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Abstract
Background  The anti-PD-L1 antibody durvalumab has been approved for use in first-line advanced biliary duct cancer 
(ABC). So far, predictive biomarkers of efficacy are lacking.
Methods  ABC patients who underwent gemcitabine-based chemotherapy with or without durvalumab were retrospectively 
enrolled, and their baseline clinical pathological indices were retrieved from medical records. Overall (OS) and progression 
free survival (PFS) were calculated and analyzed. The levels of peripheral biomarkers from 48 patients were detected with 
assay kits including enzyme-linked immunosorbent assay. Genomic alterations in 27 patients whose tumor tissues were 
available were depicted via targeted next-generation sequencing.
Results  A total of 186 ABC patients met the inclusion criteria between January 2020 and December 2022 were finally 
enrolled in this study. Of these, 93 patients received chemotherapy with durvalumab and the rest received chemotherapy 
alone. Durvalumab plus chemotherapy demonstrated significant improvements in PFS (6.77 vs. 4.99 months; hazard ratio 
0.65 [95% CI 0.48–0.88]; P = 0.005), but not OS (14.29 vs. 13.24 months; hazard ratio 0.91 [95% CI 0.62–1.32]; P = 0.608) 
vs. chemotherapy alone in previously untreated ABC patients. The objective response rate (ORR) in patients receiving 
chemotherapy with and without durvalumab was 19.1% and 7.8%, respectively. Pretreatment sPD-L1, CSF1R and OPG 
were identified as significant prognosis predictors in patients receiving durvalumab. ADGRB3 and RNF43 mutations were 
enriched in patients who responded to chemotherapy plus durvalumab and correlated with superior survival.
Conclusion  This retrospective real-world study confirmed the clinical benefit of durvalumab plus chemotherapy in treatment-
naïve ABC patients. Peripheral sPD-L1 and CSF1R are promising prognostic biomarkers for this therapeutic strategy. Pres-
ence of ADGRB3 or RNF43 mutations could improve the stratification of immunotherapy outcomes, but further studies are 
warranted to explore the underlying mechanisms.
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ADGRB3	� Adhesion G protein-coupled receptor B3
BMP-7	� Bone morphogenetic protein 7
Chemo.	� Chemotherapy
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DCR	� Disease control rate
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SD	� Stable disease
sPD-1	� Soluble programmed death 1
sPD-L1	� Soluble programmed death ligand 1
TNFα	� Tumor necrosis factor α
TMB	� Tumor mutational burden
WT	� Wild type

Introduction

Biliary tract cancers (BTCs) are a heterogeneous group of 
malignancies arising from the epithelial cells of the bil-
iary tree and the gallbladder that often present with locally 
advanced or distant metastatic diseases at diagnosis; there-
fore, the prognosis remains dismal [1]. The incidence of 
BTCs has increased annually in the past decade, and now 
accounts for approximately 3% of all gastrointestinal carci-
nomas [2]. Surgical resection holds the only curative chance; 
however, it is only suitable for less than 10% of BTCs [3]. 
Chemotherapy is the standard of care for patients with unre-
sectable disease, and the five year survival rate is less than 
5% [2, 3].

In 2010, the ABC-02 trial established gemcitabine plus 
cisplatin (GP) as the standard regimen for treatment-naïve 
advanced biliary duct cancer (ABC) given the strong evi-
dence of a significant clinical benefit, including over-
all (median OS [mOS]: 11.7 vs. 8.1 months, HR = 0.64, 
P < 0.001), progression free survival (median PFS [mPFS]: 
8.0 vs. 5.0 months, HR = 0.63, P < 0.001) and objective 
response rate (ORR: 26.1% vs. 15.5%), over gemcitabine 
alone [4]. Since then, other cytotoxic regimens, such as 
oxaliplatin combined with capecitabine (XELOX), gem-
citabine (GEMOX) or S-1 plus gemcitabine (GS), were 
found to be noninferiority to GP [5–7]. However, the sur-
vival benefits and tumor response to chemotherapy are far 
from satisfactory, and novel therapeutic options are urgently 
warranted.

Immune checkpoint inhibitors (ICIs), including anti-
bodies targeting programmed cell death 1/ligand 1 (PD-1/
PD-L1), have revolutionized the therapeutic pattern of sev-
eral malignancies [8]. The efficacy of pembrolizumab and 
nivolumab monotherapy has been investigated in patients 
refractory to chemotherapy [9, 10]; however, the ORRs are 
relatively low, ranging from 3–22% [9–11]. In the first-line 
setting, anti-PD-1 antibodies combined with the standard 
GP, GS or GEMOX regimen achieved an ORR between 
30.6–54% with discrete results in phase II trials with small 
sample sizes [11–15].

Recently, survival benefit of combining chemotherapy 
and the PD-1 inhibitor pembrolizumab was demonstrated 
in the KEYNOTE-966 trial, adding further evidence to the 
first-line management of ABC [16]. Regarding antibod-
ies targeting PD-L1, durvalumab plus GP was shown to 

result in significantly better mOS than GP alone (12.8 vs. 
11.5 months; HR: 0.80, 95% CI 0.66–0.97, P = 0.021) in the 
TOPAZ-1 trial [17]; furthermore, the ORR increased from 
18.7 to 26.7% after adding durvalumab to standard GP regi-
men [17]. However, the percentage of ABC patients from 
China enrolled into TOPAZ-1 was less than 20% and the effi-
cacy of durvalumab in the real-world setting warrants further 
exploration. Moreover, identification of biomarkers predict-
ing outcomes among patients receiving this combinational 
approach would further improve the therapeutic efficacy.

Currently, there is no definite evidence regarding the 
predicting values of PD-L1 expression and tumor mutation 
burden (TMB) in ABC, which have been well recognized as 
useful biomarkers in lung cancer and melanoma in the era 
of immunotherapy [12, 14, 15, and 18]. Several previous 
phase II trials testing PD-1 inhibitors in ABC have suggested 
the prognostic values of specific genetic alterations, such as 
KRAS [19] or SMARCA4 [14] mutations, loss-of-function 
mutations of chromatin remodeling genes [12, 13], altera-
tions in the homologous recombination repair pathway [13] 
and immunologic characteristics, including the T cell sig-
nature labeled by genotyping [13] and blood TMB [15]. For 
example, Chen et al. found that PD-1 inhibitors (Camreli-
zumab) combined with gemcitabine-based regimen achieved 
an mPFS of 6.1 months and a mOS of 11.8 months in 37 
ABC patients. The patients with ARID1A mutations showed 
prolonged mOS (13.2 vs. 7.2 months) and mPFS (6.3 vs. 
4.3 months) than those without [15]. However, genetic as 
well as circulating biomarkers predicting the prognosis of 
durvalumab in ABC have not been reported.

In this study, we retrospectively enrolled 186 consecu-
tive ABC patients in our center receiving gemcitabine-based 
chemotherapy with or without durvalumab and analyzed, 
for the first time, the real-world efficacy of this regimen in 
Chinese cohort. Potential circulating and genomic biomark-
ers were also explored to identify candidates most likely to 
benefit from durvalumab in the first-line setting.

Materials and methods

Study population and sample collection

Patients diagnosed with unresectable locally advanced or 
metastatic disease of the biliary tract, including that of gall-
bladder, bile duct or ampullary origin, who received antitu-
mor regimens between January 2020 and December 2022 
at Sun Yat-sen University Cancer Center were enrolled into 
our cohort. Comprehensive information, including patient 
demographics, primary and metastatic tumor characteris-
tics, pretreatment blood test results, and follow-up data, was 
extracted from the electronic medical database.
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The main inclusion criteria were as follows: (1) patho-
logically confirmed cholangiocarcinoma or gallbladder 
cancer or ampulla carcinoma (pancreatobiliary subtype); 
(2) treatment with gemcitabine-based mono, doublet (gem-
citabine plus cisplatin) or triplet (gemcitabine, cisplatin 
and abraxane) palliative chemotherapy with or without 
durvalumab; (3) previously untreated patients with unre-
sectable disease; and (4) complete medical record in our 
center. The main exclusion criteria were as follows: (1) 
neo-adjuvant or adjuvant settings; (2) a history of receiv-
ing target agents or PD-1 antibodies in the first-line set-
ting and (3) a history of other tumors.

Tumor tissues fixed with formalin and embedded in par-
affin were obtained from 17 patients and used for genomic 
profiling. A total of 66 peripheral plasma samples, includ-
ing 48 at baseline and 18 at disease progression time point, 
were collected from patients receiving gemcitabine-based 
chemotherapy plus durvalumab. This study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013) and was approved by the Ethical Committee of Sun 
Yat-sen University Cancer Center. Written consent for the 
use of patient data was obtained from all participants during 
their hospitalization.

Cytokine arrays and determination of soluble PD‑1 
and PD‑L1 (sPD‑1 and sPD‑L1) concentrations 
in the plasma

A human cytokine kits (GSH-CAA-1000, Ray Biotech, 
Norcross, GA) was used to measure the relative expression 
levels of 80 circular cytokines according to the manufactur-
er’s instructions. Briefly, 100 μl samples (2 × dilution) were 
added into the microarray following overnight incubation at 
4 °C, the supernatant was removed and the slides were then 
washed and incubated with biotinylated antibody cocktail 
and Cy3 Equivalent Dye-Streptavidin. Then the fluorescence 
was detected with the laser scanner (InnoScan 300 Microar-
ray Scanner, Innopsys, France) and data were analyzed with 
the matched software. The concentrations of sPD-1 and sPD-
L1 was detected with the Enzyme-linked immunosorbent 
assay (ELISA) kits (hPD-1 qKit and hB7-H1 qKit, R&D 
system, Minnesota, USA) per the manufacturer’s instruc-
tions. Standards (consisting of a seven-point serial dilution) 
and undiluted plasma samples were added to 96-well plates 
precoated with a monoclonal antibody specific for human 
PD-1 and human B7-H1, respectively. The specific bind-
ing protein was detected with an enzyme-linked monoclonal 
anti-PD1 antibody for sPD-1 and a polyclonal anti-PD-L1 
antibody for sPD-L1. The plate was covered with a sealer, 
and incubated at room temperature for 2 h before adding of 
substrate solution. The reaction was stopped and measured 
at 450 nm by the microplate reader.

Targeted NGS, bioinformatic analysis and online 
database

Genomic DNA was extracted from tumor samples, followed 
by purification and qualification prior to the construction 
of the DNA libraries. Unique indices were used to mark 
genomic DNA from each sample, which were then pooled 
together for probe incubation in preparation for targeted 
sequencing of 437 cancer related genes. The captured librar-
ies were examined for quality and quantity using the KAPA 
library quantification kit (KAPA Biosystems) through qRT-
PCR. Subsequently, the final libraries were sequenced on 
Hiseq 4000 platforms (Illumina) to achieve a mean coverage 
depth of 150 × for the tumor tissue samples after PCR dupli-
cate removal (Geneseeq Technology Inc., Nanjing). Raw 
sequence data were obtained through base calling analysis of 
original image data. Single nucleotide variants (SNVs) and 
short insertions/deletions (indels) were identified using Var-
Scan2 with a minimum variant allele frequency threshold set 
at 0.01, and a P value threshold of 0.05 was applied for vari-
ant calling to generate variant call format files. All SNVs/
indels were annotated using Annotate Variation (ANNO-
VAR), with manual verification performed on each SNV/
indel using the Integrative Genomics Viewer. Ten patients 
undergone targeted sequencing of 1027 cancer related genes 
in our center were also enrolled into our study. Specific gene 
lists of these two panels were shown in Table S3. Tumor 
mutation burden (TMB) in solid tumor and cholangiocar-
cinoma patients and associations with ADGRB3 mutations 
were retrieved from the cBioPortal database (http://​www.​
cbiop​ortal.​org/).

Follow‑up

Patients were followed up mainly through the outpatient 
clinic (or via telephone) every three months for the first two 
years after the first visit to our center. Progression-free sur-
vival (PFS) was defined as the time between diagnosis of 
unresectable or metastatic disease and recurrence or death 
from any cause or last follow-up. Overall survival (OS) was 
defined as the time from disease diagnosis (tumor recur-
rence, distant metastasis or unresectable locally advanced) 
to death from any cause or last follow-up.

Statistical analysis

The association between cytokines or sPD-1, sPD-L1 and 
other clinicopathological variables (i.e., demography and 
patient characteristics) was assessed by Student's T tests, 
Mann–Whitney U tests, Chi-square tests, or Fisher's exact 
tests based on the nature of the data. Statistical analyses 
were considered significant when the two-tailed P value 
was less than 0.05. OS and PFS were analyzed using the 

http://www.cbioportal.org/
http://www.cbioportal.org/
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Kaplan–Meier method and logrank test. Hazard ratios (HRs) 
and 95% confidence intervals (CIs) of time-to-event vari-
ables were estimated using univariate Cox proportional haz-
ards analysis. The cutoff value of sPD-L1 and sPD-1 was 
generated via the X-tile software. The indices with a P value 
less than 0.05 in the univariate analysis or having clinical 
implications were included in the multivariate analysis. IBM 
SPSS version 20 (IBM, Armonk, NJ), PRISM v.8 (GraphPad 
Software Inc., USA) and R (4.2.1) were used for statistical 
analysis.

Results

Patient characteristics

Between January 2020 and December 2022, a total of 
297 consecutive patients diagnosed with biliary duct can-
cer in our center were retrospectively reviewed, of whom 
186 met the inclusion and don’t meet the exclusion crite-
ria were finally included in our study (Fig. 1). All patients 
in this cohort were of Chinese ethnicity. The demographic 

and clinicopathological characteristics of the patients are 
shown in Table 1. The cohort consisted of 96 males and 90 
females, with a median age of 57 years. Among all patients, 
58 (31.2%) had gallbladder cancer, while 80 (43.0%) and 35 
(18.8%) had intrahepatic and extrahepatic cholangiocarci-
noma, respectively. Thirteen (7.0%) patients diagnosed with 
ampulla carcinoma were also included. More than half of the 
patients (123/186, 66.1%) had liver metastasis, while only 
20 (10.8%) patients were diagnosed with locally advanced 
disease, and 114 (61.3%) were pathologically confirmed as 
having poorly differentiated cancer. Resection of the primary 
tumor were performed in 99 (53.2%) patients. The number 
of patients receiving gemcitabine-based monotherapy, dou-
blet and triplet regimen was 19 (10.2%), 161 (86.6%) and 6 
(3.2%), respectively.

Real‑world efficacy of durvalumab 
plus gemcitabine‑based chemotherapy in ABC

At the data cutoff date (31 July 2023), 172 patients expe-
rienced disease progression or death, while 108 died of 
this disease. Among these patients, PFS was significantly 

Fig. 1   Flow diagram for 
included patients and the analy-
sis process. PD-1, programmed 
death 1; PD-L1, programmed 
death ligand 1; HER2, human 
epidermal growth factor recep-
tor; PD, progressive disease
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longer for patients in the chemoimmunotherapy group than 
for those in the chemotherapy alone group (mPFS: 6.77 
vs. 4.99 months; HR, 0.65; 95%CI 0.48–0.88; P = 0.005, 
Fig. 2A), while the OS in the combinational arm was numer-
ically but not significantly longer than that in the chemo-
therapy alone arm (mOS: 14.29 vs. 13.24 months; HR, 0.91; 
95%CI 0.62–1.32; P = 0.608, Fig. 2B). Estimated 6-month 
PFS was 55.2% in the durvalumab group and 38.7% in the 
chemotherapy alone group; estimated 12 month PFS was 
21.8% in the durvalumab group and 11.8% in the chemo-
therapy alone group (Fig. 2A). Estimated 12 month OS rates 
were 53.3% in the durvalumab group and 50.8% in the chem-
otherapy alone group; estimated 18 month overall survival 
rates were 35.8% in the durvalumab group and 23.2% in the 
chemotherapy alone group (Fig. 2B).

The investigator-assessed ORR per Response Evalu-
ation Criteria in Solid Tumors v1.1 in patients receiving 

chemoimmunotherapy was 19.1%, with two patients achiev-
ing complete response (CR) and 15 partial response (PR). 
The percentage of patients achieving PR was 7.8% (7/90) in 
the chemotherapy group, and none achieved CR. The disease 
control rate (DCR) in patients receiving chemotherapy with 
or without durvalumab was 68.5% and 53.3%, respectively 
(Fig. 2C).

In the uni- and multivariate COX analysis, Eastern coopera-
tive oncology group (ECOG) status and use of durvalumab 
were identified as independent predictors for PFS in ABC 
patients, while other indices including age, differentiation, and 
primary tumor location were not significantly associated with 
PFS (Table 2). The ECOG status was identified as independent 
predictors for OS (Table 3).

Table 1   The clinicopathological 
characteristics of patients 
receiving chemotherapy with or 
without durvalumab

The bold p value indicates statistically significant

Characteristics All patients Chemo. + PD-L1 
(n = 93)

Chemo. (n = 93) P value

Age (Years)
Mean (range) 57 (28–82) 57 (28–82) 57 (32–82) 0.836
Gender, n (%)
Female 90 (48.4%) 42 (45.2%) 48 (51.6%) 0.379
Male 96 (51.6%) 51 (54.8%) 45 (48.4%)
Primary site, n (%)
Gallbladder 58 (31.2%) 27 (29.0%) 31 (33.3%) 0.256
Intrahepatic 80 (43.0%) 43 (46.2%) 37 (39.8%)
Extrahepatic 35 (18.8%) 14 (15.1%) 21 (22.6%)
Ampulla 13 (7.0%) 9 (9.7%) 4 (4.3%)
Liver metastasis, n (%)
Absent 63 (33.9%) 34 (36.6%) 29 (31.2%) 0.536
Present 123 (66.1%) 59 (63.4%) 64 (68.8%)
Disease stage, n (%)
Locally advanced 20 (10.8%) 11 (11.8%) 9 (9.7%) 0.636
Distant metastasis 166 (89.2%) 82 (88.2%) 84 (90.3%)
Prior surgery of primary tumor, n (%)
No surgery 87 (46.8%) 41 (44.1%) 46 (49.5%) 0.464
Radical surgery 78 (41.9%) 43 (46.2%) 35 (37.6%)
Palliative surgery 21 (11.3%) 9 (9.7%) 12 (12.9%)
Differentiation, n (%)
High or intermediate 72 (38.7%) 41 (44.0%) 31 (33.3%) 0.132
Poor 114 (61.3%) 52 (56.0%) 62 (66.7%)
ECOG, n (%)
1 164 (88.2%) 81 (87.1%) 83 (89.2%) 0.650
0 22 (11.8%) 12 (12.9%) 10 (10.8%)
Chemo. regimen, n (%)
Doublet 161 (86.6%) 78 (83.9%) 83 (89.2%) 0.029
Triplet 6 (3.2%) 1 (1.1%) 5 (5.4%)
Mono 19 (10.2%) 14 (15.0%) 5 (5.4%)
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Soluble PD‑1 (sPD‑1) and soluble PD‑L1 (sPD‑L1) in ABC 
patients receiving chemotherapy plus durvalumab

The clinicopathological indices of patients receiving 
durvalumab were analyzed via COX methods to identify 
factors related to prognosis. As shown in Table S1 and 
Table S2, pretreatment basophil, Fbg (fibrinogen) and 
CA19-9 were identified as independent prognosis predic-
tors for PFS, while only neutrophil to lymphocyte ratio 
(NLR) was an independent predictor for OS. We next 
sought to explore potential circulating biomarkers associ-
ated with the clinical response to durvalumab plus gem-
citabine-based chemotherapy in 48 patients.

The median concentrations of sPD-L1 at baseline and disease 
progression was 14.643 pg/ml and 1032.8 pg/ml, respectively, 
while those of sPD-1 was 96.222 pg/ml and 118.35 pg/ml, 
respectively (Fig. 3A). The sPD-L1 at disease progression was 
approximately one hundred times that at baseline (P < 0.001) 
(Fig. 3A). The patients were divided into two groups according 
to the best tumor response. The level of sPD-L1 was signifi-
cantly lower in patients with CR, PR or stable disease (SD) than 
in those with PD (Fig. 3B). However, there was no difference 
of sPD-1 level between these two groups (Fig. 3B). Nonsig-
nificant associations of sPD-L1 and sPD-1 with disease stage 
or tumor location were observed (Supplementary Fig. S1A 
and S1B). Moreover, the patients with low baseline sPD-L1 

Fig. 2   The efficacy of adding 
durvalumab to chemotherapy. 
PFS A, OS B and tumor 
response C in ABC patients 
receiving chemotherapy with 
or without durvalumab. PFS, 
progression free survival; 
OS, overall survival; ABC, 
advanced biliary tract cancer; 
PD-L1, programmed death 
ligand 1; Chemo., chemo-
therapy; HR, hazard ratio; CR, 
complete response; PR, partial 
response; SD, stable disease; 
PD, progressive disease; ORR, 
objective response rate; DCR, 
disease control rate
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had significantly better PFS (mPFS: 10.25 vs. 4.47 months, 
P = 0.037, Fig. 3C) and OS (mOS: NA vs. 10.91 months, 
P = 0.004, Fig. 3D) than those with high sPD-L1. However, 
sPD-1 did not demonstrate predictive value for either PFS 
(Fig. 3E) or OS (Fig. 3F).

Circular cytokines in ABC patients receiving 
chemoimmunotherapy

As peripheral blood is an easily accessible and noninvasive 
sample for predicting therapy outcomes in several cancers, 
we profiled a panel of 80 cytokines in 48 patients with 64 
samples. Six cytokines, including CSF1R, OPG, BMP-7, 
TNFα, EGF and GH, were found to be significantly elevated 

over the course of the disease (Fig. 4A and Supplementary 
Fig. S1C). When correlating the concentrations of these 
cytokines with the survival of ABC patients receiving dur-
valumab, a panel of candidates, including BLC and IL-8, 
were significantly associated with OS and PFS (Fig. 4B). 
Of the six cytokines elevated at the disease progression time 
point, CSF1R, OPG and BMP-7 were found to be signifi-
cantly associated with PFS and OS of ABC patients receiv-
ing durvalumab (Fig. 4C). Even after adjusted for multiple 
comparisons, CSF1R and OPG was significantly associated 
with OS in this cohort (Table S4). Baseline OPG level was 
significantly higher in patients evaluated as PD compared 
with those evaluated as CR, PR or SD, while there were 
no differences of CSF1R and BMP-7 between these groups 

Table 2   Uni and multivariate cox analysis of different clinical pathological indices with PFS

The bold p values indicate statistically significant

Characteristics Total (N) Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age 186 1.00 (0.98–1.01) 0.754
Sex 186
Male 96 Reference
Female 90 1.04 (0.77–1.41) 0.790
Differentiation 186
Poor 114 Reference Reference
High or intermediate 72 0.66 (0.49–0.91) 0.011 0.86 (0.62–1.21) 0.387
Disease stage 186
Locally advanced 20 Reference
Distant metastasis 166 1.55 (0.93–2.59) 0.096
Primary site 186
Intrahepatic 80 Reference
Gallbladder 58 0.95 (0.67–1.36) 0.787
Extrahepatic 35 1.14 (0.76–1.72) 0.529
Ampulla 13 0.82 (0.43–1.57) 0.546
Liver metastasis 186
Present 123 Reference Reference
Absent 63 0.61 (0.44–0.85) 0.003 0.66 (0.47–0.93) 0.017
Prior surgery of primary tumor 186
No surgery 87 Reference
Radical surgery 78 0.84 (0.61–1.16) 0.282
Palliative surgery 21 0.79 (0.48–1.31) 0.360
ECOG 186
1 164 Reference Reference
0 22 0.49 (0.30–0.80) 0.004 0.49 (0.29–0.80) 0.012
Therapy 186
Chemotherapy 93 Reference Reference
Chemotherapy + PD-L1 93 0.65 (0.48–0.88) 0.005 0.64 (0.47–0.87) 0.005
Chemotherapy regimen 186
Mono 19 Reference
Doublet 161 0.97 (0.59–1.59) 0.900
Triplet 6 0.96 (0.38–2.43) 0.930
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(Fig. 4D). Specifically, the mPFS (7.69 vs. 4.26 months, 
P = 0.004) and mOS (15.87 vs. 8.30 months, P = 0.004) were 
significantly longer in patients with low CSF1R levels than 
in those with high CSF1R levels (Supplementary Fig. S2A). 
Patients with low OPG and BMP-7 levels also demonstrated 
survival advantages (Supplementary Fig. S2B and S2C).

ADGRB3 mutations were enriched in patients 
responding to durvalumab

To explore genetic mutations associating with efficacy of 
durvalumab, 17 patients with available tumor samples sub-
jected to a target DNA sequencing containing a panel of 437 
cancer related genes at Geneseeq Technology (Table S3) and 

ten patients undergone target sequencing with 1021 cancer 
related genes in our center (Table S3) were analyzed. Due to 
the limited sample size, the patients were grouped as those 
without or with clinical benefit according to whether the 
tumor progressed during first evaluation or not.

As shown in Fig. 5A, the most frequently mutated genes 
in ABC were TP53 (11/27, 40.7%) and KRAS (8/27, 29.6%). 
Moreover, the mutation frequencies of KRAS (23.5% vs. 40.0%) 
in patients who benefited from chemotherapy plus durvalumab 
were lower than those who did not. TP53 and KRAS were 
the top two mutated genes in the 17 patients undergone target 
sequencing of 437 genes and alterations in the PI3K, NOTCH 
and NRF2 pathways were observed only in patients who ben-
efited from durvalumab (Supplementary Fig. S3A). Several gene 

Table 3   Uni and multivariate cox analysis of different clinical pathological indices with OS

The bold p values indicate statistically significant

Characteristics Total (N) Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age 186 1.02 (1.00–1.04) 0.138
Sex 186
Male 96 Reference
Female 90 0.90 (0.62–1.32) 0.593
Differentiation 186
Poor 114 Reference Reference
High or intermediate 72 0.65 (0.43–0.97) 0.034 0.88 (0.57–1.35) 0.551
Disease stage 186
Locally advanced 20 Reference
Distant metastasis 166 0.97 (0.53–1.78) 0.932
Primary site 186
Intrahepatic 80 Reference
Gallbladder 58 0.70 (0.44–1.11) 0.131
Extrahepatic 35 1.21 (0.74–1.98) 0.447
Ampulla 13 0.59 (0.25–1.37) 0.217
Liver metastasis 186
Present 123 Reference Reference
Absent 63 0.63 (0.42–0.96) 0.031 0.79 (0.51–1.24) 0.302
Prior surgery of primary tumor 186
No surgery 87 Reference Reference
Radical surgery 78 0.57 (0.38–0.86) 0.007 0.70 (0.45–1.09) 0.118
Palliative surgery 21 0.43 (0.20–0.89) 0.024 0.45 (0.21–0.97) 0.041
ECOG 186
1 164 Reference Reference
0 22 0.40 (0.21–0.76) 0.006 0.42 (0.22–0.83) 0.012
Therapy 186
Chemotherapy 93 Reference
Chemotherapy + PD-L1 93 0.91 (0.62–1.32) 0.608
Chemotherapy regimen 186
Mono 19 Reference
Doublet 161 0.70 (0.39–1.25) 0.228
Triplet 6 1.20 (0.43–3.39) 0.727
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mutations such as JUN, FAT1 and ADGRB3 were identified 
as prognosis predictors (Supplementary Fig. S3B and S3C). 
Specifically, mutations of ADGRB3 and RNF43 were only 
observed in patients with clinical benefit, occurring in two out 
of 17 patients (Fig. 5A and Supplementary Fig. S3A).

Through mining the cBioPortal database (https://​www.​
cbiop​ortal.​org/), mutations in ADGRB3 were found in 
several cancers, including lung cancer (Supplementary 
Fig. S3D), cholangiocarcinoma and ampulla carcinoma 
(Supplementary Fig. S3E). Moreover, the cholangiocarci-
noma patients with ADGRB3 mutation tended to have longer 
disease free survival (DFS) (Supplementary Fig. S3F) and 
OS (Supplementary Fig. S3G) than those without ADGRB3 
mutations in this database.

In our cohort, the P5 and P14 with ADGRB3 mutation 
(Supplementary Fig. S5A and S5B) achieved PR (Fig. 5B) 
and CR (Supplementary Fig. S4A) after treatment with 
chemotherapy plus durvalumab, as evidenced by a remark-
able reduction in tumor size. More importantly, no metabolic 
signals of any lesions were detected via PET/CT (Fig. 5B 
and Supplementary Fig. S4A), and the baseline elevated 

CA19-9 decreased to normal levels (Supplementary Fig. 
S4B). The PFS (P = 0.021) and OS (P = 0.041) in patients 
harboring ADGRB3 mutations were significantly longer 
than those in wild type (WT) patients (Fig. 5C and D). These 
two patients experienced no disease progression or death 
until last follow-up (Fig. 5C and D). The OS of P5 and P14 
was 24.48 and 24.8 months, which was longer than those 
who were WT (Fig. 5C and D).

TMB was not associated with clinical benefit 
of chemotherapy plus durvalumab

We then pooled the TMB level in each patient and found 
that the patients P5 and P14, who were deemed as PR or 
CR showed a TMB of 49.40 and 15.40mut/Mb, respec-
tively, which ranked in the first two positions (Fig. 5E). 
Moreover, the TMB of patients with ADGRB3 mutations 
was significantly higher than that of patients without 
ADGRB3 mutations (Fig. 5F), which was further validated 
in solid cancer and cholangiocarcinoma from the cBioPor-
tal database (Fig. 5G). Our previous reports have indicated 

Fig. 3   Soluble PD-1 (sPD-
1) and PD-L1 (sPD-L1) in 
patients receiving durvalumab. 
A Concentrations of sPD-1 and 
sPD-L1 at baseline and during 
disease progression. B Concen-
trations of sPD-1and sPD-L1 
in patients achieving different 
responses to durvalumab. PFS 
C and OS D in ABC patients 
receiving chemotherapy with 
durvalumab according to sPD-
L1 concentrations. PFS E and 
OS F in ABC patients receiving 
chemotherapy with durvalumab 
according to sPD-1 levels. PFS, 
progression free survival; OS, 
overall survival; sPD-1, soluble 
programmed death 1; sPD-L1, 
soluble programmed death 
ligand 1; ABC, advanced biliary 
tract cancer; CR, complete 
response; PR, partial response; 
SD, stable disease; PD, progres-
sive disease

https://www.cbioportal.org/
https://www.cbioportal.org/
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that RNF43 mutations were associated with better OS 
and PFS than WT colorectal cancer patients and gained 
clinical benefit and tumor shrinkage from immunotherapy 
[20], which was validated in our cohort study (Supplemen-
tary Fig. S5B–S5D). Moreover, RNF43-mutated patients 
tended to have a higher TMB than WT patients in our 
cohort (Supplementary Fig. S5E) and in the cBioPortal 
cholangiocarcinoma cohort (Supplementary Fig. S5F and 
S5G).

Discussion

GP has been regarded as the preferred standard first-line 
treatment regimen for locally advanced or metastatic 
cholangiocarcinoma for decades since ABC-02 [4]. This 
therapeutic strategy was revolutionized following release 
of the TOPAZ-1 trial, which demonstrated the survival as 
well as tumor response benefit from adding durvalumab to 
the standard GP regimen [17]. The efficacy and safety of 

Fig. 4   Peripheral cytokines in patients receiving durvalumab. A Rela-
tive levels of CSF1R, OPG, BMP-7, TNFα, EGF and GH in paired 
blood samples collected at baseline and the disease progression 
time point. B OS and PFS in ABC patients receiving chemotherapy 
with durvalumab according to cytokines level. The red line indi-
cates -log10(P value) of each cytokine. C Venn diagram of selected 

cytokines. D Associations of CSF1R, OPG and BMP-7 with clinical 
response to durvalumab. CSF1R, colony-stimulating factor 1 recep-
tor; OPG, osteoprotegerin; BMP-7; bone morphogenetic protein 7; 
TNFα, tumor necrosis factor α; EGF, epidermal growth factor; GH, 
growth factor
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Fig. 5   Genomic alterations in ABC patients receiving durvalumab. 
A Waterfall plots showing the frequency and types of top mutated 
genes found in 27 ABC patients who did or did not benefit from dur-
valumab. B Pre- and posttreatment CT/MRI scans as well as PET/
CT images of patient P5. C, D PFS and OS of ADGRB3 Mut or WT 
patients when treated with chemotherapy plus durvalumab. E TMBs 
in 27 patients receiving durvalumab as well as the tumor response. F 

TMB degree of ADGRB3-mutated and WT patients. G TMB in solid 
tumor and cholangiocarcinoma patients with or without ADGRB3 
mutations from the cBioPortal database. PFS, progression free sur-
vival; OS, overall survival; ABC, advanced biliary tract cancer; 
TMB, tumor mutational burden; ADGRB3, adhesion G protein-cou-
pled receptor B3; Mut, mutation; WT, wild type
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combining durvalumab with GP was recently evidenced in 
a real-world experience in Italy, which yielded an mPFS of 
8.9 months, a mOS of 12.9 months and a confirmed ORR 
of 34.5%, while the adverse events were comparable to 
those seen in the TOPAZ-1 trial [21].

In our retrospective study, a significant reduction in 
disease progression risk was observed for patients receiv-
ing durvalumab plus chemotherapy. However, the mPFS 
in these patients was 6.77 months, which was numerically 
shorter than that reported in TOPAZ-1 and the Italy study 
[17, 21]. Caution is warranted when comparing data from 
other studies because of differences in the study designs and 
enrolled patients. For example, the percentage of patients 
with ECOG = 0 in our study was 12.9%, less than that in 
the Italian cohort (58.6%) and the TOPAZ-1 trial (50.7%). 
Moreover, the percentage of patients diagnosed with intra-
hepatic cholangiocarcinoma was 46.2% in our study, while 
that in TOPAZ-1 global and China cohort was 55.7% and 
72.3%, respectively [22]. These differences may inevitably 
lead to varying outcomes, as the ECOG status and primary 
origins were associated with clinical benefit to ICIs in ABC 
patients [21].

However, it is worth noting that patients receiving dur-
valumab plus chemotherapy in this study achieved similar 
mOS as reported in other phase II trials testing PD-1 inhibi-
tors with gemcitabine-based doublet chemotherapy [13, 14]. 
Furthermore, their survival outcome was comparable to that 
observed in Japan’s FUGA-BT trial [5], and the Asian sub-
group in TOPAZ-1 [17]. The imbalance of patients receiving 
salvage therapy upon progression on durvalumab (29/93, 
31.1%) or chemotherapy (47/93, 50.5%) might influence the 
OS in our real-world study (Data not shown). These find-
ings suggest potential geographic, immunogenic as well as 
therapeutic differences between Eastern and Western chol-
angiocarcinoma patients. On the other hand, pretreatment 
CA19-9 and NLR were found to be associated with survival 
of ABC patients receiving durvalumab, which is consistent 
with the post-hoc analysis of TOPAZ-1 [23].

Although several efforts have been made to predict the 
clinical benefit from anti-PD-1 therapy [12–15], biomark-
ers relating to durvalumab in ABC have not been reported. 
sPD-1 and sPD-L1 have long been recognized as easily 
accessible biomarkers that may help in pretreatment prog-
nostication and in therapy monitoring of patients who have 
undergone chemotherapy or immune therapy [24, 25]. High 
sPD-L1 levels were associated with inferior outcomes in gas-
trointestinal malignancies receiving chemotherapy [25, 26], 
as well as in chemo- or ICIs-treated urothelial carcinoma 
and lung cancer patients [24]. In our retrospective cohort, 
the level of sPD-L1 but not sPD-1 was significantly nega-
tively correlated with PFS and OS in ABC patients receiving 
durvalumab. It has been reported that sPD-L1 is released 
by mature dendritic cells (DCs) and tumor cells but not by 

activated T lymphocytes, macrophages, and monocytes [27]. 
Deletion of PD-L1 in DCs leads to robust suppression of 
tumor growth [28] and enhanced antitumor CD8+ T cell 
responses [29]. Therefore, it is reasonable to postulate that 
sPD-L1 may have predictive value for ABC patients receiv-
ing durvalumab; however, further investigation is necessary 
to elucidate the mechanisms underlying sPD-L1-mediated 
resistance to durvalumab and its implications for the future 
development of reversal strategies.

Cytokines reflect the immune status and can affect 
responses to ICI treatment [30]. Our study found that 
higher baseline levels of CSF1R, OPG and BMP-7 were 
significantly associated with worse OS and PFS in patients 
receiving chemotherapy plus durvalumab, albeit in a lim-
ited sample size. The median levels of these cytokines at 
baseline also differed significantly from those at disease pro-
gression, while the efficacy predictive roles of CSF1R, OPG 
and BMP-7 need to be explored in a larger cohort. Another 
study showed that treatment with anti-PD-L1 antibody (ate-
zolizumab) combined with MEK inhibitors (cobimetinib) 
significantly decreased circulating PDGF-BB levels, while 
higher IL-23 and RANTES corresponded to improved OS 
and PFS following this combination regimen [30]. These 
differences could be explained by the enrolled patients as 
well as combination partners, as cytotoxic agents or tar-
get therapy may modulate the immune microenvironment 
(TME) and alter the antitumor immune response in a totally 
different manner [8].

The immunosuppressive and oncogenic roles of the 
CSF-1/CSF1R axis have been extensively explored in 
previous reports [31, 32] and heavily rely on tumorigenic 
cytokines released by tumor-associated macrophages (TAM) 
and subsequent deconditioning of the TME [33], which 
fueled interest in the development of therapeutic agents [31, 
32]. In our study, circulating CSF1R was not only found to 
be significantly elevated when disease progressed but also 
correlated with worsened survival in ABC patients receiv-
ing chemotherapy plus durvalumab. Previous studies have 
shown that TAMs contribute to an immunosuppressive 
TME. Therefore, blocking the CSF-1/CSF1R pathway along 
with ICIs may function synergistically through improving 
intertumoral CD8+ T cell function [31, 33], which is cur-
rently being tested in a variety of clinical trials with pending 
results. TAM infiltration has been shown to foster the devel-
opment of cholangiocarcinoma [34] and is associated with a 
special subtype known as the hepatic stem-like class in ABC 
[35]. Inhibiting CSF1/CSF-1R signaling in hepatocellular 
was shown to prevent TAM trafficking and induce CD8+ T 
cell infiltration, resulting in potent antitumor activity when 
combined with anti-PD-L1 antibody [36], as observed in a 
pancreatic adenocarcinoma mouse model [37]. Therefore, 
our data provide potential avenues for testing the antitumor 
potential of CSF1R inhibitors and durvalumab in ABC.
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ADGRB3, a member of the adhesion G protein-coupled 
receptors family, plays a crucial role in synapse formation 
and maintenance. Previous studies have reported its involve-
ment in small-cell lung cancer development [38], while cer-
tain variations in the intron of ADGRB3 gene have been 
associated with a reduced risk of primary sclerosing chol-
angitis in polish patients [39]. Additionally, a case report 
suggests that ADGRB3 mutations may contribute to intra-
hepatic mucinous cholangiocarcinoma [40]. We presented 
novel evidence linking ADGRB3 mutations to increased 
TMB and improved outcomes in ABC patients for the first 
time. Mutations of KRAS [19] and ARID1A [15] have 
been reported to be associated with clinical benefit of PD-1 
inhibitors in ABC, which was not found in our study. How-
ever, the precise mechanisms of clinical benefit conferred by 
mutated ADGRB3 under the circumvent of immunotherapy 
remain unclear and warrant further investigation.

In conclusion, combining durvalumab with chemotherapy 
can enhance PFS for ABC patients; however, improvement 
in OS was not observed over chemotherapy alone within 
the real-world setting in Chinese cohort with the largest 
cases to date. This is the first report regarding circulating 
biomarkers in ABC patients receiving durvalumab, which 
might provide easily accessible and noninvasive methods 
to monitor the efficacy of this regimen. More importantly, 
CSF1R was found significantly elevated upon disease pro-
gression, providing possible strategy to reverse immune-
resistance of durvalumab by combination with inhibitors 
targeting CSF1R. Third, mutation of ADGRB3 was associ-
ated with benefit of PD-L1 antibody. This is different from 
previous reports as KRAS [19] or ARID1A [15] mutations 
were stemming from trials evaluating efficacy of PD-1 with 
limited sample size. Altogether, we have discovered several 
prognosis predictive biomarkers in ABC patients receiving 
durvalumab, which would help patients to avoid the huge 
cost burden in China.

Limitations in our study include the following: First, this 
study was conducted at a single-center and has a retrospec-
tive design. Due to limited accessibility to durvalumab and 
availability of pretreatment samples, external validations 
of the circulating biomarkers was impossible, emphasizing 
the need for large-scale multicenter prospective verification 
studies. Secondly, biomarker analyses in our study were 
hypothesis-generating in a limited sample size, and there-
fore, the results should be interpreted with caution. Despite 
these limitations, our study provides valuable insights into 
the real-world effectiveness of PD-L1 inhibitors in ABC and 
for the first time, identifies potential noninvasive as well as 
genetic biomarkers for predicting treatment response and 
clinical outcomes.
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