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Key Points

Question

Will an immune checkpoint blocker in combination with perioperative chemotherapy improve
event-free survival and major pathological response in patients with resectable non–small cell
lung cancer (NSCLC)?

Findings

The prespecified interim analysis of event-free survival revealed that the addition of toripalimab to
platinum-based chemotherapy showed statistically significant and clinically meaningful improve‐
ment in event-free survival compared with chemotherapy alone in patients with stage III NSCLC,
while maintaining a manageable safety profile.

Meaning

The demonstrated event-free survival benefits support the use of toripalimab in combination with
platinum-based chemotherapy as a new treatment option for patients with stage III resectable
NSCLC.

https://www.ncbi.nlm.nih.gov/pmc/about/copyright/


Abstract

Importance

Adjuvant and neoadjuvant immunotherapy have improved clinical outcomes for patients with
early-stage non–small cell lung cancer (NSCLC). However, the optimal combination of checkpoint
inhibition with chemotherapy remains unknown.

Objective

To determine whether toripalimab in combination with platinum-based chemotherapy will im‐
prove event-free survival and major pathological response in patients with stage II or III re‐
sectable NSCLC compared with chemotherapy alone.

Design, Setting, and Participants

This randomized clinical trial enrolled patients with stage II or III resectable NSCLC (without EGFR
or ALK alterations for nonsquamous NSCLC) from March 12, 2020, to June 19, 2023, at 50 partici‐
pating hospitals in China. The data cutoff date for this interim analysis was November 30, 2022.

Interventions

Patients were randomized in a 1:1 ratio to receive 240 mg of toripalimab or placebo once every 3
weeks combined with platinum-based chemotherapy for 3 cycles before surgery and 1 cycle after
surgery, followed by toripalimab only (240 mg) or placebo once every 3 weeks for up to 13 cycles.

Main Outcomes and Measures

The primary outcomes were event-free survival (assessed by the investigators) and the major
pathological response rate (assessed by blinded, independent pathological review). The secondary
outcomes included the pathological complete response rate (assessed by blinded, independent
pathological review) and adverse events.

Results

Of the 501 patients randomized, 404 had stage III NSCLC (202 in the toripalimab + chemotherapy
group and 202 in the placebo + chemotherapy group) and 97 had stage II NSCLC and were ex‐
cluded from this interim analysis. The median age was 62 years (IQR, 56-65 years), 92% of pa‐
tients were male, and the median follow-up was 18.3 months (IQR, 12.7-22.5 months). For the pri‐
mary outcome of event-free survival, the median length was not estimable (95% CI, 24.4 months-
not estimable) in the toripalimab group compared with 15.1 months (95% CI, 10.6-21.9 months)
in the placebo group (hazard ratio, 0.40 [95% CI, 0.28-0.57], P < .001). The major pathological re‐
sponse rate (another primary outcome) was 48.5% (95% CI, 41.4%-55.6%) in the toripalimab



group compared with 8.4% (95% CI, 5.0%-13.1%) in the placebo group (between-group differ‐
ence, 40.2% [95% CI, 32.2%-48.1%], P < .001). The pathological complete response rate (sec‐
ondary outcome) was 24.8% (95% CI, 19.0%-31.3%) in the toripalimab group compared with
1.0% (95% CI, 0.1%-3.5%) in the placebo group (between-group difference, 23.7% [95% CI,
17.6%-29.8%]). The incidence of immune-related adverse events occurred more frequently in the
toripalimab group. No unexpected treatment-related toxic effects were identified. The incidence of
grade 3 or higher adverse events, fatal adverse events, and adverse events leading to discontinua‐
tion of treatment were comparable between the groups.

Conclusions and Relevance

The addition of toripalimab to perioperative chemotherapy led to a significant improvement in
event-free survival for patients with resectable stage III NSCLC and this treatment strategy had a
manageable safety profile.

Trial Registration

ClinicalTrials.gov Identifier: NCT04158440

This randomized clinical trial compares the effects of toripalimab in combination with platinum-
based chemotherapy vs chemotherapy alone on event-free survival and major pathological re‐
sponse in patients with stage III resectable non–small cell lung cancer.

Introduction

Of patients with non–small cell lung cancer (NSCLC), 30% are initially diagnosed with resectable
disease.  The primary treatment for patients with early-stage NSCLC is surgical resection, and the
5-year disease-free survival rate is approximately 40% for patients with stage II or III NSCLC.
After NSCLC recurrence, the 5-year overall survival rate ranges from 2% to 13%.

Postoperative adjuvant chemotherapy has been shown to prolong survival for patients with re‐
sectable NSCLC.  The IMpower010 study  revealed that adjuvant chemotherapy followed by main‐
tenance treatment with atezolizumab significantly prolonged disease-free survival in patients with
stage II to IIIA NSCLC whose tumors expressed programmed cell death ligand 1 (PD-L1) on 1% or
more of tumor cells (hazard ratio [HR], 0.66 [95% CI, 0.50-0.88]) compared with adjuvant chemo‐
therapy alone. Similarly, the PEARLS/KEYNOTE-091 study  demonstrated disease-free survival
benefits for maintenance treatment with pembrolizumab after adjuvant chemotherapy in patients
with stage IB to IIIA NSCLC and any level of PD-L1 expression (HR, 0.73 [95% CI, 0.60-0.89]).

In patients with metastatic NSCLC, it has been well established that the combination of an immune
checkpoint blocker with chemotherapy improved overall survival and has thus become the stan‐
dard first-line treatment for patients with metastatic NSCLC.  The CheckMate 816 study
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showed the addition of nivolumab to neoadjuvant chemotherapy also significantly improved
event-free survival in patients with stage IB to IIIA NSCLC compared with chemotherapy alone
(HR, 0.63 [97.38% CI, 0.43-0.91]).

Randomized clinical trials have evaluated perioperative checkpoint inhibition in patients with re‐
sectable NSCLC. The phase 2, NADIM II randomized clinical trial,  revealed that the addition of
perioperative nivolumab demonstrated a higher pathological complete response rate and im‐
proved survival compared with chemotherapy alone. In the KEYNOTE-671 study,  the addition of
pembrolizumab to neoadjuvant chemotherapy plus adjuvant pembrolizumab led to significant im‐
provements in event-free survival (HR, 0.58 [95% CI, 0.46-0.72]) in patients with stage II to IIIB
NSCLC compared with those who received chemotherapy alone. Similarly, in the AEGEAN trial,
perioperative durvalumab in combination with chemotherapy significantly improved event-free
survival (HR, 0.68 [95% CI, 0.53-0.88]) and the pathological complete response rate compared
with chemotherapy alone. Nevertheless, the optimal strategy for a checkpoint blocker in combina‐
tion with chemotherapy in both the neoadjuvant and adjuvant treatment phases, and the optimal
duration of treatment remain unknown.

Toripalimab, a humanized IgG4K monoclonal antibody for human programmed cell death protein
1,  was approved as a first-line treatment in combination with chemotherapy for
metastatic nonsquamous NSCLC in China  among 6 approved indications, and was approved by
the US Food and Drug Administration in October 2023 for the treatment of advanced nasopharyn‐
geal carcinoma.  Neotorch is a randomized, double-blind, placebo-controlled phase 3 trial evalu‐
ating the efficacy and safety of toripalimab in combination with perioperative platinum-based
chemotherapy vs chemotherapy alone in patients with resectable stage II or III NSCLC. The pre‐
specified interim analysis for event-free survival in patients with stage III NSCLC is reported here.

Methods

All patients signed the informed consent form before undergoing the eligibility screening. The
ethics committee or institutional review board at each of the 50 participating hospitals in China
approved the trial protocol (appears in Supplement 1) and all its amendments. This trial was con‐
ducted in compliance with guidelines from the International Council for Harmonization (version
E6) for good clinical practice and the principles of the Declaration of Helsinki.

Trial Oversight

An independent data and safety monitoring committee and an independent statistical supporting
group were created. For the prespecified interim analysis of event-free survival, the independent
statistical supporting group prepared all unblinded analyses for the independent data and safety
monitoring committee’s review. The independent data and safety monitoring committee’s role was
to provide recommendations to the trial’s sponsor (Shanghai Junshi Biosciences) whether to con‐
tinue or terminate the study or revise the trial protocol. The responses after surgery were as‐
sessed by blinded, independent pathological review.
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Patients

Eligible patients were between the ages of 18 and 70 years and had histologically confirmed re‐
sectable stage II, IIIA, or IIIB (N2) NSCLC based on the eighth edition of the American Joint
Committee on Cancer staging manual.  Patients were excluded if they had EGFR or ALK alter‐
ations, which indicated a nonsquamous histology for NSCLC. Some of the inclusion and exclusion
criteria appear in Figure 1 and a complete list appears in the trial protocol in Supplement 1.

Randomization

Block randomization was used and the treatment allocation was conducted through an interactive
network response system. Eligible patients were randomized at a 1:1 ratio to the toripalimab plus
chemotherapy group or the placebo plus chemotherapy group. Randomization was stratified by
disease stage (II vs IIIA vs IIIB), PD-L1 tumor expression status (≥1% vs <1% of tumor cells or not
evaluable), planned surgical type (pneumonectomy vs lobectomy), and histopathological subtype
(squamous vs nonsquamous). The randomization lists for patients and treatment allocations (tori‐
palimab or placebo) were generated and maintained by an independent, unblinded statistician
who was employed by a third-party vendor. All other personnel were blinded.

Treatment

Patients received 240 mg of toripalimab or placebo once every 3 weeks in combination with plat‐
inum-based chemotherapy for 3 cycles of neoadjuvant treatment. Patient qualification for resec‐
tion surgery was determined using guidelines from the International Association for the Study of
Lung Cancer.  After surgical resection, patients received 1 cycle of toripalimab (240 mg) or
placebo in combination with platinum-based adjuvant treatment, and then maintenance treatment
with single-agent toripalimab (240 mg) or placebo once every 3 weeks for up to 13 cycles.

Platinum-based chemotherapy regimens were selected by the investigators according to institu‐
tional practice. Acceptable regimens included docetaxel (dose range, 60-75 mg/m ) or paclitaxel
(175 mg/m ) with cisplatin (75 mg/m ) or carboplatin (5 mg/mL/min for area under the curve)
for squamous NSCLC and pemetrexed (500 mg/m ) with cisplatin (75 mg/m ) or carboplatin (5
mg/mL/min for area under the curve) for nonsquamous NSCLC.

Radiological imaging for tumor assessment was performed at baseline, after the completion of
neoadjuvant therapy and prior to surgery, after surgery and prior to the initiation of adjuvant
therapy, every 3 months for 2 years, and then every 6 months.

The adverse events were monitored throughout the study and the severity of the adverse events
was graded according to version 5.0 of the National Cancer Institute’s Common Terminology
Criteria for Adverse Events.

Primary and Secondary Outcomes
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The 2 primary outcomes were event-free survival (assessed by the investigators) and major
pathological response (assessed by blinded, independent pathological review) for the patients
with stage III NSCLC and the intention-to-treat (ITT) population (patients with stage II or stage III
NSCLC; only the results for patients with stage III NSCLC are reported here). Event-free survival
was defined as the time from randomization to the first documentation of disease progression
leading to the inability to operate, postoperative progression, and local or distant recurrence or
death of any cause, whichever occurred first. Major pathological response was defined as 10% or
less viable tumor cells in the tumor bed evaluated by blinded, independent pathological review
per guidelines from the International Association for the Study of Lung Cancer.

The secondary outcomes included overall survival, event-free survival (assessed by the indepen‐
dent review committee), the pathological complete response rate (assessed by blinded, indepen‐
dent pathological review or review by a local pathologist), disease-free survival after surgery (as‐
sessed by the investigators or the independent review committee), and adverse events. Overall
survival was defined as the time from randomization to death for any reason. The pathological
complete response was defined as no residual tumor cells in the lungs and lymph nodes.
Disease-free survival was defined as the time from surgery to the first documentation of disease
progression, local or distant recurrence, and death for any reason, whichever occurred first.

Immunohistochemistry Staining Assay

Fresh or archival tumor biopsies were obtained from patients before the initiation of the study
treatments. Expression of PD-L1 in the tumor cells was evaluated using a validated JS311 immuno‐
histochemistry staining assay performed at a central laboratory (MEDx). A cross-correlation
study  of the JS311 immunohistochemistry staining assay with the antibodies 22C3, 28-8, and
SP263 showed similar PD-L1 staining patterns and scores in NSCLC biopsy samples. Expression of
PD-L1 was defined as positive when it was found in 1% or more of tumor cells.

Statistical Analysis

The sample size was selected to detect a significant result for the primary outcome of event-free
survival (assessed by the investigators). Approximately 400 patients with stage III NSCLC at a ran‐
domization ratio of 1:1 were needed to observe 199 cases of event-free survival and provide 86%
statistical power to detect improvement in event-free survival (HR, 0.65) at a 2-sided significance
level of .05. For the 500 patients with stage II or III NSCLC randomized, 220 cases would enable
detection of improvement in event-free survival (HR, 0.65) and provide 89% statistical power at a
2-sided significance level of .05.

With the assumption of a major pathological response of 38% in the toripalimab group and 20%
in the placebo group, the study sample would provide 99% statistical power to detect superiority
in the ITT population (patients with stage II or stage III NSCLC) and provide 98% statistical power
in patients with stage III NSCLC (data reported here) at a 2-sided significance level of .05.
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An interim analysis was planned to be performed after there were 139 cases (70%) for event-free
survival in patients with stage III NSCLC. The final analysis for event-free survival in the ITT popu‐
lation with stage II or stage III NSCLC will be conducted when there are 220 cases of event-free
survival. The stopping boundaries for the interim and final analyses were computed using the
O’Brien-Fleming boundary approximated by the Lan-DeMets α spending function.

A hierarchical testing approach was to be applied to control the 2-sided family-wise type I error of
.05 for the outcomes of event-free survival in patients with stage III NSCLC and in the ITT popula‐
tion (includes patients with stage II or stage III NSCLC), major pathological response in patients
with stage III NSCLC and in the ITT population, and overall survival in patients with stage III
NSCLC and in the ITT population. Additional details appear in the statistical analysis plan in
Supplement 2.

The log-rank test was used for the primary analysis of event-free survival, stratified by NSCLC dis‐
ease stage (II vs IIIA vs IIIB), PD-L1 expression status (≥1% vs <1% or not evaluable), planned
surgical type (pneumonectomy vs lobectomy), and histopathological subtype (squamous vs non‐
squamous). The HRs and 95% CIs for event-free survival were estimated using the stratified Cox
proportional hazards model.

As of November 30, 2022, there were 144 cases of event-free survival among the patients with
stage III NSCLC, which triggered the prespecified interim analysis with the efficacy boundary of
0.01683 (P = .02). For event-free survival in this interim analysis, the group assignments for pa‐
tients with stage II NSCLC remained blinded and the data for these patients are not included.

Additional information about the study methods appears in the eMethods in Supplement 3. Data
were analyzed using SAS software, version 9.4 (SAS Institute Inc).

Results

From March 12, 2020, to June 19, 2023, 1035 patients with stage II or III NSCLC that was re‐
sectable were screened at 50 hospitals in China. Of the 501 patients who met eligibility criteria and
were randomized, 404 had stage III NSCLC (202 in the toripalimab group and 202 in the placebo
group; Figure 1). Of these 501 patients, 97 had stage II NSCLC and were excluded from this in‐
terim analysis. The median age was 62 years (IQR, 56-65 years) and 92% of patients were male.
The data cutoff date for this interim analysis was November 30, 2022 (median follow-up, 18.3
months [IQR, 12.7-22.5 months]).

The main reasons for exclusion were not meeting eligibility criteria and withdrawal of consent
(eTable 1 in Supplement 3). The baseline demographics and disease characteristics were well-bal‐
anced between the 2 groups (Table 1). All patients received at least 1 cycle of neoadjuvant therapy
and about 90% received 3 cycles (eTable 2 in Supplement 3).

Of the 82.2% (166/202) of patients in the toripalimab group and 73.3% (148/202) of patients in
the placebo group who underwent surgery, 95.8% and 92.6%, respectively, had their resections
classified as R0 (eTable 3 in Supplement 3). Of the 71.3% (144/202) of patients in the toripalimab
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group and 64.9% (131/202) of patients in the placebo group who received adjuvant treatment,
71.8% and 64.4%, respectively, received maintenance treatment (Table 1). There were 47 patients
(23.3%) in the toripalimab group and 77 patients (38.1%) in the placebo group who received sub‐
sequent anticancer systemic therapy, including 21 patients (10.4%) and 51 patients (25.2%), re‐
spectively, who received anti–PD-1 or PD-L1 treatment (eTable 4 in Supplement 3).

Primary Outcomes

There were 144 cases of event-free survival observed, triggering this prespecified interim analysis.
The median length of event-free survival (assessed by the investigators) was not estimable (95%
CI, 24.4 months-not estimable) in the toripalimab group compared with 15.1 months (95% CI,
10.6-21.9 months) in the placebo group (HR, 0.40 [95% CI, 0.28-0.57], P < .001; Table 2 and
Figure 2A).

The 1-year event-free survival rate was 84.4% in the toripalimab group vs 57.0% in the placebo
group and the 2-year event-free survival rates were 64.7% vs 38.7%, respectively. The event-free
survival treatment effects favored toripalimab across all key subgroups (eFigure 1 in Supplement
3). The event-free survival comparison by the PD-L1 expression subgroups yielded an HR of 0.44
(95% CI, 0.11-1.45) for PD-L1 expression not available, 0.65 (95% CI, 0.33-1.23) for PD-L1 tumor
cell expression of less than 1%, 0.31 (95% CI, 0.17-0.54) for PD-L1 tumor cell expression between
1% and less than 50%, and 0.31 (95% CI, 0.15-0.60) for PD-L1 tumor cell expression of 50% or
greater (eFigure 2 in Supplement 3). A similar improvement was observed for event-free survival
when assessed by an independent review committee (HR, 0.40 [95% CI, 0.27-0.57]; eFigure 3 in
Supplement 3).

After surgical resection, the major pathological response (assessed by blinded, independent
pathological review) occurred in 98 patients (48.5%) in the toripalimab group compared with 17
patients (8.4%) in the placebo group (between-group difference, 40.2% [95% CI, 32.2%-48.1%], P 
< .001) (Table 2).

Secondary Outcomes

The pathological complete response rate (assessed by blinded, independent pathological review)
was 24.8% in the toripalimab group vs 1.0% in the placebo group (between-group difference,
23.7% [95% CI, 17.6%-29.8%], P < .001; Table 2). Similar pathological complete response rates
were observed when assessed by local pathologists.

Patients with a major pathological response or pathological complete response generally showed
improved event-free survival compared with patients without a major pathological response or
pathological complete response, regardless of the treatment group (Figure 2B and eFigure 4 in
Supplement 3). Notably, the addition of toripalimab to chemotherapy appeared to provide event-
free survival benefits for patients who had not experienced a major pathological response or a
pathological complete response (eFigure 5 in Supplement 3).
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Disease-Free Survival Among the 166 patients in the toripalimab group and the 148 patients in
the placebo group who underwent surgery, the median length of disease-free survival (assessed
by the investigators) was not estimable (95% CI, 22.0 months-not estimable) vs 19.3 months (95%
CI, 12.9 months-not estimable), respectively (HR, 0.50 [95% CI, 0.33-0.76], P < .001; Table 2 and
eFigure 6 in Supplement 3). Consistent improvement for disease-free survival was also observed
when assessed by the independent review committee (eFigure 7 in Supplement 3).

Overall Survival There were 28 deaths (13.9%) in the toripalimab group compared with 42 deaths
(20.8%) in the placebo group (eTable 5 in Supplement 3). The median length of overall survival
was not estimable in the toripalimab group compared with 30.4 months (95% CI, 29.2 months-not
estimable) in the placebo group (HR, 0.62 [95% CI, 0.38-1.00], P = .05; Table 2 and Figure 2C).

Treatment Cycles The median number of treatment cycles received was 13.5 (IQR, 4-17 cycles) in
the toripalimab group vs 11.0 cycles (IQR, 3-17 cycles) in the placebo group (eTable 6 in
Supplement 3). For neoadjuvant therapy, the median number of treatment cycles received was 3.0
in the toripalimab group vs 3.0 in the placebo group (IQR, 3-3 cycles in each group). For adjuvant
therapy, the median number of treatment cycles received was 1.0 in the toripalimab group vs 1.0
in the placebo group (IQR, 1-1 cycle in each group). For maintenance therapy, the median number
of treatment cycles received was 13.0 (IQR, 9-13 cycles) in the toripalimab group vs 13.0 (IQR, 7-
13 cycles) in the placebo group. The addition of toripalimab did not have an effect on the adminis‐
tration of perioperative treatments.

Adverse Events Most patients experienced at least 1 treatment-emergent adverse event (99.5% in
the toripalimab group vs 98.5% in the placebo group; Table 3 and eTable 7 in Supplement 3).
Similar incidence rates were found for grade 3 or higher treatment-emergent adverse events
(63.4% in the toripalimab group vs 54.0% in the placebo group), treatment-emergent adverse
events leading to the discontinuation of treatment (9.4% vs 7.4%, respectively), and fatal adverse
events (3.0% vs 2.0%) (eTables 8-10 in Supplement 3). Treatment-emergent adverse events lead‐
ing to interruption of treatment occurred more frequently in the toripalimab group (28.2%) com‐
pared with the placebo group (14.4%) (eTable 7 in Supplement 3) as well as immune-related ad‐
verse events that were determined by the investigators (42.1% vs 22.8%, respectively; eTable 11
in Supplement 3), and grade 3 or higher immune-related adverse events (11.9% vs 3.0%; eTables
11-12 in Supplement 3).

The most common treatment-emergent adverse events appear in Table 3. The treatment-emergent
adverse events that occurred more often in the toripalimab group than in the placebo group in‐
cluded cough (34.2% vs 23.3%, respectively), increased levels of aspartate aminotransferase
(31.7% vs 19.8%), decreased appetite (27.7% vs 14.4%), rash (20.3% vs 9.4%), and hypothy‐
roidism (16.8% vs 3.5%) (Table 3 and eTable 9 in Supplement 3). The most common grade 3 or
higher and treatment-emergent adverse events are summarized according to the neoadjuvant
phase, the postoperative phase, the adjuvant phase, and the maintenance phase in eTables 13 to
16 in Supplement 3.
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Discussion

In this prespecified interim analysis with a data cutoff date of November 30, 2022, the combina‐
tion of toripalimab with perioperative chemotherapy demonstrated a significant improvement in
event-free survival in patients with stage III NSCLC compared with patients treated with chemo‐
therapy alone. No unexpected toxic effects were identified. There were higher rates of curative
surgery in the toripalimab group. Furthermore, the combination treatment did not affect the R0
resection rate or increase the incidence of surgery-related adverse events.

The results from the current study (together with the KEYNOTE-671 study  and the AEGEAN
trial ) establish the critical role of a perioperative checkpoint blocker in patients with resectable
NSCLC. A perioperative checkpoint blocker in combination with chemotherapy will soon become a
therapeutic option in addition to the established regimen of a checkpoint blocker with neoadju‐
vant or adjuvant treatment for patients with resectable NSCLC. The KEYNOTE-671 and AEGEAN
studies  implemented 4 cycles of a checkpoint blocker with neoadjuvant chemotherapy, fol‐
lowed by a single-agent adjuvant checkpoint blocker. In contrast, patients in the current study re‐
ceived 240 mg of toripalimab or placebo combined with platinum-based chemotherapy for 3 cy‐
cles before surgery and 1 cycle after surgery, followed by single-agent toripalimab or placebo for
up to 13 cycles, which ensured that patients received a total of 4 cycles of perioperative chemo‐
therapy while allowing surgeons to determine the optimal cycles of neoadjuvant therapy and sur‐
gical timing.

In the current study, the treatment effects for event-free survival consistently favored toripalimab
across all key subgroups. Patients could benefit from the treatment of toripalimab regardless of
PD-L1 tumor expression levels. In this study, 78% of all enrolled patients had squamous NSCLC,
which is higher than expected based on previously reported data in patients with NSCLC.
This difference might partly be caused by the exclusion of a higher proportion of patients with
nonsquamous NSCLC and EGFR alterations in Chinese patients. Similar to the current study, the
Chinese subgroup of patients in the CheckMate 816 study  also had a higher proportion of squa‐
mous cell carcinoma compared with the ITT population. Nevertheless, the event-free survival
treatment effect favored toripalimab in both histological types.

Consistent with the results from the CheckMate 816, KEYNOTE-671, and AEGEAN studies,
the combination of checkpoint inhibition with neoadjuvant chemotherapy in the current study led
to a substantially higher major pathological response rate and pathological complete response
rate in the toripalimab group compared with the placebo group. Patients who experienced a ma‐
jor pathological response or a pathological complete response correlated with pronounced event-
free survival benefits regardless of treatment group, which further supports the potential use of
pathological response as a surrogate outcome for event-free survival. However, rigorous meta-
analyses are still required to substantiate this hypothesis. Notably, for patients without a major
pathological response or a pathological complete response, the HRs for event-free survival of 0.66
and 0.53, respectively, favored toripalimab (eFigure 5 in Supplement 3) and are similar to those
observed in the KEYNOTE-671 study.
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The safety profile of toripalimab combined with chemotherapy observed in the current study was
consistent with the combination of toripalimab and chemotherapy as a first-line treatment of pa‐
tients with NSCLC in the CHOICE-01 study  and in other toripalimab and chemotherapy
studies.  In the current study, the immune-related adverse events profile in the toripalimab
group was consistent with other drugs in the same class.

Limitations

This trial has limitations. First, the trial design did not allow for the separate assessment of the in‐
dividual contribution of toripalimab during the neoadjuvant chemotherapy, adjuvant chemother‐
apy, and maintenance phases. Ideally, multicomparative cohorts with an individual treatment com‐
ponent in a phase 3 trial would ultimately address the contribution issue, but it would require a
much larger patient population.

Second, 92% of the recruited participants were male, reflecting the higher incidence rate of lung
cancer among males in China, about twice that of females.  This gender overrepresentation is
correlated with the predominance of patients with squamous NSCLC (78%) enrolled in the study,
a subtype predominated by male patients. The high percentage of male participants is also due to
the high incidence rate of nonsquamous NSCLC with EGFR alterations among Asian female
patients,  leading to their exclusion from the study. Although the event-free survival treatment ef‐
fects favored both sexes in this analysis, the clinical benefits to female patients warrant further ex‐
ploration due to limited representation in the current study.

Conclusions

The addition of toripalimab to perioperative chemotherapy led to a significant improvement in
event-free survival for patients with resectable stage III NSCLC and this treatment strategy had a
manageable safety profile.

Notes

Supplement 1.

Trial protocol

Supplement 2.

Statistical analysis plan
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Supplement 3.

eMethods

eTable 1. Reasons for not meeting eligibility criteria

eTable 2. Summary of systemic treatments

eTable 3. Summary of surgery

eTable 4. Subsequent anti-cancer therapy after the study treatment in stage III NSCLC patients

eTable 5. Overall survival in stage III NSCLC patients

eTable 6. Summary of study drug exposure

eTable 7. Summary of treatment emergent adverse events in stage III patients

eTable 8. Fatal adverse events

eTable 9. Treatment-emergent adverse events reported in at least 5% of the patients in either treatment group

eTable 10. Grade 3 and greater treatment-emergent adverse events reported in at least two patients in either treatment
group

eTable 11. Grade 3 and greater treatment-emergent adverse events reported in at least two patients in either treatment
group

eTable 12. Grade 3 or greater immune related adverse events (irAE) reported in either group as assessed by the investigator

eTable 13. Common treatment-emergent adverse events that reported in at least 10% of the patients in either treatment
group during the neoadjuvant treatment phase

eTable 14. Common surgery-related postoperative adverse events that reported in at least 10% of the patients in either
treatment group

eTable 15. Common treatment-emergent adverse events that reported in at least 10% of the patients in either treatment

group during the chemo-immunotherapy adjuvant treatment phase

eTable 16. Common treatment-emergent adverse events that reported in at least 10% of the patients in either treatment

group during the monotherapy maintenance treatment phase

eFigure 1. Subgroup analysis of event-free survival (EFS)

eFigure 2. Event-free survival (EFS) as assessed by investigators in PD-L1 expression subgroups



eFigure 3. Event-free survival (EFS) as assessed by independent review committee (IRC) in stage III NSCLC

eFigure 4. Complete pathological response (pCR) as assessed by BIPR in stage III NSCLC patients and correlation of pCR
with EFS

eFigure 5. Event-free survival (EFS) as assessed by investigators in patients without experiencing a major pathologic re‐
sponse (MPR) or complete pathological response (pCR)

eFigure 6. Disease-free survival (DFS) as assessed by investigator in stage III NSCLC

eFigure 7. Disease-free survival (DFS) as assessed by IRC in stage III NSCLC

Supplement 4.

Data sharing statement
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Figures and Tables

Figure 1.

Patient Selection and Flow in Trial of Perioperative Toripalimab Plus Chemotherapy for Stage III Non–Small Cell

Lung Cancer

Some patients had more than 1 reason for not meeting eligibility criteria; data do not sum. Additional details appear in

eTable 1 in Supplement 3.

Patients were randomized at a 1:1 ratio and stratified by disease stage (II vs IIIA vs IIIB), programmed cell death ligand 1

expression status (≥1% vs <1% or not evaluable), planned surgical approach (pneumonectomy vs lobectomy), and
histopathological subtype (squamous vs nonsquamous). The prespecified interim analysis of event-free survival was trig‐
gered in patients with stage III cancer.

The group assignment of patients with stage II cancer remained blinded and these patients were excluded from this
analysis.

Three patients no longer met eligibility criteria and did not undergo surgery, including 2 patients with stage IIIB (N2) dis‐
ease and 1 patient with stage IIIC (N3) disease that was not resectable at baseline; these patients were misdiagnosed during

screening. One patient did not return for treatment and the follow-up visit.

Four patients no longer met eligibility criteria and did not undergo surgery, including 2 patients with distant metastases

(stage IV) and 2 patients with stage IIIB (N2) disease that was not resectable at baseline; these patients were misdiagnosed
during screening.
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Table 1.

Baseline Characteristics and Distribution of Treatments During the Study

Toripalimab + chemotherapy
(n = 202)

Placebo + chemotherapy
(n = 202)

Age, median (IQR), y 62 (56-65) 61 (56-65)

Aged <65 y, No. (%) 140 (69.3) 138 (68.3)

Sex, No. (%)

Male 181 (89.6) 189 (93.6)

Female 21 (10.4) 13 (6.4)

Smoking status, No. (%)

Former 144 (71.3) 158 (78.2)

Current 30 (14.9) 23 (11.4)

Never 28 (13.9) 21 (10.4)

Eastern Cooperative Oncology Group Performance
Status Scale score, No. (%)

0 70 (34.7) 73 (36.1)

1 132 (65.3) 129 (63.9)

Histology, No. (%)

Nonsquamous 45 (22.3) 45 (22.3)

Squamous 157 (77.7) 157 (77.7)

Programmed cell death ligand 1 tumor expression,
No. (%)

Not available 18 (8.9) 16 (7.9)

<1% of tumor cells 51 (25.3) 54 (26.7)

1%-<50% of tumor cells 69 (34.2) 68 (33.7)

≥50% of tumor cells 64 (31.7) 64 (31.7)

Cancer stage, No. (%)

IIIA 136 (67.3) 136 (67.3)

IIIB 65 (32.2) 64 (31.7)

N stage, No. (%)

0 17 (8.4) 18 (8.9)

1 46 (22.8) 39 (19.3)

Scores range from 0 to 5; 0 indicates asymptomatic; 1, symptomatic but completely ambulatory; 2, symptomatic and

spend less than 50% of day in bed; 3, symptomatic and spend more than 50% of day in bed; 4, bedbound; and 5, died.
Assessed using the JS311 immunohistochemistry assay that was performed at a central laboratory.
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One patient with stage IIIC disease in the toripalimab group and 2 patients with stage IV disease in the placebo group were
enrolled.

Includes (1) a single cancer mass (≤5 cm) that is not invading any adjacent organs, but has mediastinal lymph nodes that
are involved on the same side or subcarinal lymph nodes; (2) a single cancer mass (>5-≤7 cm) or more than 1 mass that is
in the same lobe or a mass that is invading any adjacent tissue, but has not involved lymph nodes outside the pulmonary

hilar; or (3) a big mass (>7 cm) or more than 1 mass that is located in a different lobe on the same side or that is invading
any adjacent organs or tissues, but does not involve the lymph nodes or the lymph nodes are involved inside the pulmonary
hilar on the same side.

Includes (1) a single cancer mass (>5-≤7 cm) or more than 1 mass in the same lobe or a mass that is invading any adjacent
tissue and has lymph nodes involved outside the pulmonary hilar on the same side or (2) a big mass (>7 cm) or more than
1 mass that is located in a different lobe on the same side or is invading any adjacent organs or tissues and has mediastinal

lymph nodes involved on the same side or subcarinal lymph nodes involved.
Describes whether the cancer has involved the lymph nodes. One patient had N3 disease in the toripalimab group; N3

means that mediastinal lymph nodes have been involved on the opposite side or above the collar bone.

No lymph nodes have been involved.
Lymph nodes have been involved inside the pulmonary hilar on the same side.
Mediastinal lymph nodes have been involved on the same side or subcarinal lymph nodes.
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Table 2.

Primary and Secondary Outcomes as of November 30, 2022

Toripalimab + 
chemotherapy
(n = 202)

Placebo + 
chemotherapy
(n = 202)

Between-
group
difference

(95% CI)

Hazard
ratio
(95%

CI)

P
value

Primary outcomes 

Event-free survival, median (95%

CI), mo

NE (24.4-NE) 15.1 (10.6-21.9) 0.40

(0.28-
0.57)

<.001

Major pathological response rate

(95% CI), %

48.5 (41.4-55.6) 8.4 (5.0-13.1) 40.2 (32.2-48.1) <.001

Secondary outcomes

Overall survival, median (95% CI),
mo

NE (NE-NE) 30.4 (29.2-NE) 0.62
(0.38-
1.00)

.05

Event-free survival, median (95%
CI), mo

NE (NE-NE) 15.5 (9.9-NE) 0.40
(0.27-
0.57)

<.001

Pathological complete response
rate (95% CI), %

Assessed by blinded, independent
pathological review

24.8 (19.0-31.3) 1.0 (0.1-3.5) 23.7 (17.6-29.8) <.001

Assessed by local pathologists 28.2 (22.1-35.0) 1.0 (0.1-3.5) 27.2 (20.8-33.5) <.001

Disease-free survival among
patients who underwent surgery,
median (95% CI), mo

(n = 166) (n = 148)

Assessed by the independent
review committee

NE (NE-NE) 22.0 (14.2-NE) 0.49
(0.31-
0.76)

.001

Assessed by the investigators NE (22.0-NE) 19.3 (12.9-NE) 0.50
(0.33-

0.76)

<.001

Tumor response rate after
receiving neoadjuvant treatment,

% (95% CI)

Abbreviation: NE, not estimable.
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Computed using the Mantel-Haenszel method. The data were stratified by disease stage (IIIA vs IIIB), programmed cell
death ligand 1 (PD-L1) expression (≥1% of tumor cell vs <1% of tumor cells or not evaluable), and histological type

(squamous vs nonsquamous).
Computed using the Cox proportional hazards regression model. The data were stratified by disease stage (IIIA vs IIIB),

PD-L1 expression (≥1% of tumor cells vs <1% of tumor cells or not evaluable), and histological type (squamous vs

nonsquamous).
Event-free survival was assessed by the investigators and the major pathological response rate was assessed by blinded,

independent pathological review.

The 95% CI was computed using the Brookmeyer-Crowley method with log-log transformation.
Computed using the log-rank test.
The 95% CI was computed using the Clopper-Pearson method.

Computed using the Cochran-Mantel-Haenszel test.
Assessed by the independent review committee.
Assessed whether there was a complete response or any partial response.

Assessed whether there was a complete response, any partial response, or stable disease.
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Figure 2.

Event-Free and Overall Survival

The median follow-up was 18.3 months (IQR, 12.7-22.5 months). The vertical lines on the curves indicate censored pa‐
tients. All hazard ratios (HRs) were computed using the Cox proportional hazards model. Event-free survival was defined as
the time from randomization to first documented disease progression prohibiting surgery, postoperative disease progres‐

sion, local or distant recurrence, or death due to any cause, whichever occurred first. An MPR was defined as having 10% or
less viable tumor cells in the tumor bed.



Table 3.

Treatment-Emergent and Other Respiratory Adverse Events as of November 30, 2022

Adverse events, No. (%)

Toripalimab + chemotherapy (n = 202) Placebo + chemotherapy (n = 202)

All grades Grade ≥3 All grades Grade ≥3

Treatment-emergent adverse events 

≥1 event 201 (99.5) 128 (63.4) 199 (98.5) 109 (54.0)

Anemia 133 (65.8) 18 (8.9) 132 (65.3) 16 (7.9)

Neutropenia 114 (56.4) 68 (33.7) 106 (52.5) 60 (29.7)

Leukopenia 110 (54.5) 30 (14.9) 97 (48.0) 16 (7.9)

Cough 69 (34.2) 1 (0.5) 47 (23.3) 1 (0.5)

Level increased

Alanine aminotransferase 66 (32.7) 4 (2.0) 47 (23.3) 1 (0.5)

Aspartate aminotransferase 64 (31.7) 2 (1.0) 40 (19.8) 0

Hypoproteinemia 60 (29.7) 0 53 (26.2) 0

Arrhythmia 57 (28.2) 3 (1.5) 51 (25.2) 2 (1.0)

Alopecia 56 (27.7) 0 60 (29.7) 0

Decreased appetite 56 (27.7) 1 (0.5) 29 (14.4) 0

Nausea 54 (26.7) 2 (1.0) 36 (17.8) 0

Thrombocytopenia 53 (26.2) 14 (6.9) 45 (22.3) 7 (3.5)

Pneumonia 50 (24.8) 25 (12.4) 43 (21.3) 21 (10.4)

Incision site pain 47 (23.3) 3 (1.5) 37 (18.3) 1 (0.5)

Fatigue 45 (22.3) 1 (0.5) 31 (15.3) 2 (1.0)

Constipation 41 (20.3) 0 23 (11.4) 0

Rash 41 (20.3) 5 (2.5) 19 (9.4) 0

Neuropathy (peripheral) 36 (17.8) 1 (0.5) 29 (14.4) 1 (0.5)

Pyrexia 35 (17.3) 0 31 (15.3) 1 (0.5)

Hypothyroidism 34 (16.8) 0 7 (3.5) 0

Hyperglycemia 33 (16.3) 6 (3.0) 28 (13.9) 1 (0.5)

White blood cell count increased 33 (16.3) 2 (1.0) 22 (10.9) 1 (0.5)

Hyperuricemia 32 (15.8) 1 (0.5) 20 (9.9) 0

Wound complication 32 (15 8) 0 32 (15 8) 0

Defined and graded according to version 5.0 of the National Cancer Institute’s Common Terminology Criteria for Adverse

Events.  Additional data appear in eTables 7-16 in Supplement 3.
Severe, life-threatening, or results in death.
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Reported in at least 15% of the patients in either treatment group and were defined as any adverse events that emerged
after administration of the study drug or placebo until 90 days after the last dose of the study drug or the start of a new

anticancer therapy, whichever occurred first.
Reported in at least 5% of the patients in either treatment group.
Based on results from a pulmonary function test.
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