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Abstract 

Background Unresectable intrahepatic cholangiocarcinoma (iCCA) has a poor prognosis despite treatment 
with standard combination chemotherapy. We aimed to evaluate the efficacy and safety of radiotherapy in combina-
tion with an anti-PD-1 antibody in unresectable iCCA without distant metastases.

Methods In this phase II study, patients with histopathologically confirmed unresectable primary or postoperative 
recurrent iCCA without distant metastases were enrolled. Patients received external radiotherapy with a dose of ≥45 
Gy (2-2.5 Gy per fraction), followed by anti-PD-1 immunotherapy (camrelizumab 200 mg once, every 3 weeks) initi-
ated within 7 days after completion of radiotherapy as first-line therapy. The primary endpoint was 1-year progression-
free survival (PFS) rate. The secondary end points included safety, objective response rate (ORR), disease control rate 
(DCR), and overall survival (OS).

Results From December 2019 to March 2021, 36 patients completed radiotherapy and at least one cycle of immu-
notherapy and were included in efficacy and safety analyses. The median follow-up was 19.0 months (IQR 12.0-24.0), 
and the one-year PFS rate was 44.4% (95% CI, 30.8-64.0). The median PFS was 12.0 months (95% CI, 7.5-not estimable); 
the median OS was 22.0 months (95% CI, 15.0-not estimable). The ORR was 61.1% and the DCR was 86.1%. Seven-
teen of 36 (47.2%) patients experienced treatment-related adverse effects (AEs) of any grade. The most common 
AE was reactive cutaneous capillary endothelial proliferation (25.0%). Five (13.9%) patients experienced grade ≥3 
treatment-related AEs, including decreased lymphocyte (5.6%), bullous dermatitis (2.8%), decreased platelet count 
(2.8%), and deep-vein thrombosis (2.8%).

Conclusions External radiotherapy plus camrelizumab, as first-line therapy, met its primary endpoint and showed 
antitumor activity and low toxicity levels in patients with unresectable iCCA without distant metastases, warranting 
further investigation.

Trial registration NCT03898895. Registered 2 April 2019.
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Background
Cholangiocarcinoma (CCA) is the second most com-
mon hepatic malignancy, and the incidence and mortality 
rates of CCA, especially the intrahepatic cholangiocar-
cinoma (iCCA) has increased over the last 10-20 years 
[1–3]. Surgery remains the cornerstone of cure in the 
early stages; however, approximately 70% of patients are 
initially diagnosed with locally advanced or metastatic 
diseases that are not amenable to resection [4, 5]. Com-
bination chemotherapy with gemcitabine plus cisplatin 
as the standard first-line treatment in 410 patients with 
unresectable or recurrent biliary tract cancer (BTC) 
including 80 iCCA patients resulted in a median progres-
sion-free survival (PFS) of 8.0 months, a median overall 
survival (OS) of 11.7 months and an incidence rate of 
70% or more grade 3 or higher adverse events (AEs) [6]. 
Hence, there remains an urgent need for more effective 
and safer treatment strategies for patients with unresect-
able iCCA.

Over the past decade, immunotherapy for unresect-
able BTC has been investigated but mainly utilized in 
CCA patients with high microsatellite instability and 
deficient mismatch [7]. In previously treated patients 
with advanced BTC, anti-programmed death-1 (PD-1) 
monotherapy showed moderate efficacy, with a response 
rate usually lower than 20%, sometimes lower even than 
10% [8], while presenting a manageable safety and tol-
erability profile [9–12]. Moreover, one cohort from a 
phase I study that evaluated nivolumab in combination 
with chemotherapy as first-line therapy in 30 patients 
with unresectable or recurrent BTC including 15 iCCA 
patients, showed median PFS and OS of 4.2 and 15.4 
months, respectively, with 90% of patients experiencing 
grade 3 or higher treatment-related AEs [13]. Recently, 
two phase 3, double-blind, global studies of durvalumab 
or pembrolizumab plus standard chemotherapy with 
gemcitabine plus cisplatin in patients with unresectable 
advanced or metastatic BTC demonstrated clinical ben-
efit, with a median OS of 12.8 or 12.7 months and 63% or 
70% of grade 3 or higher treatment-related AEs [14, 15]. 
These phase 3 studies including more than half of iCCA 
patients, first showed that the addition of immunother-
apy to chemotherapy as a first-line therapy significantly 
improved OS without exacerbating toxicity, providing 
evidence for the use of immune checkpoint inhibitors in 
unresectable iCCA. However, the limited survival ben-
efit provided by chemotherapy plus immunotherapy has 
highlighted the need for immunotherapy in combination 
with other treatments in this setting.

With advances in radiation techniques, radiotherapy 
has emerged as an important therapy for inoperable 
CCA, achieving a median OS of approximately 10 to 13 
months [16]. External radiotherapy with or without con-
current fluoropyrimidine was considered an option in 
National Comprehensive Cancer Network guidelines but 
without high-level evidence. In addition, radiotherapy 
is used as an immunostimulatory therapy. Preclinical 
and clinical data demonstrated that radiotherapy pro-
moted T cell infiltration, increased the number of tumor 
infiltrating lymphocytes, expanded the T-cell receptor 
repertoire, and upregulated programmed cell death-
ligand 1 (PD-L1) and major histocompatibility complex-
I expression on tumor cells [17]. In phase I and II trials, 
radiotherapy combined with immunotherapy initially 
demonstrated promising antitumor effects and tolerable 
toxicity in patients with solid tumors, including 6 patients 
with CCA [18]. Camrelizumab is a humanized high-
affinity immunoglobulin G4 kappa monoclonal antibody 
approved in China for use in various tumor types. In 
patients with locally advanced esophageal squamous cell 
carcinoma, radiotherapy plus camrelizumab is a safe and 
feasible therapy [19]. However, there is a lack of clinical 
trial data to evaluate the treatment regimen of radio-
therapy combined with camrelizumab in unresectable 
iCCA. Therefore, we developed a phase II study to evalu-
ate the efficacy and safety of radiotherapy in combination 
with camrelizumab as first-line therapy for patients with 
unresectable iCCA without distant metastases. We also 
explored the correlation between biomarkers and sur-
vival, including tumor mutational burden (TMB), micro-
satellite instability (MSI), and PD-L1.

Methods
Study Design and Participants
This study was a single-arm, phase II clinical trial 
evaluating the anti-tumor activity and safety of radio-
therapy combined with camrelizumab for the treat-
ment of unresectable iCCA without distant metastases 
(NCT03898895). The study protocol (see Additional 
file  1) was approved by the Ethics Committee of the 
First Affiliated Hospital of Sun Yat-sen University 
(No.2019234). The study was conducted in accordance 
with both the Declarations of Helsinki and Istanbul. 
Written informed consent was obtained from each sub-
ject before initiating any study procedures.

Key inclusion criteria were adult patients aged between 
18 and 75 years with an Eastern Cooperative Oncol-
ogy Group performance status score of 0 or 1, and 
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histopathologically confirmed unresectable primary or 
postoperative recurrent iCCA without distant metasta-
ses. All patients did not previously receive radiotherapy 
or systemic therapy with at least one measurable lesion 
based on the Response Evaluation Criteria in Solid 
Tumors (RECIST) guideline, version 1.1 criteria. All 
patients had an adequate volume of uninvolved liver 
> 700 mL, adequate hematologic (absolute neutrophil 
count ≥ 1.5x109/L, hemoglobin concentration ≥ 90 g/L, 
platelet count ≥ 100  x109/L), adequate hepatic function 
(albumin ≥ 28 g/L, total bilirubin < 1.5 times the upper 
limit of normal (ULN), alanine aminotransferase and 
aspartate aminotransferase < 5×ULN) and adequate renal 
function (serum creatine < 1.5×ULN, creatinine clear-
ance rate ≥ 45 ml/min), and a life expectancy of at least 
12 weeks were also required. Full inclusion and exclusion 
criteria are available in the Additional file 2.

Treatment and Assessments
Intensity modulated radiation therapy techniques with 
daily cone-beam computed tomography image guid-
ance were used to deliver the prescribed dose. Patients 
received radiotherapy a dose of ≥45 Gy delivered in 2-2.5 
Gy daily fractions. Gross tumor volume (GTV) includ-
ing primary tumor and positive regional lymph nodes 
was contoured on planning four-dimensional computed 
tomography fused with diagnostic contrast-enhanced 
magnetic resonance imaging. Clinical target volume 
(CTV) included GTV for both primary and nodal disease 
with an additional 5-mm marginal expansion. The plan-
ning target volume was created from the CTV by adding 
a margin of 5 mm. The prescribed doses were adjusted 
according to proximity to organs at risk. Radiotherapy 
was continued until completion or unacceptable toxicity.

Camrelizumab was given intravenously at a dose of 200 
mg of every 3-week cycle within 7 days after the comple-
tion of radiotherapy. Treatment was continued until dis-
ease progression, unacceptable toxicity, or withdrawal of 
consent.

The tumor response was evaluated every 6 weeks 
according to RECIST 1.1 criteria [20], independently by 
two experienced radiologists with more than 10 years 
of experience in liver imaging. Any inconsistent assess-
ments were settled after further discussion. Complete 
response (CR) or partial response (PR) was required to be 
confirmed on a follow-up assessment more than 4 weeks 
after an initial evaluation. Considering the possibility of 
pseudoprogression, patients with the initial judgment of 
disease progression were treated with an additional 200 
mg of camrelizumab, and radiologic examination was 
performed 4 weeks later to confirm whether it was pseu-
doprogression or disease progression. AEs were graded 

according to Common Terminology Criteria for Adverse 
Events (version 5.0).

Tumor biopsy was performed within 7 days before ther-
apy. The analysis of TMB, MSI, and PD-L1 is described in 
the Additional file 2.

Outcomes
The primary end point of this study was the 1-year PFS 
rate, which was defined as the rate of patients free of pro-
gressive disease at 1 year according to RECIST 1.1. PFS 
was defined as the time from the commencement of radi-
otherapy to disease progression or death from any cause. 
The secondary end points included safety, ORR, DCR, 
and OS. ORR was defined as the proportion of partici-
pants with a CR or PR. DCR was defined as the propor-
tion of participants with a CR, PR, or stable disease (SD). 
OS was defined as the time from the commencement of 
radiotherapy to death from any cause. Exploratory end 
points included biomarker analysis of TMB, MSI, and 
PD-L1.

Statistical Analysis
The sample size calculation is based on the primary out-
come of the 1-year PFS rate. The accrual period will be 2 
years and the follow-up period will be 1 year. According 
to previous studies and observational data from our data-
base, the 1-year PFS rate in patients with unresectable 
iCCA without distant metastases is approximately 20% 
after standard chemotherapy with gemcitabine plus cis-
platin [21]. We expected that the regimen of radiotherapy 
combined with camrelizumab would increase 1-year PFS 
to 40%. A sample size of 32 patients was required to pro-
vide 80% power to detect this estimated improvement in 
one sample log-rank test at a two-sided significance level 
of 0.05. Given a 10% dropout rate, the total sample size 
needed to be 36 patients.

Continuous variables are presented as medians and 
ranges or interquartile ranges, and categorical variables 
are presented as numbers and percentages. PFS and OS 
were estimated with the Kaplan-Meier method and com-
pared by the log-rank test for different TMB, PD-L1 and 
microsatellite status subgroups. A two-sided P value less 
than 0.05 was considered statistically significant. Statisti-
cal analyses were performed using R version 4.1.1.

Results
Patient Characteristics
Between December 10, 2019, and March 26, 2021, of 50 
patients assessed for eligibility, 14 patients refused to 
participate in the trial, and 36 patients were eligible and 
included in the efficacy and safety analysis (Fig. 1). Base-
line characteristics are summarized in Table 1. More than 
half of patients were male (63.9%), most had a low TMB 
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status (58.3%), and the median age was 62 years (range, 
28-75 years). Nearly 90% of patients had PD-L1-negative 
status (83.3%) and MSS status (88.9%).

Efficacy
The median follow-up time was 19.0 months (interquar-
tile ranges, 12.0-24.0 months). All 36 patients completed 
radiotherapy with a median dose of 50 Gy (range, 45-55 
Gy), and patients received camrelizumab with a median 
cycle number of 15 (range, 2-31) (Additional file  2: 
Table  S1). Fifteen (41.7%) patients were still receiving 
treatment and 21 (58.3%) patients discontinued treat-
ment, including 20 (55.6%) patients due to progressive 
disease and one (2.8%) due to AEs. In patients with dis-
ease progression, patterns of failure included local, intra-
hepatic, and distant progression or two of the above. 
Detailed data are shown in Additional file  2: Table  S2. 
Most progression was intrahepatic combined with dis-
tant progression, followed by intrahepatic progression. 
After discontinuing camrelizumab, 18 patients received 
chemotherapy and three patients underwent the best 
supportive care as postprotocol interventions (Addi-
tional file 2: Table S3). Twenty-one (58.3%) patients had 
disease progression or had died, and the median PFS was 
12.0 months (95% CI, 7.5-not estimable), with a 1-year 
PFS rate of 44.4% (95% CI, 30.8-64.0) (Fig. 2A, Table 2). 
Fifteen (41.7%) deaths occurred, and the median OS 
was 22.0 months (95% CI, 15.0-not estimable) (Fig.  2B, 
Table  2). Moreover, 22 (61.1% [95% CI, 43.5-76.9]) 
patients had an objective response, including 4 (11.1%) 
CR and 18 (50.0%) PR; 9 (25.0%) patients presented SD 
and 31 (86.1% [95% CI, 70.5-95.3]) patients had disease 
control (Fig. 3, Table 2).

Tumor mutational burden, PD‑L1 expression, 
and Microsatellite Instability
Exploratory subgroup analyses of PFS and OS are shown 
in Fig. 4. And the results of 1-year PFS, ORR, and DCR 
in the subgroups of TMB, PD-L1, and microsatellite sta-
tus were presented in Additional file  2: Table  S4. Com-
pared with 21 (58.3%) patients with low TMB, 15 (41.7%) 
patients with high TMB showed no statistically signifi-
cant difference in median PFS (18.0 versus 9.0 months, 
nominal P = 0.093). (Figure  4A). And the 1-year PFS 
rates were 33.3% (95% CI, 18.2-61.0) and 60.0% (95% CI, 
39.7-90.7) in the TMB low and high groups, respectively 
(Additional file 2: Table S4). In addition, median OS was 
prolonged in patients with high TMB compared with 
those with low TMB (24.0 versus 15.0 months, nominal P 
= 0.041) (Fig. 4B). Objective response and disease control 
were achieved in 86.7% and 100% of patients with high 
TMB compared to 42.9% and 76.2% of patients with low 
TMB (nominal P < 0.001 and nominal P = 0.042, respec-
tively). In addition, no obvious difference was found in 
median PFS (Fig.  4C, E), median OS (Fig.  4D, F), over-
all response rate (ORR), or disease control rate (DCR) 
between different PD-L1 and microsatellite status sub-
groups. However, patients with MSI seemed to have a 
better trend for ORR and DCR.

Safety
One patient discontinued treatment because of immune-
related bullous dermatitis. Two patients interrupted 
treatment due to immune-related decreased platelet 
count or radiotherapy-related deep-vein thrombosis. 
Seventeen of 36 (47.2%) patients experienced treatment-
related AEs of any grade. The most common AEs included 
reactive cutaneous capillary endothelial proliferation  

Fig. 1 Flow diagram for the phase II study of radiotherapy with anti-PD-1 antibody as first-line therapy treating patients with unresectable iCCA. AE, 
adverse event; iCCA, intrahepatic cholangiocarcinoma; IO, immunotherapy; PD-1, programmed cell death-1; RT, radiotherapy



Page 5 of 11Zhu et al. BMC Medicine          (2024) 22:165  

(9 [25.0%]), decreased lymphocyte (8 [22.2%]), decreased 
white-cell count (8 [22.2%]), and decreased neutrophils 
(6 [16.7%]). The most common radiotherapy-related 
AE was decreased lymphocyte (8 [22.2%]), while reac-
tive cutaneous capillary endothelial proliferation (9 
[25.0%]) was the most common immune-related AE. 

Grade 3 or higher AEs occurred in 5 (13.9%) patients, 
including radiotherapy-related decreased lymphocyte  
(2 [5.6%]), radiotherapy-related deep-vein thrombosis 
(1 [2.8%]), immune-related bullous dermatitis (1 [2.8%]), 
and immune-related decreased platelet count (1 [2.8%]) 
(Table  3, Additional file  2: Table  S5-6). Treatment-
related serious AEs occurred in 3 (8.3%) of 36 patients, 
including radiotherapy-related deep-vein thrombosis  
(1 [2.8%]), immune-related bullous dermatitis (1 [2.8%]), 
and immune-related decreased platelet count (1 [2.8%]) 
(Table  3, Additional file  2: Table  S5-6). No unexpected 
AEs occurred, and no treatment-related deaths occurred.

Discussion
To the best of our knowledge, this phase II study is the 
first to report the safety and efficacy of radiotherapy in 
combination with an anti-PD-1 antibody as first-line 
therapy in unresectable iCCA without distant metas-
tases. Our study provides preliminary evidence that 
radiotherapy combined with the subsequent anti-PD-1 
antibody resulted in acceptable antitumor activity and 
toxicity in patients with unresectable iCCA.

Although radiotherapy is recommended as adjuvant 
therapy, it is also used in clinical practice for patients 
with unresectable iCCA. A recent meta-analysis cal-
culated a pooled weighted mean OS of 18.9 months in 
iCCA patients given external beam radiotherapy, 72.8% of 
whom received concomitant systemic chemotherapy [22]. 
The results are heterogeneous ranging from 14.2 to 23.5 
months with wide CIs, probably due to the heterogene-
ity of the radiotherapy modalities and study populations. 
Preclinical data have demonstrated that radiotherapy 
can sensitize refractory tumors to PD-1/PD-L1 block-
ade by modulating the immunogenicity of tumor cells, 
enhancing antigen-specific CD8+ T-cell responses, and 
increasing PD-L1 expression on tumor cells and immune 
cells in the tumor microenvironment [17]. As reported 
in previous studies, radiotherapy combined with immu-
notherapy showed antitumor activity in different types 
of cancer [19, 23–25]. Based on these rationales, radio-
therapy combined with immunotherapy strategy is being 
explored in patients with unresectable iCCA. We recently 
reported the results of a prospective observational study 
of patients with unresectable BTC without distant metas-
tases including over 80% CCA treated with radiotherapy 
plus camrelizumab or chemotherapy. The median disease-
free survival and OS in the chemotherapy group were 7.9 
and 11.5 months, while the median disease-free survival 
and OS in the combined therapy group were 12.5 and 17 
months, respectively [26].

In this study of radiotherapy combined with camreli-
zumab, the median PFS and OS were up to 12.0 months 
and 22.0 months, respectively; the ORR and DCR for 

Table 1 Baseline patient demographics and disease characteristics

Data are median (range) or n (%)

CA carbohydrate antigen, CEA carcinoembryonic antigen, ECOG Eastern 
Cooperative Oncology Group, MSI microsatellite instability, MSS microsatellite 
stability, PD-L1 programmed death-ligand 1, TBIL total bilirubin, TMB tumor 
mutational burden, TNM tumor-node-metastasis

Characteristics Patients (N=36)

Age, years 62 (28-75)

Sex
 Male 23 (63.9)

 Female 13 (36.1)

ECOG performance status
 0 28 (77.8)

 1 8 (22.2)

Type of tumor
 Primary 24 (66.7)

 Recurrent 12 (33.3)

Size of primary tumor, cm
 ≤5 14 (38.9)

 >5 22 (61.1)

Lymph node status
 Negative 14 (38.9)

 Positive 22 (61.1)

TNM stage
 II 3 (8.3)

 III 33 (91.7)

CEA, ng/mL 4 (1-25)

CA19‑9, ng/mL 1243 (2->12,000)

TMB status
 High 15 (41.7)

 Low 21 (58.3)

PD‑L1 result
 Negative 30 (83.3)

 Positive 6 (16.7)

Microsatellite status
 MSI 4 (11.1)

 MSS 32 (88.9)

Multifocal lesions
 Single 20 (55.6)

 Multiple 16 (44.4)

Albumin, g/L 36 (28-49)

TBIL, μmol/L 14.3 (3.5-33.0)

Cirrhosis
 Yes 11 (30.6)

 No 25 (69.4)
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all 36 patients were up to 61.1% and 86.1%, respectively. 
Furthermore, the ABC-02 study of combination chemo-
therapy with gemcitabine plus cisplatin as the first-
line therapy for unresectable BTC resulted in a DCR of 
81.4%, a median PFS of 8.0 months, and a median OS 
of 11.7 months [6]. Additionally, the TOPAZ-1 trial of 
durvalumab plus chemotherapy as the first-line set-
ting for unresectable BTC showed a median OS of 12.8 
months and a median PFS of 7.2 months [14]. Similarly, 
the KEYNOTE 966 study also showed that patients with 
unresectable locally advanced or metastatic disease 
receiving pembrolizumab plus chemotherapy as first-
line therapy achieved a median OS of 12.7 months and 
a median PFS of 6.5 months. These results are lower 
than those reported in our study. However, the ABC-
02, TOPAZ-1, and KEYNOTE 966 studies included 

both metastatic and locally advanced diseases, among 
which more than half of patients had CCA. Patients with 
unresectable iCCA without distant metastases differ in 
clinical characteristics and prognosis from those with 
metastatic disease, and therefore they may be treated 
with alternative treatment strategies. Recently, Edeline et 
al. [27] collected and analyzed the data of iCCA patients 
from several prospective clinical trials. They reported a 
1-year PFS of 37% under treatment with systemic chemo-
therapy, which was higher than previous studies found 
but slightly lower than we found. Their findings were 
derived from advanced liver-only iCCA treated in the 
first line, while the present study included patients with 
unresectable primary or postoperative recurrent iCCA 
without distant metastases rather than advanced liver-
only iCCA.

Fig. 2 Kaplan-Meier plots of PFS and OS in all included patients. A PFS of all 36 enrolled patients. B OS of all 36 enrolled patients. OS, overall 
survival; PFS, progression-free survival
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TMB has been suggested to be correlated with a 
favorable response and survival to immunotherapy in 
various cancers [12, 28–30]. Consistent with previous 
findings, in the present study, both response and OS 
were significantly better in the high TMB group than 

in the low TMB group. In the KEYNOTE-158 study on 
pembrolizumab as the second-line or later-line therapy 
for patients with unresectable BTC, PD-L1-positive 
patients had an objective response of 6.6%, median PFS 
of 1.9 months, and median OS of 7.2 months, compared 
with 2.9%, median PFS of 2.1 months, and median OS 
of 9.3 months for PD-L1-negative patients [9]. In the 
TOPAZ-1 study, there was no significant difference 
in OS and PFS between patients with PD-L1 tumor 
area positivity of 1% or higher and those with a PD-L1 
tumor area positivity score of less than 1% [14]. Simi-
larly, no association between PD-L1 status and clinical 
efficacy was found in this study. The predictive role of 
PD-L1 status on efficacy in unresectable iCCA is unclear. 
Finally, MSI is a predictor for anti-PD-1 treatment in 
several types of cancers [31]. In this study, due to the 
influence of population heterogeneity, patients had a 
relatively higher proportion (11.1%) of MSI, which was 
expected to be sensitive to anti-PD-1 antibodies. Three 
of four MSI patients achieved CR or PR, but there was 
no correlation between microsatellite status and sur-
vival outcomes. Further studies are needed in more PD-
L1-positive or MSI-high iCCA patients.

Table 2 Summary of endpoints: overall response and survival

Data are n (%) or n (% [95% CI]), unless specified otherwise. Complete response 
and partial response were confirmed on a follow-up scan more than 4 weeks 
after an initial evaluation according to RECIST v1.1

CI confidence interval

Variable Patients (n=36)

Overall response
 Complete response 4 (11.1)

 Partial response 18 (50.0)

 Stable disease 9 (25.0)

 Progressive disease 5 (13.9)

 Objective response rate 61.1 (43.5-76.9)

 Disease control rate 86.1 (70.5-95.3)

One‑year progression‑free survival rate 44.4 (30.8-64.0)

Median overall survival, months 22.0 (15.0-not estimable)

Median progression‑free survival, months 12.0 (7.5-not estimable)

Fig. 3 Tumor responses of patients with unresectable iCCA. A Waterfall plots of maximal change of tumor size from baseline in target lesion(s) 
assessed using RECIST version 1.1. B Swimmer plot of Percent change in tumor dimension of comparable lesion(s) at best responses. C Change 
of individual tumor burden over time from baseline assessed using RECIST version 1.1. RECIST, Response Evaluation Criteria in Solid Tumors
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In this study, the most common AEs were reactive 
cutaneous capillary endothelial proliferation, decreased 
white-cell count, and decreased lymphocyte, and the 
incidence of grade 3 or higher AEs was only 13.9%, 
which was notably lower than the 63-71% in patients 
receiving standard cisplatin plus gemcitabine chemo-
therapy with or without immunotherapy [6, 14, 15]. In 
addition, the incidence of grade 3 or higher AEs was 
similar to that of BTC patients treated with anti-PD-1 
antibody monotherapy [11], which suggests that radio-
therapy did not increase the toxicity of anti-PD-1 anti-
body monotherapy. Furthermore, the corresponding 
incidence rate of grade 3 or higher AEs in our study was 
generally comparable with those reported in patients 
with other advanced solid tumors undergoing radiother-
apy plus immunotherapy [25].

Transarterial chemoembolization, selective internal 
radiation therapy, and hepatic arterial infusion chemo-
therapy, as well as other locoregional treatments, are 
also reported in iCCA. In the phase II clinical trials, the 
median PFS and median OS reached 11.8 months and 
25.0 months in unresectable iCCA patients receiving 

hepatic arterial infusion of floxuridine combined with 
systemic gemcitabine and oxaliplatin, while the corre-
sponding values were 14 months and 22 months among 
those with combination chemotherapy and selective 
internal radiation therapy [32, 33]. Another randomized 
phase II study demonstrated an improved median PFS 
and median OS in unresectable iCCA treated by sys-
tem chemotherapy with irinotecan drug-eluting beads 
therapy by transarterial infusion compared with chemo-
therapy alone [34]. However, grade 3 or higher AEs were 
non-negligible in the previous reports and were higher 
than those of the present strategy. Thus, we will explore 
better schemes that might be more suitable for different 
populations based on current and previous findings in 
future studies.

There are several limitations to this study. First, the 
sample size of this study was small and patients were 
enrolled in one center. Furthermore, this study lacked a 
control group. Second, our statistical assumptions were 
mainly based on the ABC-02 trial, which included a 
combination of locally-advanced and metastatic BTC 
from all sites. Heterogeneity of the population probably 

Fig. 4 Patient survival in relation to TMB, PD-L1, or microsatellite status and genetic alterations. Kaplan-Meier plots of median (A) PFS and (B) OS 
of TMB high versus TMB low patients. Median (C) PFS and (D) OS of PD-L1 positive versus PD-L1 negative patients. Median (E) PFS and (F) OS of MSI 
versus MSS patients. MSI, microsatellite instability; MSS, microsatellite stability; PD-L1, programmed death-ligand 1; TMB, tumor mutational burden
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introduces bias into the results. Third, although correla-
tion between biomarkers and survival was performed, 
molecular alterations were absent in the present study, 
which will be taken into consideration in future trials. A 
large multicenter randomized phase 3 study is needed to 
confirm the efficacy and safety of external radiotherapy 
combined with anti-PD-1 antibody in unresectable iCCA 
and other types of BTC.

Conclusions
Our trial met its primary endpoint and showed a posi-
tive result, that external radiotherapy plus camreli-
zumab had acceptable antitumor activity and safety 
profile in patients with unresectable iCCA without 
distant metastases. The efficacy of this regimen was 
related to the TMB status but warranted further inves-
tigation in phase 3 randomized controlled trials.

Abbreviations
AEs  Adverse events
BTC  Biliary tract cancer
CCA   Cholangiocarcinoma
CR  Complete response
CTV  Clinical target volume
DCR  Disease control rate
GTV  Gross tumor volume
iCCA   Intrahepatic cholangiocarcinoma
MSI  Microsatellite instability
ORR  Objective response rate
OS  Overall survival
PD-1  Programmed death-1
PD-L1  Programmed cell death-ligand 1
PFS  Progression-free survival
PR  Partial response
RECIST  Response evaluation criteria in solid tumors
SD  Stable disease
TMB  Tumor mutational burden
ULN  Upper limit of normal

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12916- 024- 03381-4.

Additional File 1: The protocol of clinical trial.

Additional File 2: Table S1‑S6. Table S1 - Treatment exposure. Table S2 
- Disease progression. Table S3 - Post-protocol interventions. Table S4 
- 1-year PFS rates, ORR, DCR for different TMB, PD-L1 expression and micro-
satellite instability subgroups. Table S5 - Radiotherapy-related adverse 
events. Table S6 - Immune-related adverse events.

Acknowledgements
We thank the participants, their families, and all the investigators involved in 
this study.

Authors’ contributions
Conceptualization, Z.P.; Methodology, M.Z., M.J., X.Z, S.S., Y.C., H.X., B.L. and Z.P.; 
Investigation, all authors; Writing - Original Draft, M.Z., M.J. and X.Z.; Writing - 
Review & Editing, all authors; Funding Acquisition, Z.P. and M.J.; Supervision, 
S.S., G.W., Q.H. and Z.P.; M.Z., M.J., X.Z. and S.S. are co-first authors. All authors 
read and approved the final manuscript.

Funding
This study was supported by the National Natural Science Foundation of 
China (No. 82072029), the National high level talents special support plan-
“Ten thousand plan”-Young top-notch talent support program, and the 
Doctor of excellence program (DEP), The First Hospital of Jilin University (No. 
JDYY-DEP-2023028).

Availability of data and materials
Data generated or analyzed during the study are available from the corre-
sponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with both the Declarations of 
Helsinki and Istanbul and was approved by the Ethics Committee of the First 
Affiliated Hospital of Sun Yat-sen University (No.2019234). Written informed 
consent was obtained from each subject before initiating any study-related 
procedure.

Consent for publication
This article did not report any individual participant’s data.

Table 3 Treatment-related adverse events

Data are n (%). Adverse events were graded according to Common Terminology 
Criteria for Adverse Events version 5.0

ALT alanine aminotransferase, AST aspartate aminotransferase

Any grade Grade≥3

Any 17 (47.2) 5 (13.9)

Hematologic toxic effects
Decreased white-cell count 8 (22.2) 0

Decreased lymphocyte 8 (22.2) 2 (5.6)

Decreased neutrophils 6 (16.7) 0

Anemia 2 (5.6) 0

Decreased platelet count 1 (2.8) 1 (2.8)

Liver function
Increased ALT 4 (11.1) 0

Increased AST 3 (8.3) 0

Hypoalbuminemia 2 (5.6) 0

Nonhematologic toxic effects
Reactive cutaneous capillary endothelial 
proliferation

9 (25.0) 0

Rash 5 (13.9) 0

Abdominal pain 5 (13.9) 0

Fatigue 5 (13.9) 0

Decreased appetite 5 (13.9) 0

Nausea 4 (11.1) 0

Biliary tract infection 4 (11.1) 0

Fever 4 (11.1) 0

Proteinuria 2 (5.6) 0

Hypothyroidism 2 (5.6) 0

Vomiting 2 (5.6) 0

Diarrhea 2 (5.6) 0

Bullous dermatitis 1 (2.8) 1 (2.8)

Deep-vein thrombosis 1 (2.8) 1 (2.8)

https://doi.org/10.1186/s12916-024-03381-4
https://doi.org/10.1186/s12916-024-03381-4


Page 10 of 11Zhu et al. BMC Medicine          (2024) 22:165 

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Radiation Oncology, The First Affiliated Hospital of Sun Yat-
Sen University, Guangzhou 510080, China. 2 Department of Radiation Therapy, 
The First Hospital of Jilin University, Changchun 130021, China. 3 Department 
of Liver Surgery, Center of Hepato-Pancreato-Biliary Surgery, The First Affiliated 
Hospital of Sun Yat-sen University, Guangzhou 510080, China. 4 Key Laboratory 
for Stem Cells and Tissue Engineering, Ministry of Education, Sun Yat-sen Uni-
versity, Guangzhou 510080, China. 5 Department of Histology and Embryology, 
Zhongshan School of Medicine, Sun Yat-sen University, Guangzhou 510080, 
China. 6 Division of Interventional Ultrasound, The First Affiliated Hospital 
of Sun Yat-sen University, Guangzhou 510080, China. 7 Clinical Trials Unit, The 
First Affiliated Hospital of Sun Yat-sen University, Guangzhou 510080, China. 
8 Institute of Precision Medicine, The First Affiliated Hospital of Sun Yat-sen Uni-
versity, Guangzhou 510080, China. 9 Cancer Center, The First Affiliated Hospital 
of Sun Yat-sen University, Guangzhou 510080, China. 10 Department of Radia-
tion Oncology, Clinical Trials Unit, Institute of Precision Medicine, Cancer 
Center, The First Affiliated Hospital of Sun Yat-sen University, No.58 Zhongshan 
Road 2, Yuexiu District, Guangzhou 510080, Guangdong, China. 

Received: 1 October 2023   Accepted: 5 April 2024

References
 1. Sirica AE, Gores GJ, Groopman JD, Selaru FM, Strazzabosco M, Wei Wang 

X, et al. Intrahepatic cholangiocarcinoma: continuing challenges and 
translational advances. Hepatology. 2019;69(4):1803–15.

 2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, 
et al. Global cancer statistics 2020: globocan estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209–49.

 3. Bertuccio P, Malvezzi M, Carioli G, Hashim D, Boffetta P, El-Serag HB, et al. 
Global trends in mortality from intrahepatic and extrahepatic cholangio-
carcinoma. J Hepatol. 2019;71(1):104–14.

 4. Bridgewater J, Galle PR, Khan SA, Llovet JM, Park J-W, Patel T, et al. Guide-
lines for the diagnosis and management of intrahepatic cholangiocarci-
noma. J Hepatol. 2014;60(6):1268–89.

 5. Benson AB, D’Angelica MI, Abbott DE, Anaya DA, Anders R, Are C, et al. 
Hepatobiliary cancers, version 2.2021, NCCN clinical practice guidelines in 
oncology. J Natl Compr Canc Netw. 2021;19(5):541–65.

 6. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, Maraveyas 
A, et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract 
cancer. N Engl J Med. 2010;362(14):1273–81.

 7. Marcus L, Lemery SJ, Keegan P, Pazdur R. FDA approval summary: 
pembrolizumab for the treatment of microsatellite instability-high solid 
tumors. Clin Cancer Res. 2019;25(13):3753–8.

 8. Fiste O, Ntanasis-Stathopoulos I, Gavriatopoulou M, Liontos M, Kout-
soukos K, Dimopoulos MA, et al. The emerging role of immunotherapy in 
intrahepatic cholangiocarcinoma. Vaccines (Basel). 2021;9(5).

 9. Bang YJ, Ueno M, Malka D, Chung HC, Nagrial A, Kelley RK, et al. Pembroli-
zumab (pembro) for advanced biliary adenocarcinoma: Results from the 
KEYNOTE-028 (KN028) and KEYNOTE-158 (KN158) basket studies. J Clin 
Oncol. 2019;37(15).

 10. Ueno M, Chung HC, Nagrial A, Marabelle A, Kelley RK, Xu L, et al. 
Pembrolizumab for advanced biliary adenocarcinoma: Results from the 
multicohort, phase II KEYNOTE-158 study. Ann Oncol. 2018;29:210.

 11. Piha-Paul SA, Oh DY, Ueno M, Malka D, Chung HC, Nagrial A, 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(8):2190–8.

 12. Kim RD, Chung V, Alese OB, El-Rayes BF, Li D, Al-Toubah TE, et al. A phase 2 
multi-institutional study of nivolumab for patients with advanced refrac-
tory biliary tract cancer. JAMA Oncol. 2020;6(6):888–94.

 13. Ueno M, Ikeda M, Morizane C, Kobayashi S, Ohno I, Kondo S, et al. 
Nivolumab alone or in combination with cisplatin plus gemcitabine in 
Japanese patients with unresectable or recurrent biliary tract cancer: a 

non-randomised, multicentre, open-label, phase 1 study. Lancet Gastro-
enterol Hepatol. 2019;4(8):611–21.

 14. Oh D-Y, Ruth He A, Qin S, Chen L-T, Okusaka T, Vogel A, et al. Durvalumab 
plus gemcitabine and cisplatin in advanced biliary tract cancer. NEJM 
Evid. 2022;1(8):EVIDoa2200015.

 15. Kelley RK, Ueno M, Yoo C, Finn RS, Furuse J, Ren Z, et al. Pembrolizumab in 
combination with gemcitabine and cisplatin compared with gemcit-
abine and cisplatin alone for patients with advanced biliary tract cancer 
(KEYNOTE-966): a randomised, double-blind, placebo-controlled, phase 3 
trial. Lancet. 2023;401(10391):1853–65.

 16. Gkika E, Hawkins MA, Grosu AL, Brunner TB. The evolving role of radiation 
therapy in the treatment of biliary tract cancer. Front Oncol. 2020;10:604387.

 17. Yi M, Zheng X, Niu M, Zhu S, Ge H, Wu K. Combination strategies with 
PD-1/PD-L1 blockade: current advances and future directions. Mol Can-
cer. 2022;21(1):28.

 18. Luke JJ, Lemons JM, Karrison TG, Pitroda SP, Melotek JM, Zha Y, et al. 
Safety and clinical activity of pembrolizumab and multisite stereotactic 
body radiotherapy in patients with advanced solid tumors. J Clin Oncol. 
2018;36(16):1611–8.

 19. Zhang W, Yan C, Gao X, Li X, Cao F, Zhao G, et al. Safety and feasibility of 
radiotherapy plus camrelizumab for locally advanced esophageal squa-
mous cell carcinoma. Oncologist. 2021;26(7):e1110-e1e24.

 20. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, 
et al. New response evaluation criteria in solid tumours: revised RECIST 
guideline (version 1.1). Eur J Cancer. 2009;45(2):228–47.

 21. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, Maraveyas 
A, et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract 
cancer. N Engl J Med. 2010;362(14):1273–81.

 22. Edeline J, Lamarca A, McNamara MG, Jacobs T, Hubner RA, Palmer D, 
et al. Locoregional therapies in patients with intrahepatic cholangio-
carcinoma: A systematic review and pooled analysis. Cancer Treat Rev. 
2021;99:102258.

 23. Zhu X, Cao Y, Liu W, Ju X, Zhao X, Jiang L, et al. Stereotactic body radio-
therapy plus pembrolizumab and trametinib versus stereotactic body 
radiotherapy plus gemcitabine for locally recurrent pancreatic cancer 
after surgical resection: an open-label, randomised, controlled, phase 2 
trial. Lancet Oncol. 2021;22(8):1093–102.

 24. Parikh AR, Szabolcs A, Allen JN, Clark JW, Wo JY, Raabe M, et al. Radiation 
therapy enhances immunotherapy response in microsatellite stable 
colorectal and pancreatic adenocarcinoma in a phase II trial. Nat Cancer. 
2021;2(11):1124–35.

 25. Siva S, Bressel M, Wood ST, Shaw MG, Loi S, Sandhu SK, et al. Stereotactic 
radiotherapy and short-course pembrolizumab for oligometastatic renal 
cell carcinoma-the rapport trial. Eur Urol. 2022;81(4):364–72.

 26. Chen Y, Wei M, Shen S, Chen S, Li D, Wang Y, et al. The combination of 
radiation therapy and immunotherapy is effective and well-tolerated 
for unresectable biliary tract cancer. Int J Radiat Oncol Biol Phys. 
2022;113(4):816–24.

 27. Edeline J, Bridgewater J, Campillo-Gimenez B, Neveu E, Phelip JM, Neuzil-
let C, et al. Chemotherapy with or without selective internal radiation 
therapy for intrahepatic cholangiocarcinoma: Data from clinical trials. 
Hepatology. 2024;79(1):96–106.

 28. Marabelle A, Fakih M, Lopez J, Shah M, Shapira-Frommer R, Nakagawa 
K, et al. Association of tumour mutational burden with outcomes in 
patients with advanced solid tumours treated with pembrolizumab: 
prospective biomarker analysis of the multicohort, open-label, phase 2 
KEYNOTE-158 study. Lancet Oncol. 2020;21(10):1353–65.

 29. Wang F, Wei XL, Wang FH, Xu N, Shen L, Dai GH, et al. Safety, efficacy and 
tumor mutational burden as a biomarker of overall survival benefit in 
chemo-refractory gastric cancer treated with toripalimab, a PD-1 antibody 
in phase Ib/II clinical trial NCT02915432. Ann Oncol. 2019;30(9):1479–86.

 30. Samstein RM, Lee CH, Shoushtari AN, Hellmann MD, Shen R, Janjigian 
YY, et al. Tumor mutational load predicts survival after immunotherapy 
across multiple cancer types. Nat Genet. 2019;51(2):202–6.

 31. Dudley JC, Lin MT, Le DT, Eshleman JR. Microsatellite Instability as a 
Biomarker for PD-1 Blockade. Clin Cancer Res. 2016;22(4):813–20.

 32. Cercek A, Boerner T, Tan BR, Chou JF, Gönen M, Boucher TM, et al. Assess-
ment of hepatic arterial infusion of floxuridine in combination with systemic 
gemcitabine and oxaliplatin in patients with unresectable intrahepatic 
cholangiocarcinoma: a phase 2 clinical trial. JAMA Oncol. 2020;6(1):60–7.



Page 11 of 11Zhu et al. BMC Medicine          (2024) 22:165  

 33. Edeline J, Touchefeu Y, Guiu B, Farge O, Tougeron D, Baumgaertner I, et al. 
Radioembolization plus chemotherapy for first-line treatment of locally 
advanced intrahepatic cholangiocarcinoma: a phase 2 clinical trial. JAMA 
Oncol. 2020;6(1):51–9.

 34. Martin RCG 2nd, Simo KA, Hansen P, Rocha F, Philips P, McMasters KM, 
et al. Drug-eluting bead, irinotecan therapy of unresectable intrahepatic 
cholangiocarcinoma (DELTIC) with concomitant systemic gemcitabine 
and cisplatin. Ann Surg Oncol. 2022;29(9):5462–73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Anti-PD-1 antibody in combination with radiotherapy as first-line therapy for unresectable intrahepatic cholangiocarcinoma
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Study Design and Participants
	Treatment and Assessments
	Outcomes
	Statistical Analysis

	Results
	Patient Characteristics
	Efficacy
	Tumor mutational burden, PD-L1 expression, and Microsatellite Instability
	Safety

	Discussion
	Conclusions
	Acknowledgements
	References


