Cancer Biol Med 2021. doi: 10.20892/j.issn.2095-3941.2020.0481

ORIGINAL ARTICLE oren @ ncces

BRCA mutation rate and characteristics of prostate tumor in
breast and ovarian cancer families: analysis of 6,591 Italian
pedigrees

Laura Cortesi!, Federica Domati?, Annalisa Guida?, Isabella Marchit, Angela Toss?, Elena Barbieri?,

Luigi Marcheselli?, Marta Venturelli?, Simonetta Piana3, Claudia Cirilli4, Massimo Federico?

IDepartment of Oncology and Hematology, University Hospital of Modena, Modena 41124, Italy; Department of Medical
and Surgical Sciences for Children & Adults, Division of Medical Oncology, University Hospital of Modena, Modena 41124,
Italy; 3Pathology Unit, Azienda USL Reggio Emilia, IRCCS, Reggio Emilia 42123, Italy; “Modena Cancer Registry, Public Health
Department, AUSL Modena 41126, Italy

ABSTRACT Objective: As prostate cancer (PrC) shows a BRCA mutation rate as high as 30%, it becomes crucial to find the optimal selection
criteria for genetic testing. The primary objective of this study was to evaluate the BRCA mutation rate in families with PrC associated
with breast and/or ovarian cancers; secondary aims were to compare the characteristics of families and BRCA-related PrC outcome
among BRCAI and BRCA2 carriers.

Methods: Following the Modena criteria for the BRCA test, we evaluated the mutation rate in families with breast and/or ovarian
cancer with a Gleason score 27 PrCs, by testing breast or ovarian cases and inferring the mutation in the prostate cases. The
characteristics of families and BRCA-related PrC outcomes were measured using the chi-square ()?) test and Kaplan—Meier methods,
respectively.

Results: Among 6,591 families, 580 (8.8%) with a Gleason score > 7 PrCs were identified, of which 332 (57.2%) met the Modena
selection criteria for BRCA testing. Overall, 215 breast or ovarian cancer probands (64.8%) were tested, of which 41 resulted positive
for BRCA and one for CHEK2 genes (19.5%). No statistically significant differences were found in BRCA-related PrC prognosis and
in the characteristics of families among BRCA1, BRCA2 and non-tested patients. Ten of 23 (44%) mutations in the BRCA2 gene fell
in the prostate cancer cluster region (PCCR) at the 3’ terminal of the 7914 codon.

Conclusions: It appears the Modena criteria are very useful for BRCA testing selection in families with breast and/or ovarian cancer
and PrC. A trend toward a worse prognosis has been found in BRCA2 carriers.
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Introduction 90%?2. The etiology of PrC has been the subject of numer-

ous studies and remains largely unknown compared to other

. . common cancers. The well-established PrC risk factors are

Prostate cancer (PrC) is the most common malignancy . . o R
. advanced age, ethnicity, genetic factors, and family history>.
among males representing 7.1% of all cancers and a mor- . . . 0
. ] . ) Other factors associated with PrC include diet (increased
tality rate of 3.8% in men'. In Italy the 5-year survival rate ) )
. . . . consumption of saturated animal fat and red meat, lower
for men with PrC is 92% and the 10-year survival rate is . . . . .
intake of fruit, vegetables, vitamins, and coffee), obesity and

physical inactivity, inflammation, hyperglycemia, infections,

and environmental exposure to chemicals or ionizing radi-
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and increased prostate specific antigen (PSA) screening. It

has also been observed that the risk of PrC mainly increases


mailto:hbc@unimore.it
https://orcid.org/0000-0001-8950-8561
http://www.cancerbiomed.org

Cancer Biol Med Vol 18, No 2 May 2021

family history, and in Black males over 40 years of age or
men with a familial history of PrC*. The disease appears
to be linked to hereditary factors in a minority of cases (<
30%)°. BRCA1 and BRCA2 genes in prostate tumorigene-
sis have been associated with more aggressive disease and
poor clinical outcomes. The estimated lifetime risk is 9.5%
for BRCA1 and 20% for BRCA2 mutation carriers®. Overall,
BRCA1/2 mutation carriers present an increased risk for
breast cancer (BC) (52%-72% in BRCA1, 45%-84% in
BRCA?2), ovarian cancer (OC) (39%—-63% in BRCA1, 11%—
27% in BRCA2), PrC (3.4-fold increased risk in BRCAI,
8.6-fold increased risk in BRCA2), and pancreatic cancer
(PC) (1%—-3% in BRCA1, 2%—7% in BRCA2)7"!!. The iden-
tification of a mutation in BRCA genes plays a crucial role
in the management of hereditary cancer prevention, diagno-
sis, and treatment. According to the guidelines of the Italian
Association of Medical Oncology (AIOM), which reflect the
Modena criteria!>!* listed in Table 1, the Italian National
Health Service provides free BRCA diagnostic tests exclu-
sively for breast, ovarian and pancreatic cancer patients, and
to healthy individuals with an estimated risk of carrying a
BRCA mutation > 40%. This large, single-institution cohort
study sought to firstly evaluate the rate of BRCA-positive
families among those presenting a family history of PrC
associated with BC and/or OC selected by Modena criteria
and secondly, to explore family history and outcomes of
BRCA-related PrCs.

Table 1 The Modena Criteria (AIOM Guidelines 2019)

BC and OC diagnosed in the same patient.

OC, fallopian tube, or primary peritoneal cancer (excluded
mucinous and borderline) at any age.

Male BC.

Triple negative BC diagnosed < 60 years.
BC diagnosed < 35 years.

At least one BC and at least one OC.

At least two first-degree blood relatives with BC, at least one
diagnosed < 40 years or bilateral.

Healthy individuals with an estimated risk of carrying a BRCA
mutation > 40%, calculated with the BRCAPro risk calculator
(Version CaGeneb)

BC, breast cancer; OC, ovarian cancer.
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Materials and methods

Study population and design

The human investigations were reviewed and approved by
the Modena Human Investigations Committee (Approval
No. 209/16/3387). The patients provided their written
informed consent to participate in this study.

Patients with a family history of BC and/or OC who
received genetic counseling for risk category classification and
the BRCA test at the Modena Family Cancer Clinic (MFCC)
from 1991, were eligible for the purpose of this analysis.
Probands affected with BC or OC who met the Modena cri-
teria for genetic testing could undergo the BRCA analysis and
in the case of a positive result, could ease cascade analysis thus
favoring access to risk-reducing surgeries, chemo-preventive
studies, or more intensive surveillance programs. Family his-
tory that included PrC with Gleason score > 7 in a first- or
second-degree relative (in the case of female interposition) of
BC or OC, were evaluated for this analysis.

A retrospective medical record review of the pedigrees with
a Gleason score > 7 PrCs, previously collected during genetic

counseling visits, was completed for the present study.

BRCA testing procedures

Before 2014, genetic testing of BRCAI and BRCA2 genes
at our institution was carried out by direct Sanger sequenc-
ing, whilst after 2014, genetic testing was performed using
next generation sequencing (NGS). The NGS workflow ben-
efits from the use of the ITon AmpliSeq TM (Thermo Fisher
Scientific, Waltham, MA, USA) technology that was handled
initially with a semi-automated and subsequently, with a fully
automated procedure for multiplex polymerase chain reac-
tion (PCR)-based library preparation sequencing on the Ion
Torrent platforms (Thermo Fisher Scientific, Waltham, MA,
USA). More recently a Multigene Panel Testing provided by
MySeq Dx System (Illumina, San Diego, CA, USA), comprising
27 hereditary syndrome genes, was used. Sanger sequencing
was routinely performed to validate candidate mutations, as
long as multiplex ligation probe amplification (MLPA, MRC-
Holland, Amsterdam, The Netherlands) was carried out on a
blood sample to detect copy number variations in all genes,
except BARDI, BRIPI, and NBN. Sequence alignment, base
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calling, variant filtering, and annotation process took advan-
tage of the Torrent Software Suite (Thermo Scientific) and of
a custom designed bio-informatic pipeline, as described in
previously published works!>!°. Pathogenicity was defined
as categories 4 (likely pathogenic) and 5 (pathogenic) of the
ENIGMA classification!’. Classes C3 (unclassified variants),
C2 (probably benign), or C1 (benign) were not reported.

Statistical analysis and outcome measures

A database was set up at our health center, which consisted in
collecting family and individual information, surveillance and
follow-up data, additional investigation, and the outcome of
all examinations. The reports of these families included test
results (if performed), age at cancer onset, histology, relation
to the proband, vital status, and type of other cancers. We cal-
culated the median follow-up of the proband in the period
from 1991 to 2019. The PrC follow-up was calculated from
the date of cancer onset to the endpoint of interest: the date
of death or the end of the study period. The chi-square ()?)
test was used to determine differences in clinicopathological
features between groups. All statistical tests were two-sided.
Survival curves were estimated using the Kaplan—Meier

method including the log-rank test group comparison.

Results
BRCA mutation rate

From March 1991 to August 2019, 6,591 families with history
of BC and/or OC, were counseled and used as the reference
population by the MFCC. Seven hundred and seventy-five
(11.7%) families reported a family history of associated
PrC. Among those PrCs, 580 (74.8%) had a Gleason score
> 7. According to the 2019 Modena criteria, 332 (57.2%) of
these families were eligible for BRCA testing. In total, 215
probands affected with BC or OC were tested (64.8%), mostly
with BC (203) and 12 with OC. The remaining patients
were not tested because they refused to or were unable to
undergo genetic analysis due to poor health conditions or
because patients were not in close proximity to the medical
center. Forty-one families were found to be BRCA mutation
carriers and one family showed a CHEK2 mutation defined
.1100delC, typically associated with PrC (19.5%). Among
the BRCA mutated patients, 18 were BRCA1 positive (43.9%)
and 23 were BRCA2 mutated families (56.1%). We inferred
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that BRCA mutations were also found in PrCs, without test-
ing any prostate cancer case. The diagram of patient selection

is represented in Figure 1.
Family characteristics and patient outcomes

The mean age of PrC onset in all population was 68.3 years
(range 21-90 years of age), with the lowest age in the BRCA2
carriers (63.2 years) compared with BRCAI carriers (67.9
years) (P = 0.84). In the BRCA1 and BRCA2 groups, four
(22.2%) and nine (39.1%) families showed two or more PrC
cases, respectively, compared with 99 (18.4%) multiple PrCs
found in other families (P = 0.195). In Table 2 the character-
istics of mutated BRCA and not families are described. The
stomach and melanoma tumor rates were increased in BRCA2
mutation carriers vs BRCAI carriers (P =0.136 and P = 0.347,
respectively). However, no statistically significant differences
were seen among all three populations with regard to other
associated tumors. The only CHEK2 mutation shown was
described in a family with PrC, BC and bladder cancer.

After 240 months of follow-up, the median overall sur-
vival of PrC, evaluated from diagnosis to date of death or last
follow-up, was equal to 65 months in a non-tested group of
patients, 62 months in patients with BRCA1-related PrC and 40
months in PrC-related BRCA2 patients (P = 0.265) (Figure 2).

BRCA pathogenic variants and prostate cancer
risk

BRCA mutations detected in families with history of PrC are
reported in Figure 3A and Figure 3B. Eleven of 18 (61%)
BRCAI1 mutations were located on exon 10. On the other
hand, 10 of 23 (44%) mutations in the BRCA2 gene fell in the
prostate cancer cluster region (PCCR) at the 3’ terminal of the
7914 codon. Finally, the most common BRCAI mutation types
were frame-shift mutations (11 of 18, 61%), followed by mis-
sense mutations (7 of 18, 39%). In the BRCA2 gene, the most
frequent mutations were similarly frame-shift mutations (12
of 23, 52%).

Discussion

Approximately 7%-8% of all patients with PrC has an under-
lying gene defect on the BRCA1, BRCA2, and CHEK2 genes>.
Furthermore, a recent population study performed on

Scandinavian twins, shows a very high rate of hereditary PrC
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6,591 from January 1991 to January 2019

Families evaluated at the Modena Family Cancer Clinical

775 (11.7%)

Families with prostate, breast and/or ovarian cancer

580 (74.8%)

PrC Gleason score > 7

332 (57.2%) candidate to BRCA
by Modena criteria

215 (64.8%)
PrC tested
1

1 CHEK2+
(19.5%)

18 BRCA1 (43.9%)

23 BRCAZ (56.1%)

Figure 1 The flow-chart of families evaluated and tested at the MFCC.

Table 2 Characteristics of family history

Variable BRCA1+ BRCA2+ All study P*
N° 18 N° 23 population

Mean age (years) 67.9 (50-87) 63.2 (45-78) 68.3 (21-90) 0.840

Other tumors in family
Multiple prostate 4 (22.2%) 9 (36.3%) 99 (18.4%) 0.195
cancer (PrC)
Colorectal cancer 4 (22.2%) 4 (18.2%) 124 (23.1%) 1.00
Stomach cancer 1 (4%) 6 (27.2%) 75 (14%) 0.136
Melanoma 1 (4%) 2 (8.7%) 19 (3.5%) 0.347
Pancreatic cancer 2 (11%) 2 (9.1%) 4 (6.9%) 0.878
Gallbladder cancer 0 1 (4.5%) 0 0

"P < 0.05 was considered statistically significant.
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Overall survival
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Figure 2 Overall Survival of PrC at 240 months of median follow-up. The log-rank test between non-tested (orange line) and BRCAI muta-
tion carriers (blue line) is equal to P = 0.911; the log-rank test between non-tested (orange line) vs BRCA2 mutation carriers (green line) is
equal to P = 0.265; the log-rank test between BRCAI mutation carriers (blue line) and BRCA2 mutation carriers (green line) is equal to P =
0.575.
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conditions, reaching a high of 57%!%. Particularly, the HOXBI13
gene has been associated with early onset of PrC in 6% of cases!’.
Moreover, data on positive family history for PrC show a high
rate of first-degree relationship for this type of cancer (32.3%)2°.
It therefore becomes crucial to find the optimal selection cri-
teria for genetic testing, with a positive ratio between cost and
effectiveness, in order to ease cascade analysis of at-risk relatives
and offer effective surveillance programs, based on annual PSA
and prostatic ultrasound, that have recently demonstrated to
increase the detection of early stage prostate tumors, particu-
larly in case of BRCA2 mutation carriers?!.

Patients selected according to the Modena criteria reached
a 19.5% of mutations considering all the families eligible for
the test, overcoming the probability rate of 10% to find a hete-
rozygous mutation that justifies BRCA screening, as suggested
in many countries in accordance with National Institute for
Health and Care Excellence (NICE) guidelines®’. Assuming
that first-degree or second-degree (in case of female interposi-
tion) relatives with high grade PrC carry the BRCA mutation,
it can be concluded that the Modena criteria should be intro-
duced in clinical practice for PrC genetic testing. Furthermore,
we think that the recent introduction of the multigene panel
test could increase the rate of hereditary PrC by adding new
genes to the BRCA analysis such as CHEK2, that is frequently
associated with this kind of tumor, as was shown recently?>.

Although no statistically significant differences were seen
among BRCA-positive and non-tested families, a trend toward
an increased number of PrC and stomach cancer cases was
shown in BRCA2 mutated families. These data are consistent
with other previously published studies®*?>.

Finally, our survival data seem to reflect a worse prognosis
of BRCA2 carriers in comparison with BRCA1 and non-tested
patients, although no statistically significant differences have
been found. These results can be compared with data from
Narod et al.26 where the median survival for BRCA2 PrC was 4
years, vs 8 years in BRCALI patients.

Of particular concern, 44% of BRCA2 mutations were
found in the PCCR region at the 3’ terminal of the 7914 codon,

1.27. 1t could therefore be useful

recently identified by Patel et a
to identify these mutations, as the risk of PrC in men carriers
is high thus inducing us to intensify prostate surveillance pro-
grams starting at an earlier age and including other imaging
diagnostic tools such as multiparametric magnetic resonance
imaging (MRI).

Even though there are some limitations to our retro-

spective analysis it should be noted that in this study, the
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BRCA test was performed on patients affected by BC or OC
and the positive result was transferred on patients affected
by PrC along the genealogy in which the hereditary trans-
mission was found. As most PrC patients were not alive at
the time of genetic counseling, it was not possible to verify
which PrC patients in BRCA positive families were BRCA
carriers.

Therefore, a bias may have occurred, as there is a chance,
that some cancer cases and their outcome, were not BRCA
carriers, being phenocopies in BRCA mutated families. The
high percentage of BRCA1 as compared to BRCA2 is not typ-
ical from most PrC series and may reflect biases based on this
study population. Furthermore, we are well aware that a bias
may have occurred, as only 215 families were tested.

In order to improve our data, we are currently evaluating
the possibility to perform a prospective study in which the
BRCA test is carried out on PrC tissue thus enabling us to also
include deceased patients in future analysis.

In conclusion, our analysis found that Italian criteria are
very effective to detect BRCA1 or BRCA2 mutations in PrC
and should be taken into consideration when deciding upon
testing. Data on family history and PrC outcomes in BRCA2
mutation carriers show an increased number of multiple
PrC and stomach cancers and a worse prognosis, as com-
pared with previously published results. Finally, as 44% of
BRCA2 mutations were found in the PCCR region at the
3’ terminal of the 7914 codon, we believe such a variant in
healthy men could be useful to intensify a prostate surveil-
lance program at earlier age including the use of multipar-
ametric MRIL

Acknowledgments

We would like to thank and express our gratitude to Tamara
Sassi and Johanna Chester for their editorial assistance and we
gratefully acknowledge the support received from Associazione
Angela Serra per la Ricerca sul Cancro, Angela Serra Cancer
Research Association, Modena, Italy towards Dr. Angela Toss’
PhD.

Conflict of interest statement

Laura Cortesi holds an honoraria from AstraZeneca, MSD,
Pfizer and a consulting or advisory role at Pfizer, Novartis,
Tesaro and Clovis. Angela Toss holds a consulting or advisory
role at Lilly and Novartis.



476

References

1.  Rawla P. Epidemiology of prostate cancer. World ] Oncol. 2019; 10:
63-89.

2. Gori§, Dieci MV, Biganzoli L, Calabrese M, Cortesi L, Criscitiello C,
et al. Linee Guida AIOM Neoplasie della Mammella. Milano:
Intermedia. 2019.

3. BrayFE Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA
Cancer ] Clin. 2018; 68: 394-424.

4.  Castro E, Eeles R. The role of BRCA1 and BRCA?2 in prostate
cancer. Asian J Androl. 2012; 14: 409-14.

5.  PDQ® Cancer Genetics Editorial Board. PDQ Genetics of Prostate
Cancer. Bethesda, MD: National Cancer Institute. Updated
11/12/2020. Available at: https://www.cancer.gov/types/prostate/hp/
prostate-genetics-pdq. [PMID: 26389227].

6.  Song WH, Kim SH, Joung JY, Park WS, Seo HK, Chung J, et
al. Prostate cancer in a patient with a family history of BRCA
mutation: a case report and literature review. ] Korean Med Sci.
20175 32: 377-81.

7. Antoniou A, Pharoah PD, Narod S, Risch HA, Eyfjord JE, Hopper
JL, et al. Average risks of breast and ovarian cancer associated with
BRCAI or BRCA2 mutations detected in case series unselected for
family history: a combined analysis of 22 studies. Am ] Hum Genet.
2003; 72: 1117-30.

8. Brose MS, Rebbeck TR, Calzone KA, Stopfer JE, Nathanson KL, Weber
BL. Cancer risk estimates for BRCA1 mutation carriers identified in a
risk evaluation program. J Natl Cancer Inst. 2002; 94: 1365-72.

9.  Breast Cancer Linkage Consortium. Cancer risks in BRCA2
mutation carriers. ] Natl Cancer Inst. 1999; 91: 1310-6.

10. Ford D, Easton DEF, Stratton M, Narod S, Goldgar D, Devilee P, et
al. The Breast Cancer Linkage Consortium. Genetic heterogeneity
and penetrance analysis of the BRCAI and BRCA2 genes in breast
cancer families. Am ] Hum Genet. 1998; 62: 676-89.

11.  Petrucelli N, Daly MB, Pal T. BRCA1- and BRCA2-Associated
Hereditary Breast and Ovarian Cancer. 1998 Sep 4 [Updated 2016
Dec 15]. In: Adam MP, Ardinger HH, Pagon RA, et al., editors.
GeneReviews® [Internet]. Seattle, WA: University of Washington,
Seattle; 1993-2020. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK1247/.

12.  Federico M, Maiorana A, Mangone L, Turchetti D, Canossi B, Cortesi
L, et al. Identification of families with hereditary breast and ovarian
cancer for clinical and mammographic surveillance: The Modena
Study Group proposal. Breast Cancer Res Treat. 1999; 55: 213-21.

13. Cortesi L, Turchetti D, Marchi I, Fracca A, Canossi B, Rachele B, et
al. Breast cancer screening in women at increased risk according to
different family histories: an update of the Modena Study Group
experience. BMC Cancer. 2006; 6: 210.

14. Cortesi L, Baldassarri B, Ferretti S, Razzaboni E, Bella M, Bucchi L,
et al. A regional population-based hereditary breast cancer screening
tool in Italy: first 5-year results. Cancer Med. 2020; 9: 2579-89.

15. ArtusiV, Chiesi L, Bernardis I, Tenedini E, Artuso L, Cavallini GM,

et al. A next generation sequencing amplicon-based strategy to

Cortesi et al. Modena criteria for BRCA test in prostate cancer

explore inherited retinal degeneration complexity. Eur ] Hum Gen.
2015; 23: 78.

16. Tenedini E, Artuso L, Bernardis I, Artusi V, Percesepe A, De Rosa L,
et al. J. Amplicon-based next-generation sequencing: an effective
approach for the molecular diagnosis of epidermolysis bullosa. Br J
Dermatol. 2015; 173: 731-8.

17.  Spurdle AB, Healey S, Devereau A, Hogervorst FBL, Monteiro ANA,
Nathanson KL, et al. ENIGMA — evidence-based network for the
interpretation of germline mutant alleles: an international initiative
to evaluate risk and clinical significance associated with sequence
variation in BRCAI and BRCA2 genes. Hum Mutat. 2012; 33: 2-7.

18.  Mucci LA, Hjelmborg JB, Harris JR, Czene K, Havelick DJ, Scheike
T, et al. Nordic Twin Study of Cancer (NorTwinCan) Collaboration.
Familial risk and heritability of cancer among twins in Nordic
countries. JAMA. 2016; 315: 68-76.

19. Kote-Jarai Z, Mikropoulos C, Leongamornlert DA, Dadaev T,
Tymrakiewicz M, Saunders EJ, et al. UK Genetic Prostate Cancer
Study Collaborators, and ProtecT Study Group. Prevalence of the
HOXB13 G84E germline mutation in British men and correlation
with prostate cancer risk, tumour characteristics and clinical
outcomes. Ann Oncol. 2015; 26: 756-61.

20. Westerman ME, Gershman B, Karnes RJ, Thompson RH, Rangel
L, Boorjian SA. Impact of a family history of prostate cancer
on clinicopathologic outcomes and survival following radical
prostatectomy. World J Urol. 2015; 34: 1115-22.

21. 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; 76: 831-42.

22. National Collaborating Centre for Cancer (UK). Familial Breast
Cancer: Classification and Care of People at Risk of Familial Breast
Cancer and Management of Breast Cancer and Related Risks in
People with a Family History of Breast Cancer. Cardiff (UK):
National Collaborating Centre for Cancer (UK). 2013.

Last updated: 20/11/2019.

23. Rantapero T, Wahlfors T, Kahler A, Hultman C, Lindberg J,
Tammela TL, et al. Inherited DNA repair gene mutations in men
with lethal prostate cancer. Genes (Basel). 2020; 11: 314.

24. Jakubowska A, Nej K, Huzarski T, Scott R], Lubinski J. BRCA2 gene
mutations in families with aggregations of breast and stomach
cancers. Br ] Cancer. 2002; 87: 888-91.

25.  Friedenson B. BRCAI and BRCA2 pathways and the risk of cancers
other than breast or ovarian. MedGenMed. 2005; 7: 60.

26. Narod SA, Neuhausen S, Vichodez G, Armel S, Lynch HT,
Ghadirian P, et al. Rapid progression of prostate cancer in men
with a BRCA2 mutation. Br ] Cancer. 2008; 99: 371-4.

27. Patel VL, Busch EL, Friebel TM, Cronin A, Leslie G, McGuffog L,
et al. Association of genomic domains in BRCAI and BRCA2 with
prostate cancer risk and aggressiveness. Cancer Res. 2020; 80: 624-38.

Cite this article as: Cortesi L, Domati F, Guida A, Marchi I, Toss A, Barbieri E,
et al. BRCA mutation rate and characteristics of prostate tumor in breast and
ovarian cancer families: analysis of 6,591 Italian pedigrees. Cancer Biol Med.
2021; 18: 470-476. doi: 10.20892/j.issn.2095-3941.2020.0481


https://www.cancer.gov/types/prostate/hp/prostate-genetics-pdq
https://www.cancer.gov/types/prostate/hp/prostate-genetics-pdq
https://www.ncbi.nlm.nih.gov/books/NBK1247/
https://www.ncbi.nlm.nih.gov/books/NBK1247/

