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Abstract: Androgen deprivation therapy (ADT) is an important component of systemic
therapy in advanced prostate cancer; however, resistance to ADT is inevitable. Three large
studies demonstrated the efficacy of novel androgen receptor (AR)-targeted therapies in
prolonging metastasis-free survival and time to symptomatic progression in patients with
non-metastatic castration-resistant prostate cancer (nmCRPC). Enzalutamide and apaluta-
mide have been approved by the FDA in the nmCRPC setting. This review discusses the role
of AR and ADT in prostate cancer, mechanism of ADT resistance and the nmCRPC stage. In
addition, pharmacologic characteristics and clinical development of apalutamide, role of
apalutamide in nmCRPC, and ongoing clinical studies of apalutamide in different stages of
prostate cancer are discussed.
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Introduction

Prostate cancer is one of the most commonly diagnosed cancer in men in the United
States with an estimated 164,690 new cases and 29,430 deaths in 2018.! Most prostate
cancer patients are diagnosed at a localized stage and are treated with definite radio-
therapy, radical prostatectomy (RP), or active surveillance.”* About 40-50% of
patients, who initially present with the localized disease eventually progress.”®
Biochemical recurrence (BCR) is a clinical stage of prostate cancer in which patients
present with a rising prostate-specific antigen (PSA) level, after initial definite local
therapy and no evidence of metastasis on conventional imaging like radionuclide bone
imaging, computed tomography (CT) scan or magnetic resonance imaging (MRI).
Systemic treatment with androgen deprivation therapy (ADT) has an important role in
the management of patients with BCR who are not candidate of salvage prostatectomy,
salvage radiation therapy or who have BCR recurrence after salvage treatment. Early
initiation of ADT in BCR reduces PSA level and delays time to metastatic disease.’
However, randomized controlled trials are lacking to demonstrate the impact of early
ADT on overall survival (OS), prostate cancer-specific survival, and quality of life
(QoL) in patients with BCR. Many patients who receive ADT for BCR eventually
progress. The median duration of response to ADT in patients with non-metastatic
prostate cancer is 19 months, after which many men progress to non-metastatic
castrate-resistant prostate cancer (nmCRPC).* The disease state in which patients
have PSA recurrence only while on ADT without evidence of metastasis on conven-
tional imaging including radionuclide bone imaging, CT scan, or MRI is defined as
nmCRPC.’
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This review discusses the role of AR in prostate cancer,
mechanism of resistance to ADT, nmCRPC stage, the
clinical development of apalutamide, pivotal trials evalu-
ating apalutamide, enzalutamide, and darolutamide in
nmCPRC, and the active clinical trials evaluating the role
of apalutamide in different stages of prostate cancer.

Role of the androgen receptor (AR)

and ADT in prostate cancer

The AR mediates the action of androgens by acting as a
transcription factor.'® The AR consists of N-terminal
domain, central DNA binding domain, and C terminal
ligand binding domain (LBD).'® Testosterone, a weak
ligand is converted by 5-alpha reductase to potent dihydro-
testosterone (DHT) in prostate cells. When DHT binds to C
terminal LBD of AR, conformational changes occur in AR
and heat shock protein dissociates from AR.'® The andro-
gen-AR complex forms a dimer and enters the nucleus
where it binds to specific DNA sequences called androgen
responsive elements and activates transcription.'®!" Charles
and Huggins first recognized that prostate cancer cells
thrive on androgens (testosterone and DHT) and ablation
of androgens cause prostate cancer cells to undergo apop-
tosis and the cells who survive are arrested in the G1 phase
of cell cycle.'? Since then, ADT has been the critical
component of the management of prostate cancer for the
last several decades which is achieved by suppression of
gonadal androgens by gonadotrophin-releasing hormone
(GnRH) agonist. Several mechanisms of ADT resistance
have been proposed including incomplete blockade of AR,
ligand activation by intra-tumoral androgen which activates
AR signaling pathway despite castrate level of testosterone,
amplification of AR gene, AR mutation, ligand-independent
activation of ARr by oncogenes such as ERBB2 or HRAS
which can cause increased mitogen-activated protein kinase
signaling, and activation of other survival pathways includ-

ing PI3K pathway.'>"!”

Non-metastatic castrate resistant

prostate cancer

The incidence of nmCRPC in the United States is about
50,000-60,000 cases per year.'® Prostate Cancer Working
Group 3 defines nmCRPC as rising PSA level with 25%
increase above the nadir level (considering a starting value
of >1ng/mL) with minimum rise of 2 ng/mL, no evidence
of local recurrence or distant metastases on conventional
imaging including radionuclide bone imaging, CT scan or

MRI, and serum testosterone level <50 ng/mL (castrate
level). The value of rising PSA should be confirmed on the
second measurement, 3 weeks apart.” The average metas-
tasis-free survival (MFS) in patients with nmCRPC is
about 25-30 months."
patients with nmCRPC develop bone metastasis in 2
years.'”?° PSA doubling time (PSA-DT) (estimated time
required for the PSA level to double) <10 months is
associated with a significant risk of progression to metas-
tasis in patients with nmCRPC.>' nmCRPC is a challen-
ging disease for the development of therapeutic strategies

Approximately, one-third of

due to the lack of radiologic evidence of metastatic disease
and the absence of clinical symptoms. Until recently, the
standard of care for nmCRPC was continuation of GnRH
agonist, addition of first-generation AR antagonist (niluta-
mide, flutamide or bicalutamide) to GnRH agonist,
increasing the dose of bicalutamide, switching to other
AR antagonist, AR antagonist withdrawal, or other hor-
monal therapies with no significant impact on OS.%*

A known limitation of conducting studies in localized
prostate cancer is the long-term follow-up required to
assess the impact of the therapeutic intervention on OS
which in some cases exceeds a decade. This paradigm
changed about 2 years ago when Intermediate Clinical
Endpoints in Cancer of the Prostate study (ICECap), a
meta-nalysis of 28 randomized trials with localized pros-
tate cancer, found a strong correlation between change in
MEFS and change in OS (Kendall’s t correlation, 0.91).
MFS (as per ICECaP study) is the time measured from
the date of random assignment to the date of the first
evidence of metastases confirmed by imaging or histologic
evidence — or death from any cause.?’ Consequently, MFS
was recognized as a surrogate marker for OS in patients
with prostate cancer based on ICECaP study.?’ This end-
point was considered for all confirmatory Phase III studies
in nmCRPC setting and will be discussed later. In 2011,
the FDA recognized MFS as a reasonable clinical endpoint
as the development of the metastatic disease is a clinically
relevant event that can be associated with pain and need

for additional interventions.3*>!

Pharmacologic properties of

apalutamide

Apalutamide (ARN-509) is a synthetic beryl thiohydan-
toin that retains full AR antagonist activity in the setting
of increased AR expression.’” Apalutamide is a novel,
second-generation AR antagonist which demonstrated
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seven to ten fold greater affinity to AR than bicalutamide
in vivo and animal models.>® Apalutamide inhibits
nuclear translocation of AR and inhibits binding of AR
to androgen response like elements in the context of AR
expression.>® Apalutamide did not exhibit agonist activity
in prostate cancer cell lines which were made to over-
express AR as in metastatic castration-resistant prostate
cancer. Apalutamide caused >50% tumor regression in
eight of ten castrate immunodeficient mice harboring
LNCaP/AR xenograft tumors, whereas bicalutamide
caused >50% tumor regression in only one of ten mice.*
Clerg et al compared the dosage of enzalutamide and
apalutamide in the murine xenograft model of human
CRPC and showed that maximal therapeutic response of
apalutamide was achieved at 30 mg/kg/day, whereas the
same response required 100 mg/kg/d of enzalutamide and
higher steady-state plasma concentration.*®> Enzalutamide
and apalutamide have low affinity for the GABA receptor
in the brain. However, the steady-state level of apaluta-
mide was four fold lower than enzalutamide, suggesting
lower seizurogenic potential and less CNS adverse effects
as compared to enzalutamide.?

Clinical development of apalutamide:
Phase |, Il, and 11l data

The first in human, Phase I trial of apalutamide enrolled 30
patients with progressive metastatic castrate-resistant pros-
tate cancer (mCRPC). The primary objective of this trial
was to assess the pharmacokinetics (PK), safety, tolerabil-
ity, and to define the recommended Phase II dose
(RP2D).>* A total of 30 patients with a median age of 68
years (45-81), baseline median PSA of 42 ng/mL (2.3—
326.6) were included. The patients were assigned sequen-
tially to escalating dose levels of apalutamide following a
traditional 3+3 design, in a 28-day cycle. The starting dose
of apalutamide was 30 mg once daily. The most common
adverse effects of any cause were fatigue (47%), back pain
(30%), diarrhea (30%), arthralgia (24%), nausea (26%),
and dyspnea (29%), all of them were grade 1-2. Only
three patients (9%) had grade 3 adverse effects including
abdominal pain, nausea, and arthralgia. At 12 weeks, 14
(46.7%) of 30 patients had a >50% decline in PSA as
compared with baseline. The median PSA change from
baseline at 12 weeks was —43.2% (range, —98.6% to
120.6%), and the maximum median decline on the study
was —62.7% (range, —99.8% to 16.7%). Five (50%) of the
ten patients who had baseline measurable soft tissue dis-
ease showed stable disease >6 months. One patient (10%)

experienced disease progression and four patients (40%)
had an indeterminate response. Apalutamide was rapidly
absorbed, with peak plasma concentrations in 2-3 hrs after
administration. Peak concentrations of apalutamide and
AUCs were dose proportional. The RP2D dose of apalu-
tamide was 240 mg daily.** Based on these data, a Phase II
multicenter, multicohort study was initiated with three
distinct sets of patients 1) high-risk nmCRPC, 2) che-
motherapy-naive and abiraterone acetate/prednisone-naive
mCRPC, and 3) progressive mCRPC after abiraterone
acetate plus prednisone.*>*® In the high-risk nmCRPC
cohort (PSA>8 ng/mL, PSA-DT<10 months or both), 51
patients were enrolled. Apalutamide was given at the dose
of 240 mg orally daily. The primary endpoint was post
treatment percentage change in PSA relative to baseline at
12 weeks (or earlier for those who discontinued therapy)
and maximal change at any time on the study. The sec-
ondary endpoints were time to PSA progression (TTPP)
and MFS. The median age of the enrolled patients was 71
years (51-88), 57% of patients had Gleason score <7, 35%
had Gleason score 8-10, baseline PSA level was 10.7 ng/
mL (0.5-201.7), and 45% of patients had PSA-DT was
<10 months. At 12 weeks, 89% had a PSA decline of
>50%. The median TTPP was 24 months (95% CI, 16.3
months — not reached); median MFS was not reached
(95% CI 33.4 months — not reached). Apalutamide was
discontinued in 22% of patients due to disease progression
and in 18% of patients due to adverse effects. The most
common adverse effect was fatigue (61%); however, only
4% of patients experienced grade 3 fatigue.’® The positive
results in the high-risk nmCRPC cohort led to the interna-
tional Phase III, double-blind, placebo-controlled trial
(SPARTAN) which evaluated apalutamide in patients
with high-risk nmCRPC with PSA-DT of <10 months.*’
The primary endpoint was MFS. Secondary endpoints
were time to metastasis, progression-free survival (PFS),
time to symptomatic progression, OS, and time to the
initiation of cytotoxic chemotherapy. Exploratory end-
points included TTPP (defined as time from randomization
to PSA progression according to Prostate Cancer Working
Group 2 criteria),®® PSA response rate, patient-reported
outcomes, and second PFS. The second PFS was defined
as the time from randomization to investigator-assessed
disease progression (PSA progression, detection of meta-
static disease on imaging, symptomatic progression, or any
combination thereof) during the first subsequent treatment
for metastatic castration-resistant disease or death from
any cause.
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A total of 1207 patients were randomized in 2:1 fash-
ion to receive apalutamide 240 mg daily (807 in the
apalutamide arm) or placebo (401 in the placebo arm)
and ADT was continued in both arms during the study.
The patients were stratified by PSA-DT (<6 months or >6
months), use of bone-sparing agents and classification of
nodal status as NO or N1. The median age of the patients
was 74 years (range, 48-97), 71.3% had a PSA-DT <6
months, 10.0% used a bone-sparing agent, and 83.6% had
NO nodal status. Most of the patients (73.1%) had pre-
viously used a first-generation AR antagonist. At the
planned primary analysis, apalutamide demonstrated sig-
nificant improvement in MFS compared with placebo
(40.5 vs 16.2 months; HR for death or metastasis: 0.28,
95% CI 0.23-0.35; p<0.001). Similarly, median PFS was
40.5 months in the apalutamide arm vs 14.7 months in the
placebo arm (HR: 0.29; 95% CI 0.24-0.36; p<0.001). Of
the other exploratory endpoints, apalutamide was asso-
ciated with improved TTPP (HR: 0.06; 95% CI 0.05-
0.08; p<0.0001), time to symptomatic progression (HR:
0.45; 95% CI 0.32-0.63; p<0.001), and time to initiation
of cytotoxic chemotherapy (HR: 0.44; 95% CI 0.29-0.66).
PSA response rate (>50% decline) was observed in 90% of
patients in the apalutamide group as compared to 2% in
the placebo group. The patients in the apalutamide arm
reported stable overall health-related QoL as did the
patients in the placebo arm. The second PFS was signifi-
cantly longer in the apalutamide arm than the placebo arm
(HR: 0.49; 95% CI 0.36-0.66). Of note, the OS data were
not mature at the time of publication but apalutamide
showed a trend toward improved OS with HR of 0.70.
Notably, an exploratory landmark analysis in the
SPARTAN trial suggested an association between MFS
and OS in high-risk nmCRPC who develop metastases at
6, 9, and 12 months (Spearman’s correlation coefficient:
0.62; p<0.0001).*

The most common adverse effects of any grade in the
apalutamide group versus the placebo group were fatigue
(31.3% vs 21.4%), hypertension (39.1% vs 31.6%), rash
(29% vs 5.8%), diarrhea (21.3% vs 15.6%), and falls
(17.3% vs 9.8%). Significant (grade 3 or 4) adverse events
were observed in 45.1% of patients in the apalutamide
group compared with 34.2% in the placebo group. Due
to adverse effects, 10.6% of patients discontinued apalu-
tamide as compared to 7% in the placebo group.”” The
treatment-related mortality rate in the apalutamide group
was 1.2% as compared to 0.3% in the placebo group.
Based on the improvement in MFS, FDA approved

apalutamide on 14 February 2018 for the treatment of
patients with nmCRPC.*

Genomic data and apalutamide

resistance

Despite the activity of apalutamide in CRPC, resistance to
apalutamide eventually develops and associated with spe-
cific mutations in the AR gene. The most studied example
includes F877L mutation, a missense mutation at AR
LBD. F877L mutation was found to be associated with a
lack of antitumor activity in castrated immunodeficient
mice injected with LNCaP cell lines expressing F877 L
mutation.*' In a Phase I study of apalutamide, 3 (10.3%)
of the 29 enrolled patients showed F877L mutation in
circulating tumor DNA samples after treatment with apa-
lutamide with no evidence of F877 L mutation in pretreat-
ment samples suggesting acquired treatment resistance to
apalutamide.*' A different Phase II study by Rathkopf et al
showed that only 2 (2.2%) of 93 patients analyzed had the
F877L mutation at baseline suggesting that other mechan-
isms may play a role in resistance to apalutamide includ-
ing AR splice variant within the N-terminal domain,
increase steroidogenesis, development of androgen-inde-
pendent tumor and/or activation of the PI3K signaling
pathway.*>** Further studies are needed to detect de-
novo and acquired mutations in patients exposed to apalu-
tamide which would help to optimally use apalutamide in
sequence or in combination with other AR signaling tar-
geting agents.

Treatment options for patients with
nmCRPC

In addition to apalutamide, two other novel AR-targeted
therapies — enzalutamide and darolutamide were evaluated
in nmCRPC and are briefly discussed here.

Enzalutamide is a second-generation AR antagonist
which inhibits binding of androgen to AR, inhibits AR
translocation to the nucleus, impairs DNA binding to andro-
gen response elements, and recruitment of coactivators.*’
Enzalutamide has five to eight fold affinity than bicaluta-
mide for AR and unlike bicalutamide, it does not appear to
switch from antagonist to agonist.*® Two large multicenter
Phase III trials (PREVAIL and AFFIRM) established the
safety and efficacy of enzalutamide in patients with meta-
static prostate cancer while PROSPER study evaluated the
efficacy of enzalutamide in nmCRPC setting.*’*
PROSPER involved 1401 nmCRPC patients with PSA-DT
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of <10 months and randomized them to receive enzaluta-
mide 160 mg daily or placebo, ADT was continued in both
arms.*” The median MFS was 36.6 months in the enzaluta-
mide group versus 14.7 months in the placebo group (HR
for metastasis or death, 0.29; 95% CI 0.24 —0.35; p<0.001).
In the interim analyses of secondary or exploratory end-
points, TTPP, PSA response rate, time to the first use of
subsequent antineoplastic therapy was longer in the enzalu-
tamide group than in the placebo group. The median OS
was not reached in either group. The most common adverse
effects of any grade in the enzalutamide group as compared
to placebo were fatigue (36% vs 15%), hot flashes (13% vs
8%), nausea (11% vs 9%), hypertension (15% vs 7%), fall
(12% vs 5%, dizziness (10% vs 4%), major adverse cardi-
ovascular events (5% vs 3%), and mental impairment dis-
orders (5% vs 2%), respectively. Enzalutamide had a higher
adverse effect-related mortality rate as compared to placebo
(3% vs 1%). The rate of discontinuation for adverse events-
was 10% with enzalutamide versus 6% with placebo.*’
Darolutamide is a non-steroidal second-generation AR
antagonist which inhibits androgen-induced translocation of
AR to the nucleus, thus decreasing activation of genes
required for prostate cancer cell growth. Darolutamide and
its metabolites have exhibited tighter binding to AR than
enzalutamide and apalutamide.’® Darolutamide has shown
to retain full AR antagonist activity in the presence of AR
mutations which can cause a switch of AR antagonist to
agonist; F877 L mutation can cause enzalutamide and apa-
lutamide to become an agonist, W742L and T878A muta-
tions can cause bicalutamide to act as an agonist.”’'
Darolutamide showed lower affinity of y-aminobutyric
acid type A receptors in the brain and lower blood-brain
penetration than enzalutamide and apalutamide in pre-clin-
ical models.>* Darolutamide showed antitumor activity and
safety in Phase I and II studies in patients with metastatic
prostate cancer which led to the evaluation of darolutamide
in Phase IIl (ARAMIS) trial in patients with nmCRPC.>*>*
ARAMIS enrolled 1509 patients with nmCRPC and PSA-
DT of <10 months and randomized them to received dar-
olutamide plus ADT or placebo plus ADT. The primary
endpoint was MFS. Secondary endpoints were OS, time to
pain progression (assessed by Brief Pain Inventory Short
Form), time to first symptomatic skeletal event, and time to
first
included PFS (defined as the time from randomization to

cytotoxic chemotherapy. Exploratory endpoints
evidence of any radiographic disease progression, including
local relapse or new pathologic lymph nodes, or death from

any cause, whichever occurred first), time to first prostate

cancer-related invasive procedure, time to initiation of sub-
sequent antineoplastic therapy, PSA progression and
response, deterioration in ECOG performance status, and
QoL. QoL was assessed by the European Organization for
Research and Treatment of Cancer QoL Prostate Cancer
module (EORTC-QLQ-PR25) at baseline and every 16
weeks until the end of treatment. Darolutamide plus ADT
was associated with improved MFS as compared to placebo
plus ADT (40.4 vs 18.4 months; HR: 0.41, 95% CI 0.34—
0.50; p<0.001). At the time of interim analyses, daroluta-
mide showed improvement in secondary and exploratory
endpoints as compared to placebo.” The OS data were not
mature at the time of publication of results.>> The most
common adverse effects of any grade in the darolutamide
group as compared to the placebo group were fatigue
(12.1% vs 0.9%), back pain (8.8% vs 9%), arthralgia
(8.1% vs 9.2%), and hypertension (6.6% vs 5.2%) respec-
tively. The rate of side effects of any grade was 83.2% in
patients treated with darolutamide and 76.9% in those who
received a placebo. Grade 3 or 4 adverse effects of any
cause were 24.7% in the darolutamide group versus 19.5%
in the placebo group. Notably, darolutamide was not asso-
ciated with a higher incidence of falls (4.2% vs 4.7%),
seizure (0.2% vs 0.2%), or fractures (4.2% vs 3.6%) as
compared to the placebo group. There was one treatment-
related death in the darolutamide group (0.4%) vs 3 deaths
(0.2%) in the placebo group. The rate of treatment discon-
tinuation due to adverse effects was 8.9% in the daroluta-
mide group as compared to 8.7% in the placebo group.’

Recent updated analysis showed that darolutamide sig-
nificantly delayed pain progression as compared to pla-
cebo (40.3 vs 25.4 months; HR: 0.65; 95% CI 0.53-0.79;
p<0.001). The delay in pain progression with darolutamide
was maintained beyond end of the study treatment.
Darolutamide was associated with delayed time to dete-
rioration of EORTC-QLQ-PR25 outcomes for urinary
symptoms (25.8 vs 14.8 months; HR: 0.64; 95% CI
0.54-0.76; p<0.01) and for hormonal treatment-related
symptoms as compared to placebo (18.9 vs 18.4 months;
HR: 1.06; 95% CI 0.88-1.27; p=0.52).%¢

Role of apalutamide beyond nmCRPC
Several trials are currently underway to evaluate the role
of apalutamide in early and advanced stages of prostate
cancer. During ASCO 2019 meeting, the results of the
TITAN trial were presented. TITAN was a Phase III trial
which assessed the efficacy of apalutamide plus ADT
versus placebo plus ADT in patients with metastatic
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hormone-sensitive prostate cancer. The patients who pre-
viously received docetaxel for advanced prostate cancer
(11%) were also enrolled. The primary endpoints were
radiologic progression-free survival (rPFS) and OS. At
the time of first interim analysis, apalutamide plus ADT
was associated with improved rPFS as compared to pla-
cebo plus ADT (HR: 0.48; 95% CI 0.39-0.60; p<0.001).%’
OS survival data were not mature at the time of the first
interim analysis. Grade 3—4 adverse effects were 42.2% in
the apalutamide plus ADT arm vs 40.8% in the placebo
plus ADT arm.”’

ACIS is a Phase 111, randomized, placebo-controlled, dou-
ble-blind study which is evaluating apalutamide in combina-
tion with abiraterone and prednisone (AAP) versus AAP alone
as first-line treatment in patients with mCRPC, with rPFS as
the primary endpoint.”® Secondary endpoints are OS, time to
long-term opioid use, time to initiation of cytotoxic che-
motherapy, time to pain progression, and time to skeletal-
related events.”® Another smaller Phase II study is investigat-
ing the same combination in two cohorts of Caucasian and
African American men (PANTHER study, NCT03098836).>°
LACOG 0415 is a Phase II, randomized, a three-arm study
evaluating the role of abiraterone acetate plus ADT versus
apalutamide versus abiraterone and apalutamide in patients
with advanced prostate cancer with non-castrate testosterone.
The primary endpoint of the study is undetectable PSA levels
(below 0.2 ng/mL) at week 25, aiming for 65% of undetectable
PSA at week 25. Secondary endpoints are PSA progression
and PSA response (50% and 80%) at week 25, rPFS, safety,
health QoL, and correlation of serum androgen levels with
response.’’ PILLAR, a Phase II study is comparing apaluta-
mide with stereotactic body radiation therapy (SBRT) versus
apalutamide alone in patients with mCRPC. The patients will
receive apalutamide for 52 weeks in both arms. The primary
endpoint is to determine if the proportion of patients with an
undetectable serum PSA at 6 months following cessation of
apalutamide is higher with the addition of SBRT to prostate-
specific membrane antigen -avid oligometastatic sites of dis-
ease compared to the group of patients receiving apalutamide
monotherapy.®' A three-arm Phase II study is evaluating apa-
lutamide in combination with abiraterone acetate and predni-
sone (AAP) in patients with mCRPC either with ipilimumab
or carboplatin and cabazitaxel. In this open-label study, the
patients will be randomized in 1:1:1 fashion into three treat-
ment arms: control arm consisting of apalutamide and AAP,
experimental arm consisting of apalutamide, AAP and ipili-
mumab, and other

experimental arm consisting of

apalutamide, AAP, carboplatin, and cabazitaxel. The primary
outcome of the study is OS in each arm.®

ATLAS, a Phase III, randomized double-blind placebo-
controlled trial is evaluating the role of apalutamide in
combination with GnRH agonist compared with GnRH
agonist alone in patients with high risk, localized or locally
advanced prostate cancer who are receiving radiation ther-
apy as initial definite therapy.®> The primary endpoint
is MFS.

A Phase III is evaluating the role of apalutamide in
men with biochemically recurrent prostate cancer who
have PSAD-T<9 months. In this three-arm, open-label
study, the patients will be randomized in 1:1:1 fashion
into one of three treatment arms: control arm consisting
of degarelix monotherapy, experimental arm consisting of
apalutamide in combination with degarelix, and another
experimental arm consisting of apalutamide, AAP and
degarelix.®* The patients will be treated for a maximum
duration of 52 weeks. The primary endpoint of the study is
PSA PFS
Secondary endpoints include PSA PFS in testosterone-
evaluable population, 36-month PSA PFS rate in both
intent-to-treat

in the intent-to-treat patient population.

and testosterone-evaluable populations,
time to testosterone recovery, time to castration resistance,
MFS, QoL, and safety. A Phase II trial is evaluating
neoadjuvant apalutamide in patients with intermediate to
high-risk prostate cancer followed by radical prostatect-
omy. The patients will receive apalutamide for 12 weeks.
The primary endpoints are pathologic down staging and
biochemical response (to achieve PSA level <0.03 pg/L)
after neoadjuvant apalutamide followed by RP.°> A Phase
IT randomized, multicenter trial is evaluating active sur-
veillance with or without apalutamide in low-risk prostate
cancer. The patients will receive apalutamide for 6 months.
The primary endpoint is time to initiate local treatment.®®
Table 1 summarizes the ongoing Phase III trials with
apalutamide in different stages of prostate cancer.

Conclusion

The treatment landscape of prostate cancer is dramatically
changing, with the incorporation of novel AR-targeted thera-
pies early in the course of the disease. Apalutamide was the
first drug that demonstrated a delay in the development of
metastasis as detected on conventional imaging in
patients with nmCRPC. Other mechanistically similar
therapies — enzalutamide and darolutamide have also shown

to delay time to metastatic disease in patients with nmCRPC.
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Table | Phase lll trials of apalutamide in prostate cancer

Study Therapy vs control Target population | Primary Secondary endpoint (s) Completion
endpoint (s) date
ACIS®® (NCT Apalutamide +AAP vs AAP | Chemotherapy naive | rPFS ® OS August 2021
02257736) mCRPC ® Time to chronic opioid use
® Time to initiation of cytotoxic
chemotherapy.
® Time to pain progression
® Time to skeletal-related event
ATLAS® Apalutamide plus LHRHa High-risk localized MFS ® Time to local-regional recurrence | October 2026
(NCT02531516) | vs placebo (bicalutamide or locally advanced ® Time to CRPC
for first 4 months) plus prostate cancer ® Time to distant metastasis
LHRHa receiving primary ® OS
radiation therapy
NCT03009981%* | Three-arm study : BCR with PSA-DT PSA PFS ® MFS January 2023.
apalutamide+degarelix, II: <9 months ® Time to castration resistance
apalutamide+AAP ® PSA PFS in testosterone-evaluable
+degarelix. lll: Degarelix population
monotherapy (control ® Time to testosterone recovery
arm) ® 36-month PSA PFS in both ITT and
testosterone-evaluable population
® Qol and safety

Apalutamide and enzalutamide have received FDA
approval in the nmCRPC setting. It is very clear from the
previous data that patients with nmCRPC with rapidly rising
PSA level (PSA-DT <10 months) are at increased risk of
developing bone metastases and would benefit from novel
AR-targeted therapies. The benefit of novel AR-targeted thera-
pies in patients with longer PSA-DT has yet to determined.

It is noteworthy that none of the novel AR-targeted agent
has demonstrated OS benefit in the nmCRPC setting. In our
opinion, the adverse effect profile would most likely influ-
ence the selection of the individual agent in the nmCRPC
setting. In addition, the emerging use of sensitive molecular
imaging will probably impact the use of novel AR-targeted
therapies in the nmCRPC setting. Future studies will help to
determine the mechanism of resistance to apalutamide, ther-
apeutic ways to circumvent this resistance and the role of
apalutamide as monotherapy or with other therapies in dif-
ferent stages of prostate cancer.

Abbreviations

CRPC, castration-resistant prostate cancer; LHRHa, lutei-
nizing hormone-releasing hormone agonist; ADT, andro-
gen deprivation therapy; mCRPC, metastatic castration-
resistant prostate cancer, MFS, metastasis-free survival;
mHSPC, metastatic hormone-sensitive prostate cancer;

OS, overall survival; rPFS, radiographic progression-free
survival; BCR, biochemical recurrence; PFS, progression-
free survival; ITT, intention to treat; QoL, quality of life;
AAP, abiraterone and prednisone.
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