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Abstract

Background: The pathogenic/likely pathogenic variants (PV/LPVs) into the high
susceptibility BRCA1 and BRCA2 genes have been identified as conferring predisposition
to the hereditary breast cancer (BC) and ovarian cancer (OC), such as pancreatic (PaC)
and prostate cancer (PrC). However, several patients with significant personal and/or family
history of cancer result negative to genetic testing of BRCA1/2 genes. Next generation-
based (NGS) multi-gene panel testing allows to analyze the molecular bases of hereditary
disease investigating also other predisposing genes involved in homologous recombination
and/or other pathways crucial in cancer development. Nowadays, the PV/LPVs in BRCA1/2
genes and in homologous recombination genes assume not only a preventive meaning, but
also a predictive significance of PARP inhibitors sensitivity.

Methods: In this observational study, 1878 patients have been selected for genetic testing
of the BRCA1/2 genes. The cohort was composed as follows: 1170 BC, 540 OC, 144 PaC
and 24 PrC patients. Moreover, 527 patients were selected to the analysis with the NGS-
based multi-gene cancer panel investigating 22 susceptibility genes involved in hereditary
cancer syndromes. The type and gene location of each variant have been recorded in order
to identify a potential genotype-phenotype correlation.

Results: Overall, 144 (12.3%) BCs harboured germline PV/LPVs in BRCA1/2 genes; 109
(20.2%) OCs were carriers of germline PV/LPVs, while 19 (14.8%) showed somatic
deleterious variants in BRCA1/2 genes; 3 (2.1%) PaC and one (4.2%) PrC patients
harboured germline PV/LPVs in BRCA1/2 genes. Subsequently, the multi-gene panel
analysis score revealed the carriers of PV/LPVs in other susceptibility genes: 65 (15.4%) of
the 422 analyzed BC patients, 11 (15.7%) of the 70 analyzed OC patients, 7 (23.3%) of the
30 analyzed PaC patients and none PrC patients. Overall, this study emphasized the
involvement of PV/LPVs in the homologous recombination genes in 59.1% of BCs, 54.5%
of OCs and 57.1% of PaCs among all the carriers of PV/LPVs in other genes.

Conclusion: Further analysis are needed in specific setting of BC, OC, PaC, and PrC
patients resulting negative to BRCA1/2 genes genetic testing and with significant personal
and/or family history of cancer. The molecular scores highlighted the important role of multi-
gene panel testing that results crucial to better understand the molecular background of
cancers. In future, molecular and clinical data together will lead to a more accurate risk
assessment, to the develop of univocal and personalized intensive surveillance programs
and/or risk reduction strategies and to develop novel treatment strategies.
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Summary

eep is the knowledge about the effect of pathogenic/likely

pathogenic variants into the high susceptibility BRCA1 and BRCAZ2 genes
conferring predisposition to the hereditary breast and ovarian cancer, such
as pancreatic and prostate cancer. However, there are several affected
subjects in families with multiple cases of cancer remain still unclear. Next
generation-based multi-gene panel testing should be performed in
selected settings of breast, ovarian, pancreatic, and prostate cancer
patients resulting negative to genetic testing of BRCA1/2 genes, and with
significant personal and/or family history of cancers. The investigation of
other susceptibility genes beyond BRCA1/2 genes, with high or moderate
penetrance, including TP53, PTEN, STK11, CDH1, ATM, CHEK2, PALB2
genes, involved in homologous recombination and/or in several pathways
crucial in hereditary cancer development is the main goal of this research,
which assumes a preventive meaning. Moreover, the recent Food and
Drugs Administration’s and European Medicines Agency’s approval of
Poly (ADP) Ribose Polymerase inhibitors (PARPI)-based maintenance
therapy for specific setting of breast, ovarian, pancreatic, and prostate
cancers in carriers of an aberrant alteration of BRCA1/2 genes and the
literature evidence of PARPIi sensitivity in patients with homologous
recombination deficiency, make this study aimed to the identification of
predictive novel biomarker of treatment choice. Furthermore, this study
could contribute to define the potential prognostic aspects considering the
debated improving on progression free survival and overall survival in
patients treated with PARPI. For these goals and the need to develop a
more accurate risk assessment and intensive surveillance programs has
been conducted this research. This study reveals deleterious variants of
genes involved in homologous recombination repair pathway identified in
59.1% of breast, 54.5% of ovarian and 57.1% of pancreatic cancers
among the carriers of variants in other genes beyond BRCA1/2 genes.
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CHAPTER

Background, Rationale and Objectives

1.1 Background

The pathogenic/likely pathogenic variants (PV/LPVs) into the high susceptibility genes,
BRCAL1 and BRCAZ2, have been widely studied and associated to an increased lifetime risk
of Hereditary Breast and Ovarian Cancer (HBOC) syndrome, an autosomal dominant
inherited disorder including 5-7% and 10-15% of all cases of breast cancer (BC) and
ovarian cancer (OC), respectively't. The BRCA1/2 genes are involved in the homologous
recombination repair (HRR) pathway, and the loss of heterozygosity (LOH) of one of these
genes leads to the homologous recombination deficiency (HRD), conferring genomic
instability and predisposing to neoplastic disease’®. Over the years, PV/LPVs in BRCA1/2
genes have been identified also as risk factors to pancreatic cancer (PaC), prostate cancer
(PrC) and other neoplastic diseases®'?, leading the National Comprehensive Cancer
Network (NCCN), the American Society of Clinical Oncology (ASCO) and the European
Society for Medical Oncology (ESMO) to define clinical guidelines aimed at the
management of high-risk patients'**®>, Moreover, family history-based testing does not
consider about a half of carriers harbouring PV/LPVs in HBOC syndrome predisposing
genes without suggestive family history'®1’, and strategies to identify these high-risk
subjects are under development!l. To date, clinically validated multi-gene panel testing
based on HBOC genes analysis have been offered to subjects with a relevant family
history of cancer!!. Nowadays, genetic test investigating the BRCA1/2 genes represents a
crucial step for patients who meet the eligibility criteria to test and assumes not only a
preventive meaning but also a predictive and a potential prognostic value for the clinical
management of patients®2?2. Both germinal and somatic PV/LPVs in BRCA1/2 genes have
been defined as conferring sensitivity to Poly (ADP) Ribose Polymerase inhibitors
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(PARPI)-based maintenance treatment, with improving progression free survival (PFS) and
overall survival (OS) in several cancer patients?3-?5, The efficacy of PARPI as therapeutic
choice for HRD tumors occurs through the “synthetic lethality”?62’. Recently, the Food and
Drugs Administration (FDA) and the European Medicines Agency (EMA) approved PARPI
treatment in the management of specific settings of BC, OC, PaC and PrC patients having
a PV in BRCA1/2 genes, enhancing the request for genetic testing®28-32, Furthermore,
HRD tumors have been deeply investigated and aberrant alterations of genes involved in
the HRR and/or other pathways involved in differentiation, growth, proliferation, and
survival of cancer cells turn out to be preventive for an early diagnosis and risk-reducing
strategies, but also predictive of a possible targeted therapy and/or a potential prognostic
factor in the clinical management of patients?:223334 The cancer's genetic scenario is
increasingly growing, and this emerges from the several families with multiple neoplastic
diseases, remain still without a clear genetic background®. The PV/LPVs in BRCAL,
BRCA2, TP53, PTEN, STK11 and CDH1 genes lead to a high life-time risk of every single
carrier of PV/LPVs compared to a subject belonging to general population, defined relative
risk (RR), to develop several cancers3-4!, Nowadays, the advent of the cost-effective and
short-time Next Generation Sequence (NGS) analysis suggests that genetic alterations in
other cancer susceptibility genes with different penetrance, high and/or moderate, such as
PALB2, BRIP1, ATM, CHEK2, BARD1, NBN, NF1, RAD51C, RAD51D and other genes,
confer a different RR to several neoplastic diseases36374243, Recently, findings have
shown that the prevalence of inherited PV/LPVs and gene-specific RR estimates could
depend on the ethnicity and different geographic location**4®, In this context, deeper
molecular investigations are needed in BC, OC, PaC, and PrC patients resulting negative
to BRCA1/2 genes genetic testing and with relevant personal and/or family history of
cancers*®4’ to make light on the molecular bases of the hereditary cancers and to observe
the prevalence and the geographic distribution of inherited PV/LPVs with a multi-gene
approach. The NGS molecular data and the clinical information together would result in a
more accurate management for each cancer patient and result fundamental for risk
assessment to develop univocal and tailored intensive surveillance programs and/or risk

reduction strategies®.



1.2 Breast cancer

BC is the most diagnosed cancer and the leading cause of death among Italian female
population, with an increasing incidence trend of +0.3% per year. Thanks to the spread of
screening programs and therapeutic advances, mortality is declining sharply (-6% from
2015 to 2020). Nationwide, more than 834.000 women received a diagnosis of BC,
amounting to 43% of women with a prior diagnosis of BC and 23% of all prevalent cases.
The 5-year survival rates for women with BC is about 87%. The RR of BC is increasing
with the age. The incidence curve increases until menopause slowing down and rises
again after 60 years old. The RR is multifactorial and the 5-10% of all BCs are hereditary,
with a quarter of them associated to the PV/LPVs in the major susceptibility BRCA1/2
genes and characterized often by contralateral and an early onset*®. Woman affected by
unilateral BC have an increased RR to develop a bilateral breast cancer (BBC)%%51,

Based on histological features, BCs could be classified into five main molecular subtypes:

e “Luminal A” (LA) (about the 80% of luminal BCs)®?, with marked expression of
estrogen receptor (ER) and progesterone receptor (PR) (>20%), lack of expression of
the human epidermal growth factor receptor 2 (HER2) and low proliferative activity
(Ki-67) (<20%);

e “Luminal B"/HERZ2 negative (LB/HER2-), with marked expression of ER and PR, lack
of expression of HER2, but with high recurrence’s risk showing a higher Ki-67 (=20%)
due to high expression of proliferation genes;

e “Luminal B’’HER2 positive (LB/HER2+), with marker expression of ER and PR,
overexpression of HER2 or expression, and any value of Ki-67;

e “HER2-enriched” (HER2E) (about 10-15% of all BCs)®?, characterized by the
expression or overexpression only of HER2%3;

e “Triple-Negative Breast Cancer” (TNBC) (about 20% of all BCs)®?, disease defined by
the lack of expression of hormonal receptors and HER2.

Each type of BC is different in clinical features, with the LA characterized by a better
prognosis and the HER2 and TNBC having the worst*®. About 60-70% of BCs cases
occurring in premenopausal women was hormone receptors positive. TNBCs are often
related to PV/LPVs in the BRCA1l gene and a poorly differentiated infiltrating ductal
carcinomas (CDI) histological subtype, high Ki-67, high grade, and geographic necrosis,
associated with higher mortality and morbidity and treated only with conventional
chemotherapy®*®°. On the other hand, BCs are related to PV/LPVs in the BRCA2 gene



show a LA or LB subtype, a lobular histological subtype (CLI), with 2/3 grade, ER and PR
expression and HER2 absence, similarly to sporadic BCs®6.

Looking beyond therapies, the potential role of platinum-based agents, standard
anthracycline- and taxane-based chemotherapy, has emerged in patients with BRCA1/2
genes deficient BC%. In 2018, recent findings lead to the FDA and EMA approval of
PARPi-based therapy, with optimal improving in mortality rate, PFS and OS®°8¢%, Olaparib
was approved for the treatment of HER2- metastatic BC with germline PVs in the
BRCA1/2 genes (OlympiAD study)?®, while Talazoparib was approved for the HER2-
advanced or metastatic BC with germline PVs in the BRCA1/2 genes (EMBRACA study)®?.

1.3 Ovarian cancer

OC represents one of the most common gynaecological tumours, with the highest mortality
rate®364, In ltaly, the Italian Association of Medical Oncology (AIOM) and Italian
Association of Cancer Registries (AIRTUM) have estimated 5.200 new cases in 202065,
The most significant risk factor of OC is represented by family history of BC and/or OC due
to the BRCA1/2 genes aberrant alterations identified in almost 25% of all OCs®®,
Population-based studies have shown that OC patients have a prevalence of PV/LPVs in
the BRCAL1/2 genes in more than 15% of cases, regardless of age at diagnosis and the
presence of family history of BC or OC®%7. According to the histological features, OCs are
classified in epithelial, representing 90% of all, and non-epithelial origin®7°, Among
epithelial, 3% of OCs are mucinous and the other are non-mucinous’t. Non-mucinous are
divided in high-grade serous (70%); endometrioid (10%); clear cell (10%); low-grade
serous (<5%)’%72, Moreover, epithelial cancers are divided in low-grade serous carcinoma
(LGSC), unilateral, and cystic cancer’®, and high-grade serous carcinoma (HGSC); the
most common OC subtypes are HGSCs, bilateral, and aggressive’ ">, Epithelial OC is the
most frequently diagnosed in advanced stage and with a poor prognosis, often
asymptomatic or with unspecific symptoms. The prevalence of the PV/LPVs in the
BRCA1/2 genes is increasing in patients with serous OC (17-20%)’® and increases up to
23-25% in HGSCs’’. According to national AIOM guidelines, the BRCA1/2 genes genetic
testing for OC patients must be conducted in all non-mucinous and non-borderline ovarian
epithelial carcinoma, fallopian tube carcinoma and primary peritoneal carcinoma’®. The
germline and/or somatic PV/LPVs of the BRCA1/2 genes have a role as predictive factor
of platinum improved sensitivity’®7®. Over time, researchers demonstrate the improved

response to platinum derivates for OC patients carrying a germline alteration in the
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BRCA1/2 genes®’. Several recent studies have reported an improvement in terms of PFS
in case of OC treatment with PARPI-based therapy, alone or in combination with other
drugs, leading in 2014 to the FDA’s and EMA’s approval for the treatment of OC8-83,
Olaparib has been approved for the first time in 2014 for the treatment of advanced OC
with germline PVs in the BRCA1/2 genes (NCT0107662 study)®. Since 2014, several
studies tested Olaparib alone or in combination with other drugs and in several settings of
OC, leading to an increasing and evolving use to PARPi-based therapy in clinical practice,
such as the SOLO-2, Study 19, SOLO-1, PAOLA-1, ARIEL2 and Study 10. In 2020, all
these findings lead to the Olaparib approval in 2020 by the FDA (PAOLA-1 study) as first-
line maintenance therapy of advanced HRD carcinomas in combination with bevacizumab
with a complete or partial response to chemotherapy®. Rucaparib has been approved for
the first time in 2016 by FDA and two years after by EMA for the treatment of advanced
OC with germline/somatic PVs in BRCA1/2 genes, after several chemotherapy treatments
(ARIEL2 study and Study 10). To date, the FDA in 2019 and EMA in 2020, approved the
same PARPI as maintenance therapy in recurrent OC, regardless of mutational status, but
after response to platinum-based chemotherapy (ARIEL3 study)®’. Niraparib has been
approved for the first time in 2017 by the FDA and EMA for the treatment of recurrent OC,
regardless of mutational status, after complete or partial chemotherapy response
(ENGOT-OV16/NOVA study)®. In 2019, the FDA expanded Niraparib-based treatment to
all OCs with HRD (QUADRA study)®. In 2020, the FDA approved the Niraparib for the
treatment of recurrent OC, independently of mutational status and after complete or partial
chemotherapy response (PRIMA study)®. Moreover, the major involved genes in OC are
considered the HRR genes with a potential as predictive biomarkers of HRD and PARPI-
sensitivity, but also the PV/LPVs in MMR genes have been identified in OCs®46,
suggesting the crucial role of multi-gene panel testing.

1.4 Pancreatic cancer

PaC represents the fourth leading cause of death in women (7%) and the sixth in men
(5%). Exocrine PaC is one of the most inauspicious diseases with a 5-year survival of
8.1%°L. In Italy, 14.300 new diagnosis of PaC have been estimated in 2020 (6.900 men
and 7.400 women), according to AIRTUM, and leading to an increasing incidence trend for
men. In particular, the incidence trend is growing from the North to the Center of the
country (20-29% in males and 12-24% in females). The 10-year survival rate is about 3%.

The risk is multifactorial, but up to 10% of PaC patients show familiarity caused by Peutz-
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Jeghers syndrome (more than 100-fold increased risk), or the Familial Atypical Multiple
Mole Melanoma syndrome (20-30 times), or germline PV/LPVs in the BRCA2 gene (3-10
times), or hereditary pancreatitis (10 times) and Lynch syndrome®>%, Overall, familial PaC
affects 5-15% of individuals who develop PaC with early diagnosis, and who often have
family history of cancer suggesting a hereditary syndrome®-%. Germline PV/LPVs have
been identified in about 10-20% of all PaCs. Literature findings showed the predisposition
to PaC conferred by BRCA1, BRCA2, ATM, PALB2 and the debated CDKNZ2A gene.
Overall, these and other genes conferring predisposition to BC and/or OC, have been
identified as altered in the 3.5% of PaC cases*?°97, The 17-25% of PaC present somatic
variants in DNA damage response (DDR) genes, especially if involved in HRR?#0:98:99,
Based on histological features, the pancreatic ductal adenocarcinoma (PDAC), is the most
diffuse amounting to more than 90% of all cases'®. Classical treatment strategies, such as
chemotherapy and radiotherapy, cannot always, and in all patients, contrast the
aggressive progression of PaC. To date, it is known the sensitivity to platinum derivates for
PaC with PV/LPVs in the BRCAL1/2 genes. However, researchers are focused on the
development of more efficacy targeted therapies and, in the recent years recent findings
lead to the FDA'’s, in 2019, and EMA’s, in 2020, approval of Olaparib as a maintenance
treatment for germline BRCA1/2 genes deficient metastatic PDAC that has not progressed

on platinum-based chemotherapy (POLO study)30:10%.102,

1.5 Prostate cancer

PrC is the most frequent tumor and the third cause of death among men population in
many Western countries. In Italy, PrC is the most frequent malignancy among males and
accounts for more than 20% of all cancers diagnosed at the age of 50 and over. In 2020,
about 36.074 new cases were expected. According to AIRTUM data, between 2008 and
2016, the incidence increased slightly (+3.4%) in men under 49 years old but remained
unchanged in subsequent decades. The incidence shows a North-South gradient. These
differences, in addition to the different frequency of PSA as screening test are likely to be
explained by the different incidence of possible susceptibility factors and with the different
lifestyle. The 5-years survival rate of patients with PrC is currently at 92% after diagnosis,
which is significantly increasing because of the progressive spread screening by PSA
administration. The etiology of PrC is multifactorial, and only a small subgroup of PrC
patients (less than 15%) have a hereditary disease. PrC is associated with HBOC and

Lynch syndrome'®3. Fortunately, PrC is often low-risk and/or diagnosed at an early stage,
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even if a subset of PrC is characterized by an aggressive course. The first-line treatment
used for PrC is based on the androgen-blocking agents, but most PrC develop resistance
to these. The androgen-resistant metastatic PrC (mCPRC) has the worst prognosis, with a
survival-rate of less than 2 years*%1%4 Moreover, mCRPCs could have somatic alterations
in genes involved in DDR, about 23% of cases, while 10% have germline PV/LPVs and
more than 50% had a LOH%>-107 |n 2019, FDA approved the use of Rucaparib for mCPRC
treatment having BRCA1/2 genetic variants after androgen receptor-directed therapy and
a taxane-based chemotherapy, and lately for all HRD tumors (PROfound study)08199,
However, in 2020, the EMA’s Olaparib approval is limited to BRCA1/2 genes deficient
patients affected by mCPRC©,

1.6 Onco-genetic counselling

Patients who meet the eligibility criteria for BRCA1/2 genes genetic testing (Table 1) are
selected through the onco-genetic counselling based on the evaluation of patient’s
personal and family history, according to the guidelines of the Italian Association of
Medical Oncology (AIOM). The evaluation is performed by a multidisciplinary group of
experts consisting of medical oncologists, geneticists, molecular biologists, and onco-
psychologists. The criteria are as follows: number of affected relatives, type of neoplasm,
multiple primary tumors, age at diagnosis, sex, histological, immunohistochemical and
molecular characteristics of the neoplastic disease. The variables are useful to identify an
increased chance of finding a PV/LPV for >10-fold compared with the estimated
prevalence in the general population. The identification of a PV/LPV in BRCA1/2 genes
assumes a preventive role, and a potential predictive meaning for the treatment choice for
patients, but also for the first-degree relatives who access genetic “cascade” counselling
for a surveillance program, such as screening for an early diagnosis and risk-reducing
strategies. Recently, the BRCA1/2 genes genetic testing has been extended to metastatic
settings of PDAC and mCPRC®.
The outcomes of the test will be:

-informative: the PV/LPV is identified,;

-non-informative: the PV/LPV is not identified but the presence of an aberrant

variants of other susceptibility genes cannot be excluded, or a Variant of Unknown

Significance (VUS) is identified;

-negative: in case of lack of identification of a specific alteration investigated in a

family member previously identified in a related proband.
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1.7 High penetrance genes

1.7.1 BRCA1l and BRCA2
The onco-suppressor BRCA1 and BRCA2 genes have been discovered by Hall et al. in
1994 and Wooster et al. in 1995, respectively, as maintaining chromosomal stability>3. The
BRCAL1/2 proteins play a crucial role in DNA double-strand breaks (DSBs) repairing in the
HRR pathway*1!1-113 Inherited biallelic PV/PVs in BRCA1/2 genes have been identified in
several forms of Fanconi Anemia (FA). Germline single allele PV/LPVs in BRCA1/2 genes
are considered the main cause of HBOC. Moreover, PV/LPVs in these genes have been
defined as conferring predisposition also to PaC and PrC and other tumors''4118, A quarter
of all the hereditary BCs are due to PV/LPVs in the BRCA1/2 genes, while more than 15%
of all OCs had a BRCA1/2 genes alteration*®76.%3,
According to AIOM, women carriers of a PV/LPV in BRCA1 gene has a RR = 65% of
developing BC, with a cumulative risk by age of 80 years of 72%. While women carriers of
a PV/LPV in BRCA2 gene show a RR = 40% of BC, with a cumulative risk by age of 80
years of 69%°4%11° In male BCs, the most involved gene is BRCA2 gene and the
PV/LPVs in this gene lead to a RR = 4-16%, versus a RR = 0-4% for carriers of PV/LPVs
in BRCA1 gene*®. The RR to develop an OC for carriers of aberrant variants in BRCA1/2
genes has been estimated to be about 30-70%, with a cumulative risk of OC by the age of
80 years of 44% for carriers of variants in BRCA1 gene and 17% for subjects with variants
in BRCA2 gene’®. The BRCAL1/2 genes alterations can be identified in until almost 5-10%
of primary PaC%120-122. The BRCA2 gene harbors the majority of PV/LPVs identified in
PrCs, especially in the most advanced. 12% of all PrCs is due to a PV/LPV in DDR genes,
mainly in BRCA2 genel®3116.123 Moreover, the PV/LPVs of the BRCA1/2 genes have been
reported by both germline and somatic analysis from PaC patients at similar rates, but on
the other hand, these were found more often in PrC tissue samples®.
Recent evidence reported that the carrier patients harboring PV/LPVs in BRCA1/2 gene
have a RR >60% of BC and a RR = 40-60% of OC for carriers of PV/LPVs in BRCA1
gene, whereas a RR = 15-30% for carriers of PV/LPVs in BRCA2 gene. Moreover, a RR
<5% to develop PaC exist for carriers of a PV/LPV in BRCAL or in BRCA2 gene and a RR
= 30% of PrC is present for BRCA2 gene deficient patients!?.

Breast cancer 1, BRCA1l
The BRCAL gene (17¢921.31) is composed by 24 exons (23 coding)**?4. The largest is the

exon 11 encoding for more than 60% of the enzyme'25126, The BRCA1 protein (1863 aa) is
13



a nuclear effector playing a role in DNA repair, cell cycle control, and genomic stability*.
BRCAL is composed by several domains absolving multiple functions, such as a RING
(Really Interesting New Gene) domain at the N-terminal end and a C-terminal BRCT
domain'?>1?7 (Figure 1). The N-terminal end carries zinc-binding finger RING domain, and
it is essential for the interaction of BRCA1 with BARD1 (BRCA1 Associated RING Domain
protein 1)1?8, The BRCAL protein’s RING finger is responsible for the ubiquitin E3-ligase
activity’?®, resulting increased after BARD1 binding'?®. The interaction BRCA1/BARD1
causes the hiding of the Nuclear Export Sequence (NES) of the RING domain, resulting in
the nuclear catching of both125130-132_ At the C-terminal end, two phosphopeptide-binding
domains in the BRCT allow the interaction of BRCAL with the effector CtIP (C-terminal
binding protein 1 (CtBP1) interacting protein), the BRCA1 A Complex Subunit (ABRAXAS),
and the BRCAL interacting protein C-terminal helicase 1 (BRIP1/FACJ)'?7133134  The
central exons 11-13 has two Nuclear Localization Signals (NLSs) allowing to translocate
from the cytoplasm to the nucleus, one coiled coil domain allowing the interaction between
BRCA1-BRCA2 through PALB2 (partner and localizer of BRCA2) and binding sites for
different effectors, such as Retinoblastoma protein (RB), C-MYC, RAD50 and
RAD51 (Figure 1)¥7135136 Through PALB2, BRCA1 places BRCA2 at DSB sites for the
repair. The Serine Cluster Domain (SCD) at the C-terminal region allows the
phosphorylation by ATM!!3, By associating with proteins, such as ATM, MSH2, MSH6,
MLH1, RAD50 or MRE11- NBS1, it forms the BRCA1-Associated Surveillance Complex
(BASC)*¥, acting as a sensor and regulate the repair process after replication. The
sequence alterations across the BRCA1 gene sequence have been often identified into the
RING domain, the exons 11-13 and the BRCT domain'?>126.138 |n most cases the lack of
BRCAL is caused by epigenetic changes, such as promoter methylation inactivating both
the alleles of the gene®*. Furthermore, the Loss of Function (LOF) of BRCAL gene in
many cancers follows the Knudson’s double-hit theory'#9, but it has been proposed that
single-allele aberrant variants on BRCAL1l gene lead to a haploinsufficiency causing

genomic instability4*.

Breast cancer 2, BRCA2
The BRCA2 (139g13.1) gene consists of 27 exons (26 coding)®'#2. The exon 11 is
extended for more than 50% of the sequence. The BRCA2 nuclear protein (3418 aa) is
ubiquitinated and play a key role in cell-cycle control, proliferation pathways, transcription
and DSBs repairing in HRR13143144° The BRCA2 effector consists in a DNA-binding
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helical domain, recognizing single-strand DNA (ssDNA) and double-strand DNA (dsDNA),
and in eight BRC repeats between the amino acid residues 1009 and 2083 useful to bind
RAD51'45146, The BRCA2 protein has also by three Oligonucleotide Binding (OB) domain
and a tower domain allowing the BRCA2 binding to ssDNA and/or dsDNA3. Its N-terminal
end has a binding site for PALB2 (amino acids 21-39), and at the C-terminal end are
localized the NLSs. BRCA2 has a phosphorylation site for cyclin-dependent kinase 2
(CDK2) (S3291) by which it binds to RAD51 recombinase!'® (Figure 2). In fact,
BRCA2 targets RAD51 protein to sSDNA, enabling RAD51 to displace Replication Protein-
A (RPA) from ssDNA and stabilizing RAD51ss-DNA filaments
by blocking ATP hydrolysis. BRCAZ2 is not able to anneal ssDNA complexed with RPA but
mediates the recruitment of the recombinase RAD51 to the DSBs through the assembling
of the BRCA1-PALB2-BRCA2 complex!4"148, Sequence alterations on BRCA2 gene are
associated with FA, HBOC syndrome and several setting of PaC and PrC*. Findings
suggest that epigenetic regulations are involved also in BRCA2 gene expression
|eve|l43,150'
1.7.2 TP53

The TP53 gene (17p13.1), “the guardian of the genome”®!, encodes for p53 onco-
suppressor involved in cell cycle arrest, apoptosis, senescence, and DDR2153, The TP53
gene missense’s PV/LPVs have been identified in about the 50% of sporadic
cancers®®+15, Inherited PV/LPVs in TP53 gene have been associated with the Li-
Fraumeni syndrome, a rare autosomal dominant disorder consisting in a higher risk of
childhood-, young- and adult-onset neoplastic diseases, such as BC, leukemia,
adrenocortical carcinomas, central nervous system tumors, osteosarcomas, and soft-
tissue sarcomas'®2156-158 The carrier patients harboring germline PV/LPVs in TP53 gene
have a RR = 40% of BC and the RR to develop OC is not yet known. While the RR to
develop PaC, colon cancer and other, such as sarcoma, brain, leukemia, and

adrenocortical carcinoma, is not well established?!?.

1.7.3 PTEN
The PTEN gene (10g23.3) encodes a phosphatidylinositol-3,4,5- trisphosphate 3-
phosphatase, which negative regulate the PI3K pathway and Mitogen-Activated Protein
Kinase (MAPK) cascade'®®1%2, The PTEN effector maintains genomic stability and it is
responsible for cell cycle, apoptosis, and metabolism'63164, The PV/LPVs in PTEN gene
have been identified in many sporadic cancers, such as thyroid, endometrial, breast, and
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neural cancer®>166_|nherited PV/LPVs in PTEN gene have been found in families with the
Cowden’s syndrome (CS). The CS is an autosomal dominant disorder, described for the
first time in 1963, as a hereditary syndrome characterized by individuals with
multiple hamartomas and a predisposition to several neoplastic disease, such as uterine,
endometrial, thyroid, and BC62167 The carrier patients harboring germline PV/LPVs in
PTEN gene have a RR = 40% of BC, and the RR to develop OC and PaC is not yet
known. While the RR to develop other cancers has been reported, such as colon (10%),

thyroid (20%) and endometrial (20%) cancer!?.

1.7.4 STK11 or LKB1
The STK11 or LKB1 gene (19p13.3) encodes for a serine/threonine kinase playing a role
in several proliferation, growth, and metabolism68169  |nherited PV/LPVs in STK11 or
LKB1 gene have been linked to Peutz-Jeghers syndrome, a rare autosomal dominant
disorder’®, characterized by gastrointestinal (Gl) polyposis, mucocutaneous freckling,
hyperpigmented macules and predisposition to colorectal cancer (CRC), PaC, BC, and
OC'1172 The carrier patients harboring germline PV/LPVs in STK11 gene have a RR =
40% of BC, and the RR to develop OC is not yet known. While the RR to develop PaC is
10-30%, the RR of colon cancer is 30% and the RR to Gl cancer is 30% and Sertoli-Lyedig

account to 10-20%?1,

1.7.5 CDH1

The CDH1 gene (16922.1) encodes an E-cadherin acting in invasiveness and metastatic
events'’3174 Somatic, and epigenetic alterations in the CDH1 gene occur frequently in
sporadic tumors, such as gastric cancer and BC'’>176, conferring a poor prognosis!’’.
Inherited inactivating PV/LPVs in CDH1 gene coding and spicing sequence have been
identified as responsible for Hereditary Diffuse Gastric Cancer, an autosomal dominant
disorder’8. This disorder is predisposing to the rare hereditary diffuse-type of Gl cancer
and hereditary lobular BC'’6, The carrier patients harboring germline PV/LPVs in CDH1
gene have a RR to develop lobular BC accounting to 40%, and the RR to develop OC and
PaC is not yet known. On the other hand, the RR to develop diffuse Gl is 35-45%*.
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1.8 Moderate and low penetrance genes

1.8.1 Fanconi Anemia genes: PALB2, BRIP1 and other
The FA is a rare inherited recessive disorder characterized by multiple congenital
malformations, progressive pancytopenia, predisposition to hematological and solid
tumors!’®. The FA genes are involved in several cellular processes in response to
replication stress, in the repair of interstrand DNA crosslinks and mainly in HRR
pathway!8%181 The FA is due to homozygous PV/LPVs in one of 22 genes involved in the
FA/BRCA pathway, except for the X chromosomal FANCB gene!®2183, FA/BRCA pathway
include BRCA1/2 genes (FANCS and FANCD1 respectively)8418 Moreover, in BC and
OC patients have been described monoallelic alterations in several FA genes®’.
The PALB2 o FANCN gene (16p12.2) encodes an effector working with BRCA2 in HRR,
leading to its nuclear localization and stimulating its activity in checkpoint and
repairing®”188, PALB2 binds ssDNA and interacting with RAD51 enhances its strand
invasion!®. Germline monoallelic PV/LPVs in the PALB2 gene conferred an increased RR
= 40-60% of BC, a RR = 3-5% of OC and a RR = 2-3% of PaC. Somatic PV/LPVs of
PALB2 gene have been identified in both PaCs and PrCs, whereas germline PV/LPVs
have been found in PaC patients, with a higher RR4%:97,
The BRIP1 (BRCAL Interacting Helicase 1) or FANCJ gene (17923.2) encodes for a
protein with DNA helicase activity interacting to BRCA1 and playing a role in cell cycle
checkpoint control and mitosis?®. The carrier patients of PV/LPVs of BRIP1 gene confer a
RR = 5-10% of OC and the RR of BC is not yet known*.

1.8.2 ATM

The ATM gene (11922.3) encodes a serine/threonine PI13/Pi4 kinase playing a pleiotropic
role in repairing DBSs and in cell cycle regulation'®%192, ATM can activate BRCAL1 and
BRCAZ2 in HRR and it is involved also in NHEJ. Biallelic PV/LPVs identified in the Ataxia-
telangiectasia-mutated (ATM) gene have been related to a rare autosomal recessive
syndrome, the Ataxia-telangiectasia, consisting in early onset cancers with a progressive
cerebellar ataxia occurring in early infancy characterized by telangiectasis and immune
defects'®, Lymphoma of the B-cell type is the most frequently observed neoplastic
disease and numerous cases of leukemias!®4.

Monoallelic PV/LPVs in ATM gene have been identified as conferring a RR = 25-30% of
BC, a RR < 5% of OC, a RR < 5% of PaC and a RR = 30% of PrC11,
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1.8.3 CHEK2
The CHEK2 gene (22g12.1) encodes a nuclear serine/threonine kinase (Chk2) activated in
response to DSBs by ATM in HRR!%, The CHEK2 gene effector is involved in mitotic
function, cell cycle arrest and apoptosist®®19’/. Chk2 activates proteins, such as BRCA1
and p53, allowing to ensure chromosomal stability®®19°, Germline PV/LPVs in CHEK2
gene confer a RR of BC estimated to be 25-30%. The RR of OC and PaC is not yet
known and, moreover, it seems to confer a RR = 15% of colon cancer!!. Furthermore,

somatic CHEK2 gene alterations have been found in sporadic tumors2°,

1.8.4 BARD1
The BARD1 gene (2g35) encodes a full-length onco-suppressor protein (BARD1-FL)
interacting with the N-terminal region of BRCA12°1.202. BARD1 plays a crucial role through
the BRCA1/BARD1 heterodimer assembling with ubiquitin E3 ligase activity in DDR and
cell cycle regulation?93204, The BARD1 gene PV/LPVs have been defined as predisposing
only to BC with a RR of about 20%**.

1.8.5 RAD51 family

The RAD51 gene (17922) encodes several enzymes playing a role in HRR. The RAD51
family is composed by seven different paralogs (RAD51, RAD51B, RAD51C, RAD51D,
XRCC2, XRCC3, and DMC1), combining in two complexes with different role at different
levels of the same DDR system, the BCDX2 (RAD51B-RAD51C-RAD51D-XRCC2) and
the CX3 (RAD51C-XRCC3) complex?°5-207, Bjallelic PV/LPVs of the RAD51, RAD51C, and
XRCC2 genes (FANCR, FANCO, and FANCU, respectively) have been linked to FA and
BC?2%8, Monoallelic PV/LPVs in RAD51 gene have been related to BC and OC, such as
RAD51B, RAD51C, and RAD51D genes to OC and RAD51, RAD51B, and XRCC2 genes
to BC209-211 The major and well known RADS51 paralogs are RAD51C and RAD51D genes.
The RAD51C gene (17922) encodes an effector having its role in HRR and works with
other paralogs?'?. The RR of BC for carriers of PV/LPVs in RAD51C gene is estimated to
be 20% and the RR of OC is 10%?.

The RAD51D gene (17912) encodes a tumor suppressor protein creating complexes with
the other paralogs of its RAD51 family in the HRR pathway?*3. The RR of developing BC
for carriers of PV/LPVs in RAD51D gene is estimated to be 10%, such as the RR of OC is
10%1.
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1.8.6 MRE-RAD50-NBS1 complex

The complex composed by the MRE11, RAD50, and NBN genes products (MRN complex)
is involved in DNA end resection in HRR, DSBs restoring through NHEJ, telomere
preservation, DNA replication and cell cycle checkpointst®?2%4, In presence of DSBs, the
MRN complex stimulate other effectors, including ATM, to start the DDR and cell cycle
arrest against cancer?4. Germline PV/LPVs in MRE11, RAD50, and NBN genes have
been associated to an increased risk of BC, OC, CRC, Gl and PrC, but also leukemia and
melanoma?'5-217,

The NBN gene (8g21.3) encodes a Nibrin protein with a crucial role in MRN complex
localization and in the interaction with other proteins?'®. Germline homozygous PV/LPVs in
NBN gene have been defined as responsible for Nijmegen breakage syndrome (NBS)?1°,
an autosomal recessive disorder associated to progressive microcephaly, intrauterine
growth retardation and short stature, recurrent sinopulmonary infections, an increased risk
for cancer, and premature ovarian failure in females. Germline PV/LPVs in NBN gene
confer RR in life to develop in BC, OC, PrC, medulloblastoma, and melanoma 220221,
Homozygous PV/LPVs in RAD50 and MRE11 genes have also been identified in NBS-Like
Disorder a rare, genetic multiple congenital anomalies/dysmorphic syndrome??2223, At the
same time, NBN gene alterations have been found in BC, PrC and melanoma cancer
patients??4. The PV/LPVs of NBN gene have been found in 0.21% of sporadic PaCs and
0.59% of familial PaCs®’, while in sporadic PrCs represent the 2%'°7. On the other hand,
somatic PV/LPVs have been not identified for more than 2% in both PaCs and PrCs*. The

RR of OC is yet not known37:225:226,

1.8.7 Mismatch Repair genes
The mismatch repair (MMR) genes are the MLH1, MSH2, MSH6, PMS2 and EPCAM
genes having different role in the same pathway??’. The PV/LPVs in MMR genes alteration
leads also to a high microsatellite instability??®. Germline PV/LPVs of the MMR genes are
liked to Lynch syndrome (LS), an autosomal dominant disease, including a higher RR of
developing CRC, endometrial and other tumors, including PaC and PrC?2°2%, Findings
reported the involvement of the EPCAM gene in LS as it is localized upstream of MSH2
gene?®, The LS consist in a predisposition also to endometrioid or clear cell OC with a RR
= 4-12%%%?. Germline/somatic MMR deficiency has been found in 1-8% of serous OC?%,
The RR of OC is related to PV/LPVs in MLH1 gene (10-20%), in MSH2 gene (17-24%), in
MSH6 gene (8-13%), while the RR of OC related to PMS2 gene is equal to generic
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population?32, To date, it is not clear the impact of the PV/LPVs in MMR genes in the RR of
BC#:234 Germline PV/LPVs in MMR genes have been found in PaC and mCRPC
regardless of family history of cancer®”2%®. The PV/LPVs in MMR genes have been found

in 0.8% of PaC samples and in almost 3% of PrC samples®8236,

1.9 Rationale

Deep is the knowledge about the impact of the PV/LPVs of BRCA1/2 genes in hereditary
cancers. However, numerous patients result negative to genetic testing of BRCAL1/2
genes, despite the relevant personal and/or family history of cancers. Furthermore, family
history-based testing does not consider about a half of carriers harbouring PV/LPVs in
HBOC syndrome predisposing genes'l. Multi-gene panel testing could define a more
detailed molecular profile of the HRR genes and of other genes involved in hereditary
cancers to develop more accurate risk assessments, clinical interventions, and targeted
therapies. In fact, in the last years has emerged the role of the PV/LPVs in the BRCA1/2
genes as predictive biomarker of PARPI-treatment choice. The recent FDA and EMA
approval of PARPI-based maintenance therapy for the treatment of specific settings of BC,
OC, PDAC and PrC resulted crucial in improving PFS and OS for patients. The diffusion of
the NGS-based multi-gene panel testing in several setting of BC, OC, PaC and PrC could
be essential to understand their molecular basis, investigating beyond the BRCA1/2
genes*47. To date the NCCN, the ASCO and the ESMO guidelines developed strategies
to identify high risk patients, but there are no univocal guidelines''-1>. The advent of NGS
has allowed to perform molecular investigations in a multiplexing approach, reducing time
and costs of each analysis, obtaining more information of every single patient®®. The aim of
this study was to develop a more accurate hereditary cancer risk assessment to define
specific and wider prevention paths for carriers of PV/LPVs in cancer susceptibility genes

and to identify novel potential biomarker for therapeutic purposes.
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1.10 Objectives

Based on a Breast Cancer BRCA System database retrospectively collected at University
Hospital Policlinico ‘P. Giaccone” of Palermo,
the main goal of this research was to collect and describe the typology and gene location
of germline PV/LPVs of the main susceptibility BRCA1/2 genes detected in BC, OC, Pac
and PrC patients who met the eligibility criteria to genetic testing (see section Patients and
Methods).

Moreover, the aim was to perform in a selected subset of patients (see section Patients
and Methods) a broader multi-gene NGS-based analysis to investigate the prevalence of
different inherited PV/LPVs of other genes involved in HRR and/or in other pathways
crucial in cancer development and responsible for hereditary cancer syndromes. Overall,
the possible genotype-phenotype and clinico-pathological correlations have been carried
out. This study could be useful to define a more accurate hereditary cancer’s risk
assessment and to identify high risk patients for tailored preventive and therapeutic

strategies.
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CHAPTER

Patients and Methods

2.1 Study population

This observational study of Sicilian population has been carried out based on a Breast
Cancer BRCA System database collected at the “Sicilian Regional Center for the
Prevention, Diagnosis and Treatment of Rare and Heredo-Familial Tumor of adults” of the
Section of Medical Oncology of University Hospital Policlinico “P. Giaccone” of Palermo,
according to the eligibility criteria to genetic test defined by the AIOM guidelines (Table 1).
The cohort was composed by primary BC patients included from January, 1th 2016 to
October, 20 2022; patients affected by OC included from January, 1th 2017 to October, 20
2022; PaC patients included from January, 1th 2019 to October, 20 2022; and PrC
patients included from January, 1th 2021 to October, 20 2022.
On the other hand, a subset of patients resulting negative to BRCA1/2 genes genetic
testing have been selected to the broader analysis with the NGS-based multi-gene cancer
panel investigating 22 susceptibility genes (ATM, NM_000051.4; APC, NM_000038.6;
BARD1, NM_000465.4; BRCAl, NM_007294.4; BRCA2, NM_000059.4; BRIP1,
NM_032043.3; CDH1, NM_004360.5; CHEK2, NM_001005735.2; EPCAM, NM_002354.3;
MLH1, NM_000249.4; MSH2, NM _000251.3; MSH6, NM_000179.3; MUTYH,
NM_001048171.1; NBN, NM_005732.4; PALB2, NM_024675.4; PMS2, NM_000535.7;
PTEN, NM_000314.8; RAD50, NM_005732.4; RAD51C, NM_058216.3; RAD51D,
NM_001142571.2; STK11, NM_000455.5 and TP53, NM_000546.6)%%.76.93,
The multi-gene testing has been performed on patients resulting negative to BRCA1/2
genes genetic testing and showing at least one of the following criteria: (i) at least other
two first-degree relatives affected by BC, OC, and/or PC; (ii) early onset of cancer (age at
diagnosis < 36 years); or (iii) presence of synchronous/ metachronous tumours (e.g.
bilateral BC, BC and OC).
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Clinical and molecular data have been collected and clinico-pathological correlation have
been carried out. All patients provided and signed an informed consent, and the
information regarding personal and family history of neoplastic disease, such as family
geographical origin, age of cancer diagnosis, histological tumour subtype, molecular
phenotype, disease stages (I-1V) and diagnosis have been recorded anonymously. Data
about the ER, PR and HER2 receptor status, Ki67 status, and histological grade (Grades I,
Il and IIl) of the primary tumours were provided by medical pathology reports in diagnostic
core biopsies or resections.

Overall, BCs were divided into LA (LA= ER/PR+ and HER2-, histological grade 1 or 2), LB
(LB= ER/PR+ and HER2+, or ER/PR+, HER2-, and grade 3), HER2E (ER/PR- and
HER2+) and TNBCs (ER-, PR- and HER2-)%*’. The OC patients were valued for both
germline and somatic PV/LPVs in BRCA1/2 genes’®. The study was approved by ethical
committee (Comitato Etico Palermo 1; approval number: 3/2020) of the University-affiliated
Hospital A.O.U.P. “P. Giaccone” of Palermo. Each patient has been valued on probability
score to be carrier of a PV/LPV in BRCA1/2 genes through the use of available tools, such
as BRCAPRO genetic risk prediction model, and according AIOM guidelines®3238239, The
criteria adopted by the AIOM guidelines are focused on personal and family history and
age of cancer onset, with the aim to identify high risk subjects harbouring a PV/LPV in the

HBOC susceptibility genes®.

2.2 Sample selection and Next-Generation Sequencing analysis

Peripheral blood samples, from BC, OC, PaC and PrC patients, were collected at
diagnosis through a vacutainer syringe containing EDTA. The OC’s tissue samples were
accessible as exploratory biopsies or neoplastic tissue obtained by surgery and available
as Formalin-Fixed Paraffin-Embedded (FFPE). Tissues specimens were sectioned at 10
um with >20% of malignant origin by the laboratory of pathological anatomy section of the
same hospital agency. The extraction of DNA from both peripheral blood and FFPE tissue
has been obtained using a commercially available extraction kit according to the
manufacturer protocol. The obtained DNA has been quantified using a fluorometer and its
quality has been evaluated. The BRCA1/2 genes analysis in germline and/or somatic
samples required 20 ng of DNA to the barcoded library preparation phase. Since 2016 to
2019, the kit used for BRCA1/2 genes’ analysis was performed using a manual workflow’s
protocol, while starting from 2020 it has been replaced by an automated workflow. Both

the procedures have allowed to investigate all the coding and splicing sequences of
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BRCA1 and BRCA2 genes. According to the manufacturer protocol, in the manual
procedure, the library has been obtained by using three multiplex PCR primer pools useful
to amplify all the coding sequences of the examined genes. There have been employed 20
ng of DNA to each primer pool for PCR amplification in multiplexing condition. The next
step has been the partial digestion of the amplicons’ ends to allow the barcode ligation
followed by a purification step. The quantity and quality of libraries have been valued using
a fluorometer and an on-chip electrophoresis, respectively?*°. Later, an equimolar library
has been generated and an emulsion PCR have been set up to obtain the target
enrichment and the template ssDNA preparation. The final phase is represented by
sequencing with the lon Torrent S5 (Thermofisher Scientific) NGS platform. Molecular data
have been analyzed with specific software. To perform multi-gene panel testing analysis
have been used a manual workflow kit to evaluate 22 susceptibility genes, with high,
moderate, and low penetrance, involved in risk of several inherited neoplastic syndromes,
according to a similar protocol to the previously mentioned. The data analysis has been
conducted through the standardization of sequencing coverage depth to minimize the
probability of false positive and false negative scores. Among laboratories, it has not been
established a consensus on the minimum coverage depth and each one must set its own
parameters. In our laboratory, a minimum coverage depth of 5000x and 500x has been

considered as somatic and germline samples’ cut off analysis, respectively.

2.3 Sanger sequencing analysis

Sanger sequencing analysis have been used to confirm the identified PV/LPVs identified
on BRCA1/2 genes. The ABI 3130 Genetic Analyzer (Applied Biosystems) and, more
recently, the SeqStudio (Thermofisher Scientific) have been used with a specific kit and

according to manufacturer’s protocols.

2.4 Copy Number Variation (CNV) Analysis by Multiplex Ligation-

Dependent Probe Amplification Analysis

The identification of Large Genomic Rearrangements (LGR) through NGS analysis was
confirmed by Multiplex ligation-dependent probe amplification (MLPA). Probe amplification
products were analysed by capillary electrophoresis using the ABI 3130 Genetic Analyzer
(Applied Biosystems) and the SeqStudio (Thermofisher Scientific). Final scores were

analysed by a specific software to observe peak heights and areas and fragment sizes in
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base pairs (bp)?*. In case of positive scores, the results have been confirmed conducing a

second analysis on another blood sample following the same protocol.

2.5 Genetic variants classification

According to AIOM guidelines, variants are classified adopting the five-class classification
proposed by the Evidence-based Network for the Interpretation of Germline Mutant Alleles
(ENIGMA)?*2 and the International Agency for Research on Cancer (IARC)
recommendations?43, into:

- Class 1: Benign,

- Class 2: Likely Benign,

- Class 3: Variant of Uncertain Significance,

- Class 4: Likely Pathogenic,

- Class 5: Pathogenic.

The in-silico analysis has been performed using online available databases, such as
Clinvar, VarSome, BRCA Exchange, LOVD, PolyPhen-2, Sift, HCI Priors V2.0 Software,
to investigate the molecular and clinical involvement variants. The gene and variants
identified were characterized according to the systematic nomenclature of the
recommendations for the description of sequence variants established by the Human
Genome Variation Society (HGVS) authorized by the HGVS, Human Variome Project
(HVP), and the Human Genome Organization (HUGQ)?%,

2.6 Statistical analysis

Clinico-pathological variables and prevalence of each genetic variants were evaluated in
the examined cohort. The comparison between each clinical feature was made with
Fisher's Exact test. P-values <0.05 were considered significant. Statistical analyses have
been performed through the IBM SPSS Statistics for Windows Version 23.0 (IBM
Corporation, Armonk, NY, USA).
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CHAPTER

Results

3.1 Patients selected and molecular subtypes

Overall, 1878 patients were included in this observational study and selected for genetic
testing of the susceptibility BRCA1/2 genes, according to the eligibility AIOM criteria (see
section Patients and Methods).

The cohort were composed by 1170 BC patients (1116 women and 54 men); 540 OC
patients; 144 PaC patients (65 women and 79 men) and 24 PrC patients.

The collection of the available clinical data covered a total of 1023 BC patients out of 1170
analyzed, bringing out BCs with the following molecular subtypes: 246 (24%) LA, 411
(40.2%) LB, 40 (3.9%) HERZ2E and 326 (31.9%) TNBCs. About the remaining 147 BC
patients, the available clinical information was incomplete, but the molecular data have
been reported.

The OC patients showed the following histological subtypes: 2 serous, low-grade (0.4%);
347 serous, high-grade (64.3%); 53 endometrioid (9.8%); 13 clear cells (2.4%); 32
papillary (5.9%); 93 with unknown histological subtypes (17.2%).

The PaC patients had previously a PDAC (63%). The PrC showed a 66% of cancers with

Gleason 7-9.
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3.2 Analysis of BRCA1/2 genes in BC patients

Overall, 144 (12.3%) out of 1170 BC patients resulted carriers of PV/LPVs in BRCA1/2
genes: 135 women (93.75%) e 9 men (6.25%). Among which, 72 (50%) had a PV/LPV in
BRCAL1 gene, 70 (48.6%) in BRCA2 gene, while 2 patients (1.4%) showed double
heterozygosity for PV/LPVs in both BRCA1 and BRCA2 genes.

Among the 144 carrier patients, 67 (46.5%) had a TNBC, 53 (36.8%) had a LB, 9 (6.3%)
had a LA, 3 (2.1%) had a HER2E and 12 (8.3%) had an unknown molecular subtype. Out
of 72 carriers of variants in BRCAL gene, 48 (66.7 %) had a TNBC, 17 (23.6%) a LB, none
had a LA, one (1.4%) had a HER2E tumor and 6 (8.3%) had an unknown molecular
subtype. Out of 70 carriers of variants in BRCA2 gene, 35 (50%) had a LB, 18 (25.7%) a
TNBC, 9 (12.85%) a LA, 2 (2.85%) a HERZ2E tumor and 6 (8.6%) had an unknown
molecular subtype. Moreover, both one TNBC patient and one patient with a LB tumor
showed double heterozygosity for PV/LPVs in BRCA1/2 genes. The PV/LPVs detection
rate among the molecular subtypes and between women and men is shown in Figure 3a,
3b and 3c.

Overall, BC patients harboring a PV/LPV in BRCAL gene developed mainly a TNBC and
patients carrying a BRCA2 gene aberrant alteration had more frequently a LB/HER2-
negative BC (Table 2).

The typology and gene location of each PV/LPV have been recorded, especially with a
TNBCs vs LA/LB/HER2E BCs comparison, with the aim to identify a potential association
between a specific genetic alteration and a BC’s molecular subtype.

The molecular data showed 70 different PV/LPVs in BRCA1/2 genes identified in 144 BC
patients, among which 4 in unknown molecular subtypes. In detail, 40 different PV/LPVs
have been found among TNBC patients, of which 25 in BRCAL gene and 15 in BRCA2
gene (Table 3 and Figure 4a and 4b); 36 PV/LPVs have been found in LB patients, 11 in
BRCA1 gene and 25 in BRCA2 gene, whereas 9 PV/LPVs of BRCA2 gene were observed
in LA and 3 PV/LPVs have been identified in HER2E, one in BRCA1 gene and 2 in BRCA2
gene (Table 4 and Figure 5a and 5b).

Overall, 28 different PV/LPVs in BRCA1 gene have been identified and 17 have been
identified only in TNBCs and 3 only in the LB phenotype. On the other hand, 8 have been
identified both in TNBCs and LB, including one LGR, while one PV has been identified in
both TNBCs and HER2E. Overall, 38 different PV/LPVs of BRCA2 gene have been
identified and 16 have been identified only in LB, 7 only in TNBCs, 3 in LA and 2 in HERE.

On the other hand, 7 were identified in both TNBC and LB subtype, 5 were both in LA and
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LB, one was in TNBCs and LA and 3 in TNBCs, LA and LB. Based on available molecular
data, the spectrum of the PV/LPVs identified in TNBC patients was not overlapping the
variants harboured by LA/LB/HERZ2E patients (Table 3 and 4).

Among TNBC patients the most frequent identified PV were the ¢.4964 4982del, BRCAl
(11.9%) and the c.514del, BRCA1 (10.4%), according to HGVS nomenclature, identified in
8 and 7 probands respectively. The c.4964 4982del, BRCAL is a deletion of an extended
fragment composed by 19 nucleotides of the coding sequence leading to a premature stop
codon formation and it has been defined a founder variant of the Southern Italy?4>-?4’, The
c.514del, BRCA1 is a deletion of one cytosine causing a frameshift, resulting in the
substitution of the amino acid glutamine with asparagine at codon 172, and in a premature
stop signal creation leading to a BRCA1 truncated or absent protein?4/248, Into BRCA1
gene coding and splicing sequence, the PV/LPVs were located into three hypothetical
cluster regions, such as the RING N-terminal domain (nucleotide: 185; codon: 23), the
exonll (nucleotides: 916-4023; codons: 267-1302) and the BRCT C-terminal domain
(nucleotides: 5083-5382; codons: 1655-1756)%4°. In detail, one variant was in the the RING
N-terminal domain, 10 PV/LPVs in the exon 11 and 5 in the BRCT C-terminal domain
(Figure 4a). About the type of each alteration, 12 were frameshift (Fs), 7 nonsense (NS), 1
missense (M), 2 intronic variants (IVS) and 3 were LGR (Table 3). The PV/LPVs in BRCA2
gene seemed to be a distributed along the whole sequence (Figure 4b). About the type of
the variants, 2 PV/LPVs were in the N-terminal region, 7 were in exon 10-11, with 4 in the
BRC repeats and 1 in the DNA binding domain?4°. Regarding the type of the alterations, 7
were Fs, 3 were NS, and 5 were IVS (Table 3). Among TNBCs, have been also identified
three Large Genomic Rearrangement (LGR): the c.-232_4675del, BRCA1 (exons 1-15), a
big deletion of the exon 14 of BRCAl gene reported as 17¢g21.31 (41226308-
41226571)x1, and a big deletion of the exons 15-16 of BRCA1 gene reported as 17921.31
(41219595-41223282)x1 (Table 3).

Among LA/LB/HERZ2E patients, the most frequent PV in BRCA1/2 genes was the
c.1238del, BRCAZ2 identified in 7 (10.8%) LB and one LA (1.5%) patients. The c.1238del,
BRCA2 leads to the deletion of a thymine causing a frameshift resulting in the substitution
of a leucine with a histidine at codon 413 and in the premature stop signals formation with
a LOF of the protein®12%0, In this study, it emerges how the BRCA2 gene harbours the
largest proportion of PV/LPVs in LA/LB patients. In addition, patients affected by a LA
tumour show only aberrant genetic alterations of the BRCA2 gene. The genetic localization
of the PV/LPVs in both the BRCA1 and BRCAZ2 genes in this subset of BC patients has a
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similar distribution into the three cluster regions. Into BRCA2 gene coding and splicing
sequence, the PV/LPVs were located into three hypothetical cluster regions, such as the
BRC repeats into the exons 10-11 (nucleotides: 4088-6352; codons: 1287-2042) and the
exons 10-11 (nucleotides: 1466-6819; codons: 413-2198), and DNA binding helical
domain near the C-terminal region (nucleotides: 7909-9683; codons: 2561-3152)%%°. In
detail, 6 PV/LPVs were in the N-terminal region, 9 variants were in the BRC repeats into
the exon 11, 4 in the exon 10 and 7 DNA binding helical domain near the C-terminal region
(Figure 5b). About the type of each variant, 19 were Fs, 8 were NS, 2 were M and 8 were
IVS (Table 4). The PV/LPVs in the BRCALl gene seemed to be located into the three
hypothetical cluster regions, but there were poor represented in LA/LB/HER2E BCs. Into
BRCAL gene, 2 PV/LPVs were located into the RING N-terminal domain, 5 in the exon 11
and 3 in the BRCT C-terminal domain (Figure 5a). About the BRCA1 gene variants type, 6
were Fs, 3 were NS, 2 were M and one LGR has been identified (Table 4). The results
showed a potential association with the TNBC subgroup and the c.4964 4982del, BRCA1
and the c.514del, BRCAL, although these have been identified also in LB patients with a
relatively high frequency. Moreover, the c.4964_4982del, BRCA1l and the c.514del,
BRCAL have been identified in TNBC women with younger age than in LB and with higher
Ki-67 and histological grade. Whereas the ¢.1238del, BRCA2 has been found in LA/LB
HER2- patients with a higher frequency than TNBC patients, with higher expression of ER
and in 2 BBCs with onset <40 years old. The other variants showed a low prevalence
suggesting the absence of a potential association with a specific molecular subtype (Table
3 and 4).

Furthermore, 64 (5.5%) out of 1170 patients were carriers of VUSs. The VUSs have been
investigated in silico through online available tools (see section Patients and Methods).
Overall, 19 VUSs have been identified in BRCAL gene: 7 in LA, 5in LB, 4 in TNBCs, one
in HER2E and one in an unknown molecular subtype. While 44 VUSs have been identified
in BRCA2 gene: 16 in TNBCs, 15 in LB, 9 in LA and 4 in unknown molecular subtypes.
One patient showed double heterozygosity for VUSs in the involved genes. The BRCA2
gene seemed to harbour the most variety of VUSs and almost exclusively of the M type.

A correlation between the localization of each variant and the Breast Cancer Cluster
Regions (BCCRs) and the Ovarian Cancer Cluster Regions (OCCRs) has been observed
(Table 3 and Table 4; Figure 4a and 4b, Figure 5a and 5b). The TNBC subset showed a
correlation with the so called BCCRs for 2 variants of BRCA1 gene (5 patients) and 6
variants of BRCA2 gene (7 patients), on the other hand, TNBC subset showed correlation
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with the OCCRs in 7 variants of BRCA1 gene (12 patients) and in 2 variants of BRCA2
gene (2 patients). The LB subset showed a correlation with the BCCRs for one variant of
BRCA1 gene (one patient) and 11 variants of BRCA2 gene (20 patients), on the other
hand, LB showed correlation with the OCCRs in 4 variants of BRCAL1 gene (4 patients)
and in 2 variants of BRCA2 gene (3 patients). The LA subset showed a correlation with the
BCCRs for 3 variants of BRCA2 gene (4 patients) and a correlation with the OCCRs in 4
variants of BRCA2 gene (3 patients). The HER2E subset showed a correlation with the
BCCRs for one variant of BRCA2 gene (one patient) and a correlation with the OCCRs in
one variant of BRCAL gene (one patient) and one variant of BRCA2 gene (one patients).
The potential correspondence between variants and BCCRs seemed to be more

represented in LB subset.

3.3 Association among PV/LPVs in BRCA1/2 genes and
clinical data in BC patients

The mean age at diagnosis among carriers of a BRCA1/2 gene PV/LPV was 43,6 years
(median: 42; range: 25-80), with a mean age of 42,7 years for women (median: 41; range:
25-80) and 57,4 years for men (median: 58; range: 36-80). An earlier tumor onset has
been observed for patients with a BRCA1 gene alteration having a mean age of 41,7 years
(median: 41; range: 26-65), 41,75 years for women (median: 41; range: 26-65) and 41
years for men (median: 41; range 36-46). On the other hand, carrier patients of a BRCA2
gene alteration have been characterized by a mean age at diagnosis of 45,7 years
(median: 42; range: 25-80), in detail 43,8 years for women (median: 40; range: 25-80),
while 62,1 years was the mean age among men (median: 60; range: 42-80). The two
double heterozygous patients were women showing an age at diagnosis of 31 and 49
years old. The carrier patients of PV/LPVs in BRCAL gene had an earlier onset both for
woman and men, while carriers of PV/LPVs in BRCA2 gene showed a latest onset. The
mean age among non-carrier patients was 47,2 years (median: 46; range: 21-93 years),
with women having a mean age of 46,4 years (median: 46; range: 22-93) and men having
a mean age of 62 years old (median: 64; range: 21-87). The non-carriers were aged more
similarly to carriers of PV/LPVs in BRCA2 gene.

Overall, in BC cohort the 63% of carrier women were premenopausal at diagnosis (age
before 50 years; mean age: 39.9; median: 40) and a women developed a BC about 14

years before a man, except for carriers of PV/LPVs in BRCA1 gene.
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In the TNBC subgroup, the most of carriers of variants in BRCA1/2 genes (73.1%) was
premenopausal at diagnosis (before the age of 50 years; mean age of 41.3 years; median:
42). The TNBC carrier patients developed a BC at the mean age of 44,9 years (median:
49; range 21-93).

A statistically significant difference emerges in mean age at diagnosis between carriers of
PV/LPVs in BRCA1/2 genes and non-carriers, with the carriers showing an early age at
diagnosis (p=0.0005). Moreover, the TNBC patients carrying PV/LPVs in BRCA1 gene
developed BC at a mean age of 42,9 (median: 42; range: 26-65), about 8 years earlier
than carriers of variants in BRCA2 gene (median age: 50; mean age: 50; range: 32-69)
and non-carriers (median age: 50; mean age: 50.6; range: 21-93). The prevalence of
PV/LPVs in the age groups of patients was 34.3% (23/67) in TNBC patients <40 years old,
41.8% (28/67) among 41-50 years, 13.4% (9/67) among 51-60 years, and 10.4% (7/67) in
patients with >60 years (Table 5).

In LA/LB and HERZ2E subset, the vast majority (68.9%) was premenopausal at diagnosis,
mean age 39.6 (median: 39). The LA/LB and HERZ2E carrier patients developed a BC at
the mean age of 42.9 years (median: 40; range 25-80). A statistically significant difference
emerges in mean age at diagnosis between carriers of PV/LPVs in BRCA1/2 genes and
non-carriers, with the carriers showing an early age at diagnosis (p=0.05). Moreover,
LA/LB and HERZ2E patients carrying PV/LPVs in BRCA1 gene developed BC at a mean
age of 40.3 (median:39; range: 31-55), about 4 years earlier than BRCA2 gene’s PV/LPVs
carrier patients (median age: 40; mean age: 44.2; range: 25-80) and 4 years earlier than
non-carriers (median age: 44; mean age: 45.9; range: 24-87). The prevalence of PV/LPVs
was 52.3% (34/65) in patients aged <40 years, 24.6% (16/65) among patients with 41-50
years, 16.9% (11/65) among patients of 51-60 years, and 6.2% (4/65) among patients
having >60 years (Table 5).

Significant clinicopathological differences have been observed between carrier and non-
carrier BC patients.

The LA/LB and HERZ2E carrier patients showed a higher Ki-67 compared with non-carrier
patients (p<0.0001) and the tumor grading is more often grade Il in carriers compared to
non-carriers (p<0.0001). The entire cohort showed a most diffuse CDI histological type
without statistically significant differences between carriers and noncarriers.

160 contralateral tumors were identified (15.6%): 32 (20%) out of 160 were TNBC among
which 7 with PV/LPVs in BRCA1 gene, 2 with PV/LPVs in BRCA2 gene and one showed
double heterozygosity for BRCA1/2 genes; 117 (73.1%) were LA/LB/HER2E among which
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2 with PV/LPVs in BRCAL gene, 8 with PV/LPVs in BRCA2 gene and one showed double
heterozygosity for BRCA1/2 genes. Overall, 13.1% of all BBCs were carriers of PV/LPVs
in BRCA1 gene. About the other 11 BBCs, the clinical information was incomplete to
determine the molecular subtype. The mean age at diagnosis of the BBCs of the TNBC
subtype was 45.9 years (median: 44; range 32-62), while the mean age at diagnosis of
LA/LB and HER2E with BBCs was 48.4 years (median: 48; range: 21-80). The BBCs with
TNBC molecular subtype and with BRCA1/2 genes aberrant alterations had an earlier
onset than non-carriers (median: 39 vs 48 years), such as BBCs with a LA/LB/HER2E BCs
(34 vs 48 years).

The time of onset between the first and the second tumor was about 10 years both for
carriers and non-carriers in TNBC patients. On the other hand, the time between the first
and the second tumor in LA/LB/HERZ2E patients was about 12 years in carrier patients and
5 years in non-carriers. It emerges that the BBCs diagnosis is earlier in LA/LB/HER2E
subsets compared to TNBC, but without significant statistically results. The clinical and
molecular data between TNBC vs LA/LB/HERZ2E BCs is reported in Table 5.

Moreover, 25 out of 64 (39.1%) patients with VUSs developed an early onset of BC (age
<40 years old). The TNBC subset with VUSs received a diagnosis at 50.8 years (median:
52; range 27-74), compared with the LA/LB and HER2E subset that received a diagnosis
at 42.4 (median: 39; range: 27-63).

3.4 Analysis of BRCA1/2 genes in OC patients

Overall, 128 (23.7%) out of 540 OC patients resulted carriers of germline and somatic
PV/LPVs in BRCA1/2 genes. In detail, 72 (56.3%) had a germline PV/LPV in BRCA1 gene
and 37 (28.9%) had a germline PV/LPV in BRCA2 gene. Moreover, 19 (14.8%) out of 128
patients were carriers of somatic variants in both BRCA1 and BRCAZ2 genes, 12 (63.2%) in
BRCAL1 gene, 6 (31.6%) in BRCA2 gene and one (5.3%) sample showed double
heterozygosity for variants of BRCA1/2 genes. Furthermore, a not well characterized LGR
has been identified as a big duplication in the exon 12 of BRCA1 gene and reported as
130g13.1 (32900212-32972932)x1 (Table 6). Overall, women harbouring PV/LPVs in
BRCAL gene developed with almost twice frequency an OC than carriers of variants in
BRCAZ2 gene.

The typology and gene location of each PV/LPV in BRCA1/2 gene have been recorded,
with a BCs vs OCs comparison, aiming to identify a potential association between a
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specific variant and a tumour. Overall, 71 different variants of BRCA1/2 genes have been
identified in OC patients: 40 in BRCAL gene and 31 in BRCA2 gene. Among the variants,
45 different PV/LPVs have been exclusively identified among OC patients, while the other
26 were identified even in BC patients. Based on available information, no potential
correlation between a specific PV/LPV in BRCA1/2 genes and the disease has been
observed (Table 6).

The most frequent PV/LPVs identified were the ¢.4964_4982del, BRCA1 and the c.514del,
BRCA1. Moreover, the ¢.9026 9030del, BRCA2 and the ¢.6082_6086del, BRCA2, were
the most prevalent among the variants of BRCA2 gene, but with a lower frequency. The
€.4964_4982del, BRCAL1 has been identified in 15 patients (11.7%) leading to a deletion of
19 nucleotides with a frameshift of the sequence, and a premature stop codon formation
allowing LOF of the effector. This variant is considered a founder PV in Sicilian
population®*247_ The second most common PV characterized was the c.514del, BRCA1
identified in 9 patients (7%) and leads to a deletion of one cytosine causing a frameshift
alteration and a premature translational stop signal with a BRCAL truncated or absent
protein?®. Furthermore, among the less frequent variants it has been identified the
€.4963T>G, BRCAL1 in 3 (2.3%) patients that is considered “not provided” on ClinvVar?!
and Likely Pathogenic on VarSome?>?. This variant leads to a protein change causing a
substitution of a serine with an alanine in position 1655 and, since it is a highly conserved
residue, this variant has probably a potential of pathogenicity?>3. On the other hand, the
€.9026_9030del, BRCA2 and the c.6082_6086del, BRCA2 have been identified in 4 and 3
patients (3.1% and2.3% respectively) both leading to a premature stop codon formation
causing a truncated or absence protein?#82%4 The genetic localization of the PV/LPVs
identified in BRCA1 gene in OC patients seem to be located into three hypothetical cluster
regions, such as the RING N-terminal domain (nucleotide: 184-405; codon: 22-96), the
exon 11 (nucleotides: 917-4023; codons: 267-1302) and the BRCT C-terminal domain
(nucleotides: 5082-5680; codons: 1655-1855)?4°. In the BRCA1 gene, 4 PV/LPVs were
located into the RING N-terminal domain, 20 in the exon 11 and 6 in the BRCT C-terminal
domain (Figure 6a). The genetic localization of the PV/LPVs identified in BRCA2 gene in
OC patients seem to be located into three hypothetical cluster regions, such as the BRC
repeats into the exon 11 (nucleotides: 3386-6310; codons: 1053-2028) and the exons 10-
11 (nucleotides: 1466-6714; codons: 413-2162), and DNA binding helical domain near the
C-terminal region (nucleotides: 7909-9683; codons: 2494-3085)2%%. In the BRCA2 gene, 14
PV/LPVs were in the BRC repeats, 22 in the exons 10-11 and 5 in the DNA binding helical
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domain (Figure 6b). About the type of the variants in BRCAL gene, 17 were FS, 11 were
NS, 7 were M, 4 were IVS and one was a LGR. About the type of variants in BRCA2 gene,
14 FS variants, 12 NS variants, 3 IVS, one M and one Syn variant (Table 6).

Overall, 20 (3.7%) out of 540 patients had VUSs that have been investigated in silico (see
section Patients and Methods). 6 VUSs have been identified in BRCAL gene and 14 VUSs
have been identified in BRCA2 gene. The BRCA2 gene seemed to harbour the most
variety of VUSs and almost exclusively of the M type.

Clinicopathological correlations and correlations between variant location and Ovarian
Cancer Cluster Regions (OCCRs) has been observed (Table 6 and Figure 6a and 6b).
The OC cohort showed a correlation with the so called BCCRs for 9 variants of BRCA1
gene (14 patients) and 5 variants of BRCA2 gene (5 patients), on the other hand, OC
patients showed correlation with the OCCRs in 14 variants of BRCAL gene (18 patients)
and in 8 variants of BRCA2 gene (9 patients). The correspondence between variants and

OCCRs seemed to be more represented in carriers of a PV/LPV in BRCA1 gene.

3.5 Association among PV/LPVs in BRCA1/2 genes
and clinical data in OCs patients

Overall, the mean age at diagnosis among carriers of PV/LPVs in BRCA1/2 genes was 56
years (median: 57; range: 27-81). An earlier OC onset has been observed for carrier
patients of a germline alteration of the BRCAL1 gene having a mean age of 53 (median: 52;
range: 27-74), while the mean age of a carrier of germline a PV/LPV in BRCA2 gene was
59 years (median: 59; range: 28-81). The mean age of patients having somatic PV/LPVs
was 62 years (median: 64; range: 47-78). The mean age for non-carrier patients was 59
years (median: 59; range: 23-84). Among the carrier patients the 28.4% were
premenopausal at diagnosis, mean age 43 (median: 44). The prevalence of germline
PV/LPVs was 10/109 (9.2%) in OC patients <40 years, 28/109 (25.6%) among 41-50
years, 40/109 (36.7%) among 51-60 years and 23/109 (21.1%) among 61-70 years and
8/109 (7.3%) among >70. The comparison between the age group distribution in carriers
and non-carriers resulted statistically significant with an earlier onset in carrier women
(p=0.02) (Table 7).

Overall, 191 (35.4%) bilateral OCs have been identified with 50 (26.2%) carriers of a
germline PV/LPV in BRCA1/2 genes, while 7 (3.7%) with somatic PV/LPVs in BRCA1/2
genes. The bilateral OCs with a germline alteration in BRCA1 gene had a mean age of 51
years (median: 55; range: 35-70), while the carriers of a germline PV/LPV in BRCA2 gene
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had a mean age of 54 years (median: 57; range: 37-67). The mean age of bilateral OCs
patients having somatic PV/LPVs was 60 years (median: 60; range: 47-73). It emerges
that the OCs with BRCA1 genes germline alterations had an earlier onset compared with
carriers of PV/LPVs in BRCA2 gene and non-carriers (Table 7).

Statistically relevant correlation has been observed about the histological subtype, with the
carriers showing a higher percentage of endometroid and papillary OCs (10.9% and 7%,
respectively) compared to non-carriers (6.25% and 2.3%, respectively) (p=0.04). Among
non-carrier of a PV/LPV in BRCA1/2 genes, 92 (71.9%) had HGSC compared to 62% of
carriers. Overall, 29.8% of bilateral OC cases had a PV/LPV in BRCA1/2 genes, while
70.2% of bilateral OC patients was without germline variants. Overall, 12.8% of carrier
patients of carriers with germline PV/LPVs showed a personal BC history before OC, and,
on the other hand, 4.1% of non-carrier patients had a previous personal BC history.
Whereas the 65% of carriers showed family history of cancer against 40% of non-carrier

patients. The clinicopathological features of the OC cohort were reported in Table 7.

3.6 Analysis of BRCA1/2 genes in PaC and PrC
patients

Overall, 3 (2.1%) out of 144 PaC patients were men carriers of PV/LPVs in BRCA2 gene
and none resulted carrier of variants in BRCAL gene. The typology and gene location have
been recorded, especially with a comparison with BCs and OCs previously examined.
Among the 3 variants identified, one was exclusively identified in PaCs, while 2 were even
in luminal-like tumors. Based on available information, no correlation between PV/LPVs in
BRCA1/2 genes and a specific tumour has been observed (Table 8).

The identified variants were the ¢.6990 6994del, BRCAZ2, identified only in PaCs, the
c.7681C>T, BRCA2, and the ¢.8487+1G>A, BRCA2, both even identified in luminal-like
tumours. The c¢.6990 _6994del, BRCA2, is a deletion of 5 nucleotides causing a
translational frameshift and leading to the formation of a premature stop codon, causing a
truncation or the absence of the encoded protein?625’. The ¢.7681C>T, BRCA2, is a
nonsense variant causing the formation of a premature translational stop signals?*4258, The
€.8487+1G>A, BRCAZ2 is an IVS leading to an alteration of the splice-site and can interfere
with - mRNA splicing with the exon skipping, shortening, or involvement of intronic
fragment?>220 (Table 8). Moreover, the variants of BRCA2 gene were all located in the

BRCA2 sequence encoding the DNA binding domain.
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Overall, one (4.2%) out of 24 PrC patients was carrier of a PV in BRCA2 gene. The variant
was the nonsense c.3545 3546del, BRCA2 leading to a truncated non-functional protein
due to the formation of a truncated enzyme?*8. The identified variant was exclusively
identified in PrC and was the ¢.3545 3546del, BRCA22%¢, The variant was located into the
BRC repeats of the exon 11 of the enzyme. Based on available information, no correlation
between PV/LPVs in BRCA1/2 genes and a specific tumour has been observed (Table 8).
Overall, 7 (4.9%) out of 144 PaC patients and one (4.2%) out of 24 PrC patients were
carriers of VUSs. The VUSs have been investigated in silico through online available tools
(see section Patients and Methods). Among PaCs, One VUS have been identified in
BRCAL gene, while 6 VUSs have been identified in BRCA2 gene, while the PrC patient’s
VUSs was in BRCA2 gene. The BRCA2 gene seemed to harbour the most variety of VUSs

and almost exclusively of the M type.

3.7 Association among PV/LPVs in BRCA1/2 genes
and clinical data in PaC and PrC patients

Overall, the mean age at diagnosis among PaC patients resulted carriers of PV/LPVs in
BRCAZ2 genes was 60.3 years (median: 63; range: 44-74), while the mean age for non-
carrier patients was 64.5 years (median: 65; range: 34-86). The carriers were all men, two
had a PDAC, while only one had a cribriform PaC. The prevalence of germline PV/LPVs
was 0/3 (0%) in PaC patients <40 years, 1/3 (33.3%) among 41-50 years, 0/3 (0%) among
51-60 years and 1/3 (33.3%) among 61-70 years and 1/3 (33.3%) among >70. The PaCs
with BRCA1/2 genes germline alterations had an earlier onset compared with non-carriers.
Overall, none of carrier patients of alterations in BRCA1/2 genes showed a personal
history of cancer before PaC, and, on the other hand, 8.2% of non-carrier patients had a
previous personal history of other cancers, such as BC, PrC, colon cancer,
cholangiocancinoma, lymphoma, thyroid cancer.

The age at diagnosis of the only PrC patient resulted carrier of a PV in BRCA2 gene was

34 years old.
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3.8 Detection of germline variants through NGS-based
multi-gene cancer panel analysis

Overall, 527 (28%) out of 1878 patients have been selected, including 422 BC, 70 OC, 30
PaC and 5 PrC patients (see section Patients and Methods), and analyzed through NGS-
based multi-gene panel testing to identify the presence of PV/LPVs in other cancer
susceptibility genes beyond BRCA1/2 genes. The analysis revealed 83 (15.7%) out of 527
patients analyzed with PV/LPVs in susceptibility genes different from BRCA1/2 genes. In
detail, the analysis showed 65 BCs, 11 OCs, 7 PaCs and none PrCs harboring PV/LPVs
(Table 9).

In BC’s cohort, 422 BC patients have been tested (401 women and 21 men). Overall, 65
(15.4%) out of 422 resulted carriers of PV/LPVs, with the most involved genes as MUTYH
gene in 16 (24.6%) patients and CHEK2 gene in 14 (21.5%) patients (Figure 7). The most
frequent variants were the ¢.1145G>A, MUTYH, identified mainly in heterozygous patients
affected by LB/HER2- patients; the ¢.1395 1397del, MUTYH identified in LA/LB patients;
the c.1229del, CHEKZ2, identified in LA/LB BCs among which two were LA BCCs with ER
>60% and PR among 20% and 60%; the c.1165C>T, CHEK?2 identified in LA/LB patients;
the IVS ¢.721+3A>T, CHEK2 in LB with ER >90% and PR between 40% and 90% and the
€.1441G>T, CHEK2 in LA with ER >80% and PR >80% and the c.1065+5 1026+7del,
RAD51C identified in one TNBC and two luminal-like BCs among which a BBCs. Although
PALB2 is known as one of the most frequently involved gene in BC predisposition, in our
analysis 10.8% of all PV/LPVs have been identified in PALB2 gene in patients with TNBC
and LB tumours among which two BBCs?%t. Among carriers, 13 (20%) out of 65 were
BBCs with the PV/LPVs distributed as follows: 3 MUTYH, 3 ATM, 2 CHEK2, 2 RAD51C, 2
PALB2 and 1 APC genes. Overall, more than a half of carrier patients (59.1%) showed
PV/LPVs in HRR genes. The detailed distribution rate of all variants is showed in Table 9.
In OC’s cohort, 70 OC patients have been investigated. Overall, 11 (15.7%) out of 70
resulted carriers of PV/LPVs mainly in MUTYH gene (Figure 7). In detall, 5 (45.5%) out of
11 variants were in MUTYH gene and 4 of them were the monoallelic ¢.1145G>A, MUTYH
identified in 3 HGSC (FIGO stage Ill and grading Ill), and one endometrioid carcinoma
(FIGO stage Il and grading Il) having a strong family history for several cancers among
whing colon cancer. Among carriers, 6 (54.5%) out of 11 were bilateral OCs with the
PV/LPVs distributed as follows: 3 MUTYH, 1 MLH1 and 1 PMS2 genes. The monoallelic
€.1145G>A, MUTYH has been identified in 3 HGSC, with FIGO stage Ill and grading lll,
and one endometrioid carcinoma, with FIGO stage Il and grading Il, having a strong family
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history for several cancers among whing colon cancer. This missense variant, in a biallelic
status, has been strongly associated with MUTYH-associated colon polyposis syndrome
and colorectal cancer??, Overall, the half of carrier patients (54.5%) showed PV/LPVs in
HRR genes, often identified simultaneously with the ¢.1145G>A, MUTYH, and 27.3% of
carriers showed PV/LPVs MMR genes (Table 9).

In PaC’s cohort, 30 PaC patients have been analyzed through multi-gene panel testing (12
women and 18 men) and 7 (23.3%) out of 30 showed PV/LPVs. The most involved gene
resulted ATM gene (Figure 7) with 3 PV/LPVs identified in affected patients by a PDAC of
the pancreatic head and were all women with personal and/or family history of BC and/or
OC (42.9%). Overall, 57.1% of carrier patients showed PV/LPVs in HRR genes, 3 in ATM
and one in PALB2 gene (Table 9). In PrC’s subset, 5 patients have been investigated
through multi-gene panel testing, but no PV/LPVs have been identified.

Overall, the presence of VUSs have been investigated, even contemporary to PV/LPVs.
Overall, 30 (46.1%) out of 65 BC patients had PV/LPVs and VUSs simultaneously, while
the carriers of only VUSs were 159 (37.7%) out of 422 BC patients. Among the carriers of
VUSSs, 82 were TNBC patients and 9 (11%) resulted carriers of PV/LPVs and VUSs
contemporary, two of which in PALB2 gene. Overall, 13 (20%) out of 65 of PV/LPVs
carriers had a BBC. The PV/LPVs were identified as follows: 3 in MUTYH, 3 in ATM, 2 in
CHEKZ2, 2 in PALB2, 2 in RAD51C and 1 in APC genes.

Overall, 3 (27.3%) out of 11 OC patients had a PV/LPV and a VUS simultaneously, while
the carriers of only VUSs were 27 (38.6%) out of 70 OC patients. Among these, 8 (29.6%)
out of 27 out of resulted affected by bilateral OC, as follows the PV/LPVs were identified: 1
MUTYH, 1 PALB2, 1 CHEK2, 2 ATM, 1 PMS2, 1 RAD50 and 1 APC genes.

Overall, 2 (28.6%) out of 7 PaC patients has PV/LPVs and VUSs simultaneously, while the
carriers of only VUSs were 10 (33.3%) out of 30 OC patients.

None PrC patients resulted carriers of VUSs in other genes different from BRCA1/2 genes.

3.9 Clinical factors comparison between carriers of
PV/LPVs in BRCA1/2 genes, carriers of PV/LPVs in
other genes and non-carriers patients

Among BC patients, the median age at diagnosis of carrier patients of PV/LPVs in
BRCA1/2 genes was lower than patients with PV/LPVs in other gene, with a median age of
42 and 44 years respectively (mean age: 43.6 and 46; range: 25-80 and 25-71; p=0.04).

Significant clinico-pathological differences emerged among the three subsets of BCs
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(Table 10). Moreover, the median age of non-carrier patients was 46 years (mean age:
47.2; range: 21-93). Overall, 53% of carrier patients of PV/LPVs in other genes patients
was premenopausal at diagnosis, compared to 63% of carriers of PV/LPVs in BRCA1/2
genes and 60% of non-carriers. Looking at molecular subtype among carrier patients of
PV/LPVs in other genes, 19 (29.2%) had a LA, 19 (29.2%) a LB, 9 (13.8%) a TNBC, none
a HERZ2E and 18 (27.7%) had an unknown molecular type. Moreover, the TNBC molecular
subtype have been identified in the 46.5% of carriers of PV/LPVs in BRCA1/2 genes vs
13.8% of carriers of variants in in other genes (p=0.0003) (Table 10) and 26% in non-
carriers. As consequence, ER and PR were more frequently lower in carriers of variants in
BRCAL1/2 genes compared to carriers of variants in other genes (p<0.00001 calculated for
both ER and PR) and even in carriers of variants in other genes compared to non-carriers
(p=0.03 calculated for ER and p=0.05 for PR) (Table 10). Moreover, carrier patients of
PV/LPVs in BRCA1/2 genes have more frequently a higher Ki-67% (p<0.00001) and
histological grade (p<0.00001) than the carriers of PV/LPVs in other genes (Table 10).
While the carriers of PV/LPVs in other genes showed higher histological grade (p=0.04)
than non-carrier patients (Table 10). Among carriers of variant in gene beyond BRCA1/2
genes, 20% was BBC against 14.6% and 13.2% of carriers of variants in BRCA1/2 genes
and non-carriers respectively. The median age of onset between the first and the second
tumours was longer in BRCA1/2 genes PV/LPVs carriers (10 years) and equal in carriers
of other variants and in non-carriers (5 years).

Among OC patients, the median age at diagnosis was lower in patients with PV/LPVs in
other genes different from BRCA1/2 gene compared to carriers of variants in BRCA1/2
genes, 46 and 54 years respectively (mean age: 55 and 52; range: 27-81 and 38-79), but
with no statistically relevant scores. Moreover, the median age of non-carriers was 59
years (mean: 59; range: 28-84) and the comparison between non-carriers and carriers of
PV/LPVs in other genes showed a younger age at diagnosis in carriers (p=0.02) (Table
11). As consequence, carrier patients of variants in genes different from BRCA1/2 genes
have an early onset of 8 years compared to carriers of PV/LPVs in BRCA1/2 genes and 13
years before non-carriers. Furthermore, OC patients with PV/LPVs in other genes showed
more frequently an endometrial histological subtype (45.5%), while the carriers of variants
in BRCA1/2 genes showed in 70.6% of cases a HGSC (p<0.001), while non-carriers
present 60.7% of HGSC (p<0.0001) (Table 11). The personal history of BC was more
relevant in carriers of PV/LPVs in BRCA1/2 genes and in other susceptibility genes
compared to non-carriers, but without statistically significant scores. Overall, 66% of carrier

39



patients of variants in genes different from BRCAL1/2 genes showed family history of
cancers, while 40% of non-carriers OC present similar family history, against 76% in the
subset with PV/LPVs in BRCA1/2 genes.

Among PaC patients, the median age at diagnosis was lower in patients with PV/LPVs in
other genes compared to carriers of variants in BRCA1/2 gene, 57 and 63 years
respectively (mean age: 58.2 and 60.3; range: 39-76 and 44-74). Furthermore, the median
age of non-carriers is higher (median: 65; mean: 64.5; range: 34-86). As consequence,
carrier patients of variants in genes different from BRCA1/2 genes have an early onset of 6
years compared to carriers of variants in BRCA1/2 genes and 8 years before non-carriers.
Unfortunately, the information about clinical data was poor and further analysis are needed

concerning PaC and PrC subsets.
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CHAPTER

Discussion

Over the years, the PV/LPVs in BRCA1/2 genes have been deeply investigated and
mainly associated to an increased lifetime risk of HBOC and even to other cancers, such
as PaC and PrC6. The genetic testing of the major susceptibility BRCA1/2 genes turned
out to be crucial for subjects who meet the eligibility criteria, assuming a preventive and a
predictive meaning*®2°, In fact, the PV/LPVs in the BRCA1/2 genes are considered
predictive biomarkers of PARPI treatment as maintenance therapy with improvements in
PFS an OS?*?5, The recent approval of FDA and EMA for PARPI treatment in the
management of several settings of BC, OC, PaC and PrC patients having a deleterious
variant in BRCA1/2 genes has increased the request for genetic testing?®2%3132, To date
the NCCN, the ASCO and the ESMO defined clinical guidelines for the management of
high-risk patients-1>, However, family history-based testing could not identify about a half
of carriers of PV/LPVs in susceptibility genes involved in HBOC, and novel strategies to
identify high-risk subjects are under development. Nowadays, clinically validated multi-
gene testing is a valid molecular analysis for subjects with a relevant family history of
cancer to deeper investigate HBOC related genes?!!.

Recent discoveries and advancements in molecular biology techniques have made it
possible to integrate the requests of genetic testing conferring a more accurate risk
assessment?®3, To date, genetic testing aims to more detailed genetic information
assuming a meaning in screening, diagnosis, prognosis and in the choice or development
of personalized therapeutic treatment?®4. Moreover, other genes beyond the major
susceptibility genes involved in pathways influencing pathogenesis could be disease-
causing in several neoplastic inherited disease and such as the involvement of HRR
effectors, and their genetic alterations could be representative of a PARPI-based therapy

sensitivity?%223334 To obtain a more accurate risk assessment, tailored intensive
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surveillance programs and targeted therapies, the NGS-based multi-gene panel testing
should be performed in specific settings of BC, OC, PaC, and PrC patients with a negative
result to genetic testing of BRCA1/2 genes and with personal and/or family history of
cancers!!. The HBOC syndrome is known to be related to germline PV/LPVs in BRCA1/2
genes but also to other genes different from the major susceptibility genes, including the
high penetrance TP53, PTEN, STK11, CDH1, ATM, CHEK2, PALB2 genes and other with
moderate penetrance, involved in HRR and/or in several pathways crucial in cancer
development®¢4, Due to the need of a more accurate risk assessment and the
identification of novel biomarkers of treatment choice, the NGS-based multi-gene panel
testing’s request is increasingly growing. Moreover, multi-gene panels investigating a wide
range of genes involved in different hereditary syndromes, could identify high-risk patients
that might be missed?**.

In this observational study, 1878 cancer patients have been included and analysed
through the genetic testing of the BRCA1/2 genes. The cohort included as follows: 1170
BC patients (1116 women and 54 men); 540 OC patients; 144 PaC patients (65 women
and 79 men) and 24 PrC patients.

The molecular scores showed: 144 (12.3%) BC patients harbouring PV/LPVs in BRCA1/2
genes; 109 (20.2%) OC patients carrying germline PV/LPVs in BRCA1/2 genes and 19
(14.8%) showing somatic deleterious variants in BRCA1/2 genes; 3 (2.1%) PaC and one
(4.2%) PrC patients harbouring germline PV/LPVs in BRCA1/2 genes.

In BC subset, 144 (12.3%) were carriers of PV/LPVs in BRCA1/2 genes and the results
allowed to emphasize the strong association between carriers of PV/LPVs in BRCA1 gene
and the developing of a TNBC and carriers of PV/LPVs in BRCA2 gene with LB/HER2-
BC, with a different mutational spectrum of variants. The higher percentage of carriers was
among TNBCs (46.5%). Our molecular scores agree with the literature, in fact, the TNBC
molecular subtypes is known to be the most aggressive and it is associated to PV/LPVs in
BRCA1 gene®?%5, Overall, 13.1% of all BBCs were carriers of PV/LPVs in BRCA1/2 genes.
Moreover, the median time of occurrence between the first and the second tumour was
significantly lower among non-carriers luminal-like BCs than carriers and even than
TNBCs?%8,

Although no statistically relevant association is emerged between a specific PV/LPV and
the molecular subtype, the molecular scores reported a higher frequency among TNBCs of
the c.4964_4982del, BRCA1 and the c.514del, BRCA1 in 8 and 7 families respectively,
against 5 and 4 families inheriting the variants in LB patients. The ¢.4964 4982del,
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BRCAL and the c.514del, BRCA1 have been observed in TNBC younger women than in
LB molecular subtype and with higher Ki-67 and histological grade. Both the PVs of the
BRCA1 gene have been observed with high frequency in Sicilian population®.
Furthermore, the c.4964 4982del, BRCAl1 have been observed in several families with
BCs and OCs and it was described as founder PV in Calabrian/Southern Italian
population?%® but, nowadays, it is reported as a potential founder PV of Sicilian
population?*¢. The ¢.1238del, BRCA2 has been identified in luminal-like tumours with a
high frequency, 8 families vs only 2 among TNBCs, according to literature data®°8. In our
cohort, the variant has been identified in LA/LB patients HER2- and with higher expression
of ER and 2 BBCs with onset <40 years old. Overall, most variants were Fs in both BRCA1
and BRCAZ2 genes, regardless of molecular subtype, and a higher frequency of IVS were
observed in BRCA2 gene in luminal-like BCs, according to the literature?®,

Furthermore, patients harbouring PV/LPVs in BRCAL1 gene developed a disease before
than carriers of PV/LPVs in BRCA2 gene (mean age 41,7 vs 45,7 years) and non-carriers
(mean age 47,2 years), with the TNBC patients showing an earlier age of onset than the
other subsets. A statistically significant difference emerges in mean age at diagnosis
between TNBC patients harbouring PV/LPVs in BRCA1/2 genes and non-carrier patients,
with the carriers showing an earlier age at diagnosis (p=0.0005). Moreover, LA/LB/HER2
patients harbouring PV/LPVs in BRCA1/2 genes compared to non-carriers showed an
earlier age at diagnosis (p=0.05). This study shows that carriers patients of variants in
BRCA1/2 genes involve frequently younger women, as reported in literature?’.

According to Rebbeck et. al*®®, the type and genetic location of each variant have been
recorded to identify a potential genotype/phenotype correlation. Molecular results showed
the generation of clusters in both the sequences of the BRCA1 and BRCA2 genes, with
TNBC showing 10 variants in exon 11 of BRCA1 gene and luminal-like tumours with 9
variants in BRC repeats into the exon 11 of BRCA2 gene, emphasizing the crucial role of
these repeats in onco-suppressor’s function?8-2’0_ |n this study have been analysed also
the putative BCCRs and OCCRs emerging in BC cohort the potential association between
LB tumours and 11 variants of BRCA2 gene (20 patients) into the BCCRs2%5:271,

The mutational background assumes a preventive and prognostic value, but also a
predictive meaning of treatment choice®®*. To date, ER, PR expression and HER2E
overexpression are crucial for BC patients who could benefits from endocrine therapy?’2.
However, the lack of these biomarkers in TNBCs determine chemotherapy as the standard

treatment, involving anthracycline and taxane?’3. Furthermore, in carriers of PV/LPVs in
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BRCAL1/2 genes have been demonstrate the efficacy of platinum-based agents and
PARPi®L.

In OC subset the molecular data emphasizes how women harbouring a variant in BRCA1
gene developed with almost twice frequency the disease, than carriers of PV/LPVs in
BRCAZ2 gene (66.1% vs 33.9%), according to the literature?’4.

The typology and gene location of each variant have been recorded, with a BCs vs OCs
comparison, aiming to identify a potential association between a variant and a specific
disease, but without a specific association.

The molecular scores reported 109 (20.2%) carriers of germline variants in BRCAL/2
genes. The results showed a higher frequency of the ¢.4964 4982del, BRCA1 and the
c.514del, BRCAL observed respectively in 15 and 9 families. The ¢.4964 4982del, BRCA1
has been observed in bilateral OC patients with a mean age of 51 years old (median: 50;
range: 40-69) all with FIGO stage Ill and histological grade llI, all with HGSCs. The
c.514del, BRCAL has been observed in women with a mean age of 55 years (median: 61,
range: 35-70), with HGSC and 50% of patients had a bilateral OCs with FIGO Il and
histological grade Ill. Moreover, it has been identified with low frequency the ¢.4963T>G,
BRCAL in 3 patients with bilateral OC, histological grade lll, in spite is reported as “not
provided” on ClinVar?®! and as Likely Pathogenic on VarSome?®2, This type of M variant
could be considered disease-causing®. Overall, most variants were Fs in both BRCA1 and
BRCAZ2 genes. Moreover, the type and genetic location of variants have been recorded
and it emerges in both BRCA1 and BRCA2 genes the distribution in cluster, with a more
evidence of 20 variants in exon 11 of BRCA1 gene and 14 variants in BRC repeats into the
exon 11 of BRCA2 gene, confirming the crucial role of these regions in cancer
suppression?,

Furthermore, the OC patients showing PV/LPVs in BRCA1/2 gene had an earlier onset of
disease with a mean age of 56 years, with a difference between carriers of variants in
BRCAL1 and BRCAZ2 gene, 53 vs 59 years respectively. On the other hand, non-carriers
showed a mean age of 59 years. It emerges how OCs with BRCA1l genes germline
alterations had an earlier onset compared with carriers of PV/LPVs in BRCA2 gene and
non-carriers, with the exception for bilateral OCs. The age group with PV/LPVs was mainly
involving women with 51-60 years old. The comparison between the age group distribution
in carriers and non-carriers resulted statistically significant with an earlier onset in carrier
women (p=0.02).

Moreover, the carrier of PV/LPVs in BRCA1/2 genes showed a higher percentage of
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endometroid, and papillary OCs (10.9% and 7%, respectively) compared to non-carriers
(6.25% and 2.3%, respectively) (p=0.04), according to the literature?’®. The 71.9% of non-
carrier patients showed HGSCs. Overall, 29.8% of bilateral OC cases had a PV/LPV in
BRCA1/2 genes. Furthermore, carriers of variants in BRCALl gene seemed to have an
earlier onset compared to carriers of PV/LPVs in BRCA2 gene (mean age of 51 and 54
years respectively) and non-carriers (mean age 57 years).

About the association with the putative BCCRs and OCCRs, in OC cohort emerges the
association in 14 variants of BRCA1 gene and 8 variants of BRCA2 gene into the
OCCRs?».

In PaC subset the molecular scores reported 2.1% of all as carriers of variants in BRCA2
gene. The carrier patients were all men with a mean age of 60.3 years, with two patients
having a PDAC and one a cribriform PaC, according to the literature?’®. The identified
PV/LPVs in the PaC subset were the ¢.6990 6994del, BRCAZ2, identified only in PaCs, the
€.7681C>T, BRCAZ2, and the ¢.8487+1G>A, BRCA2, all located in the BRCA2 sequence
encoding the DNA binding domain, highlighting the role of the highly conserved DNA-
binding domain (DBD) for the onco-suppressor function'#6, In PrC subset the molecular
scores reported only one patient (4.2%) of 34 years as carriers of PV/LPVs in BRCA1/2
genes. The variant was the nonsense ¢.3545 3546del, BRCA2 located into the the BRC
repeats of the exon 11. Unfortunately, due to the poor information available, more in-depth
analyses are needed to make clinico-pathological correlations.

Subsequently, 527 (28%) patients have been selected for the NGS-based multi-gene
panel testing, according to the multidisciplinary team, revealing 15.7% of carriers of
PV/LPVs in other susceptibility genes. The multi-gene panel involved high- and moderate-
penetrance genes predisposing to different hereditary cancer syndrome.

The analysis scores reported that 65 (15.4%) of the 422 analyzed BC patients, 11 (15.7%)
of the 70 analyzed OC patients, 7 (23.3%) of the 30 analyzed PaC patients and none PrC
patients harbored PV/LPVs in other genes.

Among BC patients, the median age at diagnosis of carrier patients of PV/LPVs in
BRCA1/2 genes resulted lower than patients with PV/LPVs in other gene, with a median
age of 42 and 44 years respectively (p=0.04). Moreover, the median age of non-carrier
patients was 46 years. Moreover, statistically relevant was the presence of TNBCs
identified in the 46.5% of carriers of PV/LPVs in BRCA1/2 genes vs 13.8% of carriers of
variants in in other genes (p=0.0003), while about the 60% of BCs with genetic alterations
in gene different from BRCA1/2 genes were LA/LB. The most frequent variant was the
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€.1145G>A, MUTYH identified in 7 BC and 4 OC patients. This M variants is reported in
literature as associated to MUTYH-Associated Polyposis and able to damage the effector
protein?6?2, Among BC patients harboring variants in other genes, the most involved genes
were MUTYH and CHEK2 genes (24.6% and 21.5%, respectively). Moreover, the
c.1229del, CHEK2, known as related to several cancer among which BC, OC and PrC,
has been observed in two BBCs LB/HER2-°1277278  Although in literature PALB2 is known
as highly predisposing to BC, in our analysis 10.8% of PV/LPVs were in PALB2 gene in
patients with TNBC and LB tumours among which two BBCs?%L. Overall, 20% were BBCs
with a higher frequency compared to carriers of PV/LPVs in BRCA1/2 genes and non-
carriers, even with a time of occurrence between the first and the second tumor compared
to non-carriers. BBCs presented mainly aberrant variants in MUTYH and ATM genes (both
23%) and with a lower frequency in CHEK2, PALB2 and RAD51C genes (8.7% for each
gene) emerging the potential association with HRR genes. Overall, more than a half of BC
carrier patients (59.1%) showed PV/LPVs in HRR genes.

In OC subset, the earlier onset was in carrier patients of PV/LPVs in other genes
compared to carriers of variants in BRCA1/2 genes and non-carriers (median age: 46 vs
54 vs 59 respectively). Among OC patients harboring variants in other genes, the most
involved genes were MUTYH gene accounting for 45.5% of identified variants and 4 of
them were the monoallelic c.1145G>A, MUTYH. This variant has been identified in 3
HGSC, with FIGO stage Ill and grading Ill, and one endometrioid carcinoma, with FIGO
stage Il and grading Il, having a strong family history for several cancers among whing
colon cancer, according to the literature?’®. Among OC carrier patients of PV/LPVs in other
genes, 6 (54.5%) out of 11 were bilateral OCs. Overall, a half of carrier patients of variants
in other genes (54.5%) showed PV/LPVs in HRR genes, often identified simultaneously
with the ¢.1145G>A, MUTYH, and 27.3% of carriers showed PV/LPVs in MMR genes, as
reported in literature®*56, Moreover, OC patients with PV/LPVs in other genes showed with
a higher frequency an endometrial histological subtype (45.5%), than the carriers of
variants in BRCA1/2 genes showed in 70.6% of cases a HGSC (p<0.001), and the non-
carriers present 60.7% of HGSC (p<0.0001).

Overall, 66% of patient harbouring PV/LPVs in genes beyond BRCA1/2 genes had family
history of cancers, while 40% of non-carriers OCs had family history, in comparison to
76% of carriers of PV/LPVs in BRCA1/2 genes.

In PaC emerges a younger age at diagnosis in carriers of PV/LPVs in other genes than
carriers of PV/LPVs in BRCA1/2 genes and non-carriers (median age: 57 vs 63 vs 65
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respectively). Among PaC patients harboring variants in other genes have been identified
3 PV/LPVs in ATM gene, in affected women with PDAC of the pancreatic head and with
personal and/or family history of BC and/or OC (42.9%). Overall, 57.1% of carrier patients
showed PV/LPVs in HRR genes (3 in ATM gene and one in PALB2 gene), according to
literature?®.

In conclusion, this research emphasizes that the BC carriers of PV/LPVs in BRCAL gene
developed mainly a TNBC and carriers of PV/LPVs in BRCA2 gene a LB/HER2 BC, with a
not overlapping mutational spectrum among molecular subtypes, with the carrier TNBCs
showing the vast majority of PV/LPVs and the earlier onset. No statistically relevant
association has emerged between specific PV/LPVs and the molecular subtype.

In OC subset has been observed how women harbouring a variant in BRCA1 gene
developed with almost twice frequency the disease, than carriers of PV/LPVs in BRCA2
gene. No statistically relevant association has emerged between specific PV/LPVs and the
disease. Overall, 144 (12.3%) BCs and 109 (20.2%) OCs resulted carriers of gemline
variants in BRCA1/2 genes and both the diseases showed the same more frequent
variants, ¢.4964_4982del, BRCAL1 and the c.514del, BRCA1 observed in a total of 28 and
20 families of our cohort.

Moreover, 15.4% of BC patients, 15.7% of OC patients, 23.3% of PaC patients showed
PV/LPVs in genes beyond BRCA1/2 genes. In total, the involvement of the PV/LPVs in
HRR genes was 59.1% in BCs, 54.5% in OCs and 57.1% in PaCs of all the carriers of
PV/LPVs in other genes. The molecular findings highlighted the crucial role of multi-gene
panel testing that should be performed in BC, OC, PaC and PrC resulting negative to
genetic testing of BRCA1/2 genes, but with significant personal and/or family history of
cancers. The molecular investigation through multi-gene panel allows to better understand
the molecular background of hereditary cancers. However, further analysis are needed to
obtain a more accurate risk assessment, to establish univocal and tailored intensive
surveillance programs and/or risk reduction strategies and to develop novel strategies on

therapeutic field.
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CHAPTER 5

Tables and Figures
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Table 1: Eligibility criteria to BRCA1/2 genes genetic test in BC, OC, PrC and PrC patients.

Personal history of:

1.

2.

Male BC

Woman with BC and OC

Woman with BC < 36 y.o.

Woman with Triple-Negative BC < 60 y.o.

Woman with bilateral BC at the age of 50 y.o.

Woman with OC not mucinous and not borderline at every age
Metastatic PDAC

Metastatic PrC

Personal history of BC at 50 y.o. e familiarity in fist degree relatives 2 ° for:

-  BC<50y.0.
- OC not mucinous and not borderline at every age

- BBC

- Male BC
- Locally advanced or metastatic PaC

- Metastatic PrC

Personal history of BC >50 y.o. and familiarity for BC, OC, metastatic PrC or locally advanced or metastatic

PaC in 2 or more first degree relatives 2° between them (of which one of first degree with her 2°)

Personal history of PrC and familiarity:

At least one first degree relatives with PrC non-Grade Group ¢ < 60 y.o.

At least 2 members of family with PrC non-Grade Group ° < 50 y.o.

Personal history of PaC and familiarity:

At least 2 first degree relatives ¢ with PDAC

At least 3 family members with PDAC ©

In presence of genetic testing eligibility criteria for hereditary syndromes with an increased risk of PaC

Family history of known inherited PV/LPV in a disease-causing gene

2 First-degree relatives= parents, brothers/sisters and son; ® For BC and OC, in the paternal side of the family, it must include also
second degree relatives (grandmother, aunts); ¢ Grade Group 1 according to ISUP; ¢ The condition not include both affected parents in
present or past; ¢ In the same blood line and with at least one first degree relatives. y.o.= years old %3251,
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Table 2: The detection rate of the PV/LPVs in BRCAL/2 genes in LA, LB, HER2E and TNBC patients.

Molecular subtype Total BRCA1 BRCA2 No PV/LPVs | p value*
LA 246 0 (0%) 9 (3.7%) 237 (96.3%)
LB 411 17 (4.1%) 35(8.5%) | 358 (87.1%)
HER2E 40 1 (2.5%) 2 (5%) 37 (92.5%) | p <0.00001
TNBC 326 | 48 (14.7%) 18 (5.5%) = 259 (79.4%)
Unknown 147 6 (4%) 6 (4%) 135 (92%)

One TNBC and one LB proband who showed double heterozygosity for BRCA1 and BRCA2 genes are not reported in Table 1.
*Comparison between carriers of PV/LPVs in BRCA1 gene vs carriers of PV/LPVs in BRCA2 gene vs BRCA1/2-wild type.

Abbreviations: LA= Luminal A; LB= Luminal B; HER2E=Her2-enriched; TNBC=Triple Negative Breast Cancer; PV/LPVs= Pathogenic/
Likely Pathogenic Variants.

BRCAI
1 aa 1863 aa
RING domain Coiled coil BRCT } Encoded domains
BARDI PALB2 Abraxas
CiIP.
BRIP1
Coding sequence
c.d c.looo c.2o00 c.3000 c.4dooo c.Jooo

Figure 1: Breast cancer 1, BRCAL.

Exons: 24. Coding exons: 23. Transcript length: 7,094 bps. Translation length: 1,863 residues.
BRCA1 protein structure is composed by a RING domain to interact with BARD1; the NLSs allowing the
translocation from cytoplasm to nucleus; a serine residue phosphorylated by CHEK2; a coiled coil C-terminal
domain to interact with PALB2; a BRCT domain to bind phosphorylated proteins; the SCD interacting with
ATM (10.1038/nrc3181).

BRCA2
PALB2 Exon 11 Tower domain
binding site ( A ) l NLS
L & CDK2
IR | [P] 34180a
1 1 $3291
BRC repeats DNA binding helical OB fold } Encoded domains
domain
o Consi o |
DSS1

P } Coding sequence
c.l c.3000 c.6000 c.9000

Figure 2: Breast cancer 2, BRCA2.

Exons: 27. Coding exons: 26. Transcript length: 10,930 bps. Translation length: 3,418 residues.
BRCA2 protein structure is composed by the N-terminal domain containing the PALB2 binding site; eight
BRC repeats in the central region of the protein useful to bind RAD51; a DNA binding domain; three
Oligonucleatide Binding (OB) domain and a tower domain useful to stimulate the BRCA2 binding to ssDNA
and/or dsDNA; the C-terminal NLS and a phosphorylation site for the cyclin-dependent kinase 2 (CDK2) able
to bind RAD51 (10.1038/nrc3181).
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Table 3: The PV/LPVs of BRCA1/2 genes in TNBC patients.

Gene Type of Molecular HGVS Protein change No. BCCR
variant consequence Nomenclature Probands OCCR
BRCA1 Deletion Fs €.4964_4982del p.Serl655fs 8 (11.9%) \
BRCA1 Deletion Fs c.514del p.GIn172fs 7 (10.4%) \
BRCA1 SNV NS €.3904G>T p.Glul302Ter 4 (6%) OCCR
BRCA1l Deletion Fs €.798_799del p.Ser267fs 3 (4.5%) \
BRCA1 Duplication Fs *c.5266dup p.GIn1756fs 3 (4.5%) BCCR2'
BRCA1 Duplication Fs c.66dup p.Glu23fs 2 (3%) \
BRCA1 Deletion NS €.1360_1361del p.Glu453_Ser454insTer 2 (3%) \
BRCA1l Deletion Fs €.3228_3229del p.Gly1077fs 2 (3%) OCCR
BRCA1 SNV NS €.3400G>T p.Glul134Ter 2 (3%) OCCR
BRCA1 IVS / €.134+2T>C / 1 (1.5%) \
BRCA1 SNV NS ¢.303T>G p.TyrlO1Ter 1(1.5%) BCCR1
BRCA1 Deletion Fs c.882del p.Asp295fs 1 (1.5%) \
BRCA1 Deletion Fs c.1531del / 1(1.5%) OCCR
BRCA1 SNV NS €.2722G>T p.Glu908Ter 1(1.5%) OCCR
BRCA1 Deletion Fs c.3266del p.Leul1089fs 1(1.5%) OCCR
BRCA1 Deletion Fs €.3599_3600del p.GIn1200fs 1 (1.5%) OCCR
BRCA1 IVS / €.4096+3A>G / 1 (1.5%) \
BRCA1 Deletion Fs €.4137_4138del p.Glu1380fs 1(1.5%) \
BRCA1 SNV NS .4327C>T p.Argl443Ter 1 (1.5%) \
BRCA1 Deletion Fs ¢.5030_5033del p.Thrl677fs 1 (1.5%) \
BRCA1 SNV M ¢c.5123C>A p.Alal708Glu 1 (1.5%) \
BRCA1 SNV NS c.5161C>T p.GIn1721Ter 1 (1.5%) \
BRCA1 LGR / €.-232_4675del / 1(1.5%) -
17921.31
BRCA1 LGR / (41226308- / 1 (1.5%) -
41226571)x1
17¢21.31
BRCA1 LGR / (41219595~ / 1(1.5%) -
41223282)x1
BRCA2 Deletion Fs c.1238del p.Leud13fs 2 (3%) BCCRY
BRCA2 Duplication NS c.1842dup p.Asn615Ter 2 (3%) \
BRCA2 VS / *C.1909+1G>A / 2 (3%) \
BRCA2 Deletion Fs €.5851_5854del p.Ser1951fs 2 (3%) \
BRCA2 SNV NS C.396T>A p.Cys132Ter 1 (1.5%) BCCR1
BRCA2 IVS / Cc.476-2A>G / 1 (1.5%) BCCR1
BRCA2 IVS / c.517-2del / 1 (1.5%) BCCR1
BRCA2 SNV NS c.523C>T p.GIn175Ter 1 (1.5%) BCCR1
BRCA2 Deletion Fs €.1813del p.lle605fs 1(1.5%) \
BRCA2 Deletion Fs €.3847_3848del p.Val1283fs 1(1.5%) OCCR1
BRCA2 Duplication Fs €.4284dup p.GIn1429fs 1 (1.5%) OCCR1
BRCA2 Deletion Fs €.6082_6086del p.Glu2028fs 1(1.5%) \
BRCA2 IVS / €.8487+1G>A / 1 (1.5%) BCCR2
BRCA2 IVS / €.8954-15T>G / 1(1.5%) \
BRCA2 Deletion Fs €.9455_9456del p.Glu3152fs 1 (1.5%) \

*These PV/LPVs are present in the same proband showing double heterozygosity for BRCA1 and BRCA2 genes.
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Abbreviations: TNBC=Triple Negative Breast Cancer; PV/LPVs= Pathogenic/ Likely Pathogenic Variants; SNV= Single Nucleotide
Variant; IVS= Intronic Variant Sequence; Fs= Frameshift; M= Missense; NS= Nonsense; BCCR= Breast Cancer Cluster Region;
OCCR= Ovarian Cancer Cluster Region.

Table 4: The PV/LPVs of BRCA1/2 genes in LA/LB/HERZ2E patients.

LB

Gene T/é‘r)ii\r?tf coMnglee;l:J(Iei::e Nomiﬁ?:lliture Protein change ProNbgﬁds E)(C::EE
BRCA1 Deletion Fs €.4964_4982del p.Ser1655fs 5 (7.7%) \
BRCA1l Deletion Fs c.514del p.GIn172fs 4 (6.2%) \
BRCA1 Deletion Fs c.66_67del p.Glu23fs 1(1.5%) \
BRCA1 SNV M *¢.181T>G p.Cys61Gly 1 (1.5%) BCCR1
BRCA1 Deletion Fs €.798_799del p.Ser267fs 1(1.5%) \
BRCA1 SNV NS C.2722G>T p.Glu908Ter 1 (1.5%) OCCR
BRCA1l Deletion Fs €.3228_3229del p.Gly1077fs 1 (1.5%) OCCR
BRCA1l SNV NS €.3400G>T p.Glul134Ter 1 (1.5%) OCCR
BRCA1l SNV NS €.3904G>T p.Glu1302Ter 1(1.5%) OCCR
BRCA1 SNV M ¢.5096G>A p.Arg1699Gin 1 (1.5%) \

17q21.31
BRCA1l LGR / (41226308- / 1 (1.5%) \
41226571)x1

BRCA2 Deletion Fs c.1238del p.Leu413fs 7 (10.8%) BCCRY'
BRCA2 SNV NS C.7681C>T p.GIn2561Ter 3 (4.6%) BCCR2
BRCA2 IVS / c.476-2A>G / 2 (3.1%) BCCR1
BRCA2 Deletion Fs c.5851_5854del p.Serl951fs 2 (3.1%) \
BRCA2 SNV M c.7007G>A p.Arg2336His 2 (3.1%) OCCR2
BRCA2 Duplication Fs €.9253dup p.Thr3085fs 2 (3.1%) \
BRCA2 SNV NS c.93G>A p.Trp31Ter 1 (1.5%) BCCR1
BRCA2 SNV NS c.97G>T p.Glu33Ter 1 (1.5%) BCCR1
BRCA2 SNV M **C.631G>A p.Val2lllle 1 (1.5%) \
BRCA2 Duplication NS ¢.1842dup p.Asn615Ter 1 (1.5%) \
BRCA2 Deletion Fs c.1472del p.Thr491llefsTerl8 1 (1.5%) BCCRY’
BRCA2 Deletion Fs €.2808_2811del p.Ala938fs 1(1.5%) \
BRCA2 Deletion Fs ¢.5595_5596del p.Phel866fs 1 (1.5%) \
BRCA2 SNV NS €.5959C>T p.GIn1987Ter 1(1.5%) \
BRCA2 Deletion Fs €.6082_6086del p.Glu2028fs 1 (1.5%) \
BRCA2 SNV NS €.6124C>T p.GIn2042Ter 1 (1.5%) \
BRCA2 Deletion Fs €.6591_6592del p.Glu2198fs 1(1.5%) \
BRCA2 IVS / **c.7008-2A>T / 1 (1.5%) OCCR2
BRCA2 Deletion NS €.7910_7914del p.Ala2637_Phe2638insTer 1 (1.5%) BCCR2
BRCA2 IVS / *c.8331+2T>C / 1 (1.5%) BCCR2
BRCA2 IVS / €.8487+1G>A / 1(1.5%) BCCR2
BRCA2 IVS / €.8632+2T>C / 1(1.5%) BCCR2
BRCA2 IVS / €.8754+4A>G / 1 (1.5%) BCCR2
BRCA2 Deletion Fs €.9026_9030del p.Tyr3009fs 1 (1.5%) \
BRCA2 Deletion Fs €.9455_9456del p.Glu3152fs 1 (1.5%) \

LA

52



Gene T/);‘r)i?;\r?tf co'\:gleec;:l.llj(l,irce Nomi(rzl‘(\:/liture Protein change Pro';gﬁds (E;(C::g;
BRCA2 Deletion Fs c.1238del p.Leu413fs 1 (1.5%) BCCRY'
BRCA2 Deletion Fs c.1813del p.lle605fs 1 (1.5%) \
BRCA2 Duplication NS c.1842dup p.Asn615Ter 1 (1.5%) \
BRCA2 Deletion Fs €.3860del p.Asn1287fs 1(1.5%) OCCR1
BRCA2 Duplication Fs ¢.5073dup p.Trp1692fs 1 (1.5%) OCCR1
BRCA2 Deletion Fs ¢.5722_5723del p.Leu1908fs 1 (1.5%) \
BRCA2 IVS / C.8487+1G>A / 1 (1.5%) BCCR2
BRCA2 IVS / C.8754+4A>G / 1 (1.5%) BCCR2
BRCA2 Deletion Fs €.9026_9030del p.Tyr3009fs 1(1.5%) \

HER2E

Gene -\r/):rji(:u?tf co'\:glaeqctljjclairce Nomicri‘?:/liture Protein change ProNbgﬁds gggg
BRCA1 Duplication Fs ¢.5266dup p.GIn1756fs 1 (1.5%) BCCR2’
BRCA2 Deletion Fs ¢.5073del p.Lys1691fs 1(1.5%) OCCR1
BRCA2 Deletion Fs €.7679_7680del p.Phe2560fs 1 (1.5%) BCCR2

*These PV/LPVs are present in the same proband showing double heterozygosity for BRCA1 and BRCA2 genes.

Abbreviations: LB= Luminal B; LA= Luminal A; HER2E=Her2-enriched; PV/LPVs= Pathogenic/ Likely Pathogenic Variants; SNV= Single
Nucleotide Variant; IVS= Intronic Variant Sequence; Fs= Frameshift; M= Missense; NS= Nonsense; BCCR= Breast Cancer Cluster
Region; OCCR= Ovarian Cancer Cluster Region.
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Figure 3: @) The PV/LPVs of BRCA1/2 genes detection rate among the molecular subtypes. b) The PV/LPVs

of BRCA1/2 genes detection rate among women. ¢) The PV/LPVs of BRCA1/2 genes detection rate among
men.

Abbreviations: LA= Luminal A; LB= Luminal B; HER2E=Her2-enriched; TNBC=Triple Negative Breast Cancer; PV/LPVs= Pathogenic/
Likely Pathogenic Variants.
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Figure 4: Genetic location of PV/LPVs in BRCA1/2 genes among TNBC patients; a) PV/LPVs identified in

BRCA1 gene sequence; b) PV/LPVs identified in BRCA2 gene sequence

Abbreviations: TNBC=Triple Negative Breast Cancer; PV/LPVs= Pathogenic/ Likely Pathogenic Variants; BCCR= Breast Cancer Cluster
Region; OCCR= Ovarian Cancer Cluster Region; RING= Really Interesting New Gene; NLS= Nuclear Localization Sequence; BRCT=
BRCAL C-terminus domain; SCD= Serine Cluster Domain; OB= Oligonucleotide Binding.
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Figure 5: Genetic location of PV/LPVs in BRCA1/2 genes among LA/LB/HERZ2E patients; a) PV/LPVs
identified in BRCA1 gene sequence; b) PV/LPVs identified in BRCA2 gene sequence.

Abbreviations: LA= Luminal A; LB= Luminal B; HER2E=Her2-enriched; PV/LPVs= Pathogenic/ Likely Pathogenic Variants; BCCR=
Breast Cancer Cluster Region; OCCR= Ovarian Cancer Cluster Region; RING= Really Interesting New Gene; NLS= Nuclear
Localization Sequence; BRCT= BRCAL1 C-terminus domain; SCD= Serine Cluster Domain; OB= Oligonucleotide Binding.
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Table 5: Baseline features and clinico-pathological information of TNBC and LA/LB/HER2E BCs.

TNBC* LA/LB/HERZE BCs** “Pyalue | **Pvalue
WT BRCA1/2 WT BRCA1/2
Number of patients (1023) (735:15.'%} 67 (20.6%) | 632 (307%) | 65 (9.3%) - -
Age groups (y)
<40 42 (16.2%) | 23(34.3%) | 230 (36.4%) | 34 (52.3%)
41-50 91(35.1%) | 28 (41.8%) | 229(36.2%) @ 16 (24.6%) | 0.0005 0.05
51-60 88 (34%) | 9(13.4%) | 102(16.1%) | 11(16.9%)
>60 38 (14.7%) | 7(104%) | 71(112%) | 4(6.2%)
Histological Subtype
Ductal (5;%1%} 29 (433%) | 496 (78.5%) | 54 (83.1%)
Lobular Sttasey | 1(15%) | 61(97%) | 3(46%) - -
Others 301ew) | 105%) | 32(61%) | 3(46%)
unknown Torh | BEIT%) | 43E8%) | 5(1.T%)
ER (%)
<20 . \ 64 (10.1%) | 9(13.8%) ]
>20 554 (87.7%) | 54 (83.1%)
unknown 14 (2.2%) 2(3.1%)
PR (%)
<20 . \ 162 (25.6%) | 23 (35.4%) ]
>20 450 (71.2%) | 40 (61.5%)
unknown 20 (3.2%) 2(3.1%)
HER2 (%)
pos . \ 145 (22.9%) | 9(13.8%) ]
neg 450 (712%) | 49 (75.4%)
unknown 37 (5.9%) 7 (10.8%)
Ki-67 (%)
<20 & (‘1%9‘3;’3] 2(3%) | 231(36.6%) | 9(13.8%)
20-50 g6 (3320 | 8(11.9%) | 285 (45.1%) | 31(47.7%) - <0.0001
>50 o 27 (40.3%) | 75(11.9%) | 20 (30.8%)
unknown 05w | I0(@48%) | 41(65%) | 5(17%)
Histological grade
1 15{%]-93%) 0 (0%) 68(10.8%) | 1(1.5%)
G2 84 (3949 | 3(45%) | 276(437%) | 21(323%) - <0.0001
G3 o 21(31.3%) | 161(255%) | 33 (50.8%)
unknown Gogu | 43(642%) | 127(20.1%) | 10 (15.4%)
Bilateral
Yes 22(B5%) | 10 (14.9%) | 106 (16.8%) | 11(16.9%) - -
No @15%) | 57(851%) | 526(832%) | 54(83.1%)
Median Age at diagnosis
(y) _ _
Primary tumor 43 39 45 34
Secondary tumaor 58 49 53 46
Time between
1st and 2nd Tumors (y)
Median 10 10 5 12

*TNBC WT versus carriers of PV/LPVs in BRCA1/2 genes; **LA/LB/HER2E WT BCs versus carriers of PV/LPVs in BRCA1/2 genes

Abbreviations: TNBC= Triple Negative Breast Cancer; LA= Luminal A; LB= Luminal B; HER2E=Her2-enriched; WT= Wild-Type; ER=
Estrogen Receptor; PR= Progesterone Receptor; y= years old.
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Table 6: The PV/LPVs of BRCA1/2 genes in OC patients.

Gene -\r/)zjlfizr?tf cohf\?eec;:t?elzirce Nomiﬁgliture Protein change ProNbgﬁds \ﬁ;{gt (E;EEE
BRCA1 Deletion Fs ¢.4964_4982del p.Ser1655fs (111?% ) G \
BRCA1 Deletion Fs c.514del p.GIn172fs 9 (7%) G \
BRCA1 SNV M .181T>G p.Cys61Gly 4 (3.1%) G BCCR1
BRCA1 SNV NS *C.4327C>T p.Argl443Ter 4 (3.1%) GIS \
BRCAl Deletion NS €.1360_1361del p.Glu453_Ser454insTer 3 (2.3%) G \
BRCA1 Duplication Fs €.3253dup p.Arg1085fs 3 (2.3%) G OCCR
BRCA1 SNV M €.4963T>G p.Ser1655Ala 3(2.3%) G \
BRCA1 Duplication Fs c.5266dup p.GIn1756fs 3 (2.3%) G BCCR2’
BRCAl Deletion NS c.117_118del p.Cys39_Asp40delinsTer 2 (1.6%) G \
BRCA1 Deletion Fs €.3228_3229del p.Gly1077fs 2 (1.6%) G OCCR
BRCA1 SNV NS €.3904G>T p.Glu1302Ter 2 (1.6%) G OCCR
BRCA1 IVS / €.4096+3A>G / 2 (1.6%) G \
BRCA1 IVS / C.547+2T>A / 2 (1.6%) G \
BRCA1 Insertion Fs €.5561_5562insC p.Leu1854Profs26 2 (1.6%) G BCCR2'
BRCA1 SNV M c.65T>C p.Leu22Ser 2 (1.6%) G \
BRCAL SNV M €.286G>C p.Asp96His 1 (0.8%) G BCCR1
BRCA1 Insertion Fs €.1029_1030ins p.Ala344Ter 1 (0.8%) G \
BRCA1 Deletion Fs c.1854del p.Arg618fs 1 (0.8%) G OCCR
BRCA1 SNV NS €.2722G>T p.Glu908Ter 1 (0.8%) G OCCR
BRCA1 SNV NS €.3400G>T p.Glul134Ter 1 (0.8%) G OCCR
BRCA1 SNV NS €.3544C>T p.GIn1182Ter 1 (0.8%) G OCCR
BRCA1l Deletion Fs €.3700_3704del p.Vall234fs 1 (0.8%) G OCCR
BRCA1 Deletion Fs €.3700_3704del p.Vall234fs 1 (0.8%) G OCCR
BRCA1 SNV NS c.4117G>T p.Glul373Ter 1 (0.8%) G \
BRCA1 SNV M C.4484G>T p.Argl495Met 1 (0.8%) G BCCR2
BRCAL SNV M €.5297T>G p.lle1766Ser 1 (0.8%) G BCCR2’
BRCAL VS / €.5406+5G>C / 1 (0.8%) G BCCR2'
BRCA1 Deletion Fs €.798_799del p.Ser267fs 1 (0.8%) G \
BRCA1 Insertion Fs €.984_985ins p.Asn329fs 1 (0.8%) G \

13g13.1
BRCA1 LGR / (32900212- / 1 (0.8%) G -
32972932)x1
BRCA1 Deletion Fs €.2269del p.Val757fs 2 (1.6%) S OCCR
BRCA1 SNV NS c.4576G>T p.Glul526Ter 2 (1.6%) S BCCR2
BRCA1 Deletion Fs c.1258del p.Asp420MetfsTer10 1 (0.8%) S \
BRCAl Deletion Fs c.1674del p.Gly559fs 1 (0.8%) S OCCR
BRCA1 SNV NS €.2059C>T p.GIn687Ter 1 (0.8%) S OCCR
BRCA1 Deletion NS €.2296_2297del p.Glu765_Ser766insTer 1 (0.8%) S OCCR
BRCA1 Deletion Fs €.3528_3585del p.Phell77HisfsTer14 1 (0.8%) S OCCR
BRCA1 IVS / C.4484+1G>A / 1 (0.8%) S BCCR2
BRCA1 Duplication Fs €.4891dup p.Ser1631fs 1 (0.8%) S BCCR2
BRCA1 SNV M ¢.5252G>C p.Argl751Pro 1 (0.8%) S \
BRCA2 Deletion Fs €.9026_9030del p.Tyr3009fs 4 (3.1%) G \
BRCA2 Deletion Fs €.6082_6086del p.Glu2028fs 3 (2.3%) G \
BRCA2 Duplication NS c.1842dup p.Asn615Ter 2 (1.6%) G \
BRCA2 IVS / €.1909+1G>A / 2 (1.6%) G \
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*These PV/LPVs are present in the same proband showing double heterozygosity for somatic BRCA1 and BRCA2 genes.
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Abbreviations: OC= Ovarian Cancer; PV/LPVs= Pathogenic/ Likely Pathogenic Variants; SNV= Single Nucleotide Variant; IVS= Intronic
Variant Sequence; Fs= Frameshift; M= Missense; NS= Nonsense; Syn= Synonymous; BCCR= Breast Cancer Cluster Region; OCCR=

Ovarian Cancer Cluster Region; G= germline; S= somatic.
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Figure 6: Genetic location of PV/LPVs in BRCA1/2 genes among OC patients; a) PV/LPVs identified in
BRCAL1 gene sequence; b) PV/LPVs identified in BRCA2 gene sequence.

Abbreviations: OC= Ovarian Cancer; PV/LPVs= Pathogenic/ Likely Pathogenic Variants; BCCR= Breast Cancer Cluster Region;

OCCR= Ovarian Cancer Cluster Region; RING= Really Interesting New Gene; NLS= Nuclear Localization Sequence; BRCT= BRCA1
C-terminus domain; SCD= Serine Cluster Domain; OB= Oligonucleotide Binding.
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Table 7: Baseline features and clinico-pathological information of OC patients.

BRCA1/2wt | gls BRCA1/2 p value
Number of patients: 540 412 (76.3%) 128 (23.7%) f
Age groups (y)
=40 22 (5.3%) 10 (7.8%)
41-50 54 (13.1%) 30 (23.4%)
51-60 123 (29.9%) 46 (35.9%) 0.02
61-70 90 (21.8%) 32 (25%)
=70 65 (15.8%) 10 (7.8%)
Unknown 58 (14.1%)
Histolegical Subtype
HGSC 255 (62%) 92 (71.9%)
Clear cell 12 (2.9%) 1(0.8%)
Endometrioid 48 (10.9%) 8 (6.25%) 0.04
LGSC 2 (0.5%) 0 (0%)
Papillary 29 (7%) 3 (2.3%)
Unknown 68 (16.7%) 24 (18.75%)
Personal cancer history before EOC
ooty | wame v | oo
. 14 (3.4%) 3 (2.3%)
Mo cancer history

381 (92.5%) 111 (86.7%)

Abbreviations: HGSC= High Grade Serous Carcinoma; LGSC= Low Grade Serous Carcinoma; EOC= Epithelial Ovarian Cancer; g=
germline; s= somatic; WT= wild-type; y= years old.

Table 8: The PV/LPVs of BRCA1/2 genes in PaC and PrC patients.

PaC
Gene Type of Molecular HGVS Protein change No. Variant BCCR
variant consequence Nomenclature 9 Probands origin OCCR
BRCA2 SNV NS c.7681C>T p.GIn2561Ter 1 G BCCR2
BRCA2 Deletion Fs €.6990_6994del p.l1e2330fs 1 G OCCR2
BRCA2 IVS / c.8487+1G>A / 1 G BCCR2
Prc
Type of Molecular HGVS . No. Variant
Gene ; Protein change -
variant consequence Nomenclature Probands origin
BRCA2 Deletion NS c.3545_3546del p.GIn1181_Phe1182insTer 1 G OCCR1

Abbreviations: PaC= Pancreatic Cancers; PrC= Prostate Cancer; PV/LPVs= Pathogenic/ Likely Pathogenic Variants; SNV= Single
Nucleotide Variant; IVS= Intronic Variant Sequence; Fs= Frameshift; NS= Nonsense; BCCR= Breast Cancer Cluster Region; OCCR=
Ovarian Cancer Cluster Region
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Figure 7: Distribution rate of the involved genes beyond BRCA1/2 genes in BC, OC, PaC and PrC patients
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Abbreviations: BC= Breast Cancer; OC= Ovarian Cancer; PaC= Pancreatic Cancer; PrC= Prostate Cancer.

Table 9: The PV/LPVs identified through multi-gene panel testing in BC, OC, Pac and PrC patients.

BCs
Gene Typ.e of cc’\)/lnoslggldg:c HGVS Nomenclature Protein change No.
variant o Probands
MUTYH SNV M C.1145G>A p.Gly382Asp 7
MUTYH Deletion Fs €.1395_1397del p.Glu466del 4
MUTYH Insertion Fs €.1187_1188insGG p.Glu396Glyfs43 2
MUTYH SNV M C.494A>G p.Tyr165Cys 1
MUTYH SNV M €.1129C>T p.GIn377Ter 1
MUTYH SNV M €.1238G>T p.Trp413Leu 1
CHEK2 IVS / C.721+3A>T / 3
CHEK2 SNV M €.1165C>T p.Arg389Cys 3
CHEK2 Deletion Fs c.1229del p.Thr410fs 3
CHEK2 SNV M c.1441G>T p.Asp481Tyr 3
CHEK2 SNV M €.844G>A p.Glu282Lys 1
CHEK2 SNV M €.980G>A p.Cys327Tyr 1
PALB2 Dellns NS €.661_662delinsTA p.vVal221Ter 2
PALB2 Deletion NS c.94del p.Leu32Ter 1
PALB2 Duplication Fs c.758dup p.Ser254fs 1
PALB2 Deletion Fs €.1050_1053del p.Thr351fs 1
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PALB2
PALB2
ATM
ATM
ATM
ATM
ATM
ATM
RAD50
RAD50
RAD50
RAD50
RAD51C
RAD51C
RAD51C
RAD51C
PMS2
PMS2
PMS2
PMS2
STK11
STK11
BRIP1
APC
APC
CDH1

Gene

MUTYH
MUTYH
MUTYH
PMS2
PMS2
MLH1
ATM
ATM
CHEK2
RAD51C
RAD51C
RAD51D

Gene

ATM

ATM

ATM
MUTYH

SNV NS
SNV NS
SNV NS
Duplication Fs
SNV Syn
IVS /
SNV M
Duplication NS
SNV /
Deletion Fs
IVS /
SNV NS
IVS /
SNV M
Deletion Fs
Insertion Fs
SNV M
SNV M
Deletion Fs
Delins Fs
SNV M
Deletion Fs
SNV NS
SNV M
SNV M
IVS /
oot | Malecu
variant e
SNV M
SNV NS
SNV M
SNV M
SNV M
Deletion Fs
Deletion NS
IVS /
SNV M
SNV M
Deletion Fs
SNV NS
Type of Molecular
variant conseequenc
Insertion FsINS
SNV M
SNV NS
SNV M

€.2566C>T
€.3549C>G
€.2413C>T
¢.2502dup
c.3576G>A
C.4776+1G>T
c.8147T>C
€.8818_8821dup
€.130-1G>T
€.326_329del
c.551+1G>C
€.3598C>T
€.1026+5_1026+7del
C.773G>A
€.97_98del
€.226_227insAT
c.2T>C
c.137G>T
c.2177del
€.2182_2184delinsG
€.368A>G
c.1027del
€.1348G>T
c.1121G>A
€.3920T>A
€.2164+2T>C
0OCs

HGVS Nomenclature

*xxxc,1145G>A
**C.479G>A
***c.1103G>A
c.137G>T
C.2249G>A
¢.599_602delCAGT
*c.3802_3802delG
**C.4776+1G>T
c.1441G>T
***c.680C>G
€.622_623del
€.863G>A

PaC

HGVS Nomenclature

€.2503_2504insA
€.8558C>T
c.8977C>T
c.1145G>A
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p.GIn856Ter
p.Tyrl183Ter
p.Arg805Ter
p.Val835fs
p.Lys1192=
/
p.Val2716Ala
p.Ser2941Ter
/
p.Trh109LysfsTer21
/
p.Arg1200Ter
/
p.Arg258His
p.GIn33fs
p.Ala76Metfs26
p.MetlThr
p.Ser46lle
p.Pro726fs
p.Thr728Alafs
p.GIn123Arg
p.Asp343ThrfsTer50
p.Glu450Ter
p.Arg374GIn
p.lle1307Lys
/

Protein change

p.Gly382Asp
p.Trpl60Ter
p.Gly368Asp
p.Ser46lle
p.Gly750Asp
p.Thr200LysfsTer28
p.Glul267_Vall1268insTer
/
p.Asp481Tyr
p.Pro227Arg
p.lle208fs
p.Trp288Ter

Protein change

p.Val835AspfsTer7
p.Thr2853Met
p.Arg2993Ter
p.Gly382Asp

PR R R RPrIRIRPRRPIRPRIRP PRI R PR RRPRIR R RP[RPRIN PR R

No.
Probands

N

P R lRr|RrRPrRrRr R R P R

No.
Probands

1
1
1
1



PALB2 Dellns NS €.661_662delinsTA p.Val221Ter 1
EPCAM SNV NS €.227C>G p.Ser76Ter 1
TP53 SNV M c.1016A>G p.Glu339Gly 1

*These PV/LPVs are present in the same proband showing double heterozygosity.

Table 10: Comparison of clinico-pathological information between patients analysed in BRCA1/2 genes and
Multi-gene panel testing

BRCA1/2 Hult gone AMIWT | p-value* | p-value™
Number of patients 144 65 961 ! /
Age groups (y)
=40 58 (39.6% o 300 (31.2%
41-50 45 E3u.ﬁ%; = gigﬁ 325[(34%)JI 004 )
51-60 20 (13.9%) 20 [30'8%} 185 (19.3%) :
=60 11 (7.6%) 7(10 S%) 118 (12.3%)
Unknown 10(8.3%) ) 32 (3.3%)
Histological Subtype
Ductal 83 (57.6%) 36 (55.4%) 606 (63.1%)
Lobular 4(2.8%) 5(7.7%) 58 (6%) - -
Others 4(2.8%) 5(7.7%) 56 (5.8%)
Unknown 53 (36.8%) 19 (29.2%) 241 (25.1%)
Molecular Subtype
LALB 62 (43.1%) 35 (60%) 556 (57.9%)
HERZE 3 (2%) 0 (0%) 36 (3.7%) 0.0003 -
TNBC 67 (46.5%) 9(13.8%) 250 (26%)
Unknown 12 (8.3%) 17 (26.2%) 119 (12.4%)
ER (%)
=20 9(6.3%) 1(1.5%) 22 (2.3%)
> 20 54 (37.5%) 40 (61.5%) 537 (55.9%) | <0.00001 0.03
Negative 638 (47.2%) 8(12.3%) 286 (29.8%)
Unknown 13 (9%) 16 (24.6%) 116 (12%)
PR (%)
=20 23 (16%) 3 (4.6%) 93 (9.7%)
=20 40 (27.8%) 34 (52.3%) 430 (447%) | <0.00001 0.05
Megative 74 (51.4%) 12 (18.5%) 311 (32.4%)
Unknown 7{4.9%) 16 (24.6%) 127 (13.2%)
Ki-67 (%)
<20 11(7.6%) 18 (27.7%) 237 (24.7%)
20-50 39 (27.1%) 17 (26.15%) 318 (33.1%) | <0.00001 -
> 50 47 (32.6%) 4 (6.15%) 145 (15.1%)
Unknown 47 (32.6%) 26 (40%) 261 (27.1%)
Histological grade
G1 1(0.7%) 5(7.7%) 69 (7.2%)
G2 24 (16.7%) 27 (41.5%) 281(29.2%) | <0.00001 0.04
G3 54 (37.5%) 9(13.8%) 247 (25.7%)
Unknown 65 (45.1%) 24 (36.9%) 364 (37.9%)
Bilateral
Yes 21 (14.6%) 13 (20%) 127 (13.2%) - -
Mo 123 (85.4%) 52 (80%) 834 (86.8%)
Median Age at diagnosis (y)
Primary tumor 37 47 48 - -
Secondary tumaor 47 52 53
Time between
1st and 2nd Tumors (y)
Median 10 5 5

Estrogen Receptor; PR= Progesterone Receptor; y= years old.
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*comparison carriers of PV/LPVs in BRCA1/2 vs Multi-gene panel MUT; ** comparison Multi-gene panel MUT vs All WT

Abbreviations: TNBC= Triple Negative Breast Cancer; LA= Luminal A; LB= Luminal B; HER2E=Her2-enriched; WT= Wild-Type; ER=




Table 11: Comparison between clinico-pathological information among OC patients analyzed to BRCA1/2

and Multi-gene panel testing

g BRCA1/2 | Multi-gene Panel MUT All WT p value® p value™
Number of patients 109 11 420 / /
Age groups (y)
<40 3 (27.3%) 22 (5.2%)
41-50 g 1 2%) 2 (182%) 54 (12.9%)
51-60 - Eaéa%g 1(9.1%) 112 (26.6%) - 0.02
61-70 33 01 1%) 2 (18.2%) 95 (22.6%)
>70 o 1(9.1%) 67 (16%)
Unknown (8.3%) 2 (18.2%) 70 (16.6%)
Histological Subtype
HGSC 77 (70.6%) 4 (36.4%) 265 (60.7%)
Clear cell 2 (1.8%) 0 (0%) 13 (3.1%)
Endometrioid 6 (5.5%) 5 (45.5%) 42(10%) | <0001 | <0.0001
LGSC 3 (2.8%) 0 (0%) 2 (0.5%)
Papillary 3(2.8%) 1(9.1%) 2 (0.5%)
Unknown 18 (16.5%) 1(9.1%) 106 (25.2%)
Personal cancer history before EQC
Fersonal beeast cancer istory 15 (13.8%) 2 (18.2%) 20 (4.8%) - 0.05
emﬂnﬁoiaﬁgfﬁi’;‘::' istory 1(1.8%) 1(9.1%) 21 (5%)
vy 93 (85.3%) 8 (72.7%) 379 (90.2%)

*Comparison between Multi-gene panel MUT and BRCA1/2; ** Comparison between Multi-gene panel MUT and All WT

Abbreviations: HGSC= High Grade Serous Carcinoma; LGSC= Low Grade Serous Carcinoma; EOC= Epithelial Ovarian Cancer; g=

germline; s= somatic; WT= wild-type; y= years old.

65




Bibliography

1. Boyd J, Sonoda Y, Federici MG, et al. Clinicopathologic features of BRCA-linked and
sporadic ovarian cancer. JAMA. May 03 2000;283(17):2260-5. doi:10.1001/jama.283.17.2260

2. Hall JM, Lee MK, Newman B, et al. Linkage of early-onset familial breast cancer to
chromosome 17q21. Science. Dec 21 1990;250(4988):1684-9. doi:10.1126/science.2270482

3. Wooster R, Neuhausen SL, Mangion J, et al. Localization of a breast cancer susceptibility
gene, BRCA2, to chromosome 13ql2-13. Science. Sep 30 1994;265(5181):2088-90.
doi:10.1126/science.8091231

4, Miki Y, Swensen J, Shattuck-Eidens D, et al. A strong candidate for the breast and ovarian
cancer  susceptibility  gene BRCAL. Science. Oct 07 1994;266(5182):66-71.
doi:10.1126/science.7545954

5. Incorvaia L, Fanale D, Badalamenti G, et al. Hereditary Breast and Ovarian Cancer in
Families from Southern Italy (Sicily)-Prevalence and Geographic Distribution of Pathogenic
Variants in. Cancers (Basel). May 05 2020;12(5)doi:10.3390/cancers12051158

6. Fanale D, Fiorino A, Incorvaia L, et al. Prevalence and Spectrum of Germline. Front Oncol.
2021;11:682445. doi:10.3389/fonc.2021.682445

7. Toh M, Ngeow J. Homologous Recombination Deficiency: Cancer Predispositions and
Treatment Implications. Oncologist. Sep 2021;26(9):e1526-e1537. doi:10.1002/onco0.13829

8. Mekonnen N, Yang H, Shin YK. Homologous Recombination Deficiency in Ovarian, Breast,
Colorectal, Pancreatic, Non-Small Cell Lung and Prostate Cancers, and the Mechanisms of
Resistance to PARP Inhibitors. Front Oncol. 2022;12:880643. doi:10.3389/fonc.2022.880643

9. Brown TJ, Reiss KA. PARP Inhibitors in Pancreatic Cancer. Cancer J. 2021 Nov-Dec 01
2021;27(6):465-475. doi:10.1097/PP0O.0000000000000554

10. Nuhn P, De Bono JS, Fizazi K, et al. Update on Systemic Prostate Cancer Therapies:
Management of Metastatic Castration-resistant Prostate Cancer in the Era of Precision Oncology.
Eur Urol. Jan 2019;75(1):88-99. doi:10.1016/j.eururo.2018.03.028

11. Sessa C, Balmaria J, Bober SL, et al. Risk reduction and screening of cancer in hereditary
breast-ovarian cancer syndromes: ESMO Clinical Practice Guideline. Ann Oncol. Jan
2023;34(1):33-47. doi:10.1016/j.annonc.2022.10.004

12. Daly MB, Pal T, Berry MP, et al. Genetic/Familial High-Risk Assessment: Breast, Ovarian,
and Pancreatic, Version 2.2021, NCCN Clinical Practice Guidelines in Oncology. J Natl Compr
Canc Netw. Jan 06 2021;19(1):77-102. doi:10.6004/jnccn.2021.0001

13. Savage SA. Who Should Have Multigene Germline Testing for Hereditary Cancer? J Clin
Oncol. Dec 10 2022;40(35):4040-4043. doi:10.1200/JC0.22.01691

14. Yurgelun MB, Uno H, Furniss CS, et al. Development and Validation of the PREMMplus
Model for Multigene Hereditary Cancer Risk Assessment. J Clin Oncol. Dec 10 2022;40(35):4083-
4094. doi:10.1200/JC0.22.00120

15. https://www.nccn.org/professionals/physician_gls/pdf/genetics_bop.pdf.

16. Melchor L, Benitez J. The complex genetic landscape of familial breast cancer. Hum Genet.
Aug 2013;132(8):845-63. doi:10.1007/s00439-013-1299-y

17. Gabai-Kapara E, Lahad A, Kaufman B, et al. Population-based screening for breast and
ovarian cancer risk due to BRCAl1l and BRCA2. Proc Natl Acad Sci U S A. Sep 30
2014;111(39):14205-10. doi:10.1073/pnas.1415979111

18. Capoluongo E, La Verde N, Barberis M, et al. Molecular Assay for Ovarian Cancer Patients:
A Survey through Italian Departments of Oncology and Molecular and Genomic Diagnostic
Laboratories. Diagnostics (Basel). Oct 09 2019;9(4)doi:10.3390/diagnostics9040146

66



19. von Werdt A, Brandt L, Scharer OD, Rubin MA. PARP Inhibition in Prostate Cancer With
Homologous Recombination Repair Alterations. JCO Precis Oncaol.
2021;5d0i:10.1200/P0O.21.00152

20. Reiss KA, Mick R, O'Hara MH, et al. Phase Il Study of Maintenance Rucaparib in Patients
With Platinum-Sensitive Advanced Pancreatic Cancer and a Pathogenic Germline or Somatic
Variant in. J Clin Oncol. Aug 01 2021;39(22):2497-2505. doi:10.1200/JC0.21.00003

21. Tjokrowidjaja A, Friedlander M, Lord SJ, et al. Prognostic nomogram for progression-free
survival in patients with BRCA mutations and platinum-sensitive recurrent ovarian cancer on
maintenance olaparib therapy following response to chemotherapy. Eur J Cancer. Sep
2021;154:190-200. doi:10.1016/j.ejca.2021.06.024

22. Shao C, Chang MS, Lam FC, et al. A Systematic Review and Meta-Analysis on the
Prognostic Value of BRCA Mutations, Homologous Recombination Gene Mutations, and
Homologous Recombination Deficiencies in Cancer. J Oncol. 2022;2022:5830475.
doi:10.1155/2022/5830475

23. Robson ME, Tung N, Conte P, et al. OlympiAD final overall survival and tolerability results:
Olaparib versus chemotherapy treatment of physician's choice in patients with a germline BRCA
mutation and HER2-negative metastatic breast cancer. Ann Oncol. Apr 01 2019;30(4):558-566.
doi:10.1093/annonc/mdz012

24. Sokol ES, Pavlick D, Khiabanian H, et al. Pan-Cancer Analysis of. JCO Precis Oncol.
2020;4:442-465. doi:10.1200/p0.19.00345

25. Heeke AL, Pishvaian MJ, Lynce F, et al. Prevalence of Homologous Recombination-
Related Gene Mutations Across Multiple Cancer Types. JCO Precis Oncol.
2018;2018d0i:10.1200/P0.17.00286

26. Kaelin WG. The concept of synthetic lethality in the context of anticancer therapy. Nat Rev
Cancer. Sep 2005;5(9):689-98. doi:10.1038/nrc1691

27. O'Neil NJ, Bailey ML, Hieter P. Synthetic lethality and cancer. Nat Rev Genet. Oct
2017;18(10):613-623. doi:10.1038/nrg.2017.47

28. Russo A, Incorvaia L, Malapelle U, et al. The tumor-agnostic treatment for patients with
solid tumors: a position paper on behalf of the AIOM- SIAPEC/IAP-SIBioC-SIF ltalian Scientific
Societies. Crit Rev Oncol Hematol. Sep 2021;165:103436. doi:10.1016/j.critrevonc.2021.103436
29. Arora S, Balasubramaniam S, Zhang H, et al. FDA Approval Summary: Olaparib
Monotherapy or in Combination with Bevacizumab for the Maintenance Treatment of Patients with
Advanced Ovarian Cancer. Oncologist. Jan 2021;26(1):e164-e172. doi:10.1002/onco.13551

30. Chi J, Chung SY, Parakrama R, Fayyaz F, Jose J, Saif MW. The role of PARP inhibitors in.
Therap Adv Gastroenterol. 2021;14:17562848211014818. doi:10.1177/17562848211014818

31. Nizialek E, Antonarakis ES. PARP Inhibitors in Metastatic Prostate Cancer: Evidence to
Date. Cancer Manag Res. 2020;12:8105-8114. d0i:10.2147/CMAR.S227033

32. Risdon EN, Chau CH, Price DK, Sartor O, Figg WD. PARP Inhibitors and Prostate Cancer:
To Infinity and Beyond BRCA. Oncologist. Jan 2021;26(1):e115-e129.
doi:10.1634/theoncologist.2020-0697

33. Hamilton JG, Symecko H, Spielman K, et al. Uptake and acceptability of a mainstreaming
model of hereditary cancer multigene panel testing among patients with ovarian, pancreatic, and
prostate cancer. Genet Med. Nov 2021;23(11):2105-2113. do0i:10.1038/s41436-021-01262-2

34. Wen H, Feng Z, Ma Y, et al. Homologous recombination deficiency in diverse cancer types
and its correlation with platinum chemotherapy efficiency in ovarian cancer. BMC Cancer. May 16
2022;22(1):550. doi:10.1186/s12885-022-09602-4

35. Russo A, Incorvaia L, Capoluongo E, et al. Implementation of preventive and predictive
BRCA testing in patients with breast, ovarian, pancreatic, and prostate cancer: a position paper of
Italian Scientific Societies. ESMO Open. Jun 2022;7(3):100459.
doi:10.1016/j.esmoop.2022.100459

36. Sud A, Kinnersley B, Houlston RS. Genome-wide association studies of cancer: current
insights and future perspectives. Nat Rev Cancer. Nov 2017;17(11):692-704.
doi:10.1038/nrc.2017.82

37. Angeli D, Salvi S, Tedaldi G. Genetic Predisposition to Breast and Ovarian Cancers: How
Many and Which Genes to Test? Int J Mol Sci. Feb 08 2020;21(3)doi:10.3390/ijms21031128

67



38. Kuusisto KM, Bebel A, Vihinen M, Schleutker J, Sallinen SL. Screening for BRCAL,
BRCA2, CHEK2, PALB2, BRIP1, RAD50, and CDH1 mutations in high-risk Finnish BRCA1/2-
founder mutation-negative breast and/or ovarian cancer individuals. Breast Cancer Res. Feb 28
2011;13(1):R20. d0i:10.1186/bcr2832

39. Yadav S, Couch FJ. Germline Genetic Testing for Breast Cancer Risk: The Past, Present,
and Future. Am Soc Clin Oncol Educ Book. Jan 2019;39:61-74. doi:10.1200/EDBK_238987

40. Dalmasso B, Puccini A, Catalano F, et al. Beyond BRCA: The Emerging Significance of
DNA Damage Response and Personalized Treatment in Pancreatic and Prostate Cancer Patients.
Int J Mol Sci. Apr 24 2022;23(9)d0i:10.3390/ijms23094709

41. Kuchenbaecker KB, Hopper JL, Barnes DR, et al. Risks of Breast, Ovarian, and
Contralateral Breast Cancer for BRCAl1 and BRCA2 Mutation Carriers. JAMA. Jun 20
2017;317(23):2402-2416. doi:10.1001/jama.2017.7112

42. Couch FJ, Shimelis H, Hu C, et al. Associations Between Cancer Predisposition Testing
Panel Genes and Breast Cancer. JAMA Oncol. Sep 01 2017;3(9):1190-1196.
doi:10.1001/jamaoncol.2017.0424

43. Graffeo R, Rana HQ, Conforti F, et al. Moderate penetrance genes complicate genetic
testing for breast cancer diagnosis: ATM, CHEK2, BARD1 and RAD51D. Breast. Oct 2022;65:32-
40. doi:10.1016/j.breast.2022.06.003

44. Akbari MR, Gojska N, Narod SA. Coming of age in Canada: a study of population-based
genetic testing for breast and ovarian cancer. Curr Oncol. Oct 2017;24(5):282-283.
doi:10.3747/c0.24.3828

45, Rowley SM, Mascarenhas L, Devereux L, et al. Population-based genetic testing of
asymptomatic women for breast and ovarian cancer susceptibility. Genet Med. Apr
2019;21(4):913-922. doi:10.1038/s41436-018-0277-0

46. Bono M, Fanale D, Incorvaia L, et al. Impact of deleterious variants in other genes beyond
BRCAL/2 detected in breast/ovarian and pancreatic cancer patients by NGS-based multi-gene
panel testing: looking over the hedge. ESMO Open. Aug 2021;6(4):100235.
doi:10.1016/j.esmoop.2021.100235

47. Tsaousis GN, Papadopoulou E, Apessos A, et al. Analysis of hereditary cancer syndromes
by using a panel of genes: novel and multiple pathogenic mutations. BMC Cancer. Jun 03
2019;19(1):535. do0i:10.1186/s12885-019-5756-4

48. Chakravarty D, Solit DB. Clinical cancer genomic profiling. Nat Rev Genet. Aug
2021;22(8):483-501. doi:10.1038/s41576-021-00338-8

49. https://www.aiom.it/linee-guida-aiom-2021-neoplasie-della-mammella /.

50. Sim Y, Tan VKM, Sidek NAB, et al. Bilateral breast cancers in an Asian population, and a
comparison between synchronous and metachronous tumours. ANZ J Surg. Oct 2018;88(10):982-
987.do0i:10.1111/ans.14773

51. Fanale D, Incorvaia L, Filorizzo C, et al. Detection of Germline Mutations in a Cohort of 139
Patients with Bilateral Breast Cancer by Multi-Gene Panel Testing: Impact of Pathogenic Variants
in Other Genes beyond. Cancers (Basel). Aug 25 2020;12(9)doi:10.3390/cancers12092415

52. Mayrovitz HN. Breast Cancer. 2022.

53. Schettini F, Buono G, Cardalesi C, Desideri I, De Placido S, Del Mastro L. Hormone
Receptor/Human Epidermal Growth Factor Receptor 2-positive breast cancer: Where we are now
and where we are going. Cancer Treat Rev. May 2016;46:20-6. doi:10.1016/j.ctrv.2016.03.012

54. Feng Y, Spezia M, Huang S, et al. Breast cancer development and progression: Risk
factors, cancer stem cells, signaling pathways, genomics, and molecular pathogenesis. Genes Dis.
Jun 2018;5(2):77-106. doi:10.1016/j.gendis.2018.05.001

55. Yanagawa M, lkemot K, Kawauchi S, et al. Luminal A and luminal B (HER2 negative)
subtypes of breast cancer consist of a mixture of tumors with different genotype. BMC Res Notes.
Jul 25 2012;5:376. d0i:10.1186/1756-0500-5-376

56. Larsen MJ, Kruse TA, Tan Q, et al. Classifications within molecular subtypes enables
identification of BRCAL1/BRCA2 mutation carriers by RNA tumor profiling. PLoS One.
2013;8(5):e64268. doi:10.1371/journal.pone.0064268

57. Loibl S, O'Shaughnessy J, Untch M, et al. Addition of the PARP inhibitor veliparib plus
carboplatin or carboplatin alone to standard neoadjuvant chemotherapy in triple-negative breast

68



cancer (BrighTNess): a randomised, phase 3 trial. Lancet Oncol. Apr 2018;19(4):497-509.
doi:10.1016/S1470-2045(18)30111-6
58. Robson M, Im SA, Senkus E, et al. Olaparib for Metastatic Breast Cancer in Patients with a
Germline BRCA  Mutation. N Engl J Med. Aug 10 2017;377(6):523-533.
doi:10.1056/NEJM0al1706450
59. Litton JK, Rugo HS, Ettl J, et al. Talazoparib in Patients with Advanced Breast Cancer and
a Germlne BRCA Mutation. N Engl J Med. Aug 23 2018;379(8):753-763.
doi:10.1056/NEJM0a1802905
60. Litton JK, Hurvitz SA, Mina LA, et al. Talazoparib versus chemotherapy in patients with
germline BRCA1/2-mutated HER2-negative advanced breast cancer: final overall survival results
from the EMBRACA trial. Ann Oncaol. Nov 2020;31(11):1526-1535.
doi:10.1016/j.annonc.2020.08.2098
61. Cortesi L, Rugo HS, Jackisch C. An Overview of PARP Inhibitors for the Treatment of
Breast Cancer. Target Oncol. May 2021;16(3):255-282. d0i:10.1007/s11523-021-00796-4
62. Ettl J, Quek RGW, Lee KH, et al. Quality of life with talazoparib versus physician's choice of
chemotherapy in patients with advanced breast cancer and germline BRCAL1/2 mutation: patient-
reported outcomes from the EMBRACA phase Il trial. Ann Oncol. Sep 01 2018;29(9):1939-1947.
doi:10.1093/annonc/mdy257
63. Momenimovahed Z, Tiznobaik A, Taheri S, Salehiniya H. Ovarian cancer in the world:
epidemiology and risk factors. Int J Womens Health. 2019;11:287-299. do0i:10.2147/IJWH.S197604
64. Konstantinopoulos PA, Norquist B, Lacchetti C, et al. Germline and Somatic Tumor Testing
in Epithelial Ovarian Cancer: ASCO Guideline. J Clin Oncol. Apr 10 2020;38(11):1222-1245.
doi:10.1200/JC0.19.02960
65. https://www.aiom.it/wp-content/uploads/2020/10/2020_Numeri_Cancro-operatori_web.pdf.
66. Gori S, Barberis M, Bella MA, et al. Recommendations for the implementation of BRCA
testing in ovarian cancer patients and their relatives. Crit Rev Oncol Hematol. Aug 2019;140:67-72.
doi:10.1016/j.critrevonc.2019.05.012
67. Singer CF, Tan YY, Muhr D, et al. Association between family history, mutation locations,
and prevalence of BRCA1 or 2 mutations in ovarian cancer patients. Cancer Med. Apr
2019;8(4):1875-1881. doi:10.1002/cam4.2000
68. Kurman RJ, Shih IM. The origin and pathogenesis of epithelial ovarian cancer: a proposed
unifying theory. Am J Surg Pathol. Mar 2010;34(3):433-43. doi:10.1097/PAS.0b013e3181cf3d79
69. Bell DA. Origins and molecular pathology of ovarian cancer. Mod Pathol. Feb 2005;18
Suppl 2:519-32. doi:10.1038/modpathol.3800306
70. Reid BM, Permuth JB, Sellers TA. Epidemiology of ovarian cancer: a review. Cancer Biol
Med. Feb 2017;14(1):9-32. doi:10.20892/j.issn.2095-3941.2016.0084
71. Prat J. Ovarian carcinomas: five distinct diseases with different origins, genetic alterations,
and clinicopathological features. Virchows Arch. Mar 2012;460(3):237-49. doi:10.1007/s00428-
012-1203-5
72. Zhou J, Wu SG, Wang J, et al. The Effect of Histological Subtypes on Outcomes of Stage
IV Epithelial Ovarian Cancer. Front Oncol. 2018;8:577. doi:10.3389/fonc.2018.00577
73. Kurman RJ, Shih IM. The Dualistic Model of Ovarian Carcinogenesis: Revisited, Revised,
and Expanded. Am J Pathol. Apr 2016;186(4):733-47. doi:10.1016/j.ajpath.2015.11.011
74. Torre LA, Trabert B, DeSantis CE, et al. Ovarian cancer statistics, 2018. CA Cancer J Clin.
Jul 2018;68(4):284-296. doi:10.3322/caac.21456
75. Vang R, Shih IM, Kurman RJ. Ovarian low-grade and high-grade serous carcinoma:
pathogenesis, clinicopathologic and molecular biologic features, and diagnostic problems. Adv
Anat Pathol. Sep 2009;16(5):267-82. doi:10.1097/PAP.0b013e3181b4fffa
76. https://www.aiom.it/linee-guida-aiom-2021-carcinoma-dellovaio/.
77. Rust K, Spiliopoulou P, Tang CY, et al. Routine germline BRCA1 and BRCA2 testing in
patients with ovarian carcinoma: analysis of the Scottish real-life experience. BJOG. Oct
2018;125(11):1451-1458. d0i:10.1111/1471-0528.15171
78. Palacios J, de la Hoya M, Bellosillo B, et al. Mutational Screening of BRCA1/2 Genes as a
Predictive Factor for Therapeutic Response in Epithelial Ovarian Cancer: A Consensus Guide from
the Spanish Society of Pathology (SEAP-IAP) and the Spanish Society of Human Genetics
(AEGH). Virchows Arch. Feb 2020;476(2):195-207. doi:10.1007/s00428-019-02709-3

69



79. Gurioli G, Tedaldi G, Farolfi A, et al. Clinical Impact of Next-Generation Sequencing Multi-
Gene Panel Highlighting the Landscape of Germline Alterations in Ovarian Cancer Patients. Int J
Mol Sci. Dec 13 2022;23(24)d0i:10.3390/ijms232415789
80. Mylavarapu S, Das A, Roy M. Role of BRCA Mutations in the Modulation of Response to
Platinum Therapy. Front Oncol. 2018;8:16. doi:10.3389/fonc.2018.00016
81. Friedlander M, Matulonis U, Gourley C, et al. Long-term efficacy, tolerability and overall
survival in patients with platinum-sensitive, recurrent high-grade serous ovarian cancer treated with
maintenance olaparib capsules following response to chemotherapy. Br J Cancer. Oct
2018;119(9):1075-1085. d0i:10.1038/s41416-018-0271-y
82. George A, Kristeleit R, Rafii S, et al. Clinical factors of response in patients with advanced
ovarian cancer participating in early phase clinical trials. Eur J Cancer. May 2017;76:52-59.
doi:10.1016/j.ejca.2017.01.020
83. Coleman RL, Fleming GF, Brady MF, et al. Veliparib with First-Line Chemotherapy and as
Maintenance Therapy in Ovarian Cancer. N Engl J Med. Dec 19 2019;381(25):2403-2415.
doi:10.1056/NEJM0al1909707
84. Kaufman B, Shapira-Frommer R, Schmutzler RK, et al. Olaparib monotherapy in patients
with advanced cancer and a germline BRCA1/2 mutation. J Clin Oncol. Jan 20 2015;33(3):244-50.
doi:10.1200/JC0.2014.56.2728
85. Ray-Coquard |, Pautier P, Pignata S, et al. Olaparib plus Bevacizumab as First-Line
Maintenance in Ovarian Cancer. N Engl J Med. Dec 19 2019;381(25):2416-2428.
doi:10.1056/NEJM0a1911361
86. Swisher EM, Lin KK, Oza AM, et al. Rucaparib in relapsed, platinum-sensitive high-grade
ovarian carcinoma (ARIEL2 Part 1): an international, multicentre, open-label, phase 2 trial. Lancet
Oncol. Jan 2017;18(1):75-87. d0i:10.1016/S1470-2045(16)30559-9
87. Coleman RL, Oza AM, Lorusso D, et al. Rucaparib maintenance treatment for recurrent
ovarian carcinoma after response to platinum therapy (ARIEL3): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet. Oct 28 2017;390(10106):1949-1961. doi:10.1016/S0140-
6736(17)32440-6
88. Mirza MR, Monk BJ, Herrstedt J, et al. Niraparib Maintenance Therapy in Platinum-
Sensitive, Recurrent Ovarian Cancer. N Engl J Med. Dec 01 2016;375(22):2154-2164.
doi:10.1056/NEJM0al1611310
89. Moore KN, Secord AA, Geller MA, et al. Niraparib monotherapy for late-line treatment of
ovarian cancer (QUADRA): a multicentre, open-label, single-arm, phase 2 trial. Lancet Oncol. May
2019;20(5):636-648. d0i:10.1016/S1470-2045(19)30029-4
90. Gonzalez-Martin A, Pothuri B, Vergote |, et al. Niraparib in Patients with Newly Diagnosed
Advanced Ovarian Cancer. N Engl J Med. Dec 19 2019;381(25):2391-2402.
doi:10.1056/NEJM0a1910962
91. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of
Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. May
2021;71(3):209-249. doi:10.3322/caac.21660
92. https://www.aiom.it/linee-guida-aiom-2021-carcinoma-del-pancreas-esocrino/.
93. https://www.aiom.it/wp-content/uploads/2021/07/2021_Racc_testBRCA predittivo-
preventivo.pdf.
94, Hruban RH, Canto MI, Goggins M, Schulick R, Klein AP. Update on familial pancreatic
cancer. Adv Surg. 2010;44:293-311. doi:10.1016/j.yasu.2010.05.011
95. Leroux C, Konstantinidou G. Targeted Therapies for Pancreatic Cancer. Overview of
Current Treatments and New Opportunities for Personalized Oncology. Cancers (Basel). Feb 14
2021;13(4)doi:10.3390/cancers13040799
96. Ghiorzo P. Genetic predisposition to pancreatic cancer. World J Gastroenterol. Aug 21
2014;20(31):10778-89. doi:10.3748/wjg.v20.i31.10778
97.  Astiazaran-Symonds E, Goldstein AM. A systematic review of the prevalence of germline
pathogenic variants in patients with pancreatic cancer. J Gastroenterol. Aug 2021;56(8):713-721.
doi:10.1007/s00535-021-01806-y
98. Pishvaian MJ, Bender RJ, Halverson D, et al. Molecular Profiling of Patients with Pancreatic
Cancer: Initial Results from the Know Your Tumor Initiative. Clin Cancer Res. Oct 15
2018;24(20):5018-5027. d0i:10.1158/1078-0432.CCR-18-0531

70



99. Collisson EA, Sadanandam A, Olson P, et al. Subtypes of pancreatic ductal
adenocarcinoma and their differing responses to therapy. Nat Med. Apr 2011;17(4):500-3.
doi:10.1038/nm.2344

100. Adamska A, Domenichini A, Falasca M. Pancreatic Ductal Adenocarcinoma: Current and
Evolving Therapies. Int J Mol Sci. Jun 22 2017;18(7)doi:10.3390/ijms18071338

101. Tempero MA. NCCN Guidelines Updates: Pancreatic Cancer. J Natl Compr Canc Netw.
May 01 2019;17(5.5):603-605. doi:10.6004/jnccn.2019.5007

102. Golan T, Hammel P, Reni M, et al. Maintenance Olaparib for Germline. N Engl J Med. Jul
25 2019;381(4):317-327. doi:10.1056/NEJM0a1903387

103. https://www.aiom.it/linee-guida-aiom-2021-carcinoma-della-prostata/.

104. Mehtala J, Zong J, Vassilev Z, et al. Overall survival and second primary malignancies in
men with metastatic prostate cancer. PLoS One. 2020;15(2):e0227552.
doi:10.1371/journal.pone.0227552

105. Robinson D, Van Allen EM, Wu YM, et al. Integrative clinical genomics of advanced
prostate cancer. Cell. May 21 2015;161(5):1215-1228. doi:10.1016/j.cell.2015.05.001

106. Mateo J, Boysen G, Barbieri CE, et al. DNA Repair in Prostate Cancer: Biology and Clinical
Implications. Eur Urol. Mar 2017;71(3):417-425. doi:10.1016/j.eururo.2016.08.037

107. Pritchard CC, Mateo J, Walsh MF, et al. Inherited DNA-Repair Gene Mutations in Men with
Metastatic  Prostate Cancer. N Engl J Med. Aug 04 2016;375(5):443-53.
doi:10.1056/NEJM0al1603144

108. Abida W, Campbell D, Patnaik A, 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 Il TRITON2 Study. Clin Cancer Res. Jun 01 2020;26(11):2487-
2496. doi:10.1158/1078-0432.CCR-20-0394

109. de Bono J, Mateo J, Fizazi K, et al. Olaparib for Metastatic Castration-Resistant Prostate
Cancer. N Engl J Med. May 28 2020;382(22):2091-2102. doi:10.1056/NEJM0a1911440

110. Congregado B, Rivero |, Osman |, Saez C, Medina Lépez R. PARP Inhibitors: A New
Horizon for Patients with Prostate Cancer. Biomedicines. Jun 15
2022;10(6)doi:10.3390/biomedicines10061416

111. Venkitaraman AR. Cancer susceptibility and the functions of BRCA1 and BRCA2. Cell. Jan
25 2002;108(2):171-82. doi:10.1016/s0092-8674(02)00615-3

112. Andres JL, Fan S, Turkel GJ, et al. Regulation of BRCA1 and BRCA2 expression in human
breast cancer cells by DNA-damaging agents. Oncogene. Apr 30 1998;16(17):2229-41.
doi:10.1038/sj.0nc.1201752

113. Roy R, Chun J, Powell SN. BRCA1 and BRCAZ2: different roles in a common pathway of
genome protection. Nat Rev Cancer. Dec 23 2011;12(1):68-78. do0i:10.1038/nrc3181

114. Hu C, Hart SN, Polley EC, et al. Association Between Inherited Germline Mutations in
Cancer Predisposition Genes and Risk of Pancreatic Cancer. JAMA. Jun 19 2018;319(23):2401-
2409. doi:10.1001/jama.2018.6228

115. Yoshida R. Hereditary breast and ovarian cancer (HBOC): review of its molecular
characteristics, screening, treatment, and prognosis. Breast Cancer. Nov 2021;28(6):1167-1180.
doi:10.1007/s12282-020-01148-2

116. Moran A, O'Hara C, Khan S, et al. Risk of cancer other than breast or ovarian in individuals
with BRCA1 and BRCA2 mutations. Fam Cancer. Jun 2012;11(2):235-42. d0i:10.1007/s10689-
011-9506-2

117. Roberts NJ, Norris AL, Petersen GM, et al. Whole Genome Sequencing Defines the
Genetic Heterogeneity of Familial Pancreatic Cancer. Cancer Discov. Feb 2016;6(2):166-75.
doi:10.1158/2159-8290.CD-15-0402

118. Thompson D, Easton DF, Consortium BCL. Cancer Incidence in BRCAL1 mutation carriers.
J Natl Cancer Inst. Sep 18 2002;94(18):1358-65. d0i:10.1093/jnci/94.18.1358

119. Consortium BCL. Cancer risks in BRCA2 mutation carriers. J Natl Cancer Inst. Aug 04
1999;91(15):1310-6. doi:10.1093/jnci/91.15.1310

120. Liede A, Karlan BY, Narod SA. Cancer risks for male carriers of germline mutations in
BRCA1 or BRCA2: a review of the literature. J Clin Oncol. Feb 15 2004;22(4):735-42.
doi:10.1200/JC0.2004.05.055

71



121. Zhen DB, Rabe KG, Gallinger S, et al. BRCA1, BRCA2, PALB2, and CDKN2A mutations in
familial pancreatic cancer: a PACGENE study. Genet Med. Jul 2015;17(7):569-77.
doi:10.1038/gim.2014.153

122. Grant RC, Selander I, Connor AA, et al. Prevalence of germline mutations in cancer
predisposition genes in patients with pancreatic cancer. Gastroenterology. Mar 2015;148(3):556-
64. doi:10.1053/j.gastro.2014.11.042

123. Lecarpentier J, Silvestri V, Kuchenbaecker KB, et al. Prediction of Breast and Prostate
Cancer Risks in Male BRCA1 and BRCA2 Mutation Carriers Using Polygenic Risk Scores. J Clin
Oncol. Jul 10 2017;35(20):2240-2250. doi:10.1200/JC0O.2016.69.4935

124. Pavlicek A, Noskov VN, Kouprina N, Barrett JC, Jurka J, Larionov V. Evolution of the tumor
suppressor BRCA1 locus in primates: implications for cancer predisposition. Hum Mol Genet. Nov
15 2004;13(22):2737-51. d0i:10.1093/hmg/ddh301

125. Clark SL, Rodriguez AM, Snyder RR, Hankins GD, Boehning D. Structure-Function Of The
Tumor Suppressor BRCAL. Comput Struct Biotechnol J. Apr 01
2012;1(1)d0i:10.5936/csbj.201204005

126. Anczukéw O, Buisson M, Salles MJ, et al. Unclassified variants identified in BRCAL exon
11: Consequences on splicing. Genes Chromosomes Cancer. May 2008;47(5):418-26.
doi:10.1002/gcc.20546

127. Gorodetska |, Kozeretska I, Dubrovska A. Genes: The Role in Genome Stability, Cancer
Stemness and Therapy Resistance. J Cancer. 2019;10(9):2109-2127. doi:10.7150/jca.30410

128. Stewart MD, Duncan ED, Coronado E, et al. Tuning BRCA1 and BARD1 activity to
investigate RING ubiquitin ligase mechanisms. Protein Sci. Mar 2017;26(3):475-483.
doi:10.1002/pro.3091

129. Wu W, Koike A, Takeshita T, Ohta T. The ubiquitin E3 ligase activity of BRCAL and its
biological functions. Cell Div. Jan 07 2008;3:1. doi:10.1186/1747-1028-3-1

130. Brzovic PS, Rajagopal P, Hoyt DW, King MC, Klevit RE. Structure of a BRCA1-BARD1
heterodimeric RING-RING complex. Nat Struct Biol. Oct 2001;8(10):833-7. d0i:10.1038/nsb1001-
833

131. Rodriguez JA, Henderson BR. ldentification of a functional nuclear export sequence in
BRCAL. J Biol Chem. Dec 08 2000;275(49):38589-96. doi:10.1074/jbc.M003851200

132. Henderson BR. Regulation of BRCA1, BRCA2 and BARD1 intracellular trafficking.
Bioessays. Sep 2005;27(9):884-93. doi:10.1002/bies.20277

133. Manke IA, Lowery DM, Nguyen A, Yaffe MB. BRCT repeats as phosphopeptide-binding
modules involved in protein targeting. Science. Oct 24 2003;302(5645):636-9.
doi:10.1126/science.1088877

134. Silver DP, Livingston DM. Mechanisms of BRCA1 tumor suppression. Cancer Discov. Aug
2012;2(8):679-84. d0i:10.1158/2159-8290.CD-12-0221

135. Zhang F, Fan Q, Ren K, Andreassen PR. PALB2 functionally connects the breast cancer
susceptibility proteins BRCAl1 and BRCA2. Mol Cancer Res. Jul 2009;7(7):1110-8.
doi:10.1158/1541-7786.MCR-09-0123

136. Sy SM, Huen MS, Chen J. PALB2 is an integral component of the BRCA complex required
for homologous recombination repair. Proc Natl Acad Sci U S A. Apr 28 2009;106(17):7155-60.
doi:10.1073/pnas.0811159106

137. Wang Y, Cortez D, Yazdi P, Neff N, Elledge SJ, Qin J. BASC, a super complex of BRCAL-
associated proteins involved in the recognition and repair of aberrant DNA structures. Genes Dev.
Apr 15 2000;14(8):927-39.

138. Nelson AC, Holt JT. Impact of RING and BRCT domain mutations on BRCAL protein
stability, localization and recruitment to DNA damage. Radiat Res. Jul 2010;174(1):1-13.
doi:10.1667/RR1290.1

139. Zhang L, Long X. Association of BRCAL1 promoter methylation with sporadic breast
cancers: Evidence from 40 studies. Sci Rep. Dec 08 2015;5:17869. doi:10.1038/srepl17869

140. Stoppa-Lyonnet D. The biological effects and clinical implications of BRCA mutations:
where do we go from here? Eur J Hum Genet. Sep 2016;24 Suppl 1(Suppl 1):S3-9.
doi:10.1038/ejhg.2016.93

72



141. Konishi H, Mohseni M, Tamaki A, et al. Mutation of a single allele of the cancer
susceptibility gene BRCAL leads to genomic instability in human breast epithelial cells. Proc Natl
Acad Sci U S A. Oct 25 2011;108(43):17773-8. doi:10.1073/pnas.1110969108
142. Connor F, Smith A, Wooster R, et al. Cloning, chromosomal mapping and expression
pattern of the mouse Brca2 gene. Hum Mol Genet. Feb 1997;6(2):291-300.
doi:10.1093/hmg/6.2.291
143. Bosviel R, Durif J, Déchelotte P, Bignon YJ, Bernard-Gallon D. Epigenetic modulation of
BRCA1 and BRCA2 gene expression by equol in breast cancer cell lines. Br J Nutr. Oct
2012;108(7):1187-93. doi:10.1017/S000711451100657X
144. Bertwistle D, Swift S, Marston NJ, et al. Nuclear location and cell cycle regulation of the
BRCA2 protein. Cancer Res. Dec 15 1997;57(24):5485-8.
145. Shahid T, Soroka J, Kong E, et al. Structure and mechanism of action of the BRCA2 breast
cancer tumor suppressor. Nat Struct Mol Biol. Nov 2014;21(11):962-968. doi:10.1038/nsmb.2899
146. Paul MW, Sidhu A, Liang Y, et al. Role of BRCA2 DNA-binding and C-terminal domain in its
mobility and conformation in DNA repair. Elife. Jul 13 2021;10doi:10.7554/eLife.67926
147. Yang H, Jeffrey PD, Miller J, et al. BRCA2 function in DNA binding and recombination from
a BRCA2-DSS1-ssDNA structure. Science. Sep 13 2002;297(5588):1837-48.
doi:10.1126/science.297.5588.1837
148. Jensen RB, Carreira A, Kowalczykowski SC. Purified human BRCA2 stimulates RAD51-
mediated recombination. Nature. Oct 07 2010;467(7316):678-83. doi:10.1038/nature09399
149. Hoang LN, Gilks BC. Hereditary Breast and Ovarian Cancer Syndrome: Moving Beyond
BRCA1 and BRCAZ2. Adv Anat Pathol. Mar 2018;25(2):85-95.
doi:10.1097/PAP.0000000000000177
150. Sahnane N, Carnevali I, Formenti G, et al. BRCA Methylation Testing Identifies a Subset of
Ovarian Carcinomas without Germline Variants That Can Benefit from PARP Inhibitor. Int J Mol
Sci. Dec 19 2020;21(24)d0i:10.3390/ijms21249708
151. Lane DP. Cancer. p53, guardian of the genome. Nature. Jul 02 1992;358(6381):15-6.
doi:10.1038/358015a0
152. Lima ZS, Ghadamzadeh M, Arashloo FT, Amjad G, Ebadi MR, Younesi L. Recent
advances of therapeutic targets based on the molecular signature in breast cancer: genetic
mutations and implications for current treatment paradigms. J Hematol Oncol. Apr 11
2019;12(1):38. doi:10.1186/s13045-019-0725-6
153. Hernandez Borrero LJ, El-Deiry WS. Tumor suppressor p53: Biology, signaling pathways,
and therapeutic targeting. Biochim Biophys Acta Rev Cancer. Aug 2021;1876(1):188556.
doi:10.1016/j.bbcan.2021.188556
154. Olivier M, Hollstein M, Hainaut P. TP53 mutations in human cancers: origins,
consequences, and clinical use. Cold Spring Harb Perspect Biol. Jan 2010;2(1):a001008.
doi:10.1101/cshperspect.a001008
155. Chen X, Zeh HJ, Kang R, Kroemer G, Tang D. Cell death in pancreatic cancer: from
pathogenesis to therapy. Nat Rev Gastroenterol Hepatol. Nov 2021;18(11):804-823.
doi:10.1038/s41575-021-00486-6
156. Bokemeyer C, Kuczyk MA, Sehrt J. Clinical implications of the p53 tumor-suppressor gene.
N Engl J Med. Mar 24 1994;330(12):865. doi:10.1056/NEJM199403243301216
157. Garber JE, Goldstein AM, Kantor AF, Dreyfus MG, Fraumeni JF, Li FP. Follow-up study of
twenty-four families with Li-Fraumeni syndrome. Cancer Res. Nov 15 1991;51(22):6094-7.
158. Kamihara J, Rana HQ, Garber JE. Germline TP53 mutations and the changing landscape
of Li-Fraumeni syndrome. Hum Mutat. Jun 2014;35(6):654-62. doi:10.1002/humu.22559
159. Weng LP, Brown JL, Eng C. PTEN coordinates G(1) arrest by down-regulating cyclin D1 via
its protein phosphatase activity and up-regulating p27 via its lipid phosphatase activity in a breast
cancer model. Hum Mol Genet. Mar 15 2001;10(6):599-604. doi:10.1093/hmg/10.6.599
160. Milella M, Falcone I, Conciatori F, et al. PTEN: Multiple Functions in Human Malignant
Tumors. Front Oncol. 2015;5:24. doi:10.3389/fonc.2015.00024
161. Georgescu MM. PTEN Tumor Suppressor Network in PI3K-Akt Pathway Control. Genes
Cancer. Dec 2010;1(12):1170-7. doi:10.1177/1947601911407325
162. Ngeow J, Eng C. PTEN in Hereditary and Sporadic Cancer. Cold Spring Harb Perspect
Med. Apr 01 2020;10(4)doi:10.1101/cshperspect.a036087

73



163. Lee YR, Chen M, Pandolfi PP. The functions and regulation of the PTEN tumour
suppressor: new modes and prospects. Nat Rev Mol Cell Biol. Sep 2018;19(9):547-562.
doi:10.1038/s41580-018-0015-0

164. Tu T, Chen J, Chen L, Stiles BL. Dual-Specific Protein and Lipid Phosphatase PTEN and
Its Biological Functions. Cold Spring Harb Perspect Med. Jan 02
2020;10(1)doi:10.1101/cshperspect.a036301

165. Dillon LM, Miller TW. Therapeutic targeting of cancers with loss of PTEN function. Curr
Drug Targets. Jan 2014;15(1):65-79. d0i:10.2174/1389450114666140106100909

166. Wang K, Liu J, Li YL, Li JP, Zhang R. Ubiquitination/de-ubiquitination: A promising
therapeutic target for PTEN reactivation in cancer. Biochim Biophys Acta Rev Cancer. May
2022;1877(3):188723. doi:10.1016/j.bbcan.2022.188723

167. Nelen MR, Padberg GW, Peeters EA, et al. Localization of the gene for Cowden disease to
chromosome 10g22-23. Nat Genet. May 1996;13(1):114-6. doi:10.1038/ng0596-114

168. Zhao RX, Xu ZX. Targeting the LKB1 tumor suppressor. Curr Drug Targets. Jan
2014;15(1):32-52. d0i:10.2174/1389450114666140106095811

169. Bourouh M, Marignani PA. The Tumor Suppressor Kinase LKB1: Metabolic Nexus. Front
Cell Dev Biol. 2022;10:881297. doi:10.3389/fcell.2022.881297

170. Kopacova M, Tacheci |, Rejchrt S, Bures J. Peutz-Jeghers syndrome: diagnostic and
therapeutic  approach. World J  Gastroenterol. Nov 21  2009;15(43):5397-408.
doi:10.3748/wjg.15.5397

171. Altamish M, Dahiya R, Singh AK, et al. Role of the Serine/Threonine Kinase 11 (STK11) or
Liver Kinase Bl (LKB1) Gene in Peutz-Jeghers Syndrome. Crit Rev Eukaryot Gene EXxpr.
2020;30(3):245-252. doi:10.1615/CritRevEukaryotGeneExpr.2020033451

172. Adam MP, Mirzaa GM, Pagon RA, et al. GeneReviews. 1993.

173. Perl AK, Wilgenbus P, Dahl U, Semb H, Christofori G. A causal role for E-cadherin in the
transition from adenoma to carcinoma. Nature. Mar 12 1998;392(6672):190-3. do0i:10.1038/32433
174. Sisto M, Ribatti D, Lisi S. Cadherin Signaling in Cancer and Autoimmune Diseases. Int J
Mol Sci. Dec 12 2021;22(24)doi:10.3390/ijms222413358

175. van der Post RS, Vogelaar IP, Carneiro F, et al. Hereditary diffuse gastric cancer: updated
clinical guidelines with an emphasis on germline CDH1 mutation carriers. J Med Genet. Jun
2015;52(6):361-74. doi:10.1136/jmedgenet-2015-103094

176. Adib E, El Zarif T, Nassar AH, et al. CDH1 germline variants are enriched in patients with
colorectal cancer, gastric cancer, and breast cancer. Br J Cancer. Mar 2022;126(5):797-803.
doi:10.1038/s41416-021-01673-7

177. Corso G, Carvalho J, Marrelli D, et al. Somatic mutations and deletions of the E-cadherin
gene predict poor survival of patients with gastric cancer. J Clin Oncol. Mar 01 2013;31(7):868-75.
doi:10.1200/JC0.2012.44.4612

178. Taja-Chayeb L, Vidal-Millan S, Trejo-Becerril C, et al. Hereditary diffuse gastric cancer
(HDGC). An overview. Clin Res Hepatol Gastroenterol. Apr 2022;46(4):101820.
doi:10.1016/j.clinre.2021.101820

179. Auerbach AD. Fanconi anemia and its diagnosis. Mutat Res. Jul 31 2009;668(1-2):4-10.
doi:10.1016/[.mrfmmm.2009.01.013

180. Moldovan GL, D'Andrea AD. How the fanconi anemia pathway guards the genome. Annu
Rev Genet. 2009;43:223-49. doi:10.1146/annurev-genet-102108-134222

181. Lopez-Martinez D, Liang CC, Cohn MA. Cellular response to DNA interstrand crosslinks:
the Fanconi anemia pathway. Cell Mol Life Sci. Aug 2016;73(16):3097-114. doi:10.1007/s00018-
016-2218-x

182. Poot M. Fanconi Anemia: A Syndrome of Anemia and Skeletal Malformations Progressing
to a Gene Network Involved in Genomic Stability and Malignant Disease. Mol Syndromol. Nov
2020;11(4):178-182. doi:10.1159/000510878

183. Niraj J, Farkkila A, D'Andrea AD. The Fanconi Anemia Pathway in Cancer. Annu Rev
Cancer Biol. Mar 2019;3:457-478. doi:10.1146/annurev-cancerbio-030617-050422

184. D'Andrea AD, Grompe M. The Fanconi anaemia/BRCA pathway. Nat Rev Cancer. Jan
2003;3(1):23-34. d0i:10.1038/nrc970

74



185. Freire BL, Homma TK, Funari MFA, et al. Homozygous loss of function BRCAL variant
causing a Fanconi-anemia-like phenotype, a clinical report and review of previous patients. Eur J
Med Genet. Mar 2018;61(3):130-133. doi:10.1016/j.ejmg.2017.11.003

186. Keupp K, Hampp S, Hibbel A, et al. Biallelic germline BRCA1 mutations in a patient with
early onset breast cancer, mild Fanconi anemia-like phenotype, and no chromosome fragility. Mol
Genet Genomic Med. Sep 2019;7(9):e863. doi:10.1002/mgg3.863

187. Rahman N, Seal S, Thompson D, et al. PALB2, which encodes a BRCAZ2-interacting
protein, is a breast cancer susceptibilty gene. Nat Genet. Feb 2007;39(2):165-7.
doi:10.1038/ng1959

188. Xia B, Sheng Q, Nakanishi K, et al. Control of BRCA2 cellular and clinical functions by a
nuclear partner, PALB2. Mol Cell. Jun 23 2006;22(6):719-729. doi:10.1016/j].molcel.2006.05.022
189. Dray E, Etchin J, Wiese C, et al. Enhancement of RAD51 recombinase activity by the tumor
suppressor PALB2. Nat Struct Mol Biol. Oct 2010;17(10):1255-9. d0i:10.1038/nsmb.1916

190. Brosh RM, Cantor SB. Molecular and cellular functions of the FANCJ DNA helicase
defective in  cancer and in Fanconi  anemia. Front  Genet. 2014;5:372.
doi:10.3389/fgene.2014.00372

191. Savitsky K, Bar-Shira A, Gilad S, et al. A single ataxia telangiectasia gene with a product
similar to PI-3 kinase. Science. Jun 23 1995;268(5218):1749-53. doi:10.1126/science.7792600
192. Burger K, Ketley RF, Gullerova M. Beyond the Trinity of ATM, ATR, and DNA-PK: Multiple
Kinases Shape the DNA Damage Response in Concert With RNA Metabolism. Front Mol Biosci.
2019;6:61. doi:10.3389/fmolb.2019.00061

193. Stilgenbauer S, Schaffner C, Litterst A, et al. Biallelic mutations in the ATM gene in T-
prolymphocytic leukemia. Nat Med. Oct 1997;3(10):1155-9. do0i:10.1038/nm1097-1155

194. Czarny J, Andrzejewska M, Zajgc-Spychata O, et al. Successful Treatment of Large B-Cell
Lymphoma in a Child with Compound Heterozygous Mutation in the. Int J Mol Sci. Jan 06
2023;24(2)d0i:10.3390/ijms24021099

195. Zannini L, Delia D, Buscemi G. CHK2 kinase in the DNA damage response and beyond. J
Mol Cell Biol. Dec 2014;6(6):442-57. doi:10.1093/jmcb/mju045

196. Matsuoka S, Huang M, Elledge SJ. Linkage of ATM to cell cycle regulation by the Chk2
protein kinase. Science. Dec 04 1998;282(5395):1893-7. doi:10.1126/science.282.5395.1893

197. Chehab NH, Malikzay A, Appel M, Halazonetis TD. Chk2/hCdsl functions as a DNA
damage checkpoint in G(1) by stabilizing p53. Genes Dev. Feb 01 2000;14(3):278-88.

198. Shang Z, Yu L, Lin YF, Matsunaga S, Shen CY, Chen BP. DNA-PKcs activates the Chk2-
Brcal pathway during mitosis to ensure chromosomal stability. Oncogenesis. Feb 03
2014;3(2):e85. d0i:10.1038/oncsis.2013.49

199. Parameswaran B, Chiang HC, Lu Y, et al. Damage-induced BRCA1 phosphorylation by
Chk2 contributes to the timing of end resection. Cell Cycle. 2015;14(3):437-48.
doi:10.4161/15384101.2014.972901

200. Williams LH, Choong D, Johnson SA, Campbell IG. Genetic and epigenetic analysis of
CHEK2 in sporadic breast, colon, and ovarian cancers. Clin Cancer Res. Dec 01
2006;12(23):6967-72. doi:10.1158/1078-0432.CCR-06-1770

201. Watters AK, Seltzer ES, MacKenzie D, et al. The Effects of Genetic and Epigenetic
Alterations of BARD1 on the Development of Non-Breast and Non-Gynecological Cancers. Genes
(Basel). Jul 21 2020;11(7)d0i:10.3390/genes11070829

202. Cimmino F, Formicola D, Capasso M. Dualistic Role of BARD1 in Cancer. Genes (Basel).
Dec 08 2017;8(12)d0i:10.3390/genes8120375

203. Wu-Baer F, Lagrazon K, Yuan W, Baer R. The BRCA1/BARD1 heterodimer assembles
polyubiquitin chains through an unconventional linkage involving lysine residue K6 of ubiquitin. J
Biol Chem. Sep 12 2003;278(37):34743-6. doi:10.1074/jbc.C300249200

204. Dillon KM, Bekele RT, Sztupinszki Z, et al. PALB2 or BARD1 loss confers homologous
recombination deficiency and PARP inhibitor sensitivity in prostate cancer. NPJ Precis Oncol. Jun
29 2022;6(1):49. doi:10.1038/s41698-022-00291-7

205. Suwaki N, Klare K, Tarsounas M. RAD51 paralogs: roles in DNA damage signalling,
recombinational repair and tumorigenesis. Semin Cell Dev Biol. Oct 2011;22(8):898-905.
doi:10.1016/j.semcdb.2011.07.019

75



206. Thacker J. The RAD51 gene family, genetic instability and cancer. Cancer Lett. Mar 10
2005;219(2):125-35. doi:10.1016/j.canlet.2004.08.018

207. Chun J, Buechelmaier ES, Powell SN. Rad51 paralog complexes BCDX2 and CX3 act at
different stages in the BRCA1-BRCA2-dependent homologous recombination pathway. Mol Cell
Biol. Jan 2013;33(2):387-95. d0i:10.1128/MCB.00465-12

208. Somyajit K, Subramanya S, Nagaraju G. RAD51C: a novel cancer susceptibility gene is
linked to Fanconi anemia and breast cancer. Carcinogenesis. Dec 2010;31(12):2031-8.
doi:10.1093/carcin/bgq210

209. Suszynska M, Ratajska M, Kozlowski P. BRIP1, RAD51C, and RAD51D mutations are
associated with high susceptibility to ovarian cancer. mutation prevalence and precise risk
estimates based on a pooled analysis of ~30,000 cases. J Ovarian Res. May 02 2020;13(1):50.
doi:10.1186/s13048-020-00654-3

210. Golmard L, Caux-Moncoutier V, Davy G, et al. Germline mutation in the RAD51B gene
confers predisposition to breast cancer. BMC Cancer. Oct 19 2013;13:484. doi:10.1186/1471-
2407-13-484

211. Park DJ, Lesueur F, Nguyen-Dumont T, et al. Rare mutations in XRCC2 increase the risk of
breast cancer. Am J Hum Genet. Apr 06 2012;90(4):734-9. doi:10.1016/j.ajhg.2012.02.027

212. Somyaijit K, Subramanya S, Nagaraju G. Distinct roles of FANCO/RAD51C protein in DNA
damage signaling and repair: implications for Fanconi anemia and breast cancer susceptibility. J
Biol Chem. Jan 27 2012;287(5):3366-80. doi:10.1074/jbc.M111.311241

213. Braybrooke JP, Spink KG, Thacker J, Hickson ID. The RAD51 family member, RAD51L3, is
a DNA-stimulated ATPase that forms a complex with XRCC2. J Biol Chem. Sep 15
2000;275(37):29100-6. doi:10.1074/jbc.M002075200

214, Syed A, Tainer JA. The MRE11-RAD50-NBS1 Complex Conducts the Orchestration of
Damage Signaling and Outcomes to Stress in DNA Replication and Repair. Annu Rev Biochem.
Jun 20 2018;87:263-294. doi:10.1146/annurev-biochem-062917-012415

215. Brandt S, Samartzis EP, Zimmermann AK, et al. Lack of MRE11-RAD50-NBS1 (MRN)
complex detection occurs frequently in low-grade epithelial ovarian cancer. BMC Cancer. Jan 10
2017;17(1):44. doi:10.1186/s12885-016-3026-2

216. SituY, Chung L, Lee CS, Ho V. MRN (MRE11-RAD50-NBS1) Complex in Human Cancer
and Prognostic Implications in Colorectal Cancer. Int J Mol Sci. Feb 14
2019;20(4)d0oi:10.3390/ijms20040816

217. Otahalova B, Volkova Z, Soukupova J, et al. Importance of Germline and Somatic
Alterations in Human. Int J Mol Sci. Mar 15 2023;24(6)doi:10.3390/ijms24065612

218. Tauchi H, Kobayashi J, Morishima K, et al. The forkhead-associated domain of NBS1 is
essential for nuclear foci formation after irradiation but not essential for hRAD50[middle
dotlhMRE11[middle dot]NBS1 complex DNA repair activity. J Biol Chem. Jan 05 2001;276(1):12-5.
doi:10.1074/jbc.C000578200

219. Chrzanowska KH, Gregorek H, Dembowska-Bagihska B, Kalina MA, Digweed M. Nijmegen
breakage syndrome (NBS). Orphanet J Rare Dis. Feb 28 2012;7:13. doi:10.1186/1750-1172-7-13
220. Roznowski K, Januszkiewicz-Lewandowska D, Maosor M, Pernak M, Litwiniuk M, Nowak J.
1171V germline mutation in the NBS1 gene significantly increases risk of breast cancer. Breast
Cancer Res Treat. Jul 2008;110(2):343-8. d0i:10.1007/s10549-007-9734-1

221. Bartkova J, Tommiska J, Oplustilova L, et al. Aberrations of the MRE11-RAD50-NBS1 DNA
damage sensor complex in human breast cancer: MRE11 as a candidate familial cancer-
predisposing gene. Mol Oncol. Dec 2008;2(4):296-316. doi:10.1016/j.molonc.2008.09.007

222. Waltes R, Kalb R, Gatei M, et al. Human RAD50 deficiency in a Nijmegen breakage
syndrome-like disorder. Am J Hum Genet. May 2009;84(5):605-16. doi:10.1016/j.ajhg.2009.04.010
223. Matsumoto Y, Miyamoto T, Sakamoto H, et al. Two unrelated patients with MRE11A
mutations and Nijmegen breakage syndrome-like severe microcephaly. DNA Repair (Amst). Mar
07 2011;10(3):314-21. doi:10.1016/j.dnarep.2010.12.002

224. Zuntini R, Bonora E, Pradella LM, et al. Detecting Variants in the NBN Gene While Testing
for Hereditary Breast Cancer: What to Do Next? Int J Mol Sci. May 29
2021;22(11)d0i:10.3390/ijms22115832

76



225. Ramus SJ, Song H, Dicks E, et al. Germline Mutations in the BRIP1, BARD1, PALB2, and
NBN Genes in Women Wih Ovarian Cancer. J Natl Cancer Inst. Nov
2015;107(11)doi:10.1093/jnci/djv214
226. Kurian AW, Hughes E, Handorf EA, et al. Breast and Ovarian Cancer Penetrance
Estimates Derived From Germline Multiple-Gene Sequencing Results in Women. JCO Precis
Oncol. Nov 2017;1:1-12. doi:10.1200/P0.16.00066
227. Lawes DA, Pearson T, Sengupta S, Boulos PB. The role of MLH1, MSH2 and MSH6 in the
development of multiple colorectal cancers. Br J Cancer. Aug 22 2005;93(4):472-7.
doi:10.1038/sj.bjc.6602708
228. McCarthy AJ, Capo-Chichi JM, Spence T, et al. Heterogenous loss of mismatch repair
(MMR) protein expression: a challenge for immunohistochemical interpretation and microsatellite
instability (MSI) evaluation. J Pathol Clin Res. Apr 2019;5(2):115-129. do0i:10.1002/cjp2.120
229. Sehgal R, Sheahan K, O'Connell PR, Hanly AM, Martin ST, Winter DC. Lynch syndrome:
an updated review. Genes (Basel). Jun 27 2014;5(3):497-507. doi:10.3390/genes5030497
230. Kahn RM, Gordhandas S, Maddy BP, et al. Universal endometrial cancer tumor typing:
How much has immunohistochemistry, microsatellite instability, and MLH1 methylation improved
the diagnosis of Lynch syndrome across the population? Cancer. Sep 15 2019;125(18):3172-3183.
doi:10.1002/cncr.32203
231. Huang R, Deng X, Zhang Z, Wen Q, Li D. Lynch Syndrome-Associated Endometrial Cancer
With Combined EPCAM-MSH2 Deletion: A Case Report. Front Oncol. 2022;12:856452.
doi:10.3389/fonc.2022.856452
232. Giardiello FM, Allen JI, Axilbund JE, et al. Guidelines on genetic evaluation and
management of Lynch syndrome: a consensus statement by the US Multi-society Task Force on
colorectal cancer. Am J Gastroenterol. Aug 2014;109(8):1159-79. doi:10.1038/ajg.2014.186
233. Bonadona V, Bonaiti B, Olschwang S, et al. Cancer risks associated with germline
mutations in MLH1, MSH2, and MSH6 genes in Lynch syndrome. JAMA. Jun 08
2011;305(22):2304-10. doi:10.1001/jama.2011.743
234. Infante M, Arranz-Ledo M, Lastra E, et al. Increased Co-Occurrence of Pathogenic Variants
in Hereditary Breast and Ovarian Cancer and Lynch Syndromes: A Consequence of Multigene
Panel Genetic Testing? Int J Mol Sci. Sep 29 2022;23(19)d0i:10.3390/ijms231911499
235. Yurgelun MB, Chittenden AB, Morales-Oyarvide V, et al. Germline cancer susceptibility
gene variants, somatic second hits, and survival outcomes in patients with resected pancreatic
cancer. Genet Med. Jan 2019;21(1):213-223. d0i:10.1038/s41436-018-0009-5
236. Abida W, Armenia J, Gopalan A, et al. Prospective Genomic Profiling of Prostate Cancer
Across Disease States Reveals Germline and Somatic Alterations That May Affect Clinical
Decision Making. JCO Precis Oncol. Jul 2017;2017d0i:10.1200/P0.17.00029
237. Kondov B, Milenkovikj Z, Kondov G, et al. Presentation of the Molecular Subtypes of Breast
Cancer Detected By Immunohistochemistry in Surgically Treated Patients. Open Access Maced J
Med Sci. Jun 20 2018;6(6):961-967. doi:10.3889/0amjms.2018.231
238. Fischer C, Kuchenbacker K, Engel C, et al. Evaluating the performance of the breast
cancer genetic risk models BOADICEA, IBIS, BRCAPRO and Claus for predicting BRCA1/2
mutation carrier probabilities: a study based on 7352 families from the German Hereditary Breast
and Ovarian Cancer Consortium. J Med Genet. Jun 2013;50(6):360-7. doi:10.1136/jmedgenet-
2012-101415
239. https://www.aiom.it/linee-guida-aiom-2021-neoplasie-della-mammella /.
240. Simbolo M, Gottardi M, Corbo V, et al. DNA qualification workflow for next generation
sequencing of histopathological samples. PLoS One. 2013;8(6):62692.
doi:10.1371/journal.pone.0062692
241. Fanale D, lovanna JL, Calvo EL, et al. Germline copy number variation in the YTHDC2
gene: does it have a role in finding a novel potential molecular target involved in pancreatic
adenocarcinoma  susceptibility? Expert Opin Ther Targets. Aug 2014;18(8):841-50.
doi:10.1517/14728222.2014.920324
242. https://enigmaconsortium.org/.
243. Plon SE, Eccles DM, Easton D, et al. Sequence variant classification and reporting:
recommendations for improving the interpretation of cancer susceptibility genetic test results. Hum
Mutat. Nov 2008;29(11):1282-91. doi:10.1002/humu.20880

77



244. den Dunnen JT, Dalgleish R, Maglott DR, et al. HGVS Recommendations for the
Description of Sequence Variants: 2016 Update. Hum Mutat. Jun 2016;37(6):564-9.
doi:10.1002/humu.22981

245. Ferla R, Calo V, Cascio S, et al. Founder mutations in BRCA1 and BRCA2 genes. Ann
Oncol. Jun 2007;18 Suppl 6:vi93-8. doi:10.1093/annonc/mdm?234

246. Russo A, Cald V, Bruno L, et al. Is BRCA1-5083del19, identified in breast cancer patients
of Sicilian origin, a Calabrian founder mutation? Breast Cancer Res Treat. Jan 2009;113(1):67-70.
doi:10.1007/s10549-008-9906-7

247. Russo A, Calo V, Agnese V, et al. BRCAL genetic testing in 106 breast and ovarian cancer
families from Southern Italy (Sicily): a mutation analyses. Breast Cancer Res Treat. Nov
2007;105(3):267-76. doi:10.1007/s10549-006-9456-9

248. Borg A, Haile RW, Malone KE, et al. Characterization of BRCA1 and BRCA2 deleterious
mutations and variants of unknown clinical significance in unilateral and bilateral breast cancer: the
WECARE study. Hum Mutat. Mar 2010;31(3):E1200-40. doi:10.1002/humu.21202

249. Dines JN, Shirts BH, Slavin TP, et al. Systematic misclassification of missense variants in
BRCAL1 and BRCA2 "coldspots". Genet Med. May 2020;22(5):825-830. d0i:10.1038/s41436-019-
0740-6

250. Palmero EIl, Carraro DM, Alemar B, et al. The germline mutational landscape of BRCAL
and BRCA2 in Brazil. Sci Rep. Jun 15 2018;8(1):9188. do0i:10.1038/s41598-018-27315-2

251. https://www.ncbi.nim.nih.gov/clinvar/variation/865734/.

252. https://varsome.com/variant/hg38/BRCA1%3Ac.4963T%3EG?

253. Findlay GM, Daza RM, Martin B, et al. Accurate classification of BRCAL variants with
saturation genome editing. Nature. Oct 2018;562(7726):217-222. doi:10.1038/s41586-018-0461-z
254, Van der Merwe NC, Combrink HM, Ntaita KS, Oosthuizen J. Prevalence of Clinically
Relevant Germline. Front Genet. 2022;13:834265. doi:10.3389/fgene.2022.834265

255. Rebbeck TR, Mitra N, Wan F, et al. Association of type and location of BRCA1 and BRCA2
mutations with risk of breast and ovarian cancer. JAMA. Apr 07 2015;313(13):1347-61.
doi:10.1001/jama.2014.5985

256. Rebbeck TR, Friebel TM, Friedman E, et al. Mutational spectrum in a worldwide study of
29,700 families with BRCA1 or BRCA2 mutations. Hum Mutat. May 2018;39(5):593-620.
doi:10.1002/humu.23406

257. Budzinski EE, Patrzyc HB, Dawidzik JB, et al. Pyrimidine base damage is increased in
women  with BRCA  mutations. Cancer  Lett. Sep 28  2013;338(2):267-70.
doi:10.1016/j.canlet.2013.04.001

258. Incorvaia L, Fanale D, Bono M, et al. pathogenic variants in triple-negative. Ther Adv Med
Oncol. 2020;12:1758835920975326. doi:10.1177/1758835920975326

259. Chen X, Truong TT, Weaver J, et al. Intronic alterations in BRCA1 and BRCA2: effect on
MRNA  splicing fidelity and expression. Hum Mutat. May 2006;27(5):427-35.
doi:10.1002/humu.20319

260. Anna A, Monika G. Splicing mutations in human genetic disorders: examples, detection,
and confirmation. J Appl Genet. Aug 2018;59(3):253-268. do0i:10.1007/s13353-018-0444-7

261. Antoniou AC, Casadei S, Heikkinen T, et al. Breast-cancer risk in families with mutations in
PALB2. N Engl J Med. Aug 07 2014;371(6):497-506. doi:10.1056/NEJM0a1400382

262. Stjepanovic N, Moreira L, Carneiro F, et al. Hereditary gastrointestinal cancers: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-upt. Ann Oncol. Oct 01
2019;30(10):1558-1571. doi:10.1093/annonc/mdz233

263. McGuire AL, Gabriel S, Tishkoff SA, et al. The road ahead in genetics and genomics. Nat
Rev Genet. Oct 2020;21(10):581-596. doi:10.1038/s41576-020-0272-6

264. Franceschini N, Frick A, Kopp JB. Genetic Testing in Clinical Settings. Am J Kidney Dis.
Oct 2018;72(4):569-581. d0i:10.1053/j.ajkd.2018.02.351

265. Chen H, Wu J, Zhang Z, et al. Association Between. Front Pharmacol. 2018;9:909.
doi:10.3389/fphar.2018.00909

266. Oittini L, D'Amico C, Noviello C, et al. BRCA1 and BRCA2 mutations in central and southern
Italian patients. Breast Cancer Res. 2000;2(4):307-10. doi:10.1186/bcr72

78



267. Lambertini M, Ceppi M, Hamy AS, et al. Clinical behavior and outcomes of breast cancer in
young women with germline BRCA pathogenic variants. NPJ Breast Cancer. Feb 12 2021;7(1):16.
doi:10.1038/s41523-021-00224-w

268. Alenezi WM, Fierheller CT, Revil T, et al. Case Review: Whole-Exome Sequencing
Analyses Identify Carriers of a Known Likely Pathogenic Intronic. Genes (Basel). Apr 15
2022;13(4)d0i:10.3390/genes13040697

269. Ruiz de Garibay G, Fernandez-Garcia |, Mazoyer S, et al. Altered regulation of BRCA1
exon 11 splicing is associated with breast cancer risk in carriers of BRCA1 pathogenic variants.
Hum Mutat. Nov 2021;42(11):1488-1502. doi:10.1002/humu.24276

270. Jimenez-Sainz J, Mathew J, Moore G, et al. BRCA2 BRC missense variants disrupt
RADS51-dependent DNA repair. Elife. Sep 13 2022;11doi:10.7554/eLife.79183

271. Chian JS, Xu W, Wang SM. Pancreatic cancer cluster region identified in. J Med Genet.
Mar 28 2023;doi:10.1136/jmg-2022-109111

272. Yoder R, Kimler BF, Staley JM, et al. Impact of low versus negative estrogen/progesterone
receptor status on clinico-pathologic characteristics and survival outcomes in HER2-negative
breast cancer. NPJ Breast Cancer. Jul 11 2022;8(1):80. doi:10.1038/s41523-022-00448-4

273. Chou CW, Huang YM, Chang YJ, Huang CY, Hung CS. Identified the novel resistant
biomarkers for taxane-based therapy for triple-negative breast cancer. Int J Med Sci.
2021;18(12):2521-2531. doi:10.7150/ijms.59177

274. Ashour M, Ezzat Shafik H. Frequency of germline mutations in BRCA1 and BRCA2 in
ovarian cancer patients and their effect on treatment outcome. Cancer Manag Res. 2019;11:6275-
6284. doi:10.2147/CMAR.S206817

275. Cao C, Yu R, Gong W, et al. Genomic mutation features identify distinct BRCA-associated
mutation characteristics in endometrioid carcinoma and endometrioid ovarian carcinoma. Aging
(Albany NY). Nov 27 2021;13(22):24686-24709. doi:10.18632/aging.203710

276. Lai E, Ziranu P, Spanu D, et al. BRCA-mutant pancreatic ductal adenocarcinoma. Br J
Cancer. Nov 2021;125(10):1321-1332. d0i:10.1038/s41416-021-01469-9

277. Ruijs MW, Broeks A, Menko FH, et al. The contribution of CHEK2 to the TP53-negative Li-
Fraumeni phenotype. Hered Cancer Clin Pract. Feb 17 2009;7(1):4. doi:10.1186/1897-4287-7-4
278. Decker B, Allen J, Luccarini C, et al. Rare, protein-truncating variants in. J Med Genet. Nov
2017;54(11):732-741. doi:10.1136/jmedgenet-2017-104588

279. Mills AM, Liou S, Ford JM, Berek JS, Pai RK, Longacre TA. Lynch syndrome screening
should be considered for all patients with newly diagnosed endometrial cancer. Am J Surg Pathol.
Nov 2014;38(11):1501-9. doi:10.1097/PAS.0000000000000321

280. Wattenberg MM, Reiss KA. Determinants of Homologous Recombination Deficiency in
Pancreatic Cancer. Cancers (Basel). Sep 21 2021;13(18)doi:10.3390/cancers13184716

281. Liu J, Zhao J, Zhang M, et al. The validation of the 2014 International Society of Urological
Pathology (ISUP) grading system for patients with high-risk prostate cancer: a single-center
retrospective study. Cancer Manag Res. 2019;11:6521-6529. d0i:10.2147/CMAR.S196286

79



Scientific Products

- BRCAL1/2 variants of unknown significance in hereditary breast and ovarian cancer
(HBOC) syndrome: Looking for the hidden meaning. Fanale D., Pivetti A., Cancelliere D.,
Spera A., Bono M., Fiorino A., Pedone E., Barraco N., Brando C., Perez A., Guarneri M.F.,
Russo T.D.B., Vieni S., Guarneri G., Russo A., Bazan V. Crit Rev Oncol Hematol. 2022
Apr;172:103626. doi: 10.1016/j.critrevonc.2022.103626. Epub 2022 Feb 10. PMID:
35150867.

- Impact of deleterious variants in other genes beyond BRCA1/2 detected in breast/ovarian
and pancreatic cancer patients by NGS-based multi-gene panel testing: looking over the
hedge. Bono M., Fanale D., Incorvaia L., Cancelliere D., Fiorino A., Calo V., Dimino A.,
Filorizzo C., Corsini L.R., Brando C., Madonia G., Cucinella A., Scalia R., Barraco N.,
Guadagni F., Pedone E., Badalamenti G., Russo A., Bazan V. ESMO Open. 2021
Aug;6(4):100235. doi: 10.1016/j.esmoop.2021.100235. Epub 2021 Aug 7. PMID:
34371384; PMCID: PMC8358413.

- Prevalence and Spectrum of Germline BRCAl and BRCA2 Variants of Uncertain
Significance in Breast/Ovarian Cancer: Mysterious Signals From the Genome. Fanale D.%,
Fiorino A.%, Incorvaia L., Dimino A., Filorizzo C., Bono M., Cancelliere D., Calo V.,
Brando C., Corsini L.R., Sciacchitano R., Magrin L., Pivetti A., Pedone E., Madonia G.,
Cucinella A., Badalamenti G.8, Russo A.§, Bazan V.8 Front Oncol. 2021 Jun
11;11:682445. doi: 10.3389/fonc.2021.682445. PMID: 34178674; PMCID: PMC8226162.

- BRCAL/2 pathogenic variants in triple-negative versus luminal-like breast cancers:
genotype-phenotype correlation in a cohort of 531 patients. Incorvaia L.*, Fanale D.*, Bono
M.*, Calo V., Fiorino A., Brando C., Corsini L.R., Cutaia S., Cancelliere D., Pivetti A.,
Filorizzo C., La Mantia M., Barraco N., Cusenza S., Badalamenti G.t, Russo A.1, Bazan
V.1t Ther Adv Med Oncol. 2020 Dec 16;12:1758835920975326. doi:
10.1177/1758835920975326. PMID: 33403015; PMCID: PMC7747114.

80



- Detection of Germline Mutations in a Cohort of 139 Patients with Bilateral Breast Cancer
by Multi-Gene Panel Testing: Impact of Pathogenic Variants in Other Genes beyond
BRCA1/2. Fanale D.t, Incorvaia L.t, Filorizzo C.1, Bono M., Fiorino A., Calo V., Brando
C., Corsini L.R., Barraco N., Badalamenti G.}, Russo A.1, Bazan V.1 Cancers (Basel)
2020 August 25;12(9): 2415; doi: 10.3390/cancers12092415. PMID: 32854451; PMCID:
PMC7564956.

- Hereditary Breast and Ovarian Cancer in Families from Southern Italy (Sicily)—
Prevalence and Geographic Distribution of Pathogenic Variants in BRCA1/2 Genes.
Incorvaia L.t, Fanale D.T, Badalamenti G.f, Bono M., Calo V., Cancelliere D., Castiglia M.,
Fiorino A., Pivetti A., Barraco N., Cutaia S., Russo A.1, Bazan V.1 Cancers (Basel) 2020
May 5;12(5):1158; doi: 10.3390/cancers12051158. PMID: 32380732; PMCID:
PMC7280980.

ABSTRACT ASCO 2022

- Heart toxicity effect (HTE) of anthracyclines-containing regimens (ACRS) in patients with
breast cancer (BC) carrying mutational signature of homologous recombination deficiency
(HRD). Incorvaia L., Fiorino A., Carreca A. P., Gori S., Cinieri S., Curigliano G., Brando C.,
Peri M., Orlando L., Bazan Russo T. D., Gristina V., Pedone E., Bono M., Galvano A.,
Calo V., Novo G., Badalamenti G., Bazan V., Carreca |. U. and Russo A. Poster
Discussion Session at 2022 ASCO Annual Meeting I. Journal of Clinical Oncology 2022
40:16_suppl, 10519-10519.

ABSTRACT AIOM 2021

- BRCA1/2 Variants with Unclear Clinical Significance (VUS) in HBOC syndrome: hunting
for novel potentially pathogenic variants. Fiorino A., Fanale D., Incorvaia L., Barraco N.,
Bono M., Brando C., Calcara K.M., Calo V., Cancelliere D., Dimino A., Filorizzo C., Greco
M., Magrin L., Pedone E., Perez A., Pivetti A., Sammataro S., Sciacchitano R., Bazan V.,
Russo A. E-Poster presentation (display). XXIlI Congresso Nazionale AIOM 22-24
Ottobre 2021.

81



- Role of the Multi-Gene Panel Testing for detection of Pathogenic Variants in Patients with
Hereditary Bilateral Breast Cancer. Filorizzo C., Fanale D., Incorvaia L., Barraco N., Bono
M., Brando C., Calo V., Cancelliere D., Cucinella A., Dimino A., Fiorino A., Magrin L.,
Pedone E., Perez A., Pivetti A., Sammataro S., Sciacchitano R., Vaccaro G., Bazan V.,
Russo A. E-Poster presentation (display). XXIlI Congresso Nazionale AIOM 22-24
Ottobre 2021.

- Breast, Ovarian and Pancreatic cancers: an approach with multi-gene panel testing.
Bono M., Fanale D., Incorvaia L., Barraco N., Brando C., Cancelliere D., Calo V., Corsini
L.R., Dimino A., Filorizzo C., Fiorino A., Gristina V., Li Pomi F., Magrin L., Pedone E.,
Perez A., Pivetti A., Sciacchitano R., Bazan V., Russo A. E-Poster presentation (display).
XXIII Congresso Nazionale AIOM 22-24 Ottobre 2021.

ABSTRACT ASHG 2021

- BRCA1 and BRCAZ2 variants of unclear significance in hereditary breast and ovarian
cancer patients. Looking for novel pathogenic variants. Fiorino A., Fanale D., Incorvaia L.,
Filorizzo C., Dimino A., Brando C., Anwar Z., Barraco N., Bono B., Calcara K., Calo V.,
Cancelliere D., Corsini L., Cucinella A., Cutaia S., Gennusa V., Greco M., Gristina V.,
Madonia G., Magrin L., Pedone E., Perez A., Pivetti A., Ricciardi M., Sammataro S., Scalia
R., Sciacchitano R., Badalamenti G., Bazan V., Russo A. E-Poster
presentation (display) at the ASHG Virtual Meeting 18-22 October 2021.

ABSTRACT ESMO 2021

- Role of the Multi-Gene Panel Testing for detection of Pathogenic Variants in Patients with
Hereditary Bilateral Breast Cancer. Filorizzo C., Fanale D., Incorvaia L., Barraco N., Bono
M., Brando C., Cald V., Cancelliere D., Cucinella A., Dimino A., Fiorino A., Magrin L.,
Pedone E., Perez A., Pivetti A., Sammataro S., Sciacchitano R., Vaccaro G., Bazan V.,
Russo A. E-Poster presentation (display) at the ESMO Congress 2021, 16-21 September
2021. Annals of Oncology 2021. doi: https://doi.org/10.1016/j.annonc.2021.08.448.

- Hereditary Breast, Ovarian and Pancreatic cancers: looking beyond the BRCA1/2 genes.
Bono M., Fanale D., Incorvaia L., Barraco N., Brando C., Calo V., Cancelliere D., Corsini

82



L.R., Dimino A., Filorizzo C., Fiorino A., Gristina V., Magrin L., Pedone E., Perez A., Pivetti
A., Scalia R., SciacchitanoR., Bazan V., Russo R. E-Poster presentation (display) at
the ESMO Congress 2021, 16-21 September 2021. Annals of Oncology 2021. doi:
https://doi.org/10.1016/j.annonc.2021.08.447.

- Prevalence and spectrum analysis of germline BRCA1 and BRCAZ2 Variants of Unclear
Significance in HBOC Syndrome: decoding the mysterious signals of the genome. Fiorino
A., Fanale D., Incorvaia L., Barraco N., Bono M., Brando., Calcara K.M., Calo V.,
Cancelliere D., Dimino A., Filorizzo C., Greco M., Magrin L., Pedone E., Perez A., Pivetti
A., Sammataro S., Sciacchitano R., Bazan V. Russo A. E-Poster
presentation (display) at the ESMO Congress 2021, 16-21 September 2021. Annals of
Oncology 2021. doi: https://doi.org/10.1016/j.annonc.2021.08.443.

ASCO 2021

- The role of polymorphisms occurring in BRCA1/2 genes in determining ovarian cancer
risk. Castiglia M., Incorvaia L., Perez A., Brando C., Galvano A., Barraco N., Calo V.,
Cancelliere D., Fiorino A., Pivetti A., Pedone E., Sardo D., Inguglia S., Di Marco J., Bono
M., Fanale D., Carreca A.P., Carreca I.U., Russo A., Bazan V. 2021 ASCO Annual
Meeting. Online published May, 2021 J Clin Oncol 39, 2021 (suppl 15; abstr e17551). doi:
10.1200/3JC0.2021.39.15 suppl.e17551.

ABSTRACT SIBS 2021

"Young Investigator award": "WHAT ARE THE MULTIGENIC FINGERPRINT
HALLMARKS IN TRIPLE-NEGATIVE BREAST CANCER?".
https://www.pagepressjournals.org/index.php/jbr/article/view/9820 -  2021. Alessia
FIORINO, Lorena INCORVAIA, Daniele FANALE, Marco BONO, Nadia BARRACO,
Chiara BRANDO, Valentina CALO, Daniela CANCELLIERE, Marta CASTIGLIA, Erika
PEDONE, Alessandro PEREZ, Alessia PIVETTI, Antonio RUSSO, Viviana BAZAN.
"Young Investigator award" for the best oral communication at 93° National Congress

of the Italian Society of Experimental Biology (SIBS), 22-25 April 2021 Palermo, ltaly.

83


https://doi.org/10.1200/JCO.2021.39.15_suppl.e17551

ABSTRACT AIOM 2020

- Population-based testing for Hereditary Breast and Ovarian Cancer in a cohort of 1,346
patients from Southern Italy (Sicily): can historical background affect genetics?
journals.sagepub.com/home/tmj — 2020 Fanale D., Incorvaia L., Bono M., Calo V.,
Cancelliere D., Fiorino A., Barraco N., Brando C., Perez A., Corsini L.R., Madonia G.,
Ricciardi M.R., Cucinella A., Lisanti M.C., Filorizzo C., Maria Tomasello L.M., Gristina V.,
Cusenza S., Bazan V., Russo A. XXl CONGRESSO NAZIONALE AIOM - 30-31 Ottobre &
1 Novembre 2020.

ABSTRACT ESMO 2020

- Population-based testing for hereditary breast and ovarian cancer in a cohort of 1,346
patients from Southern Italy (Sicily): When historical background affects genetics. Fanale
D., Incorvaia L., Bono M., Calo V., Cancelliere D., Fiorino A., Pivetti A., Barraco N., Brando
C., Castiglia M., Perez A., Corsini L.R., Madonia G., Ricciardi M.R., Cucinella A., Lisanti
M.C., Filorizzo C., Tomasello L.M., Russo A., Bazan V. Abstract Book of the Virtual
Congress 2020; ESMO; September 01, 2020; Annals of Oncology 2020; 31(S4);
https://doi.org/10.1016/j.annonc.2020.08.368.

84


https://doi.org/10.1016/j.annonc.2020.08.368

