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Introduction
Prostate cancer is the second most common form of cancer in 
men in the United States representing 19% of newly diagnosed 
cancers and the third leading cause of cancer death responsible 
for an estimated 39 430 deaths in 2018.1 While most of the 
early-stage prostate cancer is curable, a subset of men will pro-
gress with biochemical recurrence. Prostate cancer becomes a 
fatal metastatic disease by progressing first to non-metastatic 
castration-resistant prostate cancer (nmCRPC), which is 
defined as prostate-specific antigen (PSA) progression despite 
primary androgen deprivation therapy (ADT) in the absence 
of obvious disease obtained through conventional imaging.2 
Recently, there has been growing interest in treatment of 
nmCRPC in an attempt to delay progression to the metastatic 
state. The landscape of nmCRPC has recently rapidly changed 
with the advent of US Food and Drug Administration (FDA) 
approval for 2 anti-androgens, apalutamide and enzalutamide, 
both for delaying metastases. These novel androgen-modulat-
ing drugs holds promise for prolonging progression-free sur-
vival (PFS) and potentially ultimately, overall survival (OS).

Background on nmCRPC
The nmCRPC state is a “man-made” or artificial clinical state 
as CRPC arises from the use of ADT in men who present with 
biochemical recurrence of disease. Most patients who are diag-
nosed with biochemical recurrence have already undergone 
prior curative intent therapy with either radical prostatectomy 
or radiation therapy. As biochemical recurrence progresses, 
most patients will undergo chemical castration through the use 
of gonadotropin-releasing hormone receptor agonists or antag-
onists or by surgical castration. The average time to the devel-
opment of castration resistance after starting hormonal 
deprivation in non-metastatic prostate cancer is 19 months.3

In the 1940s, Huggins and Hodges first showed that the 
effects of surgical orchiectomy could lead to prostate cancer 
regression.4 Testosterone and the more potent dihydrotestos-
terone are the 2 main androgens that are responsible for the 
growth of the prostate by binding to the androgen receptor 
(AR). The AR plays a crucial role in the pathogenesis of the 
prostate cancer and its role remains important as a key thera-
peutic target even in the castration-resistant state. Androgen 
receptor antagonists work by competitively binding to the AR 
and blocking the binding of endogenous androgens and thus 
interrupting the androgen-dependent cellular cascade that 
leads to progression of prostate cancer. It is also customary 
practice to continue ADT despite development of castration 
resistance.5 Retrospective data have shown a 2- to 6-month 
median survival advantage in patients with CRPC who had 
undergone orchiectomy compared with patients who were on 
luteinizing hormone-releasing hormone (LHRH) agonists, 
which were stopped when castration resistance developed.6 Rat 
models have shown that in CRPC, some cancer cells remain 
androgen sensitive.7 In addition, human autopsy studies have 
shown varying heterogeneity within prostate cancer cells with 
variable response to androgens.8

There has been a growing interest in the development of 
drugs that target the AR in nmCRPC; hence second-genera-
tion anti-androgens were developed. Second-generation anti-
androgens have several advantages over the first generation 
ones. First, they have a higher affinity for the AR. Second, they 
do not have agonistic properties. Third, they inhibit the func-
tion of the AR by 3 mechanisms: prevention of binding of 
androgens to the AR, prevention of the translocation of AR to 
the nucleus, and prevention of binding of the AR to DNA.9,10 
While an in-depth discussion of the first-generation anti-
androgens such as bicalutamide, nilutamide, and flutamide are 
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reviewed elsewhere and beyond the scope of this review,11 given 
the above-mentioned limitations of these older generation 
anti-androgens, development and discovery of newer anti-
androgens paved the way for increasing affinity to the AR and 
obviating the antagonist to agonist conversion as well as less 
efficient translocation of the AR to the nucleus.

The 3 second-generation anti-androgens, namely, enzaluta-
mide (MDV3100), apalutamide (ARN-509), and daroluta-
mide (ODM-201), have been the subjects of multiple recent 
clinical trials.

Until February 2018, there were no FDA-approved treat-
ments for nmCRPC, and prior to the landmark clinical trials 
presented at the American Society of Clinical Oncology 
(ASCO) Genitourinary Cancers Symposiums (SPARTAN 
and PROSPER), these patients usually continued to receive 
ADT alone or had alternative hormonal therapies added or 
switched12 and anti-androgen withdrawal if they were already 
on one.13,14 Currently, men with nmCRPC who are at high risk 
of metastases have 2 treatment options: enzalutamide and apal-
utamide. However, the phase-III trial results involving darolu-
tamide are expected soon. The following sections will review 
the pivotal trials that led to the approval of these agents.

Apalutamide (Formerly ARN-509)
Apalutamide is a synthetic biaryl thiohydantoin compound 
that was discovered with structure-activity relationship medici-
nal chemistry studies.15 Apalutamide binds to the same ligand-
binding site as bicalutamide but has a 7- to 10-fold higher 
affinity for the AR. Apalutamide has a similar mechanism of 
action to enzalutamide but has been shown to have greater 
anti-tumor activity than enzalutamide in a murine model.16

The first Phase II study for apalutamide was performed as a 
multicenter trial in men with high-risk nmCRPC (PSA ⩾ 9 ng/
mL or a PSA doubling time ⩽10 months).17 Patients in the 
study had no evidence of radiographical metastasis and pre-
sented with castrate levels of testosterone (⩽50 ng/dL). 
Primary outcome of the study was determination of a 12-week 
PSA response, and secondary outcomes were time to PSA pro-
gression (TTPP) and metastasis-free survival (MFS). At a 
median follow-up of 26.9 months, the median PSA reduction 
from baseline was 85%, with 89% of patients achieving a ⩾50% 
reduction in PSA. The median TTPP was 24 months, and at 
the time of analysis, the MFS was not reached.

SPARTAN Trial 

SPARTAN (A Study of Apalutamide [ARN-509] in Men 
with Non-metastatic Castration-Resistant Prostate Cancer, 
ClinicalTrials.gov Identifier: NCT01946204) is a phase III 
trial comparing apalutamide with placebo that was the basis of 
the US FDA approval of apalutamide in February 2018 as the 
first treatment of nmCRPC.18 SPARTAN was a prospective, 
randomized, double-blinded, placebo-controlled multicenter 

phase III trial, with 1207 patients at high risk of developing 
metastasis in nmCRPC patients who were randomized in a 2:1 
fashion to either placebo with ADT or 240 mg/day apaluta-
mide with ADT. A prostate-specific antigen doubling time 
(PSA-DT) of 10 months despite castrate levels of testosterone 
was defined as high risk of developing metastasis. The trial uti-
lized conventional imaging scans to detect metastases with 
computed tomography (CT) scans of the chest, abdomen, and 
head as well as technetium scintigraphy bone scans at the time 
of study inclusion, and routine re-staging scans every 16 weeks. 
Patients who had pathologic lymph nodes that measured 
<2 cm in the pelvis at short axis were included. Further strati-
fication and comparison to cN0 patients were made. Patients 
had to have at least a PSA of 2 ng/mL as an entry criterion for 
the trial. Furthermore, stratification for PSA-DT of >6 months 
vs 6 months and the additional use of bone-targeted agents was 
included. The primary endpoint of the trial was MFS, which 
was achieved with the apalutamide arm showing 40.5 months 
compared with 16.2 months for placebo (hazard ratio [HR]: 
0.28, 95% confidence interval [CI]: 0.23-0.35; P < .001). All 
secondary endpoints differed significantly between the arms, 
favoring apalutamide. Other secondary endpoints such as time 
to symptomatic progression were also significantly improved in 
those who received apalutamide compared with those who 
received placebo with an HR of 0.45, 95% CI: 0.32-0.63, and 
P < .001.

However, several adverse events (AEs) of interest are note-
worthy, including a higher incidence of rash that occurred in 
23.8% of those who received apalutamide compared with 
only 5.5% in the placebo arm; hypothyroidism was found in 
8.1% vs 2% in the placebo arm, as well as fracture occurring 
in 11.7% vs 6.5%. Study-wide, two cases of seizure were noted 
to occur. Regardless, given the primary efficacy trial results, 
apalutamide received FDA approval in the management of 
nmCRPC. There was no increase in the risk of serious AEs 
(24.8% vs 23.1%), but a higher risk of death (10 vs 1 patient) 
was observed in the study. These deaths occurred within 
28 days of the last dose, and of the 10 patients in the apaluta-
mide arm, prostate cancer was the attributable cause of death 
in 2 patients. However, non-cancer-related deaths occurred in 
others such as sepsis (n = 2), pneumonia (n = 1), multiple organ 
dysfunction (n = 1), and cardiovascular causes such as myocar-
dial infarction (n = 2), cardiorespiratory arrest (n = 1), and cer-
ebral hemorrhage (n = 1), while only 1 patient in the placebo 
arm had cardiorespiratory arrest as the cause of death. While 
considered an overall small number in terms of difference in 
death rates (1.2% vs 0.3% death in the apalutamide vs placebo 
arms, respectively), gains in benefit must be weighed against 
potential harms. A first survival analysis showed an HR of 0.7 
(95% CI: 0.47-1.04, P = .07; median follow-up 20.3 months) 
for apalutamide, although longer follow-up is needed to 
answer whether there is an OS benefit with the use of apalu-
tamide in nmCRPC.
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Enzalutamide (Formerly MDV3100)
Enzalutamide is another second-generation AR antagonist; 
the safety and efficacy profile of which has been evaluated in 2 
previously published placebo-controlled, multicenter phase III 
trials (AFFIRM and PREVAIL), which led to its approval in 
mCRPC in 2012.19,20

More recently, the STRIVE (Enzalutamide vs Bicalutamide 
in Castration-Resistant Prostate Cancer; ClinicalTrials.gov 
Identifier: NCT01664923) trial, a phase II randomized control 
trial, compared bicalutamide with enzalutamide in men with 
CRPC; 139 of whom had no evidence of metastatic disease.21 
In the nmCRPC group, median PFS was improved with enza-
lutamide compared with bicalutamide, at 8.6 months for bical-
utamide vs not reached for enzalutamide, at an average 
follow-up of 17 months, specifically with an HR for radio-
graphic progression or death, 0.24 (95% CI: 0.14-0.42). 
Overall, 87.8% of nmCRPC patients were free of radiological 
progression after 2 years of enzalutamide therapy.

PROSPER trial

The registration trial that evaluated enzalutamide’s utility in 
the nmCRPC setting was called the PROSPER (Safety and 
Efficacy Study of Enzalutamide in Patients with Non-
metastatic Castration-Resistant Prostate Cancer) trial. 
PROSPER was a phase III, double-blinded, randomized study 
that evaluated 1401 patients with nmCRPC randomized 2:1 to 
enzalutamide vs placebo.22 Eligible men with nmCRPC, PSA 
doubling time ⩽10 months and PSA ⩾2 ng/mL at screening 
continued ADT and were randomized 2:1 to enzalutamide 
160 mg or placebo. Randomization was stratified by PSA dou-
bling time (<6 months vs ⩾6 months) and previous or current 
use of a bone-targeting agent at baseline. The primary endpoint 
was MFS. Secondary endpoints included TTPP, time to first 
use of new anti-neoplastic therapy, OS and safety. Enzalutamide 
significantly prolonged median MFS (36.6 months vs 
14.7 months [P < .0001]), time to first use of new anti-neoplas-
tic therapy (39.6 months vs 17.7 months [P < .0001]), and 
TTPP (37.2 months vs 3.9 months [P < .0001]) compared with 
placebo. In the first interim analysis of OS, there was a trend in 
favor of enzalutamide (HR = 0.80; P = .1519) though not statis-
tically significant. Median duration of treatment was 
18.4 months compared with 11.1 months for enzalutamide and 
placebo, respectively. Adverse events were higher with enzaluta-
mide vs placebo (any grade: 87% vs 77%; grade ⩾3: 31% vs 23%; 
serious: 24% vs 18%). However, the discontinuation rates from 
either arm were similar: 10% with enzalutamide discontinued 
treatment due to AEs compared with 8% with placebo. The 
only AE of any grade occurring in >20% of the enzalutamide 
group was fatigue (33% vs 14% in placebo group). Adverse 
events of grade ⩾3 occurred in 31% of the enzalutamide group 
vs 23% of the placebo group, with the most common in the 
enzalutamide group being hypertension (5% vs 2%). Serious 

AEs occurred in 24% vs 18%. Adverse events led to study drug 
discontinuation in 9% vs 6%. Adverse events led to death in 3% 
vs 1%. Adverse events of special interest of any grade that 
occurred with ⩾2% greater frequency in the enzalutamide 
group were hypertension (12% vs 5%), major cardiovascular 
events (in 5% vs 3%), and mental impairment disorders (5% vs 
2%). Three patients in the enzalutamide group had convul-
sions, all of which were considered to be serious and drug-
related. One patient discontinued enzalutamide and another 
had complications that led to death. Falls and non-pathologic 
fractures occurred in 17% vs 8% of patients. The most common 
AEs leading to death were cardiac events, in 9 patients (1%) 
receiving enzalutamide and 2 (<1%) receiving placebo. These 
complications have important implications in the overall con-
sideration of treatment of an asymptomatic population. 
Regardless, the trial was positive in delaying metastasis and 
improving MFS.

Based on the results of the PROSPER trial, the FDA 
approved on July 16, 2018 the use of enzalutamide in patients 
with nmCRPC with PSA-DT of 10 months (Table 1).

Darolutamide (ODM-201)
Darolutamide, formerly known as ODM-201, is a novel 
androgen-targeted signaling inhibitor. ODM-201 currently 
remains an investigational oral AR antagonist, which has a 
unique chemical structure with the purpose of androgen block-
ade and high affinity binding to the AR resulting in decreased 
growth of prostate cancer cells.23-25 Pre-clinical studies showed 
that ODM-201 inhibits the AR more potently than other sec-
ond-generation anti-androgens such as enzalutamide and apal-
utamide by increased anti-tumor activity compared with 
enzalutamide in a preclinical model of CRPC characterized by 
AR amplification and overexpression. Darolutamide has a sim-
ilar mechanism of action to that of other second-generation 
anti-androgens but has additional ability to inhibit some 
mutant AR;26 for instance, the F876L mutation, which arises 
as a result of enzalutamide or apalutamide use. Darolutamide 
also has a negligible ability to cross the blood-brain barrier, so 
it theoretically confers a much lower seizure risk than either 
enzalutamide or apalutamide. However, it has to be given as a 
twice-daily formulation.

ARADES/ARAFOR trials

There were initially 2 phase 1/2 trials that examined the 
pharmacokinetics and safety of ODM-201 called the 
ARADES and ARAFOR trials. ODM-201 showed promis-
ing anti-tumor activities and demonstrated tolerance in the 
subgroup of men presenting with mCRPC. The open-label 
multicenter, non-randomized, first-in-man, dose escalation 
phase 1 ARADES trial (clinicaltrials.gov NCT01429064) 
enrolled 24 patients, and anti-tumor activity was achieved at vir-
tually all doses tested (200-1800 mg/day), and no dose-limiting 
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toxicity was observed.27 Further phase 2 extension trial 
enrolled 110 patients, which revealed that PSA decline was 
observed with all ODM-201 doses tested (200-1400 mg/
day), and the 1400 mg/day dose led to the greatest PSA 
response in chemotherapy-naïve and CYP17 inhibitor 
(CYP17i)-naïve patients. Furthermore, ODM-201 was 
deemed to be safe, and most of the AEs reported only as 
grades 1 and 2. ARAFOR (clinicaltrials.gov NCT01784757) 
was an open-label multicenter trial that included a pharma-
cokinetic component (n = 30) and an open-label extension 
study (n = 30). Similarly, ODM-201 demonstrated a PSA 
response defined as a 50% decrease in PSA levels from base-
line at week 12 in 25 out of 30 patients (83%) as the main 
efficacy result as well as very similar safety profile of 91% 
treatment-emergent AEs of grades 1 and 2 in this chemo-
therapy-naïve patient population.28

ARAMIS trial

The aforementioned trials suggested the benefit of moving 
ODM-201 forward in a large registration trial called the 
ARAMIS. The ARAMIS (clinicaltrials.gov NCT02200614) 
trial is a phase III randomized, multicenter, double-blind, 
placebo-controlled trial evaluating the safety and efficacy 
of darolutamide in patients with nmCRPC who are at a 
high risk of developing metastatic disease. The study 
sought to enroll 1508 patients who have now completed 
accrual. The primary endpoint of this study is MFS, 
defined as time between randomization and evidence of 
metastasis or death from any cause. The secondary objec-
tives of this study are OS, time to first symptomatic skeletal 
event (SSE), time to initiation of first cytotoxic chemo-
therapy, time to pain progression, and characterization of 
the safety and tolerability of darolutamide. Results of the 
ARAMIS trial are projected to further elucidate the bene-
fits of darolutamide in this nmCRPC setting, and while 

unavailable at the time of this writing, will be presented at the 
ASCO GU Cancers Symposium.

Sequencing and Implications in the Change of the 
Landscape of nmCRPC Treatment
The challenge of which agent to use first in a particular 
sequence remains unknown at this time. Given the array of 
options for the nmCRPC space, the ultimate decision rests on 
different variables including cost issues, preferences, availabili-
ties, and side-effects. However, information regarding the 
PFS2 (second PFS or PFS with the first subsequent therapy 
that is defined as the time from randomization to investigator-
assessed disease progression after first subsequent treatment for 
mCRPC or death) lends credence to the possibility of improve-
ment in survival with the use of apalutamide that allows for 
subsequent use of abiraterone. In addition, emerging options 
with the use of more sensitive imaging may detect micrometa-
static disease earlier, which could impact the use of these agents. 
Up to the time of FDA approval of these agents, the use of 
MFS as a registration trial has not been duly recognized by 
regulatory agencies as a surrogate endpoint for survival. While 
MFS has been retrospectively evaluated in different clinical 
states including that of localized disease29 or biochemical 
recurrence,30,31 it was not previously considered an acceptable 
surrogate for regulatory approval of denosumab, a RANK 
ligand inhibitor that was studied in a phase 3, double-blind, 
randomized, placebo-controlled trial in a similar population of 
nmCRPC patients in 2012.32 However, the risk/benefit ratio 
was not deemed to favor use of denosumab given a modest 
4-month median difference in the MFS over placebo. The 
studies utilizing apalutamide and enzalutamide have far 
exceeded those expectations with a delay in metastases of more 
than 2 years; hence, the FDA recognized that MFS is an objec-
tive and clinically meaningful measurable endpoint and con-
ceivably balanced with an acceptable safety profile of a drug.33 
However, it remains to be seen if this would translate ultimately 

Table 1. Comparison of the second-generation androgen receptor antagonists for nmCRPC.

APAlUTAMIdE ENzAlUTAMIdE dAROlUTAMIdE

Half-life 3-4 days 5.8 days 15.8 hours and 10 hours 
for metabolite

Status FdA approved FdA approved Awaiting results

Metabolism Hepatic Hepatic Hepatic

dosage 240 mg po once daily 160 mg po once daily 600 mg po twice daily

Key phase III trial SPARTAN PROSPER ARAMIS

N (patients) 1207 1401 1502

MFS vs placebo 40 months vs 14.7 months 36.6 months vs 13.6 months Not available

Serious adverse events 
vs placebo (%)

25 vs 23 24 vs 18 Not available

Abbreviations: FdA, Food and drug Administration; MFS: metastasis-free survival; nmCRPC, non-metastatic castration-resistant prostate cancer.
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to improvement in OS. In addition, more men would be sub-
jected to the ongoing effects of anti-androgen therapy along 
with frailty, fractures, and central nervous system effects, which 
may not be trivial when taken for a long period of time. 
Whether the use of alternative agents such as darolutamide, 
which is touted to have less potential to cross the blood-brain 
barrier, has lesser potential central nervous system (CNS) 
effects also remains to be studied.

Conclusions
While there has not been a standard of care treatment for 
patients with nmCRPC for a long while, changes to the land-
scape of treatment was brought on by approval of both apalu-
tamide and enzalutamide for those at highest risk for developing 
metastases. Continued research into the best agents, sequenc-
ing and implications of novel imaging would further clarify 
whether institution of earlier treatment clearly impacts ulti-
mate OS.
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