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abstract

PURPOSEWe present 5-year results from CheckMate 227 Part 1, in which nivolumab plus ipilimumab improved
overall survival (OS) versus chemotherapy in patients with metastatic non–small-cell lung cancer, regardless of
tumor programmed death ligand 1 (PD-L1) status.

METHODS Adults with stage IV/recurrent non–small-cell lung cancer without EGFRmutations or ALK alterations
and with tumor PD-L1 $ 1% or , 1% (n 5 1739) were randomly assigned. Patients with tumor PD-L1 $ 1%
were randomly assigned to first-line nivolumab plus ipilimumab, nivolumab alone, or chemotherapy. Patients
with tumor PD-L1, 1%were randomly assigned to nivolumab plus ipilimumab, nivolumab plus chemotherapy,
or chemotherapy. End points included exploratory 5-year results for efficacy, safety, and quality of life.

RESULTS At a minimum follow-up of 61.3 months, 5-year OS rates were 24% versus 14% for nivolumab plus
ipilimumab versus chemotherapy (PD-L1 $ 1%) and 19% versus 7% (PD-L1 , 1%). The median duration of
response was 24.5 versus 6.7 months (PD-L1 $ 1%) and 19.4 versus 4.8 months (PD-L1 , 1%). Among
patients surviving 5 years, 66% (PD-L1 $ 1%) and 64% (PD-L1 , 1%) were off nivolumab plus ipilimumab
without initiating subsequent systemic anticancer treatment by the 5-year time point. Survival benefit continued
after nivolumab plus ipilimumab discontinuation because of treatment-related adverse events, with a 5-year OS
rate of 39% (combined PD-L1 $ 1% and , 1% populations). Quality of life in 5-year survivors treated with
nivolumab plus ipilimumab was similar to that in the general US population through the 5-year follow-up. No new
safety signals were observed.

CONCLUSION With all patients off immunotherapy treatment for $ 3 years, nivolumab plus ipilimumab in-
creased 5-year survivorship versus chemotherapy, including long-term, durable clinical benefit regardless of
tumor PD-L1 expression. These data support nivolumab plus ipilimumab as an effective first-line treatment for
patients with metastatic non–small-cell lung cancer.
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INTRODUCTION

Patients with metastatic non–small-cell lung cancer
(mNSCLC) have historically had a poor prognosis, with
a 5-year survival rate of 7%.1 Programmed death (ligand)
1 (PD-[L]1) inhibitors alone or combined with other
modalities have recently been recommended as first-line
treatment options for mNSCLC without treatable
oncogenic driver mutations.2-4 Dual immunotherapy
with nivolumab plus ipilimumab, immune check point

inhibitors with distinct but complementary mechanisms
of action, has shown durable survival benefit in patients
with mNSCLC and other advanced tumor types.5-8

However, 5-year survival outcomes are yet to be re-
ported from phase III studies of first-line immunotherapy-
based combinations for mNSCLC. These data, including
quality-of-life (QoL) outcomes, are key to assess the long-
term benefit-risk of such combinations and to foster
research that characterizes long-term survivors.
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CheckMate 227 (ClinicalTrials.gov identifier: NCT02477826),
a randomized, open-label, phase III trial, evaluated first-line
nivolumab plus ipilimumab or nivolumab-based regimens
versus chemotherapy for the treatment of mNSCLC.
CheckMate 227 Part 1 met both its independent primary
end points: nivolumab plus ipilimumab significantly pro-
longed progression-free survival (PFS) in patients with high
tumor mutational burden ($ 10 mut/Mb)9 and overall
survival (OS) in patients with tumor programmed death
ligand 1 (PD-L1) expression$ 1% versus chemotherapy.10

In a prespecified descriptive analysis, OS was also pro-
longed in patients with tumor PD-L1 , 1%.10 Nivolumab
plus ipilimumab was consequently approved in the United
States and other regions as first-line therapy in adults with
mNSCLC with PD-L1 $ 1% and no EGFR or ALK aberra-
tions and in some countries regardless of PD-L1
expression.11-13 Nivolumab plus ipilimumab is recom-
mended as a first-line treatment option by the National
Comprehensive Cancer Network Clinical Practice Guide-
lines in Oncology (National Comprehensive Cancer Network
Guidelines) and the European Society for Medical Oncology
guidelines for mNSCLC regardless of PD-L1 expression.3,4

Here, we report CheckMate 227 Part 1 efficacy and safety
data with aminimum follow-up of 5 years, the longest report
from a phase III trial with an immunotherapy combination
for NSCLC and an important survival landmark for patients
with mNSCLC. In addition, we report post hoc analyses of
outcomes in patients alive at 5 years, those who completed
2 years of immunotherapy, and those who discontinued
nivolumab plus ipilimumab because of treatment-related
adverse events (TRAEs).

METHODS

Patients

Eligibility criteria have been described previously.9,10 Adults
with histologically confirmed stage IV/recurrent NSCLC
(without sensitizing EGFR mutations or known ALK alter-
ations), Eastern Cooperative Oncology Group performance
status # 1, no previous systemic therapy for advanced/
metastatic disease, and no untreated CNSmetastases were
enrolled. Patients provided written informed consent.

Study Design and Treatment

The study design (Data Supplement, online only) has pre-
viously been described.9,10 Patients with tumor PD-L1$ 1%
or, 1%were randomly assigned to nivolumab3mg/kg once
every 2 weeks plus ipilimumab 1 mg/kg once every 6 weeks,
nivolumab 240 mg once every 2 weeks alone (PD-L1$ 1%)
or 360 mg once every 3 weeks with platinum-doublet
chemotherapy once every 3 weeks (PD-L1 , 1%), or
platinum-doublet chemotherapy once every 3 weeks. Ran-
dom assignment within each PD-L1 group was stratified by
tumor histology (squamous v nonsquamous). Patients were
treated until disease progression or unacceptable toxicity or
for # 2 years for immunotherapy. Additional details are
provided in the Data Supplement.

This trial was conducted per the Declaration of Helsinki
and the International Conference on Harmonisation Good
Clinical Practice Guidelines. The study Protocol (online
only) and amendments were approved by an institutional
review board or independent ethics committee at
individual sites.

CONTEXT

Key Objective
Patients with metastatic non–small-cell lung cancer (mNSCLC) have historically had a 5-year survival rate of only 7%, but

more recently, immune check point inhibitors have improved survival outcomes in mNSCLC without treatable oncogenic
driver mutations. To our knowledge, this update from CheckMate 227 is the first report of 5-year clinical outcomes from a
phase III study with a first-line immunotherapy combination.

Knowledge Generated
Nivolumab plus ipilimumab conferred long-term clinical benefit versus chemotherapy in patients with mNSCLC, regardless of

tumor programmeddeath ligand1 status. Dual immunotherapy increased 5-year overall survival rates and preserved quality of
life, with the benefits extending beyond discontinuation of immunotherapy; overall, 23% of patients survived at least 5 years.

Relevance
The long-term follow-up of immune check point inhibitor studies provides valuable information about the durability of

immunotherapy responses, the outcomes of patients after the completion of therapy, and the proportion of patients alive
and without disease progression at later time points. This long-term follow-up of CheckMate 227 revealed that patients
who received nivolumab plus ipilimumab with tumor programmed death ligand 1 expression $ 1% or , 1% experi-
enced 5-year overall survival rates of 24% and 19%, respectively. Patients who received immunotherapy and expe-
rienced a response had superior outcomes, the responses were durable, and many did not require subsequent therapy.
With the maturation of immunotherapy studies, landmark analyses will become more important in assessing the long-
term benefit of immunotherapy combinations.
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End Points

The independent primary end points, hierarchical secondary
end points, and prespecified descriptive analyses have been
published previously (Data Supplement).9,10 Exploratory
5-year results for OS and other efficacy measures, including
PFS, objective response rate (ORR), and duration of re-
sponse (DOR) per blinded independent central review, were
reported on the basis of RECIST v1.1, where relevant.

Other exploratory end points included PFS after the next
line of therapy (PFS2) and QoL in 5-year survivors using the
EQ-5D (3-level version) visual analog scale (VAS). Safety
and tolerability were also assessed. Post hoc analyses in-
cluded efficacy in 5-year survivors, patients who completed
2 years of immunotherapy, and patients who discontinued
nivolumab plus ipilimumab or chemotherapy because of
TRAEs. A post hoc analysis of treatment-free interval (TFI)
was measured in patients who discontinued study therapy
(for any reason including treatment completion). Additional
details are available in the Data Supplement.

Statistical Analysis

All randomly assigned patients were evaluated for effi-
cacy; those receiving $ 1 dose of study treatment were
evaluated for safety. OS, PFS, DOR, and TFI were esti-
mated using the Kaplan-Meier methodology. A Cox pro-
portional hazards model stratified by tumor histology was
used to calculate hazard ratios (HRs) between treatment
arms with associated two-sided CIs in the overall analysis.
An unstratified model was used to estimate HRs between
treatment arms in patient subgroups. Two-sided exact
95% CIs were calculated for ORRs using the Clopper-
Pearson method. A weighted average of the EQ-5D VAS
score and 95% CI were analyzed using all available EQ-5D
assessments for randomly assigned patients with the
OS $ 60 months.

RESULTS

Patients

Between August 5, 2015, and November 30, 2016, 2,876
patients were enrolled; 1,739 were randomly assigned
(Fig 1).9,10 Baseline characteristics were well-balanced
between treatment arms (Data Supplement).9,10 At the
current data cutoff (February 15, 2022), the minimum OS
follow-up was 61.3 months (median, 66.7 months). All
patients had discontinued treatment except one with tumor
PD-L1 $ 1% treated with chemotherapy who was still
receiving maintenance pemetrexed (Fig 1B).

Efficacy Outcomes

OS, PFS, and response in patients with tumor PD-L1 ‡ 1%
(primary end point population) and PD-L1 < 1%. Among
patients with tumor PD-L1 $ 1% (n 5 1,189), nivolumab
plus ipilimumab (n 5 396) demonstrated continuous long-
term, durable OS benefit versus chemotherapy (n 5 397;
HR, 0.77; 95% CI, 0.66 to 0.91; Fig 2A). Five-year estimated

OS rates were 24%, 17%, and 14% with nivolumab plus
ipilimumab, nivolumab (n 5 396), and chemotherapy,
respectively. In patients with tumor PD-L1 , 1% (n5 550),
OS benefit also continued with nivolumab plus ipilimumab
(n 5 187) versus chemotherapy (n 5 186; HR, 0.65; 95%
CI, 0.52 to 0.81); 5-year estimated OS rates were 19%, 10%,
and 7% with nivolumab plus ipilimumab, nivolumab plus
chemotherapy (n 5 177), and chemotherapy, respectively
(Fig 2B). Similar clinical benefit patterns were observed with
PFS, ORR, and DOR in both the PD-L1 $ 1% and , 1%
populations (Figs 2C–2F). Among patients who responded
with tumor PD-L1 $ 1%, an estimated 28%, 24%, and 3%
in the nivolumab plus ipilimumab, nivolumab, and
chemotherapy arms, respectively, had responses lasting
$ 5 years. In patients who respondedwith tumor PD-L1, 1%,
responses lasting$ 5 years occurred in an estimated 21%and
13% in the nivolumab plus ipilimumab and nivolumab plus
chemotherapy arms; no patients remained in response in the
chemotherapy arm at 5 years.

OS in tumor histology and other subgroups. OS (HR
[95% CI]) was generally improved with nivolumab plus
ipilimumab versus chemotherapy across subgroups (Data
Supplement), including patients with nonsquamous tumor
histology (PD-L1 $ 1%: 0.82 [0.67 to 0.99]; PD-L1 , 1%:
0.70 [0.54 to 0.90]), squamous tumor histology (PD-L1$ 1%:
0.69 [0.52 to 0.91]; PD-L1 , 1%: 0.52 [0.34 to 0.82]), PD-
L1$ 50% (0.69 [0.54 to 0.86]), and subgroups bymost other
key demographic/clinical characteristics. There was a lower
magnitude of effect in the PD-L1 1%-49% subgroup (0.90
[0.72 to 1.12]), although the study was not powered to assess
efficacy in subgroups.

PFS2. Among randomly assigned patients with a PFS event,
smaller proportions of patients received subsequent systemic
therapy in the nivolumab plus ipilimumab than the che-
motherapy arms (Data Supplement). Greater PFS2 benefit
(HR [95%CI]) was observedwith nivolumab plus ipilimumab
versus chemotherapy (PD-L1 $ 1%: 0.73 [0.62 to 0.85];
PD-L1 , 1%: 0.61 [0.49 to 0.76]; Data Supplement).

TFI. The novel post hoc end point TFI, another measure
of study therapy efficacy thatmay indicate patient experience,
14-17 was analyzed in the PD-L1$ 1% and, 1% populations
(Table 1). Among patients who discontinued therapy
(regardless of reason), 17% of 391 patients (PD-L1 $ 1%)
and 14% of 185 patients (PD-L1 , 1%) in the nivolumab
plus ipilimumab arm were estimated to be alive and
treatment-free $ 3 years after discontinuing study therapy
versus 3% of 386 patients (PD-L1 $ 1%) and 2% of 183
patients (PD-L1 , 1%) in the chemotherapy arm. Median
therapy duration is shown in Table 1.

Efficacy and QoL in Patients Alive at 5 Years

OS, PFS, and response. Five years after random assign-
ment, 198 patients were alive in the PD-L1 $ 1% group
(nivolumab plus ipilimumab, n 5 89; nivolumab, n 5 59;
chemotherapy, n5 50), and 62 in the PD-L1, 1% group
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(nivolumab plus ipilimumab, n 5 33; nivolumab plus
chemotherapy, n 5 17; and chemotherapy, n 5 12;
Fig 3). Baseline characteristics and reasons for treatment
discontinuation are shown in the Data Supplement. In the
PD-L1 $ 1% population, greater PFS benefit was seen
with nivolumab plus ipilimumab or nivolumab than che-
motherapy (Fig 3A). The ORR was 80%, 73%, and 54% in
the nivolumab plus ipilimumab, nivolumab, and chemo-
therapy arms, respectively; 54%, 58%, and 17% of these
patients had ongoing responses for $ 5 years (Fig 3C).

Treatment status and TFI. In the PD-L1 $ 1% group, the
median treatment duration was 17.7, 23.6, and 6.2 months
in 5-year survivors treated with nivolumab plus ipilimumab,
nivolumab, and chemotherapy, respectively (Table 1), with
a median of 36 nivolumab and 10 ipilimumab doses re-
ceived in the nivolumab plus ipilimumab arm (Data Sup-
plement). Subsequent systemic therapy was administered
to 36%, 29%, and 76% of patients in the nivolumab plus
ipilimumab, nivolumab, and chemotherapy arms (immu-
notherapy, 16%, 15%, and 74%; Data Supplement) by
data cutoff. At the 5-year landmark, 66%, 71%, and 22% of
treated patients, respectively, were off study treatment
without having received subsequent systemic treatment
(Fig 3E). The median TFI was not reached and 2.2 months
in the immunotherapy and chemotherapy arms, respec-
tively (Table 1). Noting the smaller PD-L1, 1% population,

similar clinical outcome patterns were seen in this group
(Figs 3B, 3D, and 3F; Table 1; and Data Supplement).

QoL. QoL was assessed in 5-year survivors in the combined
PD-L1 $ 1% and , 1% populations. All 122 treated with
nivolumab plus ipilimumab and 60 of 62 treated with
chemotherapy completed EQ-5D assessments. EQ-5D
VAS scores in the nivolumab plus ipilimumab arm had
improvements from baseline and then remained at or
above the norm for the general US population18 (Fig 4).

Efficacy in Patients Who Completed 2 Years

of Immunotherapy

Among patients receiving nivolumab-containing regimens,
133 (12%) completed 2 years of study treatment
(PD-L1 $ 1%: nivolumab plus ipilimumab, 13% of 391
patients and nivolumab, 11% of 391 patients; PD-L1, 1%:
nivolumab plus ipilimumab, 9% of 185 patients and
nivolumab plus chemotherapy, 13% of 172 patients; Fig 5).
Baseline characteristics are shown in the Data Supplement.
Five-year OS rates were 72% (nivolumab plus ipilimumab)
and 72% (nivolumab) for PD-L1 $ 1% (Fig 5A) and 56%
(nivolumab plus ipilimumab) and 64% (nivolumab plus
chemotherapy) for PD-L1, 1% (Fig 5B); Figures 5C and 5D
show PFS. The ORR was 88% and 94% in the PD-L1$ 1%
and PD-L1 , 1% nivolumab plus ipilimumab arms, re-
spectively; 40% and 39% of these patients had ongoing
responses for$ 5 years (Figs 5E and 5F). An estimated 54%

Excluded
  Patient no longer met study criteria
  Patient withdrew consent
  Death
  AE unrelated to study drug
  Lost to follow-up
  Lack of compliance
  Administrative reason by the sponsor
  Other
  Not reported 

(n = 1,137)
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(n = 88)
(n = 40)
(n = 33)

(n = 6)
(n = 2)
(n = 2)

(n = 57)
(n = 1)

Patients enrolleda

(N = 2,876)

Patients randomly assigned
(n = 550)

PD-L1 < 1%

Patients randomly assigned
(n = 1,189)

PD-L1 ����1%

A

FIG 1. CheckMate 227 CONSORT diagram. (A) Enrollment and allocation of patients with tumor PD-L1
expression$ 1% and, 1%, (B) disposition of patients with tumor PD-L1 expression$ 1%, and (C) disposition of
patients with tumor PD-L1 expression, 1%. aOne patient was enrolled twice in error but not randomly assigned,
not having met study criteria; the number of patients enrolled has been corrected here since the original
report.10 AE, adverse event; CONSORT, Consolidated Standards of Reporting Trials; PD-L1, programmed death
ligand 1. From the New England Journal of Medicine, Hellmann et al, Nivolumab plus Ipilimumab in Advanced
Non–Small-Cell Lung Cancer, 381:2020-2031, 2019 (continued on following page)
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FIG 1. (Continued). © Massachusetts Medical Society. Reprinted with permission from the Massachusetts Medical Society.10
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FIG 2. OS, PFS, and ORR/DOR in randomly assigned patients by tumor PD-L1 expression level. OS in patients with (A) tumor PD-L1 expression$ 1% or
(B) tumor PD-L1 expression, 1%; PFS in randomly assigned patients with (C) tumor PD-L1 expression$ 1%or (D) tumor PD-L1 expression, 1%; ORR
andDOR in randomly assigned patients with (E) tumor PD-L1 expression$ 1%or (F) tumor PD-L1 expression, 1%. Patients were followed for aminimum
of 61.3months. Ninety-five percent CIs for the nivolumab plus ipilimumab, nivolumab (PD-L1$ 1%) or nivolumab plus chemotherapy (PD-L1, 1%), and
chemotherapy arms at 5-year landmarks, respectively: (A) 20 to 29, 13 to 21, and 11 to 18; (B) 14 to 25, 6 to 15, and 4 to 11; (C) 9 to 16, 6 to 13, and 1 to 5;
(D) 5 to 15, 3 to 12, and, 1 to 6; (E) 20 to 37, 15 to 34, and 0 to 11; and (F) 8 to 38, 6 to 24, and NA. DOR, duration of response; HR, hazard ratio; NA, not
available; ORR, objective response rate; OS, overall survival; PD-L1, programmed death ligand 1; PFS, progression-free survival.
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TABLE 1. Duration of Treatment and TFI After Discontinuation of Study Therapy in all Treated Patients, Treated Patients Alive at 5 Years, Patients Who
Completed 2 years of Study Immunotherapy, and Patients Who Discontinued Treatment Because of TRAEs

All Treated Patients and
Patients Alive at 5 Years

PD-L1 ‡ 1% PD-L1 < 1%

Nivolumab Plus
Ipilimumab Nivolumab Chemotherapy

Nivolumab Plus
Ipilimumab

Nivolumab Plus
Chemotherapy Chemotherapy

All treated patients, No. 391a 391a 387a 185a 172a 183a

Median duration of treatment,
months (range)

4.2 (0-25.5)b 4.6 (0-26.5) 2.7 (0-56.71)c 4.0 (0-25.1)b 5.8 (0-51.0) 2.6 (0-38.6)

Median TFI, months (95% CI)d 2.4 (1.8 to 3.3) 1.3 (1.2 to 1.6) 2.1 (1.8 to 2.5)e 2.5 (1.6 to 3.3) 2.3 (1.5 to 2.8) 1.9 (1.5 to 2.5)

TFI rate, % (95% CI)d

12 months 29 (25 to 34) 22 (18 to 26) 13 (10 to 16)e 26 (20 to 33) 18 (13 to 24) 9 (5 to 14)

24 months 20 (17 to 25) 15 (12 to 19) 5 (3 to 8)e 18 (13 to 24) 12 (7 to 17) 6 (3 to 10)

36 months 17 (14 to 21) 13 (10 to 16) 3 (2 to 6)e 14 (10 to 20) 8 (5 to 13) 2 (1 to 6)

Treated patients alive at
5 years, No.

89 58f 49f 33 17 12

Median duration of treatment,
months (range)

17.7 (0-25.5)b 23.6 (3.7-25.2) 6.2 (0.9-56.71)c 9.5 (0-25.1)b 23.7 (14.0-51.0) 6.6 (0.7-24.3)

Median TFI, months (95% CI)d NR (57.7 to NR) NR (51.1 to NR) 2.2 (1.2 to 6.5)e 58.5 (21.6 to NR) NR (2.8 to NR) 2.1 (1.1 to 25.5)

TFI rate, % (95% CI)d

12 months 74 (64 to 82) 83 (70 to 90) 29 (17 to 42)e 76 (57 to 87) 76 (49 to 90) 25 (6 to 50)

24 months 67 (57 to 76) 76 (63 to 85) 23 (12 to 36)e 67 (48 to 80) 70 (42 to 86) 25 (6 to 50)

36 months 66 (56 to 75) 72 (59 to 82) 20 (10 to 33)e 64 (45 to 78) 70 (42 to 86) 17 (3 to 41)

Patients Who Completed 2 Years
of Study Immunotherapy

Nivolumab Plus
Ipilimumab (n 5 50)

Nivolumab
(n 5 44)

Nivolumab Plus
Ipilimumab (n 5 16)

Nivolumab Plus
Chemotherapy (n 5 23)

Median TFI, months (95% CI)d NR (23.8 to NR) 37.1 (18.5 to NR) 37.5 (10.5 to NR) 33.4 (12.9 to NR)

TFI rate, % (95% CI)d

12 months 80 (66 to 89) 77 (62 to 87) 75 (46 to 90) 74 (51 to 87)

24 months 64 (49 to 76) 61 (45 to 74) 69 (40 to 86) 60 (37 to 77)

36 months 54 (39 to 67) 54 (38 to 67) 50 (24 to 71) 50 (27 to 68)

Patients Who Discontinued Treatment Because of TRAEs

Nivolumab Plus Ipilimumab
(PD-L1 ‡ 1% and PD-L1 < 1%)

n 5 97

Chemotherapy (PD-L1 ‡ 1%
and PD-L1 < 1%)

n 5 48

Median duration of treatment, months (range) 3.7 (0-22.9)b 2.5 (0-38.9)

Median TFI, months (95% CI)d 13.0 (7.7 to 21.2) 2.8 (2.3 to 4.3)

TFI rate, % (95% CI)d

12 months 50 (40 to 60) 12 (5 to 23)

24 months 38 (28 to 47) 6 (1 to 15)

36 months 32 (23 to 42) NA (NA to NA)

Abbreviations: NA, not available; NR, not reached; PD-L1, programmeddeath ligand 1; TFI, treatment-free interval; TRAE, treatment-related adverse event.
aFive, five, and 10 patients in the nivolumab plus ipilimumab, nivolumab, and chemotherapy arms, respectively (PD-L1 $ 1%), and two, five, and three

patients in the nivolumab plus ipilimumab, nivolumab plus chemotherapy, and chemotherapy arms (PD-L1, 1%) were randomly assigned but not treated
and are not included in this analysis.

bDuration of nivolumab treatment with or without ipilimumab.
cIncludes one patient remaining on study treatment (pemetrexed maintenance) at the data cutoff; the plus symbol indicates a censored value.
dTFI analyses were calculated in patients who had discontinued treatment.
eOne patient remaining on study treatment at the data cutoff was omitted from the TFI analysis.
fOne patient in the PD-L1$ 1% nivolumab arm and one patient in the PD-L1$ 1% chemotherapy armwere randomly assigned but not treated and are not

included in this analysis.
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FIG 3. Clinical outcomes and treatment status in patients alive at 5 years by tumor PD-L1 expression level. PFS in randomly assigned patients with (A)
tumor PD-L1 expression $ 1% or (B) tumor PD-L1 expression , 1%; ORR and DOR in randomly assigned patients with (C) tumor PD-L1
expression$ 1% or (D) tumor PD-L1 expression, 1%; treatment status at 5 years in treateda patients with (E) tumor PD-L1 expression$ 1% or (F)
tumor PD-L1 expression , 1%. (continued on following page)
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and 50% had a TFI$ 3 years (Table 1). ORR, DOR, and TFI
are also shown for the nivolumab and nivolumab plus
chemotherapy arms in Figures 5E and 5F and Table 1.

Efficacy in Patients Who Discontinued Study Treatment

Because of TRAEs

TRAEs led to discontinuation of all study drugs in 97 (17%)
patients treated with nivolumab plus ipilimumab and 48
(8%) treated with chemotherapy (combined PD-L1 $ 1%
and , 1% populations); the median treatment duration
was 3.7 and 2.5 months, respectively (Data Supplement).
Five-year OS rates were 39% and 20%, respectively. The
3-year TFI rate was 32% for nivolumab plus ipilimumab
and was not applicable for chemotherapy, with no patients
estimated to remain treatment-free (Table 1).

Safety

Per protocol, patients discontinued nivolumab-based reg-
imens at 2 years of treatment. Most patients were therefore
off study treatment at the primary analysis (minimum
follow-up, 29.3 months),10 and all but one patient in the
chemotherapy arm had discontinued study therapy by the
4-year analysis.7 Consequently, no new safety signals were
observed in the current analysis (Data Supplement).
Similarly, there were no new treatment-related deaths.

DISCUSSION

At a minimum follow-up 5 years in CheckMate 227 Part 1,
nivolumab plus ipilimumab continued to demonstrate long-
term, durable clinical benefit for patients with previously
untreated mNSCLC versus chemotherapy, regardless
of tumor PD-L1 expression. The 5-year survival rates of
24% and 19% with nivolumab plus ipilimumab in the

PD-L1 $ 1% and , 1% populations, respectively (v 14%
and 7%with chemotherapy), reflect a marked improvement
from the preimmunotherapy era: the 5-year relative survival
rate for US patients with mNSCLC between 2012 and 2018
was 7%.1 In long-term survivors treated with nivolumab plus
ipilimumab, approximately two-thirds had been off study
treatment for $ 3 years without having started subsequent
systemic treatment at the 5-year time point, and QoL was
similar to that of the general US population.

Given the recent introduction of immunotherapy for first-line
mNSCLC, data regarding long-term impact are limited.
Five-year data from KEYNOTE-024 in patients with tumor
PD-L1 $ 50% indicated that first-line pembrolizumab
provides durable OS benefit versus chemotherapy.20 In our
study, we observed continued separation of the nivolumab
plus ipilimumab and chemotherapy arms in the OS, PFS,
and DOR Kaplan-Meier curves at 5 years regardless of
PD-L1 expression, consistent with results at 4 years7 and
indicative of long-term, durable survival benefit with
nivolumab plus ipilimumab treatment. Notably, this benefit
continued even after discontinuing therapy, either after
completing 2 years of nivolumab plus ipilimumab treatment
or because of TRAEs. Among patients completing the
maximum 2 years of nivolumab plus ipilimumab, most were
alive at 5 years in both the PD-L1 $ 1% and , 1% pop-
ulations. Importantly, among patients who discontinued
nivolumab plus ipilimumab before 2 years because of
TRAEs, 39% survived$ 5 years. In both patients completing
2 years of nivolumab plus ipilimumab and those stopping
because of TRAEs, ongoing responses were observed after
treatment discontinuation, underscoring the long-term,
durable benefits of dual immunotherapy. Although some

FIG 3. (Continued). Kaplan-Meier curves are not shown for the PD-L1, 1% chemotherapy arms because of small sample sizes. Ninety-five percent
CIs for the nivolumab plus ipilimumab, nivolumab (PD-L1$ 1%) or nivolumab plus chemotherapy (PD-L1, 1%), and chemotherapy (PD-L1$ 1%
only) arms at 5-year landmarks, respectively, (A) 37 to 60, 36 to 64, and 4 to 28; (B) 30 to 68 and 23 to 71; (C) 40 to 66, 39 to 73, and 4 to 36; and (D)
14 to 66 and 23 to 72. aOne patient in the PD-L1$ 1% nivolumab arm and 1 patient in the PD-L1$ 1% chemotherapy arm were randomly assigned
but not treated and are not included in the analysis of subsequent treatments. DOR, duration of response; HR, hazard ratio; NA, not available; NR, not
reached; ORR, objective response rate; PD-L1, programmed death ligand 1; PFS, progression-free survival.
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clinical benefit was seen with chemotherapy, most long-term
survivors in the chemotherapy arm received subsequent
immunotherapy. Although not statistically powered for
comparisons between immunotherapy-containing arms,
greater clinical benefit, including improved 5-year OS, was
observed with nivolumab plus ipilimumab versus nivolumab
monotherapy or nivolumab plus chemotherapy; however,
clinical benefit between the nivolumab-based regimens was
similar among 5-year survivors.

Immunotherapy combined with chemotherapy has pre-
viously shown limited efficacy in PD-L1, 1% or squamous
histology subgroups, which consequently have a high
unmet need.21-23 In patients with tumor PD-L1 , 1% in
CheckMate 227, durable clinical benefit was observed
with nivolumab plus ipilimumab compared with nivolumab
plus chemotherapy or chemotherapy. Moreover, although
our prespecified subgroup analyses were exploratory and
not powered, nivolumab plus ipilimumab appeared to
prolong OS in patients with squamous tumors relative to
chemotherapy (PD-L1 $ 1% and PD-L1 , 1%) or nivo-
lumab plus chemotherapy (PD-L1, 1%). Considering the
limitations of cross-trial comparisons, exploratory sub-
group analyses of other studies have shown numerically
greater survival benefit with first-line pembrolizumab plus
chemotherapy than chemotherapy in the PD-L1 $ 1%
versus PD-L1 , 1% subgroup in both squamous and
nonsquamous tumors.22,23

In CheckMate 227, OS benefit appeared to be generally
greater with nivolumab plus ipilimumab than with nivolumab
in the PD-L1$ 50% subgroup, consistent with the durability
seen with combination immunotherapy in other settings5,6,8;
however, in the PD-L1 $ 50% squamous histology sub-
group, 5-year OS rates were similar with nivolumab plus
ipilimumab and nivolumab. The benefit of nivolumab plus
ipilimumab versus chemotherapy was less apparent in the
PD-L1 1%-49% than $ 50% subgroup, consistent with
some observations with other anti–PD-(L)1-based regimens
in patients with intermediate PD-L1 expression.24,25 DORwas
prolonged with nivolumab plus ipilimumab versus other
treatments in the PD-L1$ 50% subgroup. By contrast, data
from KEYNOTE-598 suggested that ipilimumab combined
with pembrolizumab did not improve efficacy versus
pembrolizumab in this population at the time of the pre-
specified interim analysis (12.4-month minimum follow-up)
although the analysis was limited by relatively short follow-
up.26 A recent pooled analysis suggested that most patient
subgroups with PD-L1 $ 50% receiving FDA-approved
immunotherapy and chemotherapy combinations had
comparable survival outcomes versus immunotherapy only
although of note, dual nivolumab plus ipilimumab was in-
cluded in the immunotherapy-only group together with anti–
PD-(L)1monotherapies, confounding direct extrapolations.27

Overall, the optimal regimen for the PD-L1$ 50% subgroup

is unclear, highlighting the importance of considering both
risks and benefits of different treatments in individual
patients. With nivolumab plus ipilimumab, 18% of pa-
tients in CheckMate 227 overall discontinued treatment
because of TRAEs, which is not substantially higher than
the 14% pembrolizumab discontinuation rate for patients
with PD-L1 $ 50% in KEYNOTE-024.20

As long-term survivorship improves with advancements in
cancer therapy, aspects of patient experience such as
QoL become increasingly relevant. TFI has recently been
adopted as a metric of patient experience in multiple
myeloma and other cancers; these intervals are associated
with better QoL and typically represent a period of clinically
stable disease allowing patients respite from the burden of
treatment.14-17 In our study, 5-year survivors experienced
an extended treatment-free period after nivolumab plus
ipilimumab treatment, with almost two-thirds never re-
ceiving subsequent systemic therapy through the 5-year
landmark. Furthermore, QoL in 5-year survivors treated
with nivolumab plus ipilimumab was similar to that of the
general US population. These data reinforce the durable
benefit of this regimen, including better patient experience
relative to chemotherapy.

Immune-mediated AEs have previously been associated
with immunotherapy, particularly ipilimumab.28 However,
ipilimumab, approved for cancer treatment in 2011, has well-
established algorithms to manage immune-mediated AEs.29

No new safety signals were observed with nivolumab plus
ipilimumab in our study. Consistent with previous reports,
discontinuing treatment because of TRAEs did not adversely
affect long-term efficacy.6 Together with preservation of pa-
tient QoL, our study continues to demonstrate the favorable
benefit-risk profile of nivolumab plus ipilimumab.

CheckMate 227 is the first phase III study to report 5-year
clinical outcomes with a first-line immunotherapy combi-
nation for mNSCLC. Nivolumab plus ipilimumab conferred
long-term clinical benefit extending beyond treatment
discontinuation, regardless of PD-L1 expression. This
durable clinical benefit is consistent with the efficacy
seen with nivolumab plus ipilimumab across multiple
tumor types, including melanoma, renal cell carcinoma,
and mesothelioma.5,6,8 Overall, 23% of patients with
mNSCLC, regardless of tumor PD-L1 expression, survived
for$ 5 years after treatment with this dual immunotherapy
regimen, signifying a substantial therapeutic advancement.
Furthermore, nivolumab plus ipilimumab preserved QoL
for these long-term survivors. Future studies are needed
to identify reliable biomarkers predicting benefit with
immunotherapy-based treatment and to evaluate novel
therapeutic combinations for patients with primary or
secondary resistance to immunotherapy.
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7Orientation Oncologique, Hôpital Sainte Musse, Toulon, France
8Hospital Italiano De Buenos Aires, Buenos Aires, Argentina
9Cross Cancer Institute, Edmonton, AB, Canada
10Maria Sklodowska-Curie National Research Institute of Oncology,
Warsaw, Poland
11Netherlands Cancer Institute, Amsterdam, the Netherlands
12Instituto Oncológico Fundación Arturo López Pérez, Santiago, Chile
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