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Introduction
Biliary system cancer is a heterogeneous group of malignancies 
with a 5-year survival rate of <10%.1,2 In the advanced disease 
setting, gemcitabine-based combination regimens as the cur-
rent standard of care could improve outcomes with a median 
overall survival (OS) of 11.0 to 13.0 months. However, the 
objective response rate (ORR) is only 25.0% to 30.0%,3,4 with 
the second-line (L2) therapeutic options being limited. Thus, 
the development of novel molecules and identification of novel 
targets are urgently required in this setting.5

Based on the pivotal ABC-06 study, oxaliplatin/fluorouracil/
leucovorin (FOLFOX) was evaluated as an L2 treatment after 
progression with gemcitabine/cisplatin (GemCis); however, its 
efficacy was suboptimal, demonstrating only a modest 1-month 
OS benefit compared to that with the best supportive care (6.2 
vs 5.3 months, P = .031).6 The NIFTY trial revealed that liposo-
mal irinotecan in combination with 5-fluorouracil (5-FU) and 
leucovorin (LV) achieved a median OS of 8.6 months and 
median progression-free survival (PFS) of 7.1 months.7

Efforts have been made to identify potential targeted strate-
gies for treating biliary tract cancers (BTCs), including multi-
ple pathways such as angiogenesis and other precise targets. 
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ABSTRACT

BACkgRound: As a second-line therapy, oxaliplatin/fluorouracil/leucovorin (FOLFOX) remains the standard of care for patients with biliary 
tract cancer (BTC); however, its efficacy is suboptimal. The aim of this study was to evaluate whether, compared with chemotherapy alone, 
the immune checkpoint inhibitor (ICI) combination regimen improved the overall survival (OS) in patients with advanced BTC.

MeThodS: Patients diagnosed with advanced BTC who received chemotherapy or ICI combination therapy as second-line (L2) treatment 
between January 1, 2018, and April 1, 2022, were retrospectively identified.

ReSuLTS: A total of 98 patients with BTCs were reviewed and recruited: the chemotherapy group (cohort A, n = 40), the chemotherapy plus 
ICIs group (cohort B, n = 27), and the tyrosine kinase inhibitor (TKIs) plus ICIs group (cohort C, n = 31). The median progression-free survival 
(PFS) and median OS were 2.6 months (95% confidence interval [CI]: 1.7-4.2) and 7.8 months (95% CI: 5.9-12.0) for cohort A, 4.3 months 
(95% CI: 2.9-8.4) and 10.9 months (95% CI: 7.67-NA) for cohort B, 5.1 months (95% CI: 4.0-8.3) and 10.1 months (95% CI: 8.23-NA) for cohort 
C, respectively. The confirmed overall response rates were 7.5% (3/40, cohort A), 22.2% (6/27, cohort B), and 19.4% (6/31, cohort C), 
whereas the disease control rates were 47.5% (19/40, cohort A), 77.8% (21/27, cohort B), and 77.4% (24/31, cohort C). Grade 3 or higher 
treatment-related adverse reaction were reported in 20.0% (cohort A), 37.0% (cohort B), and 41.9% (cohort C) of the patients.

ConCLuSIonS: The ICI combination strategy beyond first-line (L1) systemic chemotherapy plays a positive role in advanced BTCs. Both 
TKIs plus ICIs and chemotherapy plus ICIs could be considered candidates for trials and applied as competitive L2 treatment regimens for 
advanced BTCs in clinical practice.
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The FOENIX-CCA2 study showed that futibatinib achieved 
an ORR of 42% and median OS of 21.7 months, and the 
ClarIDHy study reported that ivosidenib achieved a median 
OS of 10.8 months.8 However, only a small proportion of 
patients with specific gene alterations benefit from precision-
targeting drugs. In the REACHIN study, the regorafenib 
group showed an improved PFS compared with that in the 
placebo group (3.0 vs 1.5 months, P = .004); no patients 
achieved an objective response, and no survival benefit was 
found regarding OS.9 A phase II trial (NCT03873532) involv-
ing surufatinib reported a median PFS of 3.7 months and 
median OS of 6.9 months in 39 patients with BTC.10

Immunotherapy has revolutionized the treatment of several 
solid tumors. However, the efficacy of immune checkpoint inhibi-
tor (ICIs) monotherapy in unselected advanced BTC presents 
polarized results. The ORRs and median OS were 5.0% to 22.0% 
and 5.7 to 14.2 months in all-comer patients who received pro-
grammed cell death 1/ligand 1 (PD-1/L1) inhibitors.11,12 The 
MOUSEION-03 suggested that the combination of immuno-
therapy may significantly increase the chance of achieving com-
plete response (CR) compared to that with control treatments,13 
proving a new insight for addressing this dilemma. Thus far, a 
pooled analysis of 2-phase Ib trials (TQB2450-Ib-05 and 
TQB2450-Ib-08) against the non-first-line (non-L1) regimen of 
anlotinib plus TQB2450 for BTC has reported an ORR of 21.2% 
and a median OS of 15.7 months in 66 patients,14 which was the 
optimum finding obtained from the L2 treatment of patients with 
advanced BTC. Results of other trials demonstrated that, with 
lenvatinib combined with pembrolizumab, the ORR and median 
OS were 10.0% to 25.0% and 8.6 to 11.0 months, respectively.14,15 
This regimen represents a potential chemotherapy-free option for 
L2 treatment of BTCs. Emerging evidence supports the potential 
of chemotherapy plus ICIs as the L1 initial regimen in patients 
pretreated with BTCs. GemCis plus durvalumab in the TOPAZ-1 
study showed substantial clinical activity in patients with BTCs, 
achieving an ORR of 26.7% and median OS of 12.8 months.16,17 
Furthermore, the BilT-03 trial evaluated the utility of adding 
nivolumab to L2 liposomal irinotecan, 5-FU, and LV in patients 
with advanced BTCs, with a median OS of 7.5 moths.18 Although 
several single-arm trials have preliminarily explored the efficacy of 
such combinations, the associated survival benefits require further 
investigation.

Representative clinical trials for second-line treatment of 
BTC are presented in Supplementary Table 1. Based on these 
results, we conducted a retrospective study to compare the effi-
cacy and safety of chemotherapy, chemotherapy plus ICIs, and 
tyrosine kinase inhibitor (TKIs) plus ICIs as L2 therapies for 
patients with advanced BTC.

Material and Methods
Study design and patients

This study was conducted at 3 centers. All consecutive patients 
with advanced BTCs who received L2 treatment between 

January 1, 2018, and April 1, 2022, were enrolled in our cohort, 
and their data were retrospectively collected (Figure 1). Patients 
were considered eligible if they had (1) pathologically proven 
adenocarcinoma and (2) at least one measurable tumor lesion 
according to the Response Evaluation Criteria in Solid Tumors 
(RECIST v1. 1), (3) progressed after L1 treatment with a gem-
citabine-based combination regimen, and (4) received chemo-
therapy, chemotherapy plus ICIs, or TKIs plus ICIs for at least 
2 cycles of treatment. Patients were excluded if they had (1) 
been treated with target therapy or immunotherapy in the L1 
palliative setting, (2) received radiation therapy or best sup-
portive care alone or other treatment strategy, or (3) been diag-
nosed with ampullary carcinoma.

Data collection

The following clinicopathological parameters were collected: 
sex, age, primary tumor site, and grade of differentiation, the 
Eastern Cooperative Oncology Group (ECOG) performance 
status, surgery, hepatobiliary diseases, body mass index (BMI), 
systemic therapy (including the number of lines treated, regi-
men, start date, end date, number of cycles, and adverse reac-
tion), tumor node metastases (TNM) stage, and distant 
metastatic site. Blood examination data included albumin, car-
bohydrateantigen 19-9 (CA19-9), carbohydrate antigen 125 
(CA125), carcinoembryonic antigen (CEA) levels, and hepati-
tis B (HBV) infection.

Evaluation criteria

The Response Evaluation Criteria in Solid Tumors (RECIST 
1.1) were used to evaluate the tumor response. The images 
were evaluated separately by 2 investigators. Adverse reactions 
were recorded according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events version 5.0 
(CTCAE 5.0). The TNM stage was determined according to 
the American Joint Committee on Cancer standards (AJCC, 
8th edition).

The primary outcome was OS, defined as the time from the 
date of medication initiation until the date of death. Secondary 
endpoints were PFS (time between medication initiation and 
radiological disease progression or death of any cause, which-
ever occurred first). The ORR was defined as the proportion of 
patients with CR or partial response (PR) of total evaluated. 
The disease control rate (DCR) was defined as the proportion 
of patients with CR, PR, and stable disease (SD).

Statistical analysis

The median value (interquartile range) and frequency (percent-
age) were used to describe continuous and categorical variables, 
respectively. Quantitative and qualitative variables were com-
pared using analysis of variance (or Kruskal-Wallis H-test, if 
appropriate) and the chi-square test (or Fisher’s exact test, if 
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appropriate), respectively. Overall survival and PFS were esti-
mated using the Kaplan-Meier method and compared using the 
log-rank test. Prognostic factors associated with early-progres-
sive disease were evaluated using Cox regression analysis. 
Statistical analyses were performed using the SPSS (version 
25.0) for Windows (SPSS, Chicago, IL, USA) and R software 
4.2.2 (R Foundation for Statistical Computing, Vienna, Austria). 
Statistical significance was set at P value <.05 significant.

Results
Baseline characteristics and treatment

A total of 98 patients with advanced BTCs were eventually 
eligible: the chemotherapy group (cohort A, n = 40), the chem-
otherapy plus ICIs group (cohort B, n = 27), and the TKIs plus 
ICIs group (cohort C, n = 31), with a male/female ratio of 0.8 
(18/22), 1.1 (14/13), and 0.6 (12/19), respectively. The median 
age was 58.5 years (interquartile range [IQR]: 46.5-67) in 
cohort A, 60 (range: 51-66) years in cohort B, and 58 (range: 
53-67) years in cohort C. In the etiology surveillance, 15 
patients (37.5%, cohort A), 7 patients (25.9%, cohort B), and 

13 patients (41.9%, cohort C) had hepatitis B infection. Most 
patients showed good physical performance in all cohorts, with 
an ECOG score of 0 to 1. There were 38 patients (95%) in 
cohort A, 12 (85.7%) in cohort B, and 25 (92.6%) in cohort C 
with distant metastases. In cohorts A, B, and C, 21 (52.5%), 15 
(55.6%), and 16 (51.6%) patients underwent primary tumor 
resection, respectively. The patients in the 3 cohorts were well 
balanced at baseline. Baseline patient demographics and clini-
cal characteristics are summarized in Table 1.

Treatment

In cohort A, the median duration of chemotherapy injected 
was 4.0 cycles (95% CI: 3.2-4.8) and 12.1 weeks, and all 
patients discontinued treatment owing to tumor progression. 
Various chemotherapy regimens were used and classified into 
categories: “F- alone” (6, 15%): including S-1 and capecitabine; 
“F-P” (25, 62.5%): all regimens combining cisplatin/oxaliplatin 
and S-1/ capecitabine/5-FU; “F-I” (2, 5%): all regimens com-
bining 5-FU and irinotecan; “F-A” (7, 17.5%): all regimens 
combining capecitabine and albumin paclitaxel.

Figure 1. The flowchart of the study illustrates the enrollment procedure and the treatment protocol. Center 1 stands for Zhejiang Cancer Hospital; Center 

2 stands for Zhejiang Medical & Health Group Hangzhou Hospital; Center 3 stands for Wenzhou Central Hospital.
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Table 1. Baseline demographics.

COHORT A (N = 40) COHORT B (N = 27) COHORT C (N = 31) P vALUE

Sex 0.604

 Female 22 (55.0%) 13 (48.1%) 19 (61.3%)  

 Male 18 (45.0%) 14 (51.9%) 12 (38.7%)  

Age (y), median (IQR) 58.5 (46.5-67) 60 (51-66) 58 (53-67) 0.751

Primary tumor site 0.321

 Intrahepatic 15 (37.5%) 9 (33.3%) 18 (58.1%)  

 Extrahepatic/hilar 8 (20.0%) 7 (26.0%) 5 (16.1%)  

 Gallbladder 17 (42.5%) 11 (40.7%) 8 (25.8%)  

Prior resection of primary tumor 0.263

 Yes 21 (52.5%) 19 (70.4%) 16 (51.6%)  

Hepatitis B virus infection 0.426

 Yes 15 (37.5%) 7 (25.9%) 13 (41.9%)  

Background hepatobiliary diseases 0.396

 Yes 13 (32.5%) 11 (40.7%) 15 (48.4%)  

Albumin (g/L) 0.137

 Median (IQR) 41.6 (38.0-45.1) 41.8 (39.2-44.2) 39.9(34-42)  

 Missing 12 (30%) 8 (29.2%) 8 (25.8%)  

BMI, median (IQR) 22.5 (19.0-25.2) 21.3 (19.0-22.6) 21.9 (19.6-24.4) 0.398

L1 regimen 0.403

 Gemcitabine + cisplatin 14 (35%) 13 (48.2%) 16 (51.6%)  

 Capecitabine + oxaliplatin 6 (15%) 6 (22.2%) 4 (12.9%)  

 Gemcitabine + S-1 15 (37.5%) 4 (14.8%) 6 (19.4%)  

 Gemcitabine + capecitabine 5 (12.5%) 4 (14.8%) 5 (16.1%)  

Prior chemotherapy cycles 0.835

 <6 cycles 18 (45.0%) 14 (51.9%) 14 (45.2%)  

 ⩾6 cycles 22 (55.0%) 13 (48.1%) 17 (44.8%)  

ECOG performance status 0.747

 0-1 37 (92.5%) 25 (92.6%) 27 (87.1%)  

 2 3 (7.5%) 2 (7.4%) 4 (12.9%)  

Disease stage at the beginning of second line 0.326

 Locally advanced 2 (5.0%) 4 (14.8%) 2 (6.5%)  

 Metastatic 38 (95.0%) 23 (85.2%) 29 (93.5%)  

Metastatic sites  

 Liver—yes 17 (42.5%) 6 (42.9%) 12 (44.4%) 0.216

 Lung—yes 8 (20.0%) 2 (14.3%) 1 (3.7%) 0.058

 Bone—yes 3 (7.5%) 0 (0.0%) 2 (7.4%) 0.187

 (Continued)
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COHORT A (N = 40) COHORT B (N = 27) COHORT C (N = 31) P vALUE

 Lymph node—yes 18 (45.0%) 5 (35.7%) 10 (32.3%) 0.078

 Peritoneum—yes 10 (25.0%) 4 (28.6%) 6 (22.2%) 0.588

Grade of differentiation 0.793

 Well 2 (5.0%) 1 (3.7%) 2 (6.5%)  

 Moderately 9 (22.5%) 11 (40.7%) 11 (35.5%)  

 Poorly 17 (42.5%) 9 (33.3%) 10 (32.3%)  

 Missing 12 (30.0%) 6 (22.2%) 8 (25.8%)  

Serum CA19-9 (U/mL) 0.964

 Median (IQR) 28.7.0 (16.1-676.5.2) 69.8 (15.9-602.8) 80.0 (19.6-917.8)  

 Missing 15 (37.5%) 11 (40.7%) 7 (22.6%)  

Baseline carcinoembryonic antigen (U/mL) 0.677

 Median (IQR) 2.6 (1.5-9.7) 2.5 (1.4-15.8) 3.9 (1.5-10.7)  

 Missing 15 (37.5%) 11 (40.7%) 7 (22.6%)  

Baseline CA125 (U/mL) 0.168

 Median (IQR) 28.2 (17.0-76.1) 126.7 (18.0-423.7) 48.3 (15.3-123)  

 Missing 17 (42.5%) 12 (44.4%) 8 (25.8%)  

Third-line treatment 0.430

 Yes 19 (47.5%) 10 (37.0%) 15 (48.4%)  

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology Group.
Data were presented as n (%) or median with IQR as appropriate.

Table 1. (Continued)

The median administered cycles of ICIs were 4.6 cycles 
(95% CI: 3.4-5.7) for cohort B, 5.5 cycles (95% CI: 4.1-6.9) 
for cohort C, and all patients received at least 2 shots. The 
usage of ICIs included nivolumab (0, 0%; 1, 3.2%), dur-
valumab (1, 3.7%; 0, 0%), sintilimab (8, 29.6%; 12, 38.7%), 
toripalimab (5, 18.5%; 6, 19.4%), carrelizumab (6, 22.2%; 8, 
25.8%), pembrolizumab (2, 7.4%; 0, 0%), cadonilimab (0, 0%; 
1,3.2%), and tislelizumab (5, 18.5%; 3, 9.7%) in cohort B and 
cohort C, respectively. The TKI included lenvatinib (10, 
33.4%), anlotinib (15, 50.0%), apatinib (4, 13.3%), and 
regorafenib (1, 3.3%) in cohort C. Twenty-one and 25 
patients discontinued treatment owing to tumor progression, 
respectively. Cohort B was the same as cohort C; one patient 
discontinued treatment due to intolerable adverse reactions, 
and 5 patients were continued under medication before the 
cutoff date.

During the study period, patients received chemotherapy, 
chemotherapy plus ICIs, or TKIs plus ICIs as L2 treatment, 
which was chosen based on their condition and chronological 
background. Dose adjustments for toxicity and patient PS were 
performed at the discretion of the investigator. A more detailed 
description of the L2 therapy regimens is provided in 
Supplementary Table 2.

Efficacy

All patients were available for efficacy assessment and experi-
enced a detectable objective response according to the Response 
in RECIST 1.1. Figure 2 shows the maximum change in the 
sum of measurable lesions and the best overall response. The 
ORR following cohort A, cohort B, and cohort C treatment as 
the L2 systemic therapy in advanced BTCs was 7.5% (95% CI: 
1.6%-20.4%), 22.2% (95% CI: 8.6%-42.3%), and 19.4% (95% 
CI: 7.5%-37.5%), respectively, with 0 (0%), 1 (3.7%), and 0 
(0%) CR, and 3 (7.5%), 5 (18.5%), and 6 (19.2%) PRs. The 
DCR in cohort A, cohort B, and cohort C was 47.5% (95% CI: 
31.5%-63.9%), 77.8% (95% CI: 57.7%-91.4%), and 77.4% 
(95% CI: 58.9%-90.4%), respectively. Table 2 displays detailed 
information on the therapeutic responses.

Compared with cohort A, patients in cohort B and C with 
the ICIs recombination regimen presented the prolonged PFS 
(2.6 months, 95% CI: 1.7-4.2 vs 4.3 months, 95% CI: 2.9-8.4 
vs 5.1 months, 95% CI: 4.0-8.5; P = .0056) (Figure 3A), but not 
OS (7.8 months, 95% CI: 6.3-12 vs 10.9 months, 95% CI: 9.7-
12.1 vs 10.1 months, 95% CI: 1.9-18.4; P = .11) (Figure 3B). 
The PFS rates at 12 and 24 weeks were 45% and 17.5% in 
cohort A, 59.3% and 25.9% in cohort B, and 74.2% and 32.3% 
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in cohort C. The OS rates at 1 year were 25%, 25.9%, and 
29.0%, respectively.

Multivariate analysis included sex, age, ECOG status, 
tumor site, osseous metastasis, surgery, and second-line treat-
ment. The results demonstrated that second-line treatment 
(P = .008) was an independent prognostic factor for PFS 
(Figure 4).

Tolerability and safety

In total, 8 patients (20%), 10 patients (37.0%), and 13 patients 
(41.9%) reported and experienced ⩾grade 3 adverse reactions 
in cohort A, cohort B, and cohort C. Same as cohort A, cohort 
B had a relatively high proportion of decreased appetite (10%, 
11.1%) and bone marrow suppression (10%, 7.4%). In addition, 
patients in cohort B experienced nausea (7.4%), fatigue (7.4%), 
and elevated aspartate aminotransferase levels (7.4%). The 
most common ⩾grade 3 adverse reactions were decreased 
appetite (12.9%), thrombocytopenia (9.7%), and immune-
related thyroiditis (9.7%) for cohort C. Detailed information of 
adverse reactions is shown in Table 3. Most patients were 
advised to continue taking the medication at a reduced dosage 
or to receive medical support. Two patients withdrew from 

treatment due to intolerable adverse reactions, including one 
with grade 4 palmar plantar erythrodysesthesia syndrome in 
cohort B and one with grade 4 increased thrombocytopenia in 
cohort C. Patients with immune-related adverse reactions were 
treated with low-dose corticosteroids and recovered from the 
condition.

Discussion
Although limited, the ABC-06 trial was the first randomized 
phase III clinical trial to demonstrate the benefits of FOLFOX 
in the L2 systemic treatment regimen for BTCs. However, 
there is no robust evidence for an optimal therapy for L2. To 
our knowledge, this is the first retrospective study to evaluate 
the additional role of ICIs with chemotherapy or TKIs com-
pared with chemotherapy alone in patients with advanced 
BTC who have been previously treated with chemotherapy. 
Although some clinicians have already used ICIs with chemo-
therapy or TKIs in this setting, they do so without knowing the 
magnitude of their benefits.

Owing to its retrospective nature, the inclusion criteria were 
not strictly defined in this study. Currently, the gemcitabine-
platinum combination is considered the standard frontline 
treatment. In our study, approximately 70% of patients received 

Table 2. Treatment summary and therapeutic responds.

CATEGORY OUTCOME

COHORT A (N = 40) COHORT B (N = 27) COHORT C (N = 31) P vALUE

Duration (cycle, median) 4.0 (95% CI: 3.2-4.8) 4.6 (95% CI: 3.4-5.7) 5.5 (95% CI: 4.1-6.9) .386

Complete response (CR, n, %) 0 (0.0%) 1 (3.7%) 0 (0.0%) .709

Partial response (PR, n, %) 3 (7.5%) 5 (18.5%) 6 (19.4%) .218

Stable disease (SD, n, %) 16 (40.0%) 15 (55.6%) 18 (58.1%) .145

Progression disease (PD, n, %) 21 (52.5%) 6 (22.2%) 7 (22.6%) .001

ORR 7.5% (95% CI: 1.6%-20.4%) 22.2% (95% CI: 8.6%-42.3%) 19.4% (95% CI: 7.5%-37.5%) .150

DCR 47.5% (95% CI: 31.5%-
63.9%)

77.8% (95% CI: 57.7%-
91.4%)

77.4% (95% CI: 58.9%-
90.4%)

.001

Abbreviations: DCR, disease control rate; ORR, objective response rate.

Figure 2. The efficacy of each group: (A) the maximum of change of the sum of the target lesions and (B) best overall response per RECIST1.1 according 

to the treatment regimen.
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GemCis or GS as L1 treatment, whereas the remainder 
received other gemcitabine-based combinations. Our results 
reflected routine practices and highlighted the preferential use 
of GemCis and GS in China. Otherwise, those patients with 
ECOG 2 or less who could tolerate oral intake were also eligi-
ble, which was different from that followed in other clinical 
trials.

The efficacy of chemotherapy as an L2 treatment for 
patients with BTCs in this study was similar to that reported in 
previous studies, with an ORR of 7.5%, median PFS of 
2.6 months and median OS of 7.8 months. Two systematic 
reviews of 761 and 1391 patients showed that the response rate 
for the use of second-line therapy was only 7.7%, with a median 
PFS of 2.6-3.2 months and median OS of 6.5-7.2 months.19 
Of note, fluorouracil alone is not certain to have been inferior 
to doublet chemotherapy as an L2 therapy (mOS:6.5 month 
95%CI 5.43—NA vs 95%CI 5.97—12.7, P = 0.46), and previ-
ously several lines of evidence also indicating this point.20,21

Our study results showed that chemotherapy plus ICIs and 
TKIs plus an ICIs regimen as L2 treatments demonstrated 
active and promising trends in advanced BTC. Compared with 
chemotherapy, this combination regimen prolonged the sur-
vival duration of L2 systemic therapies and significantly 
improved the median PFS. Currently, several ongoing clinical 
trials on the TKIs plus ICIs combination regimen as L2 ther-
apy in advanced BTCs have remained in a single-arm, phase II, 
small-sample stage. Supplementary Table 2 summarizes 

ongoing trials registered with ClinicalTrials.gov. Emerging 
evidence supports the potential of chemotherapy plus ICIs as 
the L1 initial regimen in patients pretreated with BTCs. 
GemCis plus durvalumab in the TOPAZ-1 study showed sub-
stantial clinical activity in patients with BTCs, achieving an 
ORR of 26.7% and a median OS of 12.8 months. In immuno-
therapy exploration, there are large differences in the ORR and 
OS in unselected populations. Our study shows an “trailing 
effect.” In cohort B, one patient discontinued pembrolizumab 
after 12 cycles of maintenance therapy, whereas the anticancer 
treatment effect persisted, with a PFS of 29.4 months and an 
OS of 39.8 months. In addition, our study showed that the dif-
ferences in efficacy between TKIs plus ICIs and chemotherapy 
plus ICIs were subtle, without statistical significance, in terms 
of tumor response and survival. Although the efficacy of TKIs 
plus ICIs was associated with modestly prolonged PFS, it failed 
to translate into a survival benefit.

In this study, the incidences of grade 3 or higher adverse 
reactions were 20%, 37%, and 41.9%, respectively. In addition, 
one patient (3.7%; 3.2%) each in cohorts B and C discontinued 
treatment owing to adverse reactions. A systematic review of 
32 studies, which included 2,324 participants, evaluated the 
safety of ICIs plus antiangiogenic agents in malignancies and 
reported an overall adverse reaction of approximately 60%.22 
However, the combination of TKIs and ICIs in this study 
exhibited a favorable safety profile, consistent with the findings 
of a previous study on lenvatinib and pembrolizumab.23 For 

Figure 3. Survival curves between groups: (A) the Kaplan-Meier method estimated the PFS length in all cohorts and found a marginal superiority for PFS 

in the immunotherapy combination group. The PFS rate on 12 weeks were 45%, 59.3%, and 74.2%, and 24 weeks were 17.5%, 25.9%, and 32.3%, 

respectively, with a median PFS of 2.6, 4.3, and 5.1 months (P = .0056); (B) the Kaplan-Meier method estimated the OS length in all cohorts and found no 

statistical differences in the OS. The OS rate on 1 year were 25%, 25.9%, and 29.0%, respectively, with a median OS of 7.8, 10.9, and 10.1 months 

(P = .111).
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anlotinib plus a PD-1/L1 inhibitor and chemotherapy plus 
durvalumab, the incidences of grade 3 or higher was 25.8% and 
62.7%, respectively.14,16 The set up of the “Three None Wards 
(No pain, No vomiting, No thrombus)” in the research centers 
were contributed to reducing the incidence of adverse reac-
tions, which provide better care and optimal support for 
patients. Although it seems chemotherapy plus ICIs was asso-
ciated with better safety, the grade 3 or higher adverse reactions 
in each of the group were manageable. Therefore, if ongoing 
studies continue to identify promising biomarkers, immuno-
therapy regimens may become a new standard of care for L2 
therapy in BTCs. In particular, senile patients with inferior 
performance status can obtain new opportunities.

Knowledge gaps make it difficult to formulate individual-
ized immunotherapies in BTCs patients with BTC. At present, 
in the absence of clear and reliable biomarkers to predict the 
efficacy of ICI in the population, it is necessary to conduct 

phase III clinical trials based on biomarkers to screen patients 
most likely to benefit from immunotherapy. Remarkably, 
although immunotherapy benefits patients with BTC, it faces 
2 challenges: treatment resistance and hyperprogression, both 
of which affect the efficacy of immunotherapy and accelerate 
tumor progression. The high heterogeneity and frequency of 
gene mutations in BTC, combined with its complex and diverse 
tumor microenvironment, are the main internal and external 
reasons for immunotherapy resistance and hyperprogression. 
The identification of tumor gene characteristics and immune 
microenvironment subtypes is helpful in judging the efficacy of 
immunotherapy. Combination immunotherapy is a feasible 
method to overcome the challenges associated with immuno-
therapy resistance and hyperprogression. In addition, exploring 
peripheral blood markers and in vitro models can predict 
immunotherapy resistance and hyperprogression and adjust the 
treatment regimen accordingly. Answers to these questions 

Figure 4. Multivariate analysis of PFS. Analyses showed that PFS benefit was observed according to second-line treatment.
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may benefit patients with metastatic and locally advanced dis-
ease, leading to greater possibilities of curing this challenging 
disease.

However, immunological and biochemical markers could 
not be obtained from all patients. This study showed that a 
reasonable combination of immunotherapies in an unselected 
population could lead to a survival benefit. Therefore, further 
discussions should be conducted on the application of com-
bined immunotherapy in clinical practice. In clinical studies, 
we observed a bias between the overall treatment response of 
real-world patients and data from clinical studies, which may 
be related to the patient status, suggesting that hierarchical 
management of patients is important; For patients with toler-
able liver function and good general condition, the “Immune 
combination” regimen should be recommended, while con-
versely, the efficacy and safety should be balanced, and a milder 
routine chemotherapy regimen should be recommended. In 
addition, subgroup analyses based on other studies have shown 
that patients with gallbladder cancer (GBC) appear to benefit 
more from targeted combination immunotherapy than those 
with intrahepatic cholangiocarcinoma (ICC) or extrahepatic 

cholangiocarcinoma (ECC). We need to recognize that, while 
immune-based regimens can improve patient outcomes, if 
patients experience adverse reactions during treatment, it is a 
future direction to explore how to decrease the dosage and 
adjust the scheme to ensure a curative effect.

This study had several limitations. First, it was retrospectively 
designed with a relatively small sample size, which might have 
contributed to sample bias. Second, owing to the lack of bio-
marker information in this study, it was not possible to explore 
the dominant immunotherapeutic population. Finally, this study 
included patients with heterogeneous BTC with various disease 
statuses and therapeutic regimens. However, this heterogeneity 
represents the clinical practice of BTC treatment and may be 
extrapolated to other cohorts. Although the data were collected 
retrospectively, our study population was well annotated with a 
low rate of missing data, thereby highlighting their robustness.

Conclusions
This multicenter retrospective study demonstrates that an ICI 
combination strategy beyond L1 systemic chemotherapy plays 
a positive role in advanced BTCs. Taking into consideration 

Table 3. Adverse events ranking.

EvENTS ⩾GRADE 3 AES (N, %)

COHORT A COHORT B COHORT C

Total 8 (20%) 10 (37.0%) 13 (41.9%)

Decreased appetite 4 (10%) 3 (11.1%) 4 (12.9%)

Nausea 1 (2.5%) 2 (7.4%) 0 (0%)

Fatigue 2 (5%) 2 (7.4%) 0 (0%)

Elevated aspartate aminotransferase 1 (2.5%) 2 (7.4%) 1 (3.2%)

Hypertension 0 (0%) 0 (0%) 1 (3.2%)

Diarrhea 1 (2.5%) 0 (0%) 1 (3.2%)

Palmar plantar erythrodysesthesia syndrome 2 (5%) 1 (3.7%) 1 (3.2%)

Erythema 0 (0%) 1 (3.7%) 0 (0%)

Thrombocytopenia 4 (10%) 2 (7.4%) 3 (9.7%)

neutropenia 4 (10%) 2 (7.4%) 0 (0%)

Anemia 0 (0%) 0 (0%) 0 (0%)

Proteinuria 0 (0%) 0 (0%) 0 (0%)

Hypothyroidism 1 (2.5%) 0 (0%) 0 (0%)

Alopecia 0 (0%) 1 (3.7%) 0 (0%)

Renal function impairment 0 (0%) 1 (3.7%) 0 (0%)

Immune-associated pneumonitis 0 (0%) 0 (0%) 1 (3.2%)

Immune-associated diabetes 0 (0%) 0 (0%) 1 (3.2%)

Immune-associated thyroiditis 0 (0%) 1 (3.7%) 3 (9.7%)

Immune-related urinary tract infections 0 (0%) 1 (3.7%) 0 (0%)
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the manageable toxicity profile and numerically higher ORR 
and better PFS, ICI combination therapy could be considered 
a candidate for L2 trials and turn into a competitive L2 treat-
ment for advanced BTCs in clinical practice.

Acknowledgements
The authors thank all patients and their families for their 
participation.

Author Contributions
Substantial contributions to the study design: JY and QX. 
Study data acquisition: HW, PZ, and YC. Analysis of the study 
data: HW and PZ. Interpretation of study data: HW, PZ, JY, 
and QX. HW, PZ, and YC wrote or contributed to writing the 
manuscript. Revised content: JY and QX. This article has been 
read and approved by all authors. All the authors have met the 
authorship requirements.

Availability of Data and Materials
The data collected and analyzed in this study can be accessed 
by the corresponding author upon reasonable request.

Consent for Publication
Not applicable

Ethical Consideration and Consent
Approval of the Research Protocol by an Institutional Review 
Board: Studies involving human participants were reviewed 
and approved by the Institutional Ethics Committees of 
Zhejiang Cancer Hospital, Zhejiang Medical & Health Group 
Hangzhou Hospital, and Wenzhou Central Hospital (IRB-
2023-491). The requirement for informed consent was waived 
by the IRB because the study was retrospective.

ORCID iD
Haimin Weng  https://orcid.org/0000-0002-0435-5824

Supplemental Material
Supplemental material for this article is available online.

REfEREnCES
 1. Lordick F, Carneiro F, Cascinu S, et al. Gastric cancer: ESMO clinical practice 

guideline for diagnosis, treatment and follow-up. Ann Oncol. 2022;33:1005- 
1020.

 2. Ho J, Fiocco C, Spencer K. Treating biliary tract cancers: new targets and thera-
pies. Drugs. 2022;82:1629-1647.

 3. Valle J, Wasan H, Palmer DH, et al. Cisplatin plus gemcitabine versus gem-
citabine for biliary tract cancer. N Engl J Med. 2010;362:1273-1281.

 4. Neuzillet C. First-line chemotherapy plus immunotherapy in biliary tract cancer. 
Lancet Gastroenterol Hepatol. 2022;7:496-497.

 5. Rizzo A, Brandi G. First-line chemotherapy in advanced biliary tract cancer ten 
years after the ABC-02 trial: “and yet it moves!”. Cancer Treat Res Commun. 
2021;27:100335.

 6. Lamarca A, Palmer DH, Wasan HS, et al. Second-line FOLFOX chemotherapy 
versus active symptom control for advanced biliary tract cancer (ABC-06): a phase 
3, open-label, randomised, controlled trial. Lancet Oncol. 2021;22:690-701.

 7. Yoo C, Kim KP, Jeong JH, et al. Liposomal irinotecan plus fluorouracil and leu-
covorin versus fluorouracil and leucovorin for metastatic biliary tract cancer after 
progression on gemcitabine plus cisplatin (NIFTY): a multicentre, open-label, 
randomised, phase 2b study. Lancet Oncol. 2021;22:1560-1572.

 8. Goyal L, Meric-Bernstam F, Hollebecque A, et al. Futibatinib for FGFR2-rear-
ranged intrahepatic cholangiocarcinoma. N Engl J Med. 2023;388:228-239.

 9. Demols A, Borbath I, Van den Eynde M, et al. Regorafenib after failure of gem-
citabine and platinum-based chemotherapy for locally advanced/metastatic bili-
ary tumors: REACHIN, a randomized, double-blind, phase II trial. Ann Oncol. 
2020;31:1169-1177.

 10. Xu J, Bai Y, Sun H, et al. A single-arm, multicenter, open-label phase 2 trial of 
surufatinib in patients with unresectable or metastatic biliary tract cancer. Can-
cer. 2021;127:3975-3984.

 11. Piha-Paul SA, Oh DY, Ueno M, et al. Efficacy and safety of pembrolizumab for 
the treatment of advanced biliary cancer: results from the KEYNOTE-158 and 
KEYNOTE-028 studies. Int J Cancer. 2020;147:2190-2198.

 12. Kim RD, Chung V, Alese OB, et al. A phase 2 multi-institutional study of 
nivolumab for patients with advanced refractory biliary tract cancer. JAMA 
Oncol. 2020;6:888-894.

 13. Santoni M, Rizzo A, Kucharz J, et al. Complete remissions following immunother-
apy or immuno-oncology combinations in cancer patients: the MOUSEION-03 
meta-analysis. Cancer Immunol Immunother. 2023;72:1365-1379.

 14. Zhou J, Sun Y, Zhang W, et al. Phase Ib study of anlotinib combined with 
TQB2450 in pretreated advanced biliary tract cancer and biomarker analysis. 
Hepatology. 2023;77:65-76.

 15. Lin J, Yang X, Long J, et al. Pembrolizumab combined with lenvatinib as non-
first-line therapy in patients with refractory biliary tract carcinoma. Hepatobiliary 
Surg Nutr. 2020;9:414-424.

 16. Oh D-Y, He AR, Qin S, et al. A phase 3 randomized, double-blind, placebo-
controlled study of durvalumab in combination with gemcitabine plus cisplatin 
(GemCis) in patients (pts) with advanced biliary tract cancer (BTC): TOPAZ-1. 
J Clin Oncol. 2022;40:378.

 17. Rizzo A, Ricci AD, Brandi G. Durvalumab: an investigational anti-PD-L1 anti-
body for the treatment of biliary tract cancer. Expert Opin Investig Drugs. 
2021;30:343-350.

 18. Sahai V, Griffith KA, Lin BS-L, et al. A multicenter phase Ib/II study of liposo-
mal-irinotecan, 5-fluorouracil (5-FU), and leucovorin (LV) with nivolumab as 
second-line therapy for patients with advanced biliary tract cancer (BilT-03). J 
Clin Oncol. 2022;40:438.

 19. Lamarca A, Hubner RA, David Ryder W, Valle JW. Second-line chemotherapy 
in advanced biliary cancer: a systematic review. Ann Oncol. 2014;25:2328-2338.

 20. Neuzillet C, Casadei-Gardini A, Brieau B, et al. Fluropyrimidine single agent or 
doublet chemotherapy as second line treatment in advanced biliary tract cancer. 
Int J Cancer. 2020;147:3177-3188.

 21. Brieau B, Dahan L, De Rycke Y, et al. Second-line chemotherapy for advanced 
biliary tract cancer after failure of the gemcitabine-platinum combination: a 
large multicenter study by the Association des Gastro-Entérologues Oncologues. 
Cancer. 2015;121:3290-3297.

 22. Gao L, Yang X, Yi C, Zhu H. Adverse events of concurrent immune checkpoint 
inhibitors and antiangiogenic agents: a systematic review. Front Pharmacol. 
2019;10:1173.

 23. Villanueva L, Lwin Z, Chung HCC, et al. Lenvatinib plus pembrolizumab for 
patients with previously treated biliary tract cancers in the multicohort phase 2 
LEAP-005 study. J Clin Oncol. 2021;39:4080.

https://orcid.org/0000-0002-0435-5824

