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/ABSTRACT

Background. At diagnosis, the majority of patients with
intrahepatic cholangiocarcinoma (IHCC) present with advanced
disease and a poor prognosis. Comprehensive genomic profil-
ing (CGP) early in the disease course may increase access to
targeted therapies and clinical trials; however, unresolved
issues remain surrounding the optimal biopsy type to submit
for CGP.

Patients and Methods. Mutational frequencies between
primary tumor biopsies (Pbx), metastatic biopsies (Mbx),
and liquid biopsies (Lbx) in 1,632 patients with IHCC were
compared.

Results. Potentially actionable alterations were found in 52%,
34%, and 35% of patients in the Pbx, Mbx, and Lbx cohorts,
respectively. In Pbx, Mbx, and Lbx, FGFR2 rearrangements
were found in 9%, 6%, and 4%, and IDH1 mutations were
identified in 16%, 5%, and 9% patients, respectively. Moreover,

alterations in FGFR2 and IDH1 were significantly associated
with distinct ancestries, including 2.1-fold enrichment for
FGFR2 rearrangements in patients with African ancestry and
1.5-fold enrichment for IDHI mutations in patients with
admixed American (Hispanic) ancestry. Finally, the publication
of biomarker-driven clinical trials in IHCC correlated with
changing CGP testing patterns. Significant correlations
between patient characteristics and IHCC trial disclosures were
observed, including a significant decrease from time between
biopsy and CGP testing, and more frequent testing of primary
versus metastatic samples.

Conclusion. Overall, because of the high likelihood of identi-
fying actionable genomic alterations, CGP should be consid-
ered for the majority of patients with inoperable IHCC, and
Lbx and Mbx can be considered as part of the diagnostic
suite. The Oncologist 2021;26:787—-796

Implications for Practice: Comprehensive genomic profiling (CGP) should be considered for all patients with intrahepatic
cholangiocarcinoma (IHCC) or suspected IHCC, as actionable alterations were commonly found in multiple genes and a wide
variety of FGFR2 fusion partners were identified. The disclosure of IHCC trial data correlated with increased use of CGP, an
encouraging trend that moves new therapeutic options forward for rare cancers with a rare biomarker. Although tissue from
the primary lesion may identify actionable alterations at higher rates, CGP of a liquid biopsy or metastatic site can be consid-
ered, particularly if the primary tissue block is exhausted.

INTRODUCTION

Intrahepatic cholangiocarcinoma (IHCC) is the second most
common primary liver cancer, accounting for 10%—-20% of
tumors, and has increased in incidence by 350% over the
past 35 years [1-3]. At diagnosis, the majority of patients

with IHCC present with poor prognosis, and thus compre-
hensive genomic profiling (CGP) early in the disease course
is critical to increase the chances of access to targeted ther-
apies and biomarker-driven clinical trials [4]. Currently, the
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Table 1. Primary tissue vs. metastatic tissue vs. liquid biopsy patient characteristics and comparative genomics

Characteristic Pbx Mbx Lbx®
Patients, n 1,048 216 364
Male/female, % 49/51 56/44 52/48
Median age (range), yr 65 (23-89+) 64 (29-89+) 66 (29-88)
Cases with an actionable alteration, % 52 34 35°
Potentially targetable alterations, %
BRAFV6%% 6 2 3
BRCA1/2 <0.1/<0.1 <0.1/<0.1 1.9/3.3
ERBB2 (HER2)
Amplification 6 4 4
Mutation 2
FGFR2 rearrangement 9 6 4
IDH1/2 16/4 5/4 9/3
KRAS G12 <1 2 1
PIK3CA 4 4 4
Currently untargetable alterations, %
TP53 32 35 40
CDKN2A 31 31 4°
CDKN2B 23 24 1°
KRAS 16 34 13
MTAP 16 16 N/A
BAP1 15 11 N/A
TERT 4 6
SMAD4 11 N/A
MYC 5 1
Biomarkers and alterations linked to
immunotherapy response
MSl-high, % 0.7 (n = 1,036) 1 (n = 215) 0 (n = 224)
PD-L1 low positive, % 15 (n = 345) 18 (n = 66) N/A
PD-L1 high positive, % 5 (n = 345) 18 (n = 66) N/A
TMB median, mut/Mb 2.5 2.5 N/A
TMB 210 mut/Mb, % 4 4 N/A
TMB >20 mut/Mb, % 1 1 N/A
ARID1A, % 19 16 N/A
PBRM1, % 12 14 N/A
STK11, % 2 8 3
MDM2, % 4 2
KEAP1, % 1 <1 N/A

*The liquid biopsy gene panel was narrower than tissue testing and did not include TMB and genes listed as N/A.

bShort variants only.

Abbreviations: Lbx, liquid biopsy; Mbx, metastatic biopsy; MSI, microsatellite instability; mut, mutation; Pbx, primary tumor biopsy; PD-L1,

programmed death-ligand 1; TMB, tumor mutational burden.

prognosis is approximately 3 years with resectable disease,
12-15 months if unresectable, and 9 months for patients
with stage IV disease [5-8].

Previous studies estimate that 35%-50% of patients
with IHCC have potentially actionable genomic alterations
[9-14]. In smaller datasets, rearrangements and fusions
involving the FGFR2 gene have been observed in 11%-17%
of IHCC, and patients harboring these alterations have an

© 2021 AlphaMed Press.

improved prognosis but may be less likely to benefit from
first-line platinum chemotherapy [15-21]. Recent phase |
and 1l trials of fibroblast growth factor receptor inhibitors
(FGFRis) have demonstrated promising results in the
second-line setting, and pemigatinib was recently granted
accelerated approval by the U.S. Food and Drug Administra-
tion (FDA) for the treatment of adults with previously
treated, unresectable, locally advanced or metastatic
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Figure 1 (Continued on next page).

cholangiocarcinoma with an FGFR2 fusion or other
rearrangement as detected by an FDA-approved test [22].
FGFR2 can be activated by gene fusions that leave its tyro-
sine kinase domain intact as well as truncating
rearrangements that delete inhibitory motifs encoded by
the last exon, and in the FIGHT-202 trial, responses to
pemigatinib were observed in patients with both gene
fusions and nonfusion rearrangements [23, 24]. Additional
genomic alterations with phase Il or Ill efficacy data in IHCC
include mutant IDH1, BRAF“®°%f and HER2 amplifications or
mutations [25-27]. Actionable biomarkers in IHCC as the
result of pantumor FDA approvals include microsatellite
instability (MSI; MSI-high/deficient mismatch repair), tumor
mutational burden (TMB) =10 mutations (mut)/Mb, and
NTRK fusions. Other genomic alterations with mature data
in other tumor types and evolving data in IHCC include
alterations in BRCA1/2, IDH2, MET, PIK3CA, EGFR, and
others [9-12, 28]. Thus, it is increasingly recognized that
multiple potentially actionable genomic alterations are
commonly observed in IHCC.

Several unresolved issues must be addressed to optimize
routine CGP in IHCC. First, limited data exist regarding which
biopsy types are most appropriate for testing. Although primary
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tumor tissue-based testing (Pbx) is assumed to be the gold stan-
dard, it is not clear whether metastatic tissue-based testing
(Mbx) or liquid biopsy—based testing (Lbx) detect genomic
alterations as frequently as Pbx. Liquid biopsy followed by
sequencing of circulating tumor DNA (ctDNA) allows for nonin-
vasive mutational profiling, and recently published studies sug-
gest that Lbx profiling can interrogate tumor heterogeneity in
cholangiocarcinoma and other gastrointestinal cancers, as well
as acquired resistance mutations to FGFRis [29, 30]. Addition-
ally, clinical responses to FGFRis solely based on Lbx profiling
have been reported [30, 31]. However, discordance between
Pbx and Lbx in small datasets has been observed, which can be
caused by a variety of factors including baiting differences
between assays and usage preferences [32, 33]. In the real-
world setting, Lbx can provide genomic results quickly, a key
issue for patients with poor prognoses, and can reduce the risk
associated with obtaining a new biopsy. Thus, a detailed analy-
sis comparing biopsy types can help weigh risk versus benefit of
obtaining a new biopsy.

The primary objective of this study was to query a large
database of 1,632 patients diagnosed with IHCC to determine
whether genomic alterations differ in frequency between Pbx,
Mbx, and Lbx. Secondary objectives were to determine

© 2021 AlphaMed Press.
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Figure 1 The genomic landscape of intrahepatic cholangiocarcinoma by biopsy type. (A): Pbx, (B): Mbx, (C): Lbx, and (D): Pbx
vs. Mbx. Pbx was not compared with Lbx because of gene panel differences.
Abbreviations: Lbx, liquid biopsy; Mbx, metastatic tissue; Pbx, primary tumor tissue.

whether key alterations in IHCC are enriched in specific ances-
tries and to assess whether a trend exists toward patients
receiving CGP earlier in their disease course as a likely result
of the publication of biomarker-driven trials.

METHODS

Approval for this study, including a waiver of informed con-
sent and a Health Insurance Portability and Accountability
Act waiver of authorization, was obtained from the Western
Institutional Review Board (Protocol No. 20152817). Analy-
sis was performed on an international cohort of patients
from the Foundation Medicine (FMI) database, which con-
sisted of samples submitted for routine clinical testing from
2013 to 2019. Diagnosis, biopsy site, and the date of specimen
collection were extracted from test requisition forms and

© 2021 AlphaMed Press.

pathology reports. A hybrid capture-based next-generation
sequencing assay was performed on patient samples in a Clini-
cal Laboratory Improvement Amendments—certified, College
of American Pathologists—accredited, New York State—
approved laboratory (Foundation Medicine, Cambridge, MA).
Tissue-based testing assessed 318-327 cancer-related genes,
MSI status, and TMB [34]. For Lbx, 20-mL peripheral blood
samples were collected, plasma was isolated, 220 ng of DNA
was extracted, and CGP was performed with the 62-gene
FoundationACT or the 70-gene FoundationOne Liquid assay
(Foundation Medicine, Cambridge, MA) [35]. Both tissue and
liquid biopsy—based tests assessed base substitutions, short
insertions/deletions, rearrangements/fusions, and copy num-
ber variations. Programmed death-ligand 1 (PD-L1) expression
in tumor cells (tumor proportion score [TPS]) was measured
by immunohistochemistry (Dako 22C3). Low positive was
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Figure 2 FGFR2 fusion partners in intrahepatic cholangiocarcinoma identified by comprehensive genomic profiling.
Abbreviations: Lbx, liquid biopsy; Mbx, metastatic tissue; Pbx, primary tumor tissue; pt, patient.
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Figure 3 FGFR2 and IDH1 alteration frequency by ancestry for
all tissue specimens (A) and Pbx only (B). T, positive.
Abbreviation: Pbx, primary tumor tissue.

defined as 21% and <50% expression, and high positive was
defined as 250% expression. TMB was determined on
0.8-1.11 Mb of sequenced DNA [36]. MSI was determined on
95-114 loci [37], and the calculation of MSI-high frequency
excluded cases in which MSI could not be determined.

www.TheOncologist.com

Biopsy site comparative analysis was performed on
1,632 patients with IHCC from the FMI database. Differ-
ences in alteration frequencies were evaluated by Fisher’s
exact test with Bonferroni correction for multiple compari-
sons. The analysis of ancestry and CGP testing patterns was
performed on 5,241 patients with IHCC. The biopsy site
analysis cohort is smaller than ancestry and testing pattern
cohorts because of date of analysis and information avail-
ability from pathology reports. For pattern analysis, time to
result represents the duration of time between the speci-
men collection date and the generation of results from the
FoundationOne analysis pipeline. Differences in age and
time to result were determined using the Wilcoxon rank
sum test.

Genomic ancestry was determined on 5,241 patients
with IHCC based on previously published methods [38—
40]. Briefly, >40,000 single nucleotide polymorphism
(SNP) sites sequenced by CGP were identified, and a ran-
dom forest classifier was trained on the 1,000 Genomes
samples to identify ancestral populations (African [AFR],
admixed American/Hispanic [AMR], East Asian [EAS],
European [EUR], South Asian [SAS]) using genetic variation
at the SNP sites. Genetic variation was defined by five fea-
tures that captured allele-count variation as determined by
principal component analysis. This classifier was applied to
CGP samples to assign them to one of the ancestral
populations. To quantitate the genetic admixture in CGP
samples, an unsupervised, maximum likelihood estimation
approach was applied to SNPs in the 1,000 Genomes sam-
ples to learn a population structure for five ancestral signa-
tures. The population structure was then projected onto the
SNP alleles in CGP samples to quantitate a sample’s genetic
admixture.

© 2021 AlphaMed Press.
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Table 2. Initial disclosure dates of targeted therapy trials in intrahepatic cholangiocarcinoma

Inhibitor Target Disclosure date Design Results Reference
Infigratinib (QED) FGFR2 1/2018 Phll n =61 ORR 15%, PFS 5.8 mo [41]
Futibatinib (Taiho) FGFR2 6/2018 Phl n =45 ORR 25% [42]
Pemigatinib (Incyte) FGFR2 10/2018 Phll n = 47 ORR 24%, PFS 6.8 mo [43]
Dabrafenib + trametinib (Novartis) BRAF 1/2019 Phlln =33 ORR 41%, PFS 7.2 mo [44]
Derazantinib (Basilea) FGFR2 1/2019 Phi/ll n = 29 ORR 21%, PFS 5.7 mo [45]
Debio 1347 (Debiopharm) FGFR2 3/2019 Phln=9 ORR 22% [46]
Neratinib (Puma) HER2 7/2019 Phll n =19 ORR 11%, PFS 1.8 mo [27]
Erdafitinib (Janssen) FGFR2 8/2019 Phin =11 ORR 27% [47]
Ivosidenib (Agios) IDH1 9/2019 Phlll n = 185 ORR 2.4%, PFS 2.7 mo [48]

Abbreviations: ORR, overall response rate; PFS, progression-free survival; Phl, phase I; Phll, phase Il; Phlll, phase Ill.

Table 3. Patient characteristics by year of biopsy

Characteristic  All cases 2013 2014 2015 2016 2017 2018 2019
Patients, n 5,241 152 266 465 592 1,009 1,295 1,462
Median age 63 (<1to>89) 59 (17-80) 61 (17-87) 60(17-86) 60 (16-87) 62 (<1to>89) 64 65 (23->89)
(range), yr (18—>89)
Female/ 51/49 57/43 54/46 53/47 51/49 53/47 50/50 48/52
male, %
Tissue
source, n (%)
Liver 3,966 (76) 112 (74) 209 (79) 347 (75) 424 (72) 748 (74) 972 (75) 1,154 (79)
Metastasis 1,275 (24) 40 (26) 57 (21) 118 (25) 168 (28) 261 (26) 323 (25) 308 (21)
RESULTS ALK, RET, and ROS1). Using this definition, the Pbx cohort

Biopsy Site Comparative Analysis

The comparison between Pbx, Mbx, and Lbx was performed
on all patients from the IHCC cohort who had detailed
biopsy information available and received FoundationOne
testing (n = 1,632 patients). Mbx sites included lymph
nodes (63), soft tissues (47), peritoneum (34), lung/pleura
(27), omentum (15), bone (10), abdomen (7), gynecologic
tract (5), brain (2), upper gastrointestinal (2), colon (2),
bladder (1), and adrenal (1). Patient characteristics and
genomic findings are summarized in Table 1 and Figure 1.
The Pbx cohort of 1,048 patients was 51% female and had a
median age of 65 years. FGFR2 rearrangements (including
fusions) were present in 9% of Pbx patients and /IDH1 muta-
tions in 16%. Fifty-eight unique FGFR2 fusion partners were
identified (Fig. 2).

European Society for Medical Oncology Scale for Clin-
ical Actionability of molecular Targets framework was
used to establish a list of actionable alterations for
patients with IHCC [41]. A patient was defined as having
a potentially actionable alteration if they had either of
the following: (a) alterations with positive data in IHCC
or basket trials (i.e., FGFR2 rearrangements, [DH1/2
mutations, HER2 copy number amplifications or mutations,
BRAF mutations, MSI-high, TMB 210 mut/Mb, and NTRK1-3
fusions) or (b) alterations with positive phase Il clinical data
in other tumor types (i.e., BRCA1/2 pathogenic alterations,
EGFR activating alterations, KRAS G12C mutations, MET exon
14 skipping alterations, PIK3CA mutations, and fusions in

© 2021 AlphaMed Press.

was more likely to have a potentially actionable alteration
than the Mbx cohort (52% vs. 34%, respectively;
p = .0008). More specifically, IDH1 alterations were signifi-
cantly less frequent in Mbx than Pbx (p < .001; Fig. 1D).
IDH1 alterations and FGFR rearrangements were found in
16% and 9% of the 1,048 Pbx patients, respectively, and 5%
and 6% of the 216 Mbx patients, respectively. However,
KRAS mutation frequency was doubled in Mbx compared
with Pbx and Lbx (p < .001). Immunotherapy biomarkers
were detected at similar levels between tissue biopsy
cohorts (Table 1). The frequency of TMB-high (210 mut/Mb)
was 4% in both Mbx and Pbx, and median TMB was also
identical (2.5 mut/Mb). TMB was not assessed in the Lbx
cohort. MSI-high was rare in all cohorts, with <0.01%, 1%,
and 0% of patients classified as MSI-high in the Pbx, Mbx,
and Lbx, respectively. Alterations in STK11 (p < .001) and
SMAD4 (p = .0016) were more frequently identified
in Mbx.

The analysis of Lbx samples revealed that despite more lim-
ited baiting for FGFR2, IDH1, and other genes on the older liquid
biopsy assays studied, ctDNA-based genomic profiling identified
multiple genomic alterations in IHCC and was generally repre-
sentative of the landscape observed in Pbx (Fig. 1). However,
IDH1 and FGFR?2 alterations were detected at a lower frequency
in Lbx compared with Pbx (Table 1), possibly related to variable
ctDNA shed. Thirty-five percent of Lbx patients had actionable
alterations compared with 52% and 34% in the Pbx and Mbx
cohorts, respectively. Notably, alterations in genes associated
with clonal hematopoiesis (CH), such as CHEK2, ATM, and TP53,

Oncologist



Israel, Danzinger, McGregor et al.

793

A JR—
z : -
c 3 :
o 8 600
ES =
g g :
a0 Bl
c 2 400 : :
02
2 < B
® S i
T 2 2004 i
E S :
=3
u 0 0 L J
g T T e T W
T T T T T T T
2013 2014 2015 2016 2017 2018 2019
Testing Year
B
800+ B Mbx

| Pbx

600

400+

LI LLTT

T T T T T T T
2013 2014 2015 2016 2017 2018 2019
Testing Year

Time Between Specimen
Collection And Testing (Days)

c 90 - s —

804 — :

E H

©
70

z

()

%’3 60+

-

]

= 50

©

a
40
30 =t — =t - — -

T T T T T T T

2013 2014 2015 2016 2017 2018 2019

Testing Year

Figure 4 Comprehensive genomic profiling testing patterns over
time. Time between specimen collection and testing in Pbx (A)
and comparison between Pbx and Mbx (B). (C): Patient age at
time of testing.

Abbreviations: Mbx, metastatic tissue; Pbx, primary tumor
tissue.

were more prevalent in Lbx versus Pbx and Mbx (Fig. 1C), which
is consistent with this known limitation of ctDNA genotyping.
Overall, the biopsy site comparative analysis found differences
between cohorts; however, the overall genomic landscape
between Pbx, Mbx, and Lbx were very similar and high frequen-
cies of actionability were observed.

Ancestry Analysis of FGFR2 Rearrangements and
IDH1 Mutations

The worldwide epidemiology of cholangiocarcinoma shows sig-
nificant geographic variations, with lower rates in Western
countries versus Asia [5]. It is unclear whether genomic alter-
ations relevant to IHCC correlate with ancestry. We determined
genomic ancestry for each patient from >40,000 single

www.TheOncologist.com

nucleotide polymorphisms based on previously published
methodology [38—40]. Ancestral populations were defined as
AFR, AMR, EAS, EUR, and SAS. In IHCC tissue specimens, fre-
guencies of FGFR2 rearrangements and /DH1 mutations were
both significantly associated with ancestry (Fig. 3A). FGFR2
rearrangements were more frequently observed in AFR,
followed in order by EUR, EAS, AMR, and SAS (16%, 8.9%, 8.9%,
6.5%, and 4.7%, respectively). In contrast, IDHI mutations were
most common in AMR, followed in order by EUR, SAS, EAS, and
AFR (19.4%, 15%, 12%, 9.5%, and 7%, respectively). Relative to
the general population, AFR was 2.1-fold enriched for FGFR2
rearrangements (p = 2.3e—05) and AMR was 1.5-fold enriched
for IDH1 mutations (p = .0006). Because differences between
Pbx and Mbx were observed in the general IHCC population, we
compared ancestral groups in Pbx specimens only and observed
similar trends (Fig. 3B). An analysis of hepatitis B virus (HBV)
DNA sequences in tissue specimens revealed a significant asso-
ciation between HBV and EAS ancestry (odds ratio, 23.8;
p < 10e—05), but significant correlations between HBV and
FGFR2 rearrangements or IDH1 mutations were not observed.

Correlation Between Genomic Testing Patterns and
Biomarker-Driven Clinical Trial Publications

The disclosure date of IHCC targeted therapy clinical trials was
determined via literature search and is summarized in Table 2.
Publication of FGFRIi trial data in IHCC began in 2018, including
data that contributed to the FDA approval of pemigatinib. Thus,
for statistical analyses, patients tested pre- versus post-2018
were compared. We analyzed a cohort of 5,241 patients with
IHCC who had received tissue-based CGP testing and stratified
patients by year of biopsy (Table 3). The median time between
tissue collection and genomic testing in Pbx was significantly
shorter in the post- versus pre-2018 patient cohort (p = 1.68e-
11; Fig. 4A). In the post-2018 cohort, Pbx samples were tested
significantly more frequently compared with Mbx (p = .0006;
Table 3) and the time from tissue collection to testing was more
rapid compared with Mbx (p = 2.3e-5; Fig. 4B). Interestingly,
the median age of patients at time of testing was significantly
older in the post-2018 cohort (p = 5.82e-21; Fig. 4C). Lbx test-
ing began in 2016 and steadily increased each year with 21, 55,
119, and 169 patients tested in 2016 through 2019, respectively.
Together, these findings suggest that the publication of targeted
therapy trials in IHCC correlates with changes in genomic testing
patterns favoring earlier genomic testing of a population that is
more representative of the broader population with IHCC.

Discussion

This study compares the genomic landscape by biopsy site
in a large cohort of patients with IHCC and provides key
updates to mutational frequencies from previous smaller
studies. Fifty-two percent of patients with IHCC from the
Pbx cohort had potentially actionable genomic alterations,
including FGFR2 rearrangements and /DH1 mutations in 9%
and 16% of patients, respectively. The definition of act-
ionability incorporated recent clinical trial publications in
IHCC and validated clinical evidence from other tumor
types, which may explain the higher frequencies relative to
previous studies, which ranged from 35% to 50% in IHCC
[9-14]. Previous studies in IHCC consistently reported

© 2021 AlphaMed Press.
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higher frequencies of FGFR2 rearrangements, ranging from
11% to 17%, and have also found significant associations
between FGFR2 rearrangements and younger age, female
gender, and earlier-stage disease [15, 16, 18, 20, 21]. Differ-
ences in patient characteristics likely contributed to differ-
ences in FGFR2 frequencies between studies, as we report
that the median patient age and the proportion of men
tested have both increased in recent years. As CGP expands
to a broader population with IHCC, these revised frequen-
cies should be noted.

The overall genomic landscape of IHCC is highly similar
regardless of biopsy type (i.e., Pbx, Mbx, and Lbx),
suggesting that all three types are appropriate for genomic
testing if only one option is available or if other patient-
specific factors exist. However, there were statistically sig-
nificant differences between these groups. Pbx patients had
the highest probability of actionability versus Mbx or Lbx,
including the highest percentage of FGFR2 rearrangements
(9% vs. 6% vs. 4%, respectively). Differences in gene panels
between tissue and liquid biopsy assays contributed to this dif-
ference and is a limitation of the present study. The Lbx cohort
was profiled with older liquid biopsy assays that included
narrower coverage of actionable genes such as FGFR2 and
IDH1, and TMB and MSI status were not assessed. Newer liquid
biopsy assays, such as FoundationOne Liquid CDx, provide
broader coverage in genes relevant to IHCC versus the liquid
biopsy assays used in this study (FoundationACT and
FoundationOne Liquid) [50]. Future studies that control for dif-
ferences between tissue and liquid gene panels may help
strengthen conclusions. The lower frequencies of FGFR2
rearrangements in Lbx and Mbx observed may also be echoing
previous reports of FGFR2 rearrangements significantly associ-
ating with earlier-stage disease [16, 20], given that liquid and
metastatic biopsies tend to be used more heavily in patients
with more-advanced disease. A limitation of the present study
is that tumor size and stage data were unavailable and thus
future studies that compare Pbx, Mbx, and Lbx while controlling
for tumor stage may help further elucidate differences between
cohorts. Previous reports in biliary tract cancers have observed
liquid biopsy is more concordant with metastatic biopsies ver-
sus primary biopsies [33], which may have also contributed to
differences in overall actionability between Lbx and Pbx. To fur-
ther optimize biopsy type decision-making, studies using
broader liquid biopsy panels, patient-matched concordance
studies, and studies in patients with suspected acquired resis-
tance to targeted therapies are needed. The Lbx cohort also
contained a notably high frequency of BRCA1/2 alterations
compared with both Pbx and Mbx, which requires further
investigation. In the Lbx cohort, alterations in CHEK2, ATM, and
TP53—genes that have been associated with CH [51]—were
observed to be more prevalent than in the Pbx or Mbx cohorts.
Additional studies are needed to clarify the degree of CH contri-
bution to these findings.

Pathological misclassification of adenocarcinoma may have
been a factor in the lower frequency of actionable alterations
in Mbx. The Mbx cohort featured greater frequencies of KRAS
alterations and lower IDH1 and FGFR2 alteration frequencies.
As a pathological diagnosis of IHCC is often a diagnosis of
exclusion, one potential contributing factor for these findings
may be that the Mbx cohort may contain a significant number
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of non-IHCC adenocarcinoma cases whose metastatic lesions
were actually derived from other primary sites incorrectly
assigned the diagnosis of IHCC (i.e., they represent carcinoma
of unknown primary site cases). The Mbx findings share simi-
larities with our previous study on the genomic landscape of
extrahepatic cholangiocarcinoma (EHCC), which also revealed
greater frequencies of KRAS alterations (43% of patients) and
found no cases of FGFR2 rearrangements or /DH1 mutations
(n =99) [52]. The Mbx data set was not enriched in HER2
copy number amplifications, in contrast to previous reports of
increased frequencies of HER2+ EHCC relative to IHCC [53].
The Mbx genomic findings highlight that treating patients
based on pathological diagnosis of the Mbx without genomic
results can potentially lead to suboptimal treatment.

The likelihood of patients testing positive for immuno-
therapy biomarkers was highly similar between the Pbx and
Mbx cohorts. TMB 210 mut/Mb and median TMB levels
were identical between the two cohorts. The Lbx cohort
received CGP using assays that did not include TMB assess-
ment. More recently developed liquid biopsy assays, such
as FoundationOne Liquid CDx, include blood TMB (bTMB)
[50], and additional studies that compare bTMB to tissue-
based TMB in IHCC will provide further insight into the con-
cordance between Lbx and Pbx. MSI-High was infrequent
across specimen types but was higher in Mbx compared
with Pbx and Lbx. PD-L1 positive trended slightly higher in
Mbx and was not evaluable via Lbx. Additional biomarker
analyses of recently published immunotherapy trials rele-
vant to IHCC, such as the phase Il CA209-538, may help
refine the role of immunotherapy biomarkers [54].

Although FGFR2 rearrangements and /DH1 mutations
were both commonly observed in all ancestry groups, signifi-
cant variation was observed. The AFR ancestry group was sig-
nificantly enriched for FGFR2 rearrangements, and the AMR
ancestry group was significantly enriched for IDH1 mutations.
Differences in genomic alteration frequencies between ances-
try groups may help reconcile differences in alteration fre-
guencies between this study and previous smaller studies in
IHCC. Causal factors behind the observed variation between
ancestry groups remain unknown and could be explored in
future studies. Previous studies have identified differences in
genomic alterations, including IDH1 mutations, between HBV
+ and HBV- patients with IHCC of EAS ancestry [55, 56].
Although a significant association between HBV DNA in
patient specimens and EAS ancestry was observed in this data
set, significant correlations between HBV and FGFR2 or IDH1
alterations were not observed.

By segmenting patients by year of biopsy, it was found that
the disclosure of FGFRi and other biomarker-driven trial data in
IHCC beginning in 2018 significantly correlated with changes in
genomic testing patterns. The number of patients with IHCC
receiving CGP has rapidly grown in the last few years, with
growth observed in both tissue and liquid biopsy—based testing.
Additionally, patients in the post-2018 cohort had specimens
submitted for CGP testing more rapidly, and these specimens
were more likely to be primary tumor versus metastatic. The
post-2018 cohort was significantly older, which more closely
aligns with the average age of diagnosis in Western countries
[2] and may also explain why the frequency of FGFR2
rearrangements is lower in this study compared with previous
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findings. Taken together, these data suggest that prior to FDA
approval of the first targeted therapy in IHCC, CGP and precision
oncology are potentially being considered earlier in the disease
course in patients with IHCC. This encouraging trend may con-
tinue to help provide biomarker informed therapeutic options
for patients with rare cancers.

We anticipate that when targeted therapies, such as FGFRis,
are ultimately approved in the first-line setting for patients with
IHCC, CGP has the potential to become the standard of care to
identify these patients earlier in their disease course. Addition-
ally, given the potential misclassification between IHCC and
EHCC in Mbx samples, these patients with unknown or uncer-
tain primaries could be considered for inclusion in biomarker-
driven trials. The current trends in testing patterns and act-
ionability of findings suggest that IHCC is evolving into a leading
example of a rare tumor type benefiting from advances in preci-
sion oncology and personalized medicine.

CONCLUSION

In patients with IHCC or suspected IHCC, actionable alterations
in multiple genes were commonly found and a wide variety of
FGFR2 fusion partners were identified, demonstrating that CGP
should be considered for all these patients. Actionable alter-
ations may be identified at higher rates using tissue from the pri-
mary tumor; however, a liquid biopsy or metastatic site can be
considered, particularly if the primary tissue block is exhausted.
This study found that the disclosure of IHCC trial data correlated
with increased use of CGP, which is an encouraging trend,
suggesting new therapeutic options are moving to the forefront
for patients with rare cancers and rare biomarkers.
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