
Review

Prophylactic mastectomy; evolving perspectives

G.H. Sakorafas *, A.G. Tsiotou

Department of Surgery, 251 Hellenic Air Force (HAF) General Hospital, Athens, Greece

Received 28 July 1999; received in revised form 16 November 1999; accepted 15 December 1999

Abstract

It is not at all uncommon for surgeons dealing with breast disease to be confronted with the issue of prophylactic mastectomy.
Recent advances in understanding the genetic basis of susceptibility to breast cancer and a better identi®cation of the histological

factors a�ecting a woman's lifetime risk of developing breast cancer have contributed to placing prophylactic mastectomy in a
proper clinical perspective. Existing data suggest that prophylactic total mastectomy signi®cantly reduces, but does not totally
eliminate, the risk of subsequent development of cancer. However, the bene®t of prophylactic mastectomy over alternative strate-
gies (surveillance and chemoprevention) remains to be proven. Currently, prophylactic mastectomy may be considered in a few,

carefully selected patients. The decision to perform a prophylactic mastectomy should be a multidisciplinary one. Detailed patient'
counselling is very important; the patient should understand the limitations of prophylactic mastectomy and the need for post-
operative follow-up. Furthermore, she should be well informed about the alternative strategies. # 2000 Elsevier Science Ltd. All

rights reserved.
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1. Introduction

Clinical breast cancer research has focused on e�ec-
tive methods to detect breast cancer in its earliest stages
and standardised treatments to cure the disease after
diagnosis. In spite of advances in these areas, almost
175 000 new cases will be diagnosed this year in the
USA and approximately one quarter of these patients
will die of the disease [1]. Recognition of the limitations
of current approaches to breast cancer diagnosis and
treatment has resulted in a new focus on breast cancer
prevention, including prophylactic mastectomy [2]. The
rationale for prophylactic mastectomy is the surgical
prevention of this potentially lethal disease in women
who are at a substantial risk of developing breast
cancer.
The role of surgical prophylaxis has been limited to a

few instances, such as colectomy for familial polyposis
syndrome. As a measure for prophylaxis against breast

cancer, mastectomy remains a highly controversial pro-
cedure. As treatment for breast cancer became more
conservative during the last two decades, the rationale
for an amputative procedure in the name of `prophy-
laxis' has been increasingly questioned. Reasons for this
may be that the intervention is substantial and its
impact on the natural history of the development of
disease in the target organ is ill de®ned. Furthermore, its
bene®t over surveillance or chemoprevention has not
been demonstrated. The controversy over prophylactic
mastectomy is highlighted by a recent consensus state-
ment from the Journal of the American Medical Asso-
ciation, which stated: ``No recommendation is made for
or against prophylactic mastectomy; this is an option,
but evidence of bene®t is lacking and case reports have
documented the occurrence of cancer following pro-
phylactic surgery'' [3]. This article will critically review
the available data on prophylactic mastectomy. More-
over, since patient selection is a critical (and probably
the most di�cult) issue in the use of prophylactic mas-
tectomy, we will review existing data about the estima-
tion of breast cancer risk and discuss alternative
strategies in the management of these women.
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2. Estimation of breast cancer risk

The aetiology of breast cancer appears to be multi-
factorial. Both endogenous and exogenous factors are
known to be involved in breast carcinogenesis and to
increase breast cancer risk. The controversy over the
merit and application of prophylactic removal of the
breast has become heightened with further under-
standing of the biology of breast cancer, human genetics
and the risk of cancer in benign breast disease.

2.1. Familial/hereditary breast cancer

A distinction exists between familial breast cancer,
referring to one or more ®rst- or second-degree rela-
tives, and hereditary cancer [4]. Hereditary cancer is a
subset of familial breast cancer in which the incidence of
breast cancer is related to an autosomal dominant
highly penetrant cancer susceptibility such as the her-
editary breast±ovarian cancer syndrome.
Family history is probably the most widely recognised

risk factor for breast cancer. Most women with a family
history of breast cancer do not have the genetically
transmitted form of the disease and, therefore, their
increase in risk is much less than that seen in women
with hereditary breast cancer. The cumulative prob-
ability that a 30-year-old woman with a mother or sister
with breast cancer will develop breast cancer by the age
of 70 years is reported to be between 7 and 18% [5,6].
Whilst this risk increases as the number of relatives with
breast cancer increases, the probability of cancer devel-
opment if both a mother and sister have bilateral breast
cancer has been reported to be only 25% [6]. The cumu-
lative risk of breast cancer development in women with a
family history of breast cancer rarely exceeds 30% [7].
Approximately 5±10% of breast cancers are thought

to be due to a speci®c inherited mutation that confers an
extremely high risk of breast cancer development [8].
According to the American Society of Clinical Oncol-
ogy, factors that should increase the clinician's index of
suspicion that a woman is at risk for genetically trans-
mitted breast cancer include: (a) a family with >2
breast cancer cases and one or more cases of ovarian
cancer diagnosed at any age; (b) a family with >3
breast cancer cases diagnosed before 50 years of age;
and (c) sister pairs with two of the following cancers
diagnosed before age 50 years: two breast cancers, two
ovarian cancers, or a breast and ovarian cancer [9].
Although not all women with these factors will have
genetically transmitted disease, a referral for genetic
counselling will allow the construction of a detailed
pedigree to estimate both breast cancer risk and com-
peting causes of death due to increased risk of the
development of other types of cancer. Currently, the
genetic heterogeneity of familial breast cancer is well
recognised. Several speci®c gene loci involved in heredi-

tary breast carcinogenesis have been identi®ed (such as
BRCA1, BRCA2, TP53, PTEN, ataxia-telangiectasia
gene, etc.). However, the majority of hereditary breast
cancer can be attributed to the high penetrance genes
BRCA1 and BRCA2. With the recent discovery and
cloning of BRCA1 and BRCA2 enthusiasm as well as
concern have been generated regarding their clinical
signi®cance. Because identi®cation of BRCA1 and
BRCA2 is so recent, knowledge about how to translate
this powerful genetic knowledge into clinical practice
without harming the patient is limited and much more
remains to be understood regarding the precise role of
these genes in breast cancer. Amongst women who carry
germline mutations in these genes, the cumulative risk
of breast cancer is estimated to range from 40±85%, and
for ovarian cancer from 5±60%, depending on the
population from which the data are derived [8,10±12].
The incomplete penetrance of other cancer predispo-
sition genes (CPG) and the presence of modifying genes
introduce uncertainty as to whether gene carriers will
develop the disease [13]. Moreover, although a family
may be likely to carry a CPG as determined by the
family structure, the gene may not yet have been located.
Estimates of penetrance are therefore based upon epi-
demiological studies of small numbers of families with
the same structure. All these estimates, therefore, have
some uncertainty, and the slightly di�erent ®gures
between studies, which can be quoted either in one con-
sultation or by di�erent clinicians, can make patients
feel insecure (Table 1) [9].

2.2. Benign breast diseases

The terms `®brocystic breast disease' or `®brocystic
changes or conditions' are not very descriptive and
fairly meaningless without a detailed description of the
component histological elements [14]. Breast cancer risk
can be assessed only when `®brocystic disease' is strati-
®ed according to its associated histological features.
There is agreement that non-proliferative lesions carry

Table 1

Basic elements of informed consent for germline DNA testing

1. Information on the speci®c test being performed

2. Implications of a positive and negative result

3. Possibility that the test will not be informative

4. Options for risk estimation without genetic testing

5. Risk of passing a mutation to children

6. Technical accuracy of the test

7. Risks of psychological distress

8. Risks of insurance or employer discrimination

9. Con®dentiality issues

10. Options and limitations of medical surveillance and screening

following testing

Source: American Society of Clinical Oncology [9] (modi®ed,

reproduced with permission).
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no increased risk of developing into invasive cancer,
in direct contrast to earlier views that a breast biopsy
for any reason was associated with an increased risk.
This is particularly important, since, as more women
undergo breast biopsies for asymptomatic abnormali-
ties found on mammograms, there is the potential of
creating a large pool of `high-risk' women. In con-
trast, women whose breast tissue is characterised by
epithelial proliferative changes are at an increased
risk, particularly if these changes are associated with
atypia [7,14,15]. Atypical hyperplasia, whether lobular
or ductal, is associated with a 4- to 5-fold increase
in breast cancer risk; women having atypical breast
hyperplasia and a ®rst-degree relative with breast
cancer have an 11-fold increase in risk over those
without proliferative atypical changes [15]. Proliferative
lesions without atypia (moderate or ¯orid hyperplasia,
papilloma with ®brovascular core) are associated with
a modest increase in risk, approximating 1.5- to 2-fold
[7,13±15]. It should be emphasised that atypical hyper-
plasia is uncommon when strict diagnostic criteria
are used. Indeed, although non-proliferative lesions
account for 70% of breast biopsies carried out for
palpable masses, atypical hyperplasia is found in less
than 5% of biopsies carried out for clinical abnor-
malities [15].

2.3. Lobular/ductal carcinoma in situ (LCIS/DCIS)

Premalignant lesions, such as LCIS and DCIS, have
been shown to be associated with an increased risk of
subsequent invasive cancer [16±19]. Current data sug-
gest that LCIS is a risk factor rather than the anatomi-
cal precursor of invasive carcinoma [16±18] and for
this reason mastectomies performed for LCIS should
be considered prophylactic rather than therapeutic.
Estimates of the relative risk of developing invasive
breast cancer in patients with LCIS range from 6.9 to
12 [16±18]. Of note, the incidence of multicentricity is
high and invasive cancer can develop in either breast
[18,20]. Furthermore, Rosen and colleagues reported an
incidence of 4% of invasive carcinoma in mastectomy
specimens from patients with LCIS [21].
Whilst LCIS is considered as a `marker' for the

development of invasive breast cancer, DCIS is
more likely to be a `precursor' of the disease and
establish a higher risk of invasive disease for the same
but not for the opposite breast [22]. Currently, the
controversial issues in the treatment of DCIS have
for the most part abated. There is general agree-
ment that in most patients with non-multicentric DCIS,
lumpectomy with breast irradiation is a treatment as
e�ective as mastectomy [22±24]. Thus, prophylactic
contralateral mastectomy is di�cult to justify for
women with low risk DCIS and no additional risk
factors [25].

2.4. Prior history of breast cancer

The patient with a prior history of breast cancer is at
increased risk for cancer developing in the contralateral
breast. The risk has been estimated to be approximately
1% per year of survival, with a cumulative lifetime risk
increasing to ®ve times beyond that of the general
population [26±28]. Not all patients with previous
breast cancer are at equal risk for cancer developing in
the contralateral breast. Factors increasing the risk of
developing contralateral breast cancer include heredi-
tary [29,30] and familial [31,32] breast cancer, radiation
exposure at a young age [33], LCIS [34], lobular invasive
carcinoma [35], proliferative changes in the remaining
breast and especially when associated with atypia and
multicentric cancer [34,35]. Young age at primary breast
cancer diagnosis may be associated with an increased
susceptibility for bilateral breast cancer, probably
because of the increased likelihood of living long
enough to develop a metachronous breast cancer [36].
Furthermore, development of breast cancer at a young
age may be indicative of an underlying predisposition of
breast parenchyma to malignant transformation and
this may explain the development of a metachronous
contralateral breast cancer.

2.5. Occult breast cancer

Occult breast cancer is de®ned as clinically or mam-
mographically undetected, but histologically proven
invasive and/or non-invasive cancer. Occult synchro-
nous cancers, mostly in situ lesions, are found in as
many as 50% of contralateral mastectomy specimens
removed prophylactically from patients with primary
breast cancer [35,37±39]. However, when LCIS and
DCIS are excluded from these studies, the incidence of
invasive contralateral breast cancer was reduced to 0±10%
[40,41]. In accordance with these ®ndings, autopsy
reports have found the incidence of asymptomatic con-
tralateral breast cancer, again mostly in situ lesions, to
be 21±68% amongst women with a history of breast
cancer [42,43]. However, these data are di�cult to
interpret because the selection of patients and the
sampling of specimens were not uniform; moreover,
mammographic information was lacking or not con-
sidered. It is possible that many of the occult carcino-
mas described in some older series, would be detected
today with the use of dedicated high-quality mammo-
graphic equipment and localisation of non-palpable
lesions.

3. Technical considerations

Two di�erent procedures have been used to achieve
surgical prophylaxis against breast cancer, subcutaneous
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and total mastectomy, usually with breast recon-
struction. The selection of the surgical procedure should
be based mainly on the truly prophylactic nature of
either operation, and secondarily on the cosmetic
results.
Total mastectomy removes the mammary gland mass

with the nipple/areola complex and a variable amount
of overlying skin. An ellipse of skin including the nip-
ple/areola complex is removed to allow excision of the
breast tissue. This incision provides equal surgical
access to all parts of the breast, including the axillary
tail of Spence, and can easily be covered by any sort of
clothing that the patient wishes to wear. Moreover, it
does not diminish a subsequent satisfactory cosmetic
result. In order to excise as much breast parenchyma as
possible and to o�er the best oncological protection, the
skin ¯aps must be made thin (no thicker than those
resulting from mastectomies for carcinoma) [44]; some
authors have even proposed the en bloc excision of the
pectoralis fascia [45], whilst others suggested frozen
biopsy of the periphery of the resection, and especially
of the axillary tail and of the lower skin ¯ap, to deter-
mine that all the breast tissue has been removed [44,46].
Breast reconstruction can be performed either primarily
or secondarily. Immediate reconstruction is preferable,
if possible, since it eliminates the need for a second
operation and has obvious psychological advantages.
However, this depends on the indication for prophylac-
tic mastectomy. Women undergoing prophylactic mas-
tectomy are excellent candidates for immediate breast
reconstruction because a large part of the skin of the
breast can usually be preserved and postoperative che-
motherapy and radiation therapy are only considered if
occult invasive carcinoma is identi®ed. Similarly, for
women with breast cancer stage 0, I, or II undergoing
contralateral prophylactic mastectomy, immediate
reconstruction is an attractive and reasonable option. In
contrast, for women with stage III disease undergoing
contralateral prophylactic total mastectomy, recon-
struction is typically delayed until after all multi-
modality therapy is complete [47]. In patients who have
adequate skin and subcutaneous tissue following pro-
phylactic mastectomy, a subpectoral prosthesis is a
good reconstructive option [48]. The reconstruction
problems resulting from thin skin ¯aps are largely
overcome by subcutaneous placement of the prosthesis
(silicone implants). Submuscular placement of the pros-
thesis not only overcomes the reconstruction problems
resulting from thin skin ¯aps, but also facilitates palpa-
tion of any remaining breast tissue, which allows for
early detection of any problem in the future. However,
for women with de®cient local skin and soft tissue on
the anterior chest wall, a transverse rectus abdominis
myocutaneous (TRAM) ¯ap is an alternative technique.
A new nipple/areola complex can be reconstructed if
desired some 6±12 weeks after the initial reconstruction

to allow the breast to settle and assume its ®nal shape
[48].
Subcutaneous mastectomy removes as much as possi-

ble of the breast tissue, but the overlying skin and the
nipple/areola complex are preserved [49]. Therefore,
subcutanous mastectomy is di�erent from total mas-
tectomy, in which both the nipple/areola complex and a
varying amount of overlying skin are removed. Sub-
cutaneous mastectomy is usually performed through an
inframammary incision [49]. Access to all of the breast
tissue, and particularly the axillary tail, may be di�cult
through this incision. Moreover, during subcutaneous
mastectomy, breast tissue must be left behind under the
nipple and the areola to prevent devascularisation of
these structures. Advocates of subcutaneous mas-
tectomy argue that the cosmetic results achieved with
this procedure are superior to total mastectomy. How-
ever, the appearance of the nipple following sub-
cutaneous mastectomy is often distorted without the
underlying breast tissue, resulting in poor cosmetic
outcome. Moreover, advances in reconstructive surgery
and the use of skin-sparing mastectomy incisions
(radial incision toward the axilla, encircling the nipple/
areola complex, which is removed together with the
breast parenchyma) have eliminated many of these
di�erences and, therefore, preservation of the nipple/
areola complex appears to be of questionable cosmetic
bene®t.
A careful histological examination is required follow-

ing prophylactic mastectomy (either total or sub-
cutaneous) to rule out the presence of occult invasive
cancer.
When performing prophylactic mastectomy, the sur-

geon should take care to ensure that the resection of
breast parenchyma is as complete as possible. The
Achilles heel of prophylactic mastectomy is the di�culty
in achieving a total glandular extirpation of the breast
parenchyma. Breast tissue is known to extend superiorly
to the clavicle, medially past the midline of the sternum,
inferiorly below the costal margin into the rectus
abdominal fascia, along Cooper's ligament up to the
dermis of the skin and on the pectoralis muscle deep
to the fascia, laterally into the axilla as the axillary tail
of Spence and sometimes past the border of the latis-
simus dorsi [50,51]. No form of mastectomy can com-
pletely eliminate all breast tissue. The amount of
residual tissue varies up to 25% of the breast after
subcutaneous mastectomy to microscopic foci at the
resection margins after modi®ed radical mastectomy
[44]. Even after radical mastectomy, histological stud-
ies have demonstrated the presence of residual breast
tissue across the thoracic midline and onto the abdom-
inal wall [25].
Whilst prophylactic mastectomy, performed not only

by surgical oncologists but also by plastic surgeons, is
not primarily a cosmetic operation, the contour and
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consistency of the reconstructed breast are of great
importance. However, to improve the cosmetic result
and to minimise the complications, there has been a
tendency to leave thicker skin ¯aps, especially in the
subareolar lesion [47]. Preservation of the nipple/areola
complex and thicker skin ¯aps (needed to preserve cir-
culation to the skin by protecting the subdermal plexus),
whilst facilitating a more aesthetic reconstruction, also
leaves a substantial amount of breast tissue behind [52].
Indeed, it should be emphasised that following sub-
cutaneous mastectomy a signi®cant amount (up to
25%) of breast tissue remains, mainly in the nipple/are-
ola complex, in the axillary tail of the breast, on the skin
¯aps (particularly the inferior), and the infra-clavicular
area [44,52]. This reduces the prophylactic e�ect of the
procedure since a signi®cant amount of breast tissue
remains in place in a high risk woman. In contrast, total
mastectomy may remove 95% or even higher of the
breast parenchyma [44,46]. It should be noted that, in
today's environment of reconstructive operations, there
are many possibilities of excellent cosmetic appearance
following total mastectomy [48]. For these reasons, the
appropriate procedure for surgical prophylaxis from
breast cancer should be total mastectomy [46,53±57].
During total mastectomy, every attempt should be
made to achieve resection of as much as possible of the
breast parenchyma. Breast tissue may be in areas either
not suspected or not realised previously [44]. It is not
easy to identify the edge of the breast tissue grossly
during surgery, especially in the axillary tail. To ensure
`complete' breast tissue removal, the boundaries of dis-
section should be carefully identi®ed at surgery. These
borders are the clavicle superiorly, the superior border
of the rectus abdominis inferiorly, the sternum medially,
and the anterior border of the latissimus dorsi laterally.
Posteriorly, excision of the fascia of the pectoralis major
aids in breast removal [7]. Laterally, the excision should
extend into the axilla through the clavico-pectoral fas-
cia, excising if needed some of the lower axillary lymph
nodes with the tail of Spence [44]. However, since axil-
lary node dissection is not a part of prophylactic mas-
tectomy, damage to any of the axillary structures (for
example, the intercostobrachial nerve) is not justi®ed.
Thin skin ¯aps similar to those used for a therapeutic
mastectomy should be employed in an e�ort to ensure
that the maximum amount of breast tissue is removed.
The thickness of the skin ¯aps will vary with the amount
of subcutaneous fat present and if there are questions
regarding the adequacy of the removal of all the breast
tissue, frozen sections of the area in question may be used
[44]. To o�er a lesser, inadequate and non-prophylactic
operation (such as subcutaneous mastectomy) where
there is a need for true surgical prophylaxis is not
desirable. For these reasons some authors have even
proposed that subcutaneous mastectomy should not be
considered as `prophylactic' [58,59].

4. E�ectiveness of prophylactic mastectomy

The literature of prophylactic mastectomy is fraught
with many problems. Most important, there are no
prospective, controlled trials of the reduction in the risk
of breast cancer associated with bilateral prophylactic
mastectomy. The ideal study would be a randomised
clinical trial comparing prophylactic mastectomy with
surveillance or chemoprevention (alternative strategies,
see below) in women of high risk. However, it is unlikely
that high risk women would agree to participate in such
a study, given the substantial di�erences in management
in the two groups. Moreover, the number of patients
and many years (approximately 10±20 years) for ade-
quate accrual and follow-up required make such a study
unfeasible.
The historical indications for prophylactic mas-

tectomy have been broad, ranging from painful breasts
(mastodynia) and cancerophobia to a `strong family
history' and probably included conditions that were not
associated with a signi®cantly increased risk of breast
cancer. Since most of these studies were done when the
ability to predict the risk of breast cancer was less pre-
cise, even the group of women who were considered to
have a strong family history was heterogeneous. This
group most likely included women with little if any
increased risk, because both women and their physicians
tend to overestimate a patient's risk of breast cancer on
the basis of family history. However, the ability to
predict risk on the basis of both hereditary and non-
hereditary factors has improved in recent years [60±62]
and now the ability to identify women at high risk on
the basis of family history or genetic analysis should
help to ensure that this procedure is considered for the
population at highest risk. In addition to inadequately
described or controversial indications, the data that are
published in the literature su�er from many other
methodological problems, including non-standardisation
of surgical techniques, and variable and often inade-
quate length of follow-up. Thus, for such a con-
troversial area, surprisingly few data are available and
therefore women contemplating prophylactic mas-
tectomy must rely on expert opinions or decision
analysis studies that use assumptions of the procedure's
e�cacy.
A recent decision analysis by Schrag and colleagues

from the Dana-Farber Cancer Institute in Boston,
USA used a statistical model designed to predict the
protective value of prophylactic mastectomy (and
oophorectomy) on life expectancy amongst BRCA1/
BRCA2 mutation carriers [63]. They concluded that
prophylactic mastectomy in a 30-year-old mutation
carrier leads to 2.9±5.3 years of additional life expec-
tancy. The gains in life expectancy declined with
increasing age and were minimal for women greater
than 60 years of age.
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Grann and colleagues [64] in another decision analysis
showed that for a 30-year-old BRCA1- or BRCA2-
positive woman, prophylactic mastectomy improved
survival by 2.8±3.4 years; oophorectomy, by 0.4±2.6
years; and mastectomy and oophorectomy, by 3.3±6
years over surveillance. They assumed a 90% reduction
in risk and concluded that amongst women who test
positive for a BRCA1 or BRCA2 gene mutation, pro-
phylactic surgery at a young age substantially improves
survival, but unless genetic risk of cancer is high, pro-
vides no bene®t for quality of life.
Hartmann and coworkers from the Mayo Clinic in

Rochester, MN, USA, reviewed that institution's
extensive experience with prophylactic mastectomy and
published recently probably the best study currently
available in this area [65]. Between 1960 and 1993, 639
women with a family history of breast cancer had bilat-
eral prophylactic mastectomies (214 at high risk and 425
at moderate risk). A control study of the sisters of the
high-risk probands and the Gail biostatistical model
were used to predict the number of breast cancers
expected in these two groups in the absence of prophy-
lactic mastectomy. They showed that, in this group of
patients, prophylactic mastectomy was associated with a
reduction in the incidence of breast cancer of at least
90%. As a result of prophylactic mastectomy, instead of
the 20 deaths related to breast cancer that were expected
during the period of observation there were only 2.
However, none of these patients were tested for BRCA1
or BRCA2 mutations.
There are no data evaluating the e�cacy of con-

tralateral prophylactic mastectomy in primary breast
cancer patients. Breast cancer patients have a decreased
life expectancy and, thus, the results of the decision
analysis of primary preventive mastectomy in BRCA1/
BRCA2 mutation carriers is not applicable to con-
tralateral preventive mastectomy. There is no current
evidence to support routine contralateral prophylactic
mastectomy in women with primary breast cancer.
However, selected patients with a risk of developing
contralateral breast cancer greater than the risk of
developing metastatic recurrence would potentially
bene®t from contralateral prophylactic mastectomy [56].
This group consists mainly of women with hereditary
breast cancer diagnosed with good prognosis breast
cancer at a young age, with a long life expectancy. In
contrast, patients with advanced primary breast cancer
and substantial risk of distant disease relapse will be less
likely to bene®t from preventive mastectomy.
The concept of surgical prophylaxis is challenged by

the reported instances of carcinoma developing in resi-
dual breast tissue after prophylactic mastectomy
[46,66,67]. However, the incidence of breast cancer after
prophylactic mastectomy is low. Pennisi and Capozzi
[67] accumulated data from 1500 patients treated with
prophylactic subcutaneous mastectomy. They were able

to follow-up 1046 (70%) of these patients for an average
period of 9 years. 6 patients (0.6%) developed a primary
breast cancer. Ziegler and Kroll concluded that the rate
of cancer occurring in high-risk patients is 1.2% [68].
Woods reported 3 cases of breast carcinoma in residual
breast tissue in over 1700 contralateral mastectomies
after treatment for breast carcinoma [58]. In one series
of 500 patients who underwent prophylactic mas-
tectomy, none developed cancer during the mean
follow-up period of 5 years [45]. Issues of concern with
these studies include the possibility of selection bias
toward the inclusion of patients with a favourable out-
come (i.e. women with non-proliferative breast disease),
a high rate of loss to follow-up (approximately 30%)
with the remaining 70% followed for only 10 years, the
inclusion of women with cancer in the surgically treated
breast, the lack of de®nition of the underlying risks of
breast cancer, and the lack of a central review of the
pathological specimens.
Although it seems intuitively correct that the risk

decreases in direct proportion to the amount of breast
parenchyma removed, this has not been ®rmly estab-
lished [69]; the lack of correlation is also suggested by
laboratory studies [70,71]. Clearly, in high-risk patients
even microscopic amounts of residual breast tissue
remain at risk for cancer development. Of note, Petrakis
and associates [72,73] suggested that it is possible that a
reduction in the amount of remaining breast par-
enchyma may result in an increased risk for the devel-
opment of breast cancer, due to a higher concentration
of potential carcinogens in the residual breast tissue,
thus providing a stronger stimulus for neoplastic trans-
formation. However, these suggestions are based on
animal studies and Ð since no correlation between these
animal studies and humans is available Ð extrapolation
of these results is not possible.
Despite the methodological problems of many pub-

lished series, there is evidence that in carefully selected
patients prophylactic mastectomy results in a signi®cant
decrease in breast cancer incidence [65]. However, the
risk of subsequent breast cancer development is not
totally eliminated, due to the incomplete excision of
breast parenchyma. This underscores the importance of
careful and long-term follow-up of these high-risk
patients. After prophylactic mastectomy, patients
should still practise routine breast self-examination to
look for any abnormalities in or under the skin or at the
periphery of the breast region, including the axilla.
Patients should also have annual examinations by their
physician for the rest of their lives to check for any evi-
dence of breast cancer. When examining a breast mass
or an anterior chest wall mass in a patient who had a
prophylactic mastectomy the physician should not
fail to include breast cancer in the di�erential diag-
nosis. It should be acknowledged that after prophy-
lactic mastectomy, the patient's anxiety and fear of
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developing breast cancer diminishes, leading her to
forego regular self-examination and periodical exam-
ination by her physician [66]. Furthermore, the level of
suspicion on the part of the patient as well as on the
part of her physician may decrease because of a false
sense of security that results from the operation. This
can explain why the cancers that appear in these women
are often advanced.

5. Complications and sequelae

Prophylactic mastectomy is associated with a sig-
ni®cant morbidity [74]. Technical complications can be
divided into peri-operative (or immediate) and delayed
(or chronic). Overall complications occur in 10±60% of
patients, mostly caused by necrosis of the skin or nipple/
areola complex (if preserved, as in subcutaneous mas-
tectomy), haematoma, or infection [75,76]. Skin necrosis
alone accounts for up to 10% of major complications
[76]. Skin ischaemia is more commonly observed fol-
lowing subcutaneous mastectomy. The area between the
areola and inframammary incision is most sensitive to
ischaemia. Moreover, scars from previous biopsies are
sensitive to ischaemic insult and can become weak
points leading to the formation of cutaneous ®stulas or
skin necrosis [77]. Diminished or lost sensitivity and
erogenous response occurred in 10±25% of patients in
some series [78]. Other problems, such as unsatisfactory
cosmetic results (asymmetry, unnatural contour whilst
lying supine), capsular contraction, pain, coolness of the
overlying skin, inability to sleep prone, are complaints
that may become worrisome and surely impact on life-
style and perhaps even on self-imaging [74].
Prophylactic mastectomy may also be associated with

severe psychological and psycho-emotional morbidity.
Existing data suggest increased somatic distress, anxi-
ety, severe depression, anger, guilt, fear, sense of loss of
sexuality and femininity, self-depreciation, psycho-
emotional impairment and irritability, and denial [79].
Moreover, the acceptance of the implants as part of the
woman's body may be di�cult [13]. It is interesting that
this psychological morbidity may approximate that
recorded for patients who sustained mastectomy for
treatment of carcinoma [79]. Should prophylactic mas-
tectomy be considered as an option for selected patients,
the psychological issues must be more rigorously
addressed. A working alliance between surgeons and
mental health professionals trained in psychometrics
would seem a most necessary collaboration [74]. The
psychological sequelae of irreversible prophylactic sur-
gery should not be underestimated by the clinician and
must be considered before advising reluctant women to
undergo mastectomy, particularly because the surgery is
not an absolute guarantee of freedom from breast
cancer.

6. Potential indications

Selecting a target population at high risk for devel-
oping breast cancer is the ®rst essential step in ensuring
appropriate surgical prophylaxis. It should be empha-
sised that there are no `absolute' indications for pro-
phylactic mastectomy and, therefore, an absolute
recommendation cannot be made. The procedure
should be considered only in carefully selected women
who have a signi®cant risk of breast cancer develop-
ment. During the last three decades, the indications for
prophylactic mastectomy have often changed. Appro-
priate indications and actual bene®t to the patient are
areas of continued controversy, with both advocates
and detractors o�ering con¯icting opinions, often with-
out the support of acceptable data. However, as the
accuracy of predicting the risk of breast cancer
improves, prophylactic mastectomy may become a more
useful option. Hereditary/familial breast cancer, speci®c
proliferative lesions (and especially when associated
with atypia), and a history of carcinoma of the breast
are the commonly accepted indicants of potential risk
today (see above, risk estimation).
Recent progress in understanding the genetic basis of

susceptibility to breast cancer has simultaneously
allowed the identi®cation of women at increased risk
using molecular methods [8]. Prophylactic mastectomy
and/or oophorectomy have been proposed as methods
for surgical prophylaxis in those women. The role of
prophylactic mastectomy in BRCA1/BRCA2 mutation
carriers remains controversial. However, prophylactic
mastectomy should only be done amongst these women
under strict research guidelines [80]. Similarly, recom-
mendations for prophylactic mastectomy based on a
familial history remain tenuous; indeed, there is a dif-
ferent impact on the risk of carcinoma of the breast
based on whether the relative was a ®rst- or a second-
degree relative and whether that person was pre- or
postmenopausal at the time of diagnosis [15]. For
example, the level of risk of a woman with a single
relative with bilateral premenopausal breast cancer is
less than 30% [7]. However, in the presence of a pedi-
gree suggestive of genetically inherited breast cancer, the
level of risk rises considerably and these women may be
considered for prophylactic mastectomy.
The level of risk associated with atypical hyperplasia

is generally too low (�4±5) to justify recommending
radical prophylactic surgery for the management of
these women. However, the presence of bilateral atypi-
cal hyperplasia may indicate an even higher risk for
breast cancer, especially when associated with other risk
factors and in these cases prophylactic mastectomy may
be considered. For example, prophylactic mastectomy
may be an option in the management of women with
bilateral atypical hyperplasia with a ®rst-degree relative
with premenopausal breast cancer, bilateral hyperplasia
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with two or more ®rst-degree relatives with pre-
menopausal or bilateral breast cancer and bilateral aty-
pical hyperplasia in a premenopausal woman; women
with bilateral multifocal DCIS, unilateral DCIS or
LCIS with contralateral atypical hyperplasia may also
be considered as potential candidates for prophylactic
mastectomy [25].
Amongst women with a history of previous breast

cancer, prophylactic mastectomy may be considered in
the presence of other established risk factors, such as
DCIS, LCIS, or atypical hyperplasia in the contralateral
(remaining) breast or in the presence of a strong family
history of breast cancer (see familial/hereditary breast
cancer) [47]. Some women who are undergoing mas-
tectomy for invasive breast cancer may choose to
undergo contralateral mastectomy in order to have both
breasts reconstructed simultaneously. This not only
reduces the risk of subsequent cancer in the opposite
breast (albeit small in the absence of other associated
risk factors), but also produces a better symmetry. In
this case, the indications for surgery are largely aesthetic
rather than for oncological reasons. It should be
emphasised that in women with a history of breast can-
cer a prophylactic mastectomy should be considered
only when the prognosis is good for the ®rst tumour
[68]. For example, the poor prognosis of a carcinoma
that has metastasised to 10 lymph nodes would in itself
outweigh any potential bene®t from a prophylactic
contralateral mastectomy. This is also true for women
with larger, high-grade, node-negative cancers. Under
these circumstances, prophylactic mastectomy does
nothing to reduce the risk of breast cancer death and is
best avoided. For the same reasons, it has been pro-
posed that candidates would include those who have
been followed up for some years to ensure disease-free
survival from the initial breast cancer [81].
Prophylactic mastectomy may also be considered in

women with ®bronodular, dense breasts that are mam-
mographically and/or clinically di�cult to evaluate [82].
However, breast nodularity, and in many cases density,
decrease when a woman becomes postmenopausal and the
glandular elements of the breast atrophy, making exam-
ination easier over time. In women with multiple previous
biopsies, resulting again in di�culties performing or
interpreting diagnostic breast examinations, prophylactic
mastectomy may facilitate subsequent examination and
results in a better cosmetic appearance [83]. However,
this is highly controversial. The combination of multiple
risk factors and cancerophobia in a woman who is
di�cult to examine is a more compelling argument for
considering prophylactic mastectomy [74]. Obviously,
prophylactic mastectomy is contraindicated when the
patient's life expectancy is signi®cantly reduced due to
the presence of another pathology.
In the discussion about indications of prophylactic

mastectomy, it is important to recognise the impact of

di�erent cancer risks on all the outcomes. For example,
in a BRCA1 mutation carrier, where the risk of having
breast and ovarian cancer by age 70 years is 85% and
50±65%, prophylactic surgery will not only increase her
likelihood of survival, but also improve her quality of
life (63±65). Indeed, living with cancer may have serious
physical, emotional and economic e�ects that treatment
may alleviate or cure and that surgical prophylaxis may
prevent. In contrast, women with less risk may only derive
a marginal improvement in survival and an adverse impact
on quality of life because of possible long-term surgical
morbidity, including adverse psychological sequelae.
Finally, when considering such radical preventive

surgery, it is important to acknowledge that approxi-
mately 70±80% of women with invasive breast cancer
are candidates for conservative surgery [84,85], making
prevention more radical than the treatment of estab-
lished disease. Of note, the role of conservative surgery
for the management of breast cancer in high-risk
patients remains to be de®ned. Concerns about this type
of surgery relate to the fact that the remaining breast
parenchyma continues to be at high risk; moreover,
sensitivity to breast irradiation, which is a part of breast
conservation therapy, may be higher in this group of
patients [86]. Today, it appears that this procedure may
have a role in the management of a minority of carefully
selected women at high risk, until other e�ective pre-
ventive strategies, including gene therapy after accurate
identi®cation of genetic mutations, are thoroughly
understood and ®rmly established in clinical practice.

7. Patient counselling

Breast surgeons will be faced with an increasing
number of women, many of whom will be mutation
carriers in speci®c genes predisposing to breast cancer.
Most women who are at an increased risk for breast
cancer will choose to be followed closely and are reluc-
tant to undergo prophylactic mastectomy. However,
some will want to resort to the desperate and drastic
measure of prophylactic mastectomy, believing that this
will save their lives. These women tend to be young,
highly educated and well informed, and usually they
have a personal experience with breast cancer in their
family and also have undergone genetic testing and
counselling. These consultations are as di�cult for the
doctor as for the patient, since no consensus about an
optimal preventive approach exists. Though options
such as prophylactic mastectomy or chemoprevention
using tamoxifen (see below) will probably reduce the
incidence of breast cancer, none will totally obliterate
the risk. Intensive surveillance is another option, but
without proof of bene®t [80].
Many factors contribute to a high risk woman's

choice of course of action: her objective risk of breast
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cancer; clinical features, such as the consistency of
breast parenchyma and the resultant ease of examina-
tion; breast density on mammography; personal char-
acteristics, including her experience with cancer within
her family; her role and responsibilities in her own
family; her values; her experiences with the medical
systems; and her subjective assessment of risk. Before a
high risk woman undergoes prophylactic mastectomy,
e�orts must be made to correct any overestimates of
risk and to allay excessive anxiety; the signi®cant
reduction of risk of breast cancer and of death from
breast cancer must be weighed against other factors,
including the need for breast reconstruction (usually at
the time of prophylactic mastectomy, but occasionally
as a separate delayed procedure), the irreversibility of
the decision, the realisation that breast cancer would
not have developed in all the women who undergo the
procedure, and of course the morbidity of the proce-
dure, including the e�ect of surgery on a woman's body
image and sexuality.
It is of crucial importance that a woman who is

considering prophylactic mastectomy understands the
issues concerning prophylactic mastectomy and espe-
cially that this procedure will substantially reduce, but
not totally eliminate the risk of subsequent breast
cancer development. Therefore, the need and importance
of a life-long, careful postoperative follow-up, including
periodical self examination and routine physical exam-
ination, supplemented with periodical mammographic
examinations, should be emphasised.
Prophylactic mastectomy is not an emergency proce-

dure. The patient must be unhurried in her decision
making and should be encouraged to take her time
to consider a decision of this magnitude [47]. A 6-month
period of re¯ection is necessary before proceeding with
the operation [87]. Multiple visits and consultations
with patient and spouse allow the physician to under-
stand the potential impact of this procedure on the
patient's self-image, marital relationship and other
potentially important issues. A consultation with a psy-
chologist should be proposed prior to surgery, because
of the psychological problems liable to ensue. More-
over, a plastic surgeon with experience in all forms of
breast reconstruction should be consulted; the woman
must have the opportunity for an immediate breast
reconstruction. This is especially important, since most
women considering prophylactic mastectomy are rela-
tively young, and the cosmetic result is a signi®cant
consideration. These considerations emphasise the
importance of a multidisciplinary approach [87].

8. Alternative strategies

Recommending mastectomy for cancer prevention
represents a paradox in the era of breast conservation

therapy, which preserves a breast (albeit irradiated) with
prior cancer. Currently, there are no data to suggest
that surgical prophylaxis is superior to the alternative
options of surveillance and/or chemoprevention.

8.1. Surveillance

Since breast cancer mortality in women with occult
malignancy is small, periodic surveillance is an accep-
table alternative [80,88]. Especially for BRCA1/BRCA2
mutation carriers, the recommended surveillance
include breast self-examination (monthly, beginning at
age 20±25 years), clinical examination (annually or
semi-annually, beginning at age 25±35 years), mammo-
graphy (annually, beginning at age 25±35 years) and/or
breast ultrasonography (annually, beginning at age 25
years) [3]. In selecting the breast imaging modality for
the surveillance of those patients, the surgeon should
acknowledge the relatively limited sensitivity of screen-
ing mammography amongst very young women (due to
increased density of breast parenchyma) and the poten-
tially increased risk of breast cancer from repeated
radiation exposure when periodic mammography is
initiated at an early age [89]. This risk may be even
higher amongst individuals with some inherited cancer
predisposition; for example, mutation carriers of the
ataxia telangiectasia gene are known to demonstrate
increased radiosensitivity [90]. Because of these con-
cerns, annual breast ultrasonography may be a valuable
alternative. Since carriers of BRCA1/BRCA2 also have
a predisposition for the development of other cancers
(including ovary, colon, and Ð in male carriers Ð
prostate cancer), targeted screening for these tumours
should also be considered [3].

8.2. Chemoprevention

Potential primary prevention medications, such as
tamoxifen [91] and raloxifene [92], have been found to
reduce breast cancer risk. For women who have already
had one primary breast cancer, the risk of a second pri-
mary in the contralateral breast has been shown to be
reduced by as much as 40% with the use of adjuvant
tamoxifen [93]. The NSABP P-1 project compared pro-
phylactic tamoxifen with placebo and found that
tamoxifen reduced the risk of invasive cancer by 49%
during a median follow-up of 55 months [94]. Con-
versely, recent interim reports of two European trials
showed that tamoxifen prophylaxis did not reduce the
incidence of breast cancer signi®cantly [95,96]. Possible
explanations for those con¯icting data include the use of
di�erent numbers of patients, di�erences in the age and
risk levels of the study participants, di�erences in the
lengths of follow-up, and the allowance of the use of
hormone-replacement therapy in the European studies
(used by 41% of women in the British trial [95] and 14%
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in the Italian study [96]). The larger number of patients
in the NSABP P-1 trial and its prohibition of hormone-
replacement therapy add to the strength of its ®ndings.
However, unanswered questions about tamoxifen as a
chemopreventive agent include the durability of its
e�ect, its e�ect on BRCA1/BRCA2 mutation carriers,
and its e�ect on the risk of death. Of note, in a recent
study the risk of invasive breast cancer was decreased by
76% during 3 years of treatment with raloxifene
amongst postmenopausal women with osteoporosis [97].
Interestingly, in this study the use of raloxifene has not
been associated with an increased risk of uterine cancer.
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