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Abstract

Hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC) are the most frequently occurring types of primary
liver cancer and together are among the most common incident cancers worldwide. There are a number of modifiable and
nonmodifiable HCC and ICC risk factors that have been reported. A review of the existing literature the epidemiology and risk
factors for HCC and ICC was performed. There are a number of major infectious, lifestyle, metabolic, and heritable risk factors
for both HCC and ICC. Some of these risk factors are either potentially preventable (eg, alcohol and tobacco use) or are currently
treatable (eg hepatitis infection). In most cases, the molecular pathway or mechanism by which these etiologic factors cause
primary liver cancer has not been well delineated. However, in nearly all cases, it is believed that a given risk factor causes liver
injury and inflammation which results in chronic liver disease. Given the rising prevalence of several common HCC and ICC risk
factors in the western world, the best opportunities for improving the care of these patients are either through the prevention of
modifiable risk factors that are associated with the development of chronic liver disease or the identification of at risk patients,
ensuring they are appropriately screened for the development of primary liver cancer, and initiating treatment early.
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such, the best opportunities for improving the care of these
patients are either through the prevention of underlying liver
disease or the identification of at risk patients, ensuring they are
appropriately screened for the development of primary liver
cancer and initiating treatment early.

Introduction

Among the various types of primary liver cancers, hepatocellular
carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC)
are the most common accounting for roughly 70% and 15% of
cases, respectively.! Over the last several decades in the United
States, the incidence of HCC and possibly ICC has steadily risen,
and in the coming decades, there are anticipated to be continued
increases.”® This, in combination with the high rate of cancer-
related mortality, underscores the fact that optimal management
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of primary liver cancer remains a challenge.®” Despite estab-
lished screening guidelines for detecting incident cancer among
at risk patients, the often asymptomatic nature of these cancers
frequently results in patients presenting with late stage disease
not amenable to curative treatment. For those who are detected
through screening and who present with early stage disease,
cirrhosis is not only a common etiologic factor but a condition
that can complicate or limit the available treatment options. As
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Hepatocellular Carcinoma

Hepatocellular carcinoma is the most common primary liver
malignancy. In the United States, the burden of HCC has been
increasing for a number of years and it is currently among the
most commonly diagnosed new cancers and the fastest rising
causes of cancer-related deaths.” Current estimates from the
Surveillance, Epidemiology, and End Results population-based
cancer registry suggest there has been a nearly 4-fold increase in
HCC incidence over the last 4 decades (1.6 per 100 000 in 1975-
1977 to 4.8 per 100 000 in 2005-2007) and that this increasing
incidence may continue further into the future.*® Furthermore,
long-term survival for patients diagnosed with HCC is poor,
making it a major cause of cancer-related mortality.’

There are a number of established HCC risk factors (Figure 1).
A common characteristic among them is injury to the liver
parenchyma resulting in the eventual development of cirrhosis.
However, as the epidemiology of chronic liver disease in the
United States has changed, so too have the number of cases
arising in livers without a background of cirrhosis. For exam-
ple, nonalcoholic fatty liver disease (NAFLD) is now the most
common etiology of chronic liver disease in the United States
and has brought an appreciation for the role of metabolic fac-
tors in the cancer development pathway.’ Although many
patients with NAFLD will develop varying degrees of fibrosis,
the minority will go on to develop cirrhosis.'*"!

Intrahepatic Cholangiocarcinoma

Classification of cholangiocarcinoma into intrahepatic, perihi-
lar, and distal subgroups has helped standardize the diagnosis,
treatment, and study of this malignancy (Figure 2). After HCC,
ICC is the second most common primary hepatic malignancy
accounting for 10% to 20% of newly diagnosed liver cancers.'?
The incidence of ICC in the United States may have risen over
the last several decades, with an average annual incidence of
1.6 per 100 000/year since 2000, although recent data suggest
the incidence of ICC has remained stable between 1992 and
2007 with only slight fluctuations.>>'? Misclassification of
Klatskin tumors does not appear to play a significant role in
these trends. But, it is unclear whether the observed increased
incidence is a function of the prevalence of cirrhosis and related
risk factors or an increase in the rate of diagnosis because of
improved screening programs and more frequent use of cross-
sectional imaging for other reasons. Long-term survival for
patients with ICC is even worse than for HCC which may be
a related to a high propensity for regional and distant metas-
tases as well as the lack of effective systemic therapy options.

Relative to HCC, substantially less is known about the epi-
demiology of ICC, especially in western countries. Many ICCs
are actually detected during HCC screening in at risk patients
or those who are undergoing treatment (eg, hepatic resection or
transplantation) for a presumed diagnosis of HCC. As such,
many of the commonly cited HCC risk factors are shared by
ICC. For this reason, it is believed that inflammation and
subsequent injury to the bile ducts also plays a role in ICC
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Figure |. HCC prevalence by specific risk factor. HBV indicates
hepatitis B; HCC, hepatocellular carcinoma; HCV, hepatitis C; NASH,
nonalcoholic steatohepatitis. Reprinted from Mittal S, Sada YH, El-
Serag HB, et al. Temporal trends of nonalcoholic fatty liver disease-
related hepatocellular carcinoma in the veterans affairs population.
Clin Gastroenterol Hepatol. 2015;13(3):594-601, with permission from
Elsevier.
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Figure 2. Anatomic cholangiocarcinoma classification. dCCA indi-
cates distal cholangiocarcinoma; iCCA, intrahepatic cholangiocarci-
noma; pCCA, perihilar cholangiocarcinoma.

carcinogenesis. Although several ICC-specific risk factors
have been identified, the mechanisms by which they lead to
the development of ICC is less clear. But, again bile stasis and
inflammation are believed to be inciting factors.

Risk Factors

Cirrhosis

The association between cirrhosis and primary liver malignan-
cies has long been established. Relative to patients without
cirrhosis, cirrhosis can be associated with an over 30-fold
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increase in HCC risk and a 10-fold to 20-fold increase in ICC
risk.'*'® One of the likely reasons for this consistently identi-
fied and strong association is that cirrhosis is in the common
pathway through which many of the other risk factors discussed
herein lead to the development of HCC and ICC. Furthermore,
understanding its role in the development of HCC and ICC is
complicated by the fact that many patients with underlying
liver disease have well-compensated cirrhosis, and thus their
disease may go clinically undetected until they develop decom-
pensated liver function or they present with advanced cancer.
For example, over 20% of patients presenting with HCC are
simultaneously identified as having previously undiagnosed
cirrhosis."”

Viral Hepatitis

Hepatitis B virus (HBV) and hepatitis C virus (HCV) are the
most common etiologic factors worldwide and account for the
majority of incident cases of HCC (40%-50%). At present in
the United States, 45% to 55% of new HCC cases are attributed
to HCV, 10% to 15% to HBV, 5% are coinfected with HBV and
HCV, and 30% to 35% are not infected with either.'® Together,
they are estimated to account for nearly 60% of all cases of
cirrhosis worldwide.'® In turn, a recent study estimated HBV
and HCV account for approximately 25% of HCC cases in the
United States.”’ HBV and HCV are known risk factors for the
development of cirrhosis, which is present in 80% to 90% of
patients with HCC.?! With regard to ICC, HBV and HCV
infections have both been associated with approximately 2-
fold increases in risk.?*?* As such, efforts aimed at treatment
of those who are currently infected and prevention of viral
transmission are likely to have a dramatic impact on the future
incidence of HCC and potentially ICC as well.

Hepatitis B Virus

While less frequently an etiologic factor in the United States,
HBYV is the most common HCC risk factor worldwide and is
believed to account for nearly half of all diagnosed HCCs.**
Compared to an average risk, uninfected individual, the risk of
developing HCC is increased 15-fold to 20-fold with HBV
infection.?>*® There are 6 HBV genotypes, but only C and D
(and possibly B) appear to be associated with the highest inci-
dence of HCC. In the United States, the estimated incidence
rates of inactive carriers, chronic carriers without cirrhosis, and
chronic carriers with compensated cirrhosis are 0.02, 0.3, and
2.2 per 100 person-years.”' The vast majority (70%-90%) of
HBV-associated cases of HCC occur after the development of
cirrhosis; however, cancer can also develop in patients with a
noncirrhotic liver.?!*” Conversely, the minority of individuals
with acute HBV infection in the United States will become
chronic carriers.”® But, those who do will have an increased
risk of developing cirrhosis and potentially HCC.

The annual incidence of HCC among those with HBV
infection is significantly higher among those with cirrhosis
(3.16/100 person-years) relative to those without (0.10/100

person—years).14 The risk of HCC associated with HBV infec-
tion is estimated between 15-fold and 20-fold relative to those
who are not HBV-infected, and this risk is nearly doubled in
patients who are coinfected with HCV.'®?® There are a number
of other possible etiologic factors that can concurrently exist in
HBV-infected individuals which may also be associated with,
or even further increase, risk of developing HCC. For example,
age (young age of HBV acquisition or older age among those
with chronic infection), male sex, race (eg, Asians and Pacific
Islanders), lifestyle factors (eg, heavy alcohol and possible
tobacco use), viral (HBV DNA levels) and serologic (HBeAg
positivity) data, HBV genotypes, and the duration of infection
have all been shown to increase the risk.'

There are antiviral medications that are effective in the
treatment of HBV by chronically suppressing, but not eradicat-
ing, the infection. Successful treatment is associated with a
considerable reduction in HCC risk, but not complete elimina-
tion. For example, patients with chronic HBV infection treated
with lamivudine have lower rates of progression of cirrhosis,
lower Child-Pugh scores, and an approximately 50% lower rate
of developing HCC.?’

The association between HBV infection and the develop-
ment of ICC is not as strong as for HCV, especially in western
regions where HBV is uncommon, but has been reported in
observational studies and a meta-analysis (4-fold to 6-fold
increase in risk).lf”23’30 In addition, it is unclear whether ICC
developing in HBV-infected individuals is a consequence of
the virus itself or is more related to the eventual development of
cirrhosis from chronic infection. However, there are some
potentially important histologic and pathologic differences
between ICCs that arise in HBV-infected and uninfected indi-
viduals that potentially support differences in the mechanism
and biology of the disease. For example, HBV-associated ICC
are more frequently mass forming, have a lower rate of lym-
phatic involvement, and a higher rate of capsule formation.*! In
addition, survival after resection is significantly better in HBV-
positive patients. Future work is needed to better understand
whether the observed difference in survival is related to actual
differences in disease biology or is simply a function of lead-
time bias in HBV-positive patients who undergo screening.

Hepatitis C Virus

HCV is the leading cause of HCC and probably ICC in the
United States. Relative to the uninfected population, HCV-
infected patients have an approximately 17-fold increased risk
of developing HCC.** The “HCV epidemic” in North America
appears to have begun in the 1960s to 1970s (potentially related
to the high rate of injection drug use at that time) with a sub-
sequent plateau or decrease in infection rates in the 1980s to
1990s, likely related to the development of an effective screen-
ing test for the virus.>® Data derived from recent model simula-
tions suggest the peak incidence of HCV infection-related
complications, including decompensated cirrhosis and HCC,
will occur sometime in the next decade with eventual decreases
after the year 2020.%*
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HCV clearly increases a patients’ risk for cirrhosis with
15% to 35% of HCV-infected individuals developing liver
disease at 25 to 30 years.*>*® HCC that develops in a back-
ground of HCV appears to result from chronic inflammation
causing injury to the liver parenchyma and subsequent fibro-
sis.>” Once cirrhosis is established, HCV-infected patients
with active infection are expected to develop HCC at an
annual rate of 1% to 4%.2' However, HCC can also occur,
although infrequently, in HCV-infected patients with fibrosis
but in the absence of cirrhosis.*® The risk of developing HCC
varies by geography but is associated with an approximately
10-fold to 20-fold increase in risk.'®?® For ICC, HCV infec-
tion is more consistently associated with a higher risk relative
to HBV (2-fold to 4-fold increase).”*~° In addition, the con-
sistency of this association across a variety of geographies and
populations would all seem to support HCV as an important
ICC risk factor.*’

As with HBV, there are additional concurrent risk factors
that can modify the individual’s risk for HCC such as sex, race,
ongoing alcohol use, diabetes, a secondary viral infection (ie,
HBV or HIV), and viral genotype.*'"** With respect to the
latter, there are several HCV genotypes, with variable risk
based on the viral subtype. For example, in a recent meta-
analysis, genotype 1b was found to be associated with a 78%
increased risk of HCC relative to all other genotypes and a 60%
increased risk among patients with cirrhosis.*> However, gen-
otype 3 is currently considered the most difficulty to eradicate
and is associated with highest risk of cirrhosis (incidence rate
of 30 per 1000 person-years) and HCC (incidence rate of 7.9
per 1000 person-years).**** There are highly effective, but
expensive, new HCV treatments (directly acting antivirals).
While a sustained viral response with the use of older antiviral
medications (like interferon and ribavirin) in chronically
infected patients with HCV is associated with a decreased risk
of liver-associated morbidity and HCC, the risk remains rela-
tively high in certain subgroups including those who already
developed cirrhosis, diabetes, or are cured at an old age.*>*®
The long-term impact of viral clearance on future HCC risk
with these newer medications among patients cured of HCV is
not yet known.

Alcohol Use

The association between heavy alcohol use and HCC risk has
been consistently demonstrated in multiple studies. Although
the risk estimates for HCC (1.5-3) are modest compared to viral
hepatitis (15-25), alcohol abuse remains a pervasive problem in
the United States.*’ As such, it is not a surprise that roughly
13% to 23% of HCC cases are attributable to alcohol-related
disorders; however, this effect is modified by the patient’s race
(alcohol accounts for the second highest population-
attributable fraction of HCC in whites, blacks, and Hispanics,
but the associated risk varies) and sex (higher risk in
males).>**® The effect of alcohol is also potentiated by other
concurrent risk factors for chronic liver disease, especially viral
hepatitis and probably obesity. While the association between

ICC and alcohol use has not been studied to the same extent as
HCC, the available data do suggest a weak association related
to the development of chronic liver disease and cirrhosis.'®

There are, however, several areas of uncertainty regarding
the relationship between primary liver cancer and alcohol.
First, the cutoff that clearly constitutes “heavy” use and the
duration that puts patients at risk for chronic liver disease has
not been clearly defined and is quite variable across studies
(use—from >240 to >560 g/wk; duration—from at least 1 year
to at least 5 years to an undefined time period).*’ Second, there
are unanswered questions of whether alcohol itself is carcino-
genic or its effect in the carcinogenic pathway is through the
development of cirrhosis. Nonetheless, alcohol remains an
important contributing etiologic factor to chronic liver disease
and, as such, to primary liver cancer as well.

Tobacco Use

It is estimated that approximately 1 in 5 Americans regularly
smoke cigarettes.’® As is the case for a number of other can-
cers, tobacco use has consistently been associated with an
increased risk of developing HCC and has been labeled as a
risk factor for liver cancer by the World Health Organization
International Agency for Research on Cancer.’' In a recent,
large meta-analysis, relative to individuals who never smoked,
there was a 51% increased risk for current smokers and a non-
significant 12% increased risk for former smokers.>* In a US
hospital-based case-control study, regular, but not irregular,
cigarette smoking and the duration of smoking history were
found to be a significant risk factor only among men.>® With
regard to noncigarette tobacco products, there was no clear
association. For ICC, the data are less consistent. In a meta-
analysis of case-control studies, smoking was associated with a
nonsignificant 31% increase in the odds of ICC (95% confi-
dence interval [CI]: 0.95-1.82). However, ascertainment of
smoking in the studies included in this analysis was variably
based on administrative data and patient history.'® By compar-
ison, in a population-based study, smoking was associated with
a statistically significant 80% increase in the odds of ICC (95%
CI: 1.0-3.2).

Metabolic Factors

The prevalence of obesity in the United States has increased
dramatically.>*>* With it, there has been a recognition of meta-
bolic syndromes, or a cluster of conditions related to obesity,
blood pressure, and glucose and lipid metabolism with an
underlying pathophysiology of insulin resistance, as an impor-
tant etiologic factor for a number of different cancers.>® These
metabolic derangements are increasingly appreciated as etio-
logic factors for patients without cirrhosis who develop HCC.’
For example, NAFLD is now the leading cause of cirrhosis in
the United States.” It is currently estimated that roughly 30% to
40% of new HCC cases are attributable to metabolic disor-
ders.?**® Although the intrahepatic molecular changes and the
exact mechanism by which metabolic syndrome leads to
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chronic liver disease and/or HCC are yet to be defined, devel-
opment of steatosis and nonalcoholic steatohepatitis (NASH)
likely play a role.

Nonalcoholic Fatty Liver Disease/NASH

Nonalcoholic fatty liver disease is a disorder in which excess
triglycerides accumulate in liver cells causing steatosis—a phe-
nomenon that occurs in the absence of excessive alcohol intake.
Because some element of insulin resistance is identified in
nearly all cases of NAFLD, it is believed to occur as a conse-
quence (the hepatic manifestation) of metabolic syndrome.
While the mechanism of liver additional injury is not clear,
NASH occurs in up to one-third of patients and is believed to
cause liver cell injury, inflammation, and eventual fibrosis with
10% to 20% of patients going on to develop cirrhosis.!' The
prevalence of NAFLD in the general population has doubled
over the last 2 decades and is now a common cause of chronic
liver disease and cirrhosis affecting approximately 1 in 5
adults in the United States.”>®>° While there has been an
increase in the proportion of cirrhosis and HCC cases associ-
ated with NAFLD over the last decade, in a systematic review
evaluating the association between HCC and NAFLD/NASH,
both the etiology and degree of concurrent chronic liver dis-
ease had an important impact on HCC risk.*® Furthermore,
relative to patients with active HCV-related cirrhosis, in
patients with cirrhosis related to NASH the risk of HCC was
far less.®!

Although the presence of cirrhosis in patients with NAFLD
can generally be readily identified in those presenting sympto-
matically either with jaundice, ascites, or other stigmata of
portal hypertension, the recognition of underlying liver disease
is more difficult among those with well-compensated cirrhosis.
Many patients can remain well compensated for years, during
which time they remain at risk of developing HCC. At present,
there is unfortunately not a clear means of identifying patients
with NAFLD who are at risk for progressing to cirrhosis until
they either present with signs or symptoms or are incidentally
discovered. Several studies suggest underrecognition of cirrho-
sis is one of the main reasons for HCC surveillance underuse in
the United States, with over one-fifth of patients who present
with HCC having unrecognized cirrhosis.!” Additional data
also indicate a small but important proportion of NAFLD/
NASH-related HCC develops in the absence of prior signifi-
cant liver damage or cirrhosis.®

Diabetes

Diabetes is an important component of metabolic syndrome. As
mentioned, obesity and/or insulin resistance are present in the
majority of patients identified as having NAFLD. Therefore,
the question of whether diabetes results in liver damage which
is a cause of NAFLD, or whether diabetes itself increases risk
above and beyond that associated with chronic liver disease is
an important but as yet unanswered one. Furthermore, reverse
causality, where diabetes is a consequence of chronic liver

disease that precedes development of HCC, is a concern when
interpreting the data regarding diabetes-HCC association.
However, there are several lines of evidence suggesting dia-
betes, in particular type II, is associated with an increased
HCC risk.

In a systematic review that included a variety of study
designs and populations, diabetes was associated with 2-fold
to 3-fold increase in the risk of HCC.%® Given the diversity of
the studies included in this analysis, the consistency of the
positive association, the geographic variability of study popu-
lations, and the temporal association between diabetes and
HCC speak to the fact that diabetes is a true risk factor. How-
ever, the data did not address the issue about the coexistence of
NAFLD or other forms of chronic liver disease. When the
association was evaluated in a more recent meta-analysis of
cohort studies (that inherently reduce the likelihood of reverse
association) which only included patients with chronic liver
disease of varying etiology, there was again a consistent 1.5-
fold to 2-fold increased risk of HCC.%*

Further strengthening the argument that diabetes plays a
role in carcinogenesis is the fact that medical management
can actually modify a patient’s risk of developing HCC.
There are several studies, both experimental and epidemio-
logic, suggesting the use of metformin is associated with
decreased HCC risk.®>®® In a meta-analysis of observational
studies, the type of medication used also appeared to influ-
ence HCC risk—while use of metformin is associated with a
decreased risk, the use of thiazolidinedione does not affect
the risk, but use of either insulin and sulfonylureas both
may increase the risk.®” These data also support the premise
that more severe (as evidenced by the use of stronger anti-
glycemic medications) and prolonged (as evidence by dura-
tion) forms of diabetes may be associated with an
incremental increase in risk.

For ICC, there are far fewer sources of data describing the
association with diabetes. In the only US population-based
study using the Surveillance, Epidemiology, and End Results
cancer registry linked to Medicare claims data, there was a 50%
increase in the likelihood of ICC among patients with dia-
betes.'> This finding was corroborated in more recent meta-
analyses of observational studies.'®’® As with HCC, medical
management of diabetes with metformin may decrease cancer
risk.”! Taken together, the data for ICC and HCC suggest dia-
betes creates a common carcinogenic mechanism through a
liver injury pathway. However, additional data to further eval-
uate this hypothesis are needed.

Obesity

As another common and increasingly observed condition in
patients with metabolic syndrome, multiple sources of data
associate obesity with increased HCC risk. But, as is the case
with diabetes and NAFLD, it is unclear whether this increased
risk is a function of physiologic and/or molecular changes
induced by obesity or is more related to chronic liver disease
caused by metabolic changes common to these entities.
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However, there are in vitro data suggesting there are unique
molecular changes that occur in patients with obesity, such as
hepatocyte epigenetic aging and formation of hepatotoxins
through changes in gut microbes, and thus plausible ways for
HCC to develop in the absence of significant chronic liver
damage.”>"?

Obesity is most commonly evaluated based on a patient’s
body mass index (BMI), but this measure may not adequately
capture all domains of obesity that are relevant to HCC risk.
For example, there are alternative anthropomorphic measures
(eg, waist-to-height ratio, weight gain, and weight loss) which
have also been used. However, regardless the measure, the data
consistently demonstrate an association with adiposity, espe-
cially abdominal visceral fat. In a meta-analysis of observa-
tional studies, relative to those who have a BMI consistent
with normal weight (18.5-24.9 kg/m?), there were 17% and
89% increased risks of developing liver cancer associated with
being overweight (25-30 kg/m?) and obese (>30kg/m?),
respectively, with a dose-response relationship.”* When
waist-to-height ratio and weight gain are evaluated instead, the
association remains significant.””> With regard to weight loss,
there have been histologic changes noted in the livers of
patients who have undergone bariatric surgery as well as
decreases in the risk of mortality and complications related to
chronic liver disease.”®”’

For ICC, obesity has similarly been identified as a risk fac-
tor. In the aforementioned meta-analysis and US population-
based cohort studies, overweight and obesity was associated
with 56% and 70% increase in risk, respectively.'>'¢ However,
this association has not been reported as consistently as for
HCC. For example, in a Danish population—based case-
control study (considered a low-risk population for liver dis-
ease and ICC), obesity was not associated with risk.”® As such,
it remains unclear whether ICC is truly associated with obesity
or if other coexisting factors in other populations (eg, chronic
liver disease related to NAFLD, alcohol use, hepatitis, etc),
and/or the higher rate of biliary stone disease in patients with
obesity confounds this association.

Genetic Susceptibility

There are several heritable disorders that have been associated
with an increased risk of HCC. Hemochromatosis is a disorder
in which iron is absorbed and deposited within the liver par-
enchyma, and over time, continued iron overload can lead to
cirrhosis.”® This metabolic disorder is a risk factor for HCC.”
Hemochromatosis is heritable disorder with an autosomal
recessive inheritance pattern. Affected individuals are believed
to be at an approximately 20-fold increased risk of developing
HCC.®® o 1-antitrypsin deficiency is associated with an
increased risk of both cirrhosis and HCC.?® This disease
demonstrates an autosomal recessive pattern with codominant
expression.®! Both acute intermittent porphyria and porphyria
cutanea tarda, disorders that result in an enzyme deficiency
responsible for heme biosynthesis, are also associated with
an increased risk for HCC. In a population-based study, both

forms were associated with a significantly increased risk of
primary liver cancer (21-fold for porphyria cutanea tarda and
70-fold for acute intermittent porphyria), and porphyria cuta-
nea tarda was associated with an 8-fold increased risk of mor-
tality from cirrhosis.®*? Unlike for HCC, discrete heritable
conditions have not been as well defined for ICC. This may
in part be due to the fact that the pathogenic mechanisms
underlying the development of ICC have yet to be clearly
delineated. As with HCC, inflammation is believed to play a
key role by causing cholestasis and promoting proliferation of
cholangiocytes in an environment conducive to the develop-
ment of genetic alterations and upregulated proliferation.

The importance of the interplay between genetic predisposi-
tion and environmental factors is increasingly apparent. A
recently funded, multicenter, genome-wide association study
of HCC is ongoing and intended to provide data on individual
susceptibility and HCC risk, to explore the effect of genetic
variation on survival in patients with HCC, and to explore the
impact of patient race.®® Similarly, a multicenter, genome-wide
association study of ICC is also underway and recruiting study
participants.®’

Intrahepatic Cholangiocarcinoma-Specific
Risk Factors

Congenital/Anatomic Disorders

Choledochal cysts. Choledochal cysts (CCs) are a spectrum of
congenital dilations of the bile duct and have been reported to
be a premalignant condition. Cysts are currently described
using the 5-tier Todani classification system: (I) fusiform dila-
tion of the common bile duct, (IT) common bile duct diverticu-
lum, (IIT) choledochocele, (IVA) multiple cysts of the intra and
extrahepatic bile ducts, (IVB) multiple cysts of the extrahepatic
bile duct, and (V) intrahepatic bile duct cysts (Caroli disease).®®
Although the manner in which CCs lead to the development of
cholangiocarcinoma is unclear, bile stasis and reflux of pan-
creatic secretions are believed to play a role.*”® The duration
of the condition appears to influence the patient’s risk of devel-
oping ICC. Among CCs, types IV and V are associated with
ICC, whereas types I-11I are associated with extrahepatic cho-
langiocarcinoma. It has also been reported that CCs increase
the risk of other forms of biliary cancer such gallbladder.”®!

Primary sclerosing cholangitis. Primary sclerosing cholangitis
(PSC) is an entity in which multiple fibrotic strictures develop
along the intrahepatic and extrahepatic bile ducts causing cho-
lestasis. ICC, as well as other types of cholangiocarcinoma, is
reported to occur in 7% to 15% of patients with PSC with an
approximately 0.5% to 1% incidence per year.”? The etiology
of PSC is unclear as is the manner in which it may lead to ICC.
There are no definitive data to suggest smoking and/or alcohol
consumption confer an increased risk of cholangiocarcinoma in
patients with PSC. However, bile stasis with infection and/or
inflammation is suspected.
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Hepatolithiasis. Stones in the intrahepatic bile ducts have tradi-
tionally been more commonly identified in those of Asian des-
cent. The presumed pathway by which intrahepatic stones
cause ICC is bile stasis leading to bacterial infection and
chronic inflammation—this is supported by the high reported
rate of infected bile (94%) in these patients.’® Hepatolithiasis is
an uncommon entity in the United States.

Infectious/Toxic Exposure

Parasitic infection. Although not common in the United States,
there is a substantial historical body of epidemiologic data to
support the role of liver flukes (in particular Clonorchis sinen-
sis [Korea] and Opisthorcis viverrini [Thailand]) in the devel-
opment of ICC—a 2-fold to 5-fold increased risk has been
associated with infection.”* As with CCs, the manner in which
carcinogenesis results from infestation of the host’s biliary tract
by these flat worms is unknown, but chronic inflammation is
suspected.””

Thorotrast. Of historical significance, Thorotrast was a radi-
ologic contrast now banned for over a half century. Exposure
was associated with an over 300-fold increased risk of devel-
oping ICC.”

Factors Associated With Risk Reduction

Although there are a number of factors associated with the
development of HCC and ICC, there are also a number of
factors that have been identified as conferring a potentially
protective effect. In national case-control study of patients with
type 2 diabetes in Asia, the use of statins was associated with a
significant decrease in the risk of HCC (odds ratio: 0.36; 95%
CI: 0.22-0.60) with a notable dose—response relationship
between risk and increasing doses.’® For ICC, the data are
sparse and at this time not consistent. With regard to antidia-
betic medications, a recent meta-analysis including over 480
000 patients from 13 studies compared risk and risk reduction
among the various forms of these drugs.”” The results demon-
strated that that Metformin use was associated with a decreased
risk relative to no medication (relative risk [RR]: 0.49; 95% CI:
0.25-0.97), insulin (RR: 0.30; 95% CI: 0.18-0.50), and sulfo-
nylurea (RR: 0.44; 95% CI: 0.27-0.72), but not thiazolidine-
diones. Similarly, thiazolidinediones were associated with a
decreased risk relative to insulin (RR: 0.33; 95% CI: 0.14-
0.78). For patients with ICC, the available data suggest the use
of Metformin may lower cancer risk (odds ratio: 0.40; 95% CI:
0.20-0.90).”" Because inflammation is believed to play a key
role in the development of liver cancer, the effect of nonster-
oidal anti-inflammatory medications and more specifically
Aspirin have been examined. The recently published results
of the Liver Cancer Pooling Project suggest aspirin use is asso-
ciated with a 32% decrease in the risk of HCC and a 36% lower
risk of ICC in men but not in women.”® Coffee consumption
has also been linked to a reduced severity and progression of
liver disease as well as a lower risk of HCC. Using data pooled

from 12 prospective studies, the overall estimated risk reduc-
tion was 34% with a differential effect for low consumption
(RR: 0.78; 95% CI: 0.66-0.91) and high consumption (RR:
0.50; 95% CI: 0.43-0.58).”° The findings from the previously
mentioned Liver Cancer Pooling Project also suggested a
decreased HCC risk associated with caffeinated coffee con-
sumption but no effect on ICC risk.'%

Differences by Sex and Race

Both sex and race have an impact on HCC incidence.'®!

Although the incidence of HCC in the United States has
increased in both men (age-adjusted incidence from 6.9 per
100 000 in 2000 to 10.8 in 2012) and women (2.3 per 100
000 in 2000 to 3.2 in 2012), the majority (73%) of cases occur
in men. The average annual percentage change rate is also
higher in men relative to women (3.7% vs 2.7%). With regard
to race, over time, age-adjusted incidence rates have signifi-
cantly increased overall across all groups. However, with the
exception of whites, recently the annual percentage change
among most groups has either plateaued or decreased.

For ICC, the distribution of incident cases is more equally
distributed among the sexes (53% of cases occur in men).’
However, while the incidence rate of ICC is similar among
those under the age of 60 years (men: 0.1 per 100 000 [20-39
years] and 1.2 [40-59 years], women: 0.1 [20-39 years] and 0.7
[40-59 years]), among those over the age of 60, the incidence
rate is more heavily weighted toward men (men: 5.6 [60-79
years] and 9.8 [>80 years], women: 3.9 [60-79 years] and 6.9
[> 80years]). With regard to race, the highest incidence rates
have been among Asian and Hispanic patients.> However, there
are currently no data to suggest there has been much change in
incidence among any racial group.'?

Conclusion

The prevalence of a number of common HCC and ICC risk
factors has increased in the western world. Accordingly, pri-
mary liver cancer should continue to be an important focus for
public health initiatives because of the high case mortality rate
and because many of the risk factors are detectable, preventa-
ble, and/or modifiable. Although the underlying mechanisms
behind carcinogenesis for many of these risk factors has not
been clearly delineated, efforts focused on early detection of
those at risk, implementation of interventions to mitigate the
risk associated with specific factors, and initiation of treatment
soon after diagnosis are likely to have the greatest impact on
patients with primary liver cancer.

Authors’ Note

No significant relationships exist between the authors and the compa-
nies/organizations whose products or services may be referenced in
this article. The opinions expressed in this article are those of the
authors and do not necessarily reflect the position or policy of the
Department of Veterans Affairs or the United States Government. The
funding body played no part in the design and/or conduct of this study;



Cancer Control 24(3)

had no access to the data or a role in data collection, management,
analysis, or interpretation; and had no role in preparation, review, or
approval of the manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This mate-
rial is based upon work supported by the Department of Veterans
Affairs, Veterans Health Administration, Office of Research and
Development, and the Center for Innovations in Quality, Effectiveness
and Safety (CIN 13-413).

References

1.

10.

11.

12.

Altekruse SF, Devesa SS, Dickie LA, McGlynn KA, Kleiner DE.
Histological classification of liver and intrahepatic bile duct can-
cers in SEER registries. J Registry Manag. 2011;38(4):201-205.

. El-Serag HB, Davila JA, Petersen NJ, McGlynn KA. The con-

tinuing increase in the incidence of hepatocellular carcinoma in
the United States: an update. Ann Intern Med. 2003;139(10):
817-823.

. Mosadeghi S, Liu B, Bhuket T, Wong RJ. Sex-specific and race/

ethnicity-specific disparities in cholangiocarcinoma incidence
and prevalence in the USA: an updated analysis of the 2000-
2011 Surveillance, Epidemiology and End Results registry. Hepa-
tol Res. 2016;46(7):669-677.

. Petrick JL, Kelly SP, Altekruse SF, McGlynn KA, Rosenberg PS.

Future of hepatocellular carcinoma incidence in the United States
forecast through 2030. J Clin Oncol. 2016;34(15):1787-1794.

. Shaib YH, Davila JA, McGlynn K, El-Serag HB. Rising incidence

of intrahepatic cholangiocarcinoma in the United States: a true
increase?. J Hepatol. 2004;40(3):472-477.

. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM,

Matrisian LM. Projecting cancer incidence and deaths to 2030:
the unexpected burden of thyroid, liver, and pancreas cancers in
the United States. Cancer Res. 2014;74(11):2913-2921.

. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. C4

Cancer J Clin. 2016;66(1):7-30.

. Davila JA, El-Serag HB. The rising incidence of hepatocellular

carcinoma in the United States: an update. Gastroenterology.
2012;142(suppl 1):S914.

. Adams LA, Lindor KD. Nonalcoholic fatty liver disease. 4nn

Epidemiol. 2007;17(11):863-869.

Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty liver
disease and hepatocellular carcinoma: a weighty connection.
Hepatology. 2010;51(5):1820-1832.

Vernon G, Baranova A, Younossi ZM. Systematic review: the
epidemiology and natural history of non-alcoholic fatty liver dis-
ease and non-alcoholic steatohepatitis in adults. Aliment Pharma-
col Ther. 2011;34(3):274-285.

Altace MY, Johnson PJ, Farrant JM, Williams R. Etiologic and
clinical characteristics of peripheral and hilar cholangiocarci-
noma. Cancer. 1991;68(9):2051-2055.

13.

14.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Tyson GL, Ilyas JA, Duan Z, et al. Secular trends in the incidence
of cholangiocarcinoma in the USA and the impact of misclassi-
fication. Dig Dis Sci. 2014;59(12):3103-3110.

Thiele M, Gluud LL, Fialla AD, Dahl EK, Krag A. Large varia-
tions in risk of hepatocellular carcinoma and mortality in treat-
ment naive hepatitis B patients: systematic review with meta-
analyses. PLoS One. 2014;9(9):e107177.

. Welzel TM, Graubard BI, El-Serag HB, et al. Risk factors for

intrahepatic and extrahepatic cholangiocarcinoma in the United
States: a population-based case-control study. Clin Gastroenterol
Hepatol. 2007;5(10):1221-1228.

Palmer WC, Patel T. Are common factors involved in the patho-
genesis of primary liver cancers? A meta-analysis of risk factors for
intrahepatic cholangiocarcinoma. J Hepatol. 2012;57(1):69-76.
Singal AG, Yopp AC, Gupta S, et al. Failure rates in the hepato-
cellular carcinoma surveillance process. Cancer Prev Res (Phila).
2012;5(9):1124-1130.

. Mittal S, El-Serag HB. Epidemiology of hepatocellular carci-

noma: consider the population. J Clin Gastroenterol. 2013;
47(suppl):S2-S6.

Perz JF, Armstrong GL, Farrington LA, Hutin YJ, Bell BP. The
contributions of hepatitis B virus and hepatitis C virus infections
to cirrhosis and primary liver cancer worldwide. J Hepatol. 2006;
45(4):529-538.

Makarova-Rusher OV, Altekruse SF, McNeel TS, et al. Popula-
tion attributable fractions of risk factors for hepatocellular carci-
noma in the United States. Cancer. 2016;122(11):1757-1765.
El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma. Gastroenterology. 2012;142(6):1264-1273.

El-Serag HB, Engels EA, Landgren O, et al. Risk of hepatobiliary
and pancreatic cancers after hepatitis C virus infection: a
population-based study of U.S. veterans. Hepatology. 2009;
49(1):116-123.

Lee CH, Chang CJ, Lin YJ, Yeh CN, Chen MF, Hsieh SY. Viral
hepatitis-associated intrahepatic cholangiocarcinoma shares com-
mon disease processes with hepatocellular carcinoma. Br J Can-
cer. 2009;100(11):1765-1770.

Parkin DM. The global health burden of infection-associated can-
cers in the year 2002. Int J Cancer. 2006;118(12):3030-3044.
Donato F, Boffetta P, Puoti M. A meta-analysis of epidemiologi-
cal studies on the combined effect of hepatitis B and C virus
infections in causing hepatocellular carcinoma. /nt J Cancer.
1998;75(3):347-354.

Shi J, Zhu L, Liu S, Xie WF. A meta-analysis of case-control
studies on the combined effect of hepatitis B and C virus infec-
tions in causing hepatocellular carcinoma in China. Br J Cancer.
2005;92(3):607-612.

Yang JD, Kim WR, Coelho R, et al. Cirrhosis is present in most
patients with hepatitis B and hepatocellular carcinoma. Clin Gas-
troenterol Hepatol. 2011;9(1):64-70.

Bosetti C, Turati F, La VC. Hepatocellular carcinoma epidemiol-
ogy. Best Pract Res Clin Gastroenterol. 2014;28(5):753-770.
Liaw YF, Sung JJ, Chow WC, et al; Cirrhosis Asian Lamivudine
Multicentre Study Group. Lamivudine for patients with chronic
hepatitis B and advanced liver disease. N Engl J Med. 2004;
351(15):1521-1531.



Massarweh and El-Serag

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Peng NF, Li LQ, Qin X, et al. Evaluation of risk factors and
clinicopathologic features for intrahepatic cholangiocarcinoma
in Southern China: a possible role of hepatitis B virus. Ann Surg
Oncol. 2011;18(5):1258-1266.

Wu ZF, Yang N, Li DY, Zhang HB, Yang GS. Characteristics of
intrahepatic cholangiocarcinoma in patients with hepatitis B virus
infection: clinicopathologic study of resected tumours. J Viral
Hepat. 2013;20(5):306-310.

Donato F, Tagger A, Gelatti U, et al. Alcohol and hepatocellular
carcinoma: the effect of lifetime intake and hepatitis virus infec-
tions in men and women. Am J Epidemiol. 2002;155(4):323-331.
Armstrong GL, Alter MJ, McQuillan GM, Margolis HS. The past
incidence of hepatitis C virus infection: implications for the future
burden of chronic liver disease in the United States. Hepatology.
2000;31(3):777-782.

Davis GL, Alter MJ, El-Serag H, Poynard T, Jennings LW. Aging
of hepatitis C virus (HCV)-infected persons in the United States: a
multiple cohort model of HCV prevalence and disease progres-
sion. Gastroenterology. 2010;138(2):513-521, 521.e1-¢6.
Freeman AJ, Dore GJ, Law MG, et al. Estimating progression to
cirrhosis in chronic hepatitis C virus infection. Hepatology. 2001;
34(4 pt 1):809-816.

Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis
progression in patients with chronic hepatitis C. The OBSVIRC,
METAVIR, CLINIVIR, and DOSVIRC groups. Lancet. 1997,
349(9055):825-832.

Lemon SM, McGivern DR. Is hepatitis C virus carcinogenic?
Gastroenterology. 2012;142(6):1274-1278.

Lok AS, Everhart JE, Wright EC, et al; HALT-C Trial Group.
Maintenance peginterferon therapy and other factors associated
with hepatocellular carcinoma in patients with advanced hepatitis
C. Gastroenterology. 2011;140(3):840-849.

Li H, Hu B, Zhou ZQ, Guan J, Zhang ZY, Zhou GW. Hepatitis C
virus infection and the risk of intrahepatic cholangiocarcinoma
and extrahepatic cholangiocarcinoma: evidence from a systematic
review and meta-analysis of 16 case-control studies. World J Surg
Oncol. 2015;13:161.

Fiorino S, Bacchi-Reggiani L, de Biase D, et al. Possible associ-
ation between hepatitis C virus and malignancies different from
hepatocellular carcinoma: a systematic review. World J Gastro-
enterol. 2015;21(45):12896-12953.

Chang KC, Wu YY, Hung CH, et al. Clinical-guide risk predic-
tion of hepatocellular carcinoma development in chronic hepatitis
C patients after interferon-based therapy. Br J Cancer. 2013;
109(9):2481-2488.

Kanwal F, Kramer JR, Ilyas J, Duan Z, El-Serag HB. HCV geno-
type 3 is associated with an increased risk of cirrhosis and hepa-
tocellular cancer in a national sample of U.S. Veterans with HCV.
Hepatology. 2014;60(1):98-105.

Raimondi S, Bruno S, Mondelli MU, Maisonneuve P. Hepatitis C
virus genotype 1b as a risk factor for hepatocellular carcinoma
development: a meta-analysis. J Hepatol. 2009;50(6):1142-1154.
Kattakuzhy S, Levy R, Rosenthal E, Tang L, Wilson E, Kottilil S.
Hepatitis C genotype 3 disease. Hepatol Int. 2016;10(6):861-870.
El-Serag HB, Kanwal F, Richardson P, Kramer J. Risk of
hepatocellular carcinoma after sustained virological response in

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

veterans with hepatitis C virus infection. Hepatology. 2016;64(1):
130-137.

Singal AK, Singh A, Jaganmohan S, et al. Antiviral therapy
reduces risk of hepatocellular carcinoma in patients with hepatitis
C virus-related cirrhosis. Clin Gastroenterol Hepatol. 2010;8(2):
192-199.

Grant BF, Stinson FS, Dawson DA, et al. Prevalence and co-
occurrence of substance use disorders and independent mood and
anxiety disorders: results from the National Epidemiologic Sur-
vey on Alcohol and Related Conditions. Arch Gen Psychiatry.
2004;61(8):807-816.

Welzel TM, Graubard BI, Quraishi S, et al. Population-
attributable fractions of risk factors for hepatocellular carcinoma
in the United States. A4m J Gastroenterol. 2013;108(8):
1314-1321.

Hutchinson SJ, Bird SM, Goldberg DJ. Influence of alcohol on the
progression of hepatitis C virus infection: a meta-analysis. Clin
Gastroenterol Hepatol. 2005;3(11):1150-1159.

Levy DT, Nikolayev L, Mumford E. Recent trends in smoking
and the role of public policies: results from the SimSmoke
tobacco control policy simulation model. Addiction. 2005;
100(10):1526-1536.

World Health Organization. International Agency for Research on
Cancer. IARC monographs on the evaluation of carcinogenic
risks to humans: tobacco smoke and involuntary smoking.
http://monographs.iarc.fr/ENG/Monographs/vol83/. Accessed
March 6, 2017.

Lee YC, Cohet C, Yang YC, Stayner L, Hashibe M, Straif K.
Meta-analysis of epidemiologic studies on cigarette smoking and
liver cancer. Int J Epidemiol. 2009;38(6):1497-1511.

Hassan MM, Spitz MR, Thomas MB, et al. Effect of different
types of smoking and synergism with hepatitis C virus on risk of
hepatocellular carcinoma in American men and women: case-
control study. Int J Cancer. 2008;123(8):1883-1891.

Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obe-
sity and trends in the distribution of body mass index among US
adults, 1999-2010. JAMA. 2012;307(5):491-497.

Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL.
Trends in obesity among adults in the United States, 2005 to 2014.
JAMA. 2016;315(21):2284-2291.

Esposito K, Chiodini P, Colao A, Lenzi A, Giugliano D. Meta-
bolic syndrome and risk of cancer: a systematic review and meta-
analysis. Diabetes Care. 2012;35(11):2402-2411.

Welzel TM, Graubard BI, Zeuzem S, El-Serag HB, Davila JA,
McGlynn KA. Metabolic syndrome increases the risk of primary
liver cancer in the United States: a study in the SEER-Medicare
database. Hepatology. 2011;54(2):463-471.

Wattacheril J, Chalasani N. Nonalcoholic fatty liver disease
(NAFLD): is it really a serious condition? Hepatology. 2012;
56(4):1580-1584.

Williams CD, Stengel J, Asike MI, et al. Prevalence of nonalcoholic
fatty liver disease and nonalcoholic steatohepatitis among a largely
middle-aged population utilizing ultrasound and liver biopsy: a pro-
spective study. Gastroenterology. 2011;140(1):124-131.

White DL, Kanwal F, El-Serag HB. Association between nonal-
coholic fatty liver disease and risk for hepatocellular cancer,


http://monographs.iarc.fr/ENG/Monographs/vol83/

Cancer Control 24(3)

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

based on systematic review. Clin Gastroenterol Hepatol. 2012;
10(12):1342-1359.

Younossi ZM, Otgonsuren M, Henry L, et al. Association of
nonalcoholic fatty liver disease (NAFLD) with hepatocellular
carcinoma (HCC) in the United States from 2004 to 2009. Hepa-
tology. 2015;62(6):1723-1730.

Mittal S, El-Serag HB, Sada YH, et al. Hepatocellular carcinoma
in the absence of cirrhosis in united states veterans is associated
with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol.
2016;14(1):124-131.

El-Serag HB, Hampel H, Javadi F. The association between diabetes
and hepatocellular carcinoma: a systematic review of epidemiologic
evidence. Clin Gastroenterol Hepatol. 2006;4(3):369-380.

Chen J, Han Y, Xu C, Xiao T, Wang B. Effect of type 2 diabetes
mellitus on the risk for hepatocellular carcinoma in chronic liver
diseases: a meta-analysis of cohort studies. Eur J Cancer Prev.
2015;24(2):89-99.

Chen HH, Lin MC, Muo CH, Yeh SY, Sung FC, Kao CH. Com-
bination therapy of metformin and statin may decrease hepatocel-
lular carcinoma among diabetic patients in Asia. Medicine
(Baltimore). 2015;94(24):e1013.

Chen HP, Shieh JJ, Chang CC, et al. Metformin decreases
hepatocellular carcinoma risk in a dose-dependent manner:
population-based and in vitro studies. Gut. 2013;62(4):
606-615.

Donadon V, Balbi M, Mas MD, Casarin P, Zanette G. Metformin
and reduced risk of hepatocellular carcinoma in diabetic patients
with chronic liver disease. Liver Int. 2010;30(5):750-758.
Hassan MM, Curley SA, Li D, et al. Association of diabetes
duration and diabetes treatment with the risk of hepatocellular
carcinoma. Cancer. 2010;116(8):1938-1946.

Singh S, Singh PP, Singh AG, Murad MH, Sanchez W. Anti-
diabetic medications and the risk of hepatocellular cancer: a sys-
tematic review and meta-analysis. Am J Gastroenterol. 2013;
108(6):881-891.

Tsilidis KK, Kasimis JC, Lopez DS, Ntzani EE, Ioannidis JP.
Type 2 diabetes and cancer: umbrella review of meta-analyses
of observational studies. BMJ. 2015;350:27607.

Chaiteerakij R, Yang JD, Harmsen WS, et al. Risk factors for
intrahepatic cholangiocarcinoma: association between metfor-
min use and reduced cancer risk. Hepatology. 2013;57(2):
648-655.

Nakagawa H, Umemura A, Taniguchi K, et al. ER stress coop-
erates with hypernutrition to trigger TNF-dependent spontaneous
HCC development. Cancer Cell. 2014;26(3):331-343.
Yoshimoto S, Loo TM, Atarashi K, et al. Obesity-induced gut
microbial metabolite promotes liver cancer through senescence
secretome. Nature. 2013;499(7456):97-101.

Larsson SC, Wolk A. Overweight, obesity and risk of liver cancer:
a meta-analysis of cohort studies. Br J Cancer. 2007;97(7):
1005-1008.

Schlesinger S, Aleksandrova K, Pischon T, et al. Abdominal obe-
sity, weight gain during adulthood and risk of liver and biliary tract
cancer in a European cohort. Int J Cancer. 2013;132(3):645-657.
Corey KE, Kaplan LM. Obesity and liver disease: the epidemic of
the twenty-first century. Clin Liver Dis. 2014;18(1):1-18.

77

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

. Sjostrom L, Narbro K, Sjostrom CD, et al; Swedish Obese Sub-
jects Study. Effects of bariatric surgery on mortality in Swedish
obese subjects. N Engl J Med. 2007;357(8):741-752.

Welzel TM, Mellemkjaer L, Gloria G, et al. Risk factors for
intrahepatic cholangiocarcinoma in a low-risk population: a nation-
wide case-control study. Int J Cancer. 2007;120(3):638-641.
Harrison SA, Bacon BR. Relation of hemochromatosis with
hepatocellular carcinoma: epidemiology, natural history, patho-
physiology, screening, treatment, and prevention. Med Clin North
Am. 2005;89(2):391-409.

Elmberg M, Hultcrantz R, Ekbom A, et al. Cancer risk in patients
with hereditary hemochromatosis and in their first-degree rela-
tives. Gastroenterology. 2003;125(6):1733-1741.

Fairbanks KD, Tavill AS. Liver disease in alpha 1-antitrypsin
deficiency: a review. Am J Gastroenterol. 2008;103(8):
2136-2141.

Linet MS, Gridley G, Nyren O, et al. Primary liver cancer, other
malignancies, and mortality risks following porphyria: a cohort
study in Denmark and Sweden. Am J Epidemiol. 1999;149(11):
1010-1015.

Marcano-Bonilla L, Mohamed EA, Mounajjed T, Roberts LR.
Biliary tract cancers: epidemiology, molecular pathogenesis and
genetic risk associations. Chin Clin Oncol. 2016;5(5):61.

NIH Research Portfolio Online Reporting Tools (RePORT).
Genome-wide Association Study (GWAS) in Hepatocellular Car-
cinoma (HCC). https://projectreporter.nih.gov/project_info_
description.cfm?aid=9052743&icde=33324241&ddparam=
&ddvalue=&ddsub=&cr=2&csb=default&cs=ASC&pball=.
Accessed March 6, 2017.

The Cholangiocarcinoma Foundation. GWAS Action Alert.
http://cholangiocarcinoma.org/professionals/action-alert-mayo-
clinic-study/. Accessed March 6, 2017.

Todani T, Watanabe Y, Narusue M, Tabuchi K, Okajima K. Con-
genital bile duct cysts: classification, operative procedures, and
review of thirty-seven cases including cancer arising from chole-
dochal cyst. Am J Surg. 1977;134(2):263-269.

Akkiz H, Colakoglu SO, Ergun Y, et al. Endoscopic retrograde
cholangiopancreatography in the diagnosis and management of
choledochal cysts. HPB Surg. 1997;10(4):211-218.

Rattner DW, Schapiro RH, Warshaw AL. Abnormalities of the
pancreatic and biliary ducts in adult patients with choledochal
cysts. Arch Surg. 1983;118(9):1068-1073.

Sugiyama M, Atomi Y, Kuroda A. Pancreatic disorders associated
with anomalous pancreaticobiliary junction. Surgery. 1999;
126(3):492-497.

Komi N, Tamura T, Miyoshi Y, Kunitomo K, Udaka H, Takehara
H. Nationwide survey of cases of choledochal cyst. Analysis of
coexistent anomalies, complications and surgical treatment in 645
cases. Surg Gastroenterol. 1984;3(2):69-73.

Watanabe Y, Toki A, Todani T. Bile duct cancer developed after
cyst excision for choledochal cyst. J Hepatobiliary Pancreat
Surg. 1999;6(3):207-212.

Lindor KD. Characteristics of primary sclerosing cholangitis in
the USA. Hepatol Res. 2007;37(suppl 3):S474-S477.

Tabata M, Nakayama F. Bacteria and gallstones. Etiological sig-
nificance. Dig Dis Sci. 1981;26(3):218-224.


https://projectreporter.nih.gov/project_info_description.cfm?aid=9052743&icde=33324241&ddparam=&ddvalue=&ddsub=&cr=2&csb=default&cs=ASC&pball=
https://projectreporter.nih.gov/project_info_description.cfm?aid=9052743&icde=33324241&ddparam=&ddvalue=&ddsub=&cr=2&csb=default&cs=ASC&pball=
https://projectreporter.nih.gov/project_info_description.cfm?aid=9052743&icde=33324241&ddparam=&ddvalue=&ddsub=&cr=2&csb=default&cs=ASC&pball=
https://projectreporter.nih.gov/project_info_description.cfm?aid=9052743&icde=33324241&ddparam=&ddvalue=&ddsub=&cr=2&csb=default&cs=ASC&pball=
https://projectreporter.nih.gov/project_info_description.cfm?aid=9052743&icde=33324241&ddparam=&ddvalue=&ddsub=&cr=2&csb=default&cs=ASC&pball=
https://projectreporter.nih.gov/project_info_description.cfm?aid=9052743&icde=33324241&ddparam=&ddvalue=&ddsub=&cr=2&csb=default&cs=ASC&pball=
https://projectreporter.nih.gov/project_info_description.cfm?aid=9052743&icde=33324241&ddparam=&ddvalue=&ddsub=&cr=2&csb=default&cs=ASC&pball=
https://projectreporter.nih.gov/project_info_description.cfm?aid=9052743&icde=33324241&ddparam=&ddvalue=&ddsub=&cr=2&csb=default&cs=ASC&pball=
https://projectreporter.nih.gov/project_info_description.cfm?aid=9052743&icde=33324241&ddparam=&ddvalue=&ddsub=&cr=2&csb=default&cs=ASC&pball=
https://projectreporter.nih.gov/project_info_description.cfm?aid=9052743&icde=33324241&ddparam=&ddvalue=&ddsub=&cr=2&csb=default&cs=ASC&pball=
http://cholangiocarcinoma.org/professionals/action-alert-mayo-clinic-study/
http://cholangiocarcinoma.org/professionals/action-alert-mayo-clinic-study/

Massarweh and El-Serag

94.

9s.

96.

97.

98.

Shaib Y, El-Serag HB. The epidemiology of cholangiocarcinoma.
Semin Liver Dis. 2004;24(2):115-125.

Sithithaworn P, Yongvanit P, Duenngai K, Kiatsopit N, Pairojkul
C. Roles of liver fluke infection as risk factor for cholangiocarci-
noma. J Hepatobiliary Pancreat Sci. 2014;21(5):301-308.

Kim G, Jang SY, Han E, et al. Effect of statin on hepatocellular
carcinoma in patients with type 2 diabetes: a nationwide nested
case-control study. /nt J Cancer. 2017;140(4):798-806.

Zhou YY, Zhu GQ, Liu T, et al. Systematic review with network
meta-analysis: antidiabetic medication and risk of hepatocellular
carcinoma. Sci Rep. 2016;6:33743.

Petrick JL, Sahasrabuddhe VV, Chan AT, et al. NSAID use and risk
of hepatocellular carcinoma and intrahepatic cholangiocarcinoma:

99.

100.

101.

the liver cancer pooling project. Cancer Prev Res (Phila). 2015;
8(12):1156-1162.
Bravi F, Tavani A, Bosetti C, Boffetta P, La Vecchia C. Coffee
and the risk of hepatocellular carcinoma and chronic liver dis-
ease: a systematic review and meta-analysis of prospective stud-
ies. Eur J Cancer Prev. 2017;26(5):368-377.
Petrick JL, Freedman ND, Graubard BI, et al. Coffee consump-
tion and risk of hepatocellular carcinoma and intrahepatic cho-
langiocarcinoma by sex: the liver cancer pooling project. Cancer
Epidemiol Biomarkers Prev. 2015;24(9):1398-1406.
White DL, Thrift AP, Kanwal F, Davila J, El-Serag HB. Inci-
dence of hepatocellular carcinoma in all 50 United States, from
2000 through 2012. Gastroenterology. 2017;152(4):812-820.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


