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Abstract

Docetaxel-based chemotherapy has been the standard of care for
metastatic castration-resistant prostate cancer (mCRPC) since 2004.
Over the past few years, there has been a significant paradigm shift
in the treatment landscape of this disease. A deeper understanding
of prostate cancer biology, along with the development of novel
agents has created hope towards treating chemotherapy-naive and
resistant disease. Following the implementation of docetaxel as the
first-line therapy for mCRPC, five novel therapies have demon-
strated survival benefit in mCRPC. Cabazitaxel, abiraterone acetate,
and enzalutamide are three agents recently approved for the treat-
ment of mCRPC, having shown overall survival benefit in patients
previously treated with docetaxel, while both abiraterone acetate
and enzalutamide have also shown promise in the pre-docetaxel
setting. Sipuleucel-T has shown overall survival benefit in asymp-
tomatic mCRPC, while radium-223 provides survival benefit to
patients with mCRPC who are symptomatic from their skeletal
metastases in both docetaxel-naive patients and post-docetaxel
patients. Denosumab, an anti-RANKL antibody, has been approved
for the prevention of skeletal-related events in patients with pros-
tate cancer bone metastases. This review examines the phase 3
trials supporting the use of theses novel agents in the treatment
of mCRPC. While these agents provide incremental increases in
patient survival, further study to determine the best choice, com-
bination, and/or sequencing of administration is still necessary.

Introduction

Prostate cancer (PCa) is the most common male malignancy
and second leading cause of cancer-related deaths in males
in the Western world, with 24% and 27% of all new male
cancer cases estimated to occur in 2014 in Canada and
the U.S., respectively.'? PCa progresses from an androgen-
dependent disease to castration-resistant (hormone-refracto-
ry) prostate cancer (CRPC), the major factor contributing to
PCa-related death.*# Since the landmark discovery charac-

terizing the dependence of PCa on androgens for growth and
survival,” androgen-deprivation therapy (ADT) has become
the primary therapy for late-stage or disseminated PCa.
ADT — which includes surgical castration (orchiectomy),
chemical castration (luteinizing hormone-releasing hormone
[LHRH] agonists or antagonists) and/or anti-androgen treat-
ment to reduce serum testosterone levels to a minimum (<50
ng/dl)*—demonstrates a good initial response in androgen-
sensitive PCa, including a significant biochemical response
(80—90% serum prostate-specific antigen [PSA] reduction)
and clinical regression of the disease. Despite this initial
response, ADT has been found to provide a survival advan-
tage of only several months compared to control treatment,”?
with eventual biochemical recurrence manifesting in most
patients.

According to recent Canadian and American Urological
Association guidelines,”'® continued observation while
maintaining ADT is recommended in patients with CRPC
and non-metastatic disease, as other treatments have not
been shown to prolong survival in these patients. If patients
are unwilling to accept observation, secondary hormonal
manipulation may be considered, which includes complete
androgen blockade with the administration of first-generation
anti-androgens (flutamide, bicalutamide, nilutamide)." Once
a patient develops detectable macroscopic metastatic dis-
ease while presenting castrate levels of testosterone following
ADT, they are considered to have metastatic CRPC (mCRPC).
Patients with mCRPC have a poor prognosis and have an
expected survival of approximately 18—20 months.'?13

Several mechanisms are believed to lead to CRPC devel-
opment: 1) persistence of intratumoural androgens due to
in situ steroidogenesis'* or biosynthesis from adrenal glands
and testes;'> 2) wild-type androgen receptor (AR) amplifi-
cation and/or protein overexpression;'®'” 3) constitutive
activation of AR signaling and/or AR-targeted transcription
due to AR mutation'® or post-translational modification;' 4)
activation of other ligand-bound receptors, including recep-
tor tyrosine kinases,?® and their downstream pro-survival
signaling pathways; and 5) the presence of prostate cancer
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stem cells that initiate tumour formation and survive inde-
pendently of androgen, subsequently sustaining tumouri-
genesis by promoting disease relapse following therapy and
colonizing in foreign tissues.?’

[dentification and characterization of molecular targets
leading to prostate tumour growth, despite an androgen-
depleted or androgen-independent cell state, has result-
ed in a significant number of new U.S. Food and Drug
Administration (FDA) and Health Canada-approved thera-
peutic agents for mCRPC that offer an overall survival (OS)
advantage. Although guidelines exist to help direct phy-
sicians in the sequencing options for therapeutic agent
administration based on symptoms and performance sta-
tus, alternative approaches to PCa treatment after therapy
failure remain a challenge, especially with known cross-
resistance among these novel agents.?>?* This article will
review the current literature on the treatment of mCRPC with
special focus on immunotherapies, novel chemotherapeutic
agents, hormonal therapies, and radiopharmaceuticals. A
better understanding of the mechanisms and sites of action
of these therapies (Fig. 1) will better assist physicians in
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making informed therapeutic decisions. This is of increasing
importance, as there is paucity of data on the sequence of
administration of these agents in the treatment of mCRPC.

Treatment of mCRPC without symptoms

Sipuleucel-T: Immunotherapy for mCRPC treatment

Sipuleucel-T is an autologous dendritic cell vaccine that
involves ex vivo activation of peripheral blood mononuclear
(PBMN) cells with a recombinant fusion protein (PA2024)
consisting of prostatic acid phosphatase (PAP), a protein
found in 95% of prostate cancers, and granulocyte-macro-
phage colony-stimulating factor (GM-CSF). PBMN cells are
first obtained through leukapheresis, incubated with PA2024,
and subsequently re-infused into patients in order to produce
an immune response to PAP-expressing PCa cells.”
Sipuleucel-T was evaluated in two initial randomized,
placebo-controlled, phase 3 trials (D9901 and D9902A) that
were identical in design, allowing for a combined analysis
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of results.?>?® A total of 225 patients with asymptomatic
mCRPC were enrolled and randomized (2:1) to sipuleucel-
T or placebo, administered as three intravenous infusions
(each two weeks apart) with the primary objective being time
to disease progression; OS was the secondary endpoint. The
combined results of these trials showed a non-significant
trend towards delay in time to disease progression for the
sipuleucel-T treatment arm vs. placebo (11.1 vs. 9.7 weeks,
respectively; p=0.111). However, a significant improvement
in OS was observed in the sipuleucel-T treatment arm over
placebo, with a median 4.3-month increase in survival
(23.2 vs. 18.9 months, respectively; p=0.011). The disparity
between time to disease progression and OS is believed to
be due to the length of time needed to generate a maximal
immune response to therapy. In some patients, maximal
response may not occur until 12 weeks after therapy ini-
tiation, whereas the median time to progression in these
studies was 10—12 weeks,?” suggesting that the progression
outcome may already have been reached by the time the
therapy reached maximal efficacy.

The OS benefit seen in the initial phase 3 trials was further
confirmed by the IMPACT study. The IMPACT trial was a
double-blind, placebo-controlled, randomized, multicentre
phase 3 trial in patients with asymptomatic or minimally
symptomatic mCRPC. Eligible subjects for this trial had
Eastern Cooperative Oncology group (ECOG) performance
status of <1, no visible visceral metastases, no treatment
within 28 days prior to entry with systemic corticosteroids,
external-beam radiation therapy, surgery or systemic PCa
therapy (except medical or surgical castration). This study
showed a 4.1-month improvement in median OS (25.8
months in sipuleucel-T group vs. 21.7 months in placebo
group) and a significant improvement in three-year survival
probability (31.7% in the sipuleucel-T group and 23.0% in
the placebo group). However, there was no significant dif-
ference in the median time to objective disease progression
between treatment and placebo groups (hazard ratio [HR]
0.95; 95% confidence interval [CI] 0.77-1.17; p=0.63),
as well as clinical disease progression (HR 0.92; 95% Cl
0.75-1.12; p=0.40). This treatment was well-tolerated and
adverse events reported more frequently in the treatment
group were mostly mild to moderate and included chills,
pyrexia, myalgia, and hypertension occurring within one day
of infusion and resolving within 1-2 days. Only three of the
338 patients in the treatment arm were unable to receive
all three infusions due to infusion-related adverse events.
Sipuleucel-T was subsequently approved by the U.S. FDA
(April 2010) for the treatment of patients with CRPC with
asymptomatic or minimally symptomatic disease.”®

Docetaxel

With the development of mCRPC, patients may display
symptoms that are attributable to metastatic disease burden,
including bone pain, fatigue, and weight loss, a common
symptom associated with PC metastases to the bone.® As
a result, these symptomatic patients displaying detectable
macroscopic metastases may be referred for systemic che-
motherapy, depending on performance status outside of a
clinical trial. Docetaxel is a microtubule-stabilizing tax-
ane agent administered via intravenous infusion (75 mg/m?
every three weeks) with daily oral prednisone (5 mg twice
daily). A decade ago, docetaxel, along with prednisone,
was the first agent to show significant survival benefit (2—3
months) in MCRPC, and demonstrated improved pain pal-
liation over mitoxantrone-based (topoisomerase Il-targeted)
therapy in two large studies.?®?° As a result, docetaxel
plus prednisone became the standard of care as first-line
chemotherapy for mCRPC.

More recently, there has been promising data with regards
to early introduction of docetaxel therapy in patients with
high-volume metastases in conjunction with ADT. Early
results of the ECOG CHAARTED (ChemoHormonal Therapy
vs. Androgen Ablation Randomized Trial for Extensive
Disease in Prostate Cancer) study showed a 17-month OS
benefit with six cycles of docetaxel in combination with ADT
vs. ADT alone (HR 0.62; p=0.0012) in patients with high-
volume metastases.*’ High-volume disease in this study was
defined as visceral metastases or =4 bone metastases, with
=1 bone lesion beyond the spinal column or pelvis. Median
survival in low-disease-burden patients was not significant
(HR 0.58; p=0.0836), although this was a low sample size
comprising of only 34% of the total study patients (n=276).

Given the promising early results of the CHAARTED study,
the current philosophy towards metastatic PCa treatment
may change, as patients may receive chemotherapy prior to
the development of castration resistance, which will affect
subsequent treatment sequencing. Prior to this, asymptom-
atic metastatic PCa was often treated cautiously in hopes of
minimizing ADT-related toxicity, reserving chemotherapy for
patients with mCRPC. Prior to the CHAARTED study, the
survival benefit of novel agents for mCRPC provided, at most,
3-5 months compared to control, paling in comparison with
the survival benefit provided by early chemohormonal ther-
apy. This study strongly encourages a shift in the treatment
paradigm towards upfront chemohormonal therapy consisting
of docetaxel in concert with the start of ADT, especially in
men with high-volume metastatic PCa. The publication of
the CHAARTED trial results are still pending.

In contrast to the CHAARTED study, an updated retrospec-
tive analysis from the GETUG-AFU 15 trial was presented
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at GU ASCO in early 2015.% This study took place at 29
centres in France and one in Belgium, and randomized a
total of 385 patients from October 2004 to December 2008
to ADT + docetaxel or ADT alone. In the study population,
58% had Gleason =8 disease, 76% in the docetaxel arm
and 67% in the ADT alone arm had metastatic disease, and
median followup was 50 months. Data were analyzed based
on low-volume disease (LVD) vs. high-volume disease (HVD).
In the LVD group, median OS was not reached in the ADT
alone group, and the median OS in the ADT + docetaxel was
found to be 83.1 months. In the HVD group, a non-significant
difference of four months was observed between ADT alone
and ADT + docetaxel groups (35.1 vs. 39 months, HR 0.8;
p=0.35). Multivariate analyses from this study showed vol-
ume of metastatic disease and alkaline phosphatase to be
independent prognostic factors for OS, not treatment arm.

Differences between the CHAARTED and GETUG-AFU
15 studies may include different patient populations, with
a majority of the patients in the latter study having LVD
(53%) and up to 80% of the patients in the ADT alone group
receiving salvage docetaxel chemotherapy after castration
resistance. The GETUG-AFU 15 study was likely also under-
powered to detect a significant survival benefit in patients
with HVD, with only 183 patients (91 on ADT alone vs. 92
on ADT + docetaxel).*

A much larger study was recently presented ahead of
the 2015 ASCO annual meeting, which showed significant
improvement in OS with the addition of docetaxel to standard
hormonal therapy in men with newly diagnosed, advanced,
hormone-naive PCa. Data from the STAMPEDE trial, the larg-
est multi-armed, randomized, PCa clinical trial conducted,
showed that in 2962 patients standardized 2:1:1:1 to standard
of care (SOC), SOC + docetaxel, SOC + zolendronic acid,
or SOC + docetaxel + zolendronic acid, OS was approxi-
mately 77 months vs. 67 months in the SOC + docetaxel vs.
SOC alone groups (HR 0.76; p=0.003). In this study, 61% of
patients had metastatic disease, and all men were required to
have a Gleason score of at least 8. No statistically significant
survival was seen from adding zoledronic acid.*

The STAMPEDE trial has brought further clarity in the use
of docetaxel in the hormone-naive metastatic PCa setting
and strongly suggests that docetaxel chemotherapy should
be offered as part of initial therapy, significantly changing the
treatment algorithm for a specific subset of patients. Further
study is still required to determine if there is significant sur-
vival advantage in patients with non-metastatic disease.

Cabazitaxel: A novel chemotherapeutic option

Beyond the survival benefit of a few months attained by the
docetaxel-based regimen in mCRPC patients,?***mCRPC dis-
ease progresses post-docetaxel treatment due to innate or
acquired resistance, and subsequently must be treated with
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second-line therapeutic options. Like docetaxel, cabazitaxel
is a novel taxane agent that promotes tubulin assembly and
stabilizing microtubules,** exerting cytotoxicity by block-
ing mitosis at the transition from metaphase to anaphase.®
Cabazitaxel is active in docetaxel-sensitive cancer models,
but more importantly, it displays cytotoxicity in tumour
cells that are innately resistant or have acquired resistance
to docetaxel.*®

Cabazitaxel was evaluated in the TROPIC study, an inter-
national, randomized, open-label phase 3 study in mCRPC
patients previously treated with docetaxel.’” In this study,
755 patients were recruited from 146 centres in 26 countries
and were randomized (1:1): 378 participants receiving caba-
zitaxel (25 mg/m? intravenously over one hour on Day 1 of a
21-day cycle) plus oral prednisone (10 mg daily), while 377
participants received mitoxantrone (12 mg/m? intravenously
over 15-30 minutes on Day 1 of a 21-day cycle) plus oral
prednisone. The results of the study showed an OS benefit
in favour of the cabazitaxel treatment group, with a median
OS of 15.1 months vs. 12.7 months, and a 30% relative risk
of death reduction (HR 0.70; 95% CI 0.59-0.83; p<0.0001)
compared to the mitoxantrone treatment group. Median
progression-free survival (PFS) also favoured cabazitaxel
(2.8 months vs. 1.4 months; HR 0.74; 95% Cl 0.64-0.86;
p<0.0001), with significantly higher rates of PSA and tumour
response than the mitoxantrone group. Hematological toxic
effects were the most common adverse events, with greater
than 88% of patients in both treatment groups affected; how-
ever, neutropenia (82% vs. 58%) and febrile neutropenia
(8% vs. 1%) were more commonly observed in the cabazi-
taxel group compared to mitoxantrone group, respectively.
The most common non-hematological adverse effect was
diarrhea in the cabazitaxel group, with 6% experiencing
Grade 3 symptoms compared to <1% in the mitoxantrone
group. Moreover, there were a greater number of deaths in
the cabazitaxel group (n=18) within 30 days of the last dose
administered compared to the mitoxantrone group (n=9). Of
the 18 deaths in the cabazitaxel group, seven were the con-
sequence of neutropenia and five were from cardiac compli-
cations. Out of the nine deaths in the mitoxantrone group,
six were due to PCa progression, while none of the deaths
in the cabazitaxel group were due to disease progression.>”

Cabazitaxel is the first cytotoxic agent demonstrated to
confer an OS benefit in patients with mCRPC after docetaxel
treatment. While the rate of neutropenia and febrile neu-
tropenia were significantly higher in the cabazitaxel treat-
ment group, the authors of the study have suggested close
monitoring and management of treatment-induced symp-
toms. As well, primary prophylaxis with granulocyte colony-
stimulating factor (G-CSF) was recommended for high-risk
patients (age >65 years and poor performance status with
previous febrile neutropenia, extensive prior radiation ports,
poor nutritional status, and/or the presence of other serious
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comorbidities), with dose-modification being used to miti-
gate the toxic effects associated with treatment. As a result,
cabazitaxel was granted U.S. FDA approval (June 2010) for
use in combination with prednisone for the treatment of
patients with mCRPC previously treated with a docetaxel-
containing regimen, while Health Canada granted cabazi-
taxel (June 2011) approval as second-line chemotherapy for
mCRPC patients previously treated with docetaxel.

Hormonal manipulation as second-line mCRPC
treatment: Novel agents that directly or indirectly
target AR signaling

As an alternative to chemotherapy-based treatment
options, novel agents targeting AR signaling provide fur-
ther approaches in the treatment of symptomatic mCRPC.
Cytochrome p450c17 (CYP17) is an endoplasmic reticu-
lum (ER)-localized enzyme expressed in both the testes
and adrenal glands,*® which plays a critical role in the
production of sex steroids and glucocorticoid from cho-
lesterol. CYP17 catalyzes two critical steps in androgen
biosynthesis through its 17a-hydroxylase and C,, -lyase
activities. The 17a-hydroxylase activity of CYP17 converts
pregnenolone to 17a-pregnenolone and progesterone to
17a-progesterone. The C,, -lyase activity of CYP17 con-
verts 17a-hydroxypregnenolone to dehydroepiandros-
terone (DHEA) and 17a-hydroxyprogesterone to andro-
stenedione.’ In addition to androgen biosynthesis, CYP17
also plays a key role in glucocorticoid production, with
17a-pregnenolone and 17a-progesterone serving as precur-
sors in glucocorticoid biosynthesis (Fig. 2).3° The inhibition
of 17a-hydroxylase activity dramatically reduces the pro-
duction of cortisol, with low serum cortisol levels stimulating
a cortisol-adrenocorticotropic hormone (ACTH) feedback
loop, leading to increased serum ACTH release from the
pituitary gland and subsequent excessive mineralocorticoid
(aldosterone) production (Fig. 1). This clinically manifests as
fluid overload, hypokalemia, renin suppression, and arte-
rial hypertension,* necessitating low-dose glucocorticoid
supplementation along with CYP17 inhibitor treatment.

Abiraterone

Abiraterone acetate (AA) is the prodrug of abiraterone, an
irreversible, highly selective CYP17 inhibitor that targets its
17a-hydroxylase and C,_ , -lyase activities (Fig. 2),*' resulting
in reduced testosterone production in adrenal, testicular, and
prostate tumours (Fig. 1).#? The safety, efficacy, and tolerabil-
ity of AA were demonstrated in phase 2 trials administered
either alone or with oral prednisone, with significant anti-
tumour activity being reported in mCRPC patients who had
previously received chemotherapy, such as docetaxel, and

in those patients who were chemotherapy-naive.*-¢ This led
to further phase 3 evaluation of AA plus prednisone in both
the pre- and post-docetaxel treatment setting.

The landmark COU-AA-301 trial (NCT00091442) was
an international, randomized, double-blind, placebo-con-
trolled phase 3 study of AA administered with prednisone
in mCRPC patients previously treated with docetaxel.'?#
Eligible patients had histologically or cytologically confirmed
diagnosis of PCa, ongoing androgen deprivation with cas-
trate levels of testosterone (<50 ng/dl), previous treatment
with docetaxel, and progressive disease involving increasing
PSA values or radiologically confirmed progression with or
without a rise in PSA level. In this study, 1195 patients were
recruited from 147 sites in 13 countries and participants were
randomized (2:1) whereby 797 patients received AA (1 g
orally once daily) plus prednisone (5 mg orally twice daily)
and 398 patients received placebo plus prednisone. Interim
analysis of the study populations revealed a median OS of
14.8 months in the AA treatment group and 10.9 months
in the placebo group.” Based on these interim results, the
study data was unblinded and patients in the placebo group
were switched over to AA if they met criteria for crossover
treatment. Furthermore, AA was approved by the U.S. FDA
and Health Canada in 2011 for use in combination with
prednisone for the treatment of patients with mCRPC who
have received prior docetaxel treatment. Final analysis of the
COU-AA-301 trial was published in October 2012, which
showed that the median OS for the AA group was longer
than in the placebo group (15.8 months vs. 11.2 months;
HR 0.74; 95% Cl 0.64—0.86; p<0.0001) with no additional
safety concerns being identified with further followup.'

The second landmark trial for AA, COU-AA-302
(NCT00887198) was an international, randomized, double-
blind, placebo-controlled phase 3 study of AA along with
prednisone in chemotherapy-naive patients with mCRPC.*49
In this study, a total of 1088 patients from 151 centres in
12 countries were randomized in a 1:1 ratio, with 546 par-
ticipants receiving AA (1 g of AA orally once daily) plus
prednisone (5 mg orally twice daily) and 542 participants
receiving placebo plus prednisone. The interim analysis
results of this phase 3 study, presented at the ASCO 2012
conference, demonstrated a statistically significant improve-
ment in relative PFS (rPFS) across all patient subgroups, with
median rPFS in the placebo group being 8.3 months, while
the median rPFS in the AA group was not reached (HR 0.43;
95% Cl 0.35-0.52; p<0.0001).%49 A strong trend in OS was
observed in all patient subgroups, although OS did not reach
statistical significance; the placebo group was found to have
a median OS of 27.2 months, while the AA group was not
reached (HR 0.75; 95% Cl 0.61-0.93; p<0.0097).* Common
adverse events in the AA group included fatigue, fluid reten-
tion, hypokalemia, hypertension, and elevated aminotrans-
ferases. Based on the interim analysis of OS at 43% of death
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Fig 2. Ablating androgen biosynthesis as a novel treatment option for metastatic castrate-resistant prostate cancer. Androgens

are synthesized from cholesterol through multiple enzymatic reactions within adrenal and testicular tissues. Cytochrome p450¢17
(CYP17), an ER-localized enzyme expressed in both the testes and adrenal glands, plays a critical role in the androgen biosynthesis
pathway. CYP17 catalyzes two critical steps through its 17a.-hydroxylase and C17,20-lyase activities. The 17a-hydroxylase activity
of CYP17 converts pregnenolone to 17a-pregnenoclone and progesterone to 17a-progesterone. The C17,20-lyase activity of CYP17

converts 17a-hydroxypregnenolone to dehydroepiandrosterone (DHEA) and 17a-hydroxyprogesterone to androstenedione, which are
subsequently converted to testosterone and/or 5a-dihydrotestosterone (DHT) by other steroidogenic enzymes. Abiraterone is a novel

CYP17 inhibitor that acts to inhibit its 17a.-hydroxylase and/or C17,20-lyase activities.

events (333 deaths of trial subjects), which took place in the
fourth quarter of 2011 by an independent data-monitoring
committee (DMC), the study was unblinded and patients from
the placebo group were offered crossover therapy to AA.

Final analysis of the COU-AA-302 trial was published in
February 2015. Median OS was found to be significantly
longer in the abiraterone acetate group than in the placebo
group (34.7 months [95% Cl 32.7-36.8] vs. 30.3 months
[95% Cl 28.7-33.3]; HR 0.81; p=0.0033). The median fol-
lowup time was 49.2 months, after 96% of the pre-specified
773 death events for final analysis had been observed. A
total of 44% of the patients in the placebo group received
abiraterone acetate plus prednisone as either part of the
crossover protocol or as subsequent treatment.*

While the COU-AA-302 trial is one of the first phase
3 clinical trials to use rPFS as a primary endpoint in the

chemotherapy-naive PCa population, whether rPFS repre-
sents a tangible clinical benefit remains to be seen. It is
also uncertain why the DMC decided to end the clinical
trial prior to reaching statistical significance in OS despite
a strong trend in data. Based on the interim analysis results,
AA was granted U.S. FDA approval as treatment in the pre-
docetaxel setting in December 2012.

Enzalutamide: A second-generation AR antagonist

While castration or first-generation AR antagonist treatment
has been shown to effectively treat androgen-sensitive PCa
prior to CRPC development, alterations in the AR ligand-
binding domain promote these AR antagonists to become
partial agonists in a subset of CRPC, further promoting tumour
progression.*® Enzalutamide (MDV-3100) is a small molecule
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that irreversibly binds AR,*" preventing its nuclear transloca-
tion, DNA binding, and subsequent AR-driven transcription.
Not only has it has also been found to have a higher affinity
for the receptor than previously available AR antagonists, it
has not demonstrated any AR agonistic effects.”!

The AFFIRM study was an international, randomized,
double-blind, placebo-controlled phase 3 study of enzalu-
tamide in patients with mCRPC previously treated with
docetaxel.” In this study, 1199 patients were recruited
from 156 sites in 15 countries, randomized in a 2:1 ratio
in which 800 participants received enzalutamide (160 mg
orally once daily) while 399 participants received matched
placebo capsules. Interim analysis of the study populations
revealed a median OS of 18.4 months (95% Cl 17.3—not
reached) in the enzalutamide group and 13.6 months (95%
Cl 11.3-15.8) in the placebo group. Moreover, there was
a 37% reduction in the risk of death following enzaluta-
mide as compared to placebo (HR 0.63; 95% CI 0.53-0.75;
p<0.001). Based on these preliminary results, this study was
halted, unblinded, and eligible patients in the placebo group
were placed on enzalutamide. The OS benefit was consis-
tent even after adjusting for stratification factors, including
age, baseline pain intensity, geographic region, and dis-
ease progression at entry. Enzalutamide was also superior
to placebo in the measured secondary endpoints, including
PSA level response rate (54% vs. 2%; p<0.001), soft tissue
response rate (29% vs. 4%; p<0.001), functional assessment
of cancer therapy-prostate (FACT-P) quality of life response
(43% vs. 18%; p<0.001), time to PSA progression (8.3 vs.
3.0 months; HR 0.25; p<0.001), rPFS (8.3 vs. 2.9 months;
HR 0.40; p<0.001), and time to first skeletal related event
(SRE) (16.7 vs. 13.3 months; HR 0.69; p<0.001). Adverse
events reported more frequently in the enzalutamide group
included fatigue, diarrhea, hot flashes, musculoskeletal pain,
and headaches. In addition, five of the 800 patients (0.96%)
in the enzalutamide group were reported to have had a
seizure, whereas no seizures were reported in the placebo
group. This increase in seizure incidence is believed to be
due to the ability of enzalutamide to cross the blood-brain
barrier and inhibit GABA channels, with convulsions being
observed to be dose-dependent when administered above
the therapeutic range in animal studies.*? Thus, caution
should be used when administering enzalutamide in patients
with a known history of seizures.

Enzalutamide received U.S. FDA approval (August 2012)
for patients with mCRPC previously treated with docetaxel,
with a recommended dose of 160 mg orally once daily,
and will not require concomitant steroid administration.
Enzalutamide received approval from Health Canada (May
2013) for the treatment of mCRPC in patients previously
treated with docetaxel chemotherapy.

Based on its mechanism of action, enzalutamide should
be active in patients with AR-driven mCRPC, regardless of

whether or not they have previously received docetaxel,
as in the AFFIRM trial. The PREVAIL (NCT01212991) trial
is a randomized, double-blind, placebo-controlled, multi-
national phase 3 trial currently evaluating daily (160 mg)
enzalutamide treatment in 872 patients compared to pla-
cebo in 845 patients with progressive mCRPC not having
previously received chemotherapy. Treatment in patients
continued until radiographic progression of the disease was
confirmed or side effects were reported, after which chemo-
therapy was initiated. Interim analysis was performed at 20
months, showing a significant reduction in the risk of death
by 29% (HR 0.706; p<0.0001). The rPFS was 65% among
enzalutamide-treated patients compared to 14% in the pla-
cebo group at 12 months followup (81% risk reduction; HR
0.19; 95% Cl1 0.15-0.23; p<0.001). Furthermore, the median
time until the initiation of chemotherapy was 28.0 months
in the enzalutamide group compared to 10.8 months in the
placebo group (HR 0.35; p<0.001).>* Patients with a history
of seizure disorders were excluded from this trial. U.S. FDA
approval for enzalutamide as a first-line therapy for mCRPC
was issued in September 2014. The use of enzalutamide in
the chemotherapy-naive setting has not yet been approved
by Health Canada.

Novel therapies for management of mCRPC

Bone-targeted therapies

Approximately 90% of mCRPC patients will present with
bone metastases; these cause morbidity due to pain and
SREs, such as pathologic fractures and spinal cord com-
pression, which require surgical intervention or external
beam radiotherapy to the bone.*® Furthermore, the pres-
ence of bone metastases have been shown to negatively
impact survival, with less than a 50% five-year survival for
such patients.>* Current bone-targeted therapies for mCRPC
fall into two categories: osteoclast inhibitors and radiophar-
maceuticals. Anti-resorptive agents have been extensively
studied in the setting of mMCRPC and are approved for bone
pain palliation and SRE prevention/delay. Zoledronic acid
is a bisphosphonate, an analogue of endogenous pyrophos-
phate found in bone, that becomes released as a result of
osteoclast-mediated bone resorption,* subsequently induc-
ing apoptosis of osteoclasts.”® Clinical trials have shown sig-
nificant delay in the time to SRE vs. placebo, with improved
pain control.”” Denosumab is a monoclonal antibody to the
receptor activator of NF kappaB ligand (RANKL). Binding of
RANKL to its cognate receptor, RANK, on monocytes results
in osteoclast differentiation and their subsequent activation
of bone resorption.*® Therefore, binding of denosumab to
RANKL inhibits osteoclast formation and activation, and
prevents bone resorption.>*® An international phase 3 trial
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compared denosumab to zoledronic acid for the preven-
tion of SREs in mCRPC patients with current or a history of
radiologically evident bone metastases, and demonstrated
a 3.6-month improvement in time to SRE for denosumab
over zoledronic acid (20.7 vs. 17.1 months, respectively;
p=0.0002).°" However, neither zoledronic acid nor deno-
sumab have shown improvement in OS or disease progres-
sion in either study arm.

Radium-223 (***Ra) is a bone-targeting alpha-emitter with
a half-life of 11.4 days. Alpha-emitters have a high linear
energy transfer and short track length, with a range of less
than 100 pm. With a short track length, it was thought that
there would be relative sparing of the bone marrow, with
increased localized anti-tumour effect by virtue of higher
energy delivery.®? The ALpharadin in SYMPtomatic Prostate
Cancer (ALSYMPCA) trial was a double-blind, randomized,
international phase 3 study evaluating the efficacy of ?°Ra
with best standards of care (BSC) compared to placebo
with BSC in patients with symptomatic mCRPC and known
skeletal metastases. Eligible mCRPC patients had multiple
skeletal metastases (= 2 hot spots on bone scan) with regular
analgesic administration or treatment with external beam
radiation therapy for bone pain. A total of 922 patients were
randomized (2:1 ratio), with 615 participants receiving six IV
administrations (separated in four-week intervals) of 2*’Ra at
50 kBg/kg body weight and 307 receiving placebo. Planned
interim analysis once 314 deaths had occurred showed that
223Ra significantly improved OS vs. placebo, with a median
OS of 14.0 months vs. 11.2 months, respectively (HR 0.695;
95% Cl 0.552-0.875; p=0.00185). An updated analysis
at 528 deaths confirmed survival benefit with ?>’Ra, with
median OS of 14.9 months vs. 11.3 months for placebo (HR
0.70; 95% Cl, 0.58-0.83; p<0.001). The safety profile and
tolerability of ?’Ra was favourable, showing low incidence
of myelosuppression.®

As a result, 22Ra is the first bone-targeted therapy in
mCRPC with skeletal metastases to show a survival ben-
efit. Unlike recent U.S. FDA-approved treatments for CRPC,
such as cabazitaxel, AA, and enzalutamide, the ALSYMPCA
trial included and showed OS benefit in patients who were
pre-docetaxel and may not have been able to tolerate cyto-
toxic chemotherapy for CRPC treatment. Given its favour-
able safety profile and tolerability, ?2*Ra may be a potential
treatment for CRPC patients with bone metastases who are
docetaxel-naive. Based on the results of the interim analysis
of the ALSYMPCA trial,% 22*Ra has been approved by the
U.S. FDA (May 2013) and Health Canada (February 2015) to
treat men with symptomatic late-stage mCRPC with isolated
bone metastasis.

Conclusion

The landscape for the treatment of mCRPC is quickly chang-
ing, with the development of therapies targeting further hor-

Emerging therapies for metastatic CRPC

monal manipulation (AA and enzalutamide), PCa metastases
to the bone (*2*Ra), and cytotoxic chemotherapies (docetaxel
and cabazitaxel) showing OS benefit in phase 3 clinical
trials. Within the past two years, the positive results of the
PREVAIL trial have further opened up the use of enzaluta-
mide in the pre-docetaxel setting. More recently, abiraterone
has been shown to be converted by 3B-hydroxysteroid dehy-
drogenase (3BHSD) isoenzymes to the more active mol-
ecule, A*-abiraterone, which inhibits the androgen receptor
and multiple steroidogenic enzymes (CYP17, 3BHSD, and
SRD5A) and demonstrates more potent tumour-inhibiting
activity than abiraterone in the preclinical setting.** Whether
A*-abiraterone will be more effective than AA treatment in
the clinical setting is anticipated to be addressed in the fore-
seeable future.*

Unlike AA, enzalutamide does not interfere with andro-
gen production, but rather inhibits AR signaling directly.
As AA requires co-administration with glucocorticoids to
curtail side effects, preclinical studies have shown that dis-
ease progression following abiraterone may occur due to
glucocorticoid-induced AR signal activation, which may be
inhibited by enzalutamide treatment;® this provides strong
rationale for the clinical evaluation of CYP17 inhibition
in combination with AR antagonism. However, caution
should be taken, as a recent preclinical study suggests that
glucocorticoid receptor expression increases and binds to
~50% of all AR binding sites in enzalutamide-resistant PCa
cells, bypassing AR blockade,®® which may render such a
combinatorial therapy ineffective. Therefore, effective com-
binatorial treatment or sequential administration of these
novel agents will require close monitoring of tumours dur-
ing treatment in order to achieve an effective response in
mCRPC-targeted therapy.

The treatment paradigm separating mCRPC treatments
into pre-docetaxel and post-docetaxel settings are largely
artificial, based on the fact that docetaxel was the first agent
to demonstrate OS benefit in the setting of MCRPC. As men-
tioned, further phase 3 clinical trials have demonstrated OS
benefit prior to docetaxel therapy for both enzalutamide and
AA, making all three agents possible first-line treatments
for mCRPC. 22*Ra treatment has also shown evidence of
OS benefit in the pre-docetaxel therapy setting with largely
bone metastases. The proper sequencing of these agents
will become increasingly important as patients show pro-
gression on different agents, and more studies are needed
to determine the best treatments post-enzalutamide, post-
AA, or following ?Ra. There is also ongoing research on
new mechanisms of AR resistance to these new agents. For
example, splice variants of AR, such as AR-V7, have dem-
onstrated enzalutamide resistance.®” The ability to screen
patients for these mechanisms of therapy resistance may
further support and guide optimal therapeutic decision-mak-
ing.°® Furthermore, a promising study has recently shown
that cabazitaxel remains active as a third-line agent even
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after first-line docetaxel and second-line AA treatment.*
Taken into consideration with the results of the CHAARTED
trial, in which early docetaxel administration was shown to
significantly improve OS in combination with ADT in the
setting of non-mCRPC, cabazitaxel may play a much more
central role in the management of mCRPC.

In the coming years, it will be of paramount importance
for urologists to have a sound understanding of the hor-
monal, systemic, and bone-targeted therapies available for
the treatment of PCa. As primary physicians in both the U.S.
and Canada continue their efforts to resist PSA screening for
PCa, it is likely that men presenting to the urologist with PCa
in the metastatic state will be a much more common occur-
rence. Being familiar with the treatment options available
and collaborating with medical oncologists will improve the
delivery of care to patients with mCRPC.
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