in the United States in 2018 [1]. Given that 
50% of patients present with overt metastatic disease and the majority of patients 
initially treated for locoregional disease will develop recurrence, most patients will 
undergo systemic therapy during their disease course [2]. Chemotherapy remains 
the core treatment for metastatic disease and improves survival over best support-
ive care. However, the prognosis for patients with esophageal cancer remains poor 
as the majority of patients will develop chemotherapy resistance and treatment 
options beyond first- and second-line therapy are limited. With the exception of the 
addition of trastuzumab to first-line therapy for Her2-positive disease [3] and 
ramucirumab as monotherapy [4] or in combination with paclitaxel [5] as second-
line treatment, clinical trials evaluating targeted therapies have been disappointing. 
Thus, there is a critical need to improve outcomes for those diagnosed with this 
virulent disease.

In recent years, immunotherapy has emerged as a novel treatment strategy that 
has transformed outcomes in several cancers with a historically poor prognosis such 
as melanoma and lung cancer. In 2011, ipilimumab, an anti-cytotoxic T lymphocyte 
antigen-4 (CTLA-4) antibody, became the first immune checkpoint inhibitor to be 
approved by the US Food and Drug Administration (FDA) for the treatment of 
advanced melanoma [6, 7]. More recently, antibodies that target the programmed 
death (PD-1) and PD-ligand-1 (PD-L1) pathways have undergone evaluation in 
multiple other solid tumors which has resulted in FDA approval of these agents in 
melanoma, non-small cell lung cancer, renal cell carcinoma, urothelial carcinoma, 
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squamous cell carcinoma of the head and neck, classical Hodgkin’s lymphoma, 
hepatocellular carcinoma, and microsatellite unstable (MSI) or mismatch repair 
protein-deficient (dMMR) cancers (irrespective of primary site, the first site- 
agnostic approval for any anti-cancer therapy).

There has been similarly strong interest in the evaluation of immune checkpoint 
inhibitors in esophageal cancer, and, in a landmark approval, the FDA approved 
pembrolizumab in September 2017 for patients with advanced gastric and gastro-
esophageal (GE) junction adenocarcinoma whose tumors express PD-L1 and who 
have received two or more prior chemotherapy regimens.

This chapter will outline the biologic rationale for the use of immunotherapeutic 
strategies in the treatment of cancer and discuss the accumulating data regarding 
their use in esophageal cancer.

 CTLA-4 and PD-1/PD-L1/PD-L 2 Pathways in Cancer

CTLA-4 is a protein receptor that was implicated as a negative regulator of T cell 
activation in the mid-1990s [8, 9]. When expressed on the cell surface of CD4+ and 
CD8+ T lymphocytes, it has higher affinity for the costimulatory receptors B7-1 and 
B7-2 present on antigen-presenting cells (APCs) than for the T cell costimulatory 
receptor CD28 [10]. Expression of CTLA-4 is upregulated by the degree of T cell 
receptor activation and cytokines such as interleukin-2 and interferon gamma, 
which form a feedback inhibition loop on activated T effector cells. Activation leads 
to downregulation of the immune response triggered by APCs. CTLA-4 was impli-
cated in the immune surveillance of cancer in sarcoma and colon adenocarcinoma 
mouse models, in which inhibition of CTLA-4 led to tumor shrinkage [11]. 
Ipilimumab was subsequently the first immune checkpoint inhibitor approved, 
based on a phase III study demonstrating that it improved survival in patients with 
metastatic malignant melanoma [6].

PD-1 is a transmembrane protein expressed on T cells, B cells, and NK cells. 
Like CTLA-4, it is also an inhibitory immune checkpoint molecule [12]. It has two 
ligands, PD-L1 and PD-L2. PD-L1 is expressed on multiple tissue types, including 
tumor cells, while PD-L2 is mostly expressed on APCs. When PD-L1 expressed on 
tumor cells binds to PD-1 on activated T cells, an inhibitory signal is delivered to the 
T cell, which inhibits apoptosis of the tumor cell [13]. Unlike CTLA-4, which func-
tions in T cell activation, the PD-1/PD-L1/PD-L2 pathway is thought to protect cells 
from attack by T cells [14].

 CTLA-4 Inhibitors in Esophageal Cancer

By blocking the interaction between CTLA-4 and its ligands, CTLA-4 inhibition 
promotes antitumor responses through T cell activation and tumor infiltration. Two 
anti-CTLA-4 antibodies, ipilimumab and tremelimumab, have been evaluated in 
esophageal cancer. The results presented below suggest very modest single-agent 
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activity for these drugs, and, indeed, further evaluation of this class of drug as 
monotherapy in esophageal cancer is not being undertaken.

 Tremelimumab

Tremelimumab was the first immune checkpoint inhibitor to be evaluated in esopha-
gogastric (EG) cancer when a phase II study investigated its role as second-line 
therapy in patients with metastatic gastric, GE junction, and esophageal adenocar-
cinomas [15]. Tremelimumab was administered every 3 months at a dose of 15 mg/
kg. Of 18 patients who were enrolled, 15 had received 1 prior line of therapy, and 3 
had received 2 lines of therapy. At the end of the first cycle of treatment, four patients 
(22%) had stable disease. One of these patients had incremental reduction in tumor 
burden and achieved a partial response (PR) after 8 cycles that was sustained after 
33  months of follow-up. Median PFS was 2.83  months and median OS was 
4.83 months. Encouragingly, however, 12-month OS was 33%. Of note, the dose of 
tremelimumab utilized in this study was lower than the 10 mg/kg every 4 weeks 
dose currently being evaluated in ongoing studies, although it is unclear if a dose- 
relationship curve exists for these drugs.

 Ipilimumab

A phase II study subsequently evaluated ipilimumab monotherapy in patients with 
advanced gastric or GE junction adenocarcinoma [16]. Patients who had achieved at 
least stable disease after first-line fluoropyrimidine/platinum chemotherapy were 
randomized to ipilimumab, 10 mg/kg every 3 weeks for four doses followed by 
10 mg/kg every 12 weeks for up to 3 years, or best supportive care (BSC), which 
mainly consisted of continuation of fluoropyrimidine maintenance. The primary 
endpoint of the study was immune-related progression-free survival (irPFS). In 114 
patients accrued, there was disappointingly no improvement in irPFS (2.92 vs. 
4.90 months) or median overall survival (OS; 12.7 vs. 12.1 months) with ipilim-
umab. Grade 3/4 treatment-related adverse events (TRAEs) occurred more fre-
quently in the patients who received ipilimumab vs. those who received active BSC 
(23% vs. 9%) and included diarrhea, fatigue, and hypothyroidism.

 PD-1 and PD-L1 Checkpoint Inhibitors in Esophageal Cancer

Based on prolonged overall survival (OS) in phase III trials and durable responses 
in phase II studies, antibodies inhibiting PD-1 (pembrolizumab and nivolumab) and 
PD-L1 (avelumab, durvalumab, and atezolizumab) have now been approved in sev-
eral malignancies, and these drugs continue to be extensively evaluated in EG can-
cer. The following section provides a summary of the current data for PD-1 and 
PD-L1 blockade in this disease.
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 Pembrolizumab

The KEYNOTE-012 study was a phase Ib multicenter, open-label, multi-cohort 
study which evaluated the benefit of pembrolizumab (10 mg/kg every 2 weeks) in 
patients with PD-L1-positive recurrent or metastatic gastric and GE junction tumors 
[17]. PD-L1 positivity was defined as ≥1% membrane staining of tumor or contigu-
ous mononuclear inflammatory cells. The PD-L1 positivity rate was 40% based on 
this criterion (65 of 162 tumors). Thirty-nine patients were enrolled on the study, 
68% of whom had received ≥2 prior therapies for metastatic disease and 49% of 
whom were from Asia. Of 36 patients evaluable for response by central assessment, 
8 (22%) had an objective response, all PRs. At the time of analysis, median duration 
of response (DOR) was 40 weeks, and four of the responders had ongoing response. 
Median PFS was 1.9 months, and median OS was 11.4 months, while the 6- and 
12- month OS rates were 66% and 42%, respectively. Grade 3/4 TRAEs occurred in 
five patients (13%; six events), consisting of fatigue, pemphigoid, hypothyroidism, 
peripheral sensory neuropathy, and one case of grade 4 pneumonitis.

The similarly designed phase Ib KEYNOTE-028 trial enrolled a cohort of 
patients with advanced esophageal cancer [18, 19]. This study evaluated pembroli-
zumab (10 mg/kg every 2 weeks) in 23 patients with PD-L1-positive esophageal 
carcinoma, 17 with squamous cell carcinoma (SCC), 5 with adenocarcinoma, and 1 
with mucoepidermoid carcinoma. Of the 90 patients screened, 41% had PD-L1- 
positive tumors. Most patients (87%) had received ≥2 prior therapies. The objective 
response rate (ORR) was 30%, all PRs, and two patients had stable disease. Five of 
seven responses were ongoing at the time of data analysis with a median DOR of 
40 weeks. The 6- and 12-month PFS rates were 30.4% and 21.7%, respectively. 
Grade 3 TRAEs occurred in four patients including lymphopenia, anorexia, liver 
disorder, and generalized rash.

The promising activity of pembrolizumab in gastric/GE junction tumors led to 
the KEYNOTE-059 study, a large phase II study that enrolled such patients into 
several cohorts. Cohort 1 investigated pembrolizumab 200 mg every 3 weeks in 
patients who had received ≥2 prior therapies. Patients in cohort 2 received pembro-
lizumab 200  mg in addition to cisplatin 80  mg/m2 and fluoropyrimidine 
(5- fluorouracil [5-FU] 800 mg/m2 or capecitabine 1000 mg/m2) in the first-line set-
ting every 3 weeks for 6 cycles followed by pembrolizumab plus fluoropyrimidine 
maintenance for up to 2 years or until disease progression.

KEYNOTE-059 cohort 1 enrolled 259 patients, and data has been presented in 
abstract form [20]. In this heavily pretreated population (51.7% received 2 prior 
lines of therapy and 29% and 19.3% had received 3 or ≥4 prior lines of therapy, 
respectively), the ORR was 11.6% after a median follow-up of 5.8 months. The 
complete response (CR) rate was 2.3% and 9.3% of patients had a PR. The median 
DOR was 8.4 months. Patients treated in the third-line setting had an ORR of 16.4% 
vs. 6.4% in patients who had received ≥4 prior therapies. The median PFS and OS 
in the intention-to-treat population were 2.0 and 5.6 months, respectively, and the 
12-month OS rate was 23.4%. ORRs were improved in the approximately 60% of 
patients with tumors that were PD-L1 positive (defined when the combined positive 
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score or CPS [the sum of the percentage of PD-L1 staining tumor cells, lympho-
cytes, and macrophages divided by the percentage of PD-L1 staining tumor cells] is 
≥1%) vs. PD-L1 negative (15.5% vs. 6.4%), and the median DOR was 16.3 months 
in the PD-L1-positive group vs. 6.9 months in the PD-L1-negative group. When 
patients who received pembrolizumab in the third-line setting were stratified by 
PD-L1 status, the ORR was 22.7% in those who had PD-L1-positive tumors vs. 
8.6% in those with PD-L1-negative tumors. Treatment was well tolerated with 2.3% 
of patients experiencing a grade 3/4 TRAE and grade 3/3 immune-related AEs 
occurring in 4.6%.

These results suggest that pembrolizumab has promising, albeit modest, activity 
in pretreated advanced gastric and GE junction adenocarcinoma and led to US FDA 
approval of pembrolizumab in September 2017 for patients with advanced gastric/
GE junction adenocarcinoma whose tumors express PD-L1, as determined by the 
PD-L1 IHC 22C3 pharmDx Kit (Dako) companion test by CPS, and who have 
received ≥2 prior chemotherapy regimens. This accelerated approval is contingent 
on the results of a confirmatory trial.

Preliminary efficacy and safety data from cohort 2 of the KEYNOTE-059 study 
have also been presented in abstract form. This arm enrolled 25 patients to the com-
bination of fluoropyrimidine/cisplatin and pembrolizumab as first-line therapy. The 
safety profile was encouraging. At a median follow-up of 14.7 months, grade 3/4 
TRAEs occurred in 76% of patients, most commonly neutropenia and stomatitis. 
Three patients experienced grade 3 immune-related AEs (rash and nephritis). There 
were no treatment-related deaths. The ORR was 60% and 20% of patients had stable 
disease (for a disease control rate of 80%). The ORR was 69% in patients with 
PD-L1-positive tumor vs. 38% in patients with PD-L1-negative tumor. The median 
DOR was 4.6 months. Median PFS and OS were 6.6 and 20.8 months, respectively. 
While the small number of patients and relatively early follow-up preclude any 
specific conclusions, these early data suggest that combination pembrolizumab and 
cisplatin/fluoropyrimidine has a manageable toxicity profile and encouraging anti-
tumor activity.

 Nivolumab

The largest study to date evaluating nivolumab in EG adenocarcinoma is the 
ATTRACTION-2 trial [21]. This was a randomized phase III East Asian study of 
493 patients who had received ≥2 prior chemotherapy regimens. Patients were ran-
domized 2:1 to nivolumab vs. placebo. The study revealed a very modest improve-
ment in PFS (1.61 vs. 1.45 months, hazard ratio or HR 0.60, p < 0.0001) and OS 
(5.26 vs. 4.14 months, HR 0.63, p < 0.0001) in patients who received nivolumab. 
The 12-month OS rate was a landmark 26.6% vs. 10.9% in favor of nivolumab in a 
chemorefractory population. The ORR was 11.2% (vs. 0% in the placebo group), 
with a median DOR to nivolumab of 9.53 months. An exploratory analysis retro-
spectively assessed PD-L1 expression status in approximately 40% of patients 
(n = 192); 13.5% (n = 26) of tumors were assessed to be PD-L1 positive using the 
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28-8 pharmDx assay (Dako) and by assessing PD-L1 staining only in tumor cells. 
Similar OS was observed (5.22 months vs. 6.05 months in patients with PD-L1- 
positive vs. PD-L1-negative tumors) irrespective of PD-L1 positivity (<1% vs. ≥1% 
of tumor cells). The HRs for OS favored nivolumab over placebo in both PD-L1- 
positive and PD-L1-negative groups, suggesting an OS benefit regardless of PD-L1 
expression status. Based on this study, nivolumab received regulatory approval in 
Japan for use in all patients irrespective of PD-L1 status in October 2017.

When comparing outcomes from the nivolumab ATTRACTION-2 study with 
cohort 1 of the pembrolizumab KEYNOTE-059, we observe near identical results 
for OS, PFS, and ORR as outlined in Table 15.1. Taken together, both of these stud-
ies confirm activity for anti-PD-1 blockade in EG adenocarcinomas and would sug-
gest no difference in activity between Asian and non-Asian patients.

As further evidence, CheckMate 032 was a phase I/II open-label study which 
demonstrated a comparable degree of benefit from nivolumab in a Western popula-
tion of patients. This study evaluated the safety and activity of nivolumab alone or in 
combination with ipilimumab in advanced and metastatic solid tumors and enrolled 
160 heavily pretreated patients (79% had received ≥2 regimens) with advanced che-
motherapy-refractory gastric, esophageal, or GE junction cancer. Patients were 
enrolled sequentially to three different arms: 3 mg/kg of nivolumab every 2 weeks 
(N3), 1 mg/kg of nivolumab plus 3 mg/kg of ipilimumab (N1 plus I3), and 3 mg/kg 
of nivolumab plus 1 mg/kg of ipilimumab (N3 plus I1) every 3 weeks for 4 cycles 
followed by nivolumab 3 mg/kg every 2 weeks until disease progression or intoler-
able toxicity. Preliminary results have been presented in abstract form [22] now pub-
lished - https://www.ncbi.nlm.nih.gov/pubmed/30110194.

Results from the 59 patients enrolled in the N3 cohort suggest similar activity to 
pembrolizumab and nivolumab in an Asian population, as outlined in Table 15.1. 
The ORR was 12%, with a median time to response of 1.6 months and DOR of 
7.1 months in the responders. In this study, PD-L1 positivity was assessed using a 
cutoff of ≥1% tumor staining on immunohistochemistry (assessed by the Dako 28-8 
pharmDx assay).

Finally, a Japanese open-label, single-arm, multicenter phase II study has evalu-
ated nivolumab in patients with esophageal SCC [23]. This study enrolled 65 
patients who had received a median of three prior therapies. Of 65 patients enrolled, 
64 were evaluable for the primary endpoint of ORR, and all patients were assessable 
for safety. Eleven patients (17%) had an ORR. The median PFS and OS were 1.5 
and 10.8 months, respectively. The toxicity profile was manageable, and there were 
no treatment-related deaths.

 Avelumab

Avelumab is the anti-PD-L1 antibody that has undergone the most extensive evalu-
ation to date.

The phase Ib JAVELIN study [24] enrolled patients with GE junction and gastric 
adenocarcinoma. This study enrolled patients to two cohorts. The first evaluated 
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patients who had progressed following first-line therapy (n = 20), and the second 
enrolled patients whose disease had not progressed on first-line therapy to mainte-
nance therapy (n = 55). Both groups received avelumab 10 mg/kg every 2 weeks. In 
patients who received second-line avelumab, the ORR was 15% (3/20). PD-L1 
expression (≥1% cutoff) was evaluable in 12/20 patients. Median PFS was 36 weeks 
(95% CI 6.0, 36.0) for patients with PD-L1-positive tumors and 11.6 weeks (2.1, 
21.9) for those with PD-L1-negative tumors. In the cohort who received mainte-
nance avelumab, the ORR was 7.3% (4/55, 1 complete response), and 47.3% had 
stable disease. The disease control rate was 54.5%. PD-L1 expression was evaluable 
in 43/55 patients, and median PFS for PD-L1-positive and PD-L1-negative status 
was 17.6 weeks (95% CI 5.9, 18.0) and 11.6 weeks (2.1, 21.9) respectively.

The small numbers here preclude a definitive conclusion. Activity appears to be 
generally comparable to anti-PD-1 antibodies and has paved the way for two phase 
III studies; the top-line results of one of which is discussed below.

 Durvalumab

Durvalumab is a PD-L1 inhibitor also being evaluated in EG cancer. Data presented 
in abstract form reported an acceptable safety profile with early evidence of clinical 
activity in multiple tumor types. The ORR was 7% (2/28 patients) in the gastro-
esophageal cohort with a disease control rate of 25% at 12 weeks [25].

A phase Ib/II study is currently enrolling patients with GE junction or gastric 
adenocarcinomas in the second- and third-line setting to single-agent durvalumab, 
single-agent tremelimumab, or the combination of both (NCT02340975).

 Combination Immune Checkpoint Inhibition

Data for combination immune checkpoint blockade in EG carcinoma comes from 
the CheckMate 032 study [22] now published - https://www.ncbi.nlm.nih.gov/
pubmed/30110194. As discussed above, this study enrolled patients into three 
cohorts, two of which evaluated combination ipilimumab and nivolumab. Forty-
nine patients received N1 + 13, and 52 patients received N3 + I1. Almost half of 
patients in both cohorts had received ≥3 lines of therapy. The highest ORR of all 
three cohorts was 24%, reported in the N1 + I3 group. The ORR for the N3 + I1 
group was 8%. Median OS was 6.9 months in the N1 + I3 and 4.8 months in the 
N3 + I1 group. In both groups, the ORR was higher in patients with PD-L1-positive 
tumors: 40% vs. 22% in the N1 + I3 group and 23% vs. 0% in the N3 + I1 group. 
Grade ≥ 3 toxicities were highest in patients who received N1 + I3 (35%). The most 
common G3/4 toxicities were diarrhea and elevated transaminases.

It is important that these results are interpreted with caution both because of the small 
numbers and also because patients were enrolled sequentially and not in a randomized 
fashion. Nevertheless, several hypothesis-generating observations arise. The ORR for 
the N3  +  I1 arm (8%) was certainly not superior to that observed in the N3 arm 
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(12%)—and the KEYNOTE-059 and ATTRACTION-2 studies. In addition, despite 
a higher ORR (40%; the highest reported in any immunotherapy study in EG cancer) in 
the N1 + I3 arm than the N3 arm (12%), the 18-month OS rate was similar between the 
groups (28% vs. 25%). Of note, the 18-month OS was 13% in the N3 + I1 cohort. Based 
on the superior ORR (at the expense of significant additional toxicity, which is discussed 
below), the N1 + I3 dose was selected for study in the phase III CheckMate 649 trial.

 Phase III Studies

Based on the results outlined in this chapter, numerous phase III studies are ongoing 
or planned, both in the metastatic and adjuvant settings, as noted in Table  15.2. 
Studies evaluating single-agent therapy include the KEYNOTE-061 study which is 
a randomized study investigating second-line therapy with pembrolizumab vs. 
paclitaxel in patients with advanced gastric or GE junction adenocarcinoma. In a 
recent press release, it was reported that the primary endpoints of OS and PFS were 
not met in patients whose tumors are PD-L1 positive [26]. We await presentation of 
the data. The KEYNOTE-063 study (NCT03019588) is a similarly designed study 
evaluating pembrolizumab vs. paclitaxel in an Asian population.

The KEYNOTE-181 trial (NCT02564263) is investigating pembrolizumab vs. 
physician’s choice of paclitaxel, docetaxel, or irinotecan in metastatic adenocarci-
noma or SCC of the esophagus and Siewert type I GE junction adenocarcinoma 
following progression of disease on first-line therapy. ONO-4538 is a phase III, 
randomized, open-label study (NCT02569242) evaluating nivolumab vs. paclitaxel 
or docetaxel in patients with advanced esophageal cancer who have progressed fol-
lowing standard therapies.

Finally, the JAVELIN 300 study also evaluated avelumab in the third-line setting in 
a phase III study which randomized patients to avelumab vs. physician’s choice che-
motherapy with paclitaxel or irinotecan (NCT02625623). In a recent press release, it 
was reported that the trial did not meet its pre-specified primary endpoint of improved 
OS for avelumab vs. chemotherapy, and again we await presentation of the data.

The KEYNOTE-062 study (NCT02494583) is investigating pembrolizumab 
monotherapy vs. 5-FU/cisplatin vs. 5-FU/cisplatin plus pembrolizumab as first-line 
therapy for patients with advanced PD-L1-positive, Her2-negative gastric or GE junc-
tion adenocarcinoma [27]. This trial has accrued, and results are anticipated. The 
CheckMate 649 trial (NCT02872116) is a phase III study which is currently enrolling 
patients with advanced gastric or GE junction tumor (irrespective of PD-L1 status) 
and randomizing them to ipilimumab/nivolumab vs. fluoropyrimidine/oxaliplatin plus 
nivolumab vs. fluoropyrimidine/oxaliplatin in the first-line setting [28]. The JAVELIN 
100 (NCT02625610) study is evaluating an alternative strategy of avelumab adminis-
tered as switch maintenance therapy compared with continuation of first-line chemo-
therapy after 12 weeks of induction 5-FU/oxaliplatin or capecitabine/oxaliplatin. This 
trial is a randomized, open-label, multicenter phase III study which will enroll 466 
patients with GE junction and gastric carcinoma. Patients must have at least stable 
disease following 12 weeks of first-line therapy to be eligible for enrollment.
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 Neoadjuvant and Adjuvant Therapy

Given the activity of immune checkpoint inhibitors in the advanced disease setting, 
the role of these agents in the perioperative setting in patients with stage II and III 
disease is now being investigated.

The CheckMate 577 is a global phase III study evaluating adjuvant nivolumab 
vs. placebo in patients with locally advanced esophageal or GE junction carcinoma 
who have persistent disease (defined as ypTanyN+ or ypT1-4Nany) following preop-
erative chemoradiation and surgery with clear margins [29]. The optimal treatment 
strategy for patients who do not achieve a pathologic complete response is unclear, 
and the current standard of care is surveillance following trimodality therapy. Thus, 
there is an unmet need in this patient population as the risk of disease relapse is 
high, particularly in patients with node-positive disease at surgery [30].

The KEYNOTE-585 study (NCT03221426) is a phase III study enrolling 
patients with ≥T3 and/or node-positive gastric and GE junction adenocarcinoma to 
perioperative chemotherapy (either a fluoropyrimidine/cisplatin doublet or the 
FLOT regimen of 5-FU/leucovorin/oxaliplatin/docetaxel) with or without 
pembrolizumab.

In Asian countries, postoperative adjuvant chemotherapy with tegafur-gimeracil- 
oteracil potassium (S-1) or oxaliplatin/capecitabine (CapeOx) is the standard of 
care in patients with pathologic stage II/III gastric and GE junction cancer. The 
ATTRACTION-05 study is a randomized phase III trial randomizing East Asian 
patients with stage II/III disease to adjuvant nivolumab or placebo in combination 
with physician’s choice of S-1 or CapeOx [31].

Several phase I/II studies with various designs are assessing the safety and effi-
cacy of nivolumab, pembrolizumab, durvalumab, and atezolizumab in the neoadju-
vant setting, administered either sequentially or concurrently with neoadjuvant 
chemoradiation. See Table  15.2 for a list of selected adjuvant and neoadjuvant 
studies.

 Ramucirumab and PD-1 or PD-L1 Inhibition

Targeted therapies against the vascular endothelial growth factor (VEGF) pathway 
elicit effects on tumor antigenicity and intratumoral T cell infiltration. These immu-
nomodulating effects provide a rationale for combining anti-angiogenic therapies 
with immunotherapies [32–34]. Preclinical studies suggest that simultaneous block-
ade of the VEGFR-2 and PD-1/PD-L1 pathways induces synergistic antitumor 
effects by inhibiting tumor angiogenesis and promoting access of cytotoxic T cells 
to tumors while preventing exhaustion of T cells [35–37].

Ramucirumab is a monoclonal antibody against VEGFR2, which is approved 
as a single agent and in combination with paclitaxel for second-line therapy in EG 
adenocarcinoma. A multi-cohort phase Ia/b study was the first to evaluate the 
simultaneous targeting of both PD-1 and VEGFR2 in EG adenocarcinoma [38]. 
Forty- one patients with advanced gastric or GE junction adenocarcinomas were 
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enrolled to three cohorts: previously treated with chemotherapy (cohorts A and B) 
or chemotherapy- naive (cohort A2). Ramucirumab was administered at 8 mg/kg 
on days 1 and 8 (cohorts A and A2) or 10 mg/kg on day 1 (cohort B) with pembro-
lizumab 200 mg every 3 weeks. The response rate in cohorts A and B was 7%. 
PFS and OS rates at 6  months were 22.4% and 51.2%, respectively. Eighteen 
patients were enrolled to the A2 cohort with an ORR of 17%. Any grade toxicity 
was 80%, with a grade 3/4 toxicity rate of 24%, most commonly colitis (7%) and 
hypertension (7%).

Preliminary results from a phase Ib expansion of cohort A2 (treatment-naïve) 
reported an ORR of 25% (7/28 patients; 6 had PD-L1-positive tumors). An addi-
tional 12 patients (43%) had stable disease for a disease control rate (DCR) of 68%. 
The median PFS was 5.3 months and median OS was not reached. The most com-
mon grade 3 toxicity was hypertension [39].

Results from an ongoing multi-cohort phase I study evaluating ramucirumab 
plus durvalumab in patients with metastatic gastric or GE junction adenocarcinoma, 
who have progressed after one or two prior lines of therapy, reported an ORR of 
17% (5/29 patients) and DCR of 55%. All responders had PD-L1 tumor expression 
≥25%. The combination appears safe with hypertension the most common grade 
3/4 TRAE reported [40].

While the safety profile in both studies is encouraging, the ORR observed with 
pembrolizumab/ramucirumab is modest when compared to that achieved with 
standard- of-care chemotherapy in the first-line setting. Furthermore, although the 
ORR of 17% achieved with durvalumab/ramucirumab compares relatively favor-
ably to that observed with single-agent PD-1/PD-L1 therapy in the chemorefractory 
setting, the ORR seen with paclitaxel/ramucirumab in the second-line setting (28%) 
was substantially higher [5]. Ultimately, these likely represent sufficient data to 
justify further evaluation of this combinatorial strategy, although the increasingly 
crowded therapeutic environment and the awaited results of several potentially 
practice-changing phase III studies make the optimal setting for such evaluation 
unclear at this time.

 Trastuzumab and PD-1 Inhibition

Trastuzumab has been shown to have immune-mediated mechanisms of action [41], 
and a preclinical study demonstrated that Her2-targeted therapy in combination 
with anti-PD-L1 therapy enhanced tumor growth inhibition, increasing the rates and 
durability of therapeutic response [42].

Our group at Memorial Sloan Kettering Cancer Center is currently evaluating 
pembrolizumab in combination with fluoropyrimidine/platinum and trastuzumab as 
first-line therapy in patients with metastatic Her2-positive EG adenocarcinoma with 
the rationale that dual Her2 and PD-1 blockade will result in enhanced antibody- 
dependent cell-mediated cytotoxicity (ADCC), NK cell degranulation, and syner-
gistic activity in combination with fluoropyrimidine and platinum.

M. Greally and G. Y. Ku
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 Immune-Related Toxicity from Checkpoint Inhibitors

In stimulating the immune system with immune checkpoint blockade, the goal is 
to achieve a hyper-activated T cell response directed toward tumor cells. However, 
this response can affect normal tissues and result in inflammatory side effects, 
termed immune-related adverse events (irAEs). The underlying mechanism has not 
been fully elucidated but is thought to relate to the role that immune checkpoints 
play in maintaining immunologic homeostasis [30]. IrAEs can affect any organ 
system but most commonly involve the skin, gastrointestinal tract, endocrine 
glands, and liver. Pulmonary, central nervous system, renal, ocular, pancreatic, car-
diovascular, musculoskeletal, and hematologic immune-related toxicities occur 
less frequently [43, 44].

To date, the irAEs that have been observed in trials of checkpoint inhibitors in 
EG carcinoma have been similar to published data in other disease types with no 
new safety signals observed [45]. IrAEs are more likely to occur in patients treated 
with CTLA-4 blockade than those treated with PD-1 and PD-L1 blockade [45]. 
With respect to EG carcinoma, the highest rate of adverse events in any trial to date 
was observed in the CheckMate 032 study in patients who received the combination 
of nivolumab 1 mg/kg and ipilimumab 3 mg/kg [22]. Table 15.3 summarizes the 
grade 3–4 adverse events reported in studies of checkpoint inhibition in EGC to 
date.

 Biomarkers of Response

The results of the discussed studies uniformly suggest that benefit from immune 
checkpoint inhibitors is modest in an unselected population. Most studies report a 
median PFS of less than 2 months, even in the setting of encouraging OS, suggest-
ing that most patients develop rapid progression on these treatments. Therefore, the 
identification of biomarkers to select patients most likely to benefit from these 
expensive and potentially toxic agents is a priority.

Approximately 40–60% of gastric and GE junction cancers are PD-L1 positive 
[17, 20]. There has been significant effort to investigate if PD-L1 expression by IHC 
can be used as a biomarker to select patients for immune-directed therapy with 
PD-1/PD-L1 inhibition, and pembrolizumab is approved by the FDA only in patients 
with PD-L1-positive tumors, as determined by the PD-L1 IHC 22C3 pharmDx Kit 
(Dako) companion test, and who have received ≥2 prior chemotherapy regimens. 
However, PD-L1 has been demonstrated to be an imperfect biomarker in EG cancer 
and many other cancers. Although PD-L1-positive tumors appear more likely to 
respond to treatment with anti-PD-1 and anti-PD-L1 antibodies, many of the studies 
above report responses and disease control even in patients with PD-L1-negative 
tumors. There appear to be key differences between PD-L1 expression in EG carci-
noma and lung cancer and melanoma, and its role as a biomarker does not appear to 
be generalizable between tumor types. In EG cancer, expression of PD-L1 
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principally occurs on infiltrating myeloid cells at the invasive margin and much less 
frequently on cancer cells [46, 47]. One study reported only a 12% rate of tumor cell 
membranous expression, while 44% of immune stromal cells expressed PD-L1 
[46]. It remains unclear if membranous versus stromal PD-L1 expression affects 
response in EG cancer. Of note, rates of PD-L1 staining on tumor cells and immune 
cells are higher in tumors that are Epstein-Barr virus (EBV) positive and MSI high 
[48].

Testing of PD-L1 status is also a complex issue as there are currently several 
antibodies available for PD-L1 testing which have not been directly compared 
against each other. In addition, expression is heterogeneous, and the optimal cutoff 
is uncertain, and concordance among pathologists is also more difficult to achieve 
when measuring PD-L1 positivity on immune cells. This is highlighted by the dis-
crepancy in PD-L1 positivity rates reported between the KEYNOTE-012 and 
KEYNOTE-059 studies (40% and 60%, respectively) and the ATTRACTION-2 
study which reported a 13.5% PD-L1 positivity rate. The lower PD-L1 positivity 
rate in the ATTRACTION-2 study is at least in part because only tumor cells were 
evaluated for PD-L1 staining (unlike the CPS used in the pembrolizumab studies, 
which includes both tumor cells and peri-tumoral mononuclear cells). Similarly, the 
difference in PD-L1 positivity rate between the KEYNOTE-012 and KEYNOTE-059 
studies—despite the use of the same antibody and the CPS—can be explained 
because later studies have mandated rapid processing of cell blocks for central 
PD-L1 testing. In light of the current uncertainty regarding the utility of PD-L1 as a 
biomarker, ongoing studies are enrolling patients irrespective of PD-L1 status.

A mononuclear inflammatory cell density score (0–4) was assessed in the 
KEYNOTE-012 study as part of a clinical trial PD-L1 assay which scored expres-
sion separately in tumor cells and mononuclear inflammatory cells. Of 35 patients 
who had biopsies available to be assessed with this assay, 4 of 9 (44%) patients who 
had a mononuclear cell density score of 3 had a PR, compared with 4 of 26 (15%) 
of patients with a score of ≤2. While the number of patients whose tumors were 
analyzed is small, the data is provocative.

The KEYNOTE-012 also investigated the potential use of an interferon-γ signa-
ture that may correlate with an increased magnitude of benefit from immune check-
point inhibitors. In the KEYNOTE-001 study a six-gene (CXCL9, CXCL10, IDO1, 
IFNG, HLA-DRA, and STAT1) signature of interferon-γ-related genes was associ-
ated with response to pembrolizumab in patients with melanoma [49]. In 
KEYNOTE-012, an interferon-γ composite score was calculated using gene expres-
sion profiling of RNA isolated from tumor samples. Only 30 tumor samples were 
evaluable. There was a trend toward treatment response in patients with a higher 
interferon-γ signature score (p  =  0.070) [17]. An 18-gene T cell-inflamed gene 
expression signature, derived using pretreatment tissue samples from previous pem-
brolizumab studies across several cancer types, significantly predicted ORR and 
survival in patients treated with pembrolizumab [50, 51]. In the KEYNOTE-059 
study, this gene expression signature was significantly associated with improved 
response to pembrolizumab (p = 0.014) in 144 patients who had pretreatment test-
ing of tumor tissue [20]. These results suggest that this gene signature may be a 
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meaningful predictor of treatment response. Further evaluation is attractive as it 
may be more reproducible and robust as a biomarker than PD-L1.

The Cancer Genome Atlas (TCGA) has characterized molecular subtypes of gas-
tric and esophageal cancer, and an active area of investigation is correlation of 
response to immune checkpoint inhibition with the different subtypes identified. 
The four subtypes identified in gastric cancer are EBV positive, MSI, genomically 
stable (GS), and chromosomal instability (CIN) [52]. Esophageal adenocarcinomas 
strongly resemble the chromosomal instability variant of gastric adenocarcinoma. 
The EBV and MSI subtypes show elevated mutation rates. It is speculated that most 
patients who respond to single-agent checkpoint inhibitors may have these subtypes 
and patients with the genomically stable and chromosomally unstable subtypes may 
require combination immunotherapeutic strategies. Of note, MSI-high tumors occur 
very rarely in esophageal cancer, and squamous cell esophageal carcinomas show 
frequent genetic amplifications [53].

While the MSI subgroup accounted for 22% of gastric cancer patients in TCGA 
analysis, this subgroup is rarely seen in esophageal and GE junction cancers. In 
addition, this analysis was restricted to patients with operable tumors, and the inci-
dence of MSI tumors in the metastatic setting appears to be much lower [54]. The 
presence of MSI is associated with an elevated mutation rate and has been identified 
as predictive of response to PD-1 inhibition.

Finally, it is now well recognized that PD-1 inhibitors are active in dMMR/MSI- 
high colorectal cancer, and Le et al. also reported significant activity in other mis-
match repair-deficient gastrointestinal cancers, including gastric cancer [55]. In the 
first tissue site-agnostic approval, the FDA granted accelerated approval in May 
2017 to pembrolizumab for adult and pediatric patients with unresectable or meta-
static, MSI solid tumors that had progressed on one standard therapy. The approval 
was based on data from 149 patients with MSI cancers enrolled across 5 single-arm 
clinical trials [56], and 9 of these patients had EG carcinoma. In this group, ORR 
was 56% with five out of the nine patients achieving a PR. Given this approval, test-
ing for MSI via PCR or MMR status by immunohistochemistry is now standard, 
along with Her2 and PD-L1 testing. In addition, the increasing use of next- generation 
sequencing assays will also identify patients with MSI tumors. Furthermore, high 
somatic mutational burden may be of value in predicting response to PD-1 inhibi-
tors, and only melanoma, lung, and bladder cancers demonstrate a more mutated 
profile than esophagogastric cancers [57]. Elevated tumor mutation burden may 
occur independent of MSI disease and may be utilized in the future as a biomarker 
of response [54].

 Future Directions

At the time of the writing of this manuscript, we are rapidly approaching the end of 
the era of evaluating single-agent immunotherapy or even single-agent PD-1 block-
ade combined with chemotherapy. The next decade of evaluation will involve com-
bination immunotherapeutic strategies to try to increase the proportion of patients 
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who benefit but also the magnitude of benefit obtained. Studies evaluating chemo-
therapy in combination with immune checkpoint inhibition are at an advanced 
stage, and selected studies are described in Table 15.2.

There are multiple ongoing or planned phase I/II studies investigating immune 
checkpoint inhibitors in combination with other immunotherapy drugs, targeted 
therapies, or locoregional approaches (such as radiation or ablative procedures).

An interesting combinatorial strategy that is being investigated in other cancers 
is the combination of immune checkpoint inhibition with locoregional therapy aim-
ing to generate an abscopal effect which refers to response in gross tumor sites 
outside of a radiation field. The hypothesis is that lysis of tumor cells by a locore-
gional treatment results in the release of intracellular antigens which are then recog-
nized by an activated immune system and resultant anti-cancer effect. This has 
previously been observed in patients with melanoma who were receiving ipilim-
umab and then received palliative radiation [58]. A number of studies are currently 
evaluating this strategy in microsatellite-stable/MMR-proficient colorectal cancer.

Other immunomodulators, vaccines, and targeted therapies are also being evalu-
ated in combination with immune checkpoint inhibitors. Many of these studies are 
specifically enrolling patients with EG carcinoma but also include studies that are 
enrolling EG patients in dose-expansion cohorts.

 Conclusions

The evaluation of immune checkpoint inhibitors both in solid tumors and more 
recently in EG cancer has occurred at a rapid pace. The ATTRACTION-2 
(nivolumab) and KEYNOTE-059 (pembrolizumab) studies have now confirmed 
activity of single-agent anti-PD-1 antibodies in the chemorefractory setting, result-
ing in regulatory approval (pembrolizumab in the United States and nivolumab in 
Japan) for this indication. While this is positive progress in a disease that continues 
to have a dismal prognosis, benefit is modest with single-agent therapy. It is there-
fore important to harness the knowledge that we have gained to date in order to 
move forward with innovative immunotherapeutic strategies to further improve out-
comes for patients with EG cancer. The results of the ongoing phase III studies are 
awaited with eager anticipation, and it is hoped that they will establish new treat-
ment paradigms in this disease. Finally, these drugs are not without both clinical and 
financial toxicities, with responses rates observed in a small albeit significant popu-
lation of patients. Therefore, it is imperative that we attempt to identify patients 
most likely to benefit from these therapies, through ongoing correlative efforts and 
the next generation of studies evaluating combinatorial strategies.
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Esophageal cancer is a lethal malignant disease and its incidence is still increasing. 
Despite progress in diagnosis and therapy that has been achieved in recent years, 
esophageal cancer remains a devastating disease and is one of the most frequent 
causes of cancer-related death in the world [1–3]. Esophageal cancer is usually 
clinically obscure until it has reached advanced stage. Substantially more than 50% 
of patients with esophageal cancer present at an incurable stage. Prolonged 
progression- free survival is possible only in a few of them. Thus, palliation rather 
than cure is the treatment goal for the majority of patients [4, 5]. The primary goals 
of palliative treatment are relieving dysphagia, managing pain, and improving qual-
ity of life. Caring for these patients requires a multidisciplinary approach including 
external beam radiation therapy (EBRT), chemotherapy, endoscopic dilatation and/
or stenting, photodynamic therapy, laser therapy, and palliative surgery. Dysphagia 
is the most common presenting symptom, often occurring secondary to intraluminal 
tumor growth and later secondary to treatment-induced fibrosis, postoperative 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-29832-6_16&domain=pdf
mailto:qcai@emory.edu


312

anastomotic stricture, or pseudo-achalasia secondary to cancer infiltration of the 
myenteric plexus [6]. Dysphagia often progresses rapidly to the stage when patients 
lose their ability to swallow liquids and even saliva, which leads to sialorrhea, aspi-
ration, and malnutrition [7, 8].

Since most patients with incurable esophageal cancer live no longer than 6 months, 
the aims of palliative treatment are to relieve dysphagia promptly, maintain swallow-
ing function, improve nutrition, and avoid serious complications. It is important to 
realize that treatment of incurable esophageal cancer should be individualized and 
based on tumor stage, medical condition, performance status, and personal willing-
ness of the patient. In addition, both the available expertise and results of prospective, 
randomized studies should be taken into consideration [9, 10]. A wide range of 
recently developed palliative treatment modalities are available (Table 16.1).

The main options can be divided into endoscopic and non-endoscopic approaches. 
The current available palliative treatment techniques are equally effective for esoph-
ageal adenocarcinoma (including adenocarcinoma located in the gastrointestinal 
junction, the GE junction) and esophageal squamous cell carcinoma [10]. We will 
mainly discuss the endoscopic palliative modalities in this chapter. Non-endoscopic 
procedures will be mentioned in other chapters.

In recent years, the advancement of endoscopy has offered physicians a variety 
of nonsurgical means to palliate malignant obstruction of the esophagus. Although 
there are many therapeutic options, they all have some limitations. Not all methods 
described here can be performed at every institution. Both physician and institu-
tional experiences often influence the selection of treatment.

 Stents and Stent Placement

In the 1990s, esophageal stenting was performed using plastic stents. Stent place-
ment at that time required extensive esophageal dilation because the stent had a 
diameter of 15–20 mm which couldn’t pass the stricture without dilation. Although 

Table 16.1 Current palliative modalities for dysphagia associated with esophageal cancer

Endoscopic techniques Stent placement
Photodynamic therapy (PDT)
Nd:YAG
Cryotherapy
Ablation
Argon plasma coagulation (APC)
Chemical injection therapy
Dilation
Nasoenteric feeding tube
Percutaneous endoscopic gastrostomy (PEG)

Non-endoscopic techniques Radiation therapy
Brachytherapy
External beam radiotherapy
Chemotherapy
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the plastic stents were inexpensive and relatively effective at palliation of malignant 
esophagobronchial fistulas, the thick and stiff walls of the stent caused chest pain 
and poor relief from dysphagia. In addition, old plastic stents were associated with 
a high incidence of complications, including perforation, migration, and high 
procedure- related mortality [6, 11]. During the past decade or so, self-expanding 
metal stents (SEMS) have become available for the treatment of malignant dyspha-
gia and have almost replaced plastic stents. SEMS can be used to treat intrinsic and 
extrinsic tumors that cause malignant dysphagia. They are assembled in a tightly 
bound unit on a delivery catheter, greatly reducing the diameter of the delivery sys-
tem. After endoscopic placement of the delivery system across the stricture, SEMS 
are deployed under endoscopic and fluoroscopic guidance, frequently without the 
need for pre-dilation [7, 8]. Once in proper position, SEMS is deployed by releasing 
the stent from the delivery system and allowing it to expand to its maximal diameter 
in a few hours. They can relieve dysphagia promptly (Fig.  16.1). Placement of 
SEMS is a minimally invasive procedure, with a significantly smaller risk of perfo-
ration compared with placement of plastic stents [12, 13].

 Currently Available Covered Metal Stents

In light of the disadvantage of re-obstruction of the original uncovered metal stents 
due to tumor ingrowth [14–18], the new-generation stents are covered or partially 
covered [19]. Generally, an ideal metal stent should have the following characteris-
tics: an internal diameter big enough for the passage of normal diet, flexible to avoid 
trauma during placement, resist to migrate, and removable if necessary [10]. 
Although this ideal stent does not exist at this time, all available covered stents do 
meet some of these criteria. The frequently used covered metal stents are as 
follows:

The Ultraflex stent (Boston Scientific, Natick, MA, USA) consists of a knitted 
nitinol wire tube, and the covered version has a polyurethane layer which covers the 

a b

Fig. 16.1 (a) Middle esophageal adenocarcinoma with esophageal stricture; (b) partially covered 
metal esophageal stent placed (23 mm × 12 cm)

16 Palliative Approaches in Esophageal Cancer



314

midsection of the stent extending to within 1.5 cm of either end of the stent. The 
stent has a proximal flare with two sizes: 28 mm (distal diameter 23 mm) and 23 mm 
(distal diameter 18 mm). It is important to remember that all these stents become 
30–40% shorter after placement. The radial force of the Ultraflex stent is the lowest 
among the currently available metal stents. Partial obstruction of the stent can occur 
in stents that are sharply angled beyond the GE junction. The Wallstent (Boston 
Scientific) is made from a cobalt-based alloy and is formed into a tubular mesh. It is 
available in two designs: the Wallstent II and the Flamingo Wallstent. Stents of both 
designs are easy to place. The Wallstent can be repositioned during the procedure 
because recapture remains possible, while less than 50% of the stent is deployed. 
The degree of shortening after placement is about 20–30%. Both designs have a 
high radial force. The Wallstent II flares to 28 mm at both ends, with a diameter of 
20 mm at its midsection. It is covered with a silicone polymer layer, with 2 cm left 
exposed at the proximal and distal ends. The Flamingo Wallstent is designed spe-
cifically for use in the distal esophagus/gastric cardia. However, it can be used in the 
proximal esophagus as well. The conical shape of this stent is designed to apply a 
variable radial force throughout the length of the stent to address anatomical differ-
ences in the distal esophagus and cardia. The stent is covered by a polyurethane 
layer, which is applied from the inside, extending to within 2 cm of either end of the 
stent. Both a large-diameter stent (proximal and distal diameters 30 and 20 mm) and 
a small-diameter stent (proximal and distal diameters 24 and 16 mm) are available. 
The Wallstent II and the Flamingo Wallstent are both very pliable, with the diameter 
of the stent unaffected even when angled. The Z-stent (Wilson-Cook Medical, 
Winston-Salem, NC, USA) with a Korean modification, the Choo stent (MI Tech, 
Seoul, Korea), consists of a wide “Z”-mesh of stainless steel covered over its entire 
length by a polyethylene layer. The Z-stent is available with or without fixing barbs 
in the central segment. The introduction system is more complex than that of the 
Wallstent and the Ultraflex stent. The stent does not shorten on release and is the 
least flexible of the currently available metal stents. The Z-stent flares to 25 mm at 
both ends with a diameter at its midsection of either 18  mm or 22  mm. Partial 
obstruction can also occur with Z-stents if they are sharply angled after passing 
across the GE junction [10].

 Comparison of Different Types of Metal Stents

With the wide availability of different metal stents on the market, it is important to 
investigate which stent offers the most optimal palliation for malignant dysphagia. 
Several retrospective or prospective studies compared the outcome of different 
types of metal stents.

One retrospective study compared the uncovered Ultraflex, the covered and 
uncovered versions of the Wallstent, and the covered Z-stent on 96 patients. There 
were no differences in the outcome and complication rate among the different stent 
types [20]. Covered versions of the Wallstent and the Ultraflex stent were compared 
in another retrospective trial, showing a higher early complication rate with the 
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Wallstent but a higher re-intervention rate with the Ultraflex stent [9, 21]. In a pro-
spective study, 100 patients were randomized into 1 of 3 types of covered metal 
stents, Ultraflex stent, Flamingo Wallstent, and Z-stent. No significant differences 
were found in dysphagia improvement, the occurrence of complications, or recur-
rent dysphagia, although there was a trend toward more complications with Z-stent 
(Ultraflex stent 8/34 (24%) and Flamingo Wallstent 6/33 (18%) than Z-stent 12/33 
(36%); P  =  0.23) [22]. In another prospective trial, the Ultraflex stent and the 
Flamingo Wallstent were compared in patients with distal esophageal cancer. The 
two types of stents were equally effective in the palliation of dysphagia in this 
patient group, and the complication rate associated with their use was also compa-
rable (Ultraflex stent 7/31 (23%) and Flamingo Wallstent 5/22 (23%)) [9, 23].

We can conclude that there are only slight differences between the most fre-
quently used types of stents. The choice of stent should therefore depend on the 
location and anatomy of the malignant stricture as well as the specific characteris-
tics of the stent.

 The Efficacy and Complications of Self-Expanding Mental Stent

Generally, the technical success rate for placement of metal stents is close to 100%. 
Almost all patients experience rapid improvement of dysphagia within a few days. 
The dysphagia grade usually improves from a median of 3 (able to drink liquids 
only) to a median of 1 (able to eat most solid foods). Limitations to successful 
placement include severe pain during procedure; extensive tumor growth in the 
stomach; failure of the stent to release from the introduction system, as can occur 
with Ultraflex stents; and immediate stent migration when the stent has been placed 
too distally. Procedure-related complications after metal stent placement mainly 
consist of perforation, aspiration pneumonia, fever, bleeding, and severe chest pain 
and occur in 5–15% of patients. Minor complications are mild retrosternal pain and 
gastroesophageal reflux, which are reported in 10–20% of patients. Delayed com-
plications and recurrent dysphagia following stent placement are an important prob-
lem and occur in 30–45% of patients. This includes hemorrhage, fistula formation, 
stent migration, tumor over- or ingrowth, and food bolus obstruction. Treatment of 
fistula formation, stent migration, and tumor overgrowth or ingrowth mostly con-
sists of placement of a second stent. This is an effective treatment and improves 
dysphagia scores [9, 24].

 Stent Placement for Esophagorespiratory Fistulas

Esophagorespiratory fistula is a dreaded complication of esophageal cancer, which 
can lead to aspiration and respiratory failure, and occurs in 5% of all cases. It may also 
arise secondary to lung cancer and trachea and larynx cancer and have high morbidity 
and mortality rates because of comorbid conditions such as aspiration pneumonia [6, 25]. 
Placement of a covered metal stent is the choice of treatment for esophagorespiratory 
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fistula. Complete sealing of a fistula is established in more than 90% of patients with 
no significant difference between the currently available covered metal stents. 
Moreover, dysphagia scores improve significantly as well. The complication rate 
(early and late complications) varies between 10% and 30% [26–30].

 New Stent Designs

New stent designs focus on two aspects, changing of configuration and optimization 
of materials. For example, metal stents with an anti-reflux mechanism have been 
developed to prevent gastroesophageal reflux of distal esophageal cancer. The 
design of completely covered stents, like the Polyflex stent and the Niti-S stent, 
might be able to overcome ingrowth of tumoral tissue. Further, the Niti-S stent with 
a double-layer configuration, consisting of an inner polyurethane layer to prevent 
tumor ingrowth and an outer uncovered nitinol wire tube to allow the mesh to embed 
itself in the esophageal wall, has been designed to reduce stent migration.

A recently reported cause of recurrent dysphagia is the ingrowth and overgrowth 
of non-tumoral, inflammatory tissue, over and through the uncovered meshes at the 
ends of partially covered stents [31]. So, in addition to progressive tumor growth, 
benign tissue is also able to cause stent obstruction. Therefore, stents made with 
biodegradable materials, such as magnesium alloy or polymerid, may relieve 
obstruction and degrade after a period of time [32]. Relative studies are still on the 
way and further comparative studies are needed [33].

 Laser Therapy: Nd:YAG Laser

Treatment of obstructing esophageal cancer with the high-power neodymium- 
yttrium- aluminum-garnet (Nd:YAG) laser is another relatively safe but often tem-
porary palliation for dysphagia. Nd:YAG laser therapy delivers an intense beam of 
light that heats and vaporizes tumor tissue, thereby restoring patency to the esopha-
geal lumen. Dysphagia relief occurs often immediately, and successful tumor recan-
alization can be achieved in more than 90% of appropriately selected patients. 
Tumors that are relatively short in length (<6 cm), exophytic, and located in the mid 
esophagus are most amenable to laser ablation. It is not recommended for tumors in 
submucosa, tumors causing extrinsic compression, and tumors with angulation. It is 
less effective for cancer of the proximal esophagus or gastroesophageal junction. 
However, many patients (70–95%) require multiple treatment sessions and are usu-
ally reassessed at 4–6 weekly intervals [34, 35].

Laser therapy offers similar dysphagia relief to esophageal stents. An early study 
suggested that laser therapy was associated with fewer complications than esopha-
geal stenting [36]. A limitation of this retrospective study was that many of the 
patients in the stenting group received a plastic endoprosthesis rather than SEMS. A 
prospective randomized study subsequently concluded that laser therapy carried a 
higher risk of fistula formation, bleeding, and need for repeating intervention when 
compared to esophageal stents [19]. Therefore, this therapy is not widely utilized.
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 Photodynamic Therapy (PDT)

PDT, a non-thermal tissue ablative technique, involves intravenous injection of a 
photosensitizing agent that is preferentially taken up by neoplastic cells, followed 
by endoscopic application of laser therapy to the malignant stricture. Porphyrin 
compounds, such as porfimer sodium, have been the most commonly used photo-
sensitizers for the palliation of malignant dysphagia. PDT with porfimer, a hemato-
porphyrin derivative, is thought to have a direct toxic effect on malignant cell via the 
production of singlet oxygen, which damages the microvasculature of the tumor and 
renders it ischemic [37]. Porfimer preferentially accumulates in malignant tissue 
after intravenous injection. The area is then exposed to an endoscopically placed 
low-powered laser diffuser with monochrome light (630 nm), which initiates a pho-
tochemical reaction resulting in tumor necrosis. The malignant tissue can be treated 
repeatedly to provide optimal tissue ablation [6].

PDT appears to be effective at palliating dysphagia, but its widespread accep-
tance is limited by the high cost of the photosensitizing agent and the requirement 
for patients to avoid sunlight for several weeks to avoid skin phototoxicity [38, 39]. 
Furthermore, patients require repeating intervention within a mean interval of 2 
months. Major complications, including perforation, fistula formation, and stric-
tures, have been reported in up to 30% of patients [38].

 Cryotherapy

During cryoablation, liquid nitrogen or carbon dioxide at super cold tempera-
tures (−76 to −158 °C) is sprayed directly on the tumor for 20–40 s. The tissue 
is then allowed to thaw before spraying again for 20–40 s. Typically, 2–4 freeze-
thaw cycles of liquid nitrogen or 4–8 freeze-thaw cycles of carbon dioxide are 
administered. These freeze-thaw cycles cause intracellular disruption and isch-
emia, which leads to ablation of tumor tissue (thermal ablation) (Fig.  16.2). 
High-quality data has demonstrated the safety and effectiveness of this 

a b

Fig. 16.2 Cryotherapy of esophageal cancer and Barrett’s esophagus. (a) Before cryotherapy. (b) 
Immediately after therapy
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technology in Barrett’s esophagus and early esophageal cancer. The published 
literature on the efficacy of this modality for esophageal cancer palliation is pri-
marily from smaller case series [40], and long-term survival has been reported 
[41]. Further research is necessary to clarify the role of cryoablation in esopha-
geal cancer palliation.

 Argon Plasma Coagulation

Argon plasma coagulation (APC) is an ablative endoscopic technique. A type of 
monopolar electrocautery, APC causes tissue coagulation, desiccation, and destruc-
tion via the transfer of energy from the APC probe to the malignant tissue in the 
form of ionized, electrically conductive argon gas (“plasma”). The APC probe pro-
duces a plasma arc that destroys tissue to a depth of approximately 2–3 mm and is 
most useful in superficial lesions [42].

Several studies have assessed its effectiveness in the palliation of malignant 
dysphagia. In one retrospective study of 32 patients, recanalization was achieved in 
89% of patients [43]. A separate report of 83 patients found a similar recanalization 
rate of 86% [44]. Most of these patients required multiple sessions to maintain 
patency, averaging five to six sessions per patient, usually at an interval of 
3–4 weeks. Perforation was seen in 1–1.8% of procedures, a rate comparable to 
that seen in other modalities [45, 46]. Argon plasma coagulation seems to be a safe 
and easy alternative to laser treatment. Further prospective trials are needed for 
comparison [42].

 Radiofrequency Ablation (RFA)

With the advent of radiofrequency (RF), radiofrequency ablation (RFA) has been 
reported widely in recent decades. The energy of the radiofrequency current can 
radiate off solid tumors by electromagnetic waves [47, 48]. Due to its precise orien-
tation, smaller trauma, and less pain, RFA has become increasingly recommended 
as a new option for esophageal tumors, which in part averts both pain and poor life 
quality in advanced patients [49]. In clinical practice, the endoscopic RFA can not 
only ablate tumors in the esophagus directly but also can further offer space for the 
stent extension by ablating ingrowth tumor, therefore keeping the stent patent for a 
longer time [50] (Fig. 16.3).
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 Dilatation

The normal functional lumen diameter of the esophagus in adults is 25 mm. If it 
decreases to 13  mm, symptoms of dysphagia to solid and regular diet appear. 
Esophageal dilation is generally used for benign or postoperative strictures and not 
recommended for malignant stricture. But in some special situations, dilatation 
might provide temporary relief. Endoscopically directed balloon dilatation or wire- 
guided polyvinyl bougies can bring temporary relief of dysphagia until more defini-
tive treatment is given. Several sessions with balloon, Savary, and Maloney dilators 
can safely dilate most malignant strictures up to 17 mm. The relief duration obtained 
from dilatation is short; repeated dilatation is required in 1–2 weeks. Dilatation of 
malignant stricture should only be used as a preliminary modality before endo-
scopic tumor ablation or placement of an enteral feeding tube prior to chemoradia-
tion therapy [6, 51–53].

 Alcohol Injection

Direct injection of pure ethanol into malignant tissue is the simplest and least expen-
sive technique that can recanalize an obstructed esophagus. Alcohol injected under 
endoscopic visualization can cause tissue fixation, tumor ulceration, and necrosis. It 

a

c

b

Fig. 16.3 Radiofrequency ablation of esophageal cancer and Barrett’s esophagus. (a) Before 
therapy, (b) during therapy, (c) immediately after therapy
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has proved to be an effective modality in the relief of malignant dysphagia. Like 
laser therapy, alcohol injection is best suited for treating exophytic bulky lesions at 
all levels of the esophagus.

Significant relief of dysphagia was demonstrated in two uncontrolled trials [54]. 
In a randomized, controlled trial comparing neodymium-yttrium-aluminum-garnet 
(Nd:YAG) laser with ethanol injection, the dysphagia-free interval was 37 days and 
30 days, respectively. An improvement in the dysphagia score of at least two points 
was noted in 88% of the laser group and 78% of the ethanol group, with no differ-
ence in median survival [34]. In one of the largest studies, 36 patients underwent 
alcohol injection therapy for palliation of dysphagia. The mean number of treat-
ments required to “recanalize” the esophagus was 1.8, and the mean volume of 
alcohol injected per session was 7.8 milliliter (mL). All patients reported fever and 
chest pain for 12–24 h after the procedure. Dysphagia improved in 81% of patients. 
Seven of the 36 patients had no subjective improvement despite objective evidence 
of esophageal patency [7].

Despite this technique relying on readily available and inexpensive materials and 
capability by nearly all endoscopists, this procedure has not gained widespread use 
in the United States since it is performed simply by injection of ethanol in aliquots 
of 0.5–1.0 mL into protuberant portions of neoplastic tissue. Excessively firm or 
fibrotic tumors may lead to difficulties with injection. On the other hand, if tumors 
are too soft, without much resistance to alcohol injection, it may be difficult to esti-
mate the amount of alcohol delivered. Thus, when using alcohol injection, dosime-
try can be inaccurate [7].

In summary, there are a number of palliative modalities for advanced-stage 
esophageal cancer. Stent placement, RFA, APC, and cryotherapy are commonly 
used. Selection depends on patients’ condition and expertise.
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 Malnutrition

Poor nutritional intake and weight loss due to cancer diagnosis or treatment can lead 
to malnutrition. Before diagnosis, 80% of all patients with esophageal cancer has 
over 10% of unintentional weight loss. Malnutrition is defined as “a state of nutri-
tion in which a deficiency or excess or imbalance of energy, protein and other nutri-
ents causes measurable adverse effects on tissue/body form and function and clinical 
outcome” [1]. Malnutrition leads to impaired immune response, reduced muscle 
strength, increased fatigue, impaired wound healing, impaired psycho-social func-
tion, reduced quality of life, reduced response, and tolerance to prescribed oncology 
treatment [2]. Malnutrition during cancer is a result of increased nutrient require-
ments, inadequate intake, decreased gastrointestinal absorption, and impaired 
digestion of nutrients. In 2009, the American Society for Parenteral and Enteral 
Nutrition (ASPEN) and the Academy of Nutrition and Dietetics developed a work-
group to standardize an approach to the diagnosis of malnutrition. Prior to this con-
sensus, there was no universal approach to the diagnosis of adult malnutrition [3]. 
The identification of two or more of the six characteristics is recommended for 
diagnosis of either severe or nonsevere malnutrition (Table 17.1): weight loss, insuf-
ficient energy intake, loss of muscle mass, loss of body fat, fluid accumulation, and 
diminished functional status as measured by hand grip strength. Height and weight 
should be measured not estimated to determine body mass index.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-29832-6_17&domain=pdf
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 Nutrition Screening and Assessment

Early screening for malnutrition is important for improved outcomes. Nutrition 
screening identifies patients who may have a malnutrition diagnosis and benefit 
from an assessment by a registered dietitian. Several screening tools are available 
though there is not an agreement on the best way of screening the nutrition status 
for cancer patients. Validated tools in oncology patients include the malnutrition 
screening tool (MST), the malnutrition universal screening tool (MUST), patient- 
generated subjective global assessment (PG-SGA), and subjective global assess-
ment. Evidence-based practice has recommended the use of scored patient-generated 
subjective global assessment (PG-SGA) within the oncology population [4]. Due 
to time constraints in a hospital or clinic setting, simplified screening methods can 
be beneficial. Development and research of patient-generated subjective global 
assessment short form (PG-SGA SF). Abbott et al. demonstrated an accurate and 
simple tool to detect risk of malnutrition when administered by a registered dieti-
tian [4]. Malnutrition screening tool (MST) is a simple and quick tool consisting of 
two questions. It is a reliable tool for identifying malnutrition in adult oncology 
patients [5]. The MST has been shown to be validated and reliable. Decreased oral 
intake and weight loss should be addressed early in diagnosis. Early nutritional 
intervention assists with identifying the nutritional needs and can improve clinical 
outcomes.

 Nutritional Needs of the Esophageal Cancer Patient

At cancer diagnosis, changes occur in carbohydrate, lipid, and protein metabolism. 
These abnormalities are the result of an inflammatory response of the tumor in addi-
tion to treatment side effects. This inflammation caused by the tumor has been 
defined as disease-related malnutrition [6]. Pro-inflammatory cytokines produced 
by the tumor disrupt metabolism in the body causing muscle wasting, fatigue, 
depression, and decreased physical activity [7].

Elevated resting energy expenditure (REE) has been found higher in esophageal, 
gastric, pancreatic, and lung cancer. Evaluating resting energy expenditure of newly 
diagnosed cancer, 46.7% were hypermetabolic, 43.5% were normometabolic, and 
9.8% were hypometabolic [8]. Approximately 50% of cancer patients that lost 
weight were hypermetabolic compared to controls with similar weight loss [9]. 
Increased resting energy expenditure is due to hypermetabolism contributing to a 
negative nitrogen balance [10]. To maintain weight and prevent worsening malnutri-
tion, the nutrition intake needs to meet energy requirements. The gold standard to 
determine resting energy needs is by indirect calorimetry. Indirect calorimetry cal-
culates resting energy expenditure by measuring oxygen consumption and carbon 
dioxide production [11]. If calorimeters are not available, nutrient requirements are 
estimated by predictive equations. Commonly used equations include the Mifflin-St 
Jeor, the Harris-Benedict, Ireton-Jones, Penn State (critically ill), and kcal/kg equa-
tion [12]. There is limited research specific to esophageal cancer on estimating 
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calories using predictive equations. Energy expenditure by indirect calorimetry 
using activity factors was compared to Harris-Benedict and pocket equation. 
Estimating calories using equation 30 kcal/kg was suitable in a small study of diges-
tive tract cancers [11]. Newly diagnosed esophageal patients with weight loss have 
elevated energy expenditure and higher inflammation markers. Thirty-eight out of 
fifty-six patients were found to be hypermetabolic using both indirect calorimetry 
and predicted energy equation Harris-Benedict [13]. Other research has found 
Harris-Benedict to underestimate basal energy expenditure and overestimate when 
used with an injury factor. The results of basal energy needs for indirect calorimetry 
and Harris-Benedict (1.3 injury factor) equation were 1421.8 and 1703.8, respec-
tively [14].

Protein is essential for building and repairing cells and maintaining muscle mass. 
Assuming normal renal function, protein needs range from 1.0 to 1.6 g/kg based on 
weight changes and lean body mass [15]. Fluid needs are based on nutrition assess-
ment by using common equations:

• Body surface area = 1500 mL/m2

• 1 mL fluid per 1 kcal of estimated energy needs
• Body weight 20–40 mL/kg/day

Vitamin and minerals should be supplied based on RDA recommendations unless 
tested deficiency. Estimating nutritional needs is based on physical assessment and 
current clinical data. Needs should be reassessed during intervals of treatment.

 Sarcopenia

Sarcopenia is the loss of muscle mass and strength that commonly occurs in can-
cer patients. CT assessment is the gold standard method of analyzing muscle mass 
body composition in cancer patients, but is not always practical as a nutrition 
screening tool. Sarcopenia indicated poor prognosis in esophageal cancer patients 
without lymph node involvement status post-surgical resection or chemoradia-
tion. Skeletal muscle mass was measured using standard computed tomography 
scans [16]. In a small study following participants from diagnosis to post-adjuvant 
therapy, both lean body and hand grip strength were reduced. Leading that nutri-
tion support and exercise interventions should be recommended during preopera-
tive therapy [17]. In another retrospective study, sarcopenia impacts long-term 
outcome following treatment for esophageal cancer. Sarcopenia was found in 
61.5% of patients receiving neoadjuvant treatment with 28.5% having postopera-
tive complications. Complications included pneumonia, anastomotic leakage, and 
conduit necrosis [18]. Loss of muscle and fat mass can often be disguised in over-
weight cancer patients who experience more weight loss when compared to 
underweight patients. Of the 72 studied esophageal patients, 43% was sarcopenic, 
and 14% had sarcopenic obesity, which is defined as sarcopenia with overweight 
and obesity based on body mass index (BMI). Dose-limiting toxicity during 
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chemotherapy was high in both groups but higher in sarcopenic obesity [19]. 
Demonstrating the importance of nutrition intervention for all patients despite 
BMI, leading that sarcopenia can affect long-term outcome.

 Nutrition During Treatment

As previously mentioned, weight loss, fatigue, and dysphagia are already present at 
the time of diagnosis. Treatments for esophageal cancer contribute to the develop-
ment of malnutrition after diagnosis. Weight loss before the start of treatment has 
been shown to occur in up to 74% of patients and during treatment 40–57% [20]. 
Treatments are typically multimodal: surgery, chemotherapy, and radiation.

Adjuvant chemotherapy or chemoradiotherapy is common for the treatment of 
esophageal cancer. Chemotherapy-related toxicities include anemia, leukemia, 
fatigue, appetite changes, and stomatitis and taste aversions. Approaches to reduce 
the chemotherapy toxicities is needed for full benefit of treatment. Esophagitis is the 
main side effect during radiation, with nausea, vomiting, and anorexia common 
with chemotherapy. A complete nutrition assessment should not be ignored in this 
population. A retrospective study of esophageal patients treated with chemotherapy 
or radiation found a decline in weight loss of 3.5%. During treatment, 10% of cura-
tive patients did not meet with a dietitian despite prior weight loss. Patients that 
required a feeding tube completed treatment, with 72.2% completed treatment that 
required a stent [21]. This study concludes the importance of dietitian referral in a 
timely manner, with frequent follow-up during treatment. Including implementing 
a protocol of when to implement a feeding tube.

Limited data on the effectiveness of enteral nutrition reducing toxicities during 
chemotherapy is known. There is clinical evidence supporting enteral nutrition 
especially malnourished cancer patients. A randomized study revealed chemother-
apy adverse effects leukopenia and neutropenia were reduced in patients supple-
mented with omega-3 containing enteral formula [22]. Omega-3 fatty acid support 
did not affect neutropenia, but did decrease stomatitis and diarrhea frequency [23]. 
Patients consumed ω-3 fatty acid-rich supplement orally or by nasogastric tube day 
3 before chemo to day 12. Placing prophylactic feeding tubes prior to chemoradio-
therapy can be controversial due to lack of evidence and complications from place-
ment. Patients receiving induction chemotherapy and high-dose radiation therapy 
and experiencing greater weight loss (7.5% compared to 4.5%) were associated 
with feeding tube placement [24], concluding these patients should be followed 
closely and reevaluated to prevent nutrition decline during treatment.

Dysphagia and weight loss associated with diagnosis will continue to worsen 
during neoadjuvant therapy (chemotherapy alone or concurrent with radiation). 
Self-expanding stents have been used to allow increased oral intake and maintain 
nutrition status during neoadjuvant therapy. In patients hospitalized with dysphagia, 
placement of feeding tubes is the most common intervention [25]. Nutrition therapy 
prior to initiation of neoadjuvant therapy restores normal swallowing, maintains 
weight, and may prevent feeding tube placement. Patients were provided an 
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individualized regimen as determined by a dedicated upper gastrointestinal cancer 
nutritionist. Follow-up meetings continued during neoadjuvant chemotherapy to 
maximize macronutrient intake. Of the 130 patients treated, 78 reported dysphagia 
at baseline. Weight did not significantly change after one cycle of chemotherapy. 
Intense nutrition support prior and during treatment assisted with resuming oral 
intake [26].

 Surgical Resection

After concurrent chemotherapy and radiation, patient’s immune system can be com-
prised with esophagectomy further causing immune suppression. Side effects of 
surgery include early satiety, reflux, nausea, vomiting, dumping syndrome, dyspha-
gia, anastomotic leak, and pain. Literature reports prevalence of postoperative 
symptoms dysphagia (35.7%), delayed gastric emptying (37%), reflux (39.4%), and 
dumping syndrome (21.4%) [27]. The normal gastrointestinal structure is altered 
causing intolerance to oral intake Importance should be paid to nutritional support 
preoperative and postoperatively. A worse overall 5-year survival in patients with 
preoperative weight loss (≥10%) after esophagectomy was found in a 2014 cohort 
study [28]. This current study did not observe increase in post-op complications. In 
a review by Steenhagen et al., patients with preoperative weight loss was associated 
with worse outcomes and increasing post-surgical complications [29]. The preop-
erative prognostic nutritional index is a parameter for evaluating nutritional condi-
tion, immunology, and surgical risk: 10x serum albumin level (g/dl)  +  0.005 x 
lymphocyte count in peripheral blood [30]. The PNI of salvage esophagectomy 
patients affects their overall survival [31]. Prior to esophagectomy, patients are 
likely immune suppressed due to chemotherapy and radiation, which leads to 
increased nutrition support and assessment. Parameters of pretreatment nutritional 
status were evaluated in a study of 101 esophageal patients eligible for neoadjuvant 
chemoradiation. Body weight, body mass index, handgrip strength, bioelectrical 
impedance analysis (measure fat-free mass), current energy, and protein intake were 
collected. Forty-nine percent of patients demonstrated deterioration of nutritional 
status, and 22% patients lose >5% weight. Malnutrition prevalence increased from 
pre-chemoradiation 8% to post-chemoradiation 17% [20]. Patients with higher risk 
for deterioration had higher fat-free mass. It is recommended to carefully evaluate 
all patients both well-nourished and malnourished.

 Perioperative Nutrition

Perioperative nutrition support for patients at high risk for malnutrition has been stud-
ied including carbohydrate treatment, vitamin D supplementation, and immunonutri-
tion. Vitamin D deficiency is thought to worsen postoperative lung injury. There is 
limited data on Vitamin D deficiency and supplementation perioperative for esopha-
gectomy. Immunonutrition refers to supplementation of nutrients including arginine, 
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omega-3 fatty acids, and glutamine. These nutrients enhance the immune system, are 
anti-inflammatory, and stimulate protein syntheses. Immunonutrition has been 
reviewed in major surgery, burns, trauma, and critical illness. The timing, delivery 
method, quantity, and combinations of nutrients have all been studied. In a systematic 
review of 19 trials, reduced wound infection following gastrointestinal surgery was 
found. Gastrointestinal surgeries are included in the review: total and subtotal gastrec-
tomy, pancreatectomy, and esophagectomy. Shorter hospital length of stay and 
reduced risk of wound infection are found with the enteral immunonutrition group, 
though inconsistencies were found due to study size and population. Also immunonu-
trition could be beneficial for specific patients (e.g., diabetics and malnourished) [32].

Omega-3 fatty acids (ω-3 fatty acids) are polyunsaturated fatty acids that have a 
number of functions in the body including reducing inflammation. The three types 
of omega-3 fatty acids are α-linolenic acid (ALA), eicosapentaenoic acid (EPA), 
and docosahexaenoic acid (DHA) [33]. Postoperatively following esophagectomy, 
patients supplemented with enteral immunonutrition formula improved oxygen-
ation and maintained body composition. The formula contained eicosapentaenoic 
acid, γ-linolenic acid, and antioxidants, and control group received standard for-
mula. All participants were initiated on continuous feedings 48 h post-op and con-
tinued for 2  weeks by jejunostomy tube. Subjects did not receive formula 
preoperatively [34]. The anti-inflammatory properties of immunonutrition formula 
were thought to improve the oxygenation.

Enhanced recovery after surgery (ERAS) protocol was developed and imple-
mented in colorectal surgery and reduced length of stay without increase in compli-
cations. The goal of the protocol is to improve postoperative recovery. ERAS has 
expanded to include other surgical sites and also involing the multidisciplinary team 
including dietitians. Benton et al. found patients on ERAS protocol initiated oral 
intake earlier and upgraded to solids when compared to control group. Patients 
undergoing esophagectomy were assessed by registered dietitian preoperatively, 
jejunostomy tube was placed during surgery, and enteral nutrition was initiated day 
1 following surgery (Table 17.2) [35]. Overnight fasting prior to surgery depletes 
glycogen stores and increased catabolism. There is now evidence that clear liquids 
2 h prior to surgery and solids 6 h are safe [36]. To reduce the loss of skeletal mus-
cle, carbohydrate loading had gained popularity. Studies on fasting and carbohy-
drate loading are limited with esophagectomy but have been performed in other 

Table 17.2 Diet advancement after esophagectomy

Surgical time frame Usual care ERAS
−7 Food diary Food diary
0 Surgery Surgery
+1 J tube feeding starts J tube feeding starts
+3 Clear fluids + J tube
+6 Clear fluids and J tube Oral fluids + overnight 50% J tube 

feeds
+7 Oral fluids and J tube feeds Oral soft diet+ overnight J tube feeds
+8 Discharge
+12 Discharge
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surgeries. Carbohydrate loading 2–3 h prior to surgery shows reduced postoperative 
insulin resistance and protein loss [29].

Oral intake after esophagectomy is delayed due to risk of aspiration pneumonia 
and anastomotic leakage. Evidence to evaluate safety is needed. Following immedi-
ate oral intake of clear liquids, 28% developed pneumonia compared to 40% of the 
delayed intake. Tube feeding was required in 38% of patients as oral intake was not 
tolerated. Advancing oral intake only without enteral may result in insufficient 
energy and protein intake, worsening malnutrition. Complications should be moni-
tored closely [37].

Early enteral feeding is a consideration to reduce complications after esophagec-
tomy. Early feeding definition has changed over the years and been controversial 
after an esophagectomy. Subjects that received enteral nutrition within 48 h of sur-
gery had the earliest fecal passage and lowest length of stay and hospitalization 
expenses. The present study included enteral nutrition initiated within 48 h, 48–72 h, 
or after 72 h. The longer the length of time to initiate enteral nutrition, the higher the 
incidence of pneumonia and worse nutrition status [38].

 Postoperative

Weight loss following esophagectomy is highest within the first 6 months due to 
inadequate energy and protein intake and most likely due to long-term gastrointes-
tinal symptoms. Postoperatively patients lost 5–12% of weight at 6  months and 
>10% at 12 months (Table 17.3) [39]. Other studies have reported 6 months postop-
eratively weight loss of >10% of body weight in 60% of patients and >20% loss of 
weight in 20% of studied patients [40]. Enteral nutrition support varied among stud-
ies within time frame and percentage of meeting nutrient needs. Demonstrating the 
importance on long-term nutrition support and management of symptoms.

 Home Tube Feeding Postoperatively

Postoperative home jejunostomy feeding varies from centers and is selective based 
on patients’ nutrition at discharge. Indications include post-op complications, poor 
oral intake tolerance, or increased weight loss. After surgery, enteral nutrition can 
assist the transition to oral intake while preventing nutrition decline. At 6 weeks 
patients not using jejunostomy tube lost 3.9 kg more than intervention group receiv-
ing enteral feedings. These differences continued at 3–6-month follow-up. Home 
feeding was re-started in the control group at 33% due to loss of fat and muscle [41]. 
At discharge oral intake is poor, meeting only 9% for calorie and 6% protein needs. 
After 3 months, intake improves 61% calorie and 55% for protein needs. In this 
study, home jejunostomy feedings contributed to calorie and protein needs to sup-
plement poor oral intake. This was an advantage in preventing weight loss and pre-
serving strength. Twenty-six percent of participants not receiving home enteral 
support required rescue feedings, with overall 76% of participants receiving 

T. Barrett



331

jejunostomy feeding [42]. In a result from a prospective cohort study, home enteral 
nutrition was tolerated with compliance and patient satisfaction. One hundred forty- 
nine patients were studied, and overnight enteral nutrition by jejunostomy tube con-
tinued 4 weeks after discharge. Tube was removed if weight was maintained within 
5 kg of discharge weight. At 6 months, 39% of patients lost >10% of weight com-
pared preoperatively. The type of neoadjuvant treatment did not affect weight loss 
results. Responses from patient satisfaction included enhanced recovery, reduced 
worry about weight loss, allowed earlier discharge, and reassurance about adequate 
intake [43], which continues with the question on how much weight loss is accept-
able and percentage of supplemental nutrition should be recommended during 
recovery. Zeng et al. found 12 weeks after esophagectomy incidence of malnutrition 
was less in patient receiving home enteral nutrition. Patients had resumed fully oral 
intake within 24  weeks post-surgery. Quality-of-life scores were higher in the 
enteral group at 12 weeks, but similar to control at 24 weeks. Increased diarrhea was 
found in the home enteral group which could be related to pump rate and formula 
selection [44]. Patients decided by themselves when to decrease enteral feedings 
based on oral intake without recommendations of a trained nutrition professional. 
To support the benefit of home enteral nutrition, another study found malnutrition 
was reduced with improved quality of life 3 months after esophageal surgery. BMI, 
albumin, and hemoglobin were higher in the home enteral nutrition group after 

Table 17.3 Nutrition symptoms after esophagectomy

Author
Data collection 
time Assessment tool Patient reported symptoms

Ginex et al. 6 m, 12 m MSAS-SF Dysphagia 30% (6 m), 22% 
(12 m)
Anorexia 33% (6 m), 27% 
(12 m)
Feeling bloated 40% (6 m), 
42% (12 m)
Reflux 38% (6 m), 44% (12 m)

Greene et al. Single point 
(10–19 yr)

GIQLIMOS SF-36 Dysphagia 12%
Postprandial dumping 33%
Early satiety 50%
Reflux 19%

Haverkort 
et al.

1 wk, 1 m, 3 m, 
6 m, 12 m

Non-validated institutional 
questionnaire

Dysphagia 53–63% (all time 
points)
Postprandial dumping 74–78% 
(all time points)
Anorexia 51–76% (all time 
points)
Early satiety 87–90% (all time 
points)
Reflux 54–65% (all time 
points)

McLarty 
et al.

Single point (5 yr) Non-validated institutional 
questionnaire
MOS SF-36

Dysphagia 25%
Odynophagia 9%
Dumping 50%
Reflux 60%
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3 months. And patients reported nausea, vomiting, fatigue, and pain [45]. Patients 
were able to manage feeding tube pump independently after education and guide-
lines to decrease rate based on improvement in oral intake. Tube feeding placement 
does have complications including clogging, dislodgement, skin irritation, and leak-
age. Jejunostomy tube complications were increased in gastrectomy than esophago-
gastrectomy [46]. The majority of complications were easily resolved by telephone 
or clinic follow- up. Extended jejunostomy feedings meeting macronutrient and 
micronutrient needs play an important role in body status and malnutrition.

 Long-Term Nutrition

As the survival rate in patients following esophagectomy increases, quality of life is 
important. Symptoms of dysphagia, reflux, diarrhea, dumping syndrome, and nausea 
persisted at 12 months. Weight loss greater than 10% at 6 months was found in 41% of 
patients investigated and 33% at 12 months [47]. Weight loss, persistent eating difficul-
ties, and reduced quality of life have been found to persist up to 10 years in a small 
cohort study [48], which demonstrate the need for continuous nutrition support for 
these patients long term. Dietitian-directed nutrition support has been shown to reduce 
postoperative complications. Twenty-eight patients post- esophagectomy received diet 
counseling from surgical oncology dietitians. Patients were provided diet recommen-
dations and tube feeding if unable to meet set goals. Patients also received follow-up 
until a year after surgery. Patients in the nutrition therapy group have increased weight, 
less postoperative complications, and reduced length of hospital stay [49].

 Managing Side Effects

When esophageal patients need to relearn how to eat again nutrition support and 
education should be provided. Patients can be assisted with making a timetable 
dividing intake into 5–6 meals daily. Smaller volumes are better tolerated foods 
with high nutritional content rec. Modify the consistency of food, and give smaller 
quantities to ease swallowing and prevent fatigue. Food with soft moist texture if 
solid, creamy if liquids. Foods at room temp, oral hygiene, avoid irritants. For 
patients who are not able to meet nutritional feedings orally should be.

Side effect Nutrition intervention
Poor appetite/early satiety Frequent small meals of calorie-dense foods

Protein-rich small meals
Eat by time not by hunger cues/view eating as treatment
Easy to prepare meals/snacks
Consume liquids between meals instead of with meals

Nausea/vomiting Limit exposure to food odors
Avoid high-fat, greasy foods
Liquids between meals
Foods at room temperature
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Side effect Nutrition intervention
Diarrhea/dumping Multiple small meals

Avoid fluids with meals
Avoid intake of simple sugars
Protein-rich foods
Increase soluble fiber

Mucositis/esophagitis Soft foods: add sauce, gravy, and oils
Oral hygiene
Limit acidic, citrus-based foods
Foods at room temperature

Recommendations from patients for improving nutrition care [50]:

 – Provide consistent nutrition messaging and practice
 – Provide detailed instruction on home tube feeding
 – Specialized dietitian assessment with specific goals
 – Emphasize real food over oral nutrition supplements
 – Educate family members throughout the treatment process
 – Discuss rehabilitation at the beginning of treatment and continue after all treat-

ments are completed

 Summary

Esophageal cancer patients have many barriers to maintain adequate nutrition sta-
tus. Increased incidence of malnutrition is associated with reduced treatment effi-
cacy, increased morbidity, and hospital admissions. Nutrition support can be 
accomplished by increasing oral intake with counseling from RD or supplementing 
with enteral nutrition. Early nutrition education and support provided earlier in 
diagnosis and throughout the stages of treatment assist with limiting malnutrition 
and weight loss. A multidisciplinary approach should be developed to coordinate 
decisions and improve patient outcomes.
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