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Abstract Background: Enzalutamide combined with androgen deprivation therapy (ADT)

significantly prolonged metastasis-free survival and overall survival (OS) versus ADT alone in

patients with non-metastatic castration-resistant prostate cancer (nmCRPC) with rapidly rising

prostate-specific antigen (PSA). The objective of this post hoc analysis of the PROSPER trial is

to evaluate OS benefit and safety of enzalutamide in patients across age and regional subgroups.

Patients and methods: Eligible men with nmCRPC, PSA doubling time �10 months and PSA

�2 ng/mL with continued ADT use were randomised 2:1 to enzalutamide 160 mg or placebo.
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OS and safety were examined by age (<70 vs �70 years) and region (North America, Europe,

Asia or the rest of the world). The impact of prior and subsequent therapy was also examined.

Results: In total, 1401 men were enrolled (median age, 74 years). Enzalutamide plus ADT

reduced the risk of death, independent of age or region. Multivariate analyses identified Eastern

Cooperative Oncology Group (ECOG) status (P < 0.0001), log (PSA; P Z 0.0002) and subse-

quent therapy (P< 0.0001) as statistically significant factors impacting OS. Safety was consistent

across age and regional subgroups. Any grade treatment-emergent adverse events were similar

across age groups, were more common in the placebo group and had regional variation.

Conclusions: In men with nmCRPC and rapidly rising PSA, the benefit and safety of enzaluta-

mide were consistent across age and regional subgroups. Variables impacting OS included

ECOG status, log (PSA) and subsequent therapy.

ClinicalTrials.gov identifier: NCT02003924.

ª 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In men with non-metastatic castration-resistant prostate
cancer (nmCRPC), the risk of progression to metastasis

increases with a prostate-specific antigen (PSA)

doubling time (PSADT) of �10 months [1,2]. Median

survival for mCRPC is nearly three years [3], and

delaying time to metastases may delay cancer-related

morbidity and use of antineoplastic therapies and pro-

long overall survival (OS) [4,5]. Enzalutamide, an

androgen receptor inhibitor, significantly improved
metastasis-free survival (MFS) in men with nmCRPC

(vs placebo) in the primary analysis of PROSPER

(NCT02003924) trial [6] and was superior to bicaluta-

mide in improving radiographic progression-free sur-

vival in the STRIVE (NCT01664923) study [7].

In the final analysis of the PROSPER study, treat-

ment with enzalutamide plus androgen deprivation

therapy (ADT) significantly improved OS in men with
nmCRPC and rapidly rising PSA levels, in comparison

with those who only received ADT [8]. Survival benefit

with novel hormonal therapies (NHTs) in this patient

population was also demonstrated more broadly in the

final analyses of apalutamide [9,10] and darolutamide

[11] in the SPARTAN (NCT01946204) and ARAMIS

(NCT02200614) studies, respectively.

Variations in prostate cancer diagnosis, management
and treatment exist across geographic regions and age

groups, which may affect disease recurrence and patient

outcomes [12e15]. The primary analysis of PROSPER

[6] identified the need for more information on the ef-

ficacy and safety of NHTs across these groups to better

inform patient-specific treatment decisions. The objec-

tive of our post hoc analysis of PROSPER was to eval-

uate OS and safety in subgroups of patients by age (<70
and � 70 years) and geographic region (North America,

Europe, Asia and the rest of the world [ROW]). Inter-

national guidelines, used to distinguish prostate cancer
management strategies for men aged <70 and � 70 years

[16], divided patients into these age subgroups. The

impact of prior and subsequent therapy is also

examined.

2. Methods

2.1. Study design

The PROSPER study design has been described previ-

ously [6]. Eligible men had pathologically confirmed

prostate adenocarcinoma with rising PSA despite cas-
trate serum levels of testosterone (�50 ng/dL), baseline

PSA �2 ng/mL and PSADT �10 months. Patients were

assessed by soft tissue and whole-body radionuclide

bone scanning, via computerised tomography or mag-

netic resonance imaging, to identify previous and/or

concurrent metastatic disease. The patients were also

stratified by PSADT (<6 months vs �6 months) and use

of bone-targeting agents at baseline (yes vs no), and they
were randomised 2:1 to receive enzalutamide 160 mg/

day plus ADT or placebo plus ADT once daily until

radiographic progression, death or unacceptable

toxicity.

The primary end-point was MFS, defined as time

from randomisation to radiographic progression or

death; the secondary end-point was OS, defined as the

time from randomisation to death from any cause. This
study was conducted in accordance with the Declaration

of Helsinki and was approved by the ethics committee at

each participating centre. All participants provided

written informed consent before enrolment.

2.2. Statistical analysis

Efficacy and baseline characteristics were analysed in the

intent-to-treat population defined as all patients rand-

omised to study treatment. Safety end-points were

http://creativecommons.org/licenses/by-nc-nd/4.0/
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analysed in the safety population, based on the treat-

ment received rather than assigned. The enzalutamide

and placebo treatment groups were compared.

KaplaneMeier curves were provided for each subgroup,

and a stratified Cox regression model was used to esti-

mate hazard ratios (HR) with associated 95% confidence

intervals (CIs). The Cox analysis stratification factors

included Eastern Cooperative Oncology Group (ECOG)
performance status (PS; 1 vs 0), log (PSA) levels,

PSADT (<6 months vs �6 months) and subsequent

therapy (yes vs no). Subsequent therapy was not a time-

dependent variable. Common prognostic factors were

selected and defined in the study protocol based on

potential associations with OS, and the significance of

these factors and patient subgroups (age and region)

impacting OS was determined by multivariate Cox-
proportional analysis. Exposure-adjusted adverse event
Table 1
Patient demographics by region.

Europe,

n Z 690

Nort

Ame

n Z

Age category, no. (%)

<70 years 217 (31.4) 67 (3

�70 years 473 (68.6) 137 (

Age, median, years 73.0 73.0

Race, no. (%)

Asian 0 (0) 8 (3.

Black or

African

American

5 (0.7) 14 (6

White 564 (81.7) 179 (

Other 6 (0.9) 2 (1.

Missinga 115 (16.7) 1 (0.

Weight, median, kg 84.5 88.4

BMI, median, kg/m2 28.2 28.7

Baseline ECOG

0 555 (80.4) 173 (

1 134 (19.4) 31 (1

>1 0 (0) 0 (0)

Missingb 1 (0.1) 0 (0)

PSA doubling time

<6 months 73.9% 76.0%

�6 months 25.9% 24.0%

Median, months 3.9 3.7

Range 0.4e71.8 0.5e
Serum PSA, ng/mL

Median 11.4 9.6

Alkaline phosphatase,

U/L

Median 71.0 72.0

Range 27.0e257.0 24.0e

Prior therapies

received, no. (%)

Bicalutamide 390 (56.9) 111 (

Flutamide 62 (9.1) 10 (4

Otherc 340 (49.6) 119 (

BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; PS
a Data were not collected in all countries.
b Data were not reported for one patient.
c ‘Other’ prior therapies included but not limited to the following: cypro

nilutamide. Data cutoff date was 15th October 2019.
rates per 100 patient-years were calculated as the num-

ber of events/total patient-years of exposure for the

treatment group x100.

3. Results

3.1. Baseline patient characteristics

From 26th November 2013 to 28th June 2017, 1401

adult men with nmCRPC were randomised 2:1 to

receive either 160 mg/day enzalutamide plus ADT

(n Z 933) or placebo plus ADT (n Z 468) in the

PROSPER study. Among the 1401 patients, the median

age was 74 years (range, 50e95 years), 425 were aged

<70 years (enzalutamide, n Z 274; placebo, n Z 151),
and 970 were aged �70 years (enzalutamide, n Z 656;

placebo, nZ 314). Six patients did not receive treatment
h

rica,

204

Asia,

n Z 216

Rest of world,

n Z 291

2.8) 65 (30.1) 78 (26.8)

67.2) 151 (69.9) 213 (73.2)

73.5 75.0

9) 216 (100.0) 8 (2.7)

.9) 0 (0) 13 (4.5)

87.7) 0 (0) 251 (86.3)

0) 0 (0) 19 (6.5)

5) 0 (0) 0 (0)

68.0 83.0

24.8 28.5

84.8) 178 (82.4) 223 (76.6)

5.2) 38 (17.6) 67 (23.0)

0 (0) 0 (0)

0 (0) 1 (0.3)

81.9% 80.1%

18.1% 19.9%

3.1 3.8

14.7 0.7e9.8 0.4e24.7

8.0 12.4

77.0 74.0

149.0 35.0e153.0 21.0e156.0

54.4) 154 (71.3) 133 (45.9)

.9) 39 (18.1) 35 (12.1)

58.3) 92 (42.6) 198 (68.3)

A, prostate specific antigen.

terone; denosumab; dexamethasone; diethylstilbestrol; docetaxel and



Table 2
Patient demographics by age subgroup.

<70 years �70 years

Enzalutamide, n Z 275 Placebo, n Z 53 Enzalutamide, n Z 658 Placebo, n Z 140

Age, years

Median 65.0 64.0 77.7 76.5

Range 50.0e69.0 53.0e69.0 70.0e95.0 70.0e92.0
Race, no. (%)

Asian 14.2 22.6 15.7 24.3

Black or African American 3.3 3.8 2.0 3.6

White 75.6 67.9 70.7 64.3

Other 0.7 0.0 1.1 1.4

Missinga 6.2 3.8 9.1 4.3

Weight, median, kg 87.2 85.5 81.0 81.0

BMI, median, kg/m2 28.5 29.1 27.4 27.1

Baseline ECOG, (%)

0 246 (89.5) 42 (79.2) 501 (76.1) 107 (76.4)

1 28 (10.2) 11 (20.8) 157 (23.9) 32 (22.9)

>1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Missingb 1 (0.4) 0 (0.0) 0 (0.0) 1 (0.7)

Baseline use of bone-targeting

agents, (%)

No 242 (88.0) 50 (94.3) 583 (88.6) 127 (90.7)

Yes 32 (11.6) 3 (5.7) 73 (11.1) 13 (9.3)

PSA doubling time

<6 months 224 (81.5%) 44 (83.0%) 490 (74.5%) 114 (81.4%)

�6 months 51 (18.5%) 9 (17.0%) 167 (25.4%) 26 (18.6%)

Median, months 3.3 3.0 3.9 3.4

Range 0.7e28.9 0.6e9.6 0.4e37.4 0.5e14.7
Serum PSA, ng/mL

Median 8.3 11.1 12.4 12.5

Alkaline phosphatase, U/L

Median 76.0 75.0 72.0 74.0

Range 33.0e189.0 43.0e132.0 21.0e183.0 35.0e257.0

a Data were not collected in all countries. b Data were not reported for one patient. Data cutoff date was 15th October 2019.

BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; PSA, prostate specific antigen.
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and were not included in the post hoc multivariate

analysis. Eighty-seven patients in placebo groups during

the initial study period were subsequently treated with

enzalutamide during the open-label extension (crossover
population: <70 years, n Z 28; �70 years, n Z 59).

Patient demographics and disease characteristics,

including age, age distribution and baseline ECOG

status, were well balanced between treatment groups

and regions (Table 1). Patients in Asia had lower

average weight and body mass index compared with

other regions (68 kg vs 83e88 kg and 25 kg/m2 vs

w29 kg/m2, respectively). Patients from the ROW were
older (median age, 75 years) and presented with worse

ECOG scores than other regions. Compared with

younger men (<70 years), men aged �70 years presented

more commonly with ECOG scores of �1 (22.9% vs

10.2%) and had higher median PSADT (3.9 months vs

3.0 months) (Table 2). Use of prior therapeutic

medication �1 month before randomisation differed by

regions, with prior bicalutamide use comparatively
higher in Asia (71.3%) than in Europe and North

America (56.9% and 54.4%, respectively) and
comparatively lower in the ROW (45.9%). The use of

flutamide was low, irrespective of regions (Table 1).

3.2. Multivariate analysis of overall survival by subgroups

The final analysis of PROSPER demonstrated improved

survival with enzalutamide in the overall patient popu-

lation (HR, 0.73; 95% CI 0.61e0.89; P Z 0.001) [8]. In

this post hoc analysis, the prognostic value of age, region

and other baseline characteristics on OS was assessed
with a multivariate analysis (Table 3). The benefit of

enzalutamide on OS was not observed in patients aged

�70 years versus <70 years (PZ 0.063). Patients treated

with enzalutamide received less subsequent therapies

than those in the placebo group (34.2% vs 66.2%). OS

decreased for those who received subsequent

therapies versus those who did not (HR, 2.5; 95% CI

2.1e3.1; P < 0.0001), possibly owing to the presence of
more aggressive disease requiring additional treatment.

Similarly, reduced OS correlated with higher ECOG PS

(HR, 1.728; 95% CI 1.402e2.130; P < 0.0001) and log

(PSA) values (HR, 1.185; 95% CI 1.085e1.293;



Table 3
Multivariate Cox proportional analysis of overall survival.

Placebo, n Z 465 Enzalutamide, n Z 929 HR (95% CI) P value

Patients with an event, no. (%) 177 (38.1) 285 (30.7)

Patient years at risk 1502.9 3208.8

Baseline characteristic

ECOG PS (1 vs 0) 1.728 (1.402e2.130) <.0001

Prior bicalutamide use (yes vs no) 0.906 (0.705e1.095) 0.3065

Albumin 0.971 (0.936e1.007) 0.1152

Haemoglobin 0.995 (0.986e1.004) 0.2475

Log (PSA) 1.185 (1.085e1.293) 0.0002

PSA doubling time (�6 months vs <6 months) 0.892 (0.711e1.118) 0.3209

Asia vs North America 1.164 (0.824e1.644) 0.3883

Europe vs North America 0.940 (0.712e1.241) 0.6617

ROW vs North America 1.114 (0.822e1.509) 0.4872

Age (�70 years vs <70 years) 1.231 (0.989e1.533) 0.0633

Post-baseline characteristic

Subsequent therapy (yes vs no) 2.543 (2.087e3.098) <.0001

The P values noted in bold indicate influence on OS. Hazard ratios (95% CIs) are from a multivariate Cox proportional hazards model with the

covariates above. Data cutoff date was 15th October 2019.

CI, confidence internal; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; OS, overall survival; PSA,

prostate-specific antigen; ROW, rest of world.
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P < 0.0001), but OS was not affected by prior use of

bicalutamide, age, PSADT or region.

3.3. Subsequent therapy

To gain insight into factors driving outcomes across

subgroups, trends in subsequent therapy use were

examined in the safety population patients (n Z 606)

who discontinued study treatment. Younger patients
(<70 years) more commonly used �1 subsequent ther-

apy compared with older patients (�70 years; 77.8% vs

57.0%) (Table 4). The most common treatments among

younger and older age groups were next-generation anti-

androgens (54.9% and 43.2%) and chemotherapy (63.6%

and 32.0%), respectively (Supplemental Table 1).

One-third of patients in both age groups received a

single subsequent therapy (<70 years, 33.3% and �70
years, 33.8%), whereas use of a second subsequent

therapy (Table 4) was nearly twice as common in

younger patients (37.0%) than in older patients (20.0%).

Regional trends were also observed in subsequent ther-

apy use. More patients in Asia and ROW received a

single subsequent therapy (38.4% and 43.6%, respec-

tively) compared with patients in North America

(27.0%) and Europe (28.0%) (Table 4). The proportion
Table 4
Trends in therapy use following study discontinuation.

<70 years,

n Z 162

�70 ye

n Z 4

Patients taking �1

subsequent antineoplastic therapy, no. (%)

126 (77.8) 253 (5

One type of therapy 54 (33.3) 150 (3

Two types of therapies 60 (37.0) 89 (20

Three types of therapies 8 (4.9) 9 (2.0)

ROW, rest of world.
of patients receiving two subsequent therapies were

similar across regions. Regardless of regions, the first

and second most frequently used subsequent therapies

were endocrine therapy and chemotherapy.

The proportion of placebo patients who crossed over

to enzalutamide after study unblinding (n Z 87) was

similar across age and region (overall 18.7%; range

16.5%e23.9%). Cross-over patients were omitted from
analyses of subsequent therapies when assessing age-

related and regional variations in access to therapies

other than enzalutamide.

3.4. Safety

In both age groups, patients treated with enzalutamide

were on treatment for longer compared with those in the

placebo group. Any-grade treatment-emergent adverse
events (TEAEs) were similar across age groups, were

more common in the placebo group than in the group

treated with enzalutamide and had regional

variation (Fig. 1A). Exposure-adjusted grade �3 TEAEs

and serious TEAEs were more common among older

patients than younger patients in both treatment groups

(Fig. 1A). Older patients (aged �70 years) in both

treatment groups also experienced 1) exposure-adjusted
ars,

44

Europe,

n Z 265

North America,

n Z 89

Asia,

n Z 112

ROW,

n Z 140

7.0) 156 (58.9) 54 (60.7) 76 (67.9) 93 (66.4)

3.8) 76 (28.0) 24 (27.0) 43 (38.4) 61 (43.6)

.0) 71 (26.8) 21 (23.6) 27 (24.1) 30 (21.4)

7 (2.6) 8 (9.0) 1 (0.9) 1 (0.7)



a

b

Fig. 1. Exposure-adjusted AEs by subgroup. (a) Age (<70 years vs ‡70 years) and (b) region (North America, Europe, Asia and ROW). AE,

adverse event; ENZA, enzalutamide; PBO, placebo; ROW, rest of world; TEAE, treatment-emergent adverse event.
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TEAEs as the primary reason for treatment discontinu-

ation, 2) TEAEs leading to study drug dose reduction, 3)

exposure-adjusted TEAEs leading to study drug

discontinuation and 4) exposure-adjusted TEAEs leading
to death. Overall, exposure-adjusted TEAEs reported

across regions were similar in both treatment groups

(Fig. 1B). Exposure-adjusted grade �3 TEAEs and

serious TEAEs in the placebo group were more common

in Asia than in other regions. These differences were not

observed in the enzalutamide group (Fig. 1B).

Patients treated with enzalutamide aged �70 years

experiencedmore exposure-adjusted falls per 100 patient-
years (100PYs; 7.2 vs 3.8) and fractures (7.2 vs 4.3) than
placebo. These differences were decreased among the<70

years enzalutamide and placebo groups (falls: 4.1 vs 4.2;

fractures: 4.6 vs 5.3) (Fig. 2A). Patients treated with

enzalutamide reported higher rates of exposure-adjusted
cognitive impairments than those in the placebo group,

in both the older (2.6 vs 2.0) and younger patients (3.3 vs

0.5). Regional variations in exposure-adjusted TEAEs

were also observed. Patients in North America exhibited

higher rates of falls and musculoskeletal events in both

study groups than other regions (Fig. 2B). Increases in

hypertension among patients treated with enzalutamide

in Asia versus those in the placebo group (5.4 vs 0.0 per
100PYs) were also observed.



a

b

Fig. 2. Exposure-adjusted AEs of interest by subgroup. (a) Age (<70 years vs ‡70 years) and (b) region (North America, Europe, Asia, and

ROW). AE, adverse event; CV, cardiovascular; ENZA, enzalutamide; PBO, placebo; ROW, rest of world.
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4. Discussion

This post hoc subgroup analysis of PROSPER examined

the impact of age and region on the OS benefits and safety

of enzalutamide treatment in men with nmCRPC and
rapidly rising PSA, to better understand the role of de-

mographics on outcomes of enzalutamide treatment. OS

benefit of enzalutamide was not impacted by age, region,

prior bicalutamide treatment or PSADTbut was sensitive

to ECOG PS, log (PSA) and subsequent therapy use.
Patient characteristics were similar across subgroups.

Demographic differences included lower median weight

and body mass index among patients from Asia versus

other regions and higher ECOG PS in patients aged �70

years and patients from ROW (Table 1, Table 2). Black

men accounted for 4.5% of patients enrolled in the

PROSPER study. Potential reasons for low enrolment
into this and other clinical trials may include a lack of

awareness, socioeconomic and cultural factors. In the

multivariate analysis, ECOG PS, log (PSA) and
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subsequent therapy emerged as factors significantly

impacting OS. The influence of subsequent therapy on

OS observed here may represent variations in treatment

strategies used with patients from different demographic

groups. For example, reduced use of subsequent therapy

among older patients may reflect a reduced tolerance for

additional treatment regimens among ageing pop-

ulations (Table 4) [15,17,18]. The influence of ECOG
PS, log (PSA) and subsequent therapy as prognostic

factors may produce shifts in OS observable on a larger

scale. Here, the small decrease in the effect of enzalu-

tamide on OS observed in the ROW population

(Supplemental Fig. 1) may be explained by a combina-

tion of the less favourable ECOG PS scores and a higher

rate of subsequent therapy use recorded for men from

that region (Table 1).
Safety data from age and regional subgroups were

consistent with previous reports [19,20]. In both treat-

ment groups, older patients experienced more TEAEs,

including exposure-adjusted grade �3 TEAEs, serious

TEAEs, fatigue and select cardiovascular events,

compared with younger patients. In addition, fractures,

falls and cognitive impairments were more common in

the older population and are recognised health concerns
for the elderly [21]. The increased rate of falls with

enzalutamide among older patients observed here and

previously [22] suggests that enzalutamide may com-

pound existing risk. However, outcome benefits of

enzalutamide for older patients are clear [22,23], and

strategies for reducing falls, including assessments of

bone health and fall risk factors, lifestyle and nutritional

recommendations by specialists, could minimise the risk
of fall injury. In addition, better, earlier use of bone-

targeting agents may minimise the risk of skeletal

complications in men with CRPC [24]. Analysis of safety

signals revealed that patients in the placebo group

experienced more exposure-adjusted TEAEs

than patients treated with enzalutamide, regardless of

location (Fig. 2B). Similar trends were observed in rates

of grade �3 and serious TEAEs: the higher rates of
TEAEs in the placebo group (Fig. 1) raise the possibility

that effects attributed to treatment are in fact disease

comorbidities improving after exposure to

enzalutamide.

The primary analysis of PROSPER demonstrated

prolonged MFS, PSA progression and use of subsequent

therapy in men with nmCRPC and rapidly rising PSA

when being treated with enzalutamide versus placebo.
Another recent analysis has documented a significant

OS increase from 56.3 months to 67.0 months with

enzalutamide treatment [8]. Here, enzalutamide treat-

ment has been associated with reduced risk of metastasis

or death across age and regional subgroups. The safety

profile reported in the primary analysis of PROSPER

was consistent with other studies and included higher

frequency of hypertension, myocardial infarction,
fatigue, falls and fractures with enzalutamide plus ADT

versus placebo [6]. However, after adjustment for

exposure, the rates of TEAEs per 100PYs were similar in

the two treatment groups, with increased frequency of

falls and fractures in the enzalutamide group (Fig. 1).

This post hoc analysis extends the findings of PROSPER

by demonstrating a reduced risk of death with enzalu-

tamide treatment irrespective of age or geographic re-
gion. However, as the analysis presented here is post hoc

in nature, the results are exploratory and should be

interpreted with caution. A visual abstract

(Supplementary Fig. 2) and summary video of the

analysis have been included.

Supplementary video related to this article can be

found at https://doi.org/10.1016/j.ejca.2021.10.015

In conclusion, enzalutamide significantly extended

OS in men with nmCRPC, irrespective of age and re-

gion. Significant impacts on OS were exerted by ECOG

status, log (PSA) and subsequent therapy use. Patients

aged �70 years treated with enzalutamide were subject

to increased risk of exposure-adjusted falls and fractures

in comparison with those in the placebo group and

younger patients, whereas safety across regions was
generally consistent.
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