
REVIEW

A Narrative Review of Implementing Precision
Oncology in Metastatic Castration-Resistant Prostate
Cancer in Emerging Countries

Shouki Bazarbashi . Wen-Pin Su . Siew W. Wong . Ramanujam A. Singarachari .

Sudhir Rawal . Maria I. Volkova . Diogo A. Bastos

Received: May 14, 2021 /Accepted: June 14, 2021 / Published online: July 8, 2021
� The Author(s) 2021

ABSTRACT

The therapeutic landscape of metastatic castra-
tion-resistant prostate cancer (mCRPC) has
evolved considerably with the introduction of
newer agents, such as poly-ADP ribose poly-
merase (PARP) inhibitors targeting DNA damage
repair mutations. Combining and sequencing
novel and existing therapies appropriately is
necessary for optimizing the management of
mCRPC and ensuring better treatment out-
comes. The purpose of this review is to provide
evidence-based answers to key clinical ques-
tions on treatment selection, treatment

sequencing patterns, and factors influencing
treatment decisions in the management of
mCRPC in the era of PARP inhibitors. This
article can also serve as a comprehensive guide
to clinicians for optimizing genetic testing and
counseling and management of patients with
mCRPC. Although the PROfound study has
validated the concept of PARP sensitivity across
multiple genes associated with homologous
recombination repair (HRR) in mCRPC and
highlighted the importance of genomic testing
in this at-risk patient population, it still remains
unclear how patients with rarer HRR mutations
will respond to PARP inhibitors. Therefore, real-
world data obtained through registry-based
randomized controlled trials in the future may
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help produce robust scientific evidence for
supporting optimal clinician decision-making
in the management of mCRPC.

Keywords: Castration-resistant; Genetic
testing; Metastasis; PARP inhibitors; PROfound
study; Prostate cancer

Key Summary Points

Metastatic castration-resistant prostate
cancer (mCRPC) is a global health issue
with a poor prognosis.

Putative predictive biomarkers, such as
homologous recombination repair (HRR)
mutations, would benefit the treatment.

Poly-ADP ribose polymerase (PARP)
inhibitors represent a promising
treatment opportunity in patients with
mCRPC harboring HRR mutations.

Genomic and proteomic profiling and
liquid tumor profiling will play a vital role
in predicting therapeutic efficiency in
patients with mCRPC with rarer
mutations.

Access to real-world data would benefit
clinicians and researchers in terms of
increasing understanding of the rarer
genes and optimizing both treatment
selection and treatment sequencing
patterns in mCRPC.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14779668.

INTRODUCTION

Prostate cancer was the fourth most commonly
diagnosed cancer in 2020, with an estimated
1,414,259 new cases (7.3% of all new cancer
cases) and 375,300 deaths (3.8% of all deaths
due to cancer) worldwide [1]. With respect to
the male population, it was the second most
commonly diagnosed cancer (14.1%) and the
fifth leading cause of cancer deaths (6.8%)
worldwide in 2020 [1]. The treatment options
for early-stage (localized) prostate cancer,
including watchful waiting/active surveillance,
radical prostatectomy, and external beam radi-
ation therapy, are usually curative. However,
about 30–70% of patients diagnosed with
localized disease eventually develop metastases
within 10 years of the initial diagnosis [2].
Testosterone suppression using novel androgen
receptor (AR)-targeted (ART) therapies is the
mainstay of initial treatment for patients with
metastatic hormone-sensitive prostate cancer. It
involves the use of luteinizing hormone-release
hormone (LHRH) agonists/antagonists (chemi-
cal castration) or orchiectomy (surgical castra-
tion). While most of these patients achieve a
substantial decline in the prostate-specific
antigen (PSA) levels, 10–20% develop metastatic
castration-resistant prostate cancer (mCRPC)
within 5 years of diagnosis, with the median
survival ranging from 15 to 36 months [3].

Over the past 10 years, the therapeutic
landscape of mCRPC has evolved considerably
with the introduction of newer agents, such as
docetaxel, cabazitaxel, abiraterone, enzalu-
tamide, apalutamide, and darolutamide, and,
more recently, poly-ADP ribose polymerase
(PARP) inhibitors, such as olaparib, niraparib,
and talazoparib. In this scenario, optimizing
treatment sequencing is a daunting task for the
clinicians. Hence, the purpose of this review is
to: (1) describe the current treatment landscape
of mCRPC and the recent advances in mCRPC
treatment using precision oncology; (2) high-
light recommendations for adopting treatment
strategies based on precision oncology in
emerging markets; and (3) provide suggestions
on addressing the key knowledge gaps in the
treatment of mCRPC.
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This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

CURRENT TREATMENT LANDSCAPE
FOR MCRPC

Systemic treatment is the mainstay of therapy
for mCRPC. Over the past 10–15 years, multiple
therapeutic agents have been tested in trials and
proven to provide clinically meaningful benefits
in mCRPC, and subsequently approved by the

US Food and Drug Administration (US FDA;
Table 1).

Management of mCRPC Prior
to the Evolution of Precision Oncology:
Key Clinical Trials, Timelines,
and Sequencing Trends

Chemotherapy
Mitoxantrone, the first cytotoxic chemother-
apy, was approved for mCRPC based on
improved palliative responses in pain-related
measures [4] but showed no survival benefit [5].

Table 1 Approved therapies for the treatment of metastatic castration-resistant prostate cancer

Drug Treatment target References (first author; of key
studies that led to approval)

Chemotherapy

Docetaxel Microtubules Petrylack [7]

Cabazitaxel Microtubules De Bono [8]

Novel androgen receptor-targeted therapies

Abiraterone CYP17A1 De Bono [11]

Enzalutamide AR Beer [14]

Immunotherapy

Sipuleucel-T Ex-vivo activation of PBMCs

via GM-CSF and PAP

Kantoff [18]

Pembrolizumab PD-1 Antonarakis [72]

Bone-targeting agents

Radium 223 Bone Parker [19]

Denosumab RANKL Liede [21]

Zoledronic acid Osteoclasts Liede [21]

PARP inhibitors

Rucaparib Small molecule inhibitor of PARP1,

PARP2, and PARP3

Abida [73]

Olaparib Targets PARP to disrupt DNA-repair process Hussain [39]

AR Androgen receptor, CYP cytochrome P450, GM-CSF granulocyte–macrophage colony-stimulating factor, PAP prostatic
acid phosphatase, PARP Poly (ADP-ribose) polymerase, PBMCs peripheral blood mononuclear cells, PD-1 programmed cell
death-1, RANKL Receptor activator of nuclear factor kappa-B ligand
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In 2004, docetaxel was the first systemic
chemotherapy to demonstrate survival benefit
in mCRPC. Docetaxel was studied in two
prospective phase III trials: the TAX 327 trial [6]
and the Southwest Oncology Group (SWOG)
trial [7]. In both studies, docetaxel prolonged
median overall survival (OS) by 1.9–2.4 months,
thereby establishing docetaxel as the standard
of care for mCRPC in 2004 [6, 7]. Cabazitaxel,
another taxane, has demonstrated activity in
docetaxel-resistant prostate cancers. It was
approved by the FDA in 2010 based on the
results of the TROPIC trial, in which patients
receiving the combination cabazitaxel/pred-
nisone had significantly longer progression-free
survival (PFS) and OS than those receiving the
combination mitoxantrone/prednisone (PFS:
2.8 vs. 1.4 months; OS: 15.1 vs. 12.7 months,
respectively) [8].

Novel Androgen Receptor Targeted Therapies
Androgen receptor-regulating genes presumably
participate in various cellular processes that
contribute to the initiation and progression of
prostate cancer [9]. Until 2004, patients with
mCRPC who progressed on novel ART therapies
were treated with additional secondary hor-
monal agents, including antiandrogens such as
bicalutamide and nilutamide [10]. Between
2011 and 2012, abiraterone, a new androgen
biosynthesis inhibitor, and enzalutamide, an AR
blocker with a higher affinity to AR, were
approved as the first- and second-line therapies
for mCRPC, respectively.

The approval of abiraterone was based on a
multi-national phase III trial, COU-AA-301, in
which the combination abiraterone/prednisone
(1000 mg) improved the OS compared to pla-
cebo (14.8 vs. 10.9 months, respectively) in
patients with mCRPC who had progressed with
prior ART therapy and docetaxel [11]. Further-
more, the phase III COU-AA-302 trial con-
ducted in mCRPC patients who showed
progression when on ART therapy, but had no
prior treatment with docetaxel, demonstrated
superior OS (34.7 vs. 30.3 months) and median
radiographic PFS (16.5 vs. 8.3 months) in the
abiraterone group (1000 mg) as compared to the
placebo group [12, 13].

The clinical efficacy of enzalutamide has
been established in two phase III trials: PREVAIL
[14] and AFFIRM [15]. It is also evident that
enzalutamide is a treatment option for mCRPC
patients in both the pre- and post-docetaxel
settings and represents a reasonable choice for
men who are not candidates for chemotherapy
[16]. In 2017, another AR blocker, apalutamide,
was successfully evaluated in a phase II study in
patients with progressive mCRPC with and
without prior chemotherapy with the combi-
nation abiraterone ? prednisone (AAP); the PSA
response rate after 12 weeks for AAP-naı̈ve
patients and patients who were treated with
AAP previously was 88 and 22%, respectively,
[17].

Immunotherapy
Sipuleucel-T is the first and only immunother-
apy to be approved by the FDA in 2010 for the
treatment of mCRPC. An independent phase III
study (D9902B; the IMPACT [Immunotherapy
for Prostate Adenocarcinoma Treatment) trial])
revealed that the use of sipuleucel-T prolonged
the median survival of men with mCRPC by
4.1 months compared to the placebo (25.8 vs.
21.7 months, respectively) [18].

Bone-Targeting Agents
Bone metastases occur in most of the patients
with mCRPC, primarily affecting the structural
integrity of bone and causing patient disability,
pain, reduced quality of life (QOL), and death.
Radium-223 was approved by the FDA in 2013,
based on the data of the phase III ALSYMPCA
(Alpharadin in Symptomatic Prostate Cancer
Patients) trial. The phase II ALSYMPCA trial
showed an OS gain of 2.8 months over placebo
(14.0 vs. 11.2 months, respectively; p = 0.002)
in men with mCRPC (and symptomatic bone
metastasis) [19]. The trial also demonstrated
reduced pain and improved symptomatic
skeletal events in patients with mCRPC without
visceral disease [20]. Additionally, a retrospec-
tive cohort study showed that the concomitant
use of other bone-modifying agents, such as
denosumab or zoledronic acid, with other rela-
tively new agents is a common clinical practice
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for the treatment of CRPC patients with bone
metastases [21].

In a long-term placebo-controlled random-
ized clinical trial (RCT), treatment with 4 mg
zoledronic acid was associated with skeletal-re-
lated events (SREs) versus placebo in men with
hormone refractory prostate cancer at
24 months (38 vs. 49%; difference - 11.0%,
95% confidence interval [CI] - 20.2 to - 1.3%;
p = 0.028). The median time to first SRE was
488 days compared to 321 days with placebo
(p = 0.009). The ongoing risk of SREs was
reduced by 36% with zoledronic acid compared
to placebo (risk ratio 0.64, 95% CI 0.485–0.845;
p = 0.002) [22]. In a phase 3 RCT, denosumab
(120 mg) was found to be better than zoledronic
acid (4 mg) at preventing SREs (median time to
first SRE 20.7 vs. 17.1 months, respectively;
hazards ratio [HR] 0.82, 95% CI 0.71–0�95;
p = 0�0008). However, hypocalcemia occurred
more frequently in the denosumab group than
in the zoledronic acid group [23].

Trends in Sequencing Treatments for mCRPC
To date, no clear recommendations are avail-
able for guiding the appropriate treatment
sequence in mCRPC. Currently, the choice for
further treatment following the development of
castration resistance is unclear. Furthermore,
cross-resistance is also commonly observed
between abiraterone and enzalutamide when
these drugs are used sequentially for the treat-
ment of mCRPC. The Kyoto–Baltimore Collab-
oration report suggested that abiraterone as the
first-line treatment before enzalutamide pro-
longed the PFS (HR 0.56; p\0.001), but not OS.
This effect is relative to enzalutamide as first-
line treatment before abiraterone in patients
with chemotherapy-naı̈ve castration-resistant
prostate cancer [24]. However, OZM-054, a
phase II, randomized trial compared the clinical
benefit (defined as PSA decline C 50% or
stable disease for C 12 weeks) of cabazitaxel and
the combination abiraterone/enzalutamide in
patients with mCRPC expressing poor outcomes
[25]. In the first-line treatment, a significantly
higher number of patients benefited from
receiving cabazitaxel over abiraterone/enzalu-
tamide (90 vs. 70%; p = 0.02). In terms of sec-
ond-line therapy upon cross-over, there was no

difference between treatment groups in PSA50
(50% decline in PSA), measurable disease
response, or stable disease at[12 weeks (75 vs.
85%; p = 0.483). In addition, the study did not
demonstrate an OS benefit (p = 0.143) with
upfront cabazitaxel over abiraterone/enzalu-
tamide in these patients [25]. The PROREPAIR-B
cohort study demonstrated significantly longer
PFS among men with mCRPC who received
abiraterone or enzalutamide upfront compared
with those who received first-line docetaxel
(10.8 vs. 8.3 months; p\ 0.001). However, no
significant differences in the OS were observed
with both treatment sequences [26]. Another
retrospective study of treatment sequences in
real-world practice among men with mCRPC
showed no significant difference in OS with
abiraterone first followed by enzalutamide, or
the reverse sequence; abiraterone or enzalu-
tamide first followed by docetaxel, or the
reverse sequence; or docetaxel first followed by
cabazitaxel [27]. In the CARD study, which
included mCRPC patients progressing after
docetaxel and abiraterone/enzalutamide,
cabazitaxel significantly improved median
imaging-based PFS compared to enzalutamide/
abiraterone (8.0 vs. 3.7 months) and OS (13.6
vs. 11.0 months; HR for death 0.64, 95% CI
0.46–0.89; p = 0.008). The median PFS was
4.4 months with cabazitaxel versus 2.7 months
with abiraterone/enzalutamide (HR for pro-
gression or death 0.52, 95% CI 0.40–0.68;
p\0.001) [28].

Evolution of Precision Oncology
in mCRPC

Precision medicine is an evolving field in med-
ical oncology that has been used to determine
the diagnostic subcategories of various diseases
and patient prognosis and develop targeted and
individualized treatment approaches [29]. Pros-
tate cancer is one of the original cancers for
which precision oncology has been adopted.
The discovery of AR has paved way to the
introduction of the concept of targeted treat-
ment with LHRH agonists and novel ART ther-
apies. Although these treatments are effective,
some patients eventually develop resistance,
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resulting in progression to mCRPC [11, 12].
However, recent advancements in precision
oncology have shed light on several other
pathways, apart from AR, which could be tar-
geted for better outcomes in mCRPC patients,
such as DNA damage repair (DDR), deficient
mismatch repair (dMMR), and programmed cell
death-1 (PD-1) receptor pathways.

DNA Repair Defects and Precision Oncology
in mCRPC
A family history of prostate cancer has been
long recognized as a major risk factor (60%)
[30]. Patients with mCRPC can have genomic
aberrations that interfere with the DDR path-
way [31]. These include somatic (23%) [32] and/
or germline (11.8%) alterations in DDR genes,
such as BRCA1 (germline 0.9%, somatic 0.9%),
BRCA2 (germline 8.6%, somatic 7.7%), ataxia-
telangiectasia mutated (ATM) (germline 2.3%,
somatic 4.5%), and CHEK2 (germline 4.1%,
somatic 0.9%), and also in other genes with
direct and indirect roles in homologous
recombination repair (HRR), such as BRIP1,
BARD1, CDK12, CHEK1, FANCL, PALB2,
PPP2R2A, RAD51B, RAD51C, RAD51D, or
RAD54L [33, 34].

Germline BRCA1 and BRCA2 mutations in
men are associated with a significant increase in
aggressive prostate cancer risk. By the age of
65 years, BRCA1 and BRCA2 carriers are at 3.75-
and 8.6-fold increased risk of prostate cancer
compared to non-carriers [35, 36]. In addition,
genetic mutations in HRR genes, BRCA1,
BRCA2, and ATM have been found to be asso-
ciated with an increased sensitivity to PARP
inhibition [37]. Mateo et al. [38] conducted a
phase II trial in which they studied the efficacy
of a PARP inhibitor, olaparib, in mCRPC
patients who progressed on standard therapy.
Next-generation sequencing (NGS) identified
deleterious mutations (somatic and germline)
in DDR genes, including BRCA1/2, ATM, Fan-
coni’s anemia genes (FANCA), and CHEK2 in 16
of 49 evaluated patients (33%). Among these 16
patients, 14 (88%) had a response to olaparib,
including seven patients with loss of BRCA2 (4
with biallelic somatic loss and 3 with germline
mutations) and four of five with an ATM
mutation. This discovery that approximately

half of these treatment-actionable genetic
alterations lie in the germline DNA (and are
therefore heritable) have had profound impli-
cations in the field of precision medical oncol-
ogy in prostate cancer.

Results from the TOPARP study led to the
design and conduct of the PROfound study, a
prospective, randomized, open-label, phase III
clinical trial with the aim to evaluate the effi-
cacy and safety of olaparib versus enzalutamide
or abiraterone in men with mCRPC who had
failed prior treatment with a novel ART therapy
(abiraterone or enzalutamide) and had a quali-
fying tumor mutation in C 1 of the 15 prede-
fined genes (prospectively identified by the
FoundationOne� CDx investigational NGS test)
[36]. Those with alterations in BRCA1, BRCA2,
and ATM were included in cohort A (n = 245)
based upon prevalence in the prostate popula-
tion, while those with alterations in BRIP1,
BARD1, CDK12, CHEK1, CHEK2, FANCL,
PALB2, PPP2R2A, RAD51B, RAD51C, RAD51D,
or RAD54L were included in cohort B (n = 142).
Patients in each cohort were randomized 2:1 to
receive olaparib 300 mg twice daily (BID) or the
physician’s choice of enzalutamide
(160 mg/day) or abiraterone
(1000 mg/day ? prednisone 5 mg BID) [39].

Olaparib resulted in a significant improve-
ment in median radiographic PFS (rPFS; assessed
by blinded independent central review [BICR])
compared to physicians’ choice of treatment
(enzalutamide/abiraterone) among patients in
cohort A (7.4 vs. 3.55 months, respectively;
HR 0.34; p\ 0.0001) [39]. Olaparib also resulted
in a significantly improved OS (median 18.5 vs.
15.11 months; HR 0.67, p = 0.0063) and a sig-
nificantly greater objective response rate (33.3
vs. 2.3% as assessed by BICR; odds ratio 20.86;
p\0.0001) and median time to pain progres-
sion (not reached vs. 9.92 months based on the
Brief Pain Inventory [Short Form] worst pain
[item 3] and opioid use; HR 0.44; p = 0.0192).
When cohort A and B were combined,
improvement in rPFS shown in patients receiv-
ing olaparib was maintained (median 5.82 vs.
3.52 months; HR 0.49; p\ 0.0001). Important
toxicities included nausea, anemia elevation in
liver enzymes, and gastrointestinal and hema-
tological side effects. Additional toxicities
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observed in this study included a venous
thromboembolism prevalence and potential
induction of myelodysplastic syndrome/acute
myeloid leukemia [39].

PROfound validated the concept of PARP
sensitivity across multiple genes associated with
HRR in mCRPC. It also highlighted the impor-
tance of genomic testing in prostate cancer and
showed that identifying patients with DDR
alterations in individual patients expands the
treatment artillery available to include PARP
inhibitors. However, the availability of more
treatment options necessitate a better under-
standing of the optimal treatment sequence for
individual patients.

Several other PARP inhibitors, such as ruca-
parib, niraparib, veliparib, and talazoparib, have
been evaluated in phase II trials as monother-
apy (Table 2). Similar to the study using ola-
parib, patients are being selected based upon
the presence of DDR alterations, either from
archival tumor specimens, cell-free DNA, or
both. And again, like olaparib, each of these
PARP inhibitors demonstrated impressive
response rates in genomically selected patients.
The most significant reported adverse events
were hematologic (grade 3/4 anemia and
thrombocytopenia), along with nonhemato-
logic events, including gastrointestinal events,
asthenia, and hypertension. [40] The details of
ongoing phase II and III trials evaluating PARP
inhibitors as monotherapy or in combination
with other therapies as first-line or later-lines
treatments in mCRPC are shown in Table 3.

In order to identify the DDR alterations that
make patients eligible for treatment with PARP
inhibitors, archival tumor tissues or cell-free
tumor DNA are retrieved for NGS. However, a
proportion of the DDR alterations detected are
likely to be germline. While not addressed by
any of the PARP inhibitor studies, the role of
offering germline testing in such cases is
important, given the implications for family
members on cancer predisposition and the
possibility to deploy risk-reduction strategies at
an early stage [32, 33].

It is important for pathologists and clinicians
to understand the role and effect of potential
targeted therapies in the light of germline

(inherited) and somatic (acquired) mutations
that occur in prostate cancer.

While germline genetic testing helps identify
inherited pathogenic mutations in genes asso-
ciated with familial cancer risk, tumor-directed
somatic testing may guide treatment decision-
making. Germline genetic testing can be per-
formed on lymphocyte DNA from blood or a
combination of lymphocyte and buccal cells
from saliva, obtained non-invasively; on the
other hand, somatic testing is complex and
requires prostate tumor material from biopsies,
or in some cases, circulating tumor cells/DNA
(ctDNA) in the blood. Additionally, outside the
clinical trials in the real-world settings, obtain-
ing sufficient and high-quality tumor tissue for
complicated somatic analysis is not a trivial
process in patients with mCRPC [41]. Using
archived tissue samples may enable wider test-
ing, but there are risks of missing the evolution
of somatic mutations in the tumor tissue due to
genetic instability [42]. As a result, repeat test-
ing of tumor DNA is required during the disease
course.

Although somatic testing may help identify
potential germline mutations [43], it should
never be used to substitute for germline testing,
primarily because of the risk for false-positives
and false-negatives owing to the variations in
reporting between different commercially
available tests. However, contemporary sam-
pling of metastatic disease sites or cell-free
ctDNA using liquid biopsy may be more infor-
mative and a novel way to identify genomic
alterations and track patient’s genomic land-
scape over time [44].

Despite extensive investigations, the identi-
fication of rare germline mutations in prostate
cancer genes has been extremely challenging.
Four major factors contributing to the chal-
lenges include: (1) the genetic heterogeneity of
prostate cancer, (2) the high rate of sporadic
disease, (3) large well-annotated patient popu-
lations needed to establish associations between
germline pathogenic mutations and prostate
cancer, and (4) the high cost of sequencing.
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RECOMMENDATIONS
FOR ADOPTING PRECISION
ONCOLOGY IN MCRPC

The NCCN guidelines have the following rec-
ommendations for germline and somatic

genetic testing in prostate cancer patients
(Box 1 and Box 2) [16].

In addition to the NCCN guidelines, the
evidence gathered from the PROfound study
would propel the need for routine genetic test-
ing to inform PARP inhibitor treatment in

Table 3 Ongoing PARP inhibitor clinical trials in mCRPC

Study name (NCT
number)

Phase Patient population Treatment/s Primary
endpoint

TALAPRO-1

(NCT03148795)

[79]

Phase

II

DDR-mutated mCRPC progressed

on a taxane or an androgen-

receptor signaling inhibitor

Talazoparib ORR

ROAR

(NCT03533946)

Phase

II

DDR-mutated mCRPC Rucaparib PSA

decline C 50%

rate

TRITON 3

(NCT02975934)

Phase

III

Germline or somatic BRCA1,
BRCA2, or ATM mutations and

mCRPC who previously

progressed on an androgen-

receptor signaling inhibitor and

who have not received

chemotherapy

Rucaparib vs. abiraterone,

enzalutamide, or docetaxel

PFS

PROpel

(NCT03732820)

Phase

III

mCRPC who have not received

taxane chemotherapy or an

androgen-receptor signaling

inhibitor

Abiraterone and olaparib vs.

abiraterone and placebo

PFS

BRCAaway

(NCT03012321)

[80]

Phase

II

DDR-mutated mCRPC Abiraterone vs. olaparib, and

abiraterone vs. olaparib

PFS

TALAPRO-2

(NCT03395197)

[81]

Phase

III

Asymptomatic or mildly

symptomatic mCRPC, without

brain metastases, never having

received taxane-chemotherapy or

an androgen-receptor signaling

inhibitor

Enzalutamide ? talazoparib vs.

enzalutamide ? placebo

(prestratified based on DDR

mutation status)

PFS

MAGNITUDE

(NCT03748641)

Phase

III

Treatment-naı̈ve mCRPC Niraparib ? abiraterone vs.

abiraterone ? placebo

PFS

KEYLINK-010

(NCT03834519)

Phase

III

mCRPC progressed on an androgen-

receptor signaling inhibitor

Pembrolizumab ? olaparib vs.

enzalutamide or abiraterone

PFS and OS

DDR DNA damage repair, mCRPC Metastatic castrate resistant prostate cancer, ORR Overall response rate, PARP:PFS
Progression-free survival, PSA: prostate specific antigen
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mCRPC patients. [39]. Germline and tumor
testing findings may overlap. An individual
with cancer who has an inherited BRCA muta-
tion will also have the same mutation in his/her
tumor. Therefore, germline versus somatic test-
ing remains debatable, and depending on the
cancer type, both tumor and germline testing
may be used to help select treatment options.
However, in most regions across the globe,
genetic testing is expensive and, hence, con-
sidered to be optimal only in second- or third-
line settings after failure of first-line hormone
therapy and/or chemotherapy. Nevertheless, if
cost is not a constraint, somatic testing may be
considered early after the diagnosis of prostate
cancer. If mutations in BRCA1, BRCA2, ATM,
PALB2, and CHEK2 genes are found, then such
patients should be referred for germline testing,
irrespective of family history of cancer.

There are several barriers to the widespread
use of genetic testing in prostate cancer
patients, including [45]:

1. Delayed or limited access to genetic counseling.
The data from a workforce study indicated a
shortage of genetic counselors engaged in
direct patient care. The increasing demand
for genetic counselors and the supply of
such counselors to the workforce have been
estimated to reach equilibrium only
between 2024 and 2030 [46]. In this scenar-
io, new strategies are needed to deliver
effective genetic counseling. Patients with
prostate cancer who are eligible for genetic
testing may undergo counseling by trained
healthcare providers in urology, radiation
oncology, or medical oncology who are
treating the patient. The ENGAGE study
recently reported the results of an oncolo-
gist-led BRCA testing program in women
with ovarian cancer, which demonstrated
an efficient turnaround time of 4 weeks in
the USA along with high levels of patient
and physician satisfaction [47]. Remote
video or telephone visits have also gained
prominence as an effective means of

increasing access to genetic counseling
[48, 49].

2. Limited/no insurance coverage. Despite the
new NCCN guidelines recommending
germline genetic testing for all men with
metastatic or high-risk, non-metastatic
prostate cancer and somatic testing for
patients with metastatic prostate cancer,
reimbursement and coverage of genetic
testing are not universal and vary among
companies, primarily because of the lack of
recognition of or difficulty in accreditation
by public and/or private healthcare insur-
ance bodies [50]; thus, coverage often
depends on men having an additional fam-
ily history. This has limited access to expen-
sive genetic services (somatic testing in
Colombia is much more expensive, ranging
from US$3000 to $4000, than germline
testing costing around US$400) within the
healthcare system [51] and has led to the
utilization of NGS-based multigene panel
testing [52].

3. Insufficient training and education materials
for both clinicians and patients. There is a
need to provide basic genomics training to
all nongenetic healthcare professionals,
including oncologists, surgeons, and pri-
mary care physicians, with the aim to
provide better counseling to patients before
testing and a more informed discussion of
the results after testing [53, 54].

4. Patient barriers. Despite the evident benefits
of genetic testing and counseling in terms
of obtaining information on the cancer risk,
not all eligible individuals choose to
undergo testing due to a number of reasons,
including non-priority, concerns about lack
of insurance, low socioeconomic status,
distance to clinics, time away from work
and family, lack of patient/provider knowl-
edge on the value of genetic counseling,
concern of discrimination against them in
case of positive genetic test result [55], fear
and apprehension about the test procedures
and results, and lack of encouragement
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from family [56, 57]. Studies have found
that ethnic minority groups are under-
served with respect to genetic services and
underrepresented in research [58, 59]. Low
community awareness and understanding
of familial cancer risk, socio-cultural differ-
ences in beliefs, and the stigma about
cancer or inherited risk of cancer may
further contribute to disparities in referral
[60]. In addition, it is observed that mem-
bers of families having an identified BRCA
mutation are more likely to choose to
undergo testing when they are older
(C 40 years), are married, and have higher
level of cohesiveness in their families [61].

5. Additional barriers to genetic testing and
counseling include time and space con-
straints in busy clinics, obtaining good
quality tissue samples after repeated biop-
sies, and possible psychological burden on
patients and families imposed by genetic
testing.

In addition, there are specific challenges that
stand against the implementation of precision
medicine in patients with prostate cancer in
emerging countries.

1. Financial. It is understood that the cost of
NGS continues to be prohibitive in emerg-
ing countries, especially in the setting of a
large-scale implementation plan by the
government. In some countries, this will
lead to greater disparity in outcomes, as
only patients with high-end medical insur-
ance plans will benefit from a precision
medicine approach [62, 63].

2. Ability of both clinicians and molecular pathol-
ogists to be/keep up to date with the rapidly
changing treatment landscape. Interpreting
molecular results will require the expertise
of molecular pathologists and geneticists
[64]. While molecular tumor boards [65] are
becoming more established in the Western
world, they remain an uncommon

phenomenon in emerging countries. Thus,
educating both clinicians and molecular
pathologists is essential to ensure adoption
of precision oncology.

Box 1: NCCN Guideline Recommendations for

Germline Genetic Testing in Prostate Cancer

Germline mutations should be tested in all newly

diagnosed men with NCCN high-risk, very high-risk,

regional, or metastatic prostate cancer, regardless of

family history and also for every patient with high-

risk, localized non-metastatic prostate cancer.

Germline testing is suggested for the following genes:

BRCA1, BRCA2, ATM, PALB2, CHEK2, MLH1,
MSH2, MSH6, and PMS2, using NGS panel testing.

Family history of high-risk germline mutations (e.g.,

BRCA1/2, Lynch mutation).

A positive family history indicative of germline

mutations includes a brother, father, or multiple

family members having been diagnosed with prostate

cancer at age\60 years, C 3 cancers on the same side

of family, especially diagnoses at age B 50 years of bile

duct, breast, colorectal, endometrial, gastric, kidney,

melanoma, ovarian, pancreatic, prostate (but not

clinically localized Grade Group 1), small bowel, or

urothelial cancer.

Ashkenazi Jewish ancestry is also a familial risk factor.

Anyone who has intraductal histology should also

undergo genetic testing.
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Box 2: NCCN Guideline Recommendations for

Somatic Testing in Prostate Cancer

Recommend evaluating tumor for alterations in

homologous recombination DNA repair genes, such

as BRCA1, BRCA2, ATM, PALB2, FANCA,
RAD51D, CHEK2, and CDK12, in patients with

metastatic prostate cancer. If mutations in BRCA1,
BRCA2, ATM, PALB2, and CHEK2 are found and/

or there is a strong family history of cancer, refer to

genetic counseling for confirmatory germline testing.

Patients should be informed that somatic tumor

sequencing has the potential to uncover germline

findings. However, virtually no somatic NGS test is

designed or validated for germline assessment. If a

germline mutation is suspected, the patient should be

recommended for follow-up with genetic counseling

and dedicated germline testing.

Tumor testing for microsatellite instability (MSI) or

dMMR can be considered in patients with regional or

metastatic prostate cancer.

Men with lymph node metastases or distant metastases

should also undergo tumor somatic testing.

GAPS IN KNOWLEDGE OF PRECI-
SION ONCOLOGY

It is now well-established through precision
medicine that BRCA2 gene deletions and ATM
point mutations are the most common muta-
tions in HRR genes in mCRPC, accounting for
20% of all mutations, and that PARP inhibitors
(e.g., olaparib) may be a promising treatment
strategy for mCRPC patients harboring HRR
mutations [31]. With newer strategies becoming
availabile, such as individual genomic and
proteomic profiling targeting specific cancer
pathways, gene editing technologies, and liquid
tumor profiling, and with an increasing number
of prostate cancer patients being subjected to
exome and whole-genome sequencing, it is now
easier to characterize even the rarer mutations
in HRR genes in patients with mCRPC. These
include BRCA1, which is mutated in\1% of
CRPC patients, PALB2, CDK12, and Fanconi

anemia complex members (e.g., FANCA,
RAD51D, RAD51C, and CHEK2) [33].

The most efficient way to improve our
understanding of the rarer genes and to opti-
mize treatment selection and sequencing pat-
terns in mCRPC is through access to real-world
data (RWD) on patterns of diagnosis and care
and real-world evidence (RWE) on treatment
outcomes facilitated by clinician-led data reg-
istries in oncology. RWD would help produce
robust clinical evidence that would further help
clinicians and researchers answer simple, prag-
matic questions, such as treatment duration
and strategies, or combinations of these, at a far
lower cost than conventional randomized trials.
Further, RWD registries are an important part of
clinical research and may be combined with
RCTs to create registry-based RCTs or registry
trials. Several prospective prostate cancer reg-
istries exist to date, such as the University of
California, San Francisco (UCSF) Cancer of the
Prostate Strategic Urologic Research Endeavor
(CaPSURE; USA); the Michigan Urological Sur-
vey Improvement Collaborative (MUSIC; USA);
and the South Australian Prostate Cancer Clin-
ical Outcome Collaborative (SA-PCCOC; Aus-
tralia). These registries are able to collect
detailed information on disease recurrence,
clinical diagnosis and progression, treatment,
follow-up, disease-specific mortality, and func-
tional outcomes in patients after treatments
[62]. The Victoria Prostate Cancer Registry
(Australia) has been developed with the aim of
monitoring the quality of care provided to men
diagnosed with prostate cancer. The Korean
Prostate Cancer Database (K-CaP) collects data
in order to analyze clinical and pathologic
prostate cancer outcomes with the ultimate aim
to improve patient care [66].

Knowledge on the clinical diagnostic and
treatment patterns in mCRPC is largely frag-
mented across Asia. To address these knowledge
gaps, a prospective, longitudinal, prostate can-
cer disease registry, called the United in Fight
against Prostate Cancer (UFO), has been devel-
oped with the aim of providing a comprehen-
sive picture of the diagnosis, prognosis,
treatment outcome, population characteristics,
health-related QOL, and comorbidities in
patients with prostate cancer in real-world
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clinical practice in eight countries across Asia,
including China, India, Japan, Malaysia, Singa-
pore, South Korea, Taiwan, and Thailand
[67, 68]. PROXIMA (Treatment Patterns in
Patients with Metastatic Castration-Resistant
Prostate Cancer Previously Treated with Doc-
etaxel-Based Chemotherapy) is a large, global,
noninterventional, prospective registry study
evaluating real-world treatment patterns of
patients with mCRPC who experienced disease
progression during or after docetaxel therapy.
The data obtained from such registries may be
used to devise optimal therapy sequences and
inform treatment decisions [69].

In addition to generating RWE, it is also
important to harmonize the assays and the gene
panels currently available for prostate cancer
testing. Additionally, only a small fraction of
tumors (2–3%) in mCRPC patients show MMR
defects [34] and therefore benefit from anti-PD-
1/programmed death-ligand 1 (PD-L1) therapy.
However, hypermutated MMR-deficient pros-
tate cancers may show strong response to
checkpoint inhibition [70]. Biomarker-driven
ctDNA analysis may provide promising results
in this field by identifying the mCRPC cases
with MMR deficiency [71].

CONCLUSIONS

Metastatic castration-resistant prostate cancer is
a life-threatening disease and represents an area
of critical unmet medical need. Prostate cancer
is one of the initial cancers demonstrating
promising results through the precision oncol-
ogy-directed treatment approach with novel
ART therapies. Currently, HRR has been identi-
fied as an additional driver that is actionable
through olaparib and other PARP inhibitors. In
this era of an evolving therapeutic landscape of
mCRPC, head-to-head comparisons of drugs
and specific combinations and treatment
sequences have become more significant. Fur-
ther development is needed in providing
accessibility to prompt genetic testing in
mCRPC patients and their family members at
high risk of developing the disease. With rapid
advancements in this field, a close collaboration
between oncologists, urologists, clinical

geneticists and counselors, researchers, and,
indeed, patients themselves is required to
ensure the best clinical management practices
to benefit patients with mCRPC. By comple-
menting the safety and efficacy data obtained
from optimized patient population in RCTs,
RWD may provide valuable information and
support, improve, and potentially accelerate the
delivery of safe and cost-effective therapeutic
interventions to patients. A detailed review of
the evidence-based answers to key clinical
questions along with expert views for optimiz-
ing the treatment of mCRPC has been provided
in the current article.
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