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Abstract

Background: BRCA1 and BRCA2 mutation carriers represent high-risk subjects who can benefit from prophylactic risk-reducing 

mastectomy. No mastectomy can remove all breast glands and consequently eliminate all risk, and the so-called “Angelina Jolie effect” 

requires plastic surgeons to perform the most cosmetic and immediate surgery. There are no guidelines indicating the preferred type of 

reconstruction following a prophylactic mastectomy; the only concern is for the type of mastectomy and the indication for an immediate 

reconstruction. The literature reports extremely rare cases of invasive breast cancer in previously risk-reducing mastectomies for mutation 

carriers.

Case description: We present two cases of breast cancer following prophylactic mastectomy and retropectoral implant reconstruction that 

were easily detected and treated.

Discussion: In the light of the current tendency towards simple clinical surveillance and prepectoral implant reconstructions, we discuss 

the oncological benefit of the retromuscular plane in high-risk patients. 
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Introduction

 Although most breast and ovarian cancers are sporadic, 
the percentage of inherited breast cancer is 7-8%, while that for 
ovarian cancer ranges from 15-25%.

 About a quarter of inherited breast cancers are due to 
BRCA1 and BRCA 2 mutation carriers.

 In BRCA 1 mutation carriers, the risk of developing 
breast cancer during their lifetime may vary between 35% and 
80%, while in BRCA 2 mutation carriers this may vary between 
30% and 65% [1].

 BRCA 1 mutation carriers have a higher risk for breast 
and ovarian cancer compared to the general population. BRCA 2 
mutation carriers have a higher risk in developing other cancers 
such as melanoma, and those of the pancreas, gastrointestinal 
system, prostate and breast in the male population, and breast 
and ovaries in the female population [1].

 Regarding breast cancer, in BRCA1 the risk of a triple-
negative tumour is higher. Today the possibility of survival after 
breast cancer is 80% at 5 years if early diagnosis is performed. 
The incidence in Italy is about 55,000 new cases per year with a 
prevalence of 843,200 Italian women who are surviving despite 
breast cancer. Male breast cancer is about 8-10 times higher com-
pared to non-mutated men [1].

 Ovarian cancer is one of the “big killers”, with early di-
agnosis being especially difficult.

 With the most recent treatments the possibility of sur-
vival at 5 years is now 40-50% after diagnosis. The expected in-
cidence is 5,200 new cases per year in Italy, with a prevalence of 
49,800 Italian women surviving after ovarian cancer. The ovarian 
cancer lifetime risk is about 25-40%for BRCA1 and BRCA2 pa-
tients, with a later onset for BRCA2 patients, so ovariectomy is 
indicated by 40 years of age for BRCA1 and between 40 and 45 
years of age for BRCA2 [1]

 To reduce the risk of breast cancer, bilateral prophy-
lactic mastectomy represents the surgical option, generally pre-
ferred to enhanced radiological surveillance and hormone-ther-
apy. Although studies show a 90% risk reduction after surgery in 
BRCA carriers, the risk can never totally be eliminated because 
efficacy is likely linked to the residual breast tissue [1]. 

 Some terminal duct lobular units may remain with skin 
flap thickness >5 mm, in the axillary extension and within the 
pectoralis fascia, and ducts survive in the nipple [2].

 Over the years, mastectomy techniques have evolved 
from radical to simple mastectomy and have become more 
conservative with the so-called subcutaneous mastectomies 
(skin-sparing mastectomy SSM, nipple-sparing mastectomy 
NSM, and skin reducing mastectomy SRM) [3], which are on-
cological safe and allow for improved aesthetic and functional 
outcomes. Every mastectomy removes the pectoralis fascia, and 
subcutaneous mastectomies in particular have anterior dissec-
tion just above the superficial fascia, which is sometimes difficult 
to identify. In a subcutaneous mastectomy, the breast envelope 
and the inframammary fold are spared, ideally enabling less loss 
of sensation and better-restored final morphology through Im-
mediate Breast Reconstruction (IBR).

 It is reported in the published medical literature that the 
distance from the superficial fascia to skin is <1.1 mm in 50% of 
patients [4] and that residual breast tissue can be found in 58.3% 
of prophylactic mastectomies and in 51.6% of therapeutic nip-
ple-sparing mastectomies [5].

 According to AHS, CCO, and the NCCN guidelines, 
nipple-sparing mastectomy is appropriate for prophylactic mas-
tectomy, and a recent review of breast reconstruction guidelines 
indicates that immediate reconstruction is recommended for 
women undergoing prophylactic mastectomy [6].

 Reconstructive choice is both a surgeon and a patient’s 
decision, based upon many factors: eventual donor sites for au-
tologous flaps or fat graft, risk factors, breast cup and ptosis, and 
the patient’s expectation and willingness. 

 Implant reconstruction is the most performed breast 
reconstruction worldwide. Many options are available: a total 
retromuscular pocket; a “dual plane” pocket where the implant 
is placed both behind the pectoralis major muscle on the supe-
rior-internal side and behind the mastectomy skin flap with or 
without an ADM/mesh on the lower-external side; and a new 
prepectoral position right behind the mastectomy flap, covered 
by an ADM or a polyurethane shell. 
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 The location of the pocket is determined by the vitali-
ty of the mastectomy flap: a prepectoral implant pushing over a 
poor skin flap risks complications (ischemia, dehiscence, infec-
tion, extrusion) so it is only connected to a thick, well-perfused 
mastectomy flap. Dual plane and retromuscular reconstruction, 
instead, reduce implant pressure over the mastectomy flap and 
can be approached with “skinny” mastectomy flaps. Total and 
partial retropectoral reconstruction may cause more postopera-
tive pain, muscle spasm and hyper-animation, while prepectoral 
reconstruction may offer natural breast shape, lower capsular 
contracture and greater satisfaction with outcomes [7].

 The prophylactic primum movens of mastectomy in 
healthy mutation carrier’s demands both the most complete 
breast tissue removal and the most cosmetic result; it is a surgi-
cal primary prevention where oncological and aesthetic criteria 
must be embraced, but this union is not simple to achieve. In 
particular, the thickness of the mastectomy flap should not be 
decided based upon the type of the aimed reconstruction, but the 
reconstruction should be decided according to the mastectomy 
flap. Few reports in the literature cite the event of breast cancer 
after prophylactic mastectomy for BRCA mutation carriers [8,9].

 We reported two additional clinical cases of breast can-
cer following prophylactic mastectomy in BRCA mutation carri-
ers who were treated at the IEO, European Institute of Oncology 
IRCSS, in Milan, Italy.

Case presentation

 All procedures were performed in accordance with the 
ethical standards of the institutional and national research com-
mittees and with the Helsinki Declaration (as revised in 2013). 

 The first case involved a 34-year-old female BRCA1 
mutation carrier, who had a clinically palpable 2cm subcutane-

ous cancer on a 3-year-old left prophylactic nipple-sparing mas-
tectomy reconstructed with a total retropectoral implant (Figure 
1a). When she was 31 years old in 2015, she underwent surgery, 
after having undergone a CT (EC x 4, taxol x 3), for triple-neg-
ative tumor of her right breast with nipple-sparing mastectomy, 
sentinel node dissection and immediate implant reconstruction. 
The final histology was: pT1c(m) (1.5 cm), pNSent Neg (0/3), 
G3, vascular invasion absents, receptors ER 0%, PgR 0%, Ki-67 
60%, c-erbB2: absent.

 Genetic consultation found her to be BRCA1 positive.

 It was therefore suggested, in 2016, at the age of 32, that 
she undergo risk-reducing left side mastectomy and immediate 
implant reconstruction with the same total muscle-covered im-
plant as the contralateral side. 

 In 2018 a nodule of 2cm was diagnosed in the healthy 
side with concomitant 6 mm nodule on the right side and capi-
tation at PET scan in the right mastectomy skin and right lung 
(suspected metastasis). She was treated with chemotherapy with 
carboplatin and gemcitabine, then changed to cisplatin.

 At the end of the treatment, in 2019 she underwent 
wide bilateral excision, and bilateral change of implants to ex-
panders.

 The histology was positive only on the left breast (previ-
ous healthy side). Staging of the left breast was ypT1a (3 mm); 
ypN0(sentinel); negative receptors.

 She underwent removal of the single lung metastasis 
with a previous Technetium intralesional injection and subse-
quent change of expanders to implant (Figure. 1b). 
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Figure 1: (a) Case 1. US view of subcutaneous cancer on a 3-year-old left prophylactic nipple-sparing mastectomy reconstructed 

with total retropectoral implant in a BRCA1 mutation carrier. (b) After bilateral wide excisions (including the nipple-areola 

complexes) of the left cancer and right suspect nodule, the patient underwent bilateral expander reconstruction and subsequent 

exchange with implants; in this photograph, the patient is awaiting nipple-areola reconstruction.

 In the second case, a 45-year-old female BRCA2 muta-
tion carrier, was found at ultrasound (US) with a 9mm subcuta-
neous cancer marginally to the sternum in a 6-year-old prophy-
lactic nipple -sparing right mastectomy with total sub-muscular 
reconstruction.   

 At 39 years old, she had been diagnosed with infiltrat-
ing breast cancer of her left breast. She underwent an immediate 
genetic test that revealed BRCA2 mutation.

 She therefore underwent, in 2015, left nipple-sparing 
mastectomy, sentinel node biopsy and risk-reducing right side 
and bilateral total sub-muscular implant reconstructions.  

 The histology was positive in the left side: cribriform 
well-differentiated breast cancer, with large intraductal compo-

nent. pT1c (1.8 cm) pNSent Neg (0/3), G1, IVP absent, ER 95% 
PgR 95%, Ki-67 8%, c-erbB2: partial weak in 90%, Ca 15-3: 23 u/
ml. 

 She was treated with tamoxifen 20 mg/die until 11/2020.

 In 06/2018 she underwent laparoscopic ovariectomy 
with negative histology.

 All remained stable until January 2021 when ultra-
sound revealed a dense lesion of 8 - 9 mm on the right breast, 
QII, marginally to the sternum.

 After a straightforward fine needle aspiration (FNA) 
(Figure 2a), wide excision of the nodule, sentinel node biopsy 
and bilateral implant change were performed (Figure. 2b).
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Discussion

 According to the published medical literature, breast re-
construction for breast cancer, either with implants or autologous 
tissue, does not modify the risk of breast cancer recurrence com-
pared to conventional mastectomy without reconstruction [10-12], 
and the breast cancer outcome is the same with alloplastic and 
autologous reconstruction [13]. A recent systematic review on the 
pattern of local recurrence after therapeutic SSM and NSM mas-
tectomy and reconstruction with implants and flaps reports a 4.7% 
local relapse rate: skin and/or subcutaneous tissue recurrence was 
75.8%, chest wall was 14.2%, and NAC was in 10% of the cases [14].

 The European Society for Medical Oncology (ESMO) 
guidelines recommend periodic clinical follow-up for operat-
ed early breast cancer; mammography is recommended only for 
breast conservative surgery and contralateral side, while US and 
breast MRI should be performed only when needed [1]. No specif-
ic indication is made for locally advanced breast cancer survivors, 

Figure 2: (a) Case 2. US view of FNA of subcutaneous cancer in a 6-year-old prophylactic nipple-sparing right 

mastectomy with total submuscular reconstruction in BRCA2 mutation carrier. (b) Postoperative view after 

wide excision of the right cancer, sentinel node biopsy and bilateral submuscular implant change.

nor for surveillance of BRCA mutation carriers who have under-
gone risk-reducing mastectomy [1]. Clinical examination is the 
primary evaluation in every post-mastectomy breast, with radio-
logic examinations required only when there is clinical suspicion. 

 The appropriate surveillance imaging strategy is a de-
bated topic [15], with evidence from small retrospective studies. 
In 2020, the American College of Radiology (ACR) published 
Appropriateness Criteria Imaging After Mastectomy and Breast 
Reconstruction by a panel of experts [16]. According to the ACR, 
in high-risk patients with prophylactic mastectomy and autolo-
gous or implant reconstructions and absence of clinical suspicion, 
there is insufficient evidence to support the use of mammography, 
digital breast tomosynthesis and US; although MRI may be useful 
in monitoring the residual breast tissue, there is insufficient evi-
dence to support its use; it is suggested that the yield of screening 
is especially low in the setting of retropectoral implant placement, 
in which recurrences are most likely to be clinically palpable. 
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 Breast reconstruction with autologous tissues is typical-
ly performed in a prepectoral location because there is no need 
to lift the pectoralis major muscle. In this setting, the clinical 
detection of cancer may suffer from frequent partial fat necro-
sis and oil cysts, and radiological follow-up is often performed 
to exclude benign lesions; adipose tissue of flaps allows for im-
proved contrast with dense lesions such as cancer nodules on 
mammography. 

 In an implant-based reconstruction, mastectomy 
boundaries are different for each pocket plane; in a total retro-
muscular reconstruction, the breast bed is totally subcutaneous; 
in a partial retromuscular reconstruction, it is both subcutane-
ous and behind the lower-external part of the implant; in a prep-
ectoral reconstruction, it is both subcutaneous and behind the 
whole implant. Cancer relapses both in the superficial plane and 
on the chest wall have been reported in the published medical 
literature, but no distinction is made regarding implant location 
[14].

 No trial has ever investigated cancer occurrence in pre-
vious prophylactic mastectomies, and no report up to this day 
has investigated incidences of cancer occurrence comparing dif-
ferent reconstructions after risk-reducing mastectomy. A recent 
original article on prepectoral implant reconstruction for pro-
phylactic mastectomy reported that no patients developed breast 
cancer during 18 months of follow-up [17]. However, prepec-
toral reconstruction is a relatively new technique and it could 
be that this type of evidence has yet to be demonstrated. No lit-
erature exists regarding specific different radiological follow-up 
cautions associated with prepectoral implant reconstruction, 
while the European Society for Radiation and Oncology - Ad-
visory Committee on Radiation Oncology Practice already has 
proper indications on radiotherapy [18].

 From an anatomical point of view, circumscribing the 
mastectomy boundaries and its bed to a subcutaneous plane as 
in retropectoral implant reconstruction may help the clinician to 
conduct a local examination and, if need be, to easily perform US 
and FNA. In a prepectoral reconstruction, a tumor could occur 
behind the implant and potentially be identified later, and a pos-
terior biopsy would probably require implant removal and major 
surgery.

 The prepectoral solution is undoubtedly a great inno-
vation and yields optimal results; particularly in these “Angelina 
Jolie effect” times, a prepectoral implant reconstruction is a solu-

tion for the aesthetically demanding and very young healthy fe-
male population. A specific proper radiological follow-up should 
be encouraged anyway, as mutation carriers still have breast tis-
sue and still harbour the potential for an aggressive cancer; addi-
tional studies should investigate the oncologic outcome between 
different reconstructions over different pocket planes and the 
appropriate surveillance for every case should be recommended.

 Women need to be aware that prophylactic mastectomy 
can reduce the risk of breast cancer without completely 
eliminating it. Close collaborations between breast surgeons, 
breast radiologists and plastic surgeons can indicate the 
correct surgical treatment for mastectomy, reconstruction, and 
radiological surveillance. A careful follow up based on clinical 
examination remains necessary, as delayed cancer can occur. 
Risk-reducing mastectomy in high-risk patients could be 
associated with total submuscular reconstruction for simpler 
follow-up, or with prepectoral reconstruction for women with 
aesthetic expectations who understand the need for thorough 
whole-breast-bed surveillance.
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