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abstract

PURPOSE Pembrolizumab monotherapy is standard first-line therapy for metastatic non–small-cell lung cancer
(NSCLC) with programmed death ligand 1 (PD-L1) tumor proportion score (TPS) $ 50% without actionable
driver mutations. It is not known whether adding ipilimumab to pembrolizumab improves efficacy over
pembrolizumab alone in this population.

METHODS In the randomized, double-blind, phase III KEYNOTE-598 trial (ClinicalTrials.gov identifier:
NCT03302234), eligible patients with previously untreated metastatic NSCLC with PD-L1 TPS $ 50% and no
sensitizing EGFR or ALK aberrations were randomly allocated 1:1 to ipilimumab 1 mg/kg or placebo every
6 weeks for up to 18 doses; all participants received pembrolizumab 200 mg every 3 weeks for up to 35 doses.
Primary end points were overall survival and progression-free survival.

RESULTS Of the 568 participants, 284 were randomly allocated to each group. Median overall survival was
21.4 months for pembrolizumab-ipilimumab versus 21.9 months for pembrolizumab-placebo (hazard ratio,
1.08; 95% CI, 0.85 to 1.37; P 5 .74). Median progression-free survival was 8.2 months for pembrolizumab-
ipilimumab versus 8.4 months for pembrolizumab-placebo (hazard ratio, 1.06; 95% CI, 0.86 to 1.30; P5 .72).
Grade 3-5 adverse events occurred in 62.4% of pembrolizumab-ipilimumab recipients versus 50.2% of
pembrolizumab-placebo recipients and led to death in 13.1% versus 7.5%. The external data and safety
monitoring committee recommended that the study be stopped for futility and that participants discontinue
ipilimumab and placebo.

CONCLUSION Adding ipilimumab to pembrolizumab does not improve efficacy and is associated with greater
toxicity than pembrolizumab monotherapy as first-line treatment for metastatic NSCLC with PD-L1 TPS $ 50%
and no targetable EGFR or ALK aberrations. These data do not support use of pembrolizumab-ipilimumab in
place of pembrolizumab monotherapy in this population.

J Clin Oncol 39:2327-2338. © 2021 by American Society of Clinical Oncology

INTRODUCTION

Immune checkpoint inhibitors targeting programmed
death 1 (PD-1) or its ligand programmed death ligand
1 (PD-L1) are important components of first-line
treatment of metastatic non–small-cell lung cancer
(NSCLC) without actionable driver mutations. PD-L1
expression on tumor and/or immune cells helps
identify patients with NSCLC who experience better
outcomes with this treatment class. For patients with
the highest PD-L1 expression levels, defined as a
tumor proportion score (TPS)$ 50%, pembrolizumab
monotherapy is a widely approved and accepted
standard of care based on results of KEYNOTE-024, in

which pembrolizumab significantly improved overall
survival (OS), progression-free survival (PFS), and
objective response rate (ORR) versus platinum-
doublet chemotherapy.1,2 Despite the effectiveness
of pembrolizumab monotherapy in this population,
which was confirmed in KEYNOTE-042,3 almost 50%
of patients die within 2 years1 and more effective
therapies are needed.

Ipilimumab is an inhibitory antibody directed against
cytotoxic T-lymphocyte antigen 4 (CTLA-4) and thus
has a distinct mechanism of action from pem-
brolizumab. The combination of ipilimumab and the
anti–PD-1 antibody nivolumab was shown to improve
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outcomes compared with ipilimumab alone in advanced
melanoma and sunitinib in renal cell carcinoma, although
with an increased rate of immune-mediated adverse events
(AEs).4-7 In NSCLC, nivolumab-ipilimumab improves OS
compared with platinum-doublet chemotherapy in patients
with a PD-L1 expression level $ 1%,8 and nivolumab-
ipilimumab plus platinum-doublet chemotherapy for two
cycles followed by nivolumab-ipilimumab improves OS
compared with chemotherapy alone in a PD-L1–unse-
lected population.9 It is unclear whether dual immuno-
therapy is superior to anti–PD-1 monotherapy in patients
whose tumors have high PD-L1 expression.

In KEYNOTE-598, we compared the combination of
pembrolizumab and ipilimumab with pembrolizumab
monotherapy in patients with untreated metastatic NSCLC
with PD-L1 TPS $ 50% and no targetable EGFR or ALK
aberrations (ClinicalTrials.gov identifier: NCT03302234).

METHODS

Study Design and Participants

This randomized, double-blind, placebo-controlled phase
III study was conducted at 171 sites in 24 countries (Ap-
pendix, online only) in accordance with Good Clinical
Practice guidelines and the study protocol and all
amendments, which were approved by the appropriate
ethics body at each participating center. All participants
provided written informed consent. An external data and
safety monitoring committee (eDSMC) oversaw the trial,
periodically assessed safety, and assessed efficacy at the
prespecified interim analysis.

Eligible patients were $ 18 years of age and had histo-
logically or cytologically confirmed stage IV NSCLC, PD-L1
TPS $ 50%, no previous systemic therapy for metastatic
NSCLC, an Eastern Cooperative Oncology Group (ECOG)
performance-status score of 0 or 1,10 and $ 1 lesion

measurable per RECIST v1.1.11 Patients with non-
squamous tumors could not be allocated unless it was
documented that no sensitizing EGFR mutation or ALK
translocation was present; patients with ROS1 rearrange-
ment were excluded if ROS1 testing and treatment were
locally approved and accessible. Other key exclusion cri-
teria included known untreated CNS metastases, active
autoimmune disease that required systemic treatment in
the prior 2 years, history of noninfectious pneumonitis that
required systemic glucocorticoids, radiotherapy adminis-
tered within 2 weeks of study treatment, and . 30 Gy
radiotherapy administered to the lungs within 6 months of
study treatment. Full eligibility criteria are available in the
Protocol (online only).

Treatment

Participants were randomly allocated in a 1:1 ratio to re-
ceive ipilimumab 1 mg/kg or saline placebo administered
intravenously every 6 weeks for up to 18 doses (approxi-
mately 2 years). All participants received pembrolizumab
200 mg intravenously every 3 weeks for up to 35 doses
(approximately 2 years). Pembrolizumab was infused first,
followed by ipilimumab or placebo. Each treatment cycle
was 3 weeks in duration. Treatment was continued until
progression, unacceptable toxicity, use of prohibited
medication, investigator decision, or withdrawal of consent.
Participants with confirmed complete response (CR) could
discontinue treatment if they received $ 8 cycles of
combination therapy, including $ 2 cycles beyond CR.
Participants who experienced unacceptable toxicity at-
tributed to combination therapy and not pembrolizumab
monotherapy in the opinion of the investigator could dis-
continue ipilimumab or placebo and continue pem-
brolizumab; ipilimumab or placebo could not be continued
if pembrolizumab was discontinued. Full details regarding
treatment decisions and AE management are found in the

CONTEXT

Key Objective
We wanted to determine whether adding ipilimumab to pembrolizumab improves outcomes compared with pembrolizumab

alone in patients with previously untreated metastatic non–small-cell lung cancer (NSCLC) with a programmed death
ligand 1 tumor proportion score $ 50% and no actionable driver mutations.

Knowledge Generated
We found no apparent differences in overall survival, progression-free survival, objective response rate, or duration of

response between pembrolizumab plus ipilimumab and pembrolizumab plus placebo. Conversely, pembrolizumab plus
ipilimumab was accompanied by higher incidences of serious, grade$ 3, and grade 5 adverse events, as well as adverse
events leading to treatment discontinuation.

Relevance
Immune checkpoint inhibition is an important component of first-line treatment for metastatic NSCLC in patients without

actionable driver mutations. Our findings do not support the use of dual checkpoint inhibition with pembrolizumab and
ipilimumab in place of pembrolizumab monotherapy in patients with metastatic NSCLC with programmed death ligand 1
tumor proportion score $ 50% and no actionable driver mutations.
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Protocol. Random allocation was performed via an inte-
grated interactive voice-response and Web-response sys-
tem and was stratified by ECOG performance-status score
(0 v 1), geographic region (East Asia v not East Asia), and
predominant tumor histology (squamous v nonsquamous).

Assessments

PD-L1 expression was assessed during screening at a
central laboratory using the PD-L1 IHC 22C3 pharmDx
assay (Agilent Technologies, Carpinteria, CA) in formalin-
fixed tumor samples collected from nonirradiated lesions.
Newly obtained core or excisional biopsy samples were
preferred over archival tumor samples. Expression was
categorized according to the TPS (ie, percentage of tumor
cells with membranous PD-L1 staining). Tumor imaging
was scheduled for week 9, then every 9 weeks through
week 54 and every 12 weeks thereafter. Response was
assessed according to RECIST v1.1,11 by blinded inde-
pendent central review for determination of study end
points and according to iRECIST12 by the investigator to
make treatment decisions after disease progression. AEs
and laboratory abnormalities were collected throughout
treatment and for 30 days thereafter (up to 90 days for
serious events) and graded according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events, version 4.0. Participants were contacted every
12 weeks to assess survival during follow-up.

End Points

The dual primary end points were OS (ie, time from random
allocation to death) and PFS (ie, time from random allo-
cation to disease progression or death, whichever occurred
first). Secondary end points included ORR (ie, proportion of
participants with complete or partial response), duration of
response (ie, time from first evidence of complete or partial
response to disease progression or death, whichever oc-
curred first), and safety. PFS, ORR, and duration of re-
sponse were assessed per RECIST v1.1, by blinded,
independent central review.

Statistical Analysis

Efficacy was assessed in the intention-to-treat population
(ie, all randomly allocated participants). Safety was
assessed in the as-treated population (ie, all randomly
allocated participants who received $ 1 dose of study
treatment). OS, PFS, and duration of response were esti-
mated using the Kaplan-Meier method and the censoring
rules outlined in Appendix Table A1 (online only). Between-
group differences in OS and PFS were assessed using the
stratified logrank test; all P values are one-sided. The
magnitude of the treatment difference was assessed using
the stratified Cox proportional hazards model and Efron’s
method of tie handling. The random assignment stratifi-
cation factors were applied to all stratified analyses.

The full statistical analysis plan is available in the Protocol.
The graphical method of Maurer and Bretz13 was used to

control the family-wise type I error rate at a one-sided a 5
.025 across all hypotheses and interim analyses. With 568
participants and for the comparison of pembrolizumab-
ipilimumab versus pembrolizumab-placebo, the study had
at least 87% power to detect a hazard ratio (HR) for disease
progression or death of 0.69 at a one-sided a 5 .006,
assuming 389 events of disease progression or death and
one interim analysis, and at least 90% power to detect an
HR for death of 0.70 at a one-sided a 5 .019, assuming
361 deaths and two interim analyses. The first interim
analysis was to be performed when approximately 255
deaths occurred and approximately 12months after the last
participant was allocated; it was estimated that approxi-
mately 357 events of disease progression or death would be
observed at this time. Although the protocol did not specify
a futility analysis at the first interim analysis, the eDSMC
requested futility criteria after an initial review of the un-
blinded efficacy and safety data from the first interim
analysis. The nonbinding futility boundaries at the first
interim analysis were based on between-group differences
in the restricted mean survival time14 of # 0.2 at the
maximum observation time (ie, minimum of the latest event
or censoring time in each group) and# 0.1 at 24 months of
follow-up. All reported data are based on the first interim
analysis.

RESULTS

Participants

Between January 12, 2018, and August 22, 2019, 568
participants from 137 sites in 24 countries were randomly
allocated to receive pembrolizumab-ipilimumab (n 5 284)
or pembrolizumab-placebo (n 5 284) (Fig 1). Baseline
demographics and disease characteristics were generally
well balanced between treatment groups (Table 1). With
respect to stratification factors, most participants had ECOG
performance-status score 1 (63.9%), were enrolled outside
of East Asia (88.9%), and had nonsquamous tumors
(72.2%).

A total of 282 participants in the pembrolizumab-ipilimumab
group and 281 in the pembrolizumab-placebo group
received $ 1 dose of study treatment (Fig 1). As of the
September 1, 2020, data cutoff for the first interim analysis,
median study follow-up was 20.6 months (range, 12.4-
31.7months). In the pembrolizumab-ipilimumab group, 212
(75.2%) participants discontinued all treatment, 10 (3.5%)
completed all 35 cycles, and 60 (21.3%) remained on
treatment; in the pembrolizumab-placebo group, 195
(69.4%) discontinued, 19 (6.8%) completed, and 67
(23.8%) remained on treatment (Fig 1). The most common
reason for treatment discontinuation in both groups
was disease progression. The median (range) number of
treatment cycles was 10 (1-35) in the pembrolizumab-
ipilimumab group and 15 (1-35) in the pembrolizumab-
placebo group (Appendix Table A2, online only). Median
treatment duration in the pembrolizumab-ipilimumab versus
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Patients screened
(N = 2,429)

Randomly allocated
(n = 568)

Allocated to pembrolizumab-ipilimumab
(n = 284)

Allocated to pembrolizumab-placebo
(n = 284)

Receiving treatment at data cutoff
(n = 60)

Receiving treatment at data cutoff
(n = 67)

Pembrolizumab-ipilimumab ITT
)482 = n( noitalupop

Pembrolizumab–ipilimumab
as-treated population (n = 282)

Completed all 35 cycles of treatment

Discontinued treatment

   Adverse event 

   Clinical progression

   Excluded medication

   Physician decision

   Protocol violation

   Radiographic progression 

   Withdrawal of consent  

(n = 10)

(n = 212)

(n = 94)

(n = 20)

(n = 1)

(n = 2)

(n = 1)

(n = 88)

(n = 6)

Completed all 35 cycles of treatment

Discontinued treatment

   Adverse event

   Clinical progression

   Complete response

   Excluded medication

   Noncompliance with study medication

   Nonstudy anticancer therapy

   Physician decision

   Protocol violation

   Radiographic progression

   Withdrawal of consent   

(n = 19)

(n = 195)

(n = 50)

(n = 24)

(n = 2)

(n = 5)

(n = 1)

(n = 1)

(n = 1)

(n = 1)

(n = 104)

(n = 6)

Did not meet eligibility criteria
(n = 1,861)

Received pembrolizumab-ipilimumab
(n = 282)

Received pembrolizumab-placebo
(n = 281)

Pembrolizumab-placebo ITT
)482 = n( noitalupop

Pembrolizumab-placebo
as-treated population (n = 281)

FIG 1. CONSORT diagram. ITT, intention-to-treat.

TABLE 1. Baseline Demographic and Disease Characteristics

Characteristic
Pembrolizumab-Ipilimumab

(N 5 284)
Pembrolizumab-Placebo

(N 5 284)

Age

Median (range)—years 64 (35-85) 65 (35-85)

, 65 years—no. (%) 147 (51.8) 134 (47.2)

Male sex—no. (%) 202 (71.1) 191 (67.3)

Region of enrollment—no. (%)

East Asia 32 (11.3) 31 (10.9)

Not East Asia 252 (88.7) 253 (89.1)

ECOG performance-status score—no. (%)

0 101 (35.6) 104 (36.6)

1 183 (64.4) 180 (63.4)

Smoking status—no. (%)

Current 58 (20.4) 76 (26.8)

Former 197 (69.4) 183 (64.4)

Never 29 (10.2) 25 (8.8)

Histologic features—no. (%)

Squamous 77 (27.1) 81 (28.5)

Nonsquamous 207 (72.9) 203 (71.5)

Brain metastases—no. (%) 31 (10.9) 29 (10.2)

Previous therapy for nonmetastatic disease—no. (%)

Adjuvant or neoadjuvant 8 (2.8) 16 (5.6)

Radiation 60 (21.1) 57 (20.1)

Thoracic radiation 15 (5.3) 10 (3.5)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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pembrolizumab-placebo group was 6.3 versus 9.7 months
for pembrolizumab and 5.6 versus 8.8 months for ipi-
limumab or placebo (Appendix Table A2).

Efficacy

With 272 deaths, median OS was 21.4 months (95% CI,
16.6 to not reached) in the pembrolizumab-ipilimumab
group and 21.9 months (95% CI, 18.0 to not reached) in
the pembrolizumab-placebo group; 12-month survival
estimates were 63.6% and 67.9%, respectively (Fig
2A). The HR was 1.08 (95% CI, 0.85 to 1.37; P 5
.74), with similar results across subgroups (Fig 2B).
Restricted mean survival time in the pembrolizumab-
ipilimumab group versus the pembrolizumab-placebo
group was 16.09 versus 16.61 months at 24 months
(difference, –0.52) and 18.76 versus 19.32 months at
the maximum observation time (difference, –0.56).

With 372 events of disease progression or death, median
PFS was 8.2 months (95% CI, 6.0 to 10.5) in the
pembrolizumab-ipilimumab group and 8.4 months (95%
CI, 6.3 to 10.5) in the pembrolizumab-placebo group; 12-
month PFS estimates were 41.3% and 42.1%, respectively
(Fig 2C). The HR was 1.06 (95% CI, 0.86 to 1.30; P5 .72).
Results were generally similar across all subgroups ex-
amined (Fig 2D).

ORR was 45.4% (95% CI, 39.5 to 51.4) in each treatment
group, with CRs observed in 4.6% of participants in the
pembrolizumab-ipilimumab group and 2.8% in the
pembrolizumab-placebo group (Table 2). Median time to
response was 2.1 months in each group. Median duration
of response was 16.1 months (range, 1.11 to 26.0 months)
in the pembrolizumab-ipilimumab group and 17.3 months
(range, 2.01 to 29.41 months) in the pembrolizumab-
placebo group (Appendix Fig A1, online only; plus signs in
the ranges indicate the response was ongoing at cutoff).

Safety

AEs occurred in 96.5% of 282 treated participants in the
pembrolizumab-ipilimumab group and 93.6% of 281
treated participants in the pembrolizumab-placebo group.
AEs were serious in 51.4% and 38.4% of participants,
respectively, and were of grade $ 3 in 62.4% and 50.2%,
respectively. In the pembrolizumab-ipilimumab group,
AEs led to discontinuation of pembrolizumab and ipili-
mumab in 30.9% and ipilimumab only in 6.4%. In the
pembrolizumab-placebo group, AEs led to discontinuation
of pembrolizumab and placebo in 17.1% and placebo only in
3.2%. AEs led to interruption of both drugs in 40.1% and
26.3% of participants in the pembrolizumab-ipilimumab and
pembrolizumab-placebo groups, respectively. Grade 5 AEs
occurred in 13.1% of participants in the pembrolizumab-
ipilimumab group and 7.5% in the pembrolizumab-placebo
group; these AEs were considered treatment-related for
seven participants (2.5%) in the pembrolizumab-ipilimumab
group (n 5 2 from myocarditis and n 5 1 each from
adrenal insufficiency, cholestatic jaundice, disease

progression, lymphocytic hypophysitis, and pneumonitis)
and no participants in the pembrolizumab-placebo
group. AEs with incidence $ 20% were diarrhea, pruritus,
and decreased appetite in the pembrolizumab-ipilimumab
group and cough in the pembrolizumab-placebo group
(Table 3). Among AEs with incidence $ 10%, there was a
greater risk of diarrhea, increased AST, decreased
appetite, and pneumonitis in the pembrolizumab-
ipilimumab group (Appendix Fig A2A, online only).
Among grade $ 3 AEs with incidence $ 2%, the risk of
diarrhea, rash, and colitis was greater in the pembrolizumab-
ipilimumab group (Appendix Fig A2B, online only). Themost
common treatment-related AEs in both groups were pruritus,
rash, and hypothyroidism (Appendix Fig A3, online only).

Immune-mediated AEs and infusion reactions, which were
defined on the basis of a list of terms specified by the
sponsor and considered regardless of attribution to treat-
ment by the investigator, occurred in 44.7% of treated
participants in the pembrolizumab-ipilimumab group and
32.4% of treated participants in the pembrolizumab-
placebo group, including 20.2% and 7.8%, respectively,
who had grade $ 3 events. Six participants (2.1%) in the
pembrolizumab-ipilimumab group died from immune-
mediated AEs compared with no participants in the
pembrolizumab-placebo group. Immune-mediated AEs led
to discontinuation of all treatment in 12.1% of participants
in the pembrolizumab-ipilimumab group versus 4.3% in
the pembrolizumab-placebo group and discontinuation of
ipilimumab or placebo only in 1.8% versus 1.1%. The most
common immune-mediated AEs in both groups were hy-
pothyroidism, pneumonitis, hyperthyroidism, and colitis;
the risk of pneumonitis (any grade) and colitis (any grade
and grade $ 3) was greater in the pembrolizumab-
ipilimumab group compared with the pembrolizumab-
placebo group (Fig 3).

DISCUSSION

In the protocol-specified first interim analysis of this
placebo-controlled phase III study, we found that adding
ipilimumab to pembrolizumab did not improve efficacy
compared with pembrolizumab monotherapy as first-line
therapy for participants with metastatic NSCLC with PD-L1
TPS $ 50% and no actionable EGFR or ALK mutations.
Median OS was 21.4 months in the pembrolizumab-
ipilimumab group versus 21.9 months in the pembrolizumab-
placebo group, and the nonbinding futility criteria were met.
Similarly, there were no apparent differences in PFS
(median, 8.2 v 8.4 months), ORR (45.4% v 45.4%), or
duration of response (median, 16.1 v 17.3 months). There
was no subgroup for which pembrolizumab-ipilimumab
improved efficacy versus pembrolizumab-placebo as the
95% CIs for all subgroups, including age, sex, and tumor
histologic features, overlapped the 95% CI of the overall
population. In addition to a lack of improved efficacy, adding
ipilimumab to pembrolizumab increased toxicity, including
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FIG 2. OS and PFS. (A) Kaplan-Meier estimates of OS. (B) Analysis of OS in key subgroups. (C) Kaplan-
Meier estimates of PFS. (D) Analysis of progression-free survival in key subgroups. PFS was assessed
according to RECIST v1.1, bymeans of blinded, independent central review of radiology imaging. Tickmarks
in (A) represent data censored at the last time the patient was known to be alive. Tick marks in (C) represent
data censored at the last time the patient was known to be alive and free fromdisease progression. In (B) and
(D), the analysis for the overall populationwas based onCox regressionwith treatment as a covariate stratified
by the random assignment stratification factors, whereas the analyses for subgroups were based on un-
stratified Cox regression with treatment as a covariate. Only those subgroups for which both levels of the
subgroup accounted for $ 10% of the overall population were included in (B) and (D); because never
smokers accounted for only 9.5% of the overall population, outcomes by smoking status are not shown. HR,
hazard ratio; OS, overall survival; PFS, progression-free survival.
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increases in the incidence of serious AEs (51.4% v 38.4%)
and grade$ 3 AEs (62.4% v 50.2%). We stopped the study
for futility, and participants discontinued ipilimumab and
placebo at the recommendation of the eDSMC.

KEYNOTE-598 was specifically designed and adequately
powered to prospectively assess whether combined PD-1
and CTLA-4 inhibition significantly improves efficacy versus
PD-1 inhibition alone in patients with PD-L1 TPS $ 50%.

The efficacy observed for the pembrolizumab-placebo group
of KEYNOTE-598 was consistent with that previously ob-
served for pembrolizumab monotherapy in participants with
TPS$ 50% in KEYNOTE-0241,2 and KEYNOTE-042.3 Similar
results have been shown for the PD-1 inhibitor cemiplimab15

and the PD-L1 inhibitor atezolizumab16 in patients with
TPS $ 50%. Furthermore, the OS observed in the
pembrolizumab-ipilimumab group of KEYNOTE-598 was
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TABLE 2. Summary of Confirmed Objective Response Assessed per RECIST v1.1 by Blinded, Independent Central Review
Variable Pembrolizumab-Ipilimumab (N 5 284) Pembrolizumab-Placebo (N 5 284)

Objective response rate—% (95% CI) 45.4 (39.5 to 51.4) 45.4 (39.5 to 51.4)

Best overall response—no. (%)

Complete response 13 (4.6) 8 (2.8)

Partial response 116 (40.8) 121 (42.6)

Stable disease 70 (24.6) 73 (25.7)

Progressive disease 51 (18.0) 44 (15.5)

Not evaluablea 6 (2.1) 6 (2.1)

Not assessedb 28 (9.9) 32 (11.3)

Median time to response (range)—moc 2.1 (1.6-12.5) 2.1 (1.3-18.1)

Median duration of response (range)—moc 16.1 (1.11 to 26.0) 17.3 (2.01 to 29.41)

aParticipants who were not evaluable included those who had at least 1 postbaseline imaging assessment, none of which could be evaluated for response
according to RECIST v1.1.

bParticipants who were not assessed included those who did not have any postbaseline imaging assessments.
cTime to response and median duration of response were calculated in participants with a best response of complete or partial response using the Kaplan-

Meier method (n 5 129 in each treatment group). Plus signs in the ranges indicate responses that were ongoing at the time of data cutoff.

TABLE 3. Adverse Events of Any Attribution With Incidence $ 10% in Either Treatment Group of the As-Treated Population

Event

Pembrolizumab-Ipilimumab (N 5 282) Pembrolizumab-Placebo (N 5 281)

Any Grade Grade 3-5 Any Grade Grade 3-5

No. of Participants (%)

Diarrhea 70 (24.8) 10 (3.5) 45 (16.0) 1 (0.4)

Pruritus 69 (24.5) 1 (0.4) 55 (19.6) 2 (0.7)

Decreased appetite 59 (20.9) 3 (1.1) 38 (13.5) 0

Rash 56 (19.9) 8 (2.8) 42 (14.9) 0

Asthenia 51 (18.1) 1 (0.4) 44 (15.7) 4 (1.4)

Nausea 49 (17.4) 2 (0.7) 38 (13.5) 0

Cough 48 (17.0) 0 57 (20.3) 1 (0.4)

Fatigue 48 (17.0) 6 (2.1) 49 (17.4) 4 (1.4)

Dyspnea 45 (16.0) 7 (2.5) 44 (15.7) 8 (2.8)

Hypothyroidism 43 (15.2) 1 (0.4) 33 (11.7) 1 (0.4)

Anemia 40 (14.2) 8 (2.8) 40 (14.2) 7 (2.5)

Constipation 40 (14.2) 2 (0.7) 50 (17.8) 2 (0.7)

AST increased 36 (12.8) 5 (1.8) 14 (5.0) 2 (0.7)

Pyrexia 36 (12.8) 3 (1.1) 27 (9.6) 0

Pneumonia 34 (12.1) 24 (8.5) 30 (10.7) 18 (6.4)

ALT increased 32 (11.3) 9 (3.2) 19 (6.8) 4 (1.4)

Pneumonitis 32 (11.3) 14 (5.0) 13 (4.6) 6 (2.1)

Vomiting 32 (11.3) 4 (1.4) 27 (9.6) 1 (0.4)

Back pain 29 (10.3) 1 (0.4) 29 (10.3) 2 (0.7)

Arthralgia 28 (9.9) 4 (1.4) 33 (11.7) 2 (0.7)

NOTE. AEs are listed in descending order of frequency in the pembrolizumab-ipilimumab group and classified according to the Medical Dictionary for
Regulatory Activities, version 23.0.
Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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almost identical to that observed for nivolumab-ipilimumab in
the exploratory PD-L1 expression $ 50% subgroup of the
CheckMate 227 study.8 Although cross-trial comparisons
should be undertaken with caution, these findings suggest
that the lack of benefit for pembrolizumab-ipilimumab
cannot be explained by overperformance of the
pembrolizumab-placebo group or underperformance of the
pembrolizumab-ipilimumab group. It is plausible that de-
spite having different targets and mechanisms of action,
combined CTLA-4 and PD-1 inhibition may not provide
benefit beyond PD-1 inhibition alone in this NSCLC pop-
ulation most likely to benefit from immunotherapy.

The double-blind, placebo-controlled design of our study
ensured unbiased assessment of AEs. The AE profile ob-
served for the pembrolizumab-placebo group was consistent
with that previously observed for pembrolizumab mono-
therapy in metastatic NSCLC.1-3 The overall safety profile and
incidences of treatment-related AEs of any grade, of grade
$ 3, that were serious or that led to discontinuation observed
for pembrolizumab-ipilimumab were similar to those of
nivolumab-ipilimumab in CheckMate 227, which used the
same dose and schedule of ipilimumab.8 Compared with
pembrolizumab-placebo, and as anticipated based on pre-
vious studies of combined PD-1 and CTLA-4 inhibition,4-8,17

pembrolizumab-ipilimumab was associated with increased
incidence of grade$ 3, serious, and immune-mediated AEs.
The incidence of treatment discontinuation and interruption
was also greater in the pembrolizumab-ipilimumab group, as
was the risk of diarrhea, increased AST, decreased appetite,
pneumonitis, and colitis.

There are limitations to this study. KEYNOTE-598 was
designed in 2017, when the only randomized, phase III
data available for pembrolizumab as first-line therapy for
metastatic NSCLC were from the KEYNOTE-024 study that
demonstrated superiority of pembrolizumab monotherapy

versus chemotherapy for metastatic NSCLC with PD-L1
TPS $ 50% and no EGFR or ALK alterations.1 Thus,
KEYNOTE-598 did not assess the role of combined PD-1
and CTLA-4 inhibition in patients with low or negative PD-
L1 expression. Although KEYNOTE-042 subsequently
showed that pembrolizumab monotherapy significantly
improved efficacy versus chemotherapy in patients with
TPS $ 1%, the benefit was modest in the TPS 1%-49%
subgroup.3 Similarly, although CheckMate 227 demon-
strated superiority for nivolumab-ipilimumab in patients
with metastatic NSCLC and PD-L1 expression$ 1%, much
of the benefit appeared to be driven by the PD-L1 $ 50%
subgroup.8 Additional phase III studies published since
KEYNOTE-598 was designed have shown that the com-
bination of pembrolizumab and chemotherapy is superior
to chemotherapy alone as first-line therapy for squamous
and nonsquamous metastatic NSCLC, including those
with PD-L1 TPS $ 50%.18,19 The ongoing EA5163/S1709
INSIGNA study (ClinicalTrials.gov identifier: NCT03793179) is
assessing whether first-line pembrolizumab monotherapy
followed by pemetrexed and carboplatin with or without
pembrolizumab after disease progression is superior to first-
line pembrolizumab, pemetrexed, and carboplatin followed by
pembrolizumab and pemetrexed maintenance in patients
with metastatic nonsquamous NSCLC with PD-L1 TPS$ 1%.

In conclusion, this randomized phase III study of patients
with previously untreated metastatic NSCLC with PD-L1
TPS $ 50% without sensitizing EGFR or ALK mutations
showed that the combination of pembrolizumab and ipili-
mumab did not improve either OS or PFS compared with
pembrolizumab alone and was associated with greater
toxicity. These data do not support the use of pembrolizumab-
ipilimumab in place of pembrolizumab monotherapy in this
population.
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APPENDIX

List of Investigatorsa

Country/Region Site Name Principal Investigator

Argentina Hospital Privado Centro Medico Cordoba Brocca, Carlos

Instituto de Oncologia de Rosario Fein, Luis

Centro Oncologico Riojano Integral Kaen, Diego

Centro de Investigaciones Clinicas—Clinica Viedma Kowalyszyn, Ruben

Sanatorio Parque Martinengo, Gaston

Hospital Aleman Sena, Susana

Sanatorio Britanico Tatangelo, Marcelo

Centro Medico San Roque Zarba, Juan Jose

Australia Chris O’Brien Lifehouse Boyer, Michael

Mater Cancer Care Centre Jain, Vikram

The Townsville Hospital Joshi, Abhishek

St Vincent’s Hospital Melbourne Moore, Melissa

Brazil Hospital Nossa Senhora da Conceicao Alves, Gustavo

Clinica de Hematologia e Oncologia Viver Ltda Antunes, Luis

Instituto do Cancer do Estado de Sao Paulo—ICESP Castro, Gilberto

Fundacao Pio XII—Hospital de Cancer de Barretos Dias, Josiane

CEPON—Centro de Pesquisas Oncologicas Dutra, Carolina

Instituto de Assistencia Medica ao Servidor Publico Estadual—IAMSPE Gampel, Otavio

Inst de Medicina Integral Professor Fernando Figueira- IMIP Moura, Jose Fernando do Prado

Escola Paulista de Medicina—UNIFESP Tadokoro, Hakaru

Hospital Alemao Oswaldo Cruz Teixeira, Carlos

Canada CancerCare Manitoba Banerji, Shantanu

Centre Integre de Sante et de Services Sociaux de la Monteregie-Centre-
Oncology

De Angelis, Flavia

St-Jerome Medical Research Inc Faucher, Genevieve

CIUSSS du Saguenay-Lac-St-Jean Guimaraes, Jose Luiz

CIUSSS Ouest de l’Ile—St-Mary’s Hospital Langleben, Adrian

CISSS-CA Hotel-Dieu de Levis Marceau, Daniele

Tom Baker Cancer Centre Morris, Don

Chile Hospital Clinico Vina del Mar Acevedo, Alejandro

Clinica Universidad Catolica del Maule Araya, Hernan

Pontificia Universidad Catolica de Chile Galindo, Hector

OrlandiOncologia Orlandi, Francisco

Instituto Nacional del Cancer Reyes, Felipe

Colombia Clinica Colsanitas S.A. Sede Clinica Universitaria Colombia Rojas, Luis (current)
Duarte, Ricardo (former)

Hospital Pablo Tobon Uribe Durango, Isabel

Oncomedica S.A. Gonzalez Fernandez, Manuel

Instituto Cancerologico de Narino Ltda Narvaez, Carlos

France Hopital Nord du Marseille Greillier, Laurent (current)
Barlesi, Fabrice (former)

Hopital Tenon Cadranel, Jacques

(continued on following page)
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List of Investigatorsa (continued)
Country/Region Site Name Principal Investigator

Centre Hopitalier Intercommunal Creteil Chouaid, Christos

Institut Bergonie Cousin, Sophie (current)
Le Moulec, Sylvestre (former)

CHU de Toulouse—Hopital Larrey Mazieres, Julien

Nouvel Hopital Civil Mennecier, Bertrand

Centre Hospitalier Le Mans Molinier, Olivier

CHU de Brest -Site Hopital Morvan Robinet, Gilles

C.H.R.U de Lille—Hopital Calmette Scherpereel, Arnaud

Germany Universitaetsklinikum Heidelberg Bischoff, Helge

Universitaetsklinikum Schleswig Holstein Bohnet, Sabine

Evangelische Lungenklinik Berlin Grohe, Christian

HELIOS Klinikum Emil von Behring Kollmeier, Jens

LungenClinic Grosshansdorf GmbH Reck, Martin

Vivantes Klinikum Spandau Spaeth-Schwalbe, Ernst

SRH Waldklinikum Gera GmbH Tauscher, Dagmar

Universitaetsklinikum Leipzig Wirtz, Hubert

Hungary Debreceni Egyetem Klinikai Kozpont Bittner, Nora

Jasz Nagykun Szolnok Megyei Hetenyi Geza Korhaz Rendelointezet Csoszi, Tibor

Orszagos Koranyi Pulmonologiai Intezet Fulop, Andrea

Bekes Megyei Pandy Kalman Korhaz Laczo, Ibolya

Veszprem Megyei Tudogyogyintezet Medgyasszay, Balazs

Orszagos Onkologiai Intezet Nagy, Tunde (current)
Bittner, Nora (former)

Orszagos Koranyi Pulmonologiai Intezet Ostoros, Gyula

Fejer Megyei Szent Gyorgy Egyetemi Oktato Korhaz Papai-Szekely, Zsolt

Petz Aladar Megyei Oktato Korhaz Szalai, Zsuzsanna

Ireland St James Hospital Cuffe, Sinead

University Hospital Limerick Korpanty, Grezor (current)
Coate, Linda (former)

Beaumont Hospital Morris, Patrick

Italy Ospedale San Gerardo ASST Monza Bidoli, Paolo

Ospedale Mater Salutis Bonetti, Andrea

Istituto Europeo di Oncologia de Marinis, Filippo

IRCCS Casa Sollievo della Sofferenza Di Micco, Concetta (current)
Rossi, Antonio (former)

ASST Spedali Civili Ferrari, Vittorio (current)
Nonnis, Daniela (former)

AORN dei Colli Plesso Monaldi Rocco, Danilo

Ospedale Santa Maria della Misericordia Roila, Fausto

Humanitas Research Hospital Santoro, Armando

Republic of Korea Severance Hospital Yonsei University Health System Kim, Hye Ryun (current)
Cho, Byoung Chul (former)

Seoul National University Hospital Keam, Bhumsuk (current)
Ock, Chan-Young (former)

Asan Medical Center Lee, Dae Ho

Samsung Medical Center Park, Keunchil
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List of Investigatorsa (continued)
Country/Region Site Name Principal Investigator

Latvia Riga East Clinical University Hospital Kudaba, Iveta

Pauls Stradins Clinical University Hospital Purkalne, Gunta

Mexico Grupo Medico Camino SC Escobar Gomez, Mario (current)
Flores Anaya, Noe (former)

Hospital Civil de Guadalajara Fray Antonio Alcalde Ramirez Godinez, Francisco

Medica Sur S.A.B de C.V. Rodriguez Cid, Jeronimo

Avix Investigacion Clinica S.C. Saenz Frias, Julia (current)
Martinez Lira, Jose Luis (former)

Medical Care and Research S.A. de C.V. Segura, Manuel

Oncologica de Puebla SA de CV Tellez Bernal, Eduardo

Peru Centro Especializado de Enfermedades Neoplasicas SRL-CEEN SRL Moron E., Hernan

Hospital Nacional Cayetano Heredia Tejada Benavides, Hermes

Hospital Nacional Guillermo Almenara Irigoyen Torres, Cesar

Instituto Regional de Enfermedades Neoplasicas del Sur IRENSUR Ventura, Luz

Clinica Internacional Sede San Borja Vera, Luis

Clinica Peruano Americana S.A. Zorrilla S., Jose

Poland Przychodnia Lekarska Komed Karaszewska, Boguslawa

Samodzielny Publiczny Zespol Gruzlicy i Chorob Pluc Kazarnowicz, Andrzej

Narodowy Instytut Onkologii im. Marii Sklodowskiej-Curie Kowalski, Dariusz

Szpital Wojewodzki w Koszalinie im. Mikolaja Kopernika Kwiatkowski, Mariusz

Dolnoslaskie Centrum Onkologii. Pawlak, Ireneusz

MED-POLONIA Sp. z o.o. Ramlau, Rodryg

Powiatowe Centrum Zdrowia w Brzezinach Sobieszkoda, Dominika

Centrum Onkologii im. Prof. Franciszka Lukaszczyka Zurawski, Bogdan

South Africa Sandton Oncology Medical Group PTY LTD Chan, Sze Wai

Vincent Pallotti Hospital Hall, Jacqueline

GVI Oncology Clinical Research Centre Jacobs, Conrad

Universitas Annex National Hospital Jordaan, Christa

Dr G.A. Landers Specialist Oncologist Landers, Gregory

Clinton Onclogy Clinic Rodrigues, Sylvia

Charlotte Maxeke Johannesburg Academic Hospital Ruff, Paul

University of Stellenbosch and Tygerberg Hospital Simonds, Hannah

Wilgers Oncology Centre van Zijl, Petrus (current)
Fourie, Samuel (former)

Spain Hospital Universitario Virgen del Rocio Bernabe Caro, Reyes

Hospital San Pedro de Alcantara Borrega Garcia, Pablo

Institut Catala d Oncologia Hospital Germans Trias i Pujol Carcereny Costa, Enric

Hospital Fundacion Jimenez Diaz—Clin. Concepcion Domine Gomez, Manuel

Hospital Universitari Vall d Hebron Felip, Enriqueta

Hospital Duran i Reynals Nadal, Ernest

Hospital Universitario Insular de Gran Canaria Rodriguez Abreu, Delvys

Taiwan China Medical University Hospital Hsia, Te-Chun

Changhua Christian Hospital Lin, Sheng-Hao

Mackay Memorial Hospital Su, Jian
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List of Investigatorsa (continued)
Country/Region Site Name Principal Investigator

National Cheng Kung University Hospital Su, Wu-Chou

Chang Gung Medical Foundation—Kaohsiung Tseng, Chia-Cheng (current)
Wang, Chin-Chou (former)

Chang Gung Medical Foundation-Linkou Branch Yang, Cheng-Ta

National Taiwan University Hospital Yang, Chih-Hsin

Thailand Ramathibodi Hospital Ativitavas, Touch (current)
Reungwetwattana, Thanyanan (former)

Pramongkutklao Hospital Seetalarom, Kasan

Khon Kaen University Sookprasert, Aumkhae

Siriraj Hospital Soparattanapaisarn, Nopadol (current)
Srimuninnimit, Vichien (former)

Chulalongkorn Hospital Sriuranpong, Virote

Bangkok Hospital Chiangmai Thongprasert, Sumitra

Turkey Medical Park Izmir Hospital Arslan, Cagatay

Kocaeli Universitesi Tip Fakultesi Cabuk, Devrim

Trakya Uni. Tip Fakultesi Cicin, Irfan

Marmara Universitesi Pendik Egitim ve Arastirma Hastanesi Ercelep, Ozlem (current)
Yumuk, Perran Fulden (former)

Hacettepe Universitesi Tip Fakultesi Hastanesi Erman, Mustafa

Ege Universitesi Tip Fakultesi Hastanesi Goksel, Tuncay

Inonu Universitesi Medical Fakultesi Harputluoglu, Hakan

Uludag Universitesi Tip Fakultesi Kanat, Ozkan

Karadeniz Teknik Universitesi Kavgaci, Halil

Ankara Sehir Hastanesi Sendur, Mehmet

Istanbul Universitesi Cerrahpasa Tip Fakultesi Turna, Hande

Acibadem Adana Hastanesi Yavuz, Sinan (current)
Abali, Huseyin (former)

Ukraine MI Kryviy Rih Center of Dnipropetrovsk Regional Council Adamchuk, Hryhoriy

City Clinical Hosp.4 of DCC Bondarenko, Igor

National Cancer Institute of the MoH of Ukraine Kolesnik, Olena

MI Prykarpatskyi Clinical Oncology Centrum Kryzhanivska, Anna

Cherkasy Regional Oncology Dispensary Paramonov, Viktor

Regional Clinical Onco Dispensary, State Medical University Semehen, Yuriy (current)
Hontsa, Anatoliy (former)

Lviv State Oncology Regional Treatment and Diagnostic Center Shparyk, Yaroslav

MI Odessa Regional Oncological Centre Trukhin, Dmytro

PP PPC Acinus Medical and Diagnostic Centre Ursol, Grygorii

Kyiv City Clinical Oncological Center Voitko, Nataliia

United Kingdom Royal Wolverhampton Hospitals NHS Trust Belitei, Petru

St Georges University Hospital NHS Foundation Trust Benepal, Tim

Royal Free NHS Foundation Trust Boleti, Ekaterini (current)
Ariyaratne, Hemal (former)

The Christie NHS Foundation Trust Califano, Raffaele

The Royal Marsden NHS Foundation Trust O’Brien, Mary

Mount Vernon Cancer Centre Polychronis, Andreas

Royal Cornwall Hospital Talbot, Toby
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DATA MONITORING COMMITTEE
Paul Bunn, MD: University of Colorado, Aurora, CO, USA

David Johnson, MD: University of Texas Southwestern Medical Center,
Dallas, TX, USA

Robert Pirker, MD: University of Vienna, Vienna, Austria

Weichung Joe Shih, PhD: Rutgers University, New Brunswick, NJ,
USA

List of Investigatorsa (continued)
Country/Region Site Name Principal Investigator

United States Texas Oncology-Methodist Dallas Cancer Center Agarwal, Ashwani K.

Mercy Health-Paducah Medical Oncology and Hematology Claudino, Wederson

New England Cancer Specialists Evans, Devon (current)
Thomas, Christian (former)

Boston Medical Center Everett, Peter (current)
Charlot, Marjory (former)

University of Tennessee Erlanger Oncology and Hematology Kingsley, C. Daniel

University of Wisconsin Carbone Cancer Center Leal, Ticiana

Tennessee Cancer Specialists Lee, Richard (current)

DeVore, Russell (former)

The Ohio State University Wexner Medical Center Otterson, Gregory (current)

Olugbile, Sope (former)

Mayo Clinic Cancer Center Savvides, Panayiotis (current)
Ross, Helen (former)

Texas Oncology, P.A. Texas Oncology-Tyler Socoteanu, Matei P.

Pacific Cancer Care Stampleman, Laura

Medical College of Wisconsin Clinical Cancer Center Thompson, Jonathan

Northwest Cancer Specialists, P.C. Van Ho, Anthony (current)
Smith, David (former)

aIncludes the 137 sites at which$ 1 participant was randomly allocated to study treatment and the 34 sites that actively screened patients but did not have
any patients randomly allocated to study treatment.
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TABLE A1. Censoring Rules for Kaplan-Meier Analyses
Situation Censoring Rule

Progression-free survival

PD or death documented after # 1 missed disease assessment and
before new anticancer therapy, if any

Progressed at date of documented PD or death

PD or death immediately after $ 2 consecutive missed disease
assessments or after new anticancer therapy

Censored at the last disease assessment before the earlier date of $ 2
consecutive missed disease assessments or new anticancer therapy, if
any

No PD, no death, no new anticancer therapy Censored at last disease assessment

No PD, no death, new anticancer therapy Censored at last disease assessment before new anticancer therapy

Overall survival

No death Censored at the date of last known contact

Duration of responsea

No PD, no death, no new anticancer therapy Censored at last adequate disease assessment

No PD, no death, new anticancer therapy Censored at last adequate disease assessment before new anticancer
therapy initiated

PD or death documented after $ 2 missed disease assessments or
after new anticancer therapy, if any

Censored at the last disease assessment before the earlier date of $ 2
consecutive missed disease assessments or new anticancer therapy, if
any

PD or death documented after # 1 missed adequate disease
assessment and before any new anticancer therapy, if any

End of response at date of documented PD or death

Abbreviation: PD, progressive disease.
aFor duration of response, a missed disease assessment includes any assessment that is not obtained or is considered inadequate for evaluating response.

TABLE A2. Summary of Exposure to Study Treatment in the As-Treated Population

Treatment
Pembrolizumab-Ipilimumab

(n 5 282)
Pembrolizumab-Placebo

(n 5 281)

No. of cyclesa

Median (range) 10 (1-35) 15 (1-35)

Mean (SD) 12.9 (10.4) 15.5 (11.1)

Months on
pembrolizumab

Median (range) 6.3 (0.03-25.1) 9.7 (0.03-25.8)

Mean (SD) 8.8 (7.6) 10.4 (7.9)

Months on ipilimumab or
placebo

Median (range) 5.6 (0.03-25.1) 8.8 (0.03-25.8)

Mean (SD) 8.0 (7.5) 9.9 (7.9)

aEach cycle was 3 weeks in duration.
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FIG A1. Kaplan-Meier estimates of duration of response in participants with a best response of
complete or partial response. Response was assessed according to RECIST v1.1, by means of blinded,
independent central review of radiology imaging.
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Incidence, n (%)

32 (11.3)

-20 -16 -12 -8 -4 0 4 8 12 16 20

Favors
Pembrolizumab-

Ipiliumumab

Favors
Pembrolizumab-

Placebo

Pneumonitis 13 (4.6)

69 (24.5)Pruritus 55 (19.6)

56 (19.9)Rash 42 (14.9)

32 (11.3)ALT increased 19 (6.8)

49 (17.4)Nausea 38 (1.35)

43 (15.2)Hypothyroidism 33 (11.7)

51 (18.1)Asthenia 44 (15.7)

32 (11.3)Vomiting 27 (9.6)

45 (16.0)Dyspnea 44 (15.7)

29 (10.3)Back pain 29 (10.3)

40 (14.2)Anemia 40 (14.2)

Risk Difference (95% CI),

Percentage Points Pembrolizumab-
Ipilimumab

(N = 282)

Pembrolizumab-
Placebo
(N = 281)

34 (12.1)Pneumonia 30 (10.7)

48 (17.0)Fatigue 49 (17.4)

Decreased appetite 59 (20.9) 38 (13.5)

36 (12.8)Pyrexia 27 (9.6)

36 (12.8)AST increased 14 (5.0)

70 (24.8)Diarrhea 45 (16.0)

28 (9.9)Arthralgia 33 (11.7)

A

7 (2.5)

-8 -6 -4 -2 0 2 4 6 8

Favors
Pembrolizumab-

Ipiliumumab

Favors
Pembrolizumab-

Placebo

Colitis 1 (0.4)

24 (8.5)Pneumonia 18 (6.4)

10 (3.5)Hyponatremia 5 (1.8)

9 (3.2)ALT increased 4 (1.4)

6 (2.1)Hypotension 1 (0.4)

7 (2.5)Hypertension 4 (1.4)

8 (2.8)Anemia 7 (2.5)

7 (2.5)Dyspnea 8 (2.8)

4 (1.4)Pericardial effusion 7 (2.5)

5 (1.8)Pulmonary embolism 11 (3.9)

Risk Difference (95% CI),

Percentage Points Pembrolizumab-
Ipilimumab

(N = 282)

Pembrolizumab-
Placebo
(N = 281)

Incidence, n (%)

4 (1.4)COPD 6 (2.1)

Rash 8 (2.8) 0 (0.0)

6 (2.1)Fatigue 4 (1.4)

14 (5.0)Pnemonitis 6 (2.1)

10 (3.5)Diarrhea 1 (0.4)

B

FIG A2. Risk difference between treatment groups for adverse events of any attribution. (A) Adverse
events of any grade with incidence$ 10% in either treatment group; the overall incidence of any-grade
adverse events was 96.5% in the pembrolizumab-ipilimumab group and 93.6% in the pembrolizumab-
placebo group. (B) Adverse events of grade $ 3 with incidence $ 2% in either treatment group; the
overall incidence of grade$ 3 adverse events was 62.4% in the pembrolizumab-ipilimumab group and
50.2% in the pembrolizumab-placebo group. ALT, alanine aminotransferase; AST, aspartate amino-
transferase; COPD, chronic obstructive pulmonary disorder.
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B

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

Favors
Pembrolizumab-

Ipiliumumab

Favors
Pembrolizumab-

Placebo

7 (2.5)Rash 0 (0.0)

7 (2.5)Colitis 1 (0.4)

12 (4.3)Pneumonitis 6 (2.1)

8 (2.8)ALT increased 4 (1.4)

Risk Difference (95% CI),

Percentage Points Pembrolizumab-
Ipilimumab

(N = 282)

Pembrolizumab-
Placebo
(N = 281)

Incidence, n (%)

A

28 (9.9)

-15 -12 -9 -6 -3 0 3 6 9 12 15

Favors
Pembrolizumab-

Ipiliumumab

Favors
Pembrolizumab-

Placebo

Pneumonitis 12 (4.3)

58 (20.6)Pruritus 42 (14.9)

22 (7.8)AST increased 9 (3.2)

23 (8.2)ALT increased 11 (3.9)

40 (14.2)Hypothyroidism 32 (11.4)

31 (11.0)Diarrhea 23 (8.2)

14 (5.0)Pyrexia 6 (2.1)

23 (8.2)Hyperthyroidism 16 (5.7)

22 (7.8)Decreased appetite 20 (7.1)

29 (10.3)Fatigue 28 (10.0)

24 (8.5)Asthenia 24 (8.5)

Risk Difference (95% CI),

Percentage Points Pembrolizumab-
Ipilimumab

(N = 282)

Pembrolizumab-
Placebo
(N = 281)

Incidence, n (%)

24 (8.5)Nausea 17 (6.0)

17 (6.0)Arthralgia 19 (6.8)

Rash 49 (17.4) 30 (10.7)

FIG A3. Risk difference between treatment groups for treatment-related adverse events. (A) Treatment-related
adverse events of any grade with incidence $ 5% in either treatment group; the overall incidence of any-grade
treatment-related adverse events was 76.2% in the pembrolizumab-ipilimumab group and 68.3% in the
pembrolizumab-placebo group. (B) Treatment-related adverse events of grade$ 3 with incidence$ 2% in either
treatment group; the overall incidence of treatment-related grade $ 3 adverse events was 35.1% in the pem-
brolizumab-ipilimumab group and 19.6% in the pembrolizumab-placebo group. ALT, alanine aminotransferase;
AST, aspartate aminotransferase.
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