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BACKGROUND: In the phase 2, randomized, double-blind STRIVE trial, enzalutamide significantly reduced the risk of prostate
cancer progression or death versus bicalutamide in patients with metastatic castration-resistant prostate cancer (mCRPC) and
nonmetastatic CRPC (nmCRPC). The objective of this protocol-specified subgroup analysis of STRIVE was to investigate the benefit
of enzalutamide versus bicalutamide specifically in patients with nmCRPC.
METHODS: Patients (N= 139) were stratified by disease stage and randomized to enzalutamide 160mg/day plus androgen
deprivation therapy (ADT; n= 70) or bicalutamide 50mg/day plus ADT (n= 69).
RESULTS: Baseline characteristics of patients with nmCRPC were comparable between groups. At a median of 17 months follow-up,
enzalutamide reduced the risk of progression or death by 76% versus bicalutamide in patients with nmCRPC (hazard ratio [HR],
0.24; 95% CI 0.14–0.42). Enzalutamide reduced risk of prostate-specific antigen progression by 82% versus bicalutamide in patients
with nmCRPC (HR, 0.18; 95% CI 0.10–0.34). The most frequently reported adverse events by patients receiving enzalutamide were
fatigue (36.2%), hot flush (20.3%), decreased appetite (17.4%), dizziness (17.4%), and nausea (17.4%).
CONCLUSIONS: This STRIVE subgroup analysis of patients with nmCRPC illustrates the benefit of enzalutamide in reducing the risk
of progression or death versus bicalutamide in patients with nmCRPC.
TRIAL REGISTRATION: ClinicalTrials.gov identifier NCT01664923.
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INTRODUCTION
In the phase 2, randomized, double-blind STRIVE trial, enzaluta-
mide significantly reduced the risk of prostate cancer progression
or death versus bicalutamide, in patients with metastatic
castration-resistant prostate cancer (mCRPC) and nonmetastatic
CRPC (nmCRPC) [1]. Several phase 3 trials have evaluated the
efficacy of novel hormonal therapies (NHTs) in patients with
nmCRPC, including enzalutamide (PROSPER) [2, 3], apalutamide
(SPARTAN) [4–6], and darolutamide (ARAMIS) [7, 8]. Despite
evidence of the efficacy of enzalutamide worldwide, patients with
nmCRPC are still commonly treated with bicalutamide [9]. The
objective of this prespecified subgroup analysis of STRIVE was to
investigate the clinical benefit of enzalutamide versus bicaluta-
mide in patients with nmCRPC by reporting progression-free
survival (PFS), time to prostate-specific antigen progression
(TTPP), and associated safety data not previously reported in
STRIVE.

METHODS
The STRIVE trial, described previously [1], was a randomized, double-blind,
phase 2 study of enzalutamide 160mg/day plus androgen deprivation therapy
(ADT; n= 70) versus bicalutamide 50mg/day plus ADT (n= 69) in patients
with nmCRPC or mCRPC. The primary endpoint of this subgroup analysis was
PFS, defined as time from randomization to prostate-specific antigen (PSA)
progression, or death due to any cause. Secondary endpoints included TTPP.
Radiographic PFS (rPFS), defined as time from randomization to the earliest
evidence of radiographic progression or death on study, was also evaluated as
an endpoint. Kaplan-Meier curves and medians were calculated for these
endpoints, and HRs were estimated by using a Cox regression model. A two-
sided Cochran-Mantel-Haenszel test was used to compare PSA response rates
for enzalutamide and bicalutamide. Safety data were evaluated for the
nmCRPC subset and not adjusted for time on the study drug.

RESULTS
Baseline patient characteristics in the nmCRPC subgroup were
comparable between cohorts (enzalutamide n= 70, bicalutamide
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n= 69), except patients in the bicalutamide group were older
(median age, 77.0 years vs 73.5 years) and had longer PSA
doubling times (PSADT; median, 5.3 months vs 3.9 months)
(Supplementary Table S1). Consistent with the overall STRIVE
analysis, the median time on treatment in this subpopulation was
longer for patients receiving enzalutamide versus those receiving
bicalutamide (17.8 months vs 12.3 months).
At a median follow-up of 17 months, enzalutamide significantly

reduced the risk of progression or death by 76% compared with
bicalutamide in patients with nmCRPC (hazard ratio [HR], 0.24;
95% CI 0.14–0.42; P < 0.0001; Fig. 1A). Enzalutamide reduced the
risk of PSA progression by 82% versus bicalutamide in patients
with nmCRPC (HR, 0.18; 95% CI 0.10–0.34; P < 0.0001; Fig. 1B).
The benefit from enzalutamide on PFS was consistent across all

subgroups, including age, Eastern Cooperative Oncology Group
performance status, Gleason score, baseline PSA level, baseline
hemoglobin level, use of bone-targeting therapy, and presence of
nodal disease at study entry (Supplementary Fig. S1). PSADT
subgroups ≥6–12 months did not reach statistical significance for
PFS (Supplementary Fig. S1). Similarly, baseline PSADT subgroups
<10 months and ≥10 months did not reach statistical significance
(Supplementary Fig. S2). The benefit of enzalutamide on rPFS as
an endpoint was consistent across all subgroups (Supplementary
Fig. 3).
The benefit of enzalutamide on time to PSA progression was

consistent across patients with PSADT <10 months and
≥10 months at baseline. Enzalutamide-treated patients with

PSADT of <10 months report less PSA progression compared
with those treated with bicalutamide (19.4% vs 76.0%, HR, 0.156;
95% CI 0.080–0.301; P < 0.0001; Supplementary Table S2).
Enzalutamide-treated patients in both PSADT subgroups

reported higher PSA response rates of ≥50% decrease from
baseline (<10 months, 89.7% response; ≥10 months, 100%
response rate) compared with bicalutamide groups (<10 months,
38.0% response rate; ≥10 months, 66.7% response rate; Supple-
mentary Table S3).
The most frequent adverse events (AEs; unadjusted for

treatment exposure) in patients receiving enzalutamide versus
bicalutamide were fatigue (36.2% vs 21.7%), hot flush (20.3% vs
2.9%), decreased appetite (17.4% vs 5.8%), dizziness (17.4% vs
4.3%), and nausea (17.4% vs 13.0%). More frequently reported AEs
with bicalutamide versus enzalutamide were constipation (17.4%
vs 7.2%), urinary tract infection (15.9% vs 1.4%), and diarrhea
(11.6% vs 8.7%). The most frequent grade ≥3 AEs in the
enzalutamide group versus bicalutamide were fatigue (5.8% vs
2.9%), arthralgia (4.3% vs 1.4%), congestive cardiac failure (4.3% vs
1.4%), and hypertension (4.3% vs 2.9%). The most frequent grade
≥3 AEs in the bicalutamide group versus enzalutamide were
syncope (4.3% vs 2.9%) and urinary retention (4.3% vs 0%).
Two deaths were reported in the enzalutamide group: a 92-

year-old patient died of cardiopulmonary arrest, assessed as
probably related to study drug by the investigator, and an 87-year-
old patient died of general health deterioration considered
unrelated to study drug.
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Fig. 1 Progression Outcomes in STRIVE study. A Progression-free survival (PFS) and B time to PSA progression (TTPP) in the STRIVE
nonmetastatic castration-resistant prostate cancer (nmCRPC) subpopulation. P-value was calculated using an unstratified log-rank test; Hazard
ratio was calculated using a unstratified Cox regression model with treatment as the covariate and is relative to bicalutamide with <1 favoring
enzalutamide. BIC bicalutamide; ENZA enzalutamide; HR hazard ratio; NR not reached; mo months.

D.F. Penson et al.

364

Prostate Cancer and Prostatic Diseases (2022) 25:363 – 365

1
2
3
4
5
6
7
8
9
0
()
;,:



DISCUSSION
The STRIVE trial reported enzalutamide improved both median PFS
(19.4 months vs 5.7 months; P < 0.0001) and median TTPP (estimate
not reached vs 8.3 months; P < 0.0001) versus bicalutamide,
consistently in patients with nmCRPC and mCRPC [1]. It should be
noted that overall survival was not an endpoint of the STRIVE trial.
The benefit of enzalutamide in this population is consistent with

the efficacy of enzalutamide versus placebo in the PROSPER trial
of patients with nmCRPC [2, 3] in which OS was a secondary
endpoint. The safety profile of enzalutamide in nmCRPC is
consistent with the overall STRIVE population [2, 3, 10]. One
patient with underlying hypertension died in the enzalutamide
group of cardiopulmonary arrest. The subgroup analysis reveals a
slight elevation in the incidence of hypertension in the
enzalutamide group versus bicalutamide (11.6% vs 7.2%, unad-
justed for treatment exposure). These findings call for close
management of enzalutamide-treated patients predisposed to
hypertension or cardiovascular disease. Overall, these findings are
particularly informative for clinicians who continue to prescribe
bicalutamide in patients with nmCRPC.
In conclusion, this STRIVE subgroup analysis is the only

prospectively conducted study of patients with nmCRPC compar-
ing an NHT to bicalutamide. In addition, enzalutamide is the only
NHT that has shown improved efficacy compared with bicaluta-
mide for metastatic hormone-sensitive prostate cancer [10],
nmCRPC [1], and mCRPC [1].

Data Sharing Statement
Upon request and subject to certain criteria, conditions, and
exceptions (see https://www.pfizer.com/science/clinical-trials/trial-
data-and-results for more information), Pfizer will provide access
to individual de-identified participant data from Pfizer-sponsored
global interventional clinical studies conducted for medicines,
vaccines, and medical devices (1) for indications that have been
approved in the US and/or EU or (2) in programs that have been
terminated (i.e., development for all indications has been
discontinued). Pfizer will also consider requests for the protocol,
data dictionary, and statistical analysis plan. Data may be
requested from Pfizer trials 24 months after study completion.
The de-identified participant data will be made available to
researchers whose proposals meet the research criteria and other
conditions, and for which an exception does not apply, via a
secure portal. To gain access, data requestors must enter into a
data access agreement with Pfizer.

REFERENCES
1. Penson DF, Armstrong AJ, Concepcion R, Agarwal N, Olsson C, Karsh L, et al.

Enzalutamide versus bicalutamide in castration-resistant prostate cancer: the
STRIVE trial. J Clin Oncol. 2016;34:2098–106.

2. Hussain M, Fizazi K, Saad F, Rathenborg P, Shore N, Ferreira U, et al. Enzalutamide
in men with nonmetastatic, castration-resistant prostate cancer. N Engl J Med.
2018;378:2465–74.

3. Sternberg CN, Fizazi K, Saad F, Shore ND, De Giorgi U, Penson DF, et al. Enza-
lutamide and survival in nonmetastatic, castration-resistant prostate cancer. N
Engl J Med. 2020;382:2197–206.

4. Smith MR, Saad F, Chowdhury S, Oudard S, Hadaschik BA, Graff JN, et al. Apa-
lutamide treatment and metastasis-free survival in prostate cancer. N Engl J Med.
2018;378:1408–18.

5. Small EJ, Saad F, Chowdhury S, Oudard S, Hadaschik BA, Graff JN, et al. Apalu-
tamide and overall survival in non-metastatic castration-resistant prostate cancer.
Ann Oncol. 2019;30:1813–20.

6. Smith MR, Saad F, Chowdhury S. Apalutamide and overall survival in prostate
cancer. Eur Urol. 2021;79:150–58.

7. Fizazi K, Shore N, Tammela TL, Ulys A, Vjaters E, Polyakov S, et al. Darolutamide in
nonmetastatic, castration-resistant prostate cancer. N Engl J Med.
2019;380:1235–46.

8. Fizazi K, Shore N, Tammela TL, Ulys A, Vjaters E, Polyakov S, et al. Nonmetastatic,
castration-resistant prostate cancer and survival with darolutamide. N Engl J Med.
2020;383:1040–49.

9. Shah R, Botteman M, Waldeck R. Treatment characteristics for nonmetastatic
castration-resistant prostate cancer in the United States, Europe and Japan.
Future Oncol. 2019;15:4069–81.

10. Davis ID, Martin AJ, Stockler MR, Begbie S, Chi KN, Chowdhury S, et al. Enzalu-
tamide with standard first-line therapy in metastatic prostate cancer. N Engl J
Med. 2019;381:121–31.

AUTHOR CONTRIBUTIONS
Design and conduct of the study: WD, DP. Collection, management, analysis, and
interpretation of the data: AJA, JS, GPH. Preparation of the manuscript: AJA, GPH. Critical
revision of the manuscript for important intellectual content and approval: AJA, JS, GPH,
RC, NA, CO, LK, CD, CSH. Statistical analysis: WD, QS. Study supervision: AJA.

FUNDING
The STRIVE trial and analyses presented in this article were sponsored by Pfizer Inc.
(New York, NY) and Astellas Pharma, Inc. (Northbrook, IL), the co-developers of
enzalutamide. Editorial support funded by both sponsor companies was provided by
Ira Mills, PhD, and Dena McWain of Ashfield Healthcare Communications and Lauren
Rainer, BSc, of Onyx Medica.

COMPETING INTERESTS
DFP has no conflicts to disclose. AJA is a paid consultant with Pfizer, Astellas, Janssen,
Bayer, AstraZeneca and Merck; AJA receives research funding (to his institution) from
Pfizer, Astellas, Janssen, Bayer, Dendreon, Novartis, Genentech/Roche, Merck, BMS,
AstraZeneca, Constellation, and BeiGene. NA is a consultant to Astellas, AstraZeneca,
Aveo, Bayer, Bristol Myers Squibb, Calithera, Clovis, Eisai, Eli Lilly, EMD Serono, Exelixis,
Foundation Medicine, Genentech, Gilead, Janssen, Merck, MEI Pharma, Nektar, Novartis,
Pfizer, Pharmacyclics, and Seattle Genetics. LIK is a consultant to Astellas, AstraZeneca,
Aurora Oncology, Bayer, Dendreon, Ferring/Fergene, Genentech, Genomic Health,
Janssen, Kiadis, Merck, Pfizer, Urogen, UROGPO, and Vaxiion; LIK is a speaker for Astellas,
Astra Zeneca, Bayer, Clovis Oncology, Janssen, Merck, Myovant, Pfizer, and Sesen; LIK is
a principle investigator for clinical trials of Astellas, Astra Zeneca, Bayer, Bioxcel, BMS,
Dendreon, Exact Sciences, Epizyme, Exelexis, FKD Therapies, Ferring, Genome DX
Biosciences, Hinova, Janssen, Merck, Myovant, Pfizer, Tavanta, QED, Urogen, Vaxiion.
RSC, CAO, CJD have no conflicts to disclose. WD is an employee of Pfizer and owns
company stock. QS is an employee of Pfizer. JS is an employee of Astellas. GPH is an
employee of Astellas. CSH receives research funding from Aptevo, Aragon, Astellas,
AstraZeneca, Clovis, Dendreon, eFFECTOR Therapeutics, Emergent, Ferring, Genentech,
Hoffman-Laroche, Medivation, and Pfizer; CSH is a consultant and member of scientific
advisory boards for Astellas, Bayer, Blue Earth Diagnositics, Clovis, Dendreon, Ferring,
Hinova, Janssen, Merck, Orion, Pfizer, Tolmar, Carrick Therapeutics, Novartis, Genentech;
the spouse of CSH holds stock and was former officer of CTI Biopharma.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41391-021-00465-7.

Correspondence and requests for materials should be addressed to David F. Penson.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the article’s
Creative Commons license and your intended use is not permitted by statutory regulation
orexceeds thepermitteduse, youwill need toobtainpermissiondirectly fromthecopyright
holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021, corrected publication 2021

D.F. Penson et al.

365

Prostate Cancer and Prostatic Diseases (2022) 25:363 – 365

https://www.pfizer.com/science/clinical-trials/trial-data-and-results
https://www.pfizer.com/science/clinical-trials/trial-data-and-results
https://doi.org/10.1038/s41391-021-00465-7
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Enzalutamide versus bicalutamide in patients with nonmetastatic castration-resistant prostate cancer: a prespecified subgroup analysis of the STRIVE trial
	Introduction
	Methods
	Results
	Discussion
	Data Sharing Statement

	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




