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Abstract

Aims/Background: Advanced biliary tract cancer (BTC) is an aggressive malignancy, and often presents with poor prognostic outcomes
despite standard chemotherapy. This study aimed to evaluate the preliminary efficacy and safety of toripalimab in combination with
gemcitabine + oxaliplatin (GEMOX) as a first-line treatment option for advanced BTC. Methods: This prospective, single-arm, single-
center study enrolled 35 patients with advanced BTC. The patients received toripalimab in combination with GEMOX as first-line
treatment at Zhejiang Cancer Hospital, China, between February 2021 and April 2023. Each patient received 1 to 11 treatment cycles,
and the objective response rate (ORR) was evaluated before and after chemotherapy using the Response Evaluation Criteria for Solid
Tumors (RECIST) version 1.1. Progression-free survival (PFS) and overall survival (OS) were assessed using the Kaplan-Meier method.
Furthermore, adverse events and their severity were recorded to evaluate the safety profile of the treatment. Results: A study cohort of
35 patients was enrolled (median age, 57 years), including 15 men and 20 women. Of them, 18 had intrahepatic cholangiocarcinoma, 14
had gallbladder cancer, and 3 had hilar cholangiocarcinoma. Metastatic lesions were most commonly observed in the lymph nodes, liver,
and pelvis. The ORR was 20% (95% confidence interval [CI] 8.4%-36.9%), including 2 for complete response (CR) and 5 for partial
response (PR). The median PFS and OS were found to be 8.5 and 16.5 months, respectively. All patients experienced adverse events, with
11 (31.42%) of the patients having grade 3 or higher adverse events. The most commonly observed adverse events included increases
in alanine aminotransferase (ALT) and aspartate aminotransferase (AST), leukopenia, neutropenia, and thrombocytopenia. Conclusion:
Toripalimab combined with GEMOX showed preliminary antitumor activity and an acceptable safety profile in patients with advanced
BTC, warranting further validation in larger cohorts. Clinical Trial Registration: Chinese Clinical Trial Registry (ChiCTR2600117154).
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1. Introduction [6]. As a result, prognostic outcomes are poor, with a 5-
year survival rate of only 2%—5% in late-stage disease [2].
For advanced BTC, gemcitabine-based chemotherapy re-
mains the standard first-line treatment, commonly adminis-
tered as gemcitabine + paclitaxel or gemcitabine + cisplatin.
Other regimens, including GCS (gemcitabine + paclitaxel +
S1) and GEMOX (gemcitabine + oxaliplatin), have shown
prognostic improvement in advanced BTC; however, over-
all therapeutic efficacy remains suboptimal [7].

Biliary tract cancer (BTC) originates from the epithe-
lial cells of the bile ducts and is predominantly adenocar-
cinoma, accounting for over 80% of cases [1]. Depend-
ing on the anatomic site, BTC is classified into intrahep-
atic cholangiocarcinoma (ICC), perihilar cholangiocarci-
noma (pCCA), gallbladder cancer (GBC), and distal bile
duct carcinoma (dCCA) [2]. Overall, BTC constitutes 3%
of all gastrointestinal malignancies [3]. Its incidence shows
substantial geographic variation, with comparatively higher
rates observed in Southeast Asia [4], and China is reported
as a high-incidence region. Data from the China National
Cancer Center report approximately 52,800 new cases and
40,700 deaths each year [5].

In a systematic study on chemoresistance in GBC, Lai
et al. [8] reported low sensitivity to cisplatin, gemcitabine,
and 5-fluorouracil, and suggested that combining additional
agents to enhance the efficacy of cisplatin or gemcitabine-
based therapy may help reduce chemoresistance. Besides
chemotherapy, immune checkpoint inhibitors (ICIs), espe-

BTC is an aggressive condition that presents with
rapid progression, so most patients are diagnosed at an ad-
vanced stage and no longer qualify for surgical resection

cially monoclonal antibodies targeting programmed death
receptor 1 (PD-1) and programmed death-ligand 1 (PD-L1),
have demonstrated promising results across various tumor
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types [9,10], including melanoma [11], non-small cell lung
cancer [12,13], renal cancer [14], and hepatocellular carci-
noma [15].

Recent French intergroup guidelines provide an up-
dated, evidence-based framework for the management of
BTC, including intrahepatic, perihilar, and distal cholangio-
carcinomas, as well as gallbladder carcinomas. Diagnosis
and staging primarily rely on contrast-enhanced computed
tomography, magnetic resonance imaging, and ultrasound-
guided biopsy. For localized disease, surgical interven-
tion followed by adjuvant capecitabine is recommended,
whereas the combination of cisplatin and gemcitabine with
the anti-PD-L1 inhibitor durvalumab is now established
as the standard first-line regimen for advanced disease.
The guidelines strongly recommend early comprehensive
molecular profiling to identify actionable alterations and
guide subsequent treatment decisions [16]. Furthermore,
the guidelines emphasize the growing recognition of PD-
L1-targeted immunotherapy in BTC and its considerable
therapeutic potential, although routine use in China has not
yet been established.

Toripalimab is a PD-1 monoclonal antibody devel-
oped in China and has received approval for the treatment
of several advanced malignancies, including melanoma, na-
sopharyngeal carcinoma, urothelial carcinoma, non-small
cell lung cancer, esophageal cancer, and breast cancer [17—
20]. To date, no clinical evidence supporting its use in BTC
has been reported. Given the paucity of evidence on PD-1
inhibition in BTC, investigating toripalimab in combination
with standard chemotherapy could provide important in-
sights into its potential role and expanded immunotherapeu-
tic strategies for this difficult-to-treat malignancy. There-
fore, this study assessed the preliminary efficacy and safety
of toripalimab combined with GEMOX in patients with ad-
vanced BTC.

2. Methods
2.1 Enrollment of Study Subjects

Patients with advanced biliary system tumors receiv-
ing first-line therapy at Zhejiang Cancer Hospital, China,
between February 2021 and April 2023 were enrolled in
this study. This study was approved by the Ethics Com-
mittee of Zhejiang Cancer Hospital (Approval No. IRB-
2019-91) and was registered under Clinical Trial Regis-
tration No. ChiCTR2600117154 (https://www.chictr.org
.cn/showproj.html?proj=300563). Before enrollment, all
participants were informed in detail about the objectives
and procedures, and written informed consent was obtained
from each patient or from their legal guardian. All proce-
dures were conducted in accordance with the principles of
the Declaration of Helsinki, with due consideration of pa-
tients’ rights, safety, and welfare.

Inclusion criteria included (1) histologically con-
firmed advanced or metastatic biliary system tumors
with no prior treatment; (2) American Joint Committee

on Cancer/Tumor—Node—Metastasis (AJCC/TNM) staging
system, stage III-1V; and (3) Karnofsky Performance Sta-
tus (KPS) score >80 within 7 days before enrollment [21].
However, patients with locally recurrent cancers that had
previously been cured, contraindications or intolerance to
GEMOX or toripalimab, and pre-existing significant im-
pairment of major organ functions before treatment were
excluded from the study cohort.

2.2 Treatment Protocols

Toripalimab (Tuoyi) was obtained from Shanghai Jun-
shi Biosciences Co., Ltd. (Lot. No. 0202302007, Shang-
hai, China), gemcitabine was purchased from Eli Lilly and
Company (Lot. No. 207648A, 207650A, Indianapolis, IN,
USA), and oxaliplatin was supplied by Sanofi-Aventis (Lot.
No. 210806AM, 210826AN, Paris, France). All patients
received gemcitabine 1000 mg/m? intravenously on day 1
and day 8, oxaliplatin 100 mg/m? on day 1, and toripalimab
240 mg infused once every 3 weeks. Each treatment cycle
was 21 days. Therapy was discontinued in cases of intoler-
able adverse reactions, withdrawal of informed consent, or
death of the patient.

2.3 Primary Study Endpoint

The primary endpoint was objective response rate
(ORR). Tumor burden was assessed using contrast-
enhanced computed tomography (CT) or magnetic reso-
nance imaging (MRI) at baseline and then every 8 weeks
until disease progression or treatment discontinuation.
Therapeutic response was evaluated independently by two
experienced radiologists according to the Response Evalu-
ation Criteria for Solid Tumors (RECIST) version 1.1 [22],
In case of discrepancies in the two assessments, a senior ra-
diologist adjudicated the final results. Response categories
were defined as complete response (CR), disappearance of
all target lesions with pathological lymph nodes reduced
to <10 mm in short axis; partial response (PR), a >30%
decrease in the sum of diameters of target lesions relative
to baseline; progressive disease (PD), a >20% increase in
the sum of diameters (with an absolute increase of >5 mm)
or the appearance of new lesions; and stable disease (SD),
changes that did not qualify criteria for PR and PD. Re-
sponses were investigator-assessed and required confirma-
tion at least 4 weeks later (typically at the next scheduled
imaging). ORR was calculated as the proportion of patients
achieving confirmed CR or PR as their best overall response
among those who had at least one post-baseline tumor as-
sessment.

2.4 Secondary Study Endpoints

The secondary endpoints were progression-free sur-
vival (PFS) time, overall survival (OS) time, and therapy-
related adverse reactions. Adverse events were assessed
and graded using the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) version
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Fig. 1. Overall survival (OS) and progression-free survival (PFS) curves of patients with advanced biliary tract cancers. (A) OS

curves, median OS time was 16.5 months. (B) PFS curves, median PFS time was 8.5 months.

5.0 [23]. Events were evaluated to determine whether they
met the criteria for immune-related adverse events (irAEs).
For each patient, the maximum severity grade observed for
each adverse event during the study period was recorded.

2.5 Statistical Analysis

Data analysis and processing were performed using
SPSS version 26.0 software (IBM Corp., Armonk, NY,
USA). As this was a single-arm study, no between-group
comparisons were conducted. Normally distributed contin-
uous variables were expressed as mean + standard devia-
tion (mean + SD), whereas non-normally distributed data
were presented as median (range). As tumor marker levels
were non-normally distributed, pre- and post-treatment val-
ues were assessed using the paired Wilcoxon signed-rank
test. Categorical variables were summarized as counts and
percentages (n, %). PFS and OS were determined using the
Kaplan-Meier method, and corresponding survival curves
were generated. All statistical tests were two-sided, and a
p-value < 0.05 was considered statistically significant.

3. Results
3.1 Baseline Characteristics Across Study Participants

This study included 35 patients with advanced cholan-
giocarcinoma, all of whom received the toripalimab plus
GEMOX regimen as first-line treatment. Before treatment,
4 patients had a KPS score of 100, 14 patients had a KPS
score of 90, and 17 patients had a KPS score of 80. Tumor
subtypes included 18 cases of intrahepatic cholangiocarci-
noma, 14 cases of GBC, and 3 cases of hilar cholangiocar-
cinoma. Three patients had a history of hepatitis B virus
(HBV) infection, and six had prior surgical treatment his-
tory. Metastatic involvement included lung (n = 3), liver (n
= 3), peritoneum (n = 4), peritoneal cavity (n = 7), pelvis (n
= 5), lymph node (n = 11), and bone (n = 5). The baseline
characteristics of patients are shown in Table 1.
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3.2 Assessment of Pre- and Post-Treatment ORR and
Tumor Marker Levels

After 1 to 11 treatment cycles, tumor response was as-
sessed using RECIST version 1.1. Among the 35 patients, 2
achieved a CR. Both these patients had poorly differentiated
intrahepatic cholangiocarcinoma and the following baseline
tumor marker levels: carbohydrate antigen 242 (CA242)
(20.83 U/mL and 18.52 U/mL), baseline carcinoembryonic
antigen (CEA) (1.37 U/mL and 0.85 U/mL), carbohydrate
antigen 72-4 (CA72-4) (0.62 U/mL and 0.85 U/mL), car-
bohydrate antigen 125 (CA125) (60.50 U/mL and 32.20
U/mL), carbohydrate antigen 19-9 (CA19-9) (110.55 U/mL
and 81.25 U/mL), and carbohydrate antigen 15-3 (CA15-
3) (70.86 U/mL and 19.52 U/mL). Five patients achieved
PR, yielding an ORR of 20% (95% confidence interval [CI]
8.4%-36.9%). After treatment, CA242, CA125, CA19-9,
and CA15-3 levels decreased significantly, as detailed in
Table 2.

3.3 PFS and OS

The median OS time was 16.5 months, and the me-
dian PFS time was 8.5 months. The corresponding survival
curves are shown in Fig. | A,B.

3.4 Safety Profile: Toripalimab Plus GEMOX-Related
Adverse Events

All patients experienced adverse events, with 11
(31.42%) of them developing grade 3 or higher adverse
events. These events included elevated alanine aminotrans-
ferase (ALT), increased aspartate aminotransferase (AST),
decreased white blood cell count, granulocytopenia, chole-
cystitis, bowel obstruction, decreased platelet count, intra-
abdominal infection, and liver injury. These adverse
events were all possibly treatment-related responses. In-
creases in ALT/AST and liver injury were considered po-
tential immune-related adverse events (irAEs) associated
with toripalimab, whereas hematologic toxicities were con-
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Table 1. Baseline characteristics of patients with advanced cholangiocarcinoma.

Baseline information Level/Classification Value
Age Median (range) 57 (41-72)
Man 15 (42.9%)
Sex
Woman 20 (57.1%)

In the liver

Primary lesion Gall
Fossae transversalis hepatis
Yes

HBV Deny

Not quite clear
CA242 (U/mL) Median (range)
CEA (U/mL) Median (range)
CA72-4 (U/mL) Median (range)
CA125 (U/mL) Median (range)

CA19-9 (U/mL)
CA15-3 (U/mL)
Surgical treatment

Median (range)
Median (range)
Yes
Lung
Liver
Peritoneal
Metastatic involvement Peritoneal cavity
Pelvic
Lymph node
Bone

18 (51.4%)
14 (40.0%)
3 (8.6%)
3 (8.6%)
31 (88.6%)
1(2.9%)
12.25 (6.85-1120.21)
1.67 (0.57-7.52)
2.72 (0.62-15.25)
39.05 (5.26-106.52)
362.88 (59.55-15,855.52)
70.86 (6.85-2500.32)
6 (17.1%)
3 (8.6%)
3 (8.6%)
4 (11.4%)
7 (20.0%)
5 (14.3%)
11 (31.4%)
5(14.3%)

Note: HBYV, hepatitis B virus; CA242, carbohydrate antigen 242; CEA, carcinoembry-
onic antigen; CA72-4, carbohydrate antigen 72-4; CA125, carbohydrate antigen 125;

CA19-9, carbohydrate antigen 19-9; CA15-3, carbohydrate antigen 15-3.

Table 2. The level of tumor markers before and after treatment [Median (range)].

Tumor marker

Pre-treatment level

Post-treatment level

CA242 (U/mL)
CEA (U/mL)
CA72-4 (U/mL)
CA125 (U/mL)
CA19-9 (U/mL)
CA15-3 (U/mL)

12.25 (6.85-1120.21)
1.67 (0.57-7.52)
2.72 (0.62-15.25)
39.05 (5.26-106.52)
362.88 (59.55-15,855.52)
70.86 (6.85-2500.32)

8.52 (6.85-17.75)*
1.35 (1.06-6.50)
2.04 (1.05-13.33)
12.05 (3.35-56.05)*
88.25 (49.52-185.25)*
36.04 (8.25-55.52)

Note: Pre-treatment level vs. Post-treatment level, analyzed using paired

Wilcoxon signed-rank test. *p < 0.05 indicates statistical significance.

sistent with GEMOX-related myelosuppression.  Other
complications, such as cholecystitis, bowel obstruction,
gastrointestinal symptoms, and renal injury, may be at-
tributable to either immunotherapy or chemotherapy com-
ponents. No treatment-related deaths were reported. Most
grade >3 events were manageable with supportive care, and
dose adjustment was required in only 2 patients (Table 3).

4. Discussion

Advanced BTC is highly aggressive and invasive, and
for those with unresectable advanced diseases, systemic
chemotherapy has been the primary treatment option. Re-
cently, the treatment landscape for advanced BTC has en-
tered an era in which immunotherapy is integrated with

chemotherapy [24—27]. During the 2022 American Society
of Clinical Oncology-Gastrointestinal Cancer Symposium,
outcomes from the Phase III TOPAZ-1 trial were unveiled
[28]. In patients with advanced BTC, the combination of
durvalumab with gemcitabine + cisplatin (GC) significantly
improved outcomes compared with GC alone, increasing
median OS to 12.8 months versus 11.5 months, and pro-
longing median PFS to 7.2 months versus 5.7 months. Sub-
sequently, updated TOPAZ-1 results were presented at the
European Society for Medical Oncology Asia Conference
2024 [29]. Following a median follow-up period of 41.3
months, median overall survival was 12.9 months in the
durvalumab plus GC treatment group compared with 11.3
months in the placebo plus GC treatment group (hazard ra-
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Table 3. Adverse events observed in advanced
cholangiocarcinoma patients treated with toripalimab plus

GEMOX.
Adverse events <grade 3 >grade 3
Elevated ALT 11 0
Elevated AST 15 0
Decreased white blood cell count 21 5
Granulocytopenia 20 3
Cholecystitis 11 1
Bowel obstruction 9 0
Erythropenia 0
Intra-abdominal infection 3 1
Liver injury 11 2
Thrombocytopenia 15 1
Renal injury 3 1
Gastrointestinal symptom 17 0
Sum (number of patients) 35 11

Note: ALT, alanine aminotransferase; AST, aspartate amino-
transferase. Each adverse event type is listed separately, and
one patient may experience multiple adverse events; therefore,
the total number of events exceeds the number of patients af-
fected.

tio [HR]: 0.74). The 3-year overall survival rate was 14.6%
with durvalumab plus GC treatment, nearly double that ob-
served with placebo plus GC (6.9%). Among patients with
disease control, the 3-year OS rate was 17.0% in the durval-
umab arm versus 7.6% in the placebo arm. The safety pro-
file of chemotherapy plus durvalimab remains acceptable,
with comparable rates of grade 3/4 treatment-related ad-
verse events (TRAESs) between groups (62.7% vs. 64.9%),
and common immune-mediated adverse events (imAEs) in-
cluded dermatitis (0.9% vs. 0) and liver injury (0.6% vs.
0.3%) [29].

An additional Phase III clinical trial has con-
firmed the effectiveness of combining immunotherapy with
chemotherapy in advanced BTC. Phase KEYNOTE-966
(NCT04003636) demonstrated that pembrolizumab plus
GC regimen significantly improved median overall survival
compared with placebo plus GC (12.7 months vs. 10.9
months), corresponding to a 17% decrease in the risk of
death (HR = 0.83, 95% CI: 0.72-0.95) [30]. This treat-
ment regimen also showed a comparable safety profile, with
similar rates of grade 3/4 treatment-related adverse events
(TRAES) (70% vs. 69%). The incidence of imAEs and
infusion reactions was 22%, with hypothyroidism (9% vs.
3%) and pneumonia (5% vs. 2%) being the most commonly
observed imAEs. The phase III evidence supports chemo-
immunotherapy as a first-line standard, and combinations
of durvalumab or pembrolizumab with GC regimen are now
established first-line treatment options for advanced BTC.

In China, GEMOX is widely used as a first-line
chemotherapy regimen for advanced BTC, particularly due
to its lower renal toxicity profile compared with cisplatin-
based protocols and requires less intensive hydration. Fur-
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thermore, oxaliplatin may enhance tumor immunogenicity,
which could potentially augment responses to PD-1 inhibi-
tion. Toripalimab, a widely used domestic PD-1 antibody
approved for multiple solid tumors, represents a crucial im-
munotherapeutic option in the Chinese setting. The current
findings provide preliminary clinical evidence supporting
the potential therapeutic synergy between toripalimab and
GEMOX in BTC.

In 2022, Professor Li and colleagues [31] reported fa-
vorable survival outcomes with the toripalimab plus gemc-
itabine and S-1 (GS) combination regimen, with a median
PFS of 7.0 months and a median OS of 15.0 months. The
disease response rate was 30.6%, and the disease control
rate was 87.8%. Adverse reactions to toripalimab combined
with chemotherapy were generally manageable. Moreover,
arecently reported domestic Phase II trialinvestigated gem-
citabine plus cisplatin combined with sintilimab in malig-
nant biliary tumors. Among 30 included patients, the study
showed an objective response rate of 36.7%, a median PFS
of 15.9 months, and a median OS of 5.1 months [32]. Con-
sistent with these findings, a retrospective study assess-
ing the efficacy of camrelizumab plus GEMOX as first-
line treatment for advanced biliary cancer across 30 pa-
tients with advanced intrahepatic cholangiocarcinoma and
a median follow-up time of 24.0 (21.5-26.5) months re-
ported that ORR and DCR were 40% and 73.3%, respec-
tively, while median PFS and OS were 7.5 months and 17.0
months, respectively [33].

Immunotherapy combined with chemotherapy has be-
come the standard first-line treatment of BTC. However,
current clinical evidence indicates that the survival out-
comes achieved with this strategy remain modest. There-
fore, there is a crucial clinical need to further optimize im-
munotherapy in BTC. Key research domains include the
identification of reliable biomarkers to select patients most
likely to benefit from immunotherapy and the development
of treatment approaches tailored to various anatomical sub-
types of BTC.

In this study, we investigated the preliminary effi-
cacy and safety of toripalimab combined with GEMOX
in patients with advanced BTC. Despite the small sam-
ple size, the regimen demonstrated significant antitumor
activity: 2 patients achieved a complete response, and 5
achieved a partial response, yielding an ORR of 20% (7/35;
95% CI: 8.4%-36.9%). Although this response rate ap-
pears lower than that reported in some previous studies of
PD-1 inhibitor-based chemo-immunotherapy [31-33], our
study cohort consisted predominantly of stage IV patients
with distant metastases and significant tumor burden, a
population that typically shows less sensitivity to systemic
therapy. Therefore, even a modest response may trans-
late into a clinically meaningful benefit in this difficult-
to-treat population. These findings remain consistent with
the therapeutic trends observed in prior studies evaluating
immunotherapy-based combinations in BTC.
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Notably, early progression was observed in a propor-
tion of our cohort, indicating that the treatment regimen
is not uniformly effective across all advanced BTC cases.
Therefore, larger sample sizes and more comprehensive in-
vestigations are needed to elucidate the exact efficacy of
toripalimab combined with GEMOX and to clarify which
patient subgroups are most likely to benefit. In terms of
safety assessment, adverse events observed in this study
were generally controllable. The rate of grade 3—4 ad-
verse events was 31.42%, comparable to those observed in
KEYNOTE-966 and TOPAZ-1, and the overall complica-
tion pattern was similar [28,30].

We acknowledge several limitations to this study.
First, it was a single-arm, single-center exploratory study
without a comparator arm (control group); therefore, the
results should be viewed as hypothesis-generating rather
than definitive. Second, the relatively small sample size
and the inclusion of patients with multiple anatomical BTC
subtypes introduced clinical heterogeneity, which limits the
reliability of subgroup findings. Moreover, treatment re-
sponses were assessed using RECIST 1.1 without blinded
independent central review, which may have introduced as-
sessment bias. Therefore, these findings should be inter-
preted with caution and warrant confirmation in larger, mul-
ticenter randomized controlled trials.

5. Conclusion

In conclusion, toripalimab combined with GEMOX
demonstrated anti-tumor activity and an acceptable safety
profile in a subset of patients with advanced BTC. How-
ever, the overall therapeutic benefit was limited and het-
erogeneous, underscoring the need for further large-scale,
multicenter studies to validate these findings and to iden-
tify the patient population that is most likely to benefit from
PD-1-based therapeutic approaches.

Key Points

* Toripalimab in combination with GEMOX demon-
strated significant anti-tumor activity in patients with ad-
vanced BTC.

* Toripalimab in combination with GEMOX showed
an acceptable safety profile, with grade >3 adverse events
observed in 31.42% of patients.

* This prospective study provides preliminary clinical
evidence for the feasibility of toripalimab plus GEMOX in
advanced BTC.
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