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Abstract

Purpose Open-label phase Ib/Il study to investigate the safety and efficacy of LBL-007, an anti-LAG-3 antibody, plus
toripalimab, an anti-PD-1 antibody, in patients with previously treated advanced nasopharyngeal carcinoma (NPC)
and other solid tumors.

Methods Patients with advanced tumors refractory to prior standard therapies were enrolled. In phase Ib, patients
received LBL-007 200 mg or 400 mg and toripalimab 240 mg intravenously once every 3 weeks. In phase Il, all patients
received LBL-007 at the recommended phase Il dose (RP2D) and toripalimab 240 mg intravenously once every 3
weeks. The primary end points were safety in phase Ib and objective response rate (ORR) in phase II. The exploratory
end point was the predictive capability of LAG-3 and PD-L1 expression for efficacy.

Results Between November 30, 2021, and December 1, 2023, 80 patients were enrolled, including 30 (37.5%) with
NPC and 50 (62.5%) with other tumors. Median follow-up was 26.0 months. In Phase Ib, LBL-007 was administered
at 200 mg to four patients and 400 mg to six patients, with no dose-limiting toxicities observed. Therefore, the

400 mg dose of LBL-007 was established as the RP2D and administered to 70 patients in phase Il. Nine (11.3%) of 80
patients had grade 3 or 4 treatment-related adverse events, the most common of which included anemia (2.5%),
hyponatremia (2.5%), increased alanine aminotransferase (2.5%), increased aspartate aminotransferase (1.3%), and
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fatigue (1.3%). Eight patients (10.0%) had treatment-related serious adverse events. No treatment-related deaths were
reported. In immunotherapy-naive NPC patients (n=12), ORR was 33.3%, disease control rate (DCR) was 75%, and
median progression-free survival (PFS) was 10.8 months (95% Cl, 1.3 to not estimated). In 10-treated NPC patients
(n=17), ORR was 11.8%, DCR was 64.7%, and median PFS was 2.7 months (95% Cl, 1.4 to 4.9). For other tumors, ORRs
were 15.8% in immunotherapy-naive patients and 3.7% in immunotherapy-treated patients. Patients with > 2+ LAG-3
expression had a higher ORR of 28.0%, compared to 7.7% in those with <2+ LAG-3 expression.

Conclusion LBL-007 plus toripalimab exhibited a manageable safety profile in patients with advanced solid tumors
and demonstrated promising antitumor activity in NPC, especially in immunotherapy-naive patients. These findings

warrant further validation in future studies.

Introduction

Immunotherapy with immune-checkpoint inhibitors
(ICIs) has transformed cancer treatment, offering sig-
nificant survival benefits across various malignancies
[1]. Despite their success, anti-PD-(L)1 monotherapy
achieves only modest overall response rates in patients
with advanced cancers [2—4]. As a result, combination
therapies targeting PD-(L)1 and other immune check-
points, such as cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) and lymphocyte activation gene-3
(LAG-3), have been investigated to enhance clinical out-
comes [5-9].

LAG-3 is an inhibitory receptor that is highly expressed
on exhausted T cells [10]. It limits T cell function by
interacting with major histocompatibility complex
(MHC) class II molecules [11]. Co-expression of LAG-3
and PD-1 has been observed on tumor-infiltrating T cells
in several cancers, including melanoma and nasopharyn-
geal carcinoma (NPC) [12-14]. Recent studies have elu-
cidated the underlying mechanisms that co-blockade of
LAG-3 and PD-1 enhances the proliferation, cytotoxicity
and interferon-gamma production of exhausted CD8+ T
cells [15, 16]. These findings support the rational for eval-
uating this combination therapy in tumors with elevated
LAG-3 and PD-(L)1 expression. The RELATIVITY-047
trial demonstrated that dual blockade of PD-1 and LAG-3
results in synergistic anti-tumor activity, leading to FDA
approval of this combination therapy for patients with
advanced melanoma [5]. However, the efficacy and safety
of anti-LAG-3/PD-1 combination therapy in other can-
cers, particularly in NPC, requires further investigation.

LBL-007 is an innovative, fully human, IgG4/k sub-
type monoclonal antibody designed to selectively bind
and inhibit LAG-3. Preclinical study suggested that the
endocytosis efficiency of LBL-007 was superior to that
of another anti-LAG-3 antibody, relatlimab [17]. In addi-
tion, the combination of LBL-007 and an anti-PD-1 anti-
body resulted in enhanced inhibition of tumor growth
compared to either monotherapy in mouse allograft
models. In this trial, we evaluate the safety profile, pre-
liminary antitumor activity, and potential biomark-
ers of LBL-007 combined with toripalimab in patients
with advanced NPC and other solid tumors. To our

knowledge, this is the first clinical trial to assess the effi-
cacy of anti-LAG-3/PD-1 combination therapy in NPC
patients.

Methods

Study design and participants

This is an open-label, single-arm, multicenter, dose esca-
lation and expansion, phase Ib/II trial to assess the safety
and preliminary antitumor activity of LBL-007 combined
with toripalimab in patients with advanced malignant
tumors (ClinicalTrials.gov identifier: NCT05102006).
This study was conducted in accordance with the Inter-
national Council for Harmonization Good Clinical
Practice guidelines and the Declaration of Helsinki. The
protocol and amendments received approval from the
institutional review board or independent ethics com-
mittee at each site. Patients provided written informed
consent before enrollment and agreed to comply with the
study protocol and visit schedule.

Patients enrolled in the trial had histologically or cyto-
logically confirmed advanced (metastatic and/or unre-
sectable) malignant tumors and had progressed after
standard treatment. Eligible patients were either immu-
notherapy-naive (IO-naive) or had prior exposure to
immunotherapy (IO-treated). Additional eligibility cri-
teria included an Eastern Cooperative Oncology Group
(ECOQ) performance status of 0 or 1, at least one mea-
surable lesion per Response Evaluation Criteria in Solid
Tumors (RECIST, version 1.1), adequate organ function,
and a life expectancy of at least 12 weeks. Key exclusion
criteria included a history of or active autoimmune dis-
ease, active hepatitis B or C virus infection and active
brain metastases. The full inclusion and exclusion criteria
and criteria for withdrawal from treatment are listed in
the protocol (Supplement protocol).

Study treatment

Based on data from two unpublished phase I trials
(CTR20191854, NCT04640545), we selected LBL-007 at
doses of 200 mg (equivalent to 3 mg/kg for a 65 kg sub-
ject) or 400 mg (equivalent to 6 mg/kg for a 65 kg subject)
once every 3 weeks for patients in the phase Ib study. The
240 mg dose of toripalimab was administered once every



Chen et al. Journal of Hematology & Oncology (2025) 18:15

3 weeks according to the commercial recommendation.
The recommended phase II dose (RP2D) of LBL-007 was
determined based on safety and pharmacokinetic profile
from phase Ib. In phase II, all patients received LBL-007
at the RP2D and toripalimab 240 mg once every 3 weeks.
Treatment continued for two years or until confirmed
disease progression (PD), intolerable toxicity, withdrawal
of consent, or patient/physician decision. Continued
treatment beyond initial progression was allowed if clini-
cally beneficial and without unacceptable toxicities, until
imaging-confirmed disease progression 4 weeks later.
The study diagram is shown in Supplement Figure S1.

Assessments

Adverse events (AEs) were graded according to Common
Terminology Criteria for Adverse Events (CTCAE) ver-
sion 5.0. Treatment-relate AEs (TRAEs) were attributed
to either LBL-007, toripalimab, or both. Immune-related
AEs (irAEs) were considered by investigators to be
potentially related to immune mechanisms. The detailed
definition of dose-limiting toxicity (DLT) is listed in the
protocol (Supplement protocol). DLTs were evaluated in
patients enrolled in the dose escalation phase (phase Ib).
The maximum tolerated dose (MTD) was determined as
the highest dose level with <one out of six patients expe-
riencing a DLT.

Radiologic tumor response was assessed using RECIST
version 1.1 via computed tomography or magnetic reso-
nance imaging. Evaluation was performed every 6 weeks
in the first 24 weeks, and then every 9 weeks for up to
two years. Complete response and partial response were
confirmed by investigators at least 4 weeks after the ini-
tial documentation.

Formalin-fixed, paraffin-embedded baseline tumor
samples were used to determine LAG-3 and PD-L1
expression levels via validated immunohistochemistry
assays, as described previously [18]. Archived tissue sam-
ples obtained within one year were acceptable. LAG-3
expression was graded based on staining intensity as
follows: 0 (no staining), 1+ (weak), 2+ (moderate), or 3+
(strong). High expression of LAG-3 was defined as inten-
sity>2+. PD-L1 expression was assessed using the stan-
dardized SP263 assays (Ventana Medical Systems) and
was scored as the proportion of tumor cells (TCs) show-
ing PD-L1 membrane staining.

End points

In Phase Ib, the primary end points were to evaluate
safety and tolerability of LBL-007 combined with tori-
palimab, and the determination the RP2D. Safety data,
including AEs, serious AEs (SAEs), TRAEs, irAEs and
DLTs, were summarized descriptively. In phase II, the
primary end point was the preliminary efficacy of LBL-
007 plus toripalimab, as measured by the objective
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response rate (ORR). Secondary end points included
safety, progression-free survival (PFS), disease control
rate (DCR) and duration of response (DOR). The explor-
atory end point was the correlation between efficacy and
expression levels of LAG-3 and PD-L1.

Statistical analysis

Safety analysis was conducted in all patients who received
at least one dose of study drugs. Antitumor activity was
evaluated in patients who had at least one post-baseline
imaging evaluation. Biomarker analysis was performed in
patients with available data on PD-L1 and LAG-3 expres-
sion levels, as well as tumor response outcomes.

ORR and DCR were calculated with corresponding 95%
confidence intervals using the Clopper-Pearson method.
PFS and DOR were plotted using the Kaplan-Meier
method for time-to-event data. Categorical variables
were summarized using frequency counts and percent-
ages, while continuous variables were summarized using
descriptive statistics, including mean, standard deviation
(SD), median, and range (min, max). We performed all
statistical tests using SAS v9.4.

Results

Patient baseline characteristics

From November 30, 2021, to December 1, 2023, 93
patients were screened for eligibility and 80 patients
were enrolled from 11 centers (10 in phase Ib and 70 in
phase II), including 30 patients with NPC, 13 with small
cell lung cancer (SCLC), 12 with lung adenocarcinoma
(adNSCLC), 9 with squamous non-small cell lung cancer
(sqNSCLC), 8 with esophageal squamous cell carcinoma
(ESCC), 5 with head and neck squamous cell carcinoma
(HNSCC), and 3 with cervical cancer (CCA). All patients
had progressed after standard therapies, and 35 patients
(43.8%) had received two or more prior lines of treat-
ment. Additionally, 47 patients (58.8%) had previously
received anti-PD-(L)1 immunotherapy. The baseline
characteristics of the enrolled patients are summarized in
Table 1.

At the data cutoff on July 26, 2024, the median follow-
up was 26.0 (range, 0.6—-29.4) months. The median dura-
tion of therapy was 5.0 months (range, 0.3-24.7). All 80
patients discontinued the study treatment for the fol-
lowing reasons: 59 due to disease progression, seven due
to withdrawal of consent, five after completing 2 years
of treatment, seven due to AEs and two due to death.
Among the five patients who completed 2 years of treat-
ment, two 1O-naive and one 1O-treated NPC patient
achieved PRs, while one I0-naive and one IO-treated
NPC patient achieved SDs.
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Characteristic 10-naive NPC 10-treated NPC 10-naive other tumors 10-treated other tumors
(n=12) (n=18) (n=21) (n=29)
Age, years, median (range) 445 (31-68) 40.0 (28-61) 56.0 (38-69) 58.0 (41-73)
Sex, No. (%)
Female 3(25.0) 4(22.2) 2(9.5) 9(31.0)
Male 9 (75.0) 14 (77.8) 19 (90.5) 20 (69.0)
Race, No. (%)
Asian 12 (100.0) 18 (100.0) 21(100.0) 29 (100.0)
ECOG Performance Status, No. (%)
0 3(25.0) 12 (66.7) 3(14.3) 11(37.9)
1 9(75.0) 6(33.3) 18 (85.7) 18 (62.1)
TNM stage, No. (%)
A 0(0.0) 0(0.0) 2(9.5) 0(0.0)
1B 0(0.0) 0(0.0) 2(9.5) 0(0.0)
vV 12 (100.0) 18 (100.0) 16 (76.2) 28 (96.6)
Previous lines of therapy, No. (%)
1 10 (83.3) 6(33.3) 13(61.9) 15(51.7)
>2 2(16.7) 12 (66.7) 7(33.3) 14 (48.3)
Tumor types, No. (%)
Nasopharyngeal Cancer 12 (100.0) 18 (100.0) 0(0.0) 0(0.0)
Small Cell Lung Cancer 0(0.0) 0(0.0) 5(23.8) 8(27.6)
Lung Adenocarcinoma 0(0.0) 0(0.0) 2(9.5) 10 (34.5)
Lung Squamous Cell Carcinoma 0(0.0) 0(0.0) 7(33.3) 2 (6.9)
Esophageal Squamous Cell Carcinoma 0(0.0) 0(0.0) 1(4.8) 7(24.1)
Head and Neck Squamous Cell Cancer 0(0.0) 0 (0.0) 5(23.8) 0(0.0)
Cervical Cancer 0(0.0) 0(0.0) 1(4.8) 2 (6.9)
PD-L1 expression, No. (%)
<1% 4(333) 20111 11 (524) 8(27.6)
1%<PD-L1<25% 2(16.7) 4(222 2(9.5) 4(13.8)
>25% 1(8.3) 3(16.7 0(0.0) 0(0.0)
Unknown/missing 5(41.7) 9 (50.0 8(38.1) 17 (58.6)
LAG-3 expression, No. (%)
0 1(8.3) 1(5.6) 0(0.0) 1(34)
1+ 1(83) 3(16.7 2(9.5) 5(17.2)
2+ 2(16.7) 2111 3(143) 2(6.9)
3+ 3(25.0) 3(16.7 8(38.1) 4(13.8)
Unknown/missing 5(41.7) 9(50.0) 8(38.1) 17 (58.6)

Abbreviations: ECOG: eastern cooperative oncology group; |IO:immuno-oncology therapy; LAG-3: Lymphocyte-activation gene 3

Antitumor activity

Five patients discontinued treatment without any post-
baseline imaging evaluations. Thus, antitumor activity
was assessed in the remaining 75 patients (93.8%). Ten
patients (13.3% [95% CI, 6.6—23.2%]) achieved a con-
firmed objective response. No CRs were reported, while
PRs were observed in patients with NPC (n=6), sqN-
SCLC (n=2), HNSCC (n=1) and ESCC (n=1). The DCR
was 54.7% (95% CI, 42.7-66.2%). Efficacy results are sum-
marized in Table 2; Figs. 1 and 2 and Supplement Figure
S2.

Among the 12 IO-naive NPC patients, the ORR was
33.3% (95% CI, 9.9-65.1%), the DCR was 75.0% (95% CI,
42.8-94.5%), the median PFS was 10.8 months (95% CI,
1.3 to NE), and the median DOR was 15.0 months (95%

CI, 5.5 to NE). Among the 17 IO-treated NPC patients,
the ORR was 11.8% (95% CI, 1.5-36.4%), the DCR was
64.7% (95% CI, 38.3—-85.8%), the median PFS was 2.7
months (95% CI, 1.4 to 4.9), and the median DOR was
13.5 months (95% CI, 12.5 to NE). Notably, among the
six NPC responders, 83.3% maintained partial responses
for more than 12 months. The one-year PFS rate was 40%
for I0-naive NPC patients and 21.2% for IO-treated NPC
patients.

Among patients with other tumors, the ORR was 8.7%
(95% CI, 2.4-20.8%), and the DCR was 45.7% (95% CI,
30.9-61.0%). Among the eight patients with sqNSCLC,
one out of six IO-naive patients achieved a PR, and one
out of two IO-treated patients achieved a PR. Among
the eight patients with ESCC, the only IO-naive patient
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Outcome 10-naive NPC 10-treated NPC 10-naive other tumors 10-treated other tumors
(N=12) (N=17) (N=19) (N=27)
Best overall response?, No. (%)
CR 0 0 0 0
PR 4(333) 2(11.8) 3(15.8) 13.7)
SD 5(41.7) 9(52.9) 9(47.4) 8(29.6)
PD 3(25.0) 6(35.3) 7(36.8) 18(66.7)
ORR®
n (%) 4(33.3) 2(11.8) 3(15.8) 13.7)
95% ClI (9.965.1) (1.5,36.4) (34,39.6) (0.1,19.0)
DCR?

n (%) 9(75.0) 11(64.7) 12(63.2) 9(33.3)
95% CI (42.8,94.5) (38.3,85.8) (384,83.7) (16.5,54.0)
PFS, months, median (95% CI%) 10.8 (1.3,NE) 2.7(14,4.9) 3.1(1.3,57) 14(13,1.6)
1-year PFS rate (95% clf 40.0% (13.5%, 65.7%) 21.2% (5.6%, 43.4%) 5.8% (0.4%, 23.3%) 0% (NE, NE)
DOR, months, median (95% CI°) 15.0 (5.5, NE) 13.5(12.5,NE) 5.3 (4.3,NE) 2.7 (NE,NE)

1-year DOR rate (95% CI") 75.0% (12.8%, 96.1%)

100.0% (100.0%, 100.0%)

0% (NE, NE)

0% (NE, NE)

Note: 75 of 80 patients had at least one post-baseline scan available and were included in the activity population

Abbreviations: CR, complete response; DCR, disease control rate; DOR, duration of response; n, number; |10, immuno-oncology therapy; ND, not determined; NE, not

estimated; ORR, objective response rate; PFS, progression-free survival; PR, partial response; SD, stable disease

@Per RECIST 1.1

PORR=CR+PR

€95% Cl is based on Clopper-Pearson method
9DCR=CR+PR+SD

€95% Cl is based on Brookmeyer Crowley method
f95% Cl is based on Greenwood formula

achieved a PR, while no PRs were observed in the seven
IO-treated patients. Among the four I0-naive HNSCC,
one patient achieved a PR. No objective responses were
observed in three patients with CCA and 13 patients with
SCLC.

Safety

In phase Ib, LBL-007 was administered intravenously
at doses of 200 mg in four patients and 400 mg in six
patients once every 3 weeks. No dose-limiting toxicities
were observed. Therefore, the 400 mg dose of LBL-007
was selected as the RP2D and administered to 70 patients
in phase II. All 80 patients received toripalimab at a fixed
dose of 240 mg once every 3 weeks and were included in
the safety population.

Any-grade TRAEs were reported in 61 patients (76.3%)
(Table 3). Grade 3 or 4 TRAEs occurred in 9 patients
(11.3%). The most common grade 3 or 4 TRAEs included
anemia (2.5%), hyponatremia (2.5%), increased alanine
aminotransferase (2.5%), increased aspartate amino-
transferase (1.3%), and fatigue (1.3%). Serious TRAEs
were reported in 10.0% of patients, and 8.8% of patients
experienced TRAEs leading to treatment discontinua-
tion, including one patient with grade 4 neutropenia and
grade 4 leukopenia, one patient with grade 3 anemia, one
patient with grade 4 paralysis of the lower limbs, one
patient with grade 4 constrictive pericarditis, one patient

with grade 2 myocarditis, one patient with grade 2 ele-
vated myocardial enzymes and one patient with grade 3
hyponatremia. No treatment-related deaths occurred.
The most common immune-related adverse events were
hypothyroidism (10.0%), increased aspartate aminotrans-
ferase (5.0%), increased alanine aminotransferase (3.8%),
fatigue (3.8%) and increased gamma-glutamyl transferase
(2.5%). Grade 3 or 4 irAEs occurred in 3.8% of patients.
All irAEs were well manageable with corticosteroids.

Exploratory analyses

Exploratory analysis based on LAG-3 and PD-L1 expres-
sion was performed in 38 patients with available efficacy
data. High LAG-3 expression (>2+) was observed in 25
patients (65.9%), and 12 patients (31.6%) showed positive
PD-L1 expression (TC>1%).

Among the 38 patients, those with LAG-3 expres-
sion>2+had an ORR of 28.0% versus 7.7% in those with
LAG-3 expression<2+ (Table 4). Among the 15 NPC
patients, those with LAG-3 expression>2+had an ORR
of 40% versus 20% in those with LAG-3 expression < 2+.
To note, of the eight patients achieving a confirmed
objective response in the biomarker-evaluable popula-
tion, seven (87.5%) had LAG-3 expression >2+. However,
the association between efficacy and PD-L1 expression
was elusive, as similar ORR was observed in PD-L1 posi-
tive and negative populations (25.0% versus 19.2%).
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Fig. 1 Tumor response assessment and Kaplan-Meier survival plots. Efficacy of LBL-007/toripalimab combination in patients with advanced solid tumors.
Five patients who had nonvaluable response and were not included. (A) Waterfall plot showing the maximum changes in tumor size. (B) Kaplan-Meier
plot of progression-free survival in NPC patients stratified by prior immunotherapy. (C) Kaplan-Meier plot of progression-free survival in patients stratified
by NPC and other tumors. Abbreviations: adNSCLC: lung adenocarcinoma; CCA: cervical cancer; ESCC: esophageal squamous cell carcinoma; HNSCC:
head and neck squamous cell carcinoma; IO: immunotherapy; NPC: nasopharyngeal carcinoma; PD: progressive disease; PR: partial response; SCLC: small
cell lung cancer; SD: stable disease; sqNSCLC: squamous non-small cell lung cancer
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Table 3 Safety
Safety Outcome

Total (n=80), No. (%)
Any Grade Grade3or4

Any AE? 73(91.3) 18 (22.5)
Serious AEs 6 (20.0) 11(13.8)
AEs leading to discontinuation® 10(12.5) 7 (8.8)

Any TRAE 1(76.3) 9(11.3)
Serious 8(10.0) 5(6.3)
AEs leading to discontinuation® 7(8.8) 4(5.0)
TRAEs reported in > 10% of patients

Anemia 24 (30.0) 2(2.5)
Aspartate aminotransferase increased 12 (15.0) 1(1.3)
Proteinuria 12 (15.0) 0(0.0)
Hypoalbuminaemia 10(12.5) 0(0.0)
Rash 10(12.5) 0(0.0)
Hypothyroidism 9(11.3) 0(0.0)
Weight decreased 9(11.3) 0(0.0)
Alanine aminotransferase increased 9(11.3) 2(2.5)
Hyponatremia 9(11.3) 2(2.5)
Fatigue 8(10.0) 1(1.3)

Immune-related AE® 15(18.8) 3(3.8)
Hypothyroidism 8(10.0) 0(0.0)
Aspartate aminotransferase increased 4 (5.0) 1(1.3)
Fatigue 3(3.8) 1(1.3)
Alanine aminotransferase increased 3(3.8) 2(2.5)
Gamma-glutamyl transferase increased 2 (2.5) 1(1.3)

Note: All of 80 patients received at least one dose of study drugs and were
included in the safety population

Abbreviations: AEs, adverse events; TRAEs, treatment-related adverse events
2Grade 5,n=0
bDiscontinuation of any or both treatment components

‘Immune-related adverse events included adverse events of any grade that
occurred in at least 2% of patients that were potentially immune-mediated by
investigators

Table 4 Efficacy per LAG-3 and PD-L1 tumor expression
LAG-3/PD-L1 Expression  ORR, No. (%)

NPC Other tumors  All tumors

(n=15) (n=23) (n=38)
LAG-3 expression > 2+ 4(40.0%) 3 (20%) 7 (28.0%)
LAG-3 expression < 2+ 1(20.0%) 0 (0.0%) 1(7.7%)
PD-L1 expression>1% 2(222%) 1(33.3%) 3(25.0%)
PD-L1 expression < 1% 3(50.0%) 2 (10.0%) 5(19.2%)

Note: 38 of 80 patients had known expression of LAG-3 and PD-L1 as well as
tumor response data

Abbreviations: NPC, nasopharyngeal carcinoma; ORR, objective response rate;
LAG-3, lymphocyte-activation gene 3

Discussion

While anti-LAG-3/PD-1 combination therapy has been
established as a standard treatment for advanced mela-
noma [5], it has shown only modest anti-tumor efficacy
in several other cancers [19-21]. Thus, it is of significant
scientific and clinical meanings to investigate LAG-3/
PD-1 co-blockade in cancers with high LAG-3 and PD-1
expression, such as nasopharyngeal carcinoma. To our
knowledge, this is the first phase Ib/II trial to investigate

Page 8 of 10

dual inhibition of LAG-3 and PD-1 in NPC patients. The
combination of LBL-007 and toripalimab demonstrated
encouraging antitumor activity in patients with advanced
NPC, particularly in immunotherapy-naive patients.
Improved tumor responses were observed in patients
with high expression of LAG-3. This combination ther-
apy had a manageable safety profile, with no new safety
signals identified. Based on these encouraging findings, a
phase II trial (ClinicalTrials.gov: NCT04252768) evaluat-
ing co-blockade of LAG-3 and PD-1 in combination with
gemcitabine and cisplatin chemotherapy in patients with
previously untreated advanced NPC is currently ongoing.

Several prior studies had evaluated anti-PD-1 mono-
therapy in advanced NPC patients who failed plat-
inum-based chemotherapy and did not received
immunotherapy. In the POLARIS-02 study of toripalimab
monotherapy, the ORR was 23.9%, and the median PFS
was 2.0 months among 92 NPC patients [22]. In the
CAPTAIN study, camrelizumab monotherapy showed
an ORR of 28.2% and median PFS of 3.7 months in 156
NPC patients [23]. In addition, the KEYNOTE-028 study
reported an ORR of 25.9% and median PFS of 6.5 months
for pembrolizumab among 27 PD-L1 positive NPC
patients [4]. In the NCI-9742 study, nivolumab showed
an ORR of 20.5% and median PFS of 2.8 months in 44
NPC patients [24]. In our study, the combination of LBL-
007 and toripalimab demonstrated an ORR of 33.3% and
median PFS of 10.8 months in 12 I0-naive NPC patients.
Additionally, in 17 IO-treated NPC patients, LBL-007
plus toripalimab demonstrated an ORR of 11.1%, median
PFES of 2.7 months and median DOR of 13.5 months. To
note, of the six NPC responders, five (83.3%) maintained
PRs for more than 12 months. Above all, the combina-
tion of LBL-007 and toripalimab demonstrated improved
ORR and median PFS compared to prior studies of ani-
PD-1 monotherapy in IO-naive NPC patients.

Among 46 patients with other advanced tumors, only
four patients (8.7%) achieved partial responses, including
sqNSCLC (n=2), HNSCC (n=1) and ESCC (n=1). The
modest antitumor activity of anti-LAG-3/PD-1 combina-
tion therapy in other advanced malignancies is consistent
with previously reported data [19-21]. In another study
of mixed population of tumor types, 10.7% of patients
achieved an objective response in anti-LAG-3/PD-1
combination group [20]. Given the limited sample size
in these tumors, the clinical impact of the combination
therapy warrants further investigation.

Recent studies have elucidated the synergistic mecha-
nisms underlying dual inhibition of LAG-3 and PD-1
[15, 16]. This combination therapy restores the function-
ality of exhausted CD8+T cells, enhancing their prolif-
eration, cytotoxicity and interferon-gamma production
[15]. Indeed, the co-expression of exhaustion and effec-
tor genes in tumor-infiltrating T cells has also been
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demonstrated in NPC [25, 26]. CD8+T cells in NPC
tumor samples exhibited widespread overexpression
of exhaustion markers, including LAG-3, PD-1, TIGIT,
HAVCR2 and CTLA4 [26]. In addition, in a cohort of 208
NPC patients, LAG-3 and PD-L1 was positively detected
in 95% and 97% of patients, respectively, by immunohis-
tochemistry [13]. In this study, 33.3% of NPC patients
exhibited high expression of both LAG-3 (>2+) and
PD-L1 (TC=25%), compared to 8.7% of patients with
other tumors. Collectively, the distinct immune micro-
environment may explain the enhanced antitumor activ-
ity of dual LAG-3/PD-1 inhibition in NPC compared to
other types of cancer. Future exploration of the combina-
tion therapy should prioritize tumors that highly express
these exhaustion markers.

Consistent with the proposed mechanism above,
improved ORRs were noted in patients with higher
LAG-3 expression across both NPC and other tumors
in this study. Among the 15 NPC patients, those with
LAG-3 expression>2+had an ORR of 40% compared
to 20% in those with LAG-3 expression<2+. Similarly,
in the RELATIVITY-047 trial for advanced melanoma,
nivolumab plus relatlimab (a LAG-3 blocking anti-
body) achieved an ORR of 47.0% in patients with LAG-3
expression > 1%, compared to 31.0% in those with LAG-3
expression< 1% [27]. Furthermore, in a phase I/II study
of anti-LAG-3/PD-1 combinations in advanced solid
tumors, responding patients tended to have higher lev-
els of LAG-3 and PD-L1, as assessed by both immuno-
histochemistry and RNA sequencing [20]. However, the
PD-L1 expression showed limited predictive capability
for efficacy in our study, which might be attributed to the
mixture of IO-treated and IO-naive patients during the
analysis.

The combination of LBL-007 and toripalimab was
well-tolerated in patients with advanced malignancies.
Grade 3 or 4 TRAE occurred in 10% of patients and 7.5%
of discontinue treatment duo to TRAEs, the most com-
mon of which were anemia (2.5%), hyponatremia (2.5%),
increased alanine aminotransferase (2.5%), increased
aspartate aminotransferase (1.3%), and fatigue (1.3%). No
drug-related deaths were observed in all of 80 patients.
The safety profile was comparable with that reported
in the RELATIVITY-047 trial, where 18.9% of patients
experienced grade 3 or 4 TRAEs and 14.6% of patients
discontinued treatment due to TRAEs in the relatlimab-
nivolumab group [5]. The most common grade 3 or 4
TRAEs in the relatlimab-nivolumab group included
increased levels of lipase (1.7%), alanine aminotransfer-
ase (1.4%), and aspartate aminotransferase (1.4%), as well
as fatigue (1.1%).

Our study has limitations that should be considered
when interpreting these results. First, this phase Ib/II
trial is limited by its relatively small sample size. Second,
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about half of patients had unknown LAG-3 and PD-L1
expression due to limited tumor tissue availability. As a
result, the effectiveness of dual LAG-3/PD-1 inhibition,
along with the predictive value of LAG-3 and PD-L1
expression, requires further validation in larger cohorts.

In summary, LBL-007 combined with toripalimab dem-
onstrated a manageable safety profile in advanced solid
tumors. This combination therapy exhibited promising
antitumor activity in advanced NPC patients, particularly
in immunotherapy-naive patients. These findings war-
rant further investigation in future studies.
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