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Hereditary breast cancer: screening and risk reducing surgery
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Background: The screening modalities for women at high risk for breast cancer has received an increasing 
role during the last years. The aim of this study was to evaluate the performance of our screening program 
comparing the diagnostic sensitivity of clinical breast examination, mammography, ultrasonography (US) and 
magnetic resonance imaging (MRI).
Methods: Clinical Breast examination, mammography, US and MRI for each patient with BRCA1 and 
BRCA2 mutation who underwent breast surgery in our Institution from October 2008 to April 2016 were 
retrospectively evaluated. The diagnostic accuracy for MRI and for the other surveillance tests in identifying 
early breast cancer were assessed.
Results: Twenty-six female patients with genetic mutation underwent breast surgery. Twenty-two out of 26 
(85%) developed cancer during the dedicated screening protocol whereas 4 women who underwent surgery 
did not have cancer. Imaging was able to detect cancer in all 22 patients (per patient sensibility of 100%), 
identifying all 35 neoplastic lesions (per lesion sensibility of 100%). The combination of Clinical Breast 
Examination, US and mammography aided the cancer diagnosis in 14 (64%) of patients with a sensitivity 
of 64% and specificity of 100%. MRI identified all the cancers, with sensibility and specificity of 100%. 
Moreover, in 8 (36%) of the 22 patients who developed breast cancers, the cancers were detected only by 
MRI, revealing a significant superiority respect to the other surveillance modalities (P<0.05).
Conclusions: MRI demonstrated to be the best imaging modality in detection of breast cancer even for 
lesion <1 cm. Prophylactic mastectomy is the most effective risk reduction strategy in women at high risk, 
contributing to the reduction of anxiety related to the condition of a carrier.
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Introduction

Breast cancer is the most common cancer in in all women at 
any age (29% of all female tumours) and is the first leading 
cause of cancer related death in women (1). It has a variable 
prevalence according to the geographical areas showing an 
increasing incidence rates in industrialized countries (1).  
However, the incidence rate has showed only a modest 
increase during the last years, thanks to the development of 
screening programs started from the 2010 predominantly in 
patients between 45–49 years of age (1). The mortality has 
had a decrease of 1.96%/year while the survival is attested 
at 89.7% at 5 years (2). There are various recognized risk 
factors for the development of breast cancer including: 
early menarche, late menopause, nulliparity, breastfeeding 
failure, age, physical activity, radiation, alcohol, obesity, 
estrogen replacement therapy (the incidence of breast 
cancer is greater than 30% if in estrogen-only therapy and 
is double if in estrogen-progestin therapy) (3,4). However, 
the most important risk is the hereditary factor: the 
individual risk, in fact, increases directly proportional to 
the number of affected relatives and with the decrease of 
the age onset of the first carcinoma (5). Almost half of these 
cases (5% of all breast cancers) are caused by hereditary 
forms with autosomal dominant transmission (~2,500 cases/
year); women with these hereditary forms, have a risk of 
developing breast cancer during their lifetime of about  
60–70% and develop tube-ovarian carcinoma of 20–40%, 
thus being genetically predisposed for what is defined 
hereditary breast and ovarian cancer (HBOC) (6).

The genes that confer the highest risk of developing 
hereditary breast cancer (“high penetrance” genes) are 
the breast cancer 1 (BRCA1), located on the long arm of 
chromosome 17 and the breast cancer 2 (BRCA2), located 
on the long arm of the chromosome 13 (7). Some studies 
report a risk of developing 60–80% lifetime breast cancer in 
the presence of these mutations, which is much higher than 
the 12.5% risk of the general population (2,8).

Breast cancer in women with BRCA mutations has 
particular characteristics: it occurs in early age, is often 
bilateral, multifocal and multicentric, and the risk of 
developing contralateral cancer is greater than 30%  
10 years after the first event (9).

The relevance assumed by the hereditary risk of breast 
cancer has led to international public health programs aimed 
to identify and manage patients with high risk factors. These 
patients have the possibility to choose different strategies to 
reduce their risk of developing breast cancer, such as intensive 

clinical and imaging surveillance, lifestyle modifications, 
chemoprevention and prophylactic surgery (10).

Imaging surveillance is not a true risk reduction strategy 
but aims to identify the neoplasm in the earliest stage. 
In this setting, magnetic resonance imaging (MRI) is the 
imaging modalities with the best sensibility for high-risk 
patients, as demonstrated by several studies (11-15). In fact, 
an annual breast MRI has a sensitivity of 81%, compared 
to 40% of mammography and 42% of ultrasound; in 
addition, the high sensitivity combined with the absence of 
radiation means that this imaging technique represents the 
best screening examination recommended by the European 
guidelines (16-18). Furthermore, the combination of the 
mammography and MRI has demonstrated a sensitivity 
close to 100% (19).

Surgical prophylaxis remains the most effective 
therapeutic strategy to reduce the risk of developing breast 
cancer. It has a significant psychological impact on young 
women reducing not only the risk of cancer but also the 
anxiety (20,21).

The aim of this study was to evaluate the performance of 
our screening program of women at genetic-familial high 
risk of developing breast cancer, comparing the diagnostic 
sensitivity of clinical breast examination, mammography, 
ultrasonography (US) and MRI. Moreover, this study aimed 
to assess the quality of life of women after prophylactic 
surgery.

Methods

This retrospective study obtained the ethical approval by 
the institutional review board and the requirement written 
informed consent was obtained from all patients. 

Patient population

Twenty-six female patients with genetic mutation 
underwent breast surgery from October 2008 to April 2016 
at the Breast Unit of our Institution. All patients had a 
family history of breast and/or ovarian cancer in first degree 
relatives. The clinical information’s were obtained from 
an informatic system in which all data including genetic 
testing, imaging information’s and pathologic features were 
collected.

Genetic testing

Genetic counselling and genetic testing for identification 
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of BRCA1 and BRCA2 mutations were performed including 
different molecular procedures in all patients. Only carriers 
with clearly pathogenic BRCA1 and BRCA2 mutations were 
included.

Clinical and imaging analysis

All patients with BRCA1 and BRCA2 mutation underwent 
dedicated screening protocol for high-risk women with no 
more than a 1-year interval between examinations (22). For 
each patient was performed a clinical breast examination, 
mammography, ultrasound (US) and contrast-enhanced 
MRI. All imaging examinations were retrospectively 
evaluated by three physicians with at least 10 years of 
experience in breast imaging. Clinical evaluation was 
performed in association with US examinations for all 
patients. Both breasts were systematically examined 
by using different US scans and clinical findings were 
correlated with imaging findings during reporting. Full field 
digital mammographic examination was performed with 
homogeneous breast compression and automatic exposure 
control in the bilateral standard, mediolateral oblique, and 
craniocaudal positions.

All MRI examinations were performed on a 1.5-T 
superconducting system (Signa, GE Medical Systems, 
Milwaukee, WI, USA) using a dedicated breast coil. A 
gadolinium-based contrast agent (Gadoteridol, ProHance, 
Bracco, Milan, Italy) was administered to all patient at 
2 cc/sec followed by a 20-cc saline flush. Precontrast 
sequences included a 3-plane localizer, axial T2-weighted 
with fat saturation and diffusion weighted imaging  
(B =0; B =1,000) of each breast. Sagittal three-dimensional 
gradient echo T1-weighted dynamic imaging with and 
without chemical fat saturation, and eight times following 
contrast injection with approximately 70 seconds temporal 
resolution. Delayed high-resolution axial and sagittal T1-

weighted fast spoiled gradient echo sequences with fat 
saturation were also obtained with the same sequence 
specifications.

Surgical analysis

All patients at high risk to develop a breast cancer 
underwent surgery. All surgical procedures were performed 
by two surgeons with almost 15-year experienced. Different 
surgical techniques were performed, and different axillary 
nodes dissections were carried out according to the 
tumor stage and nodal involvement. Different breast 
reconstruction techniques were also performed after 
therapeutic mastectomy. The risk-reducing prophylactic 
mastectomies were performed after a surgical counselling, 
to patients with BRCA genes mutation who explicitly 
decided to undergo surgery to reduce their anxiety 
disorders.

Statistical analysis

Sensitivity, specificity, positive and negative predictive values 
and diagnostic accuracy were calculated for MRI alone or 
for the other surveillance tests alone or in combination.

The Chi-squared test was used to compare the sensitivities 
between the two sets of MRI alone and in combination with 
the other surveillance tests. A two-tailed P value of less than 
0.05 was considered to indicate a statistically significant 
difference. All statistical analyses were performed using 
commercially available software (SPSS, version 11, SPSS, 
Chicago, IL, USA).

Results

Among the 26 patients with BRCA1 and BRCA2 mutations, 
only 4% developed the first neoplasm over the age of 50, 
while 96% developed breast cancer below the age of 50 
(57% between 30–45 years of age) with an average age of 
40.6 years (range, 24–56 years). 

Type of mutations

Fourteen out of the 26 patients examined (54%) carried a 
mutation on the BRCA1 gene, 9 (35%) a mutation on the 
BRCA2 gene, 2 (8%) had mutations on both BRCA genes, 
and 4% (n=1) a mutation on the Tp53 gene (Li Fraumeni 
syndrome). Fourteen out of 26 women examined (54%) 
performed the genetic test after one or more surgical 

Figure 1 Graphical representation of breast cancer genes mutation 
in a sample of 26 patients. 
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procedures, 5 (19%) performed the genetic test after the 
first tumor diagnosis and 7 (27%) performed the genetic 
test during the screening process performed due to the 
strong familiar risks (Figure 1).

Personal history of carcinoma

The 85% (n=22) of the patients had a personal history 
of breast cancer, for a total of 35 lesions, while 4 patients 
did not develop carcinoma; within the latter group, 1 
patient presented a suspicious nodule that, after surgery, 
turned out to be a fibroadenoma while 3 patients (12%) 
during the screening program decided to undergo bilateral 
prophylactic surgical intervention without cancer. The 
22 women who developed breast cancer during the close 
clinical and imaging surveillance, underwent analysis of 
the axillary nodes to verify the presence of metastases. Ten 
out of 12 patients who underwent to sentinel lymph node 
biopsy, resulted negative for macro-metastasis (>2 mm) and 
2 were positive for macro-metastasis (>2 mm). These two 
latter women underwent axillary nodes dissection up to the 
III level nodes. The remaining 10 patients underwent to 
axillary node dissection.

Tumor characteristics

The most frequent neoplasm was the invasive ductal 
carcinoma, encountered in 29 out of 35 cases (83%). The 
histological grading of 25 lesions (71%) of the neoplasms 
was of the G3 type, with poor differentiation. In the most 
of cases (19/35; 54%) the pathological profile was a triple 
negative profile and in 30 out of 35 women (86%) the  
Ki-67 proliferation index, was significantly high (>20%) and 
for this reason, patients carried out an adjuvant treatment 
(chemotherapy and radiotherapy).

Breast imaging

Of 26 women who underwent surgery, 22 patients 
developed cancers during the dedicated screening protocol 
whereas 4 women who underwent surgery did not have 
cancer. Imaging was able to detect the cancer in all 
patients (per patient sensibility of 100%), identifying all 35 
neoplastic lesions (per lesion sensibility of 100%). The 57% 
of the lesion (20 out of 35) were between 1 and 2 cm while 
25.7% (9 out 35) were above 2 cm and 17.1% (6 out of 35) 
below 1 cm (range, 0.7–0.9 cm). Only 12 of the 35 cancers 
were palpable. Eleven (50%) of 22 patients had multifocal, 

multicentric or bilateral breast cancers. The combination 
of clinical breast examination, US and mammography 
aided the cancer diagnosis in 14 (64%) of patients with a 
sensitivity of 64%, specificity of 100%, PPV of 100%, NPV 
of 33% and diagnostic accuracy in 69%. MRI identified 
all the cancers, with sensibility, specificity, PPV, NPV and 
diagnostic accuracy of 100%. Moreover, in 8 (36%) of the 
22 patients who developed breast cancers, the cancers were 
detected only by MRI, therefore with statistically significant 
superiority as respect to the other surveillance modalities 
(P<0.05) (Figure 2).

Surgical assessment

Eleven out of 26 patients initially performed conservative 
surgery. Within 5 years, 8 out of 11 (73%) developed 
recurrence that required a subsequent mastectomy 
with contralateral prophylactic mastectomy. Five out of  
26 patients (19%) underwent unilateral mastectomy as 
appropriate treatment without subsequent recurrence; all 
of them opted for a contralateral prophylactic mastectomy. 
A therapeutic mastectomy and prophylactic mastectomy in 
the same surgical time was performed in 5 patients without 
subsequent diagnosis of recurrence.

Four patients performed bilateral risk-reducing 
mastectomy without having a breast cancer. Only one 
patient performed bilateral therapeutic mastectomy for 
bilateral breast cancers.

Risk-reducing surgery

Twenty-three patients out of 26 with BRCA1 and BRCA2 
deleterious mutations performed at least one risk-reducing 
surgery. A total of 46 mastectomies were performed while 
26 out 46 were risk-reducing mastectomies: 3 patients with 
bilateral in healthy women without breast cancer; 1 patient 
with bilateral, in patient with a previous personal history of 
bilateral carcinoma; 18 patients with unilateral, in patients 
who had already performed or performed simultaneous a 
therapeutic mastectomy.

The surgical techniques used for the 26 prophylactic 
mastectomies were: 9 out of 26 (35%) simple mastectomies; 
16 (62%) nipple sparing mastectomies; 1 (4%) skin sparing 
mastectomy.

Discussion

All patients examined had one (16%) or more (84%) first-
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degree relatives suffering from breast and/or ovarian cancer; 
only 27% (n=7) were already aware of their BRCA1 or 
BRCA2 deleterious mutations, while 73% (n=19) performed 
the genetic test only after the diagnosis of breast cancer 
or surgical intervention. This is a very important feature 
because it highlights the number of women affected by 
BRCA1 or BRCA2 mutations (high penetrance genes for 
breast cancer) which is still underestimated. It is interesting 
that among the 26 patients examined, only 6 (23%) 
underwent surgery from October 2009 to December 2013 
(4 years), while the remaining 20 (77%) performed the risk-
reducing intervention from January 2014 to April 2016 
(2 years). This emphasizes the crescent interesting during 
the last years about this issue. The 96% among surveilled 
patients, developed breast cancer under 50 years: in 
particular 60% between 30–45 years (mean age 40.7 years). 
This data agrees with the literature, in fact patients with 
genetic mutation for breast cancer develop neoplasm at an 

earlier age than sporadic forms (2,6-9).
Analyzing the tumour characteristics arisen in patients 

with BRCA1 and BRCA2 mutations, the most frequent 
features were: invasive ductal carcinoma (83%); high 
histological grade G3 (72%); triple negative carcinomas 
(54%); greater proliferative index (Ki-67 index >86% of 
patients); increased risk of ipsilateral and/or contralateral 
carcinoma. These findings are in line with those reported 
in literature, suggesting an aggressive clinical course of 
these tumors (3,8,12,23,24). The screening examinations 
and the early diagnosis of breast cancer in these group of 
patients, has received a considerable importance during 
the last years. It is well known that contrast enhanced MRI 
have higher sensitivity for cancer detection in women at 
high risk than others imaging modalities (11,19,25-27). In 
our population MRI examination has demonstrated the 
high sensitivity (100%) in detecting neoplastic lesions, 
including in those lesions <1 cm. Our results are in line 

A B C

D

Figure 2 Asymptomatic 52-year-old woman with BRCA1 mutation. (A) Craniocaudal and (B) mediolateral oblique mammograms of the 
left breast did not detect any suspicious abnormality. Maximum intensity projection reconstructions of axial (C) and sagittal (D) contrast 
enhanced T1-weighted gradient-echo breast MRI showed an enhancing 4 mm-mass (arrows) in the lateral quadrant of the left breast only 
1 week after mammographic examine.
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with many studies that reported a sensitivity of breast 
MRI between 86–97% with a high diagnostic accuracy of 
the early stages (19,25-31). However, the combination of 
clinical breast examination, mammography and US has not 
sufficiently sensitive in high-risk women, as demonstrated 
by many series (11,25) and consequently, has a minor role 
in patients with hereditary predisposition to the disease. 
In fact, this diagnostic combination has demonstrated a 
sensitivity of 64% in our BRCA mutation carriers and a 
lower sensitivity than its estimated (83%) for detection in 
the general population, as well known from many studies 
(12,16,25,32,33). Furthermore, the higher sensitivity of 
MRI in lesion detection is consistent if considering its high 
capability to detect potential axillary nodal involvement. Our 
experience supports the high sensitivity of MRI in imaging 
detection of early breast cancers in women at high risk.

The surgical management of high-risk patients suggests 
different considerations. In our study population, 24 out 
of 26 patients underwent bilateral mastectomy. However, 
the awareness of mutation has significantly influenced 
both the therapeutic approach and the time between the 
first diagnosis of cancer and the prophylactic mastectomy. 
In fact, 11 patients who were already aware of being a 
carrier of BRCA mutation, decided to undergo a bilateral 
mastectomy with immediate reconstruction at the same 
time, while for the remaining 13 patients who did not know 
their condition of mutation carriers, the time between the 
first diagnosis and the prophylactic surgery was on average 
6 years. Besides, the interval time between the detection 
of BRCA mutation and the risk-reducing surgery was on 
average 3 months. This emphasizes the importance of 
clinical counseling and the information received about the 
personal risk of developing cancer, the alternative strategies 
of prophylactic surgery and the awareness of the patient’s 
benefit risk.

The risk-reducing technique, adopted in over 60% of 
the women, was the nipple sparing mastectomy, which is 
the most recent mastectomy technique offering the best 
aesthetic result and improves the post-intervention “quality 
of life” keeping the oncological radicality, as also confirmed 
by many authors (34-36).

However, our retrospective study has some limitations 
such as the small sample involved and the short follow-
up time. Instead, the hereditary breast cancer screening 
programs are still developing and the risk-reducing surgical 
approach, also emphasized by the recent “Angelina Jolie” 
effect, is still the subject of extensive international studies 
based on health and mental implications.

Conclusions

In conclusion, our study confirms the importance of 
identifying women with mutation of high-penetrance genes 
for breast cancer, in order to assess their cancer risk and 
develop dedicated screening program with a certain level 
of intensity and involve patients in the most appropriate 
surgical strategy. In particular, in patient with mutation of 
high-penetrance genes for breast cancer, MRI demonstrated 
to be the best imaging modality in detection of breast 
cancer even for lesion <1 cm. Prophylactic mastectomy 
is the most effective risk reduction strategy, contributing 
to the reduction of anxiety related to the condition of a 
carrier, as well as obtaining good aesthetic results thanks to 
new techniques of conservative mastectomy and immediate 
breast reconstruction.
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