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Abstract
Background: Lenvatinib plus anti-PD-1 antibodies with local-regional therapy which was called
stereotactic therapy have demonstrated potent antitumor activity in solid tumors. However, the e�cacy
and safety of stereotactic therapy in patients with advanced biliary tract cancer (BTC) remains unclear.

Methods: This was a retrospective study including patients with advanced BTC who received a
combination of Lenvatinib plus toripalimab or Lenvatinib plus toripalimab with local-regional therapy
(stereotactic therapy). This study evaluated the e�cacy and safety of Lenvatinib plus toripalimab and
stereotactic therapy in advanced BTC patients. Tumor tissues were collected to retrospectively evaluate
the expression status of PDL1.

Results: This study included 55 patients: 24 in Lenvatinib plus toripalimab therapy; 31 in stereotactic
therapy. All patients had undergone at least 1 line of antitumor treatment. The stereotactic therapy group
showed longer median progression-free survival (mPFS) (9.6 versus 4.6 months, p=0.035), longer overall
survival (mOS) (13.7 versus 9.2 months, p=0.023) than the Lenvatinib plus toripalimab group. The ORR
was 35.5% [95% con�dence interval (CI): 17.6-53.3] with stereotactic therapy versus 25% (95% CI: 6.3-
43.7) with toripalimab plus Lenvatinib. Four patients received surgery after the Lenvatinib plus
toripalimab therapy or after stereotactic therapy. All patients experienced any-grade adverse events (AEs)
without grade 5 AEs. PDL1 expression was associated with improved clinical bene�ts.

Conclusions: Stereotactic therapy had acceptable toxic effects and might improve survival compared
with Lenvatinib plus toripalimab for advanced BTC.

Introduction
Biliary tract cancers (BTCs), which mainly include intrahepatic cholangiocarcinoma (ICC), extrahepatic
cholangiocarcinoma (ECC), and gallbladder cancer (GBC), are aggressive malignancies [1]. Most patients
have an advanced-stage disease at presentation, and the prognosis is poor, with a 5-year survival of less
than 5–15%[2, 3]. Presently, the �rst-line treatment for patients with advanced disease is gemcitabine and
cisplatin (GC)[4], and FOLFOX is recommended as a second-line treatment. Unfortunately, the objective
response rate (ORR) of FOLFOX was only 5% and the disease control rate (DCR) was 33%. The
subsequent treatment options are limited for patients who experienced disease progression despite
chemotherapy. Therefore, new effective therapeutic approaches are needed to improve the clinical
outcomes of patients with advanced BTC.

Accumulating evidence has demonstrated that programmed cell death ligand 1 (PD-L1) or programmed
cell death protein 1 (PD-1) expression has been observed and that suppressed immune
microenvironments contribute to the pathogenesis of BTC, which suggests that there is a potential role
for immunotherapy that is directed against the PD-1 pathway in BTC patients[5, 6]. However, the
KEYNOTE-158 and KEYNOTE-028 studies showed that the treatment e�cacy of using immunotherapy
alone is far from satisfactory[7]. A previous study showed that the combination of anti-PD-1 therapy with
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Lenvatinib could increase the ORR to 21.4% in patients with previously treated BTC [8]. The combination
of toripalimab, Lenvatinib, and gemox chemotherapy could increase the ORR to 80% (24/30) in the phase
2 clinical trial[9].

In addition, a real-world practice found that advanced hepatocellular carcinoma (HCC) patients received
the combination of Lenvatinib plus anti-PD-1 antibodies with local-regional therapy which was called
stereotactic therapy had a satisfactory e�cacy [10]. Stereotactic therapy is de�ned by receiving
Lenvatinib plus anti-PD-1 antibodies with local regional therapy, including radiotherapy, hepatic arterial
infusion chemotherapy (HAIC), transcatheter arterial chemoembolization (TACE), and radiofrequency
ablation (RFA). Anti-PD-1 therapy in combination with antiangiogenic and local regional therapy may
enhance the endogenous immune response.

Toripalimab, a humanized programmed death-1 (PD-1) antibody, has shown a manageable safety pro�le
and has promising antitumor activity in patients with advanced gastric cancer and metastatic mucosal
melanoma[11, 12]. Based on these results, we investigated the e�cacy and safety of the combination of
Lenvatinib plus toripalimab therapy or stereotactic therapy in patients with advanced BTC.

Materials And Methods
Study design and participants

We performed a retrospective study to assess the e�cacy and safety of Lenvatinib plus toripalimab or
stereotactic therapy in patients with advanced biliary tract cancer from March 2019 until December 2021.
Eligible patients were aged 20 years or older with histologically con�rmed ECC, ICC, and GBC. All patients
had been diagnosed with advanced BTC and had progressed despite having at least 1 line of systemic
therapy previously. The other eligibility criteria included patients who had at least one measurable or
evaluable tumor lesion according to the Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST
1.1) and who had an Eastern Cooperative Oncology Group (ECOG) performance status of 0-2. The
patients received Lenvatinib and toripalimab with or without local-regional therapy. The eligible
participants were also required to have received >3 months of treatment. The demographic information
and the surgical, pathological, regional, and systemic treatment information were recorded. A study �ow
diagram is shown in Figure 1.

The study protocol was compliant with the Declaration of Helsinki and was approved by the Institutional
Review Board and Ethics Committee at Peking Union Medical College Hospital. All patients provided
written informed consent before enrollment (PUMCH-JS-1391). Once the patients with advanced BTC had
progressed on at least 1 line of systemic therapy, treatment with Lenvatinib plus toripalimab or
stereotactic therapy was recommended. The �nal treatment plan was principally made based on the
condition of the patient and the patient’s disease status, including the ECOG score of the patient and the
number and location of tumors. If the patients with stable disease (SD) or progressive disease (PD)
received toripalimab plus Lenvatinib therapy, local regional therapies, such as radiotherapy, hepatic
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arterial infusion chemotherapy (HAIC), transcatheter arterial chemoembolization (TACE), and
radiofrequency ablation (RFA), were also recommended.

Treatment

In the Lenvatinib plus toripalimab group, patients received toripalimab at a �xed dosage of 240 mg or 3
mg/kg every 3 weeks and a Lenvatinib dosage of 12 mg (for patients with a bodyweight ≥60 kg) or 8 mg
(for patients with a bodyweight <60 kg) orally once a day.

In the stereotactic therapy group, the patients not only received toripalimab with a �xed dosage of 240
mg or 3 mg/kg every 3 weeks and a dosage Lenvatinib of 12 mg (for patients with a bodyweight ≥60 kg)
or 8 mg (for patients with a bodyweight <60 kg) orally once a day, the patients also received radiotherapy,
HAIC, TACE, and RFA. Lenvatinib plus toripalimab was administered 2-3 weeks earlier than the local
regional therapies.

The clinical target volume covered an extended involved‐site �eld that covered the primary tumor,
adjacent organs, and lymph node areas. The radiation doses that were given to the clinical target volume
were usually 30-60 Gy in 8 to 28 fractions by a 6 MV X-ray linear accelerator and with intensity modulated
radiotherapy (IMRT)[13].

TACE was performed according to the patient’s condition and decision. Using the Seldinger technique, the
patients were catheterized via the femoral artery, and hepatic arteriography was performed. Agents,
including iodized oil (3–5 ml), �uorouracil (5-FU) (750 mg/m2), and oxaliplatin (60 mg/m2), were injected
through the appropriate hepatic artery. The length of time that was used to infuse the chemotherapy
drugs was generally not less than 15 minutes. According to the type of tumor, the alpha-fetoprotein (AFP)
level, and the physical recovery, the decision of whether to perform another TACE was made.

The RFA was performed as follows: The overall duration of the radiofrequency varied according to the
size and number of the lesions (range 10–90 min), and the radiofrequency current was emitted by a 200 
W generator, which was set to deliver the maximum power with the automatic impedance control method.
HAIC was performed as follows: A catheter/microcatheter was placed in the main feeding hepatic artery,
and then the following regimen was administered via the hepatic artery: oxaliplatin 85 mg/m2 from hour
0 to 2 on day 1; leucovorin 400 mg/m2 from hour 2 to 3 on day 1; and a 5-�uorouracil 400 mg/m2 bolus
at hour 3 and then 2400 mg/m2 over 46 h on days 1 and 2. The treatments may have been interrupted
and even discontinued when unacceptable or serious adverse events (AEs) occurred or when there was
disease progression.

Assessments

The clinical objective response used enhanced computed tomography (CT) and magnetic resonance
imaging (MRI) according to RECIST 1.1 at 6–8 weeks after the patient’s treatment. The imaging
examinations were evaluated by professional radiologists. The therapeutic e�cacy included the objective
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response rate (ORR) (the proportion of patients with a con�rmed complete and partial response), the
progression-free survival (PFS) (the time from the initial treatment to disease progression or death from
any cause), the overall survival (OS) (the time from the initial treatment to death from any cause), the
disease control rate (DCR) (the proportion of patients who achieved an objective response or SD), and the
safety. The AEs were categorized and graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 4.0 (CTCAE 4.0). The worst grade for each AE that was
experienced by each patient during the observation period was recorded.

Assessment of PD-L1 expression 

Formalin-�xed, para�n-embedded (FFPE) tumor specimens from 28 patients were used to perform
immunohistochemistry (IHC). IHC staining was performed according to a standard protocol. The tumor
tissues were �xed, embedded, and cut into 3 μm thick sections. Anti-PDL1 antibody (IHC PD-L1 (E1L3N)
XP rabbit mAb, Cell Signaling Technology) was used. The percentages of PD-L1-expressing tumor cells
were assessed by independent pathologists who were blinded to the clinicopathologic data, including the
therapeutic response and survival time. PDL1 positivity was de�ned as a CPS ≥ 1 in the tumor cells.

Statistical analysis

The data were last updated on December 31, 2021. The PFS and OS were calculated from the date of the
initiation of treatment until the date of disease progression or death. The baseline characteristics and
e�cacy data of the two treatment groups were compared using the chi-square test or Fisher’s exact test.
The Kaplan–Meier method and bilateral log-rank test were used to generate PFS and OS curves. The
hazard ratios of each clinicopathological feature for the PFS and OS were estimated by Cox proportional
hazard modeling. All statistical analyses were undertaken using SPSS 22 (vision 22.0, SPSS, Inc.,
Chicago, IL) and R (version 4.0.3).

Results
The patient demographics and baseline characteristics

From March 2019 until June 2021, 55 patients with advanced BTC met the eligibility criteria: 31 patients
received stereotactic therapy, and 24 patients received Lenvatinib plus toripalimab. The median age of
the patients was 60 (IQR, 57-65) years, and 67.3% of the patients were male. Of this total number, 37
patients (67.3%) had ICC, 8 (14.5%) had ECC and 10 (18.2%) had GBC. Forty-three (78.2%) of the
participants had an ECOG PS of 0-1. In total, the pathological differentiation types of 24 (43.6%) patients
were unknown due to a lack of further pathological tissue analyses. All patients had undergone ≥1 line of
antitumor treatment. Twenty-four (43.6%) patients underwent radical surgical resection. Nineteen (34.5%)
patients had received systemic chemotherapy. Due to concerns about the side effects of chemotherapy,
17 (30.9%) patients chose targeted therapy, including afatinib (n=1) and Lenvatinib (n=16). During the
initial diagnosis, 32 (58.2%) patients presented with lymph node metastasis. The baseline characteristics
of two cohorts are summarized in Table 1, and no difference was observed. In both the stereotactic
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therapy group and the Lenvatinib plus toripalimab group, lymph node metastasis was the most common
metastasis. In the stereotactic therapy group, 16 (51.6%) patients had radiotherapy. One patient
underwent TACE, HACI, RFA, and radiotherapy due to having multiple metastatic sites. The treatments are
listed in Table 1.

E�cacy

The data were last updated on 31 December 2021. In this study, the median duration of follow-up was
21.1 (IQR, 14.5–26.4) months. As of December 31, 2021, 35 (63.6%) deaths had occurred: 17 (70.8%)
deaths in the Lenvatinib plus toripalimab therapy group and 18 (58.1%) deaths in the stereotactic therapy
group. The median PFS in the stereotactic therapy group was 9.6 (95% CI: 4.7-14.5), compared with 4.6
(95% CI: 2.5-6.6) in the toripalimab plus Lenvatinib therapy group (HR 0.50 [95% CI: 0.26-0.97]; p=0.035,
Figure 2A). The median OS was 13.7 months (95% CI: 9.4-17.9) in the stereotactic therapy group versus
9.2 months (95% CI: 7.9-10.4) in the toripalimab plus Lenvatinib therapy group (HR 0.45 [95% CI: 0.22-
0.91]; p=0.023, Figure 2B). The ORR was 25% (6/24; 95% CI: 6.3-43.7), and the DCR was 75% (18/24; 95%
CI: 56.3-93.7) in the Lenvatinib plus toripalimab therapy group. However, in the stereotactic group, the
ORR was 35.5% (11/31; 95% CI: 17.6-53.3), and the DCR was 87.1% (27/30; 95% CI: 74.6-99.6) (Table 2).
Among the two cohorts, 4 patients achieved PR and had surgery after the above treatment: 3 patients
received stereotactic therapy, and 1 patient received therapy with toripalimab plus Lenvatinib (Figure 3).
Evidence shows that patients in the stereotactic therapy group have better survival than those in the
Lenvatinib plus toripalimab therapy group.

Safety

All patients experienced ≥1 adverse event (AE), and no treatment-related deaths occurred in this study
(Table S1). The most common AEs were an ALT or AST elevation (74.5%, n = 41) followed by fatigue
(72.7%, n = 40). The most frequent grade 3-4 AE was an elevation in the bilirubin levels (7/55, 12.7%). The
stereotactic therapy group had a higher incidence of AEs than the Lenvatinib plus toripalimab therapy
group. The most common AEs with the stereotactic therapy were Fatigue (25/31, 80.6%), AST or ALT
increased (25/31, 80.6%), and abdominal pain (12/31, 38.7%). A detailed list of the AEs and their
associated frequencies are shown in Table 3. No drug-related deaths occurred in any group.

PD-1 expression and the subgroup analysis

A total of 28 samples were used for the assessment of PD-L1 expression by two pathologists (Table
S2). Overall, 29.1% of the samples were PD-L1 positive (≥1%). The subgroup with positive PDL1
expression showed a higher PFS than the subgroup without PDL1 expression (14.7 vs. 5.9, P=0.007)
(Figure 4). For the OS, ORR, and DCR, the subgroup with positive PDL1 expression was not signi�cantly
different compared with the PD-1-negative subgroup (Table S3).

Discussion
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Patients with advanced BTC who were pretreated with systemic antitumor treatments have limited
treatment options and an overall poor prognosis[14], so new effective treatment strategies are needed. In
this retrospective study, although all of the patients with advanced BTC received one or more systemic
antitumor treatments, our study showed that stereotactic therapy may lead to longer OS and PFS. The
analyses of prede�ned subgroups revealed that the patients in the stereotactic therapy group achieved a
signi�cantly better mPFS (9.6 vs. 4.6 months, p = 0.035). Compared with the Lenvatinib plus toripalimab
therapy group, the patients in the stereotactic therapy group had a longer mOS (13.7 vs. 9.2 months, p = 
0.023), indicating that stereotactic therapy has the potential to improve the long-term survival. The ORR
and DCR were also better in the stereotactic therapy group (ORR: 35.5% vs. 25%, DCR: 87.1% vs. 75%). In
addition, 3 patients received surgery after the combination of Lenvatinib plus toripalimab with local
regional therapy which is called the stereotactic therapy. The results indicate that the combination of
Lenvatinib plus anti-PD-1 antibodies with local-regional therapy is a possible conversion therapy that can
successfully convert unresectable BTC to a resectable status, and it has the potential to improve long-
term survival.

For patients who experienced disease progression despite chemotherapy, the subsequent treatment
options are limited. Accumulating preclinical studies have demonstrated that immunotherapy[7] or
Lenvatinib[15] alone is not satisfactory in patients with advanced BTC. A phase 2 study showed that the
ORR of Lenvatinib monotherapy as a second-line treatment in unresectable biliary tract cancer was 11.5%
[15]. The results from the KEYNOTE-028 (KN028) and KEYNOTE-158 (KN158) basket studies showed that
the ORRs were 13.0% and 5.8%, respectively, in patients who had PD-L1–positive tumors[16]. A single-arm
study revealed that pembrolizumab combined with Lenvatinib could enhance the antitumor e�cacy of
immunotherapy, with an ORR of 25% and a DCR of 75% for patients with refractory BTC[17]. A recent
conference abstract that evaluated Lenvatinib and toripalimab in 31 patients with advanced ICC showed
a high response rate with an ORR of 32.3% (10/31; 95% CI: 16.7%-51.4%) and a DCR of 74.2% (23/31;
95% CI: 55.4%-88.1%) [18]. This promising e�cacy indicates that anti-PD-1 plus TKI therapy may exert
activity in BTC patients, especially in patients who have biliary tract cancer with positive PD-1
expression[17, 19]. As we observed in this study, the subgroup with positive PDL1 expression had a higher
PFS than the subgroup with negative PDL1 expression (14.7 vs. 5.9, P = 0.009), suggesting that patients
with positive PDL1 expression may have a survival bene�t. Increasing evidence suggests that the
inhibition of angiogenesis by targeting TKIs can reprogram the immunosuppressive tumor
microenvironment into an immunostimulatory environment and can enhance the antitumor e�cacy of
immunotherapy that targets PD1/PDL1 [20, 21]. Dual anti-PD-1 and VEGF/VEGFR blockade has shown
some bene�ts in patients with previously treated advanced non-small-cell lung cancer, gastro-esophageal
cancer, hepatocellular carcinoma, or urothelial carcinoma [21–23]. This combination may be a promising
alternative for patients with previously treated advanced BTC. Therefore, Lenvatinib combined with
pembrolizumab is recommended as a second-line treatment option for biliary tract cancer in CSCO
guidelines.

Continuous improvements have been made for patients with advanced BTC who have limited treatment
options, and multimodality therapies, including anti-PD-1 therapy combined with chemotherapy, and
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locoregional treatment approaches, are now often used following cancer progression because these
therapies may be e�cacious[24]. A phase 2 clinical trial reported toripalimab, Lenvatinib and gemox
chemotherapy as �rst-line treatment for an advanced and unresectable ICC showed an ORR of 80% (95%
CI, 61.4–92.3) and a DCR of 93.3% (95% CI, 77.9–99.2)[9]. Growing evidence indicates that
chemotherapy may affect the immune system and increase the ratio of cytotoxic lymphocytes to
regulatory T cells[25]. Toripalimab, Lenvatinib, and gemox chemotherapy are recommended as �rst-line
therapy in advanced biliary tract malignancies in CSCO guidelines. All of the above studies indicate that
new combination therapy approaches that induce the release of antigens and seek to increase response
rates are the current hotspots. Anti-PD-1 antibodies combined with traditional treatment regimens, such
as radiotherapy[26], HAIC[27], and TACE[28], attracted more attention. A previous study showed that
stereotactic therapy not only prolonged survival but also converted the hepatocellular carcinoma (HCC) to
be surgically resectable in patients with extrahepatic metastasis[10]. In this study, we also observed that
Lenvatinib plus toripalimab with local-regional therapy bene�ts of patient survival presents “cooperative
binding”.

In terms of therapeutic safety, systemic therapies based on toripalimab have been clinically feasible and
safe. Although most patients experienced AEs, no grade 5 AEs were reported. Approximately 45.5%
(25/55) of the patients experienced grade 3–4 AEs, but they were generally manageable. The adverse
events that were more frequently noted in this study were elevations in the ALT and ALP. The most
common treatment-related grade 3 or higher adverse event was elevations in the bilirubin level. Many AEs
were more frequent in the stereotactic therapy group than in the Lenvatinib plus toripalimab therapy
group, as demonstrated in a systematic review [29]. The possible reason might be as follows. First, the
proportion of patients in the stereotactic therapy group who had local treatment after therapy with
Lenvatinib plus toripalimab had failed. Second, local regional therapy, such as radiotherapy, HAIC, and
TACE, may cause more side effects. However, none of the AEs in either group were unexpected, which
was due to the regular outpatient care.

However, as a retrospective study, there are some limitations. First, part of the clinical data was obtained
while the patients were hospitalized in the local hospital, and this data was recorded by the patients or
their families at the follow-up or during outpatient visits. Second, the follow-up time was relatively short.
Third, although Lenvatinib plus toripalimab therapy and stereotactic therapy were more commonly used
for advanced patients, we need to assess the precise e�cacy and safety in well-designed clinical trials.
Although these factors somewhat weaken the validity and reliability of the conclusions, these ‘real-world’
data are still helpful for a subsequent prospective study.

Conclusion
Our data indicated that stereotactic therapy and Lenvatinib plus toripalimab have antitumor activity.
Stereotactic therapy is a promising alternative for patients with previously treated advanced BTC, and this
treatment may provide a signi�cantly and clinically relevant improvement in antitumor activity and has
the potential to improve the long-term survival for patients with previously treated advanced BTC.
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Meanwhile, patients with extrahepatic metastasis may obtain clinical bene�ts and have a chance to
convert to surgery, which can allow them to achieve tumor-free survival through Lenvatinib plus
toripalimab therapy or stereotactic therapy. Retrospective analysis of PDL1 expression showed that PDL1
expression was associated with improved clinical bene�ts.
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Table 1 Baseline characteristics
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Characteristics Toripalimab plus lenvatinib 

(n=24)

Stereotactic therapy

 (n=31)

P value

Median Age range , y 62(58-65) 64.5(59-65) 0.08

Gender, n (%)     0.255

    Male 14(58.3) 23(74.2)  

       Female 10(41.7) 8(25.8)  

Tumor subtype, n (%)     0.563

Intrahepatic cholangiocarcinoma 15(62.5) 22(71)  

Extrahepatic cholangiocarcinoma 5(20.8) 3(9.6)  

Gallbladder cancer 4(16.7) 6(19.4)  

ECOG performance status, n (%)     0.064

    0 3(12.5) 12(38.7)  

    1 16(66.7) 12(38.7)  

    2 5(20.8) 7(22.6)  

Differentiated histology, n (%)     <0.01

Well 2(8.3) 0  

Moderately 6(25) 5(16.1)  

Poorly 4(16.7) 8(25.8)  

Moderately-poorly  1(4.2) 4(12.9)  

Well-moderately 1(4.2) 14(45.2)  

Unsure 10(41.6) 0  

Previous antitumor therapy, n (%)     0.587

     Radical surgery resection 10(41.7) 14(45.2)  

Systemic chemotherapy 7(29.2) 12(38.7)  

Targeted therapy 10(41.7) 7(22.6)  

Interventional therapy 5(20.8) 6(19.4)  

Site of metastases, n (%)     0.903

Intrahepatic 10(41.7) 11(35.5)  

Lymph nodes 14(58.3) 18(58.1)  
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Lung 1(4.2) 3(9.7)  

Bone 1(4.2) 2(6.5)  

Local regional therapy     -

Radiotherapy - 16(51.6)  

HAIC - 3(9.7)  

TACE - 6(19.4)  

TACE+ Radiotherapy - 2(6.5)  

HAIC+ Radiotherapy - 3(9.7)  

TACE+HACI+RFA+ Radiotherapy - 1(3.2)  

Stereotactic therapy: Toripalimab +lenvatinb+LRT; LRT, local-regional therapy; HAIC, Hepatic artery
infusion chemotherapy, TACE, Transarterial chemoembolization; RFA, Radiofrequency ablation.

Table 2 Tumor response to treatment in each treatment group

  Toripalimab plus
lenvatinib (n=24)

Stereotactic
therapy (n=31)

P
value

Effect
size (95%
CI)

Objective response rate (n, %),
95% CI

25(6.3-43.7) 35.5(17.6-53.3) 0.558 OR 1.65

Complete response (n, %) 1(4.2) 1(3.2) - -

Partial response (n, %) 5(20.8) 10(32.3) - -

Stable disease (n, %) 12(50) 16(51.6) - -

Progressive disease (n, %) 6(25) 4(12.9) - -

DCR(95% CI) 75(56.3-93.7) 87.1(74.6-99.6) 0.304 OR 2.25

Median overall survival, months
(95% CI)

9.2(7.9-10.4) 13.7(9.4-17.9) 0.023 HR 0.45
(0.22-
0.91)

Median progression-free
survival, months (95% CI)

4.6(2.5-6.6) 9.6(4.7-14.5) 0.035 HR 0.50
(0.26-
0.97)

Downstaging and resection 1(4.2) 3(9.7) - OR 2.46
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Table 3 Safety summary of toripalimab plus lenvatinib and stereotactic therapy

Adverse events 

 

Toripalimab plus lenvatinib n (%)

 (n=24)

Stereotactic therapy n (%) 

(n=31)

Any
grade

Grade 1–
2

Grade 3-
4

Any
grade

Grade 1–
2

Grade 3-
4

Fatigue 15(62.5) 14(58.3) 1(4.2) 25(80.6) 23(74.2) 2(6.5)

Nausea 4(16.7) 4(16.7) 0 9(29) 8(25.6) 1(3.2)

Vomitting 3(12.5) 3(12.5) 0 6(19.4) 5(16.1) 1(3.2)

Proteinuria 7(29.2) 6(25) 1(4.2) 10(32.3) 8(25.6) 2(6.5)

Stomatitis 2(8.3) 2(8.3) 0 8(25.6) 7(22.6) 1(3.2)

Arthralgia 2(8.3) 2(8.3) 0 2(6.5) 2(6.5) 0

Rash 6(25) 5(20.8) 1(4.2) 8(25.6) 5(16.1) 3(9.7)

Abdominal pain 9(37.5) 9(37.5) 0 12(38.7) 11(35.5) 1(3.2)

Diarrhea 6(25) 6(25) 0 10(32.3) 8(25.6) 2(6.5)

Fever 1(4.2) 1(4.2) 0 2(6.5) 2(6.5) 0

Anorexia 3(9.7) 3(9.7) 0 9(29) 8(25.6) 1(3.2)

Gastrointestinal
haemorrhage

2(8.3) 2(8.3) 0 4(12.9) 4(12.9) 0

Epistaxis 1(4.2) 1(4.2) 0 1(3.2) 1(3.2) 0

Hypertension 9(37.5) 8(33.3) 1(4.2) 11(35.5) 10(32.3) 1(3.2)

Headache 1(4.2) 1(4.2) 0 1(3.2) 0 1(3.2)

Myocarditis 4(16.7) 4(16.7) 0 3(9.7) 2(6.5) 1(3.2)

AST or ALT increased 16(66.7) 15(62.5) 1(4.2) 25(80.6) 23(74.2) 2(6.5)

Anemia 4(16.7) 4(16.7) 0 6(19.4) 6(19.4) 0

Bilirubin elevation 7(29.2) 5(20.8) 2(8.3) 15(48.4) 10(32.3) 5(16.1)

Hypothyroidism 3(9.7) 3(9.7) 0 9(29) 9(29) 0

Hypoproteinemia 7(29.2) 6(25) 1(4.2) 11(35.5) 10(32.3) 1(3.2)

Thrombocytopenia 5(20.8) 5(20.8) 0 3(9.7) 3(9.7) 0

Leukopenia 5(20.8) 5(20.8) 0 10(32.3) 10(32.3) 0
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Figures

Figure 1

Study �ow diagram. BTC, biliary tract cancer; LRT, local-regional therapy; Stereotactic therapy: Lenvatinib
plus toripalimab with LRT. 
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Figure 2

Kaplan–Meier estimates of the progression-free survival (A) and overall survival (B) in the Lenvatinib plus
toripalimab group and the stereotactic therapy group.
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Figure 3

The pretreatment and preoperative CT or MR scans in 4 patients. Patients A, B, and C received
stereotactic therapy, while patient D received Lenvatinib plus toripalimab. 
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Figure 4

Kaplan–Meier estimates of the overall survival (A) and progression-free survival (B) in 28 patients with
BTC whose tissues were tested for PD-L1 expression.
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