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Abstract

Intrahepatic cholangiocarcinoma (iCCA) is a heterogeneous primary liver cancer,
and currently there exist only a few options of targeted therapy. His-
topathologically, iCCA is sub-classified according to morphology (mass forming
type, periductal infiltrating type, and intraductal growing type) and histology
(small duct type and large duct type). According to different histopathological
types, clinical features such as risk factors and prognosis vary. Recent
developments in genomic profiling have revealed several molecular markers for
poor prognosis and activation of oncogenic pathways. Exploration of molecular
characteristics of iCCA in each patient is a major challenge in a clinical setting,
and there is no effective molecular-based targeted therapy. However, several
recent studies suggested molecular-based subtypes with corresponding clinical
and pathological features. Even though the subtypes have not yet been validated,
it is possible that molecular features can be predicted based on clinicopathological
characteristics and that this could be used for a more rational approach to
integrative clinical and molecular subclassification and targeted therapy. In this
review, we explored the genomic landscape of iCCA and attempted to find
relevance between clinicopathologic and molecular features in molecular
subtypes in several published studies. The results reveal future directions that
may lead to a rational approach to the targeted therapy.

Key Words: Cholangiocarcinoma; Mutation; Gene expression; Pathway; Target therapy;
Molecular

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Intrahepatic cholangiocarcinoma (iCCA) is a histopathologically and
molecularly heterogeneous tumor. Recent developments in genomic profiling have
revealed several molecular markers for poor prognosis and activation of oncogenic
pathways. Exploration of molecular characteristics of iCCA in each patient is a major
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challenge in a clinical setting, and there exists no effective molecular-based targeted
therapy. Therefore, the analysis of relevance between molecular and clin-
icopathological features is very important. The present analysis showed that the
molecular subtypes of iCCA have distinct clinicopathologic features and prognostic
differences. For developing effective targeted and personalized therapies based on
clinical and molecular understanding, future additional large scale studies are needed.

Citation: Ahn KS, Kang KJ. Molecular heterogeneity in intrahepatic cholangiocarcinoma.
World J Hepatol 2020; 12(12): 1148-1157

URL: https://www.wjgnet.com/1948-5182/full/v12/i12/1148.htm

DOI: https://dx.doi.org/10.4254/wjh.v12.i12.1148

INTRODUCTION

Cholangiocarcinoma (CCA) is a malignant tumor that arises from biliary epithelium in
any portion of the bile duct. Intrahepatic cholangiocarcinoma (iCCA) arises from small
peripheral bile duct to second-order segmental bile duct. Risk factors, clinical
symptoms, type of surgical resection, and prognosis of iCCA are different from those
of extrahepatic CCA (eCCA; Klatskin tumor and distal bile duct cancer)!"?. ICCA is the
second most common primary malignant liver tumor and accounts for 10%-15% of
hepatobiliary neoplasms”; however, recently, there has been an increase in the
incidence and associated significance of pathogenic, clinical, and therapeutic
challenges!. Based on morphological and gross appearance, iCCA can be further
classified into three subtypes: Mass forming (MF), periductal infiltrating (PI), and
intraductal growing (IG). The prognosis of the subtypes differ according to gross
morphology!l. Due to pathologic heterogeneity and lack of specific symptoms, iCCA is
hard to diagnose at the early stages, and most of the patients are at an advanced stage
at the time of diagnosis. Therefore, prognosis after curative surgical resection is
dismal, and efficacy of chemotherapy or targeted therapy is limited!.

Recent molecular analyses revealed several markers for poor prognosis and
activation of oncogenic pathways (KRAS mutation, human epidermal growth factor
receptor 2 (HER2), and epidermal growth factor receptor (EGFR) signaling)*’.. In
addition, various recurrent mutations and fusions have been reported, including IDH1
and IDH2, BRAF, TP53, and FGFR2 genes!*l. These molecular findings demonstrate a
more integrative analysis of clinical and molecular alterations in iCCA. However, there
exist a few other challenges. First of all, the molecular characteristics of tumor
heterogeneity are not yet clear. Second, integrative relevance between clinical and
molecular characteristics is not enough; and finally, most prevalent oncogenic
alterations in CCA are still undruggable. Understanding the molecular characteristics
in these heterogeneous tumors may derive specific biologically meaningful subtypes
that can be used to define more rational potential targeted therapy.

This review provides an overview of the genetic characteristics and heterogeneity of
iCCA with a focus on molecular subtypes and their relevance with the clini-
copathological phenotype. Furthermore, the role of molecular markers to stratify
patients based on their prognosis and response to therapies is discussed.

HISTOPATHOLOGIC CLASSIFICATION OF iCCA

Histological classification of iCCA is important for understanding the molecular
heterogeneity of iCCA. Several investigations have revealed that a whole range of
phenotypical traits of hepatocytes, cholangiocytes, and progenitor cells was seen in
primary liver cancer [hepatocellular carcinoma (HCC) and iCCA]. It has been
suggested that iCCA originated from biliary tree stem cells located within the
peribiliary gland as well as hepatic progenitor cells within canals of Hering!”. Hepatic
bipotent progenitor cells along the small intrahepatic bile duct possibly differentiate
not only into hepatocytes but also into cholangiocytes, which can lead to iCCAP'.
Consequently, two different histological types of iCCA may develop: One originating
from hepatic stem cell-derived lineages with stem-like molecular characteristics
similar to those in HCC or combined HCC-CCA and the other originating from biliary
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tree progenitor stem cell-derived cholangiocytes found along the large intrahepatic
bile duct with characteristics similar to perihilar or extrahepatic CCAP"-l
Histologically, iCCA is defined as an adenocarcinoma formed by columnar and
cuboidal epithelial cells!"'*l.

Based on the histological findings, conventional iCCA can be classified into two
main subtypes. Small bile duct type iCCA may derive from small intrahepatic bile
ducts; hepatic progenitor cells present as small-sized tubular or acinar aden-
ocarcinoma with scant mucin production*'“l. Small bile duct type is either
represented as peripheral type or cholangiolar typel”'*l. Meanwhile, large duct type
arises from biliary tree progenitor stem cell and is constituted by mucin-producing
columnar tumor cells in large segmental bile ducts or papillary architecturel"" """,
Large duct type has been represented as a perihilar type or bile duct type in other
studies!”'"l. The gross and histological features of large bile duct type iCCA are similar
to those of perihilar CCA and distal CCA. In addition, the majority of PI and IG has
large bile duct type!"”"l. However, the MF type, which is the most prominent
morphologic type, is more heterogeneous as it comprises of both small duct type and
large duct typel”*l.

Although the two histological subtypes belong to iCCA, their clinical and molecular
features are quite different. While viral hepatitis and cirrhosis are the risk factors of
small duct type, cholangitis and parasite infection are the main cause of large duct
typel”*l. Both subtypes have different precursor lesions and show different survival
outcomes!’l. Furthermore, they show different immunophenotypes like the abundant
expression of mucin families, SI00P, and anterior gradient homolog 2 in the large duct
type, and N-cadherin and neural cell adhesion molecule 1 in the small duct
typel'7152], These histopathological heterogeneities based on cell origin are critical for
understanding the heterogeneity of iCCA as well as heterogeneous molecular
characteristics of iCCA.

MOLECULAR ALTERATIONS IN iCCA

Recent technological advancements have helped in understanding the mutational
landscape of iCCA. Mutations in common driver oncogenes and suppressor genes are
summarized in Table 1. Due to a small number of samples compared to other cancer
and pathological heterogeneity, the prevalence of the mutation is variable across
studies. However, several key driver somatic mutations commonly seen in other
tumors, such as KRAS, BRAF, TP53, BAP1, and ARID1A, are also frequently identified
in iCCA. Other driver genes like BRAF, PIK3CA, GNAS, EGFR, and ERBBR/HER? have
also been identified in iCCA, but at a much lower frequency in most of the
cohorts®*1. The presence of EGFR, TP53, and KRAS mutation is known as poor
prognostic factor’®”*l. Mutation of TERT promoter and ALB gene, which are
frequently seen in HCC, are also detected in CCA, but only in iCCA or combined HCC
and CCA samples with less frequency”l. Meanwhile, isocitrate dehydrogenase (IDH)1
and IDH2 mutations have been reported in 10%-20% of iCCA cases”’. Interestingly, a
large extent of IDH mutation has been observed in iCCA and not in eCCA and rarely
identified in HCC™*. IDH mutation is associated with a better prognosis!. In one
large scale study, IDH1/2 mutations were identified to be associated with improved
overall survival®]; however, as the incidence of IDH mutation is not frequent, survival
impacts of IDH mutation is not yet clear?. In iCCA, frequency of fibroblast growth
factor receptor 2 (FGFR2) fusion is reported as 10%-15%""l. FGFR2 pairs with some
genes such as TACCI, BICCI, PRKACA, AHCYL, and PRKACB. These fusions result in
the constitutive activation of FGFR2 and its oncogenic functions®. The FGFR related
pathway is involved in cellular migration and proliferation. Patients with FGFR2
fusion show good prognosis, which suggests that FGFR2 fusions can be a prognostic
marker as well as potential target for therapy!”?. Altered genes involving chromatin
remodeling, such as BAPI, ARIDIA, and PBRM]I, are also frequently found in
iCCA™. Meanwhile, germline DNA mismatch repair deficiency (Lynch syndrome) has
been reported to be associated with CCAP’L There exists a report that deleterious
germline mutations in breast cancer gene 1/2, RAD51D, MutL homolog 1, and MutS
homolog 2 were detected in 11% of CCA patients*'l.

Genomic alteration in CCA is highly heterogeneous, like pathologic features.
Several studies identified different gene alterations between iCCA and eCCA*,
While alterations in IDH1/2, BRAF, FGFR2, BAP1, and NRAS are frequently found in
iCCA, TP53,KRAS, SMAD4,and BRAF mutations are common in eCCA.
Interestingly, some of the altered genes commonly found in eCCA such as KRAS,
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Table 1 Frequency of genetic alteration in intrahepatic cholangiocarcinoma

Pathway Gene Frequency of alteration
NADPH metabolism IDH1/2 4-36
Chromatic remodeling BAP1 9%-25%
ARIDIA 11-36
PBRM1 11-17
Cell cycle regulation and DNA damage response CDKN2A 7
CDK6 7
TP53 3-38
BRCA1/2 4
PI3K signaling PIK3CA 4-6
PTEN 1-11
Ras/Raf/MEK/ERK EGFR 22
KRAS 9-24
NRAS 3.6
BRAF 3-22
FGF FGFR2 4-38

DNA: Deoxyribonucleic acid; ERK: Extracellular signal-regulated kinase; MEK: Mitogen-activated protein kinase kinase; NADPH: Nicotinamide adenosine
dinucleotide phosphate; PI3K: Phosphoinositide-3-kinase.

SMAD4, and TP53 were also shared by large duct types of iCCA. Whereas, small duct
iCCA has frequent IDH1/2 mutations and FGFR2 gene fusion” .. Therefore,
pathological characteristics and genetic alterations appear to be closely related to each
other.

EPIGENETIC PROFILE OF iCCA

Epigenetic mechanisms of iCCA include histone modification, DNA methylation, and
noncoding RNAs. In CCA, hypermethylation at the promotors of tumor suppressor
genes has been reported™. ICCA is a highly epigenetic regulated tumor type.

DNA methylation is an early molecular lesion of carcinogenesis; tumor suppressor
promoter hypermethylation of tumor suppressor gene leads to transcriptional
modification and inactivation, and hypomethylation of oncogenes results in
activation™. Most of the genes that were altered by CpG methylation belonged to
wingless-related integration site (WNT), transforming growth factor beta, PI3K,
MAPK, and NOTCH signaling pathways in iCCA. Like other cancers, promoter
hypermethylation of tumor suppressor genes, such as DAPK, SOX17, and RUNX3, has
been commonly reported™!. It is known that IDH mutations result in hyper-
methylation and induce silencing of ARID1AF!.

MicroRNA (miRNA) plays a crucial role in diverse cellular processes and regulates
gene function. Several pieces of research revealed that overexpression of miR-21
inhibits TIMP3 and PDCD4 and sequentially leads to cancer progression"'l. Besides,
miR-191, miR-200, miR-141, miR-204, miR-214, and miR-221 are involved in CCA
development!”. Among these miRNAs, miR-21, miuR-191, and miR-26a were
identified as poor prognostic markers*!. Meanwhile, the high expression of several
IncRNA (H19, NEAT1, PVT1, CKDN2B-AS1, and HUILC) has been reported to be
associated with poor survival of CCAI#1.

However, most of the epigenetic mechanisms of iCCA have not been studied
sufficiently, and their role as biomarkers and potential targeted therapies should be
extensively investigated.
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EXPRESSION PROFILE AND FUNCIONAL GENOMIC PATHWAY OF iCCA

Several studies based on microarray or NGS revealed the expression profile and
oncogenic pathway of iCCA. The major key oncogenic molecules, including tumor
necrosis factor, transforming growth factor, extracellular regulated-signal kinase,
epidermal growth factor, RAS, AKT, p53, NOTCH, and platelet-derived growth factor,
are deregulated in iCCA. Immune response-related pathways and inflammation
associated with signatures are also enriched"****1. Aberrant HER2 expression is seen
in about 30% of iCCA, and it is related to poor prognosis with coactivation of ERBB3
and EGFR?2 as well as mesenchymal epithelial transition factor and mammalian target
of rapamycin. Inflammation associated signatures are commonly activated in iCCA,
but their oncologic and prognostic role is controversial®™*l. Activation of the WNT
pathway is often seen in iCCA, and it relates to inflammatory reaction because
macrophages in the stroma surrounding the tumor are required for the maintenance of
activated WNT pathway!*l.

The oncogenic signatures are also found in many other cancers. However,
deregulated pathways are different according to pathologic and molecular subtypes;
therefore, subtype-specific activated pathways are important to assess biology.

INTEGRATIVE CLINICAL-MOLECULAR SUBTYPES OF iCCA

Based on the genomic profile, a few studies have suggested molecular subtype of
iCCA beyond anatomical and histological subclassification (Table 2). The recent
advances in the molecular classification allow better characterization of heterogeneity
of iCCA. Furthermore, they provide insight into the integrated approach of clinical
and molecular characterization of iCCA.

Although each subclassification has some heterogeneity, the molecular feature of
iCCA is dichotomized two subtypes that have different survival and clinical
outcomes!*#*>*#71. Generally, the poor prognostic molecular subtype is associated with
the KRAS mutation. Also, BRAF, ERBB2, and HER alterations are often seen in a poor
prognostic subtype. On the other hand, IDH mutation and FGFR fusion are commonly
seen in the good prognostic subtype. The molecular subclasses were reported to be
rather related to clinical and pathologic features. While PI type, similar to eCCA, is
commonly seen in the poor prognostic subtype, the MF type is almost evenly
distributed in both good and poor prognostic subtypes*l. Large duct type, history of
cholangitis and parasite infection, and elevated levels of serum biomarkers
(carcinoembryonic antigen and carbohydrate antigen 19-9) are associated with poor
prognostic molecular subtype, while small duct type and history of viral hepatitis are
associated with good prognostic molecular subtypel*! (Figure 1).

Several molecular subclassifications in the reported studies provide information
about molecular heterogeneity in addition to histopathological heterogeneity. The
integrated clinical and molecular subclassifications would be helpful to provide a
more rational approach to overcome clinical and molecular heterogeneity. Molecular
profile of iCCA is helpful for early diagnosis and prognosis prediction and may
potentially provide personized treatment. However, exploration of molecular
characteristics of iCCA in each patient is a major challenge in a clinical setting because
of the high cost for evaluating molecular characterization. If molecular subtypes of
iCCA have specific clinical and pathologic features, molecular subtypes can be
predicted from clinical features. Although the subclassifications reported in several
studies have a few differences based on demographic characteristics and study
methods, there is still no consensus on the molecular subclass. The present review
shows that clinical and molecular relevance based on molecular subclassification has
been exploring and may establish integrative clinical and molecular subclassification
soon. Since the number of patients is not sufficient in iCCA compared to other cancers,
further large scale studies are necessary for validation and establishment of molecular
classification.

Still, molecular-based target therapy is not considered to be effective in CCA due to
molecular heterogeneity. However, the establishment of molecular subtypes can
promote the development of effective subtype-specific therapeutic molecular targeted
therapy. Lapatinib, a dual inhibitor of EGFR and HER2, has been reported to be
effective in cell lines that had genetic characteristics similar to poor prognostic
subtypel’, while gemcitabine was identified to be effective in cell lines with similar
expression profile to good prognostic subtype, which had enriched gemcitabine
sensitive genes”l. Although these are the outcomes of cell line studies and not
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Table 2 Integrative clinical-molecular subclassification of intrahepatic cholangiocarcinoma

Good prognostic subclass Poor prognostic subclass
GSE26566 Periductal infiltrating type, perineural invasion; KRAS
mutation, EGFR and HER?2 signatures
GSE32225 Well differentiated tumor; inflammation-related signatures Poor differentiated tumor; RTK-related pathways (AKT,
MET, RAS/RAF/MAPK); overexpression of EGFR; KRAS
mutation
GSE32879 EMT-related signatures; TGFp1, NCAM1, CD133
GSE89749 Fluke-negative; FGFR fusion; BAP1, IDH mutation Fluke-positive; BRCA1/2, TP53 mutation; ERBB2 gain
GSE107943 Small duct type (cholangiolar type); underlying hepatitis, Large duct type (bile duct type); Elevated CEA, CA 19-9;
cirrhosis; metabolism-related signatures; FGFR2 fusion underlying cholangitis; P53, inflammation-related signatures;
KRAS mutation
TCGA' Mitochondria/metabolic-related signatures; IDH, BAP1 Inflammation-related pathways
mutation

In The Cancer Genome Atlas, two subtypes have no statistical different survival.

BRCA1/2: Breast cancer gene 1/2; CA 19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; EGFR: Endothelial growth factor receptor; EMT:
Epithelial to mesenchymal transition; FGFR2: Fibroblast growth factor receptor 2; HER2: Human epidermal growth factor receptor 2; IDH: Isocitrate
dehydrogenase; MAPK: Mitogen-activated protein kinase; NCAM1: Neural cell adhesion molecule; TCGA: The Cancer Genome Atlas; TGFf1:
Transforming growth factor beta 1.

validated clinical data, it is hypothesized that additional applications of drug study on
different subtype signaling pathways may be helpful to stratify patients for targeted
approaches for the treatment of iCCA.

CONCLUSION

In the present study, we reviewed the molecular heterogeneity of iCCA in association
with the clinicopathological features. Several recent studies have revealed molecular
characteristics of iCCA and suggested several molecular subclassifications. Molecular
study of iCCA may help identify patients at risk of developing iCCA, predicting
prognosis, and targeting approach to treatment. However, molecular exploration in all
patients is not feasible because of the high cost. Accordingly, analysis of relevance
between molecular and clinicopathological features is considered as imperative
because if clinicomolecular relevance is established, molecular characteristics can be
predicted based on clinical features in each patient.

The present analysis showed that the molecular subtypes of iCCA have distinct
clinicopathologic features and prognostic differences. However, integrative clinical
and molecular subclassification is not yet validated. For developing effective targeted
and personalized therapies based on clinical and molecular knowledge, future
additional large scale studies are necessary.
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Intrahepatic
cholangiocarcinoma

Good prognostic subclass

Hepatic stem cell

Viral hepatitis, cirrhotic liver

MF type
Small duct type

N-cadherin, NCAM1
IDH mutation
FGFR fusion

Origin

Risk factor

Serum biomarkers

Histopathology

Genetic features

Poor prognostic subclass

Biliary stem cell

Hepatolithiasis, liver flukes

CEA, CA 19-9

MF, PI and IG type
Large duct type

$100, mucin family
EGFR, HER2 signatures
KRAS, TP53 mutation

Figure 1 Summary of clinical and molecular characteristics of molecular-based subtypes of intrahepatic cholangiocarcinoma. CA 19-9:
Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; FGFR2: Fibroblast growth factor receptor 2; HER2: Human epidermal growth factor receptor; IDH:
Isocitrate dehydrogenase; IG: Intraductal growing; MF: Mass forming; PI: Periductal infiltrating.
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