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Abstract
Background  Lenvatinib, programmed cell death 1 (PD-1) antibodies, and gemcitabine and oxaliplatin (GEMOX) chemo-
therapy have shown significant antitumor activity as first-line therapy against biliary tract cancer. This study evaluated their 
efficacy and safety as non-first-line therapy in advanced gallbladder cancer (GBC).
Methods  Patients with advanced GBC who received lenvatinib combined with anti-PD-1 antibodies and GEMOX chemo-
therapy as a non-first-line therapy were retrospectively analyzed. The primary endpoints were overall survival (OS) and 
progression-free survival (PFS), and the secondary endpoints were objective response rate (ORR) and safety.
Results  A total of 36 patients with advanced GBC were included in this study. The median follow-up time was 11.53 (95% 
confidence interval (CI): 2.2–20.9) months, and the ORR was 36.1%. The median OS and PFS were 15.1 (95% CI: 3.2–26.9) 
and 6.1 (95% CI: 4.9–7.2) months, respectively. The disease control rate (DCR) and clinical benefit rate (CBR) were 75% and 
61.1%, respectively. Subgroup analysis demonstrated that patients with programmed cell death-ligand 1 (PD-L1) expression 
had significantly longer PFS and OS than those without PD-L1 expression. Additionally, patients with a neutrophil–lym-
phocyte ratio (NLR) < 5.57 had a longer OS than those with an NLR ≥ 5.57. All patients experienced adverse events (AEs), 
with 61.1% experiencing grade 3 or 4 AEs, including myelosuppression (13.9%) and fatigue (13.3%), alanine transaminase 
or aspartate transaminase levels (8.3%), and diarrhea (8.3%). No grade 5 AEs were reported.
Conclusion  Anti-PD-1 antibodies combined with lenvatinib and GEMOX chemotherapy are effective and well-tolerated as 
a non-first-line therapy in advanced GBC. PD-L1 expression and baseline NLR may potentially predict treatment efficacy.

Keywords  Gallbladder cancer · Lenvatinib · PD-1 · GEMOX · Chemotherapy · Systemic therapy

Abbreviations
AEs	� Adverse events
ALT	� Alanine aminotransferase
AST	� Aspartate aminotransferase
BTC	� Biliary tract cancer
CA19-9	� Carbohydrate antigen 19–9
CBR	� Clinical benefit rate
CT	� Computed tomography
DCR	� Disease control rate
ECC	� Extrahepatic cholangiocarcinoma

ECOG	� Eastern Cooperative Oncology Group
FOLFOX	� Folinic acid, fluorouracil, and oxaliplatin 

chemotherapy
FOLFIRI	� Liposomal irinotecan, fluorouracil, and leuco-

vorin regimen
GBC	� Gallbladder cancer
GC	� Gemcitabine and cisplatin
GEMCIS	� Gemcitabine and cisplatin
GEMOX	� Oxaliplatin and gemcitabine
HBV	� Hepatitis type B virus
ICC	� Intrahepatic cholangiocarcinoma
ICIs	� Immune checkpoint inhibitors
IQR	� Interquartile range
IV	� Intravenously
NLR	� Neutrophil–lymphocyte ratio
ORR	� Objective response rate

Yang Tan, Kai Liu, Chengpei Zhu, and Shanshan Wang have 
contributed equally to this work and should be considered as co-first 
authors.

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s00262-024-03831-1&domain=pdf


	 Cancer Immunology, Immunotherapy (2024) 73:240240  Page 2 of 13

OS	� Overall survival
PFS	� Progression-free survival
PUMCH	� Peking Union Medical College Hospital
PD-L1	� Programmed death-ligand 1
SAEs	� Severe AEs
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Introduction

Gallbladder cancer (GBC), a common subtype of biliary 
tract cancer (BTC), is associated with hidden onset, high 
malignancy, and poor prognosis [1]. According to global 
cancer statistics, in 2020, there were 115,949 new cases of 
GBC and 84,695 related deaths worldwide, making it the 
sixth among most common digestive system tumors [2]. 
Most patients with GBC are diagnosed at an advanced stage, 
where curative surgery is not feasible, resulting in poor 
prognosis. Systemic therapy remains the main treatment for 
advanced GBC, although it is mostly based on BTC research 
data from the limited trials specifically on GBC. Studies on 
drug therapies for BTC usually include GBC, allowing their 
results to be directly applicable to GBC.

The ABC-002 study established gemcitabine and 
cisplatin (GC) as the standard first-line treatment for BTC 
[3], although it has suboptimal efficacy. When first-line 
therapy fails, second-line treatment options are scarce. The 
folinic acid, fluorouracil, and oxaliplatin (FOLFOX) regimen 
may be an alternative based on a phase 3 ABC-06 study. 
However, the benefit of best supportive care is marginal 
(OS: 6.2 vs. 5.3 months), and its side effects are significant 
[4]. Additionally, the liposomal irinotecan, fluorouracil, and 
leucovorin regimen (FOLFIRI) can be used as a second-
line option after progression following GC chemotherapy, 
though has limited efficacy. The median progression-free 
survival (PFS) was prolonged (7.1 vs. 1.4 months) but was 
accompanied by a higher incidence of adverse events (AE) 
(42% vs. 24%) compared with those in patients treated only 
with fluorouracil and leucovorin [5]. Thus, when first-line 
treatment for advanced GBC, even BTC, fails, second-line 
treatment options remain limited and suboptimal.

Over the past decade, significant efforts have been made 
to enhance the efficacy of standard chemotherapy, with 
immune checkpoint inhibitors (ICIs) significantly transforming 
treatment paradigms for various solid tumors [6]. Ongoing 
research on ICIs, targeted therapy, chemotherapy, and related 
combination therapies has expanded treament options 
for advanced GBC [7, 8]. Following the TOPAZ-1 and 
Keynote-966 trial, durvalumab/pembrolizumab (PD-L1/PD-1 
inhibitors) plus GC chemotherapy has been recommended as 
the preferred first-line therapy for advanced BTC. However, 
addition of ICIs to chemotherapy may only extend survival 
by approximately 1  month [9, 15]. Recently, a phase II 

trial demonstrated that tislelizumab (a PD-1 inhibitor) plus 
lenvatinib and gemcitabine and oxaliplatin (GEMOX) showed 
promising efficacy in locally advanced BTC, achieving 
an objective response rate (ORR) of 56% and a conversion 
surgical resection rate of 52% [10]. Additionally, a study 
observed that the treatment was more effective for GBC 
and intrahepatic cholangiocarcinoma (ICC) compared with 
extrahepatic cholangiocarcinoma (ECC) [10]. Another phase 
II trial suggested that toripalimab (a PD-1 inhibitor) plus 
lenvatinib and GEMOX chemotherapy showed good efficacy 
in advanced ICC as first-line therapy, with an ORR of 80% and 
a median OS of 22.5 months [11]. Our team has confirmed the 
efficacy of a triplet regimen incorporating four different ICIs, 
including toripalimab, in the treatment of advanced ICC [12]. 
We also assessed triple therapy as first-line and non-first-line 
treatment for advanced BTC, with an ORR of 43.9% [13]. 
However, the effectiveness of triple therapy as a non-first-line 
treatment after the failure of first-line therapy for advanced 
GBC remains unclear owing to the small number of patients 
with GBC in studies.

Toripalimab, pembrolizumab, and tislelizumab are 
anti-PD-1 antibodies approved for clinical trials by the Unites 
States Food and Drug Administration and China’s National 
Medical Products Administration [14–16]. Lenvatinib, a 
multikinase inhibitor, has demonstrated efficacy in GBC 
when combined with PD-1 therapy [17]. Additionally, the 
combination of lenvatinib and chemotherapy regimens 
can significantly upregulate PD-L1 expression, and 
co-administration with anti-PD-1 significantly enhance its 
effect [18]. We posit that PD-1 inhibitors plus lenvatinib 
and GEMOX chemotherapy may be a promising therapeutic 
regimen for patients with advanced GBC after first-line 
treatment failures. However, data on the safety of the triplet 
therapy are limited. Given the diverse nature of immune-
related AEs [19, 20], further assessment of the incidence of 
AEs associated with these regimens is essential. Recently, 
peripheral blood-based biomarkers have emerged as 
significant indirect indicators of host immune status [21]. To 
support clinical decision-making, we also investigated several 
commonly used biomarkers, including carbohydrate antigen 
19–9 (CA19-9), PD-L1, and neutrophil–lymphocyte ratio 
(NLR) [15, 22].

Based on these results, we conducted a retrospective study 
to assess the safety and efficacy of lenvatinib combined with 
anti-PD-1 antibodies and GEMOX as a non-first-line systemic 
therapy in patients with advanced GBC.
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Materials and methods

Study population

Between August 2020 and June 2024, 73 patients with 
advanced GBC who received lenvatinib combined with 
anti-PD-1 antibodies and chemotherapy as non-first-line 
therapy at the Peking Union Medical College Hospi-
tal (PUMCH) were enrolled in this study. Non-first-line 
therapy refers to the treatment administered after the 
failure of first-line treatment. The inclusion criteria were 
pathologically confirmed adenocarcinoma and assessable 
tumor lesions according to Response Evaluation Criteria 
in Solid Tumors (RECIST) v1.1 [23]. Among the initial 73 
patients, eight did not receive triple combination regimens, 
three received only one cycle of the regimen, five had 
other additional malignant tumors, 14 were lost to follow-
up, and seven patients had non-measurable target lesions 
(Fig. 1). Consequently, 36 patients were enrolled for final 
analysis. Data on age, sex, Eastern Cooperative Oncology 
Group (ECOG) performance, Child–Pugh score, CA19-9 
level, hepatitis B virus (HBV) infection, differentiated his-
tology, tumor node metastasis classification (TNM) stage, 
site of metastases, PD-L1 expression, previous treatment 
regimens, baseline NLR level, and types of PD-1 inhibi-
tors were collected (Table 1). This study was approved by 

the Institutional Review Board and Ethics Committee of 
PUMCH (IRB No. JS-1391).

Treatment

Lenvatinib was administered orally at doses of 12  mg 
(body weight ≥ 60 kg) or 8 mg (body weight < 60 kg) once 
daily. Similarly, the dose of anti-PD-1 antibodies was 
200 mg (240 mg for toripalimab) or 3 mg/kg body weight 
every 3 weeks. The GEMOX chemotherapy regimen was 
administered as 1000 mg/m2 gemcitabine on days 1 and 
8, and 100  mg/m2 oxaliplatin on day 1, and Q3W was 
administered by intravenous injection for six cycles.

Outcome assessment

The clinical objective response was assessed using the 
RECIST v1.1 [23]. Radiologists at PUMCH independently 
assessed treatment responses based on changes in tumor size 
using computed tomography, magnetic resonance imaging, 
or positron emission tomography. The primary endpoints of 
the study were OS and PFS, whereas the secondary endpoints 
were ORR and safety. The OS, PFS, ORR, DCR, and CBR 
were used to assess treatment efficacy. CBR was defined as 
the proportion of patients with a radiologically confirmed 

Fig. 1   Flow diagram of study 
population
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Table 1   Baseline characteristics of the study population

Parameters Total (n = 36)

Age, years (median, IQR) 59 (53.25–64.25)
 ≥ 60 16 [44.4%]
 < 60 20 [55.6%]
Sex, n [%]
Female 15 [41.7]
Male 21 [58.3]
ECOG performance, n [%]
0 20 [55.6]
1 13 [36.1]
2 3 [8.3]
Child–Pugh score, n [%]
A 27 [75]
B* 9 [25]
CA19-9, U/mL (median, IQR) 107.1 (21.6–421.5)
 ≥ 200 21 [58.3]
 < 200 15 [41.7]
HBV infection, n [%] 4 [11.1]
Differentiated histology, n [%]
Poor 16 [44.4]
Moderate 13 [36.1]
Well 7 [19.0]
TNM stage, n [%]
III 8 [22.2]
IV 28 [77.8]
Site of metastases, n [%]
Liver 28 [77.8]
Direct invasion 5 [13.8]
Intrahepatic 23 [68.9]
Lymph nodes 30 [83.3]
Lung 6 [16.7]
Bone 4 [11.1]
Others 4 [11.1]
PD-L1 expression, n [%]
Positive 12 [33.3]
Negative 24 [66.7]
Previous treatment regimens, n [%]
Systemic chemotherapy
Capecitabine 14 [38.9]
Gemcitabine + capecitabine 9 [25]
Gemcitabine + cisplatin 5 [13.9]
Gemcitabine + S-1 2 [5.6]
Durvalumab + gemcitabine + cisplatin 2 [5.6]
Pembrolizumab + gemcitabine + cisplatin 4 [11.1]
Targeted therapy
Lenvatinb 9 [25]
Transarterial chemoembolization 6 [16.7]
Radical surgery resection 30 [83.3]
Palliative surgical resection 6 [16.7]
Regional radiotherapy or ablation 8 [22.2]
Type of anti-PD-1 antibodies, n [%]
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Table 1   (continued)

Parameters Total (n = 36)

Toripalimab 17 [47.2]
Pembrolizumab 13 [36.1]
Tislelizumab 6 [16.7]

Parameters Total (n = 36)

Age, years (median, IQR) 59 (53.25–64.25)
 ≥ 60 16 [44.4%]
 < 60 20 [55.6%]
Sex, n [%]
Female 15 [41.7]
Male 21 [58.3]
ECOG performance, n [%]
0 20 [55.6]
1 13 [36.1]
2 3 [8.3]
Child–Pugh score, n [%]
A 27 [75]
B* 9 [25]
CA19-9, U/mL (median, IQR) 107.1 (21.6–421.5)
 ≥ 200 21 [58.3]
 < 200 15 [41.7]
NLR, (median, IQR) 3.3 (2.2–7.4)
 ≥ 5.57 12 [33.3]
 < 5.57 21 [58.3]
NA 3 [8.3]
HBV infection, n [%] 4 [11.1]
Differentiated histology, n [%]
Poor 16 [44.4]
Moderate 13 [36.1]
Well 7 [19.0]
TNM stage, n [%]
III 8 [22.2]
IV 28 [77.8]
Site of metastases, n [%]
Liver 28 [77.8]
Direct invasion 5 [13.8]
Intrahepatic 23 [68.9]
Lymph nodes 30 [83.3]
Lung 6 [16.7]
Bone 4 [11.1]
Others 4 [11.1]
PD-L1 expression, n [%]
Positive 12 [33.3]
Negative 24 [66.7]
Previous treatment regimens, n [%]
Systemic chemotherapy
Capecitabine 14 [38.9]
Gemcitabine + capecitabine 9 [25]
Gemcitabine + cisplatin 5 [13.9]
Gemcitabine + S-1 2 [5.6]
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objective response (complete response, CR or partial response, 
PR) or stable disease (SD) for more than 6 months [24]. Safety 
assessments and grading were recorded through physical 
examination, laboratory evaluation, and electronic medical 
records, with data collected by the investigators using the 
Common Terminology Criteria for Adverse Events (version 
5.0).

Evaluation of biomarkers

Whole-section immunohistochemical staining was performed 
on formalin-fixed, paraffin-embedded tumor specimens. For 
each tissue slice, 5-μm-thick sections were selected and 
mounted on glass slides. Anti-PD-L1 was used as the primary 
antibody, followed by the addition of secondary antibodies 
to all sections, including negative control slides. PD-L1 
expression was evaluated by independent pathologists, who 
were blinded to the clinicopathological data, including the 
therapeutic response and survival time. PD-L1 positivity or 
overexpression was defined as > 1% of the tumor area and/or 
immune cells with PD-L1 staining at any intensity [15, 16]. 
Baseline NLR and CA19-9 level, obtained from electronic 
medical records, served as predictors of treatment efficacy 
and outcomes. According to prior literatures, an NLR cutoff 
value of 5.57 [22] and a CA19-9 cutoff level of 200 U/mL are 
considered optimal [12].

Statistical analysis

June 10, 2024, was the data cutoff point for analysis, with 
baseline characteristics, treatment effects, and AEs summa-
rized accordingly. Survival curves were estimated using the 

Kaplan–Meier method, and group comparisons were ana-
lyzed using the log-rank test. The hazard ratios (HRS) of 
each clinicopathological feature for PFS and OS were esti-
mated using the Cox proportional hazards model. To com-
pare individual variables, the t-test, Mann–Whitney U-test, 
χ2 test, and Fisher’s exact test were appropriately performed. 
Results with two-tailed p-values < 0.05 were considered 
statistically significant. Statistical analyses were performed 
using R version 4.3.3 and SPSS (version 29.0) software.

Results

Baseline characteristics

We screened 73 patients with advanced GBC treated 
at PUMCH between August 2020 and June 2024, and 
excluded 37 patients from the study (Fig. 1). We finally 
included 36 patients with advanced GBC who received 
lenvatinib combined with anti-PD-1 antibodies and 
GEMOX chemotherapy as non-first-line treatment. The 
demographic and baseline characteristics of the 36 patients 
are summarized in Table 1. At the time of the initial treat-
ment, the median age of the patients was 59 years, with 
44.4% aged over 60 years and 41.7% being women. We 
observed that 33 (91.7%) patients had an ECOG per-
formance status of 0–1, and 27 (75%) patients had a 
Child–Pugh score A. At baseline, the median CA19-9 
level was 107.1 U/ml, with 58.3% of patients having a 
level > 200 U/ml. The median baseline NLR level was 3.3, 
and the NLRs of 21 (58.3%) patients were < 5.57. Four 
(11.1%) patients had a history of HBV infection. In total, 
16 (44.4%) patients had poorly differentiated histology, 

Table 1   (continued)

Parameters Total (n = 36)

Durvalumab + gemcitabine + cisplatin 2 [5.6]
Pembrolizumab + gemcitabine + cisplatin 4 [11.1]
Targeted therapy
Lenvatinb 9 [25]
Transarterial chemoembolization 6 [16.7]
Radical surgery resection 30 [83.3]
Palliative surgical resection 6 [16.7]
Regional radiotherapy or ablation 8 [22.2]
Type of anti-PD-1 antibodies, n [%]
Toripalimab 17 [47.2]
Pembrolizumab 13 [36.1]
Tislelizumab 6 [16.7]

* The Child–Pugh score was 7
IQR Interquartile range, ECOG Eastern Cooperative Oncology Group, CA19-9 carbohydrate antigen 19–9, HBV hepatitis type B virus, and TNM 
tumor node metastasis classification
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and 12 (33.3%) had positive PD-L1 expression. We fur-
ther observed that before treatment, most patients had 
metastatic tumor in the liver (28/36, 77.8%), lymph nodes 
(30/36, 83.3%), lungs (6/36, 16.7%), and bones (4/36, 
11.1%); 28 patients (77.9%) had TNM stage IV disease. 
Prior to treatment with lenvatinib, anti-PD-1 antibodies, 
and GEMOX chemotherapy as a non-first-line treatment 
option, 14 (38.9%) patients have received capecitabine; 9 
(25%) patients had received gemcitabine + capecitabine; 
5 (13.9%) patients had received gemcitabine + cisplatin; 
2 (5.6%) had received gemcitabine + S-1; 2 (5.6%) had 
received with durvalumab + gemcitabine + cisplatin, 4 
(11.1%) had received with pembrolizumab + gemcit-
abine + cisplatin; and 5 (13.9%) had received targeted ther-
apy, who failed first-line chemotherapy, with lenvatinib; 
6 (16.7%) had received transarterial chemoembolization; 
6 (16.7%) had received regional radiotherapy or ablation; 
30 (83.3%) had received radical surgical resection; and 6 
(16.7%) had received palliative surgical resection. Addi-
tionally, among the 36 patients, 17 (47.2%) were treated 
with toripalimab regimen, 13 (36.1%) with pembrolizumab 
regimen, and 6 (16.7%) with tislelizumab regimen.

Treatment and efficacy

The median duration of treatment of lenvatinib combined 
with anti-PD-1 antibodies and GEMOX chemotherapy was 
5.4 (interquartile range: 3.1–7.4) months. The median dura-
tion of follow-up was 11.53 (95% CI:2.2–20.9) months for 
all participants in our cohort. All patients underwent a com-
plete radiological evaluation. Overall, 20 (55.6%) patients 
had a decrease in tumor size from baseline (Fig. 2A), with 13 
(36.1%) patients achieving an objective response. Although 
all 13 (36.1%) patients achieved PR, none achieved CR. We 
observed that 14 (38.9%) patients exhibited SD, whereas 9 
(25%) exhibited PD. Although the growth of the target lesion 
did not exceed 20% of the baseline size, two patients devel-
oped new metastatic lesions in the lungs after two cycles of 
continuous treatment, and the other developed new retroperi-
toneal lymph node metastases after six cycles of continuous 
treatment. The overall radiologically confirmed ORR was 
36.1% (95% CI: 20.8–53.8%), and the DCR was 75% (95% 
CI: 57.8–87.9%) (Fig. 2A and Table 2).

We investigated the survival outcomes of the enrolled 
patients. For the entire cohort, we observed a median OS 
of 15.1 (95% CI: 3.2–26.9) months and a median PFS of 
6.1 (95% CI: 4.9–7.2) months (Fig. 2B, C). We determined 

Fig. 2   Therapeutic efficacy of lenvatinib combined with anti-PD-1 
antibodies plus GEMOX chemotherapy in patients with advanced 
gallbladder cancer. Maximum percentage change in the sum of diam-

eters of target lesions from baseline (A). Kaplan–Meier estimation of 
overall survival (B) and progression-free survival (C) of the entire 
cohort
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the CBR in all 36 patients and found it to be 61.1% (95% 
CI: 43.5–76.8%) (Table 2), with one patient’s successful 
conversion to surgery.

Subgroup analyses

Post hoc subgroup analyses of prespecified baseline factors, 
such as age, TNM stage, differentiated histology, ECOG 
performance, Child–Pugh score, CA19-9 level, baseline 
NLR, PD-L1 expression, and PD-1 inhibitor regimen, are 
presented in a forest plot in Fig. 3A, D. No significant dif-
ferences in treatment effects were observed between the 

subgroups, except for PD-L1 expression and baseline NLR. 
When patients were stratified according to PD-L1 expres-
sion and baseline NLR, Kaplan–Meier survival curve and 
log-rank test analysis demonstrated that patients expressing 
PD-L1 (positive PD-L1 expression) had a longer median 
PFS (12.4 vs. 5.3 months, P = 0.046; Fig. 3E) and a longer 
median OS (21.4 vs.7.8 months, P = 0.019; Fig. 3B) than did 
those not expressing PD-L1 (negative). In the group with 
a NLR < 5.57, the median PFS was 6.5 months compared 
with 5.5 months in the NLR ≥ 5.57 group, with a p-value of 
0.189, indicating no significant difference (Fig. 3F). Con-
versely, the median OS was extended in the NLR < 5.57 
group. Although the median OS was not yet reached, the 

Table 2   Therapeutic efficacy of 
response and survival outcomes

Therapeutic response assessment n = 36

Objective response rate (ORR, n, %, 95% CI) 13, 36.1% (20.8–53.8)
Partial response (PR, n, %) 13 (36.1%)
Stable disease (SD, n, %) 14 (38.9%)
Progressive disease (PD, n, %) 9 (25%)
Disease control rate (DCR, n, %, 95% CI) 27, 75% (57.8–87.9)
Clinical benefit rate (CBR, n, %, 95% CI) 22, 61.1% (43.5–76.8)
Median progression-free survival (mPFS, months, 95% CI) 6.1 (4.9–7.2)
Median overall survival (mOS, months, 95% CI) 15.1 (3.2–26.9)

Fig. 3   Subgroup analyses. Subgroup analyses of progression-free 
survival (PFS) and overall survival (OS) in the entire cohort (A, D). 
Kaplan–Meier plot for PFS (E) and OS (B) based on the expression 

of programmed cell death-ligand 1 (PD-L1). PFS (F) and OS (C) 
based on the baseline level of neutrophil–lymphocyte ratio (NLR)
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difference was significant (p = 0.037) (Fig. 3C). Variables 
with p < 0.1 in the univariate analyses were included in the 
multivariate analyses. Our findings indicated that PD-L1 
expression was associated with an OS HR of 0.19 (95% 
CI: 0.05–0.76; p = 0.019). Conversely, in patients with a 
NLR < 5.57, the HR for OS was 3.49 (95% CI, 1.13–10.73; 
p = 0.030).

Safety

AEs were reported in all 36 (100%) patients throughout the 
study. No grade 5 AEs were detected. Additionally, we found 
that only 5.6% (2/36) of the patients experienced grade 4 
AEs (diarrhea and elevated of bilirubin levels). Regard-
ing severe AEs (SAEs), we noticed that 61.1% (22/36) of 
patients had ≥ grade 3 AEs (Table 3 and Fig. 4). Notably, 
the most common AEs (of any grade) were fatigue (21/36, 
58.3%), myelosuppression (19/36, 52.8%), and elevated 
ALT or AST levels (15/36, 41.7%). Most AEs were man-
ageable, treatable, and tolerable. Particularly, the most com-
mon > grade 3 SAEs were myelosuppression (5/36, 13.9%), 
elevation in fatigue (4/36, 13.3%), elevated ALT or AST 

levels (3/36, 8.3%), and diarrhea (3/36, 8.3%). After careful 
treatment, all the observed AEs could be controlled.

Discussion

To our knowledge, this is the first study to investigate the 
use of PD-1 inhibitors and lenvatinib with GEMOX as non-
first-line treatment options for GBC. In this study, the triple 
regimen of drugs showed good efficacy with tolerable AEs, 
resulting in a median OS of 15.1 months, median PFS of 
6.1 months, and an ORR of 36.1%. These results surpass 
those achieved with chemotherapy-based second-line 
therapy obtained for advanced GBC [4, 5]. The incidence of 
grade 3 and 4 AEs was 61.1% (22/36), which is considered 
acceptable and within the control range. Additionally, 
subgroup analysis confirmed that this regimen may be more 
effective in patients with high PD-L1 expression.

With the application of ICIs, particularly PD-1 inhibitors, 
in the treatment of BTCS, increasing evidence supports their 
effectiveness of PD-1 inhibitors in the treatment of advanced 
GBC [25–29]. In a study evaluating camrelizumab-based 
regimens for advanced GBC, the median OS was 12 months, 
median PFS was 7 months, and ORR was 30.2%, which were 
superior to those of camrelizumab-based monotherapy [25]. 

Table 3   Commonly observed 
adverse events

ALT alanine aminotransferase and AST aspatate aminotransferase

Adverse events (AEs) Any grade Grade 1–2 Grade 3 Grade 4

Fatigue 21 (58.3%) 17 (47.2%) 4 (13.3%) 0
Myelosuppression 19 (52.8%) 14 (38.9%) 5 (13.9%) 0
ALT or AST elevation 15 (41.7%) 12 (33.3%) 3 (8.3%) 0
Vomiting 12 (33.3%) 10 (27.8%) 2 (5.6%) 0
Decreased appetite 11 (30.6%) 11 (30.6%) 0 0
Diarrhea 11 (30.6%) 8 (22.2%) 2 (5.6%) 1 (2.8%)
Hypertension 9 (25.0%) 7 (19.4%) 2 (5.6%) 0
Abdominal pain 8 (22.2%) 7 (19.4%) 1 (2.8%) 0
Decreased weight 7 (19.4%) 7 (19.4%) 0 0
Skin rash 7 (19.4%) 7 (19.4%) 0 0
Hypothyroidism 6 (16.7%) 6 (16.7%) 0 0
Abdominal distention 6 (16.7%) 6 (16.7%) 0 0
Myodynia 4 (11.1%) 4 (11.1%) 0 0
Proteinuria 3 (8.3%) 3 (8.3%) 0 0
Anemia 3 (8.3%) 3 (8.3%) 0 0
Gastrointestinal hemorrhage 3 (8.3%) 3 (8.3%) 0 0
Bilirubin elevation 2 (5.6%) 1 (2.8%) 0 1 (2.8%)
Pneumonia 1 (2.8%) 1 (2.8%) 0 0
Decreased albumin 1 (2.8%) 1 (2.8%) 0 0
Constipation 1 (2.8%) 1 (2.8%) 0 0
Myocarditis 1 (2.8%) 0 1 (2.8%) 0
Fever 1 (2.8%) 1 (2.8%) 0 0
Nasal hemorrhage 1 (2.8%) 1 (2.8%) 0 0
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Another study involving PD-1 inhibitor plus lenvatinib as 
a first-line treatment for unresectable BTC in 13 patients 
with GBC, reported an ORR of 42.1% [26]. Additionally, 
immunotherapy combined with chemotherapy has shown 
promising outcomes in the first-line treatment for advanced 
biliary tract tumors, such as nivolumab combined with gem-
citabine and tegafur chemotherapy, achieving an ORR of 
41.7% [27]. These findings suggest that combining differ-
ent treatment regimens may have incremental efficacy in the 
overall therapy. Various studies have reported that targeted 
therapy and chemotherapy can enhance the effectiveness of 
immunotherapy against tumors [30, 31]. Chemotherapy pro-
motes the activation of tumor-targeted immune responses by 
increasing the immunogenicity of tumor cells or inhibiting 
immunosuppressive circuits [30]. These results suggest that 
PD-1 inhibitors, combined with targeted agents and chemo-
therapy, may have unexpected effects in treating BTC. Shi 
et al. and Li further confirmed the efficacy of PD-1 inhibi-
tors combined with lenvatinib and GEMOX chemotherapy 
in BTC, suggesting that this approach may be effective for 
GBC [10, 11]. Both discussed studies focused on these regi-
mens as a first-line treatment for advanced BTC, leaving 
the efficacy of such regimens after the failure of first-line 
treatment largely unexplored, especially in GBC. Given the 
promising ORR of triple therapy in the first-line treatment of 
BTC, it is expect that triple therapy would also be effective 
in non-first-line treatments. In our study, PD-1 inhibitors 
combined with lenvatinib and GEMOX chemotherapy as a 

non-first-line treatment for advanced GBC achieved good 
results, significantly prolonging the survival of patients.

In this study, 33.3% (12/36) of patients exhibited positive 
PD-L1 expression, and these patients showed improved 
survival, compared with those without PD-L1 expression, 
suggesting that PD-L1 can be used as a marker for 
evaluating the efficacy of treatment. Furthermore, baseline 
analysis of NLR revealed that patients with an NLR ≥ 5.57 
had significantly worse OS, compared with those with an 
NLR < 5.57, suggesting that the NLR could be an effective 
prognostic predictor. Numerous studies have consistently 
reported that PD-L1 expression may serve as potential 
markers for predicting immunotherapy effectiveness 
[32–34]. The role of NLR as a predictor in malignant tumor 
immunotherapy has garnered increasing attention [22]. 
Additionally, emerging biomarkers, such as gut microbiota 
and DNA damage repair mechanisms, are showing 
promising potential for predicting the efficacy of ICIs in 
BTC [35, 36]. Although further validation and refinement 
are required, the Royal Marsden Hospital (RMH) score, 
which relies on routine blood tests and clinical features, 
represents a promising avenue for prognostic research in 
cancer patients [37].

One patient underwent conversion surgery following 
clinical evaluation of PR, GEMOX chemotherapy was dis-
continued after surgery, whereas long-term maintenance 
with pembrolizumab and lenvatinib was continued. No 

Fig. 4   Adverse events during lenvatinib combined with anti-PD-1 antibodies plus GEMOX chemotherapy treatment in patients with advanced 
gallbladder cancer
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disease progression was observed until the last follow-up 
date.

In this study, the triple treatments resulted in tolerable 
and manageable AEs. Dose modification was observed 
in three patients and medication delay in six patients 
due to AEs. However, no discontinuation or death was 
attributed to treatment-related AEs. Myelosuppression, a 
common side effect of chemotherapy, occurred in 52.8% 
of patients (19/36), higher than reported in other studies, 
likely due to the chemotherapy regimen included in the 
study protocol [38]. Nonetheless, the AE incidence in 
this study was not significantly higher than that in other 
studies involving chemotherapy regimens [3, 39]. The rate 
of SAE in a study on FOLFIRI as a second-line treatment 
for BTC was 42%, which was comparable to the 42.9% 
observed in the current study, suggesting that PD-1 
inhibitors combined with lenvatinib and chemotherapy do 
not trigger more AEs [5]. The chemotherapy regimen used 
in this study was GEMOX; however, GC chemotherapy 
was used as the first-line standard regimen for advanced 
GBC. Further studies are required to determine whether 
chemotherapy regimens have varying sensitizing effects 
on immunotherapy. Additionally, the increasing use of 
immunotherapy has been associated with specific immune-
related AEs, such as neuropathy and headaches, which 
require further investigation and close monitoring [40].

This study has certain limitations. First, it was a 
retrospective, single-center, real-world analysis with 
a limited sample size owing to the low incidence of 
the disease and specific treatment regimens employed. 
Additionally, only relatively young patients (median 
59 years, range 40–80 years) with good performance status 
were included, which may have introduced selection bias 
and influenced the estimation of ORR, PFS, and OS. A 
more rigorous prospective study with a larger sample 
size or a multicenter approach is needed to validate these 
findings. Second, various PD-1 inhibitors were used in 
this study. Although the subgroup analysis showed no 
significant differences, any variations in the efficacy of 
different types of ICIs on GBC remain unclear. Future 
studies that evaluate the use of single-class ICIs are 
required to address this issue. Finally, although the efficacy 
of non-first-line treatment regimens was good, this study 
lacked a direct comparison with the standard second-line 
chemotherapy regimen for advanced GBC. Thus, further 
research using the second-line chemotherapy regimen as 
the control group is needed. Despite these limitations, this 
study’s results provide additional non-first-line therapy 
options for patients with advanced GBC when first-line 
therapy fails. Additionally, this study can be used as a 
reference for future clinical study designs and selection 
of treatment strategies.

Conclusions

Anti-PD-1 antibodies combined with lenvatinib and 
GEMOX chemotherapy are effective and well-tolerated as 
non-first-line therapies for advanced GBC. This regimen 
represents a viable subsequent-line therapeutic option for 
advanced GBC, with PD-L1 expression and baseline NLR 
potentially predicting treatment efficacy. Thus, further 
large-scale prospective studies are required to validate 
these findings.
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