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Abstract Intrahepatic cholangiocarcinoma is an aggres-

sive malignancy and is one of the most devastating cancers

of the gastrointestinal tract. The molecular mechanisms

contributing to the pathogenesis of these cancers are not

well understood. The recognition and distinction of these

cancers from other tumors such as perihilar or extrahepatic

distal cholangiocarcinoma and hepatocellular carcinoma

are important in defining the pathogenesis. New insights

into molecular mechanisms contributing to disease patho-

genesis are emerging from recent epidemiological, gen-

ome-wide profiling and laboratory based studies. These

have contributed to an improved understanding of risk

factors, genetic mutations and pathophysiological mecha-

nisms that are associated with these tumors. The contri-

bution of well-established risk factors such as biliary tract

inflammation and key signaling pathways involved in

intrahepatic cholangiocarcinoma are being further defined.

These new insights have several important implications for

both molecular diagnosis and therapy of these cancers.
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Introduction

Cholangiocarcinomas are primary malignancies of the

biliary tract [1]. As a group, these malignancies are

aggressive and are associated with a very poor prognosis.

This review will focus on the molecular pathogenesis of

intrahepatic cholangiocarcinoma (iCCA). The incidence

and mortality rates of these cancers are increasing world-

wide [2–5]. In contrast to most other tumors of the liver

and gastrointestinal tract, such as hepatocellular, gastric or

pancreatic cancers, the pathogenesis of these tumors is very

poorly understood [6]. There are several diverse risk fac-

tors associated with these cancers, but the pathogenetic

mechanisms associated with these risk factors have not

been elucidated. Recently, there have been several obser-

vations that provide additional insights into the pathogen-

esis of iCCA. These findings stem from many different

sources such as epidemiological studies, genome wide

profiling studies and laboratory based studies. In this

review, we discuss some of these recent findings and

highlight how these may lead to more effective manage-

ment of these cancers.

Nomenclature of biliary tract cancers

Cancers of the biliary tract can arise from several distinct

sites [1]. These include the gall-bladder, intrahepatic ducts,

large extrahepatic ductal system, and the perihilar region.

While cancers of the gall bladder and ampulla are easily

distinguished and usually considered as distinct tumor

types, cancers of the intrahepatic and extrahepatic biliary

tract have been considered together as cholangiocarcinoma.

Differences in clinical presentation and treatment outcomes

of the different cancer types that are referred to as chol-

angiocarcinoma are well recognized. However, the distinct

types of cancer have not been adequately delineated in

epidemiological classifications, clinical practice, or basic

research studies. Differences in risk factors, histological

features and genetic changes can be recognized between

intrahepatic, hilar or ductal cholangiocarcinomas [7–9].

Because of these clinical and biological differences,
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interpreting data that is derived from studies where these

entities are considered together is problematic. Lack of a

clear distinction between these cancers has been a major

limitation in identifying specific risk factors and under-

standing disease pathogenesis.

A convention that is accepted in clinical practice and

appropriate for use in population based studies or clinical

trials makes a distinction between iCCA, tumors arising

from the small bile ducts in the liver, and perihilar chol-

angiocarcinoma (pCCA) or distal extrahepatic cholangio-

carcinoma (dCCA), arising from the large ductal system at

the hilum or outside the liver [10, 11]. Although there are

clear differences in risk factors for intrahepatic and extra-

hepatic tumors, gene expression profiling studies have not

revealed evident differences in genetic profiles between

these. Hilar tumors warrant separate consideration because

of their unique location, presentation and management

considerations, and are more similar to distal extrahepatic

cancers than to iCCA. Future studies in rigorously defined

groups of these tumors are needed in order to define their

specific risk factors and pathogenesis.

Classifications of intrahepatic cholangiocarcinoma

The iCCA are macroscopically and microscopically

diverse tumors. Several classifications have been described

for iCCA, on the basis of site of origin, extent of disease,

gross morphology, histology or postulated cell type of

origin. The macroscopic classification of the Liver Cancer

Study Group of Japan recognizes a mass-forming, and a

mixed mass-forming and periductal infiltrating type which

are the most frequently encountered types [12]. Less

commonly, periductal infiltrating or intraductal tumors can

occur without mass formation. Most peripheral small duct

iCCA are of the mass-forming type, whereas those that

develop within the large second order intrahepatic bile

ducts can be of the periductal infiltrating, mixed or intra-

ductal growth subtypes.

Histologically, the majority of iCCA are well-to-mod-

erately differentiated adenocarcinomas with varying

degrees of desmoplasia [13]. A recent classification pro-

posed by Nakanuma et al. [14] divides iCCA into con-

ventional type, bile ductular type, intraductal neoplasms

type and rare variants such as combined HCC-CCA, and

undifferentiated iCCA. This classification is based on gross

morphology and pathological similarities between biliary

and pancreatic neoplasms, but also incorporates hepatic

progenitor cell/stem cell phenotype and is compatible with

other proposed classifications based on cell lineage [2, 15].

Although these classifications may be helpful in defining

pathological categories of iCCA, the clinical utility of

classifications that are based on type of cell or histology are

not yet established.

New insights from epidemiological studies

The commonly recognized risk factors of biliary tract

cancers, including iCCA, comprise a diverse group of

conditions that include infectious diseases, congenital

conditions, inflammatory diseases, and drugs and toxins [6,

16–20]. Some of these factors may not be relevant for

iCCA. Indeed, many cases of iCCA arise sporadically and

are not associated with any of these risk factors. Most

reports of risk factors for biliary cancers do not distinguish

between iCCA and other types of cholangiocarcinomas

such as pCCA or dCCA. Recent epidemiological studies

have identified new occupational and environmental risk

factors for iCCA. In a recent report, several cases of

cholangiocarcinoma were identified amongst workers at a

printing company in Osaka [21]. Subsequently, cases were

identified in workers in other printing works in Japan. The

increased risk was postulated to arise from exposure to

inhaled volatile organic compounds such as 1,2, dichloro-

propane and dichloromethane, that were used to wash off

ink from printing machines [21].

Another environmental exposure that has recently been

recognized is asbestos. The association between iCCA and

asbestos, smoking history, and socio-occupational status

was examined in a recent study using conditional logistic

regression models. Occupational exposure to asbestos

appeared to be strongly associated with iCCA, but not with

other types of cholangiocarcinomas [22].

The presence of chronic viral hepatitis and liver cir-

rhosis have also emerged as a risk factor for iCCA in

several recent studies [16, 18, 23–29]. In a recent meta-

analysis, we examined the evidence for cirrhosis as a risk

factor from published, well described case–control studies

[30]. This analysis showed an odds ratio of 22.9 for cir-

rhosis as a risk factor for iCCA [30]. In addition, a com-

prehensive meta-analysis of several other risk factors for

iCCA supported an association of chronic hepatitis B,

chronic hepatitis C and alcohol with iCCA. These are all

risk factors for cirrhosis and could, therefore, explain the

increased risk of iCCA with cirrhosis (Fig. 1). The risk

associated with smoking, diabetes and obesity were less

apparent in this meta-analysis. These observations from

epidemiological studies have identified several previously

unrecognized risk factors for iCCA that include cirrhosis,

hepatitis B, hepatitis C, obesity, diabetes, alcohol and

possibly also asbestos and some organic solvents.

New insights from genomic profiling studies

The molecular pathogenesis of iCCA may have similarities

with the pathogenesis of hepatocellular cancer because

many of the dominant risk factors associated with HCC

such as cirrhosis, HBV, HCV and metabolic syndrome are
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also risk factors for iCCA. This is further supported by the

results of recent transcriptome analysis studies that have

identified common genomic traits between these cancers

[31–33]. Gene signatures of a poorly prognostic group of

iCCA are similar to those observed in poor-prognosis HCC

and with stem-like molecular signatures [34, 35]. Based on

these, it is postulated that these distinct subgroups of iCCA

and HCC may share a common stem cell origin. Although

the prevalence of iCCA derived from a stem cell population

is unknown, up to 25 % of HCCs may be derived from stem

cells [36]. Differences in cellular origin and pathogenesis

could account for epidemiological or clinical heterogeneity

of these tumors. Based on genomic profiling, molecular

analysis can identify clinically distinct classes of iCCA

[37]. However, further studies are needed to determine the

utility of molecular profiling based classifications for iCCA.

The tumor stroma and local microenvironment play a

crucial role in cancer progression and in therapeutic

responses in many different cancers. A contribution of the

stromal compartment to the pathogenesis of iCCA has also

been recognized [31, 38]. Examination of tumor cell and

stromal gene expression in a large series of surgically

resected cholangiocarcinomas showed that the most

malignant tumor phenotype was characterized by changes

in epithelial cells (e.g., upregulation of HER-2 signaling) as

well as in stromal cells (e.g., overexpression of proin-

flammatory cytokines IL-6 and CXCR4). A 238 gene-

group was identified that correlated with a high risk group

and overall or recurrence-free survival. This group could be

further reduced to 36 genes, many of which were cholan-

gio-specific. Moreover, these genes could predict outcomes

in HCC and other tumors. A 26-gene stromal derived

prognostic predictor gene signature that was identified in

breast cancer was also noted to be enriched in the stromal

compartment of CCA. These genomic studies identify gene

changes in both tumor cells and stromal cells that are

associated with CCA growth and spread.

Recent data from whole transcriptome sequencing has

identified the presence of gene fusions that are associated

with iCCA such as FGFR2-BICC and FIG-ROS [39].

These may result in sensitivity to kinase inhibition, and

represent a novel area of insight into subgroups that may be

responsive to targeted therapy. To date there are few

reported studies of deep sequencing in well-defined cohorts

of iCCA, and such studies are likely to provide further

insights into genetic events associated with the pathogen-

esis of iCCA.

New insights into the origin of ICC from laboratory

based investigations

Recent studies have implicated Notch signaling in the

pathogenesis of cholangiocarcinoma. Notch signaling is an

evolutionary conserved pathway that contributes to cell

differentiation and maintenance of tissue homeostasis.

Notch is involved in biliary tract differentiation, and dis-

rupted Notch signaling results in congenital hypoplasia of

the biliary tract. Over-expression of the intercellular

domain of Notch results in liver tumor formation with

features of cholangiocarcinoma [40]. Moreover, activated

AKT and NICD result in rapid induction of liver tumors

[41]. Furthermore, thioacetamide derived tumor formation

is enhanced in the presence of activated Notch [42].

These studies also provide new insights into potential

cells of origin for iCCA. It has been presumed that iCCA

arises from the malignant transformation of cholangio-

cytes, although direct experimental evidence for this has

been lacking. In a subset of cases, tumors may arise from

multipotent stem cell populations such as hepatic progen-

itor cells that undergo transformation while undergoing

maturation with cholangiocytic differentiation. Hepatic

progenitor cells and cells within the glands of the bile duct

are putative candidates for such stem cells. Within the

liver, progenitor cells are located in the most peripheral

branches of the biliary tree, ductules and canal of Hering.

These cells can differentiate into either hepatocytes or

cholangiocytes. Tumors with mixed phenotypes and vary-

ing hepatocellular and cholangiocellular differentiation

characteristics could result when a progenitor cell that is

not fully differentiated develops into a cancer following

maturational arrest. Cells within the peribiliary glands

could also give rise to tumors with a biliary phenotype and

may constitute the cell of origin for a subset of iCCA as

well as dCCA and pCCA.

In addition to stem or progenitor populations, fully

differentiated mature hepatocytes could serve as a cell of

origin of iCCA based on studies using cell lineage tracing

Fig. 1 Emerging risk factors for intrahepatic cholangiocarcinoma.

Several new risk factors have been identified from epidemiological

studies or meta-analysis of case–control studies [22, 30]. The odds

ratio and 95 % confidence intervals of selected emerging risk factors

are shown
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studies [41, 42]. Sekiya and Suzuki showed that Notch

mediated conversion of hepatocytes can result in iCCA,

using a tamoxifen inducible Cre/lox mouse model system

that allowed lineage studies of hepatocytes (expressing

Alb) or cholangiocytes (expressing CK19). Mice received

thioacetamide, which induced tumor nodules with a tubular

phenotype. The frequency of tumor formation was

increased when mice received activated Notch 1, and was

reduced when mice received an inhibitor of Notch (Hes 1).

In a different study, Fan et al., showed that injection of the

intracellular domain of Notch 1 with the Akt over-

expressing plasmid resulted in rapid induction of iCCA that

arise from hepatocytes in mice treated with thioacetamide.

Interestingly, the origin of these was not in the periportal

areas where the hepatic stem cell/progenitor niche is

located, but in the central areas of the liver lobule.

Although the cell types of origin of iCCA in humans are

still unknown, these observations suggest that tumors could

arise from several different types of cells such as differ-

entiated hepatocytes, dysplastic or immature cholangio-

cytes, or from multipotent cell niches such as hepatic stem/

progenitor cells, or from within peribiliary glands.

Molecular pathogenesis

Key molecular events involved in the pathogenesis of

iCCA are summarized in Fig. 2. In the classical model of

tumor pathogenesis, promotion of tumor development

follows chronic biliary inflammation with the release of

inflammatory mediators, and occurrs in the setting of

cholestasis, where bile acid signaling could promote cho-

langiocyte growth via activation of growth factors. Exter-

nal stimuli such as liver fluke or viral hepatitis infections

favor the induction of pro-inflammatory signals, by epi-

thelial cells and other cells in the local microenvironment.

The subsequent release of growth-promoting factors and

cytokines, e.g., IL-6 and TGFb promote cholangiocyte

proliferation. These effects, along with the accumulation of

genetic and epigenetic alterations in oncogenes and tumor

suppressor genes lead to the malignant transformation and

to deregulation of key signaling pathways such as EGFR,

ERBB2, HGF/MET, VEGFR. These then contribute to the

hallmarks of cancer such as proliferation, survival, inva-

sion and enhanced angiogenesis. Alterations in pathways

such as those involving the reversion-inducing-cysteine-

rich protein with Kazal motifs that can modulate metallo-

proteases may contribute to tumor spread [43].

Genetic and epigenetic factors in iCCA pathogenesis

Several studies have evaluated the role of genetic muta-

tions in iCCA as well as their potential impact in prognosis

and utility for diagnosis [33]. However, because of the

Fig. 2 Molecular pathogenesis of intrahepatic cholangiocarcinoma.

Promotion of tumor development follows chronic biliary tract

inflammation, with the release of inflammatory cytokines inducing

iNOS in cholangiocytes, favoring mutagenesis, impaired DNA repair

and COX-II up-regulation, and cholestasis. Local microenvironmental

factors leading to activation of Notch signaling may drive biliary

differentiation. Once clonal proliferation is established, dysregulation

of signaling pathways led by EGFR, RAS/MAPK, IL-6 and MET

sustain enhanced proliferation. Specific genetic and epigenetic

changes in either tumor cells or stromal cells contribute to malignant

transformation as well as to evasion of apoptosis, neoangiogenesis,

invasion or metastases once cancer has formed
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small number of samples analyzed, and the mixed nature of

the tumors studied, most of the data is not conclusive.

Amongst the most frequent genetic mutations are activat-

ing mutations of KRAS particularly in hotspots located at

codon 12. KRAS mutations may predict worse survival

after hepatectomy although these data need to be validated

in independent cohorts of samples. BRAF and EGFR

mutations have also been reported but are less common. On

the other hand, NRAS or PI3K mutations are rather rare in

iCCA. A large number of TP53 loss-of-function mutations

have been reported in iCCA and this tumor suppressor has

been linked to iCCA in experimental animal models.

Human cancers can exhibit aberrant epigenetic regulation

through promoter hypermethylation. Aberrant methylation

of several genes including the tumor suppressor genes such

as p16, RASSF1A and APC has been examined in iCCA.

Promoter hypermethylation of SOCS-3, which is implicated

in IL-6/STAT3 activation, has been noted in 27 % of CC

tumors. Other relevant aberrantly methylated genes include

RUNX3, altered in 42 % of iCCA, and p14ARF, which

prevents TP53 degradation and, hence, cell cycle arrest,

which has been noted to be altered in 18 % of tumors.

Recent evidence suggests that the expression of non-

coding RNAs such as miRNAs may be important in iCCA.

Studies evaluating the function of single oncogenic miR-

NAs, such as mir-214 and mir-21 have been reported.

Furthermore, a unique 38-miRNA profile has been identi-

fied in a cohort of 27 iCCAs, and some of them are asso-

ciated with aberrant signaling pathways such as HGF/

MET, IL-6, etc. More recently, a link between miR-200c,

stem cell traits and poor prognosis has been proposed.

Overall though, the exact role of miRNAs either as on-

coMIRs or as prognostic markers remains to be elucidated.

The iCCAs are desmoplastic cancers frequently sur-

rounded by a dense stroma with marked cellular admixture.

Studies on the role for cancer-associated fibroblasts in the

growth and invasion of cholangiocarcinoma suggest that

targeting molecular signals released from cancer-associ-

ated fibroblasts may be useful for the treatment of

cholangiocarcinoma.

Deregulated cell signaling pathways

Several intracellular signaling pathways have been found

to be deregulated in iCCA. These include signaling path-

ways involved in responses to growth factors such as EGF,

HGF/MET, VEGF and KRAS/MAPK or Interleukin-6 (IL-

6)/STAT [33]. Other emerging pathways, including

Hedgehog, WNT/catenin, and Hippo have been only

occasionally described in iCCA.

IL-6 is released by tumor cells in inflammatory signal-

ing, and can contribute to the growth of malignant cho-

langiocytes through autocrine or paracrine mechanisms.

IL-6 has been shown to have several other effects such as

increased telomerase, altered methylation of growth factor

receptors and altered miRNA expression that can contrib-

ute to tumor genesis or behavior [44, 45]. The over-

expression of IL-6 observed in cholangiocarcinoma may

result from epigenetic silencing of SOCS-3 [46]. Targeting

the IL-6 dependent phenotype defined by genetic changes

has been used to identify potential new therapeutics [47].

Members of the EGFR family, EGFR and ERBB2, have

been implicated in iCCA pathogenesis. Although mutations

in EGFR family members are infrequent, overexpression of

receptors occurs in 10–32 %. An oncogenic role has been

shown in a tissue-specific transgenic model that develops

iCCA in *30 %. Aberrant phosphorylation of EGFR

receptors activates MAPK/ERK and p38, which can

increase COX-2 and inhibits apoptosis as well as promotes

tumor growth. In vitro, blocking EGFR with erlotinib can

decrease cholangiocarcinoma cell proliferation. On the

other hand, growth inhibition in vivo is noted with lapatinib

and requires blocking both ERBB1 and ERBB2 receptors.

Another pathway that is less well established but may be

important is the HGF/MET pathway. MET is a key regu-

lator of invasive growth. Interaction of HGF and its

receptor MET can activate many pathways including

MAPK, PI3K and STAT. Overexpression of MET occurs

in 12–58 % of cases of iCCA and has been linked to

overexpression of members of the EGFR family and has

shown the capacity of HGF to stimulate migration and

invasion in CC cells.

VEGF and angiogenic signaling may also be important.

Alterations in VEGF occur in almost 50 % of iCCA and

correlate with a poor prognosis. Sorafenib has anti-tumor

effects in vitro and in vivo and is a mixed kinase inhibitor

that can act against BRAF and VEGFR.

Developmental pathways such as Notch signaling are

implicated in cholangiocarcinoma as discussed above.

Other pathways such as Wnt/-beta catenin pathways may

be of importance, although genetic mutations in beta-

catenin, axin 1 and APC are rare, and few studies have

shown aberrant nuclear localization of beta catenin in

iCCA. Thus, the Wnt-beta catenin pathway may not be as

major a contributor to iCCA as it is to HCC.

Although many of these signaling pathways contain

potential drivers of carcinogenesis that could be targeted

for the treatment of iCCA, no oncogenic addiction loops

have been documented. The experience of molecular tar-

geted therapies in many preclinical studies has been

disappointing.

Targeted therapies for biliary tract cancers

Several agents have been evaluated either singly or in

combination for the treatment of iCCA and other biliary
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cancers [33, 48–56]. These include studies of molecular

targeted therapies such as sorafenib, erlotinib, sunitinb, and

selumetinib. Most of these studies are phase II studies.

Single agent studies have reported a median overall sur-

vival ranging from 4.4 to 9.8 months. Combination

approaches, e.g., with the use of gemcitabine and cisplatin

or gemcitabine, oxaliplatin and cetuximab have resulted in

an increase in median overall survival from 9.5 to

15.2 months. Caution is needed in interpreting these results

for patients with iCCA because most of these studies are

based on small numbers of patients that have included

mixed populations of biliary cancers. There are several

ongoing clinical trials using targeted therapy with con-

ventional chemotherapy. There is very little preclinical

data published in the literature to justify many of these

combinations and the results of the trials are awaited. In the

future, molecular profiling may be useful to select suitable

rational therapies for iCCA [57].

Conclusion

In this overview, we have discussed some recent advances

in the pathogenesis of iCCA. New knowledge is being

generated from epidemiological studies, genome wide

profiling studies, and laboratory based investigations. The

emerging data provide several new insights into risk fac-

tors, genomic composition, cellular origins and contribu-

tion of the tumor microenvironment to the pathogenesis of

these cancers. The insights provided by these studies pro-

vide improved understanding of the molecular pathogene-

sis as well as the potential for developing new approaches

for the detection, diagnosis and therapy of these devastat-

ing cancers.
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