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Abstract: Enzalutamide was the first novel androgen receptor signaling inhibitor to demon-
strate an overall survival benefit in non-metastatic and metastatic castration-sensitive prostate 
cancer (CSPC). It has emerged as one of the most commonly prescribed oral prostate cancer 
therapies (ARSI) by medical oncologists and urologists. Amongst a panoply of treatment 
options for metastatic CSPC, safe and effective utilization of enzalutamide dictates a detailed 
understanding of alternative therapy options and competing toxicity profiles. Ongoing research 
supports the potential for expanded enzalutamide use in earlier disease states, in combination 
with other systemic agents and as monotherapy (without androgen deprivation therapy). 
Optimal application of enzalutamide will ultimately require greater insight and attention to 
mitigating strategies for treatment-associated fatigue, cognitive impairment, and functional 
decline. This publication will comprehensively analyze the clinical evidence and guiding 
principles of enzalutamide use in CSPC. We will also provide a critical review of ongoing 
and future ARSI research focusing on pharmacologic approaches to overcome treatment 
resistance and strategies to improve treatment-associated functional impairment. 
Keywords: enzalutamide, prostate cancer, castration-sensitive, toxicity

Introduction
Metastatic castration-sensitive prostate cancer (mCSPC) was historically mana-
ged with androgen deprivation therapy (ADT); either surgical castration, gona-
dotropin agonists, or gonadotropin antagonists, frequently combined with first- 
generation androgen receptor (AR) antagonists (ie, bicalutamide).1–3 Despite 
extensive investigation of first-generation combination androgen blockade, over-
all survival (OS) benefit was never established with patients inevitably progres-
sing to castration-resistant prostate cancer (CRPC), generally in 12 to 18 
months.2,4,5 Novel combination therapies have recently emerged as the standard 
of care with docetaxel, abiraterone acetate (AA), apalutamide, and enzalutamide 
all demonstrating progression-free and overall survival benefits compared to 
ADT alone. As a result, median OS (mOS) for mCSPC now approaches 5 
years compared to less than 4 years in the pre-CHAARTED era.6–12 The 
therapeutic landscape of mCSPC offers a panoply of options for contemporary 
oncologists but also demands personalized treatment selection and sequencing 
often based on imperfect data for guidance.
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Enzalutamide is a second-generation AR antagonist 
which, unlike first-generation antagonists, interrupts sev-
eral key components of AR signaling: androgen binding to 
the AR, nuclear translocation of activated AR, and binding 
of activated AR with DNA.13,14 It was the first second- 
generation AR antagonist approved by the FDA, initially 
in combination with ADT for post-chemotherapy meta-
static CRPC (mCRPC), then pre-chemotherapy mCRPC, 
non-metastatic (M0) CRPC15 and, now, as first-line ther-
apy in mCSPC.12 It has also emerged as the most com-
monly prescribed androgen receptor signaling inhibitor 
(ARSI: includes enzalutamide, apalutamide, and daroluta-
mide) or androgen synthesis inhibitor (ASI: includes 
AA)16 favored by many prescribers aiming to avoid AA 
associated side effects of hepatotoxicity, mineralocorticoid 
excess, glucocorticoid deficiency, and steroid-induced 
insulin resistance in patients at risk. Enzalutamide use is 
limited by its own class-specific side effects including 
hypertension, reduced seizure threshold, fatigue, falls, 
and cognitive impairment. The latter three side effects 
are more pronounced in elderly patients, who constitute 
a large percentage of the prostate cancer population, and 
have the potential to dramatically impact quality of life 
(QOL) and safety.17–20

A detailed understanding of enzalutamide is essential to 
high-quality care of metastatic prostate cancer. This pub-
lication will comprehensively analyze the clinical evi-
dence supporting use of enzalutamide in CSPC. We will 
also outline the guiding principles for treatment selection 
in mCSPC with a focus on minimizing side effect risk and 
preserving QOL. Finally, we will review ongoing and 
future ARSI and ASI research focusing on pharmacologic 
approaches to overcome resistance and lifestyle strategies 
to improve treatment-associated functional impairment. 

Early Development of Enzalutamide
In an attempt to overcome molecular mechanisms of cas-
tration resistance, MDV3100 (later labeled enzalutamide) 
was developed as a nonsteroidal antiandrogen compound 
with 5- to 8-fold greater affinity for AR compared to 
bicalutamide and only 2- to 3-fold reduced affinity relative 
to native dihydrotestosterone. In addition to competitive 
antagonism, this compound was found to attenuate the 
efficiency of AR nuclear translocation while impairing 
both DNA binding to androgen response elements and 
recruitment of coactivators.13,14 Partial agonism or ago-
nist-to-antagonist switch, as seen with bicalutamide, was 

not apparent with MDV3100, likely due to a unique struc-
tural configuration within the ligand-binding 
domain.13,21,22 Additional pre-clinical studies of 
MDV3100 demonstrated decreased proliferation and 
increased death of prostate cancer cells, tumor regression 
in castration-resistant xenograft models13,22, and persistent 
in vitro activity in the setting of AR splice variants such as 
AR-V7/AR3,23 although this latter claim has not been 
clinically apparent.24

The first Phase I/II study of enzalutamide opened in 
July 2007 in men with mCRPC, chemotherapy refractory 
or naïve. Dose escalation from 30 to 600 mg was per-
formed establishing time to maximum concentration 
between 30 min and 4 h, a half-life of approximately 
1-week, linear pharmacokinetics, and a 240 mg maximum 
tolerated dose for sustained treatment. Pre- and post- 
therapy FDHT-PET was performed as a marker of AR 
saturation by enzalutamide. Patients receiving 60 mg 
per day had a smaller reduction in FDHT uptake compared 
to higher doses. The proportion of patients showing pros-
tate-specific antigen (PSA) decline was dose-dependent 
from 30 mg to 150 mg per day, with no observable benefit 
for doses exceeding this threshold. Based on this PSA 
response trend, 160 mg daily was designated for Phase 
III testing. Radiographic partial response was seen in 22% 
of patients, disease control rate was 71%, and median time 
to PSA progression in chemotherapy-naïve patients was 41 
weeks (95% confidence interval [CI], 29–61). Dose- 
dependent fatigue was the most common grade 3–4 
adverse event and 2% of patients experienced seizure, 
but none below the 360 mg per day threshold.25

It is important to recognize that the development of 
enzalutamide occurred in the context of mCRPC, specifi-
cally aiming to overcome resistance to ADT monotherapy. 
Enzalutamide demonstrates high affinity for AR, competi-
tively overcoming well-described mechanisms of castra-
tion resistance including AR overexpression, extragonadal 
testosterone synthesis, and acquired sensitivity to non- 
androgen ligands. Enzalutamide also inhibits AR nuclear 
translocation and binding with elements of transcription. 
The therapeutic advantage of early enzalutamide use in 
CSPC mechanistically remains poorly understood. One 
possibility is that more complete inhibition of AR signal-
ing delays the emergence of castration resistance mechan-
isms. Molecular changes in response to ADT monotherapy 
may also prime prostate cancer cells to respond less favor-
ably to enzalutamide in the castration-resistant setting (ie, 
AR splice variants, mutations in the ligand-binding 
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domain, or upregulation of non-AR mediated signaling 
pathways). Further research addressing this topic is critical 
to best optimize the use of enzalutamide in CSPC and 
support the development of next-generation 
pharmacotherapies.

Enzalutamide in mCRPC
The AFFIRM trial was the first phase III randomized study 
to investigate enzalutamide in mCRPC. One thousand one 
hundred and ninety-nine men previously exposed to doc-
etaxel were randomized in a 2:1 fashion to enzalutamide 
160 mg daily or placebo with a primary endpoint of OS. 
The study was interrupted after a planned interim analysis 
at which time superior mOS was observed in the enzalu-
tamide arm – 18.4 months (95% CI, 17.3 – not reached) vs 
13.6 months (95% CI, 11.3–15.8) (hazard ratio [HR] for 
death in the enzalutamide group, 0.63; P<0.001). 
Enzalutamide outperformed with respect to all secondary 
endpoints including PSA response (at least 50% reduction 
in PSA: 54% vs 2%; P<0.001), soft tissue radiographic 
response rate (29% vs 4%; P<0.001), time to the first 
skeletal-related event (16.7 vs 13.3 months; HR, 0.69; 
P<0.001) and QOL (at least 10 point improvement in 
FACT-P: 43% vs 18%, P<0.001).26 Similar results were 
later reported in a chemotherapy-naïve population with the 
PREVAIL trial reporting a 12-month radiographic progres-
sion-free survival (rPFS) rate of 65% compared to 9% in 
the placebo group (HR, 0.19; P<0.001) and an absolute 
reduction in the risk of death at planned interim analysis of 
72% vs 63% (HR, 0.71; P<0.001).27 mOS was later 
reported to favor enzalutamide with an HR of 0.77 
(P=0.0002) corresponding to 35.3 months (95% CI, 
32.2 – not yet reached) in the enzalutamide arm and 31.3 
months (95% CI, 28.8–34.2) for placebo. As high as 
29.5% of patients in the placebo arm subsequently 
received enzalutamide.28

The PROSPER trial was the first phase III study to 
report utility of an ARSI in M0 CRPC (increasing PSA 
level following definitive prostatectomy or radiation ther-
apy without radiographic evidence of metastasis on con-
ventional imaging and a testosterone level less than 50 ng/ 
dL). One thousand four hundred and one patients with M0 
CRPC and a PSA doubling time of 10 months or less were 
randomized to either enzalutamide 160 mg daily or pla-
cebo (in combination with a GnRH agonist/antagonist). 
The primary endpoint of median metastasis-free survival 
favored enzalutamide with a corresponding HR of 0.29 
(P<0.001) - 36.6 months (95% CI, 33.1 – not reached) vs 

14.7 months (95% CI, 14.2–15.0). mOS was later reported 
at 67.0 months for the enzalutamide group (95% CI, 64.0 – 
not reached) and 56.3 months (95% CI, 54.4–63.0) for 
placebo (HR, 0.73; P=0.001).15,29 Patient-reported out-
comes (PROs) were superior for enzalutamide, specifi-
cally, time to pain progression (HR 0.62; p<0.0001) and 
health-related QOL (HR for median time to deterioration 
in FACT-P total score; 0.62; p<0·0001).29,30 Apalutamide 
and darolutamide were subsequently approved for M0 
CRPC in 2018 and 2019 demonstrating similar outcomes 
in their respective phase III studies.31,32

Combination Therapy Options for 
mCSPC: A Rapidly Evolving 
Landscape
mCSPC Pre-Enzalutamide
GnRH agonist/antagonist, surgical castration, or a first- 
generation AR antagonist (bicalutamide, flutamide, or 
nilutamide) was the standard of care for mCSPC from 
the late 1980s until 2015. Combination ADT and first- 
generation AR antagonists were explored in approxi-
mately 30 randomized trials conducted primarily during 
the 1990s. Despite sound biologic rationale, superiority 
of combination androgen blockade compared to ADT or 
AR antagonist monotherapy was never definitively estab-
lished with respect to survival, safety, QOL, and cost- 
effectiveness.33

The landmark CHAARTED trial was the first study to 
establish life-prolonging potential of multiagent therapy in 
mCSPC reporting a 13.6-month mOS advantage with ADT 
plus 6 cycles of docetaxel compared to ADT alone – mOS 
57.6 vs 44.0 months (HR 0.61; 95%, CI 0.47–0.80; P<0.001). 
Docetaxel’s OS benefit was further supported by arm C of the 
STAMPEDE trial6 but not GETUG-AFU 15, likely attribu-
table to smaller sample size, lower statistical power, and 
a higher proportion of patients with low-volume disease.34 

Across all three studies, the safety profile of docetaxel was 
acceptable with grade 3–4 febrile neutropenia occurring in 
approximately 6–15% of patients and peripheral neuropathy 
reported in no more than 3% of patients.6,7,34

In 2017, abiraterone acetate emerged as the first ASI to 
receive FDA approval in mCSPC. The placebo-controlled, 
Phase 3 LATITUDE trial randomly assigned 1199 patients 
with high-risk mCSPC, defined as a Gleason score of 8 or 
more, at least three bone lesions or presence of measurable 
visceral metastasis (at least 2 of 3 criteria met), to AA 
1000 mg daily with prednisone 5 mg twice daily and 
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a GnRH agonist/antagonist or GnRH agonist/antagonist 
alone. Markedly improved mOS was observed in the AA 
group – 53.3 months (95% CI, 48.2 – not yet reached) AA 
arm vs 36.5 months (95% CI, 33.5–40.0) placebo arm 
(HR, 0.62; P<0.001). mPFS was reported at almost 3 
years - 33.0 months in the AA group vs 14.8 months in 
the placebo group (HR, 0.47; 95% CI, 0.39–0.55; 
P<0.001).8 These findings were later confirmed by 
STAMPEDE arm G in which the AA arm demonstrated 
a 3-year survival rate of 83% compared to 76% in the 
ADT-alone group (HR, 0.63; P<0.001). As in the 
STAMPEDE arm C analysis (docetaxel), high risk loca-
lized and lymph node positive, non-nonmetastatic patients 
were included, as well.9

Enzalutamide in mCSPC
With positive results from AFFIRM, PROSPER and 
PREVAIL in addition to AA showing superior outcomes 
when advanced to the castration-sensitive setting, the 
ENZAMET research collaborative conducted an interna-
tional multicenter, phase III trial in which 1125 men with 
mCSPC were randomized to receive testosterone suppres-
sion with either enzalutamide or a standard nonsteroidal 
AR antagonist (bicalutamide, nilutamide, or flutamide). 
Early administration of docetaxel per CHAARTED, con-
comitant with enzalutamide or a standard nonsteroidal AR 
antagonist, was permitted and included as a pre-specified 
stratification factor. High-volume disease was present in 
52% of patients and six cycles of docetaxel were adminis-
tered to 65% and 76% of patients in the enzalutamide and 
standard of care groups, respectively.12

At the first interim analysis, ENZAMET data was 
unblinded to reveal superior 3-year OS for enzalutamide 
as estimated by the Kaplan–Meier method: 80% vs 72% 
(HR, 0.67; P=0.002). PSA PFS and clinical PFS at 3 years 
for enzalutamide compared to standard of care were 67% 
vs 37% (HR, 0.39; P<0.001) and 68% vs 41% (HR, 0.40; 
P<0.001). The OS and PFS impact of enzalutamide was 
less among patients with planned early docetaxel (HR for 
OS, 0.90; P = 0.04) and high-volume disease (HR for OS, 
0.90; P = 0.04). As high as 44.1% of patients in the control 
arm were administered enzalutamide on progression. As 
high as 57% and 45% of patients in the enzalutamide and 
standard of care arms experienced grade 3–5 adverse 
events with neutropenic fever (7% and 6%), hypertension 
(8% and 4%), and fatigue (6% and 1%) reported most 
commonly. Seizures occurred in 1% of patients receiving 
enzalutamide with grade 3–5 cardiovascular adverse 

events occurring in 0–1% of patients in both arms. 
Clinically significant fatigue was reported in 25% of 
patients in the enzalutamide group and 14% of the stan-
dard-care arm. The frequency of serious adverse events 
per person-year of exposure to a trial regimen was similar 
in the two groups (0.34 vs 0.33).12

ARCHES randomized 1150 men with low- and high- 
volume mCSPC to receive ADT plus enzalutamide or 
placebo. Participants were prospectively stratified by dis-
ease volume and prior docetaxel per CHAARTED. Unlike 
ENZAMET, the primary endpoint was rPFS and concur-
rent docetaxel was not allowed. Enzalutamide significantly 
reduced the risk of radiographic disease progression com-
pared to placebo by 61% (HR, 0.39; P <0 0.001). Time to 
PSA progression (HR, 0.19; P <0 0.001), next line anti-
neoplastic therapy (HR, 0.28; P <0 0.001) and sympto-
matic skeletal events (HR, 0.52; P <0 0.026) all favored 
enzalutamide and toxicity profile was similar to that 
reported by ENZAMET. QOL metrics were alike between 
treatment groups including risk of deterioration of urinary 
symptoms (HR, 0.88; P=0.2162) and time to deterioration 
in QOL as assessed by FACT-P (HR, 0.96; P=0.6548).11 

On December 17th, 2019, enzalutamide, in combination 
with a GnRH agonist/antagonist or surgical castration, was 
awarded FDA approval for men with mCSPC, regardless 
of prior docetaxel status.

Apalutamide in mCSPC
TITAN was a phase III clinical trial that randomized 1052 
men with mCSPC to receive either apalutamide 240 mg 
daily or placebo in combination with ADT. High- and low- 
volume disease was included in addition to patients who 
had received up to 6 cycles of docetaxel per CHAARTED, 
accounting for 10.7% of the study cohort. The primary 
endpoint of rPFS or death favored the apalutamide arm 
with 68.2% of patients demonstrating rPFS at 24 months 
compared to 47.5% of the placebo group (HR, 0.48; 95% 
CI, 0.39–0.60; P<0.001). Twenty-four-month OS was 
superior in the apalutamide group – 82.4% vs 73.5% 
(HR, 0.67; 95% CI, 0.51 to 0.89; P<0.001). Subgroup 
analysis demonstrated similar survival impact for patients 
with low- and high-volume disease (HR for death, 0.67 
and 0.68; 95% CI 0.34–1.32 and 0.50–0.92) while prior 
docetaxel use demonstrated a statistical trend toward 
worse survival (HR for death,1.27; 95% CI 0.52–3.09). 
QOL was similar between groups – median time to FACT- 
P deterioration 8.87 months (95% CI, 4.70–11.10) in the 
apalutamide group and 9.23 months (95% CI, 7.39–12.91) 
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for placebo (HR 1.02; 95% CI 0.85–1.22; P=0.85). The 
seizure rate with apalutamide was 0.6%. FDA approval for 
apalutamide in mCSPC was awarded in September 2019.10 

For a summary of mCSPC combination systemic therapy 
trials please see Table 1.

Combination Therapy Selection in 
mCSPC
Phase III, prospective clinical trials comparing combina-
tion therapies in CSPC have yet to be completed. Barriers 
to the execution of such studies are considerable, namely 
competing pharmaceutical industry interest and long time 
to completion. ARASENS is an ongoing international 
phase III clinical trial comparing darolutamide and daro-
lutamide plus docetaxel in mCSPC.35 This study has com-
pleted accrual with results pending read-out.

Albeit fraught with methodologic limitations, retrospec-
tive studies have been performed comparing AA and enza-
lutamide with no statistically significant difference in OS 
seen in the castration-resistant setting.36–38 A Phase II, mul-
ticenter, randomized crossover trial comparing AA followed 
by enzalutamide on progression or the opposite sequence for 
patients with mCRPC observed superior time to second PSA 
progression with AA first – median 19.3 months (95% CI, 
16.0–30.5) vs 15.2 months (95% CI, 11.9–19.8) (HR, 0.66; 
P=0.036). PSA response to second-line therapy occurred in 
36% patients for enzalutamide and 4% for AA (χ2 
p<0.0001). There was a trend toward superior OS in the 
abiraterone acetate first arm but, consistent with retrospec-
tive data. However, this result did not meet statistical sig-
nificance – mOS 28.8 months (95% CI, 25.4 – not reached) 
for the AA first arm vs 24.7 months (95% CI, 18.8–34.0) for 
the enzalutamide first arm (HR, 0.79; P=0.23).39 

Acknowledging the statistical perils of cross-study compar-
ison, a systematic review of docetaxel, AA, and enzaluta-
mide mCSPC trials reported no difference in OS.40 In the 
absence of high-quality efficacy data to differentiate survival 
outcomes for docetaxel, AA, enzalutamide, and apaluta-
mide, systemic therapy selection for CSPC is primarily 
informed by side effect profile and patient preference.

Docetaxel vs Combination Hormonal 
Therapy
Docetaxel use may be informed by metastatic volume in 
mCSPC. However, this relationship remains controversial. 
Sixty-six percent of subjects met criteria for high-volume 
disease in CHAARTED and this population exhibited 

superior mOS improvement compared to the overall trial 
population – 49.2 vs 32.2 months (17 month differential) 
for high-volume disease (HR, 0.60; 95% CI, 0.45–0.81; 
P<0.001) and 57.6 vs 44.0 months (13.6 month differen-
tial) for the overall trial population (HR, 0.61; 95% CI, 
0.47–0.80; P<0.001).7 CHAARTED was not adequately 
powered to assess the interaction between docetaxel 
response and disease volume. Furthermore, a meta- 
analysis of front-line docetaxel trials failed to support 
superior overall survival for high-volume disease – high- 
volume HR, 0.67 (95% CI, 0.51–0.88) vs low-volume HR, 
0.80 (95% CI, 0.49–1.32).41

Side effect profile and QOL metrics generally favor 
ARSIs and ASIs compared to docetaxel during the on- 
treatment period. Nevertheless, it is important to recognize 
and counsel patients on the potential for non-trivial side 
effects of ARSIs and ASIs that can insidiously compound 
over years of therapy (ie, weight gain, loss of muscle mass 
and bone density, metabolic syndrome, and risk for cardiac 
disease). Longitudinal QOL analysis of STAMPEDE arm 
G and C suggested a trend toward improved global QOL 
for AA over docetaxel. Statistical significance was 
achieved at 3 and 6 months but fell below the pre- 
defined clinically meaningful threshold at 1 and 2 years.42

In summary, docetaxel should be presented as 
a reasonable option for fit men with mCSPC who demon-
strate well-preserved performance status, an absence of 
clinically significant pre-existing neuropathy, and 
a willingness to endure upfront chemo-toxicity. 
Contraindication to ARSIs and ASIs as well as 
a preference for avoiding long-term oral dosing and asso-
ciated side effects of combination ADT define the ratio-
nale for candidacy, as well. Lastly, if treatment cost or 
access to oral medications are of concern, docetaxel may 
be favored.43

Abiraterone Acetate vs Enzalutamide
With most patients preferring the convenience of oral 
therapy and avoidance of acute chemotherapy side effects, 
the decision between enzalutamide and AA is frequently 
encountered and largely guided by competing comorbid-
ities. AA is appropriate and well tolerated by most patients 
apart from those with poorly controlled diabetes, which 
can be exacerbated by concomitant prednisone, and hepa-
titis, which confounds monitoring for drug associated 
transaminase elevation. Relative contraindications of enza-
lutamide include underlying seizure disorder, poorly con-
trolled hypertension, clinically significant fatigue, and 
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Table 1 Combination Systemic Therapy Options for mCSPC

Drug Approval 
Year

Phase III 
Trial

Inclusion Criteria mPFS – 
Months 
(vs 
Placebo)*

mOS – 
Months 
(vs 
Placebo)*

Grade 3–4 
ADE

Notes

Docetaxel 2015 GETUG- 
AFU-1534

● Radiographic 
metastasis

● ADT ≤ 2 months

22.9 
(19.6–28·4) 

vs 12.9 

(20.5–31.9) 
HR 0.75 

(0.59–0.94)

58.9 
(50.8–69.1) 

vs 54.2 

(42.2– NR) 
HR 1.01 

(0.75–1.36)

Neutropenic 
Fever- 7% 

Sensory 

Neuropathy- 
2%

● Up to 9 cycles 
Docetaxel

● Relatively small trial 

(N=391)
● Almost 2/3rd of con-

trol patients crossed 

over to receive 
docetaxel

● 49% Glass prognostic 

score of good

CHAARTED7 ● Radiographic 

metastasis
● ADT ≤ 120 days

20.2 vs 11.7 

HR 0.61 
(0.51–0.72)

57.6 vs 44.0 

HR 0.61 
(0.47–0.80)

Neutropenic 

Fever- 6.2% 
Neuropathy- 

0.5%

● Treatment benefit 

favored high volume 

disease

STAMPEDE 

(Arm C)6
● Radiographic metas-

tasis, node positive, 

or high-risk locally 

advanced (T3/4, 
Gleason 8–10, PSA 

≥ 40 ng/mL)
● ADT ≤12 weeks

44.2 

(6.6–12.3) 

vs 38.4 
(5.5–11.1) 

HR 0.61 

(0.53–0.71)

81.0 (IQR 

41 – NR) vs 

71.0 (IQR 
32 – NR) 

HR 1.06 

(0.86–1.30)

Febrile 

Neutropenia- 

15% Sensory 
Neuropathy- 

3%

● Included high risk 
localized and regional 

lymph node positive 

prostate cancer

Abiraterone 2017 LATITUDE8 ● Radiographic 

metastasis
● High-risk disease - 

at least 2 of the fol-

lowing: Gleason ≥ 8, 

≥3 bone lesions, 
visceral metastasis

● ADT ≤12 weeks

33.0 

(29.0–36.8) 
vs 14.8 

(14.5–16.1) 

HR 0.47 
(0.39–0.55)

53.3 (48.2 – 

NR) vs 36.5 
(33.5–40) 

HR 0.62 

(0.51–0.76)

Hypertension- 

20% 
Hypokalemia- 

11% AST/ALT 

Increase - 5%

STAMPEDE 

(Arm G)9
● Radiographic metas-

tasis, node positive, 

or high-risk locally 

advanced (two of 
following: T3/4, 

Gleason 8–10, PSA 

≥ 40 ng/mL)
● ADT ≤12 weeks

mPFS not 

met 3-year 

PFS = 75% 
vs 45% 

HR 0.29 

(0.25–0.34)

mOS not 

met 3-year 

OS = 83% 
vs 76% 

HR 0.63 

(0.52–0.76)

Hypertension - 

5% 

Hypokalemia - 
1% AST/ALT 

Increase - 7%

● Included high risk 
localized and regional 

lymph node positive 

prostate cancer

(Continued)
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cognitive impairment. Enzalutamide should also be imple-
mented with caution for men older than 75 years with 
tolerance to the drug waning with advanced age, particu-
larly with respect to falls.17,19 Apalutamide is regarded to 
have a similar side effect profile to enzalutamide except 
for a higher incidence of skin rash. However, rigorous 
comparison between the two drugs has yet to be 
performed.

Of note, underlying history of and risk factors for 
seizure may be of limited consequence with respect to on 
enzalutamide seizure risk. The UPWARD trial prospec-
tively evaluated enzalutamide in 366 mCRPC patients 
with pre-existing seizure risk: medications that lower 

seizure threshold or prior stroke, seizure, or brain injury. 
As high as 1.9% of patients experienced seizure during the 
first 4 months of treatment which was similar to the 
incidence of seizure for mCRPC patients with high seizure 
risk not on enzalutamide. This data suggests that enzalu-
tamide may be considered in men with a history of or 
predisposing factors for seizure as long as close monitor-
ing is ensured.

QOL as assessed by FACT-P was compared in a Phase 
II randomized clinical trial between AA and enzalutamide. 
PROs generally favored AA with a greater proportion of 
enzalutamide patients experiencing clinically meaningful 
worsening in domains of physical and functional well- 

Table 1 (Continued). 

Drug Approval 
Year

Phase III 
Trial

Inclusion Criteria mPFS – 
Months 
(vs 
Placebo)*

mOS – 
Months 
(vs 
Placebo)*

Grade 3–4 
ADE

Notes

Enzalutamide 2019 ENZAMET12 ● Radiographic 
metastasis

● ADT ≤12 weeks

mPFS not 

met 3-year 

PFS= 68% vs 
41% 

HR 0.39 

(0.33–0.47)

mOS not 

met 3-year 

OS= 80% vs 
72% 

HR 0.67 

(0.52–0.86)

Febrile 

Neutropenia - 

7% 
Hypertension - 

8% Fatigue - 

6% Seizure - 
<1%

● Early/concomitant 
administration of 

docetaxel (per 

CHAARTED) was 
permitted and 

included as a pre- 

specified stratifica-
tion factor

● Stratified by high and 

low-volume disease
● OS primary endpoint
● First-generation AR 

antagonist for con-
trol (not placebo)

ARCHES11 ● Radiographic 

metastasis
● ADT ≤3 months

NR vs 19.0 
14-month 

PFS = 86% 

vs 41% 
HR 0.39 

(0.30–0.50)

NR vs NR 
HR 0.81 

(0.53–1.25)

Hypertension - 
3% Fatigue - 

2% Cognitive 

Impairment-1% 
Seizure - <1%

● Previous docetaxel 

(per CHAARTED) 
allowed

● Stratified by high and 

low-volume disease
● rPFS primary 

endpoint

Apalutamide 2019 TITAN10 ● Radiographic 

metastasis
● ADT ≤6 months

mPFS not 

met 

4-month 
PFS = 68% 

vs 48%. 

HR 0.48 
(0.39–0.60)

mOS not 

met 24- 

month OS 
= 82% vs 

73% 

HR 0.67 
(0.51–0.89)

Hypertension - 

8% Rash - 6% 

Fatigue −2% 
Seizure - <1%

● Previous docetaxel 

(per CHAARTED) 

allowed

Note: *95% confidence interval included in parenthesis unless otherwise noted. 
Abbreviations: mPFS, median PFS; mOS, median OS; ADE, adverse drug events; NS, not reached; HR, hazard ratio; PSA, prostate-specific antigen; ADT, androgen 
deprivation therapy.
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being (37% vs 21%; P=0.013; 39% vs 23%, P=0.015). 
Differences were more pronounced in patients older than 
75 years (P=0.003).17 QOL data from the ENZAMET trial 
reiterated moderate impairment in cognitive and physical 
function but not global QOL. Deterioration-free survival 
rate for fatigue was worse in the enzalutamide arm.44

Enzalutamide and apalutamide are both inducers of 
CYP2C19, CYP2C9, and CYP3A4. They have the poten-
tial to reduce serum concentrations of drugs metabolized 
by these cytochrome p450 enzymes. AA induces CYP2C8 
and CYP2D6, but does not induce CYP3A4. Concomitant 
administration of enzalutamide and apalutamide with 
drugs metabolized by CYP2C19, CYP2C9, and CYP3A4 
is contraindicated or dictates close monitoring (depending 
on the specific medication). For this reason, patients on 
agents metabolized by CP3A4, which spans a wide array 
of drug classes, may be better suited to AA rather than an 
ARSI.

Taken together, enzalutamide or apalutamide might be 
considered over AA in mCSPC patients younger than 75 
years with contraindications to 17-alpha-hydroxylase inhi-
bition or chronic steroid use and no firm contraindication 
to ARSIs. As darolutamide amasses data in mCSPC, this 
calculus may shift anticipating attenuated impact on fati-
gue, cognition, physical function, and seizure risk. 
However, current clinical data are very limited to support 
this hypothesis. Optimal ARSI selection ultimately 
demands shared decision-making and a high degree of 
personalized care for all patients with CSPC.

Future Applications of 
Enzalutamide in CSPC: A Review of 
Ongoing Research
Enzalutamide in Localized Disease and 
Castration-Sensitive Biochemical Relapse
Modeling trials with AA, which has phase III evidence to 
support rPFS benefit in high risk localized (tumor stage T3 
or T4, Gleason score of 8 to 10 or a PSA level ≥40 ng per 
milliliter) and regional lymph node-positive prostate can-
cer treated with ADT and radiotherapy (RT),9 ongoing 
clinical trials are investigating the role of enzalutamide 
in combination with definitive or salvage RT. Six studies 
are specifically targeting intermediate or high risk loca-
lized prostate cancer (NCT03196388, NCT02028988, 
NCT02023463, NCT02064582, NCT02446444, 
NCT02508636) while three studies are focusing on 

biochemical relapse (NCT02057939, NCT02203695, 
NCT03809000).

ENZARAD (NCT02446444) is an open-label, interna-
tional phase III trial randomizing patients with high risk 
localized prostate cancer to RT in combination with enza-
lutamide for 24 months or a conventional non-steroidal 
anti-androgen (ie, bicalutamide) for 6 months. Five-year 
OS is the primary endpoint.45 The ongoing randomized 
phase II study SALV-ENZA (NCT02203695) will com-
pare salvage RT-ADT-enzalutamide and salvage RT-ADT 
with a primary endpoint of freedom from PSA progres-
sion. Although not yet standard or care, there is sound 
biologic rationale to support the use of finite enzalutamide 
in the setting of definitive or salvage RT-ADT.

Neoadjuvant Enzalutamide Before 
Prostatectomy
ADT and chemotherapy, either as monotherapy or in 
combination, before radical prostatectomy are generally 
safe and effective with respect to reducing prostate 
volume and tumor burden. Unfortunately, pathologic com-
plete response rates are low and no long-term survival 
benefit has been observed to date, compared to surgery 
alone.46 For these reasons, interest has emerged in explor-
ing the value of ARSIs pre-prostatectomy. Two rando-
mized, phase II studies exploring neoadjuvant 
enzalutamide have been published to date. McKay et al 
randomized 75 men with high-risk localized prostate can-
cer to 24-weeks of neoadjuvant AA/prednisone, enzaluta-
mide and leuprolide (APEL) or enzalutamide and 
leuprolide (EL). The combined rate of pathologic com-
plete response (pCR) or minimal residual disease was 30% 
in the APEL arm and 16% in the EL arm.47 In contrast, 
a single-center study comparing 24 weeks of neoadjuvant 
APEL versus AA and leuprolide (AAL) observed discor-
dant results with triplet therapy demonstrating inferior 
pathologic downstaging: 30% compared to 50% in the 
AAL group, the later including 2 patients with pCR.48 

Two prospective clinical trials exploring neoadjuvant 
enzalutamide remain to be reported (NCT03860987 and 
NCT02159690).

At Memorial Sloan Kettering Cancer Center, a multi- 
arm, multi-stage randomized Phase 2 trial (METACURE) 
is currently underway with one cohort specifically asses-
sing the impact of neoadjuvant apalutamide, AA, and ADT 
in the setting of oligometastatic prostate cancer treated 
with radical prostatectomy, stereotactic radiotherapy to 
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oligo-metastases and salvage RT to the prostate bed 
(NCT03436654).49 The PROTEUS trial (NCT03767244) 
is an international phase III study that will compare 6 
months of neoadjuvant ADT and apalutamide versus 
ADT and placebo designating dual primary endpoints of 
pCR rate and metastasis-free survival.50 This trial will be 
a validation of metastasis-free survival as a surrogate end-
point as shown by the ICECaP initiative.51

Enzalutamide Combination Therapy
Simultaneous inhibition of the AR and androgen biosynth-
esis has been postulated as a strategy to mitigate adaptive 
responses to ADT including nuclear to cytoplasmic AR 
shift, rise in tumor-associated testosterone, and augmented 
AR expression. Unfortunately, enzalutamide in combina-
tion with AA has yielded disappointing results in CRPC 
without improvement in primary ARSI/ASI resistance or 
OS seen.52–54 Alliance A031201 was a phase III, multi-site 
clinical trial randomizing men with taxane, AA, and enza-
lutamide naïve mCRPC to ADT in combination with AA 
and enzalutamide or enzalutamide alone. The primary end-
point of OS was similar between groups – mOS 33.6 
months (95% CI, 30.5–36.4) for AA-enzalutamide and 
32.7 months (95% CI, 29.9–35.4) for enzalutamide alone 
(P=0.53). Grade 3–5 adverse events were significantly 
more common in the AA-enzalutamide arm (68.8% vs 
55.6%).53 No ongoing trials of combination AA- 
enzalutamide are underway in mCSPC. One could justify 
this absence in line with results of A031201. However, 
considering the different biology of CSPC compared to 
CRPC, exploration of this space may still be warranted.

The critical question of how-to best sequence or com-
bine docetaxel and enzalutamide in CSPC remains unan-
swered. Combination docetaxel and enzalutamide have 
been investigated in first-line mCRPC with an observed 
PFS benefit of 6 months compared to docetaxel alone. In 
contrast, equivalent objective response rate and similar 
mOS (30.5 months [CI 95% 24.1–36.8] vs 28.7 months 
[95% CI 20.7–36.6]; HR, 1.13; P = 0.5]) were reported 
supporting sequenced docetaxel and enzalutamide as the 
standard approach in CRPC.55 In ARCHES, treatment 
with enzalutamide was initiated after docetaxel, while, in 
ENZAMET, concurrent docetaxel and enzalutamide were 
permitted. In ENZAMET, the addition of enzalutamide to 
patients with planned early docetaxel use attenuated mOS 
benefit compared to the overall trial population (HR, 0.90 
[95% CI, 0.62–1.31] vs 0.67 [95% CI, 0.52–0.86]). This 
disparity may be explained by disease volume in that high- 

volume disease constituted approximately 70% of patients 
receiving early docetaxel. In other words, the high-volume 
disease, with an HR for OS at 0.80 (0.59–1.07), may have 
masked additional treatment effect of combination doce-
taxel and enzalutamide. Additionally, the impact of 
chemo-hormonal therapy in low-volume disease may 
have been diluted by the more favorable outcomes 
afforded by lower volume disease. To date, high-quality 
evidence to support combination docetaxel-enzalutamide 
in CSPC is lacking. Further prospective research will be 
critical to answering this important question.

Combination trials utilizing enzalutamide and novel, non- 
hormonal therapies are currently underway, primarily in the 
castration-resistant disease space. Concomitant use of enza-
lutamide and inhibitors of ALK, TGF-beta, mTOR, PARP, 
endoglin (CD105), EZH2, Bromodomain and Extra- 
Terminal motif (BET), VEGF, and PD1 are under investiga-
tion. Studies of enzalutamide in combination with estab-
lished prostate cancer therapies including Radium-223, Lu 
PSMA-617, and sipuleucel-T have been registered, as well. 
Combination regimens incorporating enzalutamide and other 
novel therapies that show promise in the CRPC setting are 
likely to be further examined in mCSPC.

Enzalutamide Monotherapy
ARSIs as monotherapy may provide a means of attenuating 
ADT associated hot flashes, bone density loss, and dimin-
ished libido while maintaining similar efficacy to combina-
tion therapy.5,56,57 With increased potency compared to 
bicalutamide in addition to an absence of agonist/antagonist 
switch, enzalutamide monotherapy could demonstrate com-
parable anticancer outcomes with less toxicity relative to 
GnRH analogues alone or in combination with ARSIs or 
docetaxel. The EMBARK trial (NCT02319837) is an 
ongoing phase III study comparing leuprolide acetate and 
enzalutamide versus enzalutamide monotherapy versus leu-
prolide acetate and placebo in the setting of biochemically 
recurrent CSPC with a primary endpoint of metastasis-free 
survival.58 Data to support this trial stems from work from 
Tombal and colleagues who also examined the effect of 
enzalutamide monotherapy in biochemically recurrent and 
mCSPC with single-arm, phase II data suggesting efficacy 
and tolerance to enzalutamide monotherapy as demon-
strated by a robust PSA decline. Enzalutamide alone, how-
ever, resulted in increased levels of testosterone by over 
100% with 49.3%, 38.8%, and 20.9% of patients experien-
cing gynecomastia, fatigue, and nipple tenderness, 
respectively.59–61
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Although enzalutamide and apalutamide monothera-
pies have the potential to mitigate certain toxicities of 
testosterone lowering agents, their ability to markedly 
improve QOL may be significantly limited by penetration 
of the blood–brain barrier.62 CNS exposure to AR antago-
nists is postulated to produce cognitive deficits and 
fatigue.63 Furthermore, negative feedback on the GnRH 
axis results in testosterone upregulation and increased 
estrogen levels (via peripheral aromatization) which even-
tually leads to gynecomastia and breast tenderness.64 

Darolutamide, a third-generation AR antagonist, does not 
appear to suffer from this pharmacokinetic limitation with 
a distinct chemical structure that likely restricts blood– 
brain barrier penetration and binding affinity for γ- 
aminobutyric acid type A receptors.62,65 Early safety eva-
luations support a possible reduction in fatigue, falls, frac-
tures, cognitive decline, seizures, and hypertension in line 
with CNS exclusion.32,66 Definitive studies comparing 
darolutamide with other ARSIs will be critical to rigor-
ously define differential side effect profiles and are cur-
rently underway (ARACOG –NCT04335682; DaroAct – 
NCT04157088). For a summary of ongoing ARSI and ASI 
clinical trials in CSPC see Table 2.

Overcoming Enzalutamide 
Resistance: Next-Generation AR 
Antagonism
Resistance Mechanisms to Enzalutamide
AR gene/protein amplification is well described as 
a resistance mechanism to enzalutamide and has been 
reported in 20–30% of patients with CRPC and up to 
50% of patients previously treated with either enzaluta-
mide or a 17-alpha-hydroxylase inhibitor.67 Compensatory 
intratumoral androgen synthesis from adrenally derived 
androgens and cholesterol or progesterone precursors is 
a postulated source resistance, as well.68,69 Activating 
AR mutations of the ligand-binding domain70–72 and AR 
splice variants (AR-V) have emerged as critical means of 
resistance to AR antagonism.73,74 Specifically, the prog-
nostic role of circulating AR-V7 tumor DNA in CRPC has 
been well established with respect to enzalutamide and 
abiraterone acetate resistance.24 AR independent mechan-
isms of resistance are currently under investigation includ-
ing upregulation of glucocorticoid receptor signaling, 
which leads to restoration of certain AR target genes, 
and activation of alternative neoplastic pathways such as 
PI3K-AKT-mTOR, HER2, NF-κB, and RB/p53.

Novel Pharmacologic Solutions to 
Enzalutamide Resistance
“Bipolar androgen therapy,” the process of alternating 
between supraphysiologic levels of androgens to near- 
castrate levels, has been proposed as a potential strategy 
to overcome AR amplification. A single-arm, phase II trial 
enrolling 30 mCRPC patients refractory to enzalutamide 
reported a 30% PSA response rate with 51% of patients 
challenged with enzalutamide subsequently demonstrating 
PSA decline.75 Four additional phase II trials examining 
this approach are underway (NCT03554317, 
NCT02286921, NCT03516812, and NCT02090114). Pre- 
clinical studies are exploring proteolysis targeting chi-
meric (PROTAC) technology as a means to directly 
degrade AR. This technique implements a bispecific mole-
cule consisting of a ligand to AR and a covalently linked 
ligand of an E3 ubiquitin ligase effectively labeling AR for 
proteolytic degradation.76

N-terminal domain (NTD) inhibitors demonstrate great 
potential to overcome AR point mutations and splice 
variants.77 Bypassing the ligand-binding domain, NTD 
inhibitors can potentially inhibit full-length AR, AR-Vs, 
and either ligand-dependent or ligand-independent 
transactivation.74 Pre-clinical models have substantiated 
activity in CRPC xenograft models and an enzalutamide- 
resistant, AR-V7 positive cell lines.78,79 A Phase I trial of 
ralaniten acetate in patients with AA or enzalutamide- 
resistant mCRPC (NCT02606123) was initiated in 2015. 
Unfortunately, it was aborted in the context of suboptimal 
pill compliance.41,80 Additionally, trials of alternative 
NTD inhibitor compounds (EPI-506 and EPI-7386) are 
currently underway (NCT04421222, NCT02606123).

TRC-253 and GT0918 (proxalutamide) are next- 
generation ARSIs under development to overcome resis-
tance mutations in the ligand-binding domain.81 

Galeterone (TOK-001) was found to competitively antag-
onize mutant and wild-type AR in addition to 17-alpha- 
hydroxylase inhibition and promotion of AR 
degradation.82 Unfortunately, it failed to demonstrate effi-
cacy in AR-V mCRPC during the ARMOR3-SV trial.83 

Seviteronel (INO-464), a selective inhibitor 17-alpha- 
hydroxylase and mutated AR, including T877A and 
F876L, also failed to demonstrate safety and efficacy in 
a recent phase I trial enrolling patients with mCRPC.84

Clinical trials evaluating the safety and efficacy of 
enzalutamide in combination with dexamethasone, as 
a means of GR degradation (NCT02491411) and 
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Table 2 Ongoing Clinical Trials Investigating ARSIs and ASIs in CSPC

Disease State Drug Clinicaltrials. 
gov #

Intervention Primary 
Outcome

Disease 
State

Neoadjuvant (Pre- 
RP)

AA/ 
Apa

NCT03124433 Apa (12 wks) → RP ● Path. 
downstaging

● Biochem. 
response

Intermediate 
or High Risk

NCT02789878 ADT + Abi (3 mo) → RP ADT + Abi + Apa (3 mo) → 
RP

● pCR or near 
pCR

High Risk

NCT02903368 ADT + Abi (6 mo) → RP → Obv vs ADT + Abi + Apa 
(12 mo) ADT + Abi + Apa (6 mo) → RP → Obv vs 
ADT + Abi + Apa (12 mo)

● MRD
● pCR

Intermediate 
or High Risk

NCT02849990 ADT + Abi + Apa (12 wks) → RP ● pCR

NCT03080116 ADT + Placebo (12 wks) → RP ADT + Apa (3 wks) → 
RP

● MRD

NCT03412396 Apa (24 wks) →RP ● Adjuvant RT rate Intermediate 
Risk

NCT02949284 Apa (3 mo) → RP ADT + Apa + AA (3 mo) → RP RP 
monotherapy

● Erectile function High Risk

NCT02770391 Apa + ADT (4 wks) → RP ● DHT conc. in 
prostate

High Risk

NCT01088529 ADT (3 mo) → RP ADT + AA (3 mo) → RP ● Rate of T stage ≤ 
pT2

Intermediate 
or High Risk

NCT04356430 ADT (24 wks) → RP ADT + AA (24 wks) → RP ● pCR High Risk

NCT02160353 ADT + AA (126 days) → RP ● Tumor response
● Biochem. 

response
● Prostate vol.

High Risk

NCT00924469 ADT + AA (24 wks) → RP ADT (12 wks) → ADT + 
AA (12 wks) → RP

● Test. conc. in 
prostate DHT 
conc. in prostate

Intermediate 
or High Risk

NCT03279250 ADT + Apa (24 wks) → RP ADT + Apa + AA (24 wks) 
→ RP

● Rate of ≤ pT2N0 Intermediate 
or High Risk

NCT03436654 ADT + Apa (6 mo) → RP → ADT + Apa (4 mo) ADT 
+ Apa + AA (24 wks) → RP → ADT + Apa + AA (4 
mo)

● MRD
● pCR

High Risk or 
Low Volume 
M1

Enza NCT03860987 ADT + Enza + AA (6 mo) → RP ● Disease status 
relative to 
PSMA-PET at 2 
months

Intermediate 
or High Risk 
(N1 Allowed)

NCT02159690 ADT + Enza + AA (12 wks) → RP ● pCR High Risk

NCT02268175 ADT + Enza + Abi (24 wks) → RP ADT + Enza + Abi 
(24 wks) → RP

● pCR Intermediate 
or High Risk

NCT01946165 ADT + Abi (7 mo) → RP ADT + Enza + Abi (7 mo) → 
RP

● Rate of ≤ pT2N0 Intermediate 
or High Risk

(Continued)

OncoTargets and Therapy 2020:13                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                      
13257

Dovepress                                                                                                                                                         Laccetti et al

http://www.dovepress.com
http://www.dovepress.com


Table 2 (Continued). 

Disease State Drug Clinicaltrials. 
gov #

Intervention Primary 
Outcome

Disease 
State

High Risk Localized 
(ADT + RT)

AA/ 
Apa

NCT01717053 ADT + Abi (6 mo) + RT ● 1-year undetect-
able PSA

NCT01023061 ADT + Abi (24 mo) + RT ● Grade ≥ 3 
toxicity

NCT02772588 ADT + Abi (6 mo) + RT ● 3-year biochem-
ical failure rate

NCT03488810 ADT + NSAA (6 mo) + RT ADT + NSAA (6 mo) + RT ● DFS

NCT02531516 ADT + NSAA (30 mo) + RT ADT + Apa (30 mo) + RT ● PFS

Enza NCT02028988 Enza (6 mo) + RT ● PSA level after 6 
months

NCT02023463 ADT + Enza (6 or 24 mo) + RT ● Acute toxicities

NCT02064582 ADT + Enza (6 mo) + RT ● Safety and 
Tolerability

NCT02446444 ADT + NSAA (24 mo) + RT ADT + Enza (24 mo) + RT ● OS

NCT02508636 ADT + Enza (24mo) + RT ● PSA CR Rate of 
treatment- 
related toxicity

Biochemical 
Persistence/Relapse 
(Post- 
Prostatectomy)

AA/ 
Apa

NCT01780220 ADT + Abi (6 mo) + RT ● MTD

NCT04134260 ADT (24 mo) + RT ADT + Abi + Apa (24 mo) + RT ● MFS

NCT03141671 ADT + NSAA (6 mo) + RT ADT + Abi + Apa (6 mo) + 
RT

● PSA PFS

NCT03311555 ADT + Apa (24 mo) + (RT –> Doc x 6) ● PFS

NCT04181203 ADT + Apa (6 mo) + RT ● PFS

NCT04423211 ADT (6 mo) + RT ADT + Apa (6 mo) + RT ± SBRT ● PFS

NCT03899077 ADT (6 mo) + RT Apa (6 mo) + RT ● EPIC-26 sexual 
domain score

Enza NCT02057939 Enza (6 mo) + RT ● 2-year PFS

NCT02203695 ADT (6 mo) + RT Enza (6 mo) + RT ● PSA PFS

NCT03809000 ADT (24 mo) + RT ADT + Enza (24 mo) + RT ● PFS

Monotherapy (M0 
and/or mCSPC)

AA/ 
Apa

NCT02867020 ADT + Abi Apa Apa + Abi ● Undetectable 
PSA rate at 25 
wks

Enza NCT02319837 ADT Enza ADT + Enza ● MFS

Abbreviations: ARSI, androgen receptor signaling inhibitor; ASI, androgen synthesis inhibitor; RP, radical prostatectomy; Apa, apalutamide; AA, abiraterone acetate; Enza, 
enzalutamide; NSAA, nonsteroidal antiandrogen (1st generation); mo, month; wks, weeks; path, pathologic; Biochem, biochemical; pCR, pathologic complete response; 
MRD, minimal residual disease; Test, testosterone; DHT, dihydrotestosterone; vol, volume; MFS, metastasis-free survival.
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CORT125281, a direct GR antagonism (NCT03437941) 
are currently underway.74 Inactivation of PTEN has been 
reported in as many as 50% of castration-resistant tumors. 
This alteration leads to activation of the PI3K/AKT path-
way, a well-established mechanism of AR independence 
and a mechanism of resistance to enzalutamide.74 Recent 
press release of a phase III clinical trial comparing ipata-
sertib, an oral, highly specific AKT inhibitor, with abira-
terone acetate in PTEN mutant mCRPC met its primary 
endpoint of rPFS suggesting the potential for FDA 
approval for this medication in the near future.85

Tolerance to Enzalutamide: 
Attention to Cognition, Physical 
Function and Fitness
Physical function and fitness are prognostically important 
and serve as critical elements of QOL in prostate cancer. 
Unfortunately, therapies that inhibit androgen signaling like 
enzalutamide significantly impair these parameters via well- 
established side effects of fatigue, accelerated osteoporosis, 
sarcopenic obesity, cognitive impairment, and falls.20,86–90 

Duration of ADT, ARSI, and ASI treatment also positively 
correlates with decline in cardiorespiratory capacity 
(VO2max).91 In AQUARIUS, a prospective, observational 
Phase IV analysis of AA and enzalutamide on PROs, AA 
significantly outperformed enzalutamide in the domains of 
cognition, fatigue, and physical function.20 These findings 
sound caution on the safety of enzalutamide in patients with 
underlying fatigue, cognitive decline and functional impair-
ment and call for an urgent need to better understand these 
adverse effects in pursuit of developing mitigating strategies.

PRO data, which constitutes the bulk of our under-
standing of function and prostate cancer, provide discre-
pant yet complementary information compared with 
clinician interpreted and objective assessments. Thus, 
objective measures of cognition, physical function and 
fitness, including functional MRI, cardiopulmonary exer-
cise testing (CPET), quantitative functional maneuvers and 
continuous wearable activity tracking, have the potential to 
comprehensively characterize physical impairment. 
Dedicated research on the impact of combination ADTs 
impact on cardiorespiratory fitness is limited with only one 
published abstract to date. This study was unable to 
demonstrate a clear effect of either AA or enzalutamide 
on cardiorespiratory fitness; marked heterogeneity of 
ΔVO2 max was reported after 21-weeks of therapy.92 

The ARACOG trial (NCT04335682) is a randomized 

study assigning M0 and mCRPC patients to either darolu-
tamide or enzalutamide with a primary endpoint of maxi-
mally changed cognitive domain from baseline by 24 
weeks. A subset of patients will also receive pre- and post- 
therapy functional MRI. DaroAct (NCT04157088) is 
another multicenter Phase IIb trial randomizing mCRPC 
patients on a GnRH agonist/antagonist to receive darolu-
tamide or enzalutamide. The primary endpoint is the pro-
portion of patients with slowed Timed Up and Go Test 
(time to stand from seated, walk 10 feet and sit down 
again) after 24-weeks of with short physical performance 
battery test and daily activity level, as measured by an 
accelerometry device, serving as secondary endpoints.93

DaroAct and ARACOG will provide critical informa-
tion regarding the impact of enzalutamide on physical 
and cognitive performance. However, these studies will 
only superficially interrogate cardiopulmonary fitness 
and comprehensive physical function. Tools like CPET, 
strength testing and integrated digital monitoring of 
longitudinal physiologic parameters (activity level, 
blood pressure, heart rate, oxygen saturation, and step 
count) are well positioned to characterize ARSI toxicity 
on a level of detail that has yet to be realized. A granular 
understanding of these toxicity elements will better sup-
port the development of mitigating strategies including 
personalized medication selection, next-generation hor-
mone therapy design, and lifestyle interventions such as 
exercise therapy. Further research into enzalutamide 
toxicity and interventions to combat it will be essential 
to optimal drug use and preservation of QOL.

Conclusion
Enzalutamide was the first second-generation ARSI to demon-
strate OS benefit in metastatic and non-metastatic CSPC and 
has emerged as one of the most popular oral prostate cancer 
therapies prescribed by medical oncologists and urologists. 
Safe and effective utilization of this medication dictates 
a detailed understanding of alternative combination therapy 
options and their competing toxicity profiles. Ongoing 
research supports the potential for expanded enzalutamide 
use in earlier disease states, in combination with other sys-
temic agents, and as monotherapy. Nevertheless, optimal 
application of enzalutamide will ultimately require greater 
insight and attention to mitigating strategies for treatment- 
associated fatigue, cognitive impairment, and functional 
decline.
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