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Introduction Prostate cancer (PCa) is a major challenge in urology, with increasing incidence and 
mortality. Despite advances in diagnosis and treatment, certain patient groups remain poorly served. 
Genetic factors, particularly in hereditary prostate cancer (HPCa), are now recognized as significant 
contributors to disease progression. This review focuses on the role of genetic mutations in PCa, their 
impact on diagnosis, and management.
Material and methods This review summarizes current literature on genetic mutations linked to PCa, 
including BRCA1, BRCA2, ATM, CHEK2, and others. These mutations are associated with more aggressive 
disease, earlier onset, and may influence treatment strategies. Guidelines from the Philadelphia Pros-
tate Cancer Consensus Conference (PPCCC), the American National Comprehensive Cancer Network 
(NCCN), and the European Association of Urology (EAU) on genetic testing are also discussed.
Results Genetic screening is increasingly recommended for high-risk individuals, such as those with  
a family history or aggressive PCa. Identifying mutations allows for early detection and tailored treat-
ment, including more frequent screening and targeted therapies. Specific mutations, like those  
in BRCA genes, can benefit from chemotherapy in advanced stages. Genetic testing provides valuable 
information to guide patient management, improving early detection and patient outcomes.
Conclusions Genetic testing plays a crucial role in PCa management, enabling personalized care  
for high-risk patients. As genetic research advances, incorporating genetic screening into clinical  
practice will enhance early diagnosis and treatment outcomes, ultimately improving patient survival  
and quality of life.
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Introduction

In 2020, prostate cancer (PCa) was the second most 
common cancer worldwide, accounting for over 
1,400,000 new cases. PCa was responsible for more 
than 375,000 deaths, ranking fifth in cancer mor-
tality rates that year [1]. Most PCa cases are in-
dolent, having a minimal impact on survival rates. 
However, about 25–30% of PCa patients present  

an aggressive disease course that is prone to metas-
tasis [2]. It is crucial to identify high-risk PCa cases 
that usually require a more aggressive therapeutic 
approach. The analysis of prostate-specific antigen 
(PSA) and digital rectal examination (DRE) remain 
the primary tools used by clinicians to detect PCa. 
However, this routine screening may not be effec-
tive for every patient. Diagnostics should be tai-
lored to the individual’s specific case, such as their 
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age at first PSA evaluation, its frequency, and re-
ferrals for genetic testing and magnetic resonance 
imaging (MRI). The most important PCa risk fac-
tors include genetic predispositions (such as famil-
ial cases), age, environmental factors, and ethnic-
ity. In recent years, the genetic factors contributing  
to PCa development have been extensively studied. 
Data suggest that about 10 to 20% of PCa cases 
have a familial or hereditary background [3]. Such 
cases are usually associated with earlier onset and 
a familial occurrence of PCa. Patients with a family 
history of PCa or an aggressive form of the disease 
are suspected of carrying genetic mutations that de-
termine further management and therapeutic ap-
proaches. This includes earlier PCa screening, more 
frequent urological consultations (including PSA, 
DRE, and MRI evaluations), and decisions regarding 
prostate biopsy. These strategies result in more effi-
cient identification of high-risk PCa cases that may 
require more invasive approaches, such as radical 
treatment options like radical prostatectomy (RP).  
Such individually adapted screening reduces over-
treatment and aids in deciding whether to observe 
more indolent PCa cases. Regarding aggressive, 
metastatic PCa cases, recent studies show that 
carriers of specific genetic mutations benefit from 
targeted chemotherapy (e.g. olaparib), as shown  
by improved survival and treatment response rates. 
Genetic testing has proven to be highly valuable  
in selected groups of patients [4, 5].

Hereditary and familial prostate cancer 

Hereditary prostate cancer (HPCa) refers to PCa 
cases that meet specific criteria based on family his-
tory. These criteria include the following: 1) at least 
3 PCa cases among first-degree relatives; 2) PCa 
presence in 3 consecutive generations; and 3) two  
or more relatives diagnosed with PCa before 55 years 
of age. PCa with a familial background that does not 
meet the criteria for HPCa is described as familial 
PCa. The risk of developing familial PCa increases 
with the number of affected relatives and is esti-
mated to be 2 to 8 times higher than for incidental 
PCa [2]. HPCa is associated with a development ap-
proximately 2 years earlier compared to incidental 
PCa cases [5]. To date, it has not been explicitly de-
termined whether HPCa differs from incidental PCa 
in terms of its aggressiveness. HPCa has the high-
est heritability among major malignant tumours 
affecting males [4]. The incidence of HPCa varies 
depending on ethnicity. African Americans are twice  
as likely to be affected as European men and 3 times 
as likely as Asians [4]. This tendency might be relat-
ed to lifestyle differences, such as diet type or obesity 

rates. Genetic factors play a pivotal role in HPCa de-
velopment. In Caucasian and Asian populations, spe-
cific single-nucleotide polymorphisms (SNPs) were 
found, unlike in African American populations [4].  
Mutations contributing to HPCa development may 
affect various genes, including DNA damage repair 
(DDR) genes and DNA mismatch repair (MMR) 
genes. DDR genes include breast cancer type 1 and 2 
(BRCA1 and BRCA2), ATM serine/threonine kinase 
(ATM), checkpoint kinase 2 (CHEK2), and partner 
and localiser of BRCA2 (PALB2). MMR genes in-
clude MutL protein homologue 1 (MLH1), MutS ho-
mologue 2 (MSH2), MutS homologue 6 (MSH6), and 
mismatch repair endonuclease PMS2 (PMS2). Other 
important genes impacting HPCa development in-
clude homeobox B13 (HOXB13), nibrin (NBS1), and 
BRCA1 interacting helicase 1 (BRIP1). The inherit-
ed mutations affecting HPCa development are trans-
mitted in an autosomal dominant pattern [2–6].
Patients with a family history of PCa have a high-
er probability of being diagnosed at an earlier age  
and usually present with a more locally advanced 
stage of the disease. Postsurgical biochemical recur-
rence rates, as assessed by PSA blood levels, are high-
er in such cases. However, the overall PCa survival 
rate is similar regardless of these risk factors [7].  
PCa usually does not present any symptoms  
in the early stages, so early detection should be in-
dividualised. This approach would be particularly 
beneficial in men with a positive familial history  
of PCa or other hereditary cancer syndromes, such 
as Lynch syndrome or hereditary breast and ovar-
ian cancer syndrome [4].

Genes associated with prostate cancer

Almost all human chromosomes (except for chromo-
somes 15, 16, 21, and 23) contain loci that are prone 
to HPCa development [3]. The most commonly found 
defective genes are HOXB13, BRCA2, CHEK2, ATM, 
MMR group, BRCA1, PALB2, BRIP1, and NBS1. 
The remaining HPCa cases are caused by gene muta-
tions that remain unknown. Other important genes 
associated with PCa include the prostate cancer an-
tigen 3 (PCA3) gene, distal-less homeobox 1 (DLX1) 
gene, the fusion gene of transmembrane protease 
serine 2, the erythroblast transformation-specific re-
lated gene (TMPRSS2-ERG), ras association domain 
family member 1 (RASSF1) gene, and adenomatous 
polyposis coli (APC) gene [3] (Table 1).

HOXB13 gene

The HOXB13 gene is considered the most common 
gene associated with PCa development. HOXB13 
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Table 1. Genes associated with prostate cancer (PCa)

Gene Location Mutation incidence Reference

ATM Chromosome 11 1.6% to 2.03% Pritchard et al. 2016 [58], Nicolosi et al. 2019 [59]

BRCA1 Chromosome 17 0.9% to 1.25% Pritchard et al. 2016 [58], Nicolosi et al. 2019 [59]

BRCA2 Chromosome 13 1.2% to 5.3% Pritchard et al. 2016 [58], Nicolosi et al. 2019 [59]

BRIP1 Chromosome 17 0.1% to 0.28% Nicolosi et al. 2019 [59], Pritzlaff et al. 2020 [60]

CHEK2 Chromosome 22 1.9% to 2.88% Pritchard et al. 2016 [58], Nicolosi et al. 2019 [59]

HOXB13 Chromosome 17 0.6% to 4.5% Nicolosi et al. 2019 [59], Pritzlaff et al. 2020 [60]

MMR group (MLH1, MSH2, 
MSH6, PMS2)

Chromosome 2 (MSH2, 
MSH6), chromosome 3 
(MLH1), chromosome 7 

(PMS2)

1.74% to 2.8% Nicolosi et al. 2019 [59], Pritzlaff et al. 2020 [60]

NBS1 Chromosome 8 0.2% to 0.32% Nicolosi et al. 2019 [59], Pritzlaff et al. 2020 [60]

PALB2 Chromosome 16 0.4% to 0.56% Pritchard et al. 2016 [58], Nicolosi et al. 2019 [59]

PCA3 Chromosome 9 Currently unknown Muñoz Rodríguez et al. 2019 [32]

DLX1 Chromosome 2 Currently unknown Liang et al. 2018 [33]

TMPRSS2-ERG Both genes located  
on chromosome 21

TMPRSS2 and ERG alterations 
observed in over 47% of PCa cases Wang et al. 2017 [57]

RASSF1 Chromosome 3 Currently unknown Friedemann et al. 2021 [35]

APC Chromosome 5 0.8% to 1.28% Nicolosi  et al. 2019 [59], Pritzlaff et al. 2020 [60]

Other genes not yet determined Currently unknown 79% to 92% Vietri et al. 2021 [4]

ATM ‘– ATM serine/threonine kinase; BRCA1 – breast cancer type 1; BRCA2 – breast cancer type 2; BRIP1 – BRCA1 interacting helicase 1; CHEK2 – checkpoint kinase 2; 
HOXB13 – homeobox B13, MMR group – DNA mismatch repair; MLH1 – protein homologue 1; MSH2 – mutS homologue 2; MSH6 – mutS homologue 6;  
PMS2 – mismatch repair endonuclease PMS2; NBS1 – nibrin; PALB2 – partner and localizer of BRCA2; PCA3 – prostate cancer antigen 3; DLX1– distal less homeobox 1;  
TMPRSS2-ERG – gene fusion of transmembrane protease serine 2 and erythroblast transformation-specific related gene; RASSF1 – ras association domain family member 1; 
APC – adenomatous polyposis coli

belongs to a group of transcription factors that 
impact androgen receptors (ARs). Due to this in-
teraction, HOXB13 stimulates physiological pros-
tatic cell development and differentiation through 
lipogenesis, cell migration, and proliferation.  
One of the most widely observed HOXB13 altera-
tions is a recurrent germline mutation, G84E [3].
Ewing et al. reported that the prevalence rate  
of the HOXB13 G84E variant is 20 times higher  
in men with PCa than in a control group. It was 
more frequently found in patients with a familial 
PCa history and earlier disease onset. The authors 
concluded that the HOXB13 G84E germline muta-
tion is linked with an increased risk of HPCa [8].
Nyberg et al. determined the risk of PCa development 
for G84E variant carriers. It was observed that the 
risk of PCa for G84E mutation carriers by age 85 years 
ranged from 60% (for men without a familial PCa his-
tory) to 98% (for men with a familial history of at 
least 2 relatives diagnosed with PCa at an early age).  
The average risk for the control group was 15% [9].
The HOXB13 G84E mutation is associated with 
the so-called founder effect, as this variation pri-
marily involves patients of European origin. Other 
variants affecting specific populations have been 
reported. In Portugal, 2 variants were observed: 

F240L and A128D. The G135E variant was present 
in the Chinese population [8–11].

BRCA1 and BRCA2 genes

BRCA1 and BRCA2 gene malfunctions are pri-
marily associated with hereditary breast-ovarian 
cancer syndromes (HBOC). Defective variants  
of BRCA1 and BRCA2 are also involved in the de-
velopment of several other malignant tumours, 
including PCa, melanoma, and pancreatic cancer. 
Both genes belong to the tumour suppressor cat-
egory, and their physiological function involves 
maintaining genome integrity through homologous 
recombination (HR). The population prevalence  
of BRCA mutations is estimated at 0.2% to 0.3% [5].  
Specific variations associated with the so-called 
founder effect are characteristic of specific popu-
lations. For example, BRCA1 alterations, such as 
185delA and 5382insC, and the BRCA2 6174delT 
variant are more common in the Ashkenazi Jewish 
population [4], in whom the likelihood of possess-
ing at least one of these mutations was estimated  
at 2% to 2.5% [12].
Both BRCA1 and BRCA2 mutations significantly 
increase the risk of PCa development. Male carriers 
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of BRCA1 germline variations have approximately 
a 3.75-fold increased risk of PCa development be-
fore age 65 years [13], while male carriers of BRCA2 
germline variations have an 8.6-fold increased risk 
[14]. The presence of BRCA1 and/or BRCA2 germ-
line alterations is associated with a more aggressive 
course of PCa. BRCA2 mutations lead to a more ag-
gressive disease course and worse clinical outcomes, 
measured by earlier PCa onset and overall survival 
(OS) rates [3–5]. PCa patients carrying a BRCA2 
mutation had an OS rate of 4.8 years, whereas non-
carriers had an OS rate of 8.5 years [15]. Studies  
on the Polish population of familial PCa show a prev-
alence of BRCA2 gene alterations of 1%. Seventy-five 
per cent of PCa cases in BRCA2 mutation carriers 
had a Gleason score ranging from 8 to 10, compared 
to 22% in the control group. However, there were  
no statistically significant differences in OS [14].
Interestingly, recent studies show that male patients 
with a BRCA1/BRCA2 germline mutation, as opposed 
to sporadic PCa cases, are more sensitive to specific 
types of chemotherapeutics such as olaparib. Olapar-
ib is a poly(ADP-ribose) polymerase (PARP) inhibitor 
and a type of targeted therapy that exploits the weak-
ness in the homologous recombination repair process 
characteristic of BRCA-mutated cells, making them 
susceptible to synthetic lethality. Synthetic lethality 
refers to the situation where a defect in 2 genes leads 
to cell death, but a defect in only one gene does not. 
This finding has significant implications for the per-
sonalised treatment of advanced PCa [16].

CHEK2 gene

Mutations in the CHEK2 gene are associated with 
several malignant tumours and syndromes, includ-
ing Li-Fraumeni and HBOC syndromes, as well as 
thyroid, kidney, and colon cancers. CHEK2 encodes  
a tumour suppressor protein involved in the DNA dam-
age response signalling pathway [3–5, 17]. According 
to Heidegger, the presence of CHEK2 mutations in-
creases the risk of hereditary prostate cancer (HPCa) 
by 1.8% to 3.3% [18]. Wokołorczyk found that CHEK2 
alterations were the most common mutations, pres-
ent in 10% of the studied cases. Carriers of the I157T 
CHEK2 variant have a 1.5- to 2-fold increased risk  
of familial PCa development, while carriers of truncat-
ing CHEK2 variants have a 3- to 5-fold increased risk. 
No significant differences in disease aggressiveness 
were observed compared to non-familial PCa cases [16].

ATM gene

The ATM gene is involved in DNA repair through 
the homologous recombination (HR) repair pathway, 

and it activates the double-strand break (DSB) re-
pair mechanism. Mutations in ATM are associated 
with ataxia-telangiectasia, HBOC syndromes, and 
various cancers, including prostate, breast, pancre-
atic, gastric, and colorectal cancers [3–5]. In a study 
of 121 PCa patients with a familial history or early 
onset of the disease, ATM alterations were the most 
prevalent defect, appearing in about 5.8% of the 
studied men, followed by CHEK2 variants at 3.3% 
prevalence [19]. Heidegger et al. estimated the aver-
age risk of metastatic PCa for defective ATM carriers 
at 6.3% [18]. In 2020, Rantapero et al. suggested that 
ATM defects might predispose individuals to a more 
aggressive course of PCa, finding DNA repair gene 
mutations in 12.3% of lethal PCa cases, with CHEK2 
and ATM variants being the most common [20]. 
These reports suggest that ATM mutations may be 
linked not only with increased PCa risk but also with 
a more aggressive disease course [3].

MMR genes

The mismatch repair (MMR) gene group, which 
includes MLH1, MSH2, MSH6, and PMS2, is as-
sociated with HPCa risk. Lynch syndrome is linked 
to MMR gene dysfunctions, increasing the risk  
of endometrial and colorectal cancer. MMR germ-
line mutation carriers also have a higher risk  
of developing prostate, urothelial, pancreatic, gas-
tric, small intestine, and brain cancers [4]. Raymond 
et al. estimated that Lynch syndrome patients have 
a 2-fold higher lifetime risk of PCa compared to the 
general population [21]. Haraldsdottir et al., study-
ing 188 male patients with Lynch syndrome, found 
an approximately 5-fold increased risk of PCa, with 
no impact on the clinical course of the disease [22]. 
MSH2 variations are associated with a significantly 
higher risk of PCa development compared to MSH6 
and MLH1 carriers [23, 24].

PALB2 gene

The PALB2 gene encodes a BRCA2 binding pro-
tein that enables BRCA1 and BRCA2 to form  
a complex necessary for initiating the HR repair pro-
cess. PALB2 alterations are associated with HBOC 
syndrome, increasing the risk of developing breast  
and pancreatic cancer, as well as PCa [3, 4]. Pritchard 
et al. found PALB2 germline variations in 0.4%  
of metastatic HPCa patients [25], while Nicolosi et al.  
reported PALB2 germline mutations in 0.56% of  
an unselected PCa cohort [26]. Horak et al. pre-
sented a case in which a PALB2 mutation carrier re-
ceived chemotherapy with a PARP inhibitor (olapa-
rib) combined with platinum-based chemotherapy, 
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gene (TMPRSS2-ERG) fusion gene involves TM-
PRSS2 (an androgen-related gene) and ERG  
(a transcription factor), both of which are over-
expressed in PCa. The fusion affects about 50%  
of Caucasian Americans, 31% of African Americans, 
and 18.5% of Asians. It is associated with PCa stage, 
metastasis, and Gleason score, but not with lymph 
node involvement or tumour size. TMPRSS2-ERG 
might become a predictive biomarker for PCa, but 
more data are required [34].

Ras association domain family member 1 

Studies on DNA methylation in PCa show that 
certain genes tend to be hypermethylated. Ras as-
sociation domain family member 1 (RASSF1), par-
ticularly its RASSF1A isoform, is significantly hy-
permethylated in PCa patients. Friedemann et al.  
found that RASSF1 methylation levels were signifi-
cantly increased across all PCa groups, suggesting 
its potential as a biomarker in men with ambiguous 
PSA levels (2–10 ng/ml) [35].

Other genes

Other genes associated with PCa include TP53, APC, 
RAD51C, and RAD51D. Germline TP53 (gTP53) 
mutations are linked with an increased risk and  
a more aggressive course of PCa, particularly among 
men with Li-Fraumeni syndrome (LFS) [3, 4]. The 
APC gene encodes a protein responsible for regulat-
ing β-catenin levels and is often hypermethylated 
in PCa patients. Its downregulation correlates with 
more advanced and metastatic PCa cases [37]. More 
data are needed to clarify the relationship between 
these genes and PCa development risk [3, 4].

Guidelines referring to genetic testing in prostate 
cancer

A familial history of PCa is associated with a higher 
risk of early onset PCa. Moreover, specific germline 
mutations affecting genes involved in DNA repair 
lead to an increased risk of a more aggressive course 
of PCa. Therefore, men with such genetic predis-
positions who are exposed to high-risk PCa cases 
require more precise screening methods involving 
genetic testing tools [38].

Philadelphia Prostate Cancer Consensus 
Conference guidelines

The importance of genetic testing in hereditary PCa 
(HPCa) was highlighted in 2017 during the Philadel-
phia Prostate Cancer Consensus Conference (PPCCC).  

resulting in clinical remission and disease stabilisa-
tion. This suggests that PALB2 status might influ-
ence therapy selection based on genetic status [27].

BRIP1 gene

The BRIP1 gene encodes a helicase involved in the 
DSB repair mechanism. Studies suggest that BRIP1 
mutations are associated with an increased risk  
of PCa [3, 4]. Kote-Jarai et al. reported that car-
riers of the c.2392C>T BRIP1 truncating variant 
have an increased risk of early-onset and familial 
PCa [28]. Leongamornlert et al. confirmed this as-
sociation and identified 2 families with PCa history 
carrying the c.2392C>T BRIP1 mutation [29].

NBS1 gene

The NBS1 gene is involved in the DSB repair mech-
anism, and mutations in this gene are thought to 
play a crucial role in PCa cases of hereditary and 
familial backgrounds [3, 4]. In 2004, Cybulski et al. 
demonstrated that carriers of the founder mutation 
c.657del5 under 60 years old have a 3-fold increased 
risk of PCa development, which rises to 4-fold with 
a familial PCa history [30]. A 2013 study found that 
the NBS1 c.657del5 mutation leads to a more aggres-
sive disease course and higher mortality rate [31].

Prostate cancer antigen 3

PCA3 is a non-coding RNA specific to PCa. A meta-
analysis involving 9 studies from 2007 to 2014 with 
3028 participants assessed the effectiveness of the 
PCA3 test. It reported a specificity of 0.65, sensi-
tivity of 0.69, and a diagnostic odds ratio of 4.244, 
indicating that the PCA3 test has acceptable value 
in identifying PCa and could be useful in deciding 
whether to perform a prostate biopsy [32].

Distal less homeobox 1 

The dysregulation of homeobox family genes, such as 
DLX1, can lead to carcinogenesis. DLX1 is associated 
with PCa. Liang et al. [33] studied 492 PCa patients 
and 152 controls and found significantly elevated lev-
els of DLX1 in PCa tissues, suggesting it could serve 
as a valuable diagnostic marker for PCa.

Gene fusion of transmembrane protease  
serine 2 and erythroblast transformation-specific 
related gene 

The gene fusion of transmembrane protease serine 
2 and erythroblast transformation-specific related 
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In 2019, the subsequent PPCCC provided clinicians 
with specific recommendations regarding PCa ge-
netic screening. It was recommended that genetic 
testing be performed on men with metastatic PCa 
and those with a familial history of PCa who meet 
certain criteria. These criteria include at least one 
first-degree relative or 2 relatives diagnosed with 
PCa under the age of 60 years, who died from PCa, 
or who had metastatic PCa. Patients with non-met-
astatic PCa should be considered for genetic testing  
if they have advanced PCa (at least T3a), confirmed 
intraductal or ductal pathology, a Gleason grade  
of 8 or higher, or Ashkenazi Jewish ancestry. For 
metastatic PCa, testing for BRCA and MMR gene 
mutations is recommended, with an optional test 
for ATM mutations. In non-metastatic PCa, testing 
for BRCA2 mutations is recommended, with con-
sideration for ATM mutations. Men meeting the 
aforementioned familial PCa history criteria should 
be tested for BRCA2 and HOXB13 mutations, with 
consideration given to BRCA1, ATM, and MMR gene 
mutations. Based on familial and personal history, 
the authors recommend including additional genes 
for testing. The guidelines reflect the need for a per-
sonalised management approach. In metastatic PCa, 
genetic status may guide the selection of targeted 
chemotherapy (e.g. PARP inhibitors/platinum-based 
chemotherapy in BRCA-positive patients). For non-
metastatic PCa, genetic status may impact PCa man-
agement protocols, such as active surveillance (AS) 
based on BRCA status. In men not yet diagnosed 
with PCa, genetic status impacts the initiation and 
frequency of PCa screening. For instance, BRCA2 
carriers are recommended for early PCa screening 
starting at age 40, or 10 years before the youngest 
PCa diagnosis in the family. Carriers of BRCA1, ATM, 
HOXB13, and MMR gene mutations should also be 
considered for this management approach [38].

European Society for Medical Oncology  
guidelines

In 2020, the European Society for Medical On-
cology (ESMO) recommended genetic testing  
of DNA repair genes, including BRCA2, in all cases  
of metastatic PCa. The tests were also recommend-
ed for localised PCa patients with a family histo-
ry of hereditary cancer syndromes (such as PCa, 
breast, ovarian, or pancreatic cancer) affecting  
at least 2 close blood relatives. In men with meta-
static castration-resistant PCa (mCRPCa), tumour 
testing for HR and MMR gene mutations should 
be considered. ESMO concluded that identifying 
PCa mutation carriers may have beneficial value 
for prevention and early diagnosis in relatives. 

The guidelines highlighted the potential benefits  
of determining specific genetic statuses to select 
targeted therapies (e.g. PARP inhibitors) [39].

National Comprehensive Cancer Network 
guidelines

In 2021, the National Comprehensive Cancer Net-
work (NCCN) recommended an adjusted early PCa 
screening strategy based on personal risk factors 
and familial PCa history. PCa screening (DRE, 
PSA evaluation) should be initiated in high-risk 
men who fulfil one of the following criteria: Black/
African American men, men with high-risk germ-
line mutations (e.g. BRCA mutations), or men with  
a familial PCa history [40].

American Urological Association guidelines

In its 2023 guidelines, the American Urological 
Association (AUA) did not include recommenda-
tions for PCa genetic testing. However, it strong-
ly recommended initiating early PCa screening  
at ages 40–45 years for men at increased risk of PCa. 
The risk factors include Black ancestry, a strong fa-
milial PCa history, and germline mutations such 
as BRCA1/2. The guidelines also mentioned ATM, 
CHEK2, HOXB13, MLH1, MSH2, MSH6, NBS1, 
and PMS2 mutations, noting that their impact  
on PCa development requires further research.  
The AUA concluded that genetically predisposed 
patients might benefit from earlier initiation  
of PSA evaluation and more frequent PSA screen-
ing [41].

European Association of Urology guidelines

The 2024 guidelines from the European Associa-
tion of Urology (EAU) highlight evidence indicating 
the beneficial value of genetic testing in early PCa 
detection and management. A weak recommenda-
tion was given for genetic germline testing in men 
with a familial history of PCa diagnosed before age 
60 years and in those whose family member died 
from PCa. A strong recommendation was given  
to offer germline testing to men with a family histo-
ry of high-risk germline mutations or multiple can-
cers affecting the same family members. Another 
strong recommendation was to offer germline test-
ing to men with BRCA mutations identified in so-
matic testing. The EAU concluded that more data 
are required to develop specific guidelines regard-
ing PCa early detection, screening, and treatment 
in mutation carriers and their family members [42] 
(Table 2).
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men with a positive PCa familial history, the cancer 
detection rate was higher (21%, 11 men) compared 
to the mutation carrier group (15%, 8 men). Among 
the carriers, 6 men had BRCA2 mutations and  
2 had BRCA1 mutations. The carriers were signifi-
cantly more likely to present with intermediate-  
or high-risk PCa (88% vs 36% for men with a posi-
tive familial history). AS was applied to 3 men with 
a positive familial history and 2 carriers. In total, 
8 men with a positive family history and 6 carri-
ers underwent radical prostatectomy (RP). Muta-
tion carriers were more likely to require addition-
al treatments such as ADT, chemotherapy, and/or 
salvage radiotherapy, whereas none of the patients 
with a positive familial history required such thera-
pies. Five BRCA2 mutation carriers required ADT, 
one BRCA2 carrier required salvage radiotherapy, 
and 2 BRCA2 carriers required chemotherapy.  
The men with BRCA2 mutations displayed a more 
aggressive disease course and were more likely 
to have distant metastases (4 cases), compared  

Impact of genetic markers on patient 
management

Given the increased risk of more aggressive PCa 
and its earlier onset in genetically predisposed in-
dividuals, recent studies have aimed to determine  
a more individualised screening approach and its ef-
fectiveness. Some men carry specific mutations and 
may benefit more from targeted chemotherapy [38].

The approach to screening 

Walker et al. evaluated the usefulness of adjusted 
PCa screening in genetically high-risk patients 
who carry BRCA mutations. The study compared  
53 carriers of BRCA1/2 mutations to 53 men with 
a positive familial PCa history. The review included 
screening characteristics (PSA level, DRE, and bi-
opsy), treatment outcomes, and pathological fea-
tures. The use of a PSA cut-off above 4 ng/ml would 
lead to PCa being overlooked in both groups. In the 

Table 2. The recent guidelines on prostate cancer (PCa), recommendations on genetic testing

Guidelines (year) Recommendations on genetic testing Impact on the management Reference

PPCCC (2019)

Yes; metastatic PCa men (recommended), men 
with familial (≥1 first-degree relative or ≥2 relatives 

diagnosed with PCa before 60 years old or PCa death 
or metastatic PCa) PCa history (recommended), 

non-metastatic PCa cases with ≥1 of: localized stage 
(≥T3a), intraductal/ductal involvement, Gleason grade 
≥8, Ashkenazi Jewish ancestry (genetic testing should 

be considered)

Possible selection of targeted PARP-inhibitor  
or platinum-based chemotherapy in particular group 

of patients (metastatic PCa), active surveillance 
management in the particular patient group  

(non-metastatic PCa), the age of PCa screening 
initiation and its frequency (depending on patient 

genetic status)

Giri et al. 2019 [38]

ESMO (2020)

Yes; metastatic PCa, localised PCa with familial history 
of ≥2 close blood relatives diagnosed with cancers 

associated with hereditary cancer syndromes  
(PCa, breast, ovarian, pancreatic cancer),  

mCRPCa men should be considered for tumour 
testing in search of HR and MMR gene mutations

Not specified, genetic testing may have a beneficial 
value for the prevention and early diagnosis of PCa 

cases in patients’ family members
Parker et al. 2020 [39]

NCCN (2021) No

Adjusted early PCa screening based on personal risk 
factors and familial PCa history, earlier initiation  

of PCa screening (DRE, PSA assessment) in high-risk 
men (≥1 of: Black/African American ancestry, high-risk 

germline mutations e.g. BRCA, familial PCa history)

Prostate Cancer Early 
Detection, version 

2.2021 NCCN Clinical 
Practice Guidelines  

in Oncology (2021) [40]

AUA (2023) No

Initiation of early PCa screening starting at age  
40-45 years for men with increased PCa risk  

(≥1 of: black ancestry, strong familial PCa history, 
germline mutations e.g. BRCA)

Early detection of 
prostate cancer:  

AUA/SUO guideline 
(2023) [41]

EAU (2024)

Yes; weak recommendation to offer germline testing 
in the group of men with ≥1 of: familial PCa death  
or familial PCa diagnosis before 60 years of age, 

strong recommendation to offer germline testing  
in the group of men with ≥1 of: familial history  

of high-risk germline mutations or familial history  
of multiple cancers affecting the same side  

of the family, strong recommendation to offer 
germline testing in the group of men with BRCA 

mutations identified during somatic testing

Not specified; more data is required to offer specific 
PCa management protocol regarding genetic status

European Association 
of Urology (2024) [42]

AUA – American Urological Association; EAU – European Association of Urology; ESMO – European Society for Medical Oncology; mCRPCa – metastatic castration 
resistant PCa; NCCN – National Comprehensive Cancer Network; PARP – poly(ADP-ribose) polymerase; PCa – prostate cancer; PPCCC – Philadelphia Prostate Cancer 
Consensus Conference
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a PRS above the 90th percentile have a 2.7-fold high-
er risk of PCa. The genotyping included 130 single 
nucleotide polymorphisms (SNPs) that contribute 
to both non-aggressive and aggressive PCa cases. 
This approach helped identify men who are likely 
to benefit most from an adjusted screening strat-
egy. The pilot study highlighted the potential ben-
efits of MRI-based screening for this group of men.  
The results suggest that adjustments to standard 
PCa screening are necessary to better identify high-
risk cases among genetically predisposed men, who 
are more susceptible to aggressive PCa. This strat-
egy reduces overtreatment and allows for initial 
management with AS, followed by more invasive 
treatments if necessary. This led to the initiation of 
the main BARCODE1 study, which aims to recruit 
5,000 men in the UK [45].
Currently, the PROFILE study in the UK aims  
to recruit 1,050 men for genetic analysis and target-
ed PCa screening, including PSA evaluation, MRI, 
and prostate biopsy. The study proposes modifica-
tions to standard PCa screening based on recent 
findings that men with early-onset PCa are often 
genetically predisposed and may have a more ag-
gressive disease course. All eligible participants 
must be aged 40 to 69 years. The study will con-
sist of 3 cohorts of 350 individuals each: men with 
a familial PCa history, men of African or Caribbean 
descent, and men carrying PCa susceptibility mu-
tations. The study aims to determine whether ge-
netic analysis combined with the proposed screen-
ing methods can effectively identify patients at high 
risk for PCa. The authors anticipate that the guide-
lines for PCa screening may need to be adjusted  
to offer a more effective strategy for evaluating PCa 
risk in the highest-risk patients, ultimately improv-
ing PCa survival rates [46].
The research conducted and ongoing should pro-
vide clinicians with valuable insights into screen-
ing approaches for genetically predisposed patients.  
It is essential to identify high-risk patients who 
may require more invasive and accurate diagnostic 
tools.

The reports on targeted therapies

Recent reports indicate that advanced or metastatic 
prostate cancer (PCa) patients often carry somatic 
and/or germline mutations affecting DNA repair 
genes (e.g. BRCA1, BRCA2, PALB2, CHEK2, ATM). 
These mutations are present in approximately 
5% to 10% of localised PCa cases and 12% to 17%  
of metastatic cases, confirming a higher susceptibil-
ity to a more aggressive course of PCa in genetically 
burdened individuals. Patients treated with PARP 

to men carrying BRCA1 mutations (no cases)  
or men with a positive familial history (no cases). 
It could be beneficial for BRCA1/2 mutation carri-
ers to have a more standardised screening approach 
that includes not only DRE and PSA assessment 
but also monitoring PSA increase velocity and low-
ering the PSA cut-off [43].
The IMPACT study assessed the effectiveness  
of PCa screening in BRCA1 or BRCA2 mutation 
carriers. The study included 89 BRCA1 and 116 
BRCA2 mutation carriers, with a control group  
of 95 men. Men with a family history of BRCA1  
or BRCA2 mutations underwent annual PSA evalu-
ations. Prostate biopsy was recommended for men 
with PSA levels exceeding 3 ng/ml. In the baseline 
year 1, a total of 22 patients had PSA levels above 
3 ng/ml. Biopsies were performed in 21 individuals 
(17 mutation carriers and 4 controls), with positive 
results in 10 cases. Among these, 8 were mutation 
carriers and 2 were controls. In year 2 of the study, 
one PCa case was diagnosed. Overall, 11 PCa cas-
es were diagnosed, of whom 9 were mutation car-
riers. Among BRCA1/BRCA2 mutation carriers,  
2 low-risk and 7 high-risk (6 intermediate-risk and 
one high-risk PCa patient) cases were identified.  
In the control group, there was one case of low-risk 
and one case of high-risk PCa. Three low-risk pa-
tients were managed with AS, while all 9 men with 
clinically significant PCa received treatment (8 un-
derwent RP and one received brachytherapy). Al-
though it is difficult to explicitly determine the PSA 
level that should lead to a referral for prostate bi-
opsy, the IMPACT study data indicate that BRCA1 
and/or BRCA2 mutation carriers benefit from bi-
opsy referral when PSA levels exceed 3 ng/ml.  
This approach improves the likelihood of identify-
ing clinically significant PCa cases that require fur-
ther invasive management. Most of the PCa cases 
in BRCA mutation carriers were clinically signifi-
cant, suggesting a more aggressive nature. The re-
sults support the value of PSA screening followed 
by prostate biopsy in detecting clinically significant 
PCa in BRCA mutation carriers [44].
The BARCODE1 pilot study assessed the effective-
ness of PCa screening in genetically predisposed 
men. Out of 1,434 participants, 297 underwent DNA 
genotyping. The top 10% of the group (25 patients) 
with the highest polygenic risk scores (PRS) were 
offered MRI and prostate biopsy. Of these, 7 out of 
18 men (38.9%) were diagnosed with PCa. These 
cases were classified as low-risk and managed with 
AS. The remaining 11 patients had negative biop-
sies and were followed up with annual PSA evalua-
tions, with decisions on repeating MRI and biopsy 
based on PSA levels. It is estimated that men with  
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and 139 without HRD, across 9 trials involving  
a total of 1219 patients. The HRD group was fur-
ther divided into subgroups with BRCA mutations 
(418 cases) and those without BRCA mutations 
(508 cases). The primary endpoints were ORR, 
defined as at least a 50% decrease in PSA levels,  
and progression-free survival (PFS). The analysis 
found that PARP inhibitors provided significant-
ly better ORR (OR = 5.50) and PFS at 6 months 
(PFS6 = 3.96) and 12 months (PFS12 = 3.34)  
for HRD patients compared to non-HRD patients. 
Specifically, BRCA mutation carriers had nota-
bly better results (ORORR 9.97, ORPFS6 4.34,  
ORPFS12 3.23) compared to non-HRD patients. 
These data underline the value of PARP inhibitors 
in treating mCRPCa patients with HRD [51].
The phase III MAGNITUDE trial was a double-
blind, randomised study involving 423 patients 
with HR repair gene aberrations (e.g. BRCA1/2, 
ATM, BRIP1, CHEK2, PALB2) and 247 patients 
without HRR aberrations. The BRCA1/2 sub-
group was included. All patients had mCRPCa 
and were divided into 2 groups: one group re-
ceived a combination of niraparib, abiraterone, 
and prednisone, while the second group received 
a placebo, abiraterone, and prednisone. The main 
endpoint was radiographic progression-free sur-
vival (rPFS), defined as the time from patient as-
signment to radiographic progression or death. 
The results showed that BRCA1/2 patients receiv-
ing niraparib, abiraterone, and prednisone had  
a significantly improved rPFS of 16.6 months com-
pared to 10.9 months for those receiving placebo, 
abiraterone, and prednisone. In the HRR-positive 
group, niraparib, abiraterone, and prednisone re-
sulted in a rPFS of 16.5 months vs 13.7 months 
for the placebo group. These results demonstrate 
improved rPFS for HRR-positive mCRPCa patients 
receiving niraparib in addition to abiraterone  
and prednisone [52].
The ongoing phase III TALAPRO-3 study is a dou-
ble-blind, randomised trial evaluating the effective-
ness of talazoparib in mCRPCa patients with HR 
gene aberrations. This study involves 599 men di-
vided into 2 groups: one receiving talazoparib and 
enzalutamide, and the other receiving placebo and 
enzalutamide. The primary endpoint is rPFS, with 
overall survival (OS) as a secondary endpoint [53].
Several other ongoing trials, such as PROpel III 
(olaparib), KEYLYNK-007 (olaparib), and TRITON3  
(rucaparib), are investigating the use of PARP in-
hibitors in metastatic and advanced PCa cases. 
These studies may provide further evidence sup-
porting the benefits of PARP inhibitors in selected 
patient groups [54–56].

inhibitors and platinum-based chemotherapy gen-
erally exhibit better prognoses, including higher 
survival and progression-free survival rates, com-
pared to those receiving standard treatments such 
as enzalutamide or abiraterone. The U.S. Food and 
Drug Administration (FDA) has approved olaparib 
and rucaparib, with additional PARP inhibitors like 
talazoparib and niraparib currently under investi-
gation. Genetic testing could further enhance sur-
vival rates by guiding treatment decisions [47].
Olaparib's approval was based on the results  
of the phase 3 PROfound trial, which tested olapa-
rib in patients with progressive metastatic cas-
tration-resistant prostate cancer (mCRPCa) har-
bouring mutations in homologous recombination 
(HR) repair genes (e.g. BRCA1, BRCA2, ATM).  
The study involved 387 men divided into 2 cohorts: 
Cohort A with ≥1 aberration in BRCA1/2 or ATM 
(245 men) and Cohort B with aberrations in at least 
one of 12 other genes (e.g. BRIP1, BARD1, CDK12, 
CHEK1/2, FANCL, PALB2, PPP2R2A, RAD51B, 
RAD51C, RAD51D, RAD54L) (142 men). Patients 
were randomly assigned to receive either olaparib 
(256 men) or enzalutamide/abiraterone (131 men). 
The olaparib group showed better responses com-
pared to the control group. Imaging-based assess-
ments indicated a median progression-free sur-
vival (PFS) of 7.4 months for the olaparib group 
compared to 3.6 months for the control group.  
The PSA50 response rate (a 50% decrease in PSA 
level from baseline) was 43% in the olaparib group 
and only 8% in the control group. Identifying spe-
cific mutations may help select more effective tar-
geted therapies for these patients [48, 49].
The phase 2 TRITON2 study led to the FDA ap-
proval of rucaparib for use in mCRPCa patients 
with BRCA mutations. This study included 115 pa-
tients with BRCA alterations who had progressed 
after 1 or 2 cycles of next-generation androgen 
receptor-directed therapy (ARDT) and 1 cycle  
of taxane-based chemotherapy (e.g. docetaxel, pa-
clitaxel). The study demonstrated rucaparib's an-
titumour activity, with an objective response rate 
(ORR) of 50.8% based on investigator assessment 
and 43.5% based on independent, blinded radiology 
review. A total of 63 out of 115 patients achieved 
a PSA50 response (54.8%). These results suggest 
that genetic screening is valuable for identifying 
patients who may benefit from PARP inhibitor-
based chemotherapy [50].
In 2021, Wu et al. conducted a meta-analysis  
of phase II and III clinical trials to assess the utility 
of PARP inhibitors in treating genetically burdened 
mCRPCa patients. The analysis included 926 men 
with homologous recombination deficiency (HRD) 
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highlights the value of genetic testing in advanced 
metastatic PCa cases, showing that patients with spe-
cific genetic mutations often respond well to PARP 
inhibitor-based chemotherapy. Ongoing research  
is expected to provide further insights into these is-
sues and refine our approach to managing PCa [61]. 
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Conclusions

The genetic background significantly impacts the pro-
gression of prostate cancer (PCa). Tailoring screening 
recommendations based on individual genetic profiles 
and familial PCa history is essential. Even though 
diagnostic methods include advanced tools such as 
MRI, some patients still have their PCa overlooked. 
For example, according to Zattoni et al., even 11%  
of men with clinically significant PCa had negative 
MRI results [61]. Identifying high-risk PCa cases  
is crucial from a clinical perspective because it helps 
address concerns related to overtreatment and en-
sures that low-risk patients are not subjected to un-
necessary early invasive diagnostics. Recent research 

1.	 Dell'Atti Lucio, Aguiari Gianluca. The role 
of genetic polymorphisms in the diagnosis 
and management of prostate cancer:  
An update. Anticancer Res. 2022; 43: 
317-322.

2.	 Boehm BE, York ME, Petrovics G, Kohaar I,  
Chesnut GT. Biomarkers of aggressive 
prostate cancer at diagnosis. Int J Mol Sci. 
2023; 24: 2185.

3.	 Brandão A, Paulo P, Teixeira MR. 
Hereditary predisposition to prostate 
cancer: from genetics to clinical 
implications. Int J Mol Sci. 2020; 21: 5036.

4.	 Vietri MT, D’Elia G, Caliendo G, et al. 
Hereditary prostate cancer: genes related, 
target therapy and prevention. Int J Mol 
Sci. 2021; 22: 3753.

5.	 Ni Raghallaigh H, Eeles R. Genetic 
predisposition to prostate cancer:  
An update. Fam Cancer. 2021; 21: 101-114.

6.	 Rebbeck TR. Prostate cancer genetics: 
Variation by race, ethnicity,  
and geography. Semin Radiat Oncol.  
2017; 27: 3-10.

7.	 Thalgott M, Kron M, Brath JM, et al.  
Men with family history of prostate  
cancer have a higher risk of disease 
recurrence after radical prostatectomy. 
World J Urol. 2017; 36: 177-185.

8.	 Ewing CM, Ray AM, Lange EM, et al. 
Germline mutations in HOXB13 and 
prostate cancer risk. N Engl J Med.  
2012; 366: 141-149.

9.	 Nyberg T, Govindasami K, Leslie G,  
et al. Homeobox B13 G84E mutation  

and prostate cancer risk. Eur Urol.  
2019; 75: 834-845.

10.	 Lin X, Qu L, Chen Z, et al. A novel  
germline mutation in HOXB13 is 
associated with prostate cancer risk  
in Chinese men. Prostate. 2012; 73:  
169-175.

11.	 Maia S, Cardoso M, Pinto P, et al. 
Identification of two novel HOXB13 
germline mutations in Portuguese 
prostate cancer patients. PLoS One.  
2015; 10: e0132728.

12.	 Hartge P, Struewing JP, Wacholder S, 
Brody LC, Tucker MA. The prevalence  
of common BRCA1 and BRCA2 mutations 
among Ashkenazi Jews. Am J Hum Genet. 
1999; 64: 963-970.

13.	 Leongamornlert D, Mahmud N, 
Tymrakiewicz M, et al. Germline  
BRCA1 mutations increase prostate  
cancer risk. Br J Cancer. 2012; 106:  
1697-1701.

14.	 Kote-Jarai Z, Leongamornlert D,  
Saunders E, et al. BRCA2 is a moderate 
penetrance gene contributing to young-
onset prostate cancer: implications  
for genetic testing in prostate cancer 
patients. Br J Cancer. 2011; 105: 1230-
1234.

15.	 Edwards SM, Evans DG, Hope Q, et al.  
Prostate cancer in BRCA2 germline 
mutation carriers is associated with 
poorer prognosis. Br J Cancer. 2010;  
103: 918-924.

16.	 Wokołorczyk D, Kluźniak W, Huzarski T, 
et al. Mutations in ATM, NBN and BRCA2 

predispose to aggressive prostate  
cancer in Poland. Int J Cancer. 2020;  
147: 2793-2800.

17.	 Zhen JT, Syed J, Nguyen KA, et al.  
Genetic testing for hereditary prostate 
cancer: Current status and limitations. 
Cancer. 2018; 124: 3105-3117.

18.	 Heidegger I, Tsaur I, Borgmann H, et al. 
Hereditary prostate cancer – primetime 
for genetic testing? Cancer Treat Rev. 
2019; 81: 101927.

19.	 Paulo P, Maia S, Pinto C, et al. Targeted 
next generation sequencing identifies 
functionally deleterious germline 
mutations in novel genes in early-onset/
familial prostate cancer. PLoS Genet. 
2018;14: e1007355.

20.	 Rantapero T, Wahlfors T, Kähler A, et al. 
Inherited DNA repair gene mutations  
in men with lethal prostate cancer. Genes 
(Basel). 2020; 11: 314.

21.	 Raymond VM, Mukherjee B, Wang F, et al.  
Elevated risk of prostate cancer among 
men with Lynch syndrome. J Clin Oncol. 
2013; 31: 1713-1718.

22.	 Haraldsdottir S, Hampel H, Wei L, et al. 
Prostate cancer incidence in males with 
Lynch syndrome. Genet Med. 2014; 16: 
553-557.

23.	 Goecke T, Schulmann K, Engel C, et al. 
Genotype-phenotype comparison  
of German MLH1 and MSH2 mutation 
carriers clinically affected with Lynch 
syndrome: A report by the German  
HNPCC Consortium. J Clin Oncol. 2006;  
24: 4285-4292.

References



635
Central European Journal of Urology

24.	 Engel C, Loeffler M, Steinke V, et al. 
Risks of less common cancers in proven 
mutation carriers with Lynch syndrome.  
J Clin Oncol. 2012; 30: 4409-4415.

25.	 Pritchard CC, Mateo J, Walsh MF, et al. 
Inherited DNA-repair gene mutations  
in men with metastatic prostate cancer.  
N Engl J Med. 2016; 375: 443-453.

26.	 Nicolosi P, Ledet E, Yang S, et al. 
Prevalence of germline variants  
in prostate cancer and implications  
for current genetic testing guidelines. 
JAMA Oncol. 2019; 5: 523-529.

27.	 Horak P, Weischenfeldt J, von Amsberg G,  
et al. Response to olaparib in a PALB2 
germline mutated prostate cancer and 
genetic events associated with resistance. 
Cold Spring Harb Mol Case Stud. 2019;  
5: a003657. 

28.	 Kote-Jarai Z, Jugurnauth S, Mulholland S,  
et al. A recurrent truncating germline 
mutation in the BRIP1/FANCJ gene  
and susceptibility to prostate cancer.  
Br J Cancer. 2009; 100: 426-430.

29.	 Leongamornlert D, Saunders E, Dadaev T,  
et al. Frequent germline deleterious 
mutations in DNA repair genes in familial 
prostate cancer cases are associated  
with advanced disease. Br J Cancer.  
2014; 110: 1663-1672. 

30.	 Cybulski C, Górski B, Dębniak T, et al.  
NBS1 is a prostate cancer susceptibility 
gene. Cancer Res. 2004; 64: 1215-1219.

31.	 Cybulski C, Wokołorczyk D, Kluźniak W,  
et al. An inherited NBN mutation  
is associated with poor prognosis prostate 
cancer. Br J Cancer. 2012; 108: 461-468.

32.	 Rodríguez SVM, García-Perdomo HA. 
Diagnostic accuracy of prostate cancer 
antigen 3 (PCA3) prior to first prostate 
biopsy: A systematic review and meta-
analysis. Can Urol Assoc J. 2020; 14: 
E214-E219.

33.	 Liang M, Sun Y, Yang HL, et al. DLX1,  
a binding protein of beta-catenin,  
promotes the growth and migration  
of prostate cancer cells. Oncol Rep.  
2018; 39: 363-372.

34.	 Song C, Chen H. Predictive significance  
of TMPRSS2-ERG fusion in prostate 
cancer: a meta-analysis. Onco Targets 
Ther. 2018;18: 177.

35.	 Friedemann M, Horn F, Gutewort K, et al.  
Increased Sensitivity of Detection  

of RASSF1A and GSTP1 DNA Fragments 
in Serum of Prostate Cancer Patients: 
Optimisation of Diagnostics Using OBBPA-
ddPCR. Cancers (Basel). 2021; 13: 4459. 

36.	 Maxwell KN, Cheng HH, Powers J, et al.  
Inherited TP53 variants and risk  
of prostate cancer. Eur Urol. 2022;  
81: 243-250.

37.	 Ma F, Arai S, Wang K, et al. Autocrine 
canonical Wnt signaling primes 
noncanonical signaling through ROR1  
in metastatic castration-resistant  
prostate cancer. Cancer Res. 2022; 82: 
1518-1533.

38.	 Giri VN, Knudsen KE, Kelly WK, et al. 
Implementation of germline testing  
for prostate cancer: Philadelphia  
Prostate Cancer Consensus Conference 
2019. J Clin Oncol. 2020; 38: 2798-2811. 

39.	 Parker C, Castro E, Fizazi K, et al. Prostate 
cancer: ESMO Clinical Practice Guidelines 
for diagnosis, treatment and follow-up. 
Ann Oncol. 2020; 31: 1119-1134.

40.	 National Comprehensive Cancer 
Network (NCCN). Prostate cancer 
early detection, version 2.2021. NCCN 
Clinical Practice Guidelines in Oncology 
[Internet]. Available at: https://www.
nccn.org/guidelines/guidelines-
detail?category=1&id=1456 (Access:  
May 30, 2024).

41.	 American Urological Association. Early 
detection of prostate cancer: AUA/SUO 
guideline (2023) [Internet]. AUA. Available 
at: https://www.auanet.org/guidelines-
and-quality/guidelines/early-detection- 
of-prostate-cancer-guidelines (Access: 
May 30, 2024).

42.	 Uroweb – European Association  
of Urology. Prostate cancer [Internet]. 
Available at: https://uroweb.org/
guidelines/prostate-cancer/chapter/
diagnostic-evaluation (Access: May 30, 
2024).

43.	 Walker R, Louis A, Berlin A, Horsburgh S,  
Bristow RG, Trachtenberg J. Prostate 
cancer screening characteristics in men 
with BRCA1/2 mutations attending  
a high-risk prevention clinic. Can Urol 
Assoc J. 2014; 8: E783-E788. 

44.	 Mitra AV, Bancroft EK, Barbachano Y, et al.  
Targeted prostate cancer screening  
in men with mutations in BRCA1 and 
BRCA2 detects aggressive prostate cancer: 
preliminary analysis of the results of the 
IMPACT study. BJU Int. 2010; 107: 28-39.

45.	 Benafif S, Ni Raghallaigh H, McGrowder E,  
et al. The Barcode1 pilot: A feasibility 
study of using germline single nucleotide 
polymorphisms to target prostate cancer 
screening. BJU Int. 2021; 129: 325-336.

46.	 Bancroft EK, Raghallaigh HN, Page EC, 
Eeles RA. Updates in prostate cancer 
research and screening in men at 
genetically higher risk. Curr Genet Med 
Rep. 2021; 9: 47-58.

47.	 Giri VN, Morgan TM, Morris DS,  
Berchuck JE, Hyatt C, Taplin ME. Genetic 
testing in prostate cancer management: 
considerations informing primary care.  
CA Cancer J Clin. 2022; 72: 360-371.

48.	 de Bono J, Mateo J, Fizazi K, et al.  
Olaparib for metastatic castration-
resistant prostate cancer. N Engl J Med. 
2020; 382: 2091-2102.

49.	 Recommendations for the use of next-
generation sequencing (NGS) for patients 
with metastatic cancers: a report from  
the ESMO Precision Medicine 
Working Group. Ann Oncol. 2020; 31 
(suppl_4): 1409-1505. doi: 10.1016/j.
annonc.2020.07.275.

50.	 Abida W, Patnaik A, Campbell D, et al.  
Rucaparib in men with metastatic 
castration-resistant prostate cancer 
harboring a BRCA1 or BRCA2 gene 
alteration. J Clin Oncol. 2020; 38:  
3763-3772.

51.	 Wu K, Liang J, Shao Y, Xiong S, Feng S, 
Li X. Evaluation of the efficacy of PARP 
inhibitors in metastatic castration-resistant 
prostate cancer: a systematic review  
and meta-analysis. Front Pharmacol. 
2021; 12: 777663.

52.	 Chi KN, Rathkopf D, Smith MR, et al. 
Niraparib and abiraterone acetate  
for metastatic castration-resistant  
prostate cancer. J Clin Oncol. 2023;  
41: 3339-3351.

53.	 Agarwal N, Saad F, Azad AA, et al. 
TALAPRO-3 clinical trial protocol: phase 
III study of talazoparib plus enzalutamide 
in metastatic castration-sensitive prostate 
cancer. Future Oncol. 2024; 20: 493-505.

54.	 ClinicalTrials.gov. Niraparib in Patients 
With Metastatic Castration-resistant 
Prostate Cancer and DNA-Repair 
Anomalies (GALAHAD) [Internet]. 
Bethesda (MD): National Library of 
Medicine (US); 2018 Nov 6. Available at: 
https://classic.clinicaltrials.gov/ct2/show/
NCT03732820 (Access: Aug. 15, 2024).



Central European Journal of Urology
636

55.	 ClinicalTrials.gov. Pembrolizumab With or 
Without Radiation Therapy in Metastatic 
Castration-resistant Prostate Cancer 
(mCRPC) (KEYNOTE-921) [Internet]. 
Bethesda (MD): National Library of 
Medicine (US); 2019 Oct 11. Available at: 
https://classic.clinicaltrials.gov/ct2/show/
NCT04123366 (Access: Aug. 15, 2024).

56.	 ClinicalTrials.gov. A Study of Apalutamide 
(ARN-509) in Adult Men With High-Risk, 
Localized or Locally Advanced Prostate 
Cancer (ATLAS) [Internet]. Bethesda 
(MD): National Library of Medicine (US); 
2016 Nov 28. Available at: https://classic.

clinicaltrials.gov/ct2/show/NCT02975934 
(Access: Aug. 15, 2024).

57.	 Wang Z, Wang Y, Zhang J, et al. 
Significance of the TMPRSS2 gene fusion 
in prostate cancer. Mol Med Rep. 2017; 
16: 5450-5458.

58.	 Pritchard CC, Mateo J, Walsh MF, et al. 
Inherited DNA-repair gene mutations  
in men with metastatic prostate cancer.  
N Engl J Med. 2016; 375: 443-453. 

59.	 Nicolosi P, Ledet E, Yang S, et al. 
Prevalence of germline variants  

in prostate cancer and implications  
for current genetic testing guidelines. 
JAMA Oncol. 2019; 5: 523-528.

60.	 Pritzlaff M, Tian Y, Reineke P, et al.  
Diagnosing hereditary cancer 
predisposition in men with prostate 
cancer. Genet Med. 2020; 22:  
1517-1523.

61.	 Zattoni F, Morlacco A, Soligo M, et al. 
Diagnosis of clinically significant prostate 
cancer after negative multiparametric 
magnetic resonance imaging.  
Cent Eur J Urol. 2022; 75: 277. 


