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abstract

PURPOSE CheckMate 568 is an open-label phase II trial that evaluated the efficacy and safety of nivolumab plus
low-dose ipilimumab as first-line treatment of advanced/metastatic non–small-cell lung cancer (NSCLC). We
assessed the association of efficacy with programmed death ligand 1 (PD-L1) expression and tumor mutational
burden (TMB).

PATIENTS AND METHODS Two hundred eighty-eight patients with previously untreated, recurrent stage IIIB/IV
NSCLC received nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 6 weeks. The primary end
point was objective response rate (ORR) in patients with 1% or more and less than 1% tumor PD-L1 expression.
Efficacy on the basis of TMB (FoundationOne CDx assay) was a secondary end point.

RESULTSOf treated patients with tumor available for testing, 252 patients (88%) of 288 were evaluable for PD-L1
expression and 98 patients (82%) of 120 for TMB. ORR was 30% overall and 41% and 15% in patients with 1%
or greater and less than 1% tumor PD-L1 expression, respectively. ORR increased with higher TMB, plateauing
at 10 or more mutations/megabase (mut/Mb). Regardless of PD-L1 expression, ORRs were higher in patients
with TMB of 10 or more mut/Mb (n = 48: PD-L1,$ 1%, 48%; PD-L1,, 1%, 47%) versus TMB of fewer than 10
mut/Mb (n = 50: PD-L1, $ 1%, 18%; PD-L1, , 1%, 5%), and progression-free survival was longer in patients
with TMB of 10 or more mut/Mb versus TMB of fewer than 10 mut/Mb (median, 7.1 v 2.6 months). Grade 3 to 4
treatment-related adverse events occurred in 29% of patients.

CONCLUSION Nivolumab plus low-dose ipilimumab was effective and tolerable as a first-line treatment of
advanced/metastatic NSCLC. TMB of 10 or more mut/Mb was associated with improved response and pro-
longed progression-free survival in both tumor PD-L1 expression 1% or greater and less than 1% subgroups and
was thus identified as a potentially relevant cutoff in the assessment of TMB as a biomarker for first-line
nivolumab plus ipilimumab.
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INTRODUCTION

Current first-line treatments for metastatic non–small-
cell lung cancer (NSCLC) without mutations that are
sensitive to targeted therapies include platinum-based
chemotherapy,1,2 pembrolizumab—an anti–programmed
death (PD) -1 immune checkpoint inhibitor—in patients
with 50% or greater tumor PD ligand 1 (PD-L1)
expression,1-3 and pembrolizumab combined with
chemotherapy.1-3 The introduction of first-line immu-
notherapy has improved outcomes for patients, but an
unmet need remains for biomarkers to identify

patients who benefit most from this treatment ap-
proach. Combination immunotherapy and the identifi-
cation of clinically meaningful biomarkers beyond PD-
L1 have the potential to allow more patients to experi-
ence durable clinical benefit while deferring chemo-
therapy to the second line.

Nivolumab, a fully human immunoglobulin G4 PD-1
antibody, currently approved for previously treated
advanced or metastatic NSCLC,4 and ipilimumab, an
anti–cytotoxic T lymphocyte antigen-4 antibody, are
immune checkpoint inhibitors with complementary
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mechanisms of action.5 The combination of these two agents
has shown promising results in multiple cancers6-8 and is
currently approved for the treatment of unresectable or
metastatic melanoma and renal cell carcinoma.4 In the
phase I CheckMate 012 trial, nivolumab plus low-dose ipi-
limumab demonstrated tolerable safety and durable clinical
activity as a first-line treatment of advanced NSCLC.7,9,10

Tumor PD-L1 expression has been identified as a predictive
biomarker for response to immune checkpoint inhibitors in
several studies in both newly diagnosed and previously
treated NSCLC.11-13 Tumor mutational burden (TMB) is an
emerging biomarker of response to immune checkpoint
inhibitors in various cancers, including NSCLC, small-cell
lung cancer, bladder cancer, and melanoma.14-20 In NSCLC,
PD-L1 and TMB are independent biomarkers.14,17-19,21 The
phase III CheckMate 026 trial suggested the potential utility
of TMB in identifying patients in whom response and
prolonged progression-free survival (PFS) are more likely
with first-line treatment with nivolumab in NSCLC.14 In
addition, a retrospective analysis of CheckMate 012 found
that high TMB—at or above the median—was associated
with improved objective response rate (ORR) and PFS with
first-line nivolumab plus ipilimumab.21

CheckMate 568 is a two-part, open-label, single-arm,
phase II trial that evaluated nivolumab plus low-dose ipili-
mumab for first-line treatment of advanced or metastatic
NSCLC. We report efficacy by PD-L1 expression and safety
from part 1, and the association of TMB with response and
PFS with this regimen. We also report the identification of a
potentially clinically meaningful TMB cutoff, which was
subsequently validated through a preplanned coprimary end
point analysis in CheckMate 227 (ClinicalTrials.gov identifier:
NCT02477826). CheckMate 227met its coprimary end point,
with significantly longer PFS (hazard ratio, 0.58 [97.5% CI,
0.41 to 0.81]; P = .0002) with nivolumab plus ipilimumab
versus platinum-based chemotherapy in patients with TMB of
10 or more mutations per megabase (mut/Mb).22

PATIENTS AND METHODS

Patients and Treatment

Patients age 18 years or older from the United States and
Canada with histologically confirmed stage IV or recurrent
stage IIIB NSCLC per 7th International Association for the
Study of Lung Cancer classification who met the following
criteria were eligible: measurable disease per RECIST ver-
sion 1.1, Eastern Cooperative Oncology Group performance
status of 0 or 1, and no prior systemic therapy for stage IV
disease (Appendix Fig A1, online only). Prior definitive
chemoradiation for locally advanced disease was permitted if
the last chemotherapy or radiotherapy was 6months or more
before enrollment. Prior adjuvant or neoadjuvant chemo-
therapy for early-stage disease was permitted if completed
6 months or more before initiating study treatment. Tumor
tissue was required to be available for central PD-L1 testing.

Key exclusion criteria included known EGFR mutations or
ALK alterations that are sensitive to targeted therapy, au-
toimmune disease, or untreated CNS metastases. Patients
with CNS metastases were eligible if those were treated
adequately and the patients received no corticosteroids or a
dose of prednisone 10 mg or less per day (or equivalent) for
2 or more weeks before first treatment. For additional
details, see the Appendix (online only).

Patients received nivolumab 3 mg/kg intravenously over
30 minutes every 2 weeks plus ipilimumab 1 mg/kg in-
travenously over 30 minutes every 6 weeks for 2 or more
years or until disease progression or unacceptable toxicity.
Treatment beyond initial investigator-assessed RECIST
v1.1–defined progression was permitted if the patient had
investigator-assessed clinical benefit and tolerated
treatment.

End Points and Assessments

The primary end point was ORR by blinded independent
central review (BICR) per RECIST v1.1, assessed in pa-
tients with 1% or greater and less than 1% tumor PD-L1
expression. ORR was defined as the proportion of patients
who achieved a best response of complete response (CR)
or partial response between the dates of first treatment and
documented disease progression or subsequent antican-
cer therapy, whichever occurred first. ORR required con-
firmation at a subsequent time point of 4 or more weeks
later.

Secondary end points included ORR and PFS by BICR per
RECIST v1.1, overall survival, and efficacy by TMB and PD-
L1 expression. Exploratory end points included safety and
tolerability.

After the first dose, we conducted tumor assessments every
6 weeks (67 days) until week 48, then every 12 weeks
(67 days) thereafter until BICR-assessed progression.
Adverse events (AEs) were graded using the US National
Cancer Institute’s Common Terminology Criteria for Ad-
verse Events, version 4.0.

PD-L1 Biomarker Analysis

Fresh or archival tumor biopsy specimens were tested for
PD-L1 by a centralized laboratory (Agilent Technologies/
Dako PD-L1 immunohistochemistry 28-8 pharmDx test)
before study treatment.

TMB Analysis

As part of a protocol amendment that was implemented
after enrollment was completed, efficacy by TMB was
added as a secondary end point to assess the role of TMB in
first-line treatment with nivolumab plus ipilimumab and
identify a TMB cutoff for additional validation in the phase
III CheckMate 227 trial. We conducted TMB and secondary
end point analyses in patients with available tissue at the
time of the amendment. The FoundationOne CDx (Foun-
dation Medicine, Cambridge, MA) platform is an analyti-
cally and clinically validated companion diagnostic for
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targeted therapy in solid tumors.23,24 The assay used next-
generation sequencing (NGS) to detect substitutions, in-
sertions and deletions (indels), and copy number alter-
ations in 324 genes and selected gene rearrangements on
archival or fresh formalin-fixed, paraffin-embedded tumor
samples.24 A minimum of 25 mm2 of tumor tissue, or 10
slides cut at 4 to 5 mm, were required.25

TMB was defined as the number of somatic, coding, base
substitutions, and short indels per Mb of genome exam-
ined. All base substitutions and indels in the coding region
of targeted genes, including synonymous mutations, were
filtered for both oncogenic driver events according to the
Catalogue of Somatic Mutations in Cancer (COSMIC) and
germline status per the Single Nucleotide Polymorphism
Database (dbSNP) and the Exome Aggregation Consortium
(ExAC) database, as well as with a private database of rare
germline events compiled in the Foundation Medicine
clinical cohort. Additional filtering on the basis of a com-
putational assessment of germline status using the so-
matic-germline-zygosity tool was also performed.26 TMB
was calculated according to previously defined methods.27

Independent reports have demonstrated concordance
between TMB estimated from whole-exome sequencing
and TMB estimated from targeted NGS in NSCLC and
across multiple solid tumors.18,28,29

Trial Oversight

The study protocol was approved by an institutional review
board or independent ethics committee at each partici-
pating center. The study was conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice
guidelines as defined by the International Conference on
Harmonization. All patients provided written informed
consent before enrollment. The Bristol-Myers Squibb policy
on data sharing may be found online.30 The database lock
for this analysis was August 24, 2017.

Statistical Analysis

For the primary end point of ORR, a sample size of ap-
proximately 300 treated patients (60 patients with $ 50%
tumor PD-L1 expression and 100 patients with, 1% tumor
PD-L1 expression) provided 95% confidence that the
observed ORR was estimated to within 5.8% of estimates
for all treated patients, 13.5% of estimates for patients with
50% or greater tumor PD-L1 expression, and 10.5% of
estimates for patients with less than 1% tumor PD-L1
expression. ORR was summarized by a binomial response
rate and its corresponding two-sided 95% exact CIs using
the Clopper-Pearson method. Best overall response was
summarized by response category—CR, partial response,
stable disease, or progressive disease. We estimated PFS
time-to-event distributions using the Kaplan-Meier method.

We used nonparametric receiver operating characteristic
(ROC) curve estimates to evaluate the performance of TMB
as a classifier of ORR per BICR. Area under the ROC curve
was estimated to summarize TMB classification accuracy

across all possible TMB cutoffs. For additional details, see
the Appendix.

Safety was summarized for all treated patients and
assessed through summaries and by subject listings of
deaths, serious AEs, AEs leading to discontinuation or
modification, overall AEs, select AEs, and laboratory
abnormalities.

RESULTS

Patients and Treatment

Overall, 427 patients were enrolled from February 2016
through November 2016, and 288 patients (67%) were
treated. Of 139 enrolled patients who did not enter the
treatment period, 106 no longer met the study criteria, 15
withdrew consent, seven died, one developed an AE during
screening and was not able to proceed with enrollment, one
was lost to follow-up, and nine did not receive treatment for
other reasons. Tumor samples for PD-L1 testing were
available from all treated patients, and 252 patients (88%)
were evaluable for tumor PD-L1 expression (testing suc-
cess rate, 88%). In patients with evaluable PD-L1, 138
(55%) had 1% or greater tumor PD-L1 expression and 114
(45%) had less than 1% tumor PD-L1 expression (Ap-
pendix Fig A2, online only).

At the time of protocol amendment, 120 treated patients
(42%) of 288 had sufficient tumor tissue available after PD-
L1 testing for TMB analysis, and 98 (34%) had a successful
TMB result (testing success rate, 82%). Within the TMB-
evaluable population (n = 98), 50 patients (51%) had TMB
of fewer than 10 mut/Mb and 48 (49%) had TMB of 10 or
more mut/Mb (Appendix Fig A2). Ninety-five patients (33%
of all treated patients) were evaluable for both tumor PD-L1
expression and TMB. A regression analysis demonstrated
no association between TMB and PD-L1 expression (Ap-
pendix Fig A3, online only). Distribution and prevalence of
TMB were similar to CheckMate 026 and CheckMate 227
(Appendix Fig A4, online only).

Baseline characteristics were generally consistent among
the all-treated, PD-L1–evaluable, and TMB-evaluable
populations. There was a slightly higher rate of squamous
histology in TMB-evaluable patients versus all-treated and
PD-L1–evaluable patients (35% v 26% v 25%, respectively;
Table 1).

With a minimum follow-up of 6 months, 88 all-treated
patients (31%) remained on treatment (Appendix Table
A1, online only). Median duration of nivolumab plus ipili-
mumab was 4.0 months (range, 0.03 to $ 17.5 months).
The median number of doses received was 8.5 (range, 1 to
38) for nivolumab and 3.0 (range, 1 to 13) for ipilimumab.
Patients with 1% or greater tumor PD-L1 expression had a
longer median duration of therapy versus those with less
than 1% tumor PD-L1 expression (5.7 [range, 0.03 to $

17.5] v 2.8 [range, 0.03 to $ 15.7] months).
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Efficacy

ORR was 30% in all treated patients (Table 2 and Appendix
Table A2, online only) and similar in PD-L1–evaluable
(29%) and TMB-evaluable (28%) patients (Appendix Table
A2). CRs were observed in 2% (n = 7) of all treated patients.
Responses were durable across populations. Median du-
ration of response was not reached at the time of this
analysis (median follow-up, 8.8 months). In all treated
patients, median PFS was 4.2 months (95% CI, 3.0 to
5.6 months) and the 6-month PFS rate was 43% (Appendix
Fig A5, online only).

In patients with 1% or greater tumor PD-L1 expression (n =
138), ORR was 41%, including CRs in four patients (3%;
Table 2). In patients with less than 1% tumor PD-L1 ex-
pression (n = 114), ORR was 15%, with CRs in three
patients (3%). PD-L1 was an informative classifier for ORR
(Fig 1A; area under the curve [AUC], 0.70; 95% CI, 0.63 to
0.77). True positive fraction (TPF) and false positive frac-
tion (FPF) at the PD-L1 1% cutoff on the basis of 2,000
bootstrap replicates was 0.77 (95% CI, 0.68 to 0.87) and
0.55 (95% CI, 0.47 to 0.62), respectively. Median PFS was
longer (6.8 [95% CI, 4.0 to 11.3] months v 2.8 [95% CI, 2.1
to 4.0] months) and the 6-month PFS rate was higher (52%
v 32%) in patients with 1% or greater versus less than 1%
tumor PD-L1 expression (Fig 2A). In patients with 50% or
greater tumor PD-L1 expression (n = 68), ORR was 50%,
including CRs in three patients (4%; Table 2), median PFS
was 6.8 months, and the 6-month PFS rate was 54%
(Appendix Fig A6, online only).

In the TMB-evaluable population, ORR increased in sub-
groups of patients with higher TMB, plateauing at 10 or
more mut/Mb (Table 3). ORR was 44% versus 12% in
patients with TMB of 10 or more mut/Mb versus TMB of
fewer than 10 mut/Mb. No additional ORR benefit was
observed in patients with TMB of 15 or more mut/Mb
(Table 3). The association of efficacy with TMB did not
depend on tumor PD-L1 expression. Regardless of PD-L1
expression, ORRs were greater in patients with TMB of 10
ormoremut/Mb (42%PD-L1$ 1% and 47%PD-L1, 1%)
versus TMB of fewer than 10 mut/Mb (18% PD-L1 $ 1%
and 5%PD-L1, 1%; Appendix Fig A7B, online only). ROC
analysis demonstrated that TMB may be an informative
classifier for ORR with nivolumab plus ipilimumab (Fig 1B;
AUC, 0.73; 95% CI, 0.62 to 0.84), including for patients
with 1% or greater and less than 1% tumor PD-L1 ex-
pression (Appendix Fig A7A). AUC (95%CIs) for PD-L1 and
TMB ROC curves overlapped. TPF and FPF at the TMB 10
mut/Mb cutoff on the basis of 2,000 bootstrap replicates
was 0.78 (95% CI, 0.63 to 0.93) and 0.62 (95% CI, 0.49 to
0.73), respectively.

Median PFS was longer in patients with TMB of 10 or more
mut/Mb (7.1 months [95% CI, 3.6 to 11.3 months]) versus
TMB of fewer than 10 mut/Mb (2.6 months [95% CI, 1.4 to
5.4 months]; Fig 2B). The percentage of patients who
remained progression free at 6 months was 55% and 31%
for the TMB of 10 or more mut/Mb and TMB of fewer than
10 mut/Mb subgroups, respectively.

Safety

Treatment-related AEs (TRAEs) of any grade were reported
in 80% of patients, and grade 3 to 4 TRAEs occurred in
29% of patients (Table 4). Any grade and grade 3 to 4
TRAEs led to discontinuation in 16% and 9% of patients,
respectively. Most treatment-related select AEs—those with
a potential immunologic cause—were grade 1 to 2 (Appendix
Table A3, online only). Most common treatment-related

TABLE 1. Baseline Characteristics

Characteristic

All Treated
Patients
(N = 288)

PD-L1
Evaluable
(n = 252)

TMB
Evaluable
(n = 98)

Median age (range), years 65.0 (39-91) 65.0 (39-91) 65.5 (42-85)

Female, % 50.7 51.2 44.9

ECOG PS, %

0 37.2 36.1 37.8

1 61.8 62.7 60.2

2* 1.0 1.2 2.0

Smoking status, %

Current smoker 19.4 19.4 11.2

Former smoker 71.2 70.6 83.7

Never smoker 8.7 9.1 5.1

Unknown 0.7 0.8 0

Disease stage, %

Recurrent stage IIIB 14.6 15.9 20.4

Stage IV 85.4 84.1 79.6

Histology, %

Squamous 26.4 25.4 34.7

Nonsquamous 73.6 74.6 65.3

PD-L1 expression, %

Quantifiable PD-L1
expression

87.5 100 96.9

, 1%† 45.2 45.2 41.8

$ 1%† 54.8 54.8 55.1

Not quantifiable 12.5 NA 3.1

TMB, %

Evaluable 34.0 37.7 100

$ 10 mut/Mb† 49.0 47.4 49.0

, 10 mut/Mb† 51.0 52.6 51.0

Not evaluable 66.0 62.3 NA

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance
status; mut/Mb, mutations per megabase; NA, not applicable; PD-L1, programmed
death ligand 1; TMB, tumor mutational burden.
*Patients with an ECOG PS score of 2 or higher were not eligible for inclusion in

this study. The three patients who had an ECOG PS of 2 at baseline measurement
had a PS of 1 at screening and were considered relevant protocol deviations.
†Percentages are based on the number of evaluable patients.
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select AEs of any grade were skin reactions (30%), and the
most common grade 3 to 4 treatment-related select AEs were
GI toxicities (5%).

Four treatment-related deaths were reported within
100 days of the last dose of the study drug, attributed (one
each) to cardiac arrhythmia (known prior history of cardiac
disease), pneumonitis, hypoxia, and other. Per autopsy,
patients with pneumonitis and hypoxia both had docu-
mented extensive underlying lung cancer with lymphangitic
spread and alveolar damage. Primary reasons per in-
vestigator for cause of death classified as other were toxicity
related to immune-mediated hepatitis in the presence of
worsening liver metastasis, grade 4 elevated bilirubin,
grade 1 aspartate aminotransferase elevation, and grade 2
alanine aminotransferase elevation.

DISCUSSION

Nivolumab plus low-dose ipilimumab was effective in the
first-line treatment of patients with advanced or metastatic

NSCLC in this phase II study. ORR was 30% in all treated
patients and responses were durable—median duration of
response not reached. Enhanced benefit was observed in
patients with 1% or greater versus less than 1% tumor
PD-L1 expression. Higher response rates and improved
PFS were also observed in patients with TMB of 10 or more
mut/Mb versus TMB of fewer than 10 mut/Mb, irrespective
of PD-L1 expression. Results of CheckMate 568 were
similar to those reported for the phase I study CheckMate
012.7,21 Treatment was tolerable, as evidenced by a rela-
tively low discontinuation rate as a result of TRAEs, which is
consistent with previous findings for this dosing regimen.7

Several factors were considered in identifying the TMB of
10 or more mut/Mb cutoff for selecting patients who are
most likely to benefit from first-line nivolumab plus ipili-
mumab in NSCLC: ORR was greater than 40% at this
cutoff, regardless of tumor PD-L1 expression, and higher
than historically observed responses with chemotherapy in
this population31; a higher TMB cutoff did not result in

TABLE 2. Tumor Response per Blinded Independent Central Review According to Tumor PD-L1 Expression

Variable
All Treated
(N = 288)

< 1% PD-L1
Expression
(n = 114)

‡ 1% PD-L1
Expression
(n = 138)

‡ 50% PD-L1
Expression
(n = 68)

PD-L1 Expression Not
Quantifiable
(n = 36)

Objective response

No. of patients 86 17 57 34 12

Percentage of patients (95% CI) 29.9 (24.6 to 35.5) 14.9 (8.9 to 22.8) 41.3 (33.0 to 50.0) 50.0 (37.6 to 62.4) 33.3 (18.6 to 51.0)

Best overall response, No. (%)

Complete response 7 (2.4) 3 (2.6) 4 (2.9) 3 (4.4) 0

Partial response 79 (27.4) 14 (12.3) 53 (38.4) 31 (45.6) 12 (33.3)

Stable disease 104 (36.1) 53 (46.5) 40 (29.0) 17 (25.0) 11 (30.6)

Progressive disease 76 (26.4) 36 (31.6) 31 (22.5) 13 (19.1) 9 (25.0)

Could not be determined 22 (7.6) 8 (7.0) 10 (7.2) 4 (5.9) 4 (11.1)

Abbreviation: PD-L1, programmed death ligand 1.
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FIG 1. Receiver operating character-
istic curves of objective response rate
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gand 1 (PD-L1) expression and (B)
tumormutational burden (TMB). AUC,
area under the curve.
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additional improvement; and classification performance
(TPF and FPF) on the basis of ROC analysis indicated that
TMB may be an informative classifier at the 10 mut/Mb
cutoff. The identified TMB cutoff with first-line nivolumab
plus ipilimumab required subsequent prospective valida-
tion in a larger randomized study in this patient population.

TMB assessment in Checkmate 568 required 10 unstained
slides typical of standard-of-care NGS testing and was
introduced during the course of the study on the basis of
emerging data with the intention of predefining a cutoff for
additional assessment and validation in the phase III
CheckMate 227 study. However, as biospecimens were

used initially for assessment of PD-L1 expression, only one
third of the overall patient population had sufficient tissue
remaining to assess TMB. Despite this limitation, 98 pa-
tients (82%) of 120 with available tumor were successfully
tested for TMB. Of note, 49% of TMB-evaluable patients
had TMB of 10 or more mut/Mb, which is similar to the
prevalence observed in CheckMate 026 and CheckMate
227, with more than 1,000 tumors successfully analyzed
for TMB across the three studies.14,22 Baseline charac-
teristics and outcomes in the TMB-evaluable population
were representative of all treated patients, and an associ-
ation between high TMB and efficacy was demonstrated
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FIG 2. Progression-free survival (PFS) by (A) tumor programmed death ligand 1 (PD-L1) expression and (B) tumor mutational burden (TMB) cutoff. mut/
Mb, mutations per megabase.

TABLE 3. Tumor Response per Blinded Independent Central Review According to TMB Category

Variable

TMB (mut/Mb)

< 5
(n = 23)

‡ 5 to < 10
(n = 27)

‡ 10
(n = 48)

‡ 10 to < 15
(n = 20)

‡ 15
(n = 28)

Objective response

No. of patients 2 4 21 10 11

Percentage of patients (95% CI) 8.7 (1.1 to 28.0) 14.8 (4.2 to 33.7) 43.8 (29.5 to 58.8) 50.0 (27.2 to 72.8) 39.3 (21.5 to 59.4)

Best overall response, No. (%)

Complete response 0 1 (3.7) 4 (8.3) 2 (10.0) 2 (7.1)

Partial response 2 (8.7) 3 (11.1) 17 (35.4) 8 (40.0) 9 (32.1)

Stable disease 11 (47.8) 12 (44.4) 14 (29.2) 5 (25.0) 9 (32.1)

Progressive disease 6 (26.1) 7 (25.9) 13 (27.1) 5 (25.0) 8 (28.6)

Could not be determined 4 (17.4) 4 (14.8) 0 0 0

Abbreviations: mut/Mb, mutations per megabase; TMB, tumor mutational burden.
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with the combination regimen. These results informed the
statistical plan of CheckMate 227 and the coprimary end
point of PFS in patients with TMB of 10 or more mut/Mb.
Results of CheckMate 227 subsequently validated the TMB
cutoff by demonstrating that patients with TMB of 10 or
more mut/Mb had significantly prolonged PFS with first-line
nivolumab plus ipilimumab versus chemotherapy.22 No

significant difference in PFS between the two treatments
was observed in patients with TMB of fewer than 10 mut/
Mb.22

CheckMate 568 supported PD-L1 and TMB as biomarkers
associated with tumor response to combination immune
checkpoint inhibitor therapy, as previously demonstrated in
several studies.14,17-19,21 Tumor PD-L1 expression and TMB
were each associated with ORR, with no meaningful cor-
relation between the two biomarkers observed. Improved
ORR in patients with TMB of 10 or more mut/Mb was
observed irrespective of tumor PD-L1 expression.

TMB assessment was conducted by the NGS-based
FoundationOne CDx assay, which has since been ap-
proved by the US Food and Drug Administration as a
companion diagnostic for targeted therapies, with in-
dications in five solid tumors.23 The cost of NGS has
dramatically decreased as a result of emerging technical
advances; thus, increased accessibility for the assess-
ment of multiple markers within a single tissue sample
increases the feasibility of including TMB as part of the
routine diagnostic work-up of patients.32

The CheckMate 568 single-arm, phase II trial demon-
strated that nivolumab plus low-dose ipilimumab was ef-
fective and well tolerated as a first-line treatment of
advanced or metastatic NSCLC. TMB and PD-L1 are each
associated with enhanced ORR and PFS. This analysis
supported TMB of 10 or more mut/Mb as a clinically
meaningful cutoff for response and PFS with this regimen in
this patient population, and informed the preplanned
coprimary end point analysis in CheckMate 227.
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TABLE 4. Treatment-Related Adverse Events

Event, No. (%)

All Treated (N = 288)

Any Grade Grade 3-4

Any event 231 (80.2) 84 (29.2)

Any serious event 51 (17.7) 41 (14.2)

Any event leading to discontinuation* 45 (15.6) 26 (9.0)

Most frequent events ($ 10%)

Fatigue 71 (24.7) 5 (1.7)

Diarrhea 66 (22.9) 9 (3.1)

Pruritus 45 (15.6) 2 (0.7)

Nausea 40 (13.9) 2 (0.7)

Increased lipase 30 (10.4) 19 (6.6)

Decreased appetite 29 (10.1) 1 (0.3)

Maculopapular rash 29 (10.1) 2 (0.7)

NOTE. Data are based on an August 24, 2017, database lock. Safety analysis
included all patients who received at least one dose of the study drug. Includes
events reported from the time of the first dose of the study drug to 30 days after the
last dose.
*Patients had to discontinue both nivolumab and ipilimumab to be counted as

having a treatment-related adverse event leading to discontinuation.
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APPENDIX Supplemental Methods

Patients with the need for systemic treatment with corticosteroids
(prednisone greater than 10 mg per day or equivalent) or other im-
munosuppressive medications within 2 weeks of study drug admin-
istration were also excluded from this study. However, inhaled or
topical steroids and adrenal replacement corticosteroid doses (greater
than 10 mg per day equivalent) were permitted in the absence of
autoimmune disease.

Patients with known EGFR mutations and those with nonsquamous
histology and unknown/indeterminate EGFR status were excluded.
Patients with sensitizing ALK mutations were excluded, although
testing was not mandatory, and those with unknown/indeterminate
ALK status could be enrolled.

For the evaluation of the performance of tumor mutational burden
(TMB) as a classifier of objective response rate per blinded in-
dependent central review, we generated receiver operating charac-
teristic curves of the estimated true positive fraction versus false
positive fraction for each possible observed TMB cutoff. Bootstrapping
from the programmed death ligand 1–evaluable (n = 252) and TMB-
evaluable samples (n = 98) was used to estimate 95% CIs for true
positive fraction and false positive fraction at the 1% programmed
death ligand 1 expression and 10 mut/Mb TMB cutoffs, respectively.
Each of these confidence interval estimates was determined using
2,000 bootstrap replicate samples as implemented in the R statistical
package pROC (Robin X, et al: BMC Bioinformatics 12:77, 2011). The
95% CI for the area under the curve was estimated using the method

by Delong et al (Biometrics 44:837-845, 1988) and used to summarize
TMB classification accuracy across all possible TMB cutoffs.

List of CheckMate 568 Part 1 Investigators

Canada: Jacques Jolivet (St. Jerome Medical Research Inc.), Silvana
Spadafora (Sault Area Hospital), Anna Tomiak (Kingston Regional
Cancer Centre); United States: Eric Avery (Nebraska Hematology
Oncology), Bruno Bastos (Cleveland Clinic Florida), Hossein Borghaei
(Fox Chase Cancer Center), Julie Brahmer (Sidney Kimmel Com-
prehensive Cancer Center at Johns Hopkins University), Brian Byrne
(Cancer Center of Central Connecticut), Franklin Chen (Novant Health
Oncology Specialists), Jason Chesney (James Graham Brown Cancer
Center), Shaker Dakhil (Cancer Center of Kansas), Gene Finley
(Allegheny Health Network), Justin Gainor (Harvard Cancer Hospital),
Leena Gandhi (Massachusetts General Hospital), Martin Gutierrez
(John Theurer Cancer Center at Hackensack University Medical
Center), MatthewHellmann (Memorial Sloan Kettering Cancer Center),
Leora Horn (Vanderbilt-Ingram Cancer Center), James Orcutt
(Charleston Hematology Oncology Associates), Gregory Otterson (The
Ohio State University), Ian Rabinowitz (University of New Mexico
Comprehensive Cancer Center), Suresh Ramalingam (Winship Cancer
Institute, Emory University), Neal Ready (Duke University Medical
Center), Igor Rybkin (Henry Ford Health System), Jeffrey Schneider
(Winthrop University Hospital), David Spigel (Sarah Cannon Research
Institute), Mark Taylor (Summit Cancer Care), Kai Zu (Sharp Memorial
Hospital).
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Key eligibility criteria

   Stage IV or recurrent stage IIIb NSCLC
   No prior systemic therapy
   No known sensitizing EGFR/ALK
   alterations
   ECOG PS 0–1

Until disease progression

or unacceptable toxicity

or maximum of 2 years

Nivolumab 3 mg/kg every

2 weeks

Ipilimumab 1 mg/kg every

6 weeks

(N = 288)

Primary end points:

   ORR* in PD-L1 ≥ 1% and
  < 1% populations†

Select secondary end points:

   PFS and OS
   ORR, PFS, and OS by TMB

FIG A1. Study design. (*) Efficacy analyses by blinded independent central review. (†) Programmed death ligand 1
(PD-L1) status determined by Dako PD-L1 IHC 28-8 pharmDx immunohistochemical test. Database lock: August 24,
2017; minimum follow-up: 6 months; median follow-up: 8.8 months. ECOG PS, Eastern Cooperative Oncology Group
performance status; NSCLC, non–small-cell lung cancer; ORR, objective response rate; OS, overall survival; PFS,
progression-free survival; TMB, tumor mutational burden.

All treated patients
(N = 288)

Tissue available for evaluation
of tumor PD-L1 expression

(n = 288)

Tumor PD-L1 expression
not quantifiable

(n = 36)

Tissue not available for
evaluation of TMB

(n = 168)

TMB not evaluable
(n = 22)

Tissue available for
evaluation of TMB

(n = 120)

TMB evaluable
(n = 98)

TMB ≥ 10 mut/Mb
TMB < 10 mut/Mb

(n = 48)
(n = 50)

Tumor PD-L1 expression quantifiable
(n = 252)

 ≥ 1% tumor PD-L1 expression
 < 1% tumor PD-L1 expression

(n = 138)
(n = 114)

PD-L1 TMB

FIG A2. Biomarker assessment flow diagram. PD-L1, programmed death ligand 1; TMB, tumor mutational burden.
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FIG A4. Tumor mutational burden (TMB) distribution across first-line
non–small-cell lung cancer data sets. (*) In CheckMate 026, TMB was
evaluated by whole-exome sequencing and values were converted to
mutations per megabase (mut/Mb) using TMB bridging analysis.14
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FIG A3. Regression analysis of tumor mutational burden (TMB) and
tumor programmed death ligand 1 (PD-L1) expression. mut/Mb,
mutations per megabase.
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FIG A6. Progression-free survival (PFS) in patients with 50% or
greater tumor programmed death ligand 1 (PD-L1) expression. NA,
not available.
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FIG A5. Progression-free survival (PFS) in all treated patients.
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FIG A7. Tumor responses by tumor programmed death ligand 1 (PD-L1) expression and tumor mutational burden (TMB) category. (A) Receiver operating
characteristic (ROC) curve for TMB and objective response rate (ORR) by tumor PD-L1 expression. (B) ORRs per blinded independent central review. (*)
Complete responses were 4% for both TMB less than 10 mutations per megabase (mut/Mb) and TMB 10 or more mut/Mb. (†) Complete responses were 0%
for TMB less than 10 mut/Mb and 16% for TMB 10 or more mut/Mb. AUC, area under the curve.

TABLE A1. End-of-Treatment Summary
Variable All Treated (N = 288)

Patients continuing in the treatment period, No. (%) 88 (30.6)

Patients not continuing in the treatment period, No. (%) 200 (69.4)

Reason for not continuing in the treatment period, No. (%)

Disease progression 120 (41.7)

Study drug toxicity 37 (12.8)

Adverse event unrelated to study drug 22 (7.6)

Other 8 (2.8)

Patient requested to discontinue 5 (1.7)

Patient withdrew consent 4 (1.4)

Death 2 (0.7)

Lost to follow-up 1 (0.3)

Completed required treatment 1 (0.3)
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TABLE A2. Tumor Responses per Blinded Independent Central Review in All-Treated and Biomarker-Evaluable Populations
Variable All Treated (N = 288) PD-L1 Evaluable (n = 252) TMB Evaluable (n = 98)

Objective response

No. of patients 86 74 27

Percentage of patients (95% CI) 29.9 (24.6 to 35.5) 29.4 (23.8 to 35.4) 27.6 (19.0 to 37.5)

Best overall response, No. (%)

Complete response 7 (2.4) 7 (2.8) 5 (5.1)

Partial response 79 (27.4) 67 (26.6) 22 (22.4)

Stable disease 104 (36.1) 93 (36.9) 37 (37.8)

Progressive disease 76 (26.4) 67 (26.6) 26 (26.5)

Could not be determined 22 (7.6) 18 (7.1) 8 (8.2)

Time to objective response, months

Median 2.43 1.64 2.56

Range 1.2 to 8.3 1.2 to 8.3 1.2 to 5.6

Duration of objective response

$ 6 months, % (95% CI) 78 (67 to 86) 79 (67 to 87) 82 (55 to 89)

Median (95% CI), months NA (NA) NA (NA) NA (NA)

Range, months $ 1.2 to $ 14.0 $ 1.2 to $ 14.0 $ 2.7 to $ 9.6

NOTE. Data are based on an August 24, 2017, database lock.
Abbreviations: NA, not available; PD-L1, programmed death ligand 1; TMB, tumor mutational burden.

TABLE A3. Treatment-Related Select Adverse Events

Event, No. (%)

All Treated (N = 288)

Any Grade Grade 3-4

Skin 87 (30.2) 9 (3.1)

GI 71 (24.7) 15 (5.2)

Endocrine 55 (19.1) 6 (2.1)

Hepatic 35 (12.2) 12 (4.2)

Hypersensitivity/infusion reaction 20 (6.9) 2 (0.7)

Pulmonary 20 (6.9) 6 (2.1)

Renal 4 (1.4) 1 (0.3)
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