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Abstract

Apalutamide (ERLEADA®), a next-generation androgen receptor (AR) inhibitor, is approved in several countries, including
those of the EU and in the USA, for the treatment of non-metastatic castration-resistant prostate cancer (nmCRPC). In the
pivotal SPARTAN study in men with nmCRPC who were at high risk of developing metastases despite androgen-deprivation
therapy (+ ADT), oral apalutamide (+ ADT) significantly prolonged metastasis-free survival (MFS) compared with placebo
(+ADT) at a median follow-up of 20.3 months, with consistent benefits demonstrated across prespecified subgroups. At this
timepoint, apalutamide (+ ADT) also significantly prolonged the time to metastasis and progression-free survival (PFS) and
maintained health-related quality of life (HR-QOL) compared with placebo (+ ADT). Apalutamide is generally well toler-
ated, with most adverse reactions of mild to moderate severity and relatively few patients discontinuing treatment because
of these events. Although mature OS results are awaited with interest, given its beneficial effects on MFS and convenient
oral once-daily regimen, apalutamide (+ ADT) is an important emerging treatment option for patients with nmCRPC who
are at high risk of developing metastatic disease.

Adis evaluation of apalutamide in the treatment What is the rationale for using apalutamide
of non-metastatic castration-resistant prostate in non-metastatic castration-resistant

cancer prostate cancer?

Oral non-steroidal next-generation AR inhibitor that Prostate cancer (PC), the second most common malignancy
binds directly to the ligand binding domain of the AR in men, may be curable using definitive therapy during early

stages; however, biochemical recurrence in some (27-53%)
patients is inevitable [1, 2]. Androgen-deprivation therapy
Overall survival results are immature (at a median (ADT) remains the gold standard treatment for PC and,
follow-up of 41.0 months) although ADT is initially effective, disease progression to
castration-resistant PC (CRPC) eventually occurs in almost
all patients. The risk of progression to metastatic CRPC
Generally well tolerated (mCRPC) and death is highest amongst patients with non-
metastatic CRPC (nmCRPC) who have higher PSA levels
and a shorter PSA doubling time (PSADT) [2, 3]. Hence,
delaying progression to mCRPC is the primary goal of treat-
ment in patients with nmCRPC. Until recently, treatment
options for nmCRPC were limited and were not associated
with a survival benefit. An improved understanding of the

Significantly prolongs MFES, time to metastasis and PFS

Maintains health-related quality of life

Enhanced material for this Adis Drug Q&A can be found at https

://doi.org/10.6084/m9.figshare.11301911. mechanisms underlying ongoing androgen axis signaling in
CRPC led to the development of effective targeted treatment
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For whom is apalutamide indicated?

Oral apalutamide is approved in several countries, includ-
ing those of the EU [5] and in the USA [6], for the treat-
ment of adult men with nmCRPC (featured indication);
specific indications may vary between individual coun-
tries. Treatment with apalutamide should be initiated and
supervised by specialist physicians experienced in the
medical treatment of PC. Table 1 provides a summary of
the prescribing information for the use of apalutamide in
nmCRPC in the EU [5] and USA [6]. Consult local pre-
scribing information for further details.

What are the pharmacological properties
of apalutamide?

Apalutamide binds directly to the ligand-binding domain
of the AR and, as a consequence, prevents AR nuclear
translocation, inhibits DNA binding and impedes AR-
mediated transcription (reviewed previously in Drugs [7])
[5, 8]. Apalutamide lacks AR agonist activity. In preclini-
cal studies, apalutamide treatment reduced tumour cell
proliferation and increased apoptosis, leading to potent
antitumour activity. In vitro, the major metabolite, N-des-
methyl apalutamide, exhibited one-third of the activity of
the parent drug [5, 8].

Like other antiandrogens, apalutamide exhibited weak
binding at the gamma-aminobutyric acid type A (GABA,)
receptor (a receptor implicated in seizures), with respec-
tive 50% inhibitory constants for apalutamide and enzalu-
tamide of 3.0 umol/L and 2.7 umol/L. In vivo data suggest
that apalutamide may be associated with lower seizure-
inducing potential than enzalutamide [8]; the clinical rel-
evance remains to be established.

Apalutamide exhibits dose-proportional pharmacoki-
netics after multiple oral once-daily doses (30-480 mg) in
patients with mCRPC [9, 10]. At the recommended dose,
steady-state concentrations of apalutamide occur after
4 weeks. The median time to maximum plasma concen-
trations is 2 h [5] and the mean absolute oral bioavail-
ability of apalutamide is ~ 100% [5, 11]. Apalutamide
and its major active metabolite, N-desmethyl apalutamide,
are extensively bound (96% and 95%) to plasma proteins
(mainly to albumin) [5]. The primary route of apalutamide
metabolism is by CYP3A4 and CYP2CS8 to N-desmethyl
apalutamide [5, 11]. The primary route of elimination of
apalutamide is in the urine, with 65% and 24% of a radio-
labeled dose recovered in the urine and faeces [5, 11]. The
apparent clearance of apalutamide is 1.3 L/h after a single
dose (2.0 L/h at steady state) [5].
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Apalutamide is a potent inducer of many enzymes and
transporters and may lead to an increase in elimination
of many commonly used medicinal products; therefore,
interaction with many common medicinal products that
are substrates of enzymes and transporters is expected.
The reduction in plasma concentrations of co-administered
medicinal products can be substantial and lead to loss of/
reduced clinical effects. Table 2 summarizes clinically
relevant drug interactions (but not limited to these inter-
actions) that may potentially occur with apalutamide, as
outlined in EU [5] and US [6] prescribing information.

What are the potential resistance
mechanisms for apalutamide?

Point mutations in the AR ligand-binding site, includ-
ing F877L and T878A (formerly F876L and T877A), have
been associated with resistance to AR-targeted therapy (apal-
utamide, enzalutamide, and abiraterone acetate plus pred-
nisone), albeit these are not common contributors to de novo
or acquired resistance to apalutamide [12, 13]. In addition to
altering the specificity of ligand binding, F877L also converts
AR antagonists to agonists; it spontaneously arose in cells with
prolonged exposure to apalutamide and enzalutamide, and nei-
ther drug inhibited tumour growth in F877L-expressing cells
[12, 14, 15].

The frequency of AR anomalies common in AR signaling-
targeted therapy-resistant mCRPC did not increase with apalu-
tamide (+ADT) in the pivotal SPARTAN study in patients
with nmCRPC who had a high risk of developing metastases
[16]. At end of treatment, clinically relevant AR mutations
(L702H, W742C, H875Y, F877L, T878A) were detected in
8.4% and 6.5% of patients in the apalutamide (n=118) and
placebo (n = 122) groups, with AR amplification occurring in
15.2% and 14.7%. Ligand-independent AR variant 7 (ARv7)
was expressed by 9.4% of apalutamide recipients (n =96) and
12.5% of placebo recipients (n=104). AR anomaly positiv-
ity was associated with a shorter median second progression-
free survival (PFS2) time than AR anomaly negativity. AR
anomaly positivity had a minimal impact on PFS2 time in the
apalutamide group. PFS2 was defined as time from randomiza-
tion to progression during the next sequential therapy or death
at any time [16]. Available data from a digital droplet-based
detection of ARv7 in patients from SPARTAN suggested that
a higher threshold of expression may be biologically important
for driving treatment resistance [17].
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Table 1 Summary of the prescribing information of oral apalutamide in non-metastatic castration-resistant prostate cancer in the EU [ ] and

USA [ ]

What is the approved indication for apalutamide?

EU Adult men with non-metastatic castration-resistant prostate cancer who are at high risk of developing
metastases
USA Adult men with non-metastatic castration-resistant prostate cancer

How is apalutamide available?
Film-coated tablet containing 60 mg of apalutamide

How should apalutamide be administered?

Dosage 240 mg (4 tablets) once daily, taken at the same time each day
Tablets should be swallowed whole and can be taken without regard to food
Concurrent ADT Patients should also receive a gonadotropin-releasing hormone analogue or should have had surgical castration

What are the contraindications to the use of apalutamide?

EU Hypersensitivity to the active substance or any of the excipients
Women who are or may become pregnant

USA None
Not indicated for use in women

How should apalutamide be used in special populations?

Elderly

Renal impairment

No dosage adjustment necessary [EU; USA]
Mild or moderate: no dosage adjustment [EU; USA]

Severe [EU]: requires caution (no data available); if initiated, monitor patients for adverse events and adjust
dose accordingly

Severe [USA]: no recommendations (no data available)
Mild or moderate: no dosage adjustment [EU; USA]
Severe [EU]: not recommended (no data available)

Hepatic impairment

Severe [USA]: no recommendations (no data available)
What other special warnings/precautions pertain to the use of apalutamide?

Seizure EU: Not recommended in patients with a history of seizures (no data available) or predisposing factors (e.g.

underlying brain injury, stroke within previous year, primary brain tumours or metastases)

USA: Advise patients of the risk of developing a seizure while receiving apalutamide, and of engaging in any
activity where sudden loss of consciousness could cause harm to themselves or others
Discontinue treatment permanently if a seizure develops during treatment [EU; USA]
Risk may increase in patients receiving concomitant medicinal products that lower the seizure threshold [EU]
Falls and fractures Evaluate risk for these events prior to initiating treatment and continue to monitor during treatment [EU; USA]
Manage fractures as per established guidelines and consider the use of bone-targeted agents [EU; USA]

Contraception in males and
females

Unknown whether the drug or its metabolites are present in semen [EU]; drug may cause foetal harm [EU;
USA]

Patients with female partners of reproductive potential should use effective contraceptive method(s) during
treatment and for 3 months after the last dose [EU; USA]

Cardiovascular disease Monitor patients with clinically significant cardiovascular disease for risk factors such as hypercholesterolae-

mia, hypertriglyceridemia and cardio-metabolic disorders [EU; USA]; consider discontinuing treatment if
grade 3 or 4 toxicity occurs [USA]

Potential for QT prolongation Assess benefit-risk ratio (e.g. potential for Torsade de pointes) prior to initiating apalutamide in patients with
a history of risk factors for QT prolongation and in patients taking medicinal products (e.g. ADT) that may
increase the QT interval (see Table 2) [EU]

ADT androgen-deprivation therapy

metastases (defined as a PSADT of <10 months during con-
tinuous ADT) was established in the randomized, double-
blind, placebo-controlled, multinational, phase III SPAR-
TAN study (Table 3) [18]. Eligibility criteria included age

What is the efficacy of apalutamide
in non-metastatic castration-resistant
prostate cancer?

The efficacy of oral once-daily apalutamide 240 mg (+ ADT)
in men with nmCRPC who had a high risk of developing

> 18 years, cytologically or histologically confirmed adeno-
carcinoma of the prostate that was castration resistant, and

A\ Adis



100

Table 2 Clinically relevant drug interactions that may potentially occur with apalutamide [ , ]

What is the potential for other medicinal products to affect apalutamide exposure?

Strong inhibitors (e.g. gemfibrozil, clopidogrel): no dosage adjustment of apalutamide; consider | apalutamide dose

Strong inhibitors (e.g. ketoconazole, ritonavir, clarithromycin): no dosage adjustment of apalutamide; consider | apalu-

CYP2CS8 inhibitors Mild/moderate inhibitors: no dosage adjustment of apalutamide [EU; USA]
based on tolerability [EU; USA]
CYP3A4 inhibitors Mild/moderate inhibitors: no dosage adjustment of apalutamide
tamide dose based on tolerability [EU; USA]
CYP3A4 or CYP2C8 No dosage adjustment of apalutamide [EU]
inducers

What is the potential for apalutamide to affect exposures of other medicinal products?
CYP3A4, CYP2C9 or When possible, substitution of medicinal compounds that are substrates of CYP3A4 (e.g. duranavir, felodipine,

CYP2C19 substrates
omeprazole) is recommended [EU; USA]

midazolam, simvastatin), CYP2C9 (e.g. warfarin, coumarin-like derivatives, phenytoin) or CYP2C19 (e.g. diazepam,

Concomitant use may | exposure and result in loss of efficacy of substrate [EU; USA]; monitor efficacy of substrate

[EU]

If given with warfarin, additional monitoring of INR should be conducted [EU]

CYP2B6 substrates

UGT and transporter

Monitor for adverse events and loss of efficacy of the substrate (e.g. efavirenz) [EU; USA]; adjust substrate dose to
maintain optimal plasma concentrations [EU]

Concomitant use may | exposure and result in loss of efficacy of medicinal compounds that are substrates of UGT (e.g.
levothyroxine, valproic acid), P-glycoprotein (e.g. colchicine, dabigatran etexilate, digoxin), or BCRP or OATP1B1

Caution advised with concomitant use [USA]; monitor efficacy of substrate [EU; USA]; adjust substrate dose to main-

Since ADT may prolong the QT interval, concomitant use of apalutamide with medicinal products known to prolong

substrates
(e.g. lapatinib, methotrexate, rosuvastatin, repaglinide) [EU; USA]
tain optimal plasma concentrations [EU]
Prolongation of QT
interval

the QT interval or medicinal products able to induce Torsade de pointes such as class IA (e.g. quinidine, disopyra-

mide) or class III (e.g. amiodarone, sotalol, dofetilide, ibutilide) anti-arrhythmia drugs, methadone, moxifloxacin and
antipsychotics (e.g. haloperidol) should be carefully evaluated [EU]

ADT androgen deprivation therapy, BCRP breast cancer resistance protein, CYP cytochrome P450, INR international normalized ratio,
OATP1BI organic anion-transporting polypeptide 1B1, UGT uridine diphosphate-glucuronyltransferase, | indicates decreased/decreasing

a high risk of developing metastases with either no nodal
disease (NO) or regional malignant pelvic nodes that were
located below the aorto-iliac bifurcation (N1) and which
measured <2 cm in the short axis [18]. Patients were
excluded if they had distant metastases on conventional
imaging. Randomized treatment (apalutamide or placebo)
was continued until protocol-defined disease progression,
adverse events (AEs) or withdrawal of consent. Baseline
demographics and disease characteristics were well-bal-
anced across the two groups [18].

The primary endpoint was metastasis-free survival (MFS)
and secondary endpoints were the time to metastasis, pro-
gression-free survival (PFS), time to symptomatic progres-
sion, overall survival (OS) and time to initiation of cytotoxic
chemotherapy. A hierarchical adaptive, group-sequential
procedure was used to assess the secondary endpoints; the
first interim analysis of OS was done at the time of the pri-
mary analysis (i.e. final analysis of MES). At the time of the
clinical data cutoff for the primary analysis (19 May 2017),
the median follow-up was 20.3 months. The study was
unblinded in July 2017, with patients in the placebo group
given the option of receiving apalutamide (hereafter referred
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to as the placebo — apalutamide group). The final analysis
for MFS, the primary endpoint, was performed after distant
metastasis or death had occurred in 378 patients (184 and
194 patients in the apalutamide and placebo groups) [18].
Apalutamide (+ ADT) significantly prolonged MFS com-
pared with placebo (+ ADT), reducing the risk of metastasis
or death in apalutamide recipients by 72% at the time of the
primary analysis (Table 3) [18]. MFS benefits significantly
favoured apalutamide over placebo (+ ADT) [i.e. hazard
ratios (HRs) <1; 95% Cls did not cross 1] for all prespeci-
fied subgroups (except the subgroup of Black patients for
whom low patient numbers confounded interpretation of
data), including based on age, race, region and number of
previous hormonal therapies, and baseline ECOG perfor-
mance status, PSA level and stratification factors at randomi-
zation [i.e. PSADT (> 6 vs <6 months), use of bone-sparing
agents (yes vs no) and classification of nodal disease (NO
vs N1)] [18]. In post hoc analyses, the beneficial effects of
apalutamide (+ ADT) over placebo (+ ADT) on MFS were
similar in Asian and non-Asian subpopulations (HRs 0.29
and 0.28; both p <0.001) [19] and in Japanese patients (vs
overall population) [20], and evident (all HRs < 1) regardless
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Table 3 Efficacy of oral once-daily apalutamide 240 mg (+ADT) in the SPARTAN study in men with non-metastatic castration-resistan

prostate cancer [ ]

Treatment (+ ADT) Median time to event (months)
(no. of patients)
MFS?* Metastases
Apalutamide (806) 40.5 40.5
Placebo (401) 16.2 16.6
HR (95% CI) 0.28 0.27
(0.23-0.35)* (0.22-0.34)*

PES SP osP ICC
40.5 NR NR NR
14.7 NR 39.0 NR
0.29 0.45 0.70 0.44
0.24-036)*  (0.32-0.63)*  (0.47-1.04°  (0.29-0.66)"

Planned primary analysis after 378 MFS events had occurred (median follow-up of 20.3 months); intent-to-treat population

ADT androgen-deprivation therapy, HR hazard ratio, /CC initiation of cytotoxic chemotherapy, MFS metastases-free survival, NR not reached,
OS overall survival, PFS progression-free survival, SP symptomatic progression

*p<0.001 vs placebo (+ADT)

#Time from randomization to first detection of distant metastasis on conventional imaging or death from any cause, whichever occurred first

YFirst interim assessment of OS

“The p-value for OS did not cross the prespecified O’Brien-Fleming efficacy boundary

4Time to ICC was not formally tested, as the p-value for OS was not significant

of prior local therapy (i.e. + prior radical prostatectomy
and/or external radiotherapy; p <0.05) [21], DECIPHER
genomic classifier score (i.e. low to average score <0.6 or
high score > 0.6; p < 0.05) [22], baseline comorbidities (any
comorbidity, diabetes/hyperglycaemia, cardiovascular dis-
ease, hypertension and renal insufficiency; significant based
on the 95% Cls) [23], whether post-treatment PSA levels did
or did not decline to <0.2 ng/mL (p <0.0001) [24] and age
(<65, 65-74 or >75 years) [25]. In a multivariate analysis,
independent predictors of MFS (p <0.05) included treatment
with apalutamide, PSADT > 6 months, NO classification,
Gleason score <7 at diagnosis and baseline PSA <7.8 ng/
mL; a continuous relationship between shorter PSADT and
faster time to metastasis or death was also observed [26].

At the time of the final MFS analysis (median follow-
up of 20.3 months), secondary outcomes also generally
favoured apalutamide (+ ADT) over placebo (+ ADT),
with the median time to metastasis, PFS and time to symp-
tomatic progression significantly (p <0.001) prolonged in
the apalutamide group (Table 3) [18]. Symptomatic pro-
gression events had occurred in 8% and 16% of apalu-
tamide and placebo recipients [5]. The median time to
initiation of cytotoxic chemotherapy was not yet reached
in either treatment group (Table 3) [18].

At the time of the final MFS analysis, results for OS
were immature [104 of the 427 events (24%) required
for the planned final OS analysis had occurred], with
the median OS not yet reached in the apalutamide group
(Table 3) [18]. At the time of the second prespecified
analysis [median follow-up of 41 months; 285 OS events
(67%) had occurred], median OS was not reached in either
treatment group, with the risk of death reduced by 25% in
the apalutamide (+ ADT) versus the placebo group (HR

0.75; 95% CI 0.59-0.96; p=0.0197); the p-value did not
cross the prespecified O’Brien-Fleming boundary [27]. In
the apalutamide and placebo groups, respective 4-year OS
rates were 72% and 65% and, after adjustment for patients
who crossed over from placebo to apalutamide, 4-year OS
rates were 72% vs 61%. Results for OS were robust despite
crossover of 19% of placebo recipients to apalutamide
treatment, as determined in sensitivity analysis using naive
censoring and inverse probability of censoring weighted
analyses [27].

In a landmark analysis of SPARTAN, patients who devel-
oped metastases at 6 (n=103), 9 (n=167) or 12 (n=214)
months had significantly shorter OS than patients without
metastases (n=1099, 1026 and 967 respectively) [HR 4.12;
95% CI 2.60-6.54; p <0.0001], with the association between
metastases development and OS remaining after adjustments
for baseline covariates. A positive correlation between MFS
and OS was demonstrated by the Spearman’s correlation
statistics (co-efficient: 0.62; p <0.0001) and confirmed using
Fleischer’s statistical model (co-efficient: 0.69), with ~50%
of the variability in OS explained by MFS [28].

In terms of exploratory endpoints at the time of final MFS
analysis (median follow-up of 20.3 months), the median time
to PSA progression was not reached in the apalutamide
group and was 3.7 months in the placebo group (HR 0.06;
95% CI 0.05-0.08), with a PSA response achieved by 89.7%
and 2.2% of patients (relative risk 40; 95% CI 21-77) [18].
At a median follow-up of 41.0 months (i.e. second interim
analysis), the median PFS2 was 55.6 months in the apaluta-
mide group versus 43.8 months in the placebo group, with
a 45% reduction in the risk of disease progression or death
(from any cause) following second-line therapy in the apal-
utamide group (HR 0.55; 95% CI 0.45-0.68; p <0.0001).

A\ Adis



102

At this timepoint, apalutamide prolonged the time to ini-
tiation of cytotoxic chemotherapy compared with placebo
(median time not reached in either group; HR 0.60; 95% CI
0.45-0.80) [27].

Apalutamide treatment (+ ADT) maintained health-
related quality of life (HR-QOL), with both Functional
Assessment of Cancer Therapy-Prostate (FACT-P) total and
subscale scores and European Quality of Life-5 dimension
three-level (EQ-5D-3L) scores generally maintained from
baseline until cycle 29 (prespecified exploratory analysis)
[29]. HR-QOL also generally remained stable in the placebo
(+ ADT) group. In the apalutamide and placebo groups,
mean FACT-P total and subscale scores and FACT-General
(FACT-Q) total scores were similar from baseline up to 12
months after metastasis in patients with distant metastases,
with both groups showing similar decreases in these scores
after symptomatic progression events [29].

What is the tolerability profile
of apalutamide?

Oral apalutamide (+ ADT) was generally well tolerated in
the pivotal SPARTAN study in men with nmCRPC who
were at high risk of developing metastases [18]. In clinical
studies the following adverse reactions were reported during
apalutamide treatment [5]:

o Very common (frequency > 10%) Skin rash (as per
discussion below), fracture (as per discussion below),
arthralgia, fatigue, decreased weight, fall

o Common (frequency >1% to < 10%) Hypothyroidism
(includes hypothyroidism, blood thyroid-stimulating
hormone increased, thyroxine decreased, autoimmune
thyroiditis, thyroxine free decreased, tri-iodothyronine
decreased), hypercholesterolaemia, hypertriglyceridae-
mia, pruritus

o Uncommon (frequency >0.001% to < 1%) seizure

At the time of the final analysis of MFS (median follow-
up of 20.3 months), the median duration of exposure in the
safety population in the apalutamide (n=803) and placebo
(n=398) groups was 16.9 and 11.2 months [6]. Treatment-
emergent AEs (TEAEs) of any grade occurred in 96.5% and
93.2% of patients in the apalutamide and placebo groups,
with 10.6% and 7.0% of patients discontinuing study drug
because of these events [18]. With longer-term treatment
(i.e. at the time of the second prespecified analysis; respec-
tive median treatment durations in the apalutamide, placebo
and placebo — apalutamide groups were 31.4, 11.5 and
15.0 months), TEAEs of any grade had occurred in 97%,
94% and 86% of patients in the apalutamide, placebo and
placebo — apalutamide groups, respectively (n =803, 398
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and 76), with 13.6%, 7.3% and 10.5% of patients discontinu-
ing study drug because of these TEAEs [27]. The most com-
mon TEAESs of any grade occurring in the apalutamide, pla-
cebo and placebo — apalutamide group were fatigue (31.9,
21.4 and 14.5%, respectively), hypertension (27.6, 20.9 and
9.2%), diarrhoea (22.2, 15.3 and 11.8%) and fall (20.9, 9.5
and 6.6%) [27].

No new safety signals were observed during longer-term
treatment with apalutamide [27]. In apalutamide recipients,
the incident rate of grade 3 or 4 events after adjusting for
exposure did not differ significantly between the time of the
first and second interim analysis, including for grade 3 or 4
rash (4.2 vs 2.7 events/100 patient-years’ exposure (PYE)],
falls (1.2 vs 1.2 events/100 PYE) and fractures (2.1 vs 2.0
events/100 PYE) [27].

In the apalutamide and placebo groups, serious AEs
occurred in 24.8% and 23.1% of patients during the first pre-
specified analysis period [18]. AEs leading to death occurred
in ten apalutamide recipients (one case each of acute myo-
cardial infarction, cardiorespiratory arrest, cerebral haem-
orrhage, myocardial infarction, multiple organ dysfunction
and pneumonia, and two cases each of sepsis and prostate
cancer) and one placebo recipient (cardiorespiratory arrest)
[18]. At the time of the second interim analysis, AEs leading
to death had occurred in 17, 2 and 2 patients in the apaluta-
mide, placebo and placebo — apalutamide groups, respec-
tively (individual causes of death not specified) [27].

Selected adverse reactions of interest

See Table 1 regarding potential risks and management of
selected adverse events, including those discussed below.

Skin rashes with apalutamide (+ ADT) treatment were
typically macular or maculopapular rashes, had a median
time to onset of 82 days and resolved within a median of
60 days; recurrence of rash was reported in =~ 50% of patients
re-challenged with apalutamide [18]. In the apalutamide
and placebo group, 23.8% and 5.5% of patients experienced
skin rash, with grade 3 rashes (i.e. covering >30% of the
body surface area) occurring in 5.2% and 0.3% of patients.
There were no occurrences of toxic epidermal necrolysis or
Stevens-Johnson syndrome. In the apalutamide group, skin
rash AEs led to treatment discontinuation, dose interrup-
tion and dose reduction in 2.4%, 6.8% and 2.7% of patients,
respectively, with corresponding rates in the placebo group
of 0%, 1.3% and 0.3% [18].

Hypothyroidism AEs were reported in 8.1% and 2.0%
of patients in the apalutamide and placebo groups, all of
which were of grade 1 or 2 severity [18]. The median time
to onset of hypothyroidism, based on assessments of thyroid-
stimulating hormone every 4 months, was 113 days [5, 18].
In patients not receiving thyroid replacement therapy, hypo-
thyroidism was reported in 5.7% and 0.8% of patients in the
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apalutamide and placebo groups. Hypothyroidism was man-
ageable with increases in or initiation of thyroid replacement
therapy [18]. When clinically indicated, thyroid replacement
therapy should be initiated or adjusted [5, 6].

At the time of the first interim analysis, falls were reported
in 11.7% and 6.5% of patients in the apalutamide and pla-
cebo groups, of which 2.7% an 0.8% were grade 3 or 4 [18].
Of patients with a fracture, ~ 50% of patients experienced a
fall during the 7 days before a fracture event [5]. The median
time to onset of fracture was 314 days in the apalutamide
group; falls were not associated with a loss of conscious-
ness or seizures [6]. In a multivariate analysis, older age,
poor ECOG performance status, history of neuropathy and
pre-study use of a-blockers were independently associated
with time to fall, whereas older age and low serum albumin
levels were independently associated with time to fracture
(p <0.05 for all) [30].

What is the current clinical position
of apalutamide in non-metastatic
castration-resistant prostate cancer?

Although mature OS results are awaited with interest, given
its beneficial effects on MFS and convenient once-daily
regimen, apalutamide (+ADT) is an important emerging
option for the treatment of patients with nmCRPC who are
at high risk of developing metastatic disease, as reflected in
recent EU [31] and US [32] guidelines. Prolonging MFS is
recognised by the FDA as a clinically relevant measure in
PC trials (i.e. MFS represents a landmark in PC care) [33,
34]. In the pivotal, multinational SPARTAN study in this
patient population, relative to placebo (+ ADT), apalutamide
(+ ADT) significantly prolonged MFS and was more effec-
tive than placebo for secondary outcomes of the median time
to first metastasis, PFS and time to symptomatic progression.
The beneficial effects of apalutamide (+ ADT) in prolonging
MFS were observed in all evaluable prespecified subgroups.
The p-values for OS did not cross the prespecified efficacy
boundary at the time of the first and second interim analysis.
Thus, the final OS analysis is planned after the specified 427
OS events have occurred. A landmark analysis of SPAR-
TAN showed a positive correlation between MFS and OS
[28], with the correlation between MFS and OS in nmCRPC
supported by a retrospective analysis of a Japanese claims
database [35].

Reflecting results of clinical trials, the recent approvals of
AR inhibitors has revolutionized the treatment paradigm for
patients with nmCRPC at high risk of developing metastases
[4, 31, 32]. EU [31] and NCCN guidelines [32] strongly rec-
ommend the use of apalutamide or enzalutamide in men with
nmCRPC at high risk of developing metastasis to prolong
the time to metastases. Continuation of ADT to maintain

castrate serum levels of testosterone <50 ng/dL is recom-
mended, with monitoring recommended in patients whose
PSA levels do not increase. In those in whom PSA levels
are increasing, give consideration to changing or maintain-
ing treatment (with monitoring) in non-metastatic disease
(i.e. MO) or to changing to systemic therapy for metastatic
disease (i.e. M1).

To date, no randomized controlled trials (RCTs) have
directly compared the efficacy of apalutamide with that of
enzalutamide (+ ADT) or darolutamide (+ ADT). A recent
review of phase 3 RCTs of apalutamide (approved in EU
and USA), enzalutamide (approved in the EU and USA),
and darolutamide (approved in USA [36]) indicated that all
three drugs (+ ADT) delayed the time to MFS or death in
men with high-risk nmCRPC [37]. In a matching-adjusted
indirect comparison (MAIC) of pivotal trials evaluating
apalutamide (+ ADT; SPARTAN study) and enzalutamide
(+ADT; PROSPER study) in patients with nmCRPC, along
with Bayesian probability data, apalutamide recipients had
more favourable MFS and OS outcomes than enzalutamide
recipients [38]. However, a network meta-analysis (NMA)
suggested that there were no significant differences between
apalutamide and enzalutamide for MFS or any secondary
outcomes (including efficacy and safety endpoints) [39].
The equivocal results between these MAIC [38] and NMA
[39] analyses may, at least in part, reflect the different meth-
odological approaches taken in each of these analyses (i.e.
a Bayesian anchored MAIC approach and a Bucher tech-
nique/approach, respectively), with several potential limita-
tions associated with the Bucher approach (see Chowdhury
et al. [38] for an in-depth discussion of these limitations). In
another Bayesian anchored MAIC of SPARTAN and PROS-
PER, apalutamide (+ ADT) recipients had a higher prob-
ability of an improvement in HR-QOL than enzalutamide
(+ ADT) recipients, based on FACT-P total and subscale
scores (probabilities for more favourable improvement with
apalutamide ranged from 57-73%) and FACT-G total and
subscale scores (80-97%) [40]. Ultimately, the choice of
treatment for nmCRPC will rely upon physician familiar-
ity and pharmaceutical coverage, as well as other patient
and health economic considerations. Results of a systematic
review and NMA of RCTs suggest that cost and availabil-
ity should drive clinical decision making in patients with
nmCRPC [41].

Apalutamide treatment (+ ADT) is generally well toler-
ated in patients with nmCRPC, with most adverse reactions
of mild to moderate severity and relatively few patients dis-
continuing treatment because of these events. Albeit ongo-
ing clinical experience is required to fully determine the
long-term safety profile of apalutamide (+ ADT), no new
safety signals were identified at a median follow-up of 41
months. In a Bayesian anchored MAIC of SPARTAN and
PROSPER, apalutamide recipients had a higher probability
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of an improved tolerability profile than enzalutamide recipi-
ents, with a reduced probability (all odds ratios < 1) of the
occurrence of any AEs (66.9% probability in favour of
apalutamide + ADT vs enzalutamide + ADT), serious AEs
(90.9%), fatigue (99.5%), hypertension (99.2%), decreased
appetite (98.3%), fall (90.3%), headaches (86.7%) and nau-
sea (80.0%) [40].

Apalutamide (+ ADT) is associated with a low number
needed-to-treat (NNT) and a high number needed-to-harm
(NNH) in patients with nmCRPC, based on clinical event
rates from survival curves and grade 3/4 AE rates in SPAR-
TAN [42]. In terms of NNTs, compared with ADT alone,
one additional patient is free of developing metastases or
death at 12, 24 and 36 months for every 3.6, 2.7 and 2.3
patients treated with apalutamide (+ ADT), respectively;
the NNH with apalutamide treatment (+ ADT) for grade
3/4 AEs is > 20 [42].
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