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Abstract
Background Treatment options for advanced intrahepatic cholangiocarcinoma (ICC) are currently limited. Chemo-containing 
regimens are the mainstay treatments but associated with notable toxicity, poor tolerance, and reduced compliance, necessitat-
ing exploration of alternative therapies. Lenvatinib plus PD-1 inhibitors has shown substantial clinical activity in preliminary 
studies. This study aimed to assess the effectiveness and safety of lenvatinib plus toripalimab (a novel PD-1 antibody) as 
chemo-free therapy in advanced ICC.
Methods This retrospective study included consecutive advanced ICC patients receiving lenvatinib plus toripalimab between 
February 2019 and December 2023. The main outcomes were overall survival (OS), progression-free survival (PFS), objec-
tive response rate (ORR), disease control rate (DCR), and safety. Prognostic factors and exploratory analyses for genetic 
alternations were also conducted.
Results A total of 78 patients were included, with a median follow-up of 25.9 months. Median OS and PFS were 11.3 (95% 
CI: 9.5–13.1) and 5.4 (95% CI: 3.8–7.0) months, respectively. ORR was 19.2% and DCR was 75.6%. The incidence of grade 
3 or 4 adverse events (AEs) was 50.0%, with no grade 5 AEs reported. Patients with normal baseline CA19-9 levels exhibited 
a higher ORR (p = 0.011), longer PFS (11.5 versus 4.6 months; HR 0.47; p=0.005), and OS (21.0 versus 9.7 months; HR 
0.43; p=0.003). The presence of IDH1 mutations correlated with increased ORR (60.0% versus 8.9%, p=0.016).
Conclusion Lenvatinib plus toripalimab represents an effective and well-tolerated chemo-free therapeutic option for advanced 
ICC. Baseline CA19-9 levels and IDH1 mutations may serve as predictive treatment-related biomarkers.
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CA19-9  Carbohydrate antigen 19-9
CellCycle  Cell cycle
CI  Confidence interval
CPF  Checkpoint factor
CR  Complete response
CT  Computed tomography
CTCAE  Common Terminology Criteria for Adverse 

Events
DCR  Disease control rate
DDR  DNA damage response
ECOG-PS  Eastern cooperative oncology group perfor-

mance status
FA  Fanconi anemia
FGF  Fibroblast growth factor
FOLFOX  Fluorouracil, folinic acid, and oxaliplatin
GC  Gemcitabine and cisplatin
HR  Hazard rate
HRD  Homologous recombination repair deficiency
HRR  Homologous recombination repair
ICC  Intrahepatic cholangiocarcinoma
ICIs  Immune checkpoint inhibitors
IQR  Interquartile range
Len  Lenvatinib
MMR  Mismatch repair
MRI  Magnetic resonance imaging
NA  Not available
NER  Nucleotide excision repair
NGS  Next-generation sequencing
NHEJ  Nonhomologous end joining
NR  not reach
ORR  Objective response rate
OS  Overall survival
PI3K  Phosphoinositide 3-kinase
PD  Progressive disease
PD-1  Programmed cell death protein 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
SWI/SNF  Switch/sucrose nonfermentable
TKI  Tyrosine kinase inhibitors
TLS  Translesion synthesis
TPS  Combined positive score
WNT  Wingless/integrated

Introduction

Intrahepatic cholangiocarcinoma (ICC), the second most 
common primary liver cancer globally, is an aggressive and 
lethal malignancy [1]. While curative surgery is effective, 
approximately 80% patients present with advanced-stage 

disease, leading to a discouraging 5-year overall survival 
rate of less than 10% [1].

Current therapeutic approaches primarily rely on chemo-
containing regimens for both first and subsequent lines of 
treatment in advanced ICC [2–5]. However, chemo-con-
taining regimens are marred by substantial toxicity, poor 
tolerability, and decreased patient compliance [2, 5]. In 
real-world scenarios, a significant proportion of patients 
exhibit poor performance status (PS), refuse chemotherapy, 
or develop intolerance, with only 15–25% eligible for sec-
ond-line chemotherapy following disease progression due 
to deteriorating PS [6].

Given these challenges, there is an urgent need to explore 
novel therapeutic strategies, particularly those that offer 
chemotherapy-free alternatives. The combination of anti-
angiogenic therapy with immune checkpoint inhibitors 
(ICIs) has demonstrated synergistic effects and promis-
ing antitumor activity across various malignancies [7]. 
Lenvatinib, a small-molecule tyrosine kinase inhibitor of 
vascular endothelial growth factor receptors (VEGFR) 1-3, 
fibroblast growth factor receptors (FGFR) 1-4, and platelet-
derived growth factor receptor alpha (PDGFR-α), has shown 
favorable antitumor efficacy and safety profiles in combina-
tion with ICIs in advanced biliary tract cancer (BTC) [7–9]. 
Initial evidence from phase 2 trials suggests that this combi-
nation may serve as a viable chemo-free treatment option for 
advanced ICC [10–12]. However, due to the rarity of ICC, 
previous studies always pooled different subtypes of BTC 
or utilized various PD-1 inhibitors, resulting in significant 
heterogeneity. Consequently, there remains a critical gap in 
knowledge regarding the efficacy of lenvatinib combined 
with a uniform ICI regimen specifically for advanced ICC.

Toripalimab, a humanized anti-PD-1 IgG4 monoclonal 
antibody, has received approvals from both the US Food and 
Drug Administration (FDA) and the China National Medical 
Products Administration (NMPA) for multiple malignancies, 
and it is endorsed in the treatment guidelines (Biliary Tract 
Carcinoma, version 2023) for advanced BTC by the Chinese 
Society of Clinical Oncology (CSCO) [9, 13]. However, to 
date, there are no published data regarding lenvatinib plus 
toripalimab in advanced ICC. Herein, we conducted a retro-
spective cohort study to evaluate the effectiveness and safety 
of the lenvatinib plus toripalimab in advanced ICC, along-
side with exploring treatment-related predictive biomarkers.

Methods

Study design and population

This was a retrospective cohort study of patients with histo-
logically confirmed advanced ICC who received lenvatinib 
plus toripalimab between March 2019 and December 2023, 
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at Peking Union Medical College Hospital (PUMCH). This 
study was conducted according to the Declaration of Hel-
sinki and approved by the PUMCH Institutional Review 
Board and Ethics Committee (No. JS-1391). Informed con-
sent was waived because this retrospective review of medical 
records was considered minimal risk. The study was regis-
tered at ClinicalTrials.gov (NCT03892577). We followed 
the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) reporting guideline for cohort 
studies (Supplementary STROBE checklist).

Inclusion criteria included: (1) aged 18 years or older; (2) 
patients receiving at least 2 cycles of the combination; (3) 
with at least one measurable lesion per response evaluation 
criteria in solid tumors (RECIST) version 1.1; and (4) east-
ern cooperative oncology group performance status (ECOG-
PS) score 0-2. Patients were ineligible if they received other 
systemic therapy concurrently or adjuvant therapy or with 
insufficient clinical information.

Treatment

Toripalimab was administered intravenously at a dose of 240 
mg every three weeks (one cycle) [10, 13, 14]. Lenvatinib 
was given orally 12 mg/day (body weight ≥ 60 kg) or 8 mg/
day (body weight < 60 kg) [8]. Dose interruption and reduc-
tion of lenvatinib were permitted for drug-related adverse 
events. The decision to receive lenvatinib plus toripalimab is 
guided by patient autonomy. This choice was made in align-
ment with patient preferences, following a comprehensive 
discussion of the latest efficacy and safety data, treatment 
cycles, and associated costs.

Data collection and outcome assessment

Demographic and clinicopathological data, treatment ther-
apy, adverse events (AEs), prior treatments and radiological 
evaluation data were collected from medical records and 
databases. Radiological assessments were conducted every 
6–9 weeks using computed tomography (CT) or magnetic 
resonance imaging (MRI) scans according to RECIST v1.1, 
as follows: complete response (CR), partial response (PR), 
stable disease (SD), and progressive disease (PD). AEs were 
graded according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events (CTCAE) version 
5.0. Patient follow-up data were collected by outpatient ser-
vice, telephone calls or WeChat interviews. Patients lost to 
follow-up were censored at the last visit.

Outcomes and definitions

Effectiveness outcomes included progression-free survival 
(PFS; the time interval from toripalimab initiation to pro-
gression, last follow-up, or death), overall survival (OS; 

the time interval from toripalimab initiation to death or last 
follow-up), objective response rate (ORR; the proportion of 
patients with complete response [CR] or partial response 
[PR]), disease control rate (DCR; the proportion of CR, PR, 
or stable disease [SD]). Additional outcomes included safety.

Biomarker analysis

Biomarker analyses were performed to identify predictors 
associated with tumor response and prognosis. We inves-
tigated the potential roles of carbohydrate antigen 19-9 
(CA19-9) level [15], programmed death ligand 1 (PD-L1) 
expression [16], and tumor genetic alterations [17] as treat-
ment-related biomarkers. Baseline serum CA19-9 levels 
were categorized as ≤ 37 U/ml (normal level) and > 37 U/ml. 
PD-L1 expression was assessed via immunohistochemistry 
using formalin-fixed, paraffin-embedded tumor specimens 
and the PD-L1 IHC 22C3 pharmDx kit (Agilent Technolo-
gies, USA) [18]. PD-L1 positivity was defined as a tumor 
proportion score (TPS) ≥ 1% [19, 20]. Tumor genetic altera-
tions were identified through targeted panel sequencing of 
tumor DNA utilizing next-generation sequencing (NGS) 
platforms provided by Genecast (China) [21], 3D Medicines 
(China) [22], and OrigiMed (China) [23]. Genes demonstrat-
ing mutation frequencies exceeding 10% within our cohort 
were selected for exploratory biomarker analysis. Addition-
ally, the TCGA pathway analysis method was employed to 
further investigate the relationship between gene-associated 
pathway alterations and treatment efficacy [24]. Fifteen can-
cer pathways were analyzed, including phosphoinositide 
3-kinase (PI3K), homologous recombination repair defi-
ciency (HRD), wingless/integrated (WNT), fibroblast 
growth factor (FGF), cell cycle (CellCycle), switch/sucrose 
nonfermentable (SWI/SNF), base excision repair (BER), 
homologous recombination repair (HRR), mismatch repair 
(MMR), nucleotide excision repair (NER), nonhomologous 
end joining (NHEJ), Fanconi anemia (FA), checkpoint fac-
tor (CPF), translesion synthesis (TLS), and DNA damage 
response (DDR). For details, see Supplementary Table S1 
[24, 25].

Comparison with prior studies

We conducted a comprehensive review of the literature, 
focusing on four large phase 3 randomized controlled tri-
als (ABC-02, ABC-06, TOPAZ-1, and KEYNOTE-966), to 
contextualize our findings with existing evidence on len-
vatinib plus ICIs and standard therapy for advanced BTC. 
A simplified comparison with our real-world cohorts was 
performed to provide insights into the similarities and dif-
ferences in baseline characteristics and clinical outcomes, 
which may also highlight the potential benefits of utilizing 
lenvatinib plus toripalimab in treating ICC.
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Statistical analysis

Continuous variables were shown as median and range or 
interquartile range (IQR) and compared using the unpaired 
t test or Mann–Whitney U test, as appropriate. Categori-
cal variables were presented as numbers (%) and com-
pared using χ2 test or Fisher’s exact test, as appropriate. 
Kaplan–Meier method was applied and using log-rank test 
to assess survival outcomes. Treatment differences were cal-
culated with a stratified Cox proportional hazards model. 
To capture variables that may exhibit weaker associations 
yet remain clinically significant, factors with a P value < 
0.10 in univariate analysis were incorporated into the mul-
tivariate Cox regression model. A two-sided P value < 0.05 
was deemed significant. Statistical analyses were performed 
using SPSS version 27.

Results

Patients characteristics

A total of 78 patients (median [IQR] age, 59.5 [51.8–64.3] 
years; 51 [65.4%] men) were included (Supplementary 
Fig. S1), of whom 42 (53.8%) had an ECOG-PS of 1 or 2 
and 71 (91.0%) were categorized as Child–Pugh class A. 
Fifty-five (70.5%) presented metastatic disease, with the 
liver (79.5%) and lymph nodes (76.9%) being the most com-
mon metastatic sites. Fifty patients (64.1%) received len-
vatinib plus toripalimab as first-line therapy. Twenty-eight 
patients (35.9%) had experienced prior systemic treatments, 
19 (67.9%) of them received chemotherapy and 9 (11.5%) 
were treated with PD-1/L1 inhibitors. Specifically, among 
the 19 patients who received prior chemotherapy, 3 were 
treated with the gemcitabine + albumin-bound paclitaxel 
regimen, 6 with the gemcitabine + cisplatin regimen, and 
10 with the gemcitabine + oxaliplatin regimen. Patient 
demographics and baseline characteristics are presented in 
Table 1.

Effectiveness

As of June 13, 2024, the median follow-up time was 25.9 
(range, 2.6–42.6) months. Among the entire cohort, 39 
(50.0%) exhibited a decrease in tumor size from baseline 
(Fig. 1A), no patients achieved CR, 15 (19.2%) had PR, 44 
(56.0%) exhibited SD, 19 (24.4%) experienced PD, and the 
corresponding ORR was 19.2% (Table 2). The median PFS 
(mPFS) and median OS (mOS) were 5.4 (95% CI, 3.8–7.0) 
months and 11.3 (95% CI, 9.5–13.1) months, respectively 
(Fig. 1B).

In the first-line group, ORR and DCR were 20.0% (10/50) 
and 76.0% (38/50), respectively (Table 2). The mPFS was 

5.4 months (95% CI, 4.5–6.3), and the mOS was 12.1 
months (95% CI, 8.1–16.1). The 6- and 12-month PFS 
rates were 41.7% and 16.8%, respectively. The 6-, 12-, and 
24-month OS rates were 83.8%, 52.0%, and 25.1%, respec-
tively (Fig. 1C).

In subsequent-line group, ORR and DCR were 17.9% 
(5/28) and 75.0% (21/28), respectively (Table 2). The mPFS 
was 5.0 (95% CI, 1.7–8.3) months and mOS 10.1 (95% CI, 
5.5–12.7) months, respectively. The 6- and 12-month PFS 
rates were 43.4% and 14.7%, respectively. The 6-, 12-, and 
24-month OS rates were 75.0%, 32.1%, and 10.7%, respec-
tively (Fig. 1D).

Safety outcomes analyses

All patients had AEs of various grades (summarized in 
Fig.  2). The most frequent treatment-related AEs were 
transaminase elevation (53.8%), fatigue (52.6%), and hyper-
tension (43.6%). Decreased appetite (37.2%) and bilirubin 
level elevation (34.6%) were also commonly observed. 
Grade 3 or 4 AEs occurred in 50.0% (39/78) patients. 
The most frequent grade 3 or 4 events were hypertension 
(10.3%), fatigue (7.7%), and  elevated bilirubin (7.7%). 
Nine (11.5%) discontinued treatment due to AEs. Most AEs 
were safe, well-tolerated, and no treatment-related deaths 
occurred.

Biomarkers analysis

All 78 patients had recorded baseline CA19-9 levels. Patients 
with normal baseline CA19-9 levels exhibited a higher ORR 
(43.8% versus 12.9%, p = 0.011; Fig. 3A), longer PFS (11.5 
versus 4.6 months; HR=0.47; p= 0.005; Fig. 3B) and OS 
(21.0 versus 9.7 months; HR=0.43; p = 0.003; Fig. 3C) than 
those with CA19-9 > 37 U/ml. Evaluation of PD-L1 expres-
sion was available for 41 (52.5%) patients, with 9 (22.0%) 
showing positive expression. Patients with positive PD-L1 
expression tended to exhibit higher ORR than those with 
negative expression (22.2% versus 15.6%), but the differ-
ence did not reach statistical significance (p = 0.637). Simi-
larly, there were no significant differences observed in PFS 
(p = 0.39) or OS (p = 0.36) between these two subgroups 
(Fig. 3E, F).

Multivariable Cox regression analysis was performed on 
the entire cohort to identify prognostic factors. Univariate 
analyses indicated that CA19-9 level (> 37 vs. ≤ 37 U/ml) 
significantly correlated with both PFS and OS (P < 0.05). 
Multivariate analyses confirmed that CA19-9 > 37 U/ml 
independently predicted shorter PFS (HR=2.20, 95% CI 
1.20-4.10; p = 0.015) and OS (HR=2.97, 95% CI 1.47-6.03; 
p = 0.003) (Supplemental Table S2).
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Exploratory analysis on genetic alterations

Genetic alterations profiles were available for 50 (64.1%) 
patients (Fig. 4A). Demographics and disease characteristics 
between patients with and without genetic profiles (Supple-
mentary Table S2) were generally balanced between the two 
groups. The most frequently altered genes included TP53 
(20.0%), ARID1A (14.0%), BAP1 (12.0%), FGFR2 (12.0%), 
KRAS (12.0%), and IDH1 (10.0%). Additionally, out of 15 
cancer pathways examined, only two—nucleotide excision 
repair (NER) and nonhomologous end joining (NHEJ)—did 
not show alterations (Fig. 4A). The DNA damage response 
(DDR) pathway was notably affected, with an alteration 

rate of 26% (13/50). These mutations affect critical DDR 
pathways, including mismatch repair (MMR), base excision 
repair (BER), homologous recombination repair (HRR), 
translesion synthesis (TLS), checkpoint factors (CPF), and 
Fanconi anemia (FA). Notably, nearly half of the patients 
with PR had IDH1 mutations, while patients with SD com-
monly exhibited TP53, ARID1A, BAP1, and FGFR2 altera-
tions. Herein, biomarker analysis was conducted for the top 
six altered genes and DDR-related pathway alternations.

IDH1 mutations were associated with a significantly 
increased ORR (60.0% versus 8.9%, p = 0.016; Fig. 4B). 
Furthermore, patients with IDH1 mutations tended to dem-
onstrate prolonged survival compared with the wildtype 

Table 1  Baseline 
Characteristics

Percentages may not total 100 because of rounding.
IQR, Interquartile range; ECOG-PS, eastern cooperative oncology group performance status; CA19-9, car-
bohydrate antigen 19-9.
†Systemic chemotherapy included gemcitabine + cisplatin, gemcitabine + oxaliplatin, gemcitabine + albu-
min-bound paclitaxel.
‡Immunotherapy refers to PD-1 and PD-L1 inhibitors.

Characteristic No. (%)

Total (N = 78) 1st line (n = 50) ≥ 2nd line (n = 28)

Age, years, median (IQR) 59.5 (51.8–64.3) 60.5 (53.3–64.3) 57.5 (50.5–64.8)
Female sex 27 (34.6) 18 (36.0) 9 (32.1)
ECOG-PS
0 36 (46.2) 27 (54.0) 9 (32.1)
1 36 (46.2) 19 (38.0) 17 (60.7)
22 6 (7.6) 4 (8.0) 2 (7.1)
Child–Pugh grade
A 71 (91.0) 47 (94.0) 24 (85.7)
B 7 (9.0) 3 (6.0) 4 (14.3)
CA19-9 level, U/ml
≤ 37 31 (39.8) 24 (48.0) 7 (25.0)
>37 47 (60.2) 26 (52.0) 21 (75.0)
Extent of disease
Locally advanced 23 (29.5) 17 (34.0) 6 (21.4)
Metastatic 55 (70.5) 33 (66.0) 22 (78.6)
Treatment line
1 50 (64.1) 50 (100) –
2 26 (33.3) – 26 (92.9)
≥ 3 2 (2.6) – 2 (7.1)
Metastatic site
Lymph nodes 60 (76.9) 39 (78.0) 21 (75.0)
Liver 62 (79.5) 41 (82.0) 21 (75.0)
Lung 12 (15.2) 3 (6.0) 9 (32.1)
Bone 11 (14.1) 6 (1.2) 5 (17.9)
Previous treatment
Surgery 23 (29.5) 11 (22.0) 12 (42.9)
Local–regional therapy 23 (29.5) 9 (18.0) 14 (50.0)
Systemic chemotherapy† 19 (24.4) – 19 (67.9)
Immunotherapy‡  9 (11.5) – 9 (32.1)
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Fig. 1  Efficacy outcomes. A Best response for target lesions by 
patient. Kaplan–Meier estimates of overall survival and progression-
free survival in the total population (B), first-line group (C) and sub-

sequent-line group (D). ORR, objective response rate; PFS, progres-
sion-free survival; OS, overall survival

Table 2  Summary of response 
and survival outcomes

ORR, objective response rate; PFS, progression-free survival; DCR, disease control rate; CBR, clinical 
benefit rate; SD, stable disease; PD, progressive disease; CR, complete response; PR, partial response, CI, 
confidence interval.

No. (%)
Parameter Total

(N = 78)
1st line
(n = 50)

≥ 2nd line
(n = 28)

Complete response (CR) 0 (0) 0 (0) 0 (0)
Partial response (PR) 15 (19.2) 10 (20.0) 5 (17.9)
Stable disease (SD) 44 (56.0) 28 (56.0) 16 (57.1)
Objective response rate (ORR) 15 (19.2) 10 (20.0) 5 (17.9)
Progressive disease (PD) 19 (24.4) 12 (24.0) 7 (25.0)
Disease control rate (DCR) 59 (75.6) 38 (76.0) 21 (75.0)
Progression-free survival (PFS), 

months, median, (95% CI)
5.4 (3.8–7.0) 5.4 (4.5–6.3) 5.0 (1.7–8.3)

Overall survival (OS)
months, median, (95% CI)

11.3 (9.5–13.1) 12.1 (8.1–16.1) 10.1 (5.5–12.7)
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(PFS: 9.2 versus 5.0 months, p = 0.15; OS: 13.9 vs. 11.3 
months, p = 0.29), although the difference did not reach sta-
tistical significance (Fig. 4B). Patients with TP53, FGFR2, 
or ARID1A alterations exhibited higher ORR without statis-
tical significance. Survival outcomes did not significantly 
differ between patients with mutated versus wildtype genes 
among the six top genes (Supplementary Fig. S2 A–E). Sim-
ilarly, no significant differences in ORR and survival were 
observed between patients with DDR pathway alterations 
and those without (Supplementary Fig. S2 F).

Comparison with prior studies and standard therapy 
for advanced BTC

Table  3 summarizes studies evaluating lenvatinib plus 
ICIs, including ABC-02, ABC-06, TOPAZ-1, and KEY-
NOTE-966, for advanced BTC.

Discussion

In this study, we comprehensively evaluated the effective-
ness, safety profile, and predictive treatment-related bio-
markers of lenvatinib plus toripalimab for advanced ICC. 
Our data indicated that (1) lenvatinib plus toripalimab is 
an effective and safe chemo-free option for advanced ICC 

patients in real-world scenarios, even patients with poor per-
formance status may benefit from this regimen; (2) baseline 
CA19-9 level, and specific gene alternations may predict 
treatment response.

Consistent with previous studies, available evidence 
indicates that lenvatinib plus ICIs regimen shows promis-
ing antitumor activity in advanced ICC (Table 3). In 2020, 
Lin et al. reported lenvatinib plus pembrolizumab achieving 
an ORR of 25%, with a mPFS of 4.9 months and a mOS 
of 11.0 months in the non-first-line setting [8]. Conversely, 
the LEAP-005 trial reported a slightly reduced mOS of 8.6 
months, potentially attributed to the higher dose of len-
vatinib (20 mg/day) utilized employed therein, whereas our 
study utilized a weight-based dosing strategy, capped at 12 
mg/day [7]. Furthermore, other investigations have yielded 
more encouraging outcomes. Preliminary results from a 
phase 2 clinical trial including 31 advanced ICC patients 
treated with lenvatinib plus toripalimab demonstrated an 
ORR of 32.3% and the median survival has not yet been 
reached during a median follow-up of 6.9 months [10]. 
Another smaller phase 2 study investigating lenvatinib plus 
PD-1 inhibitors as first-line therapy demonstrated a remark-
able ORR of 42.1%, with median PFS and OS durations of 
8.6 and 17.7 months, respectively, significantly surpassing 
prior studies [12]. Variations in baseline characteristics such 
as performance status, biliary tract cancer subtypes, PD-L1 

Fig. 2  Adverse events. Abbreviations: ALT, alanine aminotransferase; AST, aspartate alanine aminotransferase
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expression, and radiotherapy utilization within the study 
cohorts may account for the divergent results. Overall, while 
the available evidence remains inconclusive, our study con-
tributes valuable insights into the potential of lenvatinib plus 
toripalimab as a promising therapeutic strategy for advanced 
ICC. To validate our findings, further well-designed trials 
are imperative. An ongoing phase 2 trial (NCT04361331) is 
expected to yield more robust evidence.

Safety is a critical concern in oncology, particularly 
given the demanding nature of chemotherapy which may 
not be suitable for patients with poor performance sta-
tus (PS). Previous well-known phase III trials (TOPAZ-1, 
KEYNOTE-966, and ABC-06) explicitly omitted these 
patients, while only 10% of participants in the ABC-02 
trial had an ECOG-PS score of 2 [3, 5, 18, 26]. Conse-
quently, the findings from these studies may not directly 
guide treatment decisions for ICC patients with poor PS. 
However, a substantial proportion of patients in real-world 
clinical practice present with poor PS, often attributed to 
disease progression, comorbidities, or the effects of prior 

front-line therapies. These patients urgently require toler-
able and effective treatment options. In present study, the 
incidence of grade 3-4 AEs was 50%, with most AEs being 
manageable and well-tolerated. These findings align with 
prior reports on the use of lenvatinib plus ICIs in advanced 
BTC (Table 3). Patients with poor PS generally derive less 
benefit from combination chemotherapy regimens. Con-
versely, anti-PD-1 antibodies and TKIs are generally better 
tolerated than chemotherapy and some research demon-
strated that salvage immunotherapy can induce potentially 
long‐lasting “Lazarus responses” [27, 28]. Similarly, we 
observed some patients with ECOG-PS of 2 benefited 
effectively and safely from lenvatinib plus toripalimab. 
Importantly, we prioritize combination regimens over 
chemotherapy when PS decline is cancer-related rather 
than due to irreversible comorbidities. Nonetheless, this 
inclusion of both good and poor PS patients mirrors the 
complexities of clinical practice in ICC, thereby enhanc-
ing the generalizability of our findings to a broader patient 
population.

Fig. 3  Biomarkers analysis for response and prognosis. ORR (A), PFS (B), and OS (C) stratified by CA19-9 level (> 37 U/ml and ≤ 37 U/ml). 
ORR (D), PFS (E), and OS (F) stratified by PD-L1 expression (TPS ≥ 1% and < 1%)
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Fig. 4  Exploratory analysis for genetic alternations. A Profiles of 
genetic alternations and pathways. ORR, PFS, and OS stratified by 
mutation status for IDH1 (B). Abbreviations: PD progressive disease, 
PR partial response, SD stable disease, CA19-9 carbohydrate antigen 
19-9, DDR DNA damage response. PI3K phosphoinositide 3-kinase, 
HRD homologous recombination repair deficiency, WNT wingless/

integrated, FGF fibroblast growth factor, CellCycle cell cycle, SWI/
SNF switch/sucrose nonfermentable, HRR homologous recombina-
tion repair, BER base excision repair, MMR mismatch repair, NER 
nucleotide excision repair, NHEJ, nonhomologous end joining, CPF 
checkpoint factor; FA Fanconi anemia, TLS, translesion synthesis
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Identifying biomarkers to predict which patients would 
benefit most from immunotherapy is crucial. PD-L1 expres-
sion is widely used to predict immunotherapy efficacy, typi-
cally correlating with improved response rates [18]. How-
ever, its predictive value in BTC remains elusive [16]. Lin 
et al. reported that positive PD-L1 expression indicated 
better survival [8]. In contrast, in this study, PD-L1 expres-
sion was not associated with treatment efficacy, consistent 
with a previous phase 2 trial reports [29]. Instead, we found 
baseline CA19-9 levels and specific gene alterations to be 
potentially valuable predictors. Patients with CA19-9 > 
37U/ml exhibited significantly decreased ORR and reduced 
survival, possibly due to CA19-9 association with disease 
severity [30]. Additionally, evidence regarding the predictive 
utility of genetic alterations in BTCs remains limited [31]. 
IDH mutations in ICC are characteristic, and we found that 
patients with IDH1 mutations exhibited higher ORR. This 
favorable outcome may be attributed to mutant IDH repre-
sents an attractive therapeutic neoantigen [32], as ICC with 
IDH mutation often exhibits distinct features such as DNA 
hypermethylation and unique drug sensitivity profiles [33]. 
However, the predictive role of IDH1 mutations in different 
tumors was controversial [34–36], possibly due to varying 
mutational clusters demonstrating diverse response patterns 
[37]. Overall, the underlying mechanisms of this phenom-
enon remain poorly defined. Additionally, prior research 
suggested that certain gene mutations, such as BAP1 and 
CDKN2A mutations, may correlate with aggressive disease 
behavior and poorer response to standard therapies in BTC 
[17, 38]. However, due to our study’s design and limited 
sample size, we could not conclusively establish the predic-
tive significance of these mutations. Nevertheless, our find-
ings suggest that genetic alterations hold promise as poten-
tial predictive markers for therapeutic response in combined 
therapies for ICC. Further research is warranted to clarify 
this association.

This study has several limitations. First, due to its retro-
spective nature, lacking a standard therapy control and a rel-
atively small sample; thus, it is hypothesis-generating rather 
than confirmatory. Nevertheless, given the urgent clinical 
need in advanced ICC, initial exploration of the feasibility, 
effectiveness, and safety of chemo-free regimen is crucial. 
Owing to the rarity and heterogeneity of ICC, multicenter 
or worldwide prospective studies are needed to confirm 
these findings. Second, the decision to administer lenvatinib 
plus toripalimab instead of chemotherapy plus durvalumab 
or pembrolizumab as a first-line treatment was guided by 
patient consent and adherence to ethical and compassion-
ate use guidelines. Although this approach offers valuable 
insights, it introduces inherent biases related to treatment 
choices and patient preferences. Third, as an investigator-
initiated study, our research is susceptible to selection and 
participant biases. Finally, the absence of PD-L1 expression ‡U
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data and incomplete whole genome sequencing in nearly half 
of the patients due to inadequate tissue samples limited the 
accuracy of our biomarker analysis.

Conclusions

Lenvatinib plus toripalimab demonstrates encouraging 
activity and manageable toxicity in advanced ICC patients, 
offering a promising chemo-free treatment option. Baseline 
CA19-9 levels might predict treatment response and prog-
nosis. Patients harboring IDH1 mutations could potentially 
benefit more from this regimen. Future prospective registry 
studies are warranted to confirm these findings.
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