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Abstract Despite the development of novel effective
therapeutic strategies, metastatic castration-resistant
prostate cancer (mCRPC) remains a disease with a le-
thal course and a high biological and molecular hetero-
geneity. To date, germline mutations in the BRCA gene
represent one of the main risk factors for developing
prostate cancer, with a strong association with aggres-
sive phenotype and poor clinical outcomes. A better
understanding of the genomic landscape of prostate can-
cer has strengthened the idea that Bsynthetic lethality^
of this disease might be useful in cancer-drug discovery,
focusing on agents such as platinum compounds and
poly (adenosine diphosphate [ADP]-ribose) polymerase
inhibitors (PARPi). In this review, we summarize the
main data available on BRCA mutations and discuss
the clinical implications of these genomic aberrations
in the management of prostate cancer, stressing the need
to identify prognostic and predictive biomarkers and to
deeply understand the mechanisms of treatment resis-
tance, in order to maximize personalized medicine pro-
tocols and therefore clinical benefit.

1 Introduction

Prostate cancer is the second most commonly diagnosed ma-
lignant tumor in men and a major cause of mortality, with an
estimated 385,560 deaths globally projected for 2020 [1].
Androgen deprivation therapy (ADT), either by medical or
surgical castration, represents the gold standard treatment for
the management of prostate cancer patients who have relapsed
after local therapy or who are affected by metastatic disease.
However, disease is usually temporarily controlled, and de-
spite early response to ADT exceeding 80–90 %, progression
typically occurs within 12–24 months, a state now referred to
as castration-resistant prostate cancer (CRPC) [2, 3]. Until
2010, docetaxel was the only agent to demonstrate a survival
benefit in metastatic CRPC (mCRPC) [4, 5]. Since then, the
therapeutic landscape of mCRPC has rapidly changed and
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several new drugs have been approved by regulatory author-
ities after demonstrating improved overall survival (OS) and
maintaining patients’ quality of life in different pivotal trials,
widely increasing the therapeutic armamentarium [6]. These
include the tubulin targeting chemotherapy cabazitaxel [7],
the second-line hormonal compounds abiraterone acetate [8,
9] and enzalutamide [10–12], the immunotherapy sipuleucel-T
[13] and the alpha-emitting radiopharmaceutical radium-223
[14]. The availability of these new agents has led to the possi-
bility of using them sequentially in order to achieve a cumula-
tive survival benefit. To this end, several studies have tried to
analyze patient cohorts receiving a sequence of two different
new agents after docetaxel, but the retrospective nature, the
small sample size and the short follow-up do not allow to obtain
definitive conclusions regarding the best treatment strategy. In
addition, differences in disease setting, criteria for selection of
patients, comparator arms and definition of objective endpoints
make it difficult to perform head-to-head comparisons between
the different therapeutic strategies. Without such data and being
evidence of possible cross-resistance between taxanes and new
hormonal agents [15], the choice of the best therapeutic se-
quence remains difficult and treatment decisions are often based
on characteristics of the individual patients. It is therefore clear,
despite the recent progress, that mCRPC remains a disease with
a lethal outcome and amedian survival of approximately 18–36
months [16]. Identifying new treatments that provide du-
rable disease control and further improvement in OS
represents an important unmet medical need in order
to maximize patient benefit and reduce costs and unnec-
essary toxicities.

2 Clinical and Molecular Heterogeneity in Prostate
Cancer: The Impact of BRCA Mutations

It is now known that in prostate cancer the different patient
responses to treatments and clinical outcomes is in part due to
the high biological and molecular heterogeneity of this disease
[17–20]. In the last few years, next-generation sequencing has
led to significant advances in understanding the genomic land-
scape of this tumor [17, 21, 22], but, to date, none of the pub-
lished phase III trials have shown a correlation between patients
stratification on the basis of molecular profile and survival ben-
efit. Therefore, a better understanding of the biological and clin-
ical relevance of the molecular sub-classification may have a
critical role in the development of new therapeutic approaches,
representing a promising and engaging area of prostate cancer
research. The identification of prognostic and predictive bio-
markers will help in patient selection strategy in order to maxi-
mize personalized medicine protocols and therefore clinical ben-
efit, avoiding needless side effects in patients who are unlikely to
respond. In this direction, a variety of genomic aberrations have
been evaluated and some of them have been discovered as

common, including the transcription factor fusion of transmem-
brane protease serine 2-E26 transformation specific (TMPRSS2-
ETS) and mutations in TP53, androgen receptor (AR), retino-
blastoma 1 (RB1), phosphatase and tensin homolog/phos-
phatidylinositol-3-kinase (PTEN/PIK3CA) genes [17, 22]. In
addition, it has recently been shown that alterations in DNA
repair genes, such as the breast related cancer antigen (BRCA)
and the ataxia-telangiectasiamutated (ATM), are present in about
23 % of prostate tumors [22] and seem to characterize a sub-
group of patients with sensitivity to some drugs, becoming a
source of interest for future research.

BRCA1 and BRCA2 are tumor-suppressor genes that are
among the best-known cancer-susceptibility genes, characterized
by an autosomal dominant inheritance pattern with incomplete
penetrance. Although germline BRCA1 and BRCA2 mutations
are present in only 0.44% and 1–2% of sporadic prostate cancer
cases, respectively [23, 24], it has been described that about 15%
of mCRPC carry somatic point mutations or bi-allelic loss of
BRCA1 or BRCA2 [22]. More recently, at the 2016
Genitourinary Cancers Symposium, Myers et al. reported the
incidence of somatic BRCA mutations in a population of 85
advanced prostate cancer patients. Of interest, BRCA2mutations
were more frequent (12 %; 10/85) than BRCA1 (2 %; 2/85) and
the concurrent mutations in BRCA1 and BRCA2 were found in
17 % (2/12) of patients [25]. This suggests that in advanced
disease, genetic aberrations seem to occur at substantially higher
frequency compared to primary prostate tumors (Fig. 1). Both
genes encode proteins involved in maintenance of genomic sta-
bility by promoting efficient and precise repair of DNA double-
strand breaks (DSBs) through the homologous recombination
(HR) process [27]. Thus, cells deficient in functional BRCA1/2
become unable to repair DSBs, resulting in chromosomal insta-
bility, cell cycle arrest and apoptosis, underlining the increased
cancer-susceptibility in BRCA mutation carriers. In addition,
BRCA1 has been linked to other cellular processes, such as tran-
scriptional regulation and chromatin modelling, while BRCA2
seems to be limited to DNA recombination and repair processes,
being of particular importance in the regulation of recombinase
RAD51 activity [28–31]. It is now known that germline presence
of a single mutated copy of BRCA1/2 allele is associated with
increased susceptibility to develop cancers, including breast and
ovarian cancer in women and prostate cancer in men [32, 33].
Therefore, the loss of the wild-type copy (via somatic mutations
or epigeneticmechanisms) in cells carrying heterozygous loss-of-
function BRCAmutations is always required to support carcino-
genesis, due to deficient HR DNA repair [34]. More recently, it
has been shown that BRCA2 carriers have a significantly greater
incidence of prostate cancer than the general population (stan-
dardized incidence ratios = 4.9, p= 0.002) [35] and that germline
mutations in BRCA2 genemay confer the highest risk to develop
this type of cancer (8.6-fold in men < 65 years compared to 3.4-
fold in BRCA1 carriers) [23, 24]. In addition, BRCA2 aberra-
tions may closely linked to a relative risk to develop prostate
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cancer at an early age (< 56 years) of about 23-fold compared to
noncarriers [36, 37], although some authors reported no differ-
ences in mean age of presentation [38, 39]. However, despite that
some hypotheses have emerged, the specific role of BRCA1 and
BRCA2 in the development and progression of prostate cancer
has not been yet elucidated. Evidencewould seem to demonstrate
that BRCA1 could play a role as a co-regulator of the AR and a
mediator of IGF-1R in an AR-dependent manner [40], while the
downregulation of BRCA2 expressionmay promote themetasta-
tic potential of neoplastic cells by upregulation of matrix metal-
loproteinase 9 (MMP-9) [41]. More interestingly, recent studies
have associated the presence of the deleterious BRCA2 germline
mutations with a more poorly differentiated phenotype, nodal
involvement and poor survival in prostate cancer [39, 42, 43].
In particular, Tryggvadottir et al. analyzed the prevalence of the
BRCA2 999del5 mutation in prostate cancer patients belonging
to the Icelandic population [42]. Compared with noncarriers, the
presence of this truncating mutation was associated not only with
a lower mean age at diagnosis, but also with a higher histologic
grade, a more advanced tumor stage and a shorter median sur-
vival, underlining a strong potential correlation with a rapidly
progressing lethal disease. Notably, the poor prognosis of this
subset of patients was confirmed by other subsequent studies
[44–46]. Edwards and colleagues performed an analysis on 21
BRCA2-mutation carriers and matched control unselected for
family history and found that median OS of all prostate cancer
cases with a germline mutation was significantly shorter that of
controls (4.8 versus 8.5 years, respectively; p = 0.003) [45]. The
multivariate analysis confirmed that the worse outcome was as-
sociated with the germline BRCA2 mutation per se, establishing
it as an independent negative prognostic factor for survival in all
stages of prostate cancer including localized disease. In addition,
Thorne et al. evaluated the impact of the BRCA2 mutations in a
setting of men ascertained from families at high risk of breast/
ovarian cancer [46]. When comparing the carriers with noncar-
riers, BRCA2 mutation status was shown to be a significant
prognostic predictor of both OS and prostate cancer-specific
survival.

More recently, two studies from Castro’s group have pro-
vided relevant insights about the clinical implications of
BRCA2 mutation. In the first study [47], the prognostic value
of BRCA1/2 status was analyzed in a large series of patients
with prostate cancer (2019 patients: 18 BRCA1 carriers, 61
BRCA2 carriers and 1940 noncarriers), confirming that the
presence of this mutation predispose to a more aggressive phe-
notype, with a higher probability of nodal involvement and
distant metastases. In addition, patients with BRCA mutations
had poor survival outcomes, although subgroup analyses sug-
gested that this association was mostly dependent on BRCA2,
whereas the contribution of BRCA1 mutations remains un-
clear, probably due to the limited size and follow-up in this
subgroup. Subsequently, in the study published in the 2015
[48], the outcomes of prostate cancer patients (both carriers

and noncarriers) who underwent radical treatment for localized
disease were evaluated, underscoring that BRCA2 mutation
status resulted to be an independent prognostic factor for
metastases-free survival and cause-specific survival, even after
adjusting for cancer grade, stage and prostate-specific antigen
(PSA) level in multivariate analysis. Similar results were ob-
tained by Kim and colleagues [49]. In order to investigate the
cytoplasmic protein expression of BRCA1 and BRCA2 in
prostate cancer patients undergoing radical prostatectomy using
immunohistochemical (IHC) analysis, they showed that over-
expression of these proteins were significant independent prog-
nostic factors for biochemical recurrence. Despite all these data,
further large-scale studies are needed to confirm the association
with histology and clinical outcome reported, and to determine
if these findings can be generalized to the entire population.

3 Medical Treatment of BRCA Mutation Carriers

3.1 Platinum-Based Chemotherapy

A better understanding of the genomic landscape of prostate
cancer achieved in the last few years has strengthened the idea
that Bsynthetic lethality^ of this disease might be useful in
cancer-drug discovery [50], despite that precision medicine is
not yet feasible and the therapeutic relevance of findings re-
mains unclear. Previous studies have demonstrated that
BRCA1/2 mutations are associated with response to
platinum-based chemotherapy in some types of cancer, notably
in breast and ovarian cancer [51–53], suggesting a high sensi-
tivity of these tumors to platinum agents. To date, platinum
chemotherapy is used only for prostate cancer with neuroendo-
crine differentiation [54]. Nevertheless, phase II trials have
shown that use of platinum-based chemotherapy in the post-
docetaxel mCRPC setting may provide encouraging biochem-
ical or radiological objective response rates (45–60 %) and a
median progression free survival (PFS) of 4–9.5 months [55,
56]. Similarly, in a phase III study, Sternberg et al. have
assessed the efficacy of the oral platinum analog satraplatin in
patients with mCRPC previous treated with chemotherapy (the
SPARC trial), showing a 33% statistically significant reduction
in the risk of progression compared to placebo, although a
significant OS benefit has not been demonstrated [57]. This
lack of survival advantage can be partly explained by the
interpatient molecular heterogeneity and the absence of an op-
timal selection of patients. It is known that platinum com-
pounds act to induce inter-strand and intra-strand DNA cross-
links, with consequently increased DSBs and tumor cell death,
due to destruction of the DNA repair machinery in HR repair
deficient tumors. Therefore, it seems biologically reasonable to
assume that mCRPC with BRCA mutations are more likely to
respond to DNA cross-linking agents such as platinum ana-
logues, as already demonstrated in ovarian and breast cancer
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[53, 58, 59]. Of interest, Cheng and colleagues have recently
reported three cases of mCRPCwith an exceptional response to
platinum chemotherapy [60]. They assessed 14 patients with
mCRPC treated with docetaxel and carboplatin, most of which
had aggressive features such as visceral involvement, but none
with evidence of neuroendocrine differentiation, and identified
three patients with a complete or partial response to therapy.
Using retrospectively targeted next-generation sequencing on
tumor DNA assay, they found that all three patients had bi-
allelic inactivation of BRCA2. Notably, two patients carried
germline mutation (of which only one had family history of
cancer) and the third patient had somatic homozygous BRCA
copy loss; all three had somatic loss of function in the second
allele in their metastases. Despite the small size and the retro-
spective nature of this report, it is the first to provide evidence
that inactivation of BRCA2 may confer sensitivity to platinum
agents in mCRPC unselected for a priori mutation and could be
clinically useful as predictive biomarker of platinum response,
supporting genetic testing in this disease.

3.2 PARP Inhibitors

The poly (adenosine diphosphate [ADP]-ribose) polymerases
(PARPs) are a large family of multifunctional enzymes, the
most common of which is PARP1 [61]. It is a zinc-finger
DNA-binding enzyme, involved in the repair of DNA single-
strand breaks through the repair of base excisions [62]. In

cancer cells with BRCA mutation, this mechanism of DNA
repair can compensate the loss of HR, but if PARPs are
inhibited, cells are unable to repair DNA damage and accumu-
lation of DSBs with consequent chromosomal instability, cell
cycle arrest and apoptosis occur [63, 64] (Fig. 2). Therefore,
similarly to platinum compounds, PARP inhibitors (PARPi)
could induce selective tumor cytotoxicity, representing a poten-
tial and promising therapeutic approach in BRCA carriers [65,
66]. In support of this concept, it has been demonstrated that
BRCA1/2 deficient cells are characterized by more PARPi re-
sponsiveness than normal cells in vitro [63, 67]. Based on these
findings, several studies have assessed the efficacy and tolera-
bility of some PARPi in different tumors. One of the most
studied is olaparib (AZD2281 or KU-0059436), an oral potent
and selective PARPi, which has shown significant monothera-
py activity in tumors from BRCA mutation carriers, with an
acceptable safety profile [26, 68]. More recently, consistent
with findings reported for other tumor types, Mateo et al. con-
ducted a phase II trial, the TOPARP-A trial, demonstrating a
33 % overall response rate to PARPi olaparib in sporadic cases
of terminal mCRPC previously treated with standard treat-
ments. Notably, next-generation sequencing showed that pa-
tients with DNA-repair gene defects had an impressive re-
sponse rate (88 %) [69], underscoring that a subset of
mCRPC could be molecularly stratified for treatment. Similar
to that reported for olaparib, another PARPi, niraparib
(MK4827), has shown antitumor activity in carriers of

Fig. 1 Incidence of BRCA2 mutation in: (a) men with prostate cancer
diagnosis before 65 years (1.2 %) [24], and (b) men with metastatic
castration-resistant prostate cancer (mCRPC; 12.7 %) [22]. (c) Higher

incidence of DNA-repair defects was found in mCRPC if, in addition to
BRCA2, other mutations were included, such as BRCA1, FANCA, ATM,
CHEK2, PALB2, HDAC2,MLH3, ERCC3,MRE11 andNBN (33%) [69]

Fig. 2 Schematic of tumor-
selective cell death (synthetic
lethality). PARP: poly (adenosine
diphosphate [ADP]-ribose)
polymerase; SSB: single-strand
break; DSB: double-strand
breaks; HR: homologous
recombination; BRCA: breast
related cancer antigen
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BRCA1/2 mutations and in patients with sporadic cancers [70],
expanding the number of available inhibitors. All these encour-
aging results, both in term of activity and tolerability, have
provided the rationale for PARPi-based combination therapies
with the goal to maximize prostate cancer treatment, leading to
design of studies combining PARPi with cytotoxic chemother-
apy and hormonal therapy. In this direction, Hussain et al. con-
ducted a phase I pilot trial in which veliparib (ABT-888), an
oral PARPi, was combined with temozolomide in mCRPC

patients who have progressed after docetaxel chemotherapy
[71]. Despite the promising preclinical activity, only two of
the 25 evaluable patients achieved the primary endpoint of
PSA response rate (decline ≥ 30 %), showing a very modest
activity of the combination.

Higher expectations seem to be pinned on the combina-
tions with hormonal drugs. Based on the emerging role of
PARP1 in mediating transcriptional regulation by AR and
ETS fusion protein [72, 73], two randomized, placebo-

Table 1 Completed phase I-II clinical trials and selected ongoing studies (www.clinicaltrials.gov) of PARPi in prostate cancer

Study Agent Reference or
ClinicalTrials.gov ID

Sample size (n) Study design Results

Olaparib
(AZD2281)

Fong et al., 2009 [68] 60 pts
(3 with PC)

Evaluation of safety, tolerability, MTD
and efficacy of olaparib in heavily
pretreated, refractory, advanced
solid tumors (phase I)

Olaparib monotherapy at 400 mg twice
daily was established as the MTD

Olaparib monotherapy had durable
objective antitumor activity in
cancers associated with BRCA1/2
mutations and few adverse events

Olaparib
(AZD2281)

Kaufman et al., 2015 [26] 298 pts
(8 with PC)

Evaluation of efficacy and safety of
olaparib at 400 mg twice per day in
heavily pretreated, refractory, advanced
solid cancers and a germline
BRCA1/2 mutation (phase II)

Olaparib monotherapy showed a 26.2 %
tumor response rate, with an
acceptable side-effect profile

Olaparib
(AZD2281)

Mateo et al., 2015
[TOPARP-A trial] [69]

50 pts Evaluation of response rate in heavily
pretreated refractory mCRPC treated
with olaparib at 400 mg twice per
day (phase II)

Olaparib monotherapy showed a 33 %
response rate in sporadic cases of
mCRPC and a 88 % response rate
in patients with DNA-repair gene
defects

Olaparib
(AZD2281)

NCT01972217 158 pts Evaluation of safety, tolerability and
efficacy of olaparib 200 mg or 300 mg
twice per day in combination with
abiraterone acetate 1000 mg daily and
prednisone 5 mg twice per day in
mCRPC patients previously treated
with docetaxel (phase II)

The study is ongoing, but not
recruiting participants

Niraparib
(MK4827)

Sandhu et al., 2013 [70] 100 pts
(23 with PC)

Evaluation of safety, tolerability, MTD
and efficacy of niraparib in heavily
pretreated, refractory, advanced solid
tumors (phase I dose-escalation)

Niraparib monotherapy at 300 mg/day
was established as the MTD.

Niraparib had antitumor activity in
sporadic advanced cancers and was
well tolerated

Niraparib
(MK4827)

NCT02500901 24 pts Evaluation of safety and activity of
niraparib in combination with
enzalutamide 160 mg/day in
previously treated mCRPC
patients (phase I)

The study is ongoing, but not
recruiting participants

Veliparib
(ABT-888)

Hussain et al., 2014 [71] 36 pts Evaluation of safety, tolerability and
efficacy of veliparib combined
with temozolomide in mCRPC
patients previously treated with
docetaxel (phase I)

Veliparib plus temozolomide show a
very modest activity (only two of 25
patients had a PSA response rate)

Veliparib
(ABT-888)

NCT01576172 [74] 153 pts Evaluation of safety, tolerability and
efficacy of velaparib in combination
with abiraterone acetate 1000 mg
daily and prednisone 5 mg twice
per day in mCRPC patients previously
treated with docetaxel (phase II)

The study is ongoing, but not
recruiting participants

PC: prostate cancer; mCRPC: metastatic castration-resistant prostate cancer; PSA: prostate-specific antigen; MTD: maximum tolerated dose; pts:
patients
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controlled phase II trials are evaluating the efficacy, safety and
tolerability of PARPi (olaparib or veliparib) in combination
with abiraterone acetate and prednisone in mCRPC
(NCT01972217 and NCT01576172, respectively). In partic-
ular, at 2016 ASCO Annual Meeting, Hussain et al. presented
the first results of a University of Chicago phase II consortium
trial. On the assumption that co-targeting PARP and ARmight
be superior to AR inhibition, with ETS gene fusion as a pre-
dictive biomarker, they randomized 153 mCRPC patients to
the combination of abiraterone acetate/prednisone and
veliparib or to abiraterone alone and stratified them by ETS
status. Although there was no statistically significant differ-
ence in PSA response rate (the primary end point; ≥ 50 %
decline) between the two arms or by ETS status, the trend
was in favor of experimental group (abiraterone plus
veliparib) with regard to PSA response rate, objective re-
sponse rate, therapy duration and median PFS. Interestingly,
exploratory analysis suggested that patients with DNA dam-
age repairs defects (25 %) had better and more durable re-
sponses, providing the foundation for an update of clinical
data and further analysis in mCRPC preselected for DNA
damage repair defects (NCT01576172) [74]. Likewise, the
combination of enzalutamide and the PARPi niraparib is under
investigation in the same subset of patients (NCT02500901).

Table 1 summarizes the completed phase I-II clinical trials
and the selected ongoing studies of PARPi in prostate cancer.

4 Conclusions

Despite the development of novel effective therapeutic strate-
gies, mCRPC remains a disease with a lethal course and a high
biological and molecular heterogeneity. The thorough under-
standing of the genomic landscape has strengthened the idea
that Bsynthetic lethality^ of this tumor might be useful in
cancer-drug discovery, and underlined that germline mutations
in BRCA gene represent one of the strongest risk factors in
developing prostate cancer. The molecular basis underlying
the poor clinical outcomes of the BRCA2-associated prostate
carcinomas is not yet entirely elucidated. A possible explana-
tion can rely on inherent differences in tumor biology, given the
more aggressive tumor behavior of germline BRCA2-mutated
prostate cancers. For these reasons, routine-screening tests and
recommendations for treatment of BRCA-associated prostate
cancer should be individualized to define the risk associated
with BRCA2 mutations and maximize personalized medicine
protocols. With this purpose, Bancroft and colleagues per-
formed for the first time an international, multicenter consor-
tium evaluating the role of PSA-based selection in BRCA mu-
tation carriers in order to identify prostate cancer in
nonsymptomatic patients (the IMPACT study) [75, 76]. Two
thousand, four hundred and eighty-one men aged 40–69 years
with germline BRCA1/2 and a control group of men

noncarriers were recruited; all patients underwent PSA testing
at enrolment and those with PSA > 3 ng/mL (81%) proceeding
to biopsy. Respectively, more than two-thirds of the prostate
cancer detected in the BRCA2 carriers and 61% in the BRCA1
carriers were classified as intermediate or high risk, supporting
previous reports of a more aggressive phenotype in this group
and the potential use of PSA screening for BRCA carriers.
Although there is a lack of statistically significant differences
in prostate cancer detection rates between carriers and controls,
the trend is clear and a longer follow-up may sustain these
preliminary results. It is therefore clear that further studies de-
signed to identify genetic markers useful in selection of patients
at higher risk of prostate cancer are needed. The impressive
response rates achieved with platinum agents and PARPi high-
light their potential selective anti-tumor activity in BRCA-
mutated prostate cancer patients, paving the way for a promis-
ing therapeutic approach. Trials analyzing the response of pros-
tate cancer BRCA-carriers and molecular studies to identify the
key drivers and therapeutic targets of this specific prostate can-
cer subgroup are imperative for highly tailored treatment man-
agement. Notably, not all BRCA carriers had a response to
PARPi, probably due to pre-existing genetic resistance. In this
context, secondary intragenic BRCA2 mutations may restore
BRCA function and therefore homologous recombination, act-
ing as the major mediator of acquired resistance to platinum
compounds and PARPi [77, 78]. These findings suggest that
PARPi alonemay not be sufficient to control metastatic disease,
shifting the focus on mutational signatures (genomic scars) as
predictive biomarkers for response to treatment [79]. On the
basis of all these evidences, further studies of PARPi in prostate
cancer are strongly required to address critical issues, including
the identification of predictive biomarkers of HR defects, the
definition of biomarkers of efficacy beyond PSA and the deep
understanding of mechanisms of treatment resistance. The op-
timal treatment strategy may require integrated approaches to
overcome the tumor genetic complexity and avert the onset of
resistance, such as concurrent use of multiple therapies.
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