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Background: Cholangiocarcinoma (CCA) is a diverse group of malignancies arising from the intra-
or extrahepatic biliary epithelium and characterized by its late diagnosis and fatal outcome. Extrahepatic
cholangiocarcinoma (ECC) accounts for 90% of CCA. However, little is known about the comprehensive
genomic alterations of ECC in Chinese population for providing clinical managements especially targeted
therapy.

Methods: Comprehensive genomic profiling (CGP) was performed with next generation sequencing panel
on paraffin-embedded tumor from a cohort of 80 Chinese ECC patients.

Results: The most frequently altered genes were TP53 (68%), KRAS (46%), SMAD4 (22%), ARID1A (20%)
and CDKN2A4 (19%). Mutual exclusivity was observed between multiple genes including ARID1A:TP53,
KRAS:LRPIB and NF2:TP53. Genetic alterations with potential therapeutic implications were identified in
43% of patients. The top three actionable alterations include CDKN2A (n=11), BRAF (n=5) and ERBB2 (n=4).
Potentally actionable alterations were mainly enriched in the G1-S transition, homologous recombination
repair, MAPK/ERK pathway.

Conclusions: This is the largest data set of ECC cases providing a comprehensive view on genetic
alterations in Chinese population which differs significantly from a US cohort, and indicates the potential

clinical implications for targeted therapies.
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Introduction

Cholangiocarcinoma (CCA) is a heterogeneous malignancy
of the biliary tract epithelium with an increasing incidence
and mortality (1,2). CCA arising from extrahepatic biliary
system was as extrahepatic cholangiocarcinoma (ECC) (3)
which accounts for about 90% of the CCA cases (4,5). The
risk factors for ECC include primary sclerosing cholangitis,
ulcerative colitis, abnormal choledochopancreatic junction
and liver flukes (6).

Complete resection with negative margins is the only
potentially curative treatment for resectable ECC but most
of CCA patients were in the advanced-stage at presentation
(5,7). Besides, the 5-year overall survival of patients was
only 27% if RO resection was achieved (4). Based on
ABC-02 (8) and other trials (9,10), the combination of
gemcitabine and cisplatin is considered to be the standard of
care for first-line chemotherapy for patients with advanced
or metastatic biliary tract cancers. But the median survival
of this combination was only 11.7 months for patients with
locally advanced or metastatic CCA, gallbladder cancer or
ampullary cancer (8). Recently, molecular targeted therapies
have been developed for the CCA treatment based on the
genetic information. Small molecule inhibitors of FGFR
such as BGJ398, erdafitinib and derazantinib are being
investigated in clinical trials (11,12). The other molecular
targets for CCA encompass IDHI, HER2 and CDKN2A4
(13-15). The molecular understanding of the genetic
alterations of CCA holds promise in advancing the field of
personalized therapeutic intervention.

Several studies focused on the molecular profiling of
CCA in the intra- and extrahepatic anatomical sites to
identify recurrent driver gene alterations for systemic
therapy. Previous study revealed the distinct genomic
profiling of ECC which is significantly different from
intrahepatic CCA. The recurrent mutations of IDH1/2 and
FGFR? rearrangements/fusions in the intrahepatic CCA
were detected with low frequency or even not detected
in the ECC patients (16). Lowery e 4/. demonstrated
that KRAS, SMAD4, TP53 and STK11 were significantly
mutated in the ECC relative to the intrahepatic CCA (17).
But little evidence revealed the genomic characteristics
for ECC in Chinese population. It has been reported
that patients from different ethnicity showed the distinct
genomic profiling in other carcinomas (18).

Next generation sequencing is an ideal tool for the
targeted therapy in the era of personalized medicine (19)
In this study, next generation sequencing was performed
for 80 Chinese ECC patients to elucidate the genomic
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characteristics which may benefit further precise treatment.

Methods
Patients

Patients were enrolled from multiple accredited clinical
hospitals between 2015 and 2018. Each patient had a confirmed
histologic diagnosis of ECC. Results from 80 Chinese patients
with ECC were available at the time of analysis. Clinical data
were recorded, including age, gender, family and personal
history of malignancy and treatments. This study was approved
by the institutional review board at the local sites. Informed
written consent was obtained from each patient.

Sample preparation

Patients’ tissue samples were formalin fixed, paraffin-
embedded (FFPE) in accredited clinical hospitals. The
histologic sections were retrieved. Independent pathologists
reviewed all the tumor samples. The percentage of tumor
cells for each sample was ensured to be more than 20%.
And then 50-250 ng DNA was extracted from the unstained
tissue sections for subsequent analysis of genetic alterations.

Genetic analysis

Comprehensive profiling of genomic alterations was detected
by next generation sequencing. Hybridization capture of
7,029 exons of 450 cancer-related genes and selected introns
of 35 genes commonly rearranged in cancers were applied to
the extracted DNA. For subsequent sequencing, a minimum
of 40 ng DNA was required. APA Hyper Prep Kit (KAPA
Biosystems Inc., Basel, Switzerland) was used in the process.
Sequencing of the captured libraries was run on an Illumina
NextSeq 500. For estimation of sequencing error rate, a PhiX
spike-in was added as an external control, and a percentage of
mismatches less than 4% was qualified.

In order to ensure the overall quality of the study, post-
sequencing quality control metrics including contamination
ratio, total usable sequences, low quality reads ratio, ratio
of aligned bases on target reads, and mean sequencing
depth were monitored. Samples and/or sequencing run that
failed to meet any one of requirement above were excluded.
Analysis of genomic DNA from tumor tissue and matched
blood control were performed according to previous
reports (20-22). Genomic alterations including single-
nucleotide variations (SNV), short and long insertions
and deletions (indels), copy number alternations, and gene
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Table 1 Clinical characteristics of patients (n=80)
Characteristics Lee et al. (16) (N=99, USA) Present study (N=80, China) P value
Gender, n [%]

Male 60 [61] 45 [56] -

Female 39 [39] 35 [44] 0.64
Age, median (range) 60.5 [24-90] 60 [34-82] -
Tumor stage, n [%]

I 01[0] 19 [24] -

Il 2[2] 36 [45] -

M 27 [27] 5 [6] -

v 70 [71] 17 [21] <2.2e-16

NA - 34 -
Tumor grade, n [%]

Poorly differentiated/undifferentiated - 31 [39] -

Well differentiated/moderately differentiated - 43 [54] -

NA - 6 [7] -
Sample used for sequencing, n [%)]

Primary tumor 44 [44] 61 [76] -

Metastasis 55 [56] 7 9] 7.76e-10

NA - 12 [15] -

NA, not available.

rearrangements/fusions were identified.

Microsatellite instability (MSI) status was identified in all
cases. According to the MSI score, samples were classified
into three groups, including MSI-high with >2 instable
microsatellite loci, MSI-low with only 1 instable loci and
microsatellite stable (MSS) with no loci instability. If
identification for a sample is not clear, analysis was repeated
to clarify the status. The MSI-high result was confirmed
further by polymerase chain reaction validation.

The tumor mutational burden (TMB) was estimated by
analyzing somatic mutations including coding SNVs and
indels per mega-base of the panel sequences examined.
Driver gene mutations and known germline alterations in
the single nucleotide polymorphism database (d(bSNP) were
excluded, following the method of Chalmers et al. (23).

Statistics analysis

All statistics analysis was performed on R software. For
evaluating the association of clinical characteristics or genes,
Fisher’s exact tests were performed. False discovery rate (FDR)
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corrected P value (Q value) was also calculated. For all the
analysis, only a P value below 0.05 was considered significant.

Results

Samples from 80 individual patients with ECC were analyzed
and the clinical characteristics of patients were shown in
Table 1. The samples were obtained from 45 males and
35 females with a median age of 60 years (range, 34-82).
Nineteen (24%) ECC patients were at stage I, 36 (45%)
stage II, 5 (6%) stage III and 17 (21%) stage IV tumors.
There were 31 (39%) patients with poorly differentiated/
undifferentiated tumors and 43 (54%) patients with well/
moderately differentiated tumors. Majority of tumor samples
(61, 76%) were obtained from the primary bile duct tumor.

A total of 471 genetic alterations including both somatic
and germline mutations were identified among 80 samples
with an average of six mutations per sample in 177 genes. The
molecular profiling and TMB results were displayed in Figure 1.
The most commonly mutated genes were TP53 (68%), KRAS
(46%), SMAD4 (22%), ARIDIA (20%), CDKN2A (19%),
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RBM10 (11%), TERT (11%) and KMT2C (9%). Only one
patient harbored none somatic mutation. Two patients harbored
IDH1/2 mutations. Nineteen structural alterations were
identified in eight patients (10%). One patient had NXPHI-
BRAF rearrangements/fusion events indicating activation of
BRAF. High TMB (>10 muts/Mb) was only observed in six
patients. All patients had signature of microsatellite stability (see
details in the Methods).

A comparative analysis was conducted between our results
and the other results consisting of USA population (16).
Distinct patterns of genetic alterations were investigated
(Tuble 2). TPS3, RBM10, TERT, KMT2C and SPTAI

alterations were more commonly seen in our study while

Table 2 Most frequently mutated genes in Chinese and U.S. ECC
cancer patients

Genes Lee et al. (16) Present study P value
(N=99, USA) (%) (N=80, China) (%)
TP53 45 68 0.004
KRAS 43 46 0.763
SMAD4 15 22 0.246
ARID1A 13 20 0.228
CDKN2A/B 43 20 0.001
RBM10 2 11 0.013
TERT 2 11 0.013
KMT2C 0 9 0.003
BRAF 4 8 0.346
ERBB2 9 6 0.582
FGF19 5 6 0.754
LRP1B 2 6 0.245
MCL1 4 6 0.516
SMARCA4 2 6 0.245
SPTA1 0 6 0.017

ECC, extrahepatic cholangiocarcinoma.

Table 3 Mutual exclusivity among genes (OR <0.5)

619

CDKN2A was more commonly seen in USA population
(P value <0.05). We also observed mutual exclusivity
between commonly altered genes including ARIDIA:TP53,
KRAS:LRPIB and NF2:TP53 (Tuble 3). Potentially
actionable genetic alterations: 43 patients (43 %) had at least
one actionable alteration which targeted inhibitors have
demonstrated compelling clinical activity in CCA or other
cancer types. Actionable genetic alterations were based on
databases such as oncokb (www.oncokb.org), cosmic (cancer.
sanger.ac.uk/cosmic), clinicaltrials (cancer.sanger.ac.uk/
cosmic/) and pubmed (www.ncbi.nlm.nih.gov/pubmed). The
most frequently recurrent actionable alterations included
CDKN2A4 (n=11), BRAF (n=5), ERBB2 (n=4), BRCA1/2
(n=5), CCNDI (n=4) and ATM (n=3). Several patients had
more than one potentially actionable genetic alteration:
three patients with more than 3 (including 3) actionable
alterations and three patients with 2 actionable alterations.
Additional potentially actionable alterations presented at
low frequency, including PIK3CA (n=2), PTEN (n=1), and
MET (n=1). Potentially actionable alterations were enriched
in the G1-S transition, homologous recombination repair,
MAPK/ERK pathway, STAT3/VEGFA, PI3K/mTOR
pathway and HGF/c-MET pathway (Figure 2).

Discussion

In this study, DNA targeted sequencing of cancer associated
genes was performed for 80 ECC patients. FFPE tissue
obtained from core needle biopsy or resected specimen of
primary or metastatic sites of disease was used for genomic
profiling. In almost 43% of patients with ECC, at least
one actionable genetic alteration was identified. To our
knowledge, this is the first report about the molecular
profiling of ECC using DNA targeted sequencing in
Chinese population.

The mutation frequencies of top five genes in this study
include TP53, KRAS, SMAD4, ARID1A4 and CDKN2A. The
most common actionable alterations were loss of function of
CDKN2A4, activation of BRAF and amplification of ERBB2.

Genet Gene2 Both altered Gene? altered Genel altered Neither altered OR Pvalue  Qvalue
ARID1A TP53 7 48 10 15 0.224 0.009 1
KRAS LRP1B 1 9 36 34 0.107 0.017 1
NF2 TP53 1 54 4 21 0.100 0.031 1

Q value: representing false discovery rate. OR, odds ratio.
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Figure 2 Actionable mutations identified in the 80 ECC patients. Left panel demonstrated the enriched pathways. ECC, extrahepatic

cholangiocarcinoma.

Loss-of-function mutations of CDKN2A could lead to the
activation of CDK4/6 (24). Several clinical trials have been
performed for evaluating the activity of CDK4/6 inhibitor,
palbociclib, in patients with lung cancer, urothelial cancer
and breast cancer (25-27). However, no clinical trial of
palbociclib therapy has been or is being performed for
CCA especially for ECC. Palbociclib in combination
with radiation therapy exerts anti-cancer effect on human
hepatocellular carcinoma and CCA cell lines (28). Pan-
mTOR inhibitor MLNO0128 synergize with palbociclib to
impair intrahepatic CCA growth iz vitro and in vivo (29).
Other CDK4/6 inhibitors, abemaciclib and ribociclib, were
assessed in lung cancer and breast cancer (30,31).

BRAF mutations detected in our cohorts account for
7% of all ECC patients. But V600E mutation of BRAF was
not observed. A phase II study was evaluated the BRAF
inhibitor, trametinib, in patients with refractory or advanced
biliary or gallbladder cancer or that was unresectable
(NCTO02042443). A phase 1I trial of BRAF inhibitor
regorafenib as a single agent was evaluated in patients with
chemotherapy-refractory, advanced, and metastatic biliary

© HepatoBiliary Surgery and Nutrition. All rights reserved.

tract adenocarcinoma. Five of 43 patients treated with
regorafenib achieved partial response and 19 patients had
stable disease (32). Several phase II trials of BRAF inhibitor,
sorafenib, alone or combination with other agents have
been done for unselected CCA but had low activity or did
not improve efficacy (33-35). A phase II trial of the anti-
Her2 antibody—drug conjugate trastuzumab emtansine in
advanced-stage CCA is currently ongoing (NCT02999672).
Preliminary results from phase I/II studies of agents
targeting CDKN2A, BRAF and ERBB2 mutations indicate
that these agents have activity in molecularly selected
populations.

In our cohort, all patients showed stable microsatellite,
which was consistent with previous report (17). Our
unselected patient population with ECC may be more
reflective of the patients in need of novel systemic
therapies. However, our data suggest that MSI-High may
be a less common occurrence in patients with ECC than
other carcinomas such as colorectal cancer. Fortunately,
we observed seven patients with high TMB (TMB
>10 muts/Mb). Given the recent FDA-approval of immune
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checkpoint blockade for TMB-H non-small lung cancer
patients, TMB might be an indicative marker for these
ECC patients.

Conclusions

In summary, we identified distinct genomic mutation
profiles in Chinese ECC patients which indicate multiple
potentially actionable genetic alterations. Nearly half
of patients were identified with potentially actionable
alterations, which suggest that molecular profiling could
be applied in clinical practice to change the management
of this fatal cancer in the future. Molecular profiling of
patients with ECC should be considered for all patients
to screen potential clinical trial candidates. For the rarity
and heterogeneity of this disease, cooperation of academic
centers and industry will accelerate the application of
targeted- and immune-therapy in ECC.
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