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Background: A therapeutic strategy involving combined treatment with lenvatinib plus pembrolizumab 
(LEP) has demonstrated a relatively high antitumor response in several solid tumors; however, the efficacy 
and safety of LEP in patients with refractory bile tract carcinoma (BTC) remains unknown.
Methods: This is a single-arm study for a preliminary assessment of the efficacy and tolerability of LEP 
in patients who experienced progression from prior systemic treatments. Pre-treatment tumor tissues were 
collected to retrospectively evaluate the expression status of PDL1.
Results: Thirty-two patients received second-line and above treatment with LEP. Overall, the objective 
response rate (ORR) was 25%, the disease control rate (DCR) was 78.1%, and the clinical benefit rate (CBR) 
was 40.5%. The median progression-free survival (PFS) was 4.9 months (95% CI: 4.7–5.2 months), and 
the median overall survival (OS) was 11.0 months (95% CI: 9.6–12.3 months). For tolerability, no grade 
5 serious adverse events (AEs) were reported. All patients had any-grade AEs, and 59.3% of the patients 
experienced grade 3 AEs, while only 1 patient experienced a grade 4 AE of stomach bleeding. Fatigue was 
the most common AE, followed by hypertension and elevated aminotransferase levels. Retrospective analysis 
for PDL1 expression revealed that PDL1 positive tumor cells were associated with improved clinical benefits 
and survival outcomes.
Conclusions: LEP is a promising alternative as a non-first-line therapeutic regimen for patients with 
refractory BTC. Furthermore, well-designed prospective clinical trials with a control arm are still needed 
to obtain more evidences to confirm the efficacy and safety of this particular regimen as well as the role of 
PDL1 expression.
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Introduction

Biliary tract carcinoma (BTC) is a collective term 
encompassing intrahepatic cholangiocarcinoma (ICC), 
extrahepatic cholangiocarcinoma (ECC) and gallbladder 
cancer (GBC). The mortality of this type of cancer has 
increased over the past 25 years (1,2), and its incidence 
is reported to be steadily rising (3,4). As one of the most 
malignant tumors, survival continues to be poor in patients 
with BTC, with a median overall survival (OS) time of less 
than one years at advanced or metastatic stage, and the 
5-year OS rate of 5–15% (5,6).

Cisplatin plus gemcitabine is widely used as the first-
line treatment in patients with unresectable BTC (7). 
However, for patients with metastatic BTC who experience 
progression even with chemotherapy, best supportive 
care (BSC) without antitumor intervention is routinely 
recommended since there is a lack of efficacious protocols 
as second-line and above treatment. The shortage of 
available antitumor regimens for patients with refractory 
BTC has plagued the oncologists for a long time. Largely 
based on mutation-guided precision oncology (8) and 
immunotherapy targeted PD1/PDL1, which have a wide 
antitumor spectrum and have been applied in other solid 
tumors (9), antitumor drugs such as pembrolizumab and 
antiangiogenic targeting agents are also used because there 
is no standard therapy for patients with chemotherapy-
resistant BTC (10-12). 

In this report, we focused on the non-first-line combined 
therapy with lenvatinib plus pembrolizumab (LEP) in 
patients with refractory BTC. LEP has been granted as a 
“breakthrough designation” in hepatocellular carcinoma, 
endometrial carcinoma and renal cell cancer by the FDA (13).  
Previous prospective clinical trials have shown that more 
than one third of patients with advanced or metastatic types 
of these three cancers can obtain an objective response with 
tolerable adverse effects. These studies have motivated 
increasing clinical investigations of this regimen in patients 
with refractory cancers. Importantly, either lenvatinib or 
pembrolizumab has exhibited a satisfactory safety index in 
treating patients with unresectable BTC (14-16). Thus, we 
believe that LEP may become an encouraging alternative 
in patients with metastatic BTC who have experienced 
progression even after systemic chemotherapy.

Herein, we preliminarily estimate the therapeutic 
efficacy and safety of LEP as a non-first-line treatment in 
patients with advanced BTC. Out study also performed 
an exploratory analysis of histological PDL1 expression to 
correlate with therapeutic outcomes. 

We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/hbsn-20-338).

Methods

Study design and patients

This was a single-arm, investigator-initiated study to 
preliminarily assess the efficacy and tolerability of LEP as 
a non-first-line treatment in patients with advanced BTC 
who experienced disease progression from previous systemic 
chemotherapy. The demographic, surgical, pathological, 
regional and systemic treatment information were compiled 
and recorded. The protocol of this study was compliant 
with the principles of the Declaration of Helsinki and was 
also approved by the Institutional Review Board (IRB) 
and Ethics Committee (EC) of Peking Union Medical 
College Hospital (PUMCH). The study has registered at 
ClinicalTrials.gov (identifiers: NCT03895970). 

The primary eligibility criteria included histologically 
confirmed BTC, including ICC, ECC or GBC, at least a 
previous systemic anti-BTC therapy, at least one measurable 
tumor lesion according to the RECIST-v1.1 criteria (17), 
ECOG performance status of 0–2 and need for further 
systemic treatment for refractory or metastatic disease. 
These participants were required to be older than 18 years. 
We excluded patients for whom there were no pre-LEP 
antitumor treatments and those with mixed pathological 
tumor types. All participants were asked to provide written 
informed consent.

Treatment and dosing

Information regarding the dates of initiation and 
completion of treatment, initial dose, dose modifications, 
radiological evaluation, reason for therapeutic interruption 
and discontinuation, laboratory data and adverse events 
(AEs) during treatment were systematically collected. The 
prescription dosage of lenvatinib was 12 mg (for patients 
with a body weight ≥60 kg) or 8 mg (for patients with a 
body weight <60 kg) orally once a day. For pembrolizumab, 
investigator-chosen doses included a fixed dosage of  
200 mg every 3 weeks (n=11) or a fixed dosage of 3 mg/kg 
body weight every 3 weeks (n=21). 

Assessments

The objective response was measured according to the 

http://dx.doi.org/10.21037/hbsn-20-338
http://dx.doi.org/10.21037/hbsn-20-338


Lin et al. Pembrolizumab plus lenvatinib in BTC patients416

© HepatoBiliary Surgery and Nutrition. All rights reserved.   HepatoBiliary Surg Nutr 2020;9(4):414-424 | http://dx.doi.org/10.21037/hbsn-20-338

RECIST version 1.1 criteria (17) and was evaluated by 
professional radiologists at the center (PUMCH) who were 
blinded to the therapeutic outcomes and clinicopathological 
features. The rate of tumor growth during the treatment 
was quantified only for target lesions. To assess the rate 
of tumor growth and therapeutic response, computed 
tomography/magnetic resonance imaging (CT/MRI) or 
positron emission tomography (PET) CT/MRI images 
were regularly evaluated every two or three months, which 
required the essential records at baseline (before the initial 
dose of LEP), periodical evaluations during LEP treatment 
and a final evaluation of confirmed disease progression.

To assess therapeutic efficacy, the clinical outcomes 
included the objective response rate (ORR), disease control 
rate (DCR), progression-free survival (PFS), OS and 
clinical benefit rate (CBR). The ORR was determined as 
the proportion of patients who achieved a radiologically 
confirmed objective response including a complete response 
(CR) or partial response (PR). The DCR indicates the 
proportion of patients who experienced at least one 
radiologically confirmed objective response or stable 
disease (SD) during treatment with LEP. PFS refers to 
the time from the initial dose to the first radiologically 
confirmed progressive disease (PD) or death, and OS 
was defined as the time range from the date of the initial 
dose to the date of death. Patients who discontinued 
treatment due to non-PD events were censored at the date 
of the final dose. Patients who were still alive or had not 
experienced progression events at the date of data cut-off 
(January 1, 2020) were censored. The CBR was defined as 
the proportion of patients who achieved a radiologically 
confirmed objective response (CR or PR) or who had PFS 
time longer than 6 months. 

Tolerability and toxicity were reported by patients or 
clinicians, and were collected by the investigators, using the 
Common Terminology Criteria for Adverse Events (version 
4.0) as a reference. The treatment-related toxicities from 
the date of the initial dose to 30 days after the final dose 
were recorded.

Evaluation of PDL1 expression

Whole sections from available formalin-fixed, paraffin-
embedded (FFPE) tumor specimens were used to perform 
immunohistochemistry (IHC). For each tissue slice, serial 
4- to 5-μm-thick sections were selected and placed on 
glass slides. The primary antibody used was anti-PDL1 

(IHC 22C3 pharmDx, Dako North America, Agilent 
Technologies); the secondary antibodies were added 
to all sections, including the negative control slides. 
The evaluations of PDL1 expression were performed 
by independent pathologists, who were blinded to the 
clinicopathologic data, including the therapeutic response 
and survival time. PDL1 positivity or overexpression was 
defined as more than 5% positive expression in tumor 
cells.

Statistical analysis

The data from the cut-off date (January 1, 2020) of the 
analysis in this report were used to generate summaries 
of the baseline characteristics, therapeutic efficacies and 
AEs. The molecular marker analyses included treated 
patients with available data as of January 1, 2020. The PFS, 
OS, 6-month PFS and 12-month OS were all estimated 
by the Kaplan-Meier method, and the comparisons were 
analyzed using the log-rank test. Hazard ratios of each 
clinicopathological feature for PFS and OS were estimated 
by Cox proportional hazard modeling. To compare the 
individual variables, the t-test, Mann-Whitney U test, χ2 
test and Fisher’s exact test were performed as appropriate. 
A two-tailed P value <0.05 was considered significant. 
Statistical analyses were performed using SPSS (version 23) 
and R-3.5.1 software. 

Results

Patient characteristics

A total of 32 patients with advanced BTC who received a 
non-first-line treatment of LEP. At the time of the initial 
treatment with LEP, the median age was 56.5 (IQR, 
49.5–68.5) years, and 28 (87.5%) patients had an ECOG 
performance status of 0–1. For anatomical subtypes of 
BTC, 16 patients had ICC, 10 patients had ECC and 6 
patients had GBC. All histopathological subtypes were 
adenocarcinomas. In total, 18 (56.25%) patients had poorly 
differentiated BTC.

Regarding the risk factors for BTC in our cohort, 6 (19%) 
patients had hepatitis B virus infections. All patients with 
chronic hepatitis received regular antiviral therapy during 
LEP treatment. In addition, 10 (31%) patients had biliary 
stone and 11 (34%) patients had a smoking habit, but no 
patients had a liver fluke infection (Table 1).
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Table 1 Patient baseline clinicopathological characteristics

Parameters Total (N=32)

Age, years (median, IQR) 56.5 (49.5–68.5)

Gender, n [%]

Female 14 [44]

Male 18 [56]

ECOG performance, n [%]

0 8 [25]

1 20 [62]

2 4 [13]

Tumor subtype, n [%]

Intrahepatic cholangiocarcinoma 16 [50]

Extrahepatic cholangiocarcinoma 10 [31]

Gallbladder cancer 6 [19]

Histology, n [%]

Adenocarcinoma 32 [100]

Differentiated histology, n [%]

Poor 18 [56]

Moderate 9 [28]

Unsure 5 [16]

Hepatitis (HBV) infection, n [%] 6 [19]

Liver fluke infection, n (%) 0

Bile stone disease, n [%] 10 [31]

Habit of smoking, n [%] 11 [34]

Site of metastases, n (%)

Intrahepatic 28 (87.5)

Lymph nodes 28 (87.5)

Lung 7 (22.0)

Bone 3 (9.0)

Previous antitumor therapy, n [%]

Radical surgery resection 17 [53]

Systemic chemotherapy 26 [81]

Targeted therapy 6 [19]

Regional radiotherapy or ablation 9 [28]

Transarterial chemoembolization 11 [34]

ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis 
type B virus.

Overview of disease stage and previous treatment

At baseline before receiving LEP treatment, most patients 
had metastatic cancer in the liver (28/32, 87.5%), lymph 
nodes (28/32, 87.5%), lungs (7/32, 22%) and bone (3/32, 
9%). Regarding prior treatments, 17 (53%) patients 
underwent radical surgical resection. The therapeutic 
regimen of LEP was generally administered as a non-
first-line treatment to patients with refractory disease, 
and all patients had previously received at least one line 
antitumor treatment. Regarding the regimens used in 
the previous treatment, 26 (81%) patients experienced 
disease progression after gemcitabine-based or platinum-
based chemotherapy. In total, 6 (19%) patients received a 
single treatment with a tyrosine kinase inhibitor, including 
cabozantinib (2 cases), afatinib (2 cases), regorafenib (1 case) 
and everolimus (1 case). Palliative regional treatment with 
transcatheter arterial chemoembolization was performed 
alone in 11 patients, and with ablation or radiotherapy in  
9 patients (Table 1). 

Treatment and efficacy

For all participants in our cohort, the median duration of 
follow-up was 9.5 (IQR, 5.6–15.5) months, and the median 
duration time of treatment was 5.5 (IQR, 4.0–11.7) months. 
At the time of the analysis, 29 patients discontinued the 
treatment due to radiologically confirmed PD (n=21) or 
intolerable AEs (n=8).

In the present cohort, all patients had complete 
radiological evaluations, and they were available for 
assessments of PFS and OS. Overall, 22 of the 32 (68.8%) 
patients exhibited a decrease in tumor size from baseline 
(Figure 1A). Among these patients, 8 patients achieved an 
objective response, all of which were PRs, and no CR was 
observed. The median time to achieve an objective response 
was 3.0 (range, 2.0–6.5) months. In the population with 
available radiological assessments, the best response in 
17 patients was SD. Therefore, the overall radiological-
confirmed ORR was 25% (95% CI: 9.1–40.9%), and the 
DCR was 78.1% (95% CI: 63–93.3%, Table 2).

The survival outcomes of the enrolled patients were 
investigated in the entire cohort. Twelve patients are still alive 
and only 3 patients were lost to follow-up after LEP treatment 
due to disease progression. For the entire cohort, the median 
PFS was 4.9 (95% CI: 4.7–5.2) months (Figure 1B), and the 



Lin et al. Pembrolizumab plus lenvatinib in BTC patients418

© HepatoBiliary Surgery and Nutrition. All rights reserved.   HepatoBiliary Surg Nutr 2020;9(4):414-424 | http://dx.doi.org/10.21037/hbsn-20-338

Figure 1 Therapeutic efficacy of lenvatinib combined with pembrolizumab (LEP) in patients with advanced biliary tract carcinoma. (A) 
Maximum percentage change in the sum of the diameters of the target lesions from baseline. The three different anatomical subtypes 
of biliary tract cancers are highlighted; (B) Kaplan-Meier estimation of progression-free survival of the entire cohort; (C) Kaplan-Meier 
estimation of overall survival of the entire cohort.
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Table 2 Therapeutic efficacy of response and survival outcomes for 32 BTC patients treated by lenvatinib plus pembrolizumab

Therapeutic response assessment Evaluable patients (n=32)

Confirmed objective response rate (%, 95% CI) 25% (9.1–40.9%)

Complete response (CR, n, %) 0

Partial response (PR, n, %) 8 (25%)

Stable disease (SD, n, %) 17 (53%)

Progressive disease (PD, n, %) 7 (22%)

Disease control rate (%, 95% CI) 78.1% (63–93.3%)

Clinical benefit rate (%, 95% CI) 40.5% (22.6–58.6%)

Progression-free survival (median, 95% CI, months) 4.9 (4.7–5.2)

Overall survival (median, 95% CI, months) 11.0 (9.6–12.3)

6-month PFS rate was 33.7% (95% CI: 17–50.4%). The 
median OS was 11.0 (95% CI: 9.6–12.3) months (Figure 1C), 
and the 1-year OS rate was 39.4% (95% CI: 20.6–58.2%). 
We further determined the CBR in all assessment-available 
patients. Impressively, the CBR in all 32 patients was 40.5% 
(95% CI: 22.6–58.6%).

Tolerability and safety

In total, for 32 patients with available safety assessments, 

12 (37.5%) patients had a history of a dosage reduction in 
lenvatinib alone. Twenty-one (65.6%) patients had history 
of at least one therapeutic interruption. All the recorded 
any-grade AEs inducing treatment termination were 
reversible, and there were no AEs-related deaths.

AEs during LEP treatment were reported in all 32 
(100%) patients, and no grade 5 AEs occurred. For severe 
AEs (SAEs), 19 (59.3%) patients had grade 3 AEs, and only 
1 (3.1%) patient had a grade 4 AE of stomach bleeding 
(Table 3). The most common AEs (any grade) were fatigue 
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Table 3 Safety summary

Adverse events (AEs) Any grade, n (%) Grade 3, n (%) Grade 4

Fatigue 25 (78.1) 0 0

Hypertension 19 (59.3) 4 (12.5) 0

ALT or AST elevation 19 (59.3) 1 (3.1) 0

Hypothyroidism 14 (43.7) 2 (6.2) 0

Proteinuria 14 (43.7) 1 (3.1) 0

Decreased appetite 14 (43.7) 1 (3.1) 0

Abdominal pain 12 (37.5) 1 (3.1) 0

Vomiting 11 (34.3) 1 (3.1) 0

Bilirubin elevation 10 (31.2) 5 (15.6) 0

Decreased weight 10 (31.2) 0 0

Skin rash 9 (28.1) 1 (3.1) 0

Arthralgia 9 (28.1) 1 (3.1) 0

Thrombocytopenia 9 (28.1) 1 (3.1) 0

Pneumonitis 8 (25.0) 3 (9.4) 0

Anemia 7 (21.8) 1 (3.1) 0

Mucosa ulcer 6 (18.7) 2 (6.2) 0

Diarrhea 6 (18.7) 2 (6.2) 0

Palmar-plantar erythrodysesthesia syndrome 5 (15.6) 1 (3.1) 0

Leukocytopenia 5 (15.6) 0 0

Gastrointestinal hemorrhage 4 (12.5) 2 (6.2) 1 (3.1%)

Nasal hemorrhage 2 (6.2) 0 0

CK-MB elevation 1 (3.1) 0 0

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK-MB, creatine kinase myocardial band.

(78.1%), hypertension (59.3%), elevated aminotransferase 
(ALT or AST) levels (59.3%), proteinuria (43.7%), 
hypothyroidism (43.7%) and decreased appetite (43.7%). 
Most AEs occurring during combination immunotherapy 
were safe, well tolerated and controlled. Regarding SAEs, 
the most common grade 3 SAEs were elevated bilirubin 
levels (15.6%), followed by hypertension (12.5%) and 
pneumonitis (9.4%). The elevated bilirubin levels were 
suspected to be caused by disease progression with lesions 
occupying bile duct.

Assessments of PDL1 expression and subgroup analyses

Post hoc subgroup analyses of clinicopathological factors 
are presented in the forest plot (Figure 2A). As one of the 

leading efficacy-related biomarkers, PDL1 expression was 
also retrospectively assessed in available pre-LEP treatment 
tumor tissues of all 32 patients (Figure 2B). Among these 
patients, 34.4% (11/32) were determined to have positive 
PDL1 expression. The subgroup with positive PDL1 
expression showed a non-significantly higher ORR than 
the subgroup with negative PDL1 expression (36.4%, 
4/11 vs. 19%, 4/21, P=0.397). Patients with positive PDL1 
expression had a significantly higher CBR than patients 
with negative PDL1 expression (72.7%, 8/11 vs. 23.8%, 
5/21, P=0.021). Consequently, patients with positive PDL1 
expression showed significantly improved survival outcomes 
in both PFS and OS, suggesting that PDL1 expression 
was a potential prognostic factor. When patients were 
stratified by PDL1 expression, Kaplan-Meier survival curve 
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Figure 2 Association of the PDL1 expression detected by IHC staining with survival outcomes. (A) Subgroup analyses of progression-
free survival (PFS) and overall survival (OS) in the entire population; (B) representative photomicrographs (40× objective) of PDL1 
immunohistochemistry in patents’ archived pretreatment formalin-fixed and paraffin-embedded tumor tissue: negative PDL1 expression 
(no PDL1-stained tumor cell, B1; PDL1-stained tumor cell <5%, B2), positive PDL1 expression (PDL1-stained tumor cell >5%, B3); (C) 
among the 32 patients with evaluable PD-L1 expression and available radiological assessments, the group with positive PDL1 expression 
(n=11) showed a prolonged progression-free survival compared with the group with negative PDL1 expression (n=21); (D) a significantly 
longer overall survival was observed in the group with positive PD-L1 expression. ECOG, Eastern Cooperative Oncology Group; HBV, 
hepatitis B virus; HR, hazard ratio.
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and log-rank test analysis demonstrated that patients with 
positive PDL1 expression had a longer median PFS (6.3 vs.  
4.5 months, P=0.005, Figure 2C) and a prolonged median 
OS (20.7 vs. 8.4 months, P=0.03, Figure 2D). Furthermore, 
we compared the clinicopathological characteristics between 
patients grouped by objective response (responders/
non-responders) or PDL1 expression (PDL1 positive/
PDL1 negative). We noticed that a greater proportion 
of responders had a previous resection history than non-
responders (Table 4), suggesting that patients with resected 
BTC at the time of initial diagnosis may have disease that is 
more responsive to LEP. 

Discussion

Compared with the published literature, this is the first 
study to analyze therapeutic outcomes in patients receiving 

treatment with pembrolizumab combined with lenvatinib as 
a non-first-line therapy for advanced BTC. In the present 
study, we describe the antitumor activity and toxicity of 
lenvatinib plus pembrolizumab as a non-first-line treatment 
in 32 patients with advanced BTC. Most patients enrolled 
in our study cohort were at a late clinical stage and were 
estimated to have a limited survival time. All patients were 
pretreated with systemic antitumor treatments, among 
whom 47% (15/32) received three or more previous 
therapies. Nevertheless, these patients achieved an ORR of 
25% and a CBR of 40.5%, with a median PFS of 4.9 (95% 
CI: 4.7–5.2) months and a median OS of 11.0 (95% CI: 
9.6–12.3) months. In terms of therapeutic safety, although 
all patients experienced AEs, there were no grade 5 SAEs 
reported, and only 1 patient experienced a grade 4 SAE. 
Approximately 59.3% of patients experienced grade 3 
SAEs, but all these SAEs were reversible, which is similar 

Table 4 Comparisons of major clinicopathological features between patients with different responsive status and PDL1 expression

Parameters Responder Non-responder P value PDL1 positive PDL1 negative P value

Age, years (median) 57.75 57.87 0.978 59.1 57.2 0.64

Gender, n (%) 0.412 0.266

Female 2 (25.0) 12 (50.0) 3 (27.3) 11 (52.3)

Male 6 (75.0) 12 (50.0) 8 (72.7) 10 (47.7)

ECOG performance, n (%) 1 1

0–1 7 (87.5) 21 (87.5) 10 (91.0) 18 (85.7)

2 1 (12.5) 3 (12.5) 1 (9.0) 3 (14.3)

Primary tumor site, n (%) 0.206 0.439

ICC 4 (50.0) 12 (50.0) 6 (54.5) 10 (47.7)

ECC 1 (12.5) 9 (37.5) 2 (18.2) 8 (38.0)

GBC 3 (37.5) 3 (12.5) 3 (27.3) 3 (14.3)

Previous antitumor therapy, n (%)

Radical surgery resection 7 (87.5) 10 (41.7) 0.041 7 (63.6) 10 (47.7) 0.472

Systemic chemotherapy 7 (87.5) 19 (79.2) 1 11 (100.0) 15 (71.4) 0.071

Target-angiogenic therapy 1 (12.5) 2 (8.3) 1 0 3 (14.3) 0.534

Metastatic site, n (%)

Intrahepatic 8 (100.0) 20 (83.3) 0.55 10 (91.0) 18 (85.7) 1

Lymph nodes 6 (75.0) 22(91.7) 0.254 9 (82.0) 19 (90.5) 0.593

Lung 1 (12.5) 6 (25.0) 0.646 2 (18.2) 5 (23.8) 1

Bone 2 (25.0) 1 (4.2) 0.147 0 3 (14.3) 0.534

Hepatitis (HBV) infection, n (%) 2 (25.0) 4 (16.7) 0.625 2 (18.2) 4 (19.0) 1
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with the outcomes found in hepatocellular carcinoma (18).  
Our preliminary study reveals that pembrolizumab 
combined with lenvatinib is potentially effective and 
tolerable as a systemic therapy for patients with refractory 
BTC, highlighting the need to develop a prospective and 
randomized-control clinical trial to evaluate this regimen in 
advanced BTC.

Accumulating preclinical studies and clinical evidence 
demonstrate that inhibition of angiogenesis by targeting 
VEGF/VEGFR can enhance the antitumor efficacy of 
immunotherapy targeting PD1/PDL1 (19,20). Lenvatinib, 
an oral agent, is a multikinase inhibitor targeting VEGFR 
1 to 3, FGFR 1 to 4, platelet-derived growth factor 
receptor-α, and RET and KIT proto-oncogenes (21). 
A phase 2 trial (NCT02579616) showed that lenvatinib 
as a second-line treatment in patients with unresectable 
BTC could achieve a 12% ORR and a 46% DCR (22). 
Pembrolizumab used in patients with advanced BTC had 
an ORR of 13–17% (KEYNOTE-028) (15,16). Thus, such 
as most drugs used as second-line treatment, the efficacies 
of these two agents are not satisfactory when they are used 
as single agent therapy in patients with refractory BTC. 
So far, non-first-line therapies have poor track records 
for BTC. Our data preliminarily offers an alternative 
strategy of combination immunotherapy for patents with 
chemotherapy-resistant or uncontrollable BTC.

Due to the complexity and heterogeneity of the tumor 
immune microenvironment, predictive biomarkers for 
combination immunotherapy are ambiguous. The role 
of PD-L1 expression as a combination immunotherapy 
biomarker remains controversial (23). In our study, by 
analyzing efficacy-related factors, we found that positive 
PDL1 positive expression in pretreated tumor tissues was 
significantly associated with a higher CBR and improved PFS 
and OS. Considering the limited sample size, the present 
correlation between PDL1 expression status and therapeutic 
outcomes should be cautiously interpreted. Underlying 
confounding factors, such as baseline metastatic disease, 
tumor mutation burden (TMB) and glucocorticoid use 
during treatment to relieve immune-related AEs, could affect 
the predictive effect of PDL1. Thus, predictive biomarkers 
for combined immunotherapy with LEP require further 
research in BTC.

The limitations of our exploratory analysis must be 
acknowledged, highlighting the need for well-designed 
clinical trials with control arms to determine the precise 
efficacy and safety of this combined regimen in a 
prospective interventional setting. Our present study is 

an investigator-initiated study with underlying selection 
bias and participant bias, and there was no randomized 
assignment for the dosages of pembrolizumab (3 mg/kg 
body weight or 200 mg every 3 weeks). Considering the 
high proportion of PDL1 overexpression (34.4% of all 
patients), it is possible that the encouraging efficacy in 
our cohort partly originated from the selected population, 
since patients with high PDL1 expression were more likely 
to be offered with an anti-PD1 inhibitor. Furthermore, 
AEs, in particular grade 3 AEs, were frequently reported 
in our cohort, suggesting that the presence of underlying 
liver disease and the physical condition of the patients with 
metastatic BTC must be considered prior to initiating 
this therapeutic regimen. Thus, we believe that LEP is 
still an immature treatment that should not be considered 
an alternative option to replace first-line systemic 
chemotherapy or routinely clinically used in patients with 
advanced BTC.

In conclusion, we preliminarily reported combined 
treatment with lenvatinib plus pembrolizumab in patients 
with refractory BTC. PDL1 overexpression in over 5% 
of PDL1-stained tumor cells is an underlying factor that 
favored improved efficacy outcomes. Further investigation 
of this therapeutic regimen in prospective clinical 
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