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Precision medicine in cholangiocarcinoma
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Abstract: Cholangiocarcinoma is one of the epithelial cancers with the poorest prognosis and the
narrowest therapeutic choice in humans. Compared with other cancer types, cholangiocarcinoma has been
often neglected by oncology and liver research studies, thereby leaving many issues unsolved. Apart from
the early and marked aggressiveness, one of the main reasons of the still unsatisfying clinical management of
cholangiocarcinoma is its wide tumor heterogeneity needing more than other diseases a ‘precision medicine’
approach. In this regard, in the last few years there has been an awakening of interest aimed at dissecting
the complex molecular and genomic profile of cholangiocarcinoma. Thus, a range of molecular players
have been recently identified as putative mechanistic determinants of cholangiocarcinoma invasiveness,
encompassing tyrosine kinase receptors, metabolic enzymes, transcription factors, small GTPases, ubiquitin
ligases, and chromatin-remodelling proteins, whose aberrant expression may derive from stochastic
mutations as well as from pro-oncogenic paracrine signals released by the stromal microenvironment,
which is particularly exuberant in cholangiocarcinoma. Herein, we sought to overview the most relevant
observations unravelling the genomic landscape of cholangiocarcinoma, and the prognostic and predictive
biomarkers that consequently have been emerging. Then, we will discuss innovative treatment approaches
derived from conventional chemotherapy, targeted therapies, antiangiogenic therapies and immunotherapy,

and how they are opening new avenues towards a precision medicine in cholangiocarcinoma.

Keywords: Biliary tract cancer; gene mutations; tumor biomarker; stromal microenvironment

Received: 15 June 2018; Accepted: 03 July 2018; Published: 12 July 2018.
doi: 10.21037/tgh.2018.07.02
View this article at: http://dx.doi.org/10.21037/tgh.2018.07.02

Introduction nowadays, it represents the second most common type of

primary malignancy in the liver (15-20% of cases) after

Cholangiocarcinoma (CCA) is a primary liver cancer with
features of cholangiocyte differentiation, the epithelial cell
lining the intra and extrahepatic portions of the biliary
tree. Classically, CCA has been always regarded as a ‘rare’
tumor, at least in Western countries, but over the last
15 years its incidence has steadily increased worldwide, and
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hepatocellular carcinoma. Compared with hepatocellular
carcinoma, CCA frequently develops on a background of
non-cirrhotic liver, thus evading surveillance programs,
and association with known risk factors is much less
defined. However, chronic inflammation and cholestasis
are conditions with increased risk of CCA development,
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including infection with hepatobiliary flukes (Opisthorchis
viverrini), hepatolithiasis, primary sclerosing cholangitis,
and congenital malformations of the bile ducts (e.g.,
Caroli’s disease, choledochal cysts). In addition, chronic
viral infections from hepatitis B and C virus (HBV, HCV),
as well as chronic liver disease associated with metabolic
syndrome (non-alcoholic steatohepatitis), are emerging as
new risk factors of CCA (1-3).

Notably, CCA is not only rare on epidemiological
grounds, but also in terms of devoted studies, with a series
of questions about pathogenesis, diagnosis and treatment
left unanswered. Moreover, a major limitation of studies
dealing with CCA is the ‘rough’ approach to evaluate CCA
without bearing in mind the wide clinical heterogeneity
related to the primary location within the biliary system. In
colorectal cancer, clinical management improved markedly
after recognizing the distinctive features of right-sided
vs. left-sided tumors (4,5). Following this example, by
considering the merging point of the bile ducts of second
order as the boundary line, CCA can be categorized into
three different forms, intrahepatic cholangiocarcinoma
(iCCA), perihilar cholangiocarcinoma (pCCA), and
distal cholangiocarcinoma (dCCA), each with its own
pathogenesis and clinical outcome (6). Most of clinical
trials performed so far have considered iCCA, pCCA and
dCCA as a whole group of diseases, sometimes including
even gallbladder cancer, and this approach has hindered the
development of the optimal therapy aimed at the specific
type of biliary tract cancer. Thus, only small improvements in
the management of CCA have been achieved and prognosis
has remained poor with a median survival below 2 years and
a survival rate of less than 10% owed to the early and strong
invasiveness of the tumor.

The discovery of new oncogenic drivers is a pre-requisite
for the development of innovative strategies and for the
identification of biomarkers predicting the response to
therapy. In recent years, cutting-edge technologies such
as DNA and/or RNA sequencing, or fluorescence in situ
hybridization (FISH) coupled with the more conventional
immunohistochemistry (IHC) have contributed to unravel
the complex genomic and transcriptomic landscape of CCA.
Studies performed at different somatic, epigenetic, proteomic
and microRNA levels have shed light on the intricate
molecular mechanisms underlying pathogenesis of CCA in
relation to the specific subtype. In this review, we will first
outline the emerging concepts on the genomic profiling of
CCA. Prognostic and predictive biomarkers will be discussed
afterwards, before analyzing the new therapeutic avenues
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aimed at a precision medicine that are emerging.

The evolving genomic landscape in CCA

A number of genetic alterations, including point mutations,
copy number variations and gene fusions are progressively
emerging in CCA, perturbing fundamental cell functions,
such as DNA repair, cell cycle regulation, receptor
tyrosine kinase signaling, and epigenetic regulation of gene
expression (Tuble 1).

In a comprehensive analysis published in 2015 by
Nakamura er 4l., the molecular profile of 260 Japanese
patients with biliary tract cancer (145 iCCA, 86 pCCA/
dCCA and 29 gallbladder cancers) was characterized
by next generation sequencing (NGS) reporting a high
rate (38.9%) of potentially actionable genetic alterations
diverging across the different anatomical subtypes (7). The
fibroblastic growth factor (FGF) pathway is involved in
several biological processes including angiogenesis, cell
proliferation, migration, differentiation and wound healing.
A deregulation of FGF signaling has been described in a
number of epithelial cancers including CCA. In particular,
a variety of FGFR2 rearrangements with gene fusion have
been found in about 10% to 16% of iCCA, but much rarer
in pCCA/dCCA (8,9). A higher rate of FGFR?2 fusions (45%)
was reported by Sia et a/. by RNA and exome-sequencing
analyses in a cohort of 107 resected iCCA patients, resulting
the most frequent targetable alteration. A number of studies
have recently reported new FGFR2 fusions (FGFR2-KCTD1,
FGFR2-TXLNA, FGFR2-PPHLNI) underlining further
the importance of this pathway in the carcinogenesis of
iCCA (7,10).

On the other hand, fusion genes involving PRKACA and
PRKACB, both members of the serin/threonine protein
kinase and catalytic subunits of the protein kinase A, have
been identified solely in pCCA/dCCA (7).

Rearrangements of the proto-oncogene ROSI have been
found in a large variety of malignancies, including non-small
cell lung carcinoma (NSCLC), glioblastoma multiforme,
gastric and colon carcinomas. These rearrangements result
in a fusion protein harboring a constitutive activation of the
ROST kinase domain that promotes oncogenesis. ROSI gene
fusions have been reported in the 8-9% of CCAs (7,11), and
in a recent work, FIG-ROSI rearrangement was found in
4/25 pCCA/dCCA, while in none out of 26 iCCA (12).

Genomic studies have highlighted the concept that
organ-specific alterations in epigenetic regulators are
common in CCA. Noteworthy, Jiao et 4l. have discovered
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Table 1 Genetic variants in cholangiocarcinoma (CCA)
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Gene

Prevalence in CCA

Gene significance

Other tumors with known gene involvement*

FGFR2 aberrations/
rearrangements

PRKACA/PRKACB

rearrangements

ROS1
rearrangements

IDH1/IDH2 mutations

EGFR
overexpression

HER2 amplification

TP53 mutation

KRAS mutations

BRAF mutation

PIK3CA mutation

PTEN mutation

CDKN2A mutation

MET amplification

10-16% (iCCA)

Rare (pCCA/dCCA)

8-9%

25% (iCCA)

16% (iCCA)

11-20% (pCCA/

dCCA)

27% (iCCA), 40%
(PCCA/dCCA)

22% (iCCA), 42%
(PCCA/dCCA)

1-5%

4-9%

4%

47% (iCCA)

2% (iCCA)

Tyrosine kinase receptor for FGF is involved
in cell proliferation, differentiation, and
angiogenesis.

Member of the protein kinase C family is
involved in several cellular processes such
as cell cycle, adhesion, transformation,
angiogenesis and aging

Proto-oncogene encoding a membrane
protein with tyrosine kinase activity

Metabolic enzymes involved in oxidative
stress, glutathione metabolism, and citric
acid cycle; IDH defects induce accumulation
of (D)-2-hydroxyglutarate

Tyrosine kinase receptor for EGF regulating
cell proliferation, cell-cell interactions, and
cell morphogenesis

Tyrosine kinase receptor belonging to the EGF
receptor family, regulating cell morphogenesis,
development, and proliferation

Tumor suppressor gene involved in cell cycle
arrest, cell apoptosis, cell senescence, and
DNA repair

Proto-oncogene encoding for a protein
belonging to the small GTPase family

Proto-oncogene with serine/threonine
kinase functions, regulating cell proliferation,
secretion, and differentiation

Catalytic subunit of the phosphoinositide
3-kinase

Tumor suppressor gene preventing cell
proliferation

Tumor suppressor gene inhibiting cell cycle
and proliferation

Proto-oncogene member of the tyrosine
kinase receptor family

Bladder, breast, lung, and stomach,
glioblastoma

Breast, lung, skin, stomach, and thyroid
cancer

Ovarian cancer and sarcoma, glioblastoma,
NSCLC,

Acute lymphocytic and myeloid leukemia,
astrocytoma, bone cancers, and brain stem
glioma

Astrocytoma, brain, breast, cervical and
colorectal cancers, hepatocellular carcinoma,
NSCLC, and synovial sarcoma

Bladder, breast, lung, ovarian, gastric,
colorectal and prostate cancers,
medulloblastoma, and osteosarcoma

Adrenocortical, bladder, breast, colorectal,
endometrial, lung, esophageal, prostate, and
pancreatic cancers, hepatocellular carcinoma,
leukemia, melanoma, medulloblastoma,
NSCLC, and osteosarcoma

Breast, colorectal, lung, ovarian, pancreatic,
renal, stomach, and thyroid cancers, and
NSCLC

Colorectal, lung, and thyroid cancers,
melanoma and non-Hodgkin lymphoma

Brain, cervical, and prostate cancers, chronic
lymphocytic leukemia, and neuroblastoma

Breast, endometrial, lung, prostate, skin
and gastric cancers, astrocytoma, and
glioblastoma

Adrenocortical, bladder, breast, colorectal,
head and neck, lung, prostate, and pancreatic
cancers, Hodgkin lymphoma, osteosarcoma,
melanoma, rhabdomyosarcoma

Breast, cervical, colorectal, esophageal,
prostate, and gastric cancers, NSCLC, papillary
renal cell carcinoma, hepatocellular carcinoma,
and various head and neck cancers

*, only cancers with >5 original articles published on PubMed citing the genetic variant have been included.
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inactivating mutations in multiple chromatin-remodeling
genes in at least a half of iCCA (13). Genes encoding
isocitrate dehydrogenase (IDHI, IDH?2), are among the
most common genetic lesions in iCCA (25%) and they
lead to an accumulation of 2-hydroxyglutarate (2-HG),
an oncometabolite inhibiting members of the family of
a-ketoglutarate-dependent dioxygenase enzymes, resulting
in epigenetic and genetic dysregulation and oncogenesis (14).
Interestingly FGFR2 rearrangements and /DHI mutations
seem to be mutually exclusive (15). In addition to IDHI and
IDH?2, mutations in other genes involved in the assembly
of chromatin structure, such as MLL2 and MLL3 and
components of the switch/sucrose non fermentable (SW1/
SNF) nucleosome-remodelling complex (including ARIDIA,
ARIDIB, ARID2, BAP1, PBRM1, SMARCA2, SMARCA4
and SMARCADI) are more frequent in iCCA (13).

Both amplifications and mutations in the epidermal
growth factor receptor (EGFR) gene have been found in
CCA. EGFR overexpression occurs in 16% of CCAs, with
a slight prevalence in iCCA (11-27%) compared with
pCCA/dCCA (5-19%) (16,17). On the other hand, EGFR
mutations have been reported in the 10-15% of CCA, but
without a clear predominance between iCCA and pCCA/
dCCA (18-20). Human epidermal growth factor 2 (HER 2)
amplification has been reported in up to 11-20% of pCCA/
dCCA while is rare in iCCA (21).

Alterations of the TP53 gene affecting DNA repair
mechanisms, which are commonly present in gallbladder
cancer (59%), are also frequent in CCA, being more
prevalent in pCCA/dCCA (40%) than in iCCA 27%) (22).
The RAS/RAF/MEK and the mitogen-activated protein
kinase/extracellular signal-regulated kinase (MAPK/ERK)
pathway is defective in a large number of epithelial tumors
including CCAs. Mutations of the proto-oncogene KRAS
are frequently reported in CCA and have been detected in
22% of iCCA and in 42% of pCCA/dCCA, whilst BRAF
(1-5%), PIK3CA (4-9%), and PTEN (4%) mutations are
uncommon in all the subtypes (22,23).

Focal losses of the cyclin dependent kinase inhibitor
2A (CDKN2A), a gene encoding proteins (pl4 and pl16)
involved in the negative regulation of the cell cycle, have
been recently reported in a significant proportion (47%) of
iCCA (15). In contrast, MET amplification has been rarely
identified in iCCA (2%), and not in pCCA/dCCA (22).

Genomic profiling and relationship with risk factors

Whether specific patterns of somatic mutations are related
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to the different risk factors of CCA is uncertain. A whole
exome sequencing analysis performed in 108 cases of CCAs
identified different mutational patterns between forms
caused by liver fluke infestations with O. viverrini and
non-liver fluke-related tumours. BAPI, IDHI and IDH?2
mutations were more common in non-QO. viverrini CCAs,
while TP53, KRAS, MLL3, ROBO2, RNF43 and PEG3 had
major mutation rate in O. viverrini-related CCAs (24).

Furthermore, a different mutation profile was reported
in iCCAs with chronic advanced liver disease (higher for
EGFR and lower for KRAS, MLH1, GNAS) compared with
iCCAs arising in normal liver, where mutations in PIK3CA,
PTEN, CDKN2A, and TP53 were detected (25).

Jusakul ez 4l. (26) have recently analyzed 489 CCAs from
10 countries using integrated genomic, epigenomic and
transcriptomic analysis categorizing four CCA clusters:
clusters 1-2 (fluke positive) enriched in 7P53 mutations
and ERBB2 amplifications; clusters 3—4 (fluke negative)
characterized by high number of epigenomic mutations
(IDH1, IDH2, BAPI), FGFR/PRKA gene rearrangements
and PD-1/PD-L2 expression. Of note, different patterns of
DNA hypermethylation can be observed between cluster
1 and 4. Altogether, these findings suggest that different
environmental, epigenetic and genetic factors cooperate to
generate distinct molecular signatures in CCA.

Prognostic and predictive factors

In previous works, classical biochemical and
histopathological signs, such as low preoperative bilirubin,
clean resection margins (R0) and well-differentiated tumor
histology were associated to a better prognosis for CCA.
Conversely, less-differentiated grading, involvement of
surgical margins (R1), perineural involvement, vascular
or lymphatic invasion was related to a worst survival (27).
Among genetic mutations, some implications with CCA
outcome have been recently reported. FGFR2 gene fusion
was associated with a relatively indolent disease course and
with a significant survival advantage (28). However, these
data were not confirmed in an Asian cohort study, where
FGFR?2 rearrangements were not related to an improved
overall survival (OS). CCAs harboring KRAS mutations
were characterized by a major involvement of adjacent
organs and by R1 margin status, resulting in a worse
progression free survival (PFS) and OS (29,30). In addition
to KRAS, TP53, CDKN2A/B and the MAPK/ERK pathway
have been significantly correlated with a worse survival
in CCA, with no OS difference with respect to the tumor
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location among iCCA, pCCA/dCCA and gallbladder (22).
Genetic alterations in the chromatin modulating genes,
BAPI and PBRM1I were correlated with bone metastases
and worse survival in pCCA/dCCA (30).

In addition to genetic alterations, phenotypic biomarkers
can help to predict outcome response of CCA patients
undergoing potentially curative treatments, e.g., surgical
resection. S100A4 (formerly known as fibroblast specific
protein-1) is a small cytoskeleton-associated, calcium-
binding protein involved in the regulation of a number
of cellular processes including cell cycle progression
and differentiation, normally expressed by macrophages
and mesenchymal cells. SI00A4 has been implicated in
tumor metastases of several epithelial cancers, including
colorectal and breast. Studies from our group in 86 patients
undergoing liver resection for CCA, demonstrated that an
enhanced expression of S100A4 in the nucleus of malignant
cholangiocytes (present in 43% of cases), even if involving a
small proportion of neoplastic bile ducts (<30%), correlated
with a worse OS and increased metastatisation following
surgery, without relevant differences between iCCA
and pCCA/dCCA (31). In a recent paper on 91 CCAs
(24 iCCAs, 33 pCCAs and 34 dCCAs) analyzed by IHC for
the expression of mismatch repair (MMR) genes (MLHI,
PMS2, MSH2, MSH6) and mesothelin, patients with MMR
deficiency (22%) had a lower mesothelin expression and a
worse OS, compared with patients with MMR proficiency
and high mesothelin levels (14.5 vs. 30 months) (32). Since
S100A4 and MMR deficiency can be druggable by paclitaxel
and immunotherapies (see below), these studies have lent
support to the notion that availability of biomarkers of early
metastatic behavior may help to allocate CCA patients to
their best treatment. Following these lines, we next discuss
novel treatment approaches derived from conventional
chemotherapy, targeted therapies, antiangiogenic therapies
and immunotherapy.

Chemotherapy

The role of chemotherapy in the treatment of CCA has
been evaluated in both adjuvant and metastatic setting.
Given the strong invasiveness of the tumor, most patients
with CCA already have locally advanced or metastatic
disease at the time of diagnosis, and in those patients where
surgical resection is feasible, the percentage of disease
recurrence with local and distant metastases is nearly
60%, mostly occurring within the first and second year
from surgery (33). These data have encouraged studies
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to investigate if adjuvant therapy strategies may have a
role in patients with resected CCA. In a meta-analysis
including 20 studies assessing adjuvant approaches in CCA
(chemotherapy, radiotherapy or chemoradiotherapy),
Horgan et al. concluded for a clinical benefit of adjuvant
therapies compared with surgery alone in patients with R1
margin status or node involvement at the resection (34).
More recently, two randomized phase III trials investigating
the efficacy of adjuvant chemotherapy in patients with
resected biliary tract cancer, led to contradictory results.
In the BILCAP trial, 447 patients undergoing radical
resection for gallbladder cancer or CCA were randomized
to receive eight cycle of capecitabine-based chemotherapy
or placebo. In the experimental arm, the median OS was
53 months (95% CI, 40-NR), significantly higher than in
the observation arm (36 months) (95% CI, 30-44), HR 0.75
(95% ClI, 0.58-0.97; P=0.028), thereby resulting in a 25%
lower risk of death associated with capecitabine (35).

In contrast, the PRODIGE 12-ACCORD 18 phase III
French trial, with 196 patients randomized within 3 months
from RO or RI resection of biliary tract cancer to receive
either GEMOX for 12 cycles or surveillance, failed to show a
significant improvement in recurrence free survival (RFS) of
treated patents (HR: 0.83; 95% CI, 0.58-1.19; P=0.31) (36).

In patients with metastatic disease, systemic
chemotherapy is the only treatment having demonstrated
improvement in OS and quality of life (QOL). Two
randomized trials showed a clinical benefit from
chemotherapy over the best supportive care (BSC) alone,
though with some limitations regarding patient selection
and tumor types. In fact, the first study included patients
also with advanced pancreatic cancer, while the second
enrolled patients with only gallbladder cancer and not CCA
(37,38). Several non-randomized phase II trials have been
conducted in biliary tract cancer, but only few prospective
studies have investigated first-line chemotherapy. In 2010,
the multicentre ABC-02 phase III trial determined what
is currently established as the standard of care therapy
in patients with advanced biliary tract cancers. In this
seminal study, 410 patients including locally advanced
or metastatic CCA (242 patients), with gallbladder
(148 patients) or ampullary cancer (20 pts), underwent
cisplatin (25 mg/m’) followed by gemcitabine (1,000 mg/m’)
for eight cycles or gemcitabine alone (1,000 mg/m’) for six
cycles. At a median follow-up of 8.2 months, the median
OS was 11.7 months with combination therapy and
8.1 months in the gemcitabine only group (HR: 0.64;
95% CI, 0.52—0.80; P<0.001), while the median PFS was
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8.0 months in the cisplatin plus gemecitabine group and
5.0 months in the gemcitabine group (P<0.001). Tumor
control was obtained in 81.4% of patients receiving
gemcitabine plus cisplatin, compared with 71.8% of
gemcitabine as single agent (P=0.049). No differences in
both rate of response and treatment effect were observed
between CCAs and gallbladders cancers.

The combination was safe and adverse events were
similar in the two groups, except for neutropenia that was
higher in the gemcitabine plus cisplatin group (39). Similar
results in terms of disease control rate (DCR), PFS and OS
were reported in a Japanese randomized multicentric trial of
84 patients (40). Since then, the ABC-02 study remains the
largest phase III randomized trial carried out in advanced
biliary tract cancers.

Other chemotherapeutic agents such as oxaliplatin,
irinotecan, 5-fluorouracil (5-FU) and the derivatives
capecitabine and S-1 have demonstrated some efficacy
in several phase II trials, but no more effective results
than gemcitabine plus cisplatin combination have been
demonstrated by randomized phase III trials.

In the last years, treatment algorithms in gastrointestinal
oncology have been improved by the inclusion of triplet
drug regimens (41,42). On these bases, more intensive
chemotherapy schedules have been evaluated for the
treatment of CCA. A regimen with 5-FU added to
gemcitabine and cisplatin (GFP) was tested in 21 patients
in a phase II trial showing a promising anti-tumor activity
supported by a median OS of 18.8 months and a median
time to progression (T'TP) of 13.4 months (43). In the
KHBO 1002 phase II trial, 50 patients with advanced biliary
tract cancer were treated with S-1, an oral fluoropyrimidine
prodrug, in addiction to gemcitabine and cisplatin obtaining
a survival benefit of 16.1 months with limited toxicities (44).
The combination of gemcitabine, cisplatin and nab-
paclitaxel has been recently assessed in a phase II trial of
60 patients with metastatic or unresectable biliary tract
cancer. Median PFS was 11.4 months (95% CI, 6.1-16.1)
and median OS was 19.2 months (95% CI, 13.6-NA), with
a l-year survival rate of 67.6%. Among the 51 patients
evaluated for response, DCR was 84.3% and response rate
(RR) 39%; of note, following chemotherapy 12 patients
with unresectable disease became eligible to surgery,
and one achieved complete therapeutic response (45).
Randomized phase III trials are sorely needed to confirm
the promising results obtained with triplet regimens.

Patients with a good performance status [0-1] failing
a first-line with gemcitabine plus cisplatin combination
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therapy, would deserve a second-line chemotherapy (46).
Unfortunately, no prospective trials of second-line therapy
have been investigated so far and in this setting, the optimal
treatment is ill-defined. A systematic review published in
2014 including phase II clinical trials, retrospective analyses
and case reports showed only limited advantages for patients
undergoing a second-line therapy, with a mean OS of
6.6 months and a mean PFS of 2.8 months (47). A phase
IIT trial comparing a second line therapy of FOLFOX
versus BSC in patients with advanced biliary tract cancer
progressed to a first-line treatment is currently ongoing

(NCT01926236).

Target therapies

Even once established the gemcitabine plus cisplatin
combination as the current standard of care for first-
line systemic therapy, the prognosis of patients with
CCA has remained dismal. In recent years, the promising
results obtained from target therapies in different tumor
types, such as breast, lung, and colorectal cancer, and the
identification by groundbreaking technologies such as NGS
of novel putative oncogenic drivers eventually druggable
also in CCA, have stimulated numerous clinical trials for
the treatment of advanced and metastatic CCA (Table 2),
though no target therapies are currently approved for CCA.

As previously discussed, FGFR2 fusions/translocations
are present in 10-16% of iCCAs. FGFR inhibition is
currently investigated in several clinical trials involving
patients with CCA as performed for other solid advanced
cancer types. Anti-FGFR strategies can be divided into
non-selective and selective FGFR tyrosine kinase inhibitors
(TKIs), FGFR ligand traps (small molecules able to bind
and sequester FGFs, thus preventing their interaction with
FRGR) and monoclonal antibodies. BGJ398, a pan-selective
FGFR TKI, has shown anti-tumor activity in preclinical
models of tumors harboring FGFR alterations. A phase 11
study has recently assessed BGJ398 effects in 61 patients
affected by advanced or metastatic CCA containing FGFR2
fusions or other FGFR alterations with disease progression
to previous therapy. The overall RR was 14.8% (18.8%
in FGFR?2 fusions only), DCR was 75.4% (83.3% FGFR2
fusions only), and estimated median PFS was 5.8 months
(95% CI, 4.3-7.6) (48). A number of anti-FGFR selective
inhibitors, including Erdafitinib, Derazantinib, Ponatinib,
TAS-120, INCB054828 and Debio 1347, are currently
under investigation in CCAs and other advanced tumors
harboring FGFR alterations (Table 2).
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Table 2 Current targeted therapy clinical trials in cholangiocarcinoma

Target Agent NCT number
FGFR Derazantinib NCT03230318
FGFR TAS 120 NCT02052778
FGFR Debio 1347 NCT01948297
FGFR INCB054828 NCT02924376
FGFR Ponatinib NCT02265341
IDH1 Ivosidenib NCT02989857
IDHA1 BAY 1436032 NCT02746081
IDH1, IDH2 Olaparib NCT03212274
HER 2 Trastuzumab NCT02836847
BRAF, MEK Dabrafenib, trametinib NCT02034110
ALK/ROS1 Ceritinib NCT02374489
ALK/ROS1 Crizotinib NCT02034981
ROS1, ALK, TRKA, Entrectinib NCT02568267
TRKB and TRKC

EGFR, HER2, HER4 Varlitinib NCT03093870

Mutations of genes encoding for IDHI and IDH2
(mIDHI1, mIDH?2), are quite common genetic lesions in
iCCA (25%). Ivosidenib (AG-120) is a selective, reversible
mIDHI1 inhibitor that has been evaluated in a phase I trial of
72 mIDH1 CCA patients showing promising anti-oncogenic
activity with a favourable safety profile: disease control
was obtained in 56% of patients, whilst 6% experienced a
partial response (PR) with a PES at 6 months of 38.5% (49).
A double-blind, placebo-controlled phase III randomized
trial (ClarIDHy) of Ivosidenib is ongoing. BAY 1436032
is another oral mIDH1 inhibitor, whose safety, tolerability
and preliminary anti-tumor activity are under evaluation
in a phase I basket trial including mIDH1 patients with
advanced solid tumors including CCA. Other preclinical
and clinical studies have investigated the possibility to target
epigenetic mechanisms associated with CCA tumorigenesis
and mediated by chromatin remodelling proteins (ARID1A,
ARID1B, ARID2, BAPI, PBRM1, SMARCA2, SMARCA4
and SMARCADI) using DNA methyltransferase inhibitors
(DNMT), such as decitabine and azacitidine, and histone
deacetylase inhibitors (HDAC), such as valproic acid,
vorinostat and romidepsin (50-52). Among them, promising
results have been obtained with valproic acid in a small
phase I/1I trial of 12 patients with advanced pancreatobiliary
tract cancers, but further studies are necessary to evaluate
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the effectiveness of such approaches (53).

Along this line, recent studies highlighted a dependence
of ovarian cancer bearing ARIDIA inactivating mutations
on HDAC6 activity (54). Since ARID1A mutations are
also common in iCCA (55), clinical studies are needed to
investigate whether HDACG6 inhibitors might represent a
novel target therapy for ARID1A-mutated CCA.

The success of anti-EGFR inhibitors in the treatment
of colorectal cancer and other malignancies has encouraged
the assessment of these agents in CCA. In CCA, EGFR
pathway activation is common in both iCCA and pCCA/
dCCA (about 20-30%), and iz vitro studies demonstrated
that EGFR activation promotes the emergence of
epithelial-to-mesenchymal (EMT)-like changes in cancer
cells, supporting a more invasive cell phenotype (56).
Consistent with these iz vitro findings, EGFR blockade
by its ATP-competitive inhibitor gefitinib reduced
tumor dissemination in mice bearing subcutaneous CCA
xenografts, an effect associated to a regression of EMT
features in cancer cells (57,58). In CCA, targeting EGFR is
potentially a fascinating stratagem, since EGFR activation
in CCA cells may rely either on autocrine (from the cancer
cells themselves) (59) or paracrine (from the stromal
microenvironment) (57) release of EGFR ligands. In a
preliminary phase II trial, the chimeric EGFR antibody
cetuximab was tested in addition to GEMOX in 30 patients
with unresectable biliary tract cancer (27 CCAs) leading
to objective responses in 63% of cases (39). However, the
randomized phase II BINGO trial did not confirm the
benefit derived from combining cetuximab to GEMOX in
terms of PFS and OS (60). In contrast to colorectal cancer,
the humanized EGFR antibody panitumumab added to
GEMOX was not effective in patients with KRAS wild-
type advanced biliary tract cancer (61). Erlotinib, an oral
TKI of EGFR, has been studied in a phase II trial of 268
patients with previously untreated advanced biliary tract
cancer (including gallbladder cancer) randomized to receive
GEMOX with or without erlotinib (100 mg daily). The
objective response rate was higher in the experimental arm
(40 vs. 21 patients; P=0.005), but no significant difference
in PFS was noted between the two groups (HR: 0.80;
95% CI, 0.61-1.03; P=0.087). Noteworthy, a subgroup
analysis of CCA patients showed that addition of erlotinib
to GEMOX significantly improved PFS [5.9 months (95%
Cl, 4.7-7.1) for chemotherapy plus erlotinib vs 3.0 months
(95% CI, 1.1-4.9) for chemotherapy alone; HR: 0.73; 95%
CI, 0.53-1.00; P=0.049] (62). More studies are necessary
to understand if response to erlotinib in CCA correlates
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indeed with EGFR state mutation and to investigate the
level of intra-tumor heterogenicity for EGFR alterations in
CCA, which could be another factor limiting therapeutic
activity of EGFR inhibitors. Only few data are available
regarding effectiveness of anti-HER?2 agents in CCA (63)
and a phase II trial of trastuzumab plus GEMOX is still
ongoing (NCT02836847). Varlitinib is an orally bioavailable
inhibitor of EGFR, HER 2 and HER 4 currently assessed
in a phase II trial in combination with capecitabine as a
second-line systemic therapy (NCT03093870).

KRAS mutations are a common signature also in CCA
(9-47%) (30). This genetic alteration is druggable not by
direct KRAS inhibition but by targeting the downstream
effectors RAF and MEK. In a phase II study, the MEK
inhibitor selumetinib demonstrated anti-tumor activity in
28 patients with advanced biliary tract cancer, resulting
in a median PFS of 3.7 months and a median OS of
9.8 months (64). BRAF mutations occur in only 3-5% of
CCAs, predominantly iCCAs. In a phase II basket trial of
Vemurafenib, an oral BRAF inhibitor, a PR was obtained
in one out of 8 patients with CCA (65). A phase II trial of
target therapy combining BRAF and MEK inhibitors is still
ongoing (NCT02034110).

In iCCA, an integrative molecular analysis identified a
“proliferating class” clustering in a significant proportion
(62 %) with signatures of RAS signaling activation, including
mitogen-activated protein kinase and MET, however, early
phase clinical trials with the MET inhibitors cabozantinib
and tivantinib showed only limited effects in CCAs (66,67).
Among MET antagonists, crizotinib and ceritinib are oral
MET/anaplastic lymphoma kinase ALK/ROS inhibitors of
a certain effectiveness in the treatment of NSCLC (68,69).
In a preclinical mouse allograft model of CCA, inactivation
of FIG-ROS] resulted in a significant inhibition of tumor
growth (70). Two ongoing different phase II trials are
assessing the efficacy of crizotinib and ceritinib in patients
with advanced CCA (NCT02374489, NCT02034981)
together with other advanced gastrointestinal malignancies.
The phase II STARTRK-2 trial is evaluating entrectinib, a
selective TKI of ROS1, ALK, TRKA, TRKB and TRKC, in
patients harbouring ROST or ALK fusions (NCT02568267).

Poly ADP-ribose polymerase (PARP) inhibitors have
demonstrated some anti-tumoral activity in different
malignancies harboring somatic and/or germline mutations
in the tumor-suppressor genes BRCAI and BRCA2, and
several clinical trials evaluating these compounds in patients
affected by BRCA-mutated ovarian and breast cancers. In a
retrospective study analysing 18 cases of BRCA1/2-mutated
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CCA from five centers, among four patients receiving
PARP inhibitors against 13 treated with a platinum-
containing chemotherapy, one obtained sustained disease
response with a PFS of 42.6 months. Since the prevalence
of BRCAI1/2 mutations in CCA is still uncertain, future
studies of genomic profiling in larger cohorts will be
necessary to address the therapeutic role of PARP inhibitors
in this setting of patients (71). Sulkowski er a/. have
recently demonstrated in preclinical models that tumor
cell sensitivity to PARP inhibitors can be enhanced by the
oncometabolite 2-HG produced by neomorphic mIDH1/2
suppressing homologous recombination (72). Starting
from these observations, a basket phase II trial of olaparib
for patients with metastatic solid tumors with IDH]I or
IDH?2 mutations including CCA has been undertaken
(NCT03212274).

Focal losses of CDKN2A/2B have been reported in
nearly a half of iCCAs, and CDK4/6 inhibitors (palbociclib,
ribociclib) have been successfully tested and recently
approved in the treatment of breast cancer (73); however,
anti-tumoral effects of these agents are yet to be determined
in CCA.

Aberrant expression of S100A4 by neoplastic cells
is an early feature of cancer-associated EMT (74), and
in CCA, patients with nuclear expression of SI00A4 in
malignant cholangiocytes had a worse outcome, in terms of
earlier metastasization and reduced survival after surgical
resection (31). Importantly, nuclearization of S100A4 is
not solely a prognostic biomarker, but also a mechanistic
determinant of the motile and invasive properties of CCA
cells, by activating the small Rho GTPases (RhoA and
Cdc42), the secretion of active matrix metalloprotease
(MMP)-9, and the expression of membrane-type (MT)1-
MMP (75). Data from our group also showed that in
CCA cells, nuclear import of S100A4 is mediated by small
ubiquitin-like modifier (SUMO)ylation, a post-translational
modification of small proteins that are covalently attached
to and detached from other proteins to critically regulate
their intracellular localization, and this effect is halted
by paclitaxel given at low doses. Starting from these
in vitro findings, we tested the effects of metronomic
infusion of paclitaxel in mice bearing orthotopic CCA
xenografts. Noteworthy, inhibition of S100A4 nuclear
entry by paclitaxel in engrafted cancer cells associated
in vivo to a decreased hematogenous metastasization to
the lungs without impinging tumor cell proliferation
and/or apoptosis. Deregulation of SUMO-conjugating
enzymes is a frequent event in cancer (76), where they

tgh.amegroups.com Transl Gastroenterol Hepatol 2018;3:40



Translational Gastroenterology and Hepatology, 2018

likely stimulate plasticity of invasive carcinoma cells by
targeting several EMT-inducing transcription factors (77).
Overall, the ‘S100A4 story’ may be paradigmatic of how a
tumoral biomarker with prognostic value can become target
harnessed for therapeutic intervention.

Angiogenesis inhibitors

Since the early 2000, angiogenesis inhibitors have been
successfully utilized in the treatment of gastrointestinal
and liver tumors, such as colorectal and gastric cancers,
and hepatocellular carcinoma. At variance with
hepatocarcinoma, CCA is characterized by a more abundant
stromal reaction containing a limited number of blood
vessels, in the face of a rich lymphatic vascularization,
behaving as a preferential route of dissemination for
cancer cells. Of note, lymph node metastasization is indeed
an early event often ruling out indications to curative
surgery, whereas distant metastases are not frequent (78).
However, vascular endothelial growth factor (VEGEF), a
major proangiogenic factor involved in tumor’s growth and
metastatization, is overexpressed in 40-75% of biliary tract
cancers, in particular at the front of tumoral invasion (17). A
systematic analysis reported increased immunohistochemical
expression levels of VEGF-A, the main isotype of the VEGF
family encompassing five members from -A to -D and the
placental growth factor, in iCCA compared with pCCA/
dCCA. This finding is consistent with the remarkable
pro-angiogenic proclivity of the liver microenvironment,
whereby many cell types beside tumoral cells, including
also stromal and innate immune cells, cooperate to VEGF
secretion (79). Antiangiogenic agents act through different
mechanisms; some are monoclonal antibodies directed
against VEGE, other are small molecules blocking VEGF
signaling by binding VEGF or its cognate receptors
(VEGFRs) or the downstream effectors.

Bevacizumab, a monoclonal antibody targeting VEGEF-A,
has been tested in combination with GEMOX in a phase
IT trial of 35 patients with advanced biliary tract cancer
(including 25 CCAs), leading to a PR in 41% of patients,
with a median PFS and OS of 7.6 and 14.2 months,
respectively in the CCA subgroup (80). Bevacizumab
was also evaluated in combination with erlotinib, a TKI
of EGFR, mainly used in lung and pancreatic cancer. In
a multinational phase II trial of 53 previously untreated
patients with advanced biliary tract cancer (43 CCAs)
bevacizumab combined with erlotinib showed promising
results, 6 patients with a PR and 25 with a stable disease
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(SD), with a median OS of 9.9 months and a TTP of
4.4 months (81).

Sorafenib, an oral panTKI (acting on VEGFR-2/3,
PDGFR, BRAF and CRAF), has been evaluated in two
different phase II trials. In the first, 46 patients (400 mg
twice a day) showed a DCR at 12 weeks of 32.6%, a PFS
of 2.3 months and a medium OS of 4.4 months (82). The
second study was closed because failing to meet the minimal
criterion of at least one patient with confirmed PR; however,
a stable disease with PFS of 3 months and OS of 9 months
was obtained in 39% of cases (83). Addition of sorafenib or
other TKIs to conventional chemotherapy agents did not
result in any significant advantage in terms of DCR, PFS and
OS with respect to the chemotherapy alone (84,85).

Cediranib, an oral TKI acting on VEGFR1/2/3,
PDGFR and c—Kit, was studied in a phase II trial of 124
patients with previously untreated advanced biliary tract
cancer randomized to receive chemotherapy (cisplatin plus
gemcitabine) with or without cediranib. No significant
improvements in either PFS (8 months in the experimental
arm and 7.4 months in control arm, HR: 0.93; 95% CI,
0.65-1.35; P=0.72) or OS (14.1 vs. 11.9 months; HR: 0.86;
P=0.44) were observed. However, a significant correlation
was observed between baseline levels of PDGF-BB (one of
the targets of cediranib) and OS, meaning that patients with
PDGF-BB levels above the median took benefit in terms of
OS (P=0.002) (86).

Regorafenib is an oral multi-TKI enpowered with potent
anti-angiogenic activity dependent on the triple blockade
of VEGFRs, FGFRs and Tie2 (the cognate receptor for
angiopoietins), approved for the treatment of metastatic
colorectal cancer and advanced gastrointestinal tumours.
Two different phase II studies on regorafenib in patients
with advanced biliary tract cancer receiving no more than
two prior lines of chemotherapy are currently ongoing
(NCT02115542, NCT02053376).

Taken together, these data suggest that therapeutic
antagonism of angiogenesis has only limited efficacy in the
treatment of CCA, albeit sporadic studies have led to some
promising results. Clinical trials on selected subgroups,
identified by predictive biomarkers (as would be the case with
PDGF-BB), are strongly needed to define setting of patients
who might benefit more from anti-angiogenic agents.

Immunotherapy

Tumor evasion of immune surveillance is a crucial step in
neoplastic progression. This dynamic process called ‘cancer
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immunoediting’ has been extensively studied in the last
two decades leading to the recent concept that the immune
system not only protects against cellular transformation, but
also molds the immunogenicity of the developing tumors,
i.e., the expression of tumor-specific antigens by the
transformed cell itself (87).

Tumor cells are able to escape from immune surveillance
adopting several strategies. These include: (I) loss or
alteration of major histocompatibility complex (MHC) class
1 and other specific antigens, (II) up-regulation of immune
check-point molecules such as programmed cell death
protein 1 (PD-1) and T lymphocyte-associated antigen 4
(CTLA-4) that once activated by their specific ligands (PD-
L1 and CD152, respectively), promote peripheral T cell
exhaustion, and (III) manipulation of the local immune
microenvironment to become tolerant, by secreting
cytokines suppressing proliferation of CD4" and CD8" T
lymphocytes in charge of tumor antigen recognition or
by recruiting myeloid-derived suppressor cells. Targeting
these mechanisms, in particular interference with immune
checkpoints (checkpoint inhibitors), has represented a major
breakthrough in oncology research. Antibodies blocking
the interaction of PD-1 and CTLA-4 with their specific
ligands have been successful in the treatment of several
hematological and solid malignancies, including Hodgkin’s
lymphoma, advanced melanoma and renal cell, colorectal
or non-small cell lung carcinomas, thereby arising interest
for immunotherapy also in CCA. Unravelling the molecular
pathways regulating tumor cell interactions with the
immune cells and finding specific predictive biomarkers
of tumor response to immune checkpoint inhibitors are
essential to identify patients that could take more advantage
of immune-modulating therapies.

Several studies have reported that the total number of
somatic mutations associated with a favourable clinical
response to immune checkpoint inhibitors, as shown in
melanoma, NSCLC and urothelial cancers (88,89). Le
et al. found that pembrolizumab, an anti-PD-1 antibody,
was more effective against DNA MMR-deficient tumors
than against DNA MMR-proficient tumors. Loss of
DNA MMR results in a hypermutable phenotype called
‘microsatellite instability’ (MSI), featuring an exuberant
generation of neoepitopes, which elicit a stronger immune
response against tumor cells, as confirmed by prominent
lymphocyte infiltrates around tumor cells and increased
PD-L1 expression (90,91). Based on these observations,
the FDA has recently approved pembrolizumab for the
treatment of adult and pediatric patients with unresectable
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or metastatic MSI-high or MMR-deficient solid tumors
that have progressed after prior treatment and without
alternative treatment options. In their seminal study,
Nakamura er /. by whole exome sequencing identified
a subgroup of CCA patients (5.9%, 14/239) with poor
prognosis characterized by high mutational load, abundant
tumor-specific neoantigens and high expression of immune
checkpoint molecules including PD-L1. They found
that the 36% of these hypermutated tumors harbored
inactivating mutations in the MMR complex (7). In a phase
II trial (KEYNOTE-016), 86 patients with MMR-deficient
tumors including 4 CCA were treated with pembrolizumab.
Notably, preliminary data in CCA showed a 100% DCR
with one complete response and three stable disease (92).
As aforementioned, an important biomarker predicting
response to immunomodulators is the tumoral expression
of PD-L1 as assessed by IHC (93-95). However, a crucial
point is whether PD-L1 is expressed by tumoral cells, by
infiltrating lymphocytes, or by both cell types. In a study
evaluating PD-L1 expression in 99 cases of CCA (58
iCCA and 41 pCCA) by IHC, PD-L1 immunostaining was
considered positive when a typical membranous pattern
was present in at least 5% of tumor cells. While PD-
L1 expression confined to neoplastic cells was found in 9
cases, PD-L1 expression extended to inflammatory cell
aggregates was detected in 46 cases, with dense intratumoral
lymphocytic infiltration (96). Higher proportion of tumoral
expression of PD-L1 CCAs (until 40%) was reported by
studies including cases with less than 5% of tumor cell
staining (97). Although it is uncertain if PD-L1 expression
by intratumoral microenvironment has the same predictive
strength for treatment response as its expression by tumor
cells, it is assumed that PD-L1 expression correlates to anti-
tumor immunity suppression and T cell exhaustion (98).
In a recent work, 91 CCA tssue specimens (24 iCCAs, 33
pCCAs and 34 dCCAs) were analyzed by IHC for MMR
gene products (MLHI1, PMS2, MSH2, MSH6), mesothelin,
PD-L1 and immune cell infiltration. Interestingly, albeit
MMR deficiency was found in 20 tumors (22%), none of
them co-expressed PD-L1 (set at >1% of tumor cells);
moreover, no differences in tumour lymphocyte infiltrate
was noted between MMR-deficient or MMR-proficient
tumors (32). In another recent German study performed
in surgical specimens of CCA derived from resection,
including 102 patients (35 iCCA, 42 pCCA, 25 dCCA),
the prevalence of MSI was examined not only by IHC
for the expression of MLH1, PMS2, MSH2, and MSHS6,
but also by pentaplex PCR for five quasimonomorphic

tgh.amegroups.com Transl Gastroenterol Hepatol 2018;3:40



Translational Gastroenterology and Hepatology, 2018

mononucleotide repeats (BAT-25, BAT-26, NR-21,
NR-22, and NR-24). Whereas in the IHC-based analysis,
no loss of expression of DNA repair enzymes was observed,
by PCR the authors found only 1% of MSI-high and 1% of
MSI-low (99). Thus, in addition to highlight discrepancy
between different techniques aimed at investigating MSI,
this study argues against the actual relevance of MSI in
CCA. However, it must be underlined that by analyzing
patients undergoing a therapeutic approach with curative
intent, the study might have selected a subgroup of CCA
with a less aggressive phenotype.

Immune-modulating therapy trials have been recently
planned for patients with advanced CCA characterized
by dense intratumoral lymphocyte infiltration/PD-L1
expression. In the KEYNOTE-028 basket trial 24 patients
with biliary tract cancer and PD-L1 expression (>1% of
tumor cells by IHC) were treated with pembrolizamab with
promising results: 4 patients (17%) had PR and 4 (17%)
had stable disease (100). The KEYNOTE-158, a phase II
basket trial of pembrolizumab in patients with advanced
(unresectable or metastatic) solid tumors including CCAs
progressed on standard of care therapy is currently ongoing
(NCT02628067).

Altogether, immune checkpoint inhibitors seem to be
effective in a subset of patients with advanced biliary tract
expressing PD-L1 or with DNA MMR defects and/or MSI-
high. However, further studies are necessary to identify
predictive biomarkers of response to these innovative
therapeutic options.

Conclusions

In the last few years, the recent advances in the genetic
understanding of many diseases, including cancer, have sped
up the idea of a ‘precision medicine’. A precision medicine-
based approach aims at selecting the most appropriate
treatment dependent on the specific molecular alterations
displayed by the single patient, at odds with a standard,
‘non-customized’ approach, not rarely disappointing,
offered to most patients once a disease is diagnosed and
staged. In contrast with other ‘luckier’ cancer types, such
as breast, lung and colorectal, the road towards a precision
medicine in CCA is much more bumpy because of the
wide heterogeneity of the tumor and the uncertainties
on the genomic profile. Unfortunately, nodal molecular
fingerprints addressing therapeutic decisions, as are RAS/
BRAF for colorectal cancer or EGFR for lung cancer,
are currently lacking in CCA. Notwithstanding, some
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important nuances of molecular definition of CCA are
beginning to emerge and the ‘Rosetta stone’ has started to
be deciphered. Some gain in conventional chemotherapy has
been obtained by the inclusion of triplet drug regimens, and
randomized phase III trials are eagerly awaited to confirm
the first promising results. Target therapies represent an
area that more recent translational studies are strongly
pushing forward. Among several molecular targets, FGFR,
IDH, EGFR and S100A4 are frequently altered in CCA
and they will deserve deep consideration for therapeutic
intervention by future studies, including also adjuvant
and/or neoadjuvant settings. Angiogenesis inhibitors have
been disappointed so far, but conceivably because the
major ‘culprit’ of CCA dissemination (lymphatic vascular
system) has not been selectively targeted yet. Finally,
immunotherapy might actually make the difference, but
only once the real involvement of MSI and MMR deficiency
in CCA has been better clarified. That said, further efforts
are needed to improve the pipeline for developing new
anticancer strategies in CCA. In this regard, development
of additional groundbreaking technologies, such as the
targeted capture sequencing to detect actionable alterations
in formalin-fixed paraffin-embedded samples (101),
or single-cell analysis with computational methods to
characterize genome-scale molecular information at the
individual cell level (102) will be valuable assets in the near
future to bridge a gap that cannot wait any longer.
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