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ABSTRACT

BACKGROUND

The immune checkpoint inhibitor ipilimumab is the standard-of-care treatment for
patients with advanced melanoma. Pembrolizumab inhibits the programmed cell
death 1 (PD-1) immune checkpoint and has antitumor activity in patients with ad-
vanced melanoma.

METHODS

In this randomized, controlled, phase 3 study, we assigned 834 patients with ad-
vanced melanoma in a 1:1:1 ratio to receive pembrolizumab (at a dose of 10 mg per
kilogram of body weight) every 2 weeks or every 3 weeks or four doses of ipilim-
umab (at 3 mg per kilogram) every 3 weeks. Primary end points were progression-
free and overall survival.

RESULTS

The estimated 6-month progression-free-survival rates were 47.3% for pembrolizumab
every 2 weeks, 46.4% for pembrolizumab every 3 weeks, and 26.5% for ipilimumab
(hazard ratio for disease progression, 0.58; P<0.001 for both pembrolizumab regi-
mens versus ipilimumab; 95% confidence intervals [CIs], 0.46 to 0.72 and 0.47 to
0.72, respectively). Estimated 12-month survival rates were 74.1%, 68.4%, and
58.2%, respectively (hazard ratio for death for pembrolizumab every 2 weeks, 0.63;
95% CI, 0.47 to 0.83; P=0.0005; hazard ratio for pembrolizumab every 3 weeks,
0.69; 95% CI, 0.52 to 0.90; P=0.0036). The response rate was improved with pem-
brolizumab administered every 2 weeks (33.7%) and every 3 weeks (32.9%), as
compared with ipilimumab (11.9%) (P<0.001 for both comparisons). Responses
were ongoing in 89.4%, 96.7%, and 87.9% of patients, respectively, after a median
follow-up of 7.9 months. Efficacy was similar in the two pembrolizumab groups.
Rates of treatment-related adverse events of grade 3 to 5 severity were lower in the
pembrolizumab groups (13.3% and 10.1%) than in the ipilimumab group (19.9%).

CONCLUSIONS

The anti—PD-1 antibody pembrolizumab prolonged progression-free survival and over-
all survival and had less high-grade toxicity than did ipilimumab in patients with
advanced melanoma. (Funded by Merck Sharp & Dohme; KEYNOTE-006 ClinicalTrials
.gov number, NCT01866319.)
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WO THERAPEUTIC STRATEGIES HAVE

improved survival for patients with ad-

vanced melanoma in recent years: immu-
notherapy with checkpoint inhibitors and tar-
geted therapies blocking BRAF and MEK.* BRAF
and MEK inhibitors are indicated for the approx-
imately 40 to 50% of patients with BRAF V600
mutations,* whereas immunotherapies are effec-
tive independently of BRAF mutational status.?
Ipilimumab, which blocks cytotoxic T-lympho-
cyte—associated protein 4 (CTLA-4), a coinhibitory
molecule of the immune system,3* is approved
for treating advanced melanoma on the basis of
its survival benefit.>® However, grade 3 or 4 ad-
verse events, mostly immune-related,” are ob-
served in 23% of patients.>°

When activated T cells reach tumors, they can
then be functionally inactivated by engagement of
programmed cell death 1 (PD-1) with its ligand
PD-L1, which is expressed in peripheral tissues
and cancers.*8° Therefore, PD-1 functions as a
checkpoint of the effector stage of the immune
system, which is distinct from the role of CTLA-4
in limiting T-cell activation.’® Two monoclonal
antibodies directed against PD-1, pembrolizumab
and nivolumab, have shown clinical efficacy in
patients with melanoma.**” Pembrolizumab was
first evaluated in the large, phase 1 KEYNOTE-001
study.’*3 In a pooled analysis of 411 patients with
advanced melanoma enrolled in KEYNOTE-001
and after a median follow-up duration of 18
months, the response rate was 34%, the response
was maintained in 81% of those patients, and
median overall survival was 25.9 months.? The
KEYNOTE-002 study of pembrolizumab versus
chemotherapy confirmed the benefit of pembro-
lizumab in patients who had disease progres-
sion during or after ipilimumab therapy.* Pem-
brolizumab was associated with toxic effects
(mainly immune-related events) of grade 3 or 4
severity in 14% of patients.'?

The anti-PD-1 monoclonal antibodies pem-
brolizumab and nivolumab are approved in the
United States for use in patients who had dis-
ease progression after receiving ipilimumab and,
in those with the BRAF V600 mutation, BRAEF-
targeted therapy. In this international, random-
ized, open-label phase 3 study of pembrolizumab
versus ipilimumab, called KEYNOTE-006, we com-
pared PD-1 inhibition with CTLA-4 blockade in a
controlled, randomized trial involving patients
with advanced melanoma.

METHODS

PATIENTS

Patients who were 18 years of age or older were
eligible for enrollment if they had histologically
confirmed, unresectable stage III or IV melano-
ma and had received no more than one previous
systemic therapy for advanced disease. Known
BRAF V600 mutational status was required; previ-
ous BRAF inhibitor therapy was not required for
patients with normal lactate dehydrogenase lev-
els and no clinically significant tumor-related
symptoms or evidence of rapidly progressive dis-
ease. Other key eligibility criteria included an
Eastern Cooperative Oncology Group (ECOG) per-
formance status of 0 or 1 (on a 5-point scale, with
higher scores indicating greater disability) and
provision of a tumor sample adequate for assess-
ing PD-L1 expression. Excluded from the study
were patients who had received previous therapy
with CTLA-4, PD-1, or PD-L1 inhibitors and those
who had ocular melanoma, active brain metasta-
ses, or a history of serious autoimmune disease.

STUDY DESIGN AND TREATMENT

Patients were randomly assigned in a 1:1:1 ratio
to receive pembrolizumab at a dose of 10 mg per
kilogram of body weight either every 2 weeks or
every 3 weeks or four cycles of ipilimumab at a
dose of 3 mg per kilogram every 3 weeks. Random-
ization was stratified according to ECOG perfor-
mance status (0 versus 1), line of therapy (first
versus second), and PD-L1 expression (positive ver-
sus negative).

Pembrolizumab was administered intravenously
during a 30-minute period and continued until
disease progression, the onset of unacceptable
side effects, an investigator’s decision to discon-
tinue treatment, withdrawal of patient consent,
or 24 months of therapy. Patients with confirmed
complete response who received pembrolizumab
for at least 6 months could discontinue therapy
after receiving at least two doses beyond the de-
termination of complete response. Ipilimumab
was administered intravenously during a 90-min-
ute period and continued for four cycles or until
disease progression, the onset of unacceptable side
effects, an investigator’s decision to discontinue
treatment, or withdrawal of patient consent. After
initial evidence of radiologic progression, patients
whose condition was clinically stable could con-
tinue to receive study treatment until imaging
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that was performed approximately 4 weeks later
confirmed progression. (Details regarding the
management of treatment decisions are provided
in the protocol, available with the full text of this
article at NEJM.org.)

STUDY ASSESSMENTS
PD-L1 status was assessed in archival or newly
obtained tumor samples by means of immuno-
histochemical analysis with the use of the 22C3
antibody (Merck) at a central laboratory before
randomization. Positivity was defined as mem-
branous PD-L1 staining in at least 1% of tumor
cells. Response was assessed at week 12 and ev-
ery 6 weeks thereafter according to Response
Evaluation Criteria in Solid Tumors (RECIST),
version 1.1,*® on the basis of central radiologic
review and immune-related response criteria® by
investigator review. RECIST was used for the pri-
mary assessment of efficacy, whereas immune-
related response criteria were used for managing
treatment. Survival was assessed every 3 months
after the discontinuation of a study drug. Adverse
events, laboratory values, and vital signs were as-
sessed regularly and graded according to the Na-
tional Cancer Institute Common Terminology Cri-
teria for Adverse Events, version 4.0.

END POINTS
Primary end points were progression-free sur-
vival (defined as the time from randomization to
documented disease progression according to
RECIST or death from any cause) and overall sur-
vival (defined as the time from randomization to
death from any cause). Secondary end points in-
cluded the objective response rate (defined as the
percentage of patients with complete or partial
response according to RECIST), the duration of
response (defined as the time from the first doc-
umented response to radiologic progression ac-
cording to RECIST), and safety. Efficacy was as-
sessed in the intention-to-treat population, with
all patients included in the treatment group to
which they were randomly assigned. Safety was
assessed in the as-treated population, which was
defined as all patients who underwent random-
ization and who received at least one dose of a
study drug.

STUDY OVERSIGHT
The original protocol and all amendments were
approved by the relevant institutional review board

or independent ethics committee at each study
center. The study was conducted in accordance
with the protocol, Good Clinical Practice guide-
lines, and the provisions of the Declaration of
Helsinki. All patients provided written informed
consent.

KEYNOTE-006 was designed by representa-
tives of the study sponsor, Merck Sharp & Dohme,
a subsidiary of Merck, and the academic advisors.
An external data and safety monitoring commit-
tee oversaw the study. (Members of the commit-
tee are listed in the Supplementary Appendix,
available at NEJM.org.) All data were collected by
investigators and associated site personnel, ana-
lyzed by statisticians employed by the sponsor,
and interpreted by the authors, including those
from the sponsor. The corresponding and senior
authors wrote the first draft of the manuscript.
Assistance in manuscript preparation was pro-
vided by a science writer paid by the sponsor. All
authors participated in reviewing and editing the
manuscript, approved the submitted draft, had
full access to the data used to write the manu-
script and vouch for their accuracy, and attest that
the study was conducted in accordance with the
protocol.

STATISTICAL ANALYSIS
We used the Kaplan—Meier method to calculate
estimates of progression-free and overall surviv-
al. Data for patients who did not have disease
progression or who were lost to follow-up were
censored at the time of last tumor assessment for
progression-free survival. Treatment differences
for progression-free and overall survival were as-
sessed by means of the stratified log-rank test.
Hazard ratios and associated 95% confidence in-
tervals were assessed with the use of a stratified
Cox proportional-hazards model with Efron’s
method of handling ties. We compared response
rates in the study groups using the stratified
Miettinen and Nurminen method.

The protocol specified the performance of
two interim analyses (as summarized in Table S1
in the Supplementary Appendix). The first analy-
sis was to be performed after at least 260 pa-
tients had disease progression or died in all study
groups and all patients had been followed for at
least 6 months. The primary objective of this
analysis was to evaluate the superiority of either
pembrolizumab regimen over ipilimumab for pro-
gression-free survival at a one-sided alpha level
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of 0.002. At the first interim analysis, overall sur-
vival was evaluated at a one-sided alpha level of
0.00002 to have a negligible effect on the overall
type I error rate to preserve the alpha level for
the second interim and final analyses. The sec-
ond interim analysis, in which the primary ob-
jective was to evaluate the superiority of either
pembrolizumab regimen over ipilimumab for over-
all survival at a one-sided alpha level of 0.005
with the use of the Hochberg step-up procedure,
was to be performed after at least 290 patients
had died in all the study groups and all patients
had been followed for at least 9 months or when
the minimum follow-up duration was 12 months,
whichever occurred first.

The first interim analysis, with a data cutoff
of September 3, 2014, was conducted by an inde-
pendent statistician who was aware of study-
group assignments. After the data and safety
monitoring committee reviewed the results, they
recommended continuing the study as planned
and unblinding the results to select representa-
tives of the study sponsor for regulatory pur-
poses. The second interim analysis, with a data
cutoff of March 3, 2015, was conducted in an
unblinded manner by a statistician employed by
the sponsor. After reviewing the results of the sec-
ond interim analysis, the data and safety monitor-
ing committee recommended that the study re-
sults be unblinded and pembrolizumab be made

Table 1. Demographic and Disease Characteristics of the Patients at Baseline (Intention-to-Treat Population).*
Pembrolizumab Pembrolizumab
Every 2 Wk Every 3 Wk Ipilimumab

Characteristic (N=279) (N=277) (N=278)
Median age (range) —yr 1(18-89) 63 (22-89) 62 (18-88)
Male sex — no. (%) 161 (57.7) 174 (62.8) 162 (58.3)
ECOG performance status — no. (%)

0 196 (70.3) 189 (68.2) 188 (67.6)

1 83 (29.7) 88 (31.8) 90 (32.4)
Elevated baseline LDH level — no. (%) 81 (29.0) 98 (35.4) 91 (32.7)
Metastasis stage — no. (%)

MO 9(3.2) 9(3.2) 14 (5.0)

M1z 6(2.2) 4(1.4) 5 (1.8)

M1la 21 (7.5) 34 (12.3) 30 (10.8)

M1b 64 (22.9) 41 (14.8) 52 (18.7)

Milc 179 (64.2) 189 (68.2) 177 (63.7)
PD-L1-positive tumor — no. (%) 225 (80.6) 221 (79.8) 225 (80.9)
BRAF V600 mutation — no. (%) 98 (35.1) 97 (35.0) 107 (38.5)
Brain metastasis — no. (%) 23 (8.2) 7(9.7) 28 (10.1)
Line of previous systemic therapy — no. (%)§

0 183 (65.6) 185 (66.8) 181 (65.1)

1 96 (34.4) 91 (32.9) 97 (34.9)
Type of previous systemic therapy — no. (%)

Chemotherapy 36 (12.9) 41 (14.8) 29 (10.4)

Immunotherapy 8 (2.9) 7 (2.5) 12 (4.3)

BRAF or MEK inhibitor or both 50 (17.9) 45 (16.2) 56 (20.1)

* There were no significant differences among the groups. ECOG denotes Eastern Cooperative Oncology Group, LDH
lactate dehydrogenase, and PD-L1 programmed cell death 1 ligand 1.

7 Details regarding metastasis stages in melanoma are provided in Table S3 in the Supplementary Appendix.

I Further classification of the metastasis stage was not provided.

§ One patient (0.4%) in the group receiving pembrolizumab every 3 weeks had received two previous systemic therapies.

9§ Only therapy administered for advanced or metastatic disease is listed.
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Figure 1. Kaplan-Meier Estimates of Progression-free and Overall Survival.
Shown are rates of progression-free survival as of September 3, 2014 (Panel A), and overall survival as of March 3,
2015 (Panel B), in the intention-to-treat population among patients receiving pembrolizumab every 2 weeks (Q2W)
or every 3 weeks (Q3W) or ipilimumab.

N ENGL) MED 372;26 NEJM.ORG JUNE 25, 2015

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from negjm.org at University of Pennsylvaniaon July 8, 2025. For personal use only.
No other uses without permission. Copyright © 2015 Massachusetts Medical Society. All rights reserved.

2525



The NEW ENGLAND JOURNAL of MEDICINE

Jeng qEUNLIJKEY  JBUEE QEUINZY SIS

jm w1 H_“_
Beowsol oo —_— ET4)15
lero—eraligs —_— sefegr
(oo T=oEol 1eo —_— 1 W
EET-ol 1o _ 1) artize
(rs 1-9rol reo —_— 6lEr
sr1-seal (oo — selzr
Zen=trol agn —_— EfBET
logo-oral (5o —_— HrElfTET
(g 1ol oo 1 _— Tt ar
B T-6rol 160 e 6lEr
Eeo—Trol 5o —_ arrfrst
(g n-orol 550 — A
(o T-riol 650 +— = W
BenorolzTo — EBLiag
lagn—srol ggo —_— 99Ef eTT
(rEo-Trol 50 — FaElTTT
(reo-sE0l 070 _— BAIFE
(g0 T-9ral TE0 A— £ fag
(oT-msolseo — LeEfoTT
logn—ceol s5o —_— FEEITIT
BEo—srolsTo —_— WrrfEET
(rn—arol oo — Bl T
EET-molsso _ i
(ar1-6r0l 6r o ——s iz
(om0l 690 —-— Ersione
zEo—arol o — srsfret
(D 1-rrol a9 — ETTE
(ern—opol ago —_— ErleE
TrT-esal wo 4+ ETESTIT
EEn—rrol 5T —_— GTE/B0T
(Ir1-msoleco ——— 61Tl ik
(pr T2l 670 — rezize
Een—srol agp —_— gEf T
(050l (50 — £zE/SoT
lnEo-rsol 690 —_— 5550z
(egn—£rol £50 — 1550 esT

sgrpd 0 vifsamie f 0w
(1= w56l e peoey

ddemipounww snotsesd oy
4B RUE U JueEny

EL TR ETL T T

s f-ppa
SIS S9N E

waneBey

BAQECY
s T13d

peces

=Y
did e posun)

T

a
SmAs 00g

B

=S PEA
ucif ey
01 B B

X g

Jhgge
oy

LLT

LI
s

|| A

dneadgng

[Eng |[HEAD @

Jeqieg quanwpdl  asaeE qELn Qs

_“_.__um ot T

mnnnuw__d“_ 50 —_ w_.m_._....m...
Tou-arol 550 —_ Rl
(srn—azol o —_— A

(reo—zeol Fso —_— ol t'ra

(w150l 280 —_— a6/

(esorEn) B0 — sel5a

(5 co-£ral s5m —_— erefpor
(3 corrol B0 — HElEE
(rzT-erol aco — o' R

(IT1-TF0l 290 - ELE]

(agn-orol 50 —_ arrigag
(emn-Trol £50 — oselzeE
(T T—950) 0gv -+= B
(s0—rrol £30 — e6LsTT
(aan—gEol 050 — E T s
{zeo—Trol 5510 — e
(ero—=e0) £50 _— getfamt
(gsn—rol (90 —_— ELUTEL
(1gn—srol =m0 —— HEGT
{zeo—zrol 550 —_ rEE R
{3 ro—grol o —_ el B
(5rn—orol 50 — ErriTE
(ero—rol ero _— mnuzs

(egn—azol aro —_— FIU'ES

(zen—oro) B0 - EFS/BEE
(1 o=l o — sralBEE
fren-Trol 50 —_— T
lago-ral 190 —_— BT EFT
(ero—srol 5o —_ sref e
(eco~tral 550 — eLEfnor
(epn—trol 5o —_— sIzfEst
(sgo—srol mo — rezieat
{een=-zrol s —_— afES (BT
(reo-orol 5510 — ezt
(zeo-gro) B0 —_— S55/5rE
(zeo—arol B0 —- Fi{3

saragnd o oufsarea o o
{12 m5al opmy puezeH

ddesmpoun snosssrd oy
dvdE e oU ey

4w BHIIE e

sdipiws

ML JYEE
maneley

BARIE
s T

puaces

il
ddesep g0 wun

SMES D003
s
T T

uaBey

0 B,
kg

T g
wily

L] TN

Hew
s

(LT

dnodqng

[ENng say-LEsaBod W

N ENGLJ MED 372;26 NEJM.ORG JUNE 25, 2015

2526

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from negjm.org at University of Pennsylvaniaon July 8, 2025. For personal use only.
No other uses without permission. Copyright © 2015 Massachusetts Medical Society. All rights reserved.



PEMBROLIZUMAB VS. IPILIMUMAB IN ADVANCED MELANOMA

Figure 2 (facing page). Prespecified Subgroup Analysis
of Progression-free and Overall Survival, According to
Pembrolizumab Regimen.

Shown are hazard ratios for progression-free survival
as of September 3, 2014 (Panel A), and overall survival
as of March 3, 2015 (Panel B), among patients receiv-
ing pembrolizumab every 2 weeks (blue squares) or
every 3 weeks (orange squares) versus ipilimumab.
ECOG denotes Eastern Cooperative Oncology Group,
and PD-L1 programmed cell death 1 ligand 1.

available to patients with disease progression in
the ipilimumab group. Final overall survival analy-
sis will be performed after at least 435 deaths have
occurred in all the study groups or when all pa-
tients have been followed for at least 21 months.
All data presented here are from the first interim
analysis, except those for overall survival, which
are from the second interim analysis.

RESULTS

PATIENTS AND TREATMENT

From September 18, 2013, to March 3, 2014, a
total of 834 patients were enrolled in 16 coun-
tries; 279 were randomly assigned to receive
pembrolizumab every 2 weeks, 277 to receive
pembrolizumab every 3 weeks, and 278 to receive
ipilimumab (Fig. S1 in the Supplementary Ap-
pendix). The characteristics of the patients at
baseline were well balanced across the study
groups (Table 1, and Table S2 in the Supplemen-
tary Appendix). Among enrolled patients, 65.8%
had received no previous systemic treatment for
advanced melanoma, 68.7% had an ECOG per-
formance status of 0, 65.3% had stage M1c dis-
ease (see Table S3 in the Supplementary Appen-
dix for characteristics of M1c disease), and 32.4%
had elevated lactate dehydrogenase levels. BRAF
V600 mutations were observed in 36.2% of pa-
tients, and of these, approximately 50% had re-
ceived previous BRAF inhibitor treatment; 80.5%
of patients had PD-Ll-positive tissue samples.
The median duration of follow-up at the time of
data cutoff was 7.9 months (range, 6.1 to 11.5).

PRIMARY END POINTS

Progression-free Survival

On the basis of 502 events that were analyzed at
the protocol-specified time point for the first in-
terim analysis, the two pembrolizumab regimens

significantly prolonged progression-free survival
in the intention-to-treat population. The estimat-
ed 6-month progression-free survival rates were
47.3% for patients receiving pembrolizumab ev-
ery 2 weeks, 46.4% for those receiving pembro-
lizumab every 3 weeks, and 26.5% for those re-
ceiving ipilimumab (Fig. 1A). Median estimates of
progression-free survival were 5.5 months (95%
confidence interval [CI], 3.4 to 6.9), 4.1 months
(95% CI, 2.9 to 6.9), and 2.8 months (95% CI, 2.8
to 2.9), respectively. The hazard ratios for disease
progression for pembrolizumab versus ipilim-
umab were 0.58 (95% CI, 0.46 to 0.72; P<0.001)
for the 2-week regimen and 0.58 (95% CI, 0.47 to
0.72; P<0.001) for the 3-week regimen. The ben-
efit for progression-free survival was evident in
all prespecified subgroups for the two pembroli-
zumab groups (Fig. 2A). The benefit of pembro-
lizumab over ipilimumab was observed in both
PD-L1-positive and PD-L1-negative subgroups, as
compared with ipilimumab.

Overall Survival

At the time of data cutoff for the second interim
analysis, which was driven by a minimum follow-
up duration of 12 months for all patients, 289
deaths had occurred. One-year estimates of sur-
vival were 74.1% for patients receiving pembro-
lizumab every 2 weeks (hazard ratio for death as
compared with the ipilimumab group, 0.63; 95%
CI, 0.47 to 0.83; P<0.0005), 68.4% for those re-
ceiving pembrolizumab every 3 weeks (hazard
ratio for death as compared with the ipilimumab
group, 0.69; 95% CI, 0.52 to 0.90; P=0.0036), and
58.2% for those receiving ipilimumab (Fig. 1B).
Because the overall survival results for the two
pembrolizumab groups were superior to those
for the ipilimumab group at the prespecified
one-sided alpha level of 0.005 using the Hoch-
berg step-up procedure, the independent data
and safety monitoring committee recommended
stopping the study early to allow patients in the
ipilimumab group the option of receiving pem-
brolizumab. Median overall survival was not
reached in any study group. The pembrolizumab
benefit was observed across all subgroups and
for the two regimens (Fig. 2B). The exception
was for the 18% of patients with PD-L1-negative
tumors, for whom the hazard ratios were 0.91 for
those receiving pembrolizumab every 2 weeks
and 1.02 for those receiving pembrolizumab ev-
ery 3 weeks, as compared with ipilimumab. In
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PEMBROLIZUMAB VS. IPILIMUMAB IN ADVANCED MELANOMA

Figure 3 (facing page). Maximum Percentage Change
from Baseline in the Sum of the Longest Diameters
of Target Lesions.

Shown are maximum changes from baseline to Sep-
tember 3, 2014, for all patients receiving pembrolizumab
every 2 weeks (Panel A), pembrolizumab every 3
weeks (Panel B), or ipilimumab (Panel C). In all pan-
els, patients without centrally measurable disease ac-
cording to Response Evaluation Criteria in Solid Tu-
mors at baseline or who did not have a tumor
assessment after baseline were excluded. Changes of
more than 100% were truncated at 100%.

this subgroup, the sample sizes were small, and
the confidence intervals were wide.

RATES OF RESPONSE
Response rates were 33.7% for pembrolizumab
every 2 weeks (P<0.001 vs. ipilimumab), 32.9% for
pembrolizumab every 3 weeks (P<0.001), and
11.9% for ipilimumab (Table S4 in the Supplemen-
tary Appendix). Rates of complete response were
5.0%, 6.1%, and 1.4%, respectively. The median
times to response were 86 days (range, 32 to 212),
85 days (range, 36 to 251), and 87 days (range, 80
to 250), respectively; and 89.4%, 96.7%, and 87.9%
of responses, respectively, were ongoing at the
time of this analysis, with the median duration
of response not reached in any group (Table S4 in
the Supplementary Appendix). The evaluation of
the maximum change in tumor size that was
conducted at the time of the first interim analysis
supports the superiority of the two pembrolizumab
regimens over ipilimumab (Fig. 3).

ADVERSE EVENTS
The mean duration of exposure was 164 days
among patients receiving pembrolizumab every
2 weeks, 151 days among those receiving pem-
brolizumab every 3 weeks, and 50 days for those
receiving ipilimumab. Grade 3 to 5 adverse events
that were attributed to a study drug by investiga-
tors occurred in 13.3%, 10.1%, and 19.9% of pa-
tients, respectively. The time until the onset of
the first grade 3 to 5 adverse event, regardless of
attribution, was longer in the pembrolizumab
groups (Table S5 and Fig. S2 in the Supplemen-
tary Appendix). The rate of permanent discon-
tinuation of a study drug because of treatment-
related adverse events was lower in each
pembrolizumab group than in the ipilimumab
group (4.0%, 6.9%, and 9.4%, respectively). One
death in the ipilimumab group was attributed to

study treatment. The patient had a history of type
2 diabetes mellitus and died from cardiac arrest
secondary to metabolic imbalances associated
with ipilimumab-induced diarrhea.

The most common treatment-related adverse
events of any grade occurring in the pembroliz-
umab groups were fatigue (20.9% in the 2-week
group and 19.1% in the 3-week group), diarrhea
(16.9% and 14.4%, respectively), rash (14.7% and
13.4%, respectively), and pruritus (14.4% and
14.1%, respectively) (Table 2, and Table S6 in the
Supplementary Appendix); all events were of
grade 3 to 4 severity in less than 1% of patients,
except diarrhea (2.5% and 1.1%, respectively).
For ipilimumab, the most frequent adverse events
were pruritus (25.4%), diarrhea (22.7%), fatigue
(15.2%), and rash (14.5%); these events were of
grade 3 to 5 severity in less than 1% of patients,
except for diarrhea (3.1%) and fatigue (1.2%).

The adverse events of special interest on the
basis of the likely autoimmune or immune-relat-
ed mechanism most frequently observed with
pembrolizumab were hypothyroidism (10.1% in
the 2-week group and 8.7% in the 3-week group)
and hyperthyroidism (6.5% and 3.2%, respec-
tively) (Table 2). Grade 3 to 4 events that were
reported in more than 1% of pembrolizumab-
treated patients were colitis (1.4% and 2.5%, re-
spectively) and hepatitis (1.1% and 1.8%, respec-
tively). In the ipilimumab group, the most common
adverse event of special interest was colitis,
which occurred in 8.2% of patients. Grade 3 to
4 events that were reported in more than 1% of
ipilimumab-treated patients were colitis (7.0%)
and inflammation of the pituitary gland (i.e., hy-
pophysitis) (1.6%). Hypothyroidism and hyperthy-
roidism were more frequent in the pembrolizumab
groups, whereas colitis and hypophysitis were
more frequent in the ipilimumab group.

DISCUSSION

In this randomized, controlled, phase 3 study, we
found that two regimens of pembrolizumab, as
compared with ipilimumab, improved both pro-
gression-free and overall survival in patients with
advanced melanoma. The relative risk of progres-
sion or death was decreased by 42% with the two
pembrolizumab regimens that were tested, and
the relative risk of death was decreased by 31 to
37%. Because the overall survival results at the
second interim analysis crossed the prespecified
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Table 2. Adverse Events in the As-Treated Population.*

Pembrolizumab
Every 2 Wk
Adverse Event (N=278)

Any Grade Grade 3-5

Related to treatment*
Any 221 (79.5) 37 (13.3)
Occurring in 210% of patients in any study group

Fatigue 20.9)

16.9)

14.7)

58 (
Diarrhea 47 (
41 (
Pruritus 40 (14.4)
32
28 (
26 (9
25(9

Rash

—_
N
w1

~

Asthenia 11.5)

1

—
o
~

=

Nausea

1)
Arthralgia

o o o H o o YN o

0.
4)
Vitiligo .0)
Adverse event of special interesty
Hypothyroidism 2
Hyperthyroidism 1
Colitis

Hepatitis

8
8
5
3
Hypophysitis 1
Pneumonitis 1
Type 1 diabetes mellitus 1
Uveitis 1
Myositis 0

0

Nephritis

Pembrolizumab
Every 3 Wk Ipilimumab
(N=277) (N=256)

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

number of patients (percent)

202 (729) 28 (10.1) 187 (73.0) 51 (19.9)

3(19.1) 1(0.4) 9(152)  3(12)
40 (14.4) 3 (L.1) 58 (227)  8(3.1)
7 (13.4) 0 37 (145)  2(0.8)
39 (14.1) 0 65 (25.4)  1(0.4)
(11 2) 0 16 (6.3) 2(0.8)
1(11.2) 1(0.4) 22 (8.6) 1(0.4)
(11 6) 1(0.4) 13 (5.1) 2(0.8)
1(11.2) 0 4 (1.6) 0
24 (8.7) 0 5 (2.0) 0
9(3.2) 0 6 (2.3) 1(0.4)
10 (3.6) 7(2.5) 21(82)  18(7.0)
5 (1.8) 5 (1.8) 3(12) 1(0.4)
2(0.7) 1(0.4) 6 (2.3) 4(L.6)
5 (1.8) 1(0.4) 1(0.4) 1(0.4)
1(0.4) 1(0.4) 0 0
3 (1) 0 0 0
2(0.7) 0 1(0.4) 0
1(0.4) 0 1(0.4) 1(0.4)

* The relationship between an adverse event and a study drug was attributed by the investigator. Events are listed in order of descending fre-
quency in the group receiving pembrolizumab every 2 weeks, except for hypothyroidism, hyperthyroidism, and colitis, which are reported as

adverse events of special interest.

T The listed adverse events of special interest include related terms and are provided regardless of attribution to a study drug. Events are list-
ed in order of descending frequency in the group receiving pembrolizumab every 2 weeks.

efficacy boundary, the trial was stopped for ef-
ficacy and the results were unblinded. The study
will continue safety and survival follow-up until
the final analysis. Response rates, which signifi-
cantly favored pembrolizumab, were in line with
previous findings for both pembrolizumab**13
and ipilimumab.>° Responses appeared to be du-
rable in all groups, with ongoing responses in
93.0% of patients in the combined pembrolizu-
mab groups and 87.8% of those in the ipilim-
umab group at the time of data cutoff.

There were no apparent differences in efficacy
between the two pembrolizumab regimens tested
in this study, neither of which is the dose that is

2530 N ENGL J MED 372;26

approved in the United States (2 mg per kilogram
every 3 weeks). The lack of a dose-response rela-
tionship is congruent with results of two random-
ized cohorts in KEYNOTE-001 and the random-
ized, controlled KEYNOTE-002 trial, in which the
administration of pembrolizumab at doses rang-
ing from 2 mg per kilogram every 3 weeks to 10
mg per kilogram every 2 weeks did not affect
outcomes. 21420

Subgroup analyses showed that the progres-
sion-free and overall survival benefits provided
by pembrolizumab extended to most subgroups
that were assessed. Similar hazard ratios were
observed for progression-free and overall sur-
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vival with the two pembrolizumab regimens
across all patient subgroups except for overall
survival in patients with PD-L1-negative mela-
noma, a finding that reinforces the superiority
of pembrolizumab over ipilimumab and the lack
of an effect for pembrolizumab according to
regimen. For PD-L1 expression, the sample size
was too small (less than 20% of patients) to
draw a definite conclusion on relative efficacy.
Several factors add complexity when interpreting
correlative analyses of PD-L1 expression with
efficacy.2t3 For example, various levels of ex-
pression can be found in different melanoma
metastases originating from the same patients.?*
Furthermore, additional variables, such as the
presence of preexisting intratumoral CD8+
T cells and tumor mutational load, may be im-
portant components to assess the potential for
anti—PD-1 therapies.?>2¢

This study did not enroll patients with BRAF
V600 mutations who did not receive previous
anti-BRAF targeted therapy if they had high lac-
tate dehydrogenase levels and symptomatic or
rapidly progressive disease, because targeted
anti-BRAF agents can have a rapid clinical ben-
efit in this population of patients.?” The treat-
ment of patients with BRAF V600 mutations and,
in particular, the most effective sequence of
immunotherapy and BRAF or MEK inhibitors
remains one of the most critical, yet unan-
swered, questions. Although this question can-
not be addressed without randomized, con-
trolled trials, BRAF V600 status did not seem to
affect the benefit of pembrolizumab over ipilim-
umab in this study. Other important areas of
clinical investigation include the role of combi-
nation immunotherapy and the treatment of
patients who have minimal disease progression
or mixed responses.

The safety profile of pembrolizumab was
similar to that in previous studies,***42° with no
unexpected safety concerns and few grade 3 to
5 treatment-related adverse events reported to date.
Although exposure to treatment was approximate-
ly 3 times as long with pembrolizumab as with
ipilimumab, which may account for an increase in
the cumulative number of adverse events, the inci-

dence of grade 3 to 5 events attributed to treatment
was lower with pembrolizumab than with ipilim-
umab, as was the incidence of permanent dis-
continuation for an adverse event.

In conclusion, this randomized study com-
paring two immune checkpoint inhibitors showed
that pembrolizumab, as compared with ipilim-
umab, significantly prolonged progression-free
and overall survival with fewer high-grade toxic
events in patients with advanced melanoma.

Supported by Merck Sharp & Dohme.

Dr. Robert reports receiving fees for serving on advisory
boards from Bristol-Myers Squibb, GlaxoSmithKline, Novartis,
Amgen, Merck, and Roche; Dr. Long, receiving honoraria from
Bristol-Myers Squibb, GlaxoSmithKline, Merck, Provectus, and
Roche and consulting fees from Amgen, Bristol-Myers Squibb,
GlaxoSmithKline, Merck, Novartis, Provectus, and Roche; Dr.
Arance, receiving fees for lectures and for serving on advisory
boards for Bristol-Myers Squibb, Roche, and GlaxoSmithKline
and grant support from Roche; Dr. Grob, receiving fees for serv-
ing on advisory boards from Merck, Bristol-Myers Squibb,
Roche, GlaxoSmithKline, Novartis, and Amgen and lecture fees
from Bristol-Myers Squibb, Roche, and GlaxoSmithKline; Dr.
Mortier, receiving fees for serving on an advisory board from
Merck; Dr. Carlino, receiving honoraria and fees for lectures and
for serving on advisory boards from Merck Sharp & Dohme and
Bristol-Myers Squibb; Dr. McNeil, serving on an advisory board
for and receiving travel support from Merck Sharp & Dohme; Dr.
Lotem, receiving fees for serving on an advisory board from
Bristol-Myers Squibb; Dr. Lorigan, receiving consulting fees and
travel support from Merck; Dr. Neyns, receiving lecture and con-
sulting fees from Merck Sharp & Dohme, Bristol-Myers Squibb,
and Novartis/GlaxoSmithKline and grant support from Pfizer
and Novartis/GlaxoSmithKline; Dr. Blank, receiving consulting
fees from Novartis, Merck Sharp & Dohme, Bristol-Myers
Squibb, Roche, and GlaxoSmithKline and grant support from
Novartis; Dr. Hamid, receiving consulting fees and grant sup-
port from Bristol-Myers Squibb, Genentech, and Merck; Dr.
Zhou, being an employee of Merck; Dr. Ibrahim, having an equity
interest in GlaxoSmithKline and Merck; Dr. Ebbinghaus, being
an employee of Merck and having an equity interest in the com-
pany; and Dr. Ribas, receiving consulting fees and honoraria
from Amgen, Compugen, Flexus, GlaxoSmithKline, Genentech,
Novartis, and Merck and having an equity interest in Kite Pharma.
No other potential conflict of interest relevant to this article was
reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank the patients and their families and caregivers for
participating in the study, as well as all site investigators and
personnel; Melanie Leiby, Ph.D. (APO Group, Yardley, PA), for
assistance with preparation of the manuscript; Margaret Hodg-
son, R.N., B.S.N., M.B.A. (Merck), for logistic and administra-
tive support; Lamar Eaton, B.S., and Maureen Bucci, B.S.N.
(Merck), for collection of data; Keaven Anderson, Ph.D., and
Cong Chen, Ph.D. (Merck), for statistical expertise and critical
review of the manuscript; and Roger Dansey, M.D., and Eric
Rubin, M.D. (Merck), for leadership of the study group and crit-
ical review of the manuscript.

APPENDIX

The authors’ affiliations are as follows: Gustave Roussy Département de Médecine Oncologique, Service de Dermatologie, F-94805,
Villgjuif, and Université Paris-Sud, Faculté de Médecine, F-94270 Le Kremlin-Bicétre (C.R., C. Mateus), Hopital de la Timone, Marseille
(.J.G.), and Université Lille, Centre Hospitalier Régional Universitaire de Lille, Lille (L.M.) — all in France; Ella Lemelbaum Institute
for Melanoma, Sheba Medical Center, Tel Hashomer (J.S., R.S.-F.), and Sharett Institute of Oncology, Hadassah Hebrew University
Medical Center, Jerusalem (M.L.) — both in Israel; Melanoma Institute Australia, the University of Sydney, and the Mater Hospital

N ENGL) MED 372;26 NEJM.ORG JUNE 25, 2015

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org at University of Pennsylvaniaon July 8, 2025. For personal use only.
No other uses without permission. Copyright © 2015 Massachusetts Medical Society. All rights reserved.

2531



2532

PEMBROLIZUMAB VERSUS IPILIMUMAB IN ADVANCED MELANOMA

(G.V.L.) and Westmead and Blacktown Hospitals, Melanoma Institute Australia and the University of Sydney (M.C.S.), Sydney, and the
Chris O’Brien Lifehouse, Royal Prince Alfred Hospital, and Melanoma Institute Australia, Camperdown, NSW (C. McNeil) — all in
Australia; the Department of Medical Oncology, Hospital Clinic and Translational Genomics and Targeted Therapeutics in Solid Tu-
mors, Barcelona (A.A.); the University of California, San Francisco, San Francisco (A.D.); the Royal Marsden Hospital, London (J.L.),
and the University of Manchester and the Christie NHS Foundation Trust, Manchester (P.L.) — both in the United Kingdom; Universi-
tair Ziekenhuis Brussel, Brussels (B.N.); the Netherlands Cancer Institute, Amsterdam (C.U.B.); the Angeles Clinic and Research Insti-
tute (O.H.) and the University of California, Los Angeles (A.R.), Los Angeles; and Merck, Kenilworth, NJ (M.K., H.Z., N.I., S.E.).

REFERENCES

1. McArthur GA, Ribas A. Targeting on-
cogenic drivers and the immune system in
melanoma. J Clin Oncol 2013;31:499-506.

2. Ascierto PA, Simeone E, Sileni VC, et
al. Clinical experience with ipilimumab
3 mglkg: real-world efficacy and safety
data from an expanded access pro-
gramme cohort. ] Transl Med 2014;12:116.
3. Leach DR, Krummel MF, Allison JP.
Enhancement of antitumor immunity by
CTLA-4 blockade. Science 1996;271:1734-
6.

4. Pardoll DM. The blockade of immune
checkpoints in cancer immunotherapy.
Nat Rev Cancer 2012;12:252-64.

5. Hodi FS, O’Day SJ, McDermott DF, et
al. Improved survival with ipilimumab in
patients with metastatic melanoma.
N Engl J Med 2010;363:711-23.

6. Robert C, Thomas L, Bondarenko I, et
al. Ipilimumab plus dacarbazine for pre-
viously untreated metastatic melanoma.
N EnglJ Med 2011;364:2517-26.

7. Weber JS, Kihler KC, Hauschild A.
Management of immune-related adverse
events and kinetics of response with ipili-
mumab. J Clin Oncol 2012;30:2691-7.

8. Blank C, Brown I, Peterson AC, et al.
PD-L1/B7H-1 inhibits the effector phase
of tumor rejection by T cell receptor
(TCR) transgenic CD8+ T cells. Cancer
Res 2004;64:1140-5.

9. Okazaki T, Honjo T. PD-1 and PD-1
ligands: from discovery to clinical appli-
cation. Int Immunol 2007;19:813-24.

10. Ribas A. Tumor immunotherapy di-
rected at PD-1. N Engl J Med 2012;366:
2517-9.

11. Hamid O, Robert C, Daud A, et al.
Safety and tumor responses with lambro-
lizumab (anti-PD-1) in melanoma. N Engl
J Med 2013;369:134-44.

N ENGLJ MED 372;26

12. Ribas A, Wolchok JD, Robert C, et al.
Updated clinical efficacy of the anti-PD-1
monoclonal antibody pembrolizumab in
411 patients with melanoma. Pigment
Cell Melanoma Res 2014;27:1223. abstract.
13. Robert C, Ribas A, Wolchok JD, et al.
Anti-programmed-death-receptor-1 treat-
ment with pembrolizumab in ipilimumab-
refractory advanced melanoma: a ran-
domised dose-comparison cohort of a
phase 1 trial. Lancet 2014;384:1109-17.
14, Ribas A, Puzanov I, Drummer R, et al.
A randomized controlled comparison of
pembrolizumab and chemotherapy in pa-
tients with ipilimumab-refractory mela-
noma. Presented at the Society for Mela-
noma Research 2014 International
Congress, Zurich, Switzerland, November
13-16, 2014.

15. Wolchok JD, Kluger H, Callahan MK,
et al. Nivolumab plus ipilimumab in ad-
vanced melanoma. N Engl ] Med 2013;
369:122-33.

16. Topalian SL, Sznol M, McDermott DF,
et al. Survival, durable tumor remission,
and long-term safety in patients with ad-
vanced melanoma receiving nivolumab.
J Clin Oncol 2014;32:1020-30.

17. Robert C, Long GV, Brady B, et al.
Nivolumab in previously untreated mela-
noma without BRAF mutation. N Engl J
Med 2015;372:320-30.

18. Eisenhauer EA, Therasse P, Bogaerts J,
et al. New response evaluation criteria in
solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer 2009;45:228-47.
19. Wolchok JD, Hoos A, O’Day S, et al.
Guidelines for the evaluation of immune
therapy activity in solid tumors: immune-
related response criteria. Clin Cancer Res
2009;15:7412-20.

20. Robert C, Joshua AM, Weber JS, et al.

Pembrolizumab (pembro; MK-3475) for
advanced melanoma: randomized com-
parison of two dosing schedules. Ann
Oncol 2014;25:Suppl 4:LBA34. abstract.
21. LiuJ, Hamrouni A, Wolowiec D, et al.
Plasma cells from multiple myeloma pa-
tients express B7-H1 (PD-L1) and increase
expression after stimulation with IFN-y
and TLR ligands via a MyD88-, TRAFG6-,
and MEK-dependent pathway. Blood 2007;
110:296-304.

22. Kondo A, Yamashita T, Tamura H, et
al. Interferon-y and tumor necrosis
factor-a induce an immunoinhibitory
molecule, B7-H1, via nuclear factor-kap-
paB activation in blasts in myelodysplas-
tic syndromes. Blood 2010;116:1124-31.
23. Blank C, Mackensen A. Contribution
of the PD-L1/PD-1 pathway to T-cell ex-
haustion: an update on implications for
chronic infections and tumor evasion.
Cancer Immunol Immunother 2007;56:
739-45.

24, Madore J, Vilain RE, Menzies AM, et
al. PD-L1 expression in melanoma shows
marked heterogeneity within and between
patients: implications for anti-PD-1/PD-L1
clinical trials. Pigment Cell Melanoma Res
2014 December 5 (Epub ahead of print).
25. Tumeh PC, Harview CL, Yearley JH, et
al. PD-1 blockade induces responses by
inhibiting adaptive immune resistance.
Nature 2014;515:568-71.

26. Rizvi NA, Hellmann MD, Snyder A, et
al. Mutational landscape determines sen-
sitivity to PD-1 blockade in non-small cell
lung cancer. Science 2015;348:124-8.

27. Chapman PB, Hauschild A, Robert C,
et al. Improved survival with vemurafenib
in melanoma with BRAF V600E mutation.
N EnglJ Med 2011;364:2507-16.

Copyright © 2015 Massachusetts Medical Society.

NEJM.ORG JUNE 25, 2015

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at University of Pennsylvaniaon July 8, 2025. For personal use only.
No other uses without permission. Copyright © 2015 Massachusetts Medical Society. All rights reserved.



