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Background: Despite treatment advances, most patients with metastatic hormone-sensitive prostate cancer (mHSPC)
experience disease progression to castration-resistant disease within 5 years. The placebo-controlled, double-blind,
phase III KEYNOTE-991 study evaluated the efficacy and safety of adding pembrolizumab to enzalutamide and
androgen deprivation therapy (ADT) in participants with mHSPC.
Patients and methods: Eligible participants were aged �18 years with next-generation hormonal agent-naive mHSPC.
Participants were randomly assigned (1 : 1) to receive intravenous pembrolizumab 200 mg or placebo every 3 weeks for
�35 cycles, with oral enzalutamide 160 mg and continuous ADT. Primary endpoints were radiographic progression-free
survival (rPFS) and overall survival (OS). Safety was a secondary endpoint.
Results: Between 2 March 2020 and 9 August 2021, 626 participants were randomly assigned to receive
pembrolizumab plus enzalutamide and ADT and 625 participants to receive placebo plus enzalutamide and ADT. At
the first interim analysis, the median follow-up was 21.1 months (range 14.8-32.0 months). rPFS was not superior
with pembrolizumab versus placebo [median not reached in both arms; hazard ratio (HR) 1.20, 95% confidence
interval (CI) 0.96-1.49, P ¼ 0.9467]. Median OS was not reached in either arm (HR 1.16, 95% CI 0.88-1.53; not
formally statistically tested as per the multiplicity strategy). Grade �3 adverse events (AEs) and serious AEs (SAEs)
were reported in 61.9% versus 38.1% and 40.3% versus 23.2% of participants in the pembrolizumab versus the
placebo arm, respectively. Any-grade rash occurred at a higher frequency with pembrolizumab (25.1%) versus
placebo (9.3%).
Conclusions: KEYNOTE-991 did not meet its primary endpoint and was stopped for futility. The addition of
pembrolizumab to enzalutamide and ADT was associated with higher frequencies of grade �3 AEs and SAEs than
with placebo. Rash was identified as an additional safety signal with pembrolizumab plus enzalutamide and ADT.
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INTRODUCTION

Metastatic hormone-sensitive prostate cancer (mHSPC)
historically has been treated with androgen deprivation
therapy (ADT) with the aim of controlling the disease for as
long as possible. The addition of a next-generation hor-
monal agent (NHA) to ADT has improved outcomes for this
patient population and is the current standard of care.1-3

Patients can also receive an intensified triple regimen
with ADT, NHA, and docetaxel.3 Nevertheless, up to half of
the participants in the phase III studies that established
these treatment combinations (ARCHES, PEACE-1, STAM-
PEDE, ARASENS, TITAN) developed castration-resistant dis-
ease within 5 years.4-7 Therefore, new therapeutic options
are needed to further delay disease progression and
improve survival rates.

In the clinical setting, combination therapy with the
programmed cell death protein 1 (PD-1) inhibitor pem-
brolizumab and NHA has demonstrated antitumor activity in
patients with metastatic castration-resistant prostate cancer
(mCRPC), including in cohorts 4 and 5 of the phase II
KEYNOTE-199 study and cohort C of the phase Ib/II
KEYNOTE-365 study.8,9 The safety profile of this combina-
tion was generally consistent with the safety profiles of the
individual agents, except for a high incidence of any-grade
treatment-related rash (KEYNOTE-199: 14.3%; KEYNOTE-
365: 22%).8,9

Clinical trial data from patients with mHSPC treated with
pembrolizumab are limited to a single-center pilot study of
12 participants with oligometastatic HSPC who underwent
whole-prostate cryoablation and ADT and received pem-
brolizumab.10 This study found that the treatment had a
manageable safety profile, although prolonged disease
control beyond testosterone recovery was rare.10

The randomized, placebo-controlled, double-blind, phase
III KEYNOTE-991 study evaluated the efficacy and safety of
pembrolizumab versus placebo in combination with enza-
lutamide and ADT in participants with NHA-naive mHSPC.
We present the results of the first prespecified interim
analysis.
PATIENTS AND METHODS

Study design and participants

The KEYNOTE-991 study (ClinicalTrials.gov identifier:
NCT04191096) was conducted at 226 global sites. Eligible
participants were males aged �18 years with histologically
or cytologically confirmed prostate adenocarcinoma
(without small-cell histology) and two or more bone me-
tastases and/or visceral disease, as assessed by the inves-
tigator and verified by blinded independent central review
(BICR). BICR of metastatic status was included because in
the ARCHES study, retrospective assessment by BICR
revealed that w6.9% of enrolled participants had no
confirmed metastases at screening.11 Participants must
have maintained either continuous ADT or had a history of
bilateral orchiectomy and had an Eastern Cooperative
Oncology Group performance status score of 0 or 1.
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Additionally, a newly obtained (�12 months before
screening) core or excisional biopsy sample from soft tissue
not previously irradiated must have been provided (a bone
biopsy sample was acceptable for participants with bone-
predominant disease). Before randomization, participants
could undergo �3 months of ADT, six or fewer cycles of
docetaxel with ADT (completed �2 months before
randomization), and one course of palliative radiation or
surgical therapy (or, for participants with low-volume dis-
ease, one course of definitive radiotherapy completed �4
weeks before randomization) for metastatic prostate cancer.

Key exclusion criteria included prior therapy with an NHA
or an immune checkpoint inhibitor; prior ADT as neo-
adjuvant/adjuvant therapy for nonmetastatic prostate can-
cer for >39 months or �9 months before randomization, or
with evidence of disease progression while receiving ADT;
and metastatic disease restricted to the lymph nodes. Par-
ticipants were also excluded if they had a superscan
appearance at screening caused by diffuse skeletal
involvement of the tumor resulting in individual bone le-
sions being indistinguishable on the scan. In this case,
additional bone metastases would not be evaluable in the
future. Additional information can be found in the
KEYNOTE-991 study design publication12 and in the protocol
(Supplementary Material, available at https://doi.org/10.
1016/j.annonc.2025.05.009).

The protocol and all amendments were approved by the
appropriate ethics committees at each participating insti-
tution. The study was conducted in accordance with Good
Clinical Practice and the Declaration of Helsinki. All partic-
ipants provided written informed consent. The study was
overseen by an executive oversight committee. Efficacy and
safety were assessed at the prespecified first interim anal-
ysis by an independent, external data monitoring
committee.
Study procedures

Participants were randomly assigned (1 : 1) to receive
pembrolizumab 200 mg intravenously once every 3 weeks
for �35 cycles (w2 years) or saline placebo intravenously
for �35 cycles in combination with continuous enzaluta-
mide 160 mg orally once daily starting on day 1 of cycle 1,
and ADT in accordance with local product labeling (or
bilateral orchiectomy). The randomized allocation schedule
was generated by the Clinical Biostatistics Department of
the sponsor and implemented by a trial vendor using cen-
tral interactive response technology. Blinding was con-
ducted using in-house blinding procedures. Enzalutamide
treatment could continue if participants discontinued
pembrolizumab or placebo for reasons other than disease
progression.

Randomization was stratified by prior docetaxel therapy
(yes versus no) and the presence of high-volume disease
(yes versus no). High-volume disease was defined as per the
CHAARTED criteria13 as the presence of metastases
involving the viscera, or, in the absence of visceral lesions,
four or more bone lesions, one or more of which must be in
https://doi.org/10.1016/j.annonc.2025.05.008 965
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a bony structure beyond the vertebral column and pelvic
bone.

Endpoints and assessments

The dual primary endpoints were radiographic progression-
free survival [rPFS; time from randomization to radiographic
progression as determined per Prostate Cancer Clinical Tri-
als Working Group (PCWG)-modified RECIST version 1.1 by
BICR, or death from any cause] and overall survival (OS;
time from randomization to death from any cause). Key
secondary efficacy endpoints were time to first subsequent
anticancer therapy (TFST; defined as time from randomi-
zation to initiation of the first subsequent anticancer ther-
apy or death, whichever occurred first) and time to first
symptomatic skeletal-related event (TTSSRE; defined as
time from randomization to the first use of external beam
radiotherapy to prevent or relieve skeletal symptoms,
occurrence of new symptomatic pathological bone fracture,
occurrence of spinal cord compression, or tumor-related
orthopedic surgical intervention, whichever occurred first).

Additional secondary endpoints included objective
response rate (ORR) as per PCWG-modified RECIST v1.1 by
BICR, prostate-specific antigen (PSA) response rate (�50%
reduction from baseline assessed twice, �3 weeks apart),
and time to PSA progression (defined as time from
randomization to increase of �25% and 2 ng/ml above
nadir or baseline, whichever was lower).

Patient-reported outcome (PRO) endpoints included time
to pain progression [defined as time from randomization to
the earliest date of pain progression based on the Brief Pain
InventoryeShort Form (BPI-SF) item 3 ‘worst pain in 24
hours’ and opiate use]14 and least squares mean (LSM)
change from baseline to week 69 in BPI-SF (worst pain, pain
severity, and pain interference) scores and Functional
Assessment of Cancer TherapyeProstate (FACT-P)15,16 total
and subscale scores. For the LSM change from baseline
analyses, week 69 was selected as the latest time point
where the completion and compliance rates for each PRO
instrument were >60% and >80% as per protocol,
respectively, based on blinded data review before the data
cut-off date for PRO assessments. Efficacy, safety, and PRO
assessment methods are provided in the Supplementary
Methods, available at https://doi.org/10.1016/j.annonc.
2025.05.009.

Statistical analysis

Efficacy analyses were carried out in the intention-to-treat
(ITT) population, defined as all randomly assigned partici-
pants. Safety analyses were carried out in the as-treated
population, defined as all randomly assigned participants
who received one or more doses of study treatment. Ana-
lyses of PROs were carried out in the PRO full-analysis set,
defined as all randomly assigned participants who had one
or more PRO assessments available and had received one or
more doses of study treatment.

For rPFS, OS, TFST, TTSSRE, time to PSA progression, and
time to pain progression, hazard ratios (HRs) were
966 https://doi.org/10.1016/j.annonc.2025.05.008
estimated using a stratified Cox regression model, and
medians and event rates over time were estimated using
the KaplaneMeier method. Between-arm differences in
rPFS were analyzed using a stratified log-rank test. Inci-
dence of adverse events (AEs) was summarized descrip-
tively. Prespecified subgroup analyses were based on an
unstratified Cox regression model with treatment as a
covariate.

The planned sample size was 1232 participants. A power
analysis estimated that 652 rPFS events at the primary rPFS
analysis would give 80% power to detect superiority of
pembrolizumab plus enzalutamide and ADT over placebo
plus enzalutamide and ADT at an overall one-sided a level
of 2.5% (HR 0.80), and 600 OS events at the final analysis
would give 77% power at an overall one-sided a level of
w2.5%. Five interim analyses were planned. The first pre-
specified interim analysis was planned to occur 32 months
after the first participant was randomly assigned. According
to the data analysis plan, OS would only be formally eval-
uated if the rPFS null hypothesis was rejected. Additional
details are listed in the statistical analysis plan and study
protocol (Supplementary Material, available at https://doi.
org/10.1016/j.annonc.2025.05.009).
RESULTS

Participants

Between 2 March 2020 and 9 August 2021, 1251 partici-
pants were randomly assigned to receive pembrolizumab
plus enzalutamide and ADT (n ¼ 626) or placebo plus
enzalutamide and ADT (n ¼ 625; ITT population; Figure 1).
Baseline characteristics were well balanced between treat-
ment arms (Table 1). Docetaxel had been previously
administered to 64 participants (10.2%) in the pem-
brolizumab plus enzalutamide and ADT arm and 61 partic-
ipants (9.8%) in the placebo plus enzalutamide and ADT
arm.

At the first interim analysis, median time from random-
ization to data cut-off date (31 October 2022) was 21.1
months (range 14.8-32.0 months). Overall, 404 (64.5%) and
424 (67.8%) participants completed the study regimen in
the pembrolizumab plus enzalutamide and ADT arm and the
placebo plus enzalutamide and ADT arm, respectively. The
study regimen was discontinued by 221 (35.4%) and 201
(32.2%) participants in the pembrolizumab plus enzaluta-
mide and ADT arm and the placebo plus enzalutamide and
ADT arm, respectively, most commonly due to radiographic
disease progression (15.8% and 19.0%, respectively) or AEs
(12.2% and 5.1%, respectively).
Efficacy

Median rPFS was not reached in either arm [HR 1.20, 95%
confidence interval (CI) 0.96-1.49, P ¼ 0.9467; Figure 2A].
Prespecified subgroup analyses of rPFS were generally
consistent with the primary rPFS analysis (Figure 3A). No
favorable trend in OS was observed between treatment
arms (median OS not reached in either arm; HR 1.16, 95% CI
Volume 36 - Issue 8 - 2025
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Screened for eligibility
n = 1677

Randomly assigned to treatment group
n = 1251

Screen failure  (n = 426)
• Had metastatic disease limited to lymph nodes (n = 126)
• Had superscan bone scan that precluded future evaluation of additional bone metastases (n = 83)
• Did not provide written informed consent (n = 43)
• Had received prior pharmacotherapy, radiotherapy, or surgery for metastatic prostate cancer, without meeting protocol-specified exceptions (n = 39) 
• Did not have adequate organ function (n = 37)
• Did not provide tissue for biomarker analysis (n = 28)
• History of seizure or condition that may predispose to seizure (n = 13)
• History or current evidence of any condition, therapy, or laboratory abnormality that might confound study results or interfere with study participation (n = 11)
• Did not have histologically or cytologically confirmed adenocarcinoma of the prostate without small-cell histology (n = 9)
• Did not have ECOG PS of 0 or 1 (n = 8)
• Had a known active HIV, HBV, or HCV infection (n = 8)
• Had active autoimmune disease that required systemic treatment in the past 2 years (n = 6)
• Had additional malignancy progressing or required active treatment in the last 3 years (n = 5)
• Had active infection requiring systemic therapy (n = 5)
• Did not receive stable doses of bone resorptive therapy for ≥4 weeks before randomization (n = 4)
• Had gastrointestinal disorder affecting absorption (n = 4)
• Underwent major surgery ≤28 days before randomization and had not adequately recovered from associated toxicities and/or complications (n = 2)
• Had known or suspected CNS metastasis and/or carcinomatous meningitis (n = 2)
• Had myocardial infarction or uncontrolled angina ≤6 months before randomization (n = 2)
• History of clinically significant ventricular arrhythmias (n = 2)
• Received prior ADT as neoadjuvant/adjuvant therapy for nonmetastatic prostate cancer for >39 months or ≤9 months before randomization 

or with evidence of PD while on ADT (n = 2)
• Received treatment with 5α-reductase inhibitors, estrogens, cyproterone acetate, and/or androgens ≤4 weeks before rand omization (n = 2)
• Unwilling to maintain continuous ADT with an LHRH agonist or antagonists during study treatment or had history of bilateral orchiectomy (n = 1)
• Contraceptive use not consistent with local regulations for adult men participating in a clinical trial (n = 1)
• Did not consent to protocol-specified regulations for adult males during the intervention period and for ≥120 days after the last dose of study intervention (n = 1)
• History of noninfectious pneumonitis that required steroids or had pneumonitis (n = 1)
• History of loss of consciousness ≤12 months of the screening visit (n = 1)
• Had NYHA class III/IV congestive heart failure or history of NYHA class III/IV congestive heart failure without evidence of left ventricular ejection fraction 

>45% ≤3 months before randomization (n = 1)
• Had bradycardia per a heart rate of <50 bpm on the screening ECG (n = 1)
• Had uncontrolled hypertension (n = 1)
• Used herbal products that may have hormonal anti-prostate cancer activity and/or are known to decrease PSA levels ≤4 weeks before randomization (n = 1)

Discontinued study treatment (n = 201)
• Adverse event (n = 32)
• Clinical progression (n = 32)
• Physician decision (n = 9)
• Radiographic progression (n = 119)
• Withdrawal by participant (n = 9)

Assigned to placebo plus 
enzalutamide and ADT (ITT population)

n = 625

Ongoing treatment
n = 424

Assigned to pembrolizumab plus
enzalutamide and ADT (ITT population)

n = 626

Received ≥1 dose of pembrolizumab plus
enzalutamide and ADT (as-treated population)

n = 625

Ongoing treatment
n = 404

Discontinued study treatment (n = 221)
• Adverse event (n = 76)
• Clinical progression (n = 28)
• Nonstudy anticancer therapy (n = 1)
• Protocol violation (n = 1)
• Radiographic progression (n = 99)
• Withdrawal by participant (n = 16)

Excluded (n = 1)
• Not treated (n = 1)

Received ≥1 dose of placebo plus
enzalutamide and ADT (as-treated population)

n = 625

Figure 1. CONSORT diagram.
ADT, androgen deprivation therapy; bpm, beats per minute; CNS, central nervous system; CONSORT, Consolidated Standards of Reporting Trials; ECG, electrocar-
diogram; ECOG PS, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus;
ITT, intention-to-treat; LHRH, luteinizing hormone-releasing hormone; NYHA, New York Heart Association; PD, progressive disease; PSA, prostate-specific antigen.
aPatients could have more than one reason for screen failure.
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0.88-1.53; not formally statistically tested as per the mul-
tiplicity strategy; Figure 2B). Prespecified subgroup analyses
of OS were generally consistent with the overall OS analysis
(Figure 3B).

TFST and TTSSRE showed no favorable trend for pem-
brolizumab plus enzalutamide and ADT versus placebo plus
enzalutamide and ADT (TFST: median not reached; HR 1.24,
95% CI 1.01-1.54; TTSSRE: median not reached; HR 0.89,
95% CI 0.61-1.30; Supplementary Figure S1, available at
https://doi.org/10.1016/j.annonc.2025.05.009). ORR in
participants with RECIST-measurable disease at baseline
[65.7% (163/248) versus 71.8% (176/245); Supplementary
Table S1, available at https://doi.org/10.1016/j.annonc.
2025.05.009] and PSA response rate in participants with
baseline PSA measurements [90.3% (559/619) versus 93.0%
(574/617)] were similar between the pembrolizumab plus
enzalutamide and ADT arm and the placebo plus enzaluta-
mide and ADT arm. Median time to PSA progression was
not reached in both treatment arms (HR 0.92, 95% CI 0.69-
Volume 36 - Issue 8 - 2025
1.23; Supplementary Figure S2, available at https://doi.org/
10.1016/j.annonc.2025.05.009).
Safety

Overall, 625 participants in each arm received one or more
doses of study treatment. Median (range) duration of
therapy was 17.6 months (0.03-31.6 months) in the pem-
brolizumab plus enzalutamide and ADT arm and 18.4
months (0.4-30.5 months) in the placebo plus enzalutamide
and ADT arm.

Most participants experienced one or more AEs of any
cause [pembrolizumab plus enzalutamide and ADT, n ¼
618 (98.9%); placebo plus enzalutamide and ADT, n ¼ 595
(95.2%); Supplementary Table S2, available at https://doi.
org/10.1016/j.annonc.2025.05.009]. A higher frequency
of grade �3 [n ¼ 387 (61.9%) versus n ¼ 238 (38.1%)]
and serious AEs [SAEs; n ¼ 252 (40.3%) versus n ¼ 145
https://doi.org/10.1016/j.annonc.2025.05.008 967
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Table 1. Baseline demographics and characteristics in the intention-to-
treat population

Pembrolizumab
plus enzalutamide
and ADT (n [ 626)

Placebo plus
enzalutamide and
ADT (n [ 625)

Age, median (range), years 68 (43-91) 68 (37-90)
�65, n (%) 406 (64.9) 416 (66.6)

Race,a n (%)
American Indian or Alaska
Native

19 (3.0) 13 (2.1)

Asian 99 (15.8) 118 (18.9)
Black or African American 17 (2.7) 14 (2.2)
Multiple 39 (6.2) 37 (5.9)
White 447 (71.4) 440 (70.4)

Ethnicity, n (%)
Hispanic or Latino 119 (19.0) 112 (17.9)

Geographic region, n (%)
North America 76 (12.1) 86 (13.8)
Western Europe 255 (40.7) 245 (39.2)
Rest of the world 295 (47.1) 294 (47.0)

ECOG performance status
score, n (%)
0 416 (66.5) 444 (71.0)
1 210 (33.5) 181 (29.0)

Gleason score, n (%)
�7 148 (23.6) 124 (19.8)
�8 458 (73.2) 487 (77.9)
Unknown 20 (3.2) 14 (2.2)

Type of metastases,b n (%)
Bone only 319 (51.0) 322 (51.5)
Soft tissue only 22 (3.5) 16 (2.6)
Bone and soft tissue 285 (45.5) 287 (45.9)

Presence of visceral
metastases, n (%)

127 (20.3) 119 (19.0)

Prior docetaxel, n (%) 64 (10.2) 61 (9.8)
Duration of prior docetaxel,
median (range), months

3.5 (0.0-5.7) 3.5 (0.0-4.6)

High-volume disease,c n (%) 392 (62.6) 398 (63.7)
Prior local therapy, n (%)
Radiation only 81 (12.9) 63 (10.1)
Radical prostatectomy only 14 (2.2) 20 (3.2)
Radiation and radical
prostatectomy

31 (5.0) 33 (5.3)

Other surgeries 500 (79.9) 509 (81.4)
Duration of prior ADT, median
(range), months

1.8 (0.0-40.0) 1.6 (0.0-38.3)

PD-L1 status,d n (%)
Positive 238 (38.0) 252 (40.3)
Negative 377 (60.2) 363 (58.1)
Not evaluable/unknown 11 (1.8) 10 (1.6)

Baseline PSA, ng/ml,
median (range)

6.0 (0.1-4193.0) 6.7 (0.1-5000.0)

RECIST-measurable
disease,e n (%)

248 (39.6) 245 (39.2)

The intention-to-treat population includes all randomly assigned participants.
ADT, androgen deprivation therapy; BICR, blinded independent central review; CPS,
combined positive score; ECOG, Eastern Cooperative Oncology Group; PD-L1, pro-
grammed death-ligand 1; PSA, prostate-specific antigen.
aParticipant numbers for the Native Hawaiian or Other Pacific Islander category were
very low, the reporting of which would lead to a risk of identification.
bLesion location determined by BICR.
cHigh-volume disease defined as the presence of visceral metastases or four or more
bone lesions with one or more beyond the vertebral bodies and pelvis.
dAssessed using PD-L1 IHC 22C3 pharmDx (Agilent Technlogies, Carpinteria, CA). CPS
was the number of PD-L1-staining cells (tumor cells, lymphocytes, and macrophages)
divided by the total number of viable tumor cells, multiplied by 100. PD-L1 positive
was defined as having CPS �1; PD-L1 negative was defined as having CPS <1.
eMeasurable disease determined by BICR.
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(23.2%)] occurred in the pembrolizumab plus enzaluta-
mide and ADT arm versus the placebo plus enzalutamide
and ADT arm.
968 https://doi.org/10.1016/j.annonc.2025.05.008
Fatigue, arthralgia, and rash were the most common AEs
in the pembrolizumab plus enzalutamide and ADT arm
(�10% of participants; Supplementary Table S2, available at
https://doi.org/10.1016/j.annonc.2025.05.009). The inci-
dence of rash was notably higher in the pembrolizumab
plus enzalutamide and ADT arm versus the placebo plus
enzalutamide and ADT arm [n ¼ 157 (25.1%) versus n ¼ 58
(9.3%)]. Maculopapular rash and pruritus were also re-
ported with a higher frequency in the pembrolizumab plus
enzalutamide and ADT arm versus the placebo plus enza-
lutamide and ADT arm [n ¼ 65 (10.4%) versus n ¼ 15 (2.4%)
and n ¼ 110 (17.6%) versus n ¼ 55 (8.8%), respectively].

SAEs occurring with a frequency of >1.0% in the pem-
brolizumab plus enzalutamide and ADT arm included uri-
nary tract infection [n ¼ 11 (1.8%)], rash [n ¼ 10 (1.6%)],
maculopapular rash [n ¼ 10 (1.6%)], pneumonia [n ¼ 9
(1.4%)], colitis [n ¼ 7 (1.1%)], myocardial infarction [n ¼ 7
(1.1%)], and pneumonitis [n ¼ 7 (1.1%); Supplementary
Table S3, available at https://doi.org/10.1016/j.annonc.
2025.05.009].

Overall, 209 (33.4%) and 51 (8.2%) participants in the
pembrolizumab plus enzalutamide and ADT arm and the
placebo plus enzalutamide and ADT arm, respectively, dis-
continued treatment due to AEs (Supplementary Table S4,
available at https://doi.org/10.1016/j.annonc.2025.05.009).
AEs leading to treatment discontinuation in >1.0% of par-
ticipants who received pembrolizumab plus enzalutamide
and ADT were pneumonitis [n ¼ 14 (2.2%)], alanine
aminotransferase level increased [n ¼ 13 (2.1%)], rash [n ¼
12 (1.9%)], diarrhea [n ¼ 11 (1.8%)], aspartate amino-
transferase level increased [n ¼ 9 (1.4%)], colitis [n ¼ 7
(1.1%)], and immune-mediated hepatitis [n ¼ 7 (1.1%)].

Overall, 550 (88.0%) and 419 (67.0%) participants in the
pembrolizumab plus enzalutamide and ADT arm and the
placebo plus enzalutamide and ADT arm, respectively,
experienced one or more treatment-related AEs, with 261
(41.8%) and 87 (13.9%) participants, respectively, experi-
encing a treatment-related AE of grade �3 (Table 2).

AEs leading to death were reported in 33 (5.3%) and 16
(2.6%) participants in the pembrolizumab plus enzalutamide
and ADT arm and the placebo plus enzalutamide and ADT
arm, respectively (Supplementary Table S5, available at
https://doi.org/10.1016/j.annonc.2025.05.009). Six partici-
pants (1.0%) in the pembrolizumab plus enzalutamide and
ADT arm and one participant (0.2%) in the placebo plus
enzalutamide and ADT arm died from a treatment-related
AE (Table 2). The treatment-related AE leading to death in
the pembrolizumab plus enzalutamide and ADT arm was
autoimmune myositis, cardiac failure, hypoglycemia,
immune-mediated lung disease, interstitial lung disease,
pneumonitis, and septic shock [each, n ¼ 1 (0.2%);
Supplementary Table S6, available at https://doi.org/10.
1016/j.annonc.2025.05.009]. The treatment-related AE
that led to death in the placebo plus enzalutamide and ADT
arm was cardiac arrest [n ¼ 1 (0.2%)].

Immune-mediated AEs and infusion reactions were re-
ported in 270 (43.2%) and 47 (7.5%) participants in the
pembrolizumab plus enzalutamide and ADT arm and the
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Figure 2. rPFS and OS in the intention-to-treat population.a Kaplan-Meier estimates of (A) rPFS as per PCWG-modified RECIST v1.1 by BICR and (B) OS.b

ADT, androgen deprivation therapy; BICR, blinded independent central review; CI, confidence interval; HR, hazard ratio; NR, not reached; OS, overall survival; PCWG,
Prostate Cancer Clinical Trials Working Group; rPFS, radiographic progression-free survival.
aThe intention-to-treat population includes all randomly assigned participants.
bOS was not formally statistically tested as per the multiplicity strategy.
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Figure 3. Subgroup analysis of rPFS and OS in the intention-to-treat population.a,b (A) rPFS as per PCWG-modified RECIST v1.1 by BICR and (B) OS.
ADT, androgen deprivation therapy; BICR, blinded independent central review; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance
status; HR, hazard ratio; mHSPC, metastatic hormone-sensitive prostate cancer; OS, overall survival; PCWG, Prostate Cancer Clinical Trials Working Group; PD-L1,
programmed death-ligand 1; rPFS, radiographic progression-free survival.
aSubgroup analysis was not carried out for subgroup variables with <10% of the total intention-to-treat population, except for region and prior docetaxel for mHSPC.
bThe intention-to-treat population includes all randomly assigned participants.
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Table 2. Summary of treatment-related adverse events in the as-treated
populationa

Pembrolizumab plus
enzalutamide and
ADT (n [ 625)

Placebo plus
enzalutamide and
ADT (n [ 625)

Any, n (%) 550 (88.0) 419 (67.0)
Grade 3-5 261 (41.8) 87 (13.9)
Leading to treatment
discontinuation

171 (27.4) 27 (4.3)

Serious 114 (18.2) 18 (2.9)
Serious and led to treatment
discontinuation

80 (12.3) 9 (1.4)

Leading to death 6 (1.0) 1 (0.2)

Treatment-related
adverse event with
incidence ‡5%, n (%)

Any grade Grade ‡3 Any grade Grade ‡3

Fatigue 139 (22.2) 29 (4.6) 124 (19.8) 16 (2.6)
Rash 125 (20.0) 43 (6.9) 32 (5.1) 3 (0.5)
Pruritus 75 (12.0) 1 (0.2) 30 (4.8) 0
Hypothyroidism 70 (11.2) 0 20 (3.2) 0
Arthralgia 68 (10.9) 3 (0.5) 34 (5.4) 2 (0.3)
Diarrhea 67 (10.7) 10 (1.6) 26 (4.2) 1 (0.2)
Asthenia 60 (9.6) 6 (1.0) 33 (5.3) 6 (1.0)
Alanine
aminotransferase
increased

59 (9.4) 11 (1.8) 24 (3.8) 4 (0.6)

Hot flush 59 (9.4) 2 (0.3) 86 (13.8) 1 (0.2)
Maculopapular rash 58 (9.3) 27 (4.3) 10 (1.6) 1 (0.2)
Aspartate
aminotransferase
increased

52 (8.3) 9 (1.4) 22 (3.5) 2 (0.3)

Nausea 51 (8.2) 2 (0.3) 28 (4.5) 1 (0.2)
Hypertension 48 (7.7) 22 (3.5) 64 (10.2) 27 (4.3)
Decreased appetite 38 (6.1) 3 (0.5) 12 (1.9) 0

Each participant is counted once for each applicable adverse event by maximum
toxicity grade.
ADT, androgen deprivation therapy.
aThe as-treated population includes all randomly assigned participants who received
one or more doses of study treatment.
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placebo plus enzalutamide and ADT arm, respectively; grade
�3 events were reported in 134 (21.4%) and 8 (1.3%)
participants, respectively (Supplementary Table S7, avail-
able at https://doi.org/10.1016/j.annonc.2025.05.009).
Overall, four participants (0.6%) who received pem-
brolizumab plus enzalutamide and ADT died due to an
immune-mediated AE or infusion reaction. High-dose sys-
temic corticosteroids (�40 mg/day prednisone or equiva-
lent) were administered to treat immune-mediated AEs and
infusion reactions in 87 participants (32.2%) in the pem-
brolizumab plus enzalutamide and ADT arm and 6 partici-
pants (12.8%) in the placebo plus enzalutamide and ADT
arm. Severe skin reactions were reported in 106 partici-
pants (17.0%) in the pembrolizumab plus enzalutamide and
ADT arm and in 4 participants (0.6%) in the placebo plus
enzalutamide and ADT arm. High-dose systemic corticoste-
roids were administered for severe skin reactions in 45
participants (42.5%) in the pembrolizumab plus enzaluta-
mide and ADT arm and 1 participant (25.0%) in the placebo
plus enzalutamide and ADT arm.
Patient-reported outcomes

Median time to pain progression was not reached in either
the pembrolizumab plus enzalutamide and ADT arm or the
Volume 36 - Issue 8 - 2025
placebo plus enzalutamide and ADT arm (HR 1.15, 95% CI
0.95-1.39; Supplementary Figure S3, available at https://
doi.org/10.1016/j.annonc.2025.05.009).

Completion rates for the BPI-SF and FACT-P question-
naires to week 69 were >60% (Supplementary Table S8,
available at https://doi.org/10.1016/j.annonc.2025.05.009).
Mean FACT-P total score, functional well-being (FWB) sub-
scale score, and trial outcome index (TOI) score declined to
a greater extent from baseline to week 69 for participants
who received pembrolizumab plus enzalutamide and ADT
versus placebo plus enzalutamide and ADT [LSM treatment
difference (95% CI): FACT-P �2.34 (�4.63 to �0.05);
FWB �0.72 (�1.40 to �0.04); TOI �2.17 (�3.90 to �0.44);
Supplementary Figure S4, available at https://doi.org/10.
1016/j.annonc.2025.05.009]. All other mean PRO scores
changed to a similar extent in both treatment arms
(Supplementary Figure S4, available at https://doi.org/10.
1016/j.annonc.2025.05.009). The proportion of partici-
pants with a best PRO response of improved, stable, or
deteriorated was similar between the pembrolizumab plus
enzalutamide and ADT arm and the placebo plus enzaluta-
mide and ADT arm for all FACT-P subscales and the FACT-P
total score (Supplementary Figure S5, available at https://
doi.org/10.1016/j.annonc.2025.05.009).
DISCUSSION

In the phase III KEYNOTE-991 study of pembrolizumab
versus placebo in combination with enzalutamide and ADT
for participants with NHA-naive mHSPC, the primary effi-
cacy endpoint of superior rPFS was not met at the first
interim analysis, and the study was terminated due to fu-
tility. Other efficacy outcomes, including OS and ORR, also
showed no favorable trend for the pembrolizumab plus
enzalutamide and ADT arm versus the placebo plus enza-
lutamide and ADT arm. The higher incidence of AEs
(including high-grade AEs and SAEs) as well the higher rate
of discontinuation due to AEs in the pembrolizumab plus
enzalutamide and ADT arm versus the placebo plus enza-
lutamide and ADT arm may have influenced the results.
PROs were similar between treatment arms.

Cohort C of the phase Ib/II KEYNOTE-365 study and co-
horts 4 and 5 of the phase II KEYNOTE-199 study reported a
promising ORR for participants with mCRPC treated with
pembrolizumab and enzalutamide (11% and 12.3%,
respectively).8,9 Similarly, the phase II CheckMate 9KD study
reported an ORR of 11.1% for the combination of the PD-1
inhibitor nivolumab and enzalutamide in mCRPC (OS and
rPFS results not yet available).17 However, other phase III
clinical studies did not show a benefit with programmed cell
death protein/ligand 1 (PD-[L]1) inhibitors and enzaluta-
mide versus enzalutamide alone in the mCRPC setting.18,19

KEYNOTE-641 did not meet the dual primary endpoints of
rPFS (HR 0.98, 95% CI 0.84-1.14, P ¼ 0.41) and OS (HR 1.04,
95% CI 0.88-1.22, P ¼ 0.66) at the first interim analysis of
the efficacy of pembrolizumab and enzalutamide, and the
study was stopped for futility.19 Similarly, the phase III
IMbassador250 study of participants with mCRPC did not
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find an OS advantage with the addition of atezolizumab to
enzalutamide (HR 1.12, 95% CI 0.91-1.37, P ¼ 0.28).18 These
results are in alignment with the results reported here for
mHSPC.

A higher frequency of rash was reported in participants
who received pembrolizumab plus enzalutamide and ADT
versus placebo plus enzalutamide and ADT, which was
higher than expected for either pembrolizumab or enzalu-
tamide alone.20-22 A high incidence of rash is consistent
with prior studies combining pembrolizumab and enzalu-
tamide in prostate cancer.8,9 In cohorts 4 and 5 of the phase
II single-arm KEYNOTE-199 study of pembrolizumab with
enzalutamide for mCRPC progressing on enzalutamide,
treatment-related rash and treatment-related mac-
ulopapular rash were reported in 14.3% and 10.3% of par-
ticipants, respectively.8 In cohort C of the phase Ib/II
KEYNOTE-365 study (pembrolizumab with enzalutamide for
chemotherapy-naive mCRPC progressing on first-line abir-
aterone acetate), treatment-related rash and treatment-
related maculopapular rash were reported in 22% and
13% of participants, respectively, and treatment-related
rash led to discontinuation in 2.0% of participants.9 Simi-
larly, the IMbassador250 study reported a higher frequency
of rash in the atezolizumab plus enzalutamide (25.9%)
versus the enzalutamide-only arm (6.6%).18 The phase II
CheckMate 9KD study also reported a high frequency of
immune-mediated rash in participants with mCRPC
receiving nivolumab with enzalutamide (20.4%).17 These
results are consistent with an increased likelihood of rash
for the combination of an anti-PD-(L)1 pathway inhibitor
with enzalutamide versus either agent alone.

Notably, the incidence of any-grade immune-mediated
pneumonitis in the pembrolizumab plus enzalutamide and
ADT arm (6.4%) is higher than that previously reported for
pembrolizumab plus enzalutamide in phase II studies of
participants with mCRPC (KEYNOTE-199 cohorts 4 and 5:
2.4%; KEYNOTE-365 cohort C: 1.0%).9,23 The higher inci-
dence of immune-related pneumonitis may be due to the
longer median duration of treatment in KEYNOTE-991
(median 17.6 months) compared with those of KEYNOTE-
199 (cohort 4: median 3.5 months; cohort 5: median 4.6
months) and KEYNOTE-365 cohort C (median 6.2
months).9,23

It remains unclear whether PD-1 pathway inhibitors as
monotherapy or in combination with other anticancer
therapies have a role in the treatment of molecularly un-
selected patients with prostate cancer. Phase III studies
investigating pembrolizumab in combination with olaparib
(KEYLYNK-010) or docetaxel (KEYNOTE-921) for mCRPC
showed no improvement in rPFS (HR 1.02, 95% CI 0.82-1.25,
P ¼ 0.55 and HR 0.85, 95% CI 0.71-1.01, P ¼ 0.03,
respectively) or OS (HR 0.94, 95% CI 0.77-1.14, P ¼ 0.26 and
HR 0.92, 95% CI 0.78-1.09, P ¼ 0.17, respectively) versus
abiraterone or enzalutamide, or versus placebo plus enza-
lutamide and ADT with docetaxel, respectively.24,25 How-
ever, it is possible that specific prostate cancer subtypes
may be susceptible to PD-1 pathway inhibition. Recently,
972 https://doi.org/10.1016/j.annonc.2025.05.008
studies have demonstrated the efficacy of dual immune
checkpoint blockade in selected populations of participants
with mCRPC based on immunogenic features.26,27 In the
phase II INSPIRE study of nivolumab plus ipilimumab fol-
lowed by nivolumab maintenance in molecularly selected
participants with mCRPC, improvement in the primary
endpoint of disease control rate beyond 6 months was
observed in 38% of all participants, with exceptionally high
antitumor activity observed in the subset of participants
with deficient DNA mismatch repair (disease control rate
beyond 6 months, 81%).27 In the phase II NEPTUNES study
of biomarker-selected participants with mCRPC, up to 44%
of participants with exclusively high tumor-infiltrating lym-
phocytes had a response to nivolumab plus ipilimumab,
indicating that inflammatory infiltrate is a promising pre-
dictive biomarker in mCRPC.26 Results from the phase II
CheckMate 650 study of unselected participants with
chemotherapy-naive or chemotherapy-experienced mCRPC
show the efficacy of nivolumab plus ipilimumab in this
setting, with preliminary exploratory data indicating
enriched clinical activity in the subset of participants with
relatively high tumor mutational burden.28,29 Other studies
are under way to investigate PD-1 pathway inhibitor mon-
otherapy or combination therapy in participants with tu-
mors predicted to be more highly immunogenic based on
their molecular or histologic characteristics (e.g. CHOMP
and NCT04126070), including DNA damage repair defects
and CDK12 mutations.30,31 Pembrolizumab combined with
platinum-based chemotherapy is being investigated as a
therapy for treatment-emergent neuroendocrine mCRPC in
cohort I of the phase Ib/II KEYNOTE-365 study.32

Strengths of this KEYNOTE-991 study include its robust,
randomized, double-blind, and active-controlled design.
However, early termination of the study meant that long-
term follow-up was limited and that median values for
many endpoints were not reached. The power to detect
treatment-related differences was therefore low at this first
interim analysis. Patients with poor performance status or
node-only metastases were excluded from the study;
therefore, the efficacy and safety profiles of pembrolizumab
in combination with enzalutamide are unclear in these pa-
tients. Additional limitations of this study include a lack of
biomarker analysis to elucidate molecular determinants of
response to treatment and the low proportion of particular
racial subgroups in this study (e.g. Pacific Islander), which
makes extrapolating results to these populations difficult.

The results of this phase III KEYNOTE-991 study do not
support the addition of pembrolizumab to enzalutamide and
ADT for the treatment of mHSPC due to a lack of superiority
and increased frequency of high-grade AEs and SAEs versus
placebo plus enzalutamide and ADT. In particular, rash was
reported more frequently in the pembrolizumab plus enza-
lutamide and ADT arm versus the placebo plus enzalutamide
and ADT arm. These results concur with recent results in
mCRPC studies and highlight the need for further work to
identify the role of immune checkpoint inhibitors in the
treatment of advanced prostate cancer.
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