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Surgical Prevention

Paolo Veronesi and Nickolas Peradze

The surgical strategies available today for breast cancer pre-
vention are prophylactic bilateral or unilateral mastectomy 
and prophylactic bilateral salpingo-oophorectomy.

Mastectomy is intended to remove breast tissue and there-
fore to remove the very substance of cancer growth, while 
oophorectomy eliminates the major part of the body’s source 
of estrogen, with the additional benefit of decreasing ovarian 
cancer risk in BRCA1 and BRCA2 mutation carriers.

Overall mastectomy rates have increased over the past decades 
[1–3]. In part, this is due to the introduction of new imaging 
modalities capable of detecting additional breast lesions, which in 
turn require more extensive surgery. It is also due to the growing 
patient choice for preventive surgery as a reflection of the 
increased awareness of genetic breast cancer, increased genetic 
testing, and increased knowledge of improvements in mastec-
tomy and reconstruction techniques, together with anxiety and 
overestimation of the risk of developing breast cancer.

Several studies have demonstrated that the risk as per-
ceived by patients of developing breast cancer is much higher 
than the objective risk, given the fact that those patients who 
are the most well informed and involved in decision-making 
are more likely to choose mastectomy [4, 5].

Mastectomy, especially bilateral, is an extended and elective 
surgery and may have unfavorable effects in terms of complica-
tions and associated costs as well as in terms of body image and 
sexual function. Therefore a better understanding of its indica-
tions, use, and outcomes is crucial to improve cancer care [6–9].

In general, prophylactic mastectomy may occur in two 
populations of patients: those already affected by unilateral 
breast cancer who undergo contralateral mastectomy for the 
prevention of cancer development in the contralateral breast 

and those without breast cancer, but at high risk, and there-
fore undergo bilateral risk-reducing mastectomy.

In 2007 Giuliano et al. stated the potential indications for 
prophylactic mastectomies. In this statement, the indications 
for prophylactic mastectomies include BRCA mutations or 
other susceptibility genes, strong family history without 
genetic mutation, histologic risk factors, difficult surveil-
lance, and reconstructive issues (symmetry/balance) [10].

10.1	 �Contralateral Prophylactic 
Mastectomy

Various studies have evaluated trends, implications, and out-
comes of contralateral prophylactic mastectomy (CPM).

The Surveillance, Epidemiology, and End Results 
Program (SEER) from 1998 to 2003 in the USA confirmed 
increased rates of CPM by 150% [11]. Similar trends were 
observed in other studies [12–15].

The categories of patient who may benefit from CPM may 
be varying.

Despite limited evidence in survival improvement after 
CPM published in 2010  in a large Cochrane analysis [16], 
several studies which were subsequently published showed 
minimal benefit in overall survival [17–19].

Yao et al. examined the effect of CPM on survival on 219,983 
mastectomy patients using the National Cancer Data Base (the 
largest study so far to examine survival with CPM). Adjusted 
hazard ratio (HR) was 0.88 (95% CI 0.83–0.93; p < 0.001), and 
an absolute 5-year benefit of 2% was observed. Differential effect 
of CPM by stage and age was observed with HR = 0.88 (95% CI 
0.82–0.94; p < 0.001) in women younger than 70 with stage I/II, 
and HR = 0.95 (95% CI 0.88–1.04; p = 0.28) in women with 
stage III or older than age 69 with absolute 5-year benefit of 
1.3%. This improvement in survival could be attributed to the 
category of high-risk patients (family history and/or BRCA 
mutation carriers), who have higher risks of contralateral cancers 
and therefore may benefit from a CPM. Finally, the authors were 
unable to establish a cause-and-effect relationship between CPM 
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and survival, due to the lack of data regarding family history, 
BRCA carrier status, hormonal receptor, and HER2 status [20].

In large meta-analysis performed by Fayanju et  al., the 
authors concluded that patients without known high risk (famil-
ial/genetic) should not be advised to undergo CPM [21].

In the recent study conducted by Basu et  al. [22], the 
authors developed a series of guidelines to aid clinicians 
dealing with requests for, and management of, CPM. These 
included several steps for the process of preoperative assess-
ment and counseling before CPM can be given and may be 
summarized as follows:

•	 Taking a history
•	 Calculating the risk of contralateral breast cancer
•	 Cooling-off period whenever possible
•	 Multidisciplinary team (MDT) discussion
•	 Patient consent

Therefore breast cancer patients should be provided with 
precise and accurate information on the risk of contralateral 
breast cancer and on the risks and benefits of CPM.

10.2	 �Bilateral Prophylactic Mastectomy

As outlined earlier, indications for bilateral prophylactic 
mastectomies include BRCA1/BRCA2 mutation or other 
susceptibility genes, strong family history without genetic 
mutations, and histologic risk factors.

Large prospective analyses report the average cumulative 
risks for breast cancer by the age of 70 years for BRCA1 car-
riers of 60% (95% confidence interval [CI] = 44–75%) and 
83% (95% CI = 69–94%) for contralateral breast cancer. For 
BRCA2 carriers, the corresponding risks are 55% (95% 
CI = 41–70%) and 62% (95% CI = 44–79.5%) for contralat-
eral breast cancer [23, 24].

Retrospective analyses of the results of the study con-
ducted by Hartmann et  al. demonstrated risk reduction of 
about 90% for BRCA1 and BRCA2 mutation carriers after 
bilateral prophylactic mastectomy (BPM) [25, 26].

In the study conducted by Heemskerk-Gerritsen et  al., 
authors evaluated breast cancer incidence, all-cause mortality, 
and breast cancer specific mortality in healthy BRCA1 and 
BRCA2 mutation carriers undergoing bilateral prophylactic 
mastectomy. These were compared with a surveillance group. 
No incidence of breast cancer cases was observed during 1379 
person-years of observation after BPM. 10-year overall survival 
was 99% for the BRRM and 96% for the surveillance groups, 
respectively. The authors concluded that BPM substantially 
reduces breast cancer occurrence in healthy BRCA1/BRCA2 
mutation carriers. However, longer follow-up and larger sample 
size are needed to confirm statistical significance [27].

Interesting results were presented by the study of Skytte et al., 
which included 307 women with a pathogenic BRCA1 or 
BRCA2 mutation, of whom 96 underwent bilateral risk-reducing 
mastectomy. None of the study participants had a previous his-

tory of breast or ovarian cancer or had undergone risk-reducing 
bilateral salpingo-oophorectomy prior to the time of BRCA test-
ing. The annual incidence of post-mastectomy breast cancer was 
0.8% compared with 1.7% in the non-operated group [28].

A more recent meta-analysis performed by De Felice 
et al. reported risk reduction of developing breast cancer in 
BRCA1 and BRCA2 mutation carriers after risk-reduction 
mastectomy by 93% [29].

The risk of breast cancer after mastectomy could be pre-
sumably explained by a tumor developing in left-over breast 
tissue. However this hypothesis is debatable. In fact in the 
study of Skytte et al., women who developed breast cancer 
after mastectomy had undergone a simple mastectomy 
including removal of the nipple–areola complex.

Today the most popular prophylactic mastectomy tech-
nique is the so-called conservative mastectomy or nipple-
sparing mastectomy/skin-sparing mastectomy or subcutaneous 
mastectomy with immediate reconstruction. This surgical 
technique has been shown to be feasible and safe, with out-
standing cosmetic results, and allows preservation of the 
woman’s body image [30–33].

This was also supported by a recent review by van 
Verschuer et al. in which the authors stated that the incidence 
of primary breast cancers after prophylactic mastectomy is 
very low after total mastectomy as well as after conservative 
mastectomy [34]. It is suggested to surgeons that they mini-
mize risk by paying particular attention to ensure that all 
glandular tissue is dissected, especially in the axillary tail, 
chest wall, and nipple–areola complex.

Recently Toesca et  al. reported the first experience of 
robotic prophylactic nipple-sparing mastectomy. This 
seemed to improve outcomes of mastectomy from a cos-
metic and patient satisfaction point of view [35].

NCCN guidelines support the use of risk-reducing mastecto-
mies for selected patients at high risk who desire this interven-
tion. Nevertheless histologic factors such as ADH, LCIS are 
associated with an increased risk of breast cancer, surgical risk 
reduction is not recommended in most of these patients [36].

There is a lack of data concerning the utility of sentinel lymph 
node biopsy (SLNB) during risk-reducing surgery. It is recom-
mended that MRI assessment be performed prior to risk-reducing 
surgery as some patients may be at risk of occult breast cancer, 
having strong family history or mammographic density, and the 
use of SLNB should be decided on a case-by-case basis [37].

10.3	 �Bilateral Prophylactic 
Salpingo-Oophorectomy

Several studies have reported a breast cancer risk reduction of 
approximately 50% after risk-reducing salpingo-oophorectomy 
in BRCA1/BRCA2 mutation carriers [26, 38–43].

Heemskerk-Gerritsen et  al. revised the association 
between risk-reducing salpingo-oophorectomy (RRSO) and 
breast cancer risk in BRCA1/BRCA2 mutation carriers, 
proposing a different analytical approach in order to mini-
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mize potential biases as much as possible compared with 
previous studies. Applying the requirement of no history of 
cancer at the date of DNA diagnosis and the inclusion of 
person-time preceding risk-reducing salpingo-oophorec-
tomy, the authors found no evidence for first breast cancer 
risk. Nonetheless, cumulative breast cancer risk curves sug-
gest a slightly protective effect of risk-reducing salpingo-
oophorectomy on breast cancer risk when performed at 
premenopausal age [44].

BRCA1 tumors have been more frequently found to be 
steroid hormone receptor-negative, rather than BRCA2 
tumors [45, 46]. Therefore, the BC risk-reducing effect of 
RRSO may be expected more in BRCA2 mutation carriers.

In the most recent review conducted, Hartmann et  al. 
summarized and presented current guidelines and statements 

on indications for preventive surgical procedures [47] (See 
table provided by Hartmann et al., NEJM).

In conclusion, risk-reducing surgery provides consider-
able benefits in terms of cancer prevention. Although, being 
an extended surgery, risk-reducing procedures may be asso-
ciated with complications and adverse physical and psycho-
sexual effects. Patient education plays an important role in 
avoiding the overestimation of breast cancer risk. Efforts 
should be made to provide information regarding sexuality, 
body image, reconstruction techniques, fertility, and the like-
lihood of familial predisposition.

The decision to undergo preventive surgical procedures is 
complex and patients require careful assessment in a multi-
disciplinary setting comprising clinicians, psychologists, 
and geneticists.

 

New England Journal of Medicine, 2016, by Hartmann et al.
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