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Methods: This open-label, phase III trial (NCT03143153) enrolled adults with
previously untreated, unresectable, advanced, recurrent, or metastatic ESCC.

both nivolumab-containing regimens in many countries. We report longer-term

Patients were randomized 1:1:1 to nivolumab plus chemotherapy, nivolumab
plus ipilimumab, or chemotherapy. Primary endpoints were OS and progression-
free survival (PFS) by blinded independent central review. Hierarchical testing
was performed first in patients with tumor cell programmed death ligand 1 (PD-
L1) expression of >1% and then in the overall population.

Results: A total of 970 patients were randomly assigned. After 29 months of
minimum follow-up, nivolumab plus chemotherapy continued to demonstrate
improvement in OS versus chemotherapy (hazard ratio [HR]=0.59 [95% CI:
0.46-0.76]) in patients with tumor cell PD-L1 expression of >1% and in the overall
population (HR=0.78 [95% CI: 0.65-0.93]) and with nivolumab plus ipilimumab
versus chemotherapy (HR=0.62 [95% CI: 0.48-0.80]) in patients with tumor
cell PD-L1 expression of >1% and in the overall population (HR=0.77 [95% CI:
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1 | INTRODUCTION

Esophageal cancer (EC) is attributed to over half a mil-
lion deaths annually and is the sixth-leading cause of
cancer-related mortality globally.! Esophageal squa-
mous cell carcinoma (ESCC) accounts for approximately
85% of all EC cases,? with one-third of ESCC diagnoses
presenting with distant metastases.’ Standard chemo-
therapy for advanced ESCC offers poor survival, with
global studies showing that first-line fluoropyrimidine
plus platinum-based chemotherapy results in median
overall survival (OS) of less than 1yea1‘,4_8 and, until re-
cently, was the only recommended first-line treatment
option for advanced ESCC.

Studies have demonstrated enrichment of tumor cell
programmed death (PD) ligand 1 (PD-L1) expression in
ESCC,” and approximately half of patients with advanced
disease express tumor cell PD-L1 >1%."° Tumor cell PD-
L1 expression may increase tumor susceptibility to PD-1
blockade and impact the magnitude of clinical benefit fol-
lowing checkpoint inhibition, as observed across solid tu-
mors with squamous histology.'®*? PD-1 inhibitor-based
therapies, including nivolumab, have helped to address
the high unmet need for first-line treatment of advanced
ESCC,1013-16

CheckMate 648 is a global, randomized, open-label,
phase III trial of nivolumab plus chemotherapy or
nivolumab plus the cytotoxic T-lymphocyte associ-
ated antigen-4-inhibitor ipilimumab in adult patients
with previously untreated advanced ESCC (N =970)."7
Following 13 months of minimum follow-up, CheckMate
648 met the primary endpoints of superior OS with
nivolumab plus chemotherapy versus chemotherapy and

0.65-0.92]). In patients with tumor cell PD-L1 expression of >1%, nivolumab plus
chemotherapy demonstrated PFS benefit versus chemotherapy (HR=0.67 [95%
CI: 0.51-0.89]); PFS benefit was not observed with nivolumab plus ipilimumab
versus chemotherapy (HR=1.04 [95% CI: 0.79-1.36]). Among all treated patients
(n=936), Grade 3—4 treatment-related adverse events were reported in 151 (49%,
nivolumab plus chemotherapy), 105 (32%, nivolumab plus ipilimumab), and 110
(36%, chemotherapy) patients.

Conclusions: Nivolumab plus chemotherapy and nivolumab plus ipilimumab
continued to demonstrate clinically meaningful OS benefit versus chemotherapy
with no new safety signals identified with longer follow-up, further supporting
use as first-line standard treatment options for patients with advanced ESCC.

cancer management, check point control, chemotherapy, clinical cancer research, clinical trials,
esophageal squamous cell carcinoma

nivolumab plus ipilimumab versus chemotherapy in pa-
tients whose tumors expressed PD-L1 >1% and the hier-
archically tested secondary endpoints of superior OS in
the overall population with nivolumab plus chemother-
apy and with nivolumab plus ipilimumab versus che-
motherapy.'” CheckMate 648 met the primary endpoint
of superior progression-free survival (PFS) per blinded
independent central review (BICR) with nivolumab plus
chemotherapy versus chemotherapy in patients whose
tumors expressed PD-L1 >1% but not with nivolumab
plus ipilimumab.'” The proportion of patients with an
objective response was higher with nivolumab plus
chemotherapy versus chemotherapy for patients whose
tumors expressed PD-L1 >1% and in the overall popula-
tion. Additionally, there were more complete and dura-
ble responses with both nivolumab plus chemotherapy
and nivolumab plus ipilimumab versus chemotherapy
for patients whose tumors expressed PD-L1 >1% and the
overall population.’

Nivolumab combination therapies demonstrated
acceptable safety, and the safety profiles were con-
sistent with known profiles of the individual drug
components at similar doses.!” On the basis of results
from CheckMate 648, nivolumab plus chemotherapy
and nivolumab plus ipilimumab are now approved as
new first-line standard treatments for patients with
advanced ESCC in many countries and regions in-
cluding in the United States, and Japan, and in some
cases specifically for use in patients with tumor cell
PD-L1 >1%, such as in the European Union.'”"?°
Here, we report longer-term efficacy and safety data
from CheckMate 648 after 29 months of minimum
follow-up.
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2 | METHODS
2.1 | Study design and participants

Detailed study design and methods for CheckMate 648
have been previously described.'” Briefly, patients were
at least 18 years of age, had unresectable advanced, recur-
rent, or metastatic ESCC, regardless of PD-L1 expression,
disease not amenable to curative approaches, no prior
systemic therapies for advanced disease, and Eastern
Cooperative Oncology Group (ECOG) performance status
of 0 or 1. Patients had histologically confirmed ESCC or
esophageal adenosquamous cell carcinoma and measur-
able disease per Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1.

2.2 | Randomization and masking

Patients were randomly assigned 1:1:1 to nivolumab
(240 mg every 2weeks) plus chemotherapy (4-week cycle
of fluorouracil 800mg/m* [Day 1 through Day 5] and
cisplatin 80mg/m? [Day 1]); nivolumab (3mg/kg every
2weeks) and ipilimumab (1mg/kg every 6weeks); or
chemotherapy alone, all administered intravenously. All
treatments continued per protocol-specified dosing sched-
ules until confirmed disease progression, unacceptable
toxicity, withdrawal of consent, or the end of the trial.
Treatment with nivolumab or nivolumab plus ipilimumab
was limited to a maximum of 2years. Randomization was
stratified according to tumor cell PD-L1 expression status
(>1% vs. <1% or indeterminate), region (East Asia [Japan,
Korea, Taiwan] vs. rest of Asia vs. rest of world), ECOG
performance status (0 vs. 1), and number of organs with
metastases (<1 vs. >2).

In the nivolumab plus chemotherapy and chemo-
therapy groups, if nivolumab or any component of che-
motherapy was discontinued, the patient could continue
treatment with the remaining agents. If a patient met
discontinuation criteria for nivolumab but not for ipilim-
umab, both agents were discontinued. If discontinuation
criteria were met for ipilimumab but not for nivolumab,
treatment with nivolumab was permitted if ipilimumab
was discontinued. If a patient met criteria for discon-
tinuation and the investigator was unable to determine
causality to either treatment, then all treatments were
discontinued.

2.3 | Endpoints and assessments

The primary endpoints were OS and PFS by BICR per
RECIST version 1.1 in patients with tumor cell PD-L1
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expression >1%. Secondary endpoints were OS and PFS
by BICR in the overall population and proportion of pa-
tients with an objective response by BICR (RECIST V.1.1)
in patients with PD-L1 expression >1% and in the over-
all population. Key exploratory endpoints were duration
of response by BICR (RECIST V.1.1), OS in subgroups,
and safety, assessed in all treated patients who received
at least one dose of the assigned treatment and graded
per National Cancer Institute Common Terminology
Criteria for Adverse Events V.4.0. The exploratory OS
landmark analyses by responders (complete partial re-
sponse) and nonresponders (stable disease or progres-
sive disease) per BICR at 18 weeks were performed for
each treatment arm.

PD-L1 immunohistochemistry was done at two central
laboratories using the Dako PD-L1 ITHC 28-8 pharmDx
assay (Dako, Santa Clara, CA, USA) according to the man-
ufacturer’s instructions with the Dako Autostainer Link-
48 system. Tumor cell PD-L1 expression was defined as
the percentage of viable tumor cells with partial or com-
plete membrane staining in at least 100 viable tumor cells.

Tumors were assessed using computed tomography
or magnetic resonance imaging per RECIST V.1.1 by
BICR at baseline, every 6 weeks from the start of cycle 1
for 48 weeks, and every 12weeks thereafter until disease
progression.

2.4 | Statistical analysis

The statistical analysis for this study has been previously
described.'” Statistical analyses were done using SAS
V.9.4, with some analyses done using the statistical soft-
ware package R. Analyses of OS and PFS were done using
the stratified two-sided log-rank test to compare time-to-
event distributions for each treatment group.”** OS and
PFS hazard ratios (HRs) with corresponding two-sided
CIs were estimated using a stratified Cox proportional
hazards regression model (unstratified for the subgroup
analyses).”

The Kaplan-Meier method** was used to estimate
the median OS and PFS, and the corresponding CIs
were calculated using a log-log transformation method.
The proportion of patients with an objective response
was calculated with the two-sided 95% CIs using the
Clopper-Pearson method,* and an estimate of the dif-
ference in proportion of patients with an objective
response was calculated using the Cochran-Mantel-
Haenszel method, adjusted for stratification factors in
the overall population.*

This study is registered with ClinicalTrials.gov,
NCT03143153 and reported in compliance with the
CONSORT guidelines.”’


https://www.clinicaltrials.gov/study/NCT03143153
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3 | RESULTS

A total of 970 patients from 182 study sites spanning 26
countries were randomly assigned from June 2017 to
November 2019 to receive nivolumab plus chemotherapy
(n=321), nivolumab plus ipilimumab (n=325), or chemo-
therapy alone (n=324) (Table 1).” Patient baseline demo-
graphic and clinical characteristics were balanced across
treatment groups in the overall population (Table 1) and
were similar in patients with tumor cell PD-L1 expression
>1%."” The majority of patients (680 [70%] of 970) were
from Asian countries, and 472 (49%) of 970 had tumor
cell PD-L1 expression >1%. Among the 936 patients, 932
(>99%) discontinued study treatment; the primary reason
for treatment discontinuation was disease progression
(nivolumab plus chemotherapy [61%], nivolumab plus
ipilimumab [57%], and chemotherapy [66%]) (Table S1).

At clinical cutoff (May 17, 2022), the minimum fol-
low-up was 28.8months (time from last patient ran-
domized to clinical data cutoff). The median follow-up
(defined as time from randomization to clinical data cut-
off) was 39.4 months (range 28.8-56.6; interquartile range
[IQR] 34.3-46.0) in the nivolumab plus chemotherapy
group, 39.8 months (range 29.0-55.7; IQR 34.1-45.8) in
the nivolumab plus ipilimumab group, and 39.6 months
(range 29.0-55.9; IQR 34.3-45.8) in the chemotherapy
group.

Patients with tumor cell PD-L1 expression >1% treated
with nivolumab plus chemotherapy continued to demon-
strate improvement in median OS (15.0months [95%
CI 11.9-18.6]) versus those treated with chemotherapy
(9.1 months [95% CI 7.7-10.0]) with a 41% reduction in the
risk of death (HR, 0.59 [95% CI 0.46-0.76]) (Figure 1A).
The OS estimates at 24 months were 31% (95% CI 24-39)
with nivolumab plus chemotherapy versus 12% (95% CI
7-18) with chemotherapy. Patients in the overall popula-
tion treated with nivolumab plus chemotherapy continued
to demonstrate improvement in median OS (12.8 months
[95% CI 11.1-15.7]) versus patients who received chemo-
therapy (10.7months [95% CI 9.4-12.1]) with a 22% re-
duction in the risk of death (HR 0.78 [95% CI 0.65-0.93])
(Figure 1B). The OS estimates at 24 months were 29% (95%
CI 24-34) with nivolumab plus chemotherapy versus 19%
(95% CI 15-24) with chemotherapy.

Median PFS per BICR in patients with tumor cell PD-
L1 expression >1% treated with nivolumab plus chemo-
therapy was 6.8 months (95% CI 5.7-8.3) versus 4.4 months
(95% CI 2.9-5.8) with chemotherapy (HR 0.67 [95% CI
0.51-0.89]) (Figure 1C). The PFS estimates at 24 months
were 12% (95% CI 7-19) with nivolumab plus chemo-
therapy versus 3% (95% CI <1 to 11) with chemotherapy.
Median PFS per BICR in the overall population treated
with nivolumab plus chemotherapy was 5.8 months (95%

CI 5.5-7.0) versus 5.6 months (95% CI 4.3-5.9) in patients
treated with chemotherapy (HR 0.83 [95% CI 0.68-1.00])
(Figure 1D). The PFS estimates at 24 months were 11%
(95% CI 8-16) with nivolumab plus chemotherapy versus
4% (95% CI 2-9) with chemotherapy.

The proportion of patients with an objective response
by BICR was higher with nivolumab plus chemotherapy
(83 [53%] of 158 patients) versus chemotherapy (31 [20%]
of 157 patients) in patients with tumor cell PD-L1 >1%
and in the overall population (152 [47%] of 321 and 86
[27%] of 324 patients) (Table 2). Median duration of re-
sponse by BICR with nivolumab plus chemotherapy was
8.4months (95% CI 6.9-12.4) versus 5.7 months (95% CI
4.4-8.7) with chemotherapy in patients with tumor cell
PD-L1 expression >1% (Figure 1E). Median duration of re-
sponse by BICR in the overall population was 8.2 months
(95% CI 6.9-9.7) with nivolumab plus chemotherapy
versus 7.1 months (95% CI 5.7-8.2) with chemotherapy
(Figure 1F).

Patients with tumor cell PD-L1 expression >1% treated
with nivolumab plus ipilimumab continued to demon-
strate improvement in median OS (13.1 months [95% CI
11.2-17.4]) versus chemotherapy (9.1 months [95% CI
7.7-10.0]) with a 38% reduction in the risk of death (HR
0.62 [95% CI 0.48-0.80]) (Figure 2A). The OS estimates at
24 months were 34% (95% CI 26-41) with nivolumab plus
ipilimumab versus 12% (95% CI 7-18) with chemotherapy.
Patients in the overall population treated with nivolumab
plus ipilimumab continued to demonstrate improvement
in median OS (12.7months [95% CI 11.3-15.5]) versus
chemotherapy (10.7 months [95% CI9.4-12.1]) with a 23%
reduction in the risk of death (HR 0.77 [95% CI 0.65-0.92])
(Figure 2B). The OS estimates at 24 months were 32% (95%
CI 27-37) with nivolumab plus ipilimumab versus 19%
(95% CI 15-24) with chemotherapy.

Median PFS per BICR in patients with tumor cell PD-
L1 expression >1% treated with nivolumab plus ipilim-
umab was 4.0 months (95% CI 2.3-4.4) versus 4.4 months
(95% CI 2.9-5.8) with chemotherapy (HR 1.04 [95% CI
0.79-1.36]) (Figure 2C). PFS estimates at 24 months
were 15% (95% CI 10-22) with nivolumab plus ipilim-
umab versus 3% (95% CI <1 to 11) with chemotherapy.
Median PFS per BICR in the overall population treated
with nivolumab plus ipilimumab was 2.9 months (95%
CI 2.7-4.2) versus 5.6 months (95% CI 4.3-5.9) with che-
motherapy (HR 1.26 [95% CI 1.04-1.51]) (Figure 2D).
PFS estimates at 24 months were 12% (95% CI 8-16) with
nivolumab plus ipilimumab versus 4% (95% CI 2-9) with
chemotherapy.

The proportion of patients with an objective response
was higher with nivolumab plus ipilimumab (55 [35%] of
158 patients) versus chemotherapy (31 [20%] of 157 pa-
tients) in patients with tumor cell PD-L1 expression >1%
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TABLE 1 Demographics and baseline clinical characteristics of patients in the overall population®.

Nivolumab plus chemotherapy  Nivolumab plus ipilimumab Chemotherapy

Characteristic (n=321) (n=325) (n=324)
Age, years 64 (57-69) 62 (57-69) 64 (58-70)

<65 166 (52) 185 (57) 166 (51)

>65 155 (48) 140 (43) 158 (49)
Male sex 253 (79) 269 (83) 275 (85)
Race

Asian 227 (71) 231 (71) 227 (70)

White 85 (26) 79 (24) 84 (26)

Black 1(<1) 4(1) 6(2)

Other® 8(2) 11(3) 7(2)
Geographic region

Asia 225 (70) 229 (70) 226 (70)

Regions outside of Asia 96 (30) 96 (30) 98 (30)
ECOG performance status®

0 149 (46) 149 (46) 151 (47)

1 172 (54) 176 (54) 171 (53)
SCC histology at initial diagnosisd 311 (97) 322 (>99) 318 (98)
Tumor cell PD-L1 expression®

<1% 163 (51) 164 (50) 166 (51)

>1% 158 (49) 158 (49) 156 (48)
Disease status at trial entry

De novo metastatic 185 (58) 196 (60) 188 (58)

Recurrent-locoregional 21(7) 23(7) 25(8)

Recurrent-distant 72 (22) 74 (23) 60 (19)

Unresectable advanced 43 (13) 32(10) 51 (16)
No. of organs with metastases

<1 158 (49) 160 (49) 158 (49)

>2 163 (51) 165 (51) 166 (51)
Presence of liver metastases’

Yes 86 (27) 91 (28) 91 (28)

No 235 (73) 234(72) 233(72)
Presence of lung metastases’

Yes 116 (36) 109 (34) 98 (30)

No 205 (64) 216 (66) 226 (70)
Baseline neutrophil/lymphocyte ratio®

>4 141 (44) 135 (42) 129 (40)

<4 180 (56) 189 (58) 194 (60)
Smoking status

Current or former smoker 254 (79) 268 (82) 256 (79)

Never 67 (21) 57 (18) 68 (21)

Note: Data are median (IQR) or No. (%).

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; PD-L1, programmed death ligand 1; SCC, squamous cell carcinoma.
*Percentages may not total 100 because of rounding.

®Includes American Indian, Alaska native, or “other race.” Race was reported by the patients.

‘ECOG performance status ranges from 0 to 5, with higher scores indicating greater disability. ECOG performance status was not reported in two patients in
the chemotherapy group.

Nine patients in the nivolumab plus chemotherapy group, three patients in the nivolumab plus ipilimumab group, and six patients in the chemotherapy group
had adenosquamous cell carcinoma of the esophagus. One patient in the nivolumab plus chemotherapy group had sarcomatoid carcinoma of the esophagus; after
erroneously undergoing randomization, the patient was discontinued from the study due to not meeting the eligibility criteria and did not receive study treatment.

“Three patients in the nivolumab plus ipilimumab group and two patients in the chemotherapy group had indeterminate tumor cell PD-L1 expression at baseline.
fPer investigator assessment.

#0ne patient in each of the nivolumab plus ipilimumab and chemotherapy treatment groups had baseline neutrophil/lymphocyte ratio not reported.
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FIGURE 1

Overall survival, progression-free survival, and duration of response with nivolumab plus chemotherapy versus chemotherapy.

Kaplan-Meier estimates of overall survival in (A) patients with tumor cell PD-L1 expression >1% and (B) overall population, progression-free
survival by BICR in (C) patients with tumor cell PD-L1 expression >1% and (D) overall population, and duration of response by BICR in (E)
patients with tumor cell PD-L1 expression >1% and (F) overall population. BICR, blinded independent central review; HR, hazard ratio; PD-L1,
programmed death ligand 1. *Number of responders. [Correction added on October 4, 2024 after first online publication. The figure 1B has been

updated in this version.]

(Table 2). The proportion of patients with an objective re-
sponse by BICR was similar with nivolumab plus ipilim-
umab (89 [27%] of 325 patients) versus chemotherapy (86
[27%] of 324 patients) in the overall population (Table 2).
Median duration of response by BICR with nivolumab
plus ipilimumab was 11.8 months (95% CI 6.8-18.0) ver-
sus 5.7months (95% CI 4.4-8.7) with chemotherapy in pa-
tients with tumor cell PD-L1 expression >1% (Figure 2E

and Table 2) and was 11.1 months (95% CI 7.1-14.3) and
7.1months (95% CI 5.7-8.2) in the overall population
(Figure 2F and Table 2).

OS favored nivolumab plus chemotherapy or nivolumab
plus ipilimumab versus chemotherapy across most pre-
specified subgroups in patients with tumor cell PD-L1
expression >1% (Figure S1) and in the overall population
(Figure S2) including age, sex, race, ECOG performance



KATO ET AL.

.. 7 0f 17
Cancer Medicine '_ —WILEYJ—

(C) Tumor cell PD-L1 >1% (per BICR)
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FIGURE 1 (Continued)

status, and disease stage at baseline. HRs for death were
mostly below 1 with both nivolumab treatment groups
versus chemotherapy across most tumor cell PD-L1 and
combined positive score (CPS) subgroups (Figure S2). The
largest magnitude of OS benefit with either nivolumab
treatment group was observed in patients with tumor cell
PD-L1 >1%, with no further enrichment in higher tumor
cell PD-L1 expression subgroups.

Among patients with tumor cell PD-L1 expression <1%,
the median OS was 12.0months (95% CI 9.8-15.2) with
nivolumab plus chemotherapy, 11.9 months (95% CI 10.1-
16.0) with nivolumab plus ipilimumab, and 12.2months

(95% C110.7-14.0) with chemotherapy (Table S2). The me-
dian PFS was 5.6 months (95% CI 4.4-6.9) with nivolumab
plus chemotherapy, 2.8 months (95% CI 1.7-4.2) with
nivolumab plus ipilimumab, and 5.7 months (95% CI 5.5-
7.0) with chemotherapy. The proportion of patients who
had tumor cell PD-L1 expression <1% and had an objec-
tive response by BICR was higher with nivolumab plus
chemotherapy (69 [42%] of 163 patients) than with che-
motherapy alone (55 [33%] of 166 patients) and lower with
nivolumab plus ipilimumab (33 [20%] of 164 patients)
versus chemotherapy alone. The proportion of responders
who had a duration of response of at least 24 months was
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80 — A Partial response 35 15
Stable disease 25 46 DOR 224 months, % 22 13
70 - Progressive disease 15 16
£ 60
8
s 50 — — Nivolumab plus chemotherapy
2 —— Chemotherapy alone
Q 40 —H
[+
30
20 H
A '
10 L A '
0 T T T T T T T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
Months
No. at risk
Nivolumab plus
chemotherapy 83 69 47 31 25 18 13 12 9 8 7 4 2 2 1 0 0 0
Chemotherapy alone 31 25 8 3 2 1 1 1 1 1 1 1 1 1 1 1 1 0
F) All randomized
Nivolumab plus Chemotherapy Nivolumab plus Chemotherapy
chemotherapy alone chemotherapy alone
100 — Response per BICR (n=321) (n=324) (n=152) (n=86)°
90 ORR, % (95% CI) 47 (42-53) 27 (22-32) Median DOR, months 8.2 7.1
Complete response 15 6 95% CI 6.9-9.7 5.7-8.2
80 Partial response 33 21
Stable disease 32 46 DOR >24 months, % 21 13
70 Progressive disease 13 12
£ 60
3
S 50 — — Nivolumab plus chemotherapy
2 —— Chemotherapy alone
Q 40 —H
[+
30 —
20 H
10 o t —t i A
0 T T T T T T T T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54
Months
No. at risk
Nivolumab plus
chemotherapy 152 125 82 51 44 35 25 24 18 16 13 9 6 6 3 1 1 1 0
Chemotherapy alone 86 72 32 17 11 8 4 4 4 3 3 3 3 2 2 2 1 0 0

FIGURE 1 (Continued)

higher with both nivolumab-containing regimens than  23.4 to not estimable) for responders versus 13.1 months
with chemotherapy alone (21% for nivolumab plus che- (95% CI 10.3-17.4) for non-responders (HR 0.40 [95%
motherapy, 20% for nivolumab plus ipilimumab, and 13% CI 0.26-0.62]) with nivolumab plus ipilimumab; and
for chemotherapy alone) (Table S2). 16.1 months (95% CI 9.8-22.2) for responders versus

Among patients with tumor cell PD-L1 expression 9.4months (95% CI 7.6-10.8) for non-responders (HR
>1% treated with nivolumab plus chemotherapy, the 0.47 [95% CI 0.28-0.77]) with chemotherapy alone.
median OS by response status at week 18 per BICR was ~ Among patients in the overall population treated with
27.7months (95% CI 22.3-31.8) for responders versus  nivolumab plus chemotherapy, the median OS by re-
11.4 (95% CI 8.9-14.9) for non-responders (HR 0.26  sponse status at week 18 per BICR was 25.0 months (95%
[95% CI 0.17-0.40]) (Figure S3); 28.8 months (95% CI CI 21.7-29.2) for responders versus 10.2 months (95% CI
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(A) Tumor cell PD-L1 >1%
100 = Nivolumab plus Chemotherapy
ipilimumab alone
90 | (n=158) (n=157)
80 Median OS, months 13.1 9.1
_— 70 95% Cl 11.2-17.4 7.7-10.0
>
= HR (95% Cl) 0.62 (0.48-0.80)
T 60
% 50 —
= — Nivolumab plus ipilimumab
i 40 |
g ; —— Chemotherapy alone
(e) 30 i i
1 1
20 i i
=
10 o i i H— H
1 ' S T
0 T T T f T T T t T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57
Months
No. at risk
Nivolumab plus
ipilimumab 158 136 116 98 88 72 63 57 52 43 34 27 20 15 13 10 9 4 2 0
Chemotherapy alone 157 137 107 73 53 40 30 21 17 15 12 11 9 7 5 2 1 1 0 0

(B) All randomized
100 — Nivolumab plus Chemotherapy
ipilimumab alone
90 (n=325) (n=324)
80 Median OS, months 127 107
—_ 95% ClI 11.3-15.5 9.4-12.1
9 70 —
= HR (95% CI) 0.77 (0.65-0.92)
[ 60 —
% 50
= 4 — Nivolumab plus ipilimumab
[ 40 [
g ! —— Chemotherapy alone
o 30 H 1
i 1
20 ! 1 @ID-GRD-E3D
i i
10 — i i
1 1
0 T T T t T T T t T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57
Months
No. at risk
Nivolumab plus
ipilimumab 325 274 233 193 165 142 122 107 98 82 71 60 45 35 27 20 13 6 3 0
Chemotherapy alone 324 284 232 173 133 104 81 67 57 50 42 34 25 17 10 5 2 1 0 0

FIGURE 2 Overall survival, progression-free survival, and duration of response with nivolumab plus ipilimumab versus chemotherapy.
Kaplan-Meier estimates of overall survival in (A) patients with tumor cell PD-L1 expression >1% and (B) overall population, progression-
free survival by BICR in (C) patients with tumor cell PD-L1 expression >1% and (D) overall population, and duration of response by BICR in
(E) patients with tumor cell PD-L1 expression >1% and (F) overall population. BICR, blinded independent central review; HR, hazard ratio;
PD-L1, programmed death ligand 1. “Number of responders. [Correction added on October 4, 2024 after first online publication. The figure 2

has been updated in this version.]

9.0-12.5) for non-responders (HR 0.36 [0.27-0.47]) with
nivolumab plus chemotherapy (Figure S4); 29.7 months
(95% CI 26.0 to not estimable) for responders versus
13.7months (95% CI 12.1-16.4) for non-responders
(HR 0.41 [95% CI 0.29-0.57]) with nivolumab plus ip-
ilimumab; and 20.9months (95% CI 15.5-26.1) for
responders versus 10.0months (95% CI 9.0-11.4) for
non-responders (HR 0.42 [95% CI 0.31-0.57]). Among

patients with tumor cell PD-L1 expression <1% treated
with nivolumab plus chemotherapy, the median OS by
response status at week 18 per BICR was 21.8 months
(95% CI 15.7-28.1) for responders versus 9.5 months
(95% CI 7.8-12.1) for non-responders (HR 0.42 [95%
CI 0.28-0.62]) (Figure S5); 36.0months (95% CI 22.8
to not estimable) for responders versus 15.0 months
(95% CI 11.7-17.2) for non-responders (HR 0.40 [95%
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POpen Acces:)
(C) Tumor cell PD-L1 >1% (per BICR)
100 Nivolumab plus Chemotherapy
ipilimumab alone
90 | (n=158) (n=157)
] 80 Median PFS, months 4.0 44
= 95% Cl 2.3-4.4 2.9-5.8
2 70
2 HR (95% CI) 1.04 (0.79-1.36)
3 60
o
£ 50
5
g 40 7 — Nivolumab plus ipilimumab
2 30 ~—— Chemotherapy alone
S
a 20
10 o0——© ©
0 T T — 1
0 42 45 48 51 54
No. at risk

Nivolumab plus

ipilimumab 158 77 47 37 32 23 20 17 13 13 10 7 5 3 3 2 1 1 0
Chemotherapy alone 157 68 36 17 5 1 1 1 1 1 1 1 1 1 1 1 1 0 0
(D) All randomized (per BICR)

Nivolumab plus Chemotherapy
ipilimumab alone
(n=325) (n=324)
Median PFS, months 2.9 5.6
95% Cl 2.7-4.2 4.3-5.9
HR (95% Cl) 1.26 (1.04-1.51)

Progression-free survival (%)

— Nivolumab plus ipilimumab

—— Chemotherapy alone

No. at risk

Nivolumab plus
ipilimumab 325 148 85 64 53 39 31 27

Chemotherapy alone 324 173 93 45 22 11 7 4

FIGURE 2 (Continued)
CI 0.23-0.71]) with nivolumab plus ipilimumab; and
21.8 months (95% CI 15.7-28.1) for responders versus
9.5months (95% CI 7.8-12.1) for non-responders (HR
0.42 [95% CI 0.28-0.62]) with chemotherapy alone.
Median duration of study treatment with nivolumab
plus chemotherapy, nivolumab plus ipilimumab, and
chemotherapy was 5.7, 2.8, and 3.4months (Table S3).
Any-grade treatment-related adverse events were
reported in 297 (96%) of 310 patients treated with
nivolumab plus chemotherapy (Grade 3-4, 151 patients
[49%], no Grade 5 events), 256 (80%) of 322 patients
treated with nivolumab plus ipilimumab (Grade 3-4,
105 patients [33%], two Grade 5 events), and 275 (91%) of

304 patients treated with chemotherapy (Grade 3-4, 110
patients [36%], one Grade 5 event) (Table 3). The most
common treatment-related adverse events were nausea
and decreased appetite with nivolumab plus chemo-
therapy and chemotherapy groups, and rash, pruritus,
and hypothyroidism with nivolumab plus ipilimumab.
Serious treatment-related adverse events were reported
in 74 (24%) of 310 patients treated with nivolumab plus
chemotherapy (Grade 3-4, 58 patients [19%], no Grade 5
events), 105(33%) of 322 patients treated with nivolumab
plus ipilimumab (Grade 3-4, 75 patients [23%], two
Grade 5 events), and 49 (16%) of 304 patients treated
with chemotherapy (Grade 3-4, 40 patients [13%], one
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(E) Tumor cell PD-L1 >1%
Nivolumab plus Chemotherapy Nivolumab plus Chemotherapy
ipilimumab alone ipilimumab alone
100 Response per BICR (n=158) (n=157) (n=55) (n=31)
90 ORR, % (95% CI) 35 (27-43) 20 (14-27) Median DOR, months 11.8 5.7
80 Complete response 16 4 95% Cl 6.8-18.0 4.4-8.7
] Partial response 18 15 DOR >24 ths. 9
70 Stable disease 27 46 OR 224 moriths, % 3 8
- Progressive disease 31 16
£ 60
o
g 50 o — Nivolumab plus ipilimumab
2 — Chemotherapy alone
O 40
o
30 —
20 —
10 ! t
0 T T T T T T T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
Months
No. at risk
Nivolumab plus
ipilimumab 55 47 32 28 23 19 14 12 1 10 7 6 3 3 3 0 0 0
Chemotherapy alone 31 25 8 3 2 1 1 1 1 1 1 1 1 1 1 1 1 0
(F) All randomized
Nivolumab plus Chemotherapy Nivolumab plus Chemotherapy
ipilimumab alone ipilimumab alone
100 Response per BICR (n=325) (n=324) (n=89)* (n=6)*
90 ORR, % (95% CI) 27 (23-33) 27 (22-32) Median DOR, months 1141 71
80 Complete response 1 6 95% Gl 7.1-143 5.7-82
Partial response 16 21
70 — Stable disease 32 46 DOR 224 months, % 29 13
—_ Progressive disease 32 12
£ 604
[}
g 50 < — Nivolumab plus ipilimumab
2 —— Chemotherapy alone
5} 40 —
[+
30
20 —
10 — t t t
0 T T T T T T T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
Months
No. at risk
Nivolumab plus
ipilimumab 89 75 51 43 35 27 21 18 16 14 11 9 5 5 4 0 0 0
Chemotherapy alone 86 72 32 17 ik 8 4 4 4 3 3 3 3 2 2 2 1 0

FIGURE 2 (Continued)

Grade 5 event). The incidence of any-grade treatment-  plus ipilimumab, and five (2%) of 304 patients treated
related adverse events leading to discontinuation of any =~ with chemotherapy. Most treatment-related adverse
drug in the regimen occurred in 107 (35%) patients with events with potential immunologic cause were Grade 1
nivolumab plus chemotherapy, 60 (19%) patients with or 2. Grade 3 or 4 events occurred in <3% of patients
nivolumab plus ipilimumab, and 63 (21%) patients with ~ with nivolumab plus chemotherapy, <6% of patients
chemotherapy. The proportion of deaths attributed to  with nivolumab plus ipilimumab, and <2% of patients
study treatment were similar across the groups: five (2%)  with chemotherapy, across organ categories (Table S4).

of 310 patients treated with nivolumab plus chemother- Among all treated patients from the overall population,
apy, seven (2%) of 322 patients treated with nivolumab Grade 3-4 treatment-related adverse events were reported
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TABLE 3 Treatment-related adverse events in all-treated patients®.

Nivolumab plus
chemotherapy (n=310)

Nivolumab plus

ipilimumab (n=322) Chemotherapy (n=304)

Any grade Grade 3-4 Any grade Grade 3-4 Any grade Grade 3-4
All events 297 (96) 151 (49) 256 (80) 105 (33) 275 (90) 110 (36)
Serious events 74 (24) 58 (19) 105 (33) 75 (23) 49 (16) 40 (13)
Events leading to discontinuation® 107 (35) 30(10) 60 (19) 44 (14) 63(21) 18 (6)
Events leading to death® 5(2) 7(2) 5(2)
Adverse events reported in 10% or more of treated patients in any group
Nausea 183 (59) 11 (4) 26 (8) 1(<1) 158 (52) 8(3)
Decreased appetite 132 (43) 13(4) 19 (6) 5(2) 130 (43) 9(3)
Stomatitis 99 (32) 20 (6) 15(5) 0 71 (23) 5(2)
Anemia 99 (30) 30 (10) 13 (4) 2(<1) 67 (22) 17 (6)
Neutrophil count decreased 65 (21) 25(8) 2(<1) 0 52(17) 24 (8)
Fatigue 61 (20) 7(2) 29 (9) 4(1) 50 (16) 11 (4)
Constipation 59 (19) 2(<1) 7(2) 1(<1) 66 (22) 1(<1)
Diarrhea 59 (19) 3(1) 32(10) 2(1) 46 (15) 6(2)
Vomiting 56 (18) 7(2) 19 (6) 5(2) 49 (16) 9(3)
Malaise 51 (16) 0 13 (4) 0 45(15) 0
White blood cell count decreased 43 (14) 11 (4) 3(<1) 0 28 (9) 6(2)
Hiccups 42 (14) 0 2(<1) 0 53(17) 0
Blood creatinine increased 38 (12) 1(<1) 5(2) 0 32(11) 1(<1)
Platelet count decreased 36 (12) 3(1) 6(2) 0 32(11) 5(2)
Mucosal inflammation 34(11) 8(3) 3(<1) 0 26 (9) 4(1)
Alopecia 31(10) 0 2(<1) 0 32(11) 0
Neutropenia 30(10) 9(3) 0 0 20 (7) 7(2)
Rash 24(8) 1(<1) 56 (17) 7(2) 5(2) 0
Pruritus 23(7) 0 43 (13) 3(<1) 3(1) 0
Hypothyroidism 20 (6) 0 43 (13) 0 0 0

Note: Data are No. (%).

*Patients who received at least one dose of the assigned treatment. Includes events reported between first dose and 30days after last dose of trial therapy.
Treatment-relatedness in the nivolumab plus chemotherapy group was attributed to either nivolumab or any of the chemotherapies or both. Treatment-
relatedness in the nivolumab plus ipilimumab group was attributed to either nivolumab or ipilimumab or both. Adverse events were graded according to the
Common Terminology Criteria for Adverse Events V.4.0, and Medical Dictionary for Regulatory Activities V.23.0.

PRefers to adverse events leading to discontinuation of any drug in the regimen.

“Treatment-related adverse events leading to death were reported regardless of time frame. Treatment-related deaths in the group that received nivolumab
plus chemotherapy included one event each of pneumonia, pneumatosis intestinalis, acute kidney injury, pneumonitis, and pneumonitis or respiratory-tract
infection. Treatment-related deaths in the group that received nivolumab plus ipilimumab included two events of pneumonitis, one event each of internal
hemorrhage, immune-mediated lung disease, interstitial lung disease, and pulmonary embolism, and one event attributed to multiple causes, including general
physical health deterioration that was assessed by the investigator as related to study treatment and malignant neoplasm progression that was assessed by
the investigator as not related to study treatment. Treatment-related deaths in the group that received chemotherapy alone were from acute kidney injury,
pneumonia, sepsis, septic shock, and myocardial infarction (in one patient each).

in 74 (45%) of 163 patients aged <65years and 77 (52%) of
147 patients aged >65years treated with nivolumab plus
chemotherapy, 54 (30%) of 182 patients aged <65years
and 51 (36%) of 140 patients aged >65years treated with
nivolumab plus ipilimumab, and 44 (28%) of 155 patients
aged <65years and 66 (44%) of 149 patients aged >65years
treated with chemotherapy (Table S5). Serious Grade 3-4
treatment-related adverse events were reported in 25 (15%)

of 163 patients aged <65 years and 33 (22%) of 147 patients
aged >65years treated with nivolumab plus chemother-
apy, 41 (23%) of 182 patients aged <65years and 34 (24%)
of 140 patients aged >65years treated with nivolumab plus
ipilimumab, and 16 (10%) of 155 patients aged <65years
and 24 (16%) of 149 patients aged >65years treated with
chemotherapy. The incidence of any-grade treatment-
related adverse events leading to discontinuation of any
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drug in the regimen occurred in 49 (30%) of 163, 27 (15%)
of 182, and 27 (17%) of 155 patients aged <65years and
in 58 (39%) of 147, 33 (24%) of 140, and 36 (24%) of 149
patients aged >65years, respectively.

Among patients in the overall population in the
nivolumab plus chemotherapy, nivolumab plus ipilim-
umab, and chemotherapy groups, 180 (56%) of 321, 183
(56%) of 325, and 205 (63%) of 324 patients received at least
one subsequent therapy. The proportion of patients who re-
ceived subsequent systemic therapy by treatment arm were
52% (nivolumab plus chemotherapy), 51% (nivolumab plus
ipilimumab), and 56% (chemotherapy); 9%, 7%, and 18% of
patients in each treatment group from the overall popula-
tion received subsequent immunotherapy (Table S6).

4 | DISCUSSION
The primary analysis from the phase III CheckMate 648
study of patients with previously untreated advanced
ESCC with 13months of minimum follow-up demon-
strated superior OS with nivolumab plus chemotherapy
and nivolumab plus ipilimumab versus chemotherapy.'’
In the current analysis, after 29 months of minimum fol-
low-up, nivolumab plus chemotherapy and nivolumab
plus ipilimumab both continued to demonstrate clinically
meaningful survival benefit versus chemotherapy in pa-
tients with tumor cell PD-L1 expression >1% and patients
in the overall population. Additionally, OS benefit was
observed across multiple prespecified subgroups includ-
ing age, sex, race, ECOG performance status, and disease
stage at baseline, OS consistent with previously reported
results. However, patients with liver metastases appeared
to derive less OS benefit with nivolumab plus ipilimumab;
this observation might be explained in part by preclinical
models that suggest liver metastases may indirectly confer
immunotherapy resistance.”® Both nivolumab treatment
groups demonstrated OS benefit across patient subgroups
with tumor cell PD-L1 expression greater than 1% with
no further enrichment in higher PD-L1 expression cutoff
subgroups. In an exploratory analysis, responders demon-
strated longer OS versus nonresponders across all treat-
ment groups and regardless of tumor cell PD-L1 expression
status. Responses were more durable with nivolumab-
based regimens, with higher rates of patients remaining
in response at 24 months versus chemotherapy. Among
the three treatment arms, the proportion of patients with
an objective response by BICR as well as the proportion
of patients with complete response were highest with
nivolumab plus chemotherapy, while the median duration
of response was longest with nivolumab plus ipilimumab.
Recently, novel treatment strategies including target-
ing PD-1 and its ligand have led to improvement in OS>

compared with the standard-of-care chemotherapy-based
treatment options in previously untreated patients with
advanced ESCC. With 29 months of minimum follow-up
and a median follow-up of 40 months, to our knowledge,
CheckMate 648 presents the longest-term data set to date
in this patient population providing robust evidence for
the survival benefit of PD-1 inhibition. Other recent phase
III trials have reported a median follow-up as long as
35months.'*1%

After longer follow-up among all treated patients in
each treatment arm, the safety profiles were consistent
with the known profiles of the individual study agents
and with previously reported results®'****! with adverse
events reported with nivolumab plus chemotherapy
mainly driven by chemotherapy with some immune-
mediated events. Nivolumab plus ipilimumab adverse
events were mainly immune mediated and seen at fre-
quencies expected for this combination. Although serious
treatment-related adverse events were more frequent with
nivolumab-containing regimens, the overall safety profiles
were acceptable, and no new safety signals were identified.
Correspondingly, overall safety profiles were comparable
between patient age groups across treatment arms.

Thedecision toinitiate treatment with either nivolumab
plus chemotherapy or nivolumab plus ipilimumab should
be based on the clinical judgment of the clinician in part-
nership with the patient. CheckMate 648 was not designed
to compare outcomes between the nivolumab-based regi-
mens or to determine which treatment should be used for
specific subgroups. However, multiple factors may influ-
ence the treatment decision including the medical need
for rapid treatment effects and the patient's tolerability for
chemotherapy. Future research may help identify patients
with advanced ESCC who derive the greatest clinical ben-
efit from treatment with nivolumab plus chemotherapy
and nivolumab plus ipilimumab.

The limitations of this study have been previously de-
scribed'” and include the open-label design and the inclu-
sion of subjective-based outcomes such as assessments of
adverse event causality.

CheckMate 648 is, to our knowledge, the first global
phase III study that evaluated the efficacy and safety of
dual immunotherapy combinations along with an immu-
notherapy and chemotherapy combination in advanced
ESCC. Longer-term follow-up data support initial find-
ings and the clinically meaningful improvement in OS
and durable objective responses, combined with accept-
able safety profiles, indicate a favorable benefit-risk pro-
file for nivolumab in combination with chemotherapy or
ipilimumab. Data from this current long-term follow-up
analysis further support the use of both nivolumab-based
regimens as first-line standard-of-care options in previ-
ously untreated patients with ESCC.
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