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ABSTRACT
◥

Purpose: Standard-dose pembrolizumab plus alternative-dose
ipilimumab (1 mg/kg Q3W for 4 doses) were tolerable and had
robust antitumor activity in advanced melanoma in cohort B of
the phase 1 KEYNOTE-029 study. Cohort C evaluated standard-
dose pembrolizumab with two other alternative ipilimumab
regimens.

Patients and Methods: Patients with treatment-naive unre-
sectable stage III/IV melanoma were randomly assigned 1:1 to
pembrolizumab 200 mg Q3W for ≤24 months plus ipilimumab
50 mg Q6W for 4 doses (PEM200þIPI50), or the same pem-
brolizumab regimen plus ipilimumab 100 mg Q12W for 4 doses
(PEM200þIPI100). Primary end points were incidence of grade
3–5 treatment-related adverse events (TRAE) and objective
response rate (ORR) per RECIST v1.1 by independent central
review. Per protocol-defined thresholds, grade 3–5 TRAE inci-
dence ≤26% indicated meaningful toxicity reduction and ORR

≥48% indicated no decrease in efficacy versus data reported for
other PD-1 inhibitor/ipilimumab combinations.

Results:Median follow-up on February 18, 2019, was 16.3 months
in PEM200þIPI50 (N ¼ 51) and 16.4 months in PEM200þIPI100
(N ¼ 51). Grade 3–5 TRAEs occurred in 12 (24%) patients in
PEM200þIPI50 and 20 (39%) in PEM200þIPI100. One patient in
PEM200þIPI50 died from treatment-related autoimmune myocar-
ditis. Immune-mediated AEs or infusion reactions occurred in 21
(42%) patients in PEM200þIPI50 and 28 (55%) in PEM200þIPI100.
ORR was 55% in PEM200þIPI50; 61% in PEM200þIPI100.

Conclusions: Pembrolizumab 200 mg Q3W plus ipilimumab
50 mg Q6W or 100 mg Q12W demonstrated antitumor activity
above the predefined threshold; pembrolizumab plus ipilimumab
50 mg Q6W had lower incidence of grade 3–5 TRAEs than the
predefined threshold, suggesting a reduction in toxicity.

See related commentary by Jameson-Lee and Luke, p. 5153

Introduction
Programmed death 1 (PD-1) inhibitors are a standard treatment

option for patients with advanced melanoma (1), and when given in
combination with the cytotoxic T-lymphocyte–associated antigen 4
(CTLA-4) inhibitor ipilimumab, can provide substantial long-term
benefit (2). This was initially demonstrated in the phase 2 CheckMate
069 and phase 3 CheckMate 067 studies (2–4). The latter investigated

the PD-1 inhibitor nivolumab at 1 mg/kg plus ipilimumab 3 mg/kg
every 3 weeks (Q3W) for 4 doses followed by nivolumabmaintenance.
The 5-year overall survival (OS) rate in CheckMate 067 was numer-
ically higher (52%) for nivolumab plus ipilimumab compared with
nivolumab (44%) or ipilimumabmonotherapy (26%; ref. 2). However,
the combination was associated with a higher incidence of grade 3/4
treatment-related adverse events (TRAE; 59%) compared with nivo-
lumab (23%) or ipilimumab monotherapy (28%; ref. 2).
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CTLA-4 inhibitors are known to be associated with dose-dependent
toxicity and are associated with a higher incidence of fatal adverse
events (AE; refs. 5, 6). Consequently, several studies have investigated
alternative dosing combinations of PD-1 inhibitors and ipilimumab
with the aim of reducing toxicity while retaining antitumor
activity (7, 8).

The phase IIIb/IV CheckMate 511 study compared 2 dosing regi-
mens of nivolumab with ipilimumab; the approved regimen of nivo-
lumab 1mg/kg plus ipilimumab 3mg/kg Q3W for 4 doses followed by
nivolumab maintenance (NIVO1þIPI3) versus nivolumab 3 mg/kg
plus ipilimumab 1 mg/kg for 4 doses followed by nivolumab main-
tenance (NIVO3þIPI1). NIVO3þIPI1 was associated with a lower
incidence of grade 3–5 TRAEs compared with NIVO1þIPI3 (34% vs.
48%; P¼ 0.006), and similar objective response rates (ORR; 45.6% vs.
50.6%, respectively), although the study was not powered to demon-
strate noninferiority for efficacy (8).

Manageable toxicity was also observed in cohort B of the single-arm
KEYNOTE-029 study (N ¼ 153), which investigated pembrolizumab
2 mg/kg plus ipilimumab 1 mg/kg Q3W for 4 doses followed by
pembrolizumab maintenance (7, 9). At a median follow-up of
36.8 months, grade 3/4 TRAEs occurred in 47.1% of patients; the
ORRwas 62.1%; themedian duration of response (DOR), progression-
free survival (PFS), and OS were not reached (9). This incidence of
grade 3/4 TRAEs was lower than that reported for standard-dose
nivolumab plus ipilimumab in CheckMate-069 and CheckMate-067
(54% and 59%, respectively) with a similar ORR (59% and
58%, respectively; refs. 2, 3). Although the results from cohort
B of the KEYNOTE-029 study indicated that standard-dose
pembrolizumab with reduced-dose ipilimumab had a manageable
toxicity profile and robust antitumor activity, it remains unknown
whether dose frequency has an impact on safety and efficacy of the
combination.

The objective of this analysis was to establish the safety and
antitumor activity of standard-dose pembrolizumab with 2 alternative
flat-dosing regimens of ipilimumab [50mg every 6 weeks (Q6W) for 4
doses or 100 mg every 12 weeks (Q12W) for 4 doses] in patients with
advanced melanoma.

Patients and Methods
Study design and participants

Cohort C of the open-label phase I KEYNOTE-029 study recruited
patients from 20 sites in Australia, Canada, France, New Zealand, and
the United States. Eligible patients were 18 years or older, had
previously untreated, histologically confirmed unresectable stage III
or IVmelanoma (not uveal or ocular), measurable disease per RECIST
v1.1, Eastern Cooperative Oncology Group (ECOG) performance
status of 0 or 1, and adequate organ function. Patients could have
received prior adjuvant or neoadjuvant therapy on the condition
that (1) treatment did not target PD-1, programmed death ligand 1
(PD-L1), BRAF, or MEK (2) they did not discontinue adjuvant/
neoadjuvant treatment because of TRAEs and all TRAEs had resolved,
and (3) if anti–CTLA-4 therapy was received, relapse did not occur
during treatment or within the following 6 months. Patients were
excluded if they had brain metastases or carcinomatous meningitis
(patients with previously treated, stable brainmetastases were eligible).
Additional eligibility criteria are listed in the Supplementary Methods
(study protocol available online).

The study protocol and amendments were approved by the appro-
priate institutional review boards and ethics committees for each
center. The study was conducted in accordance with the protocol and
subsequent amendments, Good Clinical Practice Guidelines, and the
Declaration of Helsinki. All patients provided written informed
consent.

Procedures
Patients were randomly assigned (1:1) to ipilimumab 50 mg Q6W

intravenously (i.v.) for 4 doses plus pembrolizumab 200 mg Q3W i.v.
for up to 24 months (PEM200þIPI50) or ipilimumab 100 mg Q12W
i.v. for 4 doses plus pembrolizumab 200 mg Q3W i.v. for up to
24 months (PEM200þIPI100). Randomization was performed cen-
trally using an interactive voice response/integrated web response
system. Treatment with pembrolizumab was discontinued if patients
had documented disease progression, unacceptable AEs, or withdrew
from the study. Patients with radiologic progressive disease who were
continuing to derive clinical benefit from therapy and were clinically
stable were permitted to continue treatment at the discretion of the
investigator and with sponsor approval. After at least 24 weeks of
treatment with pembrolizumab, patients who attained an investigator-
determined complete response (CR) could stop pembrolizumab treat-
ment if at least 2 doses were received after CR was first documented.

Assessments
Tumor radiographic imaging was performed Q6W until week 24

and Q12W thereafter. Tumor response was assessed per RECIST v1.1
by independent central review. Investigator-assessed modified
RECIST v1.1 was used for informing treatment decisions. Safety was
assessed throughout the study and for 30 days thereafter (90 days for
serious AEs and immune-mediated AEs), andAEs were graded per the
National Cancer Institute Common Terminology Criteria for AEs,
version 4.0. PD-L1 expression in tumor samples was assessed at a
central laboratory using the PD-L1 IHC 22C3 pharmDx assay (Agilent
Technologies). PD-L1 positivity was defined as staining on at least 1%
of tumor cells or adjacent immune cells.

Primary end points were safety and tolerability, incidence of grade
3–5 TRAEs, and ORR. Secondary end points included PFS, DOR, and
OS. Additional details regarding end points are included in the
Supplementary Methods.

Translational Relevance

Combining programmed death 1 (PD-1) and cytotoxic T-lym-
phocyte–associated antigen 4 (CTLA-4) inhibitors provide sub-
stantial long-term benefit albeit with considerable toxicity in
advanced melanoma. CTLA-4 inhibitors (e.g., ipilimumab) are
associated with dose-dependent toxicity. Consequently, PD-1
inhibitors plus alternative ipilimumab dosing regimens have been
tested to reduce toxicity while maintaining antitumor activity. We
report results from cohort C of the phase I KEYNOTE-029 study
involving standard-dose pembrolizumab plus alternative ipilimu-
mab dosing regimens in patients with advanced melanoma.
Patients received pembrolizumab 200 mg every 3 weeks for
≤24 months plus ipilimumab 50 mg every 6 weeks for 4 doses,
or the same pembrolizumab regimen plus ipilimumab 100 mg
every 12 weeks for 4 doses. Both regimens showed antitumor
activity above the protocol-defined threshold, and pembrolizumab
plus ipilimumab 50mgmet the threshold formeaningful reduction
in toxicity. Further exploration of PD-1 inhibitors with alternative
ipilimumab dosing is warranted.
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Statistical analysis
Fifty participants per arm were planned for enrollment in cohort C

to provide adequate precision for estimating the primary end points.
Given this sample size, an incidence of grade 3–5 TRAEs of ≤26%
would suggest a meaningful reduction in toxicity compared with other
combination regimens of PD-1 inhibitors and ipilimumab as the upper
bound of a 90% confidence interval (CI) for the true incidence of grade
3–5 TRAEs excludes 40%, given rates for combinations of nivolumab
and ipilimumab typically exceed 40% (3, 10). An ORR ≥48% would
suggest efficacy similar to that of other combination regimens of PD-1
inhibitors and ipilimumab, as the 90%CI excludes 35%, which is a rate
consistent with that observed in phase III studies of pembrolizumab
monotherapy (11, 12). The efficacy population included all patients
with measurable disease; the safety population included all patients
who received at least 1 dose of study treatment. The Kaplan–Meier
method was used for estimation of PFS, OS, and DOR. Exact 95% CIs
were calculated for ORR. Exploratory subgroup analysis of ORR by
patient baseline characteristics was also performed. Statistical analyses
were performed using SAS, version 9.4. This multicohort trial is
registered with ClinicalTrials.gov, number NCT02089685.

Results
Between June 15, 2017 andMarch 2, 2018, 102 patients were enrolled

into cohort 1C (51 to PEM200þIPI50, 51 to PEM200þIPI100;
Supplementary Fig. S1). At baseline, most patients had an ECOG
performance status of 0 (88%PEM200þIPI50, 82%PEM200þIPI100),
normal lactate dehydrogenase (LDH) level (59% and 71%), and
PD-L1–positive tumors (63% and 61%; Table 1). For several baseline
characteristics, there was a ≥10% difference between the treatment
arms. Notably, there was a higher proportion of patients with poor
prognostic factors in the PEM200þIPI50 arm; M1c stage (67% and
51%), elevated LDH levels (35% and 25%), and brain metastasis (10%
and 0%). A higher proportion of patients in the PEM200þIPI100 arm
had BRAF-mutant disease (29% and 39%).

Patient disposition
At the February 18, 2019, data cutoff, the median follow-up was

16.3 months (range, 0.8 to 20 months) for PEM200þIPI50 and
16.4 months (range, 0.4 to 20.2 months) for PEM200þIPI100, and
30 (59%) and 24 (47%) patients, respectively, were continuing study

Table 1. Baseline characteristics.

Pembrolizumab 200 mg Q3W Pembrolizumab 200 mg Q3W
þ ipilimumab 50 mg Q6W þ ipilimumab 100 mg Q12W
(n ¼ 51) (n ¼ 51)

Age, median (range; y) 64 (27–78) 63 (33–82)
Sex, n (%)

Male 38 (75) 33 (65)
Female 13 (25) 18 (35)

ECOG performance status, n (%)
0 45 (88) 42 (82)
1 6 (12) 9 (18)

Lactate dehydrogenase concentration, n (%)
Normal 30 (59) 36 (71)
>ULN 18 (35) 13 (25)
Unknown 3 (6) 2 (4)

PD-L1 statusa n (%)
Positive 32 (63) 31 (61)
Negative 14 (28) 13 (25)
Unknown 5 (10) 7 (14)

BRAFV600 mutation, n (%)
Present 15 (29) 20 (39)
Absent 34 (67) 31 (61)
Unknown 2 (4) 0 (0)

Disease stageb n (%)
IIIC 2 (4) 0 (0)
IVc 49 (96) 51 (100)
M1a 5 (10) 7 (14)
M1b 9 (18) 18 (35)
M1c 34 (67) 26 (51)

Melanoma subtype, n (%)
Cutaneous 49 (96) 50 (98)
Mucosal 2 (4) 1 (2)

Prior adjuvant therapyd n (%) 1 (2) 2 (4)

Abbreviations:BRAF, B-Raf proto-oncogene, serine/threonine kinase; ECOG, Eastern Cooperative Oncology Group; M,metastasis; PD-L1, programmed death ligand
1; Q3W, every 3 weeks; Q6W, every 6 weeks; Q12W, every 12 weeks; ULN, upper limit of normal.
aPD-L1 positivity was defined as staining on at least 1% of tumor cells or mononuclear inflammatory cells intercalated within or contiguous to tumor nests.
bAmerican Joint Committee on Cancer Staging Manual, 7th edition (16).
cThe distant metastasis stage of 1 patient with stage IV melanoma receiving pembrolizumab 200 mg Q3Wþ ipilimumab 50 mg Q6W arm could not be determined
[staged as T4b (thickness >4.0 mm with ulceration), N0 (no regional lymph node metastases detected), M1 (distant metastasis)].
dOne patient received 2-MpP (pBCAR3-phosphopeptideþ pIRS2-phosphopeptide); PolyICLC, tetanus peptide (Peptide-tet), andmontanide. Two patients received
interferon.
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treatment (Supplementary Table S1). The most common reasons for
discontinuation of study treatment were progressive disease [22% (n¼
11), PEM200þIPI50; 12% (n ¼ 6), PEM200þIPI100] and AEs [16%
(n ¼ 8), PEM200þIPI50; 20% (n ¼ 10), PEM200þIPI100; Supple-
mentary Fig. S1]. Five patients discontinued treatment after achieving
CR (1 patient in the PEM200þIPI50 arm had received 11.8 months of
study treatment; 4 patients in the PEM200þIPI100 arm who had
received 8.5, 15.7, 16.7, and 18.5 months of study treatment,
respectively).

Safety
Pembrolizumab and ipilimumab exposures were similar in both

arms (Supplementary Table S2). Patients in PEM200þIPI50
received a median of 19 doses (range, 1 to 29 doses) of pembro-
lizumab and 4 doses (range, 1 to 6 doses) of ipilimumab; patients in
PEM200þIPI100 received a median of 19 doses (range, 1 to 30
doses) of pembrolizumab and 4 doses (range, 1 to 4 doses) of
ipilimumab. Most patients in both arms received 4 doses of ipili-
mumab [38 (75%) PEM200þIPI50; 31 (61%) PEM200þIPI100;

Table 2. Treatment-related AEs of grade 1–4 severity that occurred in ≥10% of patients; presented by frequency at any grade and by
maximum toxicity grade.

Pembrolizumab 200 mg Q3W Pembrolizumab 200 mg Q3W
þ ipilimumab 50 mg Q6W þ ipilimumab 100 mg Q12W

(n ¼ 51) (n ¼ 51)Treatment-related
adverse event, n (%) Any grade Grade 1/2 Grade 3 Grade 4 Any grade Grade 1/2 Grade 3 Grade 4

Any 51 (100) 39 (77) 6 (12) 5 (10) 49 (96) 29 (57) 18 (35) 2 (4)
Fatigue 29 (57) 29 (57) 0 (0) 0 (0) 26 (51) 26 (51) 0 (0) 0 (0)
Pruritus 16 (31) 16 (31) 0 (0) 0 (0) 27 (53) 27 (53) 0 (0) 0 (0)
Rash 20 (39) 20 (39) 0 (0) 0 (0) 21 (41) 21 (41) 0 (0) 0 (0)
Diarrhea 13 (25) 12 (24) 1 (2) 0 (0) 18 (35) 18 (35) 0 (0) 0 (0)
Arthralgia 12 (24) 12 (24) 0 (0) 0 (0) 11 (22) 10 (20) 1 (2) 0 (0)
Nausea 8 (16) 8 (16) 0 (0) 0 (0) 12 (24) 12 (24) 0 (0) 0 (0)
Lipase increased 5 (10) 0 (0) 2 (4) 3 (6) 10 (20) 2 (4) 6 (12) 2 (4)
Hypothyroidism 7 (14) 7 (14) 0 (0) 0 (0) 9 (18) 9 (18) 0 (0) 0 (0)
Rash pruritic 5 (10) 5 (10) 0 (0) 0 (0) 9 (18) 9 (18) 0 (0) 0 (0)
Aspartate aminotransferase increased 7 (14) 7 (14) 0 (0) 0 (0) 4 (8) 4 (8) 0 (0) 0 (0)
Alanine aminotransferase increased 7 (14) 7 (14) 0 (0) 0 (0) 2 (4) 2 (4) 0 (0) 0 (0)
Vitiligo 6 (12) 6 (12) 0 (0) 0 (0) 7 (14) 7 (14) 0 (0) 0 (0)
Dry mouth 5 (10) 5 (10) 0 (0) 0 (0) 7 (14) 7 (14) 0 (0) 0 (0)
Amylase increased 2 (4) 1 (2) 1 (2) 0 (0) 7 (14) 5 (10) 2 (4) 0 (0)
Decreased appetite 6 (12) 6 (12) 0 (0) 0 (0) 6 (12) 5 (10) 1 (2) 0 (0)
Myalgia 4 (8) 4 (8) 0 (0) 0 (0) 6 (12) 5 (10) 1 (2) 0 (0)
Asthenia 5 (10) 5 (10) 0 (0) 0 (0) 3 (6) 3 (6) 0 (0) 0 (0)
Rash macular 5 (10) 5 (10) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Note: One patient died from a treatment-related adverse event (autoimmune myocarditis, grade 5). Data are presented in order of descending total frequency.
Abbreviations: Q3W, every 3 weeks; Q6W, every 6 weeks; Q12W, every 12 weeks.

Table 3. Best overall response by independent central review per RECIST v1.1.

Pembrolizumab 200 mg Q3W Pembrolizumab 200 mg Q3W
þ ipilimumab 50 mg Q6W þ ipilimumab 100 mg Q12W
(n ¼ 51) (n ¼ 51)

Objective response rate
N 28 31
% (95% CIa) 55 (40–69) 61 (46–74)

Best overall response, n (%)
Complete response 8 (16) 13 (25)
Partial response 20 (39) 18 (35)
Stable disease 10 (20) 8 (16)
Progressive disease 8 (16) 5 (10)
Disease not measurable per central review at baseline, that did not completely
resolve or progress

2 (4) 5 (10)

Non-evaluable 1 (2) 1 (2)
No assessment done 2 (4) 1 (2)

Time to response in months, median (range) 1.4 (1.3–8.3) 1.5 (1.3–10.9)
Duration of response in months, median (range) Not reached (1.4þ to 17.9þ) Not reached (2.8þ to 18.3þ)

Abbreviations: Q3W, every 3 weeks; Q6W, every 6 weeks; Q12W, every 12 weeks; RECIST v1.1, Response Evaluation Criteria in Solid Tumors, version 1.1.
aBased on binomial exact confidence interval method.

Pembrolizumab þ Altered Dose Ipilimumab in KEYNOTE-029 1C

AACRJournals.org Clin Cancer Res; 27(19) October 1, 2021 5283



Supplementary Table S2]. All 51 (100%) patients in PEM200þIPI50
and 49 (96%) patients in PEM200þIPI100 experienced ≥1 TRAE.
Of 51 patients in each arm, 12 (24%) and 20 (39%) experienced
≥1 grade 3–5 TRAE (Table 2). In the PEM200þIPI50 arm, a
74-year-old male patient died on day 24 from first dose of study
drug because of treatment-related autoimmune myocarditis; this
patient had a prior medical history of grade 2 hypertension, treated
with losartan. Eight (16%) patients in PEM200þIPI50 and 12 (24%)
patients in PEM200þIPI100 discontinued one or both study drugs
because of a TRAE (Supplementary Table S1). Discontinuation of
both pembrolizumab and ipilimumab due to the same TRAE
occurred in 6 (12%) patients in PEM200þIPI50 and 5 (10%)
patients in PEM200þIPI100. No (0%) patients in PEM200þIPI50
and 2 (4%) patients in PEM200þIPI100 discontinued ipilimumab
only because of a TRAE. After completion of ipilimumab, pem-
brolizumab was discontinued because of a TRAE in 1 (2%) patient
in each arm. One (2%) patient in each arm discontinued ipilimumab
for 1 TRAE and later discontinued pembrolizumab for another
TRAE (Supplementary Table S1).

The most common TRAEs of any grade in the PEM200þIPI50 and
PEM200þIPI100 armswere fatigue (57% and 51%), pruritus (31% and
53%), rash (39% and 41%), and diarrhea (25% and 35%; Table 2). The
most common grade 3/4 TRAEs were increased lipase (10%
PEM200þIPI50 and 16% PEM200þIPI100), colitis (4% and 6%), and
increased amylase (2% and 4%; Supplementary Table S3).

Immune-mediated AEs (derived from a predefined, sponsor-
specified list of AEs with immunologic mechanisms of action) and
infusion reactions occurred in 21 (41%) patients in PEM200þIPI50
and 28 (55%) patients in PEM200þIPI100 and were predominantly
grade 1 or 2 in severity (Supplementary Table S4). The most common
immune-mediated AEs (≥10% of patients in either arm) were hypo-
thyroidism (14% PEM200þIPI50 and 20% PEM200þIPI100) and
colitis (10% and 12%). Grade 3 immune-mediated AEs that occurred
in more than 1 patient in either arm were colitis (6% PEM200þIPI50,
8% PEM200þIPI100) and hepatitis (2% and 4%). One (2%) patient in
the PEM200þIPI50 armhad grade 4myositis and 1 (2%) patient in the
PEM200þIPI50 arm died because of immune-mediated myocarditis.
Ten (48%) patients in the PEM200þIPI50 arm and 19 (68%) patients
in the PEM200þIPI100 arm with immune-mediated AEs or infusion
reactions were treated with systemic corticosteroids (Supplementary
Table S5).

Efficacy
The ORR was 55% (28 of 51 patients; 95% CI, 40%–69%) in

PEM200þIPI50 and 61% (31 of 51 patients; 95% CI, 46%–74%) in
PEM200þIPI100, including 8 CRs (16%) in PEM200þIPI50 and 13
CRs (25%) in PEM200þIPI100 (Table 3). Median time to response
was 1.4 months (range, 1.3 to 9.3 months) in PEM200þIPI50 and
1.5 months (range, 1.3 to 10.9 months) in PEM200þIPI100. In
PEM200þIPI50, 38 of 43 (88%) evaluable patients experienced a
reduction in target lesion size from baseline (Fig. 1A). In
PEM200þIPI100, 40 of 44 (91%) evaluable patients experienced a
reduction in target lesion size frombaseline (Fig. 1B). Four of 28 (14%)
responders in PEM200þIPI50 had progressed at data cutoff (Fig. 2A),
and 2 of 31 (6%) in PEM200þIPI10 (Fig. 2B); the median DOR was
not reached in PEM200þIPI50 (range, 1.4þ to 17.9þ months) or
PEM200þIPI100 (range, 2.8þ to 18.3þ months); the percentage of
patients with ongoing response at 12 months was estimated to be 88%
in PEM200þIPI50 and 93% in PEM200þIPI100 (Fig. 3A). Subgroup
analysis of ORR by patient baseline characteristics showed treatment
benefit from both regimens regardless of baseline clinical or demo-

graphic characteristics, although patient numbers were small in some
subgroups (Supplementary Fig. S2). Patients with BRAF-mutant
versus BRAF wild-type melanoma, normal versus elevated baseline
LDH level, and PD-L1–positive versus negative melanoma had higher
response rates in both arms.

At data cutoff, 19 (37%) of 51 patients in PEM200þIPI50 and 13
(25%) of 51 in PEM200þIPI100 had a progression event; median
PFS was not reached in either arm. The 6-month PFS rate was 74%
(95% CI, 60%–84%) in PEM200þIPI50 and 86% (95% CI, 73%–
93%) in PEM200þIPI100; the 12-month PFS rate was 65% (95% CI,
50%–77%) in PEM200þIPI50 and 82% (95% CI, 68%–90%) in
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Figure 1.

Best percentage change from baseline in target lesion size (RECIST, version 1.1,
by central review) in patients in PEM200þIPI50 (pembrolizumab 200 mg Q3W
þ ipilimumab 50 mg Q6W; A) and PEM200þIPI100 (pembrolizumab 200 mg
Q3Wþ ipilimumab 100mgQ12W;B). Abbreviations: Q3W, every 3weeks; Q6W,
every 6 weeks; Q12W, every 12 weeks.
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PEM200þIPI100; the 18-month PFS rate was 59% (95% CI, 43%–
72%) in PEM200þIPI50 and 69% (95% CI, 52%–81%) in
PEM200þIPI100 (Fig. 3B).

Fourteen (27%) patients in PEM200þIPI50 arm and 12 (24%)
patients in PEM200þIPI100 received subsequent anticancer therapy
after discontinuation of study treatment. Of these, 10 (20%) in the
PEM200þIPI50 arm and 4 (8%) in the PEM200þIPI100 received
therapy after discontinuing the study because of progressive disease
(Supplementary Table S6). Eleven (22%) and 6 (12%) patients
received subsequent immunotherapy in the PEM200þIPI50 and
PEM200þIPI100 arms, respectively (Supplementary Table S6). After

discontinuing study treatment, most patients received a checkpoint
inhibitor alone or combined with an experimental therapy, and
all patients with BRAF-mutant disease who experienced disease
progression received a BRAFþ MEK inhibitor (1 patient in the
PEM200þIPI50 arm and 3 in the PEM200þIPI100 arm).

At data cutoff, 5 (10%) patients in PEM200þIPI50 and 6 (12%) in
PEM200þIPI100 had died because of progression of melanoma, and 1
patient in the PEM200þIPI50 arm died because of a TRAE. Median
OSwas not reached in either arm; the 12-monthOS rate was 94% (95%
CI, 83%–98%) in PEM200þIPI50 and 90% (95% CI, 78%–96%) in
PEM200þIPI100; 18-month OS rate was 85% (95% CI, 70%–92%) in
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Figure 2.

Duration of treatment and response in patients in
PEM200þIPI50 (pembrolizumab 200 mg Q3W þ
ipilimumab 50 mg Q6W; A) and PEM200þIPI100
(pembrolizumab 200 mg Q3W þ ipilimumab
100 mg Q12W; B). Abbreviations: CR, complete
response; PD, progressive disease; PR, partial
response;Q3W,every3weeks;Q6W,every6weeks;
Q12W, every 12 weeks.
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PEM200þIPI50 and 82% (95% CI, 67%–91%) in PEM200þIPI100
(Fig. 3C).

Discussion
Cohort 1C of the KEYNOTE 029 study was designed to investigate

standard-dose pembrolizumab with alternative-dose ipilimumab to
determine whether the efficacy of combined PD-1 and CTLA-4
inhibitor therapy could be maintained while reducing toxicity. With
an incidence of grade 3–5 TRAEs of 24%, PEM200þIPI50 met the
predefined threshold (≤26%) for a meaningful reduction in toxicity
compared with the incidence reported in other studies investigating
combined PD-1 and CTLA-4 inhibitor regimens (7, 8). This threshold
was not met with PEM200þIPI100 (grade 3–5 TRAEs 39%). Notably,
the ORR in both PEM200þIPI50 (55%) and PEM200þIPI100 (61%)
met the predefined threshold of ≥48% for equivalent efficacy with
other PD-1 and CTLA-4 inhibitor combinations.

The ORR and CR results reported in the current study
(PEM200þIPI50: ORR, 55%, and CR, 16%; PEM200þIPI100: ORR,
61%, and CR, 25%) are within the ranges reported in previous studies
of PD-1 plus CTLA-4 inhibitors in melanoma, although cross-trial
comparisons should be made cautiously because of differences in
patient populations, study procedures, and length of follow-up. In
CheckMate 067 (2) and CheckMate 511 (8), standard or alternate
nivolumab plus ipilimumab dosing resulted inORRs of 51% to 58% for
standard dosing and 46% for alternate dosing, and CRs of 14% to 22%
and 15%, respectively. In cohort B of the KEYNOTE-029 study,
ipilimumab 1 mg/kg plus standard-dose pembrolizumab resulted in
anORRof 62%andCRof 27% (9). Similarly, the 12-monthPFS rates in
the current study (65%, PEM200þIPI50; 82%, PEM200þIPI100) were
favorable compared with the 12-month PFS rates reported with other
PD-1 plus CTLA-4 inhibitor regimens: 46% to 53% with standard
ipilimumab plus nivolumab dosing, 47% with ipilimumab 1 mg/kg
plus nivolumab 3 mg/kg, and 68% with ipilimumab 1 mg/kg plus
standard-dose pembrolizumab (3, 8, 9). Similar findings are observed
when comparing 12-month OS rates in the current study (≥90% in
each arm) with 12-month OS rates for other CTLA-4 plus PD-1
inhibitor regimens (73%–89%; refs. 3, 7).

The results of this study suggest that further exploration of alter-
native ipilimumab dosing in combination with PD-1 inhibitors is
warranted. Randomized controlled trials comparing alternative dosing
regimens to standard dosing regimens are needed, as there may be a
dose–response with CTLA-4 inhibitors that has not been observed
with PD-1 inhibitors. For example, in a randomized phase 3 trial,
ipilimumab administered at 10 mg/kg Q3W for 4 doses improved the
OS in patients with advanced melanoma compared with 3 mg/kg (13).
In contrast, pembrolizumab has a similar efficacy whether admin-
istered at 10 mg/kg every 2 or 3 weeks, or 2 mg/kg Q3W (12, 14, 15).
In addition to dose–response, the effect of varying CTLA-4 inhib-
itor duration in the treatment schedule also needs to be explored. In
this study, 75% of patients in the PEM200þIPI50 arm and 61% of
patients in the PEM200þIPI100 arm received 4 doses of ipilimu-
mab. In contrast, patients in CheckMate 067 receiving nivolumab
1 mg/kg þ ipilimumab 3 mg/kg every 3 weeks for 4 doses, followed
by nivolumab 3 mg/kg every 2 weeks, had lower ipilimumab
exposure, with only 57% of patients receiving 4 doses (2). Factors
that may have contributed to this difference include the dose of
PD-1 and CTLA-4 inhibitor received and the treatment schedule.
Although not powered to make comparisons, our current study
showed a numerically higher ORR and a higher proportion of
CRs in PEM200þIPI100 versus PEM200þIPI50; this should be
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Figure 3.

Kaplan–Meier estimates of (A) duration of response, (B) progression-free
survival, and (C) overall survival in PEM200þIPI50 (pembrolizumab 200 mg
Q3Wþ ipilimumab 50mgQ6W) and PEM200þIPI100 (pembrolizumab 200mg
Q3W þ ipilimumab 100 mg Q12W) arms. �From Kaplan–Meier method. Abbre-
viations: DOR, durationof response; NR, not reached;Q3W, every 3weeks;Q6W,
every 6 weeks; Q12W, every 12 weeks.
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interpreted with caution because a higher proportion of patients
had poorer baseline prognostic factors in PEM200þIPI50 versus
PEM200þIPI100 [e.g., elevated LDH (35% vs. 26%) and M1c
(67% vs. 51%)].

Ongoing studies of pembrolizumab plus CTLA-4 inhibitors
in patients with advanced melanoma include a phase 2 study of
pembrolizumab plus low-dose ipilimumab in patients with brain
metastases (ClinicalTrials.gov, NCT03873818) and a phase 2 study
of pembrolizumab plus ipilimumab in patients pretreated with an
anti–PD-1/PD-L1 antibody (ClinicalTrials.gov, NCT02743819).
In addition, an ongoing phase 1/2 study (ClinicalTrials.gov,
NCT03179436) is assessing the safety, pharmacokinetics, and
efficacy of pembrolizumab plus the anti–CTLA-4 antibody
MK-1308 in patients with advanced solid tumors, including
PD-1/PD-L1 refractory melanoma. Results from these studies may
provide further evidence for the benefit-risk profile of various
dosing regimens of pembrolizumab with CTLA-4 inhibitors.

This study demonstrated robust antitumor activity in patients with
treatment-naive advanced melanoma who received standard-dose
pembrolizumab 200mgQ3Wcombinedwith either ipilimumab 50mg
Q6W or 100 mg Q12W. Although the ipilimumab 100 mg Q12W arm
did not meet the predefined threshold for a reduction in toxicity
compared with other anti–PD-1 plus anti–CTLA-4 combination
regimens, the ipilimumab 50 mg Q6W arm did meet this threshold,
warranting further investigation of this combination. Longer follow-
up and appropriately powered randomized controlled trials are
required to confirm that these alternative dosing regimens
reduce toxicity without compromising efficacy in patients with
advanced melanoma.
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