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Abstract

Immune checkpoint inhibitors are potential agents to improve the survival of advanced biliary tract cancers (ABTCs). The cur&
results are controversial because the predictors are imprecise. We present our primary experience with ABTCs based on gene
landscape with exciting outcomes. ABTCs who were admitted to The First Affiliated Hospital of Henan University of Science and
Technology from October 2019 to March 2021 were enrolled. They were divided into chemotherapy group or immunotherapy
group according to the treatment. The primary endpoints were overall survival (OS) and progression-free survival (PFS), and
the secondary endpoints were response and toxicities. SSPS 16.0 was used for statistical analysis. A total of 33 patients
were enrolled, including 25 in the chemotherapy group and 8 in the immunotherapy group. The median OS and PFS of the
chemotherapy group were 2 and 4 months, respectively. The estimated median OS and PFS of immunotherapy were 10 + and
10 + months, respectively. The differences of OS and PFS between the 2 groups were significant (P = .000; P = .003). Stratified
analysis showed that these differences were mainly from those patients with high expression of PD-L1 > 10%. The difference in
the overall response was significant between 2 groups (x? = 9.275; P = .026). The difference in adverse events between the 2
groups was not significant. Immune checkpoint inhibitors were effective and safe for ABTCs with high expression of PD-L1. The
threshold should be precise.

Abbreviation: ABTC = advanced biliary tract cancer, AE = adverse event, BTC = biliary tract cancer, CR = completed response,
ECOG = Eastern Cooperation Oncology Group, ICI = immune checkpoint inhibitors, NGS = new generation sequencing, ORR =
objective response rate, OS = overall survival, PFS = progression-free survival, PR = partial response, SD = stable disease, TMB =
tumor mutational burden.
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benefited from ICIs. This study presents our primary experience
using ICIs for ABTC patients with exciting results.

1. Introduction

Biliary tract cancers (BTCs) include a series of cancers with poor
prognosis. Radical resection is the only procedure for patients
striving for long-term survival. Unfortunately, most patients are
diagnosed at later stage without the opportunity for surgery.!-
Even worth, no chemotherapeutic schedule produced exciting
outcomes for advanced biliary tract cancers (ABTCs).* Target

2. Materials and methods

2.1. Inclusion and exclusion criteria

We retrospectively analyzed all patients who were admitted to

therapy and immunotherapy have high hopes for improving
outcomes, but the results of current clinical trials were disap-
pointed.>*! Immune checkpoint inhibitors (ICIs) are recom-
mended by the FDA for solid tumors with positive expression of
PD-L1. KEYNOTE-028" showed a slight improvement in pro-
gression-free survival (PFS) and overall survival (OS) in ABTC
patients treated with ICIs. Few patients had significant long-term
survival, while, as the main predictors, their genetic landscape
was not clear. We also observed several patients who significantly
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The First Affiliated Hospital of Henan University of Science and
Technology from October 2019 to March 2021. All patients
diagnosed of ABTCs were with local advanced disease or distant
metastasis. Pathological diagnosis was performed via histologi-
cal or cytological testing. Enhanced computed tomography (CT)
scan and enhanced magnetic resonance imaging were routinely
recommended with positron emission tomography-CT, if nec-
essary. A multidisciplinary team ultimately confirmed the later
stage. Next-generation sequencing (NGS) was recommended
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for each patient with unresectable BTC. Some patients received
NGS, while others rejected primarily for economic reasons.
Patients with positive PD-L1 were assigned to the immunother-
apy group, and other patients were assigned to the chemother-
apy group. The ethics committee of The First Affiliated Hospital
of Henan University of Science and Technology approved
the trial. The inclusion criteria were age >18 years, Eastern
Cooperative Oncology Group (ECOG) performance status of 0
to 1, and an expected survival of >3 months. The exclusion cri-
teria were patients without pathological diagnosis or with poor
ECOG score of > 1. Patients who were unwilling to be involved
in this trial were excluded either. Each included patient provided
written informed consent.

2.2. Tumor sample collection for molecular analysis

Formalin-fixed paraffin-embedded tumor tissues were sent to an
authoritative third party (Jiangsu Simcere Diagnostics Co., Ltd)
for immunohistochemistry and gene sequencing according to the
manufacturers’ protocol. PD-L1 expression was tested by immu-
nohistochemistry using a monoclonal antibody targeting PD-L1
(SP263), and PD-L1 positivity was defined as a combined posi-
tive score > 1. Combined positive score is the number of PD-L1-
stained cells (tumor cells, lymphocytes, and macrophages)
divided by the total number of tumor cells multiplied by 100.
Tumor mutational burden (TMB) was defined as the number
of somatic, coding, base substitution, and indel mutations per
megabase of genome examined. The 539 cancer genes targeted
NGS panel. TMB was counted by summing all base substitu-
tions and indels in the coding region of targeted genes, excluding
synonymous alterations, alterations of allele frequency < 0.02
and alterations listed as known somatic alterations in COSMIC.
To determine microsatellite instability (MSI) status, 334
homopolymer repeat loci with adequate coverage on the panel
were selected, and reads that were successfully mapped to each
of the 334 loci were extracted from the deduplicated BAM file.
Msisensor!®! was used to evaluate the distribution of read counts
among various repeat lengths and determine the stability of
each locus. An MSI score was defined as the percentage of unsta-
ble loci. Any sample with an MSI score 2 0.15 was classified
MSI-high, and an MSI scores 2 0.05 and < 0.15 was classified
as MSI-low. Otherwise, it was classified as microsatellite stable.

2.3. Treatment

When comprehensive assessment was completed, chemotherapy
was scheduled according to NCCN guidelines. Gemcitabine
or fluorouracil alone or in combination was recommended.
Irinotecan was recommended for patients with progression.
ICI (sintilimab, 200 mg injection, per 3 weeks) was only rec-
ommended additionally to patients with PD-L1-positive tumors.
Tumor markers and enhanced CT scans and/or magnetic res-
onance imaging were scheduled every 2 months, with addi-
tional examination if necessary. Treatment was terminated
upon confirmation of completed response, intolerable toxicity,
or the patients or investigators decision to withdraw. Patients
with a complete response (CR) were recommended for at least
3 months of additional treatment. Adverse events (AEs) were
monitored throughout the treatment and 1 month after the last
dose.

2.4. Outcomes

The primary endpoints were OS and PFS. The secondary end-
points were response, including CR, partial response (PR),
stable disease (SD), and progressive disease. The response was
assessed using mRESIST 1.1.° The efficiency was assessed by 2
independent investigators with a discussion when unconformity
existed. AEs were graded by the criteria of the National Cancer
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Institute Common Terminology Criteria for Adverse Events
(version 5.0).11

2.5. Statistical analyses

SPSS 16.0 was used for statistical analyses. Time-to-event end-
points were estimated using the Kaplan—-Meier method, with
censoring at the last date of assessment for patients with missing
data. Enumeration data, such as gender, ECOG, diagnosis, dis-
ease status, response, and toxicities, were statistically analyzed
using chi square tests. Measurement data, such as age and cycles
of chemotherapy, were statistically analyzed using Student ¢ test.
P < .05 was considered significant. The threshold of PD-L1 was
calculated using cluster analysis.

3. Results

A total of 33 patients were included in this trial. Twenty-five
patients were divided into the chemotherapy group as no NGS
or negative expression of PD-L1 and the other 8 patients with
PD-L1-positive tumors were divided into the immunotherapy
group. Differences in the baseline characteristics, including age,
gender, ECOG, diagnosis, and disease status, did not reach signifi-
cance. These results are shown in Table 1. Eight patients had pos-
itive PD-L1 tumors as measured by 539-panel NGS. The PD-L1,
TMB, and MSI statuses are listed in Table 2. Four patients had
high PD-L1 expression (>10%). Two of these patients were diag-
nosed with multiple metastases in the liver and lung, and both
were recommended to receive sintilimab 200 mg injections as a sec-
ond-line schedule every 3 weeks and additional capecitabine orally
twice daily for 14 days continuously with a 7-day break. Another
2 patients with high expression of PD-L1 were recommended to
receive sintilimab 200 mg injection as a first-line schedule every 3
weeks with oral capecitabine. All 4 patients had PR based on the
criteria of mRECIST 1.1, including 1 CR at the 6-month follow-up,
which was diagnosed with mucinous adenocarcinoma of the bile
duct. All 4 patients were followed up without progression. One
patient who reached CR discontinued treatment 3 months after
CR, and another patient discontinued because the tumor did not
continue to shrink after 10 cycles of therapy. The other 2 patients
continued as planned. Four patients with 1% or 5% expression of
PD-L1 reached SD. Three of them experienced endpoint events at
6 to 10 months. Twenty-five patients in the chemotherapy group

Baseline characteristics of included patients.

Chemotherapy (25) Immunotherapy (8) P
Age 60.0 +£15.0 538+ 16.5 .301
Gender 678
Male 10
Female 15
ECOG 616
0 4
1 21
Diagnosis .833
GBC 10
ECC
ICC 9 2
Disease status 687
Local advanced 9
Metastatic 19

ECC = extrahepatic cholangiocarcinoma, ECOG = Eastern Cooperative Oncology Group, GBC =
gallbladder cancer, ICC = intrahepatic cholangiocarcinoma.
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Results of next-generation sequencing.
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The response to therapy.

Patient’s number PD-L1 (%) TMB (Muts/Mb) MSI Chemotherapy (N =25) Immunotherapy (N = 8) P
1 >1 9.3 MSS Cycles of therapy 46+25 9.5+3.8 .018
2 >1 71 MSS Response (%) .026
3 >1 5.3 MSS CR 0(0.0) 1(12.5)

4 5 13.8 MSS PR 4(16.0) 3(50.0)

5 10 22.5 MSI-H SD 11 (44.0) 4(37.5)

6 10 9.7 MSS PD 10 (40.0) 0(0.0)

7 25 14.9 MSHH mPFS (m) 2 10+ .003
8 30 7.6 MSS mOS (m) 4 10+ .000
MSI = microsatellite instability, MSI-H = microsatellite instability-high, MSI-L = microsatellite 6-mo PFS (%) 3/25 (12.0 4/8 (50.0) 042
instability-low, MSS = microsatellite stable, TMB = tumor mutational burden. 6-mo 0S (%) 7/25 (28.0) 6/8 (75.0) .035

without PD-L1 expression or rejection of NGS testing were rec-
ommended to receive chemotherapy based on gemcitabine or flu-
orouracil alone or in combination. Four patients reached PR, and
11 patients reached SD without CR.

At the cutoff date, 4.6 + 2.5 cycles of chemotherapy were
completed for the chemotherapy group, and 9.5 = 3.8 cycles
of immunotherapy were completed for the immunotherapy
group (P =.018). A total of 4 of 25 (16.0%) patients in the
chemotherapy group achieved PR, and 4 of 8 (50.0%) patients
in the immunotherapy group achieved PR, including 1 CR. A
total of 11 of 25 (44%) patients in the chemotherapy group
reached SD, and 4 of 8 (50%) patients in the immunotherapy
group reached SD. Progressive disease was observed in 10 of

CR = completed response, mPFS = median progression-free survival, mOS = median overall
survival, PD = progressive disease, PR = partial response, SD = stable disease.

25 (40%) patients in the chemotherapy group. The difference
in response between the 2 groups was significant (y* = 9.275;
P =.026), as listed in Table 3. The median OS (mOS) and
median PFS (mPFS) were 4 and 2 months, respectively, for the
chemotherapy group. The mOS and mPFS were not reached
for the immunotherapy group because 4 of the 8 patients
had continuous PR or CR at the date cutoff. The estimated
mOS and mPFS were 10+ months. The difference between the
2 groups was significantly related to mOS and mPFS, with
P values of .000 and .003, respectively, as shown in Figures 1
and 2. The 6-month OS rates for the chemotherapy group
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Figure 1. Overall survival. Immunotherapy group had longer overall survival (y? = 13.266; P = .000).
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Figure 2. Progression-free survival. Immunotherapy group had longer progression-free survival (y? = 8.774; P = .003).

and immunotherapy group were 28% and 75%, respectively
(P =.035). The 6-month PFS rates for the chemotherapy group
and immunotherapy group were 12% and 50%, respectively
(P =.042).

Cluster analysis showed that the calculated threshold should
be set at 10% of PD-L1. Stratified statistical analysis showed
that patients with high expression of PD-L1 > 10% had signifi-
cantly longer OS than the other patients (P =.001), as shown
in Figure 3.

The AEs for both groups were myelosuppression, gastrointes-
tinal reaction, bleeding, fatigue, and capillary proliferation. No
significant difference was observed between the 2 groups. Four
grade 3 myelosuppression in the chemotherapy group were
observed after 3 to 8 cycles of gemcitabine-based chemother-
apy. All of the patients recovered with 1 transfer to capecitabine
monotherapy. One grade 3 capillary proliferation in the immu-
notherapy group was observed and recovered after 2 months of
withdrawal from ICIs. The difference did not reach significance,
as shown in Table 4.

4. Discussion

BTC is one of the most troublesome diseases with poor prog-
nosis. Most patients were diagnosed at advanced stage on
admission and lost the chance of surgery, which is the only
opportunity for clinical curation. Even worth, no effective
chemotherapy schedule is available for ABTCs. Both contrib-
ute to the poor prognosis of ABTCs. Although the NCCN
guidelines recommend gemcitabine or fluorouracil alone or
in combination as first-line chemotherapy for ABTCs, with
irinotecan as second-line treatment, the objective response

rate (ORR) is much lower than that of other digestive cancers,
especially when first-line therapy failed. Ying and Chen!'"! per-
formed a comprehensive meta-analysis of salvage treatment
of ABTCs. They found that the response rate as second-line
therapy for ABTCs was only 7.7%, with mPFS of 2.6 months
and mOS of 6.5 months. S1 used as second-line monotherapy
had an ORR of 7.5%, with mPFS of 2.5 months and mOS of
6.8 months."” Combined treatment did not reach superiority
as second-line therapy.'"? The current outcomes from chemo-
therapy are disappointed.

ICIs have been recommended for PD-L1-positive tumors
with exciting results in certain cancers.!'*! ICIs are also recom-
mended to some ABTCs with gentle superiorities,'*'% but the
superiority was not significant. One fact contributing to this
result was that the threshold was not clear until now. If the
threshold was set to 1% of PD-L1, most patients benefitted lit-
tle from ICIs, in relation to ORR, OS, and PFS."* Our primary
experience also showed superiority of ICIs for ABTCs. Eight
PD-L1-positive ABTCs were included in our trial. Longer OS
and PFS were observed for the immunotherapy group than for
the chemotherapy group. The calculated threshold of PD-L1
by cluster analysis was 10%. Four patients were observed
with high PD-L1 expression of >10%, and stratified analysis
showed that patients with PD-L1 expression >10% had lon-
ger OS. This superiority was significant compared to other
patients. According to our limited experience, we suggest that
ICIs should be recommended to certain patients with high
expression of PD-L1>10%. Four patients in our cohort who
had high expression of PD-L1 (>10%) were administered
ICIs as first-line or second-line therapy. One patient who was
diagnosed of mucinous adenocarcinoma of the bile duct had
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Figure 3. Stratified analysis of overall survival. Stratified analysis showed patients with high PD-L1 of > 10% had significantly longer overall survival (y*> = 14.872;

P =.001).

Adverse events.

Chemotherapy (25)  Immunotherapy (8) P
Myelosuppression 9 1 382
Gastrointestinal reaction 13 3 .688
Bleeding 0 0 -
Fatigue 8 1 394
Transaminase elevation 2 1 1.000
Capillary proliferation 0 2 -

CR after 6 months of treatment with ICIs. No progression
was observed during the entire follow-up period. The other
patients reached PR.

The main AEs from our cohort were capillary proliferation
and gastrointestinal reactions in immunotherapy group. One
patient in immunotherapy group had serious capillary pro-
liferation. He recovered after 2 months of withdrawal and
transferred to capecitabine monotherapy due to the patient’s
rejection to ICIs. This patient progressed at the 6th month
follow-up and died at the 10th month. Myelosuppression,
gastrointestinal reaction and fatigue were the main AEs
for chemotherapy. All of the patients recovered without
mortality.

BTC is a relatively rare malignant tumor. Positive expres-
sion of PD-L1 was not common in those cancers. Both fac-
tors contributed to the small studies that were published and

ours. As a small-volume study, bias may exist. The calculated
threshold may be imprecise. The relatively short period of fol-
low-up of 10 months may also induce bias, especially for sur-
vival. A retrospectively designed trial may induce bias either.
Randomized controlled trials with large volumes should be
planned to ensure the value of ICIs for ABTCs and the thresh-
old of PD-L1.

5. Conclusions

ICIs are efficient for certain ABTCs with high expression of
PD-L1 with acceptable AEs. The threshold of PD-L1 should be
more precise.
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