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abstract

PURPOSE The CHOICE-01 study investigated the efficacy and safety of toripalimab in combination with che-
motherapy as a first-line treatment for advanced non–small-cell lung cancer (NSCLC).

PATIENTS AND METHODS Patients (N 5 465) with treatment-naive, advanced NSCLC without EGFR/ALK
mutations were randomly assigned 2:1 to receive toripalimab 240mg (n5 309) or placebo (n5 156) once every
3 weeks in combination with chemotherapy for 4-6 cycles, followed by the maintenance of toripalimab or
placebo once every 3 weeks plus standard care. Stratification factors included programmed death ligand-1
expression status, histology, and smoking status. The primary end point was progression-free survival (PFS) by
investigator per RECIST v1.1. Secondary end points included overall survival and safety.

RESULTS At the final PFS analysis, PFS was significantly longer in the toripalimab arm than in the placebo arm
(median PFS, 8.4 v 5.6 months, hazard ratio5 0.49; 95% CI, 0.39 to 0.61; two-sided P, .0001). At the interim
OS analysis, the toripalimab arm had a significantly longer OS than the placebo arm (median OS not reached v
17.1 months, hazard ratio 5 0.69; 95% CI, 0.53 to 0.92; two-sided P 5 .0099). The incidence of grade $ 3
adverse events was similar between the two arms. Treatment effects were similar regardless of programmed
death ligand-1 status. Genomic analysis using whole-exome sequencing from 394 available tumor samples
revealed that patients with high tumor mutational burden were associated with significantly better PFS in the
toripalimab arm (median PFS 13.1 v 5.5 months, interaction P5 .026). Notably, patients with mutations in the
focal adhesion-PI3K-Akt signaling pathway achieved significantly better PFS and OS in the toripalimab arm
(interaction P values # .001).

CONCLUSION Toripalimab plus chemotherapy significantly improves PFS and OS in patients with treatment-naive
advanced NSCLC while having a manageable safety profile. Subgroup analysis showed the OS benefit was
mainly driven by the nonsquamous subpopulation.
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INTRODUCTION

Non–small-cell lung cancer (NSCLC) accounts for
about 85% of all lung cancers.1 It is a leading cause of
cancer-related death and has the highest incidence
rate among all cancers worldwide.2 About a third of
new cases and cancer deaths come from China
alone.3 For patients with advanced NSCLC without
driver mutations, traditional platinum-based

chemotherapy has been the standard first-line treat-
ment despite unsatisfactory clinical benefit.

Immune checkpoint inhibitors, represented by pro-
grammed death-1 (PD-1) or programmed death ligand-1
(PD-L1) antibodies, have dramatically altered the ther-
apeutic landscape in the management of advanced
NSCLC because of superior efficacy compared with
traditional chemotherapy. Large-scale clinical trials
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have supported anti–PD-1/PD-L1 combined with chemo-
therapy as the standard first-line treatment for advanced
NSCLC without driver mutations.4-6 However, predictive
biomarkers to identify beneficial patient populations need to
be further explored. Therefore, rigorously designed large-
scale clinical trials of first-line chemoimmunotherapy in
NSCLC that harbor comprehensive and integrated end point
analyses and biomarker explorations are still warranted.

Toripalimab, a humanized IgG4K monoclonal antibody
specific for human PD-1,7-11 engaged a differential domain
on PD-1 than nivolumab and pembrolizumab by a crystal
structure analysis.12 In a preclinical study, toripalimab pro-
moted stronger antigen-specific interferon-g production
than nivolumab.13 Early clinical trials of toripalimab have also
exhibited promising antitumor activities in advanced
NSCLC.14,15 In this randomized, double-blind, placebo-
controlled, phase III study (CHOICE-01), we compared
the efficacy and safety of toripalimab plus chemotherapy
versus placebo plus chemotherapy as the first-line treatment
for patients with advanced NSCLC without EGFR/ALK driver
mutations. Known biomarkers including PD-L1 and tumor
mutational burden (TMB) as well as novel genomic alter-
ations were evaluated as predictive biomarkers for survival.

PATIENTS AND METHODS

Study Design

CHOICE-01 was a multicenter, randomized, double-blind,
placebo-controlled, phase III study conducted in 59
medical centers across China. Eligible patients must have
treatment-naive, locally advanced (stage IIIB or IIIC) or
metastatic NSCLC, or completed neoadjuvant/adjuvant
therapy $ 6 months before enrollment. Nonsquamous
NSCLC patients with EGFR or ALK driver mutations were
excluded. The full eligibility criteria are available in the

study Protocol (online only). This trial is registered with
ClinicalTrials.gov (identifier: NCT03856411).

Study Oversight

The trial protocol and amendments were approved by in-
stitutional review board at each participating site. All patients
provided written informed consent before enrollment. This
trial was conducted in full conformance with the ICH E6
guidelines for Good Clinical Practice and the principles of the
Declaration of Helsinki. An independent data monitoring
committee (iDMC) reviewed the safety and efficacy results at
prespecified analyses. All analyses for iDMC’s review were
prepared by an independent third party.

Random Assignment

A permuted block was used to generate the randomization
allocation sequence. Random assignment was stratified on
the basis of the baseline PD-L1 expression status (tumor
cell [TC] , 1% v TC $ 1%), histology (squamous v non-
squamous), and smoking status (frequent smoker [$ 20
pack years] v infrequent or nonsmoker).

Random allocation sequences for patients and investiga-
tional drugs were generated and maintained by an inde-
pendent unblinded statistician from a third-party vendor. All
other personnel involved in the study were blinded.

Procedures

Patients were randomly assigned in a 2:1 ratio to receive
either toripalimab or placebo plus chemotherapy. Treat-
ment regimens for squamous NSCLC included nab-
paclitaxel 100 mg/m2 intravenously (IV) days 1, 8, and
15 once every 3 weeks 1 carboplatin AUC five IV once
every 3 weeks plus toripalimab or placebo 240 mg IV once
every 3 weeks for 4-6 cycles, followed by maintenance of
toripalimab or placebo. Treatment regimens for

CONTEXT

Key Objective
The CHOICE-01 study aims to investigate the efficacy and safety of toripalimab in combination with chemotherapy as first-

line treatment for advanced non–small-cell lung cancer (NSCLC) and identify predictive biomarkers by whole-exome
sequencing.

Knowledge Generated
Toripalimab plus chemotherapy significantly improved progression-free survival and overall survival over chemotherapy

alone in patients with advanced NSCLC while having a manageable safety profile. Sequencing results revealed that
patients with high tumor mutational burden ($ 10 mutations/Mbp), or mutations in FA-PI3K-Akt, IL-7 signaling pathway
or SWI/SNF complex were associated with significantly better progression-free survival in the combination arm than in the
placebo arm. Notably, patients with mutations in the FA-PI3K-Akt pathway also achieved significantly better overall
survival benefits from the combination.

Relevance
This study supports the use of toripalimab in combination with chemotherapy as a front-line treatment option for patients

with advanced NSCLC without EGFR/ALK driver mutations and provides new perspectives on patient selection on the
basis of tumor genetic alternations.
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nonsquamous NSCLC included pemetrexed 500 mg/m2 IV
1 cisplatin 75 mg/m2 IV or carboplatin AUC five IV once
every 3 weeks plus toripalimab or placebo 240 mg IV once
every 3 weeks for 4-6 cycles, followed by pemetrexed plus
toripalimab or placebo maintenance.

Treatment continued until disease progression, death,
unacceptable toxicity, investigator decision, withdrawal, or
completion of 2 years of treatment, whichever occurred
first. At investigator-determined progressive disease, pa-
tients were unblinded and patients from the placebo arm
were allowed to crossover to toripalimab monotherapy.

Tumor assessments were performed at baseline, every
6 weeks during the first 12 months, and every 9 weeks
thereafter. Clinical response was assessed by investigators
and a blinded independent central review (BICR) according
to the RECIST v1.1 criteria. Computed tomography/magnetic
resonance imaging were used for screening/baseline evalu-
ation within 28 days before the first dose. The tumor evalu-
ations included chest, abdomen, pelvis, and all the known
sites of disease, and the same radiologic examination method
used at screening/baseline were used during subsequent
follow-up assessments. The tumor was evaluated once every
6 weeks in the first 12months and once every 9 weeks in year
2 and beyond using RECIST 1.1 and iRECIST criteria until
progression of disease, intolerable toxicity, inability to continue
to benefit from the investigational treatment as judged by
investigators, withdrawal of informed consent, or death,
whichever comes first. If more than one method were used at
screening, the most accurate method was used for recording
the data according to RECIST v1.1, and thismethod was used
again in all subsequent evaluations. Safety and tolerability
were assessed in all patients who received any amount of the
study treatment up to 90 days after the last dose of study drug
or the start of new anticancer therapy, whichever occurred
first. All adverse events were defined and graded according to
the National Cancer Institute-Common Terminology Criteria
for Adverse Events (NCI-CTCAE) version 5.0.

Archival or fresh tumor biopsy samples were obtained from
patients before treatment. PD-L1 expression was evaluated
by immunohistochemistry staining with JS311 antibody
using a validated assay in a central laboratory (MEDx,
Suzhou, China). A cross-correlation study showed similar
PD-L1 staining patterns and scores of JS311 with 22C3, 28-
8, and SP263 antibodies using biopsy samples from patients
with NSCLC.14 PD-L1 positivity was defined as TC $ 1%.

Whole-exome sequencing was performed on tumor biop-
sies and matched peripheral blood mononuclear cell
samples in a central laboratory (OrigiMed, Shanghai,
China). Genomic alterations including microsatellite sta-
bility status, single base substitutions, short and long
insertions/deletions (INDELs), copy-number variants, gene
rearrangements, and fusions were assessed. The TMB was
determined by analyzing somatic mutations including
coding base substitution and INDELs per megabase (Mb).

A cutoff point of TMB-high (TMB-H) was defined
as $ 10 mutations/Mb, the threshold used by Founda-
tionOne CDx assay, which was approved by the US Food
and Drug Administration as a companion diagnostic of
pembrolizumab for the treatment of adult and pediatric
patients with unresectable or metastatic solid tumors.

End Points

The primary end point was progression-free survival (PFS)
assessed by the investigator. Secondary end points in-
cluded PFS by BIRC, ORR, overall survival (OS), and safety.
The full list of end points is available in the study protocol.

Statistical Analysis

The sample size of the study was determined on the basis of
the following assumption: A total of 450 patients were
needed to observe 356 PFS events to detect a hazard ratio
(HR), 0.7 with 85% power at an overall two-sided signifi-
cance level of 0.05. The overall type I error rate was
controlled by the Pocock boundary as approximated by the
Lan-DeMets alpha spending function. PFS, ORR, and OS
were tested hierarchically. The trial had 83% power to detect
a HR of 0.68 for OS (median 22.1 v 15 months) using a two-
sided alpha of 0.05. The stopping boundaries for the OS
analyses were computed using theO’Brien Fleming boundary
approximated by the Lan-DeMets alpha spending function.

Efficacy was analyzed among the intention-to-treat (ITT)
population, which included all randomly assigned patients.
The two-sided log-rank test was used as the primary analysis
to compare the PFS between the two treatment arms. The
HR for PFS was estimated with the use of the stratified Cox
proportional hazards model. The Kaplan-Meier method was
applied to estimate the median PFS for each treatment arm.
The Brookmeyer Crowley method, using log-log transfor-
mation to the survival function, was used to construct the
95% CI for the median PFS for each treatment arm. The
methods outlined for PFS analyses were also used for the OS
and duration of response (DoR) analyses. A test for inter-
action was conducted using Cox proportional hazards re-
gression models to evaluate subgroup differences.

Safety analyses were performed on the safety population,
which included all randomly assigned patients who received
any amount of the study drug. One randomly assigned patient
was excluded from the safety population as the patient did not
receive any study treatment. The details of statistical analyses
are available in the statistical analysis plan.

The prespecified interim and final PFS analyses were
conducted on November 17, 2020, and October 31, 2021
respectively. At the interim PFS analysis, the iDMC re-
ported that the efficacy boundaries for PFS and ORR were
crossed. At the final PFS analysis, the efficacy boundary
for OS was crossed.

Data in this study were analyzed using SAS version 9.4
developed by SAS Institute.
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RESULTS

Patients and Treatment

From April 2, 2019, to August 5, 2020, 835 patients were
screened from 59 participating centers. A total of 465 pa-
tients were successfully enrolled and randomly assigned in a
2:1 ratio to the toripalimab plus chemotherapy arm (n5 309)

or placebo plus chemotherapy arm (n5 156), stratified by
PD-L1 expression status, histology (squamous v non-
squamous), and smoking status (Fig 1). The primary
reasons for screening failures were not meeting inclusion
criteria or meeting exclusion criteria (n 5 305) and
withdrawal of consent (n 5 57; Data Supplement,
online only). The baseline demographic and disease

Screened patients
(N = 835)

Patients with screening failure
(n = 370)

Randomly assigned patients
(N = 465)

Toripalimab combined with standard first-line
  chemotherapy
    Patients with squamous cell carcinoma
    Patients with nonsquamous cell carcinoma

(n = 309)

(n = 147)
(n = 162)

Placebo combined with standard first-line
  chemotherapy
    Patients with squamous cell carcinoma
    Patients with nonsquamous cell carcinoma

(n = 156)

(n = 73)
(n = 83)

Death
Under the treatment
End of treatment
  Death
  RECIST v1.1-confirmed disease progression
  iRECIST-confirmed disease progression
  Adverse events
  Withdrawal of consent
  Other conditions requiring withdrawal from
     treatment as judged by the investigator
  Discontinuation of study drug requested by the
     patient
  Study drug interruption exceeds the maximum
     protocol-specified dose interruption time
  Completed 2 years of toripalimab/placebo
     treatment (patients in the control group can
     receive treatment for up to 2 years after
     crossover to the toripalimab treatment)
  Others
Under the study
End of study
  Death
  Withdrawal of consent

(n = 125)
(n = 55)

(n = 254)
(n = 3)

(n = 105)
(n = 49)
(n = 37)
(n = 6)
(n = 9)

(n = 34)

(n = 2)

(n = 8)

(n = 1)
(n = 178)
(n = 131)
(n = 125)

(n = 6)

Death
Under the treatment
End of treatment
  Death
  RECIST v1.1-confirmed disease progression
  iRECIST-confirmed disease progression
  Adverse events
  Withdrawal of consent
  Other conditions requiring withdrawal from
     treatment as judged by the investigator
  Discontinuation of study drug requested by the patient
  Study drug interruption exceeds the maximum
     protocol-specified dose interruption time
  Others
Under the study
End of study
  Death
  Withdrawal of consent

(n = 85)
(n = 23)

(n = 133)
(n = 2)

(n = 79)
(n = 9)

(n = 10)
(n = 2)
(n = 5)

(n = 22)
(n = 2)

(n = 2)
(n = 69)
(n = 87)
(n = 85)
(n = 2)

Patients crossed over to toripalimab treatment after disease
progression

(n = 81)

ITT
PPS
SS

(n = 309)
(n = 303)
(n = 308)

ITT
PPS
SS
Crossover treatment
  analysis set

(n = 156)
(n = 152)
(n = 156)
(n = 81)

FIG 1. CONSORT diagram of the CHOICE-01 study. From April 2, 2019, to August 5, 2020, a total of 835 patients were screened. Of
these, 370/835 patients (44.3%) failed screening, mainly because of inclusion/exclusion criteria not met (305/370; 82.4%) or
withdrawal of the informed consent (57/370; 15.4%). A total of 465 patients were successfully screened and randomly assigned 2:1 to
the toripalimab plus chemotherapy arm (n5 309) or placebo plus chemotherapy arm (n5 156), stratified by PD-L1 expression status,
histology (squamous v nonsquamous), and smoking status. By the cutoff date, 55 (17.8%) patients in the toripalimab arm and 23
(14.7%) in the placebo arm remained on the study treatment. ITT, intention-to-treat; PD-L1, programmed death ligand-1; PPS, per
protocol set; SS, safety set.
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characteristics were generally balanced between the two
treatment arms (Table 1 and Data Supplement).

By the data cutoff date (October 31, 2021), among the ITT
population, 13.3% and 65.4% patients in the toripalimab
arm and placebo arm, respectively, received subsequent
anti–PD-1/PD-L1 treatment (Data Supplement).

PFS

The interim analysis of PFS was conducted with a median
follow-up time of 7.1months and 46.9%of events, on the data
cutoff date of November 17, 2020. In the ITT population,
toripalimab in combination with chemotherapy decreased the
risk of disease progression or death by 42% when compared
with placebo plus chemotherapy (median PFS 8.3 v
5.6 months; HR, 0.58; 95% CI, 0.44 to 0.77; P 5 .0001) as
assessed by the investigator (Table 2, Data Supplement). The
interim PFS result had crossed the prespecified efficacy
boundary. The improvement was supported by the BIRC-
determined PFS (Data Supplement).

The final PFS analysis (data cutoff October 31, 2021) with
70.1% of events further supported the findings of the in-
terim analysis with an improvement in the HR: median PFS
8.4 versus 5.6 months, HR, 0.49 (95% CI, 0.39 to 0.61),
P, .0001. The 1-year PFS rates were 36.7% versus 17.2%
in the two arms (Fig 2A and Data Supplement). The BICR-
determined PFS was consistent with the investigator-
determined result (Data Supplement).

The PFS treatment effect favored the toripalimab arm across
all major subgroups (Figs 2B and Data Supplement).

OS

At the first interim OS analysis, OS was deemed immature
with only 17.8% of events (Data Supplement). The median
OS was not estimable in either arm. At the second interim
OS analysis, with a median follow-up of 16.2 months and
45.2% of events, the stratified HR for death in the ITT
population was 0.69 (95% CI, 0.53 to 0.92), P 5 .0099,
which crossed the prespecified efficacy boundary of
0.0245 (two-sided, on the basis of the 80.2% information
fraction). The median OS has not been obtained (95% CI,
21.7 to NE) in the toripalimab arm and was 17.1 months
(95% CI, 14.4 to 22.2) in the placebo arm (Fig 3A and Data
Supplement). The 1-year and 2-year OS rates were 74.0%
versus 72.8% and 51.2% versus 33.9% in the two arms,
respectively (Fig 3A).

The treatment effect on OS was generally consistent
across major subgroups and favored the toripalimab
combination (Fig 3B). A substantial benefit could be seen
in patients with nonsquamous NSCLC, HR, 0.48 (95% CI,
0.32 to 0.71). In patients with squamous cell carcinoma,
OS analysis showed no significant difference, HR, 0.99
(95% CI, 0.67 to 1.48; Fig 3B and Data Supplement).

Antitumor Response

The toripalimab chemotherapy combination arm had sig-
nificantly better ORR and DoR than the placebo arm at the
interim (Data Supplement) and final PFS (Data Supplement)
analyses. As of October 31, 2021, the investigator-assessed
ORRper RECIST v1.1 was higher in the toripalimab arm than
in the placebo arm, 65.7% versus 46.2%, P , .0001
(Table 2 and Data Supplement). The median DoR was 8.4
versus 4.2 months, HR, 0.38 (95% CI, 0.28 to 0.53; Table 2
and Data Supplement). Similar BICR-determined ORR and
DoR results were observed (Data Supplement).

Adverse Events

As of October 31, 2021, the median toripalimab exposure
duration was slightly longer than placebo exposure (6.6 v
5.0 months). Concomitant toripalimab administration did
not affect the completion of the planned chemotherapy
(Data Supplement).

By the cutoff date, all but one patient experienced at least
one treatment-emergent adverse event (TEAE; Data Sup-
plement). Similar incidences of grade$ 3 TEAEs (78.6% v
82.1%) occurred in the toripalimab arm and the placebo
arm. Fatal TEAEs (5.5% v 2.6%), serious adverse events
(44.8% v 35.3%), infusion-related reactions (2.6% v
1.3%), and TEAEs leading to discontinuation of toripalimab
or placebo (14.3% v 3.2%) were more frequent in the
toripalimab arm (Data Supplement).

The most common adverse events are listed in Table 3.
Adverse events that occurred more commonly in the tor-
ipalimab arm included thyroid disease, diarrhea, edema,
pneumonitis, and rash. The majority of these AEs are
consistent with the development of immune-related ad-
verse events (irAEs) in patients treated with a checkpoint
inhibitor, as previously reported.16

irAEs, as assessed by blinded investigators, were more
frequent in the toripalimab arm than in the placebo arm
(49.4% v 21.2%; Data Supplement). The most common
irAEs were listed in the Data Supplement, among which
15.6% of the patients in the toripalimab arm and 3.2% of
the patients in the placebo arm experienced grade $ 3
irAEs.

Biomarker Analysis

Genomic analysis using whole-exome sequencing was
performed on tumor biopsies and paired PBMCs, and the
results were acquired from 394 patients. Overlapping yet
distinctive mutation profiles were observed from two his-
tologic subtypes in this study (Data Supplement).

The median TMB value was 6.6 mutations/Mb in the co-
hort. Tumor tissues from 122 (26.2%) patients harbored
more than 10 mutations/Mb, of which 72.1% were also
PD-L1 TC $ 1% (Data Supplement). TMB-H patients
had better ORR in the toripalimab arm than those in the
placebo arm (72.7% v 46.7%), similar to the response
rates observed in the two arms in the ITT population
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(65.7% v 46.2%). Compared with TMB-low patients
(median PFS: 8.3 v 6.5 months; HR, 0.62; 95% CI, 0.46 to
0.83), TMB-H patients in the toripalimab arm had more
significant PFS benefit than those in the placebo arm
(median PFS: 13.1 v 5.5months, HR, 0.34; 95%CI, 0.21 to
0.54; interaction P5 .026; Data Supplement). By contrast,
similar OS benefits were observed in both TMB subgroups
(interaction P 5 .9962; Data Supplement).

Further analysis revealed gene mutations that are signifi-
cantly interacting with the treatment effects (Data

Supplement), including RB1, KEAP1, and SMARCA4.
Patients harboring SMARCA4 mutations, especially in the
nonsquamous subgroup (n 5 33), achieved significantly
better PFS in the toripalimab arm than patients in the
placebo arm (median PFS: 9.9 v 2.9 months, Data Sup-
plement). By contrast, patients with RB1 mutations
(n 5 21) in the squamous subgroup correlated with worse
PFS in the toripalimab arm than in the placebo arm (median
PFS 4.2 v 8.2 months, Data Supplement), indicating that
they might not benefit from the combination therapy.

TABLE 1. Summary of Patient Demographics

Characteristic

ITT Squamousa Nonsquamousa

Toripalimab 1

Chemotherapy
(n 5 309)

Placebo 1

Chemotherapy
(n 5 156)

Toripalimab 1

Chemotherapy
(n 5 147)

Placebo 1

Chemotherapy
(n 5 73)

Toripalimab 1

Chemotherapy
(n 5 162)

Placebo 1

Chemotherapy
(n 5 83)

Age, years

Age, years, median
(range)

63 (36-75) 61 (29-75) 64 (38-75) 61 (42-75) 62 (36-74) 60 (29-74)

$ 65 years 130 (42.1) 55 (35.3) 66 (44.9) 30 (41.1) 64 (39.5) 25 (30.1)

Sex, No. (%)

Male 247 (79.9) 130 (83.3) 132 (89.8) 66 (90.4) 115 (71.0) 64 (77.1)

ECOG, PS, No. (%)

0 66 (21.4) 36 (23.1) 27 (18.4) 16 (21.9) 39 (24.1) 20 (24.1)

1 243 (78.6) 120 (76.9) 120 (81.6) 57 (78.1) 123 (75.9) 63 (75.9)

PD-L1 expressions (per
IWRS),a,b No. (%)

TC $ 1% 201 (65.0) 103 (66.0) 96 (65.3) 49 (67.1) 105 (64.8) 54 (65.1)

TC, 1% 108 (35.0) 53 (34.0) 51 (34.7) 24 (32.9) 57 (35.2) 29 (34.9)

Smoking status (per
IWRS),a No. (%)

Frequent 213 (68.9) 107 (68.6) 119 (81.0) 59 (80.8) 94 (58.0) 48 (57.8)

Nonsmoker 96 (31.1) 49 (31.4) 28 (19.0) 14 (19.2) 68 (42.0) 35 (42.2)

Clinical stage at study
entry, No. (%)

IIIB/IIIC 49 (15.9) 23 (14.7) 24 (16.3) 15 (20.5) 25 (15.4) 8 (9.6)

IVA/IVB 260 (84.1) 133 (85.3) 123 (83.7) 58 (79.5) 137 (84.6) 75 (90.4)

Sites of metastases, No.
(%)

Brain metastases 5 (1.6) 0 3 (2.0) 0 2 (1.2) 0

Hepatic metastases 26 (8.4) 14 (9.0) 16 (10.9) 6 (8.2) 10 (6.2) 8 (9.6)

$ 3 sites 53 (17.2) 24 (15.4) 25 (17.0) 8 (11.0) 28 (17.2) 16 (19.3)

Prior therapy, No. (%)

Neoadjuvant/adjuvant 14 (4.5) 9 (5.8) 6 (4.1) 2 (2.7) 8 (4.9) 7 (8.4)

Radical surgery 23 (7.4) 15 (9.6) 9 (6.1) 5 (6.8) 14 (8.6) 10 (12.0)

Radiation 11 (3.6) 1(0.6) 6 (4.1) 0 5 (3.1) 1 (1.2)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; ITT, intention-to-treat; IWRS, interactive web response system; PD-L1,
programmed death ligand-1; TC, tumor cells.

aPer IWRS.
bUsing a immunohistochemistry assay with JS311 antibody. Patients whose PD-L1 status could not be assessed were considered TC , 1%.
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Gene Set Enrichment Analysis was performed on signifi-
cantly interacted genes to identify over-represented biologic
pathways (Data Supplement). Interestingly, focal adhesion
(FA) or focal adhesion: PI3K-Akt-mTOR signaling pathway
with shared genes including COL3A1, COL6A3, FLT1,
FLNC,HGF, IRS1, IRS2, ITGA4, ITGA8, and KDR appeared
as one of the most enriched pathways for treatment effects.
Patients carrying mutations in this pathway demonstrated
significantly better PFS and OS from the toripalimab com-
bination therapy than chemotherapy alone (interaction P
values# .001; Data Supplement). In addition, patients with
alterations in downstream genes of IL-7 signaling pathways
(HGF, IRS1, IRS2, and SMARCA4), or in the chromatin
remodeling SWI/SNF complex (SMARCA4, SMARCA2, and

PBRM1), had favorable PFS in the toripalimab arm (Data
Supplement).

The findings were further validated using three pub-
licly available NSCLC data sets with immunotherapy
treatments.17-19 Notably, the validation sets confirmed that
the patients with altered FA-PI3K-Akt pathway had sig-
nificantly better PFS than patients with wild-type genes
(Data Supplement).

DISCUSSION

In CHOICE-01 study, we compared the efficacy and safety of
toripalimab versus placebo in combination with chemo-
therapy for the first-line treatment of advanced NSCLC. At the
prespecified PFS and OS analyses, our results demonstrated

TABLE 2. Efficacy Analyses in CHOICE-01 (ITT population)
Efficacy End Point Toripalimab 1 Chemotherapy (n 5 309) Placebo 1 Chemotherapy (n 5 156)

Interim analysis of OSa

OS events, No. (%) 125 (40.5) 85 (54.5)

Median OS, months (95% CI)b NE (21.7 to NE) 17.1 (14.4 to 22.2)

Stratified HR (95% CI)c 0.69 (0.53 to 0.92)

Stratified log-rank P valuec .0099

Interim analysis of PFS assessed by investigator

PFS events, No. (%) 130 (42.1) 88 (56.4)

Median PFS, months (95% CI)b 8.3 (6.9 to 8.7) 5.6 (5.4 to 6.4)

Stratified HR (95% CI)c 0.58 (0.442 to 0.769)

Stratified log-rank P valuec .0001

Final analysis of PFS assessed by investigator

PFS events, No. (%) 194 (62.8) 132 (84.6)

Median PFS, months (95% CI)b 8.4 (7.7 to 9.6) 5.6 (5.5 to 6.8)

Stratified HR (95% CI)c 0.49 (0.388 to 0.614)

Stratified log-rank P valuec , .0001

Objective response rate assessed by investigator

Objective response rate, No. (%; 95% CI)d 203 (65.7; 60.1 to 71.0) 72 (46.2; 38.2 to 54.3)

Complete response 0 0

Partial response 203 (65.7) 72 (46.2)

Difference between arms (95% CI)e 19.5% (10.1 to 28.8)

Stratified log-rank P valuef , .0001

Median DoR, months (95% CI) 8.4 (6.9 to 12.9) 4.2 (4.0 to 5.6)

Stratified HR for DoR (95% CI) 0.38 (0.28 to 0.53)

Stratified log-rank P value , .0001

Abbreviations: DoR, duration of response; HR, hazard ratio; ITT, intent-to-treat; NE, not evaluable; OS, overall survival; PD-L1, programmed death ligand-1;
PFS, progression-free survival.

aData cutoffs (DCO) are November 17, 2020, for the interim analysis of PFS and October 31, 2021, for OS, the final PFS analysis, ORR, and DOR.
bMedian OS and PFS were calculated using the Kaplan-Meier method and the 95% CIs estimated using the Brookmeyer-Crowley method.
cThe stratifiedHRwas estimated using the Cox proportional hazardsmodel and the P-value tested using the log-rank test. Stratification factors were those at

random assignment: PD-L1 status, smoking status, histopathology.
d95% CIs calculated using the exact Clopper-Pearson method.
e95% CIs calculated using the Mantel-Haenszel method.
fUsing the Cochran-Mantel-Haenszel method and the stratification factors at random assignment: PD-L1 status, smoking status, and histopathology.
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Toripalimab + chemotherapy

Placebo + chemotherapy

Stratified hazard ratio for disease progression or death,

0.49 (95% CI 0.39 to 0.61); P < .0001
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Toripalimab + chemotherapy
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Median, Months (95% CI) HR

(95% CI)

P Value for

Treatment

P Value for

InteractionSubgroup No. of Patients Toripalimab Placebo

Overalla 465 8.4 (7.7 to 9.6) 5.6 (5.5 to 6.8) 0.49 (0.39 to 0.61) < .0001
Age, years .8343

< 65 280 9.5 (8.3 to 10.3) 5.6 (5.4 to 6.8) 0.51 (0.38 to 0.68) < .0001
≥ 65 185 7.9 (6.6 to 8.4) 5.6 (4.2 to 6.9) 0.53 (0.368 to 0.762) .0005

Sex .5202
Male 377 8.4 (7.4 to 9.7) 5.6 (5.4 to 6.5) 0.5 (0.39 to 0.64) < .0001
Female 88 8.4 (6.9 to 11.1) 6.8 (4.3 to 9.7) 0.58 (0.35 to 1.00) .0407

ECOG PS .5971
0 102 9.9 (6.9 to 14.4) 5.8 (5.5 to 9.6) 0.58 (0.36 to 0.96) .0297
1 363 8.3 (7.4 to 8.9) 5.6 (5.4 to 6.7) 0.49 (0.38 to 0.63) < .0001

PD-L1 expression .8794
TC < 1% 139 8.2 (6.9 to 8.4) 5.6 (4.1 to 6.5) 0.47 (0.32 to 0.71) .0002
1% � TC < 50% 203 8.4 (6.8 to 10.3) 6.7 (5.2 to 7.2) 0.56 (0.40 to 0.78) .0006
TC � 50% 100 10.3 (7.4 to 17.7) 5.6 (5.4 to 11.0) 0.45 (0.27 to 0.78) .0027
NA 23 8.4 (3.7 to 18.5) 5.5 (1.4 to 7.6) 0.62 (0.21 to 1.79) .3704

Smoking statusa .4090
Regular 320 8.4 (7.7 to 9.7) 5.6 (5.4 to 5.8) 0.48 (0.37 to 0.64) < .0001
Occasional or none 145 8.3 (6.9 to 9.8) 6.8 (4.3 to 8.3) 0.50 (0.33 to 0.76) .0008

Pathologic typea .6308
Squamous cell carcinoma 220 8.1 (6.9 to 8.7) 5.6 (5.5 to 6.7) 0.49 (0.35 to 0.69) < .0001
Nonsquamous cell carcinoma 245 9.7 (8.2 to 13.1) 5.5 (4.2 to 8.3) 0.48 (0.35 to 0.66) < .0001

Metastasis site NAb

Liver metastases 40 5.6 (4.2 to 7.4) 5.6 (1.4 to 6.8) 0.64 (0.31 to 1.36) .2213
Bone metastases 138 7.1 (5.5 to 8.4) 5.5 (4.2 to 6.8) 0.69 (0.45 to 1.06) .0757

Disease stage at enrollment .5114
IIIB/IIIC 72 9.7 (8.3 to 16.6) 5.5 (2.9 to 6.7) 0.39 (0.21 to 0.73) .0019
IVA 223 8.7 (7.9 to 11.0) 5.8 (5.5 to 7.2) 0.49 (0.36 to 0.67) < .0001
IVB 170 7 (5.5 to 8.5) 5.5 (4.2 to 6.8) 0.58 (0.40 to 0.86) .0049

Prior neoadjuvant/adjuvant therapy against NSCLC .5278
Yes 22 8.3 (5.5 to NE) 8.3 (2.6 to 14.4) 0.77 (0.29 to 2.05) .5872
No 443 8.4 (7.7 to 9.6) 5.6 (5.4 to 6.4) 0.51 (0.40 to 0.64) < .0001

Prior surgical treatment against NSCLC .6292
Yes 46 8.3 (5.7 to 11.0) 6.5 (4.1 to 9.6) 0.6 (0.31 to 1.19) .136
No 419 8.4 (7.7 to 9.6) 5.6 (5.4 to 6.8) 0.51 (0.40 to 0.64) < .0001

TMB .0256
� 10 122 13.1 (8.4 to 18.5) 5.5 (4.3 to 5.8) 0.34 (0.21 to 0.54) < .0001
< 10 272 8.3 (6.9 to 8.7) 6.5 (5.5 to 6.9) 0.62 (0.46 to 0.83) .0011
NA 71 7.9 (6.3 to 9.6) 5.6 (5.2 to 8.3) 0.53 (0.31 to 0.94) .0244

Placebo BetterToripalimab Better

0.125 0.250 0.500 1.000 2.000 4.000 8.000

B

FIG 2. (A) Kaplan-Meier-estimated PFS curves as assessed by the investigator according to RECIST v1.1 in the intention-to-treat population on the data cutoff
date October 31, 2021, are shown to compare the toripalimab plus chemotherapy arm with the placebo plus chemotherapy arm as first-line treatment for
patients with advanced NSCLC. Censored patients are marked with “┃” in the graph. Numbers of patients at risk at indicated time points shown below x-axis.
Number of events, median PFS, 1-year PFS rates, and stratified HR for PFS are shown to the right of Kaplan-Meier curves. (B) PFS in key subgroups. All HRs
were computed using the Cox proportional hazards model. All P values were two-sided with no adjustment of multiplicity. The P values of comparing the
Kaplan-Meier curves were computed using the log-rank test stratified by the baseline PD-L1 expression status, histology, and smoking status. The P values of
testing the interaction of the subgroup variables with the treatment (B) were computed using the Cox proportional hazards regression model with the
treatment arm, the subgroup variable, and their interaction as the covariates. aP values were stratified by the factors used for randomization except the
subgroup variable itself. bNA,not applicable due to overlappingmetastases to liver and bone. HR, hazard ratio; NA, not available; NSCLC, non–small-cell lung
cancer; PD-L1, programmed death ligand-1; PFS, progression-free survival.
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Median, Months (95% CI)     Unstratified

HR (95% CI)

P Value for

Treatment

P Value for

InteractionSubgroup No. of Patients Toripalimab Placebo

Overalla 465 NE (21.7 to NE) 17.1 (14.4 to 22.2) 0.69 (0.53 to 0.92) .0099
Age, years .122

< 65 280 NE (22.9 to NE) 17.6 (14.0 to 23.5) 0.57 (0.39 to 0.82) .002
≥ 65 185 21.2 (14.2 to NE) 16.2 (13.8 to 22.2) 0.89 (0.58 to 1.40) .6076

Sex .6202
Male 377 22.9 (21.0 to NE) 16.2 (14.1 to 20.3) 0.73 (0.54 to 0.98) .0356
Female 88 NE (21.6 to NE) 23.2 (11.3 to NE) 0.61 (0.30 to 1.30) .1839

ECOG PS .6414
0 102 NE (22.5 to NE) 22.2 (13.3 to NE) 0.59 (0.32 to 1.12) .0973
1 363 NE (21.0 to NE) 17 (14.3 to 23.2) 0.72 (0.53 to 0.98) .0335

PD-L1 expression .4922
TC < 1% 139 21.2 (14.8 to NE) 16.0 (12.7 to NE) 0.79 (0.49 to 1.31) .3485
1% �� TC < 50% 203 NE (20.7 to NE) 18.1 (14.8 to 23.2) 0.72 (0.48 to 1.07) .1005
TC � 50% 100 NE (22.9 to NE) NE (13.7 to NE) 0.82 (0.39 to 1.90) .6285
NA 23 NE (14.2 to NE) 11.2 ( 5.5 to NE) 0.27 (0.06 to 0.96) .0436

Smoking statusa .8549
Regular 320 22.9 (21.0 to NE) 16 (14.1 to 20.3) 0.70 (0.51 to 0.98) .0319
Occasional or none 145 NE (21.2 to NE) 23.5 (13.3 to NE) 0.67 (0.39 to 1.17) .1508

Pathologic typea .0089
Squamous cell carcinoma 220 21 (15.7 to NE) 17.6 (14.8 to NE) 0.99 (0.67 to 1.48) .9524
Nonsquamous cell carcinoma 245 NE (NE to NE) 17 (12.7 to 23.5) 0.48 (0.32 to 0.71) .0002

Metastasis site NAb

Liver metastases 40 11.9 (10.3 to 14.8) 13.9 (4.4 to 17.6) 1.05 (0.50 to 2.35) .9078
Bone metastases 138 21.2 (13.3 to NE) 13.7 (12.0 to 23.5) 0.84 (0.52 to 1.37) .4689

Disease stage at enrollment .8231
IIIB/IIIC 72 NE (NE to NE) 20.3 (11.1 to NE) 0.57 (0.25 to 1.35) .1828
IVA 223 22.9 (21.2 to NE) 18.1 (15.0 to 23.2) 0.66 (0.45 to 0.99) .0421
IVB 170 21.7 (14.2 to NE) 13.3 (9.7 to 23.5) 0.73 (0.47 to 1.14) .1503

Prior neoadjuvant/adjuvant therapy against NSCLC .5115
Yes 22 NE (13.8 to NE) NE (8.3 to NE) 1.27 (0.21 to 9.86) .796
No 443 NE (21.6 to NE) 16 (14.1 to 21.2) 0.67 (0.51 to 0.89) .0049

Prior surgical treatment against NSCLC .5959
Yes 46 NE (NE to NE) NE (13.3 to NE) 0.52 (0.18 to 1.45) .1963
No 419 22.9 (21.2 to NE) 17 (14.3 to 22.2) 0.7 (0.53 to 0.94) .0156

TMB .9962
� 10 122 NE (21.6 to NE) 20.3 (14.1 to NE) 0.67 (0.38 to 1.19) .1649
< 10 272 NE (21.2 to NE) 16.2 (13.3 to 23.2) 0.68 (0.47 to 0.98) .0335
NA 71 20.7 (13.1 to NE) 19.0 (9.2 to NE) 0.81 (0.42 to 1.58) .5196
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FIG 3. (A) OS in the intention-to-treat population. Kaplan-Meier estimates of OS in the intention-to-treat population on the data cutoff date October 31, 2021,
are shown to compare the toripalimab plus chemotherapy arm with the placebo plus chemotherapy arm as first-line treatment for patients with advanced
NSCLC. Censored patients are marked with “┃” in the graph. Numbers of patients at risk at indicated time points are shown below the x-axis. Number of
events, median OS, 1-year and 2-year OS rates, and stratified HR for death are shown to the right of Kaplan-Meier curves. (B) Overall survival in key
subgroups. All HRs were computed using the Cox proportional hazards model. All P values were two-sided with no adjustment of multiplicity. The P values of
comparing the Kaplan-Meier curves were computed using the log-rank test stratified by the baseline PD-L1 expression status, histology, and smoking status.
The P values of testing the interaction of the subgroup variables with the treatment (B) were computed using the Cox proportional hazards regression model
with the treatment arm, the subgroup variable, and their interaction as the covariates. aP values were stratified by the factors used for randomization except the
subgroup variable itself. bNA, not applicable due to overlapping metastases to liver and bone. HR, hazard ratio; NA, not available; NE, not evaluable; NSCLC,
non–small-cell lung cancer; OS, overall survival; PD-L1, programmed death ligand-1.
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TABLE 3. TEAEs Reported in At Least 10% of the Patients in the Toripalimab Arm

System Organ Class Preferred Term

Toripalimab 1 Chemotherapy
(n 5 308), %

Placebo 1 Chemotherapy
(n 5 156), %

All Grades Grades ‡ 3 All Grades Grade ‡ 3

Any TEAE 99.0 78.6 100 82.1

Blood and lymphatic system disorders

Anemia 89.0 29.9 94.9 35.9

Leukopenia 83.8 35.7 84.0 41.7

Neutropenia 83.8 55.5 87.8 53.8

Thrombocytopenia 69.8 17.2 73.1 17.9

Lymphopenia 11.0 2.3 14.1 1.3

Investigations

ALT increased 38.0 1.6 30.8 1.9

ASR increased 37.7 0.3 26.3 1.3

Weight decreased 15.3 0 17.3 0

Metabolism and nutrition disorders

Decreased appetite 34.1 1.0 36.5 1.3

Hypoalbuminemia 22.1 0 14.7 0

Hypokalemia 17.2 2.9 18.6 3.2

Hypertriglyceridemia 12.0 0 14.1 0

Hyponatremia 10.7 2.9 9.6 1.3

Hyperglycemia 10.1 0.3 7.7 0.6

Endocrine disorders

Hypothyroidism 15.9 0.3 3.2 0

Hyperthyroidism 11.4 0 1.9 0

GI disorders

Nausea 32.5 0.3 36.5 0

Constipation 19.8 0 28.2 0

Vomiting 19.5 0.3 21.2 0.6

Diarrhea 14.3 1.6 8.3 0

General disorders and administration site conditions

Fatigue 36.4 1.3 36.5 1.9

Fever 23.4 0 19.9 0

Edema 13.0 0.3 12.2 0

Musculoskeletal and connective tissue disorders

Musculoskeletal pain 21.4 0.3 25.0 0

Respiratory, thoracic, and mediastinal disorders

Cough 15.9 0.6 17.3 0

Hemoptysis 12.0 0.3 12.8 1.3

Skin and subcutaneous tissue disorders

Rash 15.9 1.6 9.6 1.9

NOTE. Adverse events that occurred during treatment are all adverse events that occurred between the first dose and 90 days after the last
dose or before starting a new antineoplastic therapy, whichever occurred first. If the same adverse event occurs multiple times for the same
patient, that patient is counted only once in the same system organ classification and preferred terminology when calculating the number of
adverse events. Data cutoff: October 31, 2021. Adverse event coding version: MedDRA 24.0.

Abbreviation: TEAE, treatment-emergent adverse event.
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that the addition of toripalimab to the standard first-line
chemotherapy resulted in statistically significant and clini-
cally meaningful improvements in both PFS and OS than
chemotherapy alone, irrespective of PD-L1 expression.

For nonsquamous NSCLC, the OS curves separated early
and remained clearly separated throughout with a HR of
0.48 (95% CI, 0.32 to 0.71). In patients with squamous cell
carcinoma, OS analysis did not demonstrate a difference
between the treatment arms.

The OS curve of the placebo arm illustrated a long plateau
period, which may be explained by the extensive crossover
and subsequent use of PD-1/L1 inhibitors. More patients
from the placebo arm received subsequent anti–PD-1/L1
treatment in CHOICE-01 (65.4%) than previous first-line
NSCLC trials, including KEYNOTE-189 (41.3%), KEY-
NOTE-407 (31.7%), and IMpower-130 (59.2%). Further-
more, a high crossover rate of 71.2% was observed in the
squamous subgroup. In CHOICE-01 study, the median OS
was 17.1 months in the placebo arm, which is longer than
historical results of 11-14months of chemotherapy alone in
NSCLC.4-6 The extensive crossover may explain the pro-
longed median OS and contribute to the lack of OS benefit
seen in the squamous subgroup.

In squamous patients, the OS curves crossed at approximately
15 months with subsequent improvement in the toripalimab
arm. Given the significant improvement of PFS observed in
both squamous and nonsquamous NSCLC, it is unlikely that
PFS results contributed to the initial crossing of the OS curves.

Previous studies have shown that PD-L1 or TMB-H was
correlatedwith favorable responses to single-agent anti–PD-1/
PD-L1 therapy in certain solid tumors.20-22 However, these two
biomarkers could not present valuable differentiation in
terms of chemoimmunotherapy combinations.6,11,23-26 In
the current trial, the PFS and survival benefits of toripalimab
plus chemotherapy were independent of PD-L1 expression.
By contrast, a positive interaction was observed between
TMB and toripalimab treatment. Compared with TMB-low
patients, TMB-H patients in the toripalimab arm had more
favorable PFS than those in the placebo arm.

One intriguing finding of this study is the identification
of pathway alterations that were associated with better
PFS and/or OS, which have not been reported previously.
Disruption of the focal adhesion-PI3K-Akt signaling pathway
may increase immune surveillance by overcoming the fibrotic
and immunosuppressive tumor microenvironment and sen-
sitize tumor to immunotherapy,27 whereas patients with
downstream gene alterations in IL-7 signaling axis and chro-
matin remodeling complex such as loss of SMARCA4 have
been reported to show a favorable response from immune
checkpoint inhibitor therapy in solid tumors.28,29,30 An in silico
data analysis of TCGA lung adenocarcinoma study also
showed higher signature score of CD8 T cells in patients with
mutations in focal adhesion-PI3K-Akt or IL-7 signing pathways
(Data Supplement). Notably, using three publicly available
immunotherapy-treated NSCLC data sets, patients with altered
focal adhesion-PI3K-Akt pathway had significantly better PFS
than patients with wild-type genes17-19 (Data Supplement).

CHOICE-01 study recruited patients solely from China. We
speculate that the findings from CHOICE-01 could be ex-
trapolated to Western patients with NSCLC for the following
reasons. First, evidence of similar treatment effects between
patients with NSCLC in the West and China is supported by
the similar PFS results from CHOICE-01, KEYNOTE-189, and
KEYNOTE-407, which is not affected by crossover. Second, a
meta-analysis conducted by the US Food and Drug Ad-
ministration to assess whether the treatment effect is con-
sistent across Asian and non-Asian patients with NSCLC
treated with checkpoint inhibitors found that while Asians
have a better prognosis overall, the treatment effect of the
checkpoint inhibitors was similar in Asians and non-Asians.31

Thus, the efficacy of the immunochemotherapy combination
did not differ by race.

In conclusion, the addition of toripalimab to chemother-
apy in treatment-naive patients with advanced NSCLC
results in superior PFS and OS than chemotherapy alone
while having a manageable safety profile. These results
support the use of toripalimab with chemotherapy as a
first-line therapy for patients with advanced NSCLC
without EGFR/ALK mutations.
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APPENDIX 1. SUPPLEMENTARY METHODS

Whole-Exome Sequencing Assay

Whole-exome sequencing was performedwith the SureSelectHumanAll
Exon V6 kit (Agilent) on tumor biopsies and matched peripheral blood
mononuclear cells (PBMC) samples in a central lab (OrigiMed,
Shanghai, China). Briefly, a 4-mm section of a hematoxylin and eosin–
stained slide of an formalin-fixed paraffin-embedded (FFPE) sample
underwent pathologist review to ensure each sample has nucleated
cellularity . 80% and tumor content no , 20%. DNA was extracted
from unstained FFPE sections using the QIAamp DNA FFPE Tissue Kit
(Qiagen) and quantified using the Qubit dsDNA HS Assay Kit (Life
Technologies). Enough unstained FFPE sections were used to extract no
, 200 ng DNA. After DNA extraction, 1 ng DNA was subjected to
polymerase chain reaction (PCR) to amplify housekeeping gene frag-
ments using a set of primers (synthesized by Invitrogen, Life Technol-
ogies), producing fragment sizes from 100 to 300 bp. PCR products
were analyzed on 1.5% agarose gels and assessed for the DNA quality
score depending on the relative signal intensity product band compared
with the positive control. DNA samples yield, 50 ng, or the DNA quality
score of 0 will be flagged as at risk; 50-500 ng of dsDNA in 50-mL water
in microTUBEs is fragmented to approximately 250 bp by sonication
(Covaris LE220). Sample library preparation was performed using the
KAPA Hyper Prep Kit (KAPA Biosystems), and sample libraries were
sized on a LabChip GX TouchHT (Perkin Elmer). Target enrichment was
done by using the NGS-based hybrid capture method, as per the
manufacturer’s protocol (Integrated DNA Technologies), using the pool
of customized individually synthesized probes plus xGen Exome Re-
search Panel (Integrated DNA Technologies), targeting nearly 20,000
genes with in total 52.3 Mb of the human genome. Postcapture libraries
were quantified using the Qubit dsDNAHS Assay Kit and then evaluated
using the DNA High Sensitivity Reagent Kit on LabChip GX Touch HT
(Perkin Elmer). The enriched libraries were further pooled together for
sequencing on Illumina NovaSeq 6000 with 2 3 150 bp paired-end
reads and approximately 5003 sequencing depth for FFPE tumor slides
or 1503 for matched PBMC samples.

Somatic Short Variant and Fusion Analysis

Raw sequence data were processed using a customized analysis
pipeline. Alignment of raw reads to the human genome reference

sequence (hg19) was performed with the Burrows-Wheeler Aligner
(BWA, v0.6.2), followed by PCR duplicates removal using Picard
(version 1.47).32 Single-nucleotide variant calling was performed
using GATK (v3.1-1) and subsequently called by MUTECT (v1.7).
Short insertion/deletions (S-indels) were calibrated for alignment
using ABRA (v0.97) and then called by PINDEL (v0.2.5a8). The raw
calls of single-nucleotide variants and S-indel were further selected
as follows: (1) Minimum five reads were required to support al-
ternative calling, (2) variants with read depths , 303, with strand
bias larger than 10%, or with VAF , 0.5% were removed, and (3)
common SNPs defined as those from dbSNP database (version
147), or frequency over 1.5% of Exome Sequencing Project 6500
(ESP6500) or over 1.5% of 1000 genome project, were also ex-
cluded for further consideration. Mutations with cancer coverage
less than normal coverage are removed. Variants with mutation rate
. 3% in matched PBMC samples or near repeat regions were also
removed.

For detection of gene rearrangements, paired-end reads with the
abnormal insert size of over 2,000 bp aligned to the same chromosome
or aligned to different chromosomes were collected and used as
discordant reads. The group consisting of discordant reads with a
distance, 500 bp formed a cluster, and paired clusters were obtained
according to the pairing relationship. Consistent breakpoints from the
paired-end discordant reads within a cluster were identified to es-
tablish potential rearrangement breakpoints. The breakpoints were
double confirmed by BLAT, and the corresponding discordant reads
were filtered for those uniquely mapped to the genome reference to
constitute rearrangement supported reads. The resulting chimeric
read candidates were genome annotated.

Gene Set/Pathway Over representation Analysis

Gene set/pathway enrichment analysis was performed on genes whose
alterations are significantly interacting with toripalimab treatment by
univariate analysis with nominal P # .05. Hypergeometric test from
enricher function in R (package: clusterProfiler), followed with multiple
testing adjustment, was used to assess the significance of gene sets
compiled byMSigDB database v7.5.1.,33 including hallmark gene sets,
canonical pathways, and oncogenic signature gene sets. Top signif-
icant gene sets were selected on the basis of P value of .05 and false
discovery rate of 0.2.
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