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Abstract

Context: Prostate cancer is a molecularly heterogeneous disease that is amenable to
diagnostic testing to identify patients potentially eligible for personalised treatments
inform familial risk and provide relevant information about potential prognosis.
Several guidelines support the integration of genomic testing in a shared decision-
making framework so that both health care professionals (HCPs) and patients are
involved in determining the best treatment approach.
Objective: To review current guidelines on molecular diagnostic testing for homologous
recombination repair (HRR) gene alterations in patients with metastatic prostate cancer,
with the aim of providing practical considerations for effective guideline implementa-
tion and establishment of an appropriate pathway for molecular diagnostic testing.
Evidence acquisition: We undertook a nonsystematic narrative review of the literature
using PubMed to identify current guidelines and recommendations on molecular diag-
nostic testing for BRCA and/or homologous recombination repair gene alterations
(HRRm) in patients with prostate cancer. In addition, selected articles that included
BRCA/HRRm testing in clinical trials in metastatic castration-resistant prostate cancer
and real-world evidence were also evaluated. Websites for relevant societies were
reviewed for molecular diagnostic guidelines not published on PubMed.
Evidence synthesis: Our review of guidelines published by several international soci-
eties that include molecular testing in prostate cancer identified variations in molecular
testing approaches. The review of testing approaches used in clinical trials and real-
world settings also highlighted several aspects that require improvement. Therefore,
we compiled practical guidance for establishing an appropriate BRCA/HRR mutation test-
ing pathway.
Conclusions: While there are several challenges to molecular testing and interpretation
of test results that require enhancement, a multidisciplinary team approach will
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empower HCPs and their institutions to improve on or initiate their own molecular test-
ing pathways. This in turn will lead to improvements in management strategies for
patients with metastatic prostate cancer, for whom better treatment outcomes is a sig-
nificant unmet need.
Patient summary: Establishing a molecular testing pathway in clinical practice for
patients with metastatic castration-resistant prostate cancer will lead to fairer and more
equal access to personalised treatments. This should lead to better outcomes, particu-
larly for patients whose disease has spread to other areas of the body.

� 2023 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Prostate cancer is the most prevalent noncutaneous cancer
among men worldwide [1]. If diagnosed early, patients have
good prognosis; however, despite early detection, 20–30%
of patients who receive treatment for nonmetastatic disease
will experience relapse to advanced disease, of whom
70–80% will have bone metastases [2]. At the metastatic
stage, prognosis is poorer, with current 5-yr survival rates
of approximately 30% [3]. To improve outcomes, precision
medicines are increasingly being used as a standard of care
in the management and treatment of prostate cancer. Cen-
tral to the initial development of precision medicines in
the monotherapy setting are molecular diagnostic testing
techniques that can identify, for example, alterations in a
specific gene known to be directly or indirectly involved
in the DNA homologous recombination repair (HRR) path-
way. Exploitation of deficiencies in this repair pathway
has led to the development of precision treatments for a
variety of solid tumour cancers, including prostate cancer
[4]. Molecular testing can also be used to provide informa-
tion about the likely prognosis and relevant information
for benefit/risk discussions for patients with prostate cancer
receiving combination treatment approaches that include
precision medicine.

1.1. Genomic status of prostate cancer

The molecularly heterogeneous nature of prostate cancer
makes it amenable to treatment with personalised medi-
cines. The prevalence of genomic (germline and somatic)
alterations in DNA repair genes, including those with an
involvement in HRR, ranges from approximately 5% in loca-
lised disease to approximately 25% in metastatic prostate
cancer, with BRCA2 alterations the most common [5–7]. Evi-
dence also suggests an association of germline HRR alter-
ations with more aggressive disease characteristics that
lead to earlier progression to lethal metastatic disease than
for cases without such alterations [8]. In addition, somatic
HRR alterations drive prostate carcinogenesis, with loss of
BRCA2 the most commonly reported [9]. Although there
are clinical guidelines on the use of molecular diagnostic
testing to drive treatment decision-making, they are not
widely implemented; however, it is hoped that such testing
will become routine practice for patients with advanced and
metastatic prostate cancer in the coming years. Identifica-
tion of HRR gene alterations in patients with prostate cancer

will become increasingly important in the search for prog-
nostic markers for aggressive disease and in optimising out-
comes to standard-of-care therapies and informing the use
of targeted therapies such as poly(ADP-ribose) polymerase
(PARP) inhibitors and other novel treatments.

1.2. HRR gene alterations and PARP inhibition in prostate
cancer

In prostate cancer and various other solid tumours, HRR
gene alterations are associated with sensitivity to PARP
inhibition [10–13]. Two PARP inhibitors, olaparib and ruca-
parib, are currently approved for the treatment of meta-
static castration-resistant prostate cancer (mCRPC) in
patients with qualifying HRR alterations. Details of PARP
inhibitor studies and the variety of HRR gene alterations
being investigated in trials that include patients with
mCRPC are shown in Table 1 [14–23]. Research has shown
that not all HRR gene alterations in metastatic prostate can-
cer achieve a similar efficacy benefit from PARP inhibition. It
has been reported that patients with homozygous BRCA2
deletions and biallelic loss of PALB2 derive the greatest ben-
efit [5].

Identification of patients with eligible HRR gene alter-
ations via molecular testing to inform clinical decisions is
of major importance because of the significant unmet need
for better treatments for patients with mCRPC. Here, we
provide practical guidance to empower physicians and their
institutions to initiate a molecular diagnostic testing path-
way and to help in improving the efficiency of pathways
already in place, given that the current guidelines are lim-
ited. The aim of this practical guidance is to support the
identification of more patients with mCRPC and HRR alter-
ations who may benefit from personalised treatment. The
Supplementary material provides further information on
PARP inhibitor modes of action and approvals for prostate
cancer, a discussion of the future landscape for BRCA/HRR
mutation (HRRm) testing in prostate cancer, and an info-
graphic that visually summarises the key points we raise.

2. Evidence acquisition

A nonsystematic narrative literature search was performed
in PubMed to identify guidelines on molecular diagnostic
testing in prostate cancer published up to December 2022.
In addition, selected manuscripts that included BRCA/HRRm
testing in clinical trials and as real-world evidence in the
mCRPC setting were evaluated. As some guidelines on
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Table 1 – Altered HRR genes most frequently investigated in PARP inhibitor clinical trials in patients with mCRPC

Treatment arm(s) Clinical trial Study type Patient population Molecular test Genes investigated GS/
PS

Olaparib TOPARP-A
(NCT01682772)
[14]

Phase 2
single-arm,
open-label

mCRPC with disease
progression on 1 or 2 taxane
chemotherapies and a
qualifying HRR mutation

Whole-exome (and
targeted as needed)
sequencing of 113-gene
panel (GeneRead) in
tissue (and saliva for
germline testing)

No predefined list RGS

Olaparib TOPARP-B
(NCT01682772)
[15]

Phase 2
randomised,
open-label

mCRPC with disease
progression on �1 but not
>2 taxane chemotherapies
and a qualifying HRR
mutation

Targeted sequencing of a
113-gene panel
(GeneRead) in tissue

ARID1A, ATM, ATRX,
BRCA1, BRCA2, CDK12,
CHEK1, CHEK2, FANCA,
FANCF, FANCG, FANCI,
FANCM, MSH2, PALB2,
NBN, RAD50, WRN

PGS

Olaparib
Physician’s choice of Abi
or enzalutamide
+ prednisone

PROfound
(NCT02987543)
[5,16]

Phase 3
randomised,
open-label

mCRPC with disease
progression on an NHA and a
qualifying HRR mutation

Investigational clinical
trial assay (based on the
FoundationOne CDx
using a prespecified 15-
gene panel) in tissue

ATM, BARD1, BRCA1,
BRCA2, BRIP1, CDK12,
CHEK1, CHEK2, FANCL,
PALB2, PPP2R2A,a RAD51B,
RAD51C, RAD51D, RAD54L

PGS

Olaparib + Abi
Placebo + Abi

PROpel
(NCT03732820)
[17]b

Phase 3
randomised,
double-
blind,
placebo-
controlled

First-line mCRPC
independent of HRR
mutation status

FoundationOne CDx in
tissue using a
prespecified 14-gene
panela

ATM, BRCA1, BRCA2,
BARD1, BRIP1, CDK12,
CHEK1, CHEK2, FANCL,
PALB2, RAD51B, RAD51C,
RAD51D, RAD54L

RGS

Rucaparib TRITON 2
(NCT02952534)
[11]

Phase 2
single-arm,
open-label

mCRPC with disease
progression on 1 or 2 NHAs
and 1 taxane chemotherapy
and a qualifying HRR
mutation

FoundationOne CDx in
tissue

ATM, BARD1, BRCA1,
BRCA2, BRIP1, CDK12,
CHEK2, FANCA, NBN,
PALB2, RAD51, RAD51B,
RAD51C, RAD51D, RAD54

PGS

Rucaparib
Physician’s choice of Abi,
enzalutamide, or
docetaxel

TRITON 3
(NCT02975934)
[18]

Phase 3
open-label,
randomised

mCRPC with disease
progression on an NHA and a
qualifying HRR mutation

FoundationOne CDx in
tissue

ATM, BRCA1, BRCA2 PGS

Rucaparib + enzulatamide
Placebo + enzalutamide

CASPAR
(NCT04455750)
[19]b

Phase 3 First-line mCRPC
independent of HRR
mutation status

Not stated BRCA1, BRCA2, PALB2 PGS

Talazoparib TALAPRO-1
(NCT03148795)
[20]

Phase 2
single-arm,
open-label

mCRPC with disease
progression on an NHA and
1 or 2 chemotherapy
regimens (including at least
1 taxane) and a qualifying
HRR mutation

FoundationOne CDx
(prespecified 11-gene
panel) in tissue

ATM, ATR, BRCA1, BRCA2,
CHEK2, FANCA, MLH1,
MRE11A, NBN, PALB2,
RAD51C

PGS

Talazoparib + enzalutamide
Placebo + enzalutamide

TALAPRO-2
(NCT03395197)
[21]b

Phase 3
double-
blind,
randomised,
placebo-
controlled

First-line mCRPC
independent of HRR
mutation status

FoundationOne CDx or
FoundationOne Liquid
CDx test

BRCA1, BRCA2, PALB2,
ATM, ATR, CHEK2, FANCA,
RAD51C, NBN, MLH1,
MRE11A, CDK12

PGS

Niraparib GALAHAD
(NCT02854436)
[22]

Phase 2
single-arm,
open-label

mCRPC with disease
progression on an NHA and
at least 1 taxane and a
qualifying HRR mutation

FoundationOne (T7 bait-
set) or FoundationOne
CDx in tissue

ATM, BRCA1, BRCA2, BRIP1,
HDAC2, CHEK2, FANCA,
PALB2

PGS

Niraparib + AbiP
Placebo + AbiP

MAGNITUDE
(NCT03748641)
[23]b

Phase 3
double-
blind,
randomised,
placebo-
controlled

First-line mCRPC
independent of HRR
mutation status

Not stated ATM, BRCA1, BRCA2, BRIP1,
CDK12, CHEK2, FANCA,
HDAC2, PALB2

PGS

Fuzuloparibc + AbiP
Placebo + AbiP

NCT04691804
(ongoing)b

Phase 3 First-line mCRPC
independent of HRR
mutation status

Not stated N/S PGS

Abi = abiraterone; AbiP = abiraterone with prednisone; HRR = homologous recombination repair; mCRPC = metastatic castration-resistant prostate cancer;
NHA = next-generation hormonal agent; GeneRead = GeneRead DNAseqMix-n-Match Panel V2 from Qiagen; GS/PS = gene selection relative to patient selection;
RGS = retrospective gene selection; PGS = prospective gene selection.
a PPP2R2A was evaluated in the PROfound study but was not included in the olaparib label and so was not included in the PROpel study.
b These studies included patients independent of their HRR mutation status, but secondary analyses by HRR status are planned.
c Fuzuloparib was formerly known as fluzoparib.
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molecular diagnostic testing may not be published in jour-
nals, we also searched the websites of relevant societies,
including the National Comprehensive Cancer Network
(NCCN), American Society of Oncology (ASCO), European
Society of Medical Oncology (ESMO), American Urological
Association (UAU), and European Association of Urology
(EAU).

3. Evidence synthesis

3.1. Molecular testing guidelines for prostate cancer

3.1.1. Current guidelines
Guidelines on management and treatment pathways for
patients with metastatic prostate cancer that incorporate
molecular testing to identify germline and somatic alter-
ations in patients with prostate cancer vary between profes-
sional associations, although there are some consistencies,
such as the recommendation to test tumour tissue from
patients with mCRPC. Details of the guidelines on molecular
testing to assist medical professionals in management of
the disease are summarised in Table 2. Germline testing of
blood or saliva from patients with a prostate cancer diagno-
sis to identify inherited alterations that predispose to can-
cer can be important for informing family members of
their potential disease risk (referred to as cascade testing)
and subsequent enrolment in screening programmes where
appropriate. Testing of tumour tissue can be highly useful in
informing treatment decisions regarding eligibility for per-
sonalised medicines and clinical trial participation, as it
identifies both germline and somatic alterations. Further-
more, guidelines advise that patients should be informed
that tumour testing has the potential to uncover germline
findings that may warrant further investigation, and that
patients with pathogenic or likely pathogenic alterations
identified via tumour testing should be referred for genetic

counselling and germline testing. Despite the availability of
regional guidelines, there is considerable variation in the
amount of molecular testing conducted among institutions,
varying from little or no testing in community practice to
higher rates in academic settings [24]. Reasons for this vari-
ation include access to testing facilities, availability of
tumour samples, and the cost of testing, as well as a lack
of local or national approval for drugs or testing reimburse-
ment. Therefore, it would be beneficial to patients if the
guidelines currently available were more widely imple-
mented and followed in a more consistent manner to
ensure equality in the management of patients’ disease.

3.1.2. How can implementation of current guidelines be
improved?
The guidelines for molecular testing from the various organ-
isations highlighted in Table 2 [25–28] are clear to under-
stand; however, we believe that there are areas for which
further information would be useful to practitioners regard-
ing patient treatment in the metastatic prostate cancer set-
ting. There are ongoing discussions on the optimal way to
perform testing, the time point for testing, and the test
design itself. Therefore, we suggest that the type of ques-
tions to be addressed to facilitate better use of these guide-
lines include, for example, the time point during a patient’s
disease course at which to conduct the test (ie, should it be
at first diagnosis of prostate cancer [any stage] or at diagno-
sis of metastatic disease?), and which test to undertake first
(germline or tumour tissue?). Germline testing appears to
be more widely used, whereas tumour tissue testing was
primarily implemented in clinical trials and is now being
adopted in clinical routine to identify patients who may
be suitable for targeted treatment. Additional queries
include which tumour sample type is best (ie prostatectomy
vs prostate biopsy), whether metastatic tissue needs to be
collected or if archival primary samples are adequate and,

Table 2 – Examples of international guidelines with current recommendations on molecular testing for alterations in HRR genes in mCRPC

National Comprehensive Cancer Network [25]

Germline testing is recommended for patients with:
– Prostate cancer (high-risk, very-high-risk, regional, or metastatic) or a history of breast cancer
– Family history of other cancers, including Lynch syndrome-related cancers
– Family history of risk mutations, especially in BRCA1, BRCA2, ATM, PALB2, CHEK2, MLH1, MSH2, MSH6, PMS2, and EPCAM
– Ashkenazi Jewish ancestry

Germline testing may be considered in patients with:
– Prostate cancer and specific tumour characteristics (intermediate-risk prostate cancer with intraductal histology)
– Prostate cancer and a personal history of other qualifying cancers

Tumour testing for treatment decision-making in metastatic prostate cancer is recommended for the HRR genes BRCA1, BRCA2, ATM, PALB2, FANCA, RAD51D,
CHEK2, and CDK12.

European Society for Medical Oncology [26]
Germline testing is recommended for BRCA2 and other DNA damage repair genes associated with cancer predisposition in patients with a family history of

cancer and all patients with metastatic prostate cancer.
Tumour testing is recommended for treatment decision-making for HRR genes in patients with mCRPC.
European Association of Urology [27]
Germline testing should be considered for:
– Men with metastatic prostate cancer and men with high-risk prostate cancer and a family member diagnosed with prostate cancer at age <60 years
– Men with multiple family members diagnosed with castration-sensitive prostate cancer at age <60 years or a family member who died from prostate cancer
– Men with a family history of high-risk germline mutations or a family history of multiple cancers on the same side of the family Genes for which testing is

recommended in metastatic or high-risk prostate cancer are BRCA1, BRCA2, and ATM, and other mismatch repair defects.
Tumour testing recommended for patients with mCRPC (and/or germline molecular testing, and testing for mismatch repair deficiencies or microsatellite

instability). ctDNA may be tested in place of tumour tissue.
American Urological Association [28]
Germline and tumour tissue testing is recommended for patients with mCRPC to inform prognosis.

ctDNA = circulating tumour DNA; mCRPC = metastatic castration-resistant prostate cancer; HRR = homologous recombination repair.
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if so, if there is a limit on sample age? Real-world data on
the testing of prostate tumour samples are limited, but
results from clinical trials have revealed that tumour testing
provides results from 60–70% of samples, meaning that 30–
40% failed to produce a test result. The main reasons for test
failure are limited biopsy tissue (potentially also because of
exhaustion of diagnostic material during histological diag-
nosis), insufficient tumour content for analysis, and subop-
timal DNA yield/quality because of DNA degradation
[5,9,29,30]. Therefore, in some settings, germline testing is
undertaken first. However, this may not be the most cost-
effective option, as this test only identifies germline muta-
tions and while it may be useful in informing familial risk,
it is not sufficient to identify all patients who may benefit
from targeted treatment. An alternative option when
tumour testing has failed is testing of circulating tumour
DNA (ctDNA) to identify both germline and somatic alter-
ations, which is required if the objective of testing is treat-
ment stratification. In addition to the sample and test types,
knowing which genes to test and the regions and types of
alterations (eg, mutations, deletions, etc) is an important
consideration. In agreement with guidelines, we recom-
mend collection of a metastatic tumour biopsy and, if
unfeasible (eg, in patients without access to tumour testing,
without available tissue, or those for whom tissue testing
has failed), a plasma sample for analysis of circulating
cell-free DNA (cfDNA), preferably collected at biochemical
or radiographic progression to maximise the ctDNA yield.
Further details on the potential for ctDNA testing are dis-
cussed below.

The timing for when to conduct molecular testing is cur-
rently unclear because of regional differences in diagnostic
policies and testing capabilities. For example, germline
screening for genes predisposing to cancer in patients with
a strong family history of cancer may be requested even
when only local/regional disease is present. Conversely,
tissue-based molecular diagnostic testing (that identifies
alterations that could be of somatic or germline origin) is
most likely to be requested for patients with mCRPC, as this
is when targeted treatment may be required. Our prefer-
ence would be for an earlier time point at the metastatic
hormone-sensitive prostate cancer (mHSPC) stage, which
is likely to happen in the future as trials investigate PARP
inhibitors in this setting, and even in high-risk patients
before metastases have been detected. Collection of primary
tumour samples at prostate cancer diagnosis with storage
under optimal conditions for later use is appropriate to
inform HRR status even after disease progression to mCRPC.
This is because the majority of HRR alterations in prostate
cancer are either germline alterations or appear to occur
early in the disease course and before metastatic spread
[31]. As practitioners tend to be less familiar with tumour
testing than with germline testing, extra guidance would
be useful on the different gene panels and next-generation
sequencing (NGS) platforms that are available, as well as
interpretation of the official guidance on which patients
are eligible for tumour testing. Guidance on the optimal
biopsy and sample processing conditions to ensure suffi-
cient high-quality material is obtained for tumour sequenc-
ing is also valuable [32]. In addition, a better understanding

of how tumour testing is conducted, and how germline and
somatic results are interpreted regarding alteration classifi-
cation and variant interpretation/curation, would enable
practitioners to correctly select patients who should be
referred for hereditary genetics counselling and/or who
may benefit from PARP inhibitor therapy. While guidelines
on which patients should be referred for germline testing
as a secondary test after somatic testing (referred to as
reflex testing) are available [33], we would like to underline
that both somatic and genomic testing are important and
one should not replace the other. Although there was no
consensus on the timing of testing at the 2021 Advanced
Prostate Cancer Consensus Conference (APCCC), 96% of the
86 panellists (international prostate cancer experts) recom-
mended that testing should be undertaken in mCRPC and
mHSPC settings, and there was consensus among those vot-
ing for tumour genomic testing that it should be performed
after progression on a next-generation hormonal agent [34].
To help in alleviating some of the shortfalls in the various
molecular testing guidelines, we have drawn on our clinical
experience and propose a comprehensive testing process
covering the stages from sample acquisition to clinical
decision-making, including DNA extraction, quality control,
library preparation, genetic sequencing, data analysis and
filtering, and reporting (Fig. 1). Figure 1 also highlights
specific recommendations for reporting, which should pro-
vide clear and simple guidance in relation to mutations of
likely pathogenicity and variants of unknown significance.

3.2. Plasma ctDNA testing in the mCRPC setting and
implementation in clinical practice

Tumour tissue testing is currently the gold standard for
identifying patients with mCRPC who harbour HRR gene
alterations, although not all have sufficient and/or good-
quality tumour tissue available in a timely manner for
molecular testing. Therefore, ctDNA testing can be imple-
mented as an alternative or complementary minimally
invasive (collection of blood samples is easier than collec-
tion of tissue samples) and highly feasible approach, as
the majority of patients with clinically progressing mCRPC
have high levels of ctDNA in their blood. Thus, ctDNA test-
ing is becoming an established molecular technology for
use in precision medicine, with US Food and Drug Adminis-
tration (FDA)-approved liquid biopsy assays now available
for use. ctDNA testing may become routine for patients
when tissue testing fails to provide a result or when the
sample quality is poor. This approach has generated interest
among health care professionals (HCPs), but its implemen-
tation is not yet routine. Factors that currently limit routine
implementation include a lack of standardised procedures
and assays, a potential lack of sensitivity in comparison to
tumour tissue testing, and differences in hospital capabili-
ties and funding. There may also be difficulties in maximiz-
ing the ctDNA yield because effective treatment can rapidly
reduce the ctDNA fraction, potentially leading to inconclu-
sive test results. This highlights the importance of correct
timing for blood collection and the short window of time
available to clinicians to order ctDNA testing. However,
not all patients with mCRPC have high ctDNA levels and
thus may not be amenable to ctDNA testing (particularly
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those with a lower tumour burden); unfortunately, it is not
yet clear how to identify patients with a high ctDNA level.
Of note, an evaluation of matched tumour tissue and ctDNA
samples from patients with mCRPC screened in the PRO-
found study showed 81% positivity agreement for BRCA1,
BRCA2, and ATM alterations between tumour tissue and
ctDNA (using tissue as the reference material) [35]. Among
the patients with positive findings for BRCA or ATM alter-
ations in tumour tissue but negative findings in ctDNA,
low levels of or nonshedding ctDNA were the main reason
for the difference affecting assay sensitivity. Furthermore,
the ability of the ctDNA test to detect structural variation
alterations, including homozygous BRCA deletions, was lim-
ited, especially at low ctDNA fractions. While there are lim-
itations to its use that need to be addressed and a need to
further understand the place of ctDNA testing within the
diagnostics pathway and best practices for implementation,
an increasing number of clinical studies, including PRO-
found and PROpel, have shown favourable concordance
between tumour- and ctDNA-based testing [35–37]. In PRO-
pel, an 85% overall percentage agreement for HRRm status
was observed between tumour tissue and ctDNA testing
with tumour tissue as the reference [36]. Interestingly, the
PROfound and PROpel studies also had low false-negative
rates of 4–6% with ctDNA testing using tumour tissue as
the reference [35,36]. Real-life concordance studies of geno-
mic findings from ctDNA and tumour tissue testing would
help in validation of ctDNA testing and guiding improve-
ments. A better understanding of the technical and clinical
relevance of clonal haematopoiesis of indeterminate poten-
tial (CHIP) alterations in prostate cancer is also needed, as
mistaken identification of CHIP mutations as originating

from tumour cells may result in incorrect treatment deci-
sions. In the future, practitioners should be aware of
whether their chosen test can filter candidate CHIP
mutations.

3.3. Key elements of a successful BRCA/HRRm testing
pathway

Molecular testing in prostate cancer comes with some
unique challenges, such as a potentially low DNA yield
because of the small tumour sample size achieved with
some biopsy techniques (ie, core needle biopsies). In addi-
tion, the bone-predominant metastatic spread of prostate
cancer can result in poor-quality samples for testing
because the strong acids used for decalcification may
degrade nucleic acids [38]. Furthermore, and unique to
mCRPC in comparison to other faster-growing solid
tumours, the logistics of retrieving archival tissue and the
potential for degradation of archival tissue need to be
resolved. Improvements in sampling techniques can max-
imise the success rate for tissue testing [32], although dif-
ferences in molecular testing pathways for mCRPC remain
that prevent the adoption of pathways established for other
tumour types. Figure 2 provides a summary of what we con-
sider to be the key elements of a successful BRCA/HRRm
testing pathway for patients with mCRPC.

3.4. Role and core membership of the multidisciplinary team

One factor that is common to molecular testing pathways
for prostate cancer and other tumour types is the need for
a multidisciplinary team (MDT) approach. Figure 3 illus-
trates the typical involvement and roles of members within

• Only deleterious (pathogenic or likely 
pathogenic) mutations should be 
reported for PARP inhibitor eligibility

• If reported, VUS should be included 
separately from the main treatment 
eligibility section of the report, and it 
should be clearly stated that no 
evidence is available to suggest a 
benefit for targeted therapies

• Only mutations with variant allele 
frequencies above validated limit of 
detection of assay should be 
considered

• If the tumour assay is not capable of 
detecting larger chromosomal 
rearrangements, this should be 
clearly stated on the report; this will 
allow patients with strong family 
history to potentially be further 
investigated by germline testing

Timeline from sample collection or archival sample retrieval to report should be 2–3 weeks 

*HRR genes to be assessed depend on country-specific licence indications and reimbursement approvals
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• Optimal sample type
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BRCA2*
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(see below)

Pathology: 
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Fig. 1 – Molecular diagnostic testing process for HRR gene alterations from sample collection to clinical decision [32]. HRR = homologous recombination
repair; HRRm = HRR gene mutation; NGS = next-generation sequencing; QC = quality control; VUS = variant of unknown significance.
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an MDT. A systematic review of MDT meetings for four
tumour types revealed that MDTs have a significant impact
on management plans [39]. In the prostate cancer setting,
MDT meetings lead to changes in management plans in
27% of cases on average, with higher rates reported for cases
with metastatic disease (33% and 38%) than for cases with
localised disease (�23%) [40,41]. However, these findings
were only from a few studies and there was no information
regarding the impact of these management changes on
diagnostic or treatment outcomes, suggesting that further
research is needed. If an institution already has an MDT in
place for the management of other tumour types, we sug-
gest that efforts should focus on how to integrate genomics
results for patients with mCRPC into everyday MDT discus-
sions of the appropriate treatment and how the MDT mem-
bership can be reshaped to facilitate new discussions with
patients about the implications of their genomic results
and therefore the best management plan. For institutions
with no MDT in place, we suggest that an MDT should be
established with an overall role, once notification of molec-
ular test results has been received, of assessing the signifi-
cance of genetic alterations identified via testing and
discussing subsequent management options. The MDT
should also, if necessary, refer a patient for germline testing.

The roles of a typical MDT vary between academic cen-
tres and community practices, and between countries. A
recent review highlighted the challenges for rural areas
and community practices, including the greater difficulty
in accessing MDT specialists in comparison with academic
centres and urban areas; community MDTs may need to
consult academic MDTs for certain complicated cases, and
access to clinical trials or novel therapeutics may be limited

in community practices [42]. In addition, there may be more
internal barriers to setting up and maintaining community
MDTs. Two approaches that can overcome challenges in
the community setting are the use of virtual molecular
tumour boards and academic-community partnerships
[42,43]. Regarding country differences, medical oncologists
and urologists are typically at a similar decision-making
level in the treatment of prostate cancer in countries such
as the USA and Sweden, whereas urologists in other coun-
tries may be less involved in decision-making. To imple-
ment tumour tissue testing as part of the diagnostic
process, we believe that all professionals involved in patient
care should be educated in genomic testing (ie, when to
request a molecular diagnostic test, how to obtain the best
sample type, and obtaining consent from the patient to
undertake the test). Clinicians from all specialties (urolo-
gists, pathologists, and oncologists), as well as medical
geneticists, should be involved in clinical interpretation of
the test results. Furthermore, other specialists beyond the
MDT may need to be involved in the process at certain insti-
tutions. For example, organ-specific urology boards may
discuss whether a BRCA/HRRm test should be initiated for
a patient, while clinical interdisciplinary tumour boards
may discuss whether PARP inhibition therapy may be a
viable treatment option and, therefore, if BRCA/HRRm test-
ing should be carried out. In addition, specific molecular
tumour boards may discuss complicated and/or interesting
NGS reports at the request of the oncologist. Limited data
are currently available on the costs for molecular-guided
therapy; however, the MOSCATO study in a French cancer
centre noted that molecular diagnosis accounts for only
6% of the cost of molecular-guided therapy per patient
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Fig. 2 – The key elements for establishing a successful BRCA/HRRm testing pathway. ctDNA = circulating tumour DNA; HCP = health care professional;
HRRm = homologous recombination repair gene mutation; MDT = multidisciplinary team.
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and that drugs and hospitalisations were the main cost dri-
vers [44]. This costing does not account for clinician time
spent in MDTs, which needs to be considered and will differ
between settings and according to reimbursement
approaches.

3.5. Challenges and solutions in establishing a molecular
diagnostic testing pathway

One of the main challenges in setting up a molecular diag-
nostic testing pathway is the need to improve HCP under-
standing of the testing approach, including genomic
alterations and their expected frequency, the terminology
used, the testing process itself, and what it all means from
a patient’s treatment perspective. To build up knowledge
and HCP confidence, the use of educational programmes,
e-health digital tools, and electronic medical report (EMR)
alerts (automated messages that notify the physician of

important information) could play a primary role. For
example, US real-world studies evaluating EMRs have pro-
vided useful information about testing rates and genomic
alteration rates. One such study evaluating EMRs from
5213 patients with mCRPC from 2013 to March 2019 (be-
fore PARP inhibitor approvals) found that the rate of docu-
mented genomic testing for alterations in ATM, BRCA1,
BRCA2, CDK12, FANCA, and/or PALB2 was low (13%),
although there was a modest increase after the 2017 NCCN
recommendations were updated to include testing [45]. The
Adelphi Prostate Cancer Disease Specific Programme, which
collected data from EMRs for 348 patients and from physi-
cian surveys between January and August 2020, showed
that only 38% of patients underwent HRRm testing, despite
physicians having access to testing. However, the propor-
tion of patients positive for HRRmwas higher than expected
(39%), suggesting that testing was prioritised for high-risk
cases [46]. Triggering of EMR alerts on the basis of testing
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Fig. 3 – Suggested core membership disciplines for the multidisciplinary team. ctDNA = circulating tumour DNA; HRRm = homologous recombination repair
gene mutation; MDT = multidisciplinary team.
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results could facilitate acceleration of the management
pathway. We also believe that patient education could be
improved, primarily via the involvement of genetic counsel-
lors and video- or web-based interventions. There is cur-
rently a general shortage of genetic counsellors [47],
which can lead to substantial delays in genetic testing
determination and can negatively impact treatment or
management decisions. However, the future may be
brighter, as genetic counselling seems to be growing glob-
ally as a profession, with international collaboration and
reciprocal agreements facilitating improvements in train-
ing, regulation, and scopes of practice [48]. Table 3 high-
lights additional challenges when setting up a molecular
diagnostic testing pathway and proposes solutions to these
challenges.

4. Conclusions

Molecular diagnostic testing to inform familial risk, progno-
sis, and clinical decision-making is an important aspect of

the management of patients with mCRPC. Although regional
molecular testing guidelines are available to assist HCPs in
the management of mCRPC, these guidelines could be
expanded. Providing institutions with the knowledge to
improve current molecular testing pathways or initiate such
a pathway will lead to the availability of prognostic infor-
mation for HCPs that may support treatment decisions for
patients with mCRPC. This in turn will lead to better out-
comes, particularly for patients whose disease has pro-
gressed to the metastatic stage, for whom prognosis is
poor and a personalised treatment may be indicated.
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Table 3 – Challenges and potential solutions for molecular diagnostic testing pathways

Challenge Potential solution

HCP education (especially nonacademic urologists and genitourinary pathologists)
– Technical limitations of different tests (tissue vs ctDNA vs

germline)
– Limited genomic literacy and confidence about testing
– Novelty of ctDNA testing
– Unknown frequency of molecular aberrations
– Lack of referral of and reporting for all patients eligible for

testing
– Limitations/challenges of testing (eg, biopsy tissue

insufficiency)
– Lack of standardization of informed consent requirements
– Complicated process to obtain genomic data
– Interpretation of variants
– Understanding of specific terminology
– Appropriate role of different HCPs in testing pathway

– Educational programmes (eg, webinars, tutorials, e-health) to increase genomic
literacy

– Use of e-health digital tools such as Helix [49]
– Use of electronic medical report alerts
– Standardisation of informed consent requirements
– Incorporation of genomics modules in residence or fellowship programmes

Patient awareness
Limited knowledge of molecular testing and implications of test

findings
Improve patient education through:
– Patient advocacy groups
– Early involvement of genetic counsellors
– Use of video or web-based interventions (in-person counselling may be challenging to

achieve for all patients undergoing germline testing)
Tumour tissue testing
Type of tissue sample and timing of collection – Samples should be collected in parallel with patient referral

– Obtain permission to use prostate biopsy and RP specimens collected for histology
instead of collecting additional new samples

Use and storage of archival tissue blocks – Use a common, centralised administrative unit and biobank to request tissue blocks
from other hospitals in the region to improve ease of access to samples

– Optimise storage conditions to minimise sample degradation
Germline testing
Higher rates of patient referral for germline testing adversely

affect staffing and the provision of molecular testing services
Secondary germline testing after identification of a genomic alteration via tumour testing
may be considered for any variants suspected to be of germline origin (the chance of
detecting a germline BRCA and/or ATM alteration is believed to be >50%, making the whole
process ‘‘efficient’’)

Genetic counselling
Lack of genetic counsellors – Long-term investment in the recruitment and training of genetic counsellors

– Increase the expertise of primary care providers and other HCPs
Poor attendance at genetic counselling sessions before germline

testing
Introduce POC videos and independent, self-directed web interventions for counselling
before testing and receipt of results

Requirement for provision and documentation of consent,
especially outside of clinical trials and large academic centres

Use therapeutic assays that do not require genetic counselling or upfront consent (based
on existing pathways for ovarian cancer and Lynch syndrome)

Standardisation
No standard testing procedures or reporting instructions – Standardise procedures and reporting to make it easier for all physicians to under-

stand results and make decisions
– Include information on what to report in cases with negative results with low cellular-

ity, regions, and screening depth, variants to report, and drugs authorised in cases with
a genetic alteration

ctDNA = circulating tumour DNA; HCP = health care professional; RP = radical prostatectomy; POC = point of care.
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