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Abstract
Background: Evidence on homologous recombination repair (HRR) mutation prevalence in prostate cancer (PC) patients and the diagnostic testing 
path to guide treatment remains limited outside of clinical trials. The objective of this study was to investigate the DNA source, type of tumor 
tissue, timing for testing in the patient’s disease course, and rate of conclusive results in a real-world population.
Patients and Methods: This was an observational, cohort study, involving 20 Italian cancer centers. The study population included consecutive 
PC patients undergoing germline, tumor, and/or plasma circulating tumor DNA (ctDNA) to profile HRR genes between January 1, 2020 and January 
31, 2025.
Results: Among 1400 PC patients included, 248 (17.7%) showed (likely)pathogenic variants (PVs) in the HRR genes. Most HRR testing was 
conducted during the metastatic castration-resistant PC (mCRPC)(779, 62.8%). The rate of conclusive results was 89.7% and varied widely 
according to the type of tumor tissue. The prevalence of HRR alterations was 18.1% in the mCRPC and 13.8% in the hormone-sensitive PC 
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(P = .06). The concordance between tumor testing and ctDNA was 83.9%. Interestingly, 4.6% reported ctDNA testing positive but tumor testing 
negative, leading to important therapeutic implications. The prevalence of positive ctDNA testing was 47.4% vs 10.5%, for testing within 1 month 
or over 3 months, respectively, from the initiation of a new line of therapy.
Conclusion: This large real-world study, through the workflow adopted by clinicians for HRR genomic testing, provides novel insights into the 
variables influencing the success rate of genomic testing.
Key words: BRCA; homologous recombination deficiency; homologous recombination repair; prostate cancer.

Introduction
Understanding the molecular landscape of prostate cancer (PC) 
has become increasingly complex in recent years. Genetic and 
genomic testing to identify germline and tumor alterations in 
Breast Cancer Susceptibility Gene 1 (BRCA1) and Breast Can-
cer Susceptibility Gene 2 (BRCA2) has rapidly emerged as a 
critical tool to inform clinical decision-making in metastatic 
PC (mPC).1,2 BRCA1/2 (likely)pathogenic variant (PV) have 
been consistently associated with aggressive phenotypes and 
adverse clinical outcomes,3–6 providing prognostic information 
and possible practice changes in the care paths.7–11

The prevalence of homologous recombination repair (HRR) 
PV type varies across the PC spectrum.12 Differently from 
HRR-associated breast and ovarian cancers, in PC patients 
somatic HRR gene alterations are more frequent than germline, 
with a prevalence in mPC significantly higher (approximately 
12%) than localized disease (approximately 5%), and HRR 
gene alterations in up to 15%-25% of metastatic 
castration-resistant PC (mCRPC) patients.13–15

This relatively high prevalence of HRR gene alterations in 
mPC patients has been usefully exploited using synthetic 
lethality between BRCA1/2 PVs and the poly (ADP) ribose 
polymerase (PARP)-inhibitors (PARPis).16–20 With the intro-
duction of PARPis, and the novel combination of PARPi plus 
an androgen receptor pathway inhibitor (ARPI),21–23 several 
oncological and urological Societies now move to testing all 
mPC patients for somatic and germline HRR PVs in the ther-
apeutic setting.24 However, published data on BRCA1/2, and 
other HRR gene alteration prevalence, are very heteroge-
neous, derive primarily from clinical trials, and use different 
genes to define the HRR deficiency (HRD) status. Thus, 
tumor and germline HRR PV rates may be subject to ascer-
tainment bias.

The same heterogeneity is emerging in the molecular work-
flows chosen to identify HRR gene alterations, probably sec-
ondary to several emerging issues in the tumor testing.24 The 
DNA quality of tumor tissue results often compromised, as 
they come from small prostate biopsy, or old archival samples, 
distant from the contemporaneous molecular landscape.25,26 
Genomic testing on metastatic tissue may better reflect the 
current molecular picture of the disease but is limited by high 
failure rates (16%-40%), especially for bone metastasis,27–29 
which represents the predominant metastatic site in this tumor. 

In this scenario, plasma circulating tumor DNA (ctDNA) pro-
filing of HRR genes, often referred to as liquid biopsy, has 
been recently implemented as a complementary diagnostic tool 
when tumor testing has failed, archival tissues are difficult to 
retrieve, or DNA quality of tumor sample is inadequate.24 
Despite the ability to simultaneously capture both local and 
distant sites, and the reported high concordance between 
ctDNA and tumor tissue samples30,31 several limitations of 
ctDNA profiling, and gray zones on correct timing for blood 
collection, still exist.32

These important issues emphasize the clinical need to have 
a solid foundational understanding of genomic and testing data 
to support clinical practice recommendations on the optimal 
DNA source and timing of HRR tests.

The objective of this study was to investigate the somatic 
and germline HRR mutation prevalence, the type of testing 
among germline, tumor and/or ctDNA, the profiling of HRR 
or only BRCA1/2, and the timing of testing in the patient’s 
disease course, carried out as part of routine clinical care in a 
wide real-world Italian population of PC patients, since genetic 
testing and PARPis were incorporated into daily clinical 
practice.

Methods
Study design and population
This was a real-world, multicenter, observational, retrospective, 
study involving 20 Italian cancer centers. The study population 
included consecutive patients diagnosed with PC undergoing 
germline, tumor and/or ctDNA BRCA1/2 or HRR testing 
between January 1 2020 and January 31, 2025. All included 
patients had a known genetic testing result showing the HRR 
or BRCA1/2 mutational status. HRR mutation prevalence, 
only BRCA1/2 testing vs HRR multigene panel, DNA source 
for testing (blood or saliva sample vs tumor tissue sample and/
or ctDNA sample), type of tumor tissue for analysis (prostate 
biopsy vs radical prostatectomy vs metastatic tissue), site of 
metastatic tissue (lung vs bone vs liver vs lymph node vs other), 
and timing of testing (localized vs metastatic disease and 
hormone-sensitive vs castration-resistant metastatic disease), 
and BRCA1/2 PV type (detected by tumor tissue vs ctDNA) 
were assessed. Multiple primary tumor (MPT) frequency and 
family cancer history were evaluated. The diagnostic testing 

Implications for Practice 
In this report, we looked at BRCA1/2 and other HRR gene mutations in a large real-world population of PC patients. We found that several 
variables associated with type and time of genomic testing may affect the results. Optimizing BRCA/HRR testing, choosing the optimal DNA 
source, disease state, and timing for tissue and blood collection, can allow to draw of virtuous workflows for molecular testing approaches 
to maximize the detection and understanding of clinically relevant HRR gene alterations in PC patients, thus impacting disease outcomes 
and informing future clinical practice.
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pathway in the Italian health-care system is reported as Sup-
plementary Material S1.

Clinical and pathological information were extracted, at 
each participating center, from the patients’ medical reports for 
clinical use.

The study protocol was approved on January 11th, 2024, 
by the Ethical Committee of the coordinating center (Comitato 
Etico Palermo 1 - University Hospital AOUP “Paolo Giac-
cone,” Palermo, – Italy—No. 01/2024, Study Protocol “PROG-
RESS”) and by the Institutional Review Boards of the 
participating centers.

Statistical considerations
Descriptive analyses were used to assess patients’ characteris-
tics. The prevalence of alterations in specific HRR genes was 
calculated as the proportion of patients with ≥1 positive testing 
result for a given gene alteration among PC patients subjected 
to genetic testing for that gene alteration. The differences 
between subgroups were evaluated by T-Student and chi-square 
tests. P values <.05 were considered statistically significant. 
Statistical analyses were conducted using IBM SPSS Statistic 
Software, Version 28.0 (IBM Corporation).

Results
Patients’ population
A total of 1400 PC patients were included in this real-world 
study. Median age was 66 (range 40-91) years. At PC diagnosis 
496 cases (35.4%) showed organ-confined disease, while 168 
(12.0%) presented locoregional metastasis, and 709 (50.6%) 
distant metastasis. A summary of the patient characteristics is 
reported in Table 1.

The timing of testing
In our study population, most patients had metastatic disease 
when tested. The number of patients tested with an 
organ-confined disease, locoregional metastatic disease, and 
distant metastatic disease was 66 (4.7%), 64 (4.6%), and 1241 
(88.6%), respectively (Figure 1A). Patients tested with localized 
disease were patients with a cancer family history or early onset 
of PC and underwent germline BRCA testing. Patients tested 
after the diagnosis of metastatic disease were mainly subjected 
to somatic testing (tumor and/or plasma ctDNA testing) 
(1195, 96.3%).

When we assessed the prevalence of testing according to the 
hormone-sensitive vs castration-resistant state of metastatic 
disease, emerged that the majority of HRR testing was con-
ducted during the mCRPC (779 patients, 62.8%) (Figure 1B).

Somatic and/or germline test choice
Tumor tissue was undertaken first in 991 (70.8%) PC patients. 
In this group, only patients with PV identified via tumor testing 
were referred for germline testing and counseling. Tumor tissue 
testing and ctDNA testing were performed in 262 patients 
(18.7%), while a ctDNA testing without tumor testing was 
performed in 79 patients (5.6%). A germline testing only was 
provided in a subgroup of 68 patients (4.9%). Among these 
patients, 46 (67.6%) did not show preventive criteria, such as 
tumor history in family members, or early onset of tumors 
(≤65 years old); conversely, this subgroup of patients showed 
metastatic disease and indication to tumor and/or ctDNA 

testing. Thus, 3.3% of PC patients with tests performed for 
therapeutic purposes, missed the opportunity to detect somatic 
variants confined to the tumor (Figure 1C).

Only BRCA1 and BRCA2 genes were tested in 841 PC 
patients (61.8%); a multigene panel, including BRCA1/2 and 
a variable number of other HRR genes, was performed in 520 
patients (38.2%).

Genetic landscape
A total of 248 (17.7%) PC patients showed germline or somatic 
alterations in the HRR genes (Figure 1D): 67 patients were 
carriers of germline PVs (4.8%), and 167 patients showed only 
tumor alterations (11.9%). Importantly, a subgroup of 14 
patients showed alteration only in ctDNA (1%), while the 
tumor and/or germline testing were reported negative or incon-
clusive, with important therapeutic implications (Figure 1E).

Mutation prevalence in BRCA1/2 genes was 13.8%, with 
4.3% of germline PVs and 9.5% of somatic PVs (Figure 1F). 
In the mHRR population, the most frequent alterations were 
in the BRCA2 gene (162, 11.6%), followed by ATM (22, 
4.2%), BRCA1 (31, 2.2%), CHEK2 (10, 1.9%), CDK12 (8, 
1.5%), and PALB2 (7, 1.3%). PVs in other genes were rare 
(Figure 1G).

Differences in the prevalence of germline vs tumor or ctDNA 
alterations were reported in the no-BRCA1/2 HRR genes 
(Figure 1H).

Multiple primary tumors and tumor family history
Although in most PC patients, carriers of HRR gPV, only the 
prostate tumor diagnosis occurs, these individuals, as carriers 

Table 1.  Patient characteristics.

Overall 1400 (100)

Age, years (y)
Median 66
Range 40-91
Stage at diagnosis
  Organ confined disease 496 (35.4)
  Locoregional metastasis 168 (12.1)
  Distant metastasis 709 (50.6)
  Unknown 27 (1.9)
ISUP grade group
  ≤2 125 (8.9)
  3 226 (16.1)
  ≥4 972 (69.4)
  Unknown 77 (5.5)
Intraductal carcinoma (IDCP) 282 (20.1)
Radical prostatectomy for localized CSPC 545 (38.9)
Definitive radiotherapy 231 (16.5)
Metastatic stage
  Total 1318
  De novo 709 (53.8)
  Metachronous 609 (46.2)
Metastatic site
  Bone 1068 (81.6)
  Visceral 199 (15.2)
  Distant lymph nodes 837 (63.9)
  Others 57 (4.3)
ECOG performance status
  0 928 (66.3)
  1 296 (21.1)
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Figure 1.  Timing of testing, test choice by clinicians and HRR genetic landscape in the study population. (A) Disease stage when the test was per-
formed. (B) Number of tests according to the hormone-sensitive vs castration-resistant status of metastatic disease. (C) Test choice among tumor tissue 
and ctDNA, only tumor tissue, only ctDNA, and only germline, in the study population. Tumor and ctDNA testing positive were followed by germline 
testing, not included in the graphic. (D) HRR vs no-HRR alterations in the study populations. (E) Patients with only germline vs only tumor tissue vs only 
ctDNA HRR gene alterations. (F) BRCA1/2 vs no-BRCA1/2 HRR alterations. (G) Germline or somatic BRCA1/2 alterations vs germline or somatic 
no-BRCA1/2 HRR gene alterations. Somatic alterations included tumor and ctDNA alterations. (H) Prevalence of specific HRR alterations. (I) Tumor vs 
germline vs ctDNA alterations in the mHRR population.
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of constitutional variants, may have an increased lifetime risk 
of developing multiple primary tumors over time.33 We reported 
the prevalence of previous tumor diagnosis, before the PC 
onset, in men carrying germline deleterious variants in 
BRCA1/2, or other susceptibility genes in the HRR pathway, 
and the tumor number and type in family members (Table 2 
and Table S1).

The frequency of MPT history in the overall PC population 
was 9.1% (128 patients). The most frequent second tumor site 
in the BRCA1/2 gPV carriers was urothelial (3 patients, 
37.5%), while colorectal was the most frequent site among the 
patients wild type (WT) for BRCA1/2 or other HRR gPV (25 
patients, 21%) (Table S1).

A total of 520 patients reported a family history of 
DNA-damage repair (DDR)-associated tumors in ≥1 first-degree 
relative (FDR) (37.1%), 76 patients in ≥2 in second-degree 
relative (SDR) (5.4%), and 106 patients in 1 SDR (7.6%). 
Family history of DDR tumors in at least 1 FDR of patients 
harboring gPVs in BRCA1/2, or HRR genes other than 
BRCA1/2, was significantly increased compared to the patients 
without any gPV in HRR genes (31 [51.7%] vs 5 [71.4%] vs 
484 [36.3%], respectively; P = .009) (Table 2).

The DDR-associated tumor type in family members was 
reported in Table S1. Other tumors in family members (FDR 
and/or SDR), usually unrecognized as DDR-associated tumors, 
are reported in Table S2.

The median age at PC diagnosis within subgroups was 
reported in Table 2.

Tumor tissue samples for genomic testing
Prostate biopsy was the most frequent sample used for the 
genomic testing (733 patients, 58.5%). Archival tumor tissue 
from prostate surgery, or metastatic samples, were used in 434 
patients (34.6%), and 69 patients (5.5%), respectively (Figure 
2A). Among metastatic sites, lymph nodes were the most prev-
alent (19 patients, 27.5%), followed by bone (14 patients, 
20.3%) (Figure 2B).

The rate of conclusive results was 89.7% and varied widely 
according to the type of tumor tissue used for the analysis. The 
inconclusive result was reported for 77 patients (10.5%) of 
testing performed on prostate biopsy, 42 patients (9.9%) test-
ing on tissue from prostatectomy, and 7 patients (10.1%) of 
testing on metastatic tumor tissue (Figure 2C). For the 

metastatic tumor tissue, inconclusive results were more fre-
quent in the bone metastasis (5/14 tests, 35.7%) compared to 
other sites, particularly lymph node (1/19 tests, 5.3%) 
(Table S3).

Metastatic hormone-sensitive versus castration-
resistant PC
The prevalence of somatic alterations, detected on tumor and/
or ctDNA, was higher in the mCRPC, compared to mHSPC 
(146 [16.2%] vs 74 [14.2%], respectively), despite this differ-
ence was not statistically significant (P = .3) (Figure 3A). This 
finding was confirmed when we evaluated only the patients 
who underwent tumor tests, where the mCRPC patients 
showed a higher prevalence of HRR testing positive than 
mHSPC (127 [18.1%] vs 58 [13.8%], respectively; P = .06]) 
(Figure 3B). Conversely, when we evaluated the ctDNA testing, 
the prevalence of HRR alterations was lower in the mCRPC 
than in mHSPC patients (19 [9.7%] vs 16 [15.8%], respec-
tively; P = .1) (Figure 3B).

Circulating tumor DNA
Patients tested with plasma ctDNA were 341 (24.3%). Patients 
tested with ctDNA and tumor testing were 262 (76.8%). The 
concordance between tumor testing and ctDNA was 83.9%. 
Patients with ctDNA positive and tumor testing positive were 
18 (6.9%); patients with ctDNA negative and tumor testing 
negative were 202 (77.1%); patients with ctDNA negative and 
tumor testing positive were 30 (11.4%). Interestingly, 12 PC 
patients (4.6%) reported the ctDNA testing positive but tumor 
testing negative, leading to important therapeutic implications 
(Figure 4A).

To assess the optimal timing for ctDNA testing, we evaluated 
the time between the start of the latest systemic therapy of the 
patients and the plasma ctDNA collection. We categorized the 
patients into 3 groups: PC patients with <1 month, 1-3 months, 
or ≥ 4 months from the start of a new line of systemic treatment 
and the blood collection for ctDNA analysis.

Notably, a higher number of ctDNA testing positive, with 
the identification of HRR alterations, was obtained when the 
specimens were collected within 1 month before the initiation 
of a new line of therapy (Figure 4B). Overall, the prevalence 
of positive testing leading to the identification of mHRR, was 
47.4%, 31.6%, and 10.5%, for testing within 1 month, 

Table 2.  Median age, personal second tumor history, and tumor family history, in patients harboring germline PVs in BRCA1/2 genes, in patients 
harboring germline PVs in HRR genes other than BRCA1/2, and in patients without any gPV in HRR genes.

Overall n. (%) BRCA1/2 
gPVs n. (%)

No-BRCA1/2 HRR 
gPVs n. (%)

HRR WT n. (%) P value

Number of PC patients 1400 (100) 60 (4.3) 7 (0.5) 1333 (95.2) -
Median age at PC diagnosis
  Years (range) 66 (40-91) 67 (47-87) 68 (54-84) 66 (40-91) .8
Personal second tumor history
  Yes 128 (9.1) 8 (13.3) 1 (14.3) 119 (8.9) .4
  No 1272 (90.8) 52 (86.7) 6 (85.7) 1214 (91.1)
Family history of tumors
  ≥1 FDR 520 (37.1) 31 (51.7) 5 (71.4) 484 (36.3) .009
  ≥2 SDR 76 (5.4) 8 (13.3) 2 (28.6) 66 (4.9) <.001
  1 SDR 106 (7.6) 10 (16.7) 1 (14.3) 95 (7.1) .01

Abbreviations: FDR, first-degree relative; HRR, homologous recombination repair; gPVs, germline (likely) pathogenic variants; SDR, second-degree 
relative; WT, wild type.
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Figure 2.  Tumor tissue samples chosen for genomic testing. (A) Type of tumor tissue used for genomic testing among prostate biopsy, prostatectomy, 
and metastasis. (B) Metastatic sites profiled for HRR testing. (C) Conclusive vs inconclusive testing results, according to the type of tumor sample.

Figure 3.  Testing positive in mCRPC and mHSPC (A) The prevalence of somatic alterations (testing positive vs negative) in the mCRPC compared to 
mHSPC. (B) The prevalence of somatic alterations (testing positive vs negative) in the mCRPC compared to mHSPC, detected on tumor and/or ctDNA.
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between 1-3 months, and over 3 months, respectively, in the 
group of ctDNA positive and HRR positive, and was 27.3%, 
36.8%, and 18.2%, in the group of patients with ctDNA pos-
itive and tumor negative (Figure 4B).

BRCA1/2 PV type and function
We also analyzed the BRCA1/2 PV types detected on ctDNA 
vs tumor testing. PVs were grouped as frameshift (FS), non-
sense (NS), missense (MS), splice site (SP), BRCA copy loss 
(Loss), and other. In the group of 341 patients tested on ctDNA, 
30 (8.8%) showed BRCA1/2 PVs. The PV type was available 
for 25 patients: 7 NS (28.0%), 11 FS (44.0%), 2 SP (8.0%), 4 
MS (16.0%), 0 Loss (0.0%), and 1 other (premature truncating 
codon) (4.0%) (Figure 4C). In the group of 1253 patients tested 
on tumor tissue, 160 (12.8%) showed BRCA1/2 PVs. The PV 
type was available for 130 patients: 29 NS (22.3%), 76 FS 
(58.5%), 2 SP (1.5%), 10 MS (7.7%), 9 Loss (6.9%), and 4 
other PVs (3.1%) (Figure 4D).

Discussion
The genomic and treatment landscape of PC has become 
increasingly complex. BRCA1/2 somatic or germline alter-
ations confer therapeutic sensitivity to PARPis, highlighting the 
current critical role that profiling the BRCA1/2, and the other 
genes in the HRR pathway, has in the optimal treatment selec-
tion and management of PC patients.34,35

Initially, the workflow developed in molecular testing 
approaches for identifying HRR gene alterations was adapted 
from breast and ovarian cancer testing pathways.1 Recently, 
peculiar issues, specific to PC, have constantly emerged, pre-
senting several challenges for clinicians. Particularly, the opti-
mal timing of testing, and the optimal DNA source for BRCA 
gene profiling, are the focus of ongoing debates to increase the 
success rate of BRCA analysis.36–38

Our data derives from a real-world study on 1400 PC 
patients who underwent germline, tumor, and/or ctDNA testing 
for the evaluation of BRCA1/2 or the full HRR genes 

Figure 4.  ctDNA testing. (A) Concordance between ctDNA and tumor tissue testing. (B) The time between the start of the latest systemic therapy of 
the patients and the plasma ctDNA collection. (C) BRCA1/2 PV types detected on ctDNA. (D) BRCA1/2 PV types detected on tumor tissue.
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mutational status, with the aim to provide information on the 
genetic landscape, and the associated diagnostic testing path-
ways, in a large population of PC patients followed in 20 cen-
ters representative of the Italian health public system.

In our study population, tumor tissue was undertaken first 
in 991 patients (70.8%). Germline testing, in the absence of 
preventive criteria, was undertaken alone in 46 patients (3.3%) 
lacking, in this subgroup, the therapeutic opportunity to treat 
patients with PVs confined to the tumor. According to the main 
international guidelines, germline testing, that is capable of 
identifying only inherited PVs, should be proposed for patients 
affected by metastatic or localized PC having a high risk of 
carrying germline BRCA PVs based on personal or family can-
cer history.24,26,39 The percentage of 3.3% of tests performed 
only as germline in the therapeutic setting, although low, 
reflects the need to further implement and ameliorate the tumor 
testing paths in clinical practice.

Currently, tumor testing represents the gold standard for 
identifying HRR gene variants in the therapeutic setting, to 
inform clinical decisions regarding eligibility for PARPis.24 
Because BRCA tumor testing is not able to discriminate tumors 
from constitutional PVs, any BRCA PV found in tumor tissue 
must be confirmed through germline testing. Our real-world 
data showed that confirmatory germline testing in the case of 
positive tumor testing was not an established practice. Thus, 
the prevalence of germline alterations could be underestimated. 
It is important to point out that, although tumor testing is the 
most practical approach at present, the tumor-only analysis 
presents also limitations, missing 8%-17% of germline BRCA 
PVs for technical issues.40,41 Indeed, recent evidences showed 
that germline PVs in PC can have low variant allele frequency 
on tumor sequencing, under the thresholds for follow-up ger-
mline testing.42 As a consequence, based on the current tech-
nologies, concurrent tumor and germline testing could ensure 
the comprehensive detection of the relevant HRR alterations, 
as well as recommended from same guidelines.1,24

Another important clinical issue is the literature evidence of 
a high proportion of uninformative testing results when the 
BRCA/HRR testing is performed on tumor tissue. Data from 
PROfound study reported 58% of conclusive results from 
tumor tissue,22 even though further studies showed higher num-
bers of tumor samples successfully sequenced.43–45 In the cur-
rent, real-world, study population, the rate of conclusive results 
was 89.7%. Inconclusive results were reported in the 10.5%, 
9.9%, and 10.1% of testing performed on prostate biopsy, 
prostatectomy, and metastatic tumor tissue, respectively. In the 
subgroup of testing performed on the metastatic tumor tissue, 
inconclusive results were particularly frequent in bone metas-
tasis, reaching 35.7%. While in the lymph node tissue, the 
number of inconclusive tests was significantly lower (5.3%). 
These findings confirmed the success rate reported in the PRO-
found study, where genomic testing on bone metastases had 
the lowest rate of conclusive results (42.6%) than lymph node 
samples (74.7%).27

In this context, it is still unclear the optimal time point during 
the patient’s disease course at which to conduct the somatic 
test. Particularly, it remains debated if the genomic testing 
should be performed at diagnosis of metastatic disease, as HRR 
gene alterations are generally acquired early truncal events, or 
at the onset of the mCRPC, according to the scientific rationale 
that cancer genome evolve over time, shaped by several years 

of treatment.46 Emerging data showed a high concordance for 
genomic aberrations between primary and castration-resistant 
matched tumor tissue, supporting the hypothesis that HRR 
alterations are early truncal events, developed even before 
exposure to androgen deprivation.47,48 According to this evi-
dence, our data did not show an important difference in somatic 
alterations between mCRPC and mHSPC: these data may 
become of interest due to the possible landing of treatment 
combination in the mCSPC setting. Among the tumor tests, the 
prevalence of HRR alterations was higher in the mCRPC pop-
ulation (mCRPC vs mHSPC, 18.1% vs 13.8%, respectively; 
P = .06), although the difference did not reach statistical signif-
icance. This finding could be partly attributed to the poorer 
prognosis associated with the BRCA alterations, which leads 
to a higher likelihood of progression to castration-resistant 
disease.

According to this observation, performing BRCA testing on 
primary tumor samples, collected at PC diagnosis, may be 
appropriate after disease progression to mCRPC if the storage 
is under optimal conditions; while, it is preferable to avoid 
performing tumor testing on old archival tissue, considering 
re-biopsy of metastatic sites.

In this scenario, ctDNA could be the ideal biomarker for 
providing a comprehensive and dynamic “snapshot” of the 
tumor, overcoming the limitations of tumor tissue testing. Our 
daily clinical practice results showed a concordance rate 
between tumor and ctDNA testing of 83.9%. Data from the 
PROfound clinical trial showed 81% of positivity agreement 
for BRCA1, BRCA2, and ATM alterations between tumor tis-
sue and ctDNA.49 A higher agreement was in the largest study 
of ctDNA in PC. In this study were profiled tissue and plasma 
from more than 3.000 mCRPC patients, including 1.674 from 
TRITON 2/3 clinical trials.30 The results reported that 94% of 
BRCA1/2 PVs and 90% of all BRCA1/2 variants detected by 
tumor tissue testing were also found in ctDNA.30

Notably, in the current study population, a higher number 
of ctDNA testing positive, with the identification of HRR 
alterations, was obtained when the specimens were collected 
within 1 month before the initiation of a new line of therapy. 
In these patients the prevalence of positive testing was 47.5% 
when the time between ctDNA collection and the start of a 
new line of therapy was < 1 month, and 10.5% when this 
interval was > 3 months. This observation is consistent with 
the hypothesis that progressing tumors will shed more DNA 
into circulation and that effective treatments can rapidly 
reduce the ctDNA fraction, potentially leading to inconclusive 
testing results.32 These results are consistent with recent liter-
ature data showing that ctDNA fraction correlates with tumor 
burden and is highest in patients with liver metastases, and 
more advanced lines of treatment.50 This relevant finding sup-
ports the recommendations to prioritize ctDNA testing at 
times of progression.

One main finding with potential clinical implications was 
the relatively high number of PC patients (4.6%) reporting the 
tumor testing negative but ctDNA testing positive. This sub-
group of patients, only through liquid biopsy testing, had 
access to PARPi treatment. There are several potential expla-
nations of this finding. First, the aforementioned technical 
issues of tumor testing, which can lead to false negatives. Sec-
ond, the mutational profile may change on tumor progression. 
Accordingly, a recent study showed that 11% of mCRPC 
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patients harbored new somatic gene alterations on repeat NGS 
testing, predominantly ctDNA.51

When we compared the BRCA1/2 PV types detected on 
ctDNA or tumor testing, the BRCA2 copy loss were detected 
only by tumor tissue testing. This observation highlights the 
significance of BRCA alteration type in determining the sensi-
tivity and detection of specific genetic alterations in liq-
uid biopsy.

Difficult to contextualize is the prevalence of somatic alter-
ations detected on ctDNA in the mCRPC compared to mHSPC. 
Despite the difference between the 2 groups was not statistically 
significant, the HRR alterations were lower in the mCRPC than 
in mHSPC patients (9.7% vs 15.8%, respectively; P = .1). The 
scientific background of this result remains speculative, with 
few literature data on HRR alteration on ctDNA in 
hormone-sensitive vs castration-resistant disease. The dynamics 
of ctDNA release mechanisms are still not fully understood; 
ctDNA levels are affected by dynamic changes during therapy 
and vary according to treatment response or progression.51 
Furthermore, many clinical and technical variables may pre-
clude the detection of important clinically relevant alterations 
such as somatic BRCA2 truncating mutations and homozygous 
deletions,52,53,54 conditioning the number of gene alterations 
detected.

The prevalence of BRCA1/2 germline PVs in the current, 
wide, Italian study population was 4.3%. According to the 
literature data, the prevalence of BRCA1/2 somatic alteration 
was higher than germline (9.5%).55 Overall, 17.7% of patients 
showed somatic or germline alterations in the HRR path-
way genes.

In the context of constitutional variants, a finding of clinical 
interest was the relatively high number of DDR-associated 
tumor types in family members in the group of patients 
wild-type for any gHRR PVs. Among these PC patients, 36.3% 
showed at least 1 FDR with tumor history in the spectrum of 
Lynch Syndrome. These findings suggest the possible involve-
ment of non-HRR, unrecognized genes, in the onset of the 
cancers in these families, and underline the need to expand the 
clinical practice of the number of genes to profile in PC tumors. 
In fact, in this study population, a multigene panel including 
HRR other than BRCA1/2 was performed only in 520 patients 
(38.2%).

This study has several strengths, including the large sample 
size. Importantly, to our knowledge, it is the largest real-world, 
cohort study, in PC patients who underwent BRCA/HRR 
genomic testing. There are very few studies evaluating the 
workflow adopted in clinical practice, and even today, data on 
BRCA/HRR testing come primarily from clinical trials. Data 
in the current study expand the understanding of several issues 
associated with BRCA/HRR genomic testing in prostate cancer 
patients and may represent the scientific, real-world, back-
ground, for optimal strategies to minimize false positives or 
negatives in testing results. Furthermore, this is the first study 
that allows us to know the prevalence of germline mutations 
in a wide Italian study population.

We also acknowledge some limitations of the study. Mainly, 
the retrospective data analysis. However, even though retro-
spective, the analysis of PC consecutive patients, allowed us to 
have a reliable estimate of BRCA and HRR gene prevalence, 
and a broad picture of BRCA/HRR testing paths chosen by 
clinicians in the Italian health system.

Conclusions
Currently, test choice for BRCA/HRR profiling is mainly based 
on the clinical context, availability of the types of testing, and 
suitability of tumor tissue, all variables influencing the success 
rate of genomic testing. Optimize BRCA/HRR testing, choos-
ing the optimal DNA source, disease state, and timing for tissue 
and blood collection, can allow to draw and monitor virtuous 
workflows for molecular testing approaches to maximize the 
detection and understanding of clinically relevant HRR gene 
alterations.
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