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Chapter 11
Gallbladder Cancer
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Introduction

Gallbladder cancer (GBC), although considered an uncommon cancer of the gastro-
intestinal tract, constitutes about two thirds of the malignancies arising from the
extrahepatic biliary tract in the United States. Other malignancies associated with
the biliary tract including intrahepatic, perihilar and distal cholangiocarcinoma, and
ampullary cancers are distinct from gallbladder cancers in their presentation and
natural history and are less common. The prognosis of GBC is highly dependent on
tumor stage at presentation. Many cases of GBC are identified incidentally during
surgery, cholecystectomy, or pathological examination of resected gallbladders.
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Given the vague, nonspecific presentation, symptomatic GBC tends to present at an
advanced stage, and survival is generally poor, except for the minority of cases that
are identified at early stages. Unlike other extrahepatic biliary tract cancers, the
presence of jaundice is associated with unresectability, often due to hilar involve-
ment, and the prognosis is poor. Overall, 5-year survival for patients with T1 tumors
approaches 50% and is lower for more advanced tumors. In this chapter, we detail
the current literature on the pathophysiology, diagnosis, and management of GBC
with a special focus on recent advances in the field.

Epidemiology

The incidence of GBC cancer varies widely worldwide depending upon the geo-
graphical location and ethnicity. High incidence rates of GBC (>15 per 100,000
women) are seen in Chile, Northern India, and Southern Pakistan followed by Japan
and Thailand, while Northern America, parts of western Europe, and Mediterranean
Europe have the lowest incidences (<10 per 100,000 women) [1]. Even within the
US, the incidence varies depending on ethnic background with a higher incidence in
American Indian, Hispanic, and Alaskan native populations, and a lower incidence
in African Americans and Caucasians. In addition, the incidence of GBC increases
with age, being usually seen in elderly persons (>65 years) with a female predilec-
tion [2]. In general, the incidence of GBC varies with the prevalance of two major
risk factors, gallstones and typhoid infection, as well as other factors such as envi-
ronmental exposure to carcinogens, liver fluke infections and patient-related factors
such as intrinsic predisposition to tumorigenesis [3].

Etiology

The etiology of GBC is complex, but chronic gallbladder injury and inflammation
are the most commonly associated etiological factors for GBC. Proposed risk fac-
tors for GBC are summarized in Table 11.1.

Gallstones

Gallstones are present in most (70-90%) patients with gallbladder cancer. The risk
is further correlated with the size of the gallstones — the presence of gallstones
>3 cm increases the risk of GBC by ten-fold compared to gallstones of size <1 cm
[4]. Autopsy data also suggest that gallstones are associated with an almost
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Table 11.1 Proposed risk/
etiological factors for
gallbladder cancer

Gallstones

Chronic inflammation and infection

Congenital anomalies (anomalous pancreatobiliary duct)

Drugs (isoniazid, methyldopa)

Environmental risk factors (exposure to cadmium, nickel, radon)

Porcelain gallbladder

Typhoid carrier

Adenomatous polyp (size of the polyp is strongest predictor of
malignant transformation)

Multiparity

Syndromic association (Van-Hippel Lindau syndrome,
neurofibromatosis-1)

seven-fold increase in the risk of GBC. Though substantial evidence favors the asso-
ciation between the two diseases, it is not yet clear if the association represents a
direct causal link [5, 6]. The presence of gallstones is thought to induce chronic
irritation and inflammation of the gallbladder mucosa, thereby leading to dysplasia
of mucosal cells. These chronic inflammatory insults may act as inciting agents for
oncogenic transformation by causing deoxyribonucleic acid (DNA) damage and
DNA methylation defects, as well as by releasing inflammatory cytokines and
growth factors leading to angiogenesis [7, 8]. Another possible explanation for the
metaplasia-dysplasia transformation of gallbladder epithelium is alteration of the
chemical composition of bile leading to the formation of free radical oxidation
products and secondary bile acids [9]. However, environmental and genetic factors
may also play key roles in the development of GBC, as about 10-25% of patients
GBC do not have associated cholelithiasis [5]. The first-line imaging test for evalu-
ation of gallstones is a right upper quadrant abdominal ultrasound (USG). On ultra-
sound, gallstones are typically mobile, echogenic foci with posterior acoustic
shadowing as shown in Fig. 11.1.

Chronic Inflammation

Chronic bacterial infection has been linked to GBC. Bacterial colonization may
alter the bile acid milieu. The most common organisms implicated with this associa-
tion are Salmonella (S. typhi and S. paratyphi) and Helicobacter (H. bilis) species
[10]. Ecologically, there is a geographical correlation between the endemicity of
typhoid infection and GBC, especially in Chile and North India [11, 12]. Moreover,
a registry-based cohort study concluded that chronic typhoid and paratyphoid carri-
ers showed a large excess risk (observed/expected cases) for GBC (167-0; 95%
confidence interval 54-1-389) [13]. Similarly, a 12-fold increase in risk of GBC in
patients with a history of typhoid infection (OR = 12.7 [CI, 1.5-598]) was reported
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Fig. 11.1 A 79-year-old male patient being evaluated for epigastric pain demonstrates multiple
echogenic foci (white arrow) layering within the gallbladder with posterior acoustic shadowing
(white arrowhead) within the gallbladder (a). The same patient subsequently underwent a CT
examination of the abdomen showing radiopaque gallstones (white arrow)

in a case control study [14]. Retrospective case control studies from Japan and
Thailand also showed an association of Helicobactor bilis with GBC (almost six-
fold increase) [10].

About 10-20% of patients with primary sclerosing cholangitis (PSC) will
develop hepatobiliary malignancy [15]. PSC is known to cause high frequencies of
pyloric metaplasia, intestinal metaplasia/dysplasia, and invasive adenocarcinoma at
rates significantly higher than the general population [15]. Retrospective studies
found that GB adenocarcinomas arose out of a background of flat mucosal dyspla-
sia, supporting the concept of a metaplasia-dysplasia-carcinoma sequence [16].
Given this strong association, it is recommended that patients with PSC should have
annual gallbladder cancer surveillance (abdominal ultrasound screening) to identify
gallbladder masses, and cholecystectomy should be performed if any suspicious
lesions, polyps, or masses are identified [17].

Calcified/Porcelain Gallbladder

Chronic irritation and inflammation may lead to calcium deposition in the gallblad-
der wall. The gallbladder calcification can be of distinct types — diffuse intramural
calcification (porcelain gallbladder) or isolated mucosal calcification. Calcification
within the gallbladder wall is best seen on CT examination, but can also be seen on
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Fig. 11.2 A 72-year-old male with porcelain gallbladder (white arrow) shown on plain frontal
supine radiograph of the abdomen (a) and CT (b). Notice a small radiopaque gallstone in the
dependent gallbladder (white arrowhead)

ultrasound or plain X-ray as seen in Fig. 11.2. Based on previous reports, gallblad-
der calcification is associated with increased risk of GBC (range 2-61%), and the
risk is much higher in gallbladders with isolated mucosal calcifications leading to
stippled, multiple punctate calcifications (compared to diffuse intramural calcifica-
tions) [18, 19]. Hence, gallbladders with partial calcification, stippled, or multiple
punctate calcifications warrant extensive evaluation, and prophylactic cholecystec-
tomy may be needed.

Gallbladder Polyps

Gallbladder polyps are present in 5% of the adult population and are usually asymp-
tomatic [16]. Gallbladder polyps can be differentiated from gallstones by their typi-
cal sonographic appearance. Polyps are intraluminal, nonmobile, echogenic foci
which lack posterior acoustic shadowing (Fig. 11.3). Features of polyps that predict
malignancy are: size >1 cm, solitary and/or sessile masses, associated gallstones,
a vascular stalk, concomitant PSC or PBC, and most importantly, rapid polyp
growth [20]. Cholecystectomy is recommended in polyps with such features. By
consensus guidelines, incidentally found gallbladder polyps <6 mm in size are con-
sidered benign and no further evaluation or follow-up is recommended. Gallbladder
polyps measuring 7-9 mm are considered indeterminate and should be followed by
serial ultrasonography at 12-month intervals [21]. Whether gallbladder polyps in
BRCA 1/2 mutation carriers merit cholecystectomy is not conclusively proven, but
given the increased risk of biliary cancers, a lower threshold for cholecystectomy is
often applied to these patients.
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Fig. 11.3 Gallbladder
polyp. A 45-year-old
female with small 3 mm
gallbladder polyp that
underwent surveillance and
was unchanged compared
to the earliest exam, 5
years earlier

Environmental Risk Factors/Exposure to Carcinogens

Various environmental factors such as nickel, cadmium, radon, cigarette smoking,
and drugs (methyldopa and isoniazid) have been implicated in the development
of GBC. Despite the fact that some studies have hypothesized an etiological role for
oral contraceptive pills in GBC, the association remains unclear [16].

Congenital Abnormalities and Association
with Hereditary Syndromes

About 10% of GBC patients were have an anomalous junction of the pancreatico-
biliary duct leading to regurgitation of pancreatic secretions into the gallbladder.
Interestingly, these anomalies are more common in patients of Asian descent, in
whom the incidence of GBC is high [16]. It is hypothesized that reflux of pancreatic
secretions through the common channel into the biliary tree gives rise to metaplastic
and dysplastic changes in the gallbladder mucosa.

Rare cases of GBC are reported in hereditary syndromes such as Gardner
Syndrome, NF-1, MEN-1, and Von-Hippel Lindau syndrome (neuroendocrine
tumors of gallbladder) [22], as well as in persons with BRCA2 mutations.
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Pathology of GBC

GBC usually leads to asymmetric thickening of the gallbladder wall with infiltration
of surrounding structures. Most cancers originate in the gallbladder fundus (60%),
followed by the body (30%) and neck (10%) [23]. Macroscopically, GBCs can be
divided into papillary, tubular, and nodular forms. Tubular and nodular forms of the
disease are aggressive, whereas papillary tumors are less likely to invade the liver
directly and have a lower incidence of lymph-node metastasis [5].

Histologically, the majority of carcinomas of the gallbladder are adenocarcino-
mas (80-95%) and can be papillary, tubular, mucinous (colloid) adenocarcinoma,
signet ring adenocarcinoma, cribriform carcinoma, clear cell adenocarcinoma, and
hepatoid adenocarcinoma variants. Less common types of GBC include adeno-
squamous carcinoma, squamous cell carcinoma, and undifferentiated or anaplastic
carcinoma (2—-7%) [5]. Other rare variants include small-cell carcinoma and neuro-
endocrine tumors. Involvement of the gallbladder by malignant melanoma, lym-
phoma, and sarcomas is particularly rare [24].

Two distinct types of precursor lesions are associated with GBC, flat lesions with
either low- or high-grade dysplasia and adenomas [25]. Most GBCs arise from flat
dysplastic lesions (metaplasia-dysplasia-carcinoma sequence) while mass-forming
precursor lesions (adenoma-carcinoma pathway) are identified only in a minority of
cases. It is estimated that it takes about 15 years for dysplasia to progress to carci-
noma in situ and finally to GBC.

Oncogenes that were shown to be associated with GBC are KRAS (10-67%),
HER?2 (ERBB2), epidermal growth factor receptor (EGFR)/HER-1, and cyclins-D1
and E [26]. KRAS mutations were seen with high frequency (50-80%) in anomalous
pancreatic biliary malformation patients from Japan [27]. HER2 (transmembrane
receptor tyrosine kinase) amplification was reported in 33—70% of GBC cases [28].
EGFR (a member of the erbB protein family that also encodes a receptor tyrosine
kinase) mutations were identified more often in GBC (70.7%) and dysplastic pre-
cancerous lesions (85.7%) than in cases with simple hyperplasia (27%) and normal
gallbladder (0%) [29]. Cell cycle progression promoter cyclin D1 overexpression
was seen in about 40% of cases of GBC and seemed to be associated with early
venous and lymphatic invasion [26]. Tumor suppressor genes that were associated
with GBC include TP53, CDKN2A, p21/CDKN1A (associated with better survival),
and Fragile Histidine Triad (FHIT) (frameshift mutations, loss of function). Other
studies have identified higher levels of microsatellite instability, angiogenic-
inflammatory pathway gene mutations (cyclooxygenase—2 [COX-2], nitric oxide
synthase [iNOS], and vascular endothelial growth factor (VEGF)), MUC-1 overex-
pression (associated with lymphatic spread and poor prognosis), and telomerase
(hTERT) re-expression in the pathogenesis of GBC [26].

It is important to understand the mechanism of GBC metastasis for the optimal
management approach. As with any other cancer, the common routes of spread of
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GBC are direct, lymphatic, vascular, intraperitoneal, intraductal, and neural.
Locoregional spread of the disease to adjacent liver segments IV and V or surround-
ing organs such as the duodenum, colon, peritoneum, or anterior abdominal wall is
the most common mode of spread. Peritoneal spread is more common than distant
spread. Lymph node metastases typically follow the lymphatic drainage of the gall-
bladder — gallbladder-retro-pancreatic pathway: involvement of cystic duct and
peri-choledochal nodes occurs first, followed by posterior nodes to the head of the
pancreas and then to inter-aortocaval lymph nodes; gallbladder-celiac pathway:
spreads through the retro-portal and right celiac lymph nodes via gastro-hepatic
ligament; gallbladder-mesenteric pathway: spreads to the aortocaval lymph nodes
via pancreas [30]. However, involvement of aortocaval nodes can be positive even
when cystic nodes are negative [31]. Segment IV of the liver is most commonly
involved in cases of vascular metastases due to the direct communicating veins [5].
Distant metastases occur in cases of retroperitoneal vein invasion and are associated
with very dismal prognosis and median survival of less than 4 months. Intraductal
spread is seen in about 19% of papillary carcinomas. Intraductal growth leads to
obstruction of the biliary tree, resulting in early clinical presentation and an overall
better prognosis [30].

Clinical Presentation

Most cases of GBC are detected incidentally during surgery for cholecystectomy,
or on histologic examination of a resected polyp or may be missed only to present
with recurrence during follow-up. Due to the vague or delayed symptomatic pre-
sentation of GBC, especially occurring in the background of acute cholecystitis,
the disease is usually diagnosed in late stages with dismal prognosis. GBC should
be considered in the differential diagnosis if an elderly patient (>65 years) pres-
ents with right hypochondrial pain, weight loss, anorexia, and jaundice. Mirizzi
syndrome (right upper quadrant pain due to common hepatic duct obstruction
caused by extrinsic compression from an impacted stone in the cystic duct or gall-
bladder), a complication of long-standing cholelithiasis, was shown to be associ-
ated with GBC in 5-28% of cases [32, 33]. Patients with advanced GBC may
present with a palpable gallbladder mass, hard nodular liver, malignant ascites
from carcinomatosis, and jaundice. The presence of jaundice in GBC usually por-
tends a poor prognosis [34]. Only about 20% of the patients have disease confined
to the gallbladder at the time of diagnosis. The majority (about 80%) have locore-
gionally advanced disease with invasion of adjacent structures or distant metasta-
ses leading to varied symptoms such as acute abdominal pain due to intestinal
perforation, ascites, paraneoplastic syndromes, neuropathy, and venous thrombo-
embolism [5]. GBC should be suspected in patients with a long-standing history
of chronic cholecystitis with gallstones who have sudden weight loss and have
developed new symptoms of pain.
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Diagnostic Evaluation
Imaging Studies

As in any other cancer management, preoperative imaging for tumor recognition
and staging play a key role in the appropriate management of
GBC. Roentgenographic studies have a relatively high sensitivity for the detection
of GBC in advanced stages, but imaging findings of early GBC lesions appear simi-
lar to more common benign entities. For example, it is difficult to differentiate
between cholecystitis and early carcinoma because thickening of the gallbladder
wall is a feature of both diseases [5]. Tumefactive sludge and adenomyomatosis are
also benign entities which in some cases can mimic early GBC. Nonetheless, an US
can identify findings that are suggestive of GBC such as intramural wall thickening
or calcification, polyps, irregular mass, loss of the interface between the liver and
gallbladder, or direct liver infiltration. The diagnostic accuracy of polyps or intra-
mural mass in the gallbladder by US is over 80% [20]. A gallbladder mass is shown
in Fig. 11.4 with corresponding CT images.

Although US may be a good initial test, it is not very helpful in evaluating extent
of locally advanced disease, involved lymph nodes or staging of disease [20]. To
better characterize potentially malignant gallbladder lesions, contrast-enhanced
magnetic resonance imaging (MRI) is the preferred imaging modality. GBC typi-
cally is heterogeneously hyperintense on T2-weighted images and relatively iso- or
hypo-intense on T1-weighted images (Fig. 11.5). All GBC show enhancement on
contrast-enhanced imaging, but note that imaging appearance can overlap with
chronic cholecystitis in early GBC. Focal or diffuse mural thickening of more than
1 cm is highly suggestive of GBC [35]. Early irregular enhancement along the mar-
gin and invasion into surrounding structures are also features of GBC. MRI of the

Fig. 11.4 Gallbladder carcinoma with metastatic spread. An 87-year-old male with prior history
of cholelithiasis and biliary colic presented with an upper abdominal mass on physical examina-
tion and obstructive jaundice. On ultrasound examination, there is a heterogeneous gallbladder
mass with internal vascularity (a). Subsequent staging CT axial and coronal images (b and c,
respectively) demonstrate an infiltrative gallbladder mass disrupting the enhancing gallbladder
wall mucosa and invading the liver (white arrow). Innumerable liver metastases are also seen
(white asterisks)
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Fig. 11.5 Gallbladder carcinoma with direct invasion into the adjacent liver. A 62-year-old male
with gallbladder cancer. Axial arterial phase postcontrast T1-weighted image (a), portal venous
phase postcontrast T1-weighted image (b), high b-value diffusion weighted image (c), and
T2-weighted image (d) all show thickened gallbladder wall infiltrating into the adjacent liver
(white arrow)

abdomen is preferred over CT as the former has a better diagnostic accuracy for
assessing metastatic spread to the hepatoduodenal ligament, portal vein encase-
ment, regional lymph nodes, and liver [20]. Multiphase MRI with arterial phase
images should be obtained to determine the degree of vascular involvement and
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anatomic course of the hepatic arteries relative to the tumor mass, which helps the
surgeon in determining resectability [20].

For a detailed metastatic survey for the presence of distant metastases, cross-
sectional imaging of the chest, abdomen, and pelvis should be obtained using mul-
tidetector contrast-enhanced CT [36]. Endoscopic ultrasound is useful for the
evaluation and biopsy of regional lymph nodes and should be considered when local
expertise is available. Unlike for other cancers, positron emission tomography
(PET) scan is not routinely used in GBC management, but it may be selectively
utilized when questionable or concerning features for regional or distant metastases
are apparent on CT, MRI, or endoscopic retrograde cholangiopancreatogra-
phy (ERCP).

Laboratory Evaluation

Laboratory studies are neither specific nor sensitive for the diagnosis of GBC. In
stage I and II disease, the liver enzymes may not be elevated unless the biliary tract
is obstructed. Elevated serum carcinoembryonic antigen (CEA) and serum carbohy-
drate antigen 19-9 (CA 19-9) in the setting of elevated alkaline phosphatase (ALP)
should raise the suspicion of biliary tract or pancreatic malignancy, and GBC should
be in the differential. However, it is important to note that serum CA 19-9 can also
be raised in the setting of benign biliary obstruction or inflammation, and hence,
the serum CA 19-9 should be interpreted cautiously.

Diagnostic Staging Laparoscopy

Metastases of GBC may not always be seen on diagnostic imaging studies.
Moreover, the presence of lymph node (LN) disease is often difficult to determine
preoperatively as abdominal CT and MRI have a detection rate of only about 24%
[37]. Hence, staging laparoscopy is usually performed for better staging of the
disease before proceeding to surgery. There is considerable debate about the util-
ity of diagnostic laparoscopy. Based on the analysis of a retrospective study, stag-
ing laparoscopy is high yield if T3 disease is suspected on imaging studies or the
patient had a poorly differentiated tumor or positive margins on the previously
excised mass [38]. To increase sensitivity, laparoscopy can be combined with
laparoscopic ultrasound to identify satellite lesions in the liver and other adjacent
structures in order to determine the anatomical extension of the tumor and to
evaluate for vascular invasion. Inter-aortocaval LN frozen-section evaluation dur-
ing staging laparoscopy further increases the sensitivity of detection of LN
metastases [39].
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Table 11.2 AJCC/IUCC 8th edition TNM staging of gallbladder cancer

Primary tumor (T)

T
category | T criteria
X Primary tumor cannot be assessed
TO No evidence of primary tumor
Tis Carcinoma in situ
Tl Tumor invades the lamina propria or muscular layer
Tla Tumor invades the lamina propria
T1b Tumor invades the muscular layer
T2 Tumor invades the perimuscular connective tissue on the peritoneal side, without
involvement of the serosa (visceral peritoneum)
Or tumor invades the perimuscular connective tissue on the hepatic side, with no
extension into the liver
T2a Tumor invades the perimuscular connective tissue on the peritoneal side, without
involvement of the serosa (visceral peritoneum)
T2b Tumor invades the perimuscular connective tissue on the hepatic side, with no
extension into the liver
T3 Tumor perforates the serosa (visceral peritoneum) and/or directly invades the liver
and/or one other adjacent organ or structure, such as the stomach, duodenum, colon,
pancreas, omentum, or extrahepatic bile ducts
T4 Tumor invades the main portal vein or hepatic artery or invades two or more

extrahepatic organs or structures

Regional lymph nodes (N)

N N criteria

category

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

NI Metastases to one or three regional lymph nodes
N2 Metastases to four or more regional lymph nodes
Distant metastasis (M)

M M criteria

category

MO No distant metastasis

M1 Distant metastasis

Staging of GBC

GBC is staged using the American Joint Committee on Cancer-Tumor Node
Metastasis (AJCC TNM) staging system (Table 11.2). According to the eighth edi-
tion of the American Joint Committee on Cancer staging manual for gallbladder
carcinoma (effective January 1, 2018), primary gallbladder carcinoma can be clas-
sified as T1, confined to the lamina propria (T1a) and the muscle layer (T1b) of the
gallbladder; T2, extending to the serosa, further classified into T2a (peritoneal side
extension) and T2b (hepatic side extension) [40]; T3, perforating the serosa or
directly invading one adjacent structure such as liver, stomach, duodenum, colon,
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pancreas, omentum, or extrahepatic bile ducts; or T4, invading the main portal vein,
the hepatic artery, or multiple extrahepatic organs. GBC disseminates via lymphatic,
hematogenous, intraductal (cystic duct) and neural pathways, and intraperitoneal
“drop” metastases [41]. Lymphatic spread is present in more than half of the patients
at initial diagnosis and common sites of nodal metastases are nodes along the cystic
duct, common bile duct, hilar, hepatic artery and/or portal vein, periaortic, portaca-
val, superior mesenteric and celiac arteries. The disease is classified as N1 if one to
three positive nodes are involved, whereas N2 disease is four or more positive
nodes. T1 or T2 primary lesions without lymph node metastasis are classified as
stage IA or IB disease, respectively. Stage IIA represents T3 lesions without nodal
spread. T1, T2, or T3 lesions with N1 Ilymph node involvement are defined as stage
IIB. A T4 lesion without distant metastasis is considered stage III, and distant
metastases represents stage I'V. The most common sites of metastases are the liver,
peritoneum, lung, and brain.

Management of GBC

GBC is an aggressive malignancy often diagnosed at late stages, and surgery is the
only potentially curative option. Unfortunately, only one fourth of the patients will
undergo curative surgery. Surgical options are dependent on the staging of the dis-
ease and may involve the resection of one or more adjacent organs. Given the dismal
prognosis of metastatic GBC, attempts of curative surgery are limited to localized
resectable disease.

Surgical Management of GBC

Achieving a tumor-free surgical margin (RO resection) should be the primary goal
of the surgery as it forms one of the important prognostic indicators.

Management of Resectable GBC When Identified as an Incidental Mass
on Imaging Studies or Incidental Finding at Surgery

GBC patients should always be referred to a cancer center with available exper-
tise in its management. As per National Comprehensive Cancer Care network
(NCCN) guidelines version 1. 2017, any suspicious GBC mass need not undergo
preoperative biopsy as it may lead to peritoneal spread. If the diagnosis of GBC
is not conclusive, it is always prudent to have an intraoperative frozen section
evaluation followed by a definitive resection in case the pathology confirms can-
cer. As discussed above in the section “Diagnostic Staging Laparoscopy”, stag-
ing laparoscopy is recommended and is often combined with the surgical
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procedure. This staging laparoscopy gives a detailed picture to the surgeon, and
a stage-based surgical resection can be performed. In the event of incidental dis-
covery of GBC during a laparoscopic surgical procedure, it should be referred
promptly for definitive oncologic resection once the pathologic analysis is
finalized.

For stage 0-1 disease (T1aNOMO) (early GBC), simple cholecystectomy should
suffice as the risk of lymph node dissemination and residual cancer is low.
Retrospective studies demonstrate a >95% five-year survival in T1aNx disease
treated by cholecystectomy alone. No benefit has been demonstrated for re-
resection or more aggressive resection in Tla disease. However, utmost care must
be taken by the surgeon to avoid any biliary spillage as it may be contaminated
with malignant cells and may increase the chances of intraoperative spread of
cancer cells [42]. As the primary goal of the surgery is to achieve RO resection, in
Tla disease, if simple cholecystectomy did not achieve RO resection, the surgical
resection should be extended to involve lymphadenectomy, hepatic resection (seg-
ments IVB and V), and hepatic/biliary duct resection (performed in case of posi-
tive margins in the cystic duct). In contrast, in T1b disease, lymphadenectomy and
hepatic segmental resection (IVB and V) along with cholecystectomy have shown
reduced recurrence rates compared to simple cholecystectomy alone (2% vs.
12.5%) [43].

Due to the involvement of deeper layers of the gallbladder and the high probabil-
ity of lymphatic, perineural, and vascular metastases in stage II and III (T1b, T2,
and T3; NO-1) disease, surgical resection involving extended cholecystectomy,
extended lymphadenectomy (including celiac/superior mesenteric artery lymph
nodes), and hepatectomy (segments IVA, V) is indicated in patients deemed to be
appropriate surgical candidates [2]. It is important to note that the extent of surgery
is determined by the resection required to achieve a RO margin. Early series advo-
cated increasingly aggressive “standard” resections for GBC with improvements in
long-term outcome. However, it is likely that these aggressive resections improved
outcomes by improving the RO resection rates. Routine major hepatectomy involv-
ing the caudate lobe of the liver and extensive hepatic resection beyond the IVA and
V segments are associated with higher postoperative morbidity and not associated
with survival benefit [44, 45]. Hence, the surgeon should aim to achieve the RO
resection with as limited a resection as possible [43]. Having said that, major hepa-
tectomies are indicated in case of nonachievability of RO resection with limited
resection or if the tumor invades the main vasculature of the liver [2]. Similarly,
routine resection of the common bile duct does not improve outcomes but is indi-
cated in patients with preoperative jaundice, a positive cystic duct margin, or evi-
dence of bile duct invasion on preoperative imaging [2, 46].

Though surgery is the only potentially curative therapy for GBC, outcomes may
be poor even after complete resection, particularly in stage III (T3 and/or node-
positive) disease. Adjuvant chemotherapy and radiotherapy are commonly adminis-
tered in margin positive resections and node positive disease. Postsurgical adjuvant
therapy is discussed in detail in the section “Role of Adjuvant Therapy in the
Management of GBC”.
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Management of Resectable GBC When Identified on Postsurgical
Pathology Review

In case of Tla disease, if the prior surgery achieved negative margins, close moni-
toring and periodic surveillance are recommended. In case of disease recurrence, if
the patient is a surgical candidate (based on the medical comorbidities and stage of
the disease), extended surgical resection to achieve RO resection can be considered.
Based on previous studies, patients who had incidental diagnosis of T1b or greater
GBC based on the postsurgical pathology review required a second procedure.
Despite the increased surgical risk of a second procedure, reoperation with success-
ful RO resections has shown significant improvements in overall survival (OS) [47—
50]. Laparoscopic port site disease is often seen in patients with T2 and T3 disease
and correlates with peritoneal spread. Given the correlation with peritoneal spread
and the lack of benefit in OS, port site resection is not recommended during reopera-
tion [43]. A recent multi-institutional retrospective analysis that evaluated the opti-
mal time to reoperation concluded that surgeries performed between 4 and 8 weeks
from the initial surgery are associated with better outcomes. One possible explana-
tion for the better results for surgeries performed between 4 and 8 weeks is that the
4 weeks time frame allows the initial surgical inflammation to resolve, leading to a
better appreciation of cancer spread. Moreover, waiting >8 weeks may allow dis-
ease dissemination yielding poor results.

Criteria for Unresectability of GBC

Contraindications to curative surgery include the presence of stage IV disease with
liver metastasis, distant/extrahepatic metastases, peritoneal disease, malignant asci-
tes, evidence of extensive hepatoduodenal ligament involvement, distant nodal dis-
ease (para-aortic lymph nodes), and major vessel involvement that is not amenable
to vascular resection and reconstruction. It is important to note that T3 disease with
direct involvement of the duodenum, colon, or liver may be amenable to surgery if
an RO en bloc resection can be achieved without significant morbidity. Although
curative surgery is contraindicated in extensive stage IV disease, palliative chole-
cystectomy may be performed in select cases with recurrent episodes of cholecysti-
tis, especially when other options like endoscopic stenting have failed.

Role of Surgery in Unresectable or Stage IV GBC

For patients with regional nodal involvement, radical resection yields a 5-year over-
all survival (OS) of 10-28% [51, 52]. In contrast, surgery may not be beneficial in
prolonging survival for patients with distant metastatic nodal disease (involvement
beyond the hepatoduodenal ligament, pancreaticoduodenal area, and along the com-
mon hepatic artery area) [51]. Simple cholecystectomy may be performed in GBC
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with extensive nodal involvement, unresectable disease, or stage I'V disease for pal-
liative purposes when other maneuvers like endoscopic stent placement or biliary
bypass have failed or if the patient suffers from recurrent episodes of cholecys-
titis [2].

Only 20-30% of patients with GBC can undergo surgical resection as the disease
is most often diagnosed at late stages when surgery may not prolong survival. For
patients who are not good surgical candidates, palliative therapy with external beam
radiotherapy (EBRT), systemic chemotherapy, and/or enrollment into clinical trials
are available options.

Role of Adjuvant Therapy in the Management of GBC

Despite achieving RO resection of the primary tumor, outcomes in GBC are gener-
ally poor, especially when the disease has spread to adjacent organs at the time of
presentation. The risk of recurrence and metastatic spread of GBC is directly related
to the T stage at the time of diagnosis. Though radical excision of the cancerous
lesion followed by adjuvant therapy is the mainstay of treatment, the data support-
ing the adjuvant approach are conflicting.

Role of Adjuvant Radiotherapy and Chemoradiotherapy

The current literature on the role of adjuvant radiotherapy or chemoradiotherapy in
the management of GBC is primarily derived from retrospective institutional and
national database analyses. The lack of data from randomized trials makes it hard to
determine whether there is an overall survival benefit. Nonetheless, many, but not
all, retrospective analyses have shown favorable outcomes in prolonging survival,
with the greatest benefits in the high stage tumors, node positive disease, and R1
resections [53, 54].

Analysis of the SEER database (1992-2002) showed that patients who received
postsurgical radiotherapy had a significantly longer median survival than their
counterparts who did not receive radiotherapy (14 months versus 8 months;
p < 0.0001). Patients who had lymph node metastases (16 months vs. 5 months;
p <0.0001) and higher stage (T3 stage) (14 months vs. 11 months; p =0.01) benefit-
ted the most. In comparison, patients with stage 1 disease did not appear to benefit
from radiotherapy. A recent multi-institutional retrospective analysis found survival
benefits in GBC patients who received postoperative adjuvant chemotherapy (haz-
ard ratio [HR] 0.38, 95% CI: 0.23-0.65) and chemoradiotherapy (HR 0.26, 95% CI:
0.15-0.43) [55]. The survival benefit of adjuvant therapy was specifically seen in
the patients with T3/T4 disease, lymph node metastases at presentation, and who
had R1 resection. Benefit for radiotherapy alone, chemotherapy alone, and chemo-
radiotherapy is further supported by a National Cancer Database (NCDB) analysis
that showed improved 3-year overall survival (chemotherapy, HR: 0.77 [95% CI:



11  Gallbladder Cancer 245

0.61-0.97]; radiotherapy, HR: 0.63 [95% CI 0.44-0.92]; and chemoradiotherapy,
HR: 0.47 [95% CI: 0.39-0.58]). However, neither of the therapies showed a survival
advantage in TINO stage disease [56]. Selected radiotherapy and chemoradiother-
apy studies in GBC are summarized in Table 11.3. The results of these retrospective
analyses are to be interpreted with caution as there might be a component of selec-
tion bias as fitter and relatively younger patients received adjuvant therapy. In con-
trast, an NCDB analysis showed that patients who had larger primary tumors,
advanced stage, and lymph node metastases had a higher likelihood of receiving
adjuvant therapy.

A recent multicenter phase II trial (Southwest Oncology Group S0809) evaluated
the safety and efficacy of postoperative combined modality therapy in patients with
resected EHCC or GBC [57]. Therapy consisted of four cycles of gemcitabine and
capecitabine, followed by conformal radiotherapy (45 Gy to regional lymphatics
and 54-59.4 Gy to the tumor bed) and concurrent capecitabine. Twenty-five patients
enrolled had GBC, with most having stage III-IV disease and/or positive surgical
margins. Two-year overall survival, disease-free survival, and local recurrence rates
were 56%, 48%, and 8%, respectively. These data provide evidence in support of
this regimen in patients with resected GBC at high risk for recurrence.

Improving Safety of Radiotherapy: Despite the potential benefits of radiotherapy
in the management of GBC, the dose of radiotherapy is limited by the proximity of
the disease to vital structures including the bowel, liver, and kidneys. The risk of
acute and late treatment-related adverse effects may be minimized by the use of
advanced radiotherapy techniques such as three-dimensional conformal radiother-
apy (3D-CRT), intensity-modulated radiotherapy (IMRT), and proton beam radio-
therapy. Specifically, IMRT may reduce radiation exposure to the liver and right
kidney [58]. A preliminary study evaluated the feasibility of IMRT with image guid-
ance for target localization in ten patients with GBC [59]. The median prescription
dose was 59 Gy. Treatment was well tolerated with only one patient experiencing
grade 3 toxicity. Recently, a retrospective study evaluated the use of neoadjuvant
chemoradiotherapy using IMRT for 28 patients with locally advanced GBC [60].
Patients received a median dose of 57 Gy in 25 fractions to the primary tumor and
involved lymph nodes and 45 Gy in 25 fractions to the at-risk regional lymph nodes.
Three patients (11%) experienced grade 3 acute treatment-related adverse events
during chemoradiotherapy. Two patients experienced grade 3 late treatment-related
adverse events after RT. An example of an IMRT treatment plan for gallbladder
cancer is shown in Fig. 11.6.

Role of Adjuvant Chemotherapy in the Management of GBC

Chemotherapy, given either alone or in combination with radiotherapy is used as adju-
vant therapy following surgical resection of the primary tumor. Chemotherapy is also
used in GBC patients with locally advanced unresectable disease or in patients with
metastatic disease. As discussed in the section “Role of Adjuvant Radiotherapy and
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Table 11.3 Selected studies that evaluated adjuvant radiotherapy and chemoradiotherapy in
gallbladder cancer

Study Regimen Significance/outcome Comments
Mitin T National Cancer Data | Adjuvant chemoradiotherapy | Apparent benefit of
et al. [56] Base (NCDB) (HR 0.47) and chemotherapy | adjuvant therapy was
(n=5029) | retrospective analysis (HR 0.77) were associated | seen in all subgroups
(2005-2013) with better survival except TINO patients.
The magnitude of benefit
was greatest in patients
with N+ disease or
positive margins
Mojica P SEER retrospective Median survival of Adjuvant radiotherapy
etal. [108] |analysis (1992-2002) 14 months with adjuvant was used in 17% of
(n=31w87) radiotherapy vs. 8 months cases. Radiotherapy was
with no adjuvant associated with survival
radiotherapy (p < 0.0001) benefit in patients with
regional spread
(p =0.0001) and tumors
infiltrating the liver
(»p=0.011)
Gold etal. | Adjuvant therapy with | Overall, no significant Retrospective study of 48
[105] 5-fluorouracil difference in median OS was | patients who received no
(n="173) chemotherapy noted between the adjuvant therapy and 25
concurrently with chemoradiation (4.8 years) | patients who received
radiotherapy (median vs. no therapy (4.2 years) adjuvant
dosage, 50.4 Gy in 28 | groups. After adjusting for T, | chemoradiotherapy
fractions) N category and histologic
features, chemoradiotherapy
was associated with
improved survival (hazard
ratio for death, 0.3; 95%
confidence interval,
0.13-0.69; p = 0.004)
Cho SY Adjuvant chemotherapy | Disease-free survival in Adjuvant
etal. [109] | with 5-fluorouracil or | adjuvant therapy group was | chemoradiotherapy was
(n=100) cisplatin + capecitabine | higher compared to no associated with improved
or gemcitabine adjuvant therapy group in survival in lymph node
concurrently with lymph node positive disease | positive disease only
radiotherapy (dosage, | only (p = 0.0006)
45 Gy in 25 fractions
for 25 days)
Gonzalez Abdominal irradiation | Five-year OS was higher in | Evaluation of the role of
ME et al. (20 Gy at 100 cGy adjuvant chemoradiotherapy | adjuvant
[110] daily) plus a boost to cohort as compared to no chemoradiotherapy in
(n=67) the tumor bed for a total | adjuvant therapy cohort T1b-3 NO-1MO disease

of 45-59.4 Gy +
fluoropyrimidines

(57% vs. 27%) (p = 0.005)
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Table 11.3 (continued)
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Study Regimen Significance/outcome Comments
Kimetal. |Gemcitabine, Receipt of Only patients with T3/T4
[55] gemcitabine + cisplatin | chemoradiotherapy was disease, R1 disease,
(n=291) in 67% of the patients + | associated with better OS as | lymph node metastasis
radiotherapy (no compared to surgery-only had benefit with
specific mention on the | group (HR: 0.26, p <0.001) | chemotherapy or
type of chemotherapy chemoradiotherapy
received in about 33%
of patients)
Gu B etal. | Adjuvant radiotherapy | Propensity score matched Disease-free survival was
[111] with concurrent mono | analysis of patients with also high in adjuvant
(n=94) chemotherapy surgery + chemoradiotherapy | chemoradiotherapy group
(capecitabine or S-1) or | and surgery only. Median as compared to
2-drug chemotherapy survival was higher in surgery-only group (23
(oxaliplatin combined | patients who received vs. 7 months; p = 0.004)
with 5-fluorouracil adjuvant chemoradiotherapy | in stage II-IVA GBC
(5-FU) / capecitabine/ | as compared to surgery alone | patients
gemcitabine) (27 vs. 13 months;
p =0.004)

Fig. 11.6 Intensity-modulated radiotherapy (IMRT) plan for a patient with locally advanced,
unresectable gallbladder adenocarcinoma. Treatment was delivered in 25 fractions over 5 weeks
with concurrent capecitabine. The gallbladder primary tumor and involved portocaval lymph node
(red volume) received a dose of 56.25 Gy, and the regional lymph nodes (cyan volume) received
45 Gy. Volumes receiving 56.25 Gy (white), 45 Gy (blue), 30 Gy (magenta), and 20 Gy (yellow)
are shown

Chemoradiotherapy”, given the rarity of GBC, most of the data are obtained from ret-
rospective analyses, and most studies grouped all patients with biliary tract cancer,
including cholangiocarcinoma and GBC. Though the two cancer types are often ana-
lyzed in combination, subgroup analyses showed discordant responses to the therapy
[61, 62]. Moreover, compared to advanced cholangiocarcinoma (median OS:
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Table11.4 Prospective randomized trials of chemotherapy in the management of gallbladder cancer

Study Regimen Significance/outcome Comments
Takada Mitomycin C (6 mg/m? IV) at | GBC patients who received Multivariate
etal. [112] | the time of surgery and 5-FU | adjuvant chemotherapy had a | analysis
(n=112 | (310 mg/m?IV) in 2 courses | better 5-year survival showed a tendency
GBC) of treatment for 5 consecutive | compared to the surgery-only | to lower recurrence
days during postoperative group (26 vs. 14.4%, p = 0.03). | rate and lower risk
weeks 1 & 3, followed by A similar trend in DFS was of mortality
5-FU (100 mg/m? orally) noted (20% vs. 13%, p =0.02) | (p > 0.05)
daily from postoperative week
5 until disease recurrence
Primrose | Adjuvant capecitabine Per protocol analysis, median | The study included
et al. [65] | (1250 mg/m? D1-14 every OS was better in all biliary tract
n=179 21 days, for 8 cycles) vs. no | the capecitabine group cancers, and
GBC) adjuvant therapy compared to no adjuvant survival analysis
therapy (53 months vs. included all biliary
36 months, p =0.02) tract cancers
Edeline Postsurgical adjuvant No significant difference in French multicenter
etal. [113]  gemcitabine + oxaliplatin relapse-free survival between | study. No GBC
(n=196 | (GEMOX) 85 for 12 cycles the cohorts. Though quality of | specific analysis
biliary vs. no adjuvant therapy life did not change with was performed
tract GEMOX, it was associated
cancers) with high rates of peripheral
neuropathy (50 vs. 1%) and
neutropenia (22 vs. 0%)
compared to no adjuvant
therapy

24-44 weeks), GBC is a more aggressive disease (median OS: 12 weeks) [63]. Genomic
analyses of resection specimens of the two types of cancers show varying rates of driver
genomic mutations, including KRAS, isocitrate dehydrogenase (IDH1/2), and fibroblast
growth factor receptor 2 (FGFR?2) and differences in gene expression [64]. Despite the
differences in the aggressiveness and molecular pathogenesis of GBC and biliary tract
cancers, randomized controlled trials usually combine the two cancers in the survival
analyses, and GBC comprise a relatively small number of the patients analyzed (36%
in the Advanced Biliary Cancer [ABC]-02 trial and 18% in the BILCAP trial) [65, 66].

Previous retrospective studies suggested some degree of benefit from adjuvant
chemotherapy [67—69]. Few prospective randomized trials have been conducted,
and the small number of patients with GBC enrolled in these trials compromises
interpretation of the results (Table 11.4).

Encouraging results of improved median survival (53 vs. 36 months, HR 0.75,
95% CI: 0.58-0.97) were seen in the phase III BILCAP trial that evaluated
capecitabine as adjuvant therapy (1250 mg/m2 DI1-14 every 21 days, for
8 cycles/6 months) in biliary tract cancers including GBC (n =79, 18% of total bili-
ary tract patients enrolled) [65]. Patients with Tla GBC were excluded from this
clinical trial. In the subgroup analysis of GBC patients, survival was numerically
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better in the capecitabine arm (HR of 0.84, [95% CI: 0.43-1.63]; p = 0.097). In the
intention to treat analysis, median relapse-free survival (RFS) of the capecitabine
group was 25 months (95% CI: 19-37 months), whereas the observational group
had an RFS of 18 months (95% CI: 13-28 months). Common grade 3—4 adverse
events included plantar palmar erythema (21%), fatigue (8%), diarrhea (8%), neu-
tropenia (2%), nausea (1%), stomatitis (1%), and hyperbilirubinemia (1%).
Interestingly, high rates of R1 resections (38%) were reported in this trial. The ben-
efit of adjuvant chemotherapy was more pronounced in patients with RO resection
compared to those with R1 resection (HR: 0.73 vs. 0.90).

It is important to note that these randomized trials had only limited numbers of
cases of GBC. Nonetheless, given the modest survival advantage, tolerable toxicity
profile, and extrapolation from clinical trials in the metastatic setting, platinum-
based compounds were often combined with gemcitabine [66]. However, the
BILCAP study has established capecitabine as a new standard of care option for
resected GBC.

Role of Neoadjuvant Therapy in the Management of GBC

Neoadjuvant therapy is currently being employed in locally advanced gastrointesti-
nal malignancies with the primary aim of downstaging the disease and achieving RO
resection. There are limited data in the treatment of GBC in the neoadjuvant setting.
An Indian prospective case series that evaluated the role of neoadjuvant chemo-
therapy with gemcitabine and cisplatin in locally advanced disease concluded that
83.3% (15/18) of patients had a good radiological response and 56.3% (9/16
patients) achieved RO resection [70]. The study concluded that neoadjuvant chemo-
therapy may downsize the tumor in approximately half of patients, allowing RO
resection. Similarly, encouraging results were seen in a retrospective analysis that
evaluated gemcitabine and cisplatin neoadjuvant chemotherapy in locally advanced
GBC. A total of 17/37 patients (46%) could undergo RO resection, and the patients
who underwent surgery had a significantly better progression-free survival and OS
[71]. A retrospective case series from India demonstrated the feasibility of adminis-
trating neoadjuvant concurrent chemoradiotherapy for locally advanced (stage III)
gallbladder cancer [60, 72]. Of the 28 patients treated, 71% experienced partial or
complete radiologic response, and 56% underwent RO resection. Overall survival at
5 years was 24% for all patients and 47% for patients with an RO resection. A
single-arm prospective phase II study in Chile evaluated the feasibility of neoadju-
vant chemoradiotherapy for potentially resectable gallbladder cancer [73]. Eighteen
patients with stage II-IV disease received preoperative RT (45 Gy in 25 fractions)
with concurrent 5-FU. Thirteen patients (72%) underwent potentially curative
resection, and of these seven (54%) were alive and free of disease recurrence at a
median follow-up of 2 years. To better characterize the benefit of neoadjuvant ther-
apy in GBC, large prospective studies are needed to assess the rates of downsizing
and resectability.
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Management of Advanced GBC
Palliation of Obstructive Jaundice

Due to infiltration of the common hepatic duct, jaundice is a presenting complaint
in 30-60% of patients with advanced GBC. In GBC patients presenting with jaun-
dice, baseline CA 19-9 should be drawn after biliary drainage as it might be falsely
elevated in patients with biliary obstruction. The CA-19-9 level can be followed
every 3—4 months to determine the progression of the disease. Biliary drainage can
be achieved by either percutaneous or endoscopic stenting. A randomized controlled
trial evaluated percutaneous transhepatic biliary drainage vs. endoscopic stenting
methods of biliary drainage in 54 patients with advanced GBC [74]. Though sur-
vival was same in both arms, the percutaneous procedure was associated with better
success rates (89% vs. 41%) and lower rates of cholangitis (48 vs. 11%). Despite the
lower rates of cholangitis and high success rates with percutaneous procedure, in
practical settings, the percutaneous procedure is associated with higher patient dis-
comfort due to open external drainage and comparatively higher rates of bile leak
and bleeding [75].

Role of Radiotherapy and/or Chemoradiotherapy in Advanced GBC

Limited data exist on the role of radiotherapy in advanced unresectable GBC, and
the available data are mainly obtained from the small number of GBC cases included
in studies that evaluated all biliary tact cancers [68, 76]. Given this limited data,
patients with unresectable GBC should be encouraged to participate in clinical trials.

Despite uncertainty in survival benefit, chemoradiotherapy is an acceptable
choice for locoregional therapy of a locally advanced unresectable GBC in selected
cases. Chemotherapy, especially fluoropyrimidine based, is frequently administered
in addition to radiotherapy [68]. Systemic chemotherapy should be used as a first
choice in advanced disease; and radiotherapy may be considered in patients with
localized unresectable disease without metastases after initiation of first-line che-
motherapy [77].

Role of Systemic Chemotherapy in Advanced GBC

Gemcitabine and fluorouracil-based therapies are commonly evaluated systemic
therapies for treatment of GBC in the palliative setting. The oral fluoropyrimidine
derivative, capecitabine, alone or in combination with cisplatin or oxaliplatin
showed encouraging results of marginal survival benefit in unresectable GBC [78-
80]. Similar encouraging results were reported in another study that evaluated
capecitabine in combination with oxaliplatin [79]. The therapy was well tolerated,
and the study concluded that of 27 unresectable GBC patients, one had complete
response, 7 had partial response, and 9 had a stable disease, with a total disease
control rate of 63% and median survival of 11.3 months.
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Gemcitabine, either alone or in combination, has been extensively studied in
patients with GBC (Table 11.5). Three phase II trials that evaluated gemcitabine
alone in unresectable GBC concluded that the drug was well tolerated with response
rates ranging from O to 30% [81-83]. Gemcitabine was also evaluated in combina-
tion with capecitabine in three phase II trials of metastatic, unresectable GBC [84—
86]. Results of the three trials showed a response rate of about 30% with a median
OS of 13—-14 months. This combination regimen was well tolerated, with neutrope-
nia and thrombocytopenia as the most significant toxicities.

In addition, gemcitabine was also evaluated in combination with cisplatin or
oxaliplatin in phase II and III trials, and the results (response rates and median OS)
were encouraging. In gemcitabine plus cisplatin combination phase II trials,
response rates of 21-34.5% and median OS of 9.3—11 months were noted [87-90].
The combination was also evaluated in a phase III randomized trial (ABC-02 trial),
which also demonstrated similar encouraging results making it the current standard
of care therapy in unresectable GBC [91]. In this clinical trial of 410 patients with
biliary tract cancers, 149 subjects had GBC. Compared to gemcitabine monother-
apy, the combination therapy resulted in a better progression-free survival (8.4 vs.
6.5 months; HR: 0.72; 95% CI: 0.57-0.90; p = 0.003) and OS (11.7 vs. 8.3 months;
HR:0.70; 95% CI: 0.54-0.89; p = 0.002). The combination therapy was tolerated
well without significant added toxicity. In addition, the rate of tumor control was
significantly increased among patients in the combination therapy group (81.4% vs.
71.8%, P = 0.049). In the GBC subgroup, 37.7% of the patients receiving combina-
tion therapy had a partial response compared to 21.4% with single agent gem-
citabine. Adverse events were similar in both the cohorts. Though neutropenia was
more frequent in the cisplatin—gemcitabine group, the number of neutropenia-
associated infections was similar in the two groups.

The gemcitabine—oxaliplatin combination was evaluated in phase II trials [92—
94]. The regimen was well tolerated even among patients with higher ECOG scores
reflecting poor functional status. A phase III trial of 260 patients compared the com-
bination of gemcitabine—cisplatin with gemcitabine—oxaliplatin in unresectable and
metastatic GBC patients [95]. The objective response rates (23% vs. 24%) and
median OS (8 vs. 9 months) were similar in both treatment cohorts; however, the
combination of gemcitabine and oxaliplatin had more grade 1 or 2 peripheral neu-
ropathy and grade 3 or 4 diarrhea.

Gemcitabine has also been evaluated in combination with fluorouracil-leucovorin
and carboplatin. Patients who received the combination with fluorouracil-leucovorin
had modest improvements in progression-free survival but it was not superior to
gemcitabine alone [96, 97]. In a phase II trial that evaluated the combination of
gemcitabine and carboplatin in a group of 20 patients with advanced GBC, 4 patients
(21%) achieved a complete response and 3 (15.7%) had a partial response with an
overall response rate of 36.7% [98]. Grade III and IV side effects of anemia, neutro-
penia, and thrombocytopenia were observed in a few patients.

Based on the above data, the combination of gemcitabine and cisplatin is the
standard of care for first-line treatment of advanced GBC. The combination of gem-
citabine and oxaliplatin is also a reasonable choice. Other alternative regimens
include single-agent gemcitabine, gemcitabine and carboplatin, or 5-FU-based
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Table 11.5 Gemcitabine-based systemic chemotherapy trials of unresectable gallbladder cancer

Study

Regimen

Significance/outcome

Comments

Kubicka et al.[81]
(n=23
cholangiocellular
carcinoma)

Gemcitabine weekly
(3 times/month)

Seven/23 patients had
clinical benefit (overall
response rate of 30%)

Nausea and neutropenia
were most commonly
noted side effects

No GBC specific analysis
was performed

Mezger et al. [82]
(n =13 biliary
tract cancers)

Gemcitabine

1000 mg/m? weekly
for 7 weeks, then
cycles of 3 weeks
with 1 week pause

Only 1 patient had partial
remission lasting more
than 5 months. No
survival advantage
demonstrated

No GBC specific analysis
was performed

Penz et al. [83]
(n =32 biliary
tract cancers)

Gemcitabine

2200 mg/m? every

2 weeks for a
duration of 6 months

Seven / 32 (22%) patients
had a partial response.
14/32 (44%) had stable
disease

3/32 patients developed
grade 3 hematologic
toxicities

Knox et al. [84]
(n=20)

Capecitabine at
650 mg/

m? + Gemcitabine
1000 mg/m?

Median OS was

14 months. Median
progression-free survival
was 7 months (95% CI:
4.6—-11.8 months)

Most common side
effects observed were
transient neutropenia,
thrombocytopenia,
fatigue, and hand-foot
syndrome. No GBC
specific analysis was
performed

Cho et al. [85]
(n=17)

Capecitabine at
650 mg/

m? + Gemcitabine
1000 mg/m?

Median time to disease
progression and OS were
6.0 and 14 months,
respectively. The 1-year
survival rate was 58%

No grade 4 adverse
events were seen. No
GBC specific analysis
was performed

Riechelmann
et al. [86]

(n =175 biliary
tract cancers)

Capecitabine at
650 mg/

m? + Gemcitabine
1000 mg/m?

Overall response rate was
29% (95% CI: 19.4—
41%), with a median
duration of 9.7 months. 3
patients achieved
complete responses, with
a median duration of

17 months. The median
progression-free survival
and OS were 6.2 and
12.7 months, respectively

No GBC specific analysis
was performed

Meyerhardt et al.
[87]

(n =33 biliary
tact cancers)

Gemcitabine at
1000 mg/m? and
cisplatin at 30 mg/m?

Seven/33 (21%)
experienced a partial
response; 12/33 (36%)
had stable disease for

3 months. The median
progression-free survival
and OS were 6.3 and

9.7 months, respectively.
After 1 year, 39% of
patients were alive

Most common grade 3—4
hematologic toxicities
were neutropenia,
thrombocytopenia and
anemia
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Table 11.5 (continued)

Study Regimen Significance/outcome Comments
Thongprasert Gemcitabine at Partial response was seen | Anemia and leukopenia
et al. [88] 1000 mg/m? and in 11/40 (27.5%), 13/40 | were common grade 3
(n =40 biliary cisplatin at 30 mg/m?* | (32.5%) had stable hematologic toxicities
tract cancers, 1 disease and/or minor
GBC) response. Median
survival time was
36 weeks
Kim et al. [89] Gemcitabine at Ten/29 had partial Grade 3 and 4
(n =29 biliary 1000 mg/m? days 1 | response. None had hematologic toxicities
tact cancers) and 8; cisplatin at complete response. seen were neutropenia
60 mg/m? every Overall response rate was | (14%) and anemia (3%)
3 weeks 34.5%. 4129 (13.8%) had
stable disease. Positive
correlation of CA 19-9
increase with disease
progression

regimens. Figure 11.7 shows a flow diagram summarizing the overall management
of gallbladder carcinoma.

Role of Molecular-Targeted Therapy

The molecular pathology of GBC is discussed in detail in section “Pathology of
GBC”. The characteristic molecular features include mutation of KRAS, TP53, and
pl6/CDKN2/INK4A, as well as human epidermal growth factor receptor (HER)-2/
Neu amplification. Angiogenic-inflammatory pathway gene mutations in cyclooxy-
genase-2 [COX-2], nitric oxide synthase [iINOS], and vascular endothelial growth
factor [VEGF] are also implicated in the pathogenesis of GBC.

Tyrosine kinase inhibitors, erlotinib and lapatinib, that act by blocking the EGFR
pathway (lapatinib also blocks the HER2/EGFR2 pathway) were evaluated in
advanced biliary tract cancers (erlotinib) and GBC (lapatinib). These tyrosine kinase
inhibitors resulted in modest benefit (~17% progression-free survival) at their best,
and all responding patients had mild skin toxicity (grades 1 and 2). A multicenter,
randomized phase II trial evaluated the combination of cetuximab (an EGFR inhibi-
tor) with gemcitabine—oxaliplatin in unresectable biliary tract cancers (24% patients
had GBC) [99]. The addition of cetuximab resulted in improved 4-month
progression-free survival compared to the gemcitabine—oxaliplatin group (61% vs.
44%). Toxicity was comparable in both groups with slightly higher rash/hypersen-
sitivity reactions in the cetuximab group.

Sorafenib, a tyrosine kinase inhibitor that targets VEGFR-2, 3 and platelet-
derived growth factor and less potently BRAF kinases was evaluated in a phase 11
clinical trial involving unresectable or metastatic GBC or cholangiocarcinoma
(n = 31) [100]. Twenty-nine % of the patients had stable disease and median
progression-free survival was 2 months. Grade 3 or 4 toxicities were significant,
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affecting about two-thirds of the patients. One patient died of supraventricular
tachycardia and thromboembolism.

Bevacizumab, a humanized monoclonal antibody against VEGF, was evaluated
in a phase II trial in combination with gemcitabine and oxaliplatin in unresectable
biliary tract cancers (28% [n = 10] of enrolled patients had GBC) [101]. In the
subset of GBC patients, the median progression-free survival and OS were 6.1 and
8.5 months, respectively. Most common side effects noted were grade 3 or 4 hyper-
tension (n = 5), proteinuria (n = 1), thrombosis (n = 2), and cardiac ischemia
(n =1). Bevacizumab was also evaluated in combination with erlotinib in a phase
II trial in biliary tract cancers (n = 53; 10 patients with GBC and 43 with non-
GBC) [102]. This biologic combination regimen resulted in stable disease in 51%
of patients; the median OS of the entire group was 9.9 months. It is important to
note that the results of the study were not stratified based on the tumor location and
so cannot be extrapolated to GBC. Another study evaluated the addition of bevaci-
zumab to gemcitabine and oxaliplatin (GEMOX) [103]. The combination was
associated with a better progression-free survival compared to GEMOX therapy
(6.5 vs. 3.7 months, p = 0.049). No significant difference in adverse events was
noted between the groups.

Although these biologic agents are promising, more definitive randomized stud-
ies are required to define the role of antiangiogenic agents in advanced GBC, par-
ticularly among those harboring KRAS and BRAF mutations.

Role of Immunotherapy

Given the background of chronic inflammation in the pathogenesis of GBC, immu-
notherapy may be a potentially attractive targeted therapy [104]. A couple of tumor-
related antigens have also been identified in gallbladder carcinoma — Wilms tumor
1 (WT1) and mucin-1 (MUC-1) in 68-80% and 90% of gallbladder cancers, respec-
tively [105]. Trials of both a dendritic-based cell vaccine against WT-1 and MUC-1
antigens, as well as a randomized trial of chemotherapy and a WT1 vaccine in
patients with advanced GBC have been described [106]. In addition, in the interim
analysis of a phase II trial (KEYNOTE-028, NCT02054806) that evaluated the role
of pembrolizumab in advanced biliary tract cancer (including GBC), 34% (n = 8) of
patients with positive PD-L1 expression had a partial response or stable disease
[107]. Half of the patients (52%, n = 12) had progressive disease.

The role of pembrolizumab alone (NCT03260712) in advanced GBC is being
evaluated in a phase II clinical trial. This trial will hopefully provide us with
more details about the role of immune-targeted therapy in advanced, inoperable
GBC. A phase II clinical trial of nivolumab (NCT02829918) in patients with
advanced biliary tract cancers including GBC is also currently underway. These
and other clinical trials will help in defining the role of checkpoint inhibitors in
patients with GBC.
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Conclusion

GBC continues to represent a major challenge in gastrointestinal oncology and
often has a dismal prognosis. Surgical resection remains the mainstay of treatment
if diagnosed at an early stage. The roles of chemotherapy and chemoradiotherapy in
the neoadjuvant and adjuvant settings remain to be defined in randomized, prospec-
tive clinical trials. Recent clinical trials have suggested a survival benefit for
capecitabine as adjuvant therapy. Molecularly targeted agents that inhibit angiogen-
esis and EGFR and BRAF pathways are currently being evaluated in clinical trials,
and patients with unresectable GBC should be highly encouraged to enroll in these
trials. Despite being a distinct entity compared to other biliary tract cancers, GBCs
have been frequently combined with other biliary tract cancers in therapeutic stud-
ies. This has prevented a true understanding of the most effective treatment options.
Given the relative rarity of GBC, collaboration across academic and community
centers with experience in the management of these cancers will be necessary to
achieve continued progress in the field and to obtain better outcomes for our patients.
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