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ABSTRACT

Aims and background: Patients with hereditary breast cancer (BC) may benefit from genetic counseling and test-
ing for detection of causative mutations, definition of therapeutic and preventive strategies, and identification of
at-risk relatives. Italy has few oncogenetic centers and genetic evaluation of all patients with BC is not feasible.
Moreover, lack of uniformity in the selection of patients generates inappropriate referral to the geneticist. We
designed a model that may represent a reproducible way to select patients at risk for hereditary BC, with the aims
of rationalizing access to genetic centers and improving clinical management and surveillance.

Methods: The genetic unit of a Cancer Center and the Departments of Oncology from 2 public Hospitals in Milan
were involved in the project. After training sessions at the genetic unit, operators from the 2 hospitals evaluated
all patients with BC attending a first oncologic visit, through a specific interview. Patients considered at risk of
hereditary BC attended counseling at the genetic unit.

Results: Of 419 patients, 61 (14.5%) were eligible for genetic counseling after the interview. Of these, 46 (10.9%)
strictly met testing criteria. Overall, 52 (12.4%) patients underwent genetic counseling and 47 were tested for
BRCA1/BRCA2 mutation. After genetic test results, the available options for treatment/surveillance were dis-
cussed by a multidisciplinary team, according to the level of genetic risk.

Conclusions: It is possible to improve the process of referring patients with suspected hereditary BC for genetic risk
assessment. The application of clinical screening reduced the genetics unit’s workload and enabled optimization of
time and resources.
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Introduction presence of germline mutation in genes that increase the risk
of developing the disease. Thus far, BC genes 1 and 2 (BRCA1
and BRCAZ2, respectively) are the most common known genes;
they are responsible for approximately 20% of familial BC.
Mutations in other high-risk genes are less frequent and are
present in fewer than 1% of BC families; most other causative
genes remain unknown (1). The presence of deleterious muta-
tions of BRCA1/BRCA2 genes is associated with a higher risk of
BC. Breast cancer in carriers is more frequently bilateral, with
an earlier age at onset, and in BRCA1 patients is also more fre-

Breast cancer (BC) is the most frequent cancer among
women worldwide. From 5% to 10% of BC incidence is
considered to have a strong inherited component, due to the
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quently triple-negative. Moreover, BRCA1/BRCA2 carriers also
face an increased risk of ovarian/tubal cancer (OC) (1, 2). Esti-
mation of the lifetime cumulative risk of BC (penetrance) rang-
es from about 40% to 80%, depending on the type of study.
A meta-analysis showed cumulative risk of BC to age 70 of
57% for BRCA1 mutation carriers and 49% for BRCA2 mutation
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carriers; the cumulative risk of OC to age 70 was 40% for BRCA1
carriers and 18% for BRCAZ2 carriers (3); increasing penetrance
over subsequent birth cohorts was also reported (4, 5).

Preventive options are currently available to women at
risk for hereditary BC and OC; measures include intensive
surveillance and risk-reducing surgery (6-8). Therefore, the
identification of patients and relatives at increased genetic
risk is crucial. Several international oncologic societies have
proposed guidelines for the identification of patients at risk
for hereditary BC, generally based on age at diagnosis, num-
ber of affected relatives, multiple tumors, and presence of
OC (9-12). Of note, guidelines consider genetic counseling
performed by trained genetics professionals to be the stan-
dard of care, and eligible patients with BC should be referred
to board-certified genetic counselors for genetic risk assess-
ment. Currently, physicians do not always possess appro-
priate information about hereditary BC and OC; this lack of
knowledge generates an inappropriate and growing demand
for genetic counseling, which consequently delays access to
counseling (13). Genetic counseling should be offered only to
women who are suspected to have an increased risk, but the
identification of such women and their management remains
a challenge (14). Many attempts have been made to help pa-
tients easily access genetic counseling, including telephone
counseling (15). Moreover, predictive mathematical models
to estimate genetic risk, such as BRCAPRO, BOADICEA, Tyrer-
Cuzik, and COS models, have been designed to calculate the
risk of mutation on the basis of the medical history of a pa-
tient’s first- and second-degree relatives (5-18). However, the
use of these models in clinical practice remains controversial
because they still present evident limitations. Therefore, risk
prediction using these models in clinical practice should be
performed with caution and by trained personnel; in addi-
tion, it should be emphasized that the use of these models is
not a substitute for genetic counseling (19).

Some regions of Italy are setting guidelines for the diagnosis
and clinical management of hereditary tumors. Although a re-
gional plan involving both patients and the general population
has been defined in Emilia Romagna (20), there is no nationwide
project underway, unlike in many other nations worldwide.
The existing oncogenetic centers are often unable to meet the
growing demands of genetic counseling and risk prediction, and
disparities in accessing genetic counseling have been recorded.

Hereditary tumors represent a minority of all cancers,
and only at-risk individuals who can actually benefit from a
thorough assessment of their genetic risk of cancer should be
directed to genetic counseling. To better select patients who
may benefit from genetic counseling and testing and to avoid
inappropriate demand for such procedures, we have defined
an approach that uses an initial clinical filter to create effec-
tive organization in order to achieve appropriate and targeted
management of patients with BC.

Methods
Study design and setting
This project involved the Medical Genetics Unit of the

Fondazione IRCCS Istituto Nazionale dei Tumori of Milan
(INT) and the Departments of Oncology of 2 Italian hospitals
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in Milan (Azienda Ospedaliera Fatebenefratelli e Oftalmico
and Azienda Ospedaliera Luigi Sacco). The project was sub-
mitted and funded by the General Health Directorate of the
Lombardy region. The local ethical committees approved the
study protocol, and all patients provided informed consent
regarding the use of data for research purposes.

The full duration of the project was 30 months, and in-
cluded 3 major, partially overlapping, phases. The first phase
lasted 9 months and was dedicated to the definition of work-
ing materials and methods (questionnaires and consent forms)
and to the training of involved operators. A dedicated staff
(oncologists and study coordinators) from the 2 oncologic de-
partments was selected and trained by INT geneticists. These
operators had to become skilled at identifying patients at sus-
pected risk for hereditary BC (who therefore needed to be sent
to the Medical Genetics Unit of INT for complete evaluation).

The second phase of the project lasted 20 months, and
included the enrollment and selection of patients in order to
evaluate eligibility for genetic counseling.

The third and final phase was dedicated to data analysis. The
education of dedicated operators continued during the period
of enrollment and data analysis, with periodic meetings among
oncologists, study coordinators, and geneticists. Personal genet-
ic risk was defined for all patients attending genetic counseling,
and an appropriate preventive program was discussed between
the geneticist and the multidisciplinary team, according to each
patient’s needs and level of risk. If risk-reducing measures (i.e.,
mastectomy and/or adnexectomy) were included, the patient
was then referred to a surgeon or gynecologist.

Case selection

All consecutive women with a diagnosis of BC attending
the 2 departments of oncology for the first time were inter-
viewed by a trained operator and provided informed consent
for the study. Trained operators selected patients who were
eligible for subsequent genetic counseling for risk evaluation
on the basis of criteria defined by INT (Tab. |). These criteria
take into account the number of family cases of BC and OC
and age at diagnosis. They are in good accordance with in-
ternational and widely accepted criteria, and overlap almost
completely with BRCA genetic testing criteria (9, 10). During
Medical Genetics Unit activity, the global use of these criteria
led to a detection rate of pathogenic mutation of BRCA1 and
BRCA2 genes exceeding 20% (5).

The interview was based on the collection of demograph-
ic data and a complete family history of cancer to at least the
third degree of kinship. With the help of a trained operator,
each suspected eligible patient completed a questionnaire
about family history of cancer. Cases considered at risk for
familial BC were discussed with a geneticist and then eventu-
ally referred for genetic counseling at INT. We also decided to
refer patients with borderline eligibility criteria to a geneti-
cist. During genetic counseling, the geneticists evaluated all
patients and confirmed their eligibility for genetic testing.

Genetic counseling

Counseling comprises advising women about their risk of
BC and what they can do about it, including the possibility of

© 2015 The Authors. Published by Wichtig Publishing
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TABLE | - Eligibility criteria for suspected hereditary breast/ovarian
cancer

Regardless of family history, patients with:

e Breastcancer<36y

e Breast cancer plus ovarian cancer at any age
e Breast cancer in male patients at any age

e Qvarian cancer <45y

e Bilateral breast cancer <50y

Patients with breast or ovarian cancer at any age with first-degree
relatives with:

e Breastcancer<36y

e Breast cancer plus ovarian cancer at any age
e Breast cancer in male patients at any age

e QOvarian cancer <45y

e Bilateral breast cancer <50y

Families (patient included) with:
o Two first-degree relatives® with:
e Breastcancer<50y
e Breast cancer <50y and bilateral breast cancer at any age
e Breast cancer <50y and ovarian cancer at any age
e Breast cancer <50 y and male breast cancer at any age
e Bilateral breast cancer at any age and ovarian cancer at any
age
e Two first-degree relatives® with ovarian cancer at any age
e Three first-degree relatives® with breast cancer at any age

?First-degree relatives, and/or second-degree relatives if related by a male
individual; maternal and paternal branch of the family should be considered
separately; affected relatives must be first-degree and belong to the same
branch of the family.

genetic testing. Women who undergo testing regarding BRCA1
and BRCA2 genes potentially face 3 issues: identification of a
mutation that increases the risk of BC (pathogenic mutation),
identification of a variant of unknown clinical significance (UV),
or the absence of mutations and UV. Taking into account the
actual limitations of genetic testing, the second and third types
of results do not exclude a residual genetic risk because other
BC- and OC-predisposing genes are mostly unknown.

BRCA1/BRCA2 gene mutation testing consisted of direct
sequencing and multiplex ligation-dependent probe amplifi-
cation to examine all coding exons, corresponding splice sites,
and gross rearrangements of both genes.

Risk management

Once the genetic oncologic risk was defined, a multidisci-
plinary team (geneticist, oncologist, and surgeon) discussed
the best therapeutic approach for each individual patient.
Figure 1 shows a flowchart of the patients’ course.

All proportions of patients (i.e., eligible patients as a frac-
tion of total patients) are expressed as percentages, and a
95% confidence interval (95% Cl) is provided for each.

Results

The initial phase of this project started in March 2010, with
learning sessions to train 4 oncologists and 2 study coordinators

© 2015 The Authors. Published by Wichtig Publishing
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Women with BC diagnosis
First visit at Department of Oncology
(AOFBF — AOLS)
478

Not enrolled
55

Trained Operator interview
based on INT eligibility criteria
419

No suspected HBOC
358

Eligible/Borderline HBOC
Questionnaire on family history
evaluation Geneticist/Trained Operator
61

Not referred
9

Genetic Counselling at Genetic Unit
(INT)
52

Refusal/Test elsewhere
5

Genetic Testing (BRCA1/BRCA2)

47
Final Genetic Counseling
Risk Evaluation
Moderate High Multidisciplinary
Risk Risk discussion
28 19 (INT - AO FBF/AO LS)

Fig. 1 - Flowchart of the patients’ course. AO FBF = AO Fatebene-
fratelli & Oftalmico; AO LS = AO Luigi Sacco; BC = breast cancer;
HBOC = hereditary breast/ovarian cancer; INT = Istituto Nazionale
Tumori.

in the departments of oncology of the 2 general hospitals in
Milan. During such meetings, the geneticist team explained with
theoretical and practical sessions how to administer the ques-
tionnaire in order to evaluate patients’ eligibility for a genetic
test. Two meetings (one meeting for each department of oncol-
ogy) were organized to present the project to other specialists
involved in the management of high-risk patients, including ge-
neticists, oncologists, surgeons, gynecologists, and radiologists.

From July 2010 to February 2012, 478 patients with di-
agnosed BC attended a first oncologic visit in one of the
2 departments of oncology. Of these, 419 (87.7%, 95% Cl
0.84-0.9) were enrolled and participated in the project, and
were interviewed by a trained operator. The other 55 patients
(12.3%, 95% Cl 0.096-0.156) were not enrolled in the study
for the following reasons: refusal to provide informed con-
sent, difficult geographic accessibility, seeking a second opin-
ion only, and metastatic disease at diagnosis. Based on the
selection criteria (Tab. 1), a total of 61 of 419 patients (14.5%,
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95% Cl 0.115-0.183) were considered eligible for genetic
counseling. Of these, 46 patients (10.9%, 95% CI 0.083-0.143)
strictly met eligibility criteria, while the eligibility of 15 (3.6%,
95% Cl 0.022-0.058) for genetic counseling and testing was
considered borderline. Nine patients did not attend genetic
counseling because of disease progression, refusal, or prior
evaluation at other genetic centers.

Therefore, 52 patients were examined by the geneticist
(12.4% of all patients enrolled in the project, 95% Cl 0.096-
0.159). In 47 cases, blood samples were obtained for the
detection of germline mutations of BRCA1 and BRCAZ2 genes
(4/52 patients rejected the procedure, and in one case the
patient had already been tested elsewhere). Of the 47 tested
patients, 7 (14.9%, 95% Cl 0.074-0.277) had a pathogenic mu-
tation in BRCA1 or BRCA2 gene, and 6 (12.8%, 95% Cl 0.059-
0.252) presented a variant of unknown significance in BRCA1
or BRCA2 gene. No BRCA1/BRCA2 mutations were observed
in the remaining 34 (72.3%, 95% Cl 0.582-0.831) cases.

In 12 cases, although a pathogenic mutation of BRCA1
or BRCA2 was not detected, patients were classified as at
high genetic risk of hereditary BC/OC because of a strong
family history of cancer. Therefore, globally 19/47 patients
(40.4%, 95% Cl 0.276-0.547) were considered at high genetic
risk. After a multidisciplinary discussion, targeted manage-
ment (mastectomy versus lumpectomy + radiotherapy, close
surveillance, and risk-reducing surgery for BC and OC) was
discussed with each of these patients. The patients were
therefore re-referred to their oncologists for follow-up and
treatment. Enrolled patients were generally compliant and
appreciated the availability of genetic counseling, although
at a different center.

Discussion

Although BC is common, hereditary BC is not. Medical
oncogenetics units are not widespread in every country, and
oncogenetic counseling is not actually recommended to all
patients with BC (9-12, 14). Therefore, the challenge is to
identify patients who need to be referred and are most likely
to benefit from oncogenetic counseling and testing. In fact,
identification of patients with an increased risk for hereditary
BC allows more tailored screening and further preventive in-
terventions, as well as the involvement of family members in
order to identify who has inherited familial risk. The project
described in this article shows that it is feasible to provide
initial clinical screening for the genetic assessment and anal-
ysis of patients with BC referred to the departments of on-
cology of 2 major hospitals in Milan. Through the proposed
approach, only strictly or borderline eligible patients were
referred for additional genetic counseling. Specifically, only
10.9% of patients enrolled in the study were selected, and
this percentage increased to 14.5% when borderline eligible
patients were included. These data may be considered in ac-
cordwiththose widely reportedinthe literature, since familial
BC accounts for approximately 5%-10% of all BC cases (1, 2).
Furthermore, the performance of this initial clinical screen
by oncologists instead of geneticists resulted in a significant-
ly reduced workload for the Genetics Unit of the National
Cancer Institute of Milan, as well as the subsequent proper
optimization of time and resources. This approach has al-
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lowed departments of oncology without a genetics unit to
be able to guarantee proper genetic counseling to eligible
patients with BC. It should be pointed out that genetic coun-
selling is a long-term process; it is time-consuming, and pa-
tients with hereditary BC represent only a small fraction of
all patients with BC. Therefore, oncogenetics units are not
necessary in all oncology departments. A well-organized net-
work of oncogenetics units/oncologic departments could be
sufficient to cover the entire health care demand.

Various risk models are available to estimate the likeli-
hood of genetic mutations. These include the Ontario Family
History Assessment Tool, the Family History Screen-7, the
Referral Screening Tool, the Pedigree Assessment Tools, and
the Manchester scoring system. More complex risk models,
such as Tyrer-Cuzik, BRCAPRO, BOADICEA, and COS, have
also been developed (5, 16-18, 21). Although these mod-
els generally feature sensitivity exceeding 85%, results from
clinical trials are controversial and their use in clinical prac-
tice varies widely (14). Therefore, as previously stated, they
cannot function as a substitute for genetic counseling (5, 19).
Appropriate risk assessment remains of fundamental impor-
tance to properly refer high-risk patients for additional ge-
netic counseling, DNA testing, and risk-reducing strategies.
Moreover, according to guidelines, oncogenetic counseling
performed by trained genetics professionals is the ethical
standard of care and testing without appropriate counseling
must be avoided (9, 10).

In this scenario, the correct selection of patients who may
benefit from genetic counseling and further management is
fundamental, considering the low frequency of BRCA1 and
BRCA2 gene mutations. In our project, within the first onco-
logic screening visit, a preliminary investigation of personal
and family history was used as a filter to properly address the
patients to a geneticist, and only 12.4% of patients with BC un-
derwent genetic testing. Although the detection rate recorded
in our study was only 14.9%, the number of cases analyzed was
too small, and we emphasize that in the entire sample of fami-
lies screened at INT, the criteria allowed a detection rate of at
least 20%. However, nongenetic clinicians require correct and
intensive training. In our project, oncologists were adequately
trained to assess genetic risk following defined criteria, and
collaboration between the departments of oncology and the
INT Medical Genetic Unit was encouraged in order to build an
effective path for high-risk patients. A recent survey of 1197
general practitioners and 1223 breast surgeons from the Unit-
ed Kingdom, the Netherlands, France, and Germany was con-
ducted to assess behaviors of nongenetic health professionals
towards at-risk patients and to verify their efficacy as gatekeep-
ers regarding further genetic counseling (22). Interestingly, the
study revealed great variability in clinicians’ decisions, prob-
ably due to the lack of shared guidelines. Of note, the majority
of general practitioners and breast surgeons stated that they
would provide genetic risk assessment, without referring high-
risk patients for proper genetic counseling. Moreover, a failure
to correctly assess family history of the paternal line was evi-
dent in many cases. The outcome of the study highlights the
need for adequate education regarding the use of risk assess-
ment tools for clinicians who lack specific expertise in genetic
assessment. Another survey conducted among Japanese gyne-
cologic oncologists showed that although the majority of them

© 2015 The Authors. Published by Wichtig Publishing
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paid attention to hereditary BC, fewer than 1 in 5 doctors were
able to provide counseling, 1 in 10 doctors provided printed in-
formation to high-risk patients, and 1 in 7 doctors recommend-
ed a visit to the department of genetics (23). Interestingly, the
recommendation of genetic counseling and performance of
genetic testing were dependent on whether an oncogenetics
department was present in the institution. These data reflect
the relative rarity of oncogenetics departments and the effect
on decision-making by clinicians, who could fail to refer high-
risk patients for genetic counseling. Our study demonstrated
that this situation can be overcome through the creation of a
network of geneticists and BC specialists.

In Emilia Romagna (another region of Italy), a project with
a different design has been conducted (an approved regional
protocol). All women who undergo screening mammography
or ask for information from general practitioners/special-
ists complete a grid that defines their risk level according to
National Institute for Health and Care Excellence guidelines.
Women with a risk level >2 are referred to a breast unit for
a brief initial genetic counseling session; from there, only
women with a risk level of 3 are referred to a genetic unit for
additional genetic counseling, and for genetic testing if con-
firmed to be eligible. Only a small proportion (567/182,915,
0.31%) of the screened population was referred to genetic
counseling; of those referred, approximately 40%-60% were
considered eligible for genetic testing (20). Considering costs
and the limitations of genetic testing (i.e., most predispos-
ing genes are unknown), genetic testing of an at-risk family
must begin, whenever possible, from an affected index case.
In fact, affected women are more likely to carry a mutation
than healthy family members. Consequently, if the evaluated
woman is healthy, affected family members have to be recruit-
ed to start family genetic testing. Conversely, our project was
conducted directly on patients with BC, and relatives were
subsequently involved.

A major issue for patients is anxiety related to the sus-
ceptibility to hereditary BC. Thus, even if they have not had
any genetic testing or tested negative for BRCA1/BRCA2 mu-
tations, many patients may request more aggressive surgery
or chemotherapy in the face of uncertain clinical indications
in order to reduce their anxiety about recurrence (24, 25). In
this context, the proper selection of patients with BC for ad-
ditional genetic evaluation is even more important.

Schwartz et al (26) conducted a randomized trial of in-
person versus telephone-based genetic counseling and report-
ed that counseling can be effectively and efficiently delivered
by phone in order to increase access and decrease costs. How-
ever, they subsequently reported that the overall increased ac-
cess should be considered in light of the possibility that this may
also lead to lower rates of testing among a subgroup of high-risk
women (27). In fact, considering different cultural and ethnic
background, not all women are suitable for telephone-based
counseling. The information derived from risk communication
requires a careful approach.

Notably, a model like the one we propose includes the pos-
sibility that, if necessary, genetic counseling and testing could
be completed in a short period of time after BC diagnosis and
could offer some patients the choice to modify subsequent
surgical decisions. As Cortesi et al (28) have shown, genetic
counseling and testing at the time of BC diagnosis, instead of

© 2015 The Authors. Published by Wichtig Publishing
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after surgery, modifies the patient’s attitude toward risk-re-
ducing mastectomy in BRCA mutation carriers, increasing the
rate of bilateral prophylactic mastectomy instead of conser-
vative surgery and radiotherapy. In any case, numerous ques-
tions remain unanswered regarding the optimal management
of BC risk in BRCA1/BRCA2 mutation carriers, and careful
evaluation of the positive and negative effects of the available
options is needed (14, 29).

In conclusion, a good network between the departments
of oncology of general hospitals and medical genetic units
was effective in properly referring patients with high-risk BC
for additional genetic counseling. The correct selection of po-
tential mutated patients is recommended, especially if genet-
ics units that offer genetic testing are few and widespread
throughout a nation. A proper path for genetic evaluation in
patients with BC may reduce unnecessary genetic counseling.
We encourage collaboration among different specialties and
institutions to improve clinical practice. Additional studies are
required to better explore the effectiveness of an initial onco-
logic screening for genetic counseling in BC and its large-scale
feasibility, in order to validate these preliminary findings.
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