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ABSTRACT

Gallbladder cancer (GBC) is the most common malignancy of the biliary system in clinic, which has the characteristics
of insidious onset and high degree of malignancy. Most patients have progressed to an advanced stage when they are
diagnosed. Early identification of risk factors of the onset of gallbladder cancer and active intervention are the key to
improve the rate of early diagnosis and prognosis of gallbladder cancer. At present, the risk factors related to the onset
of gallbladder cancer include gallstone, gallbladder polyps, primary sclerosing cholangitis, etc. In this review, we
discuss the relevant latest research on the risk factors of the onset of gallbladder cancer in order to provide clinical
evidence for the prevention and early diagnosis of gallbladder cancer. The intervention, follow-up, and monitoring of
risk factors should be strengthened, and the possibility of malignancy of the gallbladder should be accurately assessed
in combination with factors such as age and sex. In the case of possible malignancy, prophylactic cholecystectomy

should be actively performed.
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INTRODUCTION

Gallbladder cancer (GBC) is a rare malignancy, which
ranks sixth in the incidence of gastrointestinal cancer. It is
the most common biliary malignancy, accounting for 80%
to 95% of biliary tract cancer, which is a highly aggressive
disease with an extremely poor prognosis, with a median
overall survival of 6 months and a 5-year survival of 5%.*
According to the report produced by the International
Agency for Research on Cancer (IARC), there are 220000
new cases of GBC worldwide every year and accounting
for 1.7% of all cancer deaths, the burden of gallbladder
cancer is expected to increase globally.?

GBC has an insidious onset and lack of effective screening
measures and specific symptoms, right upper abdominal
pain associated with benign biliary diseases may be the
first and only symptom. Only a small proportion of
patients may have obstructive jaundice secondary to local

disease progression and biliary outflow tract obstruction.
As a result, most patients are not early diagnosed and
prompt treated, the anatomical structures of the gallbladder
predispose to early invasion of adjacent structures and
lymph nodes by GBC, resulting in loss of the chance of
surgical resection and an extremely poor prognosis of
patients. A study from Memorial Sloan-Kettering Cancer
Center (MSKCC) showed that 36.6% of GBC patients
were at American Joint Committee on Cancer (AJCC) IV
stage when diagnosed.®

In order to improve the early diagnosis rate of GBC, the
priority is to strengthen the early intervention and close
follow-up of high-risk individuals. For GBC there remains
a paucity of approved preventive and therapeutic options.
This may be attributed partly to the etiology and related
risk factors of GBC remain insufficiently understood, there
are few studies regarding the epidemiology of GBC, and
most published studies focused on the surgical treatment
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and related survival rate. Thus, further studies on the risk
factors for the initiation of GBC has important clinical
significance for its early diagnosis and efficient treatment
and ultimately improve the prognosis for these patients,
and reduce the societal burden of GBC. In this study, we
analyzed the risk factors for the onset of GBC and
provided a scientific basis for the prevention and control
of GBC.

GBC RISK FACTORS
Age and sex
Age

The incidence of GBC rises with age. One study from
MSKCC showed the median age of patients was 67 years.®
Researchers at the National Cancer Institute found that the
incidence of GBC increases steadily with age, the
incidence is reported to be highest in populations over 85
years old, the incidence of people aged 18-44 years is
much lower than people over 45 years.* Incidental
gallbladder cancer (IGBC) refers that the preoperative
diagnosis of benign disease but confirmed as GBC by
postoperative histopathological diagnosis, which is
essentially missed diagnosis and misdiagnosis. A large-
scale research program in Sweden analysis of the data of
patients who accepted cholecystectomy for benign disease
showed that patients of IGBC group were older than those
in the control group (70+11 vs 54+16, p<0.001).5 Pitt et al
found patients over 65 years were 5.3 times more likely to
develop IGBC than patients less than 65 years.?

The risk of GBC increases with age, a preoperative careful
risk assessment of GBC before cholecystectomy for
elderly patients that matters. This is recommended to
prevent the occurrence of incidental GBC to improve
outcomes.

Sex

Worldwide, the incidence rate of GC is three times more
common in women than in men. Two nationwide studies
conducted in the US all showed that the incidence of
gallbladder cancer in women was 1.7 times higher than
that in men.*” Wi et al reported that the incidence was
similar in men and women in Korea, and there was no
significant gender difference in the incidence of
gallbladder cancer (the ratio of male to female incidence
was 0.96).2

Swedish study showed that female gender was a
preoperative risk factor for incidental gallbladder cancer
(OR=3.58, p<0.001).

GC is one of several cancers that are consistently more
prevalent in women worldwide.® It may be closely linked
to the reproductive functions and hormone levels of
women. Current research has proposed that reproductive

and menstrual factors of women are related to the onset of
GC.

GALLBLADDER DISEASE
Gallstone

Gallstone is a common benign lesion of the gallbladder in
clinical practice, and the prevalence of gallstone in adults
worldwide was estimated to be 10-20% worldwide.°
Previous study has confirmed that gallstone is one of the
most important risk factors for GBC, and gallstone is
strongly correlated with the onset of GBC.

Hsing et al reported a large-scale case-control study in
Shanghai, 83.7% of patients with GBC have a history of
gallstone.!! Patients with gallstone without a family
history of gallstone had a 21-fold higher risk of GBC than
healthy controls, and those with gallstone and a family
history of gallstone had a 57-fold higher risk, and only
0.5% to 3% of patients with gallstone will develop GBC.
Cariati et al conducted a multicenter study included 75
patients with GBC, found that 96% of patients had
gallstone.?

A close link between the size of gallstone and the onset of
GBC was confirmed in decades, especially gallstone larger
than 3 cm in diameter. It takes time for gallstone to become
larger. Jain et al found a causal relationship between long-
term gallstone and GBC.*3

Overall, gallstone is indeed a significant risk factor for
GBC, the risk of GBC rises with the increase in the
diameter and course. The size of gallstone may mark the
course of gallstone and chronic inflammation in the
gallbladder, and is ultimately linked to the onset of GBC.
Studies on the relationship between gallstone and GBC
will help to find the best way to achieve secondary
prevention of GBC by preventive cholecystectomy in high
risk patients (e.g. >3 cm in diameter or >15 years in disease
course).*

Gallbladder polyps

Gallbladder polyps are elevations of the gallbladder wall
that project into the lumen. Gallbladder polyps are
estimated to have a prevalence of approximately 5% in the
global population, with 5% of gallbladder polyps are
malignant or have malignant potential. 2017 European
Multi-Society Joint Guidelines pointed out that important
risk factors of GBC include gallbladder polyp diameter
>10 mm, sessile polyps, and gallbladder polyps increase
>2 mm in the diameter during follow-up, but the evidence
is mostly from retrospective studies, and the quality of
evidence is low.'

A 20-year cohort study showed that polyps less than 10
mm have a low correlation with GBC, during the follow-
up of 1549 person-years in the group of 507 patients whose
polyps are increasing over 10 mm in size, no one was
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diagnosed with GBC. It seems that the increase in the
size of gallbladder polyps also did not appear to be
associated with later GBC. Fujiwara et al reported that
gallbladder polyp size was an important risk factor for
GBC, and the positive predictive values of diameter >10
mm, >15 mm, and >20 mm were 16.4%, 55.9%, and
94.1%, respectively, and sessile polyps was significant
appear in malignant lesions than in benign lesions (60% vs
3.4%, p<0.00001).1” A single-centre, retrospective cohort
study from China found that the presence of polyp growth
was associated with premalignancy (OR=5.366, 95% ClI
1.466-19.637, p=0.011).18 A systematic review including
43 studies concluded that diameter of gallbladder polyps
>10 mm is appropriate as a recommended cut-off point for
cholecystectomy, with twenty studies contained data of
228 malignant polyps, of which 29 were 5 to 10 mm in
diameter, but none were smaller than 5 mm.°

The standard of 10 mm may be the most important factor
in decision making for surgery in clinical practice.
However, this cut-off was likely to miss a large number of
true gallbladder polyps below the threshold, and
cholecystectomy will be performed in patients with
pseudopolyps larger than 10 mm. Cholecystectomy is
recommended for polypoid lesion of the gallbladder
greater than or equal to 10 mm or during follow-up
gallbladder polyp increases by 2 mm or more.’® But the
most recent report found that the increase in the size of
gallbladder polyps did not appear to be associated with
later GBC, which provides new ideas in Intervention of
gallbladder polyps.*¢ Patel et al found that the management
of gallbladder polyps based on the European consensus
guidelines would be clinically cost-effective, but will
significantly increase the proportion of patients requiring
cholecystectomy.*>2 Currently, no studies have been
conducted to assess the impact of following these
guidelines, larger-scale retrospective and prospective
studies are needed to assess the benefit of managing
gallbladder polyps in accordance with current guidelines.

In order to obtain the greatest clinical and economic
benefits, the correlation between the size and growth of
gallbladder polyps and GBC should be further studied, the
best indications for preventive cholecystectomy for
gallbladder polyps should be carefully considered, and
choose the best management strategy for gallbladder

polyps.
Gallbladder adenomyomatosis

Gallbladder adenomyomatosis (GA) is a proliferative
disease characterized by epithelial proliferation and
hypertrophy of the muscles of the gallbladder wall with an
outpouching of the mucosa into or through the thickened
muscular layer, this is, the rokitansky-aschoff sinuses
(RAS). There are three macroscopic forms of GA:
segmental form (>60%), fundal form (30%) and diffuse
form (<5%). GA has traditionally been ascribed to have no
malignant potential and its associations with early GBC
remains unclear.

Kim et al retrospective analysis of 113 GA cases, no GBC
was found. Indeed, there is recent evidence that GA is not
always benign.??2, Both segmental form and fundal form
were found to be risk factors for onset of GBC by
Morikawa et al.®

Currently, whether GA is a risk factor for GBC is in
debate. In fact, despite regular follow-up, quite part of
patients with GA and GBC are found at an advanced stage
of GBC. In summary, based on the study results, no
conclusion can be made about whether GA need for
preventive cholecystectomy, asymptomatic GA can be
followed up for observation, while surgery when
combined with other risk factors for GBC is not
controversial.

BILE DUCT DISEASE
Primary sclerosing cholangitis

Primary sclerosing cholangitis (PSC) is a rare, chronic
cholestatic liver disease characterised by intrahepatic or
extrahepatic stricturing, or both, with bile duct fibrosis. its
incidence is increasing in recent years. Patients with PSC
have a significantly increased risk of various abdominal
malignancies, and tumors account for 40-50% of the total
causes of death in patients with PSC.2* PSC is an important
risk factor for GBC, a lifetime risk of patients with PSC is
estimated to be 3-14%.%

Studies from Swedish and Cleveland clinic report that the
prevalence of GBC among PSC patients was, respectively
2.5% and 3.5%.%%" Rabiee et al reported that patients with
PSC increase 9-fold risk of GBC than normal human, they
should have regular abdominal ultrasound examinations,
and cholecystectomy should be performed if the size of
gallbladder polyps is found to be greater than 8 mm.?®

Patients with PSC are more likely to have malignant
gallbladder polyps, even the polyps are smaller than 10
mm. There have been no reports of predictors of
malignancy in gallbladder mass or polyps in PSC patients.
Current PSC guidelines recommend immediate
cholecystectomy for gallbladder polyps of any size.?®
However, recent study has shown that it is reasonable for
PSC patients with gallbladder polyps to undergo short-
term  ultrasound  monitoring  before  immediate
cholecystectomy in the absence of high-risk imaging
features or severe clinical problems.

Cancer is the main cause of death in patients with PSC.
Next, increased attention should be paid to the gallbladder
of PSC patients, regular monitoring and early treatment of
gallbladder disease should be emphasized.

Pancreatobiliary maljunction
Pancreaticobiliary maljunction (PBM) is a congenital

malformation in which the pancreatic and bile ducts join
anatomically at a high position outside the duodenal wall,

International Surgery Journal | June 2021 | Vol 8 | Issue 6 Page 1953



Tan Z et al. Int Surg J. 2021 Jun;8(6):1951-1958

forming an abnormally long common channel. Sphincter
of oddi is affected, resulting pancreatic juice reflux into the
biliary tract, ultimately leading to pathological conditions
of the pancreas and biliary tract. There are two types of
PBM, with biliary dilatation (congenital biliary dilatation)
and without biliary dilatation. PBM is considered an
independent risk factor for the onset of GBC.

Muraki et al found that 8% of patients with GBC in the US
had PBM (24/300), in Japan the situation is similar
(15/171, 8.8%), but PBM is usually not diagnosed
initially.3! Hyvarinen et al reported that the estimated
prevalence of PBM among patients with GBC was 17%.%
Fujimoto et al observed that the incidence of GBC among
PBM patients was 58% (7/12), and elevated bile amylase
levels in PBM patients with serum amylase levels close to
the upper limit of normal range seems may be related with
GBC.%®

Current study showed that activated proteolytic enzymes
and other cytotoxic substances continuously damage the
biliary epithelium of patients with PBM, and the resulting
chronic inflammation leads to repeated circulation of
biliary epithelial injury and healing, leading to mutations
in oncogenes and/or tumor suppressor genes in epithelial
cells, which leads to the occurrence of biliary tract
cancer.3* Given the high correlation between PBM and
biliary tract cancer (mainly GBC), Cholecystectomy and
monitoring of the bile duct are necessary after PBM
diagnosis was made.

INFLAMMATORY AND INFECTIOUS FACTORS
Chronic cholecystitis, porcelain gallbladder

Chronic cholecystitis is a risk factor for the onset of GBC.
Chronic inflammation can lead to abnormal deposition of
calcium on the gallbladder wall causing calcification of the
gallbladder wall, which is customarily called porcelain
gallbladder. By the distribution of calcifications between
the gallbladder wall, it can be divided into selective
mucosal subtypes and complete intramural subtypes.

For decades, management of porcelain gallbladder has
been controversial. Porcelain gallbladder has traditionally
been considered to have a close link with the occurrence
of GBC and requires prophylactic cholecystectomy.
Newer evidence suggests a much lesser association.

A systematic reviews showed that the incidence of GBC in
the porcelain gallbladder group was 6% and higher than
the control group (1%).% Chen et al found that porcelain
gallbladder is not related to the increased risk of GBC but
to the high risk of complications after cholecystectomy, so
cholecystectomy is not suitable for asymptomatic
porcelain gallbladder patients.*® Des et al found that while
there was no significant difference in failure rates between
surgery and short-term  observation, prophylactic
cholecystectomy for each patient with porcelain
gallbladder does not seem reasonable.®’

Despite lacking of evidence-based guidelines, many
people still regard porcelain gallbladder as the indication
of cholecystectomy. The above studies have shown that
the link between porcelain gallbladder and GBC is not as
high as traditionally expected. It seems not be reasonable
to perform cholecystectomy for all patients with porcelain
gallbladder. A regularly monitoring of gallbladder wall
may be more reasonable for most patients. More studies
are needed to evaluate the correlation between the two and
make clinical decisions on management of porcelain
gallbladder based on evidence-based medical.

Special bacterial infections

Some special types of bacterial infections are also risk
factors for the onset of GBC, S. typhi (Salmonella typhi)
and H. pylori (Helocobacter pylori) Infection have been
reported. Koshiol et al found S. typhi carriers have a 12-
fold increased risk of GBC.8 Their meta-analysis of more
than 1,000 cases of GBC indicated that the total relative
risk of GBC in patients with positive S. typhi vi antibody
was 4.6.

It has been confirmed that chronic colonization infection
and the injury of the gallbladder caused by biofilms and
typhoid toxins produced by S. typhi may be key factors in
the onset of GBC.*®

Hassan et al found there were significant differences in
mucosal hyperplasia, metaplasia and lymphocyte
infiltration between the histological findings of H. pylori-
infected gallbladder and non-infected ones (p values of
0.028, 0.049 and 0.022, respectively).*® H. pylori infection
in aggravating the mucosal lesions (mucosal hyperplasia,
metaplasia, and lymphoid infiltration) of the gallbladder
that is considered potentially precancerous.

Special types of bacterial infections are risk factor for the
onset of GBC, which may be linked to the chronic
inflammatory state and the gallbladder injury caused by
substances produced by bacteria, and further mechanisms
need to be explored.

It may be of special significance to search for markers of
two special bacteria in the serum or bile of high-risk
groups with GBC.

OTHER RISK FACTORS
Reproductive/menstrual factors

Jackson et al pooled data of more than 1.5 million women,
found that high parity was associated with risk of GBC
(HR>5 vs 0 births 1.72; 95% CI 1.25-2.38), age at
menarche (HR per year increase 1.15; 95% CI 1.06-1.24)
was associated with GBC risk in Asian women while
reproductive years were associated with GBC risk (HR per
5 years 1.13; 95% CI 1.04-1.22) in non-Asian women.* In
Shanghai, higher parity, younger age at first birth and older
age at menarche on GBC risk were more pronounced
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among women with gallstone.*? A prospective study*?
suggests that women with irregular or longer cycles may
have an increased risk for GBC and female hormones may
play an important role in the etiology of GBC.

These associations suggest that female hormones may play
an important role in the onset of GBC. Progesterone have
been suggested to reduce the risk of ovarian cancer.
Estrogen contributes to the formation of gallstone by
elevating biliary cholesterol, but the roles of progesterone
and estrogen in GBC etiology are unclear. Saranga et al
found progesterone receptor and estrogen receptor were
found to be expressed simultaneously in most of the GBC
and sex hormone receptor positive GBC Patients had
significantly more metaplasia and dysplasia in the
gallbladder.*4

Reproductive/menstrual factors in women are associated
with the risk of GBC, while the role of sex hormones in the
onset of GBC is unclear. In future, deep studies on sex
hormone receptors in female patients with GBC may find
the role of sex hormones in GBC.

Obesity

Obesity and the resulting metabolic syndrome have been
thought to be associated with an increased risk of GBC.
About one-third of GBCs worldwide result from obesity.*®
A large population cohort study demonstrated that each 5
kg/mz2 increase in BMI was roughly linearly associated
with GBC (hazard ratio = 1.31, Cl 1.12-1.52; p<0.0001).4¢
A meta-analysis found that compared with ‘normal’
weight, the summary RR of GBC were 1.14 for overweight
individuals (BMI 25-30 kg/m?) and 1.56 for obese
individuals (BM1>30 kg/m2).4” Other studies also suggest
that excess body weight is associated with a significantly
increased risk of GBC.484°

The above results confirmed that overweight and obesity
are closely related to the onset of GBC, especially in the
female population. Obesity is an important but preventable
risk factor for GBC, reducing excess weight can directly
reduce the risk of GBC. Emphasizing the importance of
weight control education in the high-risk population with
GBC.

Geography/race

The incidence of GBC has a wide range of geographical
and ethnic differences. It is very high in Latin America,
East Asia, and South Asia, while it is low in the United
States and most Western European countries.® The
incidence of GBC was highest in Chile (27/100,000),
followed by northern India (21.5/100,000); other regions
included Poland (14/100,000), southern Pakistan
(11.3/100,000), and Japan (7/100,000).? In the United
States, the incidence of GBC is only 1.56/100,000 person-
years.* Native Americans often troubled by GBC, and
Mapuche Indians in South America have the highest
prevalence of GBC worldwide: 12.3 per 100,000 in men

and 27.3 per 100,000 in women.! Henley et al reported that
in US, the incidence of GBC in Indians and Alaska natives
is three times higher than in non-Latino whites.5! Van et al
found that in US, the incidence of GBC was highest in the
Hispanic population (7.4/100,000 person-years), while the
overall incidence in Americans is only 1.56/100,000
person-years.* Bermejo et al found that each 1% increase
in the Mapuche proportion represented a 3.7% increased
mortality risk by GBC (95%, Cl 3.1-4.3%, P=6x10?7),
indicating a close link between ethnic ancestry and GBC
risk.%2 Jackson et al found women of Mapuche ethnicity
have higher levels of the inflammatory marker IL-8 than
non-Mapuche women, we can carry out more in-depth
research to clarify its role in gallbladder disease to
elucidate ethnic differences in gallstone and GBC among
American natives.>® A study conducted in the UK by
Aldouri et al showed that among 5391 patients who
underwent cholecystectomy, those of Indian ancestry had
an almost 13-fold higher risk of developing GBC than
Caucasians.>

GBC has significant geographical and ethnic specificity,
which is closely related to the economic, social,
environmental and public health levels between different
regions. At the same time, it is related to the genetic factors
between different races. There may be direct or indirect
genetic susceptibility factors of GBC among natives in
some areas. GBC requires the development of preventive
strategies adapted to local conditions.

Dietary habits

A cohort study in Japan with a follow-up of 15 years
showed that the risk of GBC was positively correlated with
the amount of smoking, and drinking alcohol increased the
risk of GBC in men.% A recent meta-analysis found that
smokers had a higher risk of GBC compared with non-
smokers (RR=1.33, 95% CI 1.17-1.51).5 The risk of GBC
was linearly correlated with smoking intensity and
smoking duration, and the risk of GBC in smokers after
quitting smoking did not decrease significantly with
increasing smoking cessation time. Certainly, further work
is needed to elaborate the relationship between smoking
and alcohol consumption and the risk of GBC.

A large-scale prospective cohort study in Japan showed
that no risk reduction was found for GBC with vegetable
and fruit consumption.5” A prospective study showed that
adherence to a healthy dietary pattern (mainly including
the DASH diet and the Mediterranean diet) was negatively
correlated with the incidence of GBC, suggesting that
these two dietary patterns may play a role in the primary
prevention of GBC.%®

Aflatoxin exposure

Aflatoxin is a mycotoxin produced by the fungus
Aspergillus, and aflatoxin exposure is mainly associated
with human consumption of food contaminated with
aflatoxin. The WHO has classified aflatoxin as a class |
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carcinogen in 1993, and there is a positive correlation
between aflatoxin and liver cancer, particularly playing a
synergistic role with chronic hepatitis B virus infection in
the development of hepatocellular carcinoma. A study in
Chile showed that adducts formed by aflatoxin and
albumin were more likely to be detected in the peripheral
blood of GBC patients, OR=9.4 (compared with gallstone
control group); OR=13.2 (compared with community
control group).>® The association between exposure to
aflatoxin and GBC was statistically significant. On the
basis of this study, a larger scale study was conducted in
Shanghai, similarly, showed a strong association between
aflatoxin exposure and GBC.®°

Aflatoxin is likely to be an important risk factor for GBC.
Recently, studies have been conducted to explore the
relationship between aflatoxin exposure and the onset of
GBC. In parallel, more studies are needed in this area.

CONCLUSION

In conclusion, the onset of GBC is related to a variety of
risk factors. The intervention, follow-up, and monitoring
of related biliary tract diseases should be strengthened, and
the possibility of malignancy of the gallbladder should be
accurately assessed in combination with factors such as
age and sex. In the case of possible malignancy,
prophylactic  cholecystectomy should be actively
performed. This review has not included the risk factors at
the molecular biological level, such as biomarkers and
genotypes of gallbladder, which will have important
clinical application value in the future. There are so few
identified risk factors for GBC, more large-sample,
multicenter, prospective studies are needed to further
explore the controversial risk factors. Based on trusted
work, an effective risk assessment model of GBC will
greatly optimize the management of the high-risk
population, provide opportunities for the prevention, early
diagnosis and early treatment of this disease. Finally
reduce the burden of GBC to an extent.
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