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Abstract: Established risk factors for prostate cancer include age, ethnicity, a
family history of prostate cancer or carrying a pathogenic germline variation in a
prostate cancer predisposition gene. Approximately 10-15% of men with
advanced prostate cancer have a germline genetic predisposition to the disease
(i.e., BRCA2). Whilst the largest, and most well-known prostate cancer screening
studies (i.e., ERSPC) have focused on the use of prostate-specific antigen as a
screening tool, the incorporation of tissue and liquid genomic biomarkers along-
side modern imaging modalities are being designed to individualize and improve
the accuracy of both the screening and diagnostic pathway. The use of a polygenic
risk scoring can now also offer a man his personalized prostate cancer risk based
on a number of low-risk, common genetic variants and is currently the subject of
ongoing research. The mainstreaming of genomics into the prostate cancer
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screening, diagnostic and treatment pathway will soon become embedded into
routine clinical practice. This chapter aims to summarize current knowledge on
the topic of men who harbor a genetic predisposition to prostate cancer, how this
predisposition arises, its stratification into low-risk common variants vs. high-
risk, rare variants, and its impact and incorporation into screening and diagnostic
algorithms. The importance of germline genetics beyond screening and diagnos-
tics, its role in the identification of lethal prostate cancer, and in the selection of
targeted treatments for advanced disease is also discussed.

Keywords: familial prostate cancer; family history and prostate cancer; genetics of
prostate cancer; hereditary prostate cancer; prostate cancer disease profile and
screening

INTRODUCTION

Men with a family history of prostate cancer present a challenge in early prostate
cancer detection whilst considering in parallel the well-known harms of PSA
screening. The strength of a man’s family history (i.e., first degree or second-
degree relative) as well as the age of prostate cancer onset of his affected family
members are also of importance. The literature is conflicting regarding treatment
outcomes, survival, and grade/stage of disease in men with a family history, com-
pared to those without.

Men with a family history of prostate cancer constitute an important popula-
tion of men with a higher incidence of prostate cancer compared to men from the
general population. Evidence suggests a spectrum of risk, with at least a two-fold
increase (1) and worsening risk with the number and closeness (i.e., first degree)
of relatives affected. A Swedish study reporting from a family-database of over
nine million people reported a standardized incidence ratio (SIR) of 23 for men
whose father and brother were affected (2). Hereditary prostate cancer (HPC) is a
unique and specially defined circumstance based on a man’s pedigree, with three
categories described: (i) prostate cancer in three successive generations; (ii) at
least two cases of prostate cancer in the family, both with an age of onset of <55
years old; and (iii) three or more first-degree relatives with prostate cancer at any
age. This type of prostate cancer was first described by Carter et al in 1993 (3). It
remains unclear if the biology of HPC is different to those with ‘sporadic’ (i.e.,
those with no family history of prostate cancer) disease but men with HPC do
develop prostate cancer at an earlier age. In men with prostate cancer diagnosed
at <-55 years, HPC (as defined above) was found in up to 43% of cases. Genes
implicated in HPC include BRCA1/2 and HOXBI3.

DOES PROSTATE CANCER IN MEN WITH A FAMILY HISTORY
BEHAVE DIFFERENTLY COMPARED TO THOSE WITHOUT?

Evidence for differences in disease biology between sporadic, familial, and hereditary
prostate cancer is varied. Gronberg analyzed American families with familial and
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HPC compared to men with sporadic prostate cancer. They showed that men with
HPC were diagnosed with more aggressive prostate cancer and had an earlier age of
onset (by 2 years) and had worse TNM stage (4). Poorer biochemical-free relapse
rates at five-years following radical prostatectomy in men with familial prostate can-
cer (one first-degree relative affected with prostate cancer) compared to those with-
out have been shown by Kupelian et al in a retrospective review of over 1,000 men.
This work described family history as an independent predictor of biochemical
recurrence after adjusting for age, histology, stage, and surgical pathology such as
positive margins (5, 6). However in a similar analysis of 708 men undergoing radical
prostatectomy published by Bova with longer follow-up (7), no differences in bio-
chemical recurrences were seen between men with familial prostate cancer/HPC
compared with men without a family history who were disease and age-matched.

In an analysis of 481,000 men in the Cancer Prevention Study IT (CPS-II), men
who had any family history of prostate cancer were 60% more likely to die from
prostate cancer compared to those without, with a pronounced effect if the affected
relative was diagnosed with prostate cancer before 65 years old (8). In an analysis
of 5,519 men in the placebo arm of the Prostate Cancer Prevention Trial (PCPT),
men with a family history (16% of the cohort) of prostate cancer had an odds ratio
of 1.31 for harboring prostate cancer on any form of prostate biopsy undertaken
during study follow-up. In the family history group, 24% who had a prostate
biopsy had prostate cancer diagnosed compared with 17% of men without a fam-
ily history; importantly, the investigators did not report that family history was
associated with high-grade disease (9). Interrogating the Prostate, Lung, Colorectal
and Ovary (PLCO) data, Liss et al found that when men with a family history
underwent PSA screening, there was a significantly higher incidence of prostate
cancer and prostate cancer cancer-specific mortality in those with a family history
compared to those without (10).

Westerman et al. reviewed the impact of family history in a first-degree relative
on clinical and mortality outcomes in a surgical population of approximately 16,000
men at the Mayo clinic undergoing radical prostatectomy from 1987-2010. Their
cohort had a large incidence of family history (32.3%). They found men with a fam-
ily history were significantly more likely to have organ-confined and low-risk dis-
ease and higher 10-year cancer-specific (99% vs 97%) and overall survival (92% vs
85%) compared to men without a family history (11). Overall survival has been
reported as superior in men with a family history of prostate cancer in an Australian
analysis of 9459 men by Ang et al (12) after adjusting for NCCN disease-risk cate-
gory, age, and year of treatment. In this analysis, family history definition was a
binary yes or no response relating to grandfather, father, uncle child or grandchild.
Recently, Urabe et al published a meta-analysis of 8 studies with 33,027 patients
reporting no impact of family history on cancer specific mortality or the risk of bio-
chemical recurrence in patients with localized prostate cancer (13).

HOW DOES PSA SCREENING PERFORM IN MEN WITH A
FAMILY HISTORY OF PROSTATE CANCER?

A subset analysis of European Randomised Screening Study of Prostate Cancer
(ERSPC) (n=4,932) analyzed the effect of family history. The incidence of
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prostate cancer differed significantly over an 11-year period between men
with and without a family history (18% vs 12% respectively, HR 1.6). Family
history status along with age and baseline PSA were significant predictors of
prostate cancer incidence, but family history status was not an independent
predictor for clinically significant prostate cancer. When men were stratified
by family history status, 5.1% of men with a family history of prostate cancer
were found to have clinically significant cancer compared to 4% of men with-
out a family history (14).

When analyzing by screening arm vs non-screening arm in the PLCO screen-
ing trial, men with a family history of prostate cancer in a first-degree relative and
the number of first degree relatives with a diagnosis of prostate cancer was signifi-
cantly associated with prostate cancer mortality (HR 1.89) in the non-screening
arm compared to the screening arm (15) suggesting a benefit to screening this
group. Across both study arms, 10.5% of men without a family history were found
to have prostate cancer compared with 16.5% of men with a family history. There
was no difference in cancer stage, age, or PSA at diagnosis between the groups. It
must be remembered however that the PLCO study was in essence (due to con-
tamination of the trials’ screening arm), a trial of routine PSA screening vs oppor-
tunistic screening.

SPECIFIC GERMLINE GENETIC MUTATIONS INVOLVED IN
PROSTATE CANCER

Specific prostate cancer risk genes exist, occurring rarely in the general popula-
tion (0.2-0.3%) but with evidence for enrichment in cases of metastatic prostate
cancer. Pritchard et al (16) highlighted the important role of DNA repair gene
mutations in the biology of men presenting with advanced prostate cancer, dem-
onstrating a relative risk (RR) of 18.6 for men with germline BRCA2 mutations
and 3.1 for men with CHEK2 mutations. In their analysis of 692 men with meta-
static prostate cancer, they found 11.8% of men carried a germline mutation in a
DNA repair gene with 44% of all mutations found in the BRCA2 gene. These men
were unselected for age at diagnosis or family history status. This differed to men
with localized prostate cancer, in whom a frequency of germline mutations of
4.6% was described (17).

Pathogenic germline mutations were also found in approximately 17% of
men in a cross-sectional study of 3607 men with prostate cancer, unselected
for family history, age or disease stage, of which 30.7% were BRCA1/2 variants,
4.5% were due to HOXB13, 14.1% CHEK2 and 9.6% due to ATM (18). The
United Kingdom Genetics Prostate Cancer Study (UKGPCS) (19) reported
7.3% of 191 prostate cancer patients with a family history of prostate cancer
(with three or more cases in their family) were found to carry a pathogenic
germline variant, the most commonly detected being in BRCA2 (28.57% of all
pathogenic variants). Importantly, there was a significant association seen
between carrying a pathogenic variant and a diagnosis of nodal or metastatic
disease.
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BRCA

Mutations in BRCA1/2 are rare in the general population and enriched in the Ashkenazi
Jews (with a frequency of approximately 2-2.5% of Ashkenazi women carrying a
mutation in BRCA1/2 and 3.2-4% of Ashkenazi men with prostate cancer) (20).
BRCA2 mutations confer the highest risk of prostate cancer (8.6-fold in men aged <65
years) (21, 22), with the effect of mutations in BRCAI being significant (23). In an
Icelandic study, BRCA1/2 mutation carriers were younger at diagnosis, (69 vs. 74
years) and presented with more advanced tumor (T) stage (T3—4: 79% vs. 36%) and
histologically aggressive tumors (84% vs. 52.7%). Median cancer-specific survival
(CSS) for carriers was 2.1 years compared with 12.4 years for non-carriers (24).

Poorer outcomes in carriers have also been reported. Edwards et al (13) com-
pared overall survival (OS) after prostate cancer diagnosis in a series of BRCA2
mutation carriers and controls. BRCA2 mutation carriers had a median OS of
4.8 years vs with 8.5 years for non-carriers. Castro et al (25) reported a more
aggressive prostate cancer phenotype more frequently associated with lymph
node involvement and distant metastasis compared to non-carriers. An Icelandic
study by Tryggvadottir et al showed a mean overall survival of approximately
2 years in men with prostate cancer who carried the specific 999del5 BRCA2
pathogenic variant compared with non-carriers (26).

The most optimal treatment strategy for men with prostate cancer who carry a
high-risk genetic mutation such as BRCA2 is yet to be established, with no ran-
domized clinical trials or large-volume series demonstrating a clear advantage of
one radical treatment strategy over another. Such a trial would prove difficult due
to the relative rarity of the mutation in the general population and in men with
organ-confined disease undergoing radical treatment with surgery or radiother-
apy. A retrospective series by Castro et al reviewed 1302 men (67 BRCA1/2 muta-
tion carriers) with prostate cancer and found poorer metastasis-free survival and
cancer specific survival after radiotherapy (27) although this was not statistically
significant. The PROREPAIR-B study was a multi-center study enrolling men pre-
senting with metastatic castrate resistant prostate cancer for germline testing for
defects in 107 DNA damage repair genes. 16.2% of their population (419 men)
were found to carry a germline mutation, of which BRCA2 was the most common.
The investigators reported worse outcomes in men with a BRCA2 mutation receiv-
ing taxane chemotherapy as first line treatment compared to those without a
BRCA2 mutation, along with a reduced median cancer-specific survival (28).
Active surveillance (AS) is now an acceptable and recommended treatment option
for localized prostate cancer of favorable risk so men may avoid the risks and
morbidity of radical treatment until the disease profile requires it. Carter et al (29)
have demonstrated an association between the incidence of disease upgrade in
men on AS with germline mutations in BRCA1/2/ATM compared with non-carri-
ers (five-fold greater risk; adjusted HR 2.40, p=0.046).

CHEK2, NBN, ATM

CHEK2 mutations have been implicated in familial and hereditary prostate cancer,
in particular in Slavic populations (30, 31). In a UK study of 191 men with 3 or
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more cases of prostate cancer in their family, Leongamornlert et al reported CHEK2
germline mutations accounted for 14% of all germline loss of function mutations
and was associated with more aggressive prostate cancer (19).

In Polish men with disease onset less than 60 years and in men with a family
history of prostate cancer, frequencies of mutations in BRCA1, CHEK2 and NBN
were higher than in those without. A founder mutation (675del5) in NBN has also
been associated with a three-fold increase in prostate cancer incidence amongst
carriers and a significant effect on overall survival after adjusting for age, stage,
and tumor grade (32-34). In a UK study of aggressive prostate cancer cases,
Mijuskovic et al found a protein-truncating variants in NBN was present in 5.8%
of aggressive cases of prostate cancer (35). Men carrying a pathogenic variant in
the ATM gene have been reported as having upwards of a four-fold increase in
prostate cancer risk and were more likely to have earlier onset disease in a large
case-control, European analysis by Karlsson et al (36), along with shorter survival
times and younger age at death from prostate cancer (37).

HOXB13

Carriers of a pathogenic germline missense variant of the HOXBI13 gene had a
33% risk of developing prostate cancer, compared to a 12% risk of non-carriers in
a Scandinavian population of over 5,000 cases (38). An analysis of approximately
2,400 Prostate cancer families found a HOXB13 mutation in 5%, suggesting a
potential role of targeted screening in men known to carry this germline variant
(38, 39). A further large-scale Finnish analysis of 4,000 prostate cancer cases
revealed a significantly higher carrier-rate of the specific G84E mutation amongst
men with prostate cancer (3.5%) and those with a family history (8.4%) com-
pared to controls (40). In a separate study, Ewing et al found the carrier rate of the
G84E mutation was more commonly encountered in men with a diagnosis of
prostate cancer at an early age and in those with a positive family history (1.4%),
than those without (0.1%) (41). There was no difference in Gleason grade between
carriers and non-carriers (41). Nyberg et al described age-specific risks for carriers
of the pathogenic G84E variant for developing prostate cancer and stratified men
by varying pedigrees. The average predicted risk of prostate cancer by age 85 was
62% for those carrying the mutation, compared with 15% for those without. In a
mutation carrier with a history of prostate cancer in his father, the risk estimate
ranged from 69% to 92% depending on the fathers age at prostate cancer
diagnosis, and for a man with two affected first-degree relatives, the risk estimate
ranged from 70% to 98% (42).

LYNCH SYNDROME

Lynch syndrome is a rare, inherited cancer predisposition syndrome caused by
germline mutations in the miss-match repair genes; MLHI, MSH2 or MSH6. It
has been estimated in a study investigating 106 men with miss-match repair
mutations that the cumulative risk of prostate cancer by the age of 70 in
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mutation carriers is 30%, compared with 9-12% in the general population. Of
the cancers diagnosed with available histology, 5 cases (62.5%) were poorly dif-
ferentiated, with a Gleason score 28 (42). Recent results from the first screening
round of the IMPACT study described higher prostate cancer incidence in MSH2
and MSH6 mutation carriers (compared to age-matched, non-carrier controls),
with results suggesting a possible benefit in targeted PSA screening in these
high-risk groups (43).

THE IMPACT OF GERMLINE GENETICS ON TREATMENT AND
OUTCOMES

Targeted therapy for men with pathogenic variants in DNA damage repair genes
has been the subject of recent research. In men with metastatic castration-resistant
prostate cancer with germline or somatic pathogenic variants in BRCA1/2, Olaparib
has been evaluated in the UK based, Phase 2 TOPARP study (44) which recruited
92 patients with known mutations in DNA damage repair genes to receive either
300mg or 400mg of olaparib. Results showed greater radiological, PSA or circu-
lating tumor cell response in the 400mg group, and this was greatest in those with
a BRCA1/2 mutation. PARP inhibitors are now licensed in the US and Europe for
men with germline mutations in DNA repair genes (BRCAI, BRCA2 and ATM)
(45-47). In addition, men with advanced prostate cancer pathogenic variants in
BRCAI, BRCA2 and other DNA repair genes have also demonstrated encouraging
sensitivity to platinum chemotherapy (48-50).

GERMLINE SINGLE NUCLEOTIDE POLYMORPHISMS (SNPS)

Large scale genome-wide-association-studies (GWAS) have led to the discovery of
approximately 269 SNPs specifically associated with Prostate cancer risk (51-54)
across multiple chromosomal loci. At present, 34—43% of the familial risk in pros-
tate cancer can be explained based on these SNPs, with men in the top 1% of the
risk profile having a 5.7-fold increase in risk of developing prostate cancer com-
pared with the average risk of men in the general population (55-57).

By measuring the genetic burden for a specific disease, a polygenic risk score
(PRS) provides a novel tool in identifying those at greatest or the lowest risk. A
PRS is calculated by summing all detected (and weighted) risk alleles, with the
effect of each allele described from published GWAS. Using PRS in addition to
clinical information (i.e., age, PSA, and family history) has been shown to predict
prostate cancer and also reduce the need for prostate biopsies (58, 59). Limitations
include extensive underrepresentation of non-Caucasian populations in the stud-
ies have resulted in prostate cancer risk SNP discovery, though multi-ethnic analy-
ses have now been reported by Conti et al in a recent GWAS and meta-analysis of
over 107,000 cases and controls across different ethnic populations reporting 269
risk SNPs. They reported men of African ancestry having a genetic risk score
(GRS) that was 2.18 times higher than that of Caucasians (57).

205



206

Raghallaigh HN and Bott SR/

In a meta-analysis by Schumacher et al, men in the top 1% of the risk profile
according to a 147 prostate cancer-risk SNP profile had a 5.7-fold increased risk
of prostate cancer compared to men of average risk (defined as those in the
25-75™ centiles of risk) (60, 61). Of note, the PRS effect increased with the pres-
ence of positive family history and in those with a prostate cancer diagnosis under
the age of 55 years.

Pashayan et al. assessed the implications of using a PRS in reducing the prostate
cancer over-diagnosis associated with PSA-based prostate cancer screening. They
built a PRS-based on 17,000 prostate cancer cases using 66 prostate cancer risk
SNPs, separating men into risk quartiles. They found that PRS-based risk stratifica-
tion had the ability to lead to a 56% reduction in over-diagnosis between the lowest
PRS quartile and the highest (62). The PRS described by MacInnis et al (based on
26 risk SNPs) in men specifically with familial prostate cancer (53), demonstrated
the parallel effects of family history status and known prostate cancer susceptibility
variants. Seibert et al reported a polygenic hazard score (PHS) using 54 prostate
cancer risk SNPs. This showed the ability to predict age at prostate cancer diagnosis
of any prostate cancer and aggressive prostate cancer. In this study, the positive pre-
dictive value (PPV) of PSA also increased with increasing PHS (63).

Apart from predicting risk in the general population, prostate cancer SNPs are
known to modify the risk associated with BRCA1/2 mutations. Recently, the utility
of a 147-prostate cancer SNP assay was investigated in approximately 1,800
Caucasian men of European ancestry from the CIMBA consortium. They reported
a wide range of absolute prostate cancer risks in men with BRCA1/2 mutations,
depending on where one falls on the spectrum of polygenic risk (Figure 1). These
results indicate that a PRS could be clinically informative in assigning men an

A BRCAT1 carriers: absolute risk of B BRCAZ2 carriers: absolute risk of
prostate cancer prostate cancer
—— 50th (median) percentile 87.6%
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Figure 1. Risk of prostate cancer in BRCA1/2 mutation carriers according to age and polygenic
risk. Reproduced from Barnes et al (64). The predicted absolute risks of developing breast
cancer and prostate cancer by PRS percentile. Risks were calculated assuming the per
standard deviation ratio estimates in the combined sample of BRCAT and BRCA2 carriers.
(B) absolute risk of prostate cancer in male BRCAT carriers (C) absolute risk of Prostate
cancer in male BRCA2 carriers. Copyright@2021, Oxford University Press. Figure reproduced
under terms of the Creative Commons CC BY license which permits unrestricted use,
distribution, and reproduction in any medium.
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individualized cancer risk for those carrying pathogenic BRCA1/2 variants, a small
but important group of men could form part of a novel, future enhanced screen-
ing strategies for BRCA1/2 mutation carriers (64).

INCORPORATING GENETICS INTO SCREENING AND
DIAGNOSTIC PATHWAYS

The STOCKHOLMS3 study (STHLM3) (65) was the first population-based prostate
cancer screening study prospectively assessing a prostate cancer screening strategy
incorporating genetic information. The study’ screening model combined serum
biomarkers (including PSA and its isomers), 232 risk SNPs and known clinical
variables (e.g., age, a family history of prostate cancer, previous prostate biopsy)
and compared this with a PSA alone (using a threshold of >3.0ng/ml) screening
strategy. The sensitivity of the STHLM3 model for the detection of clinically
significant Prostate cancer was superior (AUC 0.74 vs 0.56) when compared to
PSA. The STHLME3 model also reduced the number of prostate biopsies by 32%
and avoided 44% of negative biopsies. Given the Caucasian ethnicity of the
majority of participants in the original STHLM3 screening study, the evaluation
and validation of the STHLM3 model in non-Caucasian populations will be
important and this is being investigated prospectively in a multi-ethnic cohort
(SEPTA trial) in Chicago (NCT04583072). The STHLM3MRI study incorporated
the use of prostate MRI, which combines a paired and randomized study design,
the results of which have recently been published (66). When Nordstrom et al
compared a strategy of PSA screening combined systematic biopsies with that of a
‘positive’ STHLM3 test combined with MRI-targeted biopsies, they found 69%
fewer low-grade cancers were diagnosed (95% CI 52-80; 45 vs 142 per 10,000
tested men) and 52 percent fewer biopsies (95% CI 43-58; 409 vs 853 per 10,000
tested men) were performed in the STHLM3/MRI cohort. This test combination
therefore shows great promise for minimizing prostate cancer over-detection
whilst maintaining the detection of clinically significant disease.

BARCODE1 (NCT03857477) will be the first prospective study to utilize a pros-
tate cancer risk SNP profile to evaluate targeted prostate cancer screening in the
general population. The investigators recruited patients via their general practitio-
ners and offered intervention with MRI and prostate biopsy to men only falling in
the top 10% of polygenic risk. In the BARCODEI! pilot study, uptake following
invitation was 26% with 25/303 participants being identified for MRI/Biopsy invita-
tion based on their PRS falling in the top 10% (67). The pilot study is now com-
plete, with the full study having completed recruitment and is ongoing.

A risk-stratified approach to refining breast cancer screening was modelled by
Pashayan et al (68) in a hypothetical UK cohort of over 300,000 women compar-
ing no screening, age-based screening and a PRS-based model where only women
in the highest PRS were offered screening mammography. Reduced rates of breast
cancer overdiagnosis and improved cost-effectiveness were found when women
with low risk were not offered screening. The WISDOM study is an RCT compar-
ing personalized, risk-based screening with routine annual breast cancer screen-
ing in 100,000 women aged 40-74 in the USA. The personalized screening,
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experimental arm is based on a woman’s breast density, a PRS based on over 200
breast cancer risk SNPs, O gene-panel and ethnicity (69). A similar approach
could be utilized in prostate cancer in the future.

TARGETED PROSTATE CANCER SCREENING

PSA is not a diagnostic test for prostate cancer and is unlikely to ever be deemed
a satisfactory tool on its own for population screening. Given that advanced and
aggressive prostate cancer can significantly affect a man’s survival (70), targeting
men at a high risk of cancer and a high risk of lethal prostate cancer would be the
better target of a screening program. It is in this scenario where clinical and genetic
risk modelling may play a large part in future targeted screening strategies.

In a prospective screening study of Israeli males with known BRCA1/2 muta-
tions for 5 different cancers including prostate cancer, the rate of prostate cancer
detection in BRCA1/2 mutation carriers was 3.8-8.6% using annual PSA screen-
ing and digital rectal examination (71). Das et al have also reported their inten-
tion to prospectively study a cohort of men with known pathogenic germline
variants (BRCA1/2, HOXB13, ATM, Lynch syndrome genes), managed in a high-
risk clinic which will include a PSA, DRE, SelectMDx™ and MRI based algo-
rithm (72).

The IMPACT study (NCT00261456) is a targeted screening study enrolling
over 3,000 men (BRCA1/2, MSH2, MSH6, MLH]1 mutation carriers and controls)
investigating the outcomes of targeted PSA screening; the screening intervention
being annual PSA and a biopsy triggered with a PSA threshold of 3.0 ng/ml.
Preliminary and interim results in the BRCA1/2 cohort suggested targeted screen-
ing using PSA in this population is beneficial in those with a BRCA2 mutation,
with mutation carriers having with a higher rate of prostate cancer diagnosis, at a
younger age and having more significant disease than non-carriers. In 2020, Segal
et al reported their first round of screening combining age-stratified PSA and MRI
in BRCA1/2 mutation carriers. This approach detected cancer in 8.6% of the 188
men recruited, with a significant net benefit of screening using MRI compared to
PSA found in men aged 40-55 years (PSA had the highest benefit in those aged
>55) (73). The early screening results of Das et al (72), the Lynch cohort of the
IMPACT study (43) and interim results of the IMPACT BRCA cohort (74) have
been published and the full results are awaited. Dahut et al have described a
screening protocol for men with pathogenic variants in known or suspected high-
penetrance cancer predisposition genes where they intend on screening 500 men
with prostate MRI, PSA and DRE with repeat screening interventions every two
years (75).

It is yet unclear exactly what role PRS can play as a screening tool in detecting
prostate cancer in asymptomatic men selected for a family history as most who
will have low PSAs. The PROFILE pilot study evaluated the feasibility of recruit-
ing men with a family history of prostate cancer to undergo up front prostate
biopsy and germline SNP testing for prostate cancer risk SNPs to assign all men a
PRS. No significant association between the PRS and prostate cancer diagnosis
was found in 100 healthy men with a family history of prostate cancer undergoing
screening prostate biopsy irrespective of PSA. However, the number of cancers
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diagnosed in this group of men (mean age 53) with a low median PSA (1.3) was
sizeable; 25% had prostate cancer found on screening biopsy of whom 48% had
clinically significant disease. Twelve men with prostate cancer had a PSA <3
(52%). No adverse psychosocial variables were noted (76).

CONCLUSION

Germline mutations in a prostate cancer predisposition gene have emerged as
important in all aspects of the prostate cancer pathway, from screening and diag-
nosis through to patient counselling regarding prognosis and targeted treatments.
Germline analysis for prostate cancer risk SNPs is also likely to play a role in the
future of prostate cancer screening and diagnostic risk-stratification pathways;
identifying men who may benefit more from further diagnostic tests or reassuring
those at low risk.

Copyright and Permission Statement: The authors confirm that the materials
included in this chapter do not violate copyright laws. Where relevant, appropri-
ate permissions have been obtained from the original copyright holder(s), and all
original sources have been appropriately acknowledged or referenced.

Conflict of Interest: The authors declare no potential conflict of interest with
respect to research, authorship and/or publication of this chapter.

REFERENCES

1. Goldgar DE, Easton DE Cannon-Albright LA, Skolnick MH. Systematic population-based assessment
of cancer risk in first-degree relatives of cancer probands. J Natl Cancer Inst. 1994;86(21):1600-8.
https://doi.org/10.1093/jnci/86.21.1600

2. Dong C, Hemminki K. Modification of cancer risks in offspring by sibling and paren-
tal cancers from 2,112,616 nuclear families. Int J Cancer. 2001;92(1):144-50. https:/doi.
org/10.1002/1097-0215(200102)9999:9999<::AID-1JC1147>3.0.CO;2-C

3. Carter BS, Bova GS, Beaty TH, Steinberg GD, Childs B, Isaacs WB, et al. Hereditary prostate can-
cer: epidemiologic and clinical features. J Urol. 1993;150(3):797-802. https://doi.org/10.1016/
S0022-5347(17)35617-3

4. Gronberg H, Isaacs SD, Smith JR, Carpten JD, Bova GS, Freije D, et al. Characteristics of pros-
tate cancer in families potentially linked to the hereditary prostate cancer 1 (HPC1) locus. JAMA.
1997;278(15):1251-5. https://doi.org/10.1001/jama.1997.03550150055035

5. Kupelian PA, Klein EA, Witte JS, Kupelian VA, Suh JH. Familial prostate cancer: a different disease?
J Urol. 1997;158(6):2197-201. https://doi.org/10.1016/50022-5347(01)68194-1

6. Kupelian PA, Reddy CA, Reuther AM, Mahadevan A, Ciezki JP, Klein EA. Aggressiveness of familial
prostate cancer. ] Clin Oncol. 2006;24(21):3445-50. https://doi.org/10.1200/JCO.2006.05.7661

7. Bova GS, Partin AW, Isaacs SD, Carter BS, Beaty TL, Isaacs WB, et al. Biological aggressive-
ness of hereditary prostate cancer: long-term evaluation following radical prostatectomy. J Urol.
1998;160(3 Pt 1):660-3. https://doi.org/10.1016/S0022-5347(01)62748-4

8. Rodriguez C, Calle EE, Miracle-McMahill HL, Tatham LM, Wingo PA, Thun MJ, et al.
Family history and risk of fatal prostate cancer. Epidemiology. 1997;8(6):653—7. https://doi.
org/10.1097/00001648-199711000-00011

209


https://doi.org/10.1093/jnci/86.21.1600
https://doi.org/10.1002/1097-0215(200102)9999:9999<::AID-IJC1147>3.0.CO;2-C
https://doi.org/10.1002/1097-0215(200102)9999:9999<::AID-IJC1147>3.0.CO;2-C
https://doi.org/10.1016/S0022-5347(17)35617-3
https://doi.org/10.1016/S0022-5347(17)35617-3
https://doi.org/10.1001/jama.1997.03550150055035
https://doi.org/10.1016/S0022-5347(01)68194-1
https://doi.org/10.1200/JCO.2006.05.7661
https://doi.org/10.1016/S0022-5347(01)62748-4
https://doi.org/10.1097/00001648-199711000-00011
https://doi.org/10.1097/00001648-199711000-00011

210

Raghallaigh HN and Bott SR/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Thompson IM, Ankerst DP, Chi C, Goodman PJ, Tangen CM, Lucia MS, et al. Assessing prostate
cancer risk: results from the Prostate Cancer Prevention Trial. ] Natl Cancer Inst. 2006;98(8):529-34.
https://doi.org/10.1093/jnci/djj131

Liss MA, Chen H, Hemal S, Krane S, Kane CJ, Xu J, et al. Impact of family history on prostate
cancer mortality in white men undergoing prostate specific antigen based screening. J Urol.
2015;193(1):75-9. https://doi.org/10.1016/j.juro.2014.07.085

Westerman ME, Gershman B, Karnes R], Thompson RH, Rangel L, Boorjian SA. Impact of a family
history of prostate cancer on clinicopathologic outcomes and survival following radical prostatectomy.
World ] Urol. 2016;34(8):1115-22. https://doi.org/10.1007/s00345-015-1738-6

Ang M, Borg M, O’Callaghan ME, South Australian Prostate Cancer Clinical Outcomes C. Survival
outcomes in men with a positive family history of prostate cancer: a registry based study. BMC Cancer.
2020;20(1):894. https://doi.org/10.1186/s12885-020-07174-9

Urabe E Kimura S, Yamamoto S, Tashiro K, Kimura T, Egawa S. Impact of family history on oncological
outcomes in primary therapy for localized prostate cancer patients: a systematic review and meta-analy-
sis. Prostate Cancer Prostatic Dis. 2021;24(3):638-46. https://doi.org/10.1038/s41391-021-00329-0
Randazzo M, Muiller A, Carlsson S, Eberli D, Huber A, Grobholz R, et al. A positive family history as
a risk factor for prostate cancer in a population-based study with organised prostate-specific antigen
screening: results of the Swiss European Randomised Study of Screening for Prostate Cancer (ERSPC,
Aarau). BJU Int. 2016;117(4):576-83. https://doi.org/10.1111/bju.13310

Abdel-Rahman O. Prostate Cancer Incidence and Mortality in Relationship to Family History of
Prostate Cancer; Findings From The PLCO Trial. Clin Genitourin Cancer. 2019;17(4):e837-e44.
https://doi.org/10.1016/j.clge.2019.05.015

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 ] Med. 2016;375(5):443-53. https://doi.
org/10.1056/NEJMoal 603144

Cancer Genome Atlas Research N. The Molecular Taxonomy of Primary Prostate Cancer. Cell.
2015;163(4):1011-25. https://doi.org/10.1016/j.cell.2015.10.025

Nicolosi P, Ledet E, Yang S, Michalski S, Freschi B, O’Leary E, et al. Prevalence of Germline Variants
in Prostate Cancer and Implications for Current Genetic Testing Guidelines. JAMA Oncology.
2019;5(4):523-8. https://doi.org/10.1001/jamaoncol.2018.6760

Leongamornlert D, Saunders E, Dadaev T, Tymrakiewicz M, Goh C, Jugurnauth-Little S, et al. Frequent
germline deleterious mutations in DNA repair genes in familial prostate cancer cases are associated
with advanced disease. Br ] Cancer. 2014;110(6):1663-72. https://doi.org/10.1038/bjc.2014.30
Hartge P, Struewing JP, Wacholder S, Brody LC, Tucker MA. The prevalence of common BRCAL
and BRCA2 mutations among Ashkenazi Jews. Am J Hum Genet. 1999;64(4):963-70. https://doi.
org/10.1086/302320

Chalasani P Cancer risks in BRCA2 mutation carriers. The Breast Cancer Linkage Consortium. J Natl
Cancer Inst. 1999;91:1310-6. https://doi.org/10.1093/jnci/91.15.1310

Edwards SM, Kote-Jarai Z, Meitz J, Hamoudi R, Hope Q, Osin P, et al. Two Percent of Men with Early-
Onset Prostate Cancer Harbor Germline Mutations in the< i> BRCA2</i> Gene. The American Journal
of Human Genetics. 2003;72(1):1-12. https://doi.org/10.1086/345310

Leongamornlert D, Mahmud N, Tymrakiewicz M, Saunders E, Dadaev T, Castro E, et al. Germline
BRCA1 mutations increase prostate cancer risk. British journal of cancer. 2012;106(10):1697-701.
https://doi.org/10.1038/bjc.2012.146

Tryggvadéttir L, Vidarsdottir L, Thorgeirsson T, Jonasson JG, Olafsdéttir EJ, Olafsdottir GH, et al.
Prostate cancer progression and survival in BRCA2 mutation carriers. Journal of the National Cancer
Institute. 2007;99(12):929-35. https://doi.org/10.1093/jnci/djm005

Castro E, Goh C, Olmos D, Saunders E, Leongamornlert D, Tymrakiewicz M, et al. Germline BRCA
mutations are associated with higher risk of nodal involvement, distant metastasis, and poor sur-
vival outcomes in prostate cancer. Journal of Clinical Oncology. 2013;31(14):1748-57. https://doi.
org/10.1200/JC0O.2012.43.1882

Tryggvadottir L, Vidarsdottir L, Thorgeirsson T, Jonasson JG, Olafsdottir EJ, Olafsdottir GH,
et al. Prostate cancer progression and survival in BRCA2 mutation carriers. ] Natl Cancer Inst.
2007;99(12):929-35. https://doi.org/10.1093/jnci/djm005


https://doi.org/10.1093/jnci/djj131
https://doi.org/10.1016/j.juro.2014.07.085
https://doi.org/10.1007/s00345-015-1738-6
https://doi.org/10.1186/s12885-020-07174-9
https://doi.org/10.1038/s41391-021-00329-0
https://doi.org/10.1111/bju.13310
https://doi.org/10.1016/j.clgc.2019.05.015
https://doi.org/10.1056/NEJMoa1603144
https://doi.org/10.1056/NEJMoa1603144
https://doi.org/10.1016/j.cell.2015.10.025
https://doi.org/10.1001/jamaoncol.2018.6760
https://doi.org/10.1038/bjc.2014.30
https://doi.org/10.1086/302320
https://doi.org/10.1086/302320
https://doi.org/10.1093/jnci/91.15.1310
https://doi.org/10.1086/345310
https://doi.org/10.1038/bjc.2012.146
https://doi.org/10.1093/jnci/djm005
https://doi.org/10.1200/JCO.2012.43.1882
https://doi.org/10.1200/JCO.2012.43.1882
https://doi.org/10.1093/jnci/djm005

Family History and Genetics of Prostate Cancer

27.

28.

20.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Castro E, Goh C, Leongamornlert D, Saunders E, Tymrakiewicz M, Dadaev T, et al. Effect of BRCA
Mutations on Metastatic Relapse and Cause-specific Survival After Radical Treatment for Localised
Prostate Cancer. Eur Urol. 2015;68(2):186-93. https://doi.org/10.1016/j.eururo.2014.10.022

Castro E, Romero-Laorden N, Del Pozo A, Lozano R, Medina A, Puente J, et al. PROREPAIR-B:
A Prospective Cohort Study of the Impact of Germline DNA Repair Mutations on the Outcomes of
Patients With Metastatic Castration-Resistant Prostate Cancer. J Clin Oncol. 2019;37(6):490-503.
https://doi.org/10.1200/JCO.18.00358

Carter HB, Helfand B, Mamawala M, Wu Y, Landis P, Yu H, et al. Germline Mutations in ATM and
BRCA1/2 Are Associated with Grade Reclassification in Men on Active Surveillance for Prostate
Cancer. Eur Urol. 2019;75(5):743-9. https://doi.org/10.1016/j.eururo.2018.09.021

Seppala EH, Tkonen T, Mononen N, Autio V, Rokman A, Matikainen MP, et al. CHEK2 variants asso-
ciate with hereditary prostate cancer. Br J Cancer. 2003;89(10):1966-70. https://doi.org/10.1038/
sj.bjc.6601425

Hale V, Weischer M, Park JY. CHEK2 (*) 1100delC Mutation and Risk of Prostate Cancer. Prostate
Cancer. 2014;2014:294575. https://doi.org/10.1155/2014/294575

Cybulski C, Huzarski T, Gorski B, Masojc B, Mierzejewski M, Debniak T, et al. A novel founder
CHEK2 mutation is associated with increased prostate cancer risk. Cancer Res. 2004;64(8):2677-9.
https://doi.org/10.1158/0008-5472.CAN-04-0341

Cybulski C, Wokolorczyk D, Kluzniak W, Jakubowska A, Gorski B, Gronwald J, et al. An inherited
NBN mutation is associated with poor prognosis prostate cancer. Br J Cancer. 2013;108(2):461-8.
https://doi.org/10.1038/bjc.2012.486

Cybulski C, Gorski B, Huzarski T, Masojc B, Mierzejewski M, Debniak T, et al. CHEK2 is a multiorgan
cancer susceptibility gene. Am J Hum Genet. 2004;75(6):1131-5. https://doi.org/10.1086/426403
Mijuskovic M, Saunders EJ, Leongamornlert DA, Wakerell S, Whitmore I, Dadaev T, et al. Rare germline
variants in DNA repair genes and the angiogenesis pathway predispose prostate cancer patients to develop
metastatic disease. Br ] Cancer. 2018;119(1):96-104. https://doi.org/10.1038/s41416-018-0141-7
Karlsson Q, Brook MN, Dadaev T, Wakerell S, Saunders EJ, Muir K, et al. Rare Germline Variants in ATM
Predispose to Prostate Cancer: A PRACTICAL Consortium Study. Eur Urol Oncol. 2021;4(4):570-9.
https://doi.org/10.1016/j.eu0.2020.12.001

Na R, Zheng SL, Han M, Yu H, Jiang D, Shah S, et al. Germline Mutations in ATM and BRCA1/2
Distinguish Risk for Lethal and Indolent Prostate Cancer and are Associated with Early Age at Death.
Eur Urol. 2017;71(5):740-7. https://doi.org/10.1016/j.eururo.2016.11.033

Karlsson R, Aly M, Clements M, Zheng L, Adolfsson J, Xu J, et al. A population-based assessment of
germline HOXB13 G84E mutation and prostate cancer risk. Eur Urol. 2014;65(1):169-76. https://
doi.org/10.1016/j.eururo.2012.07.027

Xu J, Lange EM, Lu L, Zheng SL, Wang Z, Thibodeau SN, et al. HOXB13 is a susceptibility gene for
prostate cancer: results from the International Consortium for Prostate Cancer Genetics (ICPCG).
Hum Genet. 2013;132(1):5-14. https://doi.org/10.1007/s00439-012-1229-4

Laitinen VH, Wahlfors T, Saaristo L, Rantapero T, Pelttari LM, Kilpivaara O, et al. HOXB13 G84E
mutation in Finland: population-based analysis of prostate, breast, and colorectal cancer risk. Cancer
Epidemiol Biomarkers Prev. 2013;22(3):452-60. https://doi.org/10.1158/1055-9965.EPI-12-1000-T
Ewing CM, Ray AM, Lange EM, Zuhlke KA, Robbins CM, Tembe WD, et al. Germline mutations
in HOXB13 and prostate-cancer risk. N Engl ] Med. 2012;366(2):141-9. https://doi.org/10.1056/
NEJMoal110000

Nyberg T, Govindasami K, Leslie G, Dadaev T, Bancroft E, Ni Raghallaigh H, et al. Homeobox B13
G84E Mutation and Prostate Cancer Risk. Eur Urol. 2019;75(5):834—45. https://doi.org/10.1016/j.
eururo.2018.11.015

Bancroft EK, Page EC, Brook MN, Thomas S, Taylor N, Pope J, et al. A prospective prostate cancer
screening programme for men with pathogenic variants in mismatch repair genes (IMPACT): ini-
tial results from an international prospective study. Lancet Oncol. 2021;22(11):1618-31. https://doi.
org/10.1016/51470-2045(21)00522-2

Mateo J, Carreira S, Sandhu S, Miranda S, Mossop H, Perez-Lopez R, et al. DNA-Repair Defects
and Olaparib in Metastatic Prostate Cancer. N Engl J Med. 2015;373(18):1697-708. https://doi.
org/10.1056/NEJMoal 506859

211


https://doi.org/10.1016/j.eururo.2014.10.022
https://doi.org/10.1200/JCO.18.00358
https://doi.org/10.1016/j.eururo.2018.09.021
https://doi.org/10.1038/sj.bjc.6601425
https://doi.org/10.1038/sj.bjc.6601425
https://doi.org/10.1155/2014/294575
https://doi.org/10.1158/0008-5472.CAN-04-0341
https://doi.org/10.1038/bjc.2012.486
https://doi.org/10.1086/426403
https://doi.org/10.1038/s41416-018-0141-7
https://doi.org/10.1016/j.euo.2020.12.001
https://doi.org/10.1016/j.eururo.2016.11.033
https://doi.org/10.1016/j.eururo.2012.07.027
https://doi.org/10.1016/j.eururo.2012.07.027
https://doi.org/10.1007/s00439-012-1229-4
https://doi.org/10.1158/1055-9965.EPI-12-1000-T
https://doi.org/10.1056/NEJMoa1110000
https://doi.org/10.1056/NEJMoa1110000
https://doi.org/10.1016/j.eururo.2018.11.015
https://doi.org/10.1016/j.eururo.2018.11.015
https://doi.org/10.1016/S1470-2045(21)00522-2
https://doi.org/10.1016/S1470-2045(21)00522-2
https://doi.org/10.1056/NEJMoa1506859
https://doi.org/10.1056/NEJMoa1506859

212

Raghallaigh HN and Bott SR/

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Mateo J, Porta N, Bianchini D, McGovern U, Elliott T, Jones R, et al. Olaparib in patients with
metastatic castration-resistant prostate cancer with DNA repair gene aberrations (TOPARP-B): a
multicentre, open-label, randomised, phase 2 trial. Lancet Oncol. 2020;21(1):162-74. https://doi.
org/10.1016/51470-2045(19)30684-9

Abida W, Patnaik A, Campbell D, Shapiro J, Bryce AH, McDermott R, et al. Rucaparib in Men With
Metastatic Castration-Resistant Prostate Cancer Harboring a BRCA1 or BRCA2 Gene Alteration. ] Clin
Oncol. 2020;38(32):3763-72. https://doi.org/10.1200/JCO.20.01035

Abida W, Campbell D, Patnaik A, Shapiro JD, Sautois B, Vogelzang NJ, et al. Non-BRCA DNA
Damage Repair Gene Alterations and Response to the PARP Inhibitor Rucaparib in Metastatic
Castration-Resistant Prostate Cancer: Analysis From the Phase II TRITON2 Study. Clin Cancer Res.
2020;26(11):2487-96. https://doi.org/10.1158/1078-0432.CCR-20-0394

Pomerantz MM, Spisak S, Jia L, Cronin AM, Csabai I, Ledet E, et al. The association between germline
BRCA2 variants and sensitivity to platinum-based chemotherapy among men with metastatic prostate
cancer. Cancer. 2017;123(18):3532-9. https://doi.org/10.1002/cncr.30808

Mota JM, Barnett E, Nauseef JT, Nguyen B, Stopsack KH, Wibmer A, et al. Platinum-Based
Chemotherapy in Metastatic Prostate Cancer With DNA Repair Gene Alterations. JCO Precis Oncol.
2020;4:355-66. https://doi.org/10.1200/PO.19.00346

Zafeiriou Z, Bianchini D, Chandler R, Rescigno P, Yuan W, Carreira S, et al. Genomic Analysis of
Three Metastatic Prostate Cancer Patients with Exceptional Responses to Carboplatin Indicating
Different Types of DNA Repair Deficiency. Eur Urol. 2019;75(1):184-92. https://doi.org/10.1016/j.
eururo.2018.09.048

Eeles RA, Kote-Jarai Z, Giles GG, Olama AA, Guy M, Jugurnauth SK, et al. Multiple newly identi-
fied loci associated with prostate cancer susceptibility. Nat Genet. 2008;40(3):316-21. https://doi.
org/10.1038/ng.90

Kote-Jarai Z, Easton DE Stanford JL, Ostrander EA, Schleutker J, Ingles SA, et al. Multiple novel
prostate cancer predisposition loci confirmed by an international study: the PRACTICAL Consortium.
Cancer Epidemiol Biomarkers Prev. 2008;17(8):2052-61. https://doi.org/10.1158/1055-9965.
EPI-08-0317

Macinnis RJ, Antoniou AC, Eeles RA, Severi G, Al Olama AA, McGuffog L, et al. A risk prediction
algorithm based on family history and common genetic variants: application to prostate cancer with
potential clinical impact. Genet Epidemiol. 2011;35(6):549-56. https://doi.org/10.1002/gepi.20605
Zheng SL, Sun J, Wiklund E Smith S, Stattin P, Li G, et al. Cumulative association of five genetic vari-
ants with prostate cancer. N Engl ] Med. 2008;358(9):910-9. https:/doi.org/10.1056/NEJM0a075819
Schumacher FR, Al Olama AA, Berndt SI, Benlloch S, Ahmed M, Saunders EJ, et al. Association analy-
ses of more than 140,000 men identify 63 new prostate cancer susceptibility loci. Nat Genet. 2018.
Benafif S, Kote-Jarai Z, Eeles RA, Consortium P A Review of Prostate Cancer Genome-Wide
Association Studies (GWAS). Cancer Epidemiol Biomarkers Prev. 2018;27(8):845-57. https:/doi.
org/10.1158/1055-9965.EPI-16-1046

Conti DV, Darst BE Moss LC, Saunders EJ, Sheng X, Chou A, et al. Trans-ancestry genome-wide
association meta-analysis of prostate cancer identifies new susceptibility loci and informs genetic risk
prediction. Nat Genet. 2021;53(1):65-75. https://doi.org/10.1038/s41588-020-00748-0

Aly M, Wiklund F, Xu J, Isaacs WB, Eklund M, D’Amato M, et al. Polygenic risk score improves pros-
tate cancer risk prediction: results from the Stockholm-1 cohort study. Eur Urol. 2011;60(1):21-8.
https://doi.org/10.1016/j.eururo.2011.01.017

Szulkin R, Whitington T, Eklund M, Aly M, Eeles RA, Easton D, et al. Prediction of individual
genetic risk to prostate cancer using a polygenic score. Prostate. 2015;75(13):1467-74. https://doi.
org/10.1002/pros.23037

Eeles RA, Olama AA, Benlloch S, Saunders EJ, Leongamornlert DA, Tymrakiewicz M, et al.
Identification of 23 new prostate cancer susceptibility loci using the iCOGS custom genotyping array.
Nat Genet. 2013:45(4):385-91, 91el-2.

Schumacher FR, Al Olama AA, Berndt SI, Benlloch S, Ahmed M, Saunders EJ, et al. Association
analyses of more than 140,000 men identify 63 new prostate cancer susceptibility loci. Nat Genet.
2018;50(7):928-36. https://doi.org/10.1038/s41588-018-0142-8


https://doi.org/10.1016/S1470-2045(19)30684-9
https://doi.org/10.1016/S1470-2045(19)30684-9
https://doi.org/10.1200/JCO.20.01035
https://doi.org/10.1158/1078-0432.CCR-20-0394
https://doi.org/10.1002/cncr.30808
https://doi.org/10.1200/PO.19.00346
https://doi.org/10.1016/j.eururo.2018.09.048
https://doi.org/10.1016/j.eururo.2018.09.048
https://doi.org/10.1038/ng.90
https://doi.org/10.1038/ng.90
https://doi.org/10.1158/1055-9965.EPI-08-0317
https://doi.org/10.1158/1055-9965.EPI-08-0317
https://doi.org/10.1002/gepi.20605
https://doi.org/10.1056/NEJMoa075819
https://doi.org/10.1158/1055-9965.EPI-16-1046
https://doi.org/10.1158/1055-9965.EPI-16-1046
https://doi.org/10.1038/s41588-020-00748-0
https://doi.org/10.1016/j.eururo.2011.01.017
https://doi.org/10.1002/pros.23037
https://doi.org/10.1002/pros.23037
https://doi.org/10.1038/s41588-018-0142-8

Family History and Genetics of Prostate Cancer

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Pashayan N, Duffy SW, Neal DE, Hamdy FC, Donovan JL, Martin RM, et al. Implications of poly-
genic risk-stratified screening for prostate cancer on overdiagnosis. Genet Med. 2015;17(10):789-95.
https://doi.org/10.1038/gim.2014.192

Seibert TM, Fan CC, Wang Y, Zuber V, Karunamuni R, Parsons JK, et al. Polygenic hazard score to
guide screening for aggressive prostate cancer: development and validation in large scale cohorts.
BMJ. 2018;360:5757. https:/doi.org/10.1136/bmj.j5757

Barnes DR, Silvestri V, Leslie G, McGutffog L, Dennis J, Yang X, et al. Breast and Prostate Cancer Risks
for Male BRCA1 and BRCA2 Pathogenic Variant Carriers Using Polygenic Risk Scores. J Natl Cancer
Inst. 2021;114(1):109-22. https://doi.org/10.1093/jnci/djab147

Gronberg H, Adolfsson J, Aly M, Nordstrom T, Wiklund P, Brandberg Y, et al. Prostate cancer screen-
ing in men aged 50-69 years (STHLM3): a prospective population-based diagnostic study. Lancet
Oncol. 2015;16(16):1667-76. https://doi.org/10.1016/S1470-2045(15)00361-7

Nordstrom T, Discacciati A, Bergman M, Clements M, Aly M, Annerstedt M, et al. Prostate cancer
screening using a combination of risk-prediction, MRI, and targeted prostate biopsies (STHLM3-
MRI): a prospective, population-based, randomised, open-label, non-inferiority trial. Lancet Oncol.
2021;22(9):1240-9. https://doi.org/10.1016/S1470-2045(21)00348-X

Eeles RA, Raghallaigh Hn, Group TBS. BARCODE 1: A pilot study investigating the use of genetic
profiling to identify men in the general population with the highest risk of prostate cancer to
invite for targeted screening. J Clin Oncol. 2020;38(15_suppl):1505-. https://doi.org/10.1200/
JC0.2020.38.15_suppl.1505

Pashayan N, Morris S, Gilbert FJ, Pharoah PDP. Cost-effectiveness and Benefit-to-Harm Ratio of
Risk-Stratified Screening for Breast Cancer: A Life-Table Model. JAMA Oncol. 2018;4(11):1504-10.
https://doi.org/10.1001/jamaoncol.2018.1901

Esserman L], Anton-Culver H, Borowsky A, Brain S, Cink T, Crawford B, et al. The WISDOM Study:
breaking the deadlock in the breast cancer screening debate. npj Breast Cancer. 2017;3(1):34. https://
doi.org/10.1038/541523-017-0035-5

Ilic D, O’Connor D, Green S, Wilt TJ. Screening for prostate cancer: an updated Cochrane systematic
review. BJU Int. 2011;107(6):882-91. https://doi.org/10.1111/j.1464-410X.2010.10032.x

Mano R, Tamir S, Kedar I, Benjaminov O, Baniel J, Tabachnik T, et al. Malignant Abnormalities
in Male BRCA Mutation Carriers: Results From a Prospectively Screened Cohort. JAMA Oncology.
2018;4(6):872—4. https://doi.org/10.1001/jamaoncol.2018.0271

Das S, Salami SS, Spratt DE, Kaffenberger SD, Jacobs MF, Morgan TM. Bringing Prostate Cancer
Germline Genetics into Clinical Practice. J Urol. 2019;202(2):223-30. https:/doi.org/10.1097/
JU.0000000000000137

Segal N, Ber Y, Benjaminov O, Tamir S, Yakimov M, Kedar I, et al. Imaging-based prostate can-
cer screening among BRCA mutation carriers-results from the first round of screening. Ann Oncol.
2020;31(11):1545-52. https://doi.org/10.1016/j.annonc.2020.06.025

Page EC, Bancroft EK, Brook MN, Assel M, Hassan Al Battat M, Thomas S, et al. Interim Results from
the IMPACT Study: Evidence for Prostate-specific Antigen Screening in BRCA2 Mutation Carriers.
Eur Urol. 2019.

Dahut WL, Couvillon A, Pinto PA, Turkbey B, Karzai F Natural history and imaging in men with high
genetic risk for developing prostate cancer. Can J Urol. 2019;26(5 Suppl 2):7-8.

Castro E, Mikropoulos C, Bancroft EK, Dadaev T, Goh C, Taylor N, et al. The PROFILE Feasibility Study:
Targeted Screening of Men With a Family History of Prostate Cancer. Oncologist. 2016;21(6):716-22.
https://doi.org/10.1634/theoncologist.2015-0336

213


https://doi.org/10.1038/gim.2014.192
https://doi.org/10.1136/bmj.j5757
https://doi.org/10.1093/jnci/djab147
https://doi.org/10.1016/S1470-2045(15)00361-7
https://doi.org/10.1016/S1470-2045(21)00348-X
https://doi.org/10.1200/JCO.2020.38.15_suppl.1505
https://doi.org/10.1200/JCO.2020.38.15_suppl.1505
https://doi.org/10.1001/jamaoncol.2018.1901
https://doi.org/10.1038/s41523-017-0035-5
https://doi.org/10.1038/s41523-017-0035-5
https://doi.org/10.1111/j.1464-410X.2010.10032.x
https://doi.org/10.1001/jamaoncol.2018.0271
https://doi.org/10.1097/JU.0000000000000137
https://doi.org/10.1097/JU.0000000000000137
https://doi.org/10.1016/j.annonc.2020.06.025
https://doi.org/10.1634/theoncologist.2015-0336




