
Serplulimab is an investigational therapy in the US and is not FDA approved. 
The ASTRUM-005 trial provides important research on its potential treatment 
for ES-SCLC. 
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IMPORTANCE Programmed cell death ligand 1 inhibitors combined with chemotherapy has
changed the approach to first-line treatment in patients with extensive-stage small cell lung
cancer (SCLC). It remained unknown whether adding a programmed cell death 1 (PD-1)
inhibitor to chemotherapy provided similar or better benefits in patients with extensive-stage
SCLC, which would add evidence on the efficacy of checkpoint inhibitors in the treatment of
extensive-stage SCLC.

OBJECTIVE To evaluate the efficacy and adverse event profile of the PD-1 inhibitor serplulimab
plus chemotherapy compared with placebo plus chemotherapy as first-line treatment in
patients with extensive-stage SCLC.

DESIGN, SETTING, AND PARTICIPANTS This international, double-blind, phase 3 randomized
clinical trial (ASTRUM-005) enrolled patients at 114 hospital sites in 6 countries between
September 12, 2019, and April 27, 2021. Of 894 patients who were screened, 585 with
extensive-stage SCLC who had not previously received systemic therapy were randomized.
Patients were followed up through October 22, 2021.

INTERVENTIONS Patients were randomized 2:1 to receive either 4.5 mg/kg of serplulimab
(n = 389) or placebo (n = 196) intravenously every 3 weeks. All patients received intravenous
carboplatin and etoposide every 3 weeks for up to 12 weeks.

MAIN OUTCOMES AND MEASURES The primary outcome was overall survival (prespecified
significance threshold at the interim analysis, 2-sided P < .012). There were 13 secondary
outcomes, including progression-free survival and adverse events.

RESULTS Among the 585 patients who were randomized (mean age, 61.1 [SD, 8.67] years; 104
[17.8%] women), 246 (42.1%) completed the trial and 465 (79.5%) discontinued study
treatment. All patients received study treatment and were included in the primary analyses.
As of the data cutoff (October 22, 2021) for this interim analysis, the median duration of
follow-up was 12.3 months (range, 0.2-24.8 months). The median overall survival was
significantly longer in the serplulimab group (15.4 months [95% CI, 13.3 months-not
evaluable]) than in the placebo group (10.9 months [95% CI, 10.0-14.3 months])
(hazard ratio, 0.63 [95% CI, 0.49-0.82]; P < .001). The median progression-free survival
(assessed by an independent radiology review committee) also was longer in the
serplulimab group (5.7 months [95% CI, 5.5-6.9 months]) than in the placebo group
(4.3 months [95% CI, 4.2-4.5 months]) (hazard ratio, 0.48 [95% CI, 0.38-0.59]).
Treatment-related adverse events that were grade 3 or higher occurred in 129 patients
(33.2%) in the serplulimab group and in 54 patients (27.6%) in the placebo group.

CONCLUSIONS AND RELEVANCE Among patients with previously untreated extensive-stage
SCLC, serplulimab plus chemotherapy significantly improved overall survival compared with
chemotherapy alone, supporting the use of serplulimab plus chemotherapy as the first-line
treatment for this patient population.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04063163
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Small cell lung cancer (SCLC) is the most aggressive sub-
type of lung cancer, accounting for around 15% of all lung
cancer cases and characterized by rapid proliferation and

metastasis.1,2 Patients with SCLC usually present with exten-
sive-stage disease at the time of diagnosis; the 5-year sur-
vival rate is only 7%.2 Since the 1990s, the standard first-line
treatment for extensive-stage SCLC remained chemotherapy
with a platinum-based agent plus etoposide, providing a me-
dian overall survival of approximately 10 months.3,4

Recent phase 3 trials of the programmed cell death ligand
1 (PD-L1) inhibitor atezolizumab or durvalumab combined
with chemotherapy found significantly prolonged overall
survival compared with the control group in patients with
extensive-stage SCLC who had not previously received sys-
temic therapy.5,6 Based on these trial results, the 2 combina-
tion therapies have been approved worldwide for first-line
treatment of patients with extensive-stage SCLC.7-10 How-
ever, improvements in overall survival with the approved
PD-L1 inhibitors were modest (12.9 months for durvalumab
plus chemotherapy vs 10.5 months for chemotherapy,11 haz-
ard ratio [HR], 0.71 and 12.3 months for atezolizumab plus che-
motherapy vs 10.3 months for placebo plus chemotherapy,6

HR, 0.76), suggesting an unmet clinical need for more effec-
tive treatments in patients with extensive-stage SCLC.5,6 In
comparison, the programmed cell death 1 (PD-1) inhibitor pem-
brolizumab plus chemotherapy prolonged progression-free
survival, but did not significantly improve overall survival com-
pared with placebo plus chemotherapy in a phase 3 trial.12

Serplulimab (formerly HLX10) is a fully humanized IgG4

monoclonal antibody against the PD-1 receptor. In a phase 1
trial, up to 10 mg/kg of serplulimab was well tolerated and dem-
onstrated similar pharmacokinetic characteristics to pembroli-
zumab and nivolumab.13 Serplulimab showed antitumor ac-
tivity and a manageable adverse event profile for a variety of
cancers in phase 2 clinical trials.14,15 The ASTRUM-005 trial
aimed to evaluate the efficacy and adverse event profile of PD-1
inhibitor serplulimab plus chemotherapy vs placebo plus che-
motherapy in patients with extensive-stage SCLC who had not
previously received systemic therapy.

Methods
Trial Oversight
This trial was conducted in accordance with the principles of
the Declaration of Helsinki, Good Clinical Practice guide-
lines, and local applicable regulatory requirements. The trial
protocol, any amendments, the statistical analysis plan, and
informed consent were approved by the central or indepen-
dent institutional review board or ethics committee at the par-
ticipating hospital sites. All participants provided written in-
formed consent. The trial protocol, any amendments, and the
statistical analysis plan appear in Supplement 1.

Patients
Eligible patients were aged 18 years or older, had histologi-
cally or cytologically confirmed extensive-stage SCLC accord-
ing to the Veterans Administration Lung Study Group staging

system, and had not previously received systemic therapy for
extensive-stage SCLC. Patients must have had 1 or more mea-
surable lesions assessed using version 1.1 of the Response
Evaluation Criteria in Solid Tumors (RECIST), an Eastern
Cooperative Oncology Group Performance Status Scale score
of 0 or 1, adequate organ function, and a life expectancy of 12
weeks or longer. Key exclusion criteria included mixed-stage
SCLC, active central nervous system metastases or carcino-
matous meningitis, and autoimmune diseases. Patients with
asymptomatic and stable brain metastases were included
(patients were considered to have stable brain metastases if
there was no evidence of new or enlarging brain metastases
for ≥2 months as confirmed by 2 radiological examinations at
least 4 weeks apart after treatment and if patients had dis-
continued steroid use 3 days prior to study drug administra-
tion). The full eligibility criteria appear in the eMethods in
Supplement 2.

Race and ethnicity were self-reported by the patients using
fixed categories or were based on identity information pro-
vided by the patients. Both race and ethnicity were included
after consultation with the US Food and Drug Administration
and the European Medicines Agency.

Randomization
This double-blind, placebo-controlled, phase 3 randomized
clinical trial was conducted in China, Georgia, Poland, Russia,
Turkey, and Ukraine. Patients were randomized 2:1 to the ser-
plulimab group or the placebo group (Figure 1). Randomiza-
tion was performed centrally using an interactive web and
voice-response system with randomly selected block sizes of
3, 6, or 9, stratified by PD-L1 expression level (tumor propor-
tion score <1%, ≥1%, or not evaluable or available), brain me-
tastases (yes or no), and age (≥65 years or <65 years).

Interventions
Patients received either 4.5 mg/kg of serplulimab or placebo
via intravenous infusions every 3 weeks until disease progres-
sion, death, unacceptable toxicity, withdrawal of consent,
or other reasons specified in the trial protocol (Supple-
ment 1). All patients received 100 mg/m2 of etoposide on days
1, 2, and 3 and carboplatin within the area under the serum drug

Key Points
Question Does the programmed cell death 1 inhibitor serplulimab,
when added to chemotherapy during the first line of treatment,
improve outcomes in patients with extensive-stage small cell lung
cancer?

Findings In this randomized clinical trial that included 585
patients with extensive-stage small cell lung cancer who had not
previously received systemic therapy, serplulimab plus
chemotherapy, compared with placebo plus chemotherapy,
significantly improved overall survival (15.4 months vs 10.9
months, respectively; hazard ratio for death, 0.63).

Meaning In patients with extensive-stage small cell lung cancer,
serplulimab plus chemotherapy as the first-line treatment resulted
in improved overall survival compared with chemotherapy alone.
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concentration time curve of 5 mg/mL/min (up to 750 mg) on
day 1 of each cycle for up to 4 cycles via intravenous infu-
sions. Patients were eligible to continue receiving the as-
signed treatment after disease progression at the discretion of
the investigators if prespecified criteria were met (eMethods
in Supplement 2).

Outcomes and Assessments
The primary outcome was overall survival. There were 13 sec-
ondary outcomes, including progression-free survival, objec-
tive response rate, and duration of response (all 3 were as-
sessed both by an independent radiology review committee
and by the investigators using version 1.1 of RECIST), adverse
events, and the relationship between PD-L1 expression and ef-
ficacy. The definitions for the efficacy outcomes appear in the
eMethods in Supplement 2.

The secondary outcome of progression-free survival that
was assessed by the investigators using version 1.1 of the modi-
fied RECIST for immune-based therapeutics is not reported in
this article as well as additional unreported secondary out-
comes (pharmacokinetics, immunogenicity of serplulimab,
other biomarkers including microsatellite instability and tu-
mor mutational burden, and quality of life).

Expression of PD-L1 was assessed centrally by Labcorp Drug
Development using PD-L1 IHC 22C3 pharmDx assay kit on the
Dako Autostainer link 48 platform (Agilent Technologies).

A positive PD-L1 expression level was defined as a tumor pro-
portion score of 1% or greater. Details of the PD-L1 assessment
method appear in the eMethods in Supplement 2. Tumor re-
sponses were assessed at screening, every 6 weeks for the first
48 weeks, and every 9 weeks thereafter.

Treatment-emergent adverse events were recorded
throughout the trial and for 90 days after the last dose was re-
ceived, and were graded according to version 5.0 of the National
Cancer Institute Common Terminology Criteria for Adverse
Events. The investigators evaluated the causality between
serplulimab or placebo and the treatment-emergent adverse
events and classified the events as “related,” “possibly re-
lated,” “unlikely related,” “unrelated,” or “unknown”; the in-
vestigators were blinded to treatment allocation when they
made the assessments. The treatment-emergent adverse events
were recorded as “serplulimab-related” or “placebo-related”
unless they had a classification of “unlikely related” and “un-
related” to serplulimab or placebo.

Sample Size Calculation
The sample size calculation was based on overall survival. The
initial sample size calculation was based on progression-free
survival. A protocol amendment (protocol version 3.0 dated
April 8, 2020) was made at the request of the US Food and Drug
Administration and the European Medicines Agency that
changed the primary outcome from progression-free survival

Figure 1. Recruitment, Randomization, and Flow of Patients With Extensive-Stage Small Cell Lung Cancer
in the ASTRUM-005 Trial

894 Patients assessed for eligibility

309 Excluded
302 Did not meet eligibility criteria

7 Exceeded maximum screening period

67 Unable to provide informed consent or complete all
trial procedures

37 Had active central nervous system metastases
36 Had other factors leading to possible premature

discontinuation of the study
29 Had inadequate major organ function
22 Did not provide tumor tissue for programmed cell

death ligand 1 testing
18 Had an Eastern Cooperative Oncology Group

Performance Status Scale score >1a

17 Had wrong histology or stage of the disease
17 Had hepatitis B infection, hepatitis C infection, or both
12 Had an active infection requiring systemic treatment
47 Other reasonsb

585 Randomized

389 Included in the primary analysisc

389 Included in the adverse event setc

389 Randomized to receive treatment
with 4.5 mg/kg of serplulimab
plus chemotherapy

196 Randomized to receive treatment
with placebo plus chemotherapy

196 Included in the primary analysisc

196 Included in the adverse event setc

228 Continued to participate
161 Discontinued study participation

146 Died
15 Withdrew consent

86 Continued to participate
110 Discontinued study participation

100 Died
10 Withdrew consent

The date of data cutoff was October
22, 2021.
a Scores range from 0 to 5 (higher

scores indicate greater disability).
b Detailed reasons appear in eTable 1

in Supplement 2.
c Patients received at least 1 dose of

study treatment.
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to overall survival and the sample size was recalculated.
Enrollment of 567 patients (378 in the serplulimab group and
189 in the placebo group) was planned based on a dropout rate
of 20%. It was estimated that 342 deaths would be needed to
provide 85% power at a 2-sided α level of .05 to detect an HR
of 0.7 for death in the serplulimab group vs the placebo group,
assuming a median overall survival of 10 months in the pla-
cebo group. The assumption of an HR of 0.7 for death was made
on the basis of results from the IMpower133 trial.16

Statistical Analysis
Efficacy was assessed in patients who underwent randomiza-
tion according to their randomized group. Adverse events were
assessed in the adverse event set, which comprised random-
ized patients who received at least 1 dose of study treatment.

Overall survival, progression-free survival, and duration
of response were estimated using the Kaplan-Meier method.
For the analysis of overall survival, data for patients who
were alive were censored on the last known survival date.
The Brookmeyer-Crowley method was used to calculate the
95% CIs for median overall survival, progression-free sur-
vival, and duration of response.

The between-group comparisons of overall survival and
progression-free survival were calculated using a stratified
log-rank test. A stratified Cox proportional hazards model
was used to estimate the HRs and 95% CIs. The proportional-
ity assumption was tested using the Grambsch-Therneau test
(2-sided P = .67) and visually checked on a Schoenfeld
residual plot. The results indicated that the proportionality
assumption was not violated.

The objective response rate was analyzed using the strati-
fied Cochran-Mantel-Haenszel method. Preplanned sub-
group analyses of overall survival were conducted according
to demographics, prognostic factors, and PD-L1 expression
level using descriptive statistics and HRs and 95% CIs. Post hoc
tests for interaction were conducted by adding treatment, sub-
group factor, and a subgroup factor × treatment interaction
term into a Cox proportional hazards model.

Missing data for overall survival and progression-free
survival were imputed only under the following circum-
stances: (1) if the day of death was missing but the year and
month were available, the date of death was imputed by the
first day of the month or the latest known alive date, which-
ever was later or (2) if the day of tumor assessment was miss-
ing but the year and month were available and were earlier
than the date when the patient was known to be alive, the
date of tumor assessment was imputed by the day after the
last date of tumor assessment or the first day in the month of
disease progression or death, whichever was later. The full
methods for handling missing data appear in the statistical
analysis plan in Supplement 1.

The interim analyses were planned after 226 patients died
and the final analyses were planned after 342 patients died.
The O’Brien-Fleming method for the α spending function was
used to control the study-wise type I error rate at a 2-sided
α level of .05. The P-value boundary for superiority of overall
survival was .012 during the interim analysis and .046 during
the final analysis. Because of the potential for type I error

due to multiple comparisons, the findings for the analyses of
the secondary outcomes should be interpreted as explor-
atory. All statistical analyses were calculated using SAS ver-
sion 9.4 (SAS Institute Inc).

Results
Patients and Treatment
Between September 12, 2019, and April 27, 2021, 894 patients
were screened at 114 hospital sites in 6 countries. Among the
585 patients who were randomized (mean age, 61.1 years
[SD, 8.67 years]; 104 [17.8%] women), 246 (42.1%) completed
the trial and 465 (79.5%) discontinued study treatment (292
patients [75.1%] in the serplulimab group and 173 patients
[88.3%] in the placebo group). The most common reason for
discontinuing study treatment was disease progression. The
included patients (389 in the serplulimab group and 196 in
the placebo group) received 1 dose or more of the study treat-
ment and their data were included in the primary analysis
and adverse event set. A total of 309 patients were excluded
prior to randomization (Figure 1 and eTable 1 in Supple-
ment 2). The baseline characteristics were balanced between
the 2 groups (Table 1).

At the data cutoff for the interim analysis (October 22,
2021), 97 patients (24.9%) in the serplulimab group and 23 pa-
tients (11.7%) in the placebo group were still receiving study
treatment. All patients were followed up for a median of 12.3
months (range, 0.2-24.8 months). After the first incidence of
disease progression, subsequent treatment was received by 172
patients (44.2%) in the serplulimab group and 85 patients
(43.4%) in the placebo group (eTable 2 in Supplement 2).

Primary Outcome
By the time of the interim analysis, 146 patients (37.5%) had
died in the serplulimab group compared with 100 patients
(51.0%) in the placebo group. There were 243 patients in the
serplulimab group who were censored without evidence of
death (62.5%; 228 [58.6%] alive and 15 [3.9%] lost to follow-
up) compared with 96 patients in the placebo group (49.0%;
86 [43.9%] alive and 10 [5.1%] lost to follow-up). The median
overall survival was 15.4 months (95% CI, 13.3 months-not
evaluable) in the serplulimab group compared with 10.9
months (95% CI, 10.0-14.3 months) in the placebo group
(Figure 2A).

The primary outcome reached prespecified statistical sig-
nificance (HR, 0.63 [95% CI, 0.49-0.82]; P < .001). The esti-
mated overall survival rate at 1 year was 60.7% (95% CI,
54.9%-66.0%) in the serplulimab group compared with
47.8% (95% CI, 39.6%-55.6%) in the placebo group. The esti-
mated overall survival rate at 2 years was 43.1% (95% CI,
34.1%-51.7%) in the serplulimab group compared with 7.9%
(95% CI, 0.7%-27.2%) in the placebo group.

Secondary Outcomes
Assessments by the Independent Radiology Review Committee
The independent radiology review committee assessed
progression-free survival, objective response rate, and duration
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of response using version 1.1 of RECIST. The committee found
that 223 patients (57.3%) in the serplulimab group had dis-
ease progression or died compared with 151 patients (77.0%)
in the placebo group and the median progression-free sur-
vival was 5.7 months (95% CI, 5.5-6.9 months) compared with
4.3 months (95% CI, 4.2-4.5 months), respectively (HR, 0.48
[95% CI, 0.38-0.59]; Figure 2B). The objective response rate
was 80.2% (95% CI, 75.9%-84.1%) in the serplulimab group
compared with 70.4% (95% CI, 63.5%-76.7%) in the placebo
group (Table 2). Among patients with complete or partial tu-
mor response, the median duration of response was 5.6 months
(95% CI, 4.2-6.8 months) in the serplulimab group compared
with 3.2 months (95% CI, 2.9-4.2 months) in the placebo group.

Assessments by the Investigators
The investigators assessed progression-free survival, objec-
tive response rate, and duration of response using version 1.1
of RECIST. The median progression-free survival assessed
by the investigators was 5.5 months in the serplulimab group

compared with 4.3 months in the placebo group (HR, 0.58
[95% CI, 0.48-0.71]; eFigure in Supplement 2), which was con-
sistent with that assessed by the committee. The assess-
ments of tumor response and duration of response by the in-
vestigators were consistent with the committee’s assessments
(eTable 3 in Supplement 2).

Prespecified Subgroup Analyses and Post Hoc Analyses
The HR for overall survival consistently favored the serplu-
limab group across the prespecified subgroups (Figure 3). In
patients with brain metastases, the median overall survival was
13.9 months (95% CI, 9.0 months-not evaluable) in the ser-
plulimab group compared with 10.0 months (95% CI, 7.2-12.7
months) in the placebo group (HR, 0.61 [95% CI, 0.33-1.13]).
In patients without brain metastases, the median overall sur-
vival was 15.6 months (95% CI, 13.3 months-not evaluable) in
the serplulimab group compared with 11.3 months (95% CI,
10.0-14.6 months) in the placebo group (HR, 0.62 [95% CI, 0.47-
0.82]). There seemed to be an imbalance in median overall

Table 1. Baseline Characteristics of Patients With Extensive-Stage Small Cell Lung Cancer in the ASTRUM-005 Trial

Patients with extensive-stage small cell lung cancer, No. (%)a

Serplulimab (n = 389) Placebo (n = 196)
Age, median (range), y 63 (28-76) 62 (31-83)

Aged <65 y 235 (60.4) 119 (60.7)

Sex

Male 317 (81.5) 164 (83.7)

Female 72 (18.5) 32 (16.3)

Raceb

Asian 262 (67.4) 139 (70.9)

Non-Asianc 127 (32.6) 57 (29.1)

Eastern Cooperative Oncology Group Performance Status Scale scored

0 (fully active) 71 (18.3) 32 (16.3)

1 (restricted in physically strenuous activity but ambulatory) 318 (81.7) 164 (83.7)

Smoking history

Never 81 (20.8) 35 (17.9)

Current 102 (26.2) 48 (24.5)

Former 206 (53.0) 113 (57.7)

Size of target lesions, median (range), mm in diametere 117.7 (13.8-323.7) 120.5 (14.5-269.6)

Type of metastases

Brain 50 (12.9) 28 (14.3)

Liver 99 (25.4) 51 (26.0)

Programmed cell death ligand 1 expression level, No./total (%)

Tumor proportion score <1%f 317/379 (83.6) 152/186 (81.7)

Tumor proportion score ≥1%f 62/379 (16.4) 34/186 (18.3)

Previous cancer treatment

Chemotherapyg 9 (2.3) 3 (1.5)

Otherh 1 (0.3) 2 (1.0)
a Some of the data are expressed as median (range) as indicated in the rows.
b Self-reported by the patients by selecting 1 or more racial designations

(American Indian or Alaska Native, Asian, Black or African American,
Native Hawaiian or Pacific Islander, White, or Other) or based on identity
information provided by the patients.

c All patients were White.
d Scores range from 0 to 5 (higher scores indicate greater disability).
e Measured using computed tomography or magnetic resonance imaging.

f Not evaluable or no data for 20 patients (3.4%). This was mostly due to
inappropriate sectioning or poor sample quality (insufficient evaluable cells).

g There were 11 patients who had received treatment for limited-stage small cell
lung cancer (treatment-free interval �6 months). One patient in the placebo
group had received treatment for gastric cancer (>5 years ago).

h Herbal or traditional Chinese medicine (2 in the placebo group) and the
immunostimulant lentinan (1 in the serplulimab group).
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survival for patients with a tumor proportion score of less than
1% for PD-L1 expression level (15.0 months in the serplulimab
group compared with 10.5 months in the placebo group; HR,
0.58 [95% CI, 0.44-0.76]) and for patients with a tumor pro-
portion score of 1% or greater (not reached vs 12.9 months, re-
spectively; HR, 0.92 [95% CI, 0.44-1.89]). However, the post hoc
test for interaction did not show significant interactions be-
tween the subgroup factors and treatment group.

Adverse Events
The median number of treatment cycles administered was 8
(range, 1-32) in the serplulimab group compared with 6 (range,
1-36) in the placebo group. The median duration of treatment
exposure was 22.0 weeks (range, 0.1-107.7 weeks) in the ser-

plulimab group compared with 16.4 weeks (range, 0.1-106.1
weeks) in the placebo group.

Treatment-emergent adverse events occurred in 95.6% of
patients in the serplulimab group (82.5% for grade ≥3) com-
pared with 97.4% of patients in the placebo group (80.1% for
grade ≥3) (eTable 4 in Supplement 2). Common treatment-
emergent adverse events (reported in ≥10% of patients in either
group) appear in eTable 5 in Supplement 2.

Treatment-related adverse events (related to serplulimab
or placebo) were reported by 272 patients (69.9%) in the ser-
plulimab group compared with 110 patients (56.1%) in the pla-
cebo group; the most common adverse events were anemia, de-
creased white blood cell count, decreased neutrophil count, and
decreased platelet count (Table 3). Treatment-related adverse

Table 2. Secondary Outcomes of Tumor Response Assessed by the Independent Radiology Review Committee

Serplulimab (n = 389) Placebo (n = 196)
Complete or partial tumor response, No. (%) [95% CI]a 312 (80.2) [75.9-84.1] 138 (70.4) [63.5-76.7]

Best response, No./total (%)a

Complete response 3/370 (0.8) 0/186

Partial response 309/370 (83.5) 138/186 (74.2)

Stable disease 49/370 (13.2) 37/186 (19.9)

Progressive disease 9/370 (2.4) 11/186 (5.9)

Duration of responsea

Median (95% CI), mob 5.6 (4.2-6.8) 3.2 (2.9-4.2)

Lasted ≥12 mo, % (95% CI)c 24.0 (17.3-31.4) 8.9 (3.6-17.0)
a Assessed using version 1.1 of the Response Evaluation Criteria in Solid Tumors

at screening, every 6 weeks for the first 48 weeks, and every 9 weeks
thereafter.

b Among patients with a complete or partial tumor response, which was defined

as the time from first objective response to disease progression or death from
any cause.

c Calculated based on the Kaplan-Meier product limit estimate, which was a
cumulative probability.

Figure 2. Kaplan-Meier Estimates of Overall and Progression-Free Survival
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events that were grade 3 or higher occurred in 129 patients
(33.2%) in the serplulimab group compared with 54 patients
(27.6%) in the placebo group (Table 3). The most common grade
3 or higher treatment-related adverse events were decreased
neutrophil count (14.1% in the serplulimab group compared with
13.8% in the placebo group), decreased white blood cell count
(8.5% vs 8.7%, respectively), decreased platelet count (6.2% vs
8.2%), and anemia (5.4% vs 5.6%).

The incidence of treatment-emergent adverse events
leading to treatment discontinuation were similar between
the 2 groups (8.0% in the serplulimab group compared with
7.7% in the placebo group; eTable 4 in Supplement 2).
Nineteen patients (4.9%) in the serplulimab group compared
with 8 patients (4.1%) in the placebo group discontinued
treatment due to treatment-related adverse events. Death
due to treatment-emergent adverse events occurred in 30
patients (7.7%) in the serplulimab group compared with 20
patients (10.2%) in the placebo group (eTable 4 in Supple-

ment 2). Three patients (0.8%) died of adverse events attrib-
uted to serplulimab, including those with acute coronary
syndrome, pyrexia, and a decreased platelet count. One
patient (0.5%) died of an adverse event (thrombocytopenia)
attributed to placebo. All 4 treatment-related adverse events
leading to death were immune related (eTables 4 and 6 in
Supplement 2).

Immune-related adverse events were reported in 144
patients (37.0%) in the serplulimab group compared with 36
patients (18.4%) in the placebo group (eTable 4 in Supple-
ment 2). Grade 3 or higher immune-related adverse events
occurred in 37 patients (9.5%) in the serplulimab group com-
pared with 11 patients (5.6%) in the placebo group (eTable 6
in Supplement 2). Immune-related adverse events with a rate
of 5% or higher in any group were hypothyroidism (11.6% in
the serplulimab group compared with 1.5% in the placebo
group) and hyperthyroidism (9.0% vs 3.1%, respectively)
(eTable 6 in Supplement 2). Infusion-related reactions

Figure 3. Subgroup Analysis for the Primary Outcome of Overall Survival
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262 139 16.0 11.1Asian 0.58 (0.43-0.79)

127 57 12.6 10.5Non-Asian 0.70 (0.43-1.13)

Baseline ECOG Performance Status Scale scorec

71 32 NR 11.10 0.44 (0.23-0.84)

318 164 15.0 10.91 0.65 (0.49-0.86)

Smoking history

81 35 15.0 14.2Never 0.75 (0.42-1.33)
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206 113 15.4 10.5Former 0.59 (0.42-0.83)

<.001d
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The date of data cutoff was October 22, 2021. The hazard ratios (HRs) and
P values were not stratified for the patient subgroups and were stratified for
the overall population. The median duration of follow-up for overall survival at
the interim analysis was 12.5 months (IQR, 8.9-15.5 months) for the serplulimab
group and 12.3 months (IQR, 8.6-14.9 months) for the placebo group in the
overall population. NR indicates not reached; PD-L1, programmed cell death
ligand 1.
a For the patient subgroups, the P values for interaction were calculated by

adding treatment, subgroup factor, and a subgroup factor × treatment
interaction term into a Cox proportional hazards model.

b Self-reported by the patients by selecting 1 or more racial designations
(American Indian or Alaska Native, Asian, Black or African American, Native
Hawaiian or Pacific Islander, White, or Other) or based on identity information
provided by the patients. All non-Asian patients were White.

c Eastern Cooperative Oncology Group (ECOG) Performance Status Scale
scores range from 0 to 5 (higher scores reflect greater disability). A score of 0
indicates fully active; 1, restricted in physically strenuous activity but
ambulatory.

d Calculated using a 2-sided stratified log-rank test.
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occurred in 7 patients (1.8%) in the serplulimab group com-
pared with 1 patient (0.5%) in the placebo group.

Pneumonia was reported in 8.2% of patients in each group
(32 cases in the serplulimab group vs 16 cases in the placebo
group). Grade 3 or higher treatment-related adverse event of
pneumonia was reported in 1% (4 cases in the serplulimab
group compared with 2 cases in the placebo group). Pneumo-
nia with an immune-mediated mechanism was reported by 3
patients (0.8%) in the serplulimab group compared with 1 pa-
tient (0.5%) in the placebo group. One patient in each group
experienced grade 3 or higher immune-related pneumonia
(eTable 6 in Supplement 2).

Discussion
In this double-blind, placebo-controlled, phase 3 random-
ized clinical trial, serplulimab plus chemotherapy as a first-
line treatment significantly improved overall survival com-
pared with placebo plus chemotherapy in patients with
extensive-stage SCLC. To our knowledge, this is the first phase 3
trial demonstrating overall survival benefits of a PD-1 inhibi-
tor in combination with chemotherapy as a first-line treat-
ment for patients with extensive-stage SCLC.

Phase 3 trials of the PD-L1 inhibitors atezolizumab and
durvalumab in combination with chemotherapy showed
superior efficacy and significantly prolonged overall survival
compared with chemotherapy alone in patients with previ-
ously untreated extensive-stage SCLC.6,11 Based on these
trials, the US Food and Drug Administration approved the 2
combination therapies as the standard first-line treatment for
patients with extensive-stage SCLC.8,9 Adding the PD-1

inhibitor pembrolizumab to the standard first-line chemo-
therapy regimen (etoposide and a platinum-based agent) sig-
nificantly improved progression-free survival in patients
with extensive-stage SCLC, as well as prolonged the duration
of response.12

In the current trial, patients treated with the PD-1 inhibi-
tor serplulimab plus chemotherapy showed significantly lon-
ger overall survival than those treated with placebo plus che-
motherapy. The secondary efficacy outcomes, including
progression-free survival, objective response rate, and dura-
tion of response, all favored the serplulimab group, suggest-
ing that PD-1 inhibition combined with chemotherapy may
be beneficial during the first-line treatment of patients with
extensive-stage SCLC.

Across the prespecified subgroups, treatment with ser-
plulimab plus chemotherapy consistently prolonged overall
survival. The survival benefits of adding serplulimab to che-
motherapy were observed in patients across both age sub-
groups (≥65 years and <65 years). In addition, the data were
inconclusive regarding the predictive potential of PD-L1 ex-
pression, consistent with findings from previous studies.6,12,17

In this trial, 19.8% of patients were never smokers; this pro-
portion was higher than the proportions of patients in previ-
ous multinational trials with larger fractions of non-Asian pa-
tients (range, 3.0%-8.8%),5,12,16,18 but consistent with those
reported from clinical trials and observational studies con-
ducted in China (range, 22.0%-37.0%).19-23 In the current trial,
68.4% patients were Chinese, and the percentage of never
smokers in the Chinese population was 25.0%. The higher per-
centage of never smokers among Chinese patients with exten-
sive-stage SCLC is likely due to the prevalent exposure to sec-
ond-hand smoke.24 An improvement in overall survival was

Table 3. Treatment-Related Adverse Events in the Adverse Event Seta

Patients who experienced treatment-related adverse events, No. (%)b

Any gradec Grade ≥3d

Serplulimab (n = 389) Placebo (n = 196) Serplulimab (n = 389) Placebo (n = 196)
Any treatment-related adverse eventa 272 (69.9) 110 (56.1) 129 (33.2) 54 (27.6)

Anemia 84 (21.6) 36 (18.4) 21 (5.4) 11 (5.6)

Decreased white blood cell count 78 (20.1) 33 (16.8) 33 (8.5) 17 (8.7)

Decreased neutrophil count 77 (19.8) 35 (17.9) 55 (14.1) 27 (13.8)

Decreased platelet count 59 (15.2) 36 (18.4) 24 (6.2) 16 (8.2)

Hypothyroidism 58 (14.9) 5 (2.6) 1 (0.3) 0

Nausea 50 (12.9) 28 (14.3) 1 (0.3) 0

Increased alanine aminotransferase level 46 (11.8) 19 (9.7) 4 (1.0) 1 (0.5)

Hyperthyroidism 44 (11.3) 6 (3.1) 0 0

Increased aspartate aminotransferase level 38 (9.8) 21 (10.7) 2 (0.5) 2 (1.0)

Decreased lymphocyte count 26 (6.7) 8 (4.1) 8 (2.1) 2 (1.0)

Neutropenia 25 (6.4) 10 (5.1) 17 (4.4) 9 (4.6)

Hyperglycemia 24 (6.2) 6 (3.1) 8 (2.1) 0

Leukopenia 21 (5.4) 9 (4.6) 10 (2.6) 4 (2.0)

Hyponatremia 17 (4.4) 5 (2.6) 9 (2.3) 2 (1.0)
a Adverse events related to serplulimab or placebo.
b Adverse events related to serplulimab or placebo. Adverse events were

graded according to version 5.0 of the National Cancer Institute Common
Terminology Criteria for Adverse Events.

c Occurred in 10% or greater of patients in either group.
d Occurred in 2% or greater of patients in either group.
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seen in this unique patient subgroup, consistent with that in
the overall population.

Serplulimab binds to different epitopes in PD-1 compared
with nivolumab and pembrolizumab.25 Serplulimab exhib-
ited a higher affinity to human PD-1 than nivolumab and
pembrolizumab, as well as a greater potency to block PD-L1
and PD-L2 signaling than nivolumab.25 In the in vivo models,
serplulimab inhibited tumor growth at a lower dose than
nivolumab.25 The mechanisms underlying the better survival
outcome with serplulimab remain unknown, while the pre-
clinical findings provide directions for future studies.

The incidence and severity of treatment-emergent ad-
verse events were similar between the 2 groups. Adverse events
attributed to serplulimab reflect the toxic effects frequently ob-
served with immunotherapy in patients with SCLC.5,6,12 Pneu-
monia occurred at a frequency similar to other PD-1 and PD-L1
inhibitors.5,6,12 Most immune-related adverse events occurred
in a small percentage of patients (<5%), and the most frequent
events, hypothyroidism and hyperthyroidism, may be consid-
ered a drug class–related rather than drug-specific effect.5,6,12,18

Limitations
This study has several limitations. First, this trial did not in-
clude a head-to-head comparison of serplulimab vs atezoli-

zumab or durvalumab added to chemotherapy because at-
ezolizumab or durvalumab plus chemotherapy had not been
approved for patients with extensive-stage SCLC in China prior
to the initiation of this trial.

Second, only a small number of patients with brain metas-
tases were enrolled, perhaps resulting from the requirement of
asymptomatic and stable brain metastases at trial entry.

Third, carboplatin, which was chosen for its lower toxic-
ity compared with cisplatin, was the only platinum-based agent
evaluated in the trial.26

Fourth, the duration of follow-up was relatively short by
the date of data cutoff, especially for the non-Asian popula-
tion (median, 9.1 months; range, 0.2-18.0 months). Updated
analyses with longer follow-up duration should be reported in
the future when available.

Conclusions
Among patients with previously untreated extensive-stage
SCLC, serplulimab plus chemotherapy significantly im-
proved overall survival compared with chemotherapy alone,
supporting the use of serplulimab plus chemotherapy as the
first-line treatment for this patient population.
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