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Abstract
The efficacy of combined chemotherapy and immunotherapy has previously been 
demonstrated in patients with biliary tract cancer. The aim of this study was to assess 
the efficacy and safety of camrelizumab in combination with gemcitabine and apatinib 
as a first- or second-line treatment for advanced programmed death-ligand 1 (PD-L1)-
positive biliary tract cancer. This prospective, single-arm, and exploratory clinical trial 
aimed at recruiting 20 PD-L1-positive patients (tumor proportion score ≥1% or com-
bined positive score ≥1) who met the inclusion criteria. Camrelizumab (200 mg) was 
administered in combination with gemcitabine (800 mg/m2) and apatinib (250 mg). 
The primary endpoint was the objective response rate (ORR), and the secondary end-
points were progression-free survival (PFS), overall survival (OS), disease control rate 
(DCR), and safety. Fourteen patients were enrolled between September 2, 2020, and 
December 15, 2022. At the data cutoff on August 16, 2023, the median follow-up 
time was 11.4 months (interquartile range, 4.5–15.4), with one patient still undergo-
ing treatment. Among the enrolled patients, six achieved a partial response, and four 
had stable disease. The ORR was 42.9% (95% confidence interval [CI], 17.7–71.1), and 
the DCR was 71.4% (95% CI, 41.9–91.6). The median PFS was 5.4 months (95% CI, 
2.8–not reached), and the median OS was 13.5 months (95% CI, 5.7–not reached). The 
most frequent grade 3 or 4 treatment-related adverse event was neutropenia (n = 4, 
29%). The combination of camrelizumab, gemcitabine, and apatinib showed promising 
efficacy and acceptable safety in patients with advanced PD-L1-positive biliary tract 
cancer.
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1  |  INTRODUC TION

Biliary tract cancer (BTC) is an invasive adenocarcinoma that in-
cludes cholangiocarcinoma (cancers originating in the intrahe-
patic, perihilar, or distal biliary tree) and gallbladder carcinoma.1 
Despite varying prognoses and molecular characteristics between 
tumor sites, previous drug trials have often grouped all BTC sub-
types together.

Gemcitabine was initially shown to be effective in treating ad-
vanced BTC in 2001.2 In 2010, the ABC-02 study3 established the 
cisplatin + gemcitabine (GC) chemotherapy regimen as the first-line 
treatment for advanced BTC. This study demonstrated that the GC 
regimen significantly prolonged the median progression-free sur-
vival (PFS) and overall survival (OS) compared with gemcitabine 
monotherapy. However, during the following decade, therapeutic 
progress was limited for BTC, and the survival benefit provided by 
the GC regimen remained relatively modest, with a median OS of 
less than 1 year.

Recently, immunotherapy using immune checkpoint inhibitors 
has led to breakthroughs in the treatment of various malignancies, 
including advanced BTC. The KEYNOTE-028 and KEYNOTE-1584–7 
trials revealed that pembrolizumab monotherapy achieved objective 
response rates (ORR) of 5.8%–13.0% in patients with advanced BTC. 
Similarly, nivolumab monotherapy demonstrated comparable out-
comes, with an ORR of 22% in a phase II trial.8 However, immuno-
therapy alone has limited efficacy in only a small subset of patients 
with advanced BTC, which is unsatisfactory as a standard of care 
treatment.

In 2018, our research team conducted a study on the use of che-
motherapy combined with immunotherapy as first-line treatment 
for advanced BTC.9 The results indicated an ORR of 52.8%, a dis-
ease control rate (DCR) of 91.7%, a median PFS of 6.2 months, and 
a median OS of 12.1 months. This study was incorporated into the 
Chinese Society of Clinical Oncology Guidelines for BTC Research. 
However, the incidence of adverse events in grade 3 and above was 
high during the study period.

Recent phase III studies, such as TOPAZ-110 and 
KEYNOTE-966,11 support the combination of immunotherapy 
and the GC regimen as the standard first-line treatment for ad-
vanced BTC. Despite these advancements, the overall improve-
ment in efficacy remains moderate, and identifying patients who 
can derive the greatest benefit from immunotherapy for the treat-
ment of BTC remains a clinical need. Notably, our previous study 
demonstrated that patients with programmed death-ligand 1 (PD-
L1)-positive BTC had a higher ORR (80%) and significant survival 
benefits.9 These results are consistent with other studies8,12,13 
that indicate patients with PD-L1-positive BTC may derive greater 
benefits from immunotherapy.

Vascular normalization is crucial to create an optimal micro-
environment for effective immunotherapy. Preclinical studies of 
lung cancer14 and breast cancer15 models have demonstrated that 
low-dose apatinib can induce tumor vascular normalization, re-
duce hypoxia levels, and enhance the efficacy of immunotherapy 

by facilitating CD8+ T lymphocyte infiltration. Importantly, these 
activated immune cells promote further vascular normalization, es-
tablishing a positive feedback loop. These findings provide a solid 
theoretical foundation for combining anti-angiogenic therapy with 
immune checkpoint inhibitors for the treatment of malignant tu-
mors. Several studies16–18 have suggested that immunotherapy com-
bined with angiogenesis inhibitors and first-line chemotherapy may 
be more effective than immunotherapy combined with chemother-
apy alone for the treatment of BTC.

Based on these previous findings, this single-arm, exploratory 
clinical trial aimed to evaluate camrelizumab in combination with 
gemcitabine and apatinib mesylate as a first- or second-line treat-
ment for patients with PD-L1-positive advanced BTC.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and participants

This was a prospective, single-arm, exploratory clinical trial that pro-
spectively enrolled eligible patients aged 18–75 years with patho-
logically confirmed biliary tract malignancies, including intrahepatic 
cholangiocarcinoma, extrahepatic cholangiocarcinoma, and gall-
bladder cancer. To be included in the study, patients had to have 
PD-L1-positive tumors (tumor proportion score [TPS] ≥1% or com-
bined positive score [CPS] ≥1), an Eastern Cooperative Oncology 
Group (ECOG) performance status of 0 or 1, at least one measur-
able lesion assessed using the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1, an estimated life expectancy of at least 
12 weeks, and adequate organ function. Patients who previously re-
ceived immune-targeted therapy or had previous or concurrent ma-
lignancies (not including those successfully treated for skin basal cell 
carcinoma or cervical carcinoma in situ) were excluded. Full inclusion 
and exclusion criteria can be found in the protocol (Appendix A).

The study protocol, along with its amendments and informed 
consent form, received approval from the independent ethics com-
mittee at the participating research center. All participants provided 
written informed consent before enrollment. This study was regis-
tered in the Chinese Clinical Trial Registry (ChiCTR2000040181).

2.2  |  Procedures

Before the study, PD-L1 expression in tumor and immune cells was 
evaluated using immunohistochemistry, with TPS and CPS as the 
criteria used for interpretation. TPS represents the percentage of 
tumor cells showing partial or complete membranous staining; CPS 
is the total number of cells (lymphocytes, macrophages, and tumor 
cells) with partial or complete membranous staining divided by the 
total number of viable tumor cells in the sample, multiplied by 100.

Each enrolled patient received 800 mg/m2 gemcitabine intra-
venously on days 1 and 8 of the treatment cycle, 200 mg camreli-
zumab intravenously on day 1, and 250 mg apatinib orally daily. The 
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treatment cycle lasted for 21 days. The chemotherapy cycles and 
dosages were adjusted based on patient tolerance. Patients who 
were intolerant to chemotherapy or achieved 4–6 cycles with sta-
ble disease (SD) or objective response received continued treatment 
with camrelizumab at a dose of 200 mg every 3 weeks and apatinib at 
a dose of 250 mg daily until disease progression, intolerable toxicity, 
or other conditions determined by the investigator, for up to 2 years 
of treatment.

Tumor assessments via computed tomography (CT) or magnetic 
resonance imaging (MRI) were conducted at baseline and approxi-
mately every 6 weeks throughout the trial, with consistent imaging 
techniques and retention of all data. Response assessments were 
performed by the investigators using RECIST version 1.1. Patients 
who achieved complete response (CR), partial response (PR), or SD 
were required to undergo re-examination 4 weeks after the initial 
evaluation to confirm the response. Patients who withdrew from the 
study owing to intolerable toxicities were evaluated for efficacy at 
the time of withdrawal. Survival monitoring was performed every 
3 months following treatment discontinuation until death, loss to fol-
low-up, consent withdrawal, or study termination.

Safety was continuously monitored; adverse events were docu-
mented, graded according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events (version 5.0), and summa-
rized according to type and severity.

2.3  |  Outcomes

The primary endpoint was ORR, as assessed by the investigators ac-
cording to RECIST version 1.1. The secondary endpoints were PFS, 
OS, DCR, and safety. ORR was calculated by determining the per-
centage of participants who achieved a confirmed CR or PR. The 
DCR represented the proportion of participants who had a con-
firmed CR, PR, or SD for at least 4 weeks. PFS was defined as the 
time from treatment initiation to disease progression or death, using 
the last response evaluation date as the censoring date if neither 
occurred. OS was defined as the time from treatment initiation to 
death from any cause, using the participant's last known survival 
date as the censoring date. Safety endpoints included the incidence 
and severity of adverse events. The exploratory endpoints assessed 
included PD-L1 status, CA199, tumor mutation burden (TMB), and 
other prognostic biomarkers.

2.4  |  Sample size estimation

In 2001, a phase II trial2 demonstrated an ORR of 22% for gem-
citabine monotherapy as a first-line treatment for advanced BTC. 
Furthermore, a previous study9 combining camrelizumab and gem-
citabine + oxaliplatin (GEMOX) showed an ORR of approximately 
50% for the treatment of advanced BTC. Based on this information, 
we hypothesized that combining gemcitabine with camrelizumab 
and apatinib as first-line or second-line treatment for PD-L1-positive 

advanced BTC could potentially achieve an ORR of 50%. To test this 
hypothesis, a one-sided test with an alpha level of 0.05 and a power 
(1-beta) of 0.8 would require a minimum sample size of 18 cases. 
Considering a potential dropout rate of 10%, we aimed to enroll ap-
proximately 20 patients.

2.5  |  Statistical analysis

SPSS (version 25; IMB, Armonk, NY, USA) and R software (version 
4.3.1; The R Foundation, Vienna, Austria) were used for statisti-
cal analyses and data visualization. Descriptive statistics, includ-
ing mean, standard deviation, median, and maximum and minimum 
values, were used to summarize continuous variables. Frequency 
and percentages were used to summarize categorical variables. The 
Kaplan–Meier method was used to estimate the survival distribution 
of time-event variables, and the median survival time and two-sided 
95% confidence intervals (CIs) were calculated. The log-rank test 
was used to evaluate the differences in survival between the two 
groups. The ORR and DCR were calculated as percentages with 95% 
CIs using the Clopper–Pearson method. Fisher's exact test was used 
to assess the differences in response among the clinical subgroups. 
Significant prognostic factors associated with survival were evalu-
ated using the Cox proportional hazards regression model, reporting 
hazard ratios (HR) and 95% CIs in univariate analyses. A two-sided 
p-value of <0.05 was considered statistically significant.

3  |  RESULTS

3.1  |  Patient population

Fourteen patients were enrolled in the study between September 
2, 2020, and December 15, 2022. Owing to the limited number of 
eligible participants and slow enrollment progress, enrollment was 
terminated ahead of schedule. The baseline characteristics of the 
study participants are presented in Table 1. The median age of the 
participants was 53 years (interquartile range [IQR], 45–60 years), 
with the majority having an ECOG performance status of 1 (N = 12, 
86%). All patients underwent PD-L1 testing according to standard-
ized criteria, with CPS values ≥1. Additionally, eight (57%) patients 
had a TPS <1%. Of the 14 patients, six (43%) had primary tumors 
located in the intrahepatic bile ducts, six (43%) had gallbladder in-
volvement, and two (14%) had a primary tumor in the extrahepatic 
bile ducts. Seven (50%) patients underwent surgery prior to treat-
ment. Most patients (n = 11, 79%) received first-line treatment after 
enrollment in the study.

As of the data cutoff on August 16, 2023, the median follow-up 
time was 11.4 months (IQR, 4.5–15.4). At the data cutoff, one (7%) 
patient continued to receive the study regimen; of the remaining 
participants, 12 (92%) had discontinued treatment due to radiologi-
cal disease progression and one (8%) due to non-study-related death. 
All 14 patients were included in the treatment response evaluation.
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3.2  |  Efficacy

The confirmed ORR was 42.9% (95% CI, 17.7–71.1), with six partici-
pants having a PR. Four (28.6%) participants had SD, with a DCR of 
71.4% (95% CI, 41.9–91.6; Table 2). Changes in the diameter of the 
target lesion and the duration of treatment are depicted in Figure 1. 
The ORR was 45.5% among the 11 patients receiving first-line treat-
ment and 33.3% among those receiving second-line treatment. The 

ORR was 50.0% (95% CI, 11.8–88.1) for both patients with gall-
bladder cancer and those with intrahepatic cholangiocarcinoma, 
whereas no response was observed in patients with extrahepatic 
cholangiocarcinoma. Figure S1 displays a forest plot illustrating the 
ORR for each subgroup.

Median PFS was 5.39 months (95% CI, 2.83–not reached [NR]), 
with a 6-month PFS rate of 42.9% (95% CI, 23.4–78.5) and 1-year 
PFS rate of 19.0% (95% CI, 6.0–60.2; Figure  2A). Median OS was 
13.5 months (95% CI, 5.65–NR), with a 6-month OS rate of 64.3% 
(95% CI, 43.5–95.0) and a 1-year OS rate of 57.1% (95% CI, 36.3–
89.9; Figure  2B). The median OS for patients receiving first-line 
treatment was 13.5 months (95% CI, 5.65–NR), with a median PFS 
of 5.13 months (95% CI, 2.53–NR). Of all the participants, those 
with intrahepatic cholangiocarcinoma had the longest survival, with 
a median PFS of 5.1 months (95% CI, 0.9–9.4) and a median OS of 
13.6 months (95% CI, 2.8–24.4).

Figure 2C illustrates the outcomes for all 14 patients. No signif-
icant differences were observed in PFS or OS when stratifying ac-
cording to baseline clinical characteristics (Tables S1 and S2).

3.3  |  Safety

Table  3 outlines the treatment-related adverse events recorded 
during this study. The most frequently reported adverse events 
were hematologic events, including thrombocytopenia (n = 10, 
71%), leukopenia (n = 8, 57%), and neutropenia (n = 7, 50%). The 
most common treatment-related adverse events of grade 3 or 
higher were neutropenia (n = 4, 29%), leukopenia (n = 3, 21%), and 
elevated aspartate aminotransferase/alanine aminotransferase 
levels (n = 3, 21%). Hypothyroidism (n = 4, 29%) and immune rash 
(n = 4, 29%) were the most commonly observed immune-related 
adverse events. Among the immune-related adverse events of 
grade 3 or higher, immune rash was the most frequent (n = 3, 
21%). Two patients (14%) experienced serious adverse events, of 
which one (7%) was considered a treatment-related serious ad-
verse event (acute kidney injury). Another patient (7%) died of 

TA B L E  1  Baseline participants' characteristics.

Participants (N = 14)

Age, year 53 (45–60)

Sex

Male 7 (50%)

Female 7 (50%)

Eastern Cooperative Oncology Group performance status

0 2 (14%)

1 12 (86%)

Primary tumor type

Intrahepatic cholangiocarcinoma 6 (43%)

Extrahepatic cholangiocarcinoma 2 (14%)

Gallbladder cancer 6 (43%)

History of surgery

Yes 7 (50%)

No 7 (50%)

Therapeutic regimen

First-line treatment 11 (79%)

Second-line treatment 3 (21%)

PD-L1 status

TPS <1% 8 (57%)

TPS ≥1% 6 (43%)

CPS <5 5 (36%)

CPS ≥5 9 (64%)

CPS <10 10 (71%)

CPS ≥10 4 (29%)

TMB status

TMB-L 11 (79%)

TMB-H 2 (14%)

Not available 1 (7%)

MSS status

MSI 0

MSS 13 (93%)

Not available 1 (7%)

Baseline carbohydrate antigen 19-9a

< 30 units per mL 5 (36%)

≥ 30 units per mL 9 (64%)

Note: Data shown as n (%) or median (IQR).
aCarbohydrate antigen 19-9 units are grouped by the upper limit of the 
normal range.

TA B L E  2  Clinical antitumor activity.

Overall (N = 14)

Confirmed objective response rate, n (%; 95% CI) 6 (42.9%; 
17.7–71.1)

Disease control rate, n (%; 95% CI) 10 (71.4%; 
41.9–91.6)

Best overall response

Complete response 0

Partial response 6 (42.9%)

Stable disease 4 (28.6%)

Progressive disease 4 (28.6%)

Note: Data are n (%), unless otherwise specified. Responses were 
assessed in accordance with the Response Evaluation Criteria in Solid 
Tumors version 1.1.
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gastrointestinal bleeding, which was considered to be related to 
disease progression.

4  |  DISCUSSION

In this single-arm, exploratory study, the combination of camre-
lizumab with gemcitabine and apatinib demonstrated promising 
activity in patients with advanced PD-L1-positive biliary malignan-
cies and maintained a manageable safety profile. To the best of our 
knowledge, this is the first prospective investigation of chemother-
apy combined with immunological and targeted therapy in PD-L1-
positive BTC.

This study included patients with PD-L1-positive tumors as pre-
vious research9 suggested that these patients may have benefitted 
the most from immunotherapy. Kim et  al.,8 evaluating nivolumab 
for advanced refractory BTC, and Li et  al.,12 evaluating the com-
bination of toripalimab and gemcitabine + S-1 chemotherapy, both 
found a significant association between PD-L1 expression and pro-
longed PFS. Similarly, a study13 on toripalimab in combination with 
lenvatinib and GEMOX as a first-line treatment for intrahepatic 
cholangiocarcinoma showed a positive correlation between PD-L1 
expression and ORR (PD-L1 positive vs. PD-L1 negative: 100% vs. 
68.8%; p = 0.048). These studies provide compelling evidence that 
PD-L1 is a valuable biomarker for predicting the efficacy of immu-
notherapy in BTC.

F I G U R E  1  Changes in tumour burden. 
(A) Maximum percentage change from 
baseline in the size of target lesions with 
corresponding confirmed best responses 
based on RECIST version 1.1. The lower 
dotted line represents the cutoff value 
for a partial response, and the upper 
dotted line represents the cutoff value 
for progression. (B) Percentage change 
from baseline in the total number of 
target lesions over time. The dotted lines 
represent 20% tumour increase and 30% 
tumour reduction from baseline.
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Interestingly, Kang et al.19 found that altering the positivity thresh-
old for PD-L1 expression resulted in different outcomes. Specifically, 
patients with TPS ≥50% achieved an ORR of 37.5%, whereas those 
with TPS <50% had an ORR of 6.5%. This finding suggests that higher 
levels of PD-L1 expression within the tumor are associated with a 
greater likelihood of response to immunotherapy. However, no stan-
dardized guidelines exist for assessing PD-L1 expression, leading to 

confounding and inconsistent research outcomes. In our study, we 
used CPS ≥1 as the cutoff value and stratified PD-L1 expression lev-
els based on CPS thresholds of 5 and 10. However, due to the limited 
sample size, we did not observe a clear trend between the efficacy and 
survival data in these subgroups (Figure S2). Further investigations are 
necessary to optimize treatment strategies and improve outcomes in 
patients with PD-L1-positive BTC.

F I G U R E  2  Progression-free survival and overall survival. (A) Progression-free survival in all patients over time. (B) overall survival in all 
patients overtime. (C) A swimmer plot showing outcomes in all patients from the start of treatment to either disease progression or the date 
of last follow-up.
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This study demonstrated an ORR of 42.9% and a DCR of 71.4%. 
In comparison, the ORRs reported in two significant phase III clin-
ical trials, TOPAZ-110 and KEYNOTE-966,11 were 26.7% and 29%, 
respectively. Previous phase I and II clinical trials9,12,20,21 investi-
gating first-line immunotherapy combined with chemotherapy for 
advanced BTC have reported ORRs between 30.6%–73.4%. Second-
line immunotherapy with chemotherapy has achieved an ORR of 
approximately 10%.22 Another study, SAGC,16 reported an ORR of 
37.5% using sintilimab and anlotinib combined with GC as the first-
line treatment for advanced BTC. Although the results of our study 
are comparable with these findings, we included both first-line and 
second-line treatments, which may have impacted our results.

The efficacy of immunotherapy varies according to the site of 
cholangiocarcinoma. TOPAZ-110 and KEYNOTE-96611 subgroup 
analyses showed survival benefits for intrahepatic cholangiocarci-
noma (HR, 0.79 [95% CI 0.58–0.98] and 0.75 [95% CI 0.64–0.91], 
respectively). A study using toripalimab combined with lenvati-
nib and GEMOX as first-line treatment for advanced intrahepatic 
cholangiocarcinoma reported an ORR of up to 80%.13 This higher 
ORR may be attributed to the inherent efficacy of intrahepatic 

cholangiocarcinoma treatment. Consequently, this may have influ-
enced the overall ORR found in the current study as we included 
patients with intrahepatic cholangiocarcinoma, extrahepatic cholan-
giocarcinoma, and gallbladder cancer.

Chemotherapy drugs and their intensity can also have an effect on 
the ORR. Three-drug regimens demonstrate an ORR of 25%–31%,23,24 
two-drug combinations reach 18.7%–29.8%,10,11,16 and single-agent 
gemcitabine achieves 11.9%–21.9%.2,25 However, increasing the num-
ber of chemotherapeutic agents often coincides with a reciprocal in-
crease in toxicity. Our previous study examining the GEMOX regimen9 
caused high fever (73%) and grade 3 or higher adverse events (70%). 
Therefore, instead of the standard dose of 1000 mg/m2, we opted to 
use a reduced dose of gemcitabine (800 mg/m2) in the current study. 
Apatinib was introduced to mitigate the toxicity of chemotherapy and 
immunotherapy. Consequently, the ORR achieved herein with a single 
chemotherapeutic agent plus immune- and anti-angiogenic therapy was 
comparable with that with a two-drug chemotherapy combination plus 
immune and anti-angiogenic therapy.16 These findings suggested that 
the combination of camrelizumab, gemcitabine, and apatinib had poten-
tial antitumor activity against advanced BTC and warrants further study.

Grades 1 and 2 Grades 3 and 4 All grades

Any TRAE 13 (93%) 8 (57%) 13 (93%)

Hematologic

White blood cell count decreased 5 (36%) 3 (21%) 8 (57%)

Neutrophil count decreased 3 (21%) 4 (29%) 7 (50%)

Anemia 2 (14%) 1 (7%) 3 (21%)

Platelet count decreased 8 (57%) 2 (14%) 10 (71%)

Increased alanine aminotransferase (ALT) 
or aspartate aminotransferase (AST)

4 (29%) 3 (21%) 7 (50%)

Non-hematologic

Nausea 4 (29%) 0 4 (29%)

Anorexia or dysgeusia 4 (29%) 0 4 (29%)

Abdominal pain 1 (7%) 0 1 (7%)

Reactive cutaneous capillary endothelial 
proliferation (RCCEP)

2 (14%) 0 2 (14%)

Fever 5 (36%) 0 5 (36%)

Proteinuria 3 (21%) 1 (7%) 4 (29%)

Hypertension 0 2 (14%) 2 (14%)

Acute kidney injury 0 1 (7%) 1 (7%)

Diarrhea 1 (7%) 0 1 (7%)

Venous thrombosis 1 (7%) 0 1 (7%)

Immune-related toxicities

Hypothyroidism 4 (29%) 0 4 (29%)

Hyperthyroidism 1 (7%) 0 1 (7%)

Immune rash 1 (7%) 3 (21%) 4 (29%)

Immune myocarditis 1 (7%) 0 1 (7%)

Immune pneumonia 1 (7%) 0 1 (7%)

Hypocorticosis 0 1 (7%) 1 (7%)

Note: Data shown as n (%) of all participants (N = 14).

TA B L E  3  Treatment-related adverse 
events (TRAEs).
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In terms of safety, hematologic toxicities were the most com-
mon adverse events, primarily due to chemotherapy; however, these 
were effectively managed with dose adjustments and symptomatic 
treatments. Grade 3 or higher adverse reactions were less frequent 
in this study than in our previous studies (70% vs. 56%). The inci-
dence of fever (73% vs. 36%) and reactive cutaneous capillary en-
dothelial proliferation (62% vs. 14%) also decreased, whereas the 
addition of apatinib led to proteinuria (0 vs. 29%) and hypertension 
(0 vs. 14%).9 Immune-related adverse reactions were relatively in-
frequent and manageable, without a significant influence on quality 
of life or treatment. Overall, based on the current data, the combi-
nation of camrelizumab, gemcitabine, and apatinib showed clinically 
acceptable safety in patients with advanced BTC.

This study has several limitations that should be acknowledged. 
First, this was a single-center study with a small sample size, which 
introduced the potential for bias in multivariate and subgroup anal-
yses. Second, the inclusion of different tumor types increased the 
heterogeneity and complexity when interpreting treatment re-
sponses, particularly considering the small sample size. Last, we ini-
tially intended to enroll 20 patients, but ultimately only included 14 
owing to several factors. The low incidence of BTC26 and an overall 
PD-L1 positivity rate of approximately 8–12%27–30 in BTC led to a 
prolonged recruitment period and slow study progress. Additionally, 
the publications of TOPAZ-110 and KEYNOTE-966,11 which estab-
lished immunotherapy plus chemotherapy as the standard treatment 
for BTC, made the enrollment process more challenging. Considering 
these circumstances, the investigators opted to terminate the study 
prior to completion.
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APPENDIX A
Supporting information Inclusion criteria and exclusion criteria.

Inclusion criteria.
A. Pathologically confirmed biliary malignancies, including intra-

hepatic cholangiocarcinoma, extrahepatic cholangiocarcinoma, gall-
bladder carcinoma, and immunohistochemical evidence of PD-L1 
positive (TPS ≥1% or IPS ≥1%).

B. Age 18–75 years old, gender unlimited.
C. Expected survival ≥3 months.
D. ECOG score 0–1.
E. Have at least one measurable lesion according to RECIST 1.1 

criteria.
F. No previous treatment with apatinib mesylate, gemcitabine, or 

PD-1/PD-L1 monoclonal antibody. Patients who had previously re-
ceived gemcitabine and relapsed more than 6 months after the end 
of adjuvant chemotherapy, or who had failed to receive platinum/
Tiggio/capecitabine and other drugs as first-line therapy could be 
enrolled, and the number of previous late treatment lines did not 
exceed one line.

G. The major organs function well, that is, the relevant examina-
tion indicators within 14 days before enrollment meet the following 
requirements:

Hemoglobin ≥90 g/L (no transfusion within 14 days);
Neutrophil count > 1.5 × 109/L;
Platelet count ≥100 × 109/L;
Total bilirubin ≤1.5 × ULN (upper limit of normal);
Serum glutamic pyruvic aminotransferase (ALT) or serum glutamic 

oxalacetic aminotransferase (AST) ≤ 2.5 × ULN; If there is liver me-
tastasis, ALT or AST ≤5 × ULN;

Endogenous creatinine clearance ≥60 mL/min (Cockcroft–Gault 
formula);

Cardiac Doppler ultrasound assessment: left ventricular ejection 
fraction (LVEF) ≥ 50%.

H. Signed informed consent and compliance is good, and family 
members agree to cooperate with survival follow-up.

Exclusion criteria.
A. Previous or co-existing malignancies other than basal cell car-

cinoma of the skin and carcinoma in situ of the cervix, which have 
been cured; Patients with small gastric stromal tumors, as well 
as other early tumors after radical treatment, other tumors that 
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investigators judge will not affect the patient's life in the short term 
can be excluded.

B. Participated in other drug clinical trials within 4 weeks.
C. Patients with known or history of central nervous system metas-

tasis prior to screening. For patients with clinically suspected central 
nervous system (CNS) metastasis, CT or MRI examination must be per-
formed within 28 days before enrollment to rule out CNS metastasis.

D. Patients with a history of unstable angina pectoris; Patients 
with newly diagnosed angina pectoris or myocardial infarction within 
3 months prior to screening; Arrhythmias (including QTcF: ≥450 ms in 
men and ≥470 ms in women) requiring long-term use of antiarrhythmic 
drugs and New York Heart Association grade ≥ II cardiac insufficiency.

E. Urine routine indicated urinary protein ≥++ and confirmed 
24-h urinary protein quantification >1.0 g.

F. For female subjects: should be surgically sterilized, postmeno-
pausal, or consent to use a medically approved contraceptive dur-
ing the study treatment and for 6 months after the end of the study 
treatment period; Serum or urine pregnancy tests must be negative 
within 7 days prior to study enrollment and must be non-lactating. 
Male subjects: patients who should be surgically sterilized or who 
have consented to use a medically approved contraceptive method 

during the study treatment period and for 6 months after the end of 
the study treatment period;

G. Used immunotargeted therapy drugs.
H. A history of immunodeficiency, or other acquired or congenital 

immunodeficiency diseases, or a history of organ transplantation.
I. Patients with infectious pneumonia, non-infectious pneumonia, 

interstitial pneumonia and others requiring corticosteroid use.
J. History of chronic autoimmune diseases, such as systemic lupus 

erythematosus; history of ulcerative enteritis, Crohn's disease and 
other inflammatory bowel diseases, irritable bowel syndrome and 
other chronic diarrheal diseases; a history of sarcoidosis or tuber-
culosis; history of active hepatitis B, hepatitis C and HIV infection.

K. Patients with hypersensitivity to human or murine monoclonal 
antibodies.

L. Have a history of psychotropic drug abuse and can not quit or 
have mental disorders.

M. Pleural effusion or abdominal effusion with clinical symptoms 
requiring clinical intervention.

N. A concomitant disease that, in the judgment of the investiga-
tor, seriously endangers the patient's safety or interferes with the 
patient's completion of the study.
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