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Abstract: Gallbladder cancer, though generally considered rare, is the most common malignancy
of the biliary tract, accounting for 80%—-95% of biliary tract cancers. An early diagnosis is
essential as this malignancy progresses silently with a late diagnosis, often proving fatal. Its
carcinogenesis follows a progression through a metaplasia—dysplasia—carcinoma sequence. This
comprehensive review focuses on and explores the risks, management, and outcomes for primary
gallbladder carcinoma. Epidemiological studies have identified striking geographic and ethnic
disparities — inordinately high occurrence in American Indians, elevated in Southeast Asia, yet
quite low elsewhere in the Americas and the world. Age, female sex, congenital biliary tract
anomalies, and a genetic predisposition represent important risk factors that are immutable.
Environmental triggers play a critical role in eliciting cancer developing in the gallbladder, best
exemplified by cholelithiasis and chronic inflammation from biliary tract and parasitic infections.
Mortality rates closely follow incidence; those countries with the highest prevalence of gallstones
experience the greatest mortality from gallbladder cancer. Vague symptoms often delay the diag-
nosis of gallbladder cancer, contributing to its overall progression and poor outcome. Surgery
represents the only potential for cure. Some individuals are fortunate to be incidentally found
to have gallbladder cancer at the time of cholecystectomy being performed for cholelithiasis.
Such an early diagnosis is imperative as a late presentation connotes advanced staging, nodal
involvement, and possible recurrence following attempted resection. Overall mean survival is
a mere 6 months, while 5-year survival rate is only 5%. The dismal prognosis, in part, relates
to the gallbladder lacking a serosal layer adjacent to the liver, enabling hepatic invasion and
metastatic progression. Improved imaging modalities are helping to diagnose patients at an earlier
stage. The last decade has witnessed improved outcomes as aggressive surgical management and
preoperative adjuvant therapy has helped prolong survival in patients with gallbladder cancer.
In the future, the development of potential diagnostic markers for disease will yield screening
opportunities for those at risk either with ethnic susceptibility or known anatomic anomalies of
the biliary tract. Meanwhile, clarification of the value of prophylactic cholecystectomy should
provide an opportunity for secondary prevention. Primary prevention will arrive once the pre-
dictive biomarkers and environmental risk factors are more clearly identified.

Keywords: gallstones, cholelithiasis, incidence, cholecystectomy, gallbladder polyp, anomalous
junction of the pancreaticobiliary duct, primary sclerosing cholangitis

Introduction

Gallbladder cancer is the most common malignancy of the biliary tract, represent-
ing 80%—95% of biliary tract cancers worldwide, according to autopsy studies.! It
ranks sixth among gastrointestinal cancers. However, the global rates for gallblad-
der cancer exhibit striking variability, reaching epidemic levels for some regions
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and ethnicities. The basis for this variance likely resides in
differences in environmental exposure and intrinsic genetic
predisposition to carcinogenesis. These risk factors vary
geographically and among ethnic groups. In most instances,
gallbladder cancer develops over 5 to 15 years, when
metaplasia progresses to dysplasia, carcinoma in situ, and
then, invasive cancer.! Progression is frequently rapid and
silent, portending a dismal prognosis. A satisfactory out-
come depends on an early diagnosis and surgical resection.
Despite this potential for cure, less than 10% of patients
have tumors that are resectable at the time of surgery,
while nearly 50% have lymph node metastasis.? Even with
surgery, most progress to metastatic disease, highlighting
the importance of improving adjuvant therapies.?

Mortality

Gallbladder cancer has an abysmal prognosis. Silent in its
infancy, this malignancy remains asymptomatic until aggres-
sive disease has progressed to an advanced and noncurative
stage. In fact, the overall mean survival rate for patients with
gallbladder cancer is 6 months, with a 5-year survival rate
of 5%.* Such a high mortality rate is, in part, due to aberrant
anatomical features: the gallbladder wall lacks a serosal layer
adjacent to the liver. Its perimuscular connective tissue is
contiguous with hepatic connective tissue, enabling invasion
of the liver and metastatic progression.

From an epidemiological perspective, the mortality rates
closely follow incidence: those countries with the highest
incidence experience the highest mortality. Worldwide,
the burden peaks in the Mapuche Indians of Chile (35 per
100,000 each year), closely followed by Hispanics and
North American Indians. A lack of access to health care in
some regions of the world unquestionably contributes. For
instance, the frequency of cholecystectomy for gallbladder
disease is likely a mitigating factor.> Mortality is declining in
some countries, like the USA, Canada, Australia, and parts
of Europe (the UK and Hungary), but increasing in others,
including Chile and Japan.!

Risk factors

The available epidemiological studies for gallbladder
cancer have been generally limited by small sample sizes,
variations in their clinical and pathological criteria, and the
challenge in assessing exposure to any presumed risk factor.
However, the identification of risk factors is critical, pro-
viding insight into the pathogenetic mechanism that drives
geographic and ethnic variance, and yielding strategies for
prevention and treatment.

Age

Gallbladder cancer rates tend to increase with advancing age.
The median age was 67 years in a Memorial Sloan—Kettering
report of 435 gallbladder cancer patients.> US data from
2010 reveals that age-adjusted incidence rates (per 100,000)
in 2010 rose from 0.16/100,000 (for those 20—49 years) to
1.47/100,000 (for those 50—64 years), to 4.91/100,000 (65-74
years), and to 8.69/100,000 for individuals over the age of 75
years. This corresponded with mortality rates (per 100,000),
which increased from 0.08/100,000 (for those 20—49 years)
to 0.77/100,000 (50—64 years) and to 2.68/100,000 (65-74
years). The highest mortality rate was 5.05/100,000, for
individuals over the age of 75.6

Sex

Sex differences demonstrate a marked predominance of
women over men worldwide, especially in northern India,
Pakistan, and in American Indian females.” Women are
affected two to six times more often than men.® The impor-
tance of female sex hormones is strengthened through gall-
bladder cancer being associated with a high parity and greater
number of pregnancies.” The role of estrogen receptor and
progesterone receptor expression in gallbladder cancer is not
significantly different between men and women. However,
the coexpression of both receptors is increased in females
with gallbladder cancer as compared with males, identifying
a potential target for treatment.’

Geography/ethnicity

There is a widely variable geographic pattern for gallbladder
cancer, unlike other tumors of the extrahepatic biliary tract
and the ampulla of Vater. The incidence rates are extraor-
dinarily high in Latin America and Asia, relatively high in
some countries in eastern and central Europe (eg, Hungary,
Germany, and Poland), yet low in the United States and
most western and Mediterranean European countries
(eg, UK, France, and Norway).* Gallbladder cancer tends to
particularly afflict indigenous populations, according to a
vast global cancer registry on five continents (representing
704.4 million people or 11% of the world population).'®
Mapuche Indians from Valdivia, Chile, South America
exhibit the highest rate of gallbladder cancer: 12.3/100,000
for males and 27.3/100,000 for females. American Indians
in New Mexico, USA, follow, with an average annual rate
of 8.9/100,000. For these native people, gallbladder cancer
mortality rates exceed those for breast (8.7/100,000), cervical
(8.0/100,000), pancreatic (7.4/100,000), and ovarian cancers
(7.3/100,000)."
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Asia is a high risk continent, where an increased
frequency of gallbladder cancer occurs in northern Indian
females, Pakistani females,” and Korean males. Ethnic rates
can prevail even in different geographic locations. The Korean
people have the highest incidence rate (per 100,000) of gall-
bladder cancer in Asia: 8.1 for males and 5.6 for females.
Korean males living in Los Angeles County, California also
carry the highest US ethnic incidence rate at 5.9.¢ Figure 1
summarizes the quite variable global incidence rates for
gallbladder cancer.

Gallstones

Gallstones represent an important risk factor for this malig-
nancy, being present in most (~85%) patients with gallblad-
der cancer. Further, gallbladder cancer rates correlate well
with the prevalence of gallstone disease,'? which more com-
monly affects certain indigenous populations, particularly
in North and South America. From a different perspective,
however, the overall risk of gallbladder cancer occurring in
those with stones is low; fewer than 3% of individuals with
cholelithiasis have gallbladder cancer.

Increased rates for both gallbladder cancer incidence
(per 100,000) and gallstone prevalence (%) occur in Pima
Indian females (21/100,000 cancer incidence and 75.8%
gallstone prevalence),* North American Indian females
(7.1/100,000 and 64.1%),"* Chilean Mapuche Indian
females (27.3/100,000 and 49.4%),"> and East Indian

N. American Indians
(New Mexico)
7 7.1/100,000
- 3.8/100,000

S. American Indians
' 16-27/100,000

females (22/100,000 and 21.6%).'® These rates are further
summarized in Figure 2. Gallbladder cancer as a consequence
of long-standing gallstones is also over-represented among
New Zealand Maori,'” suggesting an increased prevalence
of gallstones in this native population.'® Ethnic predilec-
tions exist in the USA, where Caucasians carry a higher
prevalence of gallstones (16.6% of women and 8.6% of
men) compared with Black Americans (13.9% of women
and 5.3% of men).'4"?

Gallstone characteristics further influence the frequency
at which gallbladder cancer develops. Increasing stone size
augments the risk of gallbladder cancer; stones >3 cm
carry a tenfold increased risk when compared with smaller
stones.?®?! The stone type may also matter. American Indians
and other groups who have a high incidence of carcinoma of
the gallbladder also have an inordinately high prevalence of
cholesterol gallstone disease.?? The basis for this relationship
likely resides in gallstones creating local mucosal irritation
and chronic inflammation, perhaps aided by the local produc-
tion of carcinogens, such as secondary bile acids.?

In support of this association, an inverse correlation exists
between cholecystectomy for cholelithiasis and gallbladder
cancer rates,? potentially influenced by poor socioeconomic
status for some populations and hence, delayed access to
cholecystectomy. Prophylactic cholecystectomy would
appear reasonable in these individuals; however, this indi-
cation for surgery is not widely endorsed and may in fact,
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Figure | Gallbladder cancer incidence in the world.

Note: Gallbladder cancer incidence rates are highest among certain ethnicities, particularly South American Indians and East Indian (northern India) females. Statistics derived
from Cancer Incidence in Five Continents, Vol IX.10 This figure is adapted with permission from Stinton LM, Shaffer EA. Epidemiology of Gallbladder Disease: Cholelithiasis

and Cancer. Gut Liver. 2012;6(2):172-187."°
Abbreviations: GB, gallbladder; N, North; S, South.
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Figure 2 Gallbladder cancer incidence and gallstone prevalence in high-risk populations.
Note: Both gallbladder cancer incidence and gallstone prevalence are elevated in certain ethnicities, highlighting gallstones as a major risk factor for gallbladder cancer.

be controversial. The decline in incidence and mortality of
gallbladder cancer began decades before the introduction of
laparoscopic cholecystectomy and apparently has stabilized
in the past decade. No temporal relationship has been found
to exist between laparoscopic cholecystectomy rate and the
incidence and mortality rates of gallbladder cancer.*

Chronic inflammation
Chronic inflammation is inexorably linked to malignant
transformation, being a major factor in carcinogenesis.
Recurrent or chronic inflammatory insults are detrimental,
causing deoxyribonucleic acid (DNA) damage, provoking
repeated tissue proliferative attempts at restoration, releasing
cytokines and growth factors, and thus, predisposing cells to
oncogenic transformation. Mediators, such as nuclear factor
kappa B, reactive oxygen and nitrogen species, inflammatory
cytokines, prostaglandins, and specific micro-ribonucleic
acids (micro-RNAs) might be oncogenic, acting through
changes in cell proliferation, cell death (apoptosis), DNA
mutation rates, DNA methylation, and angiogenesis.” Hence,
cholelithiasis with its attendant repeated trauma, leading to
chronic cholecystitis, might be the mechanism by which
cancer develops after many years.

Chronic inflammation can also result in calcium being
deposited in the gallbladder wall. When calcium deposits

become extensive, the gallbladder acquires a bluish hue and
becomes fragile, even brittle — hence the term “porcelain
gallbladder.”?® The frequency of such calcification, although
uncommon (< 1% of gallbladder specimens), tends to occur in
older women in their sixth decade. The porcelain gallbladder
is frequently (average 25%, range 12%—61%) associated with
gallbladder cancer, in most but not all reports.?”?® In a recent sys-
tematic review of 340 patients with gallbladder calcifications,
21% had gallbladder malignancy.” Only those with stippled
calcification are considered premalignant; cases exhibiting
transmural calcification are less likely to be associated with
carcinoma.”” Hence, gallbladders with partial calcification,
stippled, or multiple punctate calcifications in the glandular
spaces of the mucosa should be removed prophylactically.?

Infections

Chronic bacterial cholangitis poses a clear risk for biliary
tract malignancy. The organisms that have been most impli-
cated are Salmonella (eg, S. typhi and S. paratyphi) and
Helicobacter (eg, H. bilis) spp..>*3!' Some 6% of typhoid
carriers develop gallbladder cancer, a 12-fold risk increase.
Bacterial colonization may effect malignant transformation,
through the degradation of bile constituents (ie, bacterial
hydrolysis of primary bile acids forming carcinogens and/
or the action of B-glucuronides). Malignant transformation
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is further implicated via chronic inflammation itself, and/or
alterations of tumor suppressor genes (such as tumor protein
53 [p53]) or proto-oncogenes (such as mutations of Kirsten
ras oncogene homolog [K-ras]).>3?

Other chronic infestations with parasites, like Clonorchis
and Opisthorchis, can induce chronic inflammation and
biliary stones but have not been evaluated as to the risk for
developing gallbladder cancer.

Primary sclerosing cholangitis

Primary sclerosing cholangitis (PSC) is a chronic fibro-
inflammatory syndrome linking chronic inflammation
to carcinogenesis.*® There is an increased frequency of
gallbladder mass lesions in patients with PSC; the basis
presumably relates to the ongoing inflammation, facilitating
a metaplasia—dysplasia—carcinoma sequence.** The strong
correlation between gallbladder dysplasia/adenocarcinoma
and bile duct dysplasia/cholangiocarcinoma supports the
concept of a neoplastic “field effect” along the intrahepatic
and extrahepatic biliary tract in PSC patients.** Those with
PSC therefore should undergo annual gallbladder cancer sur-
veillance, via abdominal ultrasound screening, for masses.*>3¢
Cholecystectomy should be performed for lesions >0.8 cm.

Exposures

Various environmental exposures have been hypothesized to
contribute to gallbladder cancer. Heavy metals, like nickel
and cadmium, have been implicated, although a true associa-
tion has yet to be determined.’” Miners are often exposed to
radon, an inhaled gas, which has been associated with cancer
of the lung*® and gallbladder.** Tobacco consumption is a
significant risk factor.* Some drugs, such as methyldopa and
isoniazid, have been implicated. Any association between oral
contraceptives and gallbladder cancer is unclear.”

Obesity

Obese people (body mass index [BMI] >30 kg/m?) clearly
experience an increased risk of developing gallbladder
cancer.'** For each 5-point increase in BMI, the relative risk of
developing gallbladder cancer increases by 1.59 for women and
1.09 for men.** Further studies confirm this heightened risk
in females (relative risk [RR] =1.88; 95% confidence interval
[CI]: 1.66—2.13) than males (RR =1.35; 95% CI: 1.09—1.68).*
Obesity and the metabolic syndrome also pose other health
concerns, some of which might predispose to gallbladder can-
cer. Diabetes, for example, is a risk factor for stone formation.
The risk of developing gallbladder cancer in those with diabetes
mellitus exists, even in the absence of gallstones.* It is unclear

whether the link between diabetes and obesity confounds this
apparent association. The RRs for the most important factors
are expressed in terms of odds ratio in Table 1.

Gallbladder polyps

Almost 5% of adults harbor gallbladder polyps.*>¢ Most are
pseudopolyps, without neoplastic potential, as: cholesterol
polyps (cholesterolosis), composed of lipid-laden foamy
macrophages (~60% of all gallbladder polyps); adenomyosis
(~25%), representing hyperplastic mucosa; or inflammatory
polyps (~10%), constituting granulation/fibrotic tissue.”*’
There are no identified risk factors, like age, sex or the
metabolic syndrome, for gallbladder polyps. In asymp-
tomatic individuals, polyps and stones are not particularly
associated.*

In terms of neoplastic polyps, benign adenomas con-
stitute ~4% of all gallbladder polyps. Their size ranges from 0.5
to 2 cm. It is unclear whether or not benign adenomas progress
to adenocarcinomas. Any theorized adenoma—carcinoma
sequence is unlikely, given the absence of adenomatous
remnants in the mucosa adjacent to the adenocarcinoma.
There is also no evidence of K-ras mutations that might
signify a pathway for carcinogenesis.* Features that predict
malignancy are: large polyps (>10 mm), a solitary or sessile
mass, associated gallstones, the patient’s age over 50, and
most importantly, rapid polyp growth.”"

Gallbladder polyps generally do not cause any symp-
toms, being identified incidentally on transabdominal
ultrasound that is undertaken for upper abdominal pain
or other purposes. Benign polyps are frequently (~60%)
accompanied by gallstones in those being investigated for

Table | Risk factors for gallbladder cancer

Risk factor Relative risk/odds Reference
ratio
Gallstones 3.01-23.8 13-17,19
Size of gallstones
2.0-2.9 cm 2.4 19,21
>3.0 cm 9.2-10.1
Duration of gallstones
>20 years 6.2—12.1 (OR)*
BMI
30.0-34.9 Men: |.8; women: 2.1 39
Infections
Helicobacter bilis 2.6-6.5 19
Chronic typhoid and 12.7-167 19

paratyphoid carriers

Note: *Duration of gallstones is represented as an odds ratio (OR); the range
is shown. This table is adapted with permission from Stinton LM, Shaffer EA.
Epidemiology of Gallbladder Disease: Cholelithiasis and Cancer. Gut Liver.
2012;6(2):172-187."
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upper abdominal pain, making clinical distinction difficult
as to the origin of symptoms.*® Endoscopic ultrasound (EUS)
has become an important imaging modality, with its ability
to distinguish between a benign versus a malignant polyp.
An internal echo pattern with aggregation on EUS signifies
a benign cholesterol polyp.2

The features of polypoidal masses that indicate malig-
nancy include: large polyps (>1 cm; one-quarter being
malignant); a solitary polyp; a sessile polyp; polyp growth;
associated gallstones; and age over 50—60 years.* Size does
matter. Polyps exceeding 10 mm warrant cholecystectomy;
this is usually done as a laparoscopic procedure, unless
malignancy is highly suspected. Recent arguments suggest
that even lesions >6 mm may be a more suitable benchmark
for resection.*’” Gallbladder polyps not resected should be fol-
lowed by serial ultrasonography at 6- to 12-month intervals
as benign polyps do not grow.

Anomalous junction

of the pancreaticobiliary duct

The pancreatic and common bile ducts normally are con-
fluent at the ampulla of Vater. An anomalous junction of
the pancreaticobiliary duct is a congenital malformation
in which the pancreatic duct drains into the biliary tract
outside the duodenal wall. This variance is readily detected
on cholangiography, either with endoscopic retrograde
cholangiopancreatography (ERCP) or magnetic reso-
nance cholangiopancreatography (MRCP), or through EUS
imaging. The anomaly is rare in western countries but more
apparent in Asians, particularly those of Japanese origin.*
Such a long common channel defeats the gatekeeper func-
tion of the sphincter of Oddi, potentially allowing pancreatic
secretions to regurgitate into the bile ducts and gallbladder,
thus leading to malignant changes in the mucosa.’? The
association tends to occur in relatively young women, yet
is not associated with stones. Roughly 10% of patients with
gallbladder cancer have this junction anomaly;? the gallblad-
der cancer here usually manifests histologically as a papillary
carcinoma.” This subtype of adenocarcinoma has a somewhat
decreased risk of invasion and metastasis. Nevertheless, pro-
phylactic cholecystectomy should be considered in those with
an anomalous junction of the pancreaticobiliary duct.

Genetics

Gallbladder cancer ensues from an interaction between an
innate genetic predisposition and exposure to environmental
risk factors. Genetic factors undoubtedly govern some of the
widely variable frequency of gallbladder cancer worldwide. One

shared genetic risk is gallstone disease and gallbladder cancer.
A family history of gallbladder disease increases the risk of
developing gallbladder cancer.® For gallstone disease, the
genetic background accounts for ~25% of the total disease
risk." In turn, the stone might be the major ingredient leading
to the development of gallbladder cancer.

The molecular pathogenesis results from an accumula-
tion of mutations, eventually leading to malignancy. The
common genetic alterations are in the oncogenes, tumor
suppressor genes, microsatellite instability, and methylation
of gene promoter areas.> Proposed carcinogenic pathways
include: 1) gallstone-mediated inflammation, p53 mutation,
and eventual carcinoma; 2) K-ras point mutations con-
tributing to atypical epithelium and eventually carcinoma
(the hyperplasia—carcinoma sequence observed in patients
with an anomalous junction of the pancreaticobiliary duct);*
and 3) the potential for neoplastic foci in gallbladder polyps,
arising secondarily to K-ras mutations. Tumor growth, as a
result of neovascularization, is further promoted via synergy
between p53 mutation and upregulated vascular endothelial
growth factor.>

The exact sequence of molecular alteration underly-
ing gallbladder cancer pathogenesis remains unclear. The
genetic determinants in gallbladder carcinogenesis are poorly
understood, despite over 1,281 gene mutations having been
uncovered to date.”> These may be monogenic mutations,
in which environmental triggers play only a marginal role,
perhaps exemplified in congenital biliary tract anomalies. In
other circumstances, polymorphisms slightly increase the risk
that is elicited though environmental exposure. Carcinoma
of the gallbladder is likely a multistep sequence involving
cumulative genetic and epigenetic alterations.

Outcomes

Survival is critically dependent on an early diagnosis. Most
gallbladder cancers are uncovered incidentally at the time
of cholecystectomy. Unfortunately, because of a frequent
advanced stage at the time of diagnosis, the likelihood of
recurrence despite surgical intervention is high. Attempted
curative resection often proves futile, and outcomes are
rather appalling.

Staging and pathology

Gallbladder cancer staging, based on the American Joint
Committee on Cancer guidelines,’® focuses on tumor
invasion and the extent of spread. (Figure 3) An early
diagnosis can lead to a curative resection (termed “R0
resection”) as tumor invasion is limited to the mucosa or

submit your manuscript

104

Dove

Clinical Epidemiology 2014:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Gallbladder cancer: epidemiology and outcome

Primary tumor (T)

Tx Primary wmor cannot be assessed

TO Mo evidence of primary twmor

Tis Carcinoma in situ

T Tumor invades the lamina propria or muscle layer

Tla Tumeor invades the lamina propria
Tib  Tumeor invades the muscle layer
T2 Tumor invades perimuscular connective tissue; no extension beyond
the serosa or into the liver
T3 Tumor perforates the serosa (visceral peritoneum) andfor directly invades
the liver and/or one other adjacent ergan or structure, such as the
stomach, duodenum, colon, pancreas, omentum, or extrahepatic bile ducts
T4 Tumeor invades the main portal vein or hepatic artery or invades two or
more extrahepatic oOrgans or structures

Regional lymph nodes (N)

M Regional lymph nodes cannot be assessed
NO Mo regional lymph node metastasis
NI Regional lymph nede metastasis
Distant metastasis (M)
Mx Distant metastasis cannot be assessed
™Mo Mo distant metastasis
M Distant i
Stage grouping
Stage 0 Tis NO MO
Stage 1A TI NO MO
Stage IB T2 NO MO
Stage lIA T3 NO MO
Stage |IB TI NI MO
T2 NI MO
T3 NI MO
Seage Ill T4 AnyN MO
Stage IV Any T AmyN ML

Figure 3 Gallbladder cancer staging and histology.

Tla-Llamina Propria

Tib - Muscularis propria

T2 - Perimuscular connective tissue, not
beyond serosa

A 4

T3 - Perforates serosa and/or liver and/or one
other adjacent organ

T4 - Tumor invades portal vein/hepatic artery or other
extrahepatic structures

Notes: Histology courtesy of Dr S Urbanski, Department of Pathology, University of Calgary. Tumor invasion (T) largely drives the staging criteria for gallbladder cancer.
Regional lymph nodes (N) and distant metastasis (M) further advance staging and worsen the overall prognosis.

submucosa (ie, Tis = in situ or T1= confined to the lamina
propria or muscularis). The 5-year survival rates in these
patients are over 95%.%’

The prognosis worsens when the tumor invades the
deeper layers of the gallbladder. In fact, the 5-year survival
rates range from 70% with involvement of the subserosa
(T2= invasion of perimuscular connective tissue), falling to
0% with the spread to adjacent organs (T3= penetration of
the serosa).?? The metastatic rates also increase with deeper
invasion of the gallbladder tumor. Progression from T2 to
T4 tumors increases the likelihood of distant metastasis
from 16%—79% and the risk of nodal involvement from
33%—69%.%%>° Tumor invasion may be facilitated by the lack
of serosa adjacent to the liver, allowing for hepatic involve-
ment and an automatic T3 designation. T4 tumors signify
spread to two or more adjacent organs/structures, warranting
palliation in such cases.

Adenocarcinoma is the most frequent histologic type,
accounting for 98% of all gallbladder tumors; two-thirds of
these are moderately or poorly differentiated.® The other histo-
pathologic variants include the papillary, mucinous, squamous,
and adenosquamous subtypes. The disease stage determines
the treatment options. The best outcomes are reserved for
patients who qualify for cholecystectomy. In stage I disease,

according to American Joint Committee on Cancer criteria,
tumor invades the lamina propria or the muscle layer. Stage 11
is designated by the perforation of the serosa and/or involve-
ment of adjacent organs or structures. T1 to T3 tumor inva-
sion with any nodal involvement is automatically classified
as stage II. Both stage I and II are potentially resectable with
curative intent. Stage III generally indicates locally unresect-
able disease, as a consequence of vascular invasion or the
involvement of multiple adjacent organs. Stage IV represents
nonresectability because of distant metastases.*!

Diagnosis

Vague abdominal symptoms often mask a more worrisome
diagnosis. Patients with gallbladder cancer may present with
anumber of nonspecific complaints, like anorexia and weight
loss, as a precursor to jaundice. Imaging can detect malig-
nancy. Ultrasound, readily available, might reveal a polypoidal
gallbladder mass and perhaps invasion of adjacent structures.
Incidental findings include the presence of cholelithiasis and
calcification, in the form of the porcelain gallbladder. Wall
thickness (>3 mm) and enhanced vascularity are sonographic
features that can also signify potential malignancy. The use of
transabdominal, high-resolution ultrasound (HRUS) can differ-
entiate benign adenomyomatosis from gallbladder cancer.®?
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EUS is currently the definitive modality for staging
gallbladder cancer. The provision of an ultrasound probe
in close proximity to the biliary tree allows for precise
high-resolution imaging of the gallbladder. EUS also offers
sampling via fine needle aspiration.*

Computerized tomography (CT) helps identify any exten-
sion to lymph nodes, liver involvement, or distant metastases.
Dual phase helical CT, often performed preoperatively, deter-
mines gallbladder resectability with a high accuracy (up to
93%);%* any vascular involvement precludes this possibility.
Standard magnetic resonance imaging (MRI) is generally less
valuable. MRCP and three-dimensional magnetic resonance
(MR) angiography quite accurately detects vascular invasion,
with sensitivity and specificity approaching 100% and 87%,
respectively.®

Fluorodeoxyglucose positron emission tomography
(FDG-PET) scanning captures the uptake of fluorodeoxy-
glucose by tumor cells. PET scans are useful in differentiating
malignant from benign disease, in preoperative staging, and
in detecting postoperative residual disease.** PET scanning
may be underutilized. Potentially a more accurate modality
for staging in gallbladder cancer, PET scanning would alter
management in one-quarter of patients who had undergone
more routine staging by US, CT, and MRI.%

Surgical management

Early stage gallbladder cancer can mimic cholecystitis, when
presenting with biliary-type abdominal pain that warrants
cholecystectomy. Such incidental gallbladder cancers are
detected histologically after the fact in 0.3%—-3% of lap-
aroscopic cholecystectomies performed for cholelithiasis.
In other cases, treatment options usually focus on curative
resection, which can be compromised by the extent of tumor
invasion. Indeed, primary tumor invasion (T) is the most
important subset of the American Joint Committee on Cancer
staging criteria; it determines the surgical approach.®’

Port-site recurrences can follow laparoscopic cholecys-
tectomies in up to 17% of cases where unsuspected gallblad-
der cancer is discovered.® Here, accidental bile spillage
implants tumor cells at the trocar or incision site, leading
to recurrence. Surgical planning for suspected gallbladder
cancer thus requires an “open’ surgical approach.

As a result, simple cholecystectomy is reserved for Tla
disease and offers a surgical cure.®® For T1b lesions, the
malignancy extends to the muscle layer, requiring a more
radical approach. Patients may require cholecystectomy
with wedge resections involving segment IVb and V of the
liver as well as portal lymphadenectomy.®' If the invasion is

limited to the mucosa or subserosa, the 5-year survival rate
is over 95%.57 T2 lesions invade perimuscular connective
tissue with no extension beyond the serosa or into the liver.
This often requires a more formal resection of segments [Vb
and V. In T3 disease, the tumor burden may extend to the
serosa, liver, and/or adjacent organs/structures. Under these
circumstances, resection becomes more radical, includ-
ing an extended right hepatectomy with possible caudate
lobectomy,® regional lymphadenectomy, and extirpation of
other affected structures.®’ Some centers further advocate
pancreaticoduodenectomy to improve outcomes.® T4 disease
is widely disseminated through vascular invasion and/or
metastasis. Lesions here are commonly unresectable, and
palliation is more appropriate in this setting.

Adjuvant therapies
Patients often present with advanced disease or locoregional
recurrence after surgery. In this setting, alternate regimens
become more appropriate. Three classes of chemotherapeutics
may be used: gemcitabine, fluoropyrimidines, and platinum
compounds. Monotherapy has limited effect. 5-Fluorouracil,
when used as a single agent, has been shown to have only a
20% response rate; gemcitabine had a limited response rate
of 36%.>* Combination chemotherapy using gemcitabine and
cisplatin offers a significant survival advantage for patients
with advanced disease. The median progression-free survival
in one trial was longer at 8.0 months for patients treated with
cisplatin and gemcitabine compared with 5.0 months for
those receiving only gemcitabine.®

Radiotherapy has proven to be marginally useful in the set-
ting of advanced disease, usually being reserved as adjuvant
treatment. In one large study, external beam radiation following
curative-intent surgery provided improved survival at 1 year
(hazard ratio 0.45; P<<0.001) but not at 5 years (hazard ratio
1.06; P=0.50).” Unfortunately, the data supporting the use of
adjuvant or neoadjuvant chemoradiotherapy is largely based on
Phase II trials, with no conclusive evidence favoring benefit.*!

Therapeutic agents, targeting cellular and molecular
pathways, can impede tumor growth.”! Epidermal growth
factor receptor (EGFR) is expressed in 38.5% of gallbladder
cancers.” Targeted therapy against EGFR has demonstrated
an antiproliferative effect in vitro’? and provides some opti-
mism for a changing treatment paradigm in the future.

Prognosis

Prognostic factors that may help predict survival after resec-
tion include T staging of the original lesion; extent of nodal
involvement; metastasis; and jaundice, which can signify
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biliary invasion and possible obstruction.®! The advent
of gallbladder cancer staging has witnessed an improve-
ment in overall 5-year survival rates. The American Joint
Committee on Cancer “Cancer Staging Manual” assessed
10,000 patients diagnosed with gallbladder cancer from 1989
to 1996. The 5-year survival rates start at 80% for stage 0,
then progressively fall to 50% for stage I, 28% for stage I,
8% for stage I1la, 7% for stage IlIb, 4% for stage IVa, and
finally, 2% for stage IVb.>¢ Improved 5-year survival rates in
the USA are shown in Figure 4.

Unfortunately, the potential for inaccurate initial staging
exists. In some individuals, incidental gallbladder cancers
found at the time of cholecystectomy can be staged incorrectly.
A simple cholecystectomy can leave the cystic plate attached
to liver, violating the tumor plane.” Micrometastases may
have already occurred, with the potential for further pro-
gression as a result of incomplete tumor extirpation. These
cases warrant the pathological assessment of, at minimum,
six lymph nodes, including partial hepatectomy and portal
lymphadenectomy.”

The past decade has witnessed better outcomes, especially
for patients with node-negative disease. This likely reflects
more aggressive surgery and possibly, the use of postopera-
tive adjuvant therapy. Patients may eventually require a sec-
ond surgery as the chance of residual and additional disease
has been reported in over 40% of cases.” The potential for
long-term survival exists in some with node-positive disease.
Nonetheless, underestimation of the stage of gallbladder

cancer and its notoriously late detection perpetuate an overall
dismal prognosis, frequently overriding this opportunity.

Conclusion

Gallbladder cancer is uncommon in developed countries but
has a highly variable prevalence, becoming a common gas-
trointestinal malignancy in certain populations, most notably
American Indians. Originating in a small organ functioning
merely for the storage of bile in anticipation of a meal, this
distinctive malignancy has disastrous outcomes.

Chronic inflammation, a major risk factor, accompa-
nies cholelithiasis and infection. Diagnosis may come
at the time of cholecystectomy for gallstones, although
preoperative imaging with transabdominal and endoscopic
ultrasound is providing an important advance. Surgery
represents the only potential cure. Unfortunately, the usual
late presentation means an advanced stage with poten-
tial nodal involvement and leads to recurrences despite
attempted resection.

Thus, early diagnosis is imperative as surgery can be
curative. In fact, cholecystectomy in those at risk, such as
American Indians, with even asymptomatic cholelithiasis can
prevent the tumor from arising, although such an approach
carries inherent risks and cost.

Improved imaging modalities as well as accurate diag-
nostic markers will potentially help outcomes. Secondary
prevention should follow the clarification of the value of
prophylactic cholecystectomy in endemic areas and in
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patients at risk. Primary prevention will arrive once high-risk
genes and environmental toxins are clearly identified. Recent
advances have improved survival rates for individuals diag-
nosed with gallbladder cancer. Improved outcomes greatly
depend on the recognition of the major risk factors, accurate
initial staging, and meticulous surgical excision.
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