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Abstract
Background Radiotherapy (RT) may function synergistically with immunotherapy and targeted agents (TA). This study 
aimed to assess the effectiveness and safety of RT combined with programmed death-1 (PD-1) inhibitors and lenvatinib in 
patients with relapsed or refractory advanced biliary tract carcinoma (BTC).
Methods This retrospective study included patients with relapsed or refractory advanced BTC who received RT combined 
with PD-1 inhibitors and lenvatinib at the Peking Union Medical College Hospital (PUMCH). Overall survival (OS), 
progression-free survival (PFS), objective response rate (ORR), disease control rate (DCR), and safety were evaluated.
Results Thirty-one patients who received RT combined with PD-1 inhibitors and lenvatinib as a second- or later-line therapy 
were analyzed. RT sites were mainly distributed in the liver lesions (64.5%) and lymph nodes (58.1%). The ORR and DCR 
were 32.3% (10/31; 95% CI: 14.8–49.7) and 87.1% (27/31; 95% CI: 74.6–99.6), respectively. The median PFS (mPFS) and 
median OS (mOS) were 7.9 (95% CI: 7.1–8.7) and 11.7 (95% CI: 8.3–15.0) months, respectively. Subgroup analyses of 
this cohort included 12 and 19 patients who received concurrent and salvage (> 6 weeks after commencing PD-1 inhibitor 
therapy) RT, respectively. The salvage RT group had higher mOS (11.7 vs. 10.5; p = 0.75) and mPFS (7.9 vs. 6.9; p = 0.85) 
than the concurrent RT group; however, statistical significance was not reached. All patients experienced any-grade adverse 
events (AEs), and excessive PD-1 inhibitors or RT toxicity were not observed.
Conclusions RT, PD-1 inhibitors, and lenvatinib may be safely combined and have antitumor effectiveness in patients with 
advanced BTC.
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PFS  Progression-free survival
PR  Partial response
RECIST  Response evaluation criteria in solid tumors
RT  Radiotherapy
SD  Stable disease
TA  Targeted agents

Introduction

Biliary tract carcinomas (BTC), including intrahepatic 
cholangiocarcinoma (ICC), extrahepatic cholangiocarci-
noma (ECC), and gallbladder cancer (GBC), are aggres-
sive malignancies [1]. The incidence and mortality of BTC, 
mainly ICC, have increased in recent years [2, 3]. BTC has 
a poor prognosis, and the overall 5-year overall survival rate 
of patients with BTC is < 20% [4]. Patients are usually diag-
nosed with advanced-stage disease, and a small proportion 
of them is eligible to undergo surgery [5].

Gemcitabine plus cisplatin (GC) is approved as first-line 
therapy for advanced BTC [6], and folinic acid with fluo-
rouracil and oxaliplatin (FOLFOX) is recommended as a 
second-line treatment [7]. Both first- and second-line treat-
ments have modest survival benefits. However, the subse-
quent available antitumor solutions are limited for patients 
with advanced BTC who experience disease progression 
after chemotherapy failure [8].

Immunotherapy and lenvatinib have shown promising 
effects in treating multiple tumor types [6]. However, the 
treatment effectiveness of either PD-1 inhibitors alone or 
PD-1 inhibitors combined with lenvatinib is far from satis-
factory in BTC [9, 10]. A systematic review demonstrated 
that RT has survival benefits for patients with advanced BTC 
[11]. In addition, studies have shown that RT improves the 
effectiveness of PD-1 inhibitors [12].

Considering the different anti-malignancy mechanisms of 
lenvatinib, PD-1 inhibitors, and RT, combining these three 
modalities may have a potential synergistic effect and prom-
ising preliminary effectiveness in advanced BTC. There-
fore, this study investigated the effectiveness and safety of 
a combination of RT with PD-1 inhibitors and lenvatinib in 
patients with relapsed or refractory advanced BTC.

Materials and methods

Participants and treatment

We retrospectively collected data from patients with relapsed 
or refractory advanced BTC who received RT combined 
with PD-1 inhibitors and lenvatinib at the Peking Union 
Medical College Hospital (PUMCH) between January 
31, 2020 and November 29, 2021. The primary eligibility 

criteria included histologically confirmed ECC, ICC, or 
GBC; at least one measurable or evaluable tumor lesion 
according to the Response Evaluation Criteria in Solid 
Tumors version 1.1 (RECIST 1.1); and the need for further 
systemic treatment. The disease progressed in all patients 
despite previously receiving at least first-line systemic ther-
apy. In addition, data on patients’ demographic, surgical, 
pathological, regional, and systemic treatment information 
were recorded. The study protocol complied with the Dec-
laration of Helsinki and was approved by the Institutional 
Review Board and Ethics Committee at Peking Union Medi-
cal College Hospital.

The patients either received RT concomitantly with 
PD-1 inhibitors or PD-1 inhibitors before RT. Lenvatinib 
was administered orally at a dose of 12 mg (for patients 
with body weight ≥ 60 kg) or 8 mg (for patients with body 
weight < 60 kg) once daily. The PD-1 inhibitor dose included 
a fixed dose of 200 mg (or 240 mg of toripalimab) every 
3 weeks or 3 mg/kg every 3 weeks.

We assessed the effectiveness and safety of RT combined 
with PD-1 inhibitors and lenvatinib. In addition, we per-
formed a subgroup analysis in the study cohort based on the 
time interval between RT and PD-1 inhibitor administra-
tion. The patients were grouped as follows: (1) concurrent 
RT group with RT administered simultaneously with PD-1 
inhibitors, or no later than 6 weeks after commencing PD-1 
therapy; (2) “salvage” RT group with RT administered due 
to clinical or radiological progression of the disease or sta-
ble disease (SD) noted > 6 weeks after commencing PD-1 
inhibitor administration [13].

Patients underwent intensity-modulated radiation therapy 
(IMRT). The radiation dose was prescribed to the isocenter 
or 95% planning target volume as 24.0–60.0 Gy in 6–27 
fractions or a single dose between 1.8 and 6.0 Gy for tumor 
sites not more than five times a week, at the physician's 
discretion.

Outcome assessments

The overall response was assessed using enhanced computed 
tomography (CT) or magnetic resonance imaging (MRI) 
according to RECIST 1.1 by professional radiologists at the 
center of PUMCH. Therapeutic effectiveness included the 
objective response rate (ORR) (the proportion of patients 
with confirmed complete response (CR) and partial response 
(PR)), progression-free survival (PFS), overall survival 
(OS), disease control rate (DCR) (the proportion of patients 
who achieved an objective response or SD), and safety. PFS 
was defined as the time from the start of PD-1 inhibitors 
administration to disease progression at any site or death. 
Additionally, OS was defined as the time from commenc-
ing PD-1 inhibitors administration to the date of death. In 
addition, adverse events (AEs) were categorized and graded 
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according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events, version 4.0 (CTCAE 
4.0).

Statistical analysis

All statistical analyses were performed using the data 
obtained by the cut-off date of June 1, 2022. Continuous 
variables are listed as median with interquartile range (IQR) 
while categorical variables are listed as a percentage of the 
total. The Kaplan–Meier method and bilateral log-rank 
test were used to generate PFS and OS curves. The χ2 test, 
Fisher's exact test, and Spearman’s ρ coefficient test were 
performed as appropriate to compare the individual vari-
ables. All statistical analyses were performed using SPSS 
22 (version 22.0, SPSS Inc., Chicago, IL, USA) and R (ver-
sion 4.0.3).

Results

The patient demographics and baseline 
characteristics

Between January 31, 2020, and November 29, 2021, 31 
patients with advanced BTC were included in this study. 
The median follow-up was 13.5 months. The baseline char-
acteristics of the patients are shown in Table 1 (Supplym-
entary table S1). The median age of the patients was 61 
(IQR: 54.5–65.8) years, and 58.1% were male. The primary 
tumor sites were as follows: 19 ICCs (61.3%), four ECCs 
(12.9%), and eight GBCs (25.8%). All patients had under-
gone at least the first line of antitumor treatment. Further-
more, local relapse was observed postoperatively in 16.1% 
of the patients. In addition, 34.5% of the patients received 
systemic chemotherapy, and 54.8% of patients chose targeted 
therapy due to concerns about the side effects of chemother-
apy. The liver was the most common metastatic site (83.9%), 
and other metastatic lesions included brain (one patient), 
uterine (one patient), and adrenal (one patient) metastases.

RT sites were mainly distributed in the liver lesions 
(64.5%) and lymph nodes (58.1%). The median radiation 
dose delivered was 46 (range: 24–60) Gy in 6–27 fractions 
with IMRT. Nineteen (61.3%) patients received one course, 
and 12 (38.7%) received two courses.

Effectiveness

In this study, all patients underwent complete radiologi-
cal evaluation. Among the 31 patients, no patient achieved 
CR, 10 achieved PR, 17 had SD, and 4 exhibited progres-
sive disease (PD) (Table 2). The ORR was 32.3% (10/31; 

95% CI: 14.8–49.7), and the DCR was 87.1% (27/31; 95% 
CI: 74.6–99.6) (Table 2). The median PFS (mPFS) was 
7.9 (95% CI: 7.1–8.7) months, and the median OS (mOS) 
was 11.7 (95% CI: 8.3–12.9) months (Fig. 1). Figure 2A 

Table 1  Baseline characteristics

Characteristics RT plus PD-1 inhibi-
tors and lenvatinib 
(n = 31)

Age, years(median, IQR) 61(54.5 − 65.8)
Gender, n (%)
Male 18(58.1)
Female 13(41.9)
Tumor subtype, n (%)
Intrahepatic cholangiocarcinoma 19(61.3)
Extrahepatic cholangiocarcinoma 4(12.9)
Gallbladder cancer 8(25.8)
ECOG performance status, n (%)
0 13(41.9)
1 15(48.4)
2 3(9.7)
Differentiated histology, n (%)
Well 0
Moderately 3(9.7)
Poorly 9(29)
Moderately-poorly 5(16.1)
Well-moderately 0
Unsure 14(45.2)
Previous antitumor therapy, n (%)
Radical surgery resection 5(16.1)
Systemic chemotherapy 11(35.4)
Targeted therapy 17(54.8)
Site of metastases, n (%)
Intrahepatic 26(83.9)
Lymph nodes 24(77.4)
Lung 5(16.1)
Bone 7(22.6)
Other (Uterus, adrenal glands, brain) 3(9.7)
Radiotherapy dose (Gray)
Median(range) 46 (40–51)
Radiotherapy technique
Intensity-modulated radiation 31(100)
Radiotherapy site
Liver 20(64.5)
Bone 3(9.7)
Lung 9(29.0)
Soft tissue or lymph nodes in the abdominal 

cavity
18(58.1)

Type of anti-PD-1 antibodies, n (%)
Toripalimab 22(71.0)
Camrelizumab 7(22.6)
Tislelizumab 2(6.4)
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shows a waterfall plot of the target lesions from the baseline; 
among the 31 (64.5%) patients, 20 had decreased tumor size. 
Analysis of the nine measurable non-target lesions showed 
that five patients had a decrease in tumor size from baseline 
(Fig. 2B).

Among these patients, 12 (38.7%) received concurrent 
treatment with PD-1 inhibitors and RT, and 19 (61.3%) 
received “salvage” RT. Subgroup analyses of the two sub-
groups showed that the ORR and DCR were 33.3% (4/12; 
95% CI: 2–64.6) and 83.3% (10/12; 95% CI: 58.6–108.1), 

Table 2  Tumour responses 
based on RECIST 1.1

DCR, disease control rate; RECIST, response evaluation criteria in solid tumors

Evaluable patients (n = 31)

Objective response rate (95% CI) 32.3(14.8 − 49.7)
Complete response (n, %) 0
Partial response (n, %) 10(32.3)
Stable disease (n, %) 17(54.8)
Progressive disease (n, %) 4(12.9)
DCR (n, %), 95% CI 87.1(74.6 − 99.6)
Median overall survival, months (95% CI) 11.7(8.3 − 12.9)
Median progression-free survival, months (95% CI) 7.9(7.1 − 8.7)

Fig. 1  Kaplan–Meier curves for progression-free survival A and overall survival B for patients receiving RT plus PD-1 inhibitors and lenvatinib

Fig. 2  Waterfall plots of the best percentage change. The best percentage change in targeted tumor size from baseline for 31 patients A, and non-
target tumor size from baseline for nine patients B 
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respectively, in the concurrent RT group. However, in the 
salvage RT group, the ORR and DCR were 31.6% (16/19; 
95% CI: 8.6–54.6) and 89.5% (17/19; 95% CI: 74.3–104.7), 
respectively (Table  3). Furthermore, in the salvage RT 
group, one patient achieved PR before commencing RT, two 
who achieved SD before RT achieved PR, and six achieved 
SD before RT. The mPFS in the salvage and concurrent RT 
groups was 6.9 (95% CI: 7.2–8.6) and 7.9 (95% CI: 7.2–8.6) 
months, respectively (p = 0.85; Fig. 3A). The mOS in the sal-
vage and concurrent RT groups was 10.5 (95% CI: 5.8–15.2) 
and 11.7 (95% CI: 8.4–14.9) months, respectively (p = 0.75; 
Fig. 3B).

Safety

All patients experienced more than one AE, and no treat-
ment-related deaths occurred in this study (Supplymentary 
table S2). Two patients experienced grade 4 severe AEs 

(SAEs) (gastrointestinal hemorrhage and diarrhea), and 22 
(71%) experienced grade 3 AEs. The most common AEs 
(any grade) were fatigue (74.2%), hypertension (58.1%), and 
elevated alanine transaminase (ALT) or aspartate transami-
nase (AST) levels (54.8%). The most frequent grade 3 AEs 
were fatigue, rash, bilirubin elevation, and hypoproteinemia, 
with an incidence of 12.9%. All any-grade AEs recorded 
were reversible and controllable.

Discussion

Compared to the published literature, this is the first study to 
evaluate the effectiveness and safety of RT combined with 
PD-1 inhibitors and lenvatinib administration in patients 
with relapsed or refractory advanced BTC. Patients with 
relapsed or refractory advanced BTC who have received 
systemic antitumor therapy have limited treatment options, 
and their OS is poor. In addition, the effectiveness of PD-1 
inhibitors, alone or in combination with lenvatinib, is far 
from satisfactory. Most of the patients enrolled in the pre-
sent study were at an advanced BTC stage and had received 
two or more previous therapies. Nevertheless, after receiv-
ing combined PD-1 inhibitor therapy and RT, they achieved 
an ORR of 32.3%, DCR of 87.1%, mPFS of 7.9 (95% CI: 
7.1–8.7) months, and mOS of 11.7 (95% CI: 8.3–12.9) 
months.Thus, RT plus PD-1 inhibitors and lenvatinib may 
prolong the survival and enhance the antitumor effectiveness 
of immunotherapy.

Due to the complexity and heterogeneity of the tumor 
immune microenvironment in BTC, the antitumor effec-
tiveness of PD-1 inhibitors combined with targeted agents 
(TA) is ambiguous. The LEAP-005 study published an 
ORR of 10% (95% CI: 2‒26), DCR of 68% (95% CI: 

Table 3  Subgroup analyses of effectiveness in the concurrent and sal-
vage RT group

CR complete response, PR partial response SD stable disease PD pro-
gressive disease, ORR objective response rate, DCR disease control 
rate

Concurrent RT 
(n = 12)

Salvage RT (n = 19) P

ORR (n, 95% CI) 33.3(26 − 4.6) 31.6(8.6 − 54.6) 0.61
DCR (n, 95% CI) 83.3(58.6 − 108.1) 89.5(74.3 − 104.7) 0.51
CR (n, %) 0 0 –
PR (n, %) 4 6 –
SD (n, %) 6 11 –
PD (n, %) 2 2 –

Fig. 3  Kaplan–Meier estimates the progression-free survival A and overall survival B after stratification based on the time interval between RT 
and PD-1 inhibitors
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49‒83), mPFS of 6.1 (95% CI: 2.1‒6.4) months, and mOS 
of 8.6 (95% CI: 5.6 to NR) months for the patients receiv-
ing lenvatinib and pembrolizumab [10]. Furthermore, a 
single-arm study reported that pembrolizumab combined 
with lenvatinib could enhance the antitumor effective-
ness of immunotherapy, with an ORR of 25% and DCR of 
75% in patients with refractory BTC [14]. However, the 
ORR of lenvatinib combined with PD-1 inhibitors varies 
across different centers [15, 16]. A growing body of evi-
dence suggests that the addition of RT to PD-1 inhibitor 
therapy may improve the effectiveness of immune check-
point inhibitors (ICIs) [17, 18] where RT is administered 
before or concurrently with ICIs[16]. Notably, ORRs, 
DCR, mOS, and mPFS in this study were higher than those 
in other studies on patients administered PD-1 inhibitors 
combined with TA [14, 19]. This suggests that the immune 
priming provided by radiation may be an integral part of 
enhancing the system's response to checkpoint therapy. 
Retrospective studies reported that patients who received 
ipilimumab before RT had an increased duration of irradi-
ated tumor response compared with patients who received 
ipilimumab after RT [20, 21]. Nevertheless, caution must 
be exercised when interpreting the effectiveness of com-
bined RT and ICI therapy.

This study analyzed concurrent and salvage RT, but no 
significant difference was found. Although the mOS and 
mPFS were higher in the salvage RT group, the ORR was 
higher in the concurrent RT group. In the salvage RT group, 
one patient who had progressive disease (PD) achieved PR 
after RT, two who had SD before RT achieved PR, and six 
who had PD before RT achieved SD. These results suggest 
that salvage RT may help patients survive longer, whereas 
concurrent RT improves treatment response and facilitates 
conversion surgery. Furthermore, the timing of radiation 
administration may produce different outcomes. In addi-
tion, we observed that both target and non-target lesions 
decreased in five patients. In comparison, target lesions 
decreased, and non-target lesions increased in four patients, 
indicating that RT had a synergistic effect with PD-1 inhibi-
tors andlenvatinib.

Furthermore, RT can promote tumor cell necrosis, release 
tumor antigens to promote immune cell recognition, and 
induce the release of other cytokines to facilitate immune 
cell function. Therefore, we explored the existing medical 
literature to gather such evidence. In addition, the compari-
son between salvage and concurrent RT requires further 
investigation.

Moreover, the optimal radiation dose remains unclear. 
Data from mouse models bearing B78 melanoma tumors 
have indicated that low-dose targeted radionuclide ther-
apy renders immunologically “cold” tumors responsive 
to immune checkpoint blockade [22]. Another breast 
and colorectal mouse model indicated that a fractionated 

regimen might be superior to a single dose in overcoming 
RT-induced adaptive resistance by upregulating PD-L1 
[23].

Regarding therapeutic safety, all patients experienced 
no grade 5 AEs, and approximately 71% experienced grade 
3 AEs. The AEs most frequently noted in this study were 
fatigue and hypertension. Two patients experienced grade 
4 AEs, including gastrointestinal hemorrhage and diarrhea, 
which were controlled and improved after drug discontinu-
ation and active management. The incorporation of RT into 
immunotherapy caused more AEs than traditional chemo-
therapy or PD-1 inhibitor therapy alone or in combination 
with TA. A possible reason might be that local–regional 
therapies such as RT may cause more side effects. How-
ever, none of the AEs in either group were unexpected; fur-
thermore, they were generally manageable and reversible. 
Ultimately, the combination of RT with PD-1 inhibitors and 
lenvatinib showed a good safety profile.

This study had some limitations. First, retrospective 
research studies are prone to recall, observation, and selec-
tion bias. Hence, the effectiveness and safety of RT com-
bined with PD-1 inhibitors and lenvatinib observed should 
be considered cautiously because of the study’s limited sam-
ple size and retrospective nature. Consequently, the find-
ings of this study should be validated in prospective clinical 
trials. Second, selection bias from patients who probably 
had different tumor burdens cannot be ruled out. Third, the 
follow-up period was relatively short. Fourth, this study 
lacked a control group (FOLFOX or PD-1 inhibitors plus 
lenvatinib). Finally, programmed death-ligand 1 (PD-L1) 
expression is one of the most effectiveness-related biomark-
ers. However, PD-L1 expression was not evaluated in this 
study. Although these factors somewhat weaken the validity 
and reliability of this study’s conclusions, ‘real-world’ data 
are still helpful for a subsequent prospective study.

Conclusions

This study assessed the effectiveness and safety of RT com-
bined with PD-1 inhibitors and lenvatinib in relapsed or 
refractory advanced BTC. Adding RT to PD-1 inhibitors 
and lenvatinib therapy may result in a good safety profile 
and promising antitumor effectiveness. Furthermore, we 
observed that concurrent and salvage RT resulted in favora-
ble survival and control rates. Additionally, we found that 
salvage RT may enable patients to survive longer, whereas 
concurrent RT improves treatment response. However, the 
study was limited by a relatively small and heterogeneous 
population of patients; therefore, rare toxicities may not be 
detected. Hence, further research with larger prospective 
cohorts is required.
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