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ABSTRACT

Introduction: Nivolumab plus ipilimumab–based treatment
regimens have shown long-term, durable efficacy benefits in
patients with metastatic NSCLC. Here we report clinical
outcomes from a pooled analysis of patients with metastatic
NSCLC and tumor programmed death-ligand 1 (PD-L1) lower
than 1% treated with first-line nivolumab plus ipilimumab
with or without two cycles of chemotherapy versus up to
four cycles of chemotherapy in the randomized phase 3
CheckMate 227 and CheckMate 9LA studies.

Methods: Patients were aged 18 years or older and had
stage IV or recurrent NSCLC with no sensitizing EGFR/ALK
alterations. Assessments included overall survival (OS),
progression-free survival (PFS), objective response rate,
duration of response, and safety.

Results: In patients with tumor PD-L1 lower than 1% in the
nivolumab plus ipilimumab with or without chemotherapy
(n ¼ 322) versus chemotherapy (n ¼ 315) arms, median OS
was 17.4 versus 11.3 months, respectively, (hazard ratio
[HR] ¼ 0.64, 95% confidence interval [CI]: 0.54–0.76; 5-y
OS rate, 20% versus 7%) at a median follow-up of 73.7
months. The OS benefit was observed across key subgroups,
including difficult-to-treat populations such as those with
baseline brain metastases (HR ¼ 0.44, 95% CI: 0.26–0.75)
or squamous NSCLC (HR ¼ 0.51, 95% CI: 0.36–0.72). In the
overall pooled population, the median PFS was 5.4 versus
4.9 months (HR ¼ 0.72, 95% CI: 0.60–0.87; 5-y PFS rate, 9%
versus 2%), the objective response rate was 29% versus
22%, and the median duration of response was 18.0 versus
4.6 months. No new safety signals were observed.

Conclusion: Nivolumab plus ipilimumab with or without
chemotherapy provides a long-term, durable clinical benefit
in patients with metastatic NSCLC and tumor PD-L1 lower
than 1%, supporting the use of this strategy as a first-line
treatment option in this population with high unmet need.
Clinical Trial Registrations: NCT02477826, NCT03215706

� 2024 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. This is an open access
article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).

Keywords: Non–small cell lung cancer; PD-L1; Immuno-
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Introduction
Programmed death-ligand 1 (PD-L1) expression in

tumors is a predictive biomarker for PD-L1 or
programmed cell death protein-1 (PD-1) inhibitors in
patients with metastatic NSCLC with no targetable
genomic driver mutations, with increasing tumor PD-L1
expression associated with an enriched efficacy
benefit.1,2 Anti–PD-(L)1 immunotherapies, including
pembrolizumab, atezolizumab, and cemiplimab, are
currently recommended as first-line treatment options,
as monotherapy or in combination with chemotherapy,
in eligible patients with tumor PD-L1 equal to or higher
than 1%.3 However, patients with tumor PD-L1 lower
than 1% experience suboptimal long-term clinical out-
comes when treated with these regimens, indicating a
patient population with a high unmet need.1,4–9 Nivolu-
mab, an anti–PD-1 immunotherapy, and ipilimumab, a
CTLA-4 inhibitor, have distinct but complementary
mechanisms of action to reactivate the immune sys-
tem.10,11 Ipilimumab may increase tumor PD-L1 expres-
sion, reinvigorate and maintain CD4 and CD8-positive
T-cell responses, and inhibit regulatory T cells, even in
tumors with PD-L1 lower than 1%, thereby increasing the
potential therapeutic activity of the dual immunotherapy
regimen of nivolumab in combination with ipilimumab
relative to nivolumab-based regimens alone.10,11

Nivolumab plus ipilimumab, with or without two
cycles of chemotherapy, is currently recommended as a
first-line treatment option for patients with metastatic
NSCLC without targetable genomic driver alterations and
with tumor PD-L1 equal to or higher than 1% or lower
than 1% in several treatment guidelines, including the
National Comprehensive Cancer Network, the American
Society of Clinical Oncology, and the European Society
for Medical Oncology,3,12,13 based on data from the
randomized phase 3 CheckMate 227 and CheckMate 9LA
studies. In CheckMate 227, first-line nivolumab plus
ipilimumab improved overall survival (OS), progression-
free survival (PFS), objective response rate (ORR), and
duration of response (DOR) versus up to four cycles of
chemotherapy in patients with metastatic NSCLC and
tumor PD-L1 higher than or equal to 1% or lower than
1%14 Nivolumab plus ipilimumab was approved in the
United States, Canada, and other countries based on
improved OS in patients with metastatic NSCLC and tu-
mor PD-L1 higher than or equal to 1% (primary end
point population)15,16 and regardless of tumor PD-L1
expression in Japan and Argentina.17,18 Patients with
tumor PD-L1 lower than 1% continued to derive long-
term, durable clinical benefit from nivolumab plus ipili-
mumab versus chemotherapy at 6 years of follow-up in
CheckMate 227, with a hazard ratio (HR) of 0.65 (95%
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confidence interval [CI]: 0.52–0.81) for OS; 6-year OS
rates of 16% versus 5%; ORRs of 27% versus 23%; and
median DOR of 19.4 versus 4.8 months with 25% versus
0% of responders experiencing an ongoing response at
6 years.19 Long-term clinical benefit with nivolumab plus
ipilimumab was also observed in a large, pooled analysis
of patients with metastatic NSCLC (including those with
tumor PD-L1 lower than 1%) from the CheckMate 227,
CheckMate 817, CheckMate 568, and CheckMate 012
studies.20

Similarly, in CheckMate 9LA, first-line nivolumab plus
ipilimumab with two cycles of chemotherapy improved
OS, PFS, ORR, and DOR versus four cycles of chemo-
therapy alone in patients with metastatic NSCLC,
including both the tumor PD-L1 higher than or equal to
1% and lower than 1% subgroups.21 Based on the pri-
mary results from CheckMate 9LA, nivolumab plus
ipilimumab with chemotherapy was approved in the
United States, European Union, and other countries for
the treatment of patients with metastatic NSCLC, regard-
less of tumor PD-L1 expression.15,17,22 At the 5-year
follow-up of CheckMate 9LA, nivolumab plus ipilimumab
with chemotherapy versus chemotherapy alone in pa-
tients with tumor PD-L1 lower than 1% had an HR of 0.63
(95% CI: 0.49–0.83) for OS; 5-year OS rates of 22%
versus 8%; ORRs of 31% versus 20%; and median DOR of
17.5 versus 4.3 months with 25% versus 0% of re-
sponders experiencing an ongoing response at 5 years.23

Here, we present long-term efficacy and safety out-
comes of nivolumab plus ipilimumab with or without
chemotherapy versus chemotherapy alone in a large,
pooled population of patients with metastatic NSCLC and
tumor PD-L1 lower than 1% from CheckMate 227 and
CheckMate 9LA, including subgroups by baseline brain
metastases status and tumor type (squamous or non-
squamous NSCLC). In addition, we report long-term
clinical outcomes in patients with tumor PD-L1 lower
than 1% who discontinued nivolumab plus ipilimumab
with or without chemotherapy due to treatment-related
adverse events (TRAEs) or who completed the 2-year
per-protocol immunotherapy regimen.
Materials and Methods
Study Designs and Patients

Study designs and eligibility criteria from CheckMate
227 Part 1 (NCT02477826) and CheckMate 9LA
(NCT03215706) have been previously reported and are
summarized in Supplementary Table 1.14,19,21,23 Both
CheckMate 227 and CheckMate 9LA are randomized,
open-label, phase 3 studies. Briefly, adults with histo-
logically confirmed stage IV or recurrent NSCLC (per the
Seventh International Association for the Study of Lung
Cancer classification), no prior systemic anticancer
therapy, no known sensitizing EGFR or ALK alterations,
and Eastern Cooperative Oncology Group performance
status 1 and lower were enrolled.

In the CheckMate 227 study, patients with tumor
PD-L1 equal to or higher than 1% were assigned to the
Part 1a cohort, whereas patients with tumor PD-L1
lower than 1% were assigned to part 1b. In part 1b,
patients were randomly assigned in a one-to-one-to-one
ratio (1:1:1) to receive nivolumab (3 mg/kg every 2 wk)
plus ipilimumab (1 mg/kg every 6 wk), nivolumab (360
mg every 3 wk) with chemotherapy (up to four cycles
every 3 wk), or chemotherapy alone (up to four cycles
every 3 wk). In the CheckMate 9LA study, patients were
randomly assigned in a one-to-one ratio to receive
nivolumab (360 mg every 3 wk) plus ipilimumab (1 mg/
kg every 6 wk) with chemotherapy (two cycles every
3 wk) or chemotherapy alone (four cycles every 3 wk).
Stratification factors included tumor PD-L1 expression
(higher than or equal to 1% or lower than 1%). Optional
pemetrexed maintenance was permitted for patients
with nonsquamous NSCLC randomly assigned to
chemotherapy. In both studies, treatment with nivolu-
mab plus ipilimumab continued until disease progres-
sion, unacceptable toxicity, or for up to 2 years.

Both the CheckMate 227 and CheckMate 9LA studies
were conducted in accordance with the Declaration of
Helsinki and International Standards of Good Clinical
Practice. The independent ethics committee or institu-
tional review board of each participating study center
approved the protocols and all amendments. All patients
provided written informed consent.
End Points and Assessments
Primary outcomes for patients with tumor PD-L1

lower than 1% in the CheckMate 227 and CheckMate
9LA studies are shown in Supplementary Table 1. The
current analysis includes a pooled population of patients
with tumor PD-L1 lower than 1% treated with nivolumab
plus ipilimumab (CheckMate 227 Part 1b) or nivolumab
plus ipilimumab with chemotherapy (CheckMate 9LA)
versus a pooled population with tumor PD-L1 lower than
1% treated with chemotherapy alone (both studies).

All assessments in this post hoc analysis were
exploratory. OS was assessed in the pooled population
overall and in patient subgroups, including those defined
by baseline brain metastases status and tumor type
(squamous or nonsquamous). PFS, best overall response,
ORR, and DOR were analyzed in the pooled population
overall and by tumor type based on data from Response
Evaluation Criteria in Solid Tumors version 1.1 assess-
ments per blinded independent central review in each of
the individual studies. Efficacy was also assessed in the
pooled population of patients who discontinued all



Table 1. Demographics and Baseline Characteristics in the
Pooled Tumor PD-L1 Lower Than 1% Population

Characteristics

Nivolumab Plus
Ipilimumab With
or Without
Chemotherapy
(n ¼ 322)

Chemotherapy
(n ¼ 315)

Median age, y (range) 64.0 (34–87) 64.0 (30–80)
Sex, n (%)

Male 234 (73) 216 (69)
Female 88 (27) 99 (31)

ECOG PS, n (%)a

0 116 (36) 101 (32)
1 205 (64) 212 (67)
�2 1 (<1) 1 (<1)

Smoking status, n (%)b

Current or former 278 (86) 271 (86)
Never smoked 43 (13) 44 (14)

Tumor type, n (%)
Squamous 82 (26) 82 (26)
Nonsquamous 240 (74) 233 (74)

Metastasis, n (%)
Brain 36 (11) 33 (10)
Liver 64 (20) 56 (18)
Bone 63 (20) 53 (17)

Prior therapy, n (%)
Platinum-based

chemotherapy
25 (8) 17 (5)

Other chemotherapy 26 (8) 17 (5)

Note: Percentages may not total 100 due to rounding.
aECOG PS not reported in 1 (<1%) patient in the chemotherapy arm.
bSmoking status unknown in 1 (<1%) patient in the nivolumab plus ipilimu-
mab with or without chemotherapy arm.
ECOG PS, Eastern Cooperative Oncology Group performance status; PD-L1,
programmed death ligand 1.
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components of nivolumab plus ipilimumab with or
without chemotherapy due to TRAEs and in patients
who completed 2 years of immunotherapy. Safety was
assessed in all patients who received one or more
doses of the study drug; per the protocols of both
studies, TRAEs included all events reported between
the first dose to 30 days after the last dose of study
therapy.

Statistical Analysis
Survival curves and rates for OS, PFS, and DOR were

estimated using the Kaplan–Meier methodology. HRs
and associated CIs were estimated using unstratified Cox
proportional hazard models with the treatment arm as a
single covariate. CIs for ORR were based on the Clopper–
Pearson method.

Results
Patients and Treatment

The pooled cohort of patients with tumor PD-L1
lower than 1% included 322 patients in the nivolumab
plus ipilimumab with or without chemotherapy arm
(n ¼ 187 with nivolumab plus ipilimumab from Check-
Mate 227 and n ¼ 135 with nivolumab plus ipilimumab
with chemotherapy from CheckMate 9LA) and 315 pa-
tients in the chemotherapy-alone arm (n ¼ 186 from
CheckMate 227 and n ¼ 129 from CheckMate 9LA)
(Supplementary Fig. 1). Baseline patient characteristics
of the pooled population were generally balanced be-
tween treatment arms (Table 1) and were largely similar
between the individual studies (Supplementary Table 2).
Among patients with or without baseline brain metas-
tases, baseline characteristics were generally similar
with the exception of a higher proportion of patients
with nonsquamous (versus squamous) NSCLC in those
with brain metastases across both treatment arms, as
expected, and a higher proportion of male patients
among those without brain metastases in the chemo-
therapy arm (Supplementary Table 3). In addition, some
differences in the presence of bone and liver metastases
were observed between studies and between patient
subgroups with or without baseline brain metastases
(Supplementary Tables 2 and 3).

The database lock dates used for CheckMate 227
and CheckMate 9LA were February 21, 2023, and
December 15, 2023, respectively. Median follow-up in
the overall pooled population was 73.7 months (range:
57.3–86.2) (Supplementary Table 1). Patients received
a median of eight doses of nivolumab (range: 1–55) and
four doses of ipilimumab (range: 1–19); median treat-
ment duration and treatment exposure are summarized in
Supplementary Table 4. Subsequent immunotherapy was
administered to 8% of patients in the nivolumab plus
ipilimumab with or without the chemotherapy arm and
36% of patients in the chemotherapy arm (Supplementary
Table 5).
Efficacy in the Overall Pooled Population With
Tumor PD-L1 Lower Than 1% and by Tumor Type

Nivolumab plus ipilimumab with or without chemo-
therapy in the pooled population improved OS versus
chemotherapy alone, with a median OS of 17.4 versus
11.3 months, respectively (HR ¼ 0.64, 95% CI: 0.54–
0.76) and 5-year OS rates of 20% versus 7% (Fig. 1A).
This OS benefit remained consistent for all key patient
subgroups, including those defined by age, sex, Eastern
Cooperative Oncology Group performance status, smok-
ing status, and tumor type (Fig. 1B). In patients with
squamous NSCLC, median OS was 16.2 versus 8.2
months with nivolumab plus ipilimumab with or without
chemotherapy versus chemotherapy alone, respectively
(HR ¼ 0.51, 95% CI: 0.36–0.72), and 5-year OS rates
were 21% versus 5% (Fig. 1C). In those with non-
squamous NSCLC, median OS was 17.8 versus 12.6
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Figure 1. OS in the pooled tumor PD-L1 lower than 1% population for (A) all patients, (B) key patient subgroups, (C) patients
with squamous NSCLC, and (D) patients with nonsquamous NSCLC. The 95% CIs for 5-year OS rates with nivolumab plus
ipilimumab with or without chemotherapy and chemotherapy alone, respectively, were: (A) 16 to 25 and 5 to 11; (C) 13 to 30
and 2 to 11; (D) 15 to 25 and 5 to 12. CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance
status; HR, hazard ratio; OS, overall survival; PD-L1, programmed death ligand 1.
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Figure 2. (A) PFS and (B) DOR in the pooled tumor PD-L1
lower than 1% population; (C) PFS and (D) DOR in patients
with squamous NSCLC; and (E) PFS and (F) DOR in patients
with nonsquamous NSCLC. The 95% CIs for 5-year landmark
rates with nivolumab plus ipilimumab with or without
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months (HR ¼ 0.69, 95% CI: 0.57–0.84), and 5-year OS
rates were 20% versus 8% (Fig. 1D).

Median PFS in the pooled population was 5.4 months
in the nivolumab plus ipilimumab with or without
chemotherapy arm versus 4.9 months with chemo-
therapy alone (HR ¼ 0.72, 95% CI: 0.60–0.87), and
5-year PFS rates were 9% versus 2%, respectively
(Fig. 2A). The ORR was 29% versus 22%, with median
DOR of 18.0 versus 4.6 months and ongoing responses at
5 years observed in 25% versus 2% of responders,
respectively (Fig. 2B and Supplementary Table 6).
Similar PFS results were also observed with nivolumab
plus ipilimumab with or without chemotherapy versus
chemotherapy alone in patients with squamous (median
PFS: 5.3 versus 4.2 mo, respectively; HR ¼ 0.60, 95% CI:
0.42–0.85; 5-y PFS rate: 14% versus 3%) or non-
squamous NSCLC (median PFS: 5.5 versus 5.4 mo; HR ¼
0.77, 95% CI: 0.63–0.95; 5-y PFS rate: 6% versus 1%)
(Figs. 2C and E). The ORRs in the respective arms among
patients with squamous NSCLC were 42% versus 30%,
and median DOR was 19.6 versus 3.7 months; ongoing
responses at 5 years were observed in 34% versus 4% of
responders (Fig. 2D). In patients with nonsquamous
NSCLC, ORR was 25% with nivolumab plus ipilimumab
with or without chemotherapy versus 19%, with
chemotherapy alone and median DOR was 18.0 versus
5.6 months, respectively, with ongoing responses at
5 years observed in 19% versus 0% of responders
(Fig. 2F and Supplementary Table 6).

Although no patient in CheckMate 9LA was treated
with a regimen containing nivolumab without ipilimu-
mab, CheckMate 227 Part 1b included patients (n ¼ 177)
randomly assigned to receive nivolumab plus chemo-
therapy. The 5-year OS rate in this arm was 10%, the
5-year PFS rate was 5%, the ORR was 38%, and ongoing
response at 5 years was observed in 10% of
responders19 (Supplementary Table 7).
Efficacy in Patients With Tumor PD-L1 Lower
Than 1% With or Without Brain Metastases

In patients with baseline brain metastases, median OS
was 17.4 versus 9.2 months with nivolumab plus ipili-
mumab with or without chemotherapy versus chemo-
therapy, respectively (HR ¼ 0.44, 95% CI: 0.26–0.75),
and 5-year OS rates were 6% versus 0% (Fig. 3A). In
chemotherapy and chemotherapy alone, respectively, were:
(A) 6 to 13 and 1 to 5; (B) 16 to 35 and less than 1 to 9; (C) 7
to 24 and 1 to 10; (D) 18 to 50 and less than 1 to 18; (E) 3 to
11 and less than 1 to 5; (F) 9 to 32 and NA to NAa. aNo pa-
tients alive at the time point. CI, confidence interval; DOR,
duration of response; HR, hazard ratio; NA, not available;
ORR, objective response rate; PD-L1, programmed death
ligand 1; PFS, progression-free survival.
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Figure 3. OS in the pooled tumor PD-L1 lower than 1% population for (A) patients with baseline brain metastases, and (B)
patients without baseline brain metastases. The 95% CIs for 5-year OS rates with nivolumab plus ipilimumab with or without
chemotherapy and chemotherapy alone, respectively, were: (A) 1 to 19 and NA to NAa; (B) 17 to 27 and 5 to 12. aNo patients
alive at the time point. CI, confidence interval; HR, hazard ratio; NA, not available; OS, overall survival; PD-L1, programmed
death ligand 1.
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those without baseline brain metastases, median OS was
17.5 versus 11.6 months (HR ¼ 0.66, 95% CI: 0.55–
0.78), and 5-year OS rates were 22% versus 8%
(Fig. 3B), respectively.

Efficacy in the Pooled Population of Patients
With Tumor PD-L1 Lower Than 1% and Who
Discontinued Nivolumab Plus Ipilimumab With or
Without Chemotherapy Due to TRAEs

Among patients treated with nivolumab plus ipilimu-
mab with or without chemotherapy, 69 (21%) dis-
continued all components of the regimen due to TRAEs.
Median OS was 35.4 months in this population, and the
5-year OS rate was 37% (Fig. 4A). By the data cutoff dates
for CheckMate 227 and CheckMate 9LA, 26 patients in this
subgroup of the pooled population had received subse-
quent therapy, of whom 10 were alive and 16 had died.
Forty-three patients had not received subsequent therapy,
of whom 14 were alive and 29 had died. Duration of
treatment and response patterns among patients who
discontinued nivolumab plus ipilimumab with or without
chemotherapy due to TRAEs are shown in Figure 4B.

Efficacy in the Pooled Population of Patients
With Tumor PD-L1 Lower Than 1% and Who
Completed 2 Years of Immunotherapy Treatment

In the nivolumab plus ipilimumab with or without
chemotherapy arm, 32 patients (10%) completed 2 years
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Figure 4. (A) OS and (B) response in individual patients with tumor PD-L1 lower than 1% who discontinued nivolumab plus
ipilimumab with or without chemotherapy due to TRAEs; (C) response in individual patients who completed 2 years of
immunotherapy in the pooled tumor PD-L1 lower than 1% population. The 95% CIs for 5-year OS rates with nivolumab plus
ipilimumab with or without chemotherapy in panel A were: 16 to 25 (all patients with tumor PD-L1 lower than 1% treated with
nivolumab plus ipilimumab with or without chemotherapy) and 26 to 48 (patients with tumor PD-L1 lower than 1% who
discontinued nivolumab plus ipilimumab with or without chemotherapy due to TRAEs). CI, confidence interval; OS, overall
survival; PD-L1, programmed death ligand 1; TRAEs, treatment-related adverse events.
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of immunotherapy. By the data cutoff dates for CheckMate
227 and CheckMate 9LA, eight patients in this subgroup of
the pooled population had received subsequent therapy, of
whom two were alive and six had died. Twenty-four pa-
tients had not received subsequent therapy, of whom 20
were alive and four had died. Duration of treatment and
response patterns among patients who completed 2 years of
immunotherapy are shown in Figure 4C.

Safety
No new safety signals were identified among the

patients in the pooled analysis. The most common TRAEs
of any grade among patients treated with nivolumab
plus ipilimumab with or without chemotherapy were
diarrhea (19%), nausea (19%), and fatigue (17%),
whereas the most common grade 3 to 4 TRAEs were
increased lipase (7%), neutropenia (4%), and diarrhea
(3%) (Table 2). Serious TRAEs were experienced by
28% of patients (21% with grade 3–4 serious TRAEs).
Four patients (1%) in the nivolumab plus ipilimumab
with or without chemotherapy arm and six patients
(2%) in the chemotherapy arm died due to TRAEs.
TRAEs occurring in equal to or higher than 10% of pa-
tients who discontinued all components of nivolumab
plus ipilimumab from CheckMate 227 or nivolumab plus
ipilimumab with chemotherapy from CheckMate 9LA are
shown in Supplementary Table 8.
Discussion
To our knowledge, this is the largest pooled analysis

of efficacy and safety outcomes in patients with meta-
static NSCLC and tumor PD-L1 lower than 1% treated
with a first-line dual immunotherapy–based regimen
and the longest follow-up reported for this population
across pooled studies. This analysis reported long-term,
durable, and clinically meaningful benefits with nivolu-
mab plus ipilimumab with or without chemotherapy
versus chemotherapy alone, with 20% versus 7% of
patients being alive at 5 years, and a median DOR of
approximately 1.5 years with nearly one-fourth of re-
sponders maintaining their response at 5 years. OS
benefit was also observed across all subgroups assessed,
including in patients with squamous NSCLC and in pa-
tients with baseline brain metastases, which represent
patient populations with high unmet need. No new safety
signals were identified. Additional analyses reported that
there was no negative impact on efficacy in patients who
discontinued immunotherapy due to TRAEs or who
completed 2 years of treatment.

Results from this pooled analysis are consistent with
OS, PFS, and DOR data for patients with metastatic
NSCLC and tumor PD-L1 lower than 1% from the indi-
vidual CheckMate 227 and CheckMate 9LA studies, with
a 5-year OS rate of 19% observed with nivolumab plus
ipilimumab versus 7% with chemotherapy in CheckMate
22719 and 22% with nivolumab plus ipilimumab with
chemotherapy versus 8% with chemotherapy alone in
CheckMate 9LA.23 Outcomes from this pooled analysis
were also similar to analyses of first-line nivolumab plus
ipilimumab using pooled data from CheckMate 227,
CheckMate 817, CheckMate 568, and CheckMate 012,
reporting a 3-year OS rate of 30% for patients with tu-
mor PD-L1 lower than 1%.20 The separation of the
Kaplan–Meier curves for nivolumab plus ipilimumab
with or without chemotherapy versus chemotherapy
alone was maintained over time, with a clear plateau for
OS suggestive of long-term, durable survival benefit in
patients with NSCLC and tumor PD-L1 lower than 1%.
Safety outcomes in the current pooled analysis were also
consistent with data from CheckMate 227, CheckMate
9LA, and a pooled analysis of patients treated with first-
line nivolumab plus ipilimumab from CheckMate 227,
CheckMate 817, and CheckMate 568, based on similar
incidence and severity of TRAEs observed with nivolu-
mab plus ipilimumab–based treatment in these anal-
yses.14,21,24 Overall, results from this pooled analysis
reinforce previous efficacy and safety data for patients
with PD-L1 lower than 1% treated with nivolumab plus
ipilimumab with or without chemotherapy. Furthermore,
median OS in the pooled nivolumab plus ipilimumab
with or without chemotherapy arm with tumor PD-L1
lower than 1% was similar to median OS among pa-
tients with tumor PD-L1 equal to or higher than 1%
treated with nivolumab plus ipilimumab from Check-
Mate 227 (17.1 mo; 5-y OS rate: 24%)19 and patients
with tumor PD-L1 equal to or higher than 1% treated
with nivolumab plus ipilimumab with chemotherapy
from CheckMate 9LA (15.8 mo; 5-y OS rate: 18%),23

suggesting that consistent efficacy benefit was
observed among patients treated with nivolumab plus
ipilimumab–based treatments, regardless of tumor
PD-L1 expression.

Long-term, durable clinical benefit, which is consid-
ered a hallmark of immunotherapy in advanced solid
tumors, is critical for treatment selection for patients to
derive maximal clinically meaningful benefit. In this
pooled analysis, long-term survivorship and durability of
the response benefit with the dual immunotherapy–
based regimen containing nivolumab and ipilimumab
seemed to be greater compared with first-line anti–PD-
(L)1–based immunotherapy regimens lacking anti–
CTLA-4 agents in patients with metastatic NSCLC and
tumor PD-L1 lower than 1%,6–9,25 although caution
should be exercised when comparing outcomes from
different clinical trials given differences in trial design
and patient populations. In CheckMate 227, nivolumab
plus chemotherapy was associated with only a moderate



Table 2. Safety Summary in the Pooled Tumor PD-L1 Lower Than 1% Population

Nivolumab Plus Ipilimumab With
or Without Chemotherapy
(n ¼ 319) Chemotherapy (n ¼ 308)

Any Grade Grade 3–4 Any Grade Grade 3–4

Any TRAEsa 261 (82) 114 (36) 253 (82) 110 (36)
TRAEs occurring in �10% of patients in

either studya,b

Diarrhea 60 (19) 11 (3) 38 (12) 4 (1)
Nausea 60 (19) 2 (1) 103 (33) 6 (2)
Fatigue 53 (17) 3 (1) 46 (15) 5 (2)
Pruritus 48 (15) 2 (1) 6 (2) 0
Asthenia 47 (15) 5 (2) 50 (16) 6 (2)
Decreased appetite 47 (15) 0 58 (19) 6 (2)
Rash 47 (15) 2 (1) 9 (3) 0
Hypothyroidism 44 (14) 1 (<1) 0 0
Anemia 35 (11) 6 (2) 111 (36) 43 (14)
Increased lipase 33 (10) 21 (7) 1 (<1) 0
Increased alanine aminotransferase 32 (10) 6 (2) 10 (3) 0
Vomiting 32 (10) 3 (1) 41 (13) 4 (1)
Constipation 27 (8) 0 44 (14) 2 (1)
Increased aspartate aminotransferase 26 (8) 7 (2) 8 (3) 0
Neutropenia 15 (5) 12 (4) 54 (18) 35 (11)
Thrombocytopenia 5 (2) 3 (1) 27 (9) 8 (3)
Decreased platelet count 3 (1) 0 30 (10) 10 (3)

Serious TRAEsa 88 (28) 67 (21) 50 (16) 39 (13)
TRAEs leading to discontinuation of any
component of the study druga

63 (20) 45 (14) 43 (14) 25 (8)

Treatment-related deaths 4c (1) 6d (2)

Note: Data presented as n (%) of patients with an event.
aTRAEs include events reported between the first dose and 30 days after the last dose of study therapy.
bTRAEs occurring in equal to or higher than 10% of patients with tumor PD-L1 less than 1% in either CheckMate 227 or CheckMate 9LA are included here; some
TRAEs shown occurred in less than 10% of patients in the pooled population overall.
cIncludes three patients from CheckMate 227 (shock, pneumonitis, and cardiac tamponade) and one patient from CheckMate 9LA (sepsis and acute renal
insufficiency).
dIncludes one patient from CheckMate 227 (febrile neutropenia with sepsis) and five patients from CheckMate 9LA (sepsis, anemia, pancytopenia, respiratory
failure, and pulmonary sepsis).
PD-L1, programmed death ligand 1; TRAE, treatment-related adverse event.
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OS benefit versus chemotherapy alone in patients with
tumor PD-L1 lower than 1% (HR ¼ 0.79, 95% CI: 0.64–
0.98; 5-y OS rate: 10% versus 5%).19 Furthermore, in the
phase 3 POSEIDON study, no improvement in OS was
observed in patients with tumor PD-L1 lower than 1%
treated with the PD-L1 inhibitor durvalumab plus
chemotherapy versus chemotherapy alone (HR ¼ 0.98,
95% CI: 0.75–1.27; 5-y OS rate: 6.5% versus 4.0%).25 A
pooled analysis of patients with tumor PD-L1 lower than
1% from the phase 3 KEYNOTE-189 and KEYNOTE-407
studies evaluating pembrolizumab plus chemotherapy
versus chemotherapy alone reported 5-year OS rates of
12.5% versus 9.3%, respectively (HR ¼ 0.64, 95% CI:
0.51–0.79).9 In the phase 3 IMpower130 study of pa-
tients with nonsquamous advanced NSCLC, atezolizumab
plus chemotherapy versus chemotherapy alone
conferred a moderate improvement to OS (HR ¼ 0.81,
95% CI: 0.61–1.08) in patients with tumor PD-L1 lower
than 1%, although long-term data were not available.4 A
lack of OS benefit was also observed with cemiplimab
plus chemotherapy versus placebo plus chemotherapy in
the EMPOWER-Lung 3 phase 3 study in patients with
tumor PD-L1 lower than 1% (HR ¼ 1.01, 95% CI: 0.63–
1.60)6; the European Medicines Agency subsequently
approved cemiplimab plus chemotherapy for use in pa-
tients with tumor PD-L1 equal to or higher than 1%, but
not in those with tumor PD-L1 lower than 1% based on
these results.26 In contrast with anti–PD-(L)1–based
therapies with chemotherapy, the addition of agents
inhibiting CTLA-4 to anti–PD-(L)1–based regimens
shows a consistent trend in the long-term improvement
of OS in patients with PD-L1 lower than 1%. In Check-
Mate 227, nivolumab plus ipilimumab was associated
with numerically higher long-term OS benefits than
nivolumab plus chemotherapy in this patient popula-
tion.19 In POSEIDON, the addition of tremelimumab, an
anti–CTLA-4 agent, to durvalumab plus four cycles of
chemotherapy conferred a slight improvement in OS at 5
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years of follow-up relative to six cycles of chemotherapy
alone in patients with tumor PD-L1 lower than 1%
(HR ¼ 0.81, 95% CI: 0.62–1.05; 5-y OS rate: 6.1% versus
4.0%).25 Furthermore, a network meta-analysis found a
long-term survival benefit with dual immunotherapy of
nivolumab plus ipilimumab from CheckMate 227 versus
anti–PD-(L)1 agents with chemotherapy from KEYNOTE-189,
KEYNOTE-407, and IMpower150.27 In addition to OS
benefit, patients who responded to nivolumab plus
ipilimumab with or without chemotherapy had a median
DOR of 18.0 months in the present pooled analysis;
previously reported values for anti–PD-(L)1–based
therapies with chemotherapy (without CTLA-4 inhibi-
tion) in patients with tumor PD-L1 lower than 1% from
CheckMate 227, KEYNOTE-189, KEYNOTE-407,
IMpower130, POSEIDON, and EMPOWER-Lung 3 ranged
from 6.7 to 10.8 months, whereas PFS and ORR from the
pooled analysis of nivolumab plus ipilimumab with or
without chemotherapy fell within previously reported
ranges from these studies (median PFS: 4.6 to 6.3 mo
versus 5.4 mo from the present study; ORR: 27% to 67%
versus 29%).4,7,8,19,28,29 Taken together, these findings
suggest a long-term clinical benefit observed with dual
anti–PD-(L)1 plus anti–CTLA-4 regimens in patients with
tumor PD-L1 lower than 1%, particularly nivolumab plus
ipilimumab–based treatments, compared with various
anti–PD-(L)1 plus chemotherapy regimens lacking
CTLA-4 inhibition. Future studies of additional bio-
markers could potentially identify patients with tumor
PD-L1 lower than 1% who could benefit most from
combination immunotherapy.

Certain patient subgroups with NSCLC, including
those with baseline brain metastases or squamous
NSCLC, historically have a poor prognosis and derive
limited long-term efficacy benefits from chemotherapy
or PD-(L)1–based regimens,30,31 underscoring high
unmet need in these patient subgroups, especially
among those with tumor PD-L1 lower than 1%. In pa-
tients with advanced squamous NSCLC and tumor PD-L1
lower than 1% treated with pembrolizumab plus
chemotherapy in KEYNOTE-407, median PFS was 6.3
months, ORR was 67.4%, median DOR was 6.9 months,
and the 5-year OS rate was 10.7%.8 Among patients with
brain metastases and tumor PD-L1 lower than 1% from
the pooled KEYNOTE-189 and KEYNOTE-407 study, OS
HR for pembrolizumab plus chemotherapy versus
chemotherapy was 0.59 (95% CI: 0.35–0.99).9 In the
current analysis, nivolumab plus ipilimumab with or
without chemotherapy demonstrated improvement in
DOR and OS in patients with tumor PD-L1 lower than
1%, even in those with squamous NSCLC (median PFS:
5.3 mo; ORR, 42%; median DOR: 19.6 mo; 5-y OS rate:
21% [OS HR versus chemotherapy ¼ 0.51, 95% CI: 0.36–
0.72]) or baseline brain metastases (5-y OS rate: 6% [OS
HR versus chemotherapy ¼ 0.44, 95% CI: 0.26–0.75]),
indicating clinical benefit over long-term follow-up.
Notably, a higher magnitude of clinical benefit versus
chemotherapy was observed in patients with baseline
brain metastases or squamous NSCLC (compared with
patients without brain metastases or nonsquamous
NSCLC, respectively), likely due to poor efficacy from
chemotherapy alone as expected in these subgroups.
These findings are consistent with OS outcomes
observed from the individual CheckMate 227 and
CheckMate 9LA studies in patients with squamous NSCLC
or baseline brain metastases, irrespective of tumor PD-L1
expression,19,23,32,33 and further support the efficacy of
dual immunotherapy–based treatment regimens in these
subgroups with additional unmet need.

Patient survivorship is increasingly at the forefront
when considering treatment choice, raising the question
of whether efficacy benefit can be maintained, even after
a drug regimen is discontinued, to preserve patient
quality of life. Discontinuation of nivolumab plus
ipilimumab with or without chemotherapy due to TRAEs
did not seem to negatively impact OS relative to the
entire pooled nivolumab plus ipilimumab with or
without chemotherapy arm, although it should be noted
that such analyses are limited by immortal time bias.
Moreover, the results were consistent with outcomes in
patients who completed 2 years of immunotherapy
treatment, and who continued to experience prolonged
clinical benefit even after discontinuation. Of note, pa-
tients who were alive at the time of the database lock
dates had completed or discontinued study immuno-
therapy for a minimum of 3 years in this analysis. In the
5-year update of CheckMate 227, 14% of patients with
tumor PD-L1 lower than 1% were alive and treatment-
free for 3 years or longer in the nivolumab plus
ipilimumab arm compared with 2% in the chemotherapy
arm.34 Consistent with prior exploratory data from
CheckMate 227 and CheckMate 9LA,34,35 results from
this pooled analysis support the durable efficacy of
nivolumab plus ipilimumab with or without chemo-
therapy, even in patients with tumor PD-L1 lower than
1% who discontinued treatment.

This analysis shares limitations inherent to pooled
analyses, including differences in the study designs and
patient populations of CheckMate 227 and CheckMate
9LA that may have introduced heterogeneity in the pooled
treatment arms, particularly differences in the treatment
regimens (e.g., the inclusion of two cycles of chemo-
therapy in the experimental arm of CheckMate 9LA but
not in CheckMate 227) and dosing of nivolumab. Inter-
pretation of these results should also be limited to long-
term outcomes to avoid confounding effects from the in-
clusion of the limited chemotherapy course, which is
thought to provide rapid initial disease control in the
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experimental arm of CheckMate 9LA. Finally, as this was
an exploratory post hoc analysis, it was not statistically
powered, further limiting the interpretation of the results.

This analysis of a pooled patient population with
tumor PD-L1 lower than 1% from CheckMate 227 and
CheckMate 9LA shows that first-line treatment with
nivolumab plus ipilimumab with or without chemo-
therapy is associated with long-term, durable survival
benefit and a generally manageable safety profile in
patients with metastatic NSCLC and tumor PD-L1 lower
than 1%, including subgroups with brain metastases or
squamous NSCLC. These results further support the use
of nivolumab plus ipilimumab with or without chemo-
therapy in this patient population with high unmet need.
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