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Male awareness of prostate cancer risk remains poor in
relatives of women with germline variants in DNA-repair genes
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Abstract

Abstract

Objective: The aim of this study is to evaluate male awareness of developing pros-

tate cancer (PCa) in families with germline DNA-repair genes (DRG) variants.

Materials and methods: Data were collected from a prospective, monocentric cohort

study. The study was conducted in a university hospital with a multidisciplinary

approach to the patient (collaboration of the Departments of Oncology, Urology,

Pathology, Radiology, and Medical Genetics Laboratory). We recruited healthy males,

relatives of families of women with breast or ovarian cancer who tested positive for

pathogenic variants (PVs) or likely pathogenic variants (LPVs) in DRGs. A dedicated

PCa screening was designed and offered to men aged 35 to 69 years, based on early

visits with digital rectal examination (DRE), prostate health index (PHI) measurement,

multiparametric magnetic resonance imaging (mpMRI) and, if necessary, targeted/

systematic prostate biopsies. The primary endpoint was to evaluate the willingness

of healthy men from families with a DRG variants detected in female relatives

affected with breast and/or ovarian cancer to be tested for the presence of familial

PVs. The secondary endpoints were the acceptance to participate if resulted positive

and compliance with the screening programme.

Results: Over 1256 families, of which 139 resulted positive for PVs in DRGs, we

identified 378 ‘healthy’ men aged between 35 and 69 years old. Two hundred sixty-

one (69.0%) refused to be tested for DRG variants, 66 (17.5%) declared to have been

previously tested, and 51 (13.5%) males were interested to be tested. Between those

previously tested and those who accepted to be tested, 62 (53.0%) were positive for

a DRG variant, and all of them accepted to participate in the subsequent surveillance

steps. The main limitation is that is a single-centre study and a short follow-up.
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Conclusions: All men tested positive for a DRG variants agreed to go under the sur-

veillance scheme. However, only 31% of ‘men at risk’ (i.e., relative of a DRG variant

carrier) expressed their willingness to be tested for the familial DRG variant. This

observation strongly supports the urgent need to implement awareness of genetic

risk for PCa within the male population.
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1 | INTRODUCTION

Prostate cancer (PCa) is the most frequent cancer in men, with 1.4 mil-

lion new cases in the world in 2021.1 PCa accounts for approximately

15% of all cancer cases in men worldwide, and it is the most common

cancer affecting men in Western countries. Globally, there are hundreds

of thousands of premature deaths from PCa annually along with high

morbidity, particularly related to bone metastases leading to pain, frac-

ture, and disability.1,2 Although there are several curative treatments

such as radical surgery and radiation therapy, they can also cause

adverse effects on urinary and sexual function. There is growing atten-

tion towards the need to early diagnose advanced diseases, thus avoid-

ing underdiagnosis and undertreatment, while trying not to diagnose

lower risk diseases that would likely never need lifelong care. In 2012,

the US Preventive Services Task Force released a recommendation

against routine use of prostate specific antigen (PSA) to screen for PCa

(level of evidence [LoE]: D) because of growing concerns about overdi-

agnosis and overtreatment.3,4 However, this decision was largely based

on clinical trial data that have been criticized for widespread screening

among control subjects and insufficient follow-up time, and in 2017,

the US Preventive Services Task Force upgraded their recommendation

for men aged 55 to 69 years old (LoE: C).5,6 Currently, the American

Urological Association (AUA) and the European Association of Urology

(EAU) strongly recommend screening in high-risk populations as Afro-

Americans and men with a positive family history.7,8

It has been estimated that 5–10% of PCa cases are related to

inherited susceptibility to the disease. In particular, germline variants

in BRCA1 and BRCA2 tumour suppressor genes are the genetic events

associated with the highest risk of PCa (2.5 to 8.6 times in men

<65 years), representing an independent prognostic factor for poorer

outcomes.9–13 Considering the entire set of genes involved in DNA-

repair pathways, pathogenic variants (PVs) were found in approxi-

mately 8–12% of localized PCa and about 20–25% of advanced meta-

static castration-resistant PCa.14,15 In relation to germline defects in

DNA-repair genes (DRGs), PVs were found in 11.8% of men with met-

astatic PCa, unselected for family history of the disease.16

The most common germline alterations found in patients with

metastatic castrate-resistant PCa were in BRCA2 (5.3%), CHEK2

(1.9%), ATM (1.6%), and BRCA1 (0.9%). Other notable genes were

RAD51D (0.4%) and PALB2 (0.4%) genes.17

The association with PCa risk and treatment implications is better

understood for those with variants of BRCA2, with emerging data

supporting associations with ATM, CHEK2, BRCA1, HOXB13, MSH2,

MSH6 and NBN.18 PCa is set to become a much bigger burden for

healthcare providers and patients in the upcoming decades, and it has

been the focus of thorough research in recent years based on

advanced treatment ranging from robot-assisted surgery to focal ther-

apy, in association with various new imaging modalities.19–22

However, poor levels of PCa risk awareness have been demon-

strated, and consequently, there is an unmet medical need to design

acceptable and appropriate health promotion interventions and

screening in healthy men with germline variants linked to high-risk of

developing PCa.23–26

As highlighted in a recent study by Loeb and colleagues, there is

cause for concern regarding modest social media activity and partici-

pation, as well as a lack of public awareness regarding the importance

of PCa germline testing. These findings are particularly worrying given

the significant advances in genetic testing for PCa that have been

made in recent years.27

It is possible that this lack of awareness and engagement may be

hindering the impact of these genetic advances, which have the potential

to significantly improve early detection and treatment outcomes for PCa.

It is well known the need to explore the reasons behind these trends

and to identify strategies for increasing public awareness and engage-

ment in PCa germline testing. In the meantime, it is important for health-

care professionals to continue to emphasize the relevance of genetic

testing for PCa to their patients and to work towards promoting greater

awareness and understanding of this critical aspect of cancer care.27

Genetics-lead medicine held significant promise in improving clin-

ical outcomes for men with familial predispositions to PCa. The use of

genetics in the detection, surveillance, and management of PCa can

aid in the identification of those at risk of aggressive disease, allowing

for earlier intervention and personalized treatment plans.28,29

The aim of the present study is to investigate male awareness of

developing PCa in families with germline DRG variants and their will-

ingness to follow a dedicated surveillance scheme.

2 | MATERIALS AND METHODS

2.1 | Study design

Data were collected from a prospective, monocentric study, starting

from January 2021, designed to evaluate the sensitivity of a targeted
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screening in men with higher genetic risk of PCa because carriers of

PVs or likely PV (class 5 or 4 according to the ACMG/AMP variant

classification) in a DRG.30 The study is entirely conducted in a tertiary

university hospital, throughout the collaboration of the Oncology,

Urology, Pathology, Radiology, and Laboratory Departments of the

Hospital with the Laboratory of Medical Genetics and RNA Biology of

Humanitas University.31

For the purpose of the current study, only DRG PV carrier healthy

men relative of women with a diagnosis of breast and/or ovarian can-

cer were considered for the analysis.

2.2 | Study population

Healthy men were identified retrospectively, after reviewing the

genealogical trees of all women who tested positive for a germline

variant in DRGs. The term ‘healthy men’ has defined as people with

no apparent history of cancer. These individuals typically have no

active symptoms of disease and may have undergone routine medical

screenings that have not shown any signs of PCa.

Genealogical trees were created for all patients who underwent

genetic counselling at our institution for ovarian and breast cancer.

They were compiled by full certified medical geneticists and included

information about the patient’s family members, as well as their

degree of relatedness to the patient, for the purpose of medical his-

tory collection. Family trees have been used by geneticists to identify

potential hereditary links to cancer within families and to assess a

patient’s individual risk of developing PCa.

All first/second degree male relatives of these women with DRGs

PVs (followed in our institution for a history of ovarian/breast cancer)

were contacted by a medical genetists, and genetic counselling or clin-

ical visit was offered in order to perform the targeted genetic testing,

according to the variant previously identified in the affected female of

the family.

All individuals signed an informed consent to germline genetic

screening and were instructed on the clinical implication of the result

of testing.

The inclusion criteria reflect those reported in the national guide-

lines (Table 1).

We used a panel including all 20 DNA repair gene implicated in

PCa (ATM, MLH1, ATR, MRE11A, BAP1, MSH2, BARD1, MSH6, BRCA1,

NBN, BRCA2, PALB2, BRIP1, PMS2, CHEK2, RAD1C, FAM175A,

RAD1D, GEN1, and XRCC1) plus three candidates to PCa predisposi-

tion genes (HOXB13, EPCAM, and TP53).18

If tested positive for familial PV, the healthy male was enrolled

in the present screening for early detection of PCa. The inclusion cri-

teria were as follows: age 35–69 years old, DRG variant predicted

deleterious or suspected deleterious, ability to give informed consent

according to ICH/EU GCP and national/local regulations, and compli-

ance to follow the planned screening annual tests. The exclusion cri-

teria were as follows: previous endoscopic surgery of the prostate, or

a diagnosis of PCa, and absolute and relative contraindication to

mpMRI.

The decision to set the minimum age for the screening enrolment

at 35 years old was made after an internal consultation within the

research group.

The institutional review board and local ethical committee

(EC) approved the study (Protocol ICH-2812, code IG 2020 ID 25027

approved by EC in 26/01/2021, official resolution in 18/02/2021).

The study was granted by Associazione Italiana per la Ricerca sul

Cancro (AIRC).

All patients had a telephonic or face-to-face medical consult

where the aims, the methods, and the characteristics of the study

were described. Every consult lasted 15–30 min.

2.3 | Screening plan

Healthy men carrying a PV were offered to be screened by calculating

the Prostate Health Index (PHI), which includes Free-PSA, Total-PSA,

T AB L E 1 Inclusion criteria BRCA genetic analysis.

Patients affected with: • breast cancer at age < 36 years

old

• breast cancer ‘and’ ovarian/
fallopian tube or peritoneal

cancer at any age

• bilateral breast cancer at age

<50 years old

• triple negative breast cancer at

age <60 years old

• male breast cancer at any age

• ovarian/Fallopian tube or

peritoneal cancer at any age

Patients affected with breast

cancer at age <50 years

old and:

• 1 close relative with breast

cancer at age <50 years old

• 1 close relative with bilateral

breast cancer at any age

• 1 close relative with ovarian/

Fallopian tube or peritoneal

cancer at any age

• 1 close relative with male breast

cancer at any age

• 1 close relative with pancreatic

adenocarcinoma at any age

• 1 close relative with metastatic

prostate cancer at high risk or

intraductal/cribriform histology

Patients affected with breast

cancer and:

• >2 close relatives (at least 1

proband’s first degree relative)

with breast cancer at any age

• >1 close relatives (at least 1

proband’ first degree relative)

with ovarian/fallopian tube or

peritoneal cancer at any age

• 1 close relative with male breast

cancer at any age

• 2 close relatives (at least 1

proband’s first degree relative)

with breast, ovarian, and/or

pancreatic cancer
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�2ProPSA, and digital rectal examination (DRE) every year. In case of

positive DRE, patients underwent a mpMRI, and if Prostate Imaging

Reporting and Data System (PIRADS) ≥ 3 lesions, they underwent

software-assisted target fusion biopsy plus systematic biopsy or even-

tually systematic biopsy alone if the PIRADS was 1–2 (Figure 1).

In case of negative DRE, patients were stratified according to PHI

results (Figure 1):

• If PHI ≥ 40, patients underwent an mpMRI, according to 2019

EAU guidelines, independently from the previous biopsy history,

and a systematic prostate biopsy with target software assisted

fusion biopsy if mpMRI showed at least a PIRADS ≥3 lesion.7,8

• In case of PHI between 20 and 40, patients underwent a mpMRI, with

target software fusion assisted biopsy plus systematic random biopsy

when PIRADS ≥3; patients with a negative mpMRI (PIRADS 1–2)

have been screened solely based on PHI and DRE annually.

• In the event of PHI <20, patients have been screened by DRE and

PHI annually.

Considering the natural history of PCa, the primary purpose of

this report is to show the clinical and pathological (PCa detection) fea-

tures of the screened population.

2.4 | Study endpoints

For the purpose of the current analysis, the primary endpoint was to

evaluate the willing of healthy men from families with DRG PV/LPVs

to be tested to ascertain the presence of the variant. To define the

‘willing to be tested’, a proxy for male awareness of PCa risk, the ratio

between the number of men that were offered the test for BRCA1/2

genes and men that were really tested was considered.

The secondary endpoint was to evaluate the acceptance to par-

ticipate if resulted positive and compliance with screening.

3 | RESULTS

3.1 | Enrolment impact

We reviewed the medical records that included the genealogical trees

of all breast/ovarian cancer patients who attended our Genetic

Counselling Clinic from January 2016 to December 2021 and identi-

fied over 1256 families, of which 139 tested positive for PVs or LPVs

in DRG. Among 139 families, we identified 378 ‘healthy’ men with

age ranging between 35 and 69 years old.

A genetic test for detecting the familial DRG PV/LPV was offered

to all healthy male subjects. Two-hundred and sixty-one men (69.0%)

rejected to be tested, 66 (17.5%) declared to have been previously

tested, and only 51 (13.5%) were interested to be tested (Figure 2).

Of those previously tested, 32 (48.5%) presented the familial PV,

19 (28.9%) were negative, and 15 (22.7%) were missed as they were

unable to say or remember the result. Out of the 51 new tested men,

30 (58.8%) resulted positive.

Therefore, out of 378 selected men relatives, only 117 (31.0%)

wanted to know whether they carried the familial PV, while the others

were not interested or reported fear to be positive. All the patients

previously tested (# 32 familial PV) and the newly tested positive

(#30) who were offered to enter our dedicated PCa screening

accepted to be enrolled.

Intriguingly, all of latter (100%) accepted to be enrolled in the

screening and started the annual DRE and PHI.

3.2 | Population characteristics

Of the 62 enrolled heathy men with a mean age of 52 years old

(±9.45), 37 (59.7%) were carriers of PV in BRCA2 gene, 17 (27.4%) in

BRCA1, 3 (4.84%) in PMS2, 2 (3.23%) in MSH2, 1 (1.61%) in MLH1,

1 (1.61%) in BRIP1, and 1 (1.61%) in ATM.

F I GU R E 1 Offered screening to men
resulted positive for a pathogenic variant
in DNA repair genes. DRE: digital rectal
examination; mpMRI: multiparametric
magnetic resonance imaging; PHI:
Prostate Health Index; positive
mpMRI = PIRADS ≥3.
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Forty-nine (79.0%) were born in Northern Italy, 9 (14.5%) in

Southern Italy, and 4 (6.50%) in Central Italy, although the majority is

living in Northern Italy: 56 (90.3%). Forty-seven (75.8%) had at least

one child, 12 (19.4%) had no child, but since just married, there were

planning for a family, and only 3 (4.84%) had no child and were not

married. Forty-eight (77.4%) had a level of education equal or higher

than the high school diploma of which 18 (29.0%) were graduates.

Finally, only 17 (27.4%) had family history for PCa. Patients were

stratified by age: 27 (43.6%) were ≤50 years old, and 35 (56.5%) were

>50 years old.

3.3 | Screening result

At the beginning of the screening program, all 62 men had negative DRE.

Median PSA was 0.79 ng/mL (IQR 0.53–1.61), and median PHI was 15.0

(IQR 11.3–22.3). Forty-four men had PHI < 20; 16 had PHI values

between 20 and 40 (20 ≤ PHI < 40), and two men had PHI ≥ 40. As a

consequence, 18 men underwent a mpMRI because PHI ≥ 20. The

mpMRI results were distributed as follows: 17 negative (PIRADS≤2) and

only one positive with a PIRADS 4 lesion. For this patient with positive

mpMRI, the fusion biopsy resulted negative for PCa, and he will be

screened annually. The two patients with PHI ≥ 40 had negative mpMRI;

nevertheless, they underwent biopsies based on their high PHI, which

was negative for both of them. Patients with 20 ≤ PHI < 40 (16 patients)

underwent the mpMRI, and we obtained eight PIRADS 1, seven

PIRADS 2, and one PIRADS 4 (with negative biopsies). For the 44 patients

with PHI < 20, the screening will consist of an annual check-up.

4 | DISCUSSION

Our analysis showed that out of 378 patients’ relatives of families

with a known PV/LPV, only 117 (31%) decided to be tested for DRG

variant. Out of these, 62 tested positive and therefore agreed to

undergo screening for PCa.

Although less than 1/3 of men with siblings or parents with DRG

variant accepted to know if they were carriers too, after being tested

positive, their desire to be screened for an early PCa diagnosis was

very high.

Furthermore, those who accepted to be tested often had an edu-

cation level superior to high school diploma (77.4%), had at least one

child (75.8%), and were born in Northern Italy (79.0%). Certainly, hav-

ing children affects the desire to know if they are carrying variations

in genes that predispose to tumours. The level of education gives a

greater awareness of the medical research potential and of the scien-

tific findings regarding early cancer diagnoses. A gap between North-

ern and Southern Italy screening programmes is well known, as well

as a difference in advanced cancer hospitals.32 An imbalance in

screening extension is still present, despite there was a decreasing

North–South disparity trend in coverage screening programme in the

last decade.33 Surely a well-implemented culture on cancer screening

in the territory promotes the awareness of cancer disease and the

importance of early diagnosis.

In the literature, there is not much on men awareness concerning

PCa diagnosis, although few studies reported that people with famil-

iarity for PCa, even more with fatal cases, would gladly accept a

genetic test, even having to pay for it.34 In the clinical practice of our

study, the percentages were not so comforting for family members of

patients with ovarian/breast cancer and DRG PVs, and only 31%

underwent the genetic test. Even though they acknowledged to carry

a DRG PV, thus having high-risk to develop PCa, 100% agreed to

undergo the annual urological screening.

Patients have refused genetic screening due to fear or disinterest.

While we have recorded these data, it is important to note that we

have not conducted a detailed analysis of the underlying reasons for

this behaviour. It is possible that factors such as the patients’ level of

education or geographical location may be contributing to their reluc-

tance to undergo screening. For example, individuals with lower levels

of education may be less informed about the benefits of cancer

screening, while those in certain regions may have cultural or religious

beliefs that discourage them from seeking medical care. To better

F I G U R E 2 Enrolment impact of
‘healthy men’ at risk for genetic mutation.
DRG: DNA repair gene.
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understand the factors contributing to genetic test refusal, our work-

ing group is currently exploring ways to conduct a more comprehen-

sive analysis of this data. By identifying the specific reasons for

patient reluctance to undergo screening, we can develop targeted

interventions to address these issues and improve cancer screening

rates in our community. We believe that likely the best way to

improve our recruitment rate and spread our message across is

through the help of social media.27,35,36

These data show that greater work needs to be done on social

awareness of the inheritance of PCa. PCa has not yet acquired an

important media coverage when compared to the ‘sister’ breast can-
cer, although is the first tumour for incidence in men, and it is well

established how early diagnose of hereditary tumours prevents from

the worst form of PCa.37 There is substantially less social media

engagement about BRCA genes and genetic testing in PCa compared

with breast cancer.27 Today, associations such as the AUA and the

EAU strive to promote awareness campaigns aimed at stirring the social

conscience among this argument, in order to anticipate the diagnosis of

high-risk tumours. As evidenced knowledge, attitudes and the benefits

of PCa prevention need to spread widely in the Italian population.23

A number of studies have investigated the relationship between

germline abnormalities, PCa screening, and risk of death from the dis-

ease. For example, a study by Pritchard et al.18 found that men with

germline PVs in DNA repair genes had an increased risk of developing

aggressive PCa, as well as a higher risk of dying from the disease.

Another study by Kote-Jarai et al.38 found that men with germline

PVs in BRCA1 and BRCA2 genes were more likely to develop aggres-

sive PCa and that these mutations were associated with a higher risk

of death from the disease.

These findings suggest that men with germline abnormalities may

benefit from PCa screening, as it could allow for earlier detection and

treatment of the disease. In addition, some studies have suggested

that screening may be particularly important for men with germline

PVs, as they may be more likely to develop aggressive forms of PCa

that are more difficult to treat. However, other studies have raised

concerns about overdiagnosis and overtreatment of PCa in screened

populations.18,38,39

Overall, more research is needed to determine the optimal

screening strategies for men with germline abnormalities and to better

understand the risks and benefits of screening in this population.

However, the available evidence suggests that germline testing may

play an important role in PCa screening and prevention, particularly

for men with a family history of the disease.

The limitations of our study are that it is a single-centre study, which

still has low numbers of patients and a short follow-up. COVID-19 has

certainly influenced the outcome of the study by reducing the number

of prostatectomies performed in our institute.

It is important to note that the accuracy of the family tree data

relied on the completeness and accuracy of the information

provided by the patients and their family members. Additionally, the

genealogical trees were limited to only those patients who under-

went genetic counselling at our institution and may not be repre-

sentative of the larger population. As a further limitation, we should

acknowledge that the first counselling women attended was likely

not focused on the development of PCa in their male relatives, pre-

sumably due to lack of evidence at the time. This limitation intrinsi-

cally reinforces the need to sensitize even the scientific population,

which, in the context of the real world, if not completely dedicated

to the topic, may not be up-to-date on ‘being a carrier of germinal

PVs and at risk of developing PCa’. Moreover, we would like to

acknowledge that the decision to start screening at 35 years old

instead of 40 years old was an arbitrary decision that ended up in

an internal debate.

Furthermore, screening only for male relatives of women with

PVs may be a limitation; however, we wanted to test the ‘true’ aware-

ness because when considering a relative of a PCa patient, he could

be biased, because a relative of a patient is affected by the disease. In

fact, we observed that they had already started a screening even

without having performed the genetic test.

5 | CONCLUSIONS

All men who tested positive for a DRG PV accepted to follow the

screening. This observation strongly supports the urgent need to

implement awareness of genetic risk for PCa within male

population.

In addition, an accurate evaluation of the genealogical trees of

breast/ovarian cancer BRCA1-2 patients with PVs allows the detec-

tion of men who are potentially carriers of DRG PVs and consequently

enrol them in a dedicated screening, which is currently not so defined

compared to the screening for breast/ovarian cancers in females. As a

result, we set out to design a screening based on the combination of

PHI and MRI aiming to improve the capacity of early diagnosis as well

as create a potentially personalized approach.

AUTHOR CONTRIBUTIONS

Conception and design: Massimo Lazzeri. Acquisition of data: Nicolò

Buffi, Giovanni Lughezzani, Massimo Lazzeri, Monica Zuradelli,

Monica Barile, Carla Barbara Ripamonti, Paolo Bianchi, Alessio

Benetti, Marco Paciotti, Alessandro Uleri, Pier Paolo Avolio, Alberto

Saita, Rodolfo Hurle, Federica Maura, Luca Germagnoni, Rosanna

Asselta and Giulia Soldà. Analysis and interpretation of data: Vittorio

Fasulo, Giuseppe Chiarelli and Massimo Lazzeri. Drafting of the manu-

script: Vittorio Fasulo, Giuseppe Chiarelli and Massimo Lazzeri. Critical

revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Vittorio Fasulo, Giuseppe Chiarelli, Massimo

Lazzeri and Monica Zuradelli. Obtaining funding: Massimo Lazzeri and

Nicolò Buffi. Supervision: Paolo Casale and Rosanna Asselta.

ACKNOWLEDGEMENTS

We thank Nadia Lo Iacono and Francesca Bernuzzi for their unique

assistance in coordinating patient recruitment and sample collection.

CONFLICT OF INTEREST STATEMENT

All authors declare no conflict of interest.

FASULO ET AL. 743



ORCID

Giovanni Lughezzani https://orcid.org/0000-0003-3939-4521

Marco Paciotti https://orcid.org/0000-0002-8456-6495

Massimo Lazzeri https://orcid.org/0000-0002-4411-3715

REFERENCES

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA

Cancer J Clin. 2021;71(1):7–33. Available from: http://www.ncbi.

nlm.nih.gov/pubmed/33433946, https://doi.org/10.3322/caac.

21654

2. James N, Pirrie S, Pope A, Barton D, Andronis L, Goranitis I, et al.

TRAPEZE: a randomised controlled trial of the clinical effectiveness

and cost-effectiveness of chemotherapy with zoledronic acid,

strontium-89, or both, in men with bony metastatic castration-

refractory prostate cancer. Health Technol Assess (Rockv). 2016;

20(53):1–288. Available from: https://www.journalslibrary.nihr.ac.

uk/hta/hta20530/, https://doi.org/10.3310/hta20530

3. Hamdy FC, Donovan JL, Lane JA, Mason M, Metcalfe C, Holding P,

et al. 10-year outcomes after monitoring, surgery, or radiotherapy for

localized prostate cancer. N Engl J Med. 2016;375(15):1415–24. Avail-
able from: http://www.nejm.org/doi/10.1056/NEJMoa1606220

4. Burgess L, Aldrighetti CM, Ghosh A, Niemierko A, Chino F,

Huynh MJ, et al. Association of the USPSTF grade D recommenda-

tion against prostate-specific antigen screening with prostate

cancer-specific mortality. JAMA Netw Open. 2022;5(5):e2211869.

Available from: https://jamanetwork.com/journals/

jamanetworkopen/fullarticle/2792368, https://doi.org/10.1001/

jamanetworkopen.2022.11869

5. Grossman DC, Curry SJ, Owens DK, Bibbins-Domingo K,

Caughey AB, Davidson KW, et al. Screening for prostate cancer.

Jama. 2018;319(18):1901. Available from: http://jama.jamanetwork.

com/article.aspx?doi=10.1001/jama.2018.3710

6. Shoag JE, Nyame YA, Gulati R, Etzioni R, Hu JC. Reconsidering the

trade-offs of prostate cancer screening. N Engl J Med. 2020;382(25):

2465–8. Available from: http://www.nejm.org/doi/10.1056/

NEJMsb2000250

7. Eastham JA, Auffenberg GB, Barocas DA, Chou R, Crispino T,

Davis JW, et al. Clinically localized prostate cancer: AUA/ASTRO

guideline, part I: Introduction, risk assessment, staging, and risk-

based management. J Urol. 2022;208(1):10–18. Available from:

http://www.jurology.com/doi/10.1097/JU.0000000000002757

8. Mottet N., Bellmunt J., Briers E., Bolla M., Bourke L., Cornford P., De

Santis M., Henry A., Joniau S., Lam T., Mason M.D., Van den Poel H.,

Van den Kwast T.H., Rouvière O. WT; members of the E-E-E-SPCGP.

EAU guidelines. Edn. presented at the EAU Annual Congress Milan

2021. ISBN 978-94-92671-13-4. 2021. Available from: https://

uroweb.org/guideline/prostate-cancer/

9. Watkins Bruner D, Moore D, Parlanti A, Dorgan J, Engstrom P. Rela-

tive risk of prostate cancer for men with affected relatives: system-

atic review and meta-analysis. Int J Cancer. 2003;107(5):797–803.
Available from: https://onlinelibrary.wiley.com/doi/10.1002/ijc.

11466

10. Marshall CH, Fu W, Wang H, Baras AS, Lotan TL, Antonarakis ES.

Prevalence of DNA repair gene mutations in localized prostate can-

cer according to clinical and pathologic features: association of Glea-

son score and tumor stage. Prostate Cancer Prostatic Dis. 2019;

22(1):59–65. Available from: http://www.nature.com/articles/

s41391-018-0086-1, https://doi.org/10.1038/s41391-018-0086-1

11. Lecarpentier J, Silvestri V, Kuchenbaecker KB, Barrowdale D,

Dennis J, McGuffog L, et al. Prediction of breast and prostate cancer

risks in male BRCA1 and BRCA2 mutation carriers using polygenic

risk scores. J Clin Oncol. 2017;35(20):2240–50. Available from:

https://ascopubs.org/doi/10.1200/JCO.2016.69.4935

12. Yap TA, Ashok A, Stoll J, Mauer E, Nepomuceno VM, Blackwell KL,

et al. Prevalence of germline findings among tumors from cancer

types lacking hereditary testing guidelines. JAMA Netw Open. 2022;

5(5):e2213070. Available from: https://jamanetwork.com/journals/

jamanetworkopen/fullarticle/2792499, https://doi.org/10.1001/

jamanetworkopen.2022.13070

13. Momozawa Y, Sasai R, Usui Y, Shiraishi K, Iwasaki Y, Taniyama Y,

et al. Expansion of cancer risk profile for BRCA1 and BRCA2 patho-

genic variants. JAMA Oncol. 2022;8(6):871. Available from: https://

jamanetwork.com/journals/jamaoncology/fullarticle/2791277

14. Bancroft EK, Page EC, Castro E, Lilja H, Vickers A, Sjoberg D, et al.

Targeted prostate cancer screening in BRCA1 and BRCA2 mutation

carriers: results from the initial screening round of the IMPACT

study. Eur Urol. 2014;66(3):489–99. Available from: https://

linkinghub.elsevier.com/retrieve/pii/S0302283814000049, https://

doi.org/10.1016/j.eururo.2014.01.003

15. Abeshouse A, Ahn J, Akbani R, Ally A, Amin S, Andry CD, et al. The

molecular taxonomy of primary prostate cancer. Cell. 2015;163(4):

1011–25. Available from: https://linkinghub.elsevier.com/retrieve/

pii/S0092867415013392, https://doi.org/10.1016/j.cell.2015.

10.025

16. Robinson D, Van Allen EM, Wu Y-M, Schultz N, Lonigro RJ,

Mosquera J-M, et al. Integrative clinical genomics of advanced pros-

tate cancer. Cell. 2015 May;161(5):1215–28. Available from: https://

linkinghub.elsevier.com/retrieve/pii/S0092867415005486, https://

doi.org/10.1016/j.cell.2015.05.001

17. DNA-repair gene mutations in metastatic prostate cancer. N Engl J

Med. 2016;375(18):1802–5. Available from: http://www.nejm.org/

doi/10.1056/NEJMc1611137

18. Pritchard CC, Mateo J, Walsh MF, De Sarkar N, Abida W, Beltran H,

et al. Inherited DNA-repair gene mutations in men with metastatic

prostate cancer. N Engl J Med. 2016;375(5):443–53. Available from:

http://www.nejm.org/doi/10.1056/NEJMoa1603144

19. Khan HM, Cheng HH. Germline genetics of prostate cancer. Pros-

tate. 2022;82(S1):S3–12. Available from: https://onlinelibrary.wiley.

com/doi/10.1002/pros.24340

20. Lazzeri M, Guazzoni G. Focal therapy meets prostate cancer. Lancet.

2010;376(9746):1036–7. Available from: https://linkinghub.elsevier.

com/retrieve/pii/S0140673610605946, https://doi.org/10.1016/

S0140-6736(10)60594-6

21. Fasulo V, Cowan JE, Maggi M, Washington SL, Nguyen HG,

Shinohara K, et al. Characteristics of cancer progression on serial

biopsy in men on active surveillance for early-stage prostate cancer:

implications for focal therapy. Eur Urol Oncol. 2022;5(1):61–9. Avail-
able from: https://linkinghub.elsevier.com/retrieve/pii/S25889

31120301267, https://doi.org/10.1016/j.euo.2020.08.002

22. Lopci E, Lughezzani G, Castello A, Saita A, Colombo P, Hurle R, et al.

Prospective evaluation of 68Ga-labeled prostate-specific membrane

antigen ligand positron emission tomography/computed tomography in

primary prostate cancer diagnosis. Eur Urol Focus. 2021;7(4):764–71.
Available from: https://linkinghub.elsevier.com/retrieve/pii/S2405456

920300924, https://doi.org/10.1016/j.euf.2020.03.004

23. Morlando M, Pelullo CP, Di Giuseppe G. Prostate cancer screening:

knowledge, attitudes and practices in a sample of men in Italy. A sur-

vey. PLoS One. 2017;12(10):e0186332. Available from: https://doi.

org/10.1371/journal.pone.0186332

24. Dehays M. Men’s awareness of prostate cancer. Int J Heal Promot

Educ. 2006;44(2):52–8. Available from: http://www.tandfonline.

com/doi/abs/10.1080/14635240.2006.10708068

25. Benjamin DJ, Rezazadeh KA. Prostate cancer screening at US cancer

centers. JAMA Intern Med. 2022;182(9):1008. Available from:

https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/

2794042, https://doi.org/10.1001/jamainternmed.2022.2456

26. Marti JL, Lee AYJ, Koh ES. Prostate cancer screening at US cancer

centers—reply. JAMA Intern Med. 2022;182(9):1008–9. Available

744 FASULO ET AL.

https://orcid.org/0000-0003-3939-4521
https://orcid.org/0000-0003-3939-4521
https://orcid.org/0000-0002-8456-6495
https://orcid.org/0000-0002-8456-6495
https://orcid.org/0000-0002-4411-3715
https://orcid.org/0000-0002-4411-3715
http://www.ncbi.nlm.nih.gov/pubmed/33433946
http://www.ncbi.nlm.nih.gov/pubmed/33433946
https://doi.org/10.3322/caac.21654
https://doi.org/10.3322/caac.21654
https://www.journalslibrary.nihr.ac.uk/hta/hta20530/
https://www.journalslibrary.nihr.ac.uk/hta/hta20530/
https://doi.org/10.3310/hta20530
http://www.nejm.org/doi/10.1056/NEJMoa1606220
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2792368
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2792368
https://doi.org/10.1001/jamanetworkopen.2022.11869
https://doi.org/10.1001/jamanetworkopen.2022.11869
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.3710
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.3710
http://www.nejm.org/doi/10.1056/NEJMsb2000250
http://www.nejm.org/doi/10.1056/NEJMsb2000250
http://www.jurology.com/doi/10.1097/JU.0000000000002757
https://uroweb.org/guideline/prostate-cancer/
https://uroweb.org/guideline/prostate-cancer/
https://onlinelibrary.wiley.com/doi/10.1002/ijc.11466
https://onlinelibrary.wiley.com/doi/10.1002/ijc.11466
http://www.nature.com/articles/s41391-018-0086-1
http://www.nature.com/articles/s41391-018-0086-1
https://doi.org/10.1038/s41391-018-0086-1
https://ascopubs.org/doi/10.1200/JCO.2016.69.4935
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2792499
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2792499
https://doi.org/10.1001/jamanetworkopen.2022.13070
https://doi.org/10.1001/jamanetworkopen.2022.13070
https://jamanetwork.com/journals/jamaoncology/fullarticle/2791277
https://jamanetwork.com/journals/jamaoncology/fullarticle/2791277
https://linkinghub.elsevier.com/retrieve/pii/S0302283814000049
https://linkinghub.elsevier.com/retrieve/pii/S0302283814000049
https://doi.org/10.1016/j.eururo.2014.01.003
https://doi.org/10.1016/j.eururo.2014.01.003
https://linkinghub.elsevier.com/retrieve/pii/S0092867415013392
https://linkinghub.elsevier.com/retrieve/pii/S0092867415013392
https://doi.org/10.1016/j.cell.2015.10.025
https://doi.org/10.1016/j.cell.2015.10.025
https://linkinghub.elsevier.com/retrieve/pii/S0092867415005486
https://linkinghub.elsevier.com/retrieve/pii/S0092867415005486
https://doi.org/10.1016/j.cell.2015.05.001
https://doi.org/10.1016/j.cell.2015.05.001
http://www.nejm.org/doi/10.1056/NEJMc1611137
http://www.nejm.org/doi/10.1056/NEJMc1611137
http://www.nejm.org/doi/10.1056/NEJMoa1603144
https://onlinelibrary.wiley.com/doi/10.1002/pros.24340
https://onlinelibrary.wiley.com/doi/10.1002/pros.24340
https://linkinghub.elsevier.com/retrieve/pii/S0140673610605946
https://linkinghub.elsevier.com/retrieve/pii/S0140673610605946
https://doi.org/10.1016/S0140-6736(10)60594-6
https://doi.org/10.1016/S0140-6736(10)60594-6
https://linkinghub.elsevier.com/retrieve/pii/S2588931120301267
https://linkinghub.elsevier.com/retrieve/pii/S2588931120301267
https://doi.org/10.1016/j.euo.2020.08.002
https://linkinghub.elsevier.com/retrieve/pii/S2405456920300924
https://linkinghub.elsevier.com/retrieve/pii/S2405456920300924
https://doi.org/10.1016/j.euf.2020.03.004
https://doi.org/10.1371/journal.pone.0186332
https://doi.org/10.1371/journal.pone.0186332
http://www.tandfonline.com/doi/abs/10.1080/14635240.2006.10708068
http://www.tandfonline.com/doi/abs/10.1080/14635240.2006.10708068
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2794042
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2794042
https://doi.org/10.1001/jamainternmed.2022.2456


from: https://jamanetwork.com/journals/jamainternalmedicine/

fullarticle/2794041, https://doi.org/10.1001/jamainternmed.2022.

2459

27. Loeb S, Massey P, Leader AE, Thakker S, Falge E, Taneja S, et al.

Gaps in public awareness about BRCA and genetic testing in prostate

cancer: social media landscape analysis. JMIR Cancer. 2021;7(3):

e27063. Available from: https://cancer.jmir.org/2021/3/e27063,

https://doi.org/10.2196/27063

28. Mondschein R, Taylor R, Thorne H, Bolton D. Novel germline muta-

tions for active surveillance and imaging strategies in prostate can-

cer. Curr Opin Urol. 2022;32(5):456–61. Available from: https://

journals.lww.com/10.1097/MOU.0000000000001024

29. Brook MN, Ní Raghallaigh H, Govindasami K, Dadaev T,

Rageevakumar R, Keating D, et al. Family history of prostate cancer

and survival outcomes in the UK genetic prostate cancer study. Eur

Urol. 2023;83(3):257–66. Available from: https://linkinghub.elsevier.

com/retrieve/pii/S030228382202838X, https://doi.org/10.1016/j.

eururo.2022.11.019

30. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Stan-

dards and guidelines for the interpretation of sequence variants: a

joint consensus recommendation of the American College of Medical

Genetics and Genomics and the Association for Molecular Pathology.

Genet Med. 2015;17(5):405–24. Available from: https://linkinghub.

elsevier.com/retrieve/pii/S1098360021030318, https://doi.org/10.

1038/gim.2015.30

31. Fasulo V, Zuradelli M, Lazzeri M. Re: a prospective prostate cancer

screening programme for men with pathogenic variants in mismatch

repair genes (IMPACT): initial results from an international prospec-

tive study. Eur Urol. 2021;81(2):216–18. Available from: https://

linkinghub.elsevier.com/retrieve/pii/S0302283821022065, https://

doi.org/10.1016/j.eururo.2021.11.030

32. Available from: https://www.osservatorionazionalescreening.it/

content/introduzione

33. Rapporto 2020jOsservatorio Nazionale Screening. Accessed October

2, 2022. Available from: https://www.osservatorionazionalescreening.

it/content/rapporto

34. Mayer M, Selig K, Tüttelmann F, Dinkel A, Gschwend JE,

Herkommer K. Interest in, willingness-to-pay for and willingness-to-

recommend genetic testing for prostate cancer among affected men

after radical prostatectomy. Fam Cancer. 2019;18(2):221–30. Avail-
able from: http://link.springer.com/10.1007/s10689-018-0101-7

35. Morra S, Napolitano L, Collà Ruvolo C, Celentano G, La Rocca R,

Capece M, et al. Could YouTubeTM encourage men on prostate

checks? A contemporary analysis. Arch Ital di Urol e Androl. 2022;

94(3):285–90. Available from: https://www.pagepressjournals.org/

index.php/aiua/article/view/aiua.2022.3.285, https://doi.org/10.

4081/aiua.2022.3.285

36. Abramson M, Feiertag N, Javidi D, Babar M, Loeb S, Watts K. Accu-

racy of prostate cancer screening recommendations for high-risk

populations on YouTube and TikTok. BJUI Compass. 2023;4(2):206–
13. Available from: https://onlinelibrary.wiley.com/doi/10.1002/

bco2.200

37. Harris JN, Bowen DJ, Kuniyuki A, McIntosh L, Fitzgerald LM,

Ostrander EA, et al. Interest in genetic testing among affected men

from hereditary prostate cancer families and their unaffected male

relatives. Genet Med. 2009;11(5):344–55. Available from: https://

linkinghub.elsevier.com/retrieve/pii/S1098360021029233, https://

doi.org/10.1097/GIM.0b013e31819b2425

38. Kote-Jarai Z, Leongamornlert D, Saunders E, Tymrakiewicz M,

Castro E, Mahmud N, 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(8):1230–
4. Available from: http://www.nature.com/articles/bjc2011383,

https://doi.org/10.1038/bjc.2011.383

39. Schröder FH, Hugosson J, Roobol MJ, Tammela TLJ, Zappa M,

Nelen V, et al. Screening and prostate cancer mortality: results of the

European Randomised Study of Screening for Prostate Cancer

(ERSPC) at 13 years of follow-up. Lancet. 2014;384(9959):2027–35.
Available from: https://linkinghub.elsevier.com/retrieve/pii/

S0140673614605250, https://doi.org/10.1016/S0140-6736(14)

60525-0

How to cite this article: Fasulo V, Buffi N, Chiarelli G,

Lughezzani G, Zuradelli M, Ripamonti CB, et al. Male

awareness of prostate cancer risk remains poor in relatives of

women with germline variants in DNA-repair genes. BJUI

Compass. 2023;4(6):738–45. https://doi.org/10.1002/bco2.

252

FASULO ET AL. 745

https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2794041
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2794041
https://doi.org/10.1001/jamainternmed.2022.2459
https://doi.org/10.1001/jamainternmed.2022.2459
https://cancer.jmir.org/2021/3/e27063
https://doi.org/10.2196/27063
https://journals.lww.com/10.1097/MOU.0000000000001024
https://journals.lww.com/10.1097/MOU.0000000000001024
https://linkinghub.elsevier.com/retrieve/pii/S030228382202838X
https://linkinghub.elsevier.com/retrieve/pii/S030228382202838X
https://doi.org/10.1016/j.eururo.2022.11.019
https://doi.org/10.1016/j.eururo.2022.11.019
https://linkinghub.elsevier.com/retrieve/pii/S1098360021030318
https://linkinghub.elsevier.com/retrieve/pii/S1098360021030318
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1038/gim.2015.30
https://linkinghub.elsevier.com/retrieve/pii/S0302283821022065
https://linkinghub.elsevier.com/retrieve/pii/S0302283821022065
https://doi.org/10.1016/j.eururo.2021.11.030
https://doi.org/10.1016/j.eururo.2021.11.030
https://www.osservatorionazionalescreening.it/content/introduzione
https://www.osservatorionazionalescreening.it/content/introduzione
https://www.osservatorionazionalescreening.it/content/rapporto
https://www.osservatorionazionalescreening.it/content/rapporto
http://link.springer.com/10.1007/s10689-018-0101-7
https://www.pagepressjournals.org/index.php/aiua/article/view/aiua.2022.3.285
https://www.pagepressjournals.org/index.php/aiua/article/view/aiua.2022.3.285
https://doi.org/10.4081/aiua.2022.3.285
https://doi.org/10.4081/aiua.2022.3.285
https://onlinelibrary.wiley.com/doi/10.1002/bco2.200
https://onlinelibrary.wiley.com/doi/10.1002/bco2.200
https://linkinghub.elsevier.com/retrieve/pii/S1098360021029233
https://linkinghub.elsevier.com/retrieve/pii/S1098360021029233
https://doi.org/10.1097/GIM.0b013e31819b2425
https://doi.org/10.1097/GIM.0b013e31819b2425
http://www.nature.com/articles/bjc2011383
https://doi.org/10.1038/bjc.2011.383
https://linkinghub.elsevier.com/retrieve/pii/S0140673614605250
https://linkinghub.elsevier.com/retrieve/pii/S0140673614605250
https://doi.org/10.1016/S0140-6736(14)60525-0
https://doi.org/10.1016/S0140-6736(14)60525-0
https://doi.org/10.1002/bco2.252
https://doi.org/10.1002/bco2.252

	Male awareness of prostate cancer risk remains poor in relatives of women with germline variants in DNA-repair genes
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study design
	2.2  Study population
	2.3  Screening plan
	2.4  Study endpoints

	3  RESULTS
	3.1  Enrolment impact
	3.2  Population characteristics
	3.3  Screening result

	4  DISCUSSION
	5  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


