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Abstract. The clinical outcome of BRCA mutation carriers
and non-carriers still remains a topic of discussion. In order to
interpret controversial data, in the present study, we analyzed
a large consecutive monoinstitutional series of breast cancer
patients and relatives with familial features carrying or not
carrying BRCA mutations. The intense research in recent
years regarding the clinical genetics of patients with breast or
ovarian cancer and their relatives has allowed the organiza-
tion of a unique database comprising anamnestic, clinical,
pathological and molecular data. Families with two or more
cases of breast cancer under the age of 50 years, or with three
cases at any age, were identified. From June, 2003 to June,
2010, a total of 202 patients (136 probands + 66 relatives)
from 45 families were included in the analysis. A total of 136
(49 carrier and 87 non-carrier) cases had a cancer diagnosis
at the time of their genetic testing. Twenty and 24 events
were observed in the carrier and control group, respectively.
The 10-year disease-free suvival rate was 57% for patients in
the control group compared with 50% for patients carrying
a BRCA mutation (P=0.15 by log-rank test). Finally, 66
(32 genetic and 34 control) cases were unaffected at the
time of molecular analysis, and 6 new cases of cancer were
observed in the carriers, while no new cases were detected
in the control cohort. Thus, at age 50, 40% of carriers had
a high risk of disease (P=0.0069 by log-rank test). Our data
support the hypothesis that the presence of BRCA mutations
does not alter the clinical outcome for hereditary breast cancer
patients. Conversely, BRCA mutations are proven to be crucial
for prediction of risk in healthy relatives from carrier families.

Introduction

Mutations in autosomal dominant genes are responsible
for ~5-10% of all breast cancers and ~7-10% of all ovarian
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cancers (1). Specifically, inherited mutations in the BRCA1
and BRCA?2 genes predispose women to both breast and
ovarian cancers, often at young ages. Women who carry these
BRCA1 or BRCA2 mutations have an estimated lifetime
risk of 60-85% and of 26-54% for breast and ovarian cancer,
respectively (2-5). An increased cancer risk is also recognized
in men with BRCA2 mutations, conferring a 6% lifetime risk
of breast cancer and a 3- to 7-fold increased risk of developing
prostate cancer (6,7).

Moreover, having one or more close relatives with breast
cancer is an important and well-established risk factor for that
disease, with the magnitude of risk varying depending on the
number of affected relatives and the ages at which the relatives
were diagnosed (8).

Several authors have looked at BRCA alterations not only
as a biomarker of risk for breast cancer but also as a marker
of clinical pathological aggressiveness (9); however, previous
studies have provided results which are frequently controver-
sial, with some studies demonstrating that BRCA1 mutation
carriers develop tumors with a higher proliferative capability
and low estrogen receptor levels (10,11) while others have
reported the lack of a difference in histological tumor features
among BRCA2-positive familial and sporadic cases (12).

A large population study (13) found that the 10-year
survival rate did not differ for BRCA1/2 mutation carriers and
non-carriers, leading to the general opinion that woment with a
BRCAL1 or BRCA?2 gene mutation diagnosed with breast cancer
have similar survival with respect to that of non-carriers.

Moreover, breast cancer-specific mortality rates have been
found to be similar for BRCA mutation carriers and non-
carriers in a Jewish population (13). Analogously, in Sardinia,
whose population is genetically homogeneous, investigators
did not find any significant difference in outcome between
patients carrying BRCA2 mutations and those negative for
BRCA?2 mutations (most prevalent BRCA sequence varia-
tions), as well as no difference in survival among familial and
sporadic BRCA?2 mutatation cases (14).

Following a diagnosis of breast cancer in one breast, a
woman with a BRCA1 or BRCA2 mutation experiences a high
risk for contralateral breast cancer (CBC). The 10-year risk of
CBC has been estimated to be between 20 and 30%. Factors
that predict the risk of CBC include early age at diagnosis
of the first breast cancer and a family history of early-onset
breast cancers in first-degree relatives (15-18).
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Notably, these data were frequently obtained from a non-
consecutive series of patients, pooling molecular information
from a multitude of laboratories, with patients receiving
primary surgery and histopathological diagnosis from different
professionals, undergoing treatment with extremely different
systemic approaches and being followed up using various
modalities. This was carried out in spite of the fact that each
of these factors has been repeatedly and clearly demonstrated
to be able to deeply influence the outcome of breast cancer
women (19-21).

The Outpatient Clinic for Hereditary Breast/Ovarian
Cancer has been active at the National Cancer Research Centre
(NCRC), Bari, Italy since 2003 (22). It includes a dedicated
genetics laboratory with extensive experience in BRCA anal-
ysis (24) and is actively involved in national and international
QC programs (23). Moreover, the Outpatients Clinic is staffed
with skilled professionals, and extensive experience in breast/
ovarian patients follow-up was established and was specifically
dedicated to the present study. This set-up allowed all patients
treated for primary surgery in the Women's Department of
NCRC, Bari to be enrolled in the present study.

The aim of the study was to verify the mutation spectra and
clinical outcome of patients and relatives with familial features
carrying or not carrying BRCA mutations in a consecutive
monoinstitutional and sufficiently large series of patients from
Southern Italy. Data from a median follow-up of 78 months
was available.

Materials and methods

Subjects. Between June, 2003 and June, 2010, a series of
~5,000 women with breast cancer were consecutively treated
for a first diagnosis of breast cancer at the Breast Unit of the
Women's Department of NCRC, Bari, Italy. Among these, all
patients with familial characteristics (at least one first-degree
relative) were referred to the Genetic Counseling Outpatient
Clinic of the Institute for further data collection. After a
family tree reconstruction and calculation of the BRCA muta-
tion probability according to BRCAPRO, 136 women with
breast cancer and a BRCAPRO risk >10% were considered to
be candidates and underwent a BRCA mutation test. Among
these, 79 patients in the period 2003-2010 and 57 patients
before 2003 were identified and underwent surgical resec-
tion for primary breast cancer. All women who underwent
genetic testing for BRCAI and BRCA2 mutations and provided
informed consent for participation in this study were consid-
ered for inclusion.

The median follow-up time for 132 available affected
patients was 6.5 years (range, 1-42) with a total of 1,195 person-
years of follow-up.

Furthermore, during the same period, 66 relatives from
45 families underwent BRCA mutation testing if belonging to
BRCA mutation carrier families. Recruitment of living parents
and adult siblings of the probands was carried out wherever
possible. Documented verification of reported cancers (through
pathology reports, cancer registries and medical records) was
also carried out.

For each patient and relative involved in this study the
following information was available: i) exact mutation present
in the family, ii) date of genetic testing, iii) age at development
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of the cancer, iv) cancer type, v) surgical, radiation therapy and
systemic adjuvant treatment, vi) pathological information such
as tumor size, lymph node status, histological type, estrogen
(ER) and progesterone receptors (PgR), histological grade,
proliferation index and HER2 receptor expression, vii) follow-
up information on the following endpoints: ipsilateral breast
tumor recurrence (IBTR), CBC, distant metastasis (M),
disease-free survival and new cases of cancer.

BRCAI and BRCA2 mutation testing. The genomic DNA
samples were screened for mutations in the BRCAI and
BRCA?2 genes by a sequential combination of denaturing high
performance liquid chromatography (DHPLC) analysis and
direct sequencing (AB 3130x1). All relatives were screened
only for the mutation detected in the index case of the family.

Statistical analysis. Disease-free survival (DFS) was defined
as the time from cancer diagnosis to documented evidence
of disease recurrence in locoregional and/or distant sites, the
manifestation of a CBC, a second primary cancer in a non-
breast site. The DFS probability [95% confidence interval
(CI)] was computed using the Kaplan-Meier product-limit
method. The null hypothesis concerning the differential effect
of carrier status in the univariate analysis was tested by log-
rank test (24).

Estimated hazard ratios (the ratio of the carrier group to
the control group) were calculated from proportional hazard
regression models stratified according to lymph node status,
tumor size and surgery. The multivariate model was used to
investigate potential confounding factors (25). For unaffected
subjects at the time of genetic testing, the age-specific cumula-
tive cancer incidence was estimated by Kaplan-Meier survival
functions in which failure time was age at cancer diagnosis.
All statistical analyses were carried out using SPSS statistical
software (26).

Results

Among the 136 probands analyzed for the molecular status
of the BRCA1/BRCA2 genes, 49 cases had a mutation in the
BRCA1 (n=33) or BRCA2 (n=17) gene, with 1 case carrying
a mutation in both genes; conversely, 87 women did not show
any mutations in either BRCA1 or the two genes. The spectrum
of mutations in both genes is documented in Fig. 1.

Most mutations censored in BRCA1 were ¢.5266dupC and
¢.181T>G, while in BRCA?2 they were ¢.6462_6463delTC,
¢.5796_5797delTA and c.1772_1776delTTTA.

In Table I, all first disease-related events at a median
follow-up of 6.5 years are reported. A total of 44/136 (33.3%)
women presenting with a disease-related event were noted:
4 (2.9%) patients had a relapse in the ipsilateral breast and
5 (3.7%) in locoregional areas; 18 (13.2%) women presented
with a new cancer site in the contralateral breast; 12 (8.8%)
presented metastases in distant sites; finally, 4 (2.9%) women
had a second primary cancer in the ovaries and 1 (0.7%) case
had a multiple myeloma.

When the disease-related events were analyzed with
respect to the BRCA1/2 status, the probability of recurrence
was slightly higher (P>0.05 by Chi-square test) in mutation
carriers (20/49; 40.8%) than in non-carriers (24/87; 27.5%).
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Figure 1. Spectrum of BRCA1/2 mutations censored in 49 patients with breast cancer. (A) Patients carrying the BRCA1 gene mutation (n=32). (B) Patients
carrying the BRCA?2 gene mutation (n=17). One woman presented with a mutation in both genes (BRCA1, ¢.5266dupC; BRCA?2, ¢.5796_5797delTA).

Table I. First event profile in probands at follow-up of 6.5 years.

Molecular status C=49

Site of disease BRCALI (32) BRCA2 (16) BRCA1/2 (1) NC=87 Overall
Ipsilateral 1 (3%) 0 1 2 4
Contralateral 6 (19%) 1 - 11 18
Locoregional 2 1 - 2 5
Distant metastasis 28 20 - 8¢ 12
Ovarian 3 0 - 1 4
Other 14 0 - 0 1
15/32 (46.8%) 4/16 (25%) 1 - -
Total patients with relapse 20 24 44

1 bone, 1 lung; *1 lung, 1 bone + liver; °3 bone, 2 lung, 1 lung + liver, 1 bone + liver, 1 suvraclavear; ‘multiple myeloma. C, carrier; NC, non-carrier.

Table II. Overall ipsilateral and contralateral breast cancer relapses.

Molecular status C=49

Site of disease BRCAI (32) BRCA2 (16) BRCA1/2 (1) NC=87 ¥
Ipsilateral 3 - 1 6 P=0.785
Contralateral 8 (25%) 1 (6%) - 13 P=0.848

C, carrier; NC, non-carrier.

Notably, the probability reached 47% (15/32) when considering
only the BRCA1 mutation.

Regarding analysis of all CBCs observed during the
follow-up period, a total of 9 out of 49 carriers and 13 out of 87
non-carrier events were observed (P=0.848, Chi-square test)
(Table II). Notably, CBC principally occurred as a first event
(80% of all contralateral relapses).

In particular, 8 patients with BRCA1 mutations (5 cases with
¢.5266dupC, 1 case with c.1687C>T, 1 case with c.515delC and
1 case with ¢.5177T>A), and 1 patient with a BRCA2 muta-
tion (c.6486_6489del ACAA) presented with CBCs. Ovarian

cancers were observed in 3 cases with the BRCA1 mutation
(2 cases with ¢.5266dupC and 1 case with c.1687C>T).

Regarding DFS curves, the 10-year DFS was 57% for the
subgroup of women not carrying a mutation with respect to
50% in mutation carriers (Fig. 2) (P=0.1529 by log-rank test).
In order to investigate whether other clinicopathological
confounding variables could mask the clinical impact of a
genetic alteration on clinical outcome, a multivariate analysis
was performed with DFS as a dependent variable and genetic
status, tumor size, nodal status and type of primary surgery
included in the model.
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Table III. Cox's proportional hazard regression models for
disease-free survival.
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Table IV. New cancer diagnoses in relatives unaffected at the
time of genetic testing (n=66).

HR P-value (95% CI)
Variable n (%)
All cases 112 (82)
BRCA vs. BRCA* 1.49 0.240 0.76-291
T1 vs. T2-T4 0.27 0.049 0.07-0.99
N vs. N* 2.61 0.126 0.76-8.96
M vs. BCS 0.55 0.112 0.27-1.14

HR, hazard ratio; CI, confidence interval; N, lymph node status; M,
mastectomy; BCS, breast-conserving surgery.
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Figure 2. Disease free survival (DFS) of patients with respect to first event
in BRCA carrier (n=49) and non-carrier (n=87) groups with breast cancer.

The Cox analysis demonstrated that the time of relapse
was significantly associated (HR 0.27; P<0.49; CI, 0.07-0.99)
solely with tumor size (Table III).

When overall survival was analyzed, we observed
15 deaths; 7 in the mutation carrier group and 8 in the group
without mutations, with a 10-year overall survival of 81 vs.
92% (P=0.6091 by log-rank test).

Finally, we examined outcome in the group of 66 healthy
relatives carrying (n=32) or not carrying (n=34) a BRCA
gene mutation. In these subgroups, 6 new cancers (5 cases of
breast cancer and 1 case of ovarian cancer) were observed in
women carrying a mutation vs. no new cases in the healthy
relatives not carrying a gene mutation (P=0.02, Chi-square
test) (Table IV). Notably, the median age of the two subgroups
was not significantly different at the time of the last follow-
up (median age, 40.5 vs. 41, for carriers and control groups,
respectively) with a 40% risk of breast/ovarian cancer at the
age of 50 years in women carrying a BRCA mutation (Fig. 3)
(P=0.0069 by log-rank test).

Discussion
Our study allowed us to obtain information on two main

aspects concerning the clinical-biological role of the BRCA
mutation: i) to compare the clinical outcome of breast cancer

Molecular status

Site of disease BRCAL1 (13) BRCA2 (19) C=32 NC=34

Breast cancer 3 2 5 0
Ovarian cancer 1 - 1 0
Total 6 0

C, carrier; NC, non-carrier.
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Figure 3. New cases of cancer in unaffected relatives at the time of genetic
testing carrying (n=32) or not carrying (n=34) BRCA mutations.

women carrying or not carrying a BRCA mutation; ii) the risk
for breast/ovarian cancer in healthy relatives carrying or not
carrying a BRCA mutation.

The unique characteristics of our study must be stressed.
We enrolled a monoinstitutional consecutive series of patients,
molecularly characterized at one laboratory who received
primary surgery/radiotherapy/systemic treatment/follow-up at
the same institute and according to standardized guidelines.

We demonstrated that for patients belonging to a hereditary
breast cancer group, the presence or not of a BRCA mutation
does not alter the clinical outcome of women with breast
cancer. In fact, the probability of a relapse is higher but not
statistically significant in carriers of a mutation with respect to
those with no mutation.

The lack of statistical power for this comparison could
be supported by the absence of a difference between the
two groups, but also the possibility that the study concerned
consisted of a limited number of women. A larger series of
women should be studied using the same methodology as
applied in the present study.

The evidence of the absence of a relationship with clinical
outcome is supported by several previous studies, including
that of Rennert et al (13) who analyzed the largest series ever
considered (n=1794). However, our analysis referred to familial
high-risk women eventually presupposing the presence of a
genetic alteration other than BRCA1/2 mutations.
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The lack of difference also concerns the contralateral
appearance of the disease. This is in contrast with the results of
Robson et al (27), Kirova et al (28) and Brekelmans et al (29)
who demonstrated a higher risk for contralateral disease in
BRCA carriers with respect to non-carriers.

It has been shown that age remains a significant predictor
of ipsilateral breast cancer recurrence and, in particular, that
young age, more than the BRCA status, is a strong predic-
tive factor for local relapse among hereditary breast cancer
patients (28,30).

Thus, to ascertain how young age is important in CBC,
following adjustment for age, we detected all (9/9) contralat-
eral recurrences out of 49 in mutation carriers compared with
70% (10/13) of cases out of 89 in non-carriers in a population
with a diagnosis of first breast cancer at an age ranging from
20 to 49 years (P=0.394, Chi-square test). Due to the small
number of patients, this difference was not significant.

However, a more extended follow-up is needed to ensure
that the rate of CBC in young age BRCA* patients does not
increase in the long-term.

Finally, we investigated the risk of breast cancer in healthy
relatives carrying or not carrying a BRCA gene mutation.
Notably, in this further analysis, we demonstrated that the risk
for breast and ovarian cancers in relatives was significantly
different in carriers with respect to non-carriers, with a 43%
risk at an age of 50 years in women carrying a BRCA mutation.

In conclusion, our data indicate that in women with a
deleterious mutation in BRCA1 or BRCAZ2, clinical outcome
is no worse than in BRCA-negative patients, while it results in
a significant difference from the outcome of sporadic breast
cancer patients. Therefore, we are currently recruiting a large
series of sporadic breast cancer patients in order to compare
the results with the present findings. Identification of the
BRCA status in relatives of breast cancer patients carrying the
mutation is crucial for the prediction of risk.
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