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PROPOSAL MAIN BODY

1. Proposal title A founder BRCA1 mutation from Central Italy: a model for
population screening for cancer predisposition, including assessment of
individual attitudes

2. Abstract (1 page) |

(Rationale of the study, preliminary results, detailed description of the translational value |
of the research and the expected impact on the NHS) |
The identification of carriers of high risk BRCA gene pathogenic variants (PVs) allows targeted '
implementation of effective risk reducing strategies. Population screening is currently not an
option due to cost effectiveness estimates and limited informativeness of test results,(1). However,
studies in Ashkenazi Jews, a population characterized by high frequency of specific founder
mutations, showed that this is feasible, acceptable and extremely cost-effective (2). Although a
number of founder BRCA mutations have been identified in Italy, screening has not been
implemented so far. Herewithin we propose to implement a screening approach for the founder i
BRCAI ¢.4117G>T mutation in 4 provinces from Central Italy. This variant has been identified as |
a common founder mutation in high risk families from the Abruzzo and Lazio Regions by the |
oncogenetic centers of Rome (Genetica Medica, Universita Cattolica/Policlinico Gemelli) and l
|
|

L’ Aquila (UOSD Assistenza Oncologica Territoriale). Overall, 22 unrelated families harbouring
BRCAI c.4117G>T have been identified so far, and in 18 of these that were tested for segregation a
shared haplotype indicative of a common ancestor (founder effect) was identified. Screening for
founder mutations has been found to be feasible and acceptable by cancer patients and their

relatives in selected groups (namely, Ashkenazi Jews and Polish populations) (2). Despite the
identification of a number of regional founder mutations in Italy, there as yet no data on the
feasibility of screening for these common high risk variants and on the attitudes of the population |
towards this approach. Breast cancer patients (n >400) will be prospectively recruited at the time of |
diagnosis in Oncology, Surgery, and Screening Units from the provinces of L’ Aquila, Teramo, '
Frosinone and Viterbo. Patients will be informed about the project and those who will consent to
participate will be administered a family history and a pre-test psychological questionnaire and a
blood sample will be drawn for targeted genetic analysis of the founder mutation. Test results will |
be returned, along with post-test psychological questionnaire, to patients who have consented to be |
informed about the outcome. This project will allow to implement in a specific population a model |
- of screening for cancer predisposition with the aim to maximize the identification of individuals at |
| high risk of breast/ovarian cancer (HBOC) in order to offer targeted risk reducing measures. |




Current selection criteria for HBOC allow to identily only a fraction of individuals at high genetic
risk in the general population. Therefore, screening of unselected patients is expected to increase
the detection rate of HBOC and the number of at risk individuals who can benefit from targeted
primary and secondary prevention thus leading to an overall reduction of the burden of these
cancers in the population. While, the project will focus on a specific recurrent mutation in the
BRCAI gene, it will also serve as a pilot for the potential implementation of wider genetic
screening, investigating the whole BRCA genes (and possibly other breast cancer predisposing
genes). Importantly, the study will also assess individual attitudes towards genetic screening for
hereditary HBOC, with the aim to verify the degree of acceptance and potential psychological
consequences of screening in the Italian population, This will fill an important gap, since there are
few studies on these aspects in our country, and it is essential to know people’s attitudes to devise
the best approach for the implementation of oncogenetic screening programs.

3. Introduction
The identification of women at high genetic risk of breast cancer (BC) allows targeted
implementation of effective risk reducing strategies. Several genes are involved in hereditary
predisposition to BC, the most important being BRCA/ and BRCA2, which, overall account for 6%
and 10-20% of BCs and ovarian carcinomas (OC), respectively ( 3,4). Women who carry
pathogenic variants (PV) in the BRCA genes have a cumulative lifetime risk of near 80% for BC
and 17-44% for OC development (5). BCs tend to occur at early ages, when the individuals do not
undergo regular screening. For these reasons, specific prevention pathways have been devised for
BRCA PV carriers: these include 6-monthly breast examination and yearly magnetic resonance
imaging (MRI) of the breast; in addition, prophylactic bilateral mastectomy, which reduces breast
cancer risk by about 95%, can be considered (NCCN guidelines v 2.2021) (6). Due to limited
efficacy of surveillance, bilateral adnexectomy, between 35 and 45 years or upon completion of
individual reproductive projects is recommended to reduce OC risk (NCCN guidelines).

4. Background and rationale

The identification of BRCA PV carriers allows doctors to apply personalized primary and
secondary prevention protocols. At the same time, it allows carrier women to have knowledge of
the risk so that they can be motivated to adhere to intensive screening protocols and make the
appropriate choices for their clinical management. High risk genetic variants in BRCA1 and
BRCA2 are highly heterogeneous, and differ across families. Therefore, the initial test aimed at
making a diagnosis of hereditary BC within a family requires analysis of the whole coding
sequence of both genes. Although available technologies have simplified these tests, costs are still
relatively high and they are associated with a relatively high rate of results of uncertain
significance. In addition, oncogenetic tests are still used less than would be required, due to lack of
knowledge by health professionals and scarcity of genetic professionals.

Furthermore, in most cases, the reason for BRCA testing is the presence of personal and family
history high risk markers fulfilling eligibility criteria established by national or international
guidelines (see for instance the regional decree of Lazio, DCA 189/2017 - Regione Lazio) (7)
However, it has been shown that such criteria can exclude from testing up to 50% of VP carriers
(8)). For such reasons, in specific populations, such as the Ashkenazi Jews, where the burden of
hereditary BC and OC is mostly attributable to three specific founder BRCA VPs, screening of the
whole population (regardless of personal/family history of BC/OC) limited to such variants has
allowed the identification of a number of healthy carriers who would not have been identified
using traditional criteria. These studies have shown that in this population the screening is feasible,
well accepted and is not associated with stress increase in the short and long run, and is cost
effective (9, 10, 11,12)Overall, little is known about the acceptance of genetic testing for BRCA
mutations in Italy (13))

Recently, we have identified a founder PV of the BRCA! gene - ¢.4117G>T - p.(Glul373*) -
which is common in the provinces of Aquila, Teramo and Frosinone; this has been found in over
20 families from these areas. So far, in Italy no data are available for genetic screening programs




based on the identification of founder VPs in the BRCA or other cancer predisposing genes.

5. Experimental design (organized in tasks)
The main specific aim of the study is to identify hereditary breast cancer cases related to a BRCA/
founder mutation - ¢.4117G>T - p.(Glu1373%*) - in Central Italy (Lazio and Abruzzo) thorugh
screening of BC patients
The secondary aims are:
A. To assess the prevalence of the ¢.4117G>T BRCA! founder mutation in unselected cases of
breast cancer from Lazio and Abruzzo

B. To assess the clinical characteristics of breast cancer probands with the founder BRCA1 PV
C. To evaluate awareness and acceptability of population-based BRCA testing

Task 1. Patient recruitment (months 1-18 of the project)

Newly diagnosed cases of BC, unselected for age, sex, or family history, will be consecutively
recruited among patients ascertained in the provinces of Frosinone, Viterbo, Aquila and Teramo.
Patients will enrolled through 1) surgical units, before operation; 2) oncology units (hospital and
territorial), at the stage of oncological assessment before or after surgery; 3) breast cancer
screening units; 4) tumor boards (through case managers). Patients will be informed by the health
professional of the recruiting unit about the study and the implications of the genetic test and will
be asked to provide informed consent. A venous blood sample (3 ml) will be obtained from those
who consent to the study. For each province, the involvement of clinical centers for recruitment
will be coordinated by local LILT sections, who have agreed to participate actively in the project.
In the province of L’ Aquila (which are in the same province), the coordination of recruitment will
be performed by the above mentioned Oncology Units of Aquila and Sulmona. Patients will be
asked whether they want to receive test results. For those who agree, these will be conveyed by the
enrolling physician upon receipt from the laboratory. Patients with a positive test result will be
referred to genetic counseling. Furthermore, referral to genetic counseling centers will also be
organized for patients with negative results who request further information on genetic testing or
based on the advice of the physician.

Task 2. Genetic analyses (months 3-20 of the project)

Samples will be stored at room temperature for up to 3 days or at -20°C up to 1 month before
shipment (at room temperature) to the laboratories. Genetic analyses will be performed in the
following laboratories: A) Laboratorio della Sezione di Genetica Medica, Dipartimento di Scienze
della Vita e di Sanita Pubblica, Universita Cattolica del Sacro Cuore/Fondazione Policlinico
Universitario A. Gemelli IRCCS, Roma (for samples collected in the provinces of Frosinone and
Viterbo) ; B) Laboratorio di Diagnostica Molecolare Oncologica, DISCAB, Universita degli Studi
dell’ Aquila (for samples collected in the provinces of L’ Aquila and Teramo). Samples will be
received at the Center Genomic DNA will be extracted from peripheral blood leukocytes, a
fragment containing exon 12 of the BRCA/ gene, where the ¢.4117G>T variant is located, will be
amplified by polymerase chain reaction and then subjected to Sanger sequencing. Samples will be
pseudonymized by assigning an alphanumeric code and will be stored at -20°C for S years after
assessment. For each patient who has agreed to be informed about the test result, a report will be
issued and sent to the referring physician.

Task 3: Collection of clinical and pathological information and analysis of associations
(months 1-24)

Electronic medical records will be reviewed to extract data on clinical characteristics, including
age and clinical stage at diagnosis;age at parity; number of full-term pregnancies; use of oral
contraceptive pills and hormone replacement therapy; menopause status; ER, PR, and HER-
2/neu status, nuclear grade, and clinical stage. Family history will be recorded for 1% and 2™
degree relatives, by asking patients to fill a specific questionnaire at the time of enrollment. These
data will be collected for all patients who agree to participate in the project, and results will be
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compared between cases positive and negative for the BRCA founder mutation, respectively, using
appropriate statistical analyses, as detailed in Section 6 (Further details).

Task 4: Assessment of psychological attitudes (months 1-24)

Changes in distress from pre- to post-testing experienced by carriers and noncarriers will be
compared. To address this goal, the first aim is to assess the role of emotional intelligence (Self-
Perception; Interpersonal; Decision Making; Self-Expression; Flexibility; Mood) in the decision
making skills. To evaluate Emotional Intelligence, the Emotional Quotient Inventory (EQI) (14)
will be administered, while for the decision making skills we will use the General Decision Making
Style (GMDS) (15). State anxiety will be assessed with the state anxicty subscale of the
Spielberger State-Trait Anxiety Inventory (16), Cancer specific distress will be assessed with the
Impact of Event Scale (17) specifying the distressing event as cancer, hereditary cancer, risk for
cancer, and genetic testing. Baseline data will be collected at the time of recruitment and at the
time of return of the test report. Patients will be asked to fill in and hand back specific anonymized
questionnaires.

6. Further details on the overall methods that will be used in this project

Patient recruitment. Patients will be approached to participate in the study during an out-patient
visit to the hospital or outpatient clinic/breast cancer prevention clinic. They will be informed
about the scope of the study and potential outcomes. Those who accept to participate will also be
asked to fill in researcher will describe the study to the patient and perform a pre-test counseling
about hereditary breast and ovarian cancer, the inheritance of BRCA1/2 susceptibility genes, the
process of genetic testing (limited to the founder mutation), cancer risks associated with BRCA1/2
mutations and the potential benefits, limitations, and risks of genetic testing. Specific issues that
will be discussed will be the ways that knowledge of BRCA 1 mutation status might influence
medical management (e.g., oophorectomy, enhanced screening) for themselves and their family
members, Possible test result outcomes (e.g., positive or negative) will be also reviewed. After
providing written informed consent, the patient will be interviewed in person for details about her
medical and lifestyle history and her family history of cancer. Based on data from Tumor
Registries, the number of incident cases per year in the 4 provinces involved in the study can be
estimated between 800 e 900. We expect to recruit approximately 400 cases in 18 months.
Statistical analyses. For analyses of clinical and pathological correlations, Wilcoxon rank sum test
will be used to compare the number of full-term pregnancies and the median age at diagnosis,
menarche, and first full-term pregnancy across the two patient groups (BRCA I-negative

vs BRCAI PV carriers). A P value less than .05 will be considered significant. The same test will
be used to compare median age at diagnosis, median age at menarche, median age at parity, and
number of full-term pregnancies with receptor status in the BRCA/ mutation group. Fisher's exact
test will be used to assess the association between type of receptor (ER, PR, or HER-2/neu),
fluorescent in situ hybridization for HER-2/neu, nuclear grade, and clinical stage, use of birth
control and use of hormone replacement therapy. A P value less than .05 will be considered
statistically significant.

For psychological assessment, the standardized mean gain effect size (d) will be used to examine
changes in emotional distress from before testing to the time of provision of results, with positive
effect sizes indicating increased distress.

7. Work carried out and preliminary results
Molecular testing of high risk breast/ovarian cancer families performed in the diagnostic
preventative setting has led to the identification of more than 20 unrelated families segregating the
same pathogenic variant of the BRCA/ gene, ¢.4117G>T, which causes the introduction of a
premature stop codon p.(Glul373Ter). The families were ascertained in the cancer genetic centers
of L’ Aquila (University of Aquila; UOSD Assistenza Oncologica Territoriale) and Rome
(Policlinico Gemelli). All of them were originary from a territory along the Liri river between
Tagliacozzo (L’ Aquila, Abruzzo) and Sora (Frosinone, Lazio). The ¢.4117G>T mutant was found




associated in 40 individuals from 18 families to the A allele of the benign BRCA variant
¢.3119G>A - p.(Ser1040Asn). The analysis with microsatellite markers of the 17q21 region
confirmed the presence of a common haplotype of approximately 400 kb. These findings allowed
to define BRCAI ¢.4117G> T as a founder mutation, common in the territory of Central Italy
between Abruzzo (L'Aquila and Teramo) and Southern Lazio (Frosinone) regions (manuscript in
preparation).

8. Expected results and relevant corresponding milestones
With this project we expect to:
-establish the proportion of BC cases that are attributable to a BRCA/ founder mutation in
populations from provinces of Central Italy where this variant has been found to be enriched based
on previous testing in cancer family clinics. This will be the first genetic screening trial for breast
cancer predisposition in the Italian population. It will represent a pilot both for further screening
efforts for different founder BRCA PVs common in other regions of Italy and for the extension of
screening to the whole coding sequence of the BRCA genes and possibly of other BC predisposing
genes. Importantly, the identification of BC patients carrying the BRCAI founder PV will be
relevant not only for the proband but also for consanguineous relatives, since it will allow to
identify subjects at high risk who are candidates for targeted risk reduction approaches.
Relevant milestones: First 100 patients enrolled: month 6. First 100 genetic tests performed:
month 8. First 250 patients enrolled: Month 12. Interim assessment of the frequency of the BRCAI
founder mutation on at least 200 cases: Month 12.
-We also expect to verify whether the ¢.4117G>T founder mutation is associated with specific
clinical characteristics. The results of clinical correlation analyses can be helpful to define
appropriate management for the probands and their relatives (ie to define the more appropriate risk
reducing approaches).
Relevant milestones: Interim assessment of associations on the first subset of at least 200 cases:
month 12.
-Finally, we expect to verify the degree of acceptance of BRCA genetic screening in an unselected
population affected with BC. This will have relevance for the design and implementation of wider
genetic screening approaches for cancer predisposition, since no information is available on the
population attitude in our country.
Relevant milestones: Return of pre-test and post-test psychological questionnaires by a subset of
100 patients: month 10. Interim assessment of questionnaires: month 12.
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