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Summary
Background PD-1 inhibitor plus chemotherapy had been shown to be an effective first-line treatment for patients with 
metastatic non-small-cell lung cancer (NSCLC). However, there was no robust evidence showing a PD-L1 inhibitor 
combined with chemotherapy benefited patients with squamous and non-squamous NSCLC. GEMSTONE-302 
aimed to evaluate the efficacy and safety of a PD-L1 inhibitor, sugemalimab, plus chemotherapy for patients with 
metastatic squamous or non-squamous NSCLC.

Methods This randomised, double-blind, phase 3 trial was done in 35 hospitals and academic research centres in 
China. Eligible patients were aged 18–75 years, had histologically or cytologically confirmed stage IV squamous or 
non-squamous NSCLC without known EGFR sensitising mutations, ALK, ROS1, or RET fusions, no previous 
systemic treatment for metastatic disease, and an Eastern Cooperative Oncology Group (ECOG) performance 
status of 0 or 1. Patients were randomly assigned (2:1) to receive sugemalimab (1200 mg, intravenously, every 3 weeks) 
plus platinum-based chemotherapy (carboplatin [area under the curve (AUC) 5 mg/mL per min, intravenously] and 
paclitaxel [175 mg/m², intravenously] for squamous NSCLC, or carboplatin [AUC 5 mg/mL per min, intravenously] 
and pemetrexed [500 mg/m², intravenously] for non-squamous NSCLC; sugemalimab group) or placebo plus the 
same platinum-based chemotherapy regimens for squamous or non-squamous NSCLC as in the sugemalimab group; 
placebo group) for up to four cycles, followed by maintenance therapy with sugemalimab or placebo for squamous 
NSCLC, and intravenous sugemalimab 500 mg/m² or matching placebo plus pemetrexed for non-squamous NSCLC. 
Randomisation was done by an interactive voice–web-response system via permuted blocks (block size was a mixture 
of three and six with a random order within each stratum) and stratified by ECOG performance status, PD-L1 
expression, and tumour pathology. The investigators, patients, and the sponsor were masked to treatment assignment. 
The primary endpoint was investigator-assessed progression-free survival in the intention-to-treat population. Safety 
was analysed in all patients who received at least one treatment dose. Results reported are from a prespecified interim 
analysis (ie, when the study met the primary endpoint) and an updated analysis (prespecified final analysis for 
progression-free survival) with a longer follow-up. This study is registered with ClinicalTrials.gov (NCT03789604), is 
closed to new participants, and follow-up is ongoing.

Findings Between Dec 13, 2018, and May 15, 2020, 846 patients were assessed for eligibility; 367 were ineligible, and 
the remaining 479 patients were randomly assigned to the sugemalimab group (n=320) or placebo group (n=159). At 
the preplanned interim analysis (data cutoff June 8, 2020; median follow-up 8·6 months [IQR 6·1–11·4]), 
GEMSTONE-302 met its primary endpoint, with significantly longer progression-free survival in the sugemalimab 
group compared with the placebo group (median 7·8 months [95% CI 6·9–9·0] vs 4·9 months [4·7–5·0]; stratified 
hazard ratio [HR] 0·50 [95% CI 0·39–0·64], p<0·0001]). At the final analysis (March 15, 2021) with a median follow-up 
of 17·8 months (IQR 15·1–20·9), the improvement in progression-free survival was maintained (median 
9·0 months [95% CI 7·4–10·8] vs 4·9 months [4·8–5·1]; stratified HR 0·48 [95% CI 0·39–0·60], p<0·0001). The most 
common grade 3 or 4 any treatment-related adverse events were neutrophil count decreased (104 [33%] of 
320 with sugemalimab vs 52 [33%] of 159 with placebo), white blood cell count decreased (45 [14%] vs 27 [17%]), 
anaemia (43 [13%] vs 18 [11%]), platelet count decreased (33 [10%] vs 15 [9%]), and neutropenia (12 [4%] vs seven [4%]). 
Any treatment-related serious adverse events occurred in 73 (23%) patients in the sugemalimab group and 
31 (20%) patients in the placebo group. Any treatment-related deaths were reported in ten (3%) patients in the 
sugemalimab group (pneumonia with respiratory failure in one patient; myelosuppression with septic shock in one 
patient; pneumonia in two patients; respiratory failure, abdominal pain, cardiac failure, and immune-mediated 
pneumonitis in one patient each; the other two deaths had an unspecified cause) and in two (1%) patients in the 
placebo group (pneumonia and multiple organ dysfunction syndrome).
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Introduction
Lung cancer is the second most commonly diagnosed 
cancer and the leading cause of cancer death worldwide, 
accounting for 11·4% of new cancers and 18% of cancer 
deaths each year.1 Approximately 80–90% of primary 
lung cancers are non-small-cell lung cancer (NSCLC), 
which is commonly diagnosed as metastatic disease, a 
stage associated with a poor prognosis.2 Squamous-cell 
carcinoma accounts for 20–30% of NSCLC and is 
associated with even shorter survival relative to non-
squamous NSCLC owing to its distinct biology and 
disease characteristics.3

Anti-PD-1 or anti-PD-L1 antibodies in combination 
with chemotherapy have shown varying degrees of 
benefit in progression-free survival, overall survival, or 
both, as first-line therapy in patients with advanced 
squamous or non-squamous NSCLC in several phase 3 
trials.2,4 KEYNOTE-1895 and KEYNOTE-4076 reported that 
the addition of pembrolizumab, an anti-PD-1 antibody, to 
chemotherapy resulted in statistically significantly longer 

overall survival and progression-free survival than 
placebo plus chemotherapy for systemic therapy of 
treatment-naive non-squamous5 and squamous NSCLC.6 
Conversely, atezolizumab, an anti-PD-L1 anti body, 
showed uncertain survival benefit for NSCLC in several 
phase 3 trials. In IMpower131,7 atezolizumab plus either 
carboplatin–paclitaxel or carboplatin–nab-paclitaxel as 
first-line treatment for patients with squamous NSCLC 
met only one of the coprimary endpoints (progression-
free survival) and there was no improvement in 
overall survival. Similarly, atezolizumab plus either 
carboplatin–pemetrexed or cisplatin–pemetrexed as first-
line treatment for patients with non-squamous NSCLC 
did not improve overall survival in the IMpower132 trial.8 
The POSEIDON trial9 met its primary endpoint by 
showing a statistically signifi cant improve ments in 
progression-free survival with durvalumab plus chemo-
therapy versus chemotherapy alone, but no improvement 
in overall survival. Therefore, the efficacy of PD-L1 
inhibitors plus chemotherapy as first-line therapy for 

Interpretation Sugemalimab plus chemotherapy showed a statistically significant and clinically meaningful 
progression-free survival improvement compared with placebo plus chemotherapy, in patients with previously 
untreated squamous and non-squamous metastatic NSCLC, regardless of PD-L1 expression, and could be a new 
first-line treatment option for both squamous and non-squamous metastatic NSCLC.

Funding CStone Pharmaceuticals.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Research in context

Evidence before this study
We searched PubMed and major oncology congress websites 
(ie, American Society of Clinical Oncology, European Society of 
Medical Oncology, and World Conference on Lung Cancer) on 
Sept 24, 2021, for phase 3 clinical trials of anti-PD-L1 or anti-
PD-1 antibodies plus chemotherapy as first-line treatment to 
treat patients with non-small-cell lung cancer (NSCLC) that 
were published before Dec 13, 2018, using the search terms 
“immunotherapy”, “anti-PD-1”, “anti-PD-L1”, “chemotherapy”, 
“non-small-cell lung cancer”, “pembrolizumab”, “nivolumab”, 
and “atezolizumab” (both spelt out in full and abbreviations). 
No language preferences were specified. At the time of the start 
of the GEMSTONE-302 study (Dec 13, 2018), there were 
five published phase 3 clinical trials of the PD-1 or PD-L1 
inhibitors pembrolizumab and atezolizumab in combination 
with chemotherapy for first-line treatment of patients with 
metastatic NSCLC. All five studies evaluated a single 
histologically unique NSCLC. Since then, several clinical trials 
have assessed anti-PD-1 or anti-PD-L1 antibodies in 
combination with chemotherapy versus chemotherapy alone in 
first-line settings of metastatic NSCLC. During the 
GEMSTONE-302 study period, PD-1 or PD-L1 inhibitors 
combined with platinum-based chemotherapy were shown in 
other studies to improve survival outcomes in patients with 

non-squamous metastatic NSCLC, whereas only PD-1 inhibitor 
combinations successfully showed survival improvements in 
squamous metastatic NSCLC.

Added value of this study
To our knowledge, GEMSTONE-302 is the first randomised, 
double-blind, phase 3 study to show a significant progression-
free survival benefit of a PD-L1 inhibitor (sugemalimab) plus 
chemotherapy across both squamous and non-squamous 
NSCLC, regardless of PD-L1 expression, as a first-line treatment 
in the same trial.

Implications of all the available evidence
Our findings suggest that sugemalimab can be an option for 
patients with treatment-naive metastatic NSCLC, including in 
non-squamous NSCLC as an anti-PD-L1 immunotherapy option 
plus carboplatin and pemetrexed, and in squamous NSCLC as 
the only anti-PD-L1 immunotherapy plus chemotherapy. 
Sugemalimab in combination with chemotherapy is now 
approved in China for the first-line treatment of patients with 
metastatic non-squamous NSCLC with no EGFR and ALK 
genomic tumour aberrations and of patients with metastatic 
squamous NSCLC. Sugemalimab has also been studied in 
stage III NSCLC and studies are ongoing in gastric, oesophageal, 
and haematological malignancies.
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advanced non-squamous and squamous NSCLC 
warrants further evaluation and validation.

Sugemalimab (formerly CS1001) is a full-length, fully 
human immunoglobulin G4 (IgG4, s228p) monoclonal 
antibody that targets PD-L1. Preclinical studies suggest 
that sugemalimab retains binding affinity to the Fcγ 
receptor I domain,10 which could induce antibody-
dependent cellular phagocytosis by crosslinking PD-L1-
expressing tumour cells with macrophages in the tumour 
micro environment,11 and might further enhance tumour 
antigen presentation. Phase 1a/1b studies of suge malimab 
showed that mono therapy, or combination with platinum-
based chemo therapy, produced promising anti-tumour 
activity in a range of tumours, including both non-
squamous and squamous NSCLC.12,13 Here, we report the 
findings of the GEMSTONE-302 trial,14 both at a 
prespecified progression-free survival interim analysis 
and at the final progression-free survival timepoint, which 
aimed to further evaluate the efficacy and safety of adding 
sugemalimab to first-line platinum-based chemotherapy 
in patients with non-squamous or squamous metastatic 
NSCLC.

Methods
Study design and participants
GEMSTONE-302 is a randomised, double-blind, phase 3 
trial done at 35 hospitals and academic research centres 
in China. The primary objective was to compare the 
efficacy of sugemalimab versus placebo, each in 
combination with platinum-based chemotherapy, as 
first-line treatment of patients with metastatic NSCLC.

Eligible patients were aged 18–75 years, had histo logically 
or cytologically confirmed stage IV squamous or non-
squamous NSCLC without known EGFR sensitising 
mutations, or ALK, ROS1, or RET fusions, and had 
received no previous systemic treatment for metastatic 
disease. Patients had to have at least one measurable lesion 
according to Response Evaluation Criteria in Solid Tumors 
(RECIST) version 1.1,15 an Eastern Cooperative Oncology 
Group (ECOG) performance status of 0 or 1, and to provide 
a tumour sample for evaluation of PD-L1 expression status. 
Other inclusion criteria included a life expectancy of at 
least 12 weeks, adequate organ function as assessed in the 
following laboratory tests (and patients must not have had 
any blood transfusion, apheresis component infusion, 
erythropoietin, granu locyte colony-stimulating factor, or 
other medical supportive treatment during the 14 days 
before the experimental drug was given): an absolute 
neutrophil count of 1500 cells per μL or higher; a platelet 
count of 100 000 per μL or higher; haemoglobin concen-
tration of 9 g/dL or higher; international normalised ratio 
(INR) or prothrombin time of 1·5 × upper limit of normal 
(ULN) or lower; aspartate aminotransferase and, alanine 
aminotransferase 2·5 × ULN (5 × ULN for patients with 
hepatic metastases) or lower; serum bilirubin 1·5 × ULN or 
lower (not applicable for patients with Gilbert syndrome); 
and serum creatinine clearance of 50 mL/min or higher. 

Patients were also excluded if they had pathologically 
confirmed small-cell lung cancer or tumours with a small-
cell component, symptomatic central nervous system 
metastases, or autoimmune disease, or if they had received 
previous treatment with immune-checkpoint blockade 
therapies (appendix 2 p 6). Full inclusion and exclusion 
criteria are shown in appendix 2 (pp 5–8).

The study was done in accordance with the 
International Committee on Harmonisation Guidelines 
on Good Clinical Practice, and the Declaration of 
Helsinki, and was approved by the ethics committees at 
each participating centre. Each patient provided written 
informed consent before enrolment. The complete study 
protocol is provided in appendix 2.

Randomisation and masking
Eligible patients were randomly assigned (2:1) to 
sugemalimab plus platinum-based chemotherapy 
(sugemalimab group) or placebo plus platinum-based 
chemo therapy (placebo group). Permuted-block random-
isation (block size was a mixture of three and six with 
random order within each stratum) was done using an 
interactive voice-response system or integrated web-
response system and stratified according to ECOG 
performance status (0 vs 1), PD-L1 expression (tumour 
proportion score <1% vs ≥1%) and tumour pathology 
(squamous vs non-squamous). The investigators or 
designated personnel registered patients and assigned 
them according to the randomisation code obtained from 
the interactive voice–web-response system. Sugemalimab 
and placebo were packaged and labelled identically to 
each other, to ensure study personnel remained masked 
to treatment assignment. Investigators, patients, and the 
sponsor were masked to treatment assignment, and the 
assignment was unmasked to the sponsor after interim 
analysis completion and maintained for investigators 
and patients. Throughout the study, investigators and the 
sponsor were masked to PD-L1 expression.

Procedures
Patients with non-squamous NSCLC received 
sugemalimab (1200 mg, intravenously) or placebo, plus 
carboplatin (area under the concentration–time curve 
[AUC] 5 mg/mL per min) and pemetrexed (500 mg/m²) 
intravenously on day 1 of every 3-week cycle, for up to 
four cycles, followed by maintenance treatment with 
pemetrexed plus either sugemalimab or placebo. 
Patients with squamous NSCLC received sugemalimab 
(1200 mg) or placebo, plus carboplatin (AUC 5 mg/mL 
per min) and paclitaxel (175 mg/m²) intravenously on 
day 1 of every 3-week cycle, for up to four cycles, followed 
by maintenance treatment with sugemalimab or placebo. 
Sugemalimab or placebo treatment was administered 
for up to 35 cycles, or until disease progression or 
unacceptable toxicity. Sugemalimab or placebo dose 
adjustments were not permitted; if necessary, treatment 
could be withheld for up to 12 weeks or discontinued 

See Online for appendix 2
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according to prespecified criteria (appendix 2 p 9). Dose 
modifications for chemotherapy were permitted (see 
protocol in appendix 2). Patients in the placebo group 
who had radiographic disease progression and met the 
eligibility criteria (appendix 2 pp 9–10) could crossover to 
receive sugemalimab monotherapy for up to 35 treatment 
cycles.

Patients had tumour assessments at baseline with a 
CT scan (contrast enhanced unless contraindicated) or 
MRI of the thorax and abdomen. Brain MRI (or 
enhanced CT, if MRI was contraindicated) was done at 
screening if a brain CT or MRI had not been done 
within the previous 4 weeks. For patients who had no 
brain metastasis at baseline, brain CT or MRI scanning 
was done if clinically indicated on the basis of new 
specific symptoms. Subsequent tumour assessment 
was done at 6 and 12 weeks after the first treatment 
dose, then every 9 weeks for the first year, and then 
every 12 weeks until progressive disease, loss to 
follow-up, death, or study end.

Laboratory tests included hepatitis B virus, hepatitis C 
virus, and HIV tests, and EGFR and other tests for driver 
gene mutation were done within 28 days before the first 
dose. Coagulation function and serum human chorionic 
gonadotropin pregnancy testing were done within 7 days 
before the first dose. Chemistry and haematology tests 
were done within 7 days before the first dose and within 
3 days before the subsequent doses at each cycle, and 
then every two cycles from cycle 12 onwards. Thyroid 
function tests and urinalysis were done within 7 days 
before the first dose, and then every two cycles from 
cycle 3 onwards in the first year, and then every four 
cycles from cycle 17 onwards.

The tumour samples were collected from irradiated 
sites at or after diagnosis of stage IV NSCLC. PD-L1 
expression was assessed at a central laboratory by 
immunohistochemistry using the Ventana PD-L1 (SP263) 
assay on a BenchMark autostainer assay (Roche Tissue 
Diagnostics, Oro Valley, AZ, USA) according to the 
manufacturer’s instructions. PD-L1 expression was scored 
as the percentage of tumour cells with membranous 
staining at any intensity.

Adverse events were monitored throughout the study 
and graded according to the US National Cancer Institute 
Common Terminology Criteria for Adverse Events 
version 4.03.16 Adverse events of special interest were 
sponsor-assessed immune-related adverse events, 
defined on the basis of a sponsor-specified list of 
preferred categories of terms. All safety reviewers were 
masked to the randomised treatment assignment.

Outcomes
The primary endpoint was investigator-assessed 
progression-free survival (ie, time from randomisation to 
disease progression according to RECIST version 1.1 or 
death from any cause, whichever occurred first) in the 
intention-to-treat population. Secondary endpoints 

were overall survival (time from randomisation to death 
from any cause), investigator-assessed progression-
free survival in patients with PD-L1 expression of at 
least 1%, progression-free survival assessed by a 
blinded inde pendent central review committee (BICR), 
investigator-assessed objective response rate (per RECIST 
version 1.1), duration of response, safety, pharma-
cokinetics, and immunogenicity of sugemalimab, and 
anti-tumour activity of sugemalimab in patients in the 
placebo group who crossed over and received suge-
malimab monotherapy as a second-line treatment. 
Objective response rate was defined as the percentage of 
patients who achieved an objective response (ie, complete 
or partial response). Duration of response was defined as 
the time between the date of the earliest documented 
complete or partial response and the date of documented 
progression of disease or all-cause death, whichever 
occurred first. Data for the crossover phase and the 
pharmacokinetics and immunogenicity of sugemalimab 
were not mature at the recent data cutoff; therefore those 
outcomes are not reported here and will be reported 
subsequently.

Statistical analysis
A sample size of 480 patients, to achieve 360 progression-
free survival events and 360 overall survival events in both 
groups combined, would provide 89% power with an 
assumed progression-free survival HR of 0·70 and a two-
sided α value of 0·05, and 80% power with an assumed 
overall survival HR of 0·72. An interim progression-free 
survival analysis and an interim overall survival analysis 
were planned for when 252 progression-free survival 
events and 252 overall survival events, had been observed 
or the last patient had been randomly assigned (whichever 
occurred later). For the interim analysis of progression-
free survival reported in this Article, we planned to test 
the investigator-assessed progression-free survival and 
descriptively analysed the BICR-assessed progression-
free survival to provide supporting evidence. We planned 
to do the final analysis of progression-free survival when 
360 progression-free survival events had been observed, 
which is reported here, and for overall survival when 
360 overall survival events had been seen (which will be 
reported in a future publication). Full details of the 
statistical analysis are shown in appendix 2 (pp 10–11). 
The trial is being continued to collect the overall survival 
data and to do formal statistical testing for overall survival 
in all patients.

Progression-free survival and overall survival were 
analysed in the intention-to-treat population, which 
included all randomly assigned patients. The objective 
response rate was analysed among all randomly assigned 
patients with any measurable baseline lesion. Duration 
of response was analysed among patients who achieved 
an objective response. The safety population was all 
randomly assigned patients who received at least one 
dose of study treatment.
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For the primary endpoint of investigator-assessed 
progression-free survival, a stratified Cox model was used 
to estimate hazard ratios (HRs) with 95% CIs. The 
stratification factors were the same as those for 
randomisation. The Kaplan-Meier method was used to 
estimate median progression-free survival with a 95% CI 
and a stratified log-rank test was used to calculate p values. 
The Kaplan-Meier method was also used to estimate 
landmark progression-free survival rates at 12 months and 
their 95% CIs were estimated using the Brookmeyer 
Crowley method. The Kaplan-Meier plots were constructed 
and non-proportionality was assessed visually. Secondary 
endpoints, including overall survival, progression-free 
survival assessed by BICR, and progression-free survival 
in patients with PD-L1 of at least 1%, were analysed in the 
same way as the primary endpoint. The landmark overall 
survival rates at 12 months and 24 months and their 95% 
CIs were estimated using the same method as for the 
primary endpoint. The differences in objective response 
rate between groups were analysed using stratified 
Mantel–Haenszel tests; the method was used to calculate 
the objective response rate and 95% CI for each group, 
and normal approximation to a binomial distribution was 
used to calculate the 95% CI for the difference in objective 
response rate between groups. The duration of response 
was analysed by the Kaplan-Meier method and all 
statistical analyses were descriptive. Prespecified key 
subgroup analyses (age [<65 years vs ≥65 years], sex, 
smoking status, ECOG performance status  [0 vs 1], tumour 
pathological type [squamous vs non-squamous], brain 
metastases [yes vs no], liver metastases [yes vs no], and 
PD-L1 expression [<1%, ≥1%, 1–49%, and ≥50%]) were 
done for progression-free survival and overall survival to 
assess the consistency of treatment effects in patient 
subgroups. Subgroup analysis were done on the basis of 
unstratified Cox proportional hazards models.

Following the interim progression-free survival analysis, 
given that the analysis was successful, we planned to use 
sequential testing method to control overall type I error, 
and secondary endpoints were to be tested in the following 
order: overall survival, progression-free survival in patients 
with PD-L1 of at least 1%, and objective response rate. 
Progression-free survival assessed by BICR was not 
specified as an endpoint to be formally tested. The Lan–
DeMets method with an approximate O’Brien–Fleming 
boundary was used to control for type I error to account for 
a preplanned interim analysis of progression-free survival.17 
The two-sided α boundary was 0·0188 (calculated 
according to the number of events observed at the interim 
progression-free survival analysis) for claiming the success 
of the primary objective at the interim analysis, when 
268 progression-free survival events were observed at data 
cutoff on June 8, 2020. In this Article, we first report data 
for the primary endpoint investigator-assessed progression-
free survival at interim progression-free survival analysis, 
to show that the primary objective was successfully 
achieved. BICR-assessed progression-free survival at the 

interim progression-free survival analysis was also 
reported (analysed descriptively). The remainder of the 
reported results were based on the final progression-free 
survival analysis. Because the number of overall survival 
events had not been reached to do prespecified formal 
overall survival analysis, the key secondary endpoints of 
overall survival and progression-free survival in patients 
with PD-L1 of at least 1% were analysed descriptively at the 
interim and final progression-free survival analyses.

Post-hoc analysis was done for investigator-assessed 
progression-free survival in different pathological sub-
types by PD-L1 expression (squamous NSCLC with 
PD-L1 <1%, squamous with PD-L1 ≥1%, non-squamous 
with PD-L1 <1%, and non-squamous with PD-L1 ≥1%), 
investigator-assessed intra cranial progression-free 
survival in patients with baseline brain metastases, and 
investigator-assessed incidence rate of new brain lesion 
development in patients with or with out baseline brain 
metastases. For the intracranial progression-free survival 
analysis, the unstratified HR was calculated using the 
Fine–Gray regression model,18 in which systemic 
progression of disease without intracranial progression 
was considered to be an event of competing risk.

An independent data-monitoring committee evaluated 
the safety data collected in the trial every 6 months after 
the first patient was enrolled, and monitored the data 
for interim progression-free survival analysis and made 
recommendations to the sponsor according to the 
predefined boundaries. The statistical analysis for 
interim progression-free survival analysis before the 
trial unmasking was done by the independent data 
coordinating centre, where external data analysts 
prepared unmasked data summary reports. The final 
progression-free survival analysis was done by a contract 
research organisation under the sponsor’s oversight 
according to the statistical analysis plan. A two-sided α 
value of 0·05 was used as the significance level and a 
sequential testing method was used to control the overall 
type I error. Statistical analysis was done using 
SAS (version 9.4). All data reported here were based on 
the interim and final analysis of progression-free 
survival. This trial is registered with ClinicalTrials.gov, 
NCT03789604, and is closed to new participants.

Role of the funding source
The funder participated in the data collection, data 
analysis, and data interpretation in collaboration with the 
authors, and contributed to the writing of the report by 
funding professional medical writing assistance.

Results
Between Dec 13, 2018, and May 15, 2020, 846 patients 
were screened, of whom 367 (43%) patients were 
excluded before randomisation, most commonly because 
they did not meet the eligibility criteria (figure 1); the 
main reasons for exclusion were positive EGFR mutation, 
physician decision, tumour tissue sample not available 
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for PD-L1 testing, patient withdrawal, and inadequate 
organ function (appendix 2 p 13). 479 patients were 
randomly assigned, 320 (67%) to sugemalimab and 
159 (33%) to placebo, in addition to platinum-based 
chemotherapy, and all were included in the intention-to-
treat and safety populations (figure 1). Demographic and 
baseline disease characteristics were well balanced in the 
two groups (table 1).

We report here, for the intention-to-treat population, the 
primary endpoint for investigator-assessed progression-
free survival from the prespecified interim progression-
free survival analysis with a median follow-up of 
8·6 months (IQR 6·1–11·4) as of the data cutoff on 
June 8, 2020, and at the final progression-free survival 
analysis after an additional 9·2 months of follow-up (data 
cutoff March 15, 2021; median follow-up 17·8 months 
[IQR 15·1–20·9]). The data cutoff for the following 
parameters was March 15, 2021. 241 (75%) of 320 patients 
in the sugemalimab group and 147 (93%) of 159 patients 
in the placebo group discontinued their assigned 
treatment, principally because of disease progression 
(168 [53%] vs 115 [72%]), and 79 (25%) of 320 patients in 

the sugemalimab group and 12 (8%) of 159 in the placebo 
group were still receiving treatment (figure 1). Reasons for 
discontinuation of chemotherapy are summarised in 
appendix 2 (p 14). Overall, 257 (80%) of 320 patients in the 
sugemalimab group and 124 (78%) of 159 in the placebo 
group completed four cycles of chemotherapy (appendix 2, 
p 15). Median duration of study treatment was 7·2 months 
(IQR 4·2–15·4) with sugemalimab and 4·6 months 
(2·8–6·9) with placebo (appendix 2 p 15). 141 (44%) of 
320 patients in the sugemalimab group and 99 (62%) of 
159 in the placebo group had received at least one follow-
up anti-cancer therapy (appendix 2 p 16). In the placebo 
group, 44 (28%) of 159 patients crossed over to receive at 
least one dose of sugemalimab monotherapy and 20 (13%) 
of 159 received subsequent immunotherapy other than 
sugemalimab (appendix 2, p 16). Data collection on the 
use of subsequent anti-cancer therapy is ongoing.

At the prespecified interim analysis (data cutoff 
June 8, 2020) for progression-free survival, 
GEMSTONE-302 met the primary endpoint of statistically 
significantly improved investigator-assessed progression-
free survival in patients treated with sugemalimab plus 
chemotherapy compared with those treated with placebo 
plus chemotherapy. Progression or death events occurred 
in 155 (48%) of 320 patients with sugemalimab and 
113 (71%) of 159 with placebo. Median progression-free 

846 patients assessed for eligibility

479 enrolled

367 ineligible
 325 did not meet eligibility criteria
 42 other reasons

479 randomly assigned

320 assigned to sugemalimab plus chemotherapy    
 320 received treatment

79 treatment ongoing* 

241 discontinued treatment
 168 radiographic disease progression 
 42 adverse event 
 23 patient decision 
 3 investigator decision
 3 symptomatic deterioration 
  without radiographic evidence  
 1 death 
 1 other

320 included in the efficacy analysis
 (ITT population) 
320 included in the safety analysis
 (all treated patients)

159 assigned to placebo plus chemotherapy
 159 received treatment

12 treatment ongoing* 

147 discontinued treatment 
 115 radiographic disease progression
 12 adverse event 
 12 patient decision 
 4 investigator decision
 2 symptomatic deterioration 
   without radiographic evidence  
 1 death 
 1 other 

159 included in the efficacy analysis
 (ITT population)
159 included in the safety analysis
 (all treated patients)

Figure 1: Trial profile
Data cutoff was March 15, 2021. *Includes all patients who received any dose of sugemalimab, placebo, 
carboplatin, pemetrexed, or paclitaxel. ITT=intention-to-treat.

Sugemalimab plus 
chemotherapy 
(n=320)

Placebo plus 
chemotherapy 
(n=159)

Sex

Male 254 (79%) 129 (81%)

Female 66 (21%) 30 (19%)

Age, years

Median 62·0 (56·0–67·0) 64·0 (56·0–68·0)

<65 202 (63%) 91 (57%)

≥65 118 (37%) 68 (43%)

Eastern Cooperative Oncology Group performance status

0 59 (18%) 25 (16%)

1 261 (82%) 134 (84%)

Smoking status

Never smoked 88 (27%) 40 (25%)

Current or former smoker 232 (73%) 119 (75%)

Tumour pathological subtype

Squamous 129 (40%) 63 (40%)

Non-squamous 191 (60%) 96 (60%)

PD-L1 expression

<1% 124 (39%) 64 (40%)

≥1% 196 (61%) 95 (60%)

Baseline metastases

Liver 39 (12%) 18 (11%)

Brain 50 (16%) 17 (11%)

Data are median (IQR) or n (%).

Table 1: Baseline demographic and clinical characteristics (intention-to-
treat population)



Articles

www.thelancet.com/oncology   Published online January 14, 2022   https://doi.org/10.1016/S1470-2045(21)00650-1 7

survival was 7·8 months (95% CI 6·9–9·0) with 
sugemalimab versus 4·9 (4·7–5·0) with placebo (stratified 
HR 0·50 [95% CI 0·39–0·64], p<0·0001 (appendix 2 p 29).

The improvement in progression-free survival was 
maintained at the prespecified progression-free survival 
final analysis (data cutoff March 15, 2021), with disease 
progression or death events occurring in 223 (70%) of 
320 patients with sugemalimab and 135 (85%) of 159 with 
placebo: median progression-free survival was 9·0 months 
(95% CI 7·4–10·8) with sugemalimab versus 4·9 months 
(4·8–5·1) with placebo (stratified HR 0·48, 95% CI 
0·39–0·60; p<0·0001; figure 2). The estimated 12-month 
progression-free survival rates were 36·4% (95% CI 
31·0–41·8) with sugemalimab versus 14·8% (9·7–21·1) 
with placebo (appendix 2 p 17). Similar improvements with 
sugemalimab were seen in progression-free survival as 
assessed by the BICR at the interim and final analysis 
(appendix 2 pp 30–31). Prespecified subgroup analysis of 
investigator-assessed progression-free survival also showed 
similar improvements in the sugemalimab group versus 
the placebo group (figure 2, figure 3, appendix 2 p 32). 
Post-hoc analysis suggested that progression-free survival 
improvement was independent of PD-L1 expression 
for both squamous and non-squamous subgroups 
(appendix 2 p 33).

Post-hoc analysis suggested that among those patients 
with baseline brain metastases, sugemalimab plus 
chemotherapy, compared with placebo, improved intra-
cranial investigator-assessed progression-free survival 
(appendix 2 p 18). The addition of sugemalimab, as 
compared with placebo, also led to a lower incidence rate 
of new brain lesions among patients with or without 
baseline brain metastases (appendix 2 p 19).

As of March 15, 2021, 198 patients had died (121 [38%] 
of 320 in the sugemalimab group and 77 [48%] of 159 in 
the placebo group), which were 55% of the preplanned 
number of events for the prespecified overall survival 
final analysis, and thus the data were not mature enough 
for the predefined formal analysis of overall survival. 
Preliminary analysis showed the median overall survival 
was longer with sugemalimab than with placebo 
(figure 4). Survival rates were 72·4% (95% CI 67·0–77·0%) 
at 12 months and 47·1% (37·2–56·4) at 24 months with 
sugemalimab versus 62·0% (53·6–69·3) at 12 months 
and 38·1% (27·2–49·0) at 24 months with placebo 
(appendix 2 p 17).

The objective response rate was higher in the suge-
malimab group than in the placebo group (appendix 2 
p 20). Improvement in response rates and duration of 
response favouring sugemalimab were seen across 
different subgroups defined by NSCLC subtype or 
tumour cell PD-L1 expression (appendix 2 p 20).

Treatment-emergent adverse events were reported in 
319 (>99%) of 320 patients in the sugemalimab group 
and 157 (99%) of 159 patients in the placebo group 
(appendix 2 p 21). Rates of treatment-emergent adverse 
events, grade 3–4 treatment-emergent adverse events, 

and fatal treatment-emergent adverse events were 
generally similar between the two groups (table 2, 
appendix 2 pp 21–22). Any treatment-related adverse 
events occurred in 317 (99%) of 320 patients in the 
sugemalimab group and 153 (96%) of 159 patients in the 
placebo group (table 2). All reported grade 3–4 adverse 
events related to any treatment are listed in table 2 and 
occurred in 172 (54%) of 320 patients in the sugemalimab 
group and 89 (56%) of 159 patients in the placebo group, 
with the most common being neutrophil count decreased 
(in 104 [33%] of 320 vs 52 [33%] of 159), white blood cell 
count decreased (45 [14%] vs 27 [17%]), anaemia (43 [13%] 
vs 18 [11%]), platelet count decreased (33 [10%] vs 15 [9%]), 
and neutropenia (12 [4%] vs seven [4%]; table 2, appendix 2 
[pp 23–24]). Any treatment-related serious adverse events 
occurred in 73 (23%) of 320 patients in the sugemalimab 
and 31 (20%) of 159 patients in the placebo group 
(appendix 2 p 25). The most common serious adverse 
events related to any treatment were anaemia (11 [3%] 
of 320 with sugemalimab vs five [3%] of 159 with placebo), 
pneumonia (ten [3%] vs seven [4%]), and platelet count 
decreased (ten [3%] vs four [3%]; appendix 2 p 25). 
Adverse events related to any treatment that led to 
discontinuation of any treatment occurred in 46 (14%) 
of 320 with sugemalimab and 14 (9%) of 159 with placebo. 
The most common any treatment-related adverse events 
leading to treatment discontinuation were anaemia 
(six [2%] vs three [2%]), pneumonia (five [2%] vs 
three [2%]), and abnormal hepatic function (three [1%] vs 
one [1%]; appendix 2 [p 26]). The proportion of patients 
experiencing adverse events leading to chemotherapy 
dose reduction was 46 (14%) of 320 with sugemalimab 
versus 29 (18%) of 159 with placebo (appendix 2 p 21). 
Deaths from adverse events irrespective of attribution 
occurred in 19 (6%) of 320 patients in the sugemalimab 
group and nine (6%) of 159 in the placebo group. Details 
of all fatal adverse events are provided in appendix 2 
(p 27). Fatal adverse events attributed to any treatment 
were reported in ten (3%) of 320 patients in the 
sugemalimab group (pneumonia with respiratory failure 
in one patient; myelosuppression with septic shock in 
one patient; pneumonia in two patients; respiratory 
failure, abdominal pain, cardiac failure, and immune-
mediated pneumonitis in one patient each; the other two 
deaths had an unspecifed cause) and two (1%) of 159 with 
placebo (pneumonia and multiple organ dysfunction 
syndrome; appendix 2 p 28).

Immune-related treatment-emergent adverse events—
ie, adverse events of special interest as assessed by the 
sponsor—occurred in 80 (25%) of 320 patients with 
sugemalimab and five (3%) of 159 with placebo 
(appendix 2 p 21), most of which were grade 1–2 (table 2). 
The most common immune-related treatment-emergent 
adverse events by category were hypothyroidism (34 [11%] 
of 320 vs one [1%] of 159), hyperthyroidism (23 [7%] vs 
two [1%]), and non-severe skin adverse reaction (23 [7%] 
vs one [1%]).
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Figure 2: Kaplan–Meier plot of investigator-assessed progression-free survival and forest plot showing the subgroup analysis of progression-free survival
Patients in both groups also received chemotherapy. (A) Investigator-assessed progression-free survival in the intention-to-treat population. The HR was calculated 
using a stratified Cox regression model. (B) Subgroup analysis of progression-free survival. HRs were calculated using an unstratified Cox regression model. 
ECOG=Eastern Cooperative Oncology Group. HR=hazard ratio.
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Figure 3: Kaplan–Meier plots of investigator-assessed progression-free survival of patients by tumour pathological type
Patients in both groups also received chemotherapy. Progression-free survival of patients with squamous non-small-cell lung cancer (A) and non-squamous 
non-small-cell lung cancer (B) at data cutoff on March 15, 2021. HR=hazard ratio.

Figure 4: Kaplan–Meier plot of overall survival
Preliminary analysis at data cutoff on March 15, 2021, with a median follow-up of 17·8 months (IQR 15·1–20·9) and 55% of number of events for the prespecified 
final overall survival analysis.
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Sugemalimab plus chemotherapy (n=320) Placebo plus chemotherapy (n=159)

Grade 1–2 Grade 3 Grade 4 Grade 5 Grade 1–2 Grade 3 Grade 4 Grade 5

All adverse events 114 (36%) 138 (43%) 48 (15%) 19 (6%) 59 (37%) 57 (36%) 32 (20%) 9 (6%)

Adverse event leading to discontinuation of any 
treatment

16 (5%) 24 (8%) 4 (1%) 13 (4%) 6 (4%) 4 (3%) 4 (3%) 4 (3%)

Adverse event leading to discontinuation of 
sugemalimab or placebo

9 (3%) 16 (5%) 4 (1%) 13 (4%) 2 (1%) 2 (1%) 4 (3%) 4 (3%)

Any treatment-related adverse events 135 (42%) 126 (39%) 46 (14%) 10 (3%) 62 (39%) 55 (35%) 34 (21%) 2 (1%)

Any treatment-related adverse event leading to 
discontinuation of any treatment

16 (5%) 19 (6%) 3 (1%) 8 (3%) 5 (3%) 4 (3%) 4 (3%) 1 (1%)

Any treatment-related adverse event leading to 
discontinuation of sugemalimab or placebo

9 (3%) 12 (4%) 3 (1%) 8 (3%) 1 (1%) 2 (1%) 4 (3%) 1 (1%)

Grade 1–2 any treatment-related adverse events 
occurring in at least 10% patients in either group and 
all grade 3–5 any treatment-related adverse events

Anaemia 191 (60%) 43 (13%) 0 0 91 (57%) 17 (11%) 1 (1%) 0

Neutrophil count decreased 81 (25%) 70 (22%) 34 (11%) 0 41 (26%) 27 (17%) 25 (16%) 0

White blood cell count decreased 135 (42%) 39 (12%) 6 (2%) 0 66 (42%) 26 (16%) 1 (1%) 0

Platelet count decreased 74 (23%) 25 (8%) 8 (3%) 0 45 (28%) 12 (8%) 3 (2%) 0

Aspartate aminotransferase increased 104 (33%) 1 (<1%) 0 0 39 (25%) 2 (1%) 0 0

Alanine aminotransferase increased 100 (31%) 3 (1%) 0 0 48 (30%) 3 (2%) 0 0

Appetite decreased 75 (23%) 0 0 0 36 (23%) 1 (1%) 0 0

Nausea 69 (22%) 1 (<1%) 0 0 39 (25%) 3 (2%) 0 0

Alopecia 59 (18%) 1 (<1%) 0 0 31 (20%) 0 0 0

Asthenia 48 (15%) 2 (1%) 0 0 26 (16%) 3 (2%) 0 0

Rash 47 (15%) 2 (1%) 0 0 13 (8%) 0 0 0

γ-glutamyltransferase increased 35 (11%) 6 (2%) 1 (<1%) 0 14 (9%) 2 (1%) 1 (1%) 0

Vomiting 36 (11%) 3 (1%) 0 0 21 (13%) 1 (1%) 0 0

Constipation 38 (12%) 0 0 0 21 (13%) 0 0 0

Fatigue 35 (11%) 3 (1%) 0 0 5 (3%) 1 (1%) 0 0

Leukopenia 27 (8%) 5 (2%) 1 (<1%) 0 12 (8%) 2 (1%) 0 0

Hypothyroidism 32 (10%) 0 0 0 2 (1%) 0 0 0

Hypoalbuminaemia 29 (9%) 0 0 0 16 (10%) 0 0 0

Neutropenia 15 (5%) 10 (3%) 2 (1%) 0 6 (4%) 5 (3%) 2 (1%) 0

Blood creatinine increased 22 (7%) 1 (<1%) 0 0 6 (4%) 0 0 0

Thrombocytopenia 17 (5%) 4 (1%) 0 0 8 (5%) 0 1 (1%) 0

Blood bilirubin increased 19 (6%) 1 (<1%) 0 0 16 (10%) 0 0 0

Diarrhoea 17 (5%) 3 (1%) 0 0 10 (6%) 0 0 0

Hyponatraemia 17 (5%) 3 (1%) 0 0 1 (1%) 1 (1%) 0 0

Blood alkaline phosphatase increased 16 (5%) 3 (1%) 0 0 4 (3%) 0 0 0

Hyperglycaemia 18 (6%) 1 (<1%) 0 0 5 (3%) 0 1 (1%) 0

Malaise 18 (6%) 0 0 0 7 (4%) 2 (1%) 0 0

Hepatic function atypical 10 (3%) 6 (2%) 0 0 2 (1%) 1 (1%) 1 (1%) 0

Lymphocyte count decreased 12 (4%) 3 (1%) 1 (<1%) 0 4 (3%) 2 (1%) 1 (1%) 0

Blood lactate dehydrogenase increased 15 (5%) 0 0 0 3 (2%) 0 1 (1%) 0

Hypokalaemia 14 (4%) 1 (<1%) 0 0 4 (3%) 1 (1%) 0 0

Pneumonia 8 (3%) 3 (1%) 0 3 (1%) 2 (1%) 5 (3%) 0 1 (1%)

Transaminases increased 11 (3%) 2 (1%) 0 0 2 (1%) 0 0 0

Abdominal pain upper 11 (3%) 1 (<1%) 0 0 1 (1%) 0 0 0

Mouth ulceration 11 (3%) 1 (<1%) 0 0 0 0 0 0

Pain 12 (4%) 0 0 0 5 (3%) 1 (1%) 0 0

Peripheral oedema 10 (3%) 1 (<1%) 0 0 1 (1%) 0 0 0

Hypertriglyceridaemia 8 (3%) 2 (1%) 0 0 4 (3%) 0 0 0

Bilirubin conjugated increased 7 (2%) 1 (<1%) 0 0 1 (1%) 0 0 0

(Table 2 continues on next page)
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Sugemalimab plus chemotherapy (n=320) Placebo plus chemotherapy (n=159)

Grade 1–2 Grade 3 Grade 4 Grade 5 Grade 1–2 Grade 3 Grade 4 Grade 5

(Continued from previous page)

Blood cholesterol increased 7 (2%) 1 (<1%) 0 0 2 (1%) 0 0 0

Febrile neutropenia 0 5 (1·6%) 2 (1%) 0 0 1 (1%) 0 0

Amylase increased 2 (1%) 3 (1%) 0 0 1 (1%) 0 0 0

Dyspnoea 4 (1%) 1 (<1%) 0 0 0 0 0 0

Myelosuppression 0 2 (1%) 2 (1%) 1 (<1%) 1 (1%) 2 (1%) 1 (1%) 0

Stomatitis 3 (1%) 2 (1%) 0 0 0 0 0 0

Upper respiratory tract infection 4 (1%) 1 (<1%) 0 0 0 0 0 0

Urinary tract infection 4 (1%) 1 (<1%) 0 0 2 (1%) 0 0 0

Abdominal pain 2 (1%) 1 (<1%) 0 1 (<1%) 1 (1%) 0 0 0

Haemoptysis 3 (1%) 1 (<1%) 0 0 1 (1%) 1 (1%) 0 0

Hypertension 3 (1%) 1 (<1%) 0 0 2 (1%) 0 0 0

Immune-mediated pneumonitis 1 (<1%) 2 (1%) 0 1 (<1%) 0 0 0 0

Lipase increased 1 (<1%) 2 (1%) 1 (<1%) 0 0 0 0 0

Anaphylactic reaction 2 (1%) 1 (<1%) 0 0 1 (1%) 0 0 0

Cardiac failure 0 2 (1%) 0 1 (<1%) 0 0 1 (1%) 0

Maculopopular rash 2 (1%) 1 (<1%) 0 0 0 0 0 0

Renal failure 2 (1%) 1 (<1%) 0 0 0 0 0 0

Autoimmune dermatitis 1 (<1%) 1 (<1%) 0 0 0 0 0 0

Death 0 0 0 2 (1%) 0 0 0 0

Dyspnoea exertional 1 (<1%) 1 (<1%) 0 0 0 0 0 0

Eczema 1 (<1%) 1 (<1%) 0 0 1 (1%) 0 0 0

Liver injury 1 (<1%) 1 (<1%) 0 0 0 0 0 0

Lymphopenia 1 (<1%) 1 (<1%) 0 0 1 (1%) 0 0 0

Respiratory failure 0 0 0 2 (1%) 0 0 0 0

Type 2 diabetes 1 (<1%) 1 (<1%) 0 0 0 0 0 0

Acute kidney injury 0 1 (<1%) 0 0 0 0 0 0

Ascites 0 1 (<1%) 0 0 0 0 0 0

Cystitis 0 1 (<1%) 0 0 0 0 0 0

Granulocytopaenia 0 1 (<1%) 0 0 0 0 0 0

Immune-mediated hepatitis 0 0 1 (<1%) 0 0 0 0 0

Nephritis 0 1 (<1%) 0 0 0 0 0 0

Neutrophil percentage decreased 0 1 (<1%) 0 0 0 0 0 0

Septic shock 0 0 0 1 (<1%) 0 0 0 0

Skin infection 0 1 (<1%) 0 0 0 0 0 0

Uterine haemorrhage 0 1 (<1%) 0 0 0 0 0 0

Agranulocytosis 0 0 0 0 0 0 1 (1%) 0

Bone marrow failure 0 0 0 0 0 1 (1%) 0 0

Lower gastrointestinal haemorrhage 0 0 0 0 0 0 1 (1%) 0

Malnutrition 0 0 0 0 0 1 (1%) 0 0

Multiple organ dysfunction syndrome 0 0 0 0 0 0 0 1 (1%)

Rhabdomyolysis 0 0 0 0 0 1 (1%) 0 0

Immune-related adverse events*

Hypothyroidism 34 (11%) 0 0 0 1 (1%) 0 0 0

Hyperthyroidism 23 (7%) 0 0 0 2 (1%) 0 0 0

Skin adverse reaction, non-severe 23 (7%) 0 0 0 1 (1%) 0 0 0

Skin adverse reaction, severe 0 3 (1%) 0 0 0 0 0 0

Pneumonitis 3 (1%) 2 (1%) 0 1 (<1%) 1 (1%) 0 0 0

Hepatitis 0 4 (1%) 1 (<1%) 0 0 0 0 0

Nephritis, including renal failure 2 (1%) 1 (<1%) 0 0 0 0 0 0

(Table 2 continues on next page)
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Discussion
In the GEMSTONE-302 study, the combination of 
sugemalimab plus platinum-based chemotherapy 
resulted in statistically significant and clinically 
meaningful improvements in progression-free survival 
versus placebo plus platinum-based chemotherapy in 
metastatic NSCLC. Subgroup analysis suggested these 
benefits were maintained regardless of PD-L1 expression 
and NSCLC subtype. In combination with chemotherapy, 
sugemalimab also reduced tumour burden in more 
patients than placebo did, as shown by higher objective 
response rates with durable responses.

Squamous and non-squamous NSCLC have been shown 
to differ markedly in their tumour micro environment and 
genomic drivers, which might translate into differences in 
their response to immune checkpoint therapy and 
subsequent prognosis.19,20 Compared with non-squamous 
NSCLC, squamous NSCLC has a poorer prognosis and 
fewer therapeutic options.21 In terms of immunotherapy, 
pembrolizumab plus chemotherapy is the only PD-1 
inhibitor currently recommended in the US National 
Comprehensive Cancer Network guidelines as the 
preferred first-line therapy for both metastatic non-
squamous and squamous NSCLC.22 In Chinese patient 
populations, the combination of PD-1 inhibitor with 
chemotherapy also showed improved progression-free 
survival, overall survival, or both in several studies.23–27 By 
contrast, PD-L1 inhibitor combi nation therapies that 
include atezolizumab are only recommended for a 
subgroup of patients with non-squamous NSCLC, and no 
PD-L1 inhibitor combinations have been recommended 
for squamous NSCLC.22 There are few data on the 
combination of a PD-L1 inhibitor and chemotherapy in 
Chinese NSCLC patients. In the GEMSTONE-302 study, 
which investigated the PD-L1 inhibitor sugemalimab in 
combination with chemotherapy in both squamous and 
non-squamous NSCLC, there was improved progression-
free survival observed with sugemalimab plus chemo-
therapy across pathologies, especially in the squamous 
NSCLC subgroup, com pared with placebo plus 

chemotherapy. These results suggest that sugemalimab 
could be an option for treatment-naive metastatic NSCLC 
patients, including in patients with non-squamous NSCLC 
as an anti-PD-L1 immunotherapy option with carboplatin 
and pemetrexed, and also in patients with squamous 
NSCLC as the only anti-PD-L1 immunotherapy plus 
chemotherapy option. Another study, CheckMate 9LA,28 

which was also done in both squamous and non-squamous 
NSCLC, showed a median progression-free survival of 
6·7 months with nivolumab plus ipilimumab combined 
with chemotherapy compared with 5·3 months with 
chemotherapy alone (HR 0·67, 95% CI 0·56–0·79) with a 
minimum follow-up of 2 years. Thus, the regimen has 
been approved in the USA, the EU, and several other 
countries as first-line treatment for both squamous and 
non-squamous metastatic NSCLC. In the CheckMate 9LA 
study28 more pronounced progression-free survival benefit 
was seen in the squamous NSCLC subgroup (HR 0·57, 
95% CI 0·42–0·78) than in the non-squamous NSCLC 
subgroup (0·74, 0·60–0·92) after treatment with 
nivolumab plus ipilimumab with two cycles of chemo-
therapy. This result was similar to the findings in the 
GEMSTONE-302 study. Furthermore, our triplet combi-
nation of sugemalimab plus carboplatin and paclitaxel 
chemotherapy offered similar progression-free survival 
benefits and provided patients with a more convenient 
drug regimen compared with the quadruplet combination 
of PD-1, CTLA-4 inhibitors, and carboplatin and paclitaxel 
chemotherapy in CheckMate 9LA.

Additionally, the progression-free survival benefit was 
also seen in all the other preplanned subgroups in 
GEMSTONE-302, including in patients with all PD-L1 
expression levels (<1%, ≥1%, 1–49%, and ≥50%) and in 
patients with brain or liver metastases, for whom 
therapeutic options are few and the prognosis is poor.29 
Furthermore, the intracranial progression-free survival 
was also improved with sugemalimab plus chemotherapy 
in patients who had baseline brain metastases, which 
was consistent with the systemic progression-free 
survival, and the addition of sugemalimab also reduced 

Sugemalimab plus chemotherapy (n=320) Placebo plus chemotherapy (n=159)

Grade 1–2 Grade 3 Grade 4 Grade 5 Grade 1–2 Grade 3 Grade 4 Grade 5

(Continued from previous page)

Arthritis 2 (1%) 0 0 0 0 0 0 0

Diabetes 2 (1%) 0 0 0 0 0 0 0

Thyroiditis 2 (1%) 0 0 0 1 (1%) 0 0 0

Colitis 1 (<1%) 0 0 0 0 0 0 0

Myocarditis 1 (<1%) 0 0 0 0 0 0 0

Ocular toxicities 1 (<1%) 0 0 0 0 0 0 0

Pancreatitis 0 0 1 (<1%) 0 0 0 0 0

Data are n (%). *Immune-related adverse events were defined on the basis of a list of preferred categories of terms specified by the sponsor and included in the analysis 
regardless of whether the events were attributed to treatment by the investigator.

Table 2: Summary of adverse events for all patients who received treatment (safety population)
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the development of new brain lesions in patients with or 
without baseline brain metastases.

Data from the phase 3 IMpower1317 and IMpower1328 
trials showed that atezolizumab in combination with 
chemotherapy, compared with chemotherapy alone, 
led to a statistically significant but clinically moderate 
improvement in progression-free survival (median 
6·3 months vs 5·6 months, HR 0·71, 95% CI 0·60–0·85; 
p=0·00017 and 7·6 months vs 5·2 months; HR 0·60, 
0·49–0·72; p<0·00018). The POSEIDON trial9 also showed 
statistically significant improvements in progression-free 
survival with durvalumab plus chemotherapy versus 
chemotherapy alone (median progression-free survival 
5·5 months [95% CI 4·7–6·5] vs 4·8 months [4·6–5·8]; 
HR 0·74 [0·62–0·89]; p=0·00093). However, in all three 
PD-L1 trials, the progression-free survival benefit did not 
translate into an overall survival benefit (IMpower131 
median overall survival 14·2 months [95% CI 12·3–16·8] 
vs 13·5 months [12·2–15·1]; HR 0·88, 95% CI 0·73–1·05, 
p=0·16;7 IMpower132 17·5 months [13·2–19·6] vs 13·6 
months [11·0–15·7]; HR 0·86, 0·71–1·06, p=0·1546;8 
POSEIDON 13·3 months [11·4–14·7] vs 11·7 months 
[10·5–13·1]; HR 0·86, 0·72–1·02, p=0·75819). Conversely, 
in KEYNOTE-1895 and KEYNOTE-407,6 pembrolizumab 
plus chemotherapy showed statistically significant 
progression-free survival improvements and overall 
survival benefits in all subgroups (such as age, sex, ECOG 
performance score, and PD-L1 expression) compared with 
placebo among patients with metastatic non-squamous 
and squamous NSCLC. With similar progression-free 
survival benefits across all subgroups observed in 
GEMSTONE-302, sugemalimab plus chemo therapy could 
be a potential new option as a first-line treatment for 
patients with metastatic NSCLC. The immature overall 
survival data analysis of GEMSTONE-302 showed an 
HR of 0·67 with crossover permitted, which could 
negatively affect the overall survival results; notably, 
crossover was not permitted in other PD-L1 trials.7–9 The 
overall survival will be followed up continuously and the 
preplanned overall survival formal analysis, with a longer 
follow-up and more events accrued, will be reported 
subsequently.

This study showed that sugemalimab plus chemo-
therapy was well tolerated. The addition of sugemalimab 
did not appear to increase the frequency of adverse 
events commonly associated with chemotherapy 
regimens. The incidence of most immune-mediated 
treatment-emergent adverse events was not higher with 
sugemalimab plus chemotherapy than with sugemalimab 
monotherapy.12,13 No unexpected safety signals were 
found. Of special interest, immune-related treatment-
emergent adverse event profiles in the sugemalimab 
group were mostly grade 1–2 and generally consistent 
with the known profiles of products in the same class.30–32

To our knowledge, this study is the first to show a 
PD-L1 inhibitor plus chemotherapy benefiting patients 
with both metastatic non-squamous and squamous 

NSCLC in the same trial. At the time of the design of 
this study, PD-1 or PD-L1 inhibitors in combination with 
chemotherapy had been shown to be effective in studies 
with a specific pathology,5 and a similar benefit was 
observed in squamous and non-squamous NSCLC.9 
However, no PD-1 or PD-L1 inhibitors were approved 
for first-line treatment of NSCLC patients in China at 
that time. By combining two pathologies in one study, 
patients randomised 2:1 to receive treatment reduced 
the total sample size required and the number of 
patients receiving placebo, which increased patients’ 
compliance and benefits.

One limitation of this study is that the overall survival 
data are not mature enough to do the formal analysis. 
With longer follow-up, increased patients in the placebo 
group are expected to receive subsequent anti-cancer 
immunotherapy, which will continuously affect the 
results of overall survival. A prespecified formal overall 
survival analysis will be done to show the survival 
improvement ultimately.

In conclusion, the addition of sugemalimab to platinum-
based chemotherapy showed statistically significant and 
clinically meaningful improvement in progression-free 
survival compared with placebo plus chemotherapy, 
irrespective of NSCLC pathologies and PD-L1 expression, 
supporting its application as a new first-line treatment 
option for patients with metastatic NSCLC.
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