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Background: PD-1/L1 inhibitor-based immunotherapy is currently under investigation in
biliary tract cancer (BTC). Apatinib combined with camrelizumab has achieved promising
results in various tumor types. The aim of this study was to assess the safety and efficacy
of apatinib plus camrelizumab for advanced biliary tract cancer patients who have
received previously treatments.

Methods: This prospective, non-randomized, open-label trial was conducted at Peking
Union Medical College Hospital (PUMCH). All included patients received apatinib orally at
250 mg per a day and camrelizumab intravenously at 200 mg every three weeks until
disease progression or intolerable toxicity occurred. Efficacy was evaluated based on the
Response Evaluation Criteria in Solid Tumors RECIST Version 1.1 (RECIST 1.1). Adverse
events (AEs) were assessed by the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE version 4.0).

Results: A total of 22 patients were consecutively enrolled from 1st December, 2018 until
1st August, 2020. Among 21 patients for whomwe could conduct efficacy evaluations, no
patients achieved a complete response (CR), 4 patients (19%) achieved partial response
(PR), and 11 patients had stable disease with a disease control rate of 71.4%. The median
overall survival was 13.1 months (95% CI, 8.1-18.2), and the median progression-free
survival was 4.4 months (95% CI, 2.4-6.3). All patients experienced treatment related AEs,
and grade 3 or 4 AEs occurred in 14 (63.6%) of 22 patients. No treatment related deaths
were observed.
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Conclusions: This is the first report focusing on the efficacy and safety of camrelizumab
plus apatinib in pretreated biliary tract cancer patients. The finding suggests this regimen
has favorable therapeutic effects with relatively manageable toxicity. Further trials with a
control arm are required to investigate.

Clinical Trial Registration: identifier NCT04642664.
Keywords: apatinib, camrelizumab (SHR-1210), advanced biliary tract cancer, combination therapy, PD-1/L1
blockade, target therapy, immunotherapy, cholangiocarcinoma
INTRODUCTION

Biliary tract cancers (BTCs) are a heterogeneous group of cancers
derived from the epithelial cells lining the biliary tree, which
generally divided into intrahepatic and extrahepatic
cholangiocarcinomas (ICC, ECC) and gallbladder cancers
(GBC) (1). Even though BTC are traditionally regarded as rare
malignant neoplasms, it is the second most common primary
liver tumor and accounts for approximately 10%-15% of all
hepatobiliary malignancies (2). Consistent with other
gastrointestinal neoplasms, radical surgery with negative
resection margins is the only potentially curative therapy.
However, approximately 60-70% patients are diagnosed at late
disease stages and are ineligible for surgical resection (3).
Moreover, the treatment regimens for advanced BTC patients
are extremely scarce with limited efficacy. Only a few
chemotherapies including gemcitabine plus cisplatin or another
platinum derivative have been approved as first-line
interventions, with only modest efficacy, and there are no
consensus standard regimens for second-line and later therapy
(4, 5). Given these factors, effective treatments are needed to fill
in gaps in current BTC treatment approaches and prolong the
survival of patients (6).

Programmed cell death protein 1 or ligand 1 (PD-1/L1)
blockades are relatively novel therapeutics which have been
tested for a variety of tumors and have found to have robust,
durable antitumor activity. However, the efficacy of PD-1/L1
inhibitor monotherapy in gastrointestinal malignancies is not
ideal owing to the complex tumor microenvironment, for
example the presence of abundant fibrotic stroma that
surrounds and infiltrates the tumor structures can hinder the
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antitumor functions of T cells (7). For BTCs, the objective
response rate (ORR) of PD-1 blockade monotherapy is
approximately 4%-18%, although accumulating findings
demonstrate patients with cholangiocarcinoma with specific
pathological and genomic characteristics might benefit from
immunotherapy (8, 9). As such, immunotherapeutic research
in this field has tended to focus on seeking combinations which
destroy stroma while promoting tumor antigens presentation
and enabling immune recognition (7). With the substantial
progress in research regarding the tumorigenesis and genetic
landscape of BTCs, targeted drugs including multiple small-
molecule tyrosine kinase inhibitors are also being actively
explored. Current evidence indicates that 53% intrahepatic
cholangiocarcinoma harbor vascular endothelial growth factor
(VEGF) overexpression which is related to poorer prognosis
(10). Preclinical models appear to suggest that agents targeting
VEGF, FEGF, EGFR and other signaling pathways can convert
the tumor microenvironment and reprogram the immune
responses to suppress tumorigenesis (11).

Apatinib, a multitarget tyrosine kinase inhibitor (TKI) that
selectively inhibits VEGFR-2, has proven beneficial for various
solid tumors including gastric cancer and hepatocellular
carcinoma (12). A small sample study of patients with
unresectable intrahepatic cholangiocarcinoma revealed that
apatinib has manageable toxicities with a median progression-
free survival (PFS) of 4.5 months and overall survival (OS) of 6.5
months (13). Meanwhile, another study include patients with
primary liver cancer showed that apatinib achieved 16% ORR
(14). Camrelizumab (SHR-1210), a PD-1 inhibitor, has been
shown to block the binding of PD-1 to PD-L1 and consequently
inhibit the immune escape of tumour cells. Therefore,
considering the potential synergistic efficacy of targeted
therapy combined with immune checkpoint inhibitor, apatinib
plus camrelizumab might be a potentially effective combination
for various tumors (15). For patients with advanced HCC,
apatinib combined with camrelizumab achieved a 34.3%
objective response as the first-line and 22.5% as the second-
line therapy (16). Similar results were also observed in
osteosarcoma, gastric cancer, advanced triple-negative breast
cancer and a variety of other tumors (17–19). Nevertheless,
thus far, no studies have reported results regarding this
regimen in patients with BTC. As such, we conducted this
prospective clinical trial to evaluate the efficacy and safety of
apatinib in previously treated patients with advanced BTC in
hopes of providing an alternative treatment regimen.
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METHODS

Study Design and Participants
This was a prospective, single institution, open-label,
nonrandomized trial designed to evaluate the efficacy and
safety of apatinib in combination with camrelizumab for
advanced BTC patients. The study protocol adhered to the
principles of the Declaration of Helsinki and was approved by
the Institutional Review Board and Ethics Committee of Peking
Union Medical College Hospital (PUMCH-JS-2160). The clinical
trial is registered at ClinicalTrials.gov (NCT04642664).

All patients were required to provided written informed consent
before participating. Patients were enrolled from 1st December,
2018 until 1st August, 2020. The primary inclusion criteria were
patients older than 18 years with either histologically or cytologically
confirmed BTC diagnosis, including ICC, ECC and GBC. The
patients had at least one measurable tumor lesion at baseline per
the Response Evaluation Criteria in Solid Tumors, version 1.1
(RECIST v1.1) and had received at least a previous systemic anti-
tumor therapy. Patients had Child Pugh A or B liver function status
(score ≤7) and presented with an Eastern Cooperative Oncology
Group performance status (ECOG PS) value of 0-2.

The exclusion criteria mainly included intolerance to apatinib
or PD-1 blockade, life expectancy of ≤3 months and inadequate
organ function including Child-Pugh liver function class C,
active or prior autoimmune disease, concurrent use of
immunosuppressive medicaments and other contraindicators
associated with apatinib or camrelizumab. Patients with severe
esophageal varices or those who presented with positive fecal
occult blood were also excluded. The detailed study criteria are
available in the Supplement.

Assessment of Efficacy and Treatment
Related Adverse Events (AEs)
Patients received apatinib orally at 250 mg per day, irrespective of
body mass. During treatment, apatinib could be reduced to a half
dose or administered once every other day considering the grade
of treatment-related AEs. Camrelizumab was administered
intravenously at a dosage of 200mg over 30 minutes every 3
weeks. The interruption period of camrelizumab was no longer
than six weeks. All patients continued combination treatment
until disease progression, unacceptable toxicity or discontinuation
for any reasons.

Tumor were assessed using enhanced computed tomography,
magnetic resonance imaging (MRI) or other available imaging
technologies at baseline and every 4-8 weeks until disease
progression or treatment discontinuation. The therapeutic
efficacy assessment included the ORR, disease control rate
(DCR), PFS, OS and clinical benefit rate (CBR) according to
RECIST 1.1. The CBR was defined as the proportion of patients
who achieved a radiologically confirmed objective response (CR
or PR) or those who encountered stable disease longer than 6
months. Patients who had progressive disease could continue
treatment, if the investigator determined patients would benefit
from continuing. When patients discontinued treatment, follow-
up was conducted every month to assess survival.
Frontiers in Oncology | www.frontiersin.org 3
During the observation period, tolerability and toxicity were
collected in detail and assessed according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
version 4.0 (CTCAE 4.0). Patients who received at least one
dose of camrelizumab plus apatinib were included in the safety
assessment set, and AEs were collected until 30 days after the last
dose. According to the study protocol, when grade 3 or more
severe AEs occurred, dose reduction was implemented or a
temporary interruption commenced until symptoms subsided
to pharmaceutically manageable grades 1 or 2. Patients with
grade 3 or more severe AEs were followed up to 90 days after the
lase dose or until the new anticancer treatment.

Multivariate Analysis of Characteristics
and Therapeutic Response Predictions
Baseline characteristics including age, sex, hepatitis B virus (HBV)
infection status, ECOG performance score, histopathological grade,
site of metastases and number of previous treatments were analyzed
using multivariate method to explore the potential factors affecting
PFS or OS. Patients who were evaluated as having stable disease
were further divided into two groups: those with a reduction in
tumor size and those with an increase in tumor size. Carbohydrate
antigen 19-9 (CA19-9) values were recorded before and after
treatment within first evaluation period to develop response
predictions for tumor size changes. On the basis of the previous
studies, patients who are Lewis-antigen-negative (7% of the general
population) have undetectable CA 19–9 levels. If patient’s CA199
level was within the normal range before and after treatment, we
excluded these patients from the further analysis.

In addition, we assessed PD-L1 expression in this BTC
population. Tumor tissue samples for analyzing PD-L1 expression
were collected from patients. Preserved tumor specimens were
formalin-fixed, paraffin-embedded (FFPE) and then cut into 4-5
mm thick sections for further staining. The primary antibody used
was anti-PD-L1 (IHC 22C3 pharmDx, Dako North America,
Agilent Technologies). Specimens in which PD-L1 was expressed
in 1% or more tumor cells and 1% or more tumor-associated
immune cells were defined as positive for PD-L1 expression.

Statistical Analysis
Baseline data were calculated and presented as the means with
corresponding standard deviations or as simple numbers and
percentages. Categorical variables in the different subgroups were
compared using the Fisher’s exact test. The Kaplan-Meier
method was applied to generate PFS and OS curves, and the
log-rank test was used to compare curves from different PD-L1
expression subgroups. Two tailed P values of less than 0.05 were
considered to be indicative of statistical significance. Sensitivity
was calculated as the number of correctly classified divided by
total true decreased individuals, and specificity was calculated as
the number of true negatives divided by all non-decreased
individuals. Univariate and multivariate analysis of baseline
characteristics for overall survival and progression-free survival
were conducted by Cox proportional hazards regression. All
statistical analyses were performed using IBM SPSS 22.0 and R
software (version 3.6.5).
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RESULTS

Patients Characteristics
From December 01, 2018 to August 01, 2020, the study totally
evaluated 28 patients and six patients were excluded according to
the inclusion criteria; at last, 22 patients were consecutively
enrolled for drug administration, one patient was excluded from
the study due to the lack of necessary evaluations (Figure 1). The
median patient age was 58 years (range, 39-72) and 11 patients
(52%) were male. Most patients (16 [76.2%]) had an Eastern
Cooperative Oncology Group performance status of 1 and 7
patients (33.3%) presented with HBV infection. Fifteen patients
(71%) had intrahepatic cholangiocarcinoma, 4 patients (19%) had
extrahepatic cholangiocarcinoma, and 2 (9%) patients had
gallbladder cancer. Regarding the histopathological grade of
cholangiocarcinoma, 4 patients (19%) had undetermined grade,
eight patients (38.1%) had poorly differentiated tumors, seven
patients (33.3%) had moderately differentiated tumors, and two
patients (9.5%) had well differentiated tumors. Of the 21 patients,
20 patients (95.2%) presented with metastatic disease, and 12
patients (57.2%) experienced recurrence after radical resection.
Regarding the site of metastases, most patients (17, 80.9%) had
intrahepatic or lymph nodes metastases, and the lung metastases
occurred in 8 patients (38.1%). Twenty patients (95.2%)
underwent systemic chemotherapy, and 10 patients (47.6%)
received at least two kinds of treatment regimens. In addition,
CA19-9 levels exceeding 150 ng/ml were observed in twelve
patients (57.1%) (Table 1).
Frontiers in Oncology | www.frontiersin.org 4
Assessment of Efficacy and AEs During
the Entire Treatment Period
Among the 21 patients who had evaluation data with imaging
examination, ten patients (47%) exhibited a reduction in tumor
size as the best response during the treatment period, while 11
patients (52%) exhibited an increase in tumor size, of which two
patients experienced new lesions (Figure 2). According to the
RECIST 1.1, no CR was observed, 4 patients (19%) achieved a
partial response (PR) with an ORR of 19%, and 11 patients had
stable disease with a DCR of 71.4% (Table 2). An objective
response was observed in 3 of 15 patients (25%) with intrahepatic
cholangiocarcinoma, and a PR was observed in one patient with
gallbladder cancer. As of the data cut-off date of August 01, 2020,
the median duration of follow-up was 13.4 months (IQR 11.9-
14.8), the median duration of treatment was 4.9 (IQR, 3.8-5.9)
months, and 4 (19%) of 21 patients were still receiving treatment
(Table 3). In the entire cohort, the median OS was 13.1 months
(95% CI, 8.1-18.2), and the median PFS was 4.4 months (95% CI,
2.4-6.3) (Figure 1).

The observed treatment-related AEs are summarized in Table 4.
All patients experienced at least one kind of adverse event, and
grade 3 or 4 AEs occurred in 14 (63.6%) of 22 patients. The most
common treatment-related AEs of any grade were asthenia
(15, 68.2%), decreased appetite (10, 45.5%) and hypertension (7,
31.8%). The most common grade 3 or 4 AEs were hypertension (3,
13.6%), blood bilirubin increase (3, 13.6%) and platelet count
decrease (3, 13.6%). Eighteen patients (81.8%) experienced
treatment interruption or modification and three patients (13.6%)
FIGURE 1 | Flow diagram of study population.
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discontinued combination therapy due to treatment related AEs. No
deaths related to treatment were observed.

Subgroup Analyses and Therapeutic
Response Predictions
Among 21 available tumor samples, 4 patients (19%) were
positive for PD-L1 staining in tumor cells or immune cells
(Figure 3). Of the four PD-L1-positive patients, three patients
experienced tumor reduction, but only one patient had
experienced PR. Median PFS and OS were not significantly
different (p=0.58, p=0.83) between the patients with PD-L1
expression ≥1% and those with PD-L1 expression <1%
(Figure 4). Although the limited sample in current study,
considering the heterogeneity of biliary tract cancer, we
analyzed the efficacy and safety of different tumor subtypes.
The results showed that there was no significant difference
among intrahepatic cholangiocarcinoma, extrahepatic
cholangiocarcinoma and gallbladder carcinoma regarding the
ORR (c2 = 2.666, p=0.264), grade 3-4 AEs (c2 = 0.649, p=0.723)
and PFS (p=0.958), OS (p=0.725) (Supplement Table 1). The
Cox-regression analysis results regarding the relationship
Frontiers in Oncology | www.frontiersin.org 5
between baseline characters and PFS or OS were summarized
in the forest plot (Figure 5) and Supplement Table 2. The
CA19-9 serum value decreased in 10 patients (47.6%) after
treatment (Supplement Table 3). The decrease in CA19-9
value was able to predict the tumor size reduction with a
sensitivity and specificity of 63.6% and 66.7%, respectively.
DISCUSSION

Currently, the exploration of immune monotherapy faces many
challenges in terms of various gastrointestinal malignancies. The
efficacy of PD-1/L1 inhibitor monotherapy in BTC remains
significantly uncertainty (ORR range 3%-22%) (20).
Combining PD1/L1 inhibitor with other available anticancer
therapies can improve the efficacy of immunotherapies has
reached a general consensus (7). In the Makoto et al. study,
only one of 30 patients who received nivolumab monotherapy
achieved an objective response, with a median OS of 5.2 months
and a median PFS of 1.4 months. However, in the combined
therapy cohort (nivolumab and cisplatin plus gemcitabine), 11 of
30 patients achieved an objective response, the median OS and
PFS were 15.4 months and 4.2 months, respectively (21). In this
study, apatinib in combination with camrelizumab also showed a
potent efficacy in terms of the ORR, PFS and OS and had
manageable toxicity. This is the first report of this regimen in
advanced BTC, and these results were superior to the previously
reported efficacy of apatinib alone in BTC (13, 14).

Although camrelizumab combined with apatinib has
achieved promising results in the treatment of various tumors,
including hepatocellular carcinoma, osteosarcoma and triple-
negative breast cancer, this regimen has not been reported in
cholangiocarcinoma (16, 17, 19). Currently, most trials
combining multitarget TKIs with PD-1 blockade for BTC are
in the recruitment phase, and few studies have reported detailed
results. A study evaluating lenvatinib plus pembrolizumab as a
non-first-line treatment in 32 patients with advanced BTC
demonstrated that the ORR could reach 25% with a PFS of 4.9
months (95% CI: 4.7-5.2) and OS of 11.0 months (95% CI: 9.6-
12.3) (22). In this study, almost all the patients (95.2%) were
previously treated with at least one kind of systemic
chemotherapy, and 47.6% of patients had received two or
more anticancer treatments, which demonstrated that the
population of this study was not similar to that of other
previous studies regarding immunotherapy for BTC. In spite of
this, 19% patients in this study achieved a partial response with a
favorable survival. 42.8% patients who were confirmed
progressive disease continued other immunotherapy or
targeted drugs, which might explain this prolonged OS.

Higher PD-L1 expression is related to the favorable efficacy of
immunotherapy have been reported by several studies (7, 8). In
BTCs, Kabir Mody et al. analyzed the PD-L1 expression of 652
tumors by immunohistochemistry (IHC) and found that 8.6% of
specimens [GBC, 12.3% (25/203); ICC, 7.3% (27/372); and ECC,
5.2% (4/77)] had PD-L1-positive tumor cells. In addition,
recently published results from a BTC patient cohort receiving
TABLE 1 | Patient baseline demographics and disease characteristics.

ALL (n=21)

Age (median, range) 60 (39-72)
Sex (female: male) 10:11
BMI (mean (SD)) 23 (3.5)
Hepatitis (HBV) infection n, (%) 7 (33.3)
ECOG performance n, (%)
0 2 (9.5)
1 16 (76.2)
2 3 (14.3)
Tumor subtype n, (%)
ICC 15 (71.4)
ECC 4 (19.0)
GBC 2 (9.5)
Histopathologyical grade
Well differentiated (low grade) 2 (9.5)
Moderately differentiated (intermediate grade) 7 (33.3)
Poorly differentiated (high grade) 8 (38.1)
Unable to determine 4 (19.0)
Extent of disease n, (%)
Metastatic 20 (95.2)
Recurrent 12 (57.2)
Site of Metastases n, (%)
Intrahepatic 17 (80.9)
Lymph nodes 17 (80.9)
Lung 8 (38.1)
Others 5 (23.8)
Number of previous treatment regimens n, (%)
1 11 (52.4)
≥2 10 (47.6)
Previous treatment regimens n, (%)
Systemic chemotherapy 20 (95.2)
Targeted therapy 6 (28.6)
Regional radiotherapy or ablation 5 (23.8)
Transarterial chemoembolization 5 (23.8)
CA19-9> 150 n, (%) 12 (57.1)
Size of target lesion (mean (SD) 7.3 (3.5)
BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis type
B virus; CA19-9, carbohydrate antigen 19-9; ICC, intrahepatic cholangiocarcinoma; ECC,
extrahepatic cholangiocarcinoma; GBC, gallbladder cancer.
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immunotherapy reported a positive rate of PD-L1 expression of
between 9% and 11.6% (23, 24). In our present study, PD-L1
expression was found in four patients (19%), and there was no
significant difference between the PD-L1-positive and PD-L1-
Frontiers in Oncology | www.frontiersin.org 6
negative patients, which is consistent with the results for
advanced biliary cancer in the Keynote 158 study (25). After
careful analysis of the treatment regimens of the PD-L1 positive
patients and their clinical characteristics, we found that the
ECOG PS of these two patients differed and that they had both
received multiline treatment, which potentially affected the
efficacy of immunotherapy. The limited sample size of this
A B

C

FIGURE 2 | Changes in tumor burden from baseline of the response-evaluable patients and survival plot (A). Kaplan-Meier curves of the progression-free survival
(PFS) (B) and overall survival (OS) (C) of patients with biliary tract cancer (BTC) treated with apatinib plus camrelizumab.
TABLE 2 | Clinical efficacy in BTC patients treated with apatinib plus
camrelizumab.

Investigator review according to RECIST 1.1 All (n=21)

Objective response rate (%, 95% CI) 19.0% (7-40)
Complete response (n, %) 0
Partial response (n, %) 4 (19%)
Stable disease (n, %) 11 (52.3%)
Progressive disease (n, %) 6 (28.5%)
Disease control rate (%, 95% CI) 71.4% (50-86.1)
Clinical benefit rate (%, 95% CI) 33.3% (17.1-54.6)
Progression-free survival (months, 95% CI) 4.4 (2.4-6.3)
Overall survival (months, 95% CI) 13.1 (8.1-18.2)
Decreased CA19-9 predicts tumor reduction
Se (%, 95% CI) 63.6% (35.3-84.8)
Sp (%, 95% CI) 66.7% (35.4-87.9)
BTC, biliary tract cancer; RECIST 1.1, response evaluation criteria in solid tumors, version
1.1; CA19-9, carbohydrate antigen 19-9; Se, sensitivity; Sp, specificity.
TABLE 3 | Clinical characters of BTC patients treated with Apatinib plus
Camrelizumab.

All (n=21)

median Follow-up time (months, 95% CI) 13.4 (11.9-14.8)
median Treatment time (months, 95% CI) 4.9 (3.8-5.9)
Patients still receive the treatment 4/21
Patients of PD-L1 positive 4/21
Continue Treatment after Progression Disease 9/21
Continue Targeted 9/21
Continue PD-1/L1 inhibitor 7/21
BTC, biliary tract cancer.
TABLE 4 | Treatment-related AEs in all patients with biliary tract cancer.

All treated patients (n=22)

Any grade n, (%) Grade 3/4 n, (%)

Asthenia 15 (68.2) 1 (4.5)
Decreased appetite 10 (45.5)
Hypertension 7 (31.8) 3 (13.6)
Increased alanine aminotransferase 7 (31.8) 2 (9.1)
Rash 7 (31.8) 2 (9.1)
Abdominal pain 7 (31.8)
Increased blood bilirubin 6 (27.3) 3 (13.6)
Pain 6 (27.3) 1 (4.5)
Hypoalbuminemia 6 (27.3)
RCCEP 6 (27.3)
Increased aspartate aminotransferase 5 (22.7) 2 (9.1)
Abdominal distention 9 (40.9)
Nausea 5 (22.7)
Decreased platelet count 4 (18.2) 3 (13.6)
Hypothyroidism 4 (18.2)
Vomiting 3 (13.6) 1 (4.5)
Proteinuria 3 (13.6)
Fever 3 (13.6)
Palmar–plantar erythrodysesthesia 3 (13.6)
syndrome 3 (13.6)
Digestive tract hemorrhage 2 (9.1) 2 (9.1)
Decreased leukopenia 2 (9.1)
Diarrhea 2 (9.1)
Decreased neutropenia 1 (4.5)
Decreased hemoglobin 1 (4.5) 　
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study may also explain the lack of significance regarding efficacy
in PD-L1 positive patients. In the Kim et al. study, nivolumab
treatment in a single group of patients with refractory BTCs
resulted in a 22% ORR with a median PFS of 4.0 months.
Frontiers in Oncology | www.frontiersin.org 7
Although the PD-L1 expression rate of tumor cells was 43%
higher than that in previous studies, which potentially means
that PD-L1 expression in BTC remains a good prognostic
biomarker for immunotherapy, a more comprehensive
FIGURE 3 | Typical photomicrographs of PD-L1 immunohistochemistry in patents’ archived pretreatment formalin-fixed and paraffin-5 embedded tumor tissue:
(A) HE staining, 100×; (B)PD-L1 negative, 200×; (C) PDL1-stained tumor cell (3%) 100×; (D) positive PD-L1 expression (50%) 400×.
FIGURE 4 | Kaplan-Meier plot for progression-free survival (PFS) and overall survival (OS) based on programmed cell death 1 ligand-1 (PD-L1) immunohistochemical
expression.
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evaluation of efficacy is required for future clinical trials (26). As
reported in BTC patients undergoing chemotherapy,
pretreatment CA19-9 levels and the decrease in CA19-9 after
treatment are of prognostic relevance. In our study, CA19-9 may
be another predictive biomarker for potentially judging the
response to the current treatment. But it’s important to note
that patients who are Lewis-antigen-negative (7% of the general
population) have undetectable CA 19–9 levels (27, 28). In
addition, although apatinib has various tumor targets, the
strong inhibitory effect mainly focus on VEGFR-2. Monitoring
the expression of VEGFR-2 will also contribute to the prediction
and evaluation of therapeutic efficacy.

The safety profile and tolerance of apatinib combined with
camrelizumab in this study were similar to those in previous
studies exploring apatinib, camrelizumab or combination
regimens in gastroenteric neoplasms (14). Based on previous
studies regarding the AEs of apatinib, this study excluded
patients who had potential risk of gastrointestinal bleeding
(29). Although every patient had experienced at least one kind
of treatment related adverse event, most of these AEs were grade
1-2 and were well tolerated. Moreover, there were no treatment
related deaths, and 63.6% of patients reporting treatment related
grade 3-4 AEs had well control after stopping drug delivery. As
reported in a study regarding nivolumab monotherapy for BTC
(26), among the 3-4 grade AEs in this study, hepatic toxic effects
were prominent and included an increase in ALT, AST and
serum bilirubin levels and a decrease in platelet counts. These
results demonstrate that immunotherapy alone or in
combination with targeted drugs probably leads to a decrease
in liver function because certain types of treatment related AEs
Frontiers in Oncology | www.frontiersin.org 8
may be affected by disease sites (30). The targets of apatinib are
VEGFR-2, PDGFRb, SRC, c-KIT and RET, and its IC 50 is lower
than that of other VEGF inhibitors, which suggest that it has
more AEs than some other targeted drugs applying to liver
cancer. However, this study administered the lowest dose of
apatinib, 250mg, and the regimens of administration were
flexible, allowing patients to take the medicine every other day,
take half of the 250 mg dose or take the drug for five days and
stop for two days if the patients experienced 3-4 grade AEs. This
flexible regimen can effectively prevent the further escalation of
AEs when apatinib is readministered. In addition, the rate of
reactive cutaneous capillary endothelial proliferation (27.3%)
was reduced in this study compared with that reported in
previous camrelizumab monotherapy studies (67%) (31).

BTC is a group of relatively rare heterogeneous cancers.
In various clinical studies, the number of patients with
cholangiocarcinoma is still one of the main factors that prevent
a better interpretation of the results and a more scientific design
of the trial. Similar to other previous studies, the main limitation
of this study was its small sample size, which may lead the
bias of the multivariate analysis and subgroup analysis of
tumor types. Moreover, the study was a single center-initiated
clinical trial that lacked a control cohort. Up to now, most
studies on immunotherapy for cholangiocarcinoma are in an
exploratory stage, and no phase III clinical data have been
published. In general, this study was a tentative first step to
explore the safety and efficacy of apatinib combined with
camrelizumab in heavily pretreated BTC patients, and offers
detailed clinical trial experience that can be applied to
subsequent investigations.
A

B

FIGURE 5 | Multivariate analyses of the overall survival (A) and progression free survival (B) for patients treated with apatinib plus camrelizumab. ECOG PS, Eastern
Cooperative Oncology Group performance status; CA19-9, carbohydrate antigen 19-9.
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