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Abstract: Men treated with androgen deprivation therapy for rising PSA after failed local

therapy will often develop castrate resistance, and the appearance of metastases predicts a poor

prognosis. Thus, researchers have long sought to prolong the onset of metastasis in patients with

nonmetastatic castration-resistant prostate cancer (CRPC). Until 2018, patients in this group had

no FDA-approved treatment options. They were typically managed with androgen-deprivation

therapy (ADT) to maintain castrate systemic testosterone levels and given approved therapies for

metastatic CRPC once metastases appeared. However, third-generation androgen receptor inhi-

bitors (ARIs) have dramatically changed the treatment paradigm, having shown the ability to

extend metastasis-free survival (MFS) significantly over ADTalone in Phase 3 trials. The newest

of these, darolutamide, prolonged MFS 22 months over placebo while also improving a host of

secondary and exploratory endpoints such as overall survival (OS), prostate-specific antigen

(PSA) progression and time to pain progression, chemotherapy initiation, and symptomatic

skeletal events. Among third-generation ARIs, darolutamide is unique in that it incorporates

two pharmacologically active diastereomers and has demonstrated resistance to all known

androgen receptor (AR) mutations. Additionally, patients taking darolutamide appear to experi-

ence comparatively few central nervous system-related adverse events (AEs) such as fatigue and

falls, and no increases in seizures have been reported in the drug’s clinical or preclinical

development. Various authors attribute the low incidence of CNS-related AEs to darolutamide’s

minimal penetration of the blood–brain barrier (BBB). Other side effects ranging from hot

flashes to hypothyroidism also occurred at rates similar to those of the placebo arm in Phase 3.

As ADT in itself raises cardiovascular risk, the cardiovascular safety of third-generation anti-

androgens as a category warrants continued scrutiny. In total, however, published data suggest

that darolutamide provides a reasonable option for patients with nonmetastatic CRPC. Ongoing

research will determine darolutamide’s potential role in additional disease states such as localized

and castration-sensitive PCa.

Keywords: nonmetastatic castration-resistant prostate cancer, darolutamide, androgen

receptor inhibitors, androgen deprivation therapy

Introduction
The objective of this review is to discuss the efficacy and safety of darolutamide in

PCa, while also briefly addressing CRPC, androgen receptor dynamics, and the

characteristics of darolutamide in the context of existing third-generation androgen

receptor inhibitors (ARIs).

Until recently, no US Food and Drug Administration (FDA)-approved options

for nonmetastatic castration-resistant prostate cancer (M0CRPC/nmCRPC) existed.
Correspondence: E David Crawford
Email edc@edavidcrawford.com

Cancer Management and Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2020:12 5667–5676 5667

http://doi.org/10.2147/CMAR.S227583

DovePress © 2020 Crawford et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0002-4134-7495
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


That changed with the approvals of enzalutamide, apalu-

tamide, and, most recently, darolutamide, based largely on

significant improvements in metastasis-free survival

(MFS) versus placebo. With highly similar efficacy pro-

files, these drugs’ safety, cost, and ease of accessibility for

patients may become increasingly important determinants

of adoption as physicians attempt to match patients with

the optimal therapies for their clinical situations, prefer-

ences, and lifestyles. The generally asymptomatic nature

of M0CRPC furthermore demands that safety and quality

of life (QOL) figure strongly in these calculations.

Approved by the FDA for M0CRPC in 2019, darolu-

tamide appears to offer efficacy and safety in this popula-

tion. In the Phase 3 ARAMIS study, the drug significantly

improved all primary, secondary, and exploratory end-

points versus placebo.1

Additionally, while adverse events (AEs) such as fati-

gue, falls, fractures have been associated with previous

third-generation ARIs, darolutamide may offer lower

rates of some of these AEs. Darolutamide moreover has

shown low penetration of the blood–brain barrier (BBB) in

animal and healthy human studies, and no central nervous

system (CNS) AEs, such as seizures, have been reported

thus far. These characteristics may make it a valuable

addition to the treatment armamentarium for M0CRPC/

nmCRPC.

PCa remains the most frequently diagnosed noncuta-

neous cancer in US men. This year, the American Cancer

Society has predicted 191,930 new PCa cases and 33,330

PCa deaths.2 Treatment options for high-risk PCa aim to

prolong life and preserve QOL. Various guidelines recom-

mend androgen deprivation therapy (ADT) as a cornerstone

of the standard of care—both as an adjuvant to radical

therapy for localized disease, and for recurrence/prostate-

specific antigen (PSA) relapse after primary treatment.3–5

Chemical ADTseeks to decrease testosterone production by

the testes to levels produced by bilateral orchiectomy.6 In

both metastatic and nonmetastatic CRPC, guidelines

strongly recommend continuing ADT to maintain testoster-

one below 20 ng/dL.4,5,7

Although most prostate cancers initially respond to

ADT, nearly all eventually progress to CRPC.4,8,9

A CRPC diagnosis requires two to three rising serum PSA

concentrations from nadir and/or evidence of radiographic

progression despite castrate levels of serum testosterone.10

The American Urological Association (AUA) guidelines7

define PSA-only recurrence as the Prostate Cancer Clinical

Trials Working Group 2 did: PSA 2 ng/mL higher than nadir

that must also be at least 25% over the nadir, confirmed by

a second PSA test at least three weeks later, in the presence

of castrate testosterone levels and no radiographic evidence

of metastases.11

CRPC presents as either metastatic (mCRPC) or non-

metastatic (M0CRPC/nmCRPC). The latter designation

applies when ADT leads to castration resistance, but con-

ventional imaging detects no metastases except to lymph

nodes below the aortic bifurcation.12,13 Some cases origin-

ally diagnosed as nonmetastatic using conventional ima-

ging may be reclassified as metastatic when examined

with more sensitive staging techniques such as 68 Gallium

prostate-specific membrane antigen (PSMA)-11 positron

emission tomography (PET)-computed tomography (CT).14

Materials and Methods
Using resources including PubMed, meeting abstracts,

guidelines of care, and www.clinicaltrials.gov, the authors

reviewed available medical literature through February 2020

for relevant Phase 3 trials, comprehensive reviews, and treat-

ment guidelines. Search terms such as darolutamide,

androgen deprivation therapy/ADT, antiandrogens, and non-

metastatic castrate resistant prostate cancer/M0CRPC/

nmCRPC yielded more than 100 publications, from which

the most relevant were selected for inclusion in this review.

Priority was given to clinical and preclinical trials of darolu-

tamide reporting efficacy and safety outcomes, as well as to

reviews that discussed third generation ARIs as a category.

From the reference lists of such publications, authors selected

supporting articles where needed.

Results
Attacking Androgens
During the past three decades, a highly nuanced understand-

ing of AR biology has developed.15 In short, the testes and

adrenal glands produce testosterone. Testosterone and dihy-

drotestosterone (DHT), the two main androgens responsible

for prostate growth, bind to the AR.16 Five alpha reductase

(5AR) converts testosterone to DHT, which has two to five

times higher AR-binding affinity than does testosterone.17,18

Before activation, the AR resides in the cytoplasm,

bound to chaperone proteins belonging to the heat-

shock family. When androgens bind to the AR, these

chaperones are released, allowing the AR to homodimerize

and translocate to the nucleus. There, it acts as

a transcription factor for androgen-responsive genes such

as PSA and others.15
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Many stages of the AR signaling process allow for

therapeutic targeting, such as sequestering DHT ligands

that activate the AR, blocking AR N-C terminal interaction,

disrupting AR co-activator interaction, and preventing AR

nuclear translocation.19,20 The 1950s and early 1960s saw

the arrival of steroidal antiandrogens including cyproterone

acetate (CPA), megestrol acetate, and medroxyprogesterone

acetate. CPA monotherapy can provide total androgen

blockade and may be used to suppress hot flushes associated

with orchiectomy or gonadotropin-releasing hormone

(GnRH) agonist therapy.21 However, its use has been lar-

gely discontinued due to concerns including poor efficacy

(as monotherapy or in combination with surgical

castration)22,23 and hepatotoxicity.24 Steroidal antiandro-

gens also may exert many off-target effects including impo-

tence and decreased libido25 and have given way to more

selective antiandrogens.

First- and Second-Generation Nonsteroidal

Antiandrogens

The first nonsteroidal analogues used to block AR ligand

activation in PCa include flutamide and nilutamide.

Generally administered with medical or surgical castration,

these agents were essentially indicated for neutralizing andro-

gens from multiple sources, primarily the adrenal glands and

cancers, a strategy known as combined androgen blockade

(CAB). In pivotal studies of castration plus flutamide, niluta-

mide, or placebo, flutamide enzalutamide increased overall

survival (OS) an average of 3 to 6 months.10 With efficacy

similar to that of flutamide and nilutamide, the second-

generation nonsteroidal antiandrogen bicalutamide was FDA-

approved for PCa in 1995.

While flutamide, nilutamide and bicalutamide offered

improvements over steroidal antiandrogens, all three ear-

lier-generation nonsteroidal antiandrogens have been asso-

ciated with the risk of both liver and gastrointestinal

toxicities.10 Moreover, their relatively low affinity for the

AR leaves an estimated 5–10% of DHT free to stimulate the

AR and continued PCa growth.26 Additionally, resistance to

these agents develops rather quickly.27 In the context of

excess AR, which aggressive PCa commonly produces,

first- and second-generation nonsteroidal AR antagonists

undergo a mechanistic switch to agonists, promoting

tumor progression in preclinical models.28 Flutamide, nilu-

tamide, and bicalutamide furthermore are almost comple-

tely susceptible to AR mutations,29 and with bicalutamide

in particular, discontinuation leads to androgen withdrawal

syndrome, in which tumors regress due to AR mutations

and bicalutamide agonist activity.29

Third Generation: AR Blockade

As opposed to blocking AR ligand activation, sequestering

the AR itself—which prevents nuclear translocation and

subsequent signaling to AR target genes—represents the

most commonly used form of antiandrogen therapy (see

Figure 1).15 Third-generation ARIs share the same thera-

peutic goals as their predecessors while avoiding short-

comings including the antagonist/antagonist switch and

androgen withdrawal syndrome. Third-generation ARIs

also reduce toxicities through more targeted activity.

Enzalutamide inhibits AR nuclear translocation,

recruitment of AR cofactors, and AR binding to DNA.30

With five- to eight-fold higher AR-binding affinity than

bicalutamide, enzalutamide has demonstrated superiority

to placebo when combined with castration in M0CRPC.31

The next third-generation ARI, apalutamide, offers similar

in vitro activity to that of enzalutamide, but greater in vivo

activity in xenograft models.30 In Phase 3 M0CRPC trials,

enzalutamide and apalutamide achieved significant

improvements over placebo in MFS and other endpoints.

These drugs earned FDA approval for M0CRPC in 2018

based on Phase 3 results.31,32

Figure 1 Proposed mechanisms of commonly used antiandrogens.15 Adapted from

figure as originally published in Rice MA, Malhotra SV, Stoyanova T., Second-

generation antiandrogens: from discovery to standard of care in castration resistant

prostate cancer. Front Oncol. 2019;9:801. Available from: https://www.frontiersin.

org/articles/10.3389/fonc.2019.00801/full. Accessed January 30, 2020. Adapted

with permission.
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Darolutamide
Called ODM-201 during development, darolutamide is

a synthetic compound discovered by screening campaign

that used an AR transactivation assay in AR-HEK293

cells.33 Darolutamide’s proposed mechanism of action is

shown in Figure 1.

Darolutamide offers a unique molecular structure,

incorporating a 1:1 mixture of two pharmacologically

active diastereomers—[S,R]-darolutamide and [S,S]-

darolutamide—which interconvert through the active

major metabolite keto-darolutamide.33,34 In preclinical

development, darolutamide and keto-darolutamide inhib-

ited testosterone-induced AR translocation to the

nucleus.33 Compared to enzalutamide and apalutamide,

darolutamide and keto-darolutamide also demonstrated

tighter AR bonding, stronger suppression of androgen-

induced cell growth in vertebral metastatic cells (VCaP),

and imperviousness to all known AR mutations shown to

enable resistance to first- and second-generation ADTs.33

Additionally, oral darolutamide (50 mg/kg) once or twice

daily provided antitumor activity in VCaP tumor-bearing

mice. In a related experiment, enzalutamide-induced CNS

stimulation significantly increased serum testosterone

levels; darolutamide did not.

Mouse studies moreover showed low brain-plasma ratios

of darolutamide and keto-darolutamide after seven days’

oral dosing (1.9–3.9% and 1.9–2.8%, respectively) versus

enzalutamide (27%) and apalutamide (62%).33 Quantitative

whole-body autoradiography in rats supports the foregoing

findings. Eight hours post-dosing, darolutamide was nearly

undetectable in all tissues, including the brain, whereas

enzalutamide remained constant and had a blood/brain

ratio of approximately 0.765.35 Subsequent research with

apalutamide showed that high brain concentrations

(although twofold lower than those of enzalutamide) per-

sisted for up to eight hours. Conversely, darolutamide brain

concentrations were near the lower limit of quantification,

approximately 26 and 46 times lower than levels of apalu-

tamide and enzalutamide, respectively.36

Darolutamide Phase 1 and 2

In the Phase 1/2 ARADES trial in progressive mCRPC,

darolutamide had a median time to maximum plasma con-

centration (Cmax) of 3.0 to 5.01 hours and a mean half-life of

15.8 hours (at steady-state) independent of dose.37 Because

area under the curve (AUC) and Cmax values were approxi-

mately two times higher, and Cmax was delayed by two to

three hours after a high-fat meal versus fasting,38 subsequent

trials required that darolutamide be taken with food.

In the dose-escalation portion of ARADES, all six darolu-

tamide doses tested (between 200 and 1800 mg/day) showed

antitumor activity at week 12, and 81% of patients achieved

≥50% serum PSA reductions. No dose-limiting toxicities were

reported. The Phase 2 portion included 12 patients from Phase

1 and an additional 110 whowere randomized to darolutamide

200, 400, or 1400 mg/day. At week 12, the proportions of

patients who achieved ≥50% serum PSA reductions were

29%, 33%, and 33% respectively. Compared to patients pre-

viously treated with cytochrome p450 enzyme 17R hydroxy-

lase-1720-lyase (CYP17) inhibitors, there was a trend toward

higher responses in patients naïve to both chemotherapy and

CYP17 inhibitors (50–86% PSA response rates, depending on

dose), and those who had previously received chemotherapy

but were CYP17-inhibitor-naïve. Additionally, the Phase 1

ARAFOR trial of darolutamide 1200 mg/day in chemother-

apy-naïve and CYP17-inhibitor-naïve mCRPC showed an

83% PSA response at week 12.39

Safety data from these trials showed that darolutamide

was well tolerated. In ARADES, the most common AEs (all

grades) were fatigue or asthenia (31%), back pain (21%),

arthralgia (15%), and pain (15%); nearly all were mild or

moderate. AEs considered to be treatment-related impacted

35% of patients. In ARAFOR, the most common AEs were

fatigue and nausea, each affecting 13% of patients.

Darolutamide Phase 3

In the 16-week ARAMIS trial, Fizazi et al randomized 554

patients to placebo and 955 to darolutamide 600 mg twice

daily while continuing ADT. Patients were required to have

CRPC, baseline PSA ≥2 ng/mL, PSADT ≤10 months, and

an Eastern Cooperative Oncology Group (ECOG) perfor-

mance status of 0 or 1. Median MFS in the darolutamide

cohort was 40.4 months, versus 18.4 months for placebo

(Table 1),1 consistent with the performance of previous

third-generation ARIs. The hazard ratio (HR) for metastasis

or death in ARAMIS’ darolutamide group was 0.41 (95%)

confidence interval/CI: 0.34–0.50; P<0.001.

Darolutamide was associated with a greater benefit in all

secondary and exploratoryARAMIS endpoints versus placebo

(Table 2). In interimOS analysis after 136 deaths, including 78

in the darolutamide group, the drug’s HR of death versus

placebo was 0.71 (95%) CI: 0.50–0.99; P=0.045. Results

from the preplanned final OS analysis of ARAMIS show

a significant OS improvement in patients receiving
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darolutamide plus ADT versus placebo plus ADT (HR=0.69,

95% CI 0.53-0.88; P=0.003).40 Among patients who required

additional antineoplastic therapy, the proportions in the daro-

lutamide and placebo groups who received approved therapy

for mCRPC were 29.5% and 36.7% respectively.

Safety

AE incidence in ARAMIS was generally similar between

darolutamide and placebo (Tables 3 and 4). Except for

fatigue, AEs that occurred or worsened during treatment

and had a frequency of ≥5% impacted less than 10% of

patients in either group. Of note, seizure incidence was

0.2% in both the darolutamide and placebo groups.

Incidence of other AEs of interest, including hypertension,

cognitive disorders, dizziness, and rash, varied only

slightly between study arms, and the differences decreased

or disappeared after adjustment for treatment duration or

observation period. While cross-trial comparisons are sub-

ject to limitations (such as differences in patient popula-

tions, trial conduct, and others), overall Phase 3 rates of

AEs and serious AEs were fairly consistent between dar-

olumatide, enzalutamide, and apalutamide (Table 3).41

Table 4 shows respective rates of fatigue, falls, frac-

tures, rashes, and other AEs commonly associated with

third-generation antiandrogens vs placebo in these drugs’

Phase 3 trials.

Discussion
Third-generation ARIs have risen to represent the standard

of care in nonmetastatic CRPC.3,4,7 Darolumatide provides

a valuable addition to the therapeutic armamentarium for

several reasons. In Phase 3, the drug met all primary end-

points and reduced the risk of metastases or death from any

cause by 59% consistently in all subgroups. While it is

impossible to compare results directly across the studies

(Table 1–6), it appears that key AEs that have been asso-

ciated with prior third-generation ARIs occur at similar

rates with darolutamide.

Along with disease progression, treatment-associated

AEs can decrease health-related QOL.42 ARAMIS authors

Fizazi et al observe that because patients with nmCRPC

may already be suffering adverse effects from their

ongoing ADT, they can ill afford additional toxic effects

associated with their choice of M0CRPC therapy.1

With virtually identical Phase 3 efficacy levels for

apalutamide, enzalutamide, and darolutamide, these

drugs’ safety and QOL profiles will be important to guid-

ing their use, particularly as most men with M0CRPC are

asymptomatic when they begin treatment.12,16

CNS-Related AEs Including Seizures
Compared to earlier-generation AAs, the main new side

effect associated with enzalutamide and apalutamide is

Table 1 Phase 3 Efficacy of M0CRPC Drugs

Drug (Trial) Darolutamide (ARAMIS) Enzalutamide (PROSPER) Apalutamide (SPARTAN)

Sample Size (total) 1509 1401 1207

Median MFS (months, drug, vs placebo) 40.4 vs 18.4(P<0.001) 36.6 vs 14.7(P<0.001) 40.5 vs 16.2 (P<0.001)

Median time to PSA progression 33.2 vs 7.3 (P<0.001) 37.2 vs 3.9 (P<0.001) NR vs 3.7

Table 2 Prespecified Secondary and Exploratory Efficacy Endpoints (ITT Population) Darolutamide (n = 955) Placebo (n = 554)

Endpoint Median

Duration (mos)

# of Events Median

Duration (mos)

# of Events HR P-value

Secondary

● OS NR 78 NR 58 0.71 0.045

● TT pain progression 40.3 251 25.4 178 0.65 <0.001

● TT cylotoxic chemotherapy NR 73 38.2 79 0.43 <0.001

● TT 1st symptomatic skeletal event NR 16 NR 18 0.43 0.01

PFS 36.8 255 14.8 258 0.38 <0.001

PSA progression 33.2 226 7.3 368 0.13 <0.001

1st PCa-related invasive procedure NR 34 NR 44 0.39 <0.001

Initiation of subsequent antineoplastic therapy NR 48 NR 70 0.33 <0.001

Note: From Fizazi K, Shore N, Tammela TL, et al. Darolutamide in nonmetastatic, castration-resistant prostate cancer. N Engl J Med. 2019;380(13):1235–1246. Copyright
© (2019) Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.1

Dovepress Crawford et al

Cancer Management and Research 2020:12 submit your manuscript | www.dovepress.com

DovePress
5671

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


increased risk of seizure, due to penetration of these com-

pounds through the BBB and subsequent inhibition of the

y-aminobutyric acid receptor (GABAA).
1,15 Nevertheless,

rates of seizures in Phase 3 trials of enzalutamide and apalu-

tamide were low and did not reach statistical significance.

Also in these trials, CNS-related AEs such as fatigue, mental

impairment disorders, and dizziness also occurredmore often

among patients receiving these drugs than placebo.31,32 Such

AEs can negatively impact QOL, particularly in elderly

patients who are more prone to falls and cognitive impair-

ment such as dementia.43 Seizures were also noted as

a potential risk in Phase 1 and 2 studies of enzalutamide.44

Darolutamide has shown low BBB penetration, and this

may be associated with preclinical and clinical data that show

low proconvulsive potential.45 Unlike in Phase 3 trials of

enzalutamide and apalutamide, patients with a history of

seizures or predisposing conditions were permitted to enroll

in ARAMIS. During ARAMIS, no patients with a history of

seizure (there were 12 in the darolumatide group) experi-

enced a seizure.1 Fizazi et al also attribute the similar inci-

dences of dizziness and cognitive impairment in the

ARAMIS darolumatide and placebo groups to the low BBB

penetration discovered in preclinical darolumatide studies.1

Cardiovascular AEs
Meta-analyses show significant associations between use of

third-generation ARIs and fatigue, fractures, falls, hyperten-

sion, and cardiovascular events.46,47 These drugs’ combined

relative risk (RR) of grade ≥3 hypertension, for example, is

1.39.46,47 Individual Phase 3 RRs of Grade ≥3 hypertension

for darolumatide, enzalutamide, and apalutamide, respec-

tively, were 1.452, 2.150, and 1.213.47 Moreover, Di

Nunno et al link the category as a whole with significantly

increased risk of AE-related death, although these authors

note that no AE-related deaths occurred in ARAMIS.47

The cardiovascular and cerebrovascular safety of next-

generation antiandrogens warrants continued scrutiny, as

background ADT is already known to elevate cardiac

risk.48,49 Abiraterone acetate (AA) is no exception. While

enzalutamide, apalutamide, and darolutamide block the AR,

AA inhibits CYP17AI, which is involved in testosterone

biosynthesis.15,50,51 AA remains the only androgen bio-

synthesis inhibitor approved by the FDA for PCa. There is,

however, no phase 3 trial of AA in M0CRPC, only promis-

ing results from the Phase 2 IMAAGEN trial.12,52

In Phase 3 trials for mCRPC, cardiac disorders occurred

at slightly higher rates with abiraterone than placebo (19%/

13% abiraterone vs 16%/11% placebo).53,54 Additionally,

a meta-analysis of seven studies (two in HSPC, five in

CRPC) revealed statistically significant risks of all-grade

(RR 1.41) and high-grade (2.22) cardiac toxicity and arterial

Table 3 Phase 3 Adverse Events

Drug Any AE

(Drug vs

Placebo)

Severe AEs

(Grade ≥3;

Drug vs

Placebo)

AEs Leading to

Drug

Discontinuation

(Drug vs Placebo)

Darolutamide 83.2% vs 76.9% 24.7% vs 19.5% 8.9% vs 8.7%

Enzalutamide 87% vs 77% 31% vs 23% 9% vs 6%

Apalutamide 96.5% vs 93.2% 24.8% vs 23.1% 10.7% vs 7%

Table 4 Phase 3 Specific Adverse Events1,12,31,32,41

AEs (Any Grade) Darolutamide vs Placebo Enzalutamide vs Placebo Apalutamide vs Placebo

Fatigue or asthenic conditions 15.8% vs 11.4% 33.0% vs 14.0% 30.4% vs 21.1%

Fractures 4.2% vs 3.6% NR 11.7% vs 6.5%

Falls 4.2% vs 4.7% 11.0% vs 4.0% 15.6% vs 9.0%

Dizziness 4.5% vs 4.0% 10% vs 4% 9.3% vs 6.3%

Seizures 0.2% vs 0.2% <1% vs 0 0.2% vs 0

Mental impairment/cognitive disorder 0.4% vs 0.2% 5.0% vs 2.0% 5.1% vs 3.0%

Memory impairment 0.5% vs 1.3% NR NR

Hypertension 6.6% vs 5.2% 12.0% vs 5.0% 24.8% vs 19.8%

Hypothyroidism 0.2% vs 0 NR 8.1% vs 2.0%

Hot flashes 5.2% vs 4.2% 13% vs 8% NR

Rash 2.9% vs 0.9% NR 23.8% vs 5.5%

Diarrhea 6.9% vs 5.6% 10.0% vs 10.0% 20.3% vs 15.1%

Weight loss 3.6% vs 2.2% 6.0% vs 2% 16.1% vs 6.3%

Nausea 5.0% vs 5.8% 11% vs 9% 18.1% vs 15.8%

Arthralgia 8.1% vs 9.2% 8% vs 7% 15.9% vs 7.5%
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hypertension (all-grade RR 1.79, high-grade 2.19) with

abiraterone.55

In Phase 3 studies of the third-generation nonsteroidal

antiandrogens, major adverse cardiovascular events

(MACE) were fairly uncommon. The rate for enzaluta-

mide was 5% vs 3% for placebo in ARAMIS, and inves-

tigators reported small incidences of cerebral ischemia,

coronary artery disorder, and heart failure, though rates

were similar to placebo (Table 5). MACE were not

reported in apalutamide Phase 3.

Drug Interactions
Patients with advanced PCa commonly have significant

comorbidities and take many concurrent medications.41

While enzalutamide and apalutamide strongly induce

CYP3A4, darolutamide has shown no clinically relevant

inhibition of CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6,

2E1, or 3A4.56,57 This distinction may explain the lack of

significant differences in toxicity between darolutamide

and placebo in ARAMIS.41

Future Use
Current clinical recommendation in M0CRPC is that darolu-

tamide be combined with ADT or bilateral orchiectomy.58

This strategy dovetails with the trend toward combination

therapies designed to attack PCa via multiple mechanisms to

overcome resistance15 and supports earlier use of potent AR

signaling inhibitors in patients with M0CRPC.1,59 Additional

settings in which darolutamide is being explored include

localized and castration-sensitive PCa (Table 6), in combined

and head-to-head regimens.

Potential obstacles for darolutamide include the possi-

bility that, as the third drug approved for M0CRPC, it may

have difficulty gaining market share.41 On a more specific

note, the ARASENS trial in combination with ADT and

docetaxel has not yet reported results.

Conclusion
In an era of increasingly precise, personalized medicine

that now includes multiple efficacious options for

M0CRPC, treatment decisions for these patients likely

will rest largely on safety, cost, drug availability, and

patient preferences. Along with significant therapeutic

benefit, darolutamide appears to provide safety and QOL

comparable to other third-generation ARIs. Ongoing

research will further characterize its place among treat-

ments for nonmetastatic CRPC, and perhaps other PCa

types. With a limited number of darolutamide studies pre-

sently available, efficacy and safety data are based largely

on clinical trials. As with any fairly recently approved

drug, postmarketing data are expected to highlight delayed

and rare AEs.

Acknowledgments
This activity is supported by an independent medical educa-

tion grant from Bayer for medical writing of this manuscript.

The authors acknowledge the contributions of medical wri-

ter John Jesitus in helping to prepare this manuscript.

Table 5 Cerebrovascular Events in ARAMIS

AE Darolutamide

Any Grade

Darolutamide

Grade 3 or 4

Darolutamide

Grade 5

Placebo Any

Grade

Placebo

Grade 3 or 4

Placebo

Grade 5

Cerebral ischemia 13 (1.4%) 7 (0.7%) 1 (0.1%) 8 (1.4%) 4 (0.7%) 3 (0.5%)

Coronary artery disorder 31 (3.2%) 16 (1.7%) 3 (0.31%) 14 (2.5%) 2 (0.4%) 1 (0.1%)

Heart failure 18 (1.9%) 5 (0.5%) 4 (0.4%) 5 (0.9%) 0 3 (0.5%)

Table 6 Ongoing Trials in Additional PCa Settings

Study Setting Phase Study Arms Primary

Endpoint

Trial ID Number Estimated

Primary

Completion

ARASENS mCSPC 3 ADT+ docetaxel + darolutamide or placebo OS NCT02799602 August 2022

EORTC-1532 CSPC 2 ADT vs darolutamide PSA response NCT02972060 December 2020

SGCCR mCRPC 2 Post-docetaxel maintenance darolutamide vs placebo RPFS NCT02933801 December 2020

ODENZA mCRPC 2 Enzalutamide vs darolutamide Patient preference NCT03314324 January 2022

INTREPId Localized 2 RT + ADT + bicalutamide vs RT = darolutamide PSA nadir ≤0.5 NCT04025372 September 2022
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