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Abstract

able to prevent a disease with a poor prognosis.

carcinoma; HBV: Chronic Hepatitis B; HCV: Hepatitis C

Cholangiocarcinoma (CCA) is the second most common primary hepatic malignancy. CCA is divided into three main categories, Intrahepatic
CCA (iCCA), perihilar CCA (pCCA), and distal extrahepatic CCA (eCCA). iCCA is considered to be the most aggressive among all types of CCA.
Although the incidence of iCCA are on the rise worldwide, few of the risk factors related to iCCA have been elucidated and many have not been
well-recognized. Therefore, an organized categorization of the risk factors is necessary to better understand the causes of iCCA. Consequently,
this would help in screening those individuals that are at a higher risk for iCCA. We have proposed a categorization of risk factors based on
previously published literature in the following manner: well-established risk factors, emerging risk factors, suspected risk factors, and unknown
risk factors. Hence, will help medical and public health professionals in identifying determinants of health that might be highly influential and be
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Introduction

Liver solid lesions can commonly be divided into two
categories, as benign and malignant liver lesion. Common
benign liver lesions include, hepatic hemangioma, focal nodular
hyperplasia, and hepatic adenoma. On the other hand, the common
malignant hepatic lesions include hepatocellular carcinoma
(HCC), cholangiocarcinoma (CCA), and other metastatic diseases.
CCA encompasses cancer tissue that arises from the epithelial
cells in the intrahepatic or extrahepatic biliary tree. CCA is the
second most common primary hepatic cancer following HCC
[1,2]. CCA arises from the epithelial cells of the intrahepatic and
extrahepatic bile ducts. The cause of the abnormal proliferation
in the bile ducts’ epithelial cells leading to CCA are unknown. CCA
is divided into three main categories which are Intrahepatic CCA
(iCCA), Perihilar CCA (pCCA) and distal extrahepatic CCA (eCCA).
The more common type of CCA is the pCCA with an estimate of
50-60% of all CCA which usually involves the bifurcation of the
bile ducts, while the least common type of CCA is the iCCA, which
involves the liver parenchyma, with a ratio of 10-20% of all CCA.

eCCA makes around 20% of all the CCA. The remaining 5%
of CCA are found to be multifocal [3,4]. iCCA is recognized to
be one of the highly aggressive tumors in the liver with poor
prognoses [5]. Incidences have been on the rise for the past
four decades, especially in the United States of America, with an

increase of 128% in incidence. However, the other subtypes of
CCA seem to maintain minimal fluctuant incidence with a rise of
only 5% throughout the same period of time [6]. Due to the rise
in iCCA incidence and the pronounced poor prognosis, a better
understanding of the risk factors for iCCA is needed. In this article,
we essentially focus on the risk factors leading to iCCA in the
following proposed categorization of well-established risk factors,
emerging risk factors, suspected risk factors, and unknown risk
factors.

Risk factors:

Well-established risk factors

These risk factors will lead to an inflammatory pathway and
progress to a chronic biliary inflammation with an increased
cellular turnover. The chronic inflammatory response will
orchestrate the tissue repair process which will lead to cellular
turnover with an increased association between DNA damage
and cancer development. Figure 1 demonstrates the chronic
inflamation cycle. The following are the well-established risk
factors for iCCA.

i. Flukes: Liver flukes infestation is highly common in
Southeast Asia especially in Thailand, where there is the highest
incidence of iCCA with a strong correlation to the liver fluke
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Opisthorchis viverrini (OV) [7]. Clonorchis sinensis is another liver
fluke known for its correlation with iCCA which is also found in
the southeast region of Asia but more prevalent in China [8,9].
Parasitic infections will lead to a chronic inflammation in the
epithelial layer of the biliary tree, this inflammation process
might not only lead to iCCA but it is also a risk factor for other
non-malignant hepatobiliary diseases, such as cholangitis, and
cholangiolithiasis which in turn will increase the risk for iCCA
[10]. Liver flukes infestation increases the risk for iCCA with an
odds ratio of 3.55 (95% CI: 1.60-7.89), P=0.002 [11].

ii. Liver Cysts: Fibropolycystic liver disease and more
specifically, choledochal cystic disease (Caroli’s disease), is a
rare congenital malformation of the bile ducts which results in
segmental dilation of the large intrahepatic bile ducts which
is more common in patients with Asian descent [12,13], the
dilated segments are at high risk of chronic inflammation and
consequently an extensive fibrosis deposition around the biliary
tree which will lead to bile steatosis, cholangiolithiasis, and
ascending cholangitis [14]. Although Caroli’s disease is rare, it has
been a well-documented risk factor for iCCA [1]. Fibropolycystic
liver disease increases the risk for iCCA by 15% after the second
decade with an average age of 34 years. If this cystic disease is left
untreated then the overall incidence of malignancy is 28 % [7].

iii. Hepatolithiasis: Hepatolithiasis, which is also
referred to as recurrent pyogenic cholangitis, is the impaction
of intrahepatic stones in the intrahepatic biliary tree leading to
chronic inflammation that is more common in the Eastern area of
Asia [15]. Incidence of hepatolithiasis in this region range from 2%
to 25%, while incidence in the western countries range from 0.6%
to 1.3% [16] the correlation between iCCA and hepatolithiasis
is well established with an odds ratio that is nearly twice more
than those patients with only choledocholithiasis, the odds ratio
for choledocholithiasis alone is 11.79 (95%C: 4.17-33.35) while
odds ratio with choledocholithiasis and hepatolithiasis is 22.40

(95%Cl: 8.28-60.58) [17].

iv. Thorotrast: Thorotrast is a combination of thorium
dioxide and dextrin, which is a radioactive substance used in
the 1950s for x-rays as a contrast agent, it was later found to be
toxic and halted its use [18]. Intravascularly injected thorotrast
could stay in the blood for life and over 60% of its components
mainly deposit in the liver, this may lead to chronic inflammation
and damage to the liver [19]. In a sample of iCCA, microsatellite
instability was noted to be 62.5% inpatient that have been exposed
to thorotrast, on the other hand, patients with no history of
thorotrast exposure, the microsatellites instability is lower at only
22.7% [20]. Thorotrast is associated with multiple malignancies
through multiple genomic mutations, the key genes affected
in thorotrast induced iCCA are the K-ras and p53 mutations
which were both found to be higher in patients with thorotrast
deposition in the liver than patients with non-thorotrast induced
iCCA [21].

V. Primary Sclerosing Cholangitis : Primary Sclerosing
Cholangitis (PSC) is a chronic inflammation of the biliary tree

that leads to fibrosis and occlusion of the intra and extrahepatic
bile ducts, this inflammatory process will increases the risk for
iCCA by 9-20% [22]. The risk of iCCA increases by 0.5% to 1.5%
each year after establishing the diagnosis with PSC [23]. Up to
50% of iCCA are diagnosed concurrently with PSC or within one
year of PSC diagnosis, which imposes the necessity for regular
surveillance and early diagnoses of PSC [24,25].

Emerging risk factors

Pathways and progression: The following risk factors
initiate a process of chronic regenerative stimulus which will
then stimulate stem cells to differentiate into cancerous cells
such as HCC and CCA. This mechanism of cell progression and
differentiation supports the documented similar association of
risk factor between both of HCC and CCA. These risk factors are:

i. Cirrhosis: Cirrhosis is a well-established risk factor
for HCC; however, its association with iCCA has not been well
recognized, a recent meta-analysis has shown that cirrhosis is, in
fact, arisk factor foriCCA with an overall odds ratio of 22.9 (95%CI:
18.2-26.8) [26-27]. This correlation was not fully acknowledged at
the beginning of the 20th century as Cirrhosis was not thought to
be related to CCA [28]. Conversely, other studies have shown that
around 24% of patients with iCCA have a concurrent diagnosis
of cirrhosis [29]. In the chronic cases of cirrhosis, iCCA might
be left undiagnosed or misdiagnosed as HCC due to the chronic
inflammation of the liver which makes screening and diagnosing
patients with iCCA challenging [30].

ii. Chronic Hepatitis B and Hepatitis C : Chronic Hepatitis
B (HBV) and Hepatitis C (HCV) infections of the liver could lead
to an acute disease or more commonly a chronic inflammation
of the liver. The association of these viral infections with iCCA
is recognized, however, the prevalence and risk estimate of HCV
in comparison to HBV is controversial, as to which one holds
the worst prognosis with iCCA [31]. The prevalence of HCV is
more common than HBV in iCCA with an estimated prevalence
of 20% and 10% respectively [31]. Pooled risk estimate of iCCA
in HCV was found to be higher than HBV with an odds ratio of
3.38 (95% CI: 2.72 to 4.21) [32]. In another meta-analysis study
it showed that the prevalence of HBV (38%) is more common in
iCCA than HCV (13%) with an overall odds ratio of 5.10 (95%Cl:
2.91-8.95) and 4.84 (95%Cl: 2.41-9.71) respectively [26]. A more
recent meta-analysis showed that overall survival is shortened
in patients with iCCA due to HCV in comparison to HBV with a
pooled hazards ratio of 2.64 (95% CI: 1.77-3.93), however, HBV
was associated with a higher rate of cirrhosis (odds ratio=6.44,
95% CI: 4.33-9.56) [33].

iil. Obesity: Obesity is considered to be one of the most
problematic health concerns that are on the rise particularly
in the western countries such as the United States of America,
where the estimated obese (body mass index >30) population is
around 35% of the total adults 20 years of age or older [34,35]
obesity is considered to be a risk factor for multiple malignancies
including CCA, however, its association with iCCA is not well
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established [34]. A study has suggested that obesity is related to
iCCA more than other types of CCA (p=0.01) [36]. Another study
has demonstrated that the risk factor of obesity for iCCA has an
odds ratio of 1.56 (95%Cl: 1.26-1.94) [26]. On the other hand,
further studies have shown no relationship between obesity and
iCCA [37,38].

iv. Diabetes Mellitus: Diabetes Mellitus (DM) is
characterized by hyperglycemia in affected patients. World Health
Organization has modulated an estimation that demonstrates DM
to be the seventh global leading cause of death in 2030 [39]. The
association of DM and iCCA is debatable. Two large independent
meta-analyses have shown a positive correlation with all types of
CCA and the strongest association was with iCCA (Overall Relative
Risk=1.97; 95% CI: 1.57-2.46; P=0.025) [40] and (Overall Odds
Ratio 1.89; 95% Cl: 1.74-2.07) [26]. Nevertheless, other three
case-control studies have advocated no relationship between DM
and iCCA, all of wish did not show a significant difference in DM
prevalence between the study and control group (Estimated Risk=
1.5 (95% Cl: 0.6-3.8) [41], Estimated Risk=1.95 (95%Cl: 0.6-5.8)
[42], and Estimated Risk=1.43 (95% Cl: 0.8-2.6) [36].

V. Alcohol: Alcohol may lead to liver parenchyma damage
through the process of oxidative stress [43]. Assessing alcohol
consumption as a risk factor for iCCA has yielded inconsistent
results [44]. A meta-analysis of 11 independent studies has
determined an association between alcohol and iCCA with an
overall Odds Ratio of 2.81 (95% CI: 1.52-5.21) [26]. More than
three alcoholic beverages per week were related to higher
incidence of all types of CCA (0dds Ratio=2.13; 95%Cl: 1.00-4.55)
[45] Whereas other case-control studies have failed to link alcohol
to iCCA [41].

Vi. Non-alcoholic steatohepatitis (NASH): NASH is a well-
documented risk factor for HCC, however, its association with
iCCA has not been well identified in the past. More recent studies
have shown a possible correlation between NASH and iCCA. A case
study has shown that NASH is an independent risk factor for iCCA
with a multivariate analysis and an odds ratio of 3.36 (95% Cl:
1.15-10.2, P-value= 0.0269) [46].

Suspected Risk factors

Pathways and progression: This category of risk factors
is thought to affect the DNA structure by directly damaging the
integrity of the DNA replication through the DNA polymerase
incorrectly matching nucleotides during DNA replications.
Therefore, as the mutation occurs, the risk of malignant cells
development increases. These risk factors are:

i. Occupational Factors: Occupational factors and
hazards might be a critical yet preventable risk factor. CCA
has been reported in workers in a printing factory in Osaka,
Japan. Those patients were exposed to high volumes of inhaled
1,2-dichoropropane during the cleaning
procedure of the printing machines. From the total 11 CCA cases,
five were diagnosed with iCCA and six with eCCA. The diagnosis

of CCA was established between 7 to 20 years after the first

dichloromethane

exposure to 1,2-dichoropropane dichloromethane [47]. Further
statistical analysis has revealed that a cumulative exposure to
1,2-dichoropropane dichloromethane is associated with an
increased Relative Risk to all types of CCA [48]. A more recent
study have completed a whole-exome analysis on four of the above
mentioned cases who were exposed to haloalkanes and found out
that on average of 44.8 somatic mutations were detected per Mb
in the genome of the CCA tissue of the affected workers which is
30-fold higher than what was found in other CCA tissue in the
control group [49].

il. Inflammatory Bowel Disease: Inflammatory Bowel
Disease (IBD) is a known risk factor for multiple gastrointestinal
malignancies [50]. However, only a few studies have targeted IBD
as a risk factor for iCCA. A meta-analysis assessing the risk of
iCCA and eCCA in patients affected by IBD has reported a pooled
Relative Risk for iCCA of 2.61 (95% Cl: 1.72-3.95) while eCCA had
pooled Relative Risk of 1.47 (95%Cl: 1.10-1.97) [51].

iii. Helicobacter Species: Helicobacter species (H.sp.) have
been linked to multiple gastrointestinal malignancies; however,
its relationship to CCA is not well understood. A recent study has
suggested a possible link between all types of CCA and H.sp., with
higher prevalence in eCCA and common bile duct cancer rather
than iCCA [52].

Unknown Risk factors

These factors are not yet identified and might not be well
correlated as a risk factors, however, they do pertain to be present
in some of the case reports mentioned in the literature. These risk
factors are:

i. Genetic polymorphisms: Although the incidence of
iCCA are on the rise worldwide, the lack of appropriate genomic
platform identification that is susceptible for mutation which
would increase the risk for iCCA is not well- documented [53].
Somatic mutations in KRAS, TP53, APC, DKN2A, ROBO1, ROBO2,
RUNX3, and SMAD4 were found to be associated with iCCA [54].
Additional study has revealed an upregulation is PDZK1IP1,
EEF1A2 and RPL41 genes in iCCA patients [55]. Demographic
criteria mightalso be an influential risk fact, as per US Surveillance,
Epidemiology and End Results (SEER) data; the prevalence of
iCCA is highest in Hispanic Americans and Native Americans
with the greatest mortality increase in Hispanics and females in
comparison to males [56].

ii. Environmental Factors: iCCA prevalence has not been
well assessed in relation to the different environmental exposures,
however, a link might be present [10]. A case-control study
examined patients with chronic asbestos exposure of over 30
years and found out that there is a higher risk of developing CCA.
iCCA risk was higher than eCCA as the adjusted Odds Ratio was
4.81, 95% Cl:1.73-13.33 and 2.09, 95%Cl: 0.83-5.27 respectively
[57].

iii. Smoking: Smoking has been associated with a vast
majority of known malignancies, however, its correlation to iCCA
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is not fully understood. A meta-analysis has found an insignificant
correlation between smoking and iCCA (overall Odds Ratio= 1.31
(95%Cl: 0.95-1.82) [26]. Although other studies have shown a
clear correlation (adjusted Odds Ratio=1.6; 95% CI: 1.3-2.1; P=<
0.001) and other case-control study have establish a parallel
result (Odds Ratio=1.931, 95% CI: 1.00-3.73) [38,58].

iv. Strategies for early detection or prevention of iCCA:
The principle key factor to manage the increasing incidence of
iCCA worldwide is primary prevention, which would translate
into risk factors prevention. Early detection is another significant

component in management to halt the progression of iCCA and
any further complications. There are some general protective
factors that could reduce the overall incidence and prevalence of
iCCA such as aspirin and metformin with an adjusted odds ratio
of 0.35 (95%Cl: 0.29-0.42; P=<0.001) and 0.4 (95%Cl: 0.2-0.9;
P=0.04) respectively [38,59]. A less profound protective effect is
the use of statins as a case-control study has shown that statins
reduce the risk of CCA which is also dose related, adjusted odds
ratio= 0.80, 95%Cl: 0.71-0.90 [60]. Table 1 shows more specific
protective factors a Figure 1 gainst iCCA.

s a\
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differentiation ONEoing
and Stimulus
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Figure 1: Chronic Inflammation Cycle.
J

Table 1: Specific protective effects against risk factors for iCCA.

Pathways and

. Risk Factors
Progression

Protective Factors

Liver flukes

Public health awareness

Liver cysts

Family history and Public health

L . Hepatolithiasis Ductal dilation and stents
Chronic inflammation
Thorotrast Banned in the USA in the 1950s
Primary sclerosing cholangitis Screening
Cirrhosis Screening
Chronic hepatitis B Immunization
Chronic hepatitis C Early detection

Obesity

Weight reduction (Diet and physical activity)

Chronic regeneration
Diabetes mellitus

Weight reduction (Diet and physical activity)

Alcohol

Alcohol cessation

NASH

Weight reduction (Diet and physical activity)

Occupational factors

Occupational health

Direct DNA damage Inflammatory bowel disease Smoking cessation and Dietary manipulation
Helicobacter species Antibiotics
Genetic polymorphisms Genetic counseling
Unknown Environmental factors Public health initiatives

Smoking

Smoking cessation
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Conclusion

Understanding the risk factors for iCCA is essential to identify
and screen those with high risk. Although current knowledge
is limited, specifically in the genetic pathway that leads to
the development to iCCA with no sensitive molecular marker,
it is essential to categorize risk factors to assess, anticipate,
and screen patients with the appropriate resources. The four
suggested categories are the well-established,
suspected, and unknown risk factors. Further research should

emerging,

focus on establishing a stronger link between iCCA and the
emerging, suspected, and unknown risk factors to move them
into the well establish category to enable medical and public
health professionals to focus on prevention through managing
determinants of health.
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