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Abstract

Introduction and purpose:

Gallbladder cancer is the most common neoplasm of the bile duct. Early GBC is usually
asymptomatic, but is prone to early metastases. This means that most GBC cases are
diagnosed very late, and this contributes to the poor prognosis of this disease. Less than 20%
of GBC cases qualify for a potentially curable surgical resection at the moment of diagnosis.
The article is an overview of available literature describing current epidemiology and
etiological risk factors associated with the development of gallbladder cancer (GBC). We
performed a review of the articles on the etiology and GBC carcinomatosis.

Brief description of the state of knowledge:

We divided risk factors of GBC into independent and dependent. The independent risk factors
are: age, sex, cholelithiasis, porcelain gallbladder, gallbladder polyp, anomalous junction of
the pancreaticobiliary ductal system, high BMI and obesity, and Helicobacter pylori. On the
other hand, the dependent risk factors are: age of first pregnancy and number of pregnancies,
xanthogranulomatous cholecystitis, lipid peroxidation products, and aflatoxins. Gallbladder
cancer appears to be a multifactorial disease, but the main risk factors are: cholelithiasis and
porcelain gallbladder developing from chronic cholecystitis.

Conclusions:

For understanding the etiopathology of GBC more studies have to be conducted, what may
allow to establish reliable biomarkers and invent new preventive strategies and more effective
treatment.

Keywords: gallbladder cancer, cholelithiasis, risk factors.

1. Introduction

The gallbladder (GB) is responsible for the storage and concentration of the bile
produced by hepatocytes in the liver. It is located in the right hypochondrium, below the right
lobe of the liver. Anatomically, GB is divided into three sections: the fundus, body, and neck
that becomes continuous with the cystic duct. The cystic duct unites with the common hepatic
duct to become the common bile duct, which is later joined by the pancreatic duct to form the
ampulla of Vater. This is the way of bile excretion from the liver to duodenum.

Gallbladder cancer (GBC) develops from the gallbladder mucosa and its most
common histological type is adenocarcinoma. It was first described in 1777 by Stoll [1].
Gallbladder cancer is the most common neoplasm of the bile duct [2]. The overall incidence
of gallbladder cancer worldwide is low. According to the International Agency for Research
on Cancer (IARC), Globocan 2018 database GBC took 20th place in the world in terms of the
number of new cases of malignant neoplasms; 219,420 cases were diagnosed at that time [3].
Accurate estimate of the prevalence of gallbladder cancer worldwide is difficult to obtain due
to the difficulties in detecting and diagnosing gallbladder cancer, especially in less developed
countries. Early GBC is usually asymptomatic, but is prone to early metastases. This means
that most GBC cases are diagnosed very late, and this contributes to the poor prognosis of this
disease. Less than 20% of GBC cases qualify for a potentially curable surgical resection at the
moment of diagnosis.
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This article provides an overview of the current epidemiology and in this article we
have reviewed the etiological risk factors associated with gallbladder cancer development.

2. Epidemiology

There is a significant geographic differentiation in terms of GBC incidence. The
highest incidence is observed in Chile (27/100,000) and India (21.5/100,000). Moreover, it is
noticeable that the much higher incidence of GBC is observed in ethnic groups in Asia or
Native Americans compared to non-Native Americans (3.3/100,000 vs. 0.4-1.5/100,000) [4],
[5]. The lowest incidence rates are observed in highly developed countries such as the USA,
Australia, Great Britain and Canada. In Europe, the highest incidence was found in the
countries of Eastern Europe: Poland and the Czech Republic. In 2018, the International
Agency for Research on Cancer (IARC) Globocan 2018 database estimated gallbladder
cancer to constitute 1.7% of all cancer deaths.

3. Risk factors for gallbladder cancer
The exact etiology of GBC is not entirely clear. In our work, we divided risk factors
into independent and dependent.

3.1. Independent etiological factors
Age

GBC is a result of the progression of dysplasia to pre-invasive and invasive cancer.
This process takes about 15 years [1]. Severe dysplasia and carcinoma in situ have been found
in more than 90% of gallbladders that contain GBC [2]. According to data, the average age of
patients with early cancer was 56.8 years, advanced carcinoma 62.9 years and metastasis of
GBC 63.1 years [3]. The progression from intraepithelial lesions to carcinoma takes time.
Most cases of GBC occur over the age of 50 (95% of cases in both sexes), with over 50% of
cases occurring over the age of 70 [4].

Sex

GCS affects women 2 to 6 times more commonly than men. The estrogen causes
increased cholesterol concentration in bile and predisposes to development of cholelithiasis
and indirectly GBC [5]. The role of female hormones in the development of gallbladder
cancer is still uncertain and requires further research.

Cholelithiasis

According to clinical trials, cholelithiasis remains one of the major risk factors for the
development of GBC. However there is no experimental data to support them [6], [7]. The
exact mechanism that predisposes people with cholelithiasis to develop gallbladder cancer is
not fully understood. Probably the presence of stones in the gallbladder can cause chronic
inflammation, which promotes the development of dysplasia and even adenocarcinoma.
However, it is worth emphasising that only 0.3% to 3% of patients with cholelithiasis develop
GBC.
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On the other hand, about 20% of patients with GBC have not been diagnosed with
cholelithiasis [8]. Studies suggest that the risk of gallbladder cancer is 10 times higher in
patients with gallstones > 3 cm in diameter compared to patients with stones < 1cm [9].

Porcelain gallbladder and gallbladder polyp

Porcelain gallbladder and gallbladder polyps are other risk factors for GCB. Porcelain
gallbladder is defined as calcification of gallbladder wall and is believed to be an end stage of
chronic cholecystitis. This disease coexists with GBC in 12.5% to 62% of patients [10].
Selective mucosal calcification of gallbladder wall is more dangerous compared to complete
intramural calcification [11]. Polyps > 10 mm in diameter should be removed, in symptomatic
patients with polyps <10 mm in diameter cholecystectomy is recommended [12].

Anomalous junction of the pancreaticobiliary ductal system

An anomalous junction of the pancreaticobiliary ductal system (AJPBDS) is the
reason of the regurgitation of pancreatic juice into the gallbladder and cholestasis, which in
turn leads to inflammation of the gallbladder mucosa, dysplasia and, consequently, the
development of GBC. In one retrospective study, AJPBDS occurred in 17.8% of patients with
GBC [13].

Body Mass Index and Obesity

Body Mass Index (BMI) is a measure of body fat based on height and weight that
applies to adult men and women. It is a person’s weight in kilograms divided by the square of
height in meters. High BMI is significantly linked with higher risk of biliary tract disease
(both of biliary tract cancer and non-cancer biliary tract disease), the association for BMI is
more expressed among women than men [14]. Risk of biliary tract cancer is 1.4 times higher
in obese patients compared to patients with normal BMI 19. The results of meta-analysis
showed that the relative risk (RR) is 1.11 per 5 kg/m2 increase in BMI in men and women,
respectively 19. The exact mechanisms linking obesity and GBC are not entirely clear. There
are several potential possibilities. Obesity is associated with chronic low-grade inflammation,
which is more expressed in the visceral than subcutaneous adipose tissue. There are multiple
possible mechanisms responsible for initiation and development of inflammation of adipose
tissue in obese patients. Adipose tissue is infiltrated by M1-macrophages, which secrete
inflammatory factors such as interleukin-6 (IL 6) and tumour necrosis factor-o (TNFa).
Chronic low-grade inflammation associated with obesity may contribute to biliary tissue
damage, dysplasia and cancer development [15]. According to the current knowledge,
controlling and maintaining a healthy body weight can help minimize the risk of gallbladder
cancer [16].

Helicobacter pylori

H. pylori, previously known as Campylobacter pylori, is a Gram-negative,
microaerophilic bacterium, that colonizes the gastrointestinal tract. H. pylori is indicated as
cause of chronic cholecystitis, primary sclerosing cholangitis, and primary hepatic
carcinomas. Chronic infection of the gallbladder with Helicobacter pylori and has been
suggested as a risk factor for GBC [17].
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Chronic inflammation increases the frequency of expression of cancers [18]. Murphy et al. in
their study emphasized that the H. pylori antigen predominance was present in 100% of the
gallbladder cancer cases and concluded that H. pylori proteins was accompanied with the risk
of biliary tract cancers [19].

3.2. Dependent etiological risk factors
Age of first pregnancy and number of pregnancies

The age at first pregnancy was inversely and significantly associated with the biliary
tract cancer [20]. According to a study by Clara J. Moerman, women who are pregnant for the
first time at the age of 23 years or younger are at a 2 times higher risk of bile duct cancer
compared to women who were pregnant for the first time at the age of 27 or older. In the same
study no relationship was found between ever having been pregnant and cancer of the biliary
tract. However, a correlation was observed between the number of pregnancies and the risk of
cancer. The higher levels of estrogen and progesterone during pregnancy lead to increased
secretion of cholesterol into the bile [21]. Pregnancy also impairs contractility of GB, which
not only facilitates the formation of gallstones, but also leads to long-term exposure of the
mucosa to other components of bile with potential carcinogenic properties.

Xanthogranulomatous cholecystitis

Xanthogranulomatous cholecystitis (XGC) is an uncommon inflammatory disease of
GB. It is characterized by the presence of multiple intramural nodules, proliferative fibrosis
and infiltration of macrophages and foamy cells [22]. XGC is associated with gallbladder
carcinoma in 8.5% to 30.5% cases [23]. Pre-operative differentiation of xanthogranulomatous
cholecystitis from GBC both on the basis of the clinical picture and radiological features is
a great diagnostic challenge. It is also important that both of these diseases often coexist in
one patient. The destructive effect of GBC on the gallbladder wall may cause bile to enter the
GB stroma and result in xanthogranulomatous cholecystitis. A relationship with gallbladder
carcinoma is still uncertain [24].

Lipid peroxidation products

The gall bladder is a reservoir of waste products of the liver. It seems likely that when
combined with cholelithiasis and cholestasis, exposure to harmful metabolic products may
induce GBC. 4-hydroxynonenals (HNE) is a major product of liver microsomal lipid
peroxidation and is transported with bile from the liver to GB. Of all the lipid peroxidation
products, it is the most significantly mutagenic and has high neoplastic potential [25].
Long-term persistence of high HNE concentrations in bile may be involved in development of
GBC. The level of HNE in the bile of cancer patients was notably higher [26].

Attention is drawn to the higher incidence of GBC among workers in the rubber,
automobile, and metal fabricating industries. The commonly used carbon tetra chloride is
accumulated in the liver and causes initiation and stimulation of microsomal lipid
peroxidation [27]. Peroxidation products such as HNE accumulate in the gallbladder and may
contribute to tumour formation.
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Aflatoxins

Aflatoxins produced by Aspergillus fungi contaminate foods prepared from infected
cereals, oilseeds, nuts, spices, milk, and meats with fungus and that are kept under favourable
conditions. Aflatoxins are one of the risk factors for the development of hepatocellular
carcinoma (HCC). It seems that aflatoxins are also involved in GBC development. Chronic
exposure of the gallbladder mucosa epithelium to carcinogenic metabolites of aflatoxins
accumulated in bile may cause dysplasia and, consequently, GBC [28]. In one study [28] high
consumption of red chilli pepper has been shown to be a risk factor for gallbladder cancer.
This was considered a consequence of aflatoxins contamination of peppers, and long-term
exposure to aflatoxins may be associated with the development of GBC.

4. Conclusions

Gallbladder cancer was first described nearly 250 years ago. Despite many studies and
intensive efforts of scientists, the etiopathogenesis of GBC remains unclear. This cancer
appears to be a multifactorial disease. The main risk factors for GBC are: cholelithiasis and
porcelain gallbladder as a result of chronic cholecystitis. Anomalous junction of the
pancreaticobiliary ductal system and chronic infection of the gallbladder with Helicobacter
pylori have been also suggested as a risk factor for GBC. Attention is also drawn to the fact
that elderly women most often develop GBC, which suggests a relationship between the
incidence of this cancer and age and gender. According to recent studies, aflatoxins and lipid
peroxidation products may also play a role in the formation of GBC. In order to thoroughly
carcinogenesis of GBC more studies concerning the risk factors have to be conducted.
A deeper understanding of the biological mechanisms responsible for development of GBC
may allow to establish reliable biomarkers as well as invent new preventive strategies and
more effective treatment.
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