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Abstract: Cholangiocarcinoma (CCA) is a heterogeneous form of biliary tract cancer, for which treatment options remain
limited; however, molecular profiling technology has helped in uncovering genomic mutations that can be used in
precision oncology. This molecular profiling study has been carried out retrospectively in order to investigate the
genomic alterations that are targetable in advanced cholangiocarcinomas of Southeast Asia. Samples from 126 patients
were analyzed through targeted next generation sequencing in order to identify somatic mutations, copy number
alterations, and gene fusions. Identified genomic alterations were characterized based on their clinical relevance and
relation with biomarker-based treatment. A potentially actionable genomic alteration was observed in 93 patients
(73.8%), while 28 patients (22.2%) had multiple genomic alterations. The commonest observed alterations consisted of
mutations in TP53 (19.0%), fusion events of FGFR2 (16.7%), mutations in IDH1 (14.3%), mutations in KRAS (13.5%),
and amplifications of ERBB2 (7.1%). This indicates the presence of considerable molecular diversity among patients with
advanced cholangiocarcinoma and the existence of genomic subtypes that have clinical relevance in the Southeast
Asian population. The detection of actionable genomic alterations among patients provides clear evidence on the need
for genomic profiling as a strategy for molecular characterization and testing of biomarkers. Prospective multicentre
studies will be necessary to confirm the results.
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1. INTRODUCTION

Cholangiocarcinoma (CCA) is a malignant
neoplasm arising from the epithelial cells of the biliary
tract and is one of the most aggressive hepatobiliary
tumours. It is classified based on its anatomic origin
into intrahepatic, perihilar, and distal types, each
possessing its own pathological and molecular
phenotypes. CCA has evolved greatly during the past
decades in the world, particularly in regions where
there is a high risk of chronic inflammation of the
hepatobiliary system, infection with hepatitis virus, and
parasitic  infections like  opisthorchiasis. The
mechanisms of CCA tumorigenesis comprise the
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interaction between genetic alterations, epigenomic
alterations, and the microenvironment, which promote
malignancy and tumor development. Molecular
analysis has identified many alterations in genes that
regulate cell proliferation and metabolism, such as
TP53, KRAS, IDH1/2, and ARID1A. Gene structural
alterations, for example, fusions in the FGFR2 gene,
are common in intrahepatic CCA, leading to aberrant
signaling related to tumor growth and survival. Such
studies have contributed greatly to the understanding
of molecular heterogeneity and pathobiology of
cholangiocarcinoma [1-3].

Figure 1 describes the processes involved in
precision oncology for identifying actionable genetic
alterations in cholangiocarcinoma patients. The first
step is the diagnosis of the patient. The next steps
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involve the collection of tumor tissue samples, followed
by aggressive tumor DNA extraction. The resulting
purified genetic material is subjected to next-generation
sequencing (NGS) to generate extensive genomic
data. This is followed by bioinformatics analysis to
identify and interpret genomic variants, which are used
to identify clinically relevant and targetable mutations.
The last step is the use of precision medicine, which
involves selecting treatments based on the tumor's
molecular profile, shaping treatment plans to support
more individualized and potentially more successful
treatment.

Patient Diagnosis

Tumor Tissue Collection

DNA Extraction
Next Generation Sequencing

Bioinformatics Analysis

Identification of Targetable
Mutations

Precision Medicine
Treatment Selection

Figure 1: Conceptual Architecture of Precision Oncology
Workflow.

The rapid development of genomic technologies
has redefined the treatment of cholangiocarcinoma by
enabling the identification of effective molecular
changes. Next-generation sequencing (NGS) has
revealed that a  substantial proportion  of
cholangiocarcinoma  tumours  harbour  potential
targetable genomic events, including FGFR2 fusions,
IDH1 mutations, HER2 amplifications, and BRAF
mutations, which can serve as predictive biomarkers
for targeted therapy. This has resulted in the creation of
biomarker-oriented clinical trials and treatments, as
well as molecularly targeted techniques, intended to
improve patient outcomes. Moreover, chronic liver
disease, biliary inflammation, and parasitic infection
demonstrate the genomic landscape involvement of
cholangiocarcinoma,  driving  regional = mutation
differences and tumor heterogeneity. Multi-regional
sequencing studies have demonstrated high
intratumoral heterogeneity, signifying the complexity of
the tumor's evolution and resistance in this disease.
Therefore, the spatial-temporal studies of the disease
are essential to provide innovative precision oncology
methodologies and more tailored cholangiocarcinoma
treatment strategies [4]. The proposed paper will detail

advanced cholangiocarcinoma cases within the
Southeast Asian demographic, highlighting the diversity
of targetable genetic mutations as well as the varieties
observed in the advanced stage of the disease. The
study will be the first of its kind to employ robust
genomic and molecular investigation in the Southeast
Asian population to document, in Southeast Asia, the
clinically actionable mutations toward precision
treatment and personalization of treatment for
advanced cases of the disease [5]. It further guides the
empirical determination of novel biomarkers in targeted
therapy development and clinical decision-making for
cholangiocarcinoma [6, 7].

Given the high mortality rate associated with
cholangiocarcinoma, along with a number of relatively
tolerable treatment options that fail to address the
disease effectively, the molecular variability of this
cancer type implies the necessity of conducting the
most accurate genomic studies for the purpose of
diagnosis and targeted therapy. This study helps reveal
the genomic alterations in the emerging cases of
cholangiocarcinoma in Southeast Asia. The results of
the study provide useful information about the
molecular profiling and actionable mutations in the
region.

2. BACKGROUND

The genetic complexity varies across the spectrum
of cholangiocarcinoma. These factors are involved in
the tumorigenesis, advancement, and metastasis of the
tumor. The development of genomic profiling has
identified recurrent somatic mutations and structural
changes of important oncogenic signaling pathways.
Oncogenic mutations such as FGFR2 gene fusions,
mutations in IDH1/2, KRAS activation, and amplicon
amplification of ERBB2 affect cellular growth and
metabolic processes and apoptotic resistance.
Dysregulation in transcriptional regulators and
chromatin remodeling genes that promote malignant
transformation and tumor heterogeneity has also been
identified through functional genomic studies of
cholangiocarcinoma cell lines [8, 9]. Moreover,
genomic comparisons of the biliary tract malignancies
found common molecular pathways between
cholangiocarcinoma and gallbladder carcinoma,
implying that common oncogenic pathways exist within
the hepatobiliary malignancies [10, 11].

Precision medicine has greatly transformed the way
cancer is treated by providing treatment options that
are specific to the molecular properties of the tumor.
The incorporation of genomic sequencing technologies



Landscape of Targetable Genetic Alterations in Advanced Cholangiocarcinoma

Journal of Cancer Research Updates, 2026, Vol. 15, No. 3 305

in clinical practice in cholangiocarcinoma has enabled
the process of identifying actionable mutations and
predictive biomarkers to inform the choice of targeted
therapy. Selective agents targeting pathways like
FGFR2, IDH1, and HER2 have been shown to be
efficacious in any given subset of patients with a
metastatic condition [12]. According to the recent
reviews of therapeutic options, an individualized
treatment strategy involving molecular diagnosis with
targeted agents can enhance therapeutic response and
slow down disease progression in patients with
cholangiocarcinoma [13]. Additionally, the emergence
of specific therapies has increased clinical
management of advanced disease, providing new
possibilities to enhance patient survival using precision
oncology [14, 15].

Past studies have given a lot of information on the
clinical importance of the targetable genetic changes in
cholangiocarcinoma. Genomic analyses in large
numbers have found molecular subgroups of the
disease that are linked to different therapeutic and
clinical responses [16]. Regional differences in
mutation frequencies and response to treatment have
also been found in population-based studies of cancer
of the biliary ftract, highlighting the relevance of
genomic studies that are specific to a particular
population [17]. Related research on malignancies of
the biliary tract has reported actionable genetic
changes common to cholangiocarcinoma and
gallbladder cancer, which can have an impact on the
development of therapeutics and the discovery of
biomarkers [18]. Moreover, the introduction of genomic
medicine in clinical trials within Southeast Asia has
helped in the assessment of targeted therapies and
biomarker-based treatment approaches in patients with
cholangiocarcinoma [19, 20].

The existing literature shows that
cholangiocarcinoma is a genomic disease with different
alterations in  various pathways involved in
cancerogenesis. Molecular profiling, together with

Table 1: Distribution of Study Cohort by Participating Center

precision medicine, has made it possible to identify
actionable therapeutic targets and better stratify the
treatment of patients with advanced disease.
Nevertheless, it can be noticed that the regional
genomic data of some populations are scarce, and it is
important to conduct more studies that would help to
define population-specific targetable mutations that can
be used to develop personalized therapeutic
approaches in cholangiocarcinoma.

3. METHODOLOGY

3.1. Population of Study and Data Collection

This retrospective molecular analysis investigated
FFPE tumor tissue samples stored from 126 patients
suffering from advanced-stage cholangiocarcinoma,
which were collected from January 2020 to December
2024 in the oncology centers of Southeast Asia. For
this study, existing diagnostic tissue samples and
secondary clinical information were used; no new
patients were recruited for this investigation.

The inclusion criteria were comprised of adults 218
years old at diagnosis with a histologic confirmation of
locally advanced or metastatic intrahepatic, perihilar, or
distal cholangiocarcinoma. Demographic and clinical
data such as age, gender, tumor subtype, stage,
treatment with systemic therapy, and follow-up
information were acquired from the medical and
pathology files. FFPE tissue blocks or pre-prepared
DNA samples were collected from institutional
pathology repositories. For samples having more than
one tissue block, the block with high tumor nuclei
(>20%) was chosen for NGS.

Table 1 shows the breakdown of the study subjects
in the oncology clinics in Southeast Asia where the
study was done. In total, 156 patients were screened,
of which 126 patients were selected for genome
analysis based on the inclusion criteria. The selected
subjects were from five oncology centers in Thailand,
Malaysia, Singapore, Indonesia, and Vietnam.

Country Screened Patients Excluded Patients Included Patients
Thailand 45 7 38
Malaysia 38 7 31
Singapore 32 5 27
Indonesia 24 5 19
Vietnam 17 6 11

Total 156 30 126
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Patients screened for eligibility

(n=156)

v

Excluded patients
(n=30)
Insufficient tumor sample (n= 12)
Incomplete clinical data (n= 10)

Poor sequencing quality (n= 8)

v

Final included study cohort
(n=126)

!

Targeted NGS genomic profiling

Figure 2: Patient Selection Flow Diagram.

Figure 2 depicts the patient selection process,
which includes eligibility screening, exclusion criteria,
final cohort selection, and the evolution of 126 patients
towards genomic profiling through next-generation
sequencing.

3.2. Ethical Approval and Data Privacy

This molecular profiling study was done in
compliance with institutional guidelines and the
Declaration of Helsinki. Approval from the Institutional
Review Board/Ethics Committee of each respective
institution was acquired. The fact that this study
involved only the examination of archived and

anonymized FFPE samples of tissue specimens, along
with secondary clinical data without any personal
identification information, meant that the need for
obtaining an informed consent from patients was
waived by the ethics committee.

Figure 3 shows the gradual approach to the
methodology employed by the study in genomic
profiing of cholangiocarcinoma samples. The
procedure starts with the enrolment of patient data and
then proceeds to the collection of clinical data and
processing of tumor samples to be ready to undergo a
molecular examination. DNA extraction is then
performed, followed by specific gene sequencing to
create the genomic data. The sequencing results are
processed by variant detection to determine the
possible genetic alterations, which are then interpreted
by variant annotation to establish the biological
significance. Lastly, statistical analysis is performed to
assess mutation patterns among the cohort so as to
identify clinically actionable or targetable genetic
changes that could be used to inform precision
medicine-based treatment approaches.

Table 2 summarizes the baseline demographic and
clinical characteristics of the 126 patients with
advanced cholangiocarcinoma included in the study
cohort.

3.2. Genetic Testing Methods Used

Genomic tumor profiling was done through targeted
next-generation sequencing (NGS) of the FFPE tumor
samples. DNA extraction from the tumors was carried

Patient Enrollment |—>

Clinical Data
Collection

3 Tumor Sample
Processing

\4

DNA Extraction —>

Targeted Gene 3
Sequencing

Variant Detection

A4
Mutati Identification of
Amlllo?alt(i)([)ln —>>»| Statistical Analysis |—>» Targetable
Alterations

Figure 3: Methodological Workflow for Genomic Profiling and Identification of Targetable Alterations.
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Table 2: Baseline Demographic and Clinical Characteristics of the Study Cohort (N = 126)

Clinical Variable Parameter / Subgroup Frequency (n) Percentage (%)

Age (years) Median (IQR) 58.5 (51-66) —

<60 69 54.8%

>60 57 45.2%

Gender Male 71 56.3%

Female 55 43.7%

Tumor Subtype Intrahepatic cholangiocarcinoma (iCCA) 78 61.9%

Perihilar cholangiocarcinoma (pCCA) 31 24.6%

Distal cholangiocarcinoma (dCCA) 17 13.5%

Disease Stage Locally advanced (unresectable) 34 27.0%

Metastatic 92 73.0%

Sample Type Biopsy specimen 84 66.7%

Surgical resection specimen 42 33.3%

Prior Systemic Therapy Treatment-naive 49 38.9%

> 1 prior line of therapy 77 61.1%

out, followed by quality analysis and library preparation.
The targeted cancer gene panel was used to screen for
SNVs, indels, copy number variations, and gene
fusions of cholangiocarcinoma that included 68 cancer-
related genes. High-depth NGS sequencing was
carried out to detect genomic variations. Alignment of
the sequences against the human genome (GRCh38)
was done, followed by variant calling and annotation.

The detection of variants was done through GATK,
whereas the functional annotations were done using
ANNOVAR. Statistical analysis was done with the help
of R (version 4.3) and SPSS, and visualization was
done using GraphPad Prism.

Table 3 defines the current molecular testing and
sequencing parameters of genomic profiling applied in
the study.

Table 3: Parameters of Molecular Testing and Sequencing

3.3. Analysis of Genetic Alterations

Cancer genome databases were used for the
filtering and annotation of detected variants in order to
establish the clinical relevance and potential
implications of these variants. Pathogenic, likely
pathogenic, and variants of unknown significance were
the categories defined according to known criteria of
clinical interpretation. Particular interest was devoted to
the alterations of signaling pathways that were
supposed to be involved in cholangiocarcinoma.
Genetic alteration was considered on the basis of its
prevalence in the studied cohort, calculated as the
frequency of a particular genetic alteration in the
population. The comparison of tumor subtypes was
done in order to find out the differences in genomic
patterns. Frequencies of mutations were summarized
descriptively. The obtained genomic data were

Parameter

Description

Sample type

FFPE tumor tissue

Sequencing method

Targeted next-generation sequencing

Gene panel

68 cancer-associated genes

Variant types detected

SNVs, indels, copy number alterations, gene fusions

Reference genome GRCh38
Variant calling GATK
Variant annotation ANNOVAR

Statistical tools

R v4.3 and SPSS
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Table 4: Detection of the Identified Genetic Alterations

Alteration Type

Clinical Interpretation

Pathogenic mutation

Known driver mutation associated with cancer progression

Likely pathogenic mutation

Strong evidence suggesting oncogenic relevance

Variant of uncertain significance

Limited evidence for clinical impact

Copy number alteration

Gene amplification or deletion affecting expression

Gene fusion

Structural rearrangement leading to oncogenic signaling

combined with clinical variables to distinguish trends
that may be used to inform individual treatment
approaches and future biomarker-based therapeutic
studies.

Table 4 shows the classification system, with the
help of which the genomic alterations detected are
interpreted. The framework assists in the classification
of mutations based on their clinical importance and
possible role in targeted treatment or biomarker-based
treatment plans.

4. RESULTS

4.1. Prevalence of Targetable Genetic Alterations in
Advanced Cholangiocarcinoma

In the genome evaluation, 126 advanced
cholangiocarcinoma patients were subjected to
targeted next-generation sequencing. Of the patients
who participated in the genome evaluation, 93 patients
(73.8%) were found to have one or more targetable

genomic alterations, whereas 33 patients (26.2%) did
not have any targetable genomic alterations. In 28
patients (22.2%), more than one genomic alteration
was detected.

Table 5 shows the total frequency of actionable
genomic alterations in the study cohort, showing that
most of the advanced cases of cholangiocarcinoma
had at least one actionable genomic alteration.

4.2. Specific Genetic Alterations ldentified

Extensive genomic studies found a number of
recurrent mutations in oncogenic pathways of cell
signaling, metabolism, and chromatin regulation.
FGFR2 fusions, IDH1 mutations, KRAS mutations,
TP53 alterations, and ERBB2 amplifications were the
most common changes. These genetic events were
observed in various tumor subtypes, but with different
frequencies in different tumors based on their origin.
Any mutations in receptor tyrosine kinase signaling
pathways accounted for a large percentage of the
observed changes. FGFR2 fusion was mostly detected

Table 5: Prevalence of Targetable Genetic Alterations
Category Number of Patients Percentage
Patients with =1 actionable mutation 93 73.8%
Patients without targetable alterations 33 26.2%
Patients with multiple alterations 28 22.2%
Total analyzed samples 126 100%
Table 6: Occurrence of Genetic Alterations
Gene Alteration Number of Cases Percentage
FGFR2 fusion 21 16.7%
IDH1 mutation 18 14.3%
KRAS mutation 17 13.5%
TP53 mutation 24 19.0%
ERBB2 amplification 9 7.1%
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in intrahepatic cholangiocarcinoma cases. KRAS and
TP53 mutations were, in contrast, equally distributed
among intrahepatic and extrahepatic tumors.

Table 6 will give a summary of key genomic
changes found in the study cohort. The data prove the
heterogeneity of cholangiocarcinoma at the molecular
level and underline the existence of several clinically
actionable targets.

4.3. Treatment Protocols and Observed Response
Patterns

Treatment and response information was available
for 108 of 126 patients included in this study cohort.
Patients received first- or second-line treatment based
on regional clinical practice guidelines. Those receiving
chemotherapy were treated with conventional
chemotherapy with gemcitabine and cisplatin. Some
patients with certain molecular alterations were treated
with targeted therapies, such as FGFR inhibitors
(pemigatinib or futibatinib) in case of FGFR2 fusion and
IDH1 inhibitors (ivosidenib) in case of IDH1 mutation.

The response to radiotherapy was assessed retro-
spectively by means of sequential contrast-enhanced
CT and MRI scans done at baseline and every 8 to 12
weeks during treatment, based on Response
Evaluation Criteria in Solid Tumors (RECIST v1.1).
Responses were categorized as partial response (PR),
stable disease (SD) and progressive disease (PD).

Median follow-up in the cohort was 14.2 months
(3.1-38.5 months). In patients harboring FGFR2 fusions
receiving targeted FGFR inhibitors (n=21), there were 8
partial responses (38.1%), 7 stable diseases (33.3%),
and 6 progressive diseases (28.6%). Patients with
IDH1 mutations (n=18) receiving targeted therapies or
protocol-based systemic treatments had 6 partial
responses (33.3%), 8 stable diseases (44.4%), and 4
progressive diseases (22.2%). In contrast, patients with
KRAS and TP53 mutations had higher progression
under conventional cytotoxic therapies (52.9% and
58.3%, respectively). Because of the retrospective
design of the current study and varied lines of

treatment, the results described above should be
further confirmed in prospective and protocol-based
clinical trials.

Treatment response patterns for patients with
various genomic mutations have been presented in
Table 7. Such findings serve as descriptive data and
need to be verified through prospective clinical studies.

4.4. Performance Evaluation

The quality of the sequencing was assessed based
on its coverage depth and reproducibility. The targeted
regions of the genome received coverage depth
exceeding 500x%, which enabled accurate detection of
genomic changes in the tested samples. Reproducible
sequencing ensured identification of clinically
significant genomic variants.

The distribution of targetable genomic alterations
among patients with advanced cholangiocarcinoma is
shown in Figure 4. Most patients harbored one or more
targetable alterations; others had none or multiple
genomic alterations.

Figure 5 shows the frequency distribution of the
main genomic alterations that have been found in
advanced cholangiocarcinoma. Genomic alterations
included mutations in TP53, fusions in FGFR2,
mutations in IDH1, mutations in KRAS, and
amplifications in ERBB2.

4.5. Gene Panel Coverage Analysis

A gene panel coverage analysis was performed to
evaluate the contribution of increasing panel size on
the detection of actionable genomic alterations. Three
hypothetical panel configurations containing 20, 40,
and 68 genes were compared based on the number of
detected actionable alterations within the study cohort.
The analysis showed that increasing the number of
analyzed genes improved the identification of
potentially actionable genomic events, with the
complete 68-gene panel providing the highest
alteration detection coverage.

Table 7: Observed Treatment Response Patterns According to Genetic Alterations

Genetic Alteration Partial Response Stable Disease Progressive Disease
FGFR2 fusion 8 7 6
IDH1 mutation 6 8 4
KRAS mutation 3 5 9
TP53 mutation 4 6 14




310 Journal of Cancer Research Updates, 2026, Vol. 15, No. 3

Patel et al.

100

80

73.8%

Percentage of Patients (%)

Patients with =1
actionable alteration

Patients without
targetable alterations

I Patients with =1 actionable alteration
3 Patients without targetable alterations
I Patients with multiple alterations

Patients with
multiple alterations

Genomic Alteration Categories

Figure 4: Distribution of Targetable Genetic Alterations in Advanced Cholangiocarcinoma.
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Figure 5: Frequency Distribution of Major Genomic Alterations in Advanced Cholangiocarcinoma.

Table 8: Gene Panel Coverage Analysis for Actionable Alteration Detection

Gene Panel Configuration Genes Included Detected Alterations Detection Rate
Core panel 20 58 46.0%
Expanded panel 40 74 58.7%
Full panel 68 93 73.8%
From Table 8, which illustrates the evaluation of 5. DISCUSSION

panel coverage, it is evident that there was an
improvement in the detection of targetable changes as
a result of increase in the size of the genomic panel.
Although the bigger gene panel performed better in
terms of sensitivity, more validation is required to
determine the best panel design.

Cancers of the  biliary tract, especially
cholangiocarcinoma (CCA), exhibit unique regional and
epidemiological differences around the world. Unlike in
Western populations, where non-infectious causes
such as primary sclerosing cholangitis and metabolic
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liver diseases form the bulk of cases, Southeast Asians
carry an additional risk of being exposed to liver flukes
(Opisthorchis viverrini) and viral hepatitis infections.
Even though they form some of the populations with
high incidence rates of CCA, patients from Southeast
Asia have largely been excluded from the important
efforts at genomic research such as The Cancer
Genome Atlas (TCGA) and the Memorial Sloan
Kettering Cancer Center (MSKCC) IMPACT studies.
This study directly addresses this critical literature gap
by providing a multi-center genomic profile of advanced
CCA across five Southeast Asian nations.

Among this population, 73.8% of patients had at
least one actionable alteration in their genome,
consistent with what is seen in large Western and East
Asian populations for actionable alterations, which is
60%-78%. Nonetheless, the pattern of oncogenic
drivers shows significant differences among these
population studies:

. FGFR2 Fusions and IDH1 Mutations: The
group identified fusions involving FGFR2 in
16.7% and mutations involving IDH1 in 14.3% of
samples, which were enriched in intrahepatic
CCA. These mutation rates are similar to those
observed among Western intrahepatic CCA
patients in previous work by Javle et al., in which
FGFR2 was found in ~13-15% of samples and
IDH1 mutations in ~15-20% of samples, but
significantly higher than previous work done in
fluke-endemic East Asian samples, in which
tumor suppressor mutations (TP53, ARID1A)
were dominant. This demonstrates that
targetable epigenetic and tyrosine kinase drivers
remain highly relevant in Southeast Asian clinical
practice.

. TP53 and KRAS Mutations: The top 2
mutations that occurred most frequently as non-
actionable or challenging to target mutations
were TP53 (19.0%) and KRAS (13.5%).
Although there is a slight difference between the
KRAS mutations in this patient cohort which
have been reported to be slightly less than the
20-25% in Western distal CCA, the presence of
KRAS and TP53 mutations was significantly
associated with poor treatment outcome and fast
progression of the disease on the use of the
standard  gemcitabine-based = chemotherapy
regimen.

. ERBB2 Amplifications: Amplifications in
ERBB2 (HER2) were detected in 7.1% of cases.

Such rates are in agreement with the world-wide
prevalence range of 5-10% in gallbladder and
extrahepatic CCA variants, thus highlighting the
relevance of applying dual HER2-directed
treatment regimens (for example, trastuzumab
and pertuzumab, or antibody drug-conjugates) in
Southeast Asian population.

5.1. Bridging the Regional
Implications

Gap and Clinical

The past research in Southeast Asia was limited to
single-center cohorts and those that have only
considered transcriptomic analysis without any clinical
applicability in precision oncology. The current study
highlights that almost 75% of Southeast Asian
advanced CCA patients harbor actionable mutations
(ike FGFR2 fusions treatable by pemigatinib and
futibatinib and IDH1 mutations treated by ivosidenib),
which offers empirical basis to advocate for
implementation of targeted NGS panels early and
routinely in regional clinical guidelines. In addition,
based on this evaluation of panel coverage (see Table
8), study found that the comprehensive panels (>68
genes) detect much higher number of actionable
mutations compared to core panels, which can be
utilized as empirical basis for design of economical
panels.

6. LIMITATIONS

There are several weaknesses in the present study.
Firstly, the retrospective nature of the study, along with
the use of data from the participating oncology centers,
could result in selection bias and affect the applicability
of the results to a wider population. Secondly, the size
of the cohort was small (only 126 patients), and the
frequencies of the genomic alterations need validation
in larger multicenter cohorts. Thirdly, even though
potentially actionable genomic alterations have been
found, the treatment response data analysis is
descriptive and was affected by heterogeneity of the
treatment protocols and sizes of subgroups. Hence,
prospective clinical trials are needed in order to
validate the role of the biomarkers for prediction of the
treatment response.

7. CONCLUSION

Southeast Asian advanced cholangiocarcinoma
demonstrates extensive molecular heterogeneity, with
many clinically relevant genomic aberrations present in
a considerable proportion of patients. TP53 alterations
(19.0%), FGFR2 fusions (16.7%), IDH1 mutations
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(14.3%), KRAS mutations (13.5%), and ERBB2
amplifications (7.1%) form the core drivers in this
cohort. Importantly, almost three-quarters of all
advanced cases display at least one actionable genetic
alteration, confirming the therapeutic importance of
precision oncology for this cohort of patients, who
traditionally suffer from unfavorable prognoses and
have few therapeutic options available to them. Such
observations stress the need for the implementation of
next-generation sequencing for clinical purposes within
the region. Biomarker identification helps clinicians
make use of biomarker-based treatment options,
enrollment in suitable clinical trials, and departure from
conventional chemotherapy in favor of increased
survival rates. Future studies should include multi-
center clinical trials to validate genotype-specific
treatments among heterogeneous groups of Asian
patients. In addition, the implementation of the multi-
omics approach, including transcriptomics and
epigenomics, will be required to understand the
mechanisms of developed resistance. Lastly, it is
necessary to develop affordable genomic screening
programs and regional collaboration strategies to
provide equal opportunities for precision medicine in
Southeast Asia.
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