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INTRODUCTION

Recently, with the development of equipment and technology, the early diag-
nosis rate of breast cancer has improved. Concurrently, various genetic tests and 
treatment methods have also been developed to predict a good prognosis. Gener-
ally, once unilateral breast cancer is diagnosed, the amount of resection is deter-
mined according to the tumor size. During this process, a BRCA gene mutation 
test is also usually performed. Breast cancer is the most common cancer among 
women worldwide and in Korea, and approximately 7% cases are hereditary [1]. 
Hereditary breast cancer generally refers to a mutation in the BRCA1 or 2 genes, 
and a confirmed mutation can increase the risk of acquiring breast cancer by 
60%–80% [1]. In Korea, the estimated cumulative risk of breast cancer by the age 
of 70 years is 72.1%/66.3% in the presence of BRCA 1/2 mutation, respectively 
[2]. Thus, a positive BRCA gene mutation can be considered to be associated with 
a high risk of breast cancer. In particular, BRCA2 mutation-positive breast cancer 
tends to show similar pathological features to those of sporadic breast cancer, 
whereas BRCA1 mutation-positive breast cancer shows features different from 
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those of sporadic breast cancer. Therefore, triple-negative breast 
cancer (TNBC) is considered in cases in which the estrogen re-
ceptor (ER), progesterone receptor (PR), and human epidermal 
growth factor receptor 2 (HER2) are all not expressed [3-5]. 
Other studies reported that 57% of BRCA1 mutations and 23% 
of BRCA2 mutations in TNBC [6]. It is reported that clinical 
outcomes are similar when comparing sporadic breast cancer 
and BRCA-related cancer [7]. Based on these studies, in a pa-
tient with a positive BRCA gene mutation diagnosed with breast 
cancer in one breast, the possibility of developing cancer in 
the contralateral breast cannot be eliminated. In this case, even 
if only one breast, a very important anatomical structure sym-
bolizing femininity, is resected, there can be great impact and 
pain. Particularly, when bilateral mastectomy is decided be-
cause of a BRCA gene mutation, breast reconstruction is essen-
tially considered. The oncological safety of unilateral breast re-
construction performed immediately together with mastectomy 
has already been confirmed, and such treatments have been 
increasing used recently. Previously, the concept of prophylac-
tic mastectomy was viewed negatively due to oriental thinking. 
However, in recent years, owing to the improvement in socio-
economic and educational status of patients, the application 
of prophylactic mastectomy has been increasing. This has led 
to an increase in the rate of contralateral prophylactic mastec-
tomy (CPM), especially in patients with early-stage, low-risk 
unilateral breast cancer [8,9]. Therefore, in this study, we have 
reported about bilateral implant-based breast reconstruction 
in BRCA 1/2 mutation-positive breast cancer.

METHODS

Study design
The Institutional Review Board of Kyungpook National Uni-

versity Chilgok Hospital (No. 2018-05-005-001) approved this 
prospective study, and all patients provided informed consent 
for collecting, analyzing, and publishing their data (including 
deidentified photographs) for research purposes.

From January 2019 to June 2021, immediate implant-based 
breast reconstruction was performed after nipple-sparing mas-
tectomy on both sides in five patients with BRCA 1/2 mutation-
positive breast cancer. Among them, one was not diagnosed 
with breast cancer. The following patient characteristics were 
evaluated: age; body mass index (BMI); preoperative breast 
volume; implant volume; cancer staging; smoking status (smok-
er/non-smoker); use of radiotherapy and chemotherapy; pres-
ence of BRCA 1/2 mutation; and ER, PR, and HER2 expression. 

Photometry was performed preoperatively and at 1, 3, 6, and 
12 months postoperatively.

Patient selection 
This prospective randomized study included patients (1) 

who were diagnosed with BRCA 1/2 mutation, (2) who were 
30–60 years old at the time of surgery, and (3) who underwent 
immediate implant-based breast reconstruction after nipple-
sparing mastectomy on both sides. This study excluded pa-
tients (1) who were diagnosed with advanced stage III or IV 
breast cancer, (2) who were unable to complete the self-report-
ed questionnaire owing to a history of cognitive impairment, 
(3) who had a history of neurological and musculoskeletal 
disorders, and (4) who had a history of alcohol or drug abuse.

Surgical procedure
Selection of skin-sparing mastectomy incision

After discussing with an oncological breast surgeon and a 
plastic surgeon, (1) a lateral incision from the nipple to the ax-
illar area, (2) an incision of approximately one-third of the lat-
eral part of the inframammary fold using endoscopy, and (3) 
an approximately 4–5-cm incision in the mid-axillary line for 
robot-assisted mastectomy were preferred by the patients and 
were appropriately performed according to the breast size.

Implant-based breast reconstruction: subpectoral and/or 
prepectoral technique

The appropriate technique was determined according to a 
skin sparing mastectomy and by checking the shape of the 
breast defect. If the breast height was longer than the breast 
width of the defect, the subpectoral plane was used to reduce 
the depression of the upper pole of the breast with a round 
implant and the upper part was covered with the pectoralis 
major muscle. The insufficient implant pocket of the inferolat-
eral part was custom-made for patients with an acellular der-
mal matrix (ADM), and subsequently, the implant was insert-
ed. However, if the width and height of the breast were similar 
or wider, a large ADM was used as a prepectoral plane accord-
ing to the width to create a pocket with full coverage of the an-
terior part of the breast implant and then proceeded with spar-
ing of the pectoralis major muscle (Fig. 1). In both techniques, 
to minimize foreign body reaction to the implant, after apply-
ing two lines of the negative suction drain, irrigation was per-
formed using an antibiotic irrigation solution (povidone–io-
dine, 50 cc; isepamicin, 80 mg; cefazolin, 1 g in 500 mL of 
sterile saline). Then, after betadine redraping of the incision 
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site and implant insertion, the ADM was checked in terms of 
the location of the drain; after positioning it at the desired lo-
cation, the shape of the reconstructed breast, and symmetry of 
both sides was confirmed. However, before the final implant 
selection, the most appropriate profile for the patient was se-
lected through an implant sizer, and the same implant of the 
same size was not always inserted into both breasts because of 
the difference in the mastectomy defects on the two sides.

RESULTS

For the five patients with BRCA 1/2 mutation positive, their 
average (± standard deviation [SD]) age was 44.0± 6.48 years 
old; BMI 24.5± 2.25 kg/m2; and breast volumes were 365.8±  
70.34 and 382.4± 96.33 cc for right and left ones, respectively. 
The BRCA 1 and 2 were diagnosed in four and one patients, 
respectively. The estrogen and progesterone receptors and hu-
man epidermal growth factor receptor 2 were detected in one 
(20%), one (20%), and three (60%) patients, respectively. For 
the axillary operation, lymph node biopsy (n= 3, 60%) and 
axillary lymph node dissection (n = 1, 20%) were reported. 
The applied implant-based breast reconstruction techniques 
for ten breasts were subpectoral technique (n= 7, 70%) and 
prepectoral technique (n=3, 30%). Only one patient was found 
to receive radiotherapy as an adjuvant one and four patients 
were found to receive chemotherapy as a neo (n= 2, 40%) and 
adjuvant (n= 2, 40%). For the cancer stage, those with I, II, and 
III stages were one (20%), two (40%), and one (20%), respec-

Table 1. Patient’s demographics. Average±Standard deviation

Category n=5 (10 breasts)

Age 44.0±6.48
BMI 24.5±2.25
Breast volume (R/L) 365.8±70.34/382.4±96.33
BRCA 1/2 4 (80%)/1 (20%)
ER/PR/HER2 1 (20%)/1 (20%)/3 (60%) 
TNBC/non-TNBC 1 (20%)/3 (60%)
Axillary OP

- SLNB 3 (60%)
- ALND 1 (20%)
- None 1 (20%)

Subpectoral/prepectoral (breast) 7 (70%)/3 (30%) 
Radiotherapy

- Adjuvant - 1 (20%)
- None - 4 (80%)

Chemotherapy
- Neoadjuvant - 2 (40%) 
- Adjuvant - 2 (40%)
- None - 2 (40%)

Cancer stage
1/2/3 1 (20%)/2 (40%)/1 (20%) 

Pathology
- IDC - 4 (80%)
- None - 1

ADM (breast)
- CGCryoderm - 4 (40%)
- MegaDerm - 3 (30%)
- BellaCell HD - 3 (30%)

BMI, body mass index; BRCA, breast cancer gene; ER, estrogen recep-
tor; PR, progesterone receptor; HER 2, human epidermal growth factor 
receptor 2; TNBC, triple negative breast cancer; SLNB, sentinel lymph 
node sampling; ALND, axillary lymph node dissection; OP, operation; 
IDC, invasive ductal carcinoma; ADM, acelluar dermal matrix. 

Fig. 1. Concept illustration of implant-based breast reconstruction in BRCA 1/2 positive patient. In the case of a BRCA 1/2 positive pa-
tient diagnosed with left breast cancer, the mastectomy area is wider for oncological safety in the affected left breast, and is smaller in 
the right breast based on the concept of contralateral prophylactic mastectomy, and the thickness of the breast skin flap is preserved. 
Because the finding on both sides is different, the size of the breast implant is different, and the technique is selected according to the 
patient's situation.
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tively. The invasive ductal carcinoma (n= 4, 80%) accounted 
for most of the pathologic diagnosis. There were no major 
complications such as Infection, seroma, and implant rupture 
and both nipple necrosis was found in a patient (Table 1). 

DISCUSSION

BRCA 1/2 is a gene that provides genetic information on 
breast cancer. Generally, it is diagnosed more often in younger 
patients than in older patients; this trend is similar worldwide 
and in Korea. This trend may be due to a selection bias as young-
er patients more readily agree to undergo genetic testing. In 
particular, patients with BRCA1 mutation tend to have higher 
histological and nuclear grades and a lower proportion of duc-
tal carcinoma in situ (DCIS) than those without BRCA1 muta-
tion. However, the T stage distribution was not significantly 
different in the BRCA2 group, and notably, the axillary lymph 
node involvement was found to be more frequent in the 
BRCA2 group. ER, PR, and HER2 statuses are very important 
factors for treatment and prognosis as they have crucial clinical 
implications. In particular, BRCA1 mutation tends to occur 
more frequently in triple-negative breast cancer [10-12]. In ad-
dition, it has been reported that BRCA-related breast cancer 
has a clinical outcome similar to that of sporadic breast cancer 
[6,7]. Research on the molecular basis for the phenotype speci-
ficity of BRCA1 is ongoing. A previous study has shown that 
the BRCA1 gene can induce ERα mRNA expression [13]. There-
fore, ERα expression can be inhibited in the case of positive 
BRCA1 mutations [14]. Research at the molecular level and 

that on the relationship with PR or HER2 is ongoing. In the 
case of axillary lymph node involvement, the possibility of in-
volvement is generally high when the tumor size is large, but 
the possibility is slightly lower in the case of positive BRCA 1 
mutation [15]. Studies on the presence of BRCA 1/2 mutations; 
association with ER, PR, and HER2 receptors; and analysis of 
axillary lymph node involvement, prognosis, and treatment 
are ongoing. If the differences and similarities with patients 
with sporadic breast cancer are identified and the basics of the 
relationship at the molecular level are revealed, a positive out-
come for breast cancer patients can be predicted in the future. 
Based on these analyses, surgical treatment should be admin-
istered and long-term analysis of cases in which immediate 
breast reconstruction was performed after mastectomy must 
be performed. Usually, breast cancer is diagnosed first, and ge-
netic testing is performed later with patient consent while in-
vestigating the family history and specifics. If patients are posi-
tive for BRCA 1/2 mutation, they have a very high probability 
of being diagnosed with breast cancer even though they may 
not have it yet. Therefore, the option to remove the breasts si-
multaneously can be explained to patients. As life expectancy 
increases and the rate of early diagnosis increases, there will be 
a gradual change in the tendency to recommend contralateral 
prophylactic mastectomy (CPM) if there is a gene mutation. In 
addition, the cancer risk on the contralateral breast can be re-
duced by up to 95% in the case of CPM [8,9]. Surgical treat-
ment is performed for these reasons, and the scope of mastec-
tomy must be slightly different between patients diagnosed 
with breast cancer and those undergoing surgery due to a BRCA 

Fig. 2. Prophylactic mastectomy and immediate implant-based breast reconstruction. (A) Preoperative findings. Left breast cancer pa-
tient with BRCA 1 mutation positive patient. (B) Specimen. upper; Left breast, lower; Right breast. (C) Breast defect and skin flap after 
mastectomy. upper; Left breast, lower; Right breast. (D) Postoperative 1 year findings. 
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1/2 mutation. When cancer is diagnosed first, axillary lymph 
node sampling must be performed simultaneously and, if nec-
essary, axillary lymph node dissection should be performed. 
Mastectomy also requires a safety margin; hence, rather than 
excising only the breast tissue, efforts are being made to reduce 
the recurrence rate by excising a sufficiently larger tissue than 
the range. However, in the case of CPM, as breast cancer is not 
diagnosed, axillary lymph node sampling is unnecessary, and 
only the mammary gland tissue is excised to preserve a thicker 
skin flap, which can be considered an advantage for breast re-
construction. As both sides are usually reconstructed, implant-
based breast reconstruction rather than autologous tissue re-
construction is often chosen because the recovery time is lesser. 
This can be the reason why there is a possibility of using im-
plants of different sizes in different ways for both breast recon-
structions (Figs 1, 2). The thick skin flap reduces the appear-
ance of the implant projected through it, resulting in a better 
aesthetic outcome. Complications such as sloughing and, in 
severe cases, partial necrosis, may be reduced, to some extent, 
to provide a better blood supply. It may cause, however, necro-
sis since the blood supply to the nipple-areolar complex (NAC) 
part is poor. This is considered the problem of difference in 
the vascular formation variation or preoperative chemotherapy 
or radiotherapy, rather than problem of the surgical technique. 
Recently, high-quality ADM (acellular dermal matrix) of vari-
ous sizes can be used for implant-based breast reconstruction, 
which is very useful for creating implant pockets. Moreover, 
complications such as infection or seroma are gradually de-
creasing. As such, the possibility of occurrence, treatment, and 
prognosis of BRCA 1/2 mutation and breast cancer can be pre-
dicted, and surgical treatment is performed in parallel based 
on these factors. Recently, the quality of life of the patients, a 
very important factor, is increasingly. Because there is no corre-
lation between cancer and immediate implant-based breast re-
construction, the trend is expected to change with the concept 
of prophylactic mastectomy and breast reconstruction. In the 
future, it can be expected that the cancer incidence rate will be 
predicted at the genetic level before cancer is diagnosed and 
that the concept of total care for a better life will flow into a 
safer, more practical, and aesthetic outcome for the rest of the 
lifetime.

In conclusion, despite the limitation of having a small sam-
ple size, we were able to investigate the association between 
BRCA 1/2 mutation and breast cancer incidence. Therefore, 
when mastectomy is performed as surgical treatment, it is pos-
sible to obtain a better outcome with both implant-based 

breast reconstruction by considering the symmetry of the breast 
and different circumstances between diagnosed and undiag-
nosed breast cancer.
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