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Abstract

Background: Novel immunotherapy is one of the options for advanced biliary tract cancer (BTC) patients who are traditionally
intolerant to chemotherapy. However, clinical evidence for single immunotherapy with pembrolizumab or nivolumab is limited.
The present study assessed the safety and efficiency of the anti-PD-1 antibody, camrelizumab, as monotherapy in patients with
unresectable or recurrent BTC. Methods: A retrospective evaluation was conducted among 4 patients with BTC, including 2
with intrahepatic cholangiocellular carcinoma (ICC), one with extrahepatic bile duct cancer, and one with gallbladder cancer. The
patients with unresectable or recurrent BTC were refractory or intolerant to gemcitabine plus cisplatin treatment regimens and
received at least one intravenous dose (3 mg/kg) of camrelizumab monotherapy every 3 weeks. Gene sequencing analysis was also
performed for biomarker screening. Patient reaction was evaluated according to modified response evaluation criteria in solid
tumor (RECIST) version |.1, progression-free survival (PFS), and toxicity. Results: In this cohort, | patient with recurrent ICC
had a positive response to treatment, with a substantial tumor size reduction in liver and lung metastases verified using a radi-
ological test after receiving 3 cycles of camrelizumab. The PFS was 4.9 months. The remaining 3 patients showed no response to
treatment and experienced disease progression. RNA sequence analysis didn’t found high expression on genes that related to
PD-LI, microsatellite instability, tumor mutation burden, and DNA mismatch repair in these patients. Grade 3 treatment-related
adverse event was observed in | patient. Conclusions: Anti-PD-| antibody camrelizumab had a manageable safety profile in
patients with advanced BTC. This initial assessment of camrelizumab monotherapy provides effective evidence for patients with
refractory BTC in biomarker-unselected patients.
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survival rate ranges from 5% to 10%, with median survival

time of about 6 months.*®

Biliary tract cancer (BTC) is a highly aggressive malignant Currently, many strategies have been adopted for BTC treat-
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Figure 1. H&E staining of tumor tissue in formalin-fixed, paraftfin-embedded sections provides orientation, Magnification x100. A: ICC
differentiated adenocarcinoma ICC, B: ICC moderately differentiated adenocarcinoma, C: common bile duct cancer moderately differentiated
adenocarcinoma, D: gallbladder cancer poorly differentiated adenocarcinoma.

gemcitabine has become a standard treatment for patients with
unresectable or recurrent BTC.? However, its efficacy is unsa-
tisfactory and worthy of improvement. Its objective response
rate (ORR) is only 20% and has a poor survival rate.'®'? A
phase II trial on second-line therapy found the ORR to be 7.7%,
with mean progression-free survival (PFS) of 3.2 months and
mean overall survival (OS) of 7.2 months for gemcitabine-
cisplatin combined chemotherapy.13 Thus, traditional che-
motherapy seems to reach a plateau with lower ORR and poor
prognosis in advanced BTC.

Recently, immune checkpoint inhibitors (ICIs) have
demonstrated remarkable efficacy in many types of malignan-
cies.'* In general, ICIs include monoclonal antibodies against
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), pro-
grammed death-1 (PD1), and PD1 ligand (PD-L1). PD-1 is
expressed by activated T cells and PD-L1 is expressed by
tumor cells and immunocytes. Monoclonal antibody against
PD-1 inhibits PD-L1 and PD-1 binding, which enhances
tumor immune response.'>'® Several studied have reported
that PD-L1/PD-1 is expressed in BTC tumor cells and
tumor-infiltrating leukocytes.'”'® Higher PD-L1 expression
in tumors was associated with poor prognosis. These studies
provided a rationale for PD1/PD-L1 inhibitor immunotherapy
in BTC patients.

The effectiveness of PD-1/PD-L1 inhibitors in BTC treat-
ment remains controversial. Previous studies have provided
initial assessment of nivolumab and pembrolizumab by com-
bination chemotherapy or monotherapy in patients with
advanced BTC.2%?° Moreover, even less information has been
reported in PD-1/PD-L1 inhibitor clinical trials in BTC
patients. Although more clinical efforts have focused on com-
bined ICIs for chemotherapy, ICI monotherapy is still an option
for patients intolerant to traditional chemotherapy. Clinical
studies should be conducted to obtain more evidence for ICI
monotherapy. The present study introduced the effects of anti-
PD-1 antibody camrelizumab in patients with recurrent ICC to
evaluate its safety and efficacy. In addition, available literature
was reviewed to elucidate the role of ICIs in BTC treatment.

Methods

Patient Characteristics

Retrospective data were collected from May 10, 2019 to
December 3, 2019 at the First Affiliated Hospital, School of
Medicine, Zhejiang University. Four patients with unresectable
or postoperative recurrence BTC confirmed histologically or
cytologically were enrolled in the study (Figure 1). One case
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Table 1. Patients Baseline Disease Characteristics.

Characteristic 1 2 3 4

Age 56 58 60 52

Sex Male Male Female Female

Primary tumor site Intrahepatic bile duct Intrahepatic bile duct Gallbladder Common bile duct
ECOG performance status 1 0 0 1

Histological grade Moderate-poor Moderate Poor Moderate
differentiated

Recurrent or metastatic site Lung and liver Bone Liver Liver

Treatment related Adverse event

Tumor response to treatment Partial response

Skin rash grade3

Table 2. Tumor Response to Treatment.

Anti-PD-1 treatment (n = 4) PFS
Partial response 1(25%) 4.9 months
Progressive disease 3 (75%)

had recurrent ICC with liver and lung metastases post opera-
tion, 1 case had recurrent ICC with bone metastasis post oper-
ation, and 2 cases were diagnosed with gallbladder cancer with
liver metastasis and unresectable extrahepatic bile duct cancer,
respectively. The recurrent patients underwent surgery in Octo-
ber and July 2018, respectively. Unfortunately, progressive
disease was observed after chemotherapy combining cisplatin
with gemcitabine. New lung and liver metastases were discov-
ered in the patient. Another patient was found to have multiple
bone metastases. Both of these patients received PD-1 inhibitor
monotherapy and refused the continued chemotherapy. The
other 2 cases with unresectable BTC were intolerant to the
serious adverse effects of chemotherapy and received anti-
PD-1 monotherapy. Intravenous camrelizumab (SHR-1210;
Jiangsu Hengrui Medicine Co. Ltd, China) was subsequently
administered at a dose of 3 mg/kg 3 weeks until disease pro-
gression or unacceptable toxicity were observed. SHR-1210 is
a selective, humanized, high-affinity immunoglobulin G4-
kappa monoclonal antibody against PD-1. Informed consent
was obtained from all patients. Patient baseline disease char-
acteristics are summarized in Table 1.

Patients were followed up regularly to monitor the adverse
events and treatment responses. Blood tests were performed for
complete blood count, renal and liver function, tumor markers,
and coagulation studies. Tumor response was assessed using
computed tomography (CT) or magnetic resonance imaging
(MRI) every 4 weeks until treatment discontinuation according
to response evaluation criteria in solid tumor (RECIST) version
1.1.%° Objective response was defined as complete or partial
response. Adverse events were graded according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0.%”

Gene sequencing analysis was performed to identify the
patients for therapeutic efficiency (Illumina Hiseq). Tumor tis-
sues or blood samples for PD-L1 expression, microsatellite

instability (MSI), tumor mutation burden (TMB), and DNA
mismatch repair deficiency (IMMR) analysis were collected
from patients. PD-L1-positive expression was defined as 1% or
greater of tumor or tumor-associated immune cells.

Results
Efficacy

According to the resulting data, one out of 4 patients had a
positive response (Table 2), with a PFS of 4.9 months. This
recurrent ICC patient had a partial response and the time to
response was 2 months after treatment. The lung and liver
metastases were well-controlled after 3 cycles of therapy as
assessed by CT scans. CT examination showed that lung and
liver metastases continued to decrease (Figures 2 and 3), and
the patient had a partial response (PR) according to the standard
RECIST 1.1 criteria, which lasted up to 4.9 months. Unfortu-
nately, the patient experienced upper gastrointestinal bleeding
due to ulcer 6.9 months from the beginning date of treatment,
gave up operation therapy, and died on November 29, 2019.
Another recurrent ICC case with bone metastases and gallblad-
der cancer with liver metastasis experienced disease progres-
sion during treatment, at which point the therapy was
discontinued. The unresectable extrahepatic bile duct cancer
patient stopped the treatment after developing grade 3 rash.
Gene sequencing analysis showed that none of the patients had
high-level MSI and PD-L1 expression and no dMMR-related
genes were detected. In addition, the 4 patients’ TMB values
were 0.7, 2.3, 2.0, and 1.5 muts/Mb, respectively.

Safety

No treatment-related deaths occurred during the treatment pro-
cess. The unresectable gallbladder cancer patient developed
grade 3 skin rash after 2 weeks of treatment, received gluco-
corticoid treatment, and discontinued the therapy. Furthermore,
fever, bone marrow suppression, hand-foot syndrome, amylase
increase, hypertension, alopecia, diarrhea, pleurisy, pneumoni-
tis, or any other adverse events did not occur.
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Figure 2. CT images demonstrate the significant reduction in size of lung metastases after treatment. A and C: lung metastases before treatment;

B and D: lung metastases after treatment.

Figure 3. CT images liver metastases achieved complete remission after treatment. A: liver metastases before treatment; B: liver metastases

after treatment.

Discussion

PD-1 has been demonstrated to have efficacy in solid tumors.**>!

Although investigation of its utility has been focused on combi-
nation of ICIs with chemotherapy, ICI monotherapy still had a
response in 10-35% of patients.*> Monotherapy is suitable for
BTC patients with failed gemcitabine-cisplatin chemotherapy or
those intolerant to traditional chemotherapeutic regimens.

The present study evaluated the efficacy and safety of anti-
PD-1 camrelizumab monotherapy in 4 cases of advanced BTC.

One out of 4 patients had a partial clinical response without any
unexpected safety issues. Furthermore, the data showed that
higher TMB, dMMR, MSI-H, and PD-L1 expression is not able
to distinguish among patients who might benefit from single
immunotherapy. In addition, literature on treatment of BTC
patients with anti-PD-1 inhibitors was comprehensively
summarized.

The efficacy of PD-1 blockers for patients with BTC has
been supported by several clinical trials before, and the com-
bination with chemotherapy achieved more encouraging
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clinical outcomes than monotherapy. Sun et al have reported
that anti-PD-1 (pembrolizumab and nivolumab) and combined
chemotherapy might lead to a longer overall response (OR),
PFS, higher ORR, and disease control rate (DCR) than a single
administration in Chinese patients with BTC. Anti-PD-1 plus
chemotherapy in 38 patients had a treatment response of
34.25%. The median PFS and OS were 5.1 months and 14.9
months, mespectively.20 Recently, a multi-center, open-label,
phase I clinical trial on nivolumab alone or combination ther-
apy in BTC was conducted in Japan. Only 1 out of 30 patients
had an OR in the nivolumab alone group. However, 11 out of
30 chemotherapy-naive patients had an OR in the nivolumab
combined with cisplatin and gemcitabine group.>' Further-
more, Sui et al has reported that 2 patients with relapsed ICC
treated with pembrolizumab combined with chemotherapy
achieved a complete response (CR) and survived for longer
than 16 and 13 months, respectively. They also found a correla-
tion between a high indel ratio and immunotherapy response in
ICC patients.*®> Mou et al have reported that a combined admin-
istration of pembrolizumab, oxaliplatin, and tegafur demon-
strated a good response in a metastatic ICC patient after
surgery with metastatic lesions in complete remission.**

The present study also assessed the safety and efficacy of
combining an antiangiogenic agent with ramucirumab and
pembrolizumab in BTC patients with failed gemcitabine-
cisplatin chemotherapy.®® Twenty six patients received a
simultaneous inhibition treatment of vascular endothelial
growth factor receptor 2 and PD-1. The resulting objective
response rate was only 4%. Median PFS and OS were 1.6
months and 6.4 months, respectively. No difference was
observed in median PFS between patients with positive/nega-
tive PD-L1 expression (1.5 and 1.6 months). Patients with pos-
itive PD-L1 expression had increased OS compared to patients
with negative PD-L1 expression. Furthermore, nivolumab-
based immunotherapy combined with lenvatinibin was also
introduced in the ICC patient.>® The patient developed a recur-
rent tumor 5 months after surgery, although cisplatin and
xeloda were administered. The patient was then simultaneously
administered nivolumab and lenvatinib. MRI and CT showed a
PR after 9 months of therapy, and liver metastases became
smaller and almost disappeared.

In addition, the efficacy of PD-1 monotherapy has also been
assessed in BTC and the results are controversial. In a non-
randomized phase I study, no patient had a complete response
and only 3% achieved a partial response with nivolumab
alone.”! In a phase II study, the results showed that the effec-
tiveness of nivolumab monotherapy in patients with advanced
BTC, percentage of patients with PR and stable disease (SD)
was 17% and 38% respectively, and there was an overall DCR
of 55%.** In another phase 2 KEYNOTE-158 study, pembro-
lizumab monotherapy achieved a response in 6% of patients.>
Bang et al have also reported that 17% of evaluable BTC
patients with PD-L1 expression of 1% or greater responded
to pembrolizumab monotherapy in the KEYNOTE-028 basket
trial.?*> Phase II clinical trial data demonstrated a higher OR
rate than phase I clinical trial data. However, other results

showed no or low response to nivolumab monotherapy in
BTC.?>?! This might be attributed to a lower proportion of
patients who experienced failure with multiple lines of therapy.
Furthermore, phase I trial emphasized safety rather than effi-
cacy. Based on BTC patients in our center, the efficiency of a
single anti-PD-1 antibody camrelizumab administration for
treatment of patients with refractory BTC was reported. Cam-
relizumab showed promising antitumor activity and a manage-
able toxicity profile in tumors.>’*° The present study
demonstrated a good response to camrelizumab monotherapy.
One in 4 cases (25%) experienced a reduction in lung metas-
tasis size. One case experienced a decrement of SD and CA-
199 level bone metastasis after surgery. Resistance to
gemcitabine-cisplatin chemotherapy was the common charac-
teristic in these 2 cases. These results are consistent with a
previous study that also found nivolumab monotherapy to be
associated with antitumour activity in BTC patients.?'

It is difficult to accurately screen out the patients who might
have that clinical benefits presented by extended survival. Sev-
eral biomarkers, including PD-L1 expression, high MSI,
dMMR, and high TMB have been approved by the Food and
Drug Administration for immunotherapy.*® PD-L1 expression
in tumor or tumor-associated immune cells has been associated
with increased clinical benefits from PD-1 or PD-L1 blockade
therapy in some tumors. In the KEYNOTE-028 trial, PD-1-
positive patient OS was obviously better than that in PD-1-
negative patients.”> Umemoto et al found that CD8+ T cells
expressing PD-1 near tumor cells are associated with PD-1
therapy response in BTC.*' MMR deficiency and TMB have
also been demonstrated as important predictive biomarkers for
immunotherapy.**** However, the expression of these biomar-
kers may be affected by various factors, including time fluctua-
tions and tumor heterogeneity. These results were based on
small sample sizes and the opposite findings were also reported
in other studies. The KEYNOTE-158 study published an ORR
of 6.6% in patients with a combined PD-L1 score (CPS) >1.
Patients with low PD-L1 expression (<1%) were also
responded to Nivolumab therapy, and there was no association
between PD-L1 expression and a clinical response in the
KEYNOTE-189 and KEYNOTE-407 trials.*° In the trial inves-
tigating combined administration of pembrolizumab and ramu-
cirumab in advanced BTC, only 1 patient achieved an OR in
PD-L1-positive patients.>> Previous cases also showed that PD-
L1 expression, high TMB, and MSI-H cannot completely char-
acterize patients who will benefit from immunotherapy.*® The
present data suggested that none of the patients had high PD-L1
expression, MSI, dMMR, or TMB. This might be due to the
proportion of patients with relatively low MSI-H. Previously
published results have indicated that the incidence of MSI-H is
<10% in ampullary cancer and ICC and approximately 5% or
lower in GBC and extrahepatic cholangiocarcinoma.'*>' Of
the PD-L1-positive BTC patients enrolled in the KEYNOTE-
028 study, 17% had positive responses to pembrolizumab
monotherapy.'®

The present study determined the potential positive effects
of camrelizumab on treatment of Chinese patients with
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refractory BTC. However, the reliability of these efficiency
data needs further external validation due to a relatively low
sample size in the present study.

Treatment safety is another major issue for the oncology
community. Immune-related adverse event (IRAE) occurrence
is thought to unbalance the immune system via activated
T-cells.****® Previous published data have indicated that most
IRAEs were mild and manageable. A meta-analysis including
12,808 cancer patients reported that the overall incidence of
IRAE was 26.82% and 6.1% in severe grade patients treated
with PD-1/PD-L1 inhibitors. The incidence of IRAE was
18.5% in patients with pembrolizumab and 16.67% in the ate-
zolizumab group, which was lower than the incidence in
patients treated with nivolumab. The incidence of severe grade
IRAE ranged from 5 to 8% (8.25% with nivolumab, 5.1% with
pembrolizumab, and 5.28% with atezolizumab).*” IRAE can
occur in almost all organs, including dermatologic, gastroin-
testinal, hepatic, endocrine, respiratory, and musculoskeletal
systems, which are most frequently affected by ICIs. The most
common IRAE in anti-PD-1 therapy include fatigue, pruritus,
rash, vitiligo, diarrhea, hypothyroidism, pneumonitis, hepatitis,
and nephritis. In the present study, 1 patient experienced a skin
rash (grade 3) and was treated by glucocorticoid treatment,
after which the therapy was discontinued.

In conclusion, the present data provided clinical evidence
that PD-1 inhibitor camrelizumab monotherapy might have
antitumor activity in patients with advanced BTC. Although
data validity and reliability is limited due to small sample size
and short follow-up duration, these findings still provide valu-
able clues for a further exploration in patients who are intoler-
ant or insensitive to traditional chemotherapy.
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