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Introduction: Advanced biliary tract carcinoma (BTC) has a poor prognosis and few treatment options. We compared the efficacy of 
the PD-1 monoclonal antibody (PD-1-mAb) combined regimens with the standard chemotherapy in the first-line and second-line 
treatment of advanced BTC.
Methods: We retrospectively assessed the patients with advanced BTC, who received treatment at the First Affiliated Hospital of Sun 
Yat-Sen University and the Sun Yat-Sen University Cancer Center. The patients were treated with PD-1-mAb combined regimens or 
standard chemotherapy at the first line or treated with PD-1-mAb combined regimens or systematic therapy at the second line. Further 
subgroup analyses were assessed to identify superior regimens.
Results: This study included 210 patients. The first-line PD-1-mAb combination group (n = 83) achieved longer median PFS (mPFS) (7.3 vs 
5.3 months, p=0.001) and median OS (mOS) (15.6 vs 11.4 months, p=0.002) than the first-line standard chemotherapy group (n=76). Similarly, 
the second-line PD-1-mAb combination group (n=50) yielded longer mPFS (6.1 vs 2.6 months, p<0.001) and mOS (11.7 vs 7.2 months, 
p=0.008) than the second-line systematic therapy group (n=51). Subgroup analyses showed that the PD-1-mAb combined with TKI group 
achieved better mPFS than the chemotherapy group whether in the first-line (HR = 0.468, p=0.005) or the second-line setting (HR = 0.45, 
p=0.009), but did not achieve superiority in mOS (both p>0.05). Compared with the chemotherapy group, the PD-1-mAb combined with 
chemotherapy group achieved longer mOS (HR = 0.53, p=0.023) in the first-line setting and longer mPFS in the second-line setting (HR = 0.54, 
p=0.044).
Conclusion: The PD-1-mAb combination therapy is superior to the standard chemotherapy in advanced or unresectable BTC, 
whether as a first-line or second-line treatment. Among the combination therapy, both the PD-1-mAb combined with TKI and 
combined with standard chemotherapy were promising options for advanced BTC patients.
Keywords: biliary tract carcinoma, PD-1-mAb, PD-1 plus anti-angiogenesis TKI, PD-1 plus chemotherapy, the first-line 
chemotherapy, the second-line chemotherapy
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Introduction
Biliary tract carcinoma (BTC) is mainly composed of intrahepatic cholangiocarcinoma, extrahepatic cholangiocarcinoma, 
and gallbladder carcinoma. The incidence of BTC is high in East Asia and shows an upward trend.1 Surgery is the only 
possible curative treatment for BTC;2 however, most BTC is unresectable or advanced at diagnosis. Although gemci-
tabine or fluorouracil-based chemotherapy can be used as the standard treatment for patients with metastatic or 
unresectable BTC, the median overall survival (OS) only ranges from 11.6 to 13.4 months, and the 5-year OS rate 
only ranges from 10% to 20%.3–6 Therefore, more effective treatment strategies are needed for advanced BTC.7

In recent years, immunotherapeutic approaches have become the standard of care for many kinds of cancers for their 
durable efficacy.8–10 But the role of immunotherapy in BTC remains to be elucidated. The PD-1 monoclonal antibody 
(PD-1-mAb) was only approved in BTC with high microsatellite instability (MSI-H) or mismatch repair defect 
(dMMR).11 However, the dMMR/MSI-H phenotype was observed in only 7.1% of BTC patients.12

For PD-1-mAb monotherapy, the Keynote-028 study reported that 24 patients with PD-L1 positive advanced BTC were 
treated with pembrolizumab. The objective response rate (ORR) was 13%, mOS was 5.7 months, and median progression-free 
survival (mPFS) was 1.8 months.13 At the same time, the pembrolizumab monotherapy achieved an ORR of just 5.8% in the 
Keynote-158 basket trial. The PD-1-mAb monotherapy delivered restricted effectiveness to advanced BTC.13

In terms of PD-1-mAb combined with antiangiogenic TKI, Zhou et al reported that when treprizumab combined with 
lenvatinib was used in unresectable ICC, the ORR was 32.3%, and the disease control rate (DCR) was 74.2%. The 
6-month OS rate was 87.1%, and the PFS and OS were not met.14 Regarding PD-1-mAb combined with chemotherapy, 
a Phase I clinical trial in Japan found that when nivolumab was combined with gemcitabine plus cisplatin (GP), the 
mPFS was 4.2 months; the mOS was 15.4 months; and the partial response (PR) rate was 36.6% (11/30).15 For PD- 
1-mAb combined with antiangiogenic TKI and chemotherapy, Zhou et al reported that 30 patients with advanced ICC 
were treated with lenvatinib combined with GEMOX chemotherapy and treprizumab. The ORR was 80%, DCR was 
93.3%, mPFS was 10.0 months, median duration of response (DOR) was 9.8 months, and mOS had not yet reached.16

Until now, there is no first-line Phase III clinical trial of PD-1-mAb in BTC.17 The recent TOPAZ-1 phase III clinical trial 
reported the efficacy of dovalizumab combined with GP versus placebo combined with GP in the first-line treatment of BTC. The 
dovalizumab combined with GP achieved longer mPFS (7.2 vs 5.7 months) and mOS (12.8 vs 11.5 months) than the placebo 
combined with GP group.18

According to the abovementioned previous works, the efficacy of the PD-1-mAb monotherapy is restricted, but the PD- 
1-mAb combined regimens bring a wealth of potential in the treatment of BTC with promising response rates and survival data. 
However, all the above researches are phase I to II clinical studies with very limited study participants. The efficacy of the PD- 
1-mAb combination regimens for BTC in the real world and which regimen is more superior in a head-to-head comparison 
remains unknown.

To the best of our knowledge, there are no studies comparing the efficacy of anti-PD-1 immunotherapy plus TKI or 
chemotherapy to chemotherapy alone in advanced BTC. The purpose of this study is to compare the efficacy of the combination 
immunotherapy of anti-PD-1 with TKI or chemotherapy to the standard first-line chemotherapy or second-line treatment, in the 
first or second-line setting of advanced BTC.

Patients and Methods
Patients
We included the BTC patients who had received treatments at the First Affiliated Hospital of Sun Yat-Sen University and 
the Sun Yat-Sen University Cancer Center between January 1, 2014, and September 27, 2020. The inclusion criteria were 
as follows: (1) histologically confirmed unresectable or metastatic BTC; (2) or received at least 2 cycles of PD-1 plus 
regimen or the standard chemotherapy of the first line and has post-treatment imaging evaluation; (3) accepted PD-1 plus 
regimen, chemotherapy or anti-angiogenesis TKI at the second line. The exclusion criteria were as follows: (1) patients 
without biopsy confirming BTC; (2) treated with the first-line anti-PD-1 monotherapy; (3) treated with a regimen 
containing anti-PD-1 after the second line; (4) radiotherapy was applied to any of the target lesions before receiving 
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the anti-PD-1 regimen; (5) received the treatment of anti-PD-1 combined with TKI and chemotherapy. Figure 1 illustrates 
the patient screening and inclusion process.

The data of this study was reviewed and approved by the ethics committee of the First Affiliated Hospital of Sun Yat-Sen 
University ([2022]069) and the Sun Yat-Sen University Cancer Center (SYSUCC; Guangzhou, China, B2020-190-01). Our 
study is retrospective without influencing patients’ interests, and strictly complied with the Declaration of Helsinki and 
ensured patients’ data confidentiality. Therefore, both ethics committees agreed to exempt patients’ informed consent.

Data Extraction and Efficacy Assessment
All research subjects’ clinical characteristics, treatment strategies, and efficacy information were collected from medical 
records of the two centers. The research group’s statisticians perform the data quality control regularly to guarantee the 
data accuracy. Two oncologists examined the treatment efficacy according to the Response Evaluation Criteria in Solid 
Tumors (RESIST) criteria (1.1).19 Any inconsistency in assessment results was resolved by consensus. The ORR was 
defined as the percentage of patients achieving complete response (CR) or partial response (PR), and the DCR as the 
percentage of patients achieving CR, PR, or stable disease (SD).

Figure 1 Flow chart of the patient inclusion. 
Abbreviations: BTC, biliary tract carcinoma; PD-1, programmed cell death-1 monoclonal antibody; TKI, anti-angiogenesis tyrosine kinase inhibitor, including lenvatinib and 
apatinib; chemo, chemotherapy; PD-1 plus, programmed cell death-1 monoclonal antibody combined regimen.
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The researcher conducted a standard follow-up, and the follow-up intervals were routinely 2 to 4 months. All patients’ 
follow-up data were available, and the last follow-up was on September 11, 2021. Overall survival (OS) was calculated 
from the date of the first or second line of treatment was administered to the date of death or the last follow-up visit. 
Progression-free survival was defined as the time from the first or second line of treatment to the tumor progression or 
death from any cause.

Treatments
Our study included BTC patients who received PD-1-mAb combination regimen or chemotherapy in the first-line 
and second-line settings. In the first-line setting, the PD-1-mAb combination regimens included the PD-1-mAb combined 
with TKI (ie, apatinib or renvatinib), the PD-1-mAb combined with first-line chemotherapy and the PD-1-mAb combined 
with HAIC, while the standard first-line chemotherapy included the regimen of gemcitabine plus platinum or the regimen 
of gemcitabine plus teggio. Similarly, in the second-line setting, the PD-1-mAb combination regimens included the PD- 
1-mAb combined with TKI and the PD-1-mAb combined with second-line chemotherapy or target therapy. The TKI 
consists of apatinib and renvatinib, while the second-line chemotherapy included gemcitabine, teggio, paclitaxel-albumin 
and 5-fluorouracil combined with oxaliplatin.

Statistical Analysis
Data were presented as the median values and ranges. The distribution of clinicopathological characteristics according to 
the different groups was analyzed using the Chi-squared or Kruskal–Wallis test. Survival curves were generated by the 
Kaplan–Meier method and compared by the Log rank test. The potential survival predictors were analyzed by univariable 
and multivariable Cox proportional hazard regression models. Subgroup analyses were performed in the first-line 
and second-line groups, respectively. For example, the PD-1-mAb combined with TKI group vs first-line chemotherapy 
group, and the PD-1-mAb combined with chemotherapy group vs first-line chemotherapy group in the first-line setting, 
while the PD-1-mAb combined with TKI group vs second-line chemotherapy group, and the PD-1-mAb combined with 
chemotherapy group vs second-line chemotherapy group in the second-line setting. Statistical significance was defined as 
a probability value of 0.05. SPSS statistics package version 26.0 (IBM Corp., Armonk, NY, USA) and R studio version 
4.1.2 (R Foundation for S&T) were used for all statistical analyses.

Results
First-Line Treatment of PD-1-mAb Combination Regimen vs Chemotherapy in BTC
Patient Characteristics and Efficacy
In the first-line treatment group, we included 76 patients who received a PD-1-mAb combination regimen and 83 patients 
who received the standard first-line chemotherapy.

Baseline clinical features of the above patients are presented in Table 1. There were more patients with undiffer-
entiated carcinoma in the first-line chemotherapy group. No other significant differences were found between the PD- 
1-mAb combination group and the first-line chemotherapy group for gender, age, Eastern Cooperative Oncology Group 
performance status (ECOG PS), hepatitis B Virus (HBV) status, primary tumor location, metastatic site, number of 
metastatic organs, liver metastasis, and vascular tumor thrombus.

Regarding the treatment response rate, the ORR was 27.6% and the DCR was 81.6% in the anti-PD-1-mAb combined 
group (n = 76), with 1 CR, 20 PR, 41 SD, and 14 PD. On the other hand, the ORR was 25.3% and the DCR was 67.5% in 
the chemotherapy group (n = 83), with 1 CR, 20 PR, 35 SD, and 27 PD. The DCR was higher in the PD-1-mAb 
combination group than in the chemotherapy group (p=0.047), while there was no significant difference in ORR between 
the two groups (p=0.857) (Table 2).

Regarding the survival data, the PD-1-mAb combination group achieved a mPFS of 7.3 months (HR: 0.59, 95% CI: 
0.42, 0.84, p=0.003), while the chemotherapy group achieved a mPFS of 5.3 months (Figure 2A). The PD-1-mAb 
combination group yielded a median OS of 15.6 months (HR: 0.54, 95% CI: 0.36, 0.80, p = 0.002), while the 
chemotherapy group yielded a median OS of 11.4 months (Figure 2B).
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For the univariable survival analysis of PFS, factors such as the first-line therapy regimen were identified as the 
significant predictive variables (Table 3). All these factors with p < 0.01 were included in the multivariable survival 
analysis. Only the first-line therapy regimen remained as an independent predictive factor for PFS in the multivariable 
analysis (HR: 0.63, 95% CI: 0.42, 0.93, p=0.021). For OS, ECOG PS status and the first-line therapy regimen were 
identified as the significant prognostic variables in the univariable survival analysis (Table 3); whereas only the first-line 
therapy regimen was demonstrated to be an independent prognostic factor for OS in the multivariable analysis (HR = 
0.54, 95% CI: 0.36, 0.80, p=0.002) (Table 3).

Subgroup Analysis of the First Line Groups
Further subgroup analysis was conducted in three groups, including the PD-1-mAb combined with TKI (n = 25), the PD- 
1-mAb combined with first-line chemotherapy (n = 29) and the first-line standard chemotherapy groups (n = 83). The 
regimens of the first-line chemotherapy were described as above.

Table 1 Patient Clinicopathological Characteristics of the First-Line Therapy Groups

Total First-line PD-1-mAb 
Combined Group

First-Line 
Chemotherapy

P-values

Age 0.447

Median (range) 56 (49–63) 55(49–63) 57(48–63)

Gender (n,%) 0.872
Male 94 (59.12) 44 (57.89) 50 (60.24)

Female 65 (40.88) 32 (42.11) 33 (39.76)

ECOG PS (n, %) 0.549
0 128 (80.50) 63 (82.89) 65 (78.31)

1–2 31 (19.50) 13 (17.11) 18 (21.69)
HBV 0.072

Negative 111 (69.81) 51 (67.11) 60 (72.30)

Positive 44 (27.67) 25 (32.89) 19 (22.90)
Missing 4(2.51) 0 4(4.80)

Primary tumor location 0.009

ICC 114 (71.70) 62 (81.58) 52 (62.65)
Others 45 (28.30) 14 (18.42) 31 (37.35)

Differentiation 0.008

Well differentiated 4 (2.51) 2 (2.63) 2 (2.41)
Moderately differentiated 39 (24.52) 22 (28.94) 17 (20.48)

Low/moderately differentiation 68 (42.76) 31 (40.79) 37 (44.57)

Undifferentiated 12 (7.54) 0 (0.00) 12 (14.46)
Missing 36(22.64) 21(27.63) 15(18.07)

Metastatic organs 0.500

No metastasis 12 (7.55) 6 (7.89) 6 (7.23)
Intrahepatic metastasis 16 (10.06) 8 (10.53) 8 (9.64)

Intrahepatic and other organs metastasis 82 (51.57) 43 (56.58) 39 (46.99)

Other organs metastasis 49 (30.82) 19 (25.00) 30 (36.14)
Number of metastatic organs 0.306

0 12 (7.55) 6 (7.89) 6 (7.23)

1 58 (36.48) 23 (30.26) 35 (42.17)
2 52 (32.70) 28 (36.84) 24 (28.92)

3 28 (17.61) 15 (19.74) 13 (15.66)

4 9 (5.66) 4 (5.26) 5 (6.02)

Note: Values are presented as the median (range) or n (%). 
Abbreviations: PD-1-mAb, programmed cell death-1 monoclonal antibody; ECOG PS, Eastern Cooperative Oncology Group Performance Status; 
HBV, hepatitis B virus; ICC, intrahepatic cholangiocarcinoma.
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Table 2 Tumor Response for All the Five Analyzed Groups of the Research

A. The tumor response for the first-line therapy groups.

Total First-line PD-1-mAb 
combined group

First-line chemotherapy P-values

Efficacy (n, %) 0.178

CR 2 (1.26) 1 (1.32) 1 (1.20)

PR 40 (25.16) 20 (26.32) 20 (24.10)

SD 76 (47.80) 41 (53.95) 35 (42.17)

PD 41 (25.79) 14 (18.42) 27 (32.53)

ORR (%) 27.63 25.30 0.857

DCR (%) 81.58 67.47 0.047

B. The tumor response for the first-line therapy subgroups.

Total First-line PD-1-mAb 
+anti-angiogenesis 

TKI

First-line PD-1-mAb + 
chemotherapy

First-line 
chemotherapy

P-values

Efficacy (n, %) 0.623

CR 1 (0.73) 0 (0.00) 0 (0.00) 1 (1.20)

PR 32 (23.36) 7 (28.00) 5 (17.24) 20 (24.10)

SD 65 (47.45) 12 (48.00) 18 (62.07) 35 (42.17)

PD 39 (28.47) 6 (24.00) 6 (20.69) 27 (32.53)

ORR 1 (%) 28.00% 25.30 0.787

ORR2 (%) 17.24 25.30 0.376

DCR 1 (%) 76.00 67.47 0.417

DCR 2 (%) 79.31 67.47 0.229

C. The tumor response for the second-line therapy groups.

Total Second-line PD- 
1-mAb combination

Second-line 
chemotherapy/oral anti- 

angiogenesis TKI

P-values

Efficacy (n, %) 0.178

CR 2 (1.89) 2 (4.00) 0 (0.00)

PR 20 (18.87) 14 (28.00) 6 (10.71)

SD 46 (43.40) 26 (52.00) 20 (35.71)

PD 38 (35.85) 8 (16.00) 30 (53.57)

ORR (%) 32.00 10.71 0.857

DCR (%) 16.00 53.57 0.047

D. The tumor response for the second-line therapy subgroups.

Total Second-line PD- 
1-mAb +anti- 

angiogenesis TKI

Second-line PD-1-mAb 
+chemotherapy

Second-line 
chemotherapy

P-values

Efficacy (n, %) 0.027

CR 1 (1.23) 1 (4.55) 0 (0.00) 0 (0.00)

PR 14 (17.28) 5 (22.73) 4 (22.22) 5 (12.20)

SD 40 (49.38) 13 (59.09) 11 (61.11) 16 (39.02)

PD 26 (32.10) 3 (13.64) 3 (16.67) 20 (48.78)

ORR 1 (%) 27.27% 12.20 0.133

ORR 2 (%) 22.22 12.20 0.324

DCR 1 (%) 86.36 51.22 0.006

DCR 2 (%) 83.33 51.22 0.020

Notes: Values are presented as the n (%). Anti-angiogenesis TKI including lenvatinib and apatinib. 
Abbreviations: PD-1-mAb, programmed cell death-1 monoclonal antibody; TKI, tyrosine kinase inhibitor; CR, complete response; PR, partial 
response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate.
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Baseline clinical features of these subgroups are presented in Table 4. The patients had more metastatic organs in the 
PD-1-mAb combined with TKI group (p=0.018). No other significant differences were found between the three 
subgroups for gender, age, ECOG PS, HBV, tumor differentiation, primary tumor location, metastatic site, liver 
metastasis, and vascular tumor thrombus.

Regarding the treatment response rate, the ORR was 28.0% and the DCR was 76.0% in the PD-1-mAb combined with 
TKI group (n = 25), with 7 PR, 12 SD, and 6 PD. Nevertheless, the ORR was 17.2% and the DCR was 79.3% in the PD- 
1-mAb combined with first-line chemotherapy group (n = 29), with 5 PR, 18 SD, and 6 PD. Finally, the ORR was 25.3% 
and the DCR was 67.5% in the chemotherapy group (n = 83), with 1 CR, 20 PR, 35 SD, and 27 PD. There was no 
significant difference in both of the response rates (ORR, DCR) between the PD-1-mAb combined with TKI group and 
chemotherapy group (p=0.787, p=0.417), and between the PD-1-mAb combined with first-line chemotherapy group and 
chemotherapy group, respectively (p=0.376, p=0.229) (Table 2).

Regarding the survival data, the PD-1-mAb combined with TKI group achieved a mPFS of 8.7 months (HR 0.468, 
95% CI: 0.28, 0.79, p=0.005), and the PD-1-mAb combined with first-line chemotherapy achieved a mPFS of 6.2 months 
(HR 0.756, 95% CI: 0.47, 1.21, p=0.24), while the chemotherapy group achieved a mPFS of 5.3 months (Figure 2C). The 
PD-1-mAb combined with TKI group achieved a mOS of 15.6 months (HR 0.652, 95% CI: 0.36, 1.18, p=0.156), and the 
PD-1-mAb combined with first-line chemotherapy achieved a mOS of 15.9 months (HR 0.53, 95% CI 031, 0.92, 
p=0.023), while the chemotherapy group achieved a mOS of 11.4 months (Figure 2D).

Figure 2 Kaplan–Meier analysis of the first-line therapy. (A and B) The first-line PD-1-mAb combination treatment group outperformed the first-line chemotherapy group 
in terms of PFS (A) and OS (B). (C) The first-line PD-1-mAb combined with anti-angiogenesis TKI group outperformed the chemotherapy group in terms of PFS. (D) The 
first-line PD-1-mAb combined with chemotherapy group outperformed the first-line chemotherapy group in terms of OS. 
Abbreviations: PFS, progression-free survival; OS, overall survival; FL, the first line; SL, the second line; PD-1, programmed cell death-1 monoclonal antibody; TKI, anti- 
angiogenesis tyrosine kinase inhibitor, including lenvatinib and apatinib; chemo, chemotherapy; HR, hazard rate; CI, confidence interval.
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Table 3 Univariable and Multivariable Cox Proportional Hazards Regression Analyses for PFS and OS of the First-Line Therapy Group

Variables PFS OS

Univariable Multivariable Univariable Multivariable

HR 95% CI P-values HR 95% CI P-values HR 95% CI P-values HR 95% CI P-values

Age 1.01 (0.99, 1.02) 0.452 1.01 (1.00, 1.03) 0.153

Gender

Male 1.00 1.00

Female 1.01 (0.74, 1.37) 0.956 1.03 (0.73, 1.45) 0.869

ECOG PS

0 1.00 1.00 1.00

1–2 1.31 (0.92, 1.87) 0.129 1.56 (1.07, 2.28) 0.022 1.44 (0.93, 2.24) 0.104

HBV

Negative 1.00 0.128 0.93 0.389

Positive 0.79 (0.55, 1.16) 0.228 1.88 (0.66, 1.42) 0.742

Missing 1.956 (0.70, 5.5) 0.204 0.93 (0.61, 5.4) 0.239

Primary tumor location

ICC 1.00 1.00

Others 1.27 (0.91, 1.76) 0.156 1.56 (1.07, 2.28) 0.022

Differentiation

Well differentiated 0.246 0.441 0.716

Moderately differentiated 0.34 (0.12, 0.99) 0.048 2.71 (0.94, 7.86) 0.066 0.73 (0.24, 2.24) 0.582

Low/moderately differentiation 0.42 (0.15, 1.18) 0.101 1.02 (0.62, 1.69) 0.940 0.95 (0.32, 2.81) 0.922

Undifferentiated 0.48 (0.15, 1.50) 0.203 1.15 (0.73, 1.79) 0.551 1.08 (0.32, 3.56) 0.905

Missing 0.34 (0.12, 1.97) 0.044 1.02 (0.51, 2.06) 0.956 0.78 (0.25, 2.4) 0.661

Metastatic organs

No metastasis 1.00 1.00

Intrahepatic metastasis 0.88 (0.41, 1.88) 0.739 1.05 (0.44, 2.51) 0.911

Intrahepatic and other organ metastasis 1.16 (0.63, 2.12) 0.633 1.07 (0.53, 2.16) 0.851

Other organ metastasis 0.89 (0.48, 1.66) 0.722 1.04 (0.51, 2.11) 0.918

Vascular tumor thrombus

No 1.00 1.00

Yes 0.82 (0.44, 1.56) 0.553 1.21 (0.61, 2.39) 0.589

Number of metastatic organs

0 1.00

1 1.00 (0.54, 1.85) 0.992 1.11 (0.54, 2.27) 0.771

2 1.03 (0.55, 1.92) 0.930 0.91 (0.44, 1.89) 0.808

3 0.90 (0.46, 1.75) 0.762 1.05 (0.49, 2.23) 0.903

4 2.02 (0.85, 4.82) 0.111 2.35 (0.90, 6.15) 0.081

The first-line therapy group

First-line chemotherapy group 1.00 1.00 1.00 1.00

First-line PD-1-mAb combined group 0.58 (0.42, 0.81) 0.001 0.59 (0.42 0.84) 0.003 0.54 (0.36, 0.80) 0.002 0.54 (0.36, 0.80) 0.002

Note: P-value <0.05 is statistically significant in both univariate and multivariate analyses. 
Abbreviations: PFS, disease-free survival; OS, overall survival; HR, hazard rate; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PD-1-mAb, programmed cell death-1 monoclonal antibody; 
HBV, hepatitis B virus; ICC, intrahepatic cholangiocarcinoma.
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For the univariable survival analysis of PFS, factors such as the regimen of first-line therapy were identified as the 
significant predictive variables (Supplement Table 1). All these factors with p < 0.01 were included in the multivariable 
survival analysis; however, no variable was demonstrated to be an independent predictive factor for PFS in the 
multivariable survival analysis. For OS, the first-line PD-1-mAb combined chemotherapy group (HR = 0.55, 95% CI: 
0.32, 0.96, p=0.034) and ECOG PS status (HR = 1.64, 95% CI: 1.04, 2.57, p=0.033) were identified as the independent 
prognostic factors in the multivariable analysis (Supplement Table 1).

Table 4 Patient Clinicopathological Characteristics of the First-Line Therapy Subgroups

Total First-Line PD-1-mAb + 
Anti-Angiogenesis TKI

First-Line PD-1-mAb 
+ Chemotherapy

First-Line 
Chemotherapy

P-values

Age 0.103

Median (range) 57.00 (27.00, 76.00) 62.00 (27.00, 75.00) 55.00 (29.00, 75.00) 57.00 (32.00, 76.00)

Gender (n, %) 0.805
Male 82 (59.85) 16 (64.00) 16 (55.17) 50 (60.24)

Female 55 (40.15) 9 (36.00) 13 (44.83) 33 (39.76)

ECOG PS (n, %) 0.958
0 107 (78.10) 19 (76.00) 23 (79.31) 65 (78.31)

1–2 30 (21.90) 6 (24.00) 6 (20.69) 18 (21.69)
HBV 0.257

Negative 102 (76.69) 17 (68.00) 25 (86.21) 60 (72.29)

Positive 31 (23.31) 8 (32.00) 4 (13.79) 19 (24.89)
Missing 0(0.0) 0(0.0) 0(0.0) 4(4.82)

Primary tumor 
location

0.052

ICC 93 (67.88) 22 (88.00) 19 (65.52) 52 (62.65)

Others 44 (32.12) 3 (12.00) 10 (34.48) 31 (37.35)

Differentiation 0.069
Well differentiated 4 (2.51) 1 (4.0) 1 (3.45) 2 (8.43)

Moderately 

differentiated

33 (20.75) 6 (24.0) 10 (34.48) 17 (20.48)

Low/moderately 

differentiation

56 (35.22) 8 (32.0) 11 (37.93) 37 (44.58)

Undifferentiated 12 (7.54) 0 (0.00) 0 (0.00) 12 (14.46)
Missing 32(20.13) 10(40.0) 7(24.13) 15(18.07)

Metastatic organs 0.142

No metastasis 8 (5.84) 1 (4.00) 1 (3.45)
Intrahepatic 

metastasis

11 (8.03) 0 (0.00) 3 (10.34)

Intrahepatic and 
other organs metastasis

75 (54.74) 20 (80.00) 16 (55.17)

Other organs 

metastasis

43 (31.39) 4 (16.00) 9 (31.03)

Number of 
metastatic organs

0.018

0 8 (5.84) 1 (4.00) 1 (3.45) 6 (7.23)
1 47 (34.31) 3 (12.00) 9 (31.03) 35 (42.17)

2 46 (33.58) 11 (44.00) 11 (37.93) 24 (28.92)

3 27 (19.71) 7 (28.00) 7 (24.14) 13 (15.66)
4 9 (6.57) 3 (12.00) 1 (3.45) 5 (6.02)

Notes: values are presented as the median (range) or n (%). Anti-angiogenesis TKIs including lenvatinib and apatinib. 
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; PD-1-mAb, programmed cell death-1 monoclonal antibody; TKI, tyrosine kinase 
inhibitor; HBV, hepatitis B virus; ICC, intrahepatic cholangiocarcinoma.
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Second-Line Treatment of PD-1-mAb Combination Regimen vs Chemotherapy in BTC
The second-line treatment population included 50 patients who underwent PD-1-mAb combination therapy and 56 
patients who received second-line chemotherapy or target therapy. Baseline clinical features of these patients are 
presented in Table 5.

There were more patients with undifferentiated carcinoma in the second-line chemotherapy group. No significant 
differences were found between the groups of PD-1-mAb combination treatment and second-line chemotherapy for 
gender, age, ECOG PS, HBV, primary tumor location, metastatic site, number of metastatic organs, liver metastasis, and 
vascular tumor thrombus.

Regarding the treatment response rate, the ORR was 32.0%, and the DCR was 84.0% in the PD-1-mAb combination 
group (n = 50), with 2 CR, 14 PR, 26 SD, and 8 PD (Table 2). Subsequently, the ORR was 10.7% and the DCR was 
46.4% in the second-line chemotherapy or target therapy group (n = 56), with 6 PR, 20 SD, and 30 PD. There was 

Table 5 Patient Clinicopathological Characteristics of the Second-Line Therapy Groups

Total (n = 106) Second-Line PD-1-mAb 
Combination (n = 50)

Second-Line Chemotherapy/ 
Oral Anti-AngiogenesisTKI  

(n = 56)

P-values

Age 0.483
Median (range) 55 (29.00, 88.00) 55 (29.00, 88.00) 55 (37.00, 76.00)

Gender (n, %) 0.841

Male 66 (62.26) 32 (64.00) 34 (60.71)
Female 40 (37.74) 18 (36.00) 22 (39.29)

ECOG PS (n, %) 0.272

0 78 (73.58) 34 (68.00) 44 (78.57)
1–2 28 (26.42) 16 (32.00) 12 (21.43)

HBV 0.81

Negative 68 (64.15) 31 (62.0) 37 (66.07)
Positive 33 (31.13) 17 (34.0) 16 (28.57)

Missing 5(4.71) 2(4.0) 3(5.36)

Primary tumor location 0.670
ICC 76 (71.70) 37 (74.00) 39 (69.64)

Others 30 (28.30) 13 (26.00) 17 (30.36)

Differentiation 0.017
Well differentiated 2 (1.89) 0 (0.00) 2 3.57)

Moderately differentiated 32,930.19) 16 (28.57) 16 (28.57)

Low/moderately differentiation 44 41.51) 22 (39.29) 22 (39.28)
Undifferentiated 9 (8.49) 0 (0.00) 9(16.07)

Missing 19(17.92) 12(21.42) 7(12.5)

Metastatic organs 0.204
No metastasis 3 (2.83) 1 (2.00) 2 (3.57)

Intrahepatic metastasis 9 (8.49) 3 (6.00) 6 (10.71)

Intrahepatic and other organ metastasis 48 (45.28) 19 (38.00) 29 (51.79)
Other organ metastasis 46 (43.40) 27 (54.00) 19 (33.93)

Number of metastatic organs 0.346

0 3 (2.83) 1 (2.00) 2 (3.57)
1 40 (37.74) 18 (36.00) 22 (39.29)

2 33 (31.13) 14 (28.00) 19 (33.93)

3 26 (24.53) 15 (30.00) 11 (19.64)
4 4 (3.77) 2 (4.00) 2 (3.57)

Notes: Values are presented as the median (range) or n (%). Anti-angiogenesis TKIs including lenvatinib and apatinib. 
Abbreviations: PD-1-mAb, programmed cell death-1 monoclonal antibody; ECOG PS, Eastern Cooperative Oncology Group Performance Status; TKI, tyrosine kinase 
inhibitor; HBV, hepatitis B virus; ICC, intrahepatic cholangiocarcinoma.
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a significant difference in these two response rates between the two groups (p = 0.009, p < 0.001 for ORR and DCR 
respectively) (Table 2).

Regarding the survival data, the PD-1-mAb combination group yielded a mPFS of 6.1 months (HR 0.44, 95% CI: 
0.29, 0.68, p<0.001), while the second-line chemotherapy or target therapy group yielded a mPFS of 2.6 months 
(Figure 3A). The PD-1-mAb combination group achieved a median OS of 11.7 months (HR 0.54, 95% CI: 0.34, 0.86, 
p=0.008), while the second-line chemotherapy or target therapy group achieved a mOS of 7.2 months (Figure 3B).

For the univariable survival analysis of PFS, factors such as the regimen of the second-line therapy were identified as 
the significant predictive variables (Table 6). All these factors with p < 0.01 were included in the multivariable survival 
analysis. The regimen of second-line therapy (HR = 0.44, 95% CI: 0.29, 0.68, p < 0.001) and the number of metastatic 
organs (HR = 14.84, 95% CI: 3.05, 72.14, p=0.001) were demonstrated as the independent predictive factors for PFS in 
the multivariable survival analysis. For OS, only the regimen of second-line therapy was identified as the significant 
prognostic variable in the univariable survival analysis. All other factors obtained p<0.1 in the univariable survival 
analysis. As a result, the multivariable survival analysis was not conducted (Table 6).

Subgroup Analysis of the Second-Line Group
In order to further compare the efficacy of different treatments, we performed subgroup analyses in the following three 
subgroups: the PD-1-mAb combined with TKI group (n = 22), the PD-1-mAb combined with second-line chemotherapy 

Figure 3 Kaplan–Meier analysis of the second-line therapy. (A and B) The PFS and OS of the second-line PD-1-mAb combination group were longer than that of 
the second-line chemotherapy group. (C) The PFS of the PD-1-mAb plus anti-angiogenesis TKI group outperformed the second-line chemotherapy group. (D) The OS of the 
PD-1-mAb combined with anti-angiogenesis TKI group was distinct from those of the PD-1-mAb combined with chemotherapy group and the second-line chemotherapy 
group, but there were no significant differences between any two of them. 
Abbreviations: PFS, progression-free survival; OS, overall survival; SL, the second line; PD-1, programmed cell death-1 monoclonal antibody; TKI, anti-angiogenesis 
tyrosine kinase inhibitor, including lenvatinib and apatinib; chemo, chemotherapy; HR, hazard rate; CI, confidence interval.
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Table 6 Univariable and Multivariable Cox Proportional Hazards Regression Analyses for PFS and OS of the Second-Line Therapy Group

Variables PFS OS

Univariable Multivariable Univariable Multivariable

HR 95% CI P-values HR 95% CI P-values HR 95% CI P-values HR 95% CI P-values

Age 1.00 (0.98, 1.02) 0.732 1.01 (0.99, 1.03) 0.257

Gender
Male 1.00 1.00
Female 1.31 (0.86, 2.01) 0.206 0.87 (0.54, 1.38) 0.545

ECOG PS
0 1.00 1.00
1–2 1.17 (0.73, 1.87) 0.508 1.04 (0.64, 1.68) 0.881

HBV
Negative 1.00 0.756 1.00 0.580
Positive 1.184 (0.75, 1.87) 0.471 0.94 (0.58,1.54) 0.805

Missing 1.229 (0.47, 3.2) 0.673 1.54 (0.58, 4.07) 0.382

Primary tumor location
ICC 1.00 1.00

Others 1.10 (0.69, 1.74) 0.685 1.69 (0.43, 6.65) 0.451

Differentiation
Well differentiated 1.00 0.481 1.00 0.449

Moderately differentiated 1.058 (0.29, 4.5) 0.940 1.19 (0.27,5.27 0.821

Low/moderately differentiation 1.161 (0.28, 4.86) 0.838 1.18 (0.27,5.18) 0.824
Undifferentiated 1.654 (0.35, 7.84) 0.526 2.15 (0.44,10.53 0.345

Missing 0.760 (0.17, 3.38) 0.719 1.68 (0.37,7,61) 0.499

Metastatic organs
No metastasis 1.00 1.00

Intrahepatic metastasis 1.01 (0.29, 3.46) 0.991 1.69 (0.43, 6.65) 0.451

Intrahepatic and other organ metastasis 1.42 (0.51, 3.97) 0.506 1.56 (0.47, 5.11) 0.464
Other organ metastasis 1.08 (0.39, 3.05) 0.878 1.62 (0.49, 5.32) 0.429

Number of metastatic organs
0 1.00 1.00
1 1.14 (0.40, 3.22) 0.805 1.81 (0.55, 6.00) 0.332 1.63 (0.49, 5.38) 0.425

2 1.05 (0.37, 3.03) 0.923 1.33 (0.40, 4.45) 0.654 1.37 (0.41, 4.62) 0.600

3 1.49 (0.51, 4.34) 0.466 2.61 (0.75, 9.03) 0.131 1.76 (0.51, 6.02) 0.371
4 3.73 (0.98, 4.15) 0.053 14.84 (3.05, 72.14) 0.001 3.08 (0.68, 14.06) 0.146

The second-line therapy group
Second-line chemotherapygroup 1.00 1.00
Second-line PD-1-mAb combination group 0.44 (0.29, 0.68) 0.000 0.35 (0.22, 0.55) 0.000 0.54 (0.34, 0.86) 0.008

Note: P-value <0.05 is statistically significant in both univariate and multivariate analyses. 
Abbreviations: PFS, disease-free survival; OS, overall survival; HR, hazard rate; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PD-1-mAb, programmed cell death-1 monoclonal antibody; 
HBV, hepatitis B virus; ICC, Intrahepatic cholangiocarcinoma.
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group (n = 18), and the second-line chemotherapy group (n = 41). Baseline clinical features of the above 3 subgroups 
were balanced and presented in Supplement Table 2.

The ORR was 27.3% and the DCR was 86.4% in the PD-1-mAb combined with TKI group, with 1 CR, 5 PR, 13 SD, 
and 3 PD; whilst, the ORR was 22.2% and the DCR was 83.3% in the PD-1-mAb combined with second-line 
chemotherapy group, with 4 PR, 11 SD, and 3 PD. On the other hand, the ORR was 12.2% and the DCR was 51.2% 
in the second-line chemotherapy group, with 5 PR, 16 SD, and 20 PD. The DCR was higher in the PD-1-mAb combined 
with TKI group (p=0.006) and the PD-1-mAb combined with second-line chemotherapy group (p=0.02), than that in 
the second-line chemotherapy group. According to our data, there was no significant difference in ORR between the PD- 
1-mAb combined with TKI group and the second-line chemotherapy group (p=0.133), and between the PD-1-mAb 
combined with second-line chemotherapy group and the second-line chemotherapy group, respectively (p=0.324) 
(Table 2).

The PD-1-mAb combined with TKI group achieved a mPFS of 4.5 months (HR 0.45, 95% CI: 0.25, 0.82, p=0.009), 
and the PD-1-mAb combined with second-line chemotherapy group achieved a mPFS of 5.8 months (HR 0.54, 95% CI: 
0.30, 0.98, p=0.044), while the second-line chemotherapy group achieved a mPFS of 2.6 months (Figure 3C). The PD- 
1-mAb combined with TKI group had a mOS of 11.7 months (HR 0.618, 95% CI: 0.33, 1.17, p=0.14), and the PD- 
1-mAb combined with second-line chemotherapy had a mOS of 10.0 months (HR 0.82, 95% CI: 0.42,1.60, p=0.561), 
while the second-line chemotherapy group had a mOS of 7.7 months (Figure 3D).

For the univariable survival analysis, factors such as the regimen of second-line therapy were identified as 
a significant predictive incidence for PFS. All these factors with p < 0.01 were included in the multivariable survival 
analysis. The Second-line PD-1-mAb combined anti-angiogenesis TKI group (HR = 0.32, 95% CI: 0.16,0.62, p=0.001), 
Second-line PD-1-mAb combined chemotherapy group (HR = 0.49, 95% CI: 0.25,0.92, p=0.028) and the number of 
metastatic organs (HR = 16.6, 95% CI: 2.8, 98.4, p=0.002) were demonstrated as the independent predictive factors for 
PFS in the multivariable survival analysis. For OS, no factor was identified as the significant prognostic incidence in the 
univariable and multivariable survival analysis (Supplement Table 3).

Discussion
Advanced BTC has a poor prognosis, and conventional chemotherapy has a limited efficacy.3,4,18 The collaborative 
immunization strategy has the potential to be a game-changer. A majority of immunotherapy trials in BTC are currently 
phase I-II back-line clinical investigations, with little indication of therapeutic data. There are very few reports on the 
first-line immunotherapy of BTC and its long-term outcomes. To the best of our knowledge, our study was the first to 
reveal that, no matter in the first or second-line treatment of advanced BTC, the PD-1-mAb combination therapy was 
more effective than the standard chemotherapy.

The first-line treatment data of an anti-PD-1 combined regimen in advanced BTC was rarely reported. The mPFS and 
mOS of the standard first-line regimens in our study are similar to those reported in the clinical trials.3,4 In the subgroup 
analysis, the PD-1-mAb combined with TKI was superior to the chemotherapy in terms of PFS through the first line to 
the second line, but had no significant difference in OS. The first-line PD-1-mAb combined with TKI group has more 
metastatic lesions, which may affect its efficacy in OS, resulting in its non-superiority to the chemotherapy group. On the 
other hand, the baseline characteristics of all groups were balanced in the second-line subgroup analysis, so it implied 
that the PD-1-mAb combined with TKI might be superior to the second-line chemotherapy in controlling the tumor 
progression for BTC.

As for PD-1 combined with TKI, there are only several phase I-II clinical trials of the single-arm posterior-line 
therapy. The reported ORR ranged from 32.3% to 41.7%, and the DCR ranged from 74.2% to 75.0%, while the mPFS 
was around 6 months and the OS was not reached.20–22 Our research found that the ORR and DCR were similar as 
reported, and the mPFS and mOS were better, with 8.7 months and 15.6 months, respectively. Therefore, our data suggest 
that the PD-1-mAb combined with TKI has a promising treatment efficacy in BTC. And this is rational because 
antiangiogenic therapy and immunotherapy are reported to be mutually synergistic in the mechanism of action.23,24 

The anti-angiogenic targeted drugs enhanced the anti-tumor immunity by reversing the endothelial cell incapacitation.23 
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It reported that dual PD-1 and Vascular Endothelial Growth Factor Receptor-2 (VEGFR-2) blockade can promote 
vascular normalization and improve tumor microenvironment to enhance the antitumor immune responses.25–27

Recently, Zhou et al reported that lenvatinib combined with GEMOX chemotherapy and treprizumab achieved a great 
efficacy in unresectable advanced ICC. But the toxicity of 4 drug combination will limit its utility in advanced ICC 
patients.14 PD-1-mAb combined with TKI has shown a relatively low toxicity with acceptable safety profile in clinical 
practice. It is an acceptable scheme for most advanced-stage BTC patients and has a broader clinical value.

The phase III TOPAZ-1 trial reports that PD-L1 monoclonal antibody combined with GP chemotherapy (mOS 
12.8m, mPFS 7.2m) is more effective than placebo combined with GP (mOS 11.5m, mPFS 5.7m) in the first-line 
therapy of BTC.17 However, there is no phase III clinical trial of PD-1 combined with chemotherapy in the first- 
line BTC. Previous phase I-II single-arm posterior line clinical studies revealed that the mPFS ranged from 4.2 to 
6.7 months, the ORR ranged from 20.6% to 36.7%, and the OS was not reached.15,28 We found that the ORR and 
mPFS were similar to the previous study. However, our data showed that, no matter in the first or second line, the 
mPFS and mOS of PD-1-mAb combined with chemotherapy group were longer than the standard chemotherapy 
group. However, only the first-line mOS and the second-line mPFS of PD-1-mAb combined with chemotherapy 
obtain a statistically significant difference. This may be due to the small sample size. It has been reported that 
chemotherapy has a synergistic effect with immunotherapy, by increasing the release of tumor antigen and 
promoting immune activation.29,30 Therefore, the PD-1-mAb combined with chemotherapy was a promising 
regimen for advanced BTC patients.

Although our study has been evaluated by strict quality control and inter-group balancing, it still has inevitable 
bias due to its retrospective nature. Because this was a retrospective study, less than 5% of enrolled patients had 
the data of PD-L1 expression, so the prognostic difference between PD-L1+ and PD-L1- patients were not 
analyzed in this study. The sample size of some subgroups is small, and the evidence level of retrospective 
research is not strong enough, so large-scale studies such as the phase III clinical trials were required to verify our 
findings.

Conclusion
This study reveals that PD-1-mAb combination therapy is superior to the standard chemotherapy in advanced or 
unresectable BTC, whether as a first-line or second-line treatment. Further first- and second-line subgroup analyses 
revealed that the combination of PD-1-mAb combined with anti-angiogenesis TKI and PD-1-mAb combined with 
standard chemotherapy were the preferred regimen for advanced BTC patients.
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