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Standard first-line chemotherapy results in disease progression and death within one
year in most patients with human epidermal growth factor receptor 2 (HER2)-
negative gastro-oesophageal adenocarcinoma'™*. Nivolumab plus chemotherapy
demonstrated superior overall survival versus chemotherapy at 12-month follow-up
in gastric, gastro-oesophageal junction or oesophageal adenocarcinomain the
randomized, global CheckMate 649 phase 3 trial® (programmed death ligand-1
(PD-L1) combined positive score =5 and all randomized patients). On the basis of
these results, nivolumab plus chemotherapy is now approved as a first-line treatment
for these patients in many countries®. Nivolumab and the cytotoxic T-lymphocyte
antigen-4 (CTLA-4) inhibitor ipilimumab have distinct but complementary
mechanisms of action that contribute to the restoration of anti-tumour T-cell
function and induction of de novo anti-tumour T-cell responses, respectively” ™,
Treatment combining 1 mg kg™ nivolumab with 3 mg kg™ ipilimumab demonstrated
clinically meaningful anti-tumour activity with amanageable safety profile in heavily
pre-treated patients with advanced gastro-oesophageal cancer. Here we report
both long-term follow-up results comparing nivolumab plus chemotherapy versus
chemotherapy alone and the first results comparing nivolumab plus ipilimumab
versus chemotherapy alone from CheckMate 649. After the 24.0-month minimum
follow-up, nivolumab plus chemotherapy continued to demonstrate improvement in
overallsurvival versus chemotherapy alone in patients with PD-L1 combined positive
score =5 (hazard ratio 0.70; 95% confidence interval 0.61, 0.81) and all randomized
patients (hazard ratio 0.79; 95% confidence interval 0.71, 0.88). Overall survival in
patients with PD-L1 combined positive score > 5 for nivolumab plus ipilimumab
versus chemotherapy alone did not meet the prespecified boundary for significance.
No new safety signals were identified. Our results support the continued use of
nivolumab plus chemotherapy as standard first-line treatment for advanced gastro-
oesophageal adenocarcinoma.

We enrolled 3,185 patients, 2,031 of whom were randomized across
the 3 treatment groups; of these, 1,581 patients were concurrently
randomized to nivolumab plus chemotherapy or chemotherapy
(April 2017 to May 2019) and 813 to nivolumab plus ipilimumab
or chemotherapy (October 2016 to June 2018). Enrolment to the
nivolumab-plus-ipilimumab group was closed early owing toincreased
rate of adverse events and early deaths relative to the other two study
groups, per reccommendation from the data monitoring committee.
Among randomized patients, the number of patients whoreceived one
or more dose of study treatment and those that were discontinued at

the data cut-off date for the current analysis (27 May 2021) are shown
in Extended Data Fig. 1. The primary reason for treatment discontinu-
ation was disease progression (Extended Data Fig. 1).

Baseline characteristics were balanced across the treatment groups
(Supplementary Information). Most patients were of non-Asian race
(=70%) and had gastric cancer (=69%), whereas approximately 18%
and 12% had gastro-oesophageal junction (GEJ) cancer and oesopha-
geal adenocarcinoma, respectively. Approximately 60% of patients
across groups had tumours expressing PD-L1combined positive score
(CPS) = 5and 3% had microsatellite instability-high (MSI-H) tumours.

A list of affiliations appears at the end of the paper.
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Fig.1|Kaplan-Meier estimates of overall survival. a, b, Overall survival with
nivolumab plus chemotherapy versus chemotherapy in patients with PD-L1
CPS =5 (a) andinallrandomized patients (b). Minimum follow-up, 24.0 months.
¢, d, Overall survival with nivolumab plus ipilimumab versus chemotherapy in

Efficacy of nivolumab plus chemotherapy

With a 24.0-month minimum follow-up (time from concurrent rand-
omization of the last patient to clinical data cut-off), nivolumab plus
chemotherapy continued to demonstrate improved overall survival
versus chemotherapy in patients with PD-L1 CPS > 5; median overall
survival was 14.4 months (95% confidenceinterval 13.1,16.2) versus 11.1
months (10.0,12.1), respectively (Fig.1a). There was a30% reductionin
therisk of death (hazardratio 0.70 (95% confidenceinterval 0.61, 0.81))
and sustained separation of Kaplan-Meier curves; the proportion of
patients alive at 24 months was 31% versus 19%, respectively. Similarly,
improved overall survival with nivolumab plus chemotherapy versus
chemotherapy was observed inall randomized patients; median overall
survival was 13.8 months (95% confidence interval 12.4, 14.5) versus
11.6 months (95% confidence interval 10.9, 12.5), respectively, with a
21% reduction in the risk of death versus chemotherapy (hazard ratio
0.79; 95% confidence interval 0.71, 0.88) (Fig. 1b).

Progression-free survival (PFS) benefit was maintained after longer
follow-up with nivolumab plus chemotherapy versus chemotherapyin
patients with PD-L1CPS >5 (hazard ratio 0.70; 95% confidence interval
0.60,0.81) and in all randomized patients (hazard ratio 0.79; 95% confi-
denceinterval 0.70, 0.89); 24-month PFS rates were numerically higher
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patients with PD-L1CPS > 5(c) and in allrandomized patients (d). Minimum
follow-up, 35.7 months. Chemo, chemotherapy; Cl, confidence interval; HR,
hazard ratio; IPI, ipilimumab; NIVO, nivolumab; OS, overall survival.

inboth populations (19% versus 11% and 16% versus 10%, respectively)
(Extended Data Fig. 2a, b). Median PFS2 (time from randomization to
progression after subsequent systemic therapy, initiation of second
subsequent systemic therapy or death, whichever s earlier) was numeri-
cally longer with nivolumab plus chemotherapy versus chemotherapy
(PD-L1CPS = 5,13.7 months (95% confidence interval 11.9,15.0) versus 9.8
months (8.5,10.6; hazardratio 0.65; 95% confidence interval 0.57, 0.76);
all randomized patients, 12.2 months (95% confidence interval 11.3,
13.5) versus 10.4 months (9.7,11.2; hazard ratio 0.75; 95% confidence
interval 0.67, 0.84)) (Extended Data Fig. 3).

Objective responses with nivolumab plus chemotherapy were
observedin 226 (60%; 95% confidence interval 55, 65) of 378 patients
with PD-L1 CPS > 5 compared with 176 (45%; 95% confidence interval
40, 50) of 390 patients with chemotherapy. In allrandomized patients,
objective responses were observed in350 (58%; 95% confidence inter-
val 54, 62) of 603 patients with nivolumab plus chemotherapy versus
279 (46%;95% confidence interval 42, 50) of 607 patients with chemo-
therapy (Extended Data Table 1). Additional complete responses were
observed with nivolumab plus chemotherapy compared with the
prespecified interim analysis at 12-month follow-up (PD-L1 CPS = 5,
n=>5and all randomized, n = 6); there were no additional complete
responses with chemotherapy alone. The total number of complete
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Fig.2|Kaplan-Meier estimates of duration of response. a, b, Duration of
response per BICR with nivolumab plus chemotherapy versus chemotherapy in
patients with PD-L1CPS > 5 (a) and in allrandomized patients (b). c,d, Duration of
response with nivolumab plus ipilimumab versus chemotherapy in patients with
PD-L1CPS>5(c) andinallrandomized patients (d). Number of responders (n) is

responses observed with nivolumab plus chemotherapy was 49 (13%)
inpatients with PD-L1CPS > 5and 65 (11%) in all randomized patients; a
total of 26 (7%) and 38 (6%) patients experienced complete responses
with chemotherapy, respectively. Median duration of response with
nivolumab plus chemotherapy versus chemotherapy was 9.7 versus
7.0 months in patients with PD-L1 CPS > 5 and 8.5 versus 6.9 months
in all randomized patients, respectively (Fig. 2a, b, Extended Data
Table 1). The percentage of patients with PD-L1 CPS = 5 who had
more than 50% tumour burden reduction was 53% with nivolumab
plus chemotherapy and 44% with chemotherapy; the percentage
of patients with more than 80% reduction was 27% and 18%, respec-
tively, with consistent results in all randomized patients (Extended
Data Fig. 4).

Efficacy of nivolumab plus ipilimumab

The hierarchically tested secondary endpoint of overall survival with
nivolumab plus ipilimumab versus chemotherapy in patients with
PD-L1CPS > 5did not meet the prespecified boundary for significance
at 35.7-month minimum follow-up; median overall survival was 11.2
(95% confidenceinterval 9.2,13.4) versus 11.6 (95% confidence interval
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indicated. Number of randomized patients who had target lesion measurements
atbaseline per BICR assessment for PD-L1CPS > 5:NIVO +chemo, n =378; chemo,
n=390;allrandomized: NIVO +chemo, n=603; chemo, n=607; PD-LICPS > 5:
NIVO +1P1,n=196; chemo, n=183; and allrandomized: NIVO +IPI, n=333; chemo,
n=299.BICR, blindedindependent central review; DOR, duration of response.

10.1,12.7) months, respectively (hazard ratio 0.89; 96.5% confidence
interval 0.71,1.10; P=0.2302); 1-year overall survival rates were 47%
(95% confidence interval 40, 53) and 48% (95% confidence interval
41, 54; Fig. 1c). The secondary endpoint of overall survival in all rand-
omized patients with nivolumab plus ipilimumab versus chemotherapy
was not statistically tested; median overall survival was 11.7 (95% confi-
denceinterval 9.6,13.5) versus 11.8 (95% confidence interval 11.0,12.7)
months, respectively (hazardratio 0.91;96.5% confidence interval 0.77,
1.07); 1-year overall survival rates were 49% (95% confidence interval
44,54) and 49% (95% confidence interval 44, 53; Fig.1d). The 24-month
overall survival rates with nivolumab plus ipilimumab versus chemo-
therapy were 25% versus 17% in patients with PD-L1 CPS > 5 and 23%
versus 19% in all randomized patients, respectively.

PFS and objective response rate (ORR) were not improved with
nivolumab plus ipilimumab versus chemotherapy in patients with
PD-L1CPS =5 orin all randomized patients (Extended Data Fig. 2¢c, d,
Extended Data Table 1). However, responses were more durable with
nivolumab plusipilimumab versus chemotherapyinboth PD-L1CPS > 5
(median durationof response, 13.2 versus 6.9 months, respectively) and
in allrandomized patients (median duration of response, 13.8 versus
6.8 months; Fig. 2¢c, d, Extended Data Table 1).
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Fig.3|Forest plot of efficacy outcomes by PD-L1CPS with nivolumab plus
chemotherapy versus chemotherapy. a, Overall survival. PD-L1CPS
expressionindeterminate, not evaluable or not reported for n=19 patients.
Dataare presented as unstratified hazard ratios and 95% confidence interval.
b, Objective response rateamong randomized patients who had target lesion

Subgroup analyses

The hazard ratios for overall survival continued to favour nivolumab
plus chemotherapy versus chemotherapy across multiple prespecified
subgroups in patients with PD-L1 CPS > 5and all randomized patients
with longer follow-up (Extended Data Figs. 5, 6). Overall survival ben-
efitwas enriched in patients with MSI-H tumours with nivolumab plus
chemotherapy versus chemotherapy (unstratified hazard ratio 0.38;
95% confidence interval 0.17, 0.84; Extended Data Figs. 6, 7a); overall
survival benefit in patients with microsatellite stable (MSS) tumours
was consistent with that observedin all randomized patients (unstrati-
fied hazard ratio 0.78; 95% confidence interval 0.70, 0.88; Extended
DataFigs. 6, 7b). ORR was also higher with nivolumab plus chemo-
therapy versus chemotherapy in patients with MSI-H tumours (55%;
95% confidence interval 32, 77 versus 39%; 95% confidence interval 17,
64, respectively) and those with MSS tumours (59%; 95% confidence
interval 55, 63 versus 46%; 95% confidence interval 42, 51; Extended Data
Fig.7a,b).Similarly, nivolumab plusipilimumab showed longer median
overall survival (unstratified hazard ratio 0.28; 95% confidence interval
0.08,0.92) and higher ORR (70%; 95% confidence interval 35,93 versus
57%;95% confidence interval 18, 90) compared with chemotherapyin
patients with MSI-H tumours (Extended Data Fig. 7c, d).

The unstratified hazard ratios for overall survival with nivolumab plus
chemotherapy in patients with PD-L1CPS > 10, >5and =1 were 0.66 (95%
confidenceinterval 0.56,0.77),0.69 (95% confidenceinterval 0.60,0.79)
and 0.74 (95% confidence interval 0.66, 0.84), respectively (Fig. 3a).In
patients with PD-L1 CPS <10, <5 and <1, the unstratified hazard ratios
for overall survival were 0.91 (95% confidence interval 0.78, 1.06),
0.94(95% confidence interval 0.79,1.11) and 0.95 (95% confidence inter-
val 0.73,1.24), respectively (Fig. 3a). ORR was numerically higher with
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measurements atbaseline, per blinded independent central review
assessment. PD-L1CPS expressionindeterminate, not evaluable or not
reported for n =14 patients; percentages may not reflect an exact difference,
owingtorounding. Dataare presented as unweighted ORR differences and 95%
confidenceinterval.

nivolumab plus chemotherapy versus chemotherapy across all evalu-
ated PD-L1 CPS subgroups (Fig. 3b). Nivolumab plus ipilimumab did
not show clear improvement in overall survival or ORR by PD-L1 CPS
compared with chemotherapy (Extended Data Fig. 8).

Subsequent therapy

Subsequent therapy was received by 41% and 44% of randomized patients
in the nivolumab-plus-chemotherapy and chemotherapy groups and
by 48% and 46% of patients in the nivolumab-plus-ipilimumab and
chemotherapy groups. The most common subsequent treatment was
chemotherapy (36% and 39% in the nivolumab-plus-chemotherapy and
chemotherapygroupsand44%and41%inthe nivolumab-plus-ipilimumab
and chemotherapy groups). Subsequentimmunotherapy was received
by 2% and 9% of patients in the nivolumab-plus-chemotherapy
and chemotherapy groups and by 3% and 12% of patients in the
nivolumab-plus-ipilimumab and chemotherapy groups (Supplemen-
tary Information).

Safety

The median treatment duration was 6.8 months (range 0.1-45.0) and
4.9 months (range 0.0-44.2) with nivolumab plus chemotherapy ver-
sus chemotherapy and 1.9 months (range 0.0-24.1) and 4.9 months
(range 0.1-45.5) with nivolumab plusipilimumab versus chemotherapy
(Supplementary Information). Grade 3-4 treatment-related adverse
events (TRAEs) occurred in 60% and 45% of patients with nivolumab
plus chemotherapy versus chemotherapy and in 38% and 46% with
nivolumab plus ipilimumab versus chemotherapy (Table 1). The most
common grade 3-4 TRAE was neutropaenia (15%) with nivolumab plus



Table 1| Summary of treatment-related adverse events in all treated patients

Nivolumab plus

Chemotherapy (n=767)>"

Nivolumab plusipilimumab  Chemotherapy (n=389)*°

chemotherapy (n =782)*" (n=403)>

Any grade Grade 3-4 Any grade Grade 3-4 Any grade Grade 3-4 Any grade Grade 3-4
Allevents 739 (95) 471(60) 682 (89) 344 (45) 323(80) 155 (38) 356 (92) 180 (46)
Serious events 175 (22) 133(17) 94 (12) 77(10) 122(30) 93(23) 54 (14) 45 (12)
Events leading to 300(38) 141(18) 188 (25) 70 (9) 88(22) 68(17) 101(26) 37(10)

discontinuation®

Data are presented as n (%). There were 16 treatment-related deaths with nivolumab plus chemotherapy (4 events of pneumonitis, 2 events of febrile neutropaenia or neutropenic fever and
1event each of acute cerebral infarction, disseminated intravascular coagulation, gastrointestinal bleeding, gastrointestinal toxicity, infection, intestinal mucositis, mesenteric thrombosis,
pneumonia, septic shock and stroke), 10 with nivolumab plus ipilimumab (2 events of cardiac failure and 1 event each of acute hepatic failure, autoimmune hepatitis, general physical health
deterioration, herpes simplex reactivation, hypophysitis, immune-mediated enterocolitis, multiple organ dysfunction syndrome, pneumonitis and upper gastrointestinal haemorrhage), and 5
with chemotherapy (1 event each of aesthenia and severe hyporexia, diarrhea, pancytopenia, pneumonitis and pulmonary thromboembolism). Treatment-related deaths were reported regard-

less of timeframe.

“Patients who received at least one dose of the assigned treatment. Includes events reported between first dose and 30 days after last dose of trial therapy. Treatment relatedness in the
nivolumab-plus-chemotherapy group refers to nivolumab, at least one chemotherapy component or both and in the nivolumab-plus-ipilimumab group to nivolumab, ipilimumab or both.
National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0, and Medical Dictionary for Regulatory Activities, version 23.0.

bConcurrently randomized to nivolumab plus chemotherapy versus chemotherapy.
°Concurrently randomized to nivolumab plus ipilimumab versus chemotherapy.
9Events leading to discontinuation of any drug in the regimen.

chemotherapy, increased lipase (7%) with nivolumab plus ipilimumab
and neutropaenia (11-13%) with chemotherapy (Supplementary
Information). TRAEs leading to discontinuation occurred in 38% and
25% of patients in the nivolumab-plus-chemotherapy versus chemo-
therapy groups, respectively, and in 22% and 26% of patients in the
nivolumab-plus-ipilimumab versus chemotherapy groups (Table 1).
Any-grade serious TRAEs were reported in 175 (22%) of 782 patients
with nivolumab plus chemotherapy and 94 (12%) of 767 patients with
chemotherapy and in 122 (30%) of 403 patients with nivolumab plus
ipilimumab and 54 (14%) of 389 patients with chemotherapy. There
were 16 treatment-related deaths with nivolumab plus chemother-
apy, 10 with nivolumab plus ipilimumab and 5 with chemotherapy.
The majority of TRAEs with a potentialimmunologicaetiology weregrade
lor2;grade 3-4 events occurred in <5% of patients receiving nivolumab
plus chemotherapy and in <12% of patients receiving nivolumab plus
ipilimumab across organ categories (Supplementary Information).

Patient-reported outcomes

Since the hierarchically tested secondary endpoint of overall survival
with nivolumab plus ipilimumab versus chemotherapy in patients
with PD-L1 CPS > 5 was not met, the secondary endpoint of time to
symptom deterioration (TTSD) in patients with PD-L1 CPS > 5 and all
randomized patients was not statistically tested. An improvement
frombaseline in the Functional Assessment of Cancer Therapy-Gastric
(FACT-Ga) questionnaire total score was observed at all on-treatment
assessments (Supplementary Information). The least-squares mean
difference between treatment groups favoured nivolumab plus chemo-
therapy versus chemotherapy alone (at timepoints with =10 patients
ineachgroup); however, these differences did not reach the threshold
for meaningful change (prespecified as 15.1 points; Extended Data
Fig.9a, b). The proportion of patients who reported not being both-
ered by treatment side effects over time on the basis of the GP5 item
from FACT-Ga was higher with nivolumab plus chemotherapy than
with chemotherapy alone, except at baseline when patients had not
received treatment (Extended Data Fig. 9¢c, d).

Discussion

Several targeted and immuno-oncology agents have been evaluated as
first-line treatment for HER2-negative gastric or GEJ cancer; however,
until recently, none have significantly prolonged survival relative to
chemotherapy'*®. The positive results of CheckMate 649 reported with
12-month follow-up have established nivolumab plus chemotherapy as

astandard first-line treatment for advanced gastric, GEJ or oesophageal
adenocarcinoma®. After 24-month follow-up, nivolumab plus chemo-
therapy continued to demonstrate clinically meaningfulimprovementin
overallsurvival, PFSand ORR versus chemotherapy alone. Hazard ratios
for overall survival were directionally improved with nivolumab plus
chemotherapy versus chemotherapy relative to the 12-month follow-up®
(PD-L1CPS = 5,0.71;98.4% confidenceinterval 0.59, 0.86; allrandomized,
0.80; 99.3% confidence interval 0.68, 0.94), and 2-year survival rates
were higher with nivolumab plus chemotherapy compared with chemo-
therapy. ORR was higher with nivolumab plus chemotherapy versus
chemotherapy and agreater proportion of patients experienced reduc-
tionintumour burdenversus chemotherapy. Responses deepened with
nivolumab plus chemotherapy with longer follow-up as evidenced by the
additional complete responses compared with the 12-month follow-up.
Thereis considerable variationin the previously reported prevalence
of PD-L1CPS expressioningastro-oesophageal adenocarcinoma, with
PD-L1CPS > 5detected in17-60% of patients™* . CheckMate 649 is the
mostrobust dataset to date toreport PD-L1CPS > 5 prevalence using an
analytically validated assay (28-8 pharmDx) in gastric, GEJ or oesopha-
gealadenocarcinoma. The phase 3 ORIENT-16 trialin Chinareporteda
similar PD-L1CPS = 5 prevalence of approximately 60% using the 22C3
PharmDx assay'*®.In CheckMate 649, the magnitude of survival benefit
continued to be enriched with nivolumab plus chemotherapy versus
chemotherapy in patients with higher PD-L1CPS, consistent with results
at12-month follow-up®. However, in patients with PD-L1CPS > 5and >10,
hazard ratios for overall survival were rather close to each other, with
overlapping confidence intervals, and ORR benefit was similar, suggest-
ing no meaningful further enrichment of clinical benefit at or above
PD-L1CPS10. Furthermore, the ORRs observed with nivolumab plus
chemotherapy were higher versus chemotherapy across all evaluated
PD-L1 CPS cut-offs, suggesting that clinical benefit with nivolumab
plus chemotherapy is not restricted to patients with PD-L1 CPS > 5.
Further analyses may help identify factors that are associated with
higher magnitude of clinical benefit in patients with lower PD-L1 CPS.
Overall survival continued to favour nivolumab plus chemotherapy
versus chemotherapy across multiple prespecified baseline character-
istics withlonger follow-up. Notably, the magnitude of survival benefit
was markedly greater in the MSI-H subgroup for both patients with
PD-L1CPS =5 and all randomized patients, suggesting that benefit is
independent of PD-L1CPS. Similar results were reported with first-line
pembrolizumab plus chemotherapy versus chemotherapy in patients
with gastric or GEJ cancer (PD-L1 CPS > 1) who had MSI-H tumours®.
In CheckMate 649, the overall survival benefit in patients with MSS
tumours was similar to that observed in all randomized patients.
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The secondary endpoint of overall survival with nivolumab plus
ipilimumab versus chemotherapy in CheckMate 649 did not meet the
prespecified boundary for significance in patients with PD-L1CPS > 5.
The observed response rates with nivolumab plus ipilimumab were
lower versus chemotherapy, and there was no enrichment withincreas-
ing PD-L1 CPS cut-offs. However, the median duration of response
almost doubled with nivolumab plusipilimumab versus chemotherapy,
which is consistent with results in other solid tumours with this com-
bination %,

Thelack of significant overall survivalimprovement with nivolumab
plusipilimumab is probably a result of multiple factors. There was an
increase in early death rate with nivolumab plus ipilimumab versus
chemotherapy; crossing of the Kaplan-Meier curves, whichisaknown
phenomenon withimmuno-oncology therapies™*?, was observed at
12months, and the overall survival curves remained separated thereaf-
terinfavour of nivolumab plusipilimumab. A higher number of patients
receiving subsequentimmuno-oncology therapy inthe chemotherapy
versus nivolumab-plus-ipilimumab group (12% versus 3%, respectively)
may have also contributed to these results.

Tumours in gastric, GEJ or oesophageal adenocarcinoma are
composed of distinct molecular subtypes®?®. Although dual check-
point inhibition has been proven to be effective in multiple solid
tumours® %, further researchis needed to evaluate how tumour biol-
ogy, molecular heterogeneity, dynamics in tumour microenvironment
and other patient factors may affect the efficacy of combined PD-L1
and CTLA-4 blockade. Notably, in the small but relevant subgroup of
patients with microsatellite instability, whichis characterized by high
tumour mutational burden and CD8-positive T-cellinfiltrates and is sus-
ceptible toimmune-checkpointinhibition®?7° longer overall survival
and higher ORR were observed with nivolumab plus ipilimumab versus
chemotherapy in CheckMate 649. These data suggest that combined
immune checkpoint blockade in this patient population might be of
interest to explorein future studies.

No new safety signals were identified with nivolumab plus chemo-
therapy in CheckMate 649 with similar frequencies of TRAEs relative
to the 12-month follow-up. The safety profile of nivolumab plus ipili-
mumab observed in this trial was consistent with the known safety
profile of this combination'%. Limitations of this study have been
previously discussed®.

In conclusion, the long-term clinically meaningful overall sur-
vival and PFS benefit, improved and durable responses, maintained
health-related quality of life, and acceptable safety profile indicate a
favourable benefit-risk profile of nivolumab plus chemotherapy. These
results further support the use of this regimen as a standard first-line
treatmentin previously untreated patients with advanced gastric, GEJ
or oesophageal adenocarcinoma.
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Methods

Patients

Adults with unresectable advanced or metastatic gastric, GEJ or oesoph-
ageal adenocarcinomawere enrolled, regardless of PD-L1 expression.
Patients with known HER2-positive status were excluded, and prior
systemic therapy for metastatic disease was not allowed. Other key
inclusion criteria were an Eastern Cooperative Oncology Group per-
formance status score of O or 1 and the ability to provide a fresh or
archival tumour sample to determine PD-L1 status. Additional details
on study criteria have been previously described’.

Trial design and treatments

CheckMate 649 (NCT02872116) is a randomized, open-label, multi-
centre, global phase 3 trial of nivolumab plus chemotherapy or ipili-
mumab versus chemotherapy alone, conducted at 175 hospitals and
cancer centres in 29 countries across Asia, Australia, Europe, North
America, and South America. Detailed study design and methods for
the nivolumab-plus-chemotherapy versus chemotherapy groups have
been previously described®. Inbrief, patients were initially randomized
1:1to nivolumab plus ipilimumab or to chemotherapy from October
2016 to March 2017. The nivolumab-plus-chemotherapy group was
added later, and the randomization was switched to 1:1:1in March 2017.
Enrolment to the nivolumab-plus-ipilimumab group was closed early
inJune 2018, and after this time, the randomization was switched to
al:1ratio of nivolumab plus chemotherapy versus chemotherapy to
May 2019. Patients already randomized to nivolumab plusipilimumab
could continue treatment per protocol, but the data remained blinded
until the pre-planned final analysis. During enrolment, the popula-
tion for primary endpoints was amended to patients whose tumours
expressed PD-L1CPS > 5for the nivolumab-plus-chemotherapy versus
chemotherapy groups, although patients continued to be enrolled
regardless of PD-L1expression. Additional randomization procedures
and stratification by tumour cell PD-L1status (1% versus <1%including
indeterminate), region (Asia versus United States and Canada versus
rest of world), Eastern Cooperative Oncology Group performance
status score (0 versus 1) and type of chemotherapy (CapeOX versus
FOLFOX) have been described®.

Patients were administered nivolumab (360 mg every 3 weeks
or 240 mg every 2 weeks) with investigator’s choice of chemother-
apy (CapeOX (oxaliplatin 130 mg m™ on day 1 and capecitabine
1,000 mg m™2 orally twice daily on days 1-14) every 3 weeks or FOL-
FOX (leucovorin400 mg m~onday 1, fluorouracil 400 mg m2on day
1and 1,200 mg m™2on days 1-2, and oxaliplatin 85 mg m~2on day 1)
every 2 weeks); nivolumab (1 mg kg™) with ipilimumab (3 mg kg™)
every 3 weeks for 4 cycles, followed by nivolumab (240 mg every 2
weeks); or chemotherapy alone. The dosing for nivolumab1mg kg™
plusipilimumab 3 mg kg™ was selected based on results of the Check-
Mate 032 study, where this regimen provided numerically higher
ORR and longer median overall survival compared with nivolumab
monotherapy or nivolumab 3 mg kg™ plusipilimumab1 mgkg™, along
with amanageable safety profile in heavily pre-treated patients with
advanced gastro-oesophageal adenocarcinoma®?. Treatment was per-
mitted until documented disease progression, unacceptable toxicity,
withdrawal of consent or trial end. Nivolumab or ipilimumab were
given for a maximum of two years. Patients receiving nivolumab in
combination with chemotherapy or ipilimumab were permitted to
continue treatment beyond initial disease progression (per Response
Evaluation Criteriain Solid Tumors (RECIST), version 1.1), based on the
investigator’s judgement, until subsequent progression. Dose reduc-
tions were not permitted for nivolumab and ipilimumab; dose reduc-
tions for chemotherapy were permitted per local standards. Dose
delays were allowed for both groups to manage treatment-related
toxicity. Nivolumab, ipilimumab, CapeOX and FOLFOX were pro-
vided by the sponsor except in certain countries where CapeOX and

FOLFOX were procured commercially if allowed by local regulations.
Additional details on discontinuation criteria have been previously
described®.

The trial was conducted according to Good Clinical Practice guide-
lines developed by the International Council for Harmonisation and
in compliance with the trial protocol (Supplementary Appendix).
The trial protocol was approved by the institutional review boards
or independent ethics committees at each site (NCT02872116). All
patients provided writteninformed consent prior to trial participation
per Declaration of Helsinki principles.

Endpoints and assessments

The dual primary endpoints were overall survival (time from rand-
omization to death) and PFS (time from randomization to the date
of the first documented tumour progression (by blinded independ-
ent central review (BICR) per RECIST, version 1.1) or death) in the
nivolumab-plus-chemotherapy versus chemotherapy groups® in
patients with PD-L1 CPS > 5. Secondary endpoints that were hierar-
chically tested if the primary endpoints were met were overall sur-
vival in patients with PD-L1 CPS =1 and in all randomized patients
in the nivolumab-plus-chemotherapy versus chemotherapy group
and overallsurvivaland TTSD in patients with PD-L1CPS > 5andin all
randomized patients in the nivolumab-plus-ipilimumab versus chemo-
therapy group. Other key secondary endpoints that were not formally
tested included BICR-assessed PFS and ORR evaluated at different
PD-L1 CPS cut-offs and in all randomized patients. Key exploratory
endpoints included BICR-assessed duration of response; landmark
survival rates; PFS2 (time from randomization to progression after
subsequent systemic therapy, initiation of second subsequent sys-
temictherapy, or death, whichever is earlier); biomarkers potentially
predictive of efficacy; health-related quality of life; and safety and
tolerability.

Tumours were assessed using computed tomography or magnetic
resonance imaging per RECIST, version 1.1, at baseline, every 6 weeks
from the start of cycle 1 for 48 weeks and every 12 weeks thereafter,
until disease progression per BICR assessment. Adverse events were
assessed throughout the treatment period and during follow-up accord-
ing to the National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.0.

PRO analyses

FACT-Ga analysis was done for patients with PD-L1 CPS > 5 and all
randomly assigned patients who had an assessment at baseline (day
1, assessment before administration of treatment on day of first
dose) and at least one subsequent assessment while on treatment.
The questionnaire completion rate, defined as the proportion of
questionnaires actually received out of the expected number, was cal-
culated and summarized at each assessment point using descriptive
statistics. Mean score and mean change from baseline for the FACT-Ga
scale were estimated using mixed model for repeated measures.
The change from baseline was modelled as a linear function of treat-
ment groups; trial assessment; baseline score; trial stratification
factors; interaction terms between treatment group and trial assess-
ment; interaction terms between baseline score and trial assessment;
and any potential confounders. A clinically meaningful difference
was defined asa15.1or greater change from baseline in FACT-Ga total
score®. The P-value for the difference in least squares means was
computed as the two-tailed probability using the t distribution. No
adjustments were made for multiple comparisons. Inaddition, treat-
ment burden was assessed by the individual GP5item of the FACT-Ga.
The GP5 item reads, “I am bothered by side effects of treatment.”
Frequencies and percentages of the GPS5 item question responses
(‘notatall’, ‘alittle bit’, ‘somewhat’, ‘quite abit’and ‘very much’) were
tabulated at each assessment point with ten or more study subjects
ineach group.



Statistical analyses
Patientsconcurrentlyrandomizedtothenivolumab-plus-chemotherapy
versus chemotherapy groups and the nivolumab-plus-ipilimumab
versus chemotherapy groups were included in the respective final
overallsurvival analyses. For the comparison of nivolumab plus chemo-
therapy and chemotherapy, patients randomized to chemotherapy
before the nivolumab-plus-chemotherapy arm was introduced were
not included in the analysis. For the comparison of nivolumab plus
ipilimumab and chemotherapy, patients randomized to chemotherapy
after the closure of nivolumab-plus-ipilimumab arm were notincluded
inthe analysis.

For nivolumab plus ipilimumab versus chemotherapy, the analysis
of overall survival was pre-planned at aminimum follow-up of approxi-
mately 36 months, which corresponded with the pre-planned final
analysis of overall survival for nivolumab plus chemotherapy versus
chemotherapy at a24-month minimum follow-up. Since the dual pri-
mary endpoints for nivolumab-plus-chemotherapy versus chemother-
apy groups were met®, the secondary endpoint of overall survivalin the
nivolumab-plus-ipilimumab versus chemotherapy groups was hierar-
chically tested in patients with PD-L1CPS > 5 followed by all randomized
patients. If overall survival in the nivolumab-plus-ipilimumab versus
chemotherapy groups met the criteria for statistical significance,
the secondary endpoint of TTSD in the nivolumab-plus-ipilimumab
versus chemotherapy groups was planned to be hierarchically tested
in patients with PD-L1 CPS > 5followed by allrandomized patients. In
the interim analysis, two-sided alpha levels of 0.02 and 0.03 (type |
error) were allocated to the dual primary endpoints of PFS and over-
all survival, respectively. The comparison of secondary endpoints
of overall survival and TTSD for nivolumab plus ipilimumab versus
chemotherapy inherited alpha independently from the two primary
endpoints (fraction of a transmitted = 0.035) and was tested once after
36 months in patients with PD-L1 CPS = 5 followed by all randomized
patients.

The statistical power estimation for the comparison of primary
endpoints for the nivolumab-plus-chemotherapy versus the chemo-
therapy groups has been described previously®. Sample size calcu-
lations of the primary endpoints were based on simulations in East
software, version 6.4.1. (Cytel). The prevalence of patients with PD-L1
CPS > 5 was assumed to be 35% of all randomized patients, based
on limited available data?*2, with 285 patients estimated in the
nivolumab-plus-ipilimumab versus chemotherapy analysis. Based
on new information from the CheckMate 649 trial, this PD-L1CPS > 5
prevalence was revised to 60% of all randomized patients, with 489
patients estimated in the nivolumab-plus-ipilimumab versus chemo-
therapy analysis. For overall survival, the hazard ratio was modelled
as afour-piece hazard ratio with an average of 0.7. With 36-month
minimum follow-up, it was expected that the 411 events would provide
93% power.

Median PFS, overall survival, and duration of response were esti-
mated using Kaplan-Meier methods, and the corresponding two-sided
95% confidence intervals were calculated using the log-log transfor-
mation method. The stratified Cox proportional hazards regression
model, with the randomization factors as the stratification factors and
treatment group as a single covariate, was used to assess differences
between treatment groupsin overall survivaland PFS. An O’Brienand
Fleming a-spending function was employed to determine the hazard
ratio for overall survival, using a stratified Cox proportional hazards
model. Stratification factors recorded in an interactive web response
system were used in the analysis.

The proportion of patients with an objective response and corre-
sponding two-sided 95% confidence intervals were calculated using
the Clopper-Pearson method.

Statistical analyses were performed using SAS software, version 9.4
(SAS Institute, Cary, NC).

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.
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Extended DataFig.1| CONSORT diagram for patient disposition. Included
death (n=36),adverse events (n =24), poor/noncompliance (n=15),
administrativereasons (n =5), pregnancy (n =1) and additional reasons (n = 43);
®Includes patients concurrently randomized to the nivolumab plus
chemotherapy, nivolumab plusipilimumab, and chemotherapy groups.
Relevant protocol deviations were noted in 21 (1%) patients concurrently
randomized to nivolumab plus chemotherapy versus chemotherapy: usage of
prohibited on-treatment anti-cancer therapy (n =12), baseline ECOG PS >1
(n=35),incorrect cancer diagnosis (n =2), prohibited prior anti-cancer therapy
(atstudyentry) (n=1) and no baseline (measurable or evaluable) disease (n =1);
Relevant protocol deviations were noted in 10 (1%) patients concurrently
randomized to nivolumab plusipilimumab versus chemotherapy: usage of
prohibited on-treatment anti-cancer therapy (n=5), incorrect cancer diagnosis
(n=2),nobaseline PD-L1result (n=2) and baseline ECOGPS >1(n=1);°363
patients overlapped between the two chemotherapy groups from the 1:1:1
randomization period; “The median follow-up for survival (time from
concurrentrandomization to last known date alive or death) was13.1months

(range 0.1-49.5) and 11.2 months (range 0.0-47.9) in the nivolumab plus
chemotherapy versus chemotherapy groups, respectively, and 11.4 months
(range 0.0-52.1) and 11.5 months (range 0.0-52.8) in the nivolumab plus
ipilimumab versus chemotherapy groups, respectively; ‘Included adverse
eventsunrelated to study treatment (n =47), maximum clinical benefit (n =11),
lost to follow-up (n =2), patient no longer met trial criteria (n =1), poor/
noncompliance (n=1) and other reasons (n=9); Included adverse events
unrelated to study treatment (n = 35), maximum clinical benefit (n =30), poor/
noncompliance (n =4), otherreasons (n = 8), lost to follow-up (n=2) and death
(n=1);%Included adverse events unrelated to study treatment (n = 21), death
(n=3),poor/noncompliance (n=1), other reasons (n = 6) and not reported
(n=35);"Included adverse events unrelated to study treatment (n =15),
maximum clinical benefit (n =13), lost to follow-up (n = 2), poor/noncompliance
(n=2)and other reasons (n=4).ECOGPS, Eastern Cooperative Oncology
Group performancestatus; OS, overall survival; PD-L1, programmed death

ligand 1; PFS, progression-free survival.
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Extended DataFig.2|Kaplan-Meier estimates of progression-freesurvival.
Progression-free survival with nivolumab plus chemotherapy versus
chemotherapyin patientswith PD-L1CPS > 5 (a) andin allrandomized patients (b).
Progression-free survival with nivolumab plusipilimumab versus chemotherapy
inpatients with PD-L1CPS > 5(c) and inallrandomized patients (d).’Per BICR.
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a, Patients with PD-L1CPS > 5. b, Allrandomized patients. Patients who had
measurable disease at baseline per BICR and at least one on-treatment tumour
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No (n = 520) 155 1.6 —- 0.74 (0.61, 0.89)
Signet ring cell carcinoma
Yes (n = 141) 12.1 10.1 —e—| 0.72 (0.50, 1.03)
No (n = 814) 15.0 1.3 - 0.68 (0.58, 0.79)
Lauren classification
Intestinal type (n = 347) 175 125 —— 0.68 (0.53, 0.86)
Diffuse type (n = 278) 13.1 10.7 —— 0.75 (0.58, 0.97)
Mixed (n = 67) 142 13.2 — 0.82 (0.47, 1.43)
Unknown (n = 263) 13.8 97 —— 0.61(0.47, 0.81)
Tumor cell PD-L1 expression®
<1% (n = 724) 142 1.6 - 0.75 (0.64, 0.88)
21% (n = 230) 16.2 8.8 —o— 0.52 (0.39, 0.71)
MSI statuse®
MSI-H (n = 34) 44.8 88 ——— 0.32(0.13,0.79)
MSS (n = 847) 143 1.1 o 0.71(0.61, 0.83)
Chemotherapy regimen
FOLFOX (n = 479) 143 1.3 —— 0.68 (0.56, 0.83)
CapeOX (n = 454) 15.0 1.0 —— 0.69 (0.56, 0.85)
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Extended DataFig. 5|Forest plot of overallsurvivalin prespecified score; EAC, oesophageal adenocarcinoma; ECOG PS, Eastern Cooperative
subgroups with nivolumab plus chemotherapy versus chemotherapyin Oncology Group performance status; FOLFOX, 5-fluorouracil plus leucovorin
patientswithPD-L1CPS > 5.°Notreported, n=28;°Unknown, n=1; Invalid/ plus oxaliplatin; GC, gastric cancer; GEJC, gastro-oesophageal junction cancer;
notreported, n=74.Dataare presented as unstratified hazard ratiosand HR, hazard ratio; MSI, microsatellite instability; MSI-H, microsatellite
95% Cl. CapeOX, capecitabine plus oxaliplatin; chemo, chemotherapy; instability-high; MSS, microsatellite stable; NIVO, nivolumab; OS, overall

Cl, confidenceinterval; CNS, central nervous system; CPS, combined positive survival; PD-L1, programmed death ligand 1.
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No (n=1,299) 14.3 11.8 » 0.75 (0.67, 0.85)
Lauren classification
Intestinal type (n = 539) 15.2 121 - 0.73 (0.61, 0.88)
Diffuse type (n = 527) 11.6 11.2 - 0.88 (0.73, 1.06)
Mixed (n = 106) 14.1 12.5 — 0.80 (0.51, 1.24)
Unknown (n = 409) 12.9 10.7 —-— 0.75 (0.61, 0.93)
Tumor cell PD-L1 expression®
<1% (n =1,324) 13.4 12.0 <> 0.84 (0.75, 0.95)
21% (n = 253) 16.1 9.8 —— 0.54 (0.41,0.72)
MSI status?
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FOLFOX (n = 828) 13.8 11.8 - 0.76 (0.65, 0.88)
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Extended DataFig. 6 | Forest plot of overall survival in prespecified
subgroups with nivolumab plus chemotherapy versus chemotherapyin
allrandomized patients.*Notreported, n=1;"Not reported, n=49;
‘Unknown, n =4;Invalid/notreported, n =159. Data are presented as
unstratified HRs and 95% CI. CapeOX, capecitabine plus oxaliplatin; chemo,
chemotherapy; CI, confidence interval; CNS, central nervous system; CPS,

combined positive score; EAC, oesophageal adenocarcinoma; ECOGPS,
Eastern Cooperative Oncology Group performance status; FOLFOX,
S-fluorouracil plus leucovorin plus oxaliplatin; GC, gastric cancer; GEJC,
gastro-oesophageal junction cancer; HR, hazard ratio; MSI, microsatellite
instability; MSI-H, microsatellite instability-high; MSS, microsatellite stable;
NIVO, nivolumab; OS, overall survival; PD-L1, programmed death ligand 1.
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Extended DataFig.7|Kaplan-Meier estimates of overall survivaland
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a
Median OS, months
Population® Ni‘i’;’i'lf::;:gus Chemotherapy Unstratified HR for death (95% Cl)
Overall (N = 813) 1.7 1.8 —— 0.90 (0.77, 1.04)
PD-L1 CPS <1 (n = 157) 12.9 12.7 _— 1.05 (0.75, 1.46)
PD-L1 CPS 21 (n = 641) 1.7 1.5 —— 0.86 (0.72, 1.01)
PD-L1 CPS <5 (n = 325) 13.8 12.1 — 0.98 (0.78, 1.23)
PD-L1 CPS 25 (n = 473) 11.2 1.6 ——t 0.85(0.70, 1.03)
PD-L1 CPS <10 (n = 419) 1.9 12.1 —_—— 0.94 (0.76, 1.15)
PD-L1 CPS 210 (n = 379) 1.6 1.3 ——1 0.86 (0.69, 1.07)
r 1
05 1 2
NIVO + IPI better Chemo better
b
ORR, %
Population®* Ni‘i’;’i“’:“j;:;“ Chemotherapy  Unweighted ORR difference,® % (95% Cl)
Overall (N = 632) 23 47 —— —24 (-31,-17)
PD-L1 CPS <1 (n = 109) 15 44 ——— -29(-45,-12)
PD-L1 CPS 21 (n = 513) 25 47 e —22 (=30, —14)
PD-L1 CPS <5 (n = 243) 17 45 —— —28 (-39, —16)
PD-L1 CPS 25 (n = 379) 27 47 —— —20 (=30, —11)
PD-L1 CPS <10 (n = 319) 20 49 —— —29 (-39, -19)
PD-L1 CPS 210 (n = 303) 26 43 —— —18 (28, -7)
20 10 0 —10-20 —30-40-50
«— —
NIVO + IPl better ~ Chemo better
Extended DataFig. 8 |Forest plot of efficacy outcomes by PD-L1CPS with indeterminate/not evaluable/not reported, n =10; “Percentages may not
nivolumab plusipilimumab versus chemotherapy. a, Overall survival. Data reflectan exact difference due to rounding. Dataare presented as unweighted
arepresented as unstratified HRs and 95% CI.b, Objective responserate.’PD-L1 ~ ORRdifferences and 95% CI. Chemo, chemotherapy; Cl, confidence interval;
CPSexpressionindeterminate/notevaluable/notreported, n=15; CPS, combined positive score; HR, hazard ratio; IPI, ipilimumab; NIVO,
®Randomized patients who had target lesion measurements at baseline, per nivolumab; ORR, objective response rate; OS, overall survival; PD-L1,

blinded independent central review assessment; “PD-L1 CPS expression programmed deathligand 1.
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Extended DataFig. 9 |Patient-reported outcomes. Least squares mean

(95% CI) change from baseline in FACT-Ga total score with nivolumab plus
chemotherapy versus chemotherapy in patients with PD-L1CPS = 5 (nivolumab
plus chemotherapy, n = 412; chemotherapy, n=386) (a) and in allrandomized
patients (nivolumab plus chemotherapy, n = 679; chemotherapy, n = 639) (b).
Datainpanelsaandbare presented as least squares mean change from baseline
and 95% Cl. Top and bottom dashed lines indicate minimally important
differenceinscore. The primary meaningful change thresholdis15.1. The P-
value for the differenceinleast squares means was computed as the two-tailed
probability using the t distribution. No adjustments were made for multiple
comparisons.*P<0.05; in patients with PD-L1CPS > 5, P-value was 0.022 at week

19,0.024 at week 31,0.002 at week 49, 0.028 at week 55,0.015 at week 73,0.041
atweek 97,0.039 at week 115,and 0.025 at week 121. In all randomized patients,
P-valuewas 0.026 at week 7,0.020 at week 19,0.012 at week 25,0.006 at week 31,
0.025atweek43,<0.001at week 49,0.002 at week 55,0.037 at week 67,0.030 at
week 73,0.033 at week 85,0.028 at week 91,0.012 at week 97, 0.024 at week 109,
0.004 atweek115,0.013 at week 121,and 0.039 at week 133; not formally tested.
FACT-GaGP5 (“lambothered by side effects of treatment”) item valuesin
patients with PD-L1CPS > 5(c) and in all randomized patients (d). Chemo,
chemotherapy; CPS, combined positive score; FACT-Ga, Functional Assessment
of Cancer Therapy-Gastric; NIVO, nivolumab; PD-L1, programmed death ligand 1.



Extended Data Table 1| Response per BICR

PD-L1 CPS 25 All randomized
Variable Nivolumab plus Chemotherapy Nivolumab plus Chemotherapy
chemotherapy chemotherapy
(n=378)2 (n = 390)2 (n=603)° (n=607)°
Objective response rate, n (%) 226 (60) 176 (45) 350 (58) 279 (46)

95% CI 55, 65 40, 50 54, 62 42, 50
Best overall response, n (%)°

Complete response 49 (13) 26 (7) 65 (11) 38 (6)

Partial response 177 (47) 150 (38) 285 (47) 241 (40)

Stable disease 105 (28) 132 (34) 172 (29) 200 (33)

Progressive disease 26 (7) 42 (11) 41 (7) 62 (10)

Not evaluable 21 (6) 40 (10) 40 (7) 66 (11)
Median time to response (range), months® 1.5 (0.8-10.2) 1.4 (1.0-13.7) 1.5 (0.8-10.9) 1.5 (0.6-13.7)
Median duration of response (95% Cl), 9.7 (8.2, 12.4) 7.0(5.6,7.9) 8.5(7.7,10.2) 6.9 (5.8,7.2)
?;?et:fs with ongoing response, n (%)° 29 (13) 10 (6) 39 (11) 11 (4)
Patients with duration of response®

212 months, % (95% Cl) 44 (37, 51) 30 (23, 38) 41 (36, 47) 28 (23, 34)
Variable Nivolumab plus Chemotherapy Nivolumab plus Chemotherapy

ipilimumab ipilimumab
(n=196)2 (n=183)2 (n=333)° (n = 299)2
Objective response rate, n (%) 52 (27) 86 (47) 76 (23) 141 (47)

95% ClI 20, 33 40, 54 18, 28 41, 53

Best overall response, n (%)°

Complete response 10 (5) 15 (8) 19 (6) 23 (8)

Partial response 42 (21) 71 (39) 57 (17) 118 (39)

Stable disease 52 (27) 64 (35) 90 (27) 103 (34)

Progressive disease 63 (32) 18 (10) 112 (34) 26 (9)

Not evaluable 29 (15) 15 (8) 55 (16) 29 (10)
Median time to response (range), months® 1.5 (1.0-13.9) 1.45 (1.0-5.6) 1.5 (1.0-13.9) 1.5 (0.6-7.1)
Median duration of response (95% Cl), 13.2 (8.3, 18.3) 6.9 (5.2, 7.6) 13.8 (9.4, 17.7) 6.8 (5.6,7.2)
g:t?é:fs with ongoing response, n (%)° 3(6) 4 (5) 6 (8) 4 (3)
Patients with duration of response®

212 months, % (95% Cl) 53 (38, 67) 27 (17, 37) 55 (42, 66) 27 (20, 36)

*Randomized patients who had target lesion measurements at baseline, per BICR assessment; "Percentages may not add up to 100% because of rounding; °Evaluated in patients who had an
objective response. BICR, blinded independent central review; Cl, confidence interval; CPS, combined positive score; PD-L1, programmed death ligand 1.
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Data collection  Sample size calculations of the primary endpoints were based on simulations in East software, version 6.4.1. Eligible patients were
randomized using interactive web response technology (block sizes of six) and assigned a unique patient number. All observations and other
data pertinent to the investigation on each individual treated or entered as a control in the investigation were recorded on (electronic) case
report forms. De-identified patient data was analyzed by the sponsor. Clinical data was entered into the Oracle Clinical database (TAO, Trial
Access Online) through completion of the eCRF by clinical trial sites and through external data loading in the case of vendor data (eg, PD L1
CPS data). Separately, BICR data from BioClinica was loaded directly into the statistical computing environment (UNIX, Linux) for analysis
purposes.

Data analysis Overall tumor burden and measurable disease were assessed using Radiological Evaluation Criteria in Solid Tumors version 1.1 (RECIST
CRITERIA 1.1). Statistical analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, NC).
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Sample size Sample size calculations of the primary endpoints were based on simulations in East software, version 6.4.1. The statistical power estimation
for the comparison of primary endpoints for the nivolumab plus chemotherapy versus the chemotherapy groups has been described
previously in Janjigian, Y. Y. et al. Lancet 398, 27-40 (2021). The prevalence of patients with PD-L1 CPS =5 was assumed to be 35% of all
randomized patients, based on limited available data, with 285 patients estimated in the nivolumab plus ipilimumab versus chemotherapy
analysis. Based on new information from the CheckMate 649 trial, this PD-L1 CPS 25 prevalence was revised to 60% of all randomized
patients, with 489 patients estimated in the nivolumab plus ipilimumab versus chemotherapy analysis. For OS, the HR was modeled as a four-
piece HR with an average of 0.7. With a minimum follow-up of 36 months, it was expected that the 411 events would provide 93% power.

Data exclusions  No data were excluded from the analyses.
Replication Not applicable as this paper presents results of a clinical trial.

Randomization | Randomization was done using interactive web response technology (block sizes of six) and stratified according to tumor cell PD-L1 status
(21% vs <1% or indeterminate), region (Asia vs USA and Canada vs rest of world), Eastern Cooperative Oncology Group performance status (0
vs 1), and type of chemotherapy (CapeOX vs FOLFOX).

Blinding Not applicable - open label study
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
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Human research participants

Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on th

Clinical data

Males and females > 18 years of age with unresectable advanced or metastatic gastric, GEJ or esophageal adenocarcinoma
were enrolled, regardless of PD-L1 expression. Patients with known HER2-positive status were excluded, and prior systemic
therapy for metastatic disease was not allowed. Randomization was stratified according to tumor cell PD-L1 status (21% vs
<1% or indeterminate), region (Asia vs USA and Canada vs rest of world), Eastern Cooperative Oncology Group performance
status (O vs 1), and type of chemotherapy (CapeOX vs FOLFOX). Please see the manuscript methods section and protocol for
additional details.

CheckMate 649 (NCT02872116) was conducted at 175 hospitals and cancer centers in 29 countries across Asia, Australia,
Europe, North America, and South America. Overall, 3,185 patients were enrolled, and 2,031 were randomized; of these,
1,581 patients were concurrently randomized to nivolumab plus chemotherapy (789 patients) or chemotherapy (792
patients) (from April 2017 to May 2019), and 813 were concurrently randomized to nivolumab plus ipilimumab (409 patients)
or chemotherapy (404 patients) (from October 2016 to June 2018). Once informed consent obtained from a prospective
patient, they were enrolled using the Interactive Response Technology (IRT) system. After all eligibility criteria were met, the
decision of chemotherapy regimen made, and PD-L1 test results from central lab was available in the IRT (both the site and
the BMS study team remain blinded to the result), the site could conduct the IRT for randomization. The randomization was a
block randomization stratified by region thus, it is unlikely that patient or investigator could bias treatment assignment. The
investigator and patient were also blinded to PD-L1 CPS results.

The trial was conducted according to Good Clinical Practice guidelines developed by the International Council for
Harmonisation and in compliance with the trial protocol. The trial protocol was approved by the institutional review boards
or independent ethics committees at each site (NCT02872116). All patients provided written informed consent prior to trial
participation per Declaration of Helsinki principles.

e approval of the study protocol must also be provided in the manuscript.

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration

Study protocol

Data collection

Outcomes

NCT02872116

The study protocol and statistical analysis plan has been submitted as a supplemental file along with the manuscript. Proprietary
information has been redacted in these documents as allowed by journal guidelines

CheckMate 649 was conducted at 175 hospitals and cancer centers in 29 countries across Asia, Australia, Europe, North America, and
South America. Patients were enrolled and randomized across the 3 treatment groups; randomization to nivolumab plus
chemotherapy or chemotherapy occurred from April 2017 to May 2019 and to nivolumab plus ipilimumab or chemotherapy from
October 2016 to June 2018. Data cutoff was May 27, 2021.

The dual primary endpoints were OS (time from randomization to death) and PFS (time from randomization to the date of the first
documented tumor progression (by blinded independent central review (BICR) per RECIST, version 1.1) or death) in the nivolumab
plus chemotherapy versus chemotherapy groups in patients with PD-L1 CPS >5. Secondary endpoints that were hierarchically tested
if the primary endpoints were met were OS in patients with PD-L1 CPS >1 and in all randomized patients in the nivolumab plus
chemotherapy versus chemotherapy group and OS and TTSD in patients with PD-L1 CPS >5 and in all randomized patients in the
nivolumab plus ipilimumab versus chemotherapy group. Please see the manuscript methods section and protocol for additional
details.
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