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Introduction

Gallbladder cancer (GBC) is a rare, highly-lethal 
malignant neoplasm of the biliary system. GBC is the 
most common type of biliary tract malignancy affecting 
the gallbladder; a sac-like organ located beneath the liver 
that is responsible for storage of bile produced in the liver. 
The gallbladder contracts in response to gastrointestinal 
hormones produced upon entry of food into the small 
intestine, depositing the bile into the duodenum where it 
acts to aid digestion, particularly of fats. Though generally 
uncommon, gallbladder cancer is more frequent in some 
distinct geographical locations. Accurate worldwide 
incidences of gallbladder cancer are difficult to obtain due 
to difficulties in the detection and diagnosis of gallbladder 
cancer, particularly in low resource settings where 
specialized abdominal imaging is not available. In 2018, 
the International Agency for Research on Cancer (IARC) 

Globocan 2018 database estimated gallbladder cancer to 
constitute 1.7% of all cancer deaths with 220,000 new cases 
diagnosed annually (1,2). Worldwide, gallbladder cancer is 
noted to disproportionately affect females more than males, 
perhaps due to the higher propensity of females to having 
gallstone disease (3).

A poorly understood combination of predisposing 
factors makes gallbladder cancer a unique malignancy. 
Factors associated with higher rates of gallbladder cancer 
occurrence include female sex, geographical location, 
ethnicity, congenital developmental abnormalities, obesity, 
a personal or family history of gallstones, chronic infection 
and inflammation in the gallbladder and ill-defined 
genetic variants (4). The asymptomatic nature of the initial 
development of gallbladder cancer and its propensity 
for early and rapid metastasis result in the majority of 
gallbladder cancer being diagnosed late, contributing to the 
poor prognosis of the disease. Less than 20% of gallbladder 
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cancer is eligible for potentially curative surgical resection 
at diagnosis. It has been shown that gallbladder cancer 
outcomes are most favorable in countries with better health 
system rankings and higher expenditures on health, which 
have lower mortality-to-incidence ratios for gallbladder 
cancer (5).

The lack of preventive and therapeutic treatment options 
for gallbladder cancer is partly a result of the limited 
knowledge on etiology, associated risk factors and molecular 
pathogenesis of gallbladder cancer. In recent years, single 
nucleotide polymorphism (SNP) association studies have 
identified potential genetic variations associated with 
gallbladder cancer development, though the available 

data is insufficient to confirm any of the associations. 
The mechanisms by which these distinct SNPs impact 
carcinogenesis of the gallbladder have yet to be studied in 
depth.

A deeper understanding of the relationship between 
environmental and genetic risk is urgently needed to 
elucidate the multifactorial pathophysiology of gallbladder 
cancer. Primary prevention will be feasible when high-risk 
genetic associations and environmental toxins or other risk 
factors are more clearly identified and the mechanisms by 
which these contribute to the overall molecular pathogenesis 
of gallbladder cancer are determined. This review provides 
a synopsis of gallbladder cancer epidemiology and risk 
factors, emphasizing the current and pending knowledge of 
genetic predisposition to gallbladder cancer.

Epidemiology

Globally, epidemiological trends of gallbladder cancer 
incidence vary substantially by geographical region 
(Figure 1) (1,6). The highest rates of GBC are observed in 
Chile (27/100,000) followed by regions of northern India 
(21.5/100,000); see companion articles in this issue of CCO. 
Other high-risk regions include Poland (14/100,000), 
south Pakistan (11.3/100,000), Japan (7/100,000) and Israel 
(5/100,000). Development of gallbladder cancer has been 
associated with a broad range of risk factors. Further study 
of the epidemiology of gallbladder cancer may shed light on 
its multifactorial etiology and lead to better strategies for 
prevention and management.

Geographical locations associated with a greater than 
average incidence rate of gallbladder cancer are focused 
within Latin America and Asia (7). The lowest rates of GBC 
are noted in high resource regions with high proportions 
of persons of European ancestry, including the United 
States, Australia, Canada, United Kingdom and New 
Zealand. As previously mentioned, the overall incidence 
of gallbladder cancer is relatively low in the United States, 
with an incidence of approximately 2 cases per 100,000 
person years (8). Though generally rare in the United 
States, gallbladder cancer rates are disproportionately 
higher among some ethnic groups within the United States, 
particularly in Native Americans (3.3/100,000) compared to 
non-Native Americans (0.4–1.5/100,000) (9,10). Within the 
US, gallbladder cancer is more prevalent in Caucasians than 
Blacks. Hispanic populations of New Mexico experience 
a greater incidence of gallbladder cancer compared to 
Caucasian populations in New Mexico (11).
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Figure 1 Global incidence of gallbladder cancer. Geographic 
variation in the incidence of GBC in both sexes (A), in males (B) 
and in females (C). From Globocan 2018 (https://gco.iarc.fr/today/
home) (6).

https://gco.iarc.fr/today/home
https://gco.iarc.fr/today/home


Chinese Clinical Oncology, Vol 8, No 4 August 2019

© Chinese Clinical Oncology. All rights reserved.   Chin Clin Oncol 2019;8(4):31 | http://dx.doi.org/10.21037/cco.2019.08.13

Page 3 of 14

GBC is one of the few cancer types that demonstrate 
a worldwide gender bias with up to three to six times 
higher incidence observed in females compared to males. 
Additionally, the incidence of gallbladder cancer increases 
consistently with age. More than two thirds of persons 
diagnosed with gallbladder cancer are over the age of  
65 years with the average age of diagnosis being 72 years.

Risk factors

A wide range of conditions, environmental exposures 
and lifestyle behaviors have been linked to a higher risk 
of developing GBC (Figure 2). Predisposing conditions 
affecting the gallbladder and bile ducts are associated with 
a higher incidence of gallbladder cancer, specifically those 
that cause chronic irritation and or inflammation of the 
gallbladder. Gallstones also referred to as cholelithiasis 
is one of the most strongly associated risk factors for 
gallbladder cancer with 70–90% of gallbladder cancer cases 
noting a history of cholelithiasis. It is important to note that 
the majority of persons with cholelithiasis do not develop 
gallbladder cancer, with only 0.5% to 3% of gallstone 
cases resulting in gallbladder cancer (12). The exact 
mechanism by which cholelithiasis predisposes an individual 
to gallbladder carcinoma is incompletely understood, 
though chronic epithelial irritation and mucosal damage is 

presumed to be involved. Studies suggest that the size of a 
gallstone directly influences one’s risk of gallbladder cancer. 
Specifically, gallstones greater than 3 cm are associated 
with a 9.2 to 10.1 times greater risk of gallbladder cancer 
compared to gallstones less than 1 cm (13). Persistent 
low grade inflammation within the gallbladder appears 
to contribute to the development of gallbladder wall 
calcification; diffuse calcification results in a porcelain 
gallbladder, which is associated with an extremely high risk 
of cancer development (14).

Primary sclerosing cholangitis (PSC), a chronic liver 
disease that results in inflammation and fibrosis of the bile 
ducts, is associated with an increased risk of gallbladder 
cancer (15,16). A 2% lifetime incidence of gallbladder 
cancer is estimated in patients with PSC (17). Large 
gallbladder polyps in PSC patients are associated with a 
substantially higher risk of gallbladder cancer (18). It is 
recommended that cholecystectomy be performed in PSC 
patients with gallbladder polyps greater than 8 mm in  
size (19).

Abnormalities in the structure of the biliary tree 
have been associated with a greater risk of gallbladder 
cancer, specifically, anomalous pancreaticobiliary ductal 
junction, also known as biliopancreatic maljunction 
or pancreaticobiliary maljunction (20). Anomalous 
pancreaticobiliary ductal junction is a rare congenital 
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anomaly in which the junction of the pancreatic and biliary 
ducts is located outside of the duodenal wall. Consequently, 
the duodenal papillary sphincter muscle does not encompass 
the full length of the joint channel between the pancreatic 
and bile ducts. This results in reflux of the pancreatic juice 
and bile. Since the pressure within the pancreatic duct is 
usually higher than that within the biliary tract, pancreatic 
juice continuously bathes the biliary mucosa, inducing 
mucosal injury and inflammation that predisposes the 
mucosa to carcinogenesis (21). It is estimated that 10% of 
all gallbladder cancer cases have this anatomic anomaly. 
Pancreaticobiliary maljunction is notably more prevalent in 
Asian populations (22).

Irritation and inflammation of the gallbladder can also 
arise from chronic bacterial infections caused commonly by 
Salmonella typhi or Helicobacter bilis. Carriers of Salmonella 
typhi have a 12-fold increased risk of developing gallbladder 
cancer (23). Chronic S. typhi infection is twice as common 
in women as in men. Helicobacter bilis has also been 
implicated in the formation of cholesterol gallstones (24). In 
summary, chronic bacterial inflammation of the gallbladder 
and biliary tree which induces DNA damage and tissue 
proliferation is considered to be a key contributor to many 
gallbladder carcinomas.

Increased risk of gallbladder cancer has also been 
established in several non-hepatobiliary specific diseases. 
For instances, risk of gallbladder cancer and several 
autoimmune conditions yielded significant results in an 
evaluation of association between gallbladder cancer and 
autoimmune conditions by means of population studies (25). 
Most recently, in a US population based study, an increased 

risk of gallbladder cancer was detected in patients diagnosed 
with Crohn’s disease [odds ratio (OR): 1.83, 95% confidence 
interval (CI): 1.23–2.71], pernicious anemia (OR: 1.28, 95% 
CI: 1.09–1.52) and PSC (OR: 2.06, 95% CI: 1.27–3.33), 
while patients diagnosed with Sjögren’s syndrome were 
at decreased risk (OR: 0.39, 95% CI: 0.18–0.81) (26). 
The potential mechanism for the newly observed inverse 
association with Sjogren’s syndrome remains unclear.

Diabetes mellitus is associated with an increased risk 
of many different cancer types, including hepatocellular 
carcinoma and pancreatic adenocarcinoma. The association 
between diabetes and gallbladder cancer is difficult to 
demonstrate due to the established associations of diabetes 
with obesity and gallstone disease. A fairly large body of 
evidence supports the notion that obesity increases the 
risk of gallbladder cancer. Several recent studies have 
focused on increased body size and risk of gallbladder 
carcinogenesis. Persons who are overweight have a 20% 
higher risk of gallbladder cancer, compared to persons 
with normal weight, for obese people the risk is higher by  
60% (27). In a different study combining data from  
14 cohort studies, the relative risk of gallbladder cancer in 
overweight persons (BMI =25–29.9 kg/m2) was 1.10 (95% 
CI: 1.02–1.18) compared to the risk in normal weight 
persons (BMI =18.5–24.9 kg/m2). There appears to be a 
dose-response relationship of obesity with risk of GBC, 
as the relative risk of gallbladder cancer in obese persons 
(BMI ≥30 kg/m2) was 1.69 (95% CI: 1.54–1.86) (28). A 
meta-analysis of 20 studies indicated that compared with 
non-diabetic individuals, both men and women with type 2 
diabetes had a similarly increased risk of gallbladder cancer. 

Figure 3 Global mortality rates from gallbladder cancer. Mortality data from Globocan 2018 (https://gco.iarc.fr/today/home) (6).
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The increase in risk found was independent of smoking, 
body mass index or a history of gallstones. In recent large 
cohort studies, anthropometric factors such as body mass 
index have been independently associated with risk of 
gallbladder cancer. For each 5 kg/m2 increase in BMI there 
was an adjusted risk increase for gallbladder cancer (HR 
=1.27; 95% CI, 1.19–1.36). Similarly, increasing waist 
circumference, hip circumference, waist-to-hip ratio, and 
waist-to-height ratio were all associated with gallbladder 
cancer. Thus adiposity is associated with an increased risk 

of gallbladder cancer and the available evidence suggests 
that weight management may help minimize the risk of 
gallbladder cancer (29).

An association between consumption of sweetened 
beverages and gallbladder cancer was suggested in a 
prospective analysis of 70,832 Swedish adults enrolled 
in the Swedish Mammography Cohort and the Cohort 
of Swedish Men, who were free of cancer and diabetes. 
With a mean follow-up of over 13 years, after adjustment for 
other risk factors, women and men in the highest category of 
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combined sugar-sweetened and artificially sweetened beverage 
consumption had a significantly higher risk of gallbladder 
cancer, with a multivariable hazard ratio of 2.24 (95% CI: 
1.02–4.89) for two or more 200 mL servings per day of 
sweetened beverages compared with no consumption (30).

As noted previously, gallbladder cancer disproportionately 
affects women in some regions of the world, as a result, 
reproductive and menstrual factors have been proposed to 
be involved in the etiology of gallbladder cancer (31). The 
results of previous studies have been inconsistent. A recent 
population based cohort study in Japan investigated the 
association of reproductive and menstrual factors with the 
risk for gallbladder cancer. Irregular and longer cycles were 
moderately associated with an increased risk of gallbladder 
cancer, with HR of 2.12 (95% CI: 1.30–3.47) and 1.76 (95% 
CI: 1.08–2.89), respectively. In addition, older age at time 
of first pregnancy tended to be associated with an increased 
risk of gallbladder cancer, with a HR of 1.84 (95% CI: 1.03–
3.29), P-trend =0.036, whereas increased duration of fertility 
was generally associated with a decreased risk of gallbladder 
cancer (HR =0.59, 95% CI: 0.35–1.01, P-trend =0.055) (32). 
Findings from this study highlight the important role that 
female hormones may play in the etiology of gallbladder 
cancer, though further studies are needed to characterize 
the specific mechanisms by which they exert their influence.

Tobacco smoking and alcohol consumption are 
established risk factors for numerous cancers. The risk of 
gallbladder cancer attributed to smoking and alcohol has 
been inconsistent, likely due to at least in part to the small 
sample sizes in the studies performed thus far. A recent 
meta-analysis of 26 prospective studies evaluating the 
association of cigarette smoking and alcohol consumption 
in biliary tract cancers found that smoking was associated 
with an increased risk of all other types of biliary tract 
cancer except gallbladder cancer (33). In additional, this 
work did not find any significant association between 
alcohol consumption and gallbladder cancer risk. Further 
work is needed to clarify the associations between smoking 
and alcohol consumption and gallbladder cancer risk.

Fungal aflatoxins, ochratoxin, arsenic and other 
environmental risk factors for gallbladder cancer.

Aflatoxins are mycotoxin produced by Aspergillus fungi, 
mainly Aspergillus flavus and Aspergillus parasiticus, which 
are ubiquitous in warm, humid regions of the world (34). 
Aflatoxins contaminate foods prepared from infected 
cereals, oilseeds, nuts, spices, milk, and meats with fungus 
and that are kept under conditions that support fungal 
growth (35). Aflatoxins were first recognized as carcinogenic 

in 1976 and have been most prominently associated with 
a synergistic interaction with chronic hepatitis B virus 
infection in the development of hepatocellular carcinoma. 
A role for aflatoxins in gallbladder carcinogenesis has 
been proposed and is supported by an increasing body of 
evidence (36-39). The presumed mechanism by which 
aflatoxins contribute to gallbladder carcinogenesis is chronic 
exposure of the gallbladder epithelium to carcinogenic 
metabolites of aflatoxin excreted from the liver into bile (36). 
In a case-control study patients with gallbladder cancer had 
significantly more circulating aflatoxin-albumin adducts 
compared to population controls (OR: 13.0; 95% CI:  
3.0–52.5) (37).

Ochratoxin A is another mycotoxin that may be 
associated with GBC development (40). Ochratoxin A is 
produced by Penicillium and Aspergillus species and found 
in spices, cereals, and nuts as well as cocoa, beer, and  
coffee (41). Studies have shown that dried red chili 
peppers from Chile, Bolivia, and Peru show substantial 
concentrations of  Ochratoxin A,  higher than the 
concentrations of aflatoxins in the same specimens (40). 
These results suggest the association between Ochratoxin 
A contamination of red chili peppers and the development 
of gallbladder cancer may be stronger than the association 
with aflatoxin exposure (40).

A potential association between arsenic exposure due 
to natural contamination of groundwater and gallbladder 
cancer incidence has been postulated for a number of 
years, in part due to the similarities of the geographic 
distribution of arsenic exposure and incidence of gallbladder 
cancer in some countries and regions. There is increasing 
evidence that arsenic at least partially contributes to 
gallbladder cancer risk, particularly in women (42). 
In addition to arsenic, other metals have also been 
associated with gallbladder cancer risk, including boron, 
lithium, molybdenum, cadmium, chromium, copper, and  
vanadium (43).

Preventive factors

A number of medications commonly used on a chronic 
basis for inflammatory and metabolic conditions have been 
examined for their potential for use a chemo-preventive 
agents for prevention of cancer. These include aspirin, non-
aspirin non-steroidal anti-inflammatory drugs, cholesterol-
lowering statin drugs, and the oral anti-diabetic metformin. 
Studies performed examining the effectiveness of these 
agents in prevention against gallbladder cancer have had 
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case control or cohort study designs. Case control studies 
examine the frequency of use of one or more of the agents 
in persons who either acquired gallbladder cancer or in a 
group of relevant matched controls. A lower rate of use of 
the agent in persons with gallbladder cancer is presumed 
to be evidence of an association of use of the agent with 
a chemo preventive effect against cancer. In population-
based cohort study designs the rates of gallbladder cancer 
development are assessed in persons in the population 
who are or have been on the agent under study compared 
to the rates of gallbladder cancer development in persons 
not on the agent. While case control studies are much 
more feasible, they tend to overestimate the effect of the 
potentially chemo-preventative agent. Population based 
studies require more resources to execute but provide 
more accurate estimates of chemo-preventive effects. 
For gallbladder cancer, case control studies examining 
the impact of potential chemo-preventive agents have 
shown that aspirin use is associated with a reduced risk of 
gallbladder cancer (OR 0.37; 95% CI: 0.17–0.88). Higher 
amount and frequency of use, as well as younger age at the 
onset of aspirin use were also associated with a reduced risk 
of gallbladder cancer (44).

A reduced risk of gallbladder cancer has also been shown 
in individuals taking statin drugs, as compared with those 
not taking statins, with a 14% reduction in risk of gallbladder 
cancer, HR 0.86 (95% CI: 0.67–1.09) (45).

Survival of patients with gallbladder cancer

GBC is the most aggressive of biliary tract cancers with the 
shortest median survival period. Available treatment options 
vary significantly across regions with high prevalence of 
gallbladder cancer, resulting in varying patient outcomes 
by region (Figures 3 and 4). Despite treatment in the most 
medically advanced regions, gallbladder malignancies are 
highly lethal. According to the American Cancer Society, 
only about 1 in 5 gallbladder cancer cases will be discovered 
when the disease is still localized to the gallbladder (46). 
The remaining majority of gallbladder cancer cases are 
diagnosed when the malignancy has spread outside of the 
gallbladder, which drastically limits the available options for 
curative treatment and lowers overall survival. Data from 
the National Cancer Data Base of the American College 
of Surgeons report the following 5-year survival rates for 
patients with gallbladder cancer by stage: 80% for stage 
0, 50% for stage I, 28% for stage II, 8% for stage IIA, 7% 
for stage IIB, 4% for stage IVA, and 2% for stage IVB. 

The poor prognosis of patients with gallbladder cancer 
highlights the need for improved strategies for integrating 
knowledge of the factors associated with gallbladder cancer 
development to develop programs to accelerate detection of 
gallbladder cancer at earlier stages.

Genetic association studies in gallbladder 
cancer

Due to the rapid increase in our understanding of the 
human genome and the development of advanced genetic 
sequencing techniques, the genetic basis of cancer 
susceptibility has become an area of particular research 
interest. Cancers are complex diseases known to arise 
due to unique combinations of lifestyle, environmental 
and genetic factors, though the significance of each in 
regard to carcinogenesis and disease progression is not 
completely understood. As a method of further exploring 
inherited genetic variants, researchers have organized 
genetic association studies intended to pinpoint associations 
between inherited genetic variants and the incidence or 
outcomes of a particular disease such as gallbladder cancer. 
Based on the available epidemiologic evidence linking 
gallbladder cancer development to diseases causing chronic 
gallbladder or biliary tract inflammation, such as gallstones 
and PSC, as well as the known associations of these diseases 
with particular racial groups or geographic regions, it can be 
presumed that a proportion of the risk for gallbladder cancer 
development is inherited. While this may be the case, it is 
also important to decipher the environmental factors that 
contribute to and interact with the variants responsible for 
inherited susceptibility. This concept of gene x environment 
interactions is very important, but studies are limited by the 
relatively low numbers of gallbladder cancer patients that 
have been enrolled in genetic association studies thus far, as 
well as by the lack of detailed, comprehensive information 
on lifetime environmental exposures in both the enrolled 
persons with gallbladder cancer and the large numbers of 
control persons needed for such studies,

The  two  mos t  w ide ly  u t i l i z ed  approaches  to 
demonstrating inherited genetic association are classified 
as candidate gene and genome wide studies. In the case of 
candidate gene studies, specific variants are selected based 
on their hypothesized biological role in the disease and are 
genotyped using a case-control study design. Statistical 
analyses are then performed to identify associations between 
the specific genetic variant(s) and the presence of disease. 
The most frequently occurring and most commonly studied 
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type of genetic variant is the SNP. Because candidate 
gene studies are based on the ability to predict functional 
candidate genes and variants, this approach has been 
subject to the criticism that current biomedical knowledge 
is typically insufficient to make accurate and reliable 
predictions of many causative risk variants.

In contrast, in the second approach, designated as 
genome-wide association studies (GWAS), the entire 
genomes of numerous patients with the disease of interest 
and disease-free controls are screened simultaneously for 
an extensive number of known genetic variants interspersed 
throughout the entire human genome. This notion assumes 
that common variants in several genes will each contribute a 
small rise, or fall, in the risk of disease and the accumulation 
of risk from each variant will account for the overall risk 
of disease development. SNPs of interest in GWAS are 
identified by comparing the distribution of individual 
variants in cases and controls. SNPs that show statistically 
significant differences in frequency between cases and 
controls are considered to be associated with the disease. 
The associations found as a result of a genome-wide study 
do not necessarily imply that nearby genes are drivers of the 
disease, though they can serve as critical clues in uncovering 
the mechanisms involved in the development of the disease.

With the use of both candidate gene and genome-wide 
studies, great strides have been made in identifying genetic 
risk associations for many cancers. Comparatively, our 
understanding of the role of inherited genetic variability in 
gallbladder cancer incidence is substantially behind that for 
other cancers, in part because of the relatively low incidence 
of gallbladder cancer. Studies are particularly needed in 
geographic regions and among racial and ethnic groups that 
have higher risk of gallbladder cancer. Table 1 summarizes 
the genetic variants that have been associated with GBC 
thus far. The following discussion highlights the most recent 
work on genetic variants associated with gallbladder cancer.

Relatively little knowledge has come from GWAS in 
gallbladder cancer. The most recent GWAS focusing on 
gallstone disease broadly, with a sub analysis of gallbladder 
cancer in the presence gallstone disease, in admixed Chilean 
latinos concluded that the ABCG8 and TRAF3 genes are 
significantly associated with gallstone disease and gallbladder 
cancer in admixed Latinos (80). These genes were previously 
associated with gallbladder cancer in Chinese, India and 
European populations. Other studies have shown that the 
degree of specific Native American ancestry is a major 
determinant of gallbladder cancer risk in Chile. Specifically, 
individuals of Mapuche indigenous ancestry have higher 

rates of gallbladder cancer. Indeed, each 1% increase in the 
proportion of Mapuche ancestry was associated with a 3.7% 
increased mortality risk by gallbladder cancer (95% CI: 
3.1–4.3%, P=6×10−27) (81).

A case-control GWAS of gallbladder cancer cases and 
controls of Indian descent observed genome-wide significant 
associations for several novel markers in the chromosomal 
region 7q21.12 responsible for both the ABCB1 and 
ABCB4 genes, with the most notable SNPs after replication 
and meta-analysis being rs1558375 (GWAS P=3.8×10−9; 
replication P=0.01; combined P=2.3×10−10); rs17209837 
(GWAS P=2.0×10−8;  replication P=0.02; combined 
P=2.3×10−9), and rs4148808 (GWAS P=2.4×10−8; replication 
P=0.008; combined P=2.7×10−9) (64). The ABCB1 and 
ABCB4 genes encode transporters for phospholipids across 
the hepatobiliary epithelium, which presumably function 
to modulate bile solubility and the propensity for gallstone 
formation. The association of the ABCB1 and ABCB4 
genes with gallbladder cancer suggests the importance of 
hepatobiliary phospholipid transport in the pathogenesis of 
gallbladder cancer in Indian populations.

Another GWAS performed in a Japanese population 
identified an association of the SNP rs7504990 in the 
deleted in colon cancer (DCC) gene which encodes a netrin 
1 receptor with increased risk of gallbladder cancer in a 
small sample of colon cancer patients associated with greater 
risk of gallbladder cancer (OR: 7.0; 95% CI: 3.4–14.1, 
P=7.46×10−8) (82).

Besides the three genome wide studies described here, 
all other published genetic association studies on GBC 
have utilized the candidate gene approach. Genetic variants 
associated with gallbladder cancer risk that have been 
studied using the candidate gene approach include variants 
in genes predicted to influence pathways involving gut 
hormones, inflammation, apoptosis, DNA repair, drug 
metabolism, hedgehog signaling, and Wnt signaling.

One candidate gene study performed in Bolivia, which 
has a high incidence of gallbladder cancer, examined the 
influence of genetic polymorphisms in the cytochrome 
P450 (CYP1A1), glutathione S-transferase mu 1 (GSTM1), 
theta 1 (GSTT1) and tumor suppressor protein p53 (TP53) 
genes on GBC susceptibility in a case-control study of 32 
patients with gallbladder cancer compared to 86 healthy 
Bolivian subjects using PCR-restriction fragment length 
polymorphism assays (48). The frequency of the GSTM1 
null genotype was significantly higher in gallbladder cancer 
patients than in healthy subjects (OR 2.35; 95% CI: 1.03–
5.37; age-adjusted OR 3.53; 95% CI: 1.29–9.66; age- and 
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Table 1 Gene variants associated with gallbladder cancer through genome wide association and candidate gene studies. Adapted and updated 
from Marcano-Bonilla et al. (4)

Chromosome Gene Location Reference

1 CR1 207.5 (47)

1 GSTM1 13.3 (48)

2 MSH2 47.4 (49)

2 CASP8 201.2 (50)

2 APOB 20.9 (51)

2 IL-1RN 113.1 (52)

2 IL-1B 112.8 (52)

2 ABCG8 43.8 (53)

3 OGG1 (3) 9.75 (49,54,55)

3 CCR5 46.4 (56)

3 ALCAM 105.4 (57)

4 CCKAR 26.5 (58)

4 IL8 73.7 (59)

4 EGF 109.9 (60)

5 TERT 15.3 (61)

6 ESR1 (62)

7 NR1H2 = LXRβ 44.5 (63)

7 ABCB1 (4) 21.1 (64)

8 CYP7A1 (2) 58.5 (65,66)

8 ABRβ3 (2) 37.96 (67,68)

8 DR4 23.2 (68)

8 CLPTM1L 24.2 (61)

8 NAT2 18.4 (69)

10 CYP17 102.8 (70)

11 FEN1 61.8 (71)

11 PGR 101.0 (62)

12 VDR 47.8 (72)

14 ESR2 (62)

15 CYP1A1 (5) 74.7 (73-77)

16 MMP2 55.5 (78)

17 TP53 7.67 (73)

17 HER2 = ERBB2 39.7 (79)

18 DCC 52.3 (68)

19 ERCC2 45.4 (49)

19 APOE 44.9 (51)

19 XRCC1 43.6 (55)

20 MMP9 46.0 (78)

22 PDGFB 39.2 (79)
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sex-adjusted OR 3.40; 95% CI: 1.24–9.34). No significant 
differences were observed in the frequencies of CYP1A1, 
GSTT1, or TP53 polymorphisms between the two groups. 
The GSTM1 null genotype was associated with increased 
gallbladder cancer risk in Bolivians (48).

Another candidate gene study performed in a north 
Indian population assessed the ability of five polymorphisms 
in the telomerase reverse transcriptase (TERT) region on 
5p15.33 and one on the 8q24.21 locus to predict GBC risk and 
treatment response in 523 gallbladder cancer cases patients 
undergoing chemoradiotherapy and 274 controls (61). Binary 
logistic regression analysis showed significant associations 
of the SNPs TERT rs2736100C > A (OR 0.69; 95% CI: 
0.52–0.92, P=0.01), CLPTM1L rs401681C > T (OR 0.59; 
95% CI: 0.41–0.85, P=0.004), and CASC8 rs6983267G 
> T (OR 1.6; 95% CI: 1.2–2.2, P=0.001) with gallbladder 
cancer risk. Further, multivariate logistic regression showed 
that haplotype CLPTM1LC, rs401681C, rs31489 TERT T, 
rs2853676A, rs2736100 MIR4457 G rs4635969 (OR 7.5; 
95% CI: 1.8–31.5, P=0.006) was significantly associated 
with poor treatment response. In survival analysis, Kaplan–
Meier survival curves showed significantly poorer survival 
and COX regression suggested significantly higher hazard 
ratio in TT genotype carriers of CASC8 rs6983267 (OR 4.3; 
95% CI: 1. 1–17.1, P=0.04) as compared to the major allele 
and heterozygous (GG + GT) genotypes in metastatic GBC 
cases. Overall, the study showed that genetic variants at 
5p15.33 and 8q24.21 significantly influence GBC risk and 
treatment response in the north-Indian population.

Regarding receptor tyrosine kinase signaling pathways, 
polymorphisms in the platelet derived growth factor-B 
(PDGFB) gene have been significantly associated with 
gallbladder cancer in men and women overall and in the 
human epidermal growth factor receptor-2 (HER2) gene 
have been significantly associated with gallbladder cancer in 
women (79). The ORs for these effects ranged from 2.5 to 
10 and there were interactions observed between PDGFB 
and HER2 gene variants (79).

One of the drawbacks of a focus on candidate gene 
studies for assessing the effect of genetic variants on cancer 
risk is the phenomenon of selective publication bias. Studies 
with positive results are substantially more likely to be 
published than studies with negative results. Consequently 
the literature on this subject tends to have a bias towards 
positive studies.

Though the individual SNPs identified as associated with 
an increased risk of gallbladder cancer may not account 
for a major proportion of the overall risk of development 

of gallbladder cancer in any one person, when considered 
collectively polygenic risk scores can be calculated that 
integrate the magnitude of risk associated with each 
identified SNP association into a cumulative score. Scores 
can be generated using a multiplicative model that allows 
accurate prediction of individual risk based on the number 
of risk alleles carried by that individual (83-85). Information 
of this kind could potentially allow stratification of 
individuals according to their risk level for gallbladder 
cancer and facilitate strategies for cancer surveillance, 
early detection and prevention of gallbladder cancer. Such 
knowledge would allow for personalized risk information to 
be provided to each patient. Additional large-scale GWAS 
are necessary to achieve clinically relevant risk estimation, 
specifically in different racial groups as genetic associations 
found in one racial group cannot be generalized to all other 
racial groups.

As common genetic variants and their respective genes 
are identified, it is crucial to determine the molecular 
impact of the variants on gene expression and protein 
function, with consequent impacts on cell-signaling and 
metabolic pathways. This information will potentially 
provide critical insight into the molecular and cellular 
influences that contribute to GBC pathogenesis. Ultimately, 
such knowledge will unveil strategies for more precise and 
effective preventive and therapeutic targeting of gallbladder 
cancer.

Summary, conclusions and future directions

The epidemiology of gallbladder cancer demonstrates 
substantial geographic variability due to large differences in 
regional prevalence of the main environmental risk factors. 
The risk factors with the strongest links to the development 
of gallbladder cancer are those that induce inflammation 
over prolonged periods of time. Genetic variants associated 
with increased risk of GBC have been explored using small 
scale approaches, but conclusive determinations of relative 
risk will require larger, more comprehensive studies. 
Though many variables have been linked to gallbladder 
carcinogenesis, gallstone disease is the single risk factor 
most commonly identified in cases. In countries such as 
Chile where gallstones occur almost universally in women 
and lifetime GBC risk in women is very high, prophylactic 
cholecystectomy is recommended as the standard of care 
for all adult women. Strategies such as this can be extremely 
effective for those patients identified as being at highest risk 
for gallbladder cancer development, with the goal of earlier 
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detection or prevention. By identifying SNPs associated 
with increased risk, clinicians could identify at-risk patients 
and implement appropriate surveillance strategies to 
monitor and detect gallbladder cancer during the earliest 
stages, when effective therapeutic interventions are feasible.

While the available information on genomic variations 
in patients with gallbladder cancer continues to increase, 
substantially more work is needed to reduce the variance 
in the results obtained due to the use of different 
methodologies and studies in different populations. 
Large gaps remain in our achieving a comprehensive 
understanding of the processes that govern gallbladder 
carcinogenesis, the outcomes of patients with gallbladder 
cancer, and both response and resistance to treatments for 
gallbladder cancer. Importantly, additional genetic risk 
association studies are needed, specifically large GWASs 
to identify and validate known as well as novel candidate 
SNPs associated with gallbladder cancer. Furthermore, 
since the associations vary according to population and are 
influenced by environmental exposures, these genome-wide 
studies must be replicated in different at-risk populations. 
Functional studies must also be performed on the variants 
or genetic regions implicated through gene association 
studies, in order to guide the field to potential therapeutic 
targets for the development of targeted precision therapies 
for gallbladder cancer.
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