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Whole-genome sequencing of 20 cholangiocarcinoma cases
reveals unique profiles in patients with cirrhosis and primary
sclerosing cholangitis
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Background: Cholangiocarcinoma (CCA) is a molecularly heterogenous disease that is often fatal. Whole
genome sequencing (WGS) can provide additional knowledge of mutational spectra compared with panel
sequencing. We describe the molecular landscape of CCA using whole-genome sequencing and compare the
mutational landscape between short-term and long-term survivors.

Methods: We explored molecular differences between short-term and long-term survivors by performing
WGS on 20 patient samples from our biliary tract cancer database. Short-term survivors were enriched
for cases with underlying primary sclerosing cholangitis (PSC) and patients with cirrhosis. All samples
underwent tumour epithelial enrichment using laser capture microdissection (LCM).

Results: Dominant single base substitution (SBS) signatures across the cohort included SBSI and SBSS,
with the latter more prevalent in long-term survivors. SBS17 was evident in 3 cases, all of whom had
underlying ulcerative colitis (UC) with PSC. Additional rare signatures included SBS3 in a patient treated for
prior mantle cell lymphoma and SBS26/SBS6 in a patient with a tumor mutational burden of 33 mutations/
Mb and a pathogenic MLH1 germline mutation. Somatic 7P53 inactivating mutations were present in 8/10
(80%) short-term survivors and in none of the long-term survivors. Additional mutations occurred in KRAS,
SMAD4, CDKN2A, and chromatin remodelling genes. The long-term survivor group harboured predicted
fusions in FGFR (n=2) and pathogenic mutations in BRAF and IDHI (n=2).

Conclusions: 7P53 alterations are associated with poor outcomes in patients with CCA. Patients with

underlying inflammatory/autoimmune conditions may be enriched for unique tumour mutational signatures.
Keywords: Cholangiocarcinoma (CCA); liver cirrhosis; primary sclerosing cholangitis (PSC); whole genome

sequencing (WGS)
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Introduction

Cholangiocarcinoma (CCA) is a lethal malignancy
originating from epithelial cells lining the biliary tree (1).
CCA is divided anatomically into intrahepatic (CCA),
perihilar (pCCA), and distal cholangiocarcinoma (dCCA).
Morphologically, iCCA is further divided into mass-
forming, periductal infiltrating, and intraductal growth
types (2). Within iCCA, histopathological subdivision
also identifies small duct (SD) and large duct (LD) types.
Observational studies have revealed different clinical
outcomes amongst the different subtypes of CCA and
recent studies describing the mutational landscape has
aimed to explain these differences and better classify CCA
at the molecular level. Patients with SD-iCCA are known
to have favourable outcomes compared to those with LD
histology. They have higher response rates to conventional
chemotherapy and improved overall survival (OS) (3).
Genetic analysis has revealed the presence of IDH1/2
mutations and FGFR fusions in SD-iCCA. At the molecular
level, LD-iCCA lack IDH1/2 and FGFR fusions and are
more similar to pCCA and dCCA and have frequent KRAS,
SMAD4, CDKN2A, and TP53 mutations (4-6).

Highlight box

Key findings

® SBSI17 is significantly enriched in cases of cholangiocarcinoma
that arise in patients with underlying ulcerative colitis and primary
sclerosing cholangitis.

* TP53 mutations are significantly enriched in cholangiocarcinoma
that arise in an inflamed liver and significantly correlate with short
term survival.

* The mutational profile of short-term survivors is similar to
extrahepatic cholangiocarcinoma.

What is known and what is new?

¢ Cholangiocarcinoma is a molecularly heterogenous disease with
unique molecular alterations across histological and anatomical
subtypes.

*  We describe mutational alterations unique to short term survivors
and cholangiocarcinomas that arise in patients with inflammatory

liver disease.

What is the implication, and what should change now?

* WGS provides additional biological information regarding the
heterogenous nature of CCA.

* Ongoing observational studies are required to describe
unique genetic signatures and molecular alterations seen
in cholangiocarcinoma arising in patients with underlying
inflammatory disorders.
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Resection is the major curative approach for CCA
and the recent BILCAP (capecitabine compared with
observation in resected biliary tract cancer) trial has
emphasized the benefits of adjuvant capecitabine (7). In
select patients with iCCA or pCCA, liver transplantation
can also be curative (8). In advanced stage disease, systemic
treatment options typically involve a combination of
cisplatin and gemcitabine (9) and/or taxane-based palliative
chemotherapy (10) with a median survival time less than 1
year. Despite this, molecular profiling studies in CCA have
identified targetable alterations including IDHI mutations
and FGFR?2 fusions which are enriched in iCCA and are
likely both prognostic and predictive (11).

There are various risk factors for iCCA yet associations
between molecular profiles and aetiology remains largely
undetermined. Although CCA often develops in a non-
cirrhotic liver (12), chronic liver disease and chronic
inflammatory states are well known risk factors. These
include fluke infections, cirrhosis and primary sclerosing
cholangitis (PSC) (13,14). Genomic characterisation of
CCA has highlighted a high prevalence of age associated
mutational signatures and enrichment of APOBEC
mutagenesis particularly in Fluke positive CCA (15).

It has been well documented that patients with PSC and
CCA have a particularly poor prognosis and most patients
die within one year of diagnosis (16). Limited studies
suggest that CCA arising in an inflammatory/autoimmune
setting may closely resemble dCCA at a molecular level and
harbour genomic alterations associated with poor prognosis
such as TP53 mutations and HER2 amplifications, while
lacking alterations associated with more indolent disease
such as FGFR2 translocations (17,18). In this study, we
sought to perform whole genome sequencing (WGS) in
patients with short-term survival (STS), enriching for
patients with cirrhosis and patients with PSC, and we
compared the molecular profiles to patients with longer-
term survival (LTS). We present the following article in
accordance with the STROBE reporting checklist (available
at https://jgo.amegroups.com/article/view/10.21037/jgo-
22-676/rc).

Methods
Sample collection

A Biliary Tract Cancer (BTC) database at the Princess
Margaret Cancer Centre (PMCC) was utilized to identify
patients with underlying cirrhosis or PSC (19). Considering
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the BILCAP trial findings, additional patients with resected
CCA and very short survival were included (survival
<18 months post-surgical resection). Patients with long
survival were used as a comparator (survival >51 months).
Informed consent was previously obtained at the time of
surgical resection according to institutional review board
approved protocols. Once patients were identified, fresh-
frozen tissue was obtained from the UHN biobank. Samples
were reviewed by a pathologist who confirmed the histological
diagnosis. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Sample processing and sequencing

All samples underwent tumour enrichment using laser
capture microdissection (LCM) as previously described
(20,21). DNA extraction was performed at the UHN
biobank laboratory. Library preparation, sequencing,
and bioinformatic analysis was performed at the Ontario
Institute for Cancer Research (OICR) (20,21).

WGS was performed as described elsewhere (20-22).
DNA was quantified using Qubit dsDNA kit per the
manufacturers protocol. The NEB Next DNA sample
preparation kit was used to generate paired-end libraries.
Cluster generation and sequencing was performed using the
Ilumina HiSeq 2000/2500 platform with TruSeq Cluster
kit v3 (Illumina Inc., San Diego, CA, USA Cat #PE-401-
3001/FC-401-3001).

The Burrow-Wheeler Aligner (BWA, version 0.7.17)
was used to align the raw sequencing reads to the human
reference genome build hg38. The Genome Analysis
Toolkit (GATK4, version 4.1.2) was used to detect germline
mutations (23). Somatic single nucleotide variations
(SNVs) and Indels were identified using Strelka2 (version
2.9.10) (24), MuTect2 (version 4.1.2) (25), SVaBA (v134),
and DELLY? (version 0.8.1). Copy number segments and
tumour cellularity were obtained using a custom algorithm,
“Celluloid” (20). Structural rearrangements were identified
using Manta (version 1.6.0), SVaBA (v134), and DELLY?2
(version 0.8.1).

Mutational signatures were identified using a non-
negative matrix factorization method of base substitution
(21,26). The contribution and the significance of these
mutational signatures in each sample was determined
by applying a non-negative least squares linear model,
using the published signatures as independent variables.
Significance was assessed using 5,000 bootstrap replicates of
the mutation counts.
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HRDetect scores were applied to samples as previously
published, with a score of >0.7 predicting homologous
recombination deficiency (HRD) (27).

Statistical analyses

Descriptive analyses were used to report clinical and
pathological characteristics. Compiled data were analysed
using a two-tailed 7-test or Fisher’s exact test where
indicated. OS was calculated from the time of resection
or first pathological diagnosis until date of death or last
follow-up. For the r-test, P values <0.05 were considered
statistically significant.

Results

WGS was performed on 20 pathologically confirmed CCAs
and matched whole blood samples (7able I). These included
14 patients with iCCA, and 6 patients with pCCA. Of the
20 samples, 7 were from patients with underlying cirrhosis
or PSC (STS group) including 4 cases with PSC, 2 with
hepatitis B cirrhosis, and 1 with hemochromatosis-cirrhosis
(Table 1). An additional 3 resected CCA with no known
liver disease but short survival were included in this group
(Tuble 1). Median tumour cellularity was 83.5% (range,
36.3-97%) (Table S1) and median sequencing depth of
tumour samples was 46.8X (range, 30.2X to 56.5X) and
32.9X (range, 29.1X to 38.9X) in matched whole blood
samples. The median OS in the STS group was 13 months
(95% CI: 2-17 months). In the LTS group, the median
follow-up was 123 months and median survival had not
yet been reached with 8 of 10 patients alive and disease-
free after 8 years. Most LTS and STS samples were early
stage CCA. The LTS group included 9 patients with stage
I or stage II disease and 1 patient with stage IIIA disease
(T3NO, AJCC v8) while the STS group included 6 patients
with stage IT disease and 2 patients with stage III disease
(T2N1 AJCC v8). Two additional patients with locally
advanced unresectable disease were included. BTC_8002
was a 26-year-old male with T2NO (stage II) disease while
PANX_1237 was a 45-year-old male with T3NO (stage
IITA) disease. More patients in the STS group had poorly
differentiated tumours (n=5/10) compared to LTS (n=1/10).
"This association was non-significant (P=0.14).

Driver mutations and copy number alterations

Given the enriched population of patients with underlying
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Figure 1 Oncoprint demonstrating the genomic landscape of short (left) and long (right) term survivors of cholangiocarcinoma. The

Oncoprint demonstrates driver alterations, mutational signatures, structural variants and copy number patterns. SNV, single nucleotide

variant; SV, structural variant; CNV, copy number variant; SSM, simple somatic mutation.

chronic inflammatory disease and cirrhosis, we observed
trends in recurrent driver alterations in the STS group.
TP53 inactivating mutations were significantly enriched
for in the STS population (P<0.01, 2-sided Fisher’s exact
test). WGS identified inactivating TP53 mutations in 8/10
(80%) STS samples and in no samples from the LTS group
(Table 1, Figure 1). Notably, all patients (n=7) with PSC/
Hep-B cirrhosis and haemachromatosis-cirrhosis had 7P53
inactivating mutations (7able 1). Other recurrent alterations
in the STS group included loss of CDKN2A (n=5/10) and
SMAD4 (n=3/10). In comparison, alterations in the LTS
group included BAPI (n=4), BRAF V60OE, predicted FGFR
fusions (n=2), and an IDHI mutation (n=1).

Alterations in the chromatin remodelling genes ARID1A4,
PBRM1, and BAPI were found in 7/20 (35%) samples
(Table 1). Other potentially targetable alterations included
PIK3CA non-synonymous point mutations, ERBB3 p.A42'T,
RAF-TRIM fusion, and a ¢KIT Y543H mutation. One
patient with known Lynch Syndrome was included in the

© Journal of Gastrointestinal Oncology. All rights reserved.

STS cohort and harboured a germline pathogenic variant in
MLHI (G67R). Focal copy number amplifications in MYC
(n=1), MDM?2 (n=1), and AKT2 (n=1) were also identified
through WGS and found exclusively in the STS group.

Mutational signatures and clinical corvelations

WGS was used to detect the presence of single base
substitution (SBS) cosmic signatures across tumour samples.
Overall, the samples were dominated by age associated
signatures SBS1 and SBS5 (7able 1). Notably, mutations
attributed to SBS5 were more common in LTS compared
to STS (Table 1). In our selected dataset, SBS5 did not
significantly correlate with patient age at diagnosis (r=-0.19).
SBS17, a signature of unknown aetiology, was documented
in 3/20 patients (Table I). All three of these patients had
underlying ulcerative colitis (UC) with PSC and SBS17
significantly correlated with PSC status (P<0.01, 2-sided
Fishers exact test). Patients with SBS17 were much younger
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Figure 2 Circos plots histograms demonstrating mutational burden, structural patterns and substitution base signatures. (A) A patient with

MLHI driven MMRd cholangiocarcinoma noting the burden of small indels. (B) A patient with a prior history of mantle cell lymphoma

and evidence of signature 3 usually identifying with homologous recombination deficiency. (C) A patient with UC-PSC, a high TMB,

and predominance of SBS17. TMB, tumour mutational burden; SNV, single nucleotide variant; SV, structural variant; VAF, variant allele

frequency; MMRd, mismatch repair deficient; UC, ulcerative colitis; PSC, primary sclerosing cholangitis; Ins, insertion; Del, deletion; Dup,

duplication; Inv, inversion; Tra, translocation.

than the rest of our cohort with a median age of 40 vs.
58 years (P=0.006).

The median tumour mutation burden (TMB) across the
cohort was 1.75 mutations/Mb (range, 0.73-33.23). The
patient (BT'C_9011) with known Lynch Syndrome (MLH]1
p-G67R) included in the STS group had a significantly
elevated TMB of 33 mut/Mb (Figure 24). Notably this
case harboured an inactivating point mutation in 7P53
(p-R175H) and a frameshift mutation in 74K2. SBS6 and
SBS26, two signatures associated with defects in DNA
mismatch repair (MMR) were exclusively found in this
patient (7ible 1). This patient had previously been diagnosed
with colon cancer treated with colectomy and endometrial
cancer treated with total abdominal hysterectomy (TAH)
with bilateral salpingo-oophorectomy (BSO). She declined
any systemic therapy.

BTC_9018 (STS group), exhibited numerous genomic
features suggestive of HRD including a high SNV load
of 21,158, a high structural variant load of 259 and a
large number of 4bp+ deletions (Figure 2B). This patient

© Journal of Gastrointestinal Oncology. All rights reserved.

had a prior history of mantle cell lymphoma treated with
rituximab, cyclophosphamide, vincristine, and prednisone
(R-CVP), having completed two years of maintenance
rituximab just prior to diagnosis. SBS3, the characteristic
signature of HRD was detected in this case (13% of
mutations) (7able 1). Notably, this sample did not harbour
any germline or somatic alterations in DNA damage
response genes (Table S2). We calculated HRDetect scores
to further determine the likelihood of HRD in this sample
and throughout our cohort (Table S3). Of the 20 samples
in our cohort, this case had the highest score (intermediate
score of 0.47) but did not meet the cut-off of 0.7 generally
considered to define HRD cases. The patient did not
receive systemic therapy due to performance status.

PSC-CCA

Four cases of PSC with iCCA were profiled as part of the
STS group. Interestingly, SBS17 was clearly evident in two
samples with a small proportion in a third and associated
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with underlying UC-PSC (Table 1). The last case of PSC-
iCCA was in a 72 F without a history of inflammatory bowel
disease (IBD). The diagnosis of PSC was made at the time
of liver biopsy for CCA and confirmed in the pathology of
normal liver at resection. In this case SBS1 was dominant.

Of the three cases of UC-PSC who were all <45 years,
each presentation of CCA also led to the diagnosis of
PSC either at pathological or radiological review. All
three patients had elevation in alpha fetoprotein (AFP)
together with carbohydrate antigen 19-9 (CA19-9). Patient
1 was a 40-year-old female with a 15-year history of UC
treated with 5-aminosalicyclic acid. Following resection
of a T2b tumour she had early recurrence, initially treated
with gemcitabine. Thereafter she received cisplatin/
gemcitabine for metastatic disease with transient response.
The dominant signature in this patient was SBS1 with
contributions from SBS8, 9, and 17 (Table ). Patient 2 was
a 26-year-old male presented with jaundice and a locally
advanced tumour (Figure 2C). The patient had a prior
subtotal colectomy followed by proctectomy and had been
on long-standing antibiotics for chronic pouchitis. The
final patient also presented with jaundice and a locally
advanced tumour at the age of 45 years. This patient had
>10-year history of UC and also a concurrent diagnosis
of hypereosinophilic syndrome and had been receiving
imatinib. The latter two patients progressed rapidly
through first line cisplatin/gemcitabine given to downstage
their disease and died within 3 months of diagnosis. The
dominant signatures in patient 2 were SBS28 and SBS17.
This patient also had an elevated TMB at 12 Mut/Mb.
The third patient’s tumour expressed a mix of mutational
signatures, predominantly SBS9, SBS8, SBS2, SBS13, and
SBS1 with a small contribution from SBS17.

Discussion

Patients with advanced cancer with cirrhosis and /or
autoimmune disorders are under-represented in clinical
trials (28). Here, we demonstrate that in such patients, who
often have shorter survival, 7P53 mutations underscore this
aggressive cohort. In addition, we observed a significant
enrichment of SBS17 in those with underlying UC-PSC,
although our numbers are small and this can only be
considered hypothesis generating. While a recent large
study exploring a 42 gene panel in PSC-CCA documents
a predominance of TP53, SMAD4, KRAS, and CDKN2A4
alterations (18), few studies have performed WGS in CCA
patients (15). We confirm previous findings showing that
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PSC-CCA contain molecular characteristic more in keeping
with extrahepatic cholangiocarcinoma (eCCA) (18). Our
study suggests that KRAS, TP53, CDKIN2A, and SMAD4
mutations are enriched in aggressive CCA. Additionally,
we observed multiple mutational signatures across CCA
samples. Similar to reports by the International Cancer
Genome Consortium, SBS1 and SBS5 dominate (15). We
note age related SBS5 to be more prevalent in LTS whereas
STS harbour a greater number of mutations associated
with SBS1, the clock-like mutational signature (29).
Our limited dataset detected potential FGFR2 fusions,
a finding characteristic of SD iCCA, exclusively in long
term survivors while STSs possessed genetic alterations
characteristic of LD iCCA, pCCA, and eCCA.

Prior genetic analysis identified unique epigenetic
changes in 2 molecular clusters of CCA (15). Interestingly,
Clusters 1 and 4 were identified as two unique
hypermethylated groups. On the contrary, Clusters 2
and 3 displayed low levels of methylation. Though the
patterns of hypermethylation were different between
Cluster 1 and 4 and different gene promoters were targeted,
Gene-Set Enrichment Analysis revealed the alteration of
similar downstream pathways. Different mechanisms of
hypermethylation were identified between Clusters 1 and 4.
Cluster 1 had diminished expression of the demethylation
enzyme TET1 and increased expression of the histone
methyltransferase EZH2. Cluster 4 was enriched in IDH1/2
and BAP1 mutations. Both BAP1 and IDH1/2 mutations
have been associated with hypermethylation in CCA. Of
note, frequent mutations in the chromatin remodelling
genes BAP1, ARID1A, and PBRMI have previously been
described in iCCA and these genes were frequently mutated
in our dataset as well. BAP1 mutations were found in 5/20
samples and were equally distributed between iCCA and
pCCA. ARID1A mutations were identified in 2/20 samples,
both were iCCA characterized by STS. PBRM1 mutations
were identified in 2/20 samples. Though the prognostic role
of these chromatin remodelling genes is uncertain, they are
likely to have an important role in CCA development and
given the extensive epigenetic changes seen in molecular
subgroups of CCA, epigenetic targeted therapy may
represent a therapeutic intervention in specific subgroups.

SBS17 was previously reported across clusters 1-3
(Fluke associated, TP53 enriched, and immunogenic) in
small proportions in the International Cancer Genomics
Consortium (ICGC) dataset where only 1% of PSC-
CCA were included (15). It has been shown to associate
with prior 5-fluorouracil (5-FU) treatment, esophageal
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adenocarcinoma, and possibly induced by acid reflux
and reactive oxidative species (30-32). The identification
of SBS17 in PSC patients may hold important clinical
implications. CCA is an extraordinarily lethal disease
when occurring in patients with PSC. Notably, CCA is
responsible for one third of the all-cause mortality in PSC
patients and 72% of PSC patients who develop CCA will
die within one year (33). Patients with PSC have a 20%
lifetime incidence of developing CCA; a 400- to 500-fold
higher risk when compared to the general population.
Despite this, the role of surveillance remains controversial.
There is little evidence to support an effective screening
strategy and the detection of CCA in PSC remains
difficult due to significant abnormalities already present
throughout the biliary tree (33). Despite this, the American
Gastroenterological Association recommends surveillance
for all PSC patients every 6 to 12 months involving
computed tomography (CT), magnetic resonance imaging
(MRI), or ultrasound (US) with or without CA19-9 (34).
Other organization such as the European Association for
Study of Liver Disease recommend against any routine
testing for the early detection of CCA. Notably, the
majority of PSC patients will not develop CCA and a better
method is required to identify those PSC patients who are
at higher risk of CCA development, in whom, an intense
screening program may be beneficial. The detection of
SBS17 in PSC biopsies may identify those patients at high
risk of malignant transformation. Though the specific
aetiology of SBS17 remains unknown, it is thought to be
related to oxidative DNA damage (31). SBS17-associated
mutations have been identified in Barrett’s Oesophagus, the
pre-malignant condition of oesophageal adenocarcinoma (35).
It is absent from normal oesophageal samples. Interestingly,
single cell DNA Sequencing showed a unique association
with SBS17-mutations and chromosomal instability (CIN)
in Barret’s Oesophagus. SBS17 was only identified in those
cells that possessed CIN and absent from chromosomally
stable cells (35). It is plausible that SBS17-associated
mutations may be early oncological events in patients
with PSC and these mutations may provide a causal link
between PSC and the development of CCA. Certainly,
additional studies are warranted to identify the significance
of SBS17 in the development of CCA in patients with PSC.
The detection of SBS17 could identify those high-risk
patients where intense screening is warranted. Additionally,
mutational signature could be obtained from whole exome
sequencing of brush cytology samples and the identification
of SBS17 in PSC patients with equivocal brush cytology
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could improve the specificity and sensitivity of diagnosis.
Notably, studies have sought to explore KRAS mutation
detection in the bile of patients with PSC as a screening
mechanism for CCA but have failed to show benefit (36).
In addition to the detection of high-risk genetic signatures,
our study would suggest that 7P53 inactivation could be an
additional screening marker in this patient cohort.

Our study identified 3 patients with significantly elevated
TMB, all within the STS group. Notably, the Food and
Drug Administration (FDA) has approved pembrolizumab
for treatment of adult patients with metastatic solid
tumours with TMB >10 mut/mb (37). The recent
TOPAZ-1 clinical trial, evaluating Durvalumab in patients
with advanced biliary tract cancer displayed a significant
improvement in OS, progression-free survival (PFS), and
objective response rate (ORR) in patients treated with
durvalumab (38). However, programmed death ligand 1
(PDL1) was not predictive of response to immunotherapy
and though a percentage of patients clearly benefited from
immunotherapy-based treatment, biomarkers are required.
Other studies investigating pembrolizumab in patients with
advanced CCA have revealed durable responses in subsets of
patients which are again, independent of PDL1 status (39).
Our work did not interrogate the immunophenotypes of
CCA, however there is an urgent need to identify predictive
biomarkers for immunotherapy. Previous molecular analyses
highlight an important immunoregulatory role in subsets of
CCA (15,40).

Compared to traditional methods, WGS provides a
more extensive analysis of the comprehensive mutational
landscape occurring in tumour samples. As opposed to
whole-exome sequencing (WES) or targeted sequencing,
WGS allows the analysis of all portions of the DNA
including coding, non-coding, and mitochondrial DNA.
It also allows for the identification of a greater breath of
variants including SNVs, indels, structural variants, and
copy-number variants. Notably, adequate tissue sampling
remains a challenge for WGS and limits its applications
to samples with low cellularity such as brush cytology. To
ensure the accuracy and reliability of WGS data, all the
sequencing performed at our institution undergoes LCM
to ensure sufficient cellularity and rigorous quality control
(QC) metrics.

This study has several limitations. The study is
retrospective and includes a small number of patients.
The cases were selected based on availability of tissue and
survival but without matched analyses. We however provide
additional WGS mutational data which are limited in the
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field. We did not have RNA sequencing data to validate
putative fusions or provide subtyping information and
methylation data was not available.

Conclusions

In conclusion, WGS provides additional biological
information regarding the heterogenous nature of CCA
particularly in patients with underlying inflammatory
disorders, where TP53 mutations are prevalent and
mutational signatures may be unique. Ongoing prospective
observational studies at our institution will seek to validate
these findings.
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Supplementary

Table S1 Overview of Sequencing Depth Sequencing Depth and Tumour Cellularity from WGS of 20 CCA samples and matched whole blood

controls

Sample Tumour Coverage Normal Coverage Cellularity
BTC_9001 46.6X 31.7X 88.4%
BTC_9002 53.4X 37.0X 91.5%
BTC_9003 39.4X 36.0X 83.5%
BTC_9004 39.3X 29.9X 78.8%
BTC_9005 44.3X 33.9X 74.9%
BTC_9006 38.5X 32.8X 93.3%
BTC_9007 47.2X 33.3X 43.9%
BTC_9009 41.0X 29.1X 89.5%
BTC_9010 48.2X 31.8X 79.6%
BTC_9011 45.5X 35.5X 97%
BTC_9012 44.0X 30.9X 87.2%
BTC_9013 55.6X 38.0X 79.9%
BTC_9014 46.8X 30.2X 70.4%
BTC_9015 51.0X 32.9X 72.1%
BTC_9016 56.5X 38.9X 36.3%
BTC_9017 55.1X 36.2X 75.8%
BTC_9018 48.7X 32.4X 75.5%
BTC_9019 48.5X 30.9X 84.5%
BTC_8002 47.4X 37.6X 85.4%
PANX_1237 46.0X 47.0X 92.8%

WGS, whole genome sequencing; CCA, cholangiocarcinoma; BTC, biliary tract cancer.
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Table S2 Germline Mutations Detected Across Cholangiocarcinoma Patient Cohort

Sample SNVs Indels S\;;L:ic::tfl Germline Mutations SNP ID Clinical Significance
BTC_9003 3672 436 27 ATM M13211 rs35184530 Conflicting, Likely Benign
BTC_9006 4168 419 172 BRCA2 E2856A rs11571747 Conflicting, Likely Benign
ATM D1853V rs1801673 Conflicting Interpretation
BTC_9007 2087 103 3 ATM D1853V rs1801673 Conflicting Interpretation
ATM Y2202D rs730881311 Uncertain Significance
BTC_9008 5209 189 318 MUTYH L420M rs144079536 Uncertain Significance
BTC_9010 3544 329 112 ATM F582L rs2235006 Benign
ATM S707P rs4986761 Conflicting, Likely Benign
BTC_9011 57061 42627 43 MLH1 G67R rs63750206 Pathogenic
ATM F3002L rs540172506 Uncertain Significance
BTC_9013 3720 272 20 POLD1 V124A rs199993010 Uncertain Significance
BRCA2 S3131P rs398122613 Uncertain Significance
APC E129Q rs376628500 Conflicting Interpretation
MUTYH V326L rs147718169 Uncertain Significance
BTC_9015 4779 289 25 POLE R2165H rs5745068 Benign
BTC_9017 5142 421 22 MUTYH R423C rs150792276 Conflicting Interpretation
BTC_9018 19347 1826 207 BRCA2 K2729N rs80359065 Benign
BTC_9019 5830 338 79 ATM V410A rs56128736 Conflicting Interpretation
APC N844K rs147972247 Benign

SNV, single nucleotide variant; Indel, insertion-deletion; SNP, single nucleotide polymorphism; BTC, biliary tract cancer.
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Table S3 HRDetect Probability Scores across 20 Cholangiocarcinoma

Samples

Sample HR Detect Probability Score (%)
BTC_9001 0.0049
BTC_9002 0.043
BTC_9003 0.20
BTC_9004 0.095
BTC_9005 0.092
BTC_9006 0.026
BTC_9007 0.04
BTC_9009 0.011
BTC_9010 0.15
BTC_9011 0.000058
BTC_9012 0.0069
BTC_9013 0.31
BTC_9014 0.026
BTC_9015 0.00288
BTC_9016 0.0032
BTC_9017 0.087
BTC_9018 0.48
BTC_9019 0.105
PANX_1237 0.00024
BTC_8002 0.00015

BTC, biliary tract cancer.
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