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Purpose There are clinical unmet needs in predicting therapeutic response and precise strategy for the patient with advanced biliary
tract cancer (BTC). We aimed to identify genomic alterations predicting therapeutic response and resistance to gemcitabine and
cisplatin (Gem/Cis)-based chemotherapy in advanced BTC.

Materials and Methods Genomic analysis of advanced BTC multi-institutional cohorts was performed using targeted panel sequenc-
ing. Genomic alterations were analyzed integrating patients’ clinicopathologic data, including clinical outcomes of Gem/Cis-based
therapy. Significance of genetic alterations was validated using clinical next-generation sequencing (NGS) cohorts from public reposi-
tories and drug sensitivity data from cancer cell lines.

Results 193 BTC patients from three cancer centers were analyzed. Most frequent genomic alterations were TP53 (55.5%), KRAS
(22.8%), ARID1A (10.4%) alterations, and ERBB2 amplification (9.8%). Among 177 patients with BTC receiving Gem/Cis-based
chemotherapy, ARID1A alteration was the only independent predictive molecular marker of primary resistance showing disease pro-
gression for 1st-line chemotherapy in the multivariate regression model (odds ratio, 3.12; p=0.046). In addition, ARID1A alteration
was significantly correlated with inferior progression-free survival on Gem/Cis-based chemotherapy in the overall patient population
(p=0.033) and in patients with extrahepatic cholangiocarcinoma (CCA) (p=0.041). External validation using public repository NGS
revealed that ARID1A mutation was a significant predictor for poor survival in BTC patients. Investigation of multi-OMICs drug sensitiv-
ity data from cancer cell lines revealed that cisplatin-resistance was exclusively observed in ARID1A mutant bile duct cancer cells.

Conclusion Integrative analysis with genomic alterations and clinical outcomes of the first-line Gem/Cis-based chemotherapy in
advanced BTC revealed that patients with ARID1A alterations showed a significant worse clinical outcome, especially in extrahepatic

CCA. Well-designed prospective studies are mandatory to validate the predictive role of ARID1A mutation.

Key words Biliary tract neoplasms, High-throughput nucleotide sequencing, Chemotherapy, ARID1A

Introduction

Biliary tract cancer (BTC) is a heterogeneous disease har-
boring several disease entities in terms of anatomical loca-
tions of tumor including extrahepatic, intrahepatic, and
gallbladder lesions, with poor prognosis. Although BTCs
are not among the most common cancers, their incidence is
relatively high in Asia, and it has been reported that its inci-
dence has been recently increasing [1]. Surgery is the only

current curative treatment, but most patients are diagnosed
with unresectable disease. Systemic chemotherapy is thus
the standard of care for patients with advanced BTC. Since
2010, the combination of gemcitabine and cisplatin (Gem/
Cis) has prevailed as the standard first-line systemic treat-
ment for advanced BTC [2].

For a long time, the infrequency and heterogeneity of the
different BTC subtypes have limited clinical therapeutic pro-
gress in advanced BTC. Nevertheless, recent advances in
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molecular profiling revealed distinct molecular alterations
and potential therapeutic targets for BTC [3]. Next-generation
sequencing (NGS) studies using whole-exome or targeted
sequencing revealed a distinct genomic landscape based on
the different anatomical locations of BTC. In addition, drugs
targeting fibroblast growth factor receptor 2 (FGFR2) rear-
rangements and isocitrate dehydrogenase 1 (IDH1) or IDH2
mutations have been evaluated, presenting encouraging
results [4,5]. Other targetable genetic alterations including
ERBB? amplification, BRAF V600E mutations, MET altera-
tions, or microsatellite instability are also detected in BTC.
Recent National Comprehensive Cancer Network (NCCN)
and European Society for Medical Oncology (ESMO) guide-
lines thus recommend the use of molecular testing to detect
alterations among patients with advanced BTC [6,7]. How-
ever, the percentage of patients receiving NGS-based tar-
geted therapy is still limited, while the majority of patients
receives cytotoxic chemotherapy, with Gem/Cis being the
most common scheme in daily clinical practice. Neverthe-
less, few studies have elucidated the predictive implica-
tions of genetic alterations in patients with advanced BTC
who received cytotoxic chemotherapy. It is thus essential to
determine the relevance of genetic alterations with clinical
outcomes in patients treated with cytotoxic chemotherapy. In
the current study, we aimed to evaluate the predictive value
of specific genetic alterations on the first-line Gem/ Cis-based
chemotherapy and its clinical relevance in advanced BTC.

Materials and Methods

1. Patients

Patients with advanced BTC, including extrahepatic chol-
angiocarcinoma (CCA), intrahepatic CCA, and gallblad-
der (GB) cancer from three tertiary cancer centers in South
Korea were included in this study (59 patients from CHA
Bundang Medical Center, 41 from Ulsan University Hospi-
tal, 93 from Severance Hospital). All patients with a targeted
NGS report from a biopsy or surgical tumor specimens were
retrospectively identified and data for the genomic alteration
and clinicopathologic factors were collected for the integra-
tive translational analysis. Immunohistochemical analysis
for DNA mismatch repair (MMR) was performed for two
MMR proteins (MLH1, MSH2) or four MMR proteins (MLH]I,
MSH2, MSH6, and PMS2) according to the institutional
guideline. Loss of MLH1/PMS2 or MSH2/MSH6 was defi-
ned as deficient MMR. The programmed death-ligand 1 (PD-
L1) assay were performed with 22C3 pharm Dx assay, and
interpreted with tumor proportion score (TPS) or combined
positive score (CPS). PD-L1 positivity was defined as TPS >
1% or CPS > 1. Ampulla of Vater cancers or neuroendocrine
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tumors were excluded. Clinicopathologic variables includ-
ing age at the beginning of treatment, sex, pathology, base-
line carbohydrate antigen (CA) 19-9, treatment history, and
survival outcome were obtained by reviewing the patients’
medical records. Among all patients, treatment outcome
(responses and survival), assessed by Response Evaluation
Criteria in Solid Tumors (RECIST) ver. 1.1, was collected and
analyzed in patients who were treated with Gem/Cis-based
regimen as the first-line systemic chemotherapy. The study
was reviewed and approved by the Institutional Review and
Ethics Board of each institute (IRB number; CHA Bundang
Medical Center: 2021-01-010, Ulsan University Hospital:
2021-01-026, Severance Hospital: 4-2020-1394). A require-
ment for informed consent was waived owing to the retro-
spective nature of the study.

2. NGS assay

Formalin-fixed, paraffin-embedded blocks from diagnos-
tic biopsy or surgical specimens were used to extract genom-
ic DNA and RNA from NGS data. Quality assessment was
performed by using quantitative polymerase chain reaction.
NGS was performed in Clinical Laboratory Improvement
Amendments (CLIA)-certified laboratories during clinical
practice using three commercially available targeted DNA
and/or RNA sequencing panels, namely Oncomine Com-
prehensive Assay (Thermo Fisher Scientific, Waltham, MA),
TruSight Oncology 500 (Illumina, San Diego, CA), and Foun-
dationOne CDx (Foundation Medicine, Cambridge, MA).
Variant interpretation was based on recommendations from
the Association for Molecular Pathology, the American Soci-
ety of Clinical Oncology, and the College of American Patho-
logists [8]. Actionable genetic alterations were stratified into
one of the four levels based on OncoKB website (https://
www.OncoKB.org). Tumor mutation burden (TMB) data
were extracted from TruSight Oncology 500 and Foundation-
One CDx assays.

3. Bioinformatics analysis

Pathway alteration was estimated to evaluate if there is
genomic alteration on the member genes of each pathway.
Gene mapping of the pathways was performed using the regis-
tered gene lists from the molecular signature database (MSig-
DB, https://www.gsea-msigdb.org/gsea/msigdb/). Onco-
KB database was used to identify mutation entities as onco-
gene or tumor suppressors. Mutation plots for TP53, KRAS,
and ARIDIA were performed using MutationMapper on
cBioportal website (https:// www.cbioportal.org/mutation_
mapper).

4. External validation and Multi-OMICs data analysis
The dataset of genomic alteration and survival data for the
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Table 1. Baseline patient characteristics

Extrahepatic CCA (n=51)

Age (yr), median (IQR) 64.0 (59-69)
Sex, n (%)
Male 27 (52.9)
Female 24 (47.1)
Pathology
Adenocarcinoma 49 (96.1)
Adenosquamous 2(3.9)
Others? 0
Disease extent
Locally advanced 9(17.6)
Metastatic 42 (82.4)
Targeted Sequencing Panel
FoundationOne CDx 3(5.9)
TruSight Oncology 500 15 (29.4)
Oncomine V1 13 (25.5)
Oncomine V3 20 (39.2)

Baseline CA 19-9, median (range) 77.2 (29.0-234.1)

Intrahepatic CCA (n=88) GB cancer (n=54) p-value
62.0 (56-71) 64.5 (56-71) 0.433
46 (52.3) 15 (27.8) 0.001
42 (47.7) 39 (72.2)
84 (95.5) 50 (92.6) 0.657
0 2(37)
4(4.5) 2(3.7)
5(5.7) 6 (11.1) 0.245
83 (94.3) 48 (88.9)
4 (4.5) 2(3.7) 0.025
37 (42.0) 32 (59.3)
15 (17.0) 13 (24.1)
32 (36.4) 7 (13.0)

46.3 (17.3-1,082.0) 58.0 (19.9-821.0) 0.908

Values are presented as number (%) unless otherwise indicated. p-value was estimated from analysis of variance (ANOVA) test. CA19-
9, carbohydrate antigen 19-9; CCA, cholangiocarcinoma; GB, gallbladder; IQR, interquartile range. *Other pathology included poorly
differentiated carcinoma (n=2), sarcomatoid carcinoma (n=2), mixed neuroendocrine-non-neuroendocrine neoplasms (n=1), and alpha-

fetoprotein producing cholangiocarcinoma (n=1).

external validation cohort of BTC were obtained from a pub-
lic repository (https: // www.cbioportal.org/). A total of 1,711
samples from 13 studies were used to externally validate the
prognostic significance of BTC survival outcomes. Multi-
OMICs data from the Cancer Dependency Map (DepMap)
project were used to evaluate drug sensitivity according to
ARIDIA mutation and gene expression profiles with gene-
set enrichment analysis according to specific genetic muta-
tions (https: // depmap.org/portal / download).

5. Statistical analysis

Continuous variables were compared using the student’s t
test while categorical variables using the chi-square or Fisher
exact test. Multivariate regression analysis for predictive
performance of genomic alterations was performed using
significant genes showing p-value less than 0.2 in univariate
regression tests. Progression-free survival (PFS) was defined
as the time from the initiation of first-line chemotherapy until
disease progression or death (whichever comes first), while
overall survival (OS) was defined as the time from the initia-
tion of first-line chemotherapy until death. The Kaplan-Mei-
er method was used for survival analysis with visualization
of survival data and the log-rank test was used to estimate
statistical significance. R software (R ver. 4.1.1 for Windows)
was used for statistical analysis and data visualization. A
p-value less than 0.05 was considered statistically significant.

Results

1. Clinicopathologic characteristics of patients

A total of 193 patients with newly diagnosed advanced
BTC and having NGS results from March 2016 to January
2021 were enrolled. Baseline patient characteristics are pre-
sented in Table 1. Patients were categorized according to the
anatomic location of tumors in the biliary tract in terms of
extrahepatic CCA (n=51), intrahepatic CCA (n=88) and GB
cancer (n=54), respectively. Tumor pathology, disease extent,
and baseline CA19-9 values were not statistically significant
according to the anatomic location of the tumor. A total of
76 samples (39.4%) obtained from surgical specimens and
117 samples (60.6%) from biopsies were selected for targeted
panel sequencing. Gem/Cis-based regimen was conducted
in most patients as the first-line palliative chemotherapy
(n=177, 91.7%).

2. Landscape of genomic alterations

Tumor samples from 193 patients with advanced BTC were
subjected to molecular profiling and the NGS reports were
comprehensively reviewed. Multiple sequencing assays
were used in this study, including TruSight Oncology 500
(523 target genes, lllumina) (n=84), Oncomine Comprehen-
sive Assay version 3 (161 target genes, Thermo Fisher) (n=59),
Oncomine Comprehensive Assay version 1 (143 target genes,
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Fig. 1. Genomic alteration associated with anatomic locations of biliary tract cancer. Oncoplot showing non-silent mutation counts for
individual tumors (top), frequently mutated top 40 genes (middle), and other clinical factors including center, sex, age, sequencing panel,
and MMR status (bottom). CCA, cholangiocarcinoma; dMMR, deficient mismatch repair; EHC, extrahepatic cholangiocarcinomar; GB,
gallbladder cancer; MMR, mismatch repair; MSI, microsatellite instability; MSS, microsatellite stable; NGS, next generation sequencing.
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Thermo Fisher) (n=41), and FoundationOne CDx (324 target
genes, Foundation Medicine Inc.) (n=9). Several genomic
alterations including single nucleotide variances and copy
number alterations were identified (Fig. 1, S1 Table). TP53
was the most mutated gene in BTC (55.5%), followed by
KRAS (22.8%), ARID1A (10.4%), and ERBB2 amplification
(9.8%). There was a significant distinct mutation pattern
based on the anatomic location of BTC. High frequency of
ARID1A (19.6%) and NF1 (10.7%) alterations were observed
in extrahepatic CCA, where alterations of IDHI (11.4%),
PBRM1 (8.0%), and BAP1 (8.0%) were frequently reported
in intrahepatic CCA. ERBB2 amplification (16.7%), RBI
(12.5%), ARID? alterations (8.9%), and FGFR2 amplification
(7.1%) were frequent in GB cancer (Fig. 2A, S2A Fig.). Among
KRAS mutations (n=44), G12D mutation (n=23, 52.3%) was
the most common type in extrahepatic CCA and GB cancer,
while Q61H mutation was exclusively identified in intrahe-
patic CCA (Fig. 2B, S2B Fig.). A significant co-occurrence of
copy number alterations in the FGF family was observed,
especially simultaneous FGFR2, FGF3, FGF4, CCND1, and
FGF19 amplification (n=5, 2.6%) (S3 Fig.). FGFR2 fusions
were reported only in two patients with intrahepatic CCA
(2.3%) (Fig. 2C).

A total of seven molecular pathways including DNA dam-
age response (76.7%), ERBB/HER signaling (52.8%), SWI/
SNF complex (17.6%), Wnt/B-catenin (13.5%), fibroblast
growth factor (10.9%), TGF-B signaling (10.4%), and AMPK
(9.3%) pathways were revealed as frequently altered signal-
ing pathways in BTC. A distinct pattern of pathway altera-
tion according to the anatomic locations of BTC are present-
ed in Fig. 2D.

3. Impact of genetic alteration on the efficacy of Gemcit-
abine/Cisplatin-based chemotherapy

Among the 193 patients, 177 received Gem/Cis-based
chemotherapy as first-line systemic treatment. The median
follow-up duration was 6.9 months (95% CI, 6.3 to 7.5). The
objective response rate was 36.2% (one complete response
[CR] and 63 partial response [PR] patients per RECIST ver.
1.1), and the disease control rate was 83.1%. The median PFS
and OS were 7.3 months (95% CI, 6.5 to 8.1) and 24.4 months
(95% CI, 17.8 to 30.9), respectively. The optimal therapy res-
ponses were correlated significantly with PFS and OS (S4 Fig.).
No significant difference was reported in TMB (n=92), PD-L1
expression, MMR status, and survival outcomes based on the
anatomic locations of BTC (S5 Fig.). To evaluate the impact of
genetic alterations detected in the NGS with chemotherapy
response to the Gem/Cis-based first-line treatment, we per-
formed logistic regression assays to identify the predictive
performance. There was no genomic alteration predicting
favorable responses such as CR or PR; the pathway altera-

tions in SWI/SNF complex containing ARIDIA, negatively
predicted response (CR or PR) (odds ratio [OR], 0.33; 95% CI,
0.12 to 0.75; p < 0.001) (S6 Table). Interestingly, a multivari-
ate analysis using ARID1A, STK11, and BRCA?2 alterations in
all patients with BTC revealed that ARIDIA alteration was
the only significant predictor for primary resistance showing
disease progression for 1st-line chemotherapy to Gem/Cis-
based chemotherapy (OR, 3.12; 95% CI, 1.01 to 10.7; p=0.047)
(Fig. 3A, S7 Table). When categorized in anatomic lesions,
ARID1A alteration was significantly correlated with inferi-
or PFS on Gem/Cis-based chemotherapy in overall patient
population (p=0.002) and especially among patients with
extrahepatic CCA (p=0.03) (Fig. 3B-D). In addition, STK11
alteration was related to inferior PFS in patients with intra-
hepatic CCA (p=0.003) (S8 Fig.). Survival analysis using Cox
proportional hazard model revealed several genomic altera-
tions showing significant impact on PFS, including ARID1A,
STK11, and MRE11 in overall patients. Specifically, ARID1A,
ERBB2, PBRM1, ATM, BRCA1, and RBM10 alterations were
statistically significant for PFS among extrahepatic CCA,
and ATM, APC, ERBB2, MRE11 alteration, and FGF19, EGFR
amplification demonstrated significance in intrahepatic CCA
(S9 Table, S8 Fig.). ERBB2 alteration (hazard ratio [HR], 3.4;
95% CI, 1.31 to 9.21; p=0.011), STK11 alteration (HR, 6.2; 95%
CI, 1.83 to 80.92; p=0.003) and MYC amplification (HR, 78.2;
95% CI, 6.71 to 911.21; p < 0.001) was significant predictors
for OS in overall patient population. SMAD4, RB1, STK, and
SF3B1 alterations were associated with poor OS in intrahe-
patic CCA and TERT1 in GB cancer (S10 Table).

4. External validation of genetic alterations

For the external validation of genetic alterations signifi-
cance, independent clinical NGS cohorts were analyzed for
BTC (13 cohorts with 1,711 patients) from public repositories.
Although public data did not contain any chemotherapy
efficacy data, analysis revealed that ARIDIA mutation in
extrahepatic or intrahepatic CCA was a significant adverse
predictor for disease-free survival (extrahepatic, p=0.015;
intrahepatic, p=0.066) (S11 Fig.). Survival analysis was per-
formed for the pathway alterations, and patients with the
alteration in SWI/SNF complex and ERBB2 pathway were
significantly associated with poor outcomes for PFS in
extrahepatic CCA (SWI/SNF, p=0.04; ERBB2, p=0.05). The
alteration of TGF-beta pathway presented significantly infe-
rior outcomes for both PFS and OS in intrahepatic CCA (PFS,
p=0.02; OS, p=0.04) (512 Fig.). In summary, ARIDIA muta-
tion not only predicted refractoriness to Gem/Cis-based
chemotherapy in patients with advanced BTC in our study
cohort but was also identified as a poor prognostic factor in
patients with BTC in an external validation cohort.
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5. Drug sensitivity specific to ARID1A mutation using Dep-
Map database

In order to comprehensively assess the drug sensitivity
of cancer therapeutics according to ARIDIA mutation, we
obtained multi-OMICs data including genomic alteration,
gene expression, and drug sensitivity data from cancer
cell lines of the DepMap project data portal. In the in vitro
experimental results using bile duct cancer cell lines, chemo-
therapeutic agents that are generally used for the treatment
of BTC especially cisplatin, displayed significant drug-resist-
ance features (Fig. 4A). Interestingly, although cisplatin is
commonly used in many cancer types, our analysis showed

1298 CANCER RESEARCH AND TREATMENT

that cisplatin-resistance caused by the ARIDIA mutation
was exclusively observed in bile duct cancer cells (Fig. 4B).
We also discovered that two lipid-lowering drugs, namely
simvastatin and mevastatin demonstrated toma significantly
higher drug sensitivity compared with other cancer drugs,
with simvastatin showing significant drug sensitivity accor-
ding to ARIDIA mutation in several cancer types including
bile duct cancer (513 Fig.).
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Discussion

In the present multicenter retrospective study, we present
targeted sequencing of Korean patients with advanced BTC
and identified ARIDIA alteration as an adverse predictive
marker for Gem/Cis-based chemotherapy. TP53 (55.5%),
KRAS (22.8%), ARID1A (10.4%) mutations, and ERBB2 amp-
lification (9.8%) were the most commonly observed genetic
alterations, consistent with previous studies [9-11]. One of
the major actionable mutations, the IDH-1 mutation, was
reported in 11.4% of patients with intrahepatic CCA in our
study cohort, which is consistent with previous studies find-
ings [12,13]. However, FGFR2 fusion was detected in only
2.3% of patients with intrahepatic CCA in our study cohort,
which was previously known to occur in 10%-16% of pati-
ents with intrahepatic CCA [14-16]. The reason for the low
frequency of FGFR2 fusion may be explained using the amp-
licon-based approach of Oncomine panels (n=100, 51.8%),
which presents a limitation in detecting fusion genes [17].

As several actionable targets such as FGFR, IDH altera-
tions, and ERRB2 amplification have been discovered in
BTC, molecular profiling has become an essential assay,
recommended for the detection of actionable alterations in
guidelines such as NCCN or ESMO [6]. Nevertheless, the
majority of patients with advanced BTC do not present an
actionable target, and these patients have limited treatment
options, including first-line Gem/Cis-based chemotherapy
as standard treatment since 2010. Previously, there have been
efforts focusing on the discovery of new targets by conduct-
ing molecular profiling tests on BTC patients to evaluate
the prognostic impact of these targets [10,18,19], but none
of these studies evaluated the predictive value of specific
genetic alterations to systemic chemotherapy using NGS. In
the current study, we identified, for the first time, the genet-
ic alteration predicting the therapeutic efficacy of systemic
chemotherapy by correlating the genetic alterations identi-
fied in multicenter large-scale NGS analyses, with the sur-
vival outcomes of BTC patients treated with first-line Gem/
Cis-based chemotherapy.

ARID1A, AT-rich interaction domain 1A, is part of the
large ATP-dependent chromatin remodeling SWI/SNF com-
plex required for the transcriptional activation of specific
genes that are normally repressed by chromatin. Loss of
ARID1A expression, either by inactivation of mutations or
epigenetic silencing, contributes to carcinogenesis via abe-
rrant epigenetic regulations of gene expression, cell cycle
deregulation, or defective DNA repair [20]. ARIDIA altera-
tions have been commonly detected to be mutated among
many cancer types including gastric cancers [21], ovarian
cancers [22], and pancreatic cancers [23]. As ARIDIA func-
tions as a tumor suppressor, negative expression or loss of
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function mutations of ARIDIA have been related to worse
survival outcome among various cancers [24,25], although
correlation of its predictive role with the treatment regimen
has not been previously reported. In the current study, app-
roximately 10% of patients with BTC presented alterations of
ARID1A, which were all loss of function mutations. ARID1A
alteration has been investigated in depth in BTC with respect
to its prognostic role, however, the results were controver-
sial [9,26-28]. Previous studies examining the role of ARIDIA
alterations in BTC were primarily performed in patients
with surgical resection or heterogeneous population, which
makes the assessment of its prognostic significance challeng-
ing. We suggested alteration of ARID1A as a predictive NGS-
based biomarker that predicts poor response and survival
for patients with advanced BTC treated with first-line Gem/
Cis-based chemotherapy, which has never been reported
before. The results of this study were supported by drug sen-
sitivity data analyses from cancer cell lines of a public data-
base suggesting that BTC cell lines with ARID1A mutations
also demonstrated resistance to cisplatin. Interestingly, this
was not observed in other cancer cells with ARID1A muta-
tions. Nevertheless, further mechanistic studies to reveal this
unique cisplatin-resistance feature of ARID1A-altered BTC
are required.

ARIDIA is not currently an actionable target, as there
are no gene-specific treatment options for poor prognos-
tic ARID1A-altered BTC. Nevertheless, another interesting
discovery from cancer cell lines analysis of drug sensitivity
data was that ARID1A-altered BTC cell lines were respon-
sive to statins. A previous study supports that statins may
reduce mitochondrial electron carrier coenzyme Q in cancer
cells [29], apart from inhibiting the mevalonate pathway. As
recent preclinical studies demonstrated that inactivation of
ARID1A lead to metabolic vulnerability in cancer cells that
requires glutamine utilization via glutaminasel upregula-
tion [30], statins may act through a mechanism of synthetic
lethality to ARID1A-altered BTC by inhibiting oxidative
phosphorylation. Further validation containing functional
and clinical studies are however required.

One of the limitations of the current study was that dif-
ferent targeted panel sequencing platforms were used for
genetic analysis. Due to differences in gene coverages or
extent of capture regions across NGS platforms, information
on fusion genes and TMB was not available in all cases. Fur-
thermore, genetic analyses were primarily conducted at the
DNA level, and RNA sequencing was only employed to dis-
cover the presence of fusions, the functional consequences
of these genetic alterations requires thus further investiga-
tion. Additionally, the presented study was performed retro-
spectively. Despite these limitations, this study is crucial, as
it presented predictive biomarkers from a large homogene-
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ous population of BTC patients treated with Gem /Cis-based
chemotherapy, which is pivotal treatment for patients with
advanced BTC for more than decade. Moreover, a relatively
large number of extrahepatic CCA cases which are difficult
to obtain tumor tissues were included in the study.

In conclusion, integrative analysis with genomic altera-
tions and survival outcomes in advanced BTC revealed that
patients with ARIDIA mutations are associated with pri-
mary resistance to Gem/ Cis-based chemotherapy, especially
in patients with extrahepatic CCA. Consequently, in patients
with BTC with ARIDIA mutation, thorough assessment of
the treatment response needs to be incorporated in clinical
practice to minimize adverse outcomes after Gem /Cis-based
chemotherapy. Well-designed prospective studies are man-
datory to validate the predictive role of ARID1A mutation.
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