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Background: Patients with biliary tract cancer (BTC) have a dismal prognosis and limited treatment
options. Given the potential for immunotherapy in patients with BTC, we studied the expression of
programmed death ligand-1 (PD-L1)/programmed death-1 (PD-1) and evaluated for associated genetic
alterations in patients with BTC.

Methods: By immunohistochemistry (IHC), PD-L1 (SP142 antibody; >2+ and/or >5% staining on tumor
cells considered positive) and PD-1 [NAT'105 antibody; >1+ staining of tumor infiltrating lymphocytes
(TILs) considered positive] expression was studied and next-generation sequencing (NGS) was performed
using Caris Life Sciences’” sequencing panel of 592 genes. A total of 652 patients with BT'C were included in
this study: 77 extrahepatic cholangiocarcinoma (ECC), 203 gallbladder cancer (GBC), and 372 intrahepatic
cholangiocarcinoma (ICC).

Results: Of the 652 tumors 8.6% were PD-L1 positive with the following distribution: GBC 12.3%
(25/203), ICC 7.3% (27/372), and ECC 5.2% (4/77). There was a statistically significant increase in BRAF,
BRCA2, RNF43, and TP53 mutations in PD-L1 positive group as compared to PD-L1 negative. Among
other biomarkers tested, TOP2A, tumor mutational burden (TMB) high (>17 mutations per megabase)
(10.7%), and microsatellite instability high (MSI-H) (7.1%) were increased in PD-L1 positive tumors versus
PD-L1 negative tumors.

Conclusions: PD-L1 expression was noted in a small percentage (8.6%) of patients with BTC. This
finding suggests potential benefit of immunotherapy in this subset of patients. Furthermore, there was
a statistically significant association between PD-L1 expression and certain genomic alterations (BRAF,
BRCA2, RNF43, TP53) and biomarkers (TOP2A, TMB high, MSI-H), which might direct the use of rational

combination strategies and clinical trial development.
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gallbladder cancer (GBC).
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Introduction

Biliary tract cancer (BTC) is a malignancy derived from
the epithelial cells lining the biliary tree (1). In the United
States, BT'C accounts for 2% of all new cancer diagnoses
and the incidence continues to rise (2-5). In the last four
decades, the incidence rates in US of intrahepatic BTC
have increased by 165% (2-6). Unfortunately, BTC
is a lethal malignancy and often presents in advanced
stages. Treatment options are limited and gemcitabine/
cisplatin remains the standard therapy with improved
median overall survival (mOS) (11.7 vs. 8.1 months)
and median progression-free survival (mPFS) (8.0 vs.
5.0 months) compared to gemcitabine alone (7). Given these
outcomes, there is a dire need for novel, more effective and
personalized treatment strategies.

BTCs can be split into 4 subtypes based on their location,
classified as intrahepatic, extrahepatic (hilar and distal)
cholangiocarcinoma, and gallbladder cancer (GBC). These
subtypes now have been further characterized by molecular/
genomic profiling demonstrating significant differences
among these subtypes (8-11). These molecular aberrations
include alterations in IDHI1/2, FGFR2, PIK3CA, ERRB2,
KRAS, and BRAF genes. Clinical trials investigating novel
agents targeting a variety of such alterations are showing
promise (12-15).

Furthermore, chronic inflammation plays an important
role in the carcinogenesis of BTC, highlighting the
immune system’s role in this disease and in the potential
for immunotherapy as a therapeutic option for patients
with BTC. However, limited information is available
regarding the immune microenvironment and the role
immunotherapy plays in patients with BT'C.

Programmed death ligand-1 (PD-L1) and programmed
death-1 (PD-1) expression has been shown to be
associated with a response to immunotherapy in a number
of malignancies. This relationship is not definitive in
predicting response to therapeutic PD-1 or PD-L1
blockade, but provides a rationale to study this further in
patients with cholangiocarcinoma. A limited cohort of
studies have documented high expression of PD-1 and
PD-L1 in BTC cell lines and mouse models of BTC,
suggesting that these immune checkpoint proteins may
play a role in tumor progression (16).

Thus far studies targeting the PD-1/PD-L1 immune
checkpoints have shown modest results in BTC. The
KEYNOTE-028 and KEYNOTE-158 trials are the
biggest cohorts to date utilizing immunotherapy, more
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specifically the PD-1 antibody, pembrolizumab (17). Both
trials studied single agent pembrolizumab in patients with
advanced BTC which progressed on standard line therapies.
KEYNOTE-028 included 24 patients, all PD-L1 positive
(defined as membranous PD-L1 expression in >1% of
tumor and associated inflammatory cells or positive staining
stroma) and showed an overall response rate (ORR) of 13%,
mPFS 1.8 months, and mOS 6.2 months. KEYNOTE-158
evaluated 104 BTC patients, 58.6% were positive for PD-
L1. The ORR was 5.8% (one of the responses was in a
PD-L1 negative tumor) while mPFS and mOS was 2 and
7.4 months, respectively. Additionally a phase II study
utilizing another PD-1 antibody, nivolumab, was studied
in 54 patients with advanced BTC after progression
on standard line therapy (18). The ORR was 22% with
associated mPFS and mOS of 3.9 and 14.2 months,
respectively. PD-L1 status will be reported at a later date.

Kelley and colleagues reported on a trial of pembrolizumab
plus granulocyte macrophage colony stimulating factor
(GM-CSF) in patients with advanced BTC (19). A total
of 27 patients with heavily pre-treated intrahepatic/extra-
hepatic BT'C (74%/26%) were enrolled. The vast majority
of patients (70%) had mismatch repair stable (MSS) disease;
41% of patients had low tumor mutation burden (TMB)
and 41% had unknown TMB status. Confirmed partial
response rate was 19% [1 microsatellite instability high
(MSI-H), 4 MSS], with 33% of patients having maintained
a partial response or stable disease for more than 6 months.
Median OS had not yet been reached at the time of data
presentation. PD-L1 positive disease (defined as PD-L1
staining in >1% of cells in tumor nests) was found in 30%
of patients’ pre-treatment, but was not associated with
improved overall response or progression-free survival.

Ongoing studies in BTC are investigating different
strategies to augment the immune system by a number
of mechanisms, including CTLA-4 and PD-1 blockade
(NCTO02834013), PD-L1 and MEK inhibition
(NCT03201458), tyrosine kinase inhibitors with PD-1
blockade (NCT03797326), histone deacetylase inhibitors
with PD-L1 blockade (NCT03257761). Our work
may be relevant to these new combinatorial strategies
as information regarding the association of molecular
alterations with PD-1/PD-L1 expression may predict for
benefit from immune stimulation.

The aims of this study were the following: (I) to evaluate
the expression of PD-1 and PD-L1 in a large cohort of
samples of BTCs collected from multiple locations, and (II)
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to assess for associations between PD-1/PD-L1 expression
status and any particular genomic alterations. The latter
could serve as a basis for further work on potential
combinatorial, personalized therapies.

Methods
Patients and multiplatform molecular profiling

This study includes data from patients with BTC assayed
by at least 1 platform [immunohistochemistry (IHC), in situ
hybridization (ISH), and next-generation sequencing
(NGS)] by Caris Life Sciences. All patients had to have
reported PD-L1 expression by IHC for inclusion into the
study. Formalin-fixed paraffin-embedded (FFPE) tumor
samples were sent by treating physicians for analysis. All
tumor samples were verified by board-certified pathologists
for sufficient tumor content, specimen quality, and
confirmation of diagnosis. The testing performed for each
patient have varied based on the physician’s request, tissue
availability, and technical requirements for data to be
reported.

Validation and institutional review board

All methods utilized in this study were clinically validated
to at least Clinical Laboratory Improvement Amendments,
College of American Pathologists, and International
Organization for Standardization (ISO) 15189. This
retrospective analysis utilized previously collected de-
identified data created under the Caris honest broker policy
and followed consultation with the Western Institutional
Review Board (IRB), which is the IRB of record for Caris
Life Sciences. The project was deemed exempt from IRB
oversight and consent requirements were waived.

NGS

Specimens were profiled using massively parallel NGS
sequencing using the SureSelect XT enrichment kit of
biotinylated RNA probes to capture DNA fragments
from the exons of 592 genes (Agilent, Santa Clara, CA).
Enriched libraries were the sequenced on the Illumina
NextSeq instrument (Illumina, San Diego, CA). All variants
reported are detected with >99% confidence (based on
mutation frequency and amplicon coverage) with an average
sequencing depth of >1,000 X. Copy number alterations
(CNA) were also explored on samples by NGS for 442
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genes. CNAs were calculated by comparing the depth of
sequencing of genomic loci to a diploid control as well as
the known performance of these genomic loci. Gains >6
copies were considered amplified.

Tumor mutational burden (TMB) was calculated
by counting nonsynonymous missense mutations and
excluding common germline variants. TMB was considered
high if >17 mutations (mut)/megabase (Mb) were detected.
The threshold for determining high TMB (defined as
>17 mut/Mb) was established by comparing TMB with
microsatellite instability (MSI) by fragment analysis in
colorectal cancer cases; based on reports of TMB having
high concordance with MSI in colorectal cancer (20).
MSI was calculated from the NGS data by direct analysis
of short tandem repeat tracts in the target regions of
sequenced genes. The count only included alterations that
resulted in increases or decreases in the number of repeats;
MSI-H was defined as >46 altered microsatellite loci
(the threshold was established by comparing NGS to the
PCR-based microsatellite fragments analysis results from
~2,100 cases) (20).

IHC

IHC analysis of 24 proteins was performed on FFPE tumor
samples using commercially available detection kits and
automated staining techniques (Benchmark XT; Ventana
Medical Systems, Tucson, AZ; and Autostainer-Link 48;
Dako, Carpinteria, CA). Antibody clones used are provided
in Supplementary Methods. Appropriate positive and
negative controls were used for all proteins tested. IHCs
were scored manually by board-certified pathologists using
predefined thresholds consisting of intensity of staining (0,
1+, 2+, and 3+) and percentage of tumor cells that stained
positive. Thresholds are derived from peer-reviewed
clinical literature, which associates response to treatment to
biomarker status (21,22). Tests are interpreted as positive
or negative, and the expression data are represented as a
distribution (percentage) of positive or negative results
observed in the cohort tested. PD-1 [NAT105 antibody;
>1+ staining of tumor infiltrating lymphocytes (TILs)
considered positive] and PD-L1 (SP142 antibody; >2+ and
>5% staining in tumor cells considered positive) status was
tested in all samples.

ISH
Gene CNAs of ¢MET, EGFR, HER2, PIK3CA, and TOP2A
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Table 1 Demographics characteristics for participants included in the study

Clinical parameters ECC GBC ICC ECC + GBC Total P
Number 77 203 372 280 652
Age (years) 0.08
Mean 66 64 63 65 64
Range 34-88 33-85 28-88 33-88 28-88
Sex, n [%] 0.07
Female 29 [38] 138 [68] 192 [52] 167 [60] 362 [56]
Male 48 [62] 65 [32] 177 [48] 113 [40] 290 [44]

P values were calculated by comparing ICC to the ECC + GBC combined group. Age was compared using a t-test and sex was compared
using a Chi-squared test. ECC, extrahepatic cholangiocarcinoma; GBC, gallbladder cancer; ICC, intrahepatic cholangiocarcinoma.

were analyzed in a subset of patients by DNA ISH using
fluorescence ISH and/or chromogenic ISH probes as
part of the automated staining techniques (Benchmark
XT; Ventana Medical Systems) and automated imaging
systems (BioView, Billerica, MA). Cutoffs are provided in
the Table S1. The ratio of gene to peri-centromeric regions
of chromosome 7 (EGFR, cMET), 17 (HER2, TOP2A),
and 3 (PIK3CA) were used to determine increases in gene
copy number. Ratios higher than the defined cutoff were
considered positive and ratios less than defined cutoff were
considered negative.

Statistical methods

Demographic and genomic predictors were compared across
BTC subtypes and between PD-L1 positive and negative
groups. Numeric predictors were assessed using 7-tests.
Categorical predictors were assessed using Chi-squared test
or Fisher’s exact test where appropriate. Adjusted P-values
were calculated using the Benjamini and Hochberg method.
All statistical tests were two-sided with alpha level set at 0.05
for statistical significance. To predict the TMB threshold
that would discriminate PD-L1 positive from PD-L1
negative cases, ROC curve analysis was generated using the
pROC package in Rusing the Youden’s J statistic (23).

Results
Patient demographics

Samples from a total of 652 patients with BTC were
included in this study, including 77 extrahepatic
cholangiocarcinoma (ECC), 203 GBC, and 372 intrahepatic
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cholangiocarcinoma (ICC). Demographics are seen in
Table 1. Females represented 38%, 68%, and 52% of the
populations, respectively. Median age of patients was
67 years old (range, 34-88 years old), 65 years old (range,
33-85 years old), and 64.5 years old (range, 28-88 years
old), respectively. While increasing age and female gender
appear more associated with ECC as compared to ICC, the
differences did not reach statistical significance (P=0.078
and P=0.067, respectively).

PD-L1 and PD-1 positivity

PD-L1 results, detailed in Table 2, were evaluable for 77
ECC, 203 GBC, and 372 ICC. PD-LI expression (on
tumor cells) was 5%, 12%, and 7%, respectively. This led
to an overall PD-L1 positive rate of 8.6% (56/652). PD-1
expression (on TILs) was present in 43%, 55%, and 53%,
respectively. This led to an overall PD-1 positive rate of
49% (36/73). There was no correlation between PD-L1
status and primary tumor location (P=0.203) or gender
(P=0.780), however the average age of PD-L1 negative
patients was statistically older than PD-L1 positives (mean
64.2 vs. 60.7 years; P=0.046).

Gene mutations

The prevalence of genomic mutations is described in
Table 3. Mutations with the highest prevalence among the
group of BTCs as a whole included: TP53 (n=255, 41.8%),
ARIDIA (n=106, 37.3%), KRAS (n=109, 17.6%), CDKN2A4
(n=50, 8.6%), IDHI (n=50, 8.1%), SMAD4 (n=46, 7.4%),
BAPI (n=42, 6.8%), and PIK3CA (n=35, 5.7%). A total of
nine FGFR2 fusions, with various binding partners, were
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Table 2 Rates of PD-1 and PD-L1 positivity in BT'Cs
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Clinical parameters ECC GBC ICC ECC + GBC Total P
Number 77 203 372 280 652
IHC PD-L1, n [%)] 0.16
Positive 4 5] 25[12] 27 [7] 29 [10] 56 [9]
Negative 73 [95] 178 [88] 345 [93] 251 [90] 596 [91]
IHC PD-1, n [%)] 0.56
Positive 3[43] 16 [55] 17 [53] 19 [53] 36 [49]
Negative 4 [57] 13 [45] 20 [54] 17 [47] 37 [51]

ECC, extrahepatic cholangiocarcinoma; GBC, gallbladder cancer; ICC, intrahepatic cholangiocarcinoma; PD-1, programmed death-1; PD-
L1, programmed death ligand-1; BTC, biliary tract cancer; IHC, immunohistochemistry.

identified but none were detected in a PD-L1 positive
tumor. Fusions were also detected involving FGFR3

and BRAF.

TMB

Overall the mean TMB for the entire cohort was
7.2 mutations (mut)/megabase (Mb). Mean TMB in the PD-
L1 positive group was statistically significantly higher (10 vs.
6.9 mut/Mb in the PD-L1 negative group (P=0.002). This
pattern held true across ICC and ECC/GBC location types.
In the ICC group, PD-L1 positive samples had a TMB
mean of 10.7 mut/Mb as compared to mean of 6.5 mut/Mb
(P=0.12) in PD-L1 negative tumors. In extrahepatic and
gallbladder subtypes together, TMB mean was 9.4 mut/Mb
in PD-L1 positive tumors as compared to a mean of
7.4 mut/Mb (P=0.06) in PD-L1 negative tumors. A ROC
curve was generated using TMB as a predictor for PD-L1
status (Figure ST). The best TMB threshold to differentiate
PD-L1 positive from negative cases was 6.5 mut/Mb. Using
this threshold generated an area under the curve (AUC) of
0.639, which corresponded to 58.5% sensitivity and 62.5%
specificity.

PD-L1 and gene mutation associations

The rate of clinically relevant and/or potentially targetable
mutations in the samples with PD-L1 positivity (details
based on location noted in Tuble SI) were: ARIDIA (11/22,
50%), ATM (2/54, 3.7%), BAPI (2/56, 3.6%), BRAF [5/56
(4 V60OE, 1 D594N), 8.9%], BRCAI (1/54, 1.9%), BRCA2
(5/55,9.1%), CDKN2A (6/51, 11.8%), ERBB2 (1/56, 1.8%),
IDHI (1/56, 1.8%), IDH2 (1/56, 1.8%), JAKI (1/53, 1.9%),
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KRAS (13/56, 23.2%), MAP2K (2/56, 3.6%), MSH?2 (1/53,
1.9%), NF1 (4/51, 7.8%), NRAS (3/56, 5.4%), PALB2 (1/55,
1.8%), PIK3CA (2/53, 3.8%), RBI (2/53, 3.8%), and TP53
(35756, 62.5%). Note that the denominator represents PD-
L1 positive samples. Also note that 4 of the mutations that
statistically correlated with PD-L1 expression, detailed
in Table 4, were: TP53 (P=0.001), BRCA2 (P=0.02), BRAF
(P=0.01), GNAS (P=0.004), SMARCBI (P<0.001), and
RNF43 (P=0.003). Additionally, both the genes that
encode for the PDL1 and PDL2 proteins, CD274 and
PDCDI1LG2, were both amplified exclusively in PD-L1
expressing cohort (P<0.001 for both). Among additional
biomarkers tested, TOP2A expression (IHC) (P=0.02),
TMB high (217 mut/Mb) [10.7% (6/56); P=0.001), and
MSI-H status [7.1% (4/56); P=0.001] were all shown to be
statistically correlated with PD-L1 positivity.

Discussion

Immunotherapy in the form of checkpoint inhibitors (i.e.,
anti-PD-1/PD-L1 antibodies) alone and in combination
with chemotherapy, other immunotherapies, as well as
targeted therapies are currently being employed in a variety
of malignancies. An observation and rationale for why
immunotherapy may be effective in BTC is based on the
observation that tumor infiltration by the cellular mediators
of the adaptive immune response such as CD8+ and CD4+
cells is generally correlated with improved outcomes in
BTC (24,25). This improved prognosis suggests that
CD4+ and CD8+ T cells infiltrating cholangiocarcinoma
may be functioning to delay tumor progression, thus
harnessing and augmenting this T-cell response may
provide clinical benefit. Conversely, there is data that PD-1
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Table 3 Genomic alterations among BTCs

Gene

Number of aberrant Alteration as a % of cases

cases/total tested

(95 exact binomial CI)

Gene with mutation present

TP53
ARID1A
KRAS
CDKN2A
IDH1
SMAD4
BAP1
PIK3CA
PBRM1
APC
NF1
BRCA2
ARID2
ATM
BRAF
IDH2
NRAS
RNF43
CHEK2
CTNNB1
PTEN
RB1
ERBB2
PALB2
ERBB3
WRN

255/610
106/284
109/621
50/583
50/621
46/620
42/620
35/617
28/615
26/620
20/552
22/615
21/603
21/616
21/620
20/621
20/621
12/620
10/550
11/619
10/588
9/592
9/621
8/620
8/621
6/530

Gene with copy number amplified

ERBB2
MDM2
MYC
CCND1
FGF19
WIF1
MCL1

19/591
19/591
16/591
12/591
11/575
6/575

6/591

41.8 (37.9-45.8)

37.3 (31.7-43.2)

17.6 (14.6-20.8)
8.6 (6.4-11.2)
8.1 (6.0-10.5)
7.4 (5.5-9.8)
6.8 (4.9-9.0)
5.7 (4.0-7.8)
4.6 (3.0-6.5)
4.2 (2.8-6.1)
3.6 (2.2-5.5)
3.6 (2.3-5.4)
3.5 (2.2-5.3)
3.4 (2.1-5.2)
3.4 (2.1-5.1)
3.2 (2.0-4.9)
3.2 (2.0-4.9)
1.9 (1.0-3.4)
1.8 (0.9-3.3)
1.8 (0.9-3.2)
1.7 (0.8-3.1)
1.5 (0.7-2.9)
1.4 (0.7-2.7)
1.3 (0.6-2.5)
1.3 (0.6-2.5)
1.1 (0.4-2.4)

3.2 (1.9-5.0)
3.2 (1.9-5.0)
2.7 (1.6-4.4)
2.0 (1.1-3.5)
1.9 (1.0-3.4)
1.0 (0.4-2.3)
1.0 (0.4-2.2)

BTC, biliary tract cancer.
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expression on TILs contributes to an immunosuppressive
environment (26). In our analysis we found that of the
samples tested 49% (36/73) had TILs considered PD-1
positive. Checkpoint inhibition, namely PD-1 blockade,
in cholangiocarcinoma has been largely disappointing.
Data from the KEYNOTE-158, KEYNOTE-028, and
nivolumab studies represents the largest cohort of patients
with BTC treated with PD-1 antibodies and the results
were modest at best (see Introduction).

It remains unclear how the adaptive immune resistance
pathway plays a role in BTC and whether these novel
immunotherapies might eventually be effective in patients
with BTC. Several immunotherapeutic strategies targeting
BTC have been or are currently being investigated such as
peptide and dendritic cell vaccines targeting overexpressed
tumor antigens, cytokine therapies, adoptive T-cell therapy,
and checkpoint inhibitors (27). In general, there have been
hints of clinical activity in a small number of patients

Further, there are limited data evaluating PD-1 and
PD-L1 expression in small cohorts of patients’ BTC tumor
samples, and these studies report high positivity rates. A
study of 31 resected intrahepatic BT'Cs in China showed
that 100% of cases demonstrated PD-L1 positivity (28).
This study evaluated PD-L1 staining of tumor cells
and intensity of overall staining over 5 high-powered
magnification fields at the “hot spot in a cancer area”.
Staining intensity was graded as: negative staining, light
(<25% cells stained), moderate (25-50% cells stained), or
intense (>50% stained cells). PD-L1 sensitivity, defined as
at least mild staining on plasma membrane or cytoplasm of
tumor cells, was noted in all 31 ICC cases.

Another study looking at 70 specimens of extrahepatic
BTCs revealed a PD-L1 positivity of 43% (29). This
study showed that PD-L1 positivity (defined as IHC
>3+ staining) was associated with a worse prognosis on
multivariate analysis. Fontugne et 4/. looked at PD-L1
expression on tumor cells in perihilar and intrahepatic
BTC, with positivity defined as >5% staining (30). They
noted a PDL-L1 positivity rate of only 9%, although this
number increased to 46% when including PD-L1 positive
surrounding inflammatory cells. Further, Gani ez al.
examined PD-L1 (monoclonal antibody 5H1; >5% staining
considered positive) specifically on the neoplastic cells of
intrahepatic BT'C from 54 patients undergoing surgery at
a single center, revealing a 72% PD-L1positivity rate (31).
Our study shows strikingly different results in the largest
cohort thus far reported in the literature evaluating PD-
L1 staining, with PD-L1 positivity in 12% of GBC, 7% of
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Table 4 PD-L1 positivity based on genomic alteration

Genomic alteration Mutation present/total Mutation present/total P value Q value
PD-L1 + cases profiled (%) PD-L1 - cases profiled (%)

Gene with mutation
ARID1A 11/22 (50.0%) 95/262 (36.3%) 0.20 0.80
ARID2 4/54 (7.4%) 17/549 (3.1%) 0.09 0.72
ATM 2/54 (3.7%) 19/562 (3.4%) 0.90 0.91
BAP1 2/56 (3.6%) 40/564 (7.1%) 0.31 0.80
BRAF 5/56 (8.9%) 16/564 (2.8%) 0.01 0.16
BRCA1 1/54 (1.9%) 3/561 (0.5%) 0.25 0.80
BRCA2 5/55 (9.1%) 17/560 (3.0%) 0.02 0.20
CDKN2A 6/51 (11.8%) 44/532 (8.3%) 0.39 0.80
ERBB2 1/56 (1.8%) 8/565 (1.4%) 0.82 0.84
ERBB3 2/56 (3.6%) 6/565 (1.1%) 0.11 0.79
GNAS 2/56 (3.6%) 2/565 (0.4%) 0.004 0.05
IDH1 1/56 (1.8%) 49/565 (8.7%) 0.07 0.54
IDH2 1/56 (1.8%) 19/565 (3.4%) 0.52 0.80
JAK1 1/53 (1.9%) 0/551 (0.0%) 0.001 0.02
KRAS 13/56 (23.2%) 96/565 (17.0%) 0.24 0.80
PALB2 1/56 (1.8%) 7/564 (1.2%) 0.73 0.80
PIK3CA 2/55 (3.6%) 33/562 (5.9%) 0.49 0.80
RB1 2/53 (3.8%) 7/539 (1.3%) 0.16 0.80
RNF43 4/56 (7.1%) 8/564 (1.4%) 0.003 0.04
SMARCB1 2/56 (3.6%) 0/564 (0.0%) <0.001 0.001
TP53 35/56 (62.5%) 220/554 (39.7%) 0.001 0.02

Copy number variant amplified
CD274 (PDL1 1/49 (2.0%) 0/525 (0.0%) 0.001 0.02
gene)
EGFR 2/53 (3.8%) 2/538 (0.4%) 0.004 0.05
ERBB2 2/53 (3.8%) 17/538 (3.2%) 0.81 0.83
FGF19 1/49 (2.0%) 10/526 (1.9%) 0.94 0.94
MET 3/53 (5.7%) 6/538 (1.1%) 0.01 0.11
PDCD1LG2 (PDL2 2/49 (4.1%) 0/524 (0.0%) <0.001 <0.001
gene)

IHC loss
MLH1 1/5 (20.0%) 4/61 (6.6%) 0.27 0.80
MSH2 1/5 (20.0%) 0/61 (0.0%) <0.001 0.02
MSH6 1/5 (20.0%) 0/59 (0.0%) 0.001 0.02
PMS2 1/5 (20.0%) 4/59 (6.8%) 0.29 0.80

Table 4 (Continued)
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Table 4 (Continued)
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Mutation present/total

Mutation present/total

Genomic alteration PD-L1 + cases profiled (%) PD-L1 - cases profiled (%) P value Qvalue
IHC expression

TOP2A 9/9 (100.0%) 61/98 (62.2%) 0.02 0.21
Other

TMB high* 6/56 (10.7%) 13/556 (2.3%) 0.001 0.02

MSI-H 4/56 (7.1%) 9/552 (1.6%) 0.007 0.07

*, TMB high defined as =17 mut/Mb. PD-L1, programmed death ligand-1; TMB, tumor mutational burden.

ICC, and 5% of ECC.

In recent years, genomic profiling of BTCs has revealed
it to be a diverse and heterogeneous disease (8,9,11). The
identification of molecular subtypes of this disease has led to
some measures of success with particular targeted therapies
in patients, particularly those with FGFR2 fusions,
mutations in IDHI1, BRAF, and amplifications of HER?2
(12-15). As it relates to the study reported herein, we
sought to explore whether certain genomic alterations
were associated with increased PD-L1 positivity rates.
This line of inquiry is novel in this disease and particularly
relevant with genes involved in the DNA damage response
(DDR). As such if a cell has a defect in its ability to repair
DNA then mutations accumulate. This accumulation of
mutations can be measured and referred to as the TMB,
or tumor mutational load (TML), which is defined as the
number of genetic variants per megabase of DNA. As more
mutations are acquired, more neoantigens are expressed and
a tumor that was previously undetectable by the immune
system can now be potentially recognized and targeted
immunologically. To help facilitate this anti-neoplastic
immune activity, immune checkpoint inhibitors can be
employed. The use poly (ADP) ribose polymerase (PARP)
inhibitors combined with immunotherapy highlights the
approach of exploiting DNA repair inhibition to augment
the immune system. There are currently over 200 clinical
trials of DDR targeting agents and immunotherapy across
a multitude of malignancies (32). One such trial is a phase
IT study of the PARP inhibitor, rucaparib, in combination
with nivolumab in patients with advanced BTCs
(NCT03639935).

Of potential clinical significance, as related to the
intersection of genomic alterations, specifically in DDR,
and immunotherapy is our finding of a statistically
significant increased frequency of BRCA2 mutations

© Journal of Gastrointestinal Oncology. All rights reserved.

among PD-L1 positive BTCs. Along those lines there
is recent data to suggest increased PD-L1 expression in
gastroesophageal cancers with DDR mutations (33). There
are ongoing clinical trials studying immunotherapy (i.e.,
checkpoint inhibitors) and PARP inhibition in patients with
DDR deficiency (such as BRCA mutation) (NCT02657889,
NCT02953457, NCT02571725).

We also reveal an increased frequency of PD-L1
expression (23%) in KRAS mutated BTC. This is one
of the more frequent mutations present in BTC (34).
Though KRAS is not directly targetable, MEK inhibition
has emerged as a logical target given that KRAS mutation
causes downstream dysregulation and activation of the Raf-
MEK-ERK pathway. Additionally, there is evidence that
MEK activity can lead to an immunosuppressive tumor
microenvironment, in part, by suppressing transcription of
MHC-1 components (35). MEK inhibition also upregulates
tumor major histocompatibility complex-I expression and
promotes intratumoral T-cell accumulation. Based on these
principles, there is a clinical trial investigating the use of
atezolizumab (PD-L1 antibody) +/- cobimetinib (MEK
inhibitor) in BTC (NCT03201458) which has recently
completed accrual.

Our data also reveal a statistically significant association
between BRAF mutations and PD-L1 positivity. In a

F mutated

preclinical syngeneic mouse model using BRA
melanoma cells, both dual and individual inhibition of
BRAF and MEK resulted in increased T cell recruitment
around the tumor. Additionally, BRAF inhibition was
found to result in PD-L1 expression suggesting an adaptive
immune resistance mechanism by effector T-cells. The
combination of adoptive cell transfer (i.e., immunotherapy)
along with BRAF/MEK inhibition in this same model
resulted in superior antitumor activity (36). This set the
stage for KEYNOTE-022 which confirmed the safety of
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pembrolizumab, dabrafenib, and trametinib for metastatic
BRAF-mutated melanoma. This led to a phase II trial of the
same name (NCT02130466) and two randomized placebo-
controlled phase III trials testing BRAF/MEK inhibition
+/- immunotherapy (NCT02908672, NCT02967692)
studying this approach.

TMB is evolving as another surrogate marker for
response to immunotherapy, outside of the traditional
biomarkers for response to immunotherapy [e.g.,
microsatellite instability high (MSI-H), PD-L1 positivity].
The CheckMate-586 trial studied non-small cell lung
cancer patients being treated with first-line nivolumab and
ipilimumab. The study evaluated overall survival stratified
by TMB as a secondary endpoint (37). The results revealed
that patients with a TMB of >10 mut/Mb (assessed by
Foundation One CDx) had an objective response rate
of 44% as compared to 9-15% for TMB <10 mut/Mb.
Additionally, the progression-free survival (PFS) was
7.1 months with TMB >10 mut/Mb as compared to
2.6 months with TMB <10 mut/Mb (38). Jain et al.
reported on TMB in BTCs and found that 15% (n=9) of
tumors were TMB high (defined as >20 mut/Mb) and 85%
(n=51) were defined as TMB intermediate (defined as 6—
19 mut/Mb) (39). Our analysis revealed an association of
increased TMB with PD-L1 positivity, with a mean TMB of
10 mut/Mb in the PD-L1 positive group versus 6.9 mut/Mb
in the PDL-1 negative group (P=0.002). Taking as a
whole our findings suggest a correlation of PD-L1 and
TMB which could have implications for treatment with
checkpoint inhibitors (i.e., PD-1/PD-L1 inhibitors) in this
subset of patients.

Limitations of our study include the retrospective
nature of the analysis along with the lack of clinical data
to correlate with molecular findings. Further, the clinical
heterogeneity of the data is a limitation, such that some of
the tissue samples were from primary tumor or others from
metastatic lesions. Lastly, not all of the samples were able to
be processed for mutational status, copy number variation,
and/or IHC expression. For example, only 22 of the 56
PD-L1 positive cases were able to be analyzed for ARID1A
mutations. This was secondary to the amount of tissue
available.

Conclusions

In summary, we report on the largest cohort of BTCs to
date an analysis of PD-L1 status, the association between
PD-L1 positivity and particular genetic aberrations, and
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TMB status in BT'C. Such associations have not previously
been reported upon. PD-L1 expression on tumor cells
was highest in patients with GBC followed by intrahepatic
and ECC. Of the PD-L1 positive tumors (n=56) the most
frequent genomic alterations include: TP53 (P=0.001),
KRAS, ARID1A, CDK2NA, BRCA2 (P=0.02), BRAF
(P=0.016), and RNF43 (P=0.04). Further, the presence of
TMB high (defined as >17 mut/Mb) (P=0.001), MSI-H
(P=0.007), and TOP2A THC (P=0.02) expression showed a
statistically significant increase in PD-L1 expression. Our
hope is that these findings could help generate hypotheses
to understand which subsets of cholangiocarcinoma could
preferentially respond to immunotherapy, and to develop
studies of regimens combining particular targeted therapies
with immunotherapies.
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Supplementary

IHC

IHC was performed on full FFPE sections of glass slides
using commercially available detection kits and automated
staining techniques optimized and validated per Clinical
Laboratory Improvement Amendments (CLIA), College
of American Pathologists (CAP), and International
Organization for Standardization (ISO) requirements.
Staining was scored for intensity (0: no staining; 1+: weak
staining; 2+: moderate staining; 3+: strong staining) and
staining percentage (0-100%). Results were categorized as
positive or negative by defined thresholds specific to each
marker based on published clinical literature that associates
biomarker status with patient responses to therapeutic
agents. A board-certified pathologist evaluated all IHC
results independently. The following antibodies were
evaluated: Androgen receptor (AR27), estrogen receptor
(ER-SP1), human epidermal growth factor receptor 2

(Her2-4B5), DNA excision repair protein (ERCC1-
8F1), O(6)-methylguanine-methyltransferase (MGMT-
MT?23.3), P-glycoprotein (PGP-C494), progesterone
receptor (PR-1E2/100), phosphatase and tensin homolog
(PTEN-6H2.1), ribonucleotide reductase M1 (RRMI-
polyclonal), serum protein acidic and rich in cysteine
(SPARC monoclonal-12251), serum protein acidic and
rich in cysteine (SPARC polyclonal), topoisomerases 1
(TOPO1-1D6), topoisomerases 1 and 2a (TOPO2a-3
F6), thymidylate synthase (TS106/4H4B1), MET proto-
oncogene, receptor tyrosine kinase (cMET-SP44),
tubulin beta-3 chain (TUBB3-polyclonal), transducin-like
enhancer of split 3 (TLE3-polyclonal), programmed cell
death protein 1 (NAT105 antibody; >1+ staining of TILs
considered positive), and programmed death-ligand 1 (PD-
L1-SP142 on tumor cells). Expression data are represented
as a distribution (percentage) of positive or negative results
observed in the cohort tested.



Table S1 PD-L1 positivity based on tumor location and genomic alteration

PD-L1+
Genomic alteration P value Q value
ECC/GBC ICC
ARID1A 3 8 0.033 0.487
BAP1 1 1 0.959 0.971
BRAF 2 3 0.580 0.709
BRCAT1 1 0 0.349 0.490
BRCA2 2 3 0.609 0.732
CDKN2A 5 1 0.112 0.487
IDH1 0 1 0.296 0.487
IDH2 1 0 0.330 0.487
JAK1 0 1 0.285 0.487
KRAS 7 6 0.865 0.971
PBRM1 1 1 0.959 0.971
RB1 2 0 0.173 0.487
RNF43 1 3 0.266 0.487
SMAD4 2 2 0.941 0.971
TP53 21 14 0.112 0.487

ECC, extrahepatic cholangiocarcinoma; PD-L1, programmed death ligand-1; GBC, gallbladder
cancer; ICC, cholangiocarcinoma.
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Figure S1 ROC curve analysis for TMB and PD-L1 expression. Evaluation of the threshold at
which TMB can be used to predict PD-L1 status is calculated using Youden’s J statistic. In this
study, the best threshold to differentiate PD-L1 status corresponded to a TMB value of 6.5, which
gave a specificity of 58.5%, and a sensitivity of 62.4%. PD-L1, programmed death ligand-1; TMB,

tumor mutational burden.
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