
SURGICAL SYMPOSIUM CONTRIBUTION

Genetic Diagnosis before Surgery has an Impact on Surgical
Decision in BRCA Mutation Carriers with Breast Cancer

Sungmin Park1 • Jeong Eon Lee2 • Jai Min Ryu2 • Issac Kim2
• Soo Youn Bae3 •

Se Kyung Lee2 • Jonghan Yu2 • Seok Won Kim2
• Seok Jin Nam2

Published online: 16 November 2017
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Abstract

Background The first aim of our study was to evaluate surgical decision-making by BRCA mutation carriers with

breast cancer based on the timing of knowledge of their BRCA mutation status. The second aim was to evaluate

breast cancer outcome following surgical treatment.

Methods This was a retrospective study of 164 patients diagnosed with invasive breast cancer, tested for BRCA

mutation, and treated with primary surgery between 2004 and 2015 at Samsung Medical Center in Seoul, Korea. We

reviewed types of surgery and timing of the BRCA test result. We compared surgical decision- making of BRCA

carriers with breast cancer based on the timing of knowledge of their BRCA mutation status.

Results Only 15 (9.1%) patients knew their BRCA test results before their surgery, and 149 (90.9%) knew the results

after surgery. In patients with unilateral cancer, there was a significant difference between groups whose BRCA

mutation status known before surgery and groups whose BRCA status unknown before surgery regarding the choice

of surgery (p = 0.017). No significant difference was observed across surgery types of risk of ipsilateral breast tumor

recurrence (p = 0.765) and contralateral breast cancer (p = 0.69).

Conclusion Genetic diagnosis before surgery has an impact on surgical decision choosing unilateral mastectomy or

bilateral mastectomy in BRCA mutation carriers with breast cancer. Knowledge about BRCA mutation status after

initial surgery led to additional surgeries for patients with BCS. Thus, providing genetic counseling and genetic

testing before surgical choice and developing treatment strategies for patients with a high risk of breast cancer are

important.

Introduction

The prevalence of the BRCA mutation in Korea was

reported to be 20% of breast cancer patients with a family

history, which is consistent with Western populations. In

previous study, the estimated cumulative risk of breast and

ovarian cancer with BRCA mutations has been calculated

as 72 and 25% for BRCA1 and 66 and 11% for BRCA2 in

Korea [1]. Several aspects should be considered before

these patients make decisions for treatment. The risk of

ipsilateral breast tumor recurrence (IBTR) and contralateral

breast cancer (CBC) [2], and the potential survival benefit

of prophylactic mastectomy, need to be taken into account.
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A meta-analysis of 18 retrospective and 2 prospective

cohorts reported on cumulative risk of secondary–primary

contralateral breast cancer in 1324 people carrying

BRCA1/BRCA2 mutations. The cumulative 10-year risk of

CBC was 27% for BRCA1 mutations and 19% for BRCA2

mutations compared with 5% for people without BRCA

mutations [3]. Several studies have tried to clarify these

issue but their results are conflicting [4, 5].

Identification of BRCA mutation status can influence

surgical treatment decisions for patients with a diagnosis of

breast cancer [6, 7]. Surgical treatment for women with

BRCA-associated breast cancer remains controversial.

Patients who underwent breast-conserving surgery had

higher risk of IBTR than patients with mastectomy (15-

year cumulative estimated risk 23.5 vs 5.5%) [8]. However,

both breast cancer-specific survival (BCSS) and overall

survival (OS) were similar between the two groups at

15 years (93.5 vs 92.8 and 91.8 and 89.8%). There was no

difference in breast cancer-specific survival (BCSS)

between patients with BRCA mutation who underwent

contralateral prophylactic mastectomy and patients who

did not [9, 10]. Other study concluded that the 10-year

overall survival advantage showing 89% in women elect-

ing for contralateral risk-reducing mastectomy (CRRM)

compared to 71% in the non-CRRM group [11].

There are several studies analyzing the timing of genetic

testing and impact on surgical decision-making in patients

with breast cancer [12–15]. However, there are limited

studies to evaluate these issues in Korea. The first aim of

our study was to evaluate surgical decision-making by

BRCA mutation carriers with breast cancer based on the

timing of knowledge of their BRCA mutation status. The

second aim was to evaluate breast cancer outcome fol-

lowing surgical treatment.

Methods

This was a retrospective study of 823 patients diagnosed

with invasive breast cancer. The patients were tested for

BRCA mutation and treated with primary surgery or

neoadjuvant chemotherapy (NAC) followed by curative

surgery at Samsung Medical Center between January 2004

and December 2015. BRCA mutation carriers were cate-

gorized into two groups: (1) patients whose BRCA status

was known before their surgery; (2) patients whose BRCA

status was unknown before their surgery. We compared

surgical decision-making based on the timing of knowl-

edge of their BRCA mutation status. We reviewed medical

records for age at breast cancer diagnosis, types of surgery,

timing of the BRCA test result, clinical and pathologic

staging, histology, hormone receptor status, and informa-

tion about systemic therapy, radiation therapy and patient

outcome. Types of initial surgery were classified by breast-

conserving surgery (BCS), unilateral mastectomy (UM), or

bilateral mastectomy (BM), and we established whether

mastectomy was contralateral or/and risk-reducing mas-

tectomy. We also investigated if patients underwent a

bilateral oophorectomy.

The eligibility criteria for the BRCA test were as fol-

lows: (1) breast cancer patients with family history of

breast or ovarian cancer in any relative; (2) diagnosis of

breast cancer at age 40 or younger; (3) bilateral breast

cancer; and (4) male with breast cancer. Eligible patients

were offered genetic counseling and brief information

about the test by investigators at our institution.

BRCA mutation analysis

BRCA1/2 genetic testing was performed using genomic

DNA from peripheral blood by full direct sequencing. All

BRCA1 and BRCA2 variants were categorized as patho-

genic, unknown significance, or polymorphic. Prevalence

of mutations was calculated as the proportion of carriers

with pathogenic mutations in each subgroup.

Statistical analysis

We used Chi-squared tests and Spearman’s correlation

coefficient to compare discrete variables. The Kaplan–

Meier method with 95% confidence intervals (CIs) was

calculated based on the logarithm of the survival function

and used to estimate long-term outcomes of contralateral

breast cancer and local–regional recurrence. Differences

were defined as significant when p values were less than

0.05. We used SPSS, Version 22 (IBM Corp., Armonk,

NY, USA) for the Chi-squared tests and R 3.2.0 package

for calculating Cox’s proportional hazard regression and

logistic regression.

Results

We retrospectively analyzed records of 836 patients who

were surgically treated for primary breast cancer between

2004 and 2015. Among these patients, we identified 171

who carried BRCA mutations and had a breast cancer.

Patients who underwent primary surgery outside our

institution were excluded, leaving 164 patients eligible for

analysis (Fig. 1). The mean age at the time of surgery was

41.2 years (range 25–68 years), and 50% of patients were

younger than 40. Mean follow-up time was 53.5 months

(range 7–149 months). Among 164 patients, 82 (50%)

carried BRCA1 mutations, 81 (49.4%) carried BRCA2

mutations, and 1 (0.6%) had both BRCA1 and BRCA2

mutations. 144 (87.8%) patients had unilateral breast
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cancer, and 20 (12.2%) had bilateral breast cancer. Only 15

(9.1%) patients knew their BRCA test results before their

surgery, and 149 (90.9%) knew the results after surgery. Of

patients who were treated with neoadjuvant chemotherapy,

only 46.4% (13 of 28) were aware of their mutation status

before surgery. The timing of the BRCA test with regard to

surgery was not significantly different between patients

with BRCA1 and BRCA2 mutations. 9 of 76 (7.4%)

patients with BRCA1 mutations had their mutation status

identified before surgery, and 5 of 68 (7.4%) patients with

BRCA2 mutations knew their status before surgery

(p = 0.683). Triple-negative (hormone receptor-, HER2-)

invasive cancer was significantly more likely in patients

with BRCA1 mutations (55 of 76, 72.4%) than in patients

with BRCA2 mutations (14 of 68, 20.6%) (p\ 0.001).

Pathologic stage did not vary significantly between BRCA1

and BRCA2 carriers (p = 0.883). Demographic, clinico-

pathologic, and treatment characteristics of patients are in

Table 1.

Initial surgical choice by mutation status identified

before versus after surgery

Of patients with unilateral cancer whose BRCA mutation

status was known before surgery, 5 (35.7%) chose BCS, 8

(57.1%) chose UM, and 1 (7.2%) chose BM. Of patients

with unilateral cancer whose BRCA mutation status was

unknown before surgery, 96 (73.8%) chose BCS, 33

(25.4%) chose UM, and 1 (0.8%) chose BM. Difference

between the two groups regarding the choice of surgery

was significant (p = 0.017) (Fig. 2). Of 130 patients with

unilateral cancer whose BRCA status was unknown before

surgery and underwent BCS or UM, one patient underwent

BM for risk reduction after mutation status was identified,

and 2 underwent BM as a result of IBTR or CBC. Overall,

3 (1.5%) patients underwent delayed BM.

Of 20 patients with bilateral cancer, 11 (55.0%) under-

went bilateral BCS or unilateral BCS and UM, and 9

(45.0%) underwent BM. None of the 20 patients had their

BRCA mutation status identified before surgery.

In patients with unilateral breast cancer, 10 patients had

UM with reconstruction and 2 patients had BM with

reconstruction as risk-reducing mastectomy (RRM). In

patients with bilateral breast cancer, 5 of 20 had BM with

reconstruction.

Oncologic outcomes of patients with BRCA

mutations

During follow-up period, 8 instances of IBTR, 12 of CBC,

and 11 of distant metastases occurred. Of all 164 patients,

23 experienced one of these recurrences. Of 144 patients

with unilateral breast cancer, 4 had local–regional recur-

rences, 12 had CBC, and 10 had distant recurrences. The

estimate for 5-year local–regional recurrence-free survival

was 96.4% (95% CI 94.1–100.0%) for patients who had

BCS and 96.2% (95% CI 90.5–103.1%) for patients with

mastectomy (Table 2). No significant difference was

observed across surgery types of risk of IBTR (p = 0.765)

and CBC (p = 0.69, Fig. 3). No significant difference was

observed across surgery types of risk of IBTR between

patients with BRCA1 and BRCA2 mutations (p = 0.362),

and no significant difference was observed for risk of CBC

(p = 0.284).

Discussion

In this study, 15 (9.1%) patients knew their BRCA test

results before their surgery, and 149 (90.9%) knew the

results after surgery. Identification of BRCA mutation

status influenced the choice of surgical types, 66.7% of

patients knew their BRCA mutation status underwent UM

or BM, and 30.2% of patients with unknown mutation

status underwent UM or BM. In patients with unilateral

breast cancer, no significant difference was observed across

surgery types of IBTR (log-rank test, p = 0.765), and no

significant difference was observed across surgery types of

risk of contralateral breast cancer (log-rank test, p = 0.69).

No difference in risk of IBTR was seen between patients

Fig. 1 Study flow diagram
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with BRCA1 and BRCA2 mutations (log-rank test,

p = 0.691), and no significant difference was observed in

risk of CBC (log-rank test, p = 0.202).

In this study, two patients were initially treated with

BM, but 3 treated with BCS or UM were treated with BM

for RRM or for contralateral breast later in patients with

unilateral cancer. This delay was most likely the result of

being unaware of their mutation status before their surgery.

Recent study demonstrates that when patients and surgeons

are aware of a BRCA mutation status prior to surgery, they

more often choose bilateral mastectomy [16]. Patients with

unknown mutation status underwent BCS that will most

likely be offered bilateral mastectomy after the results of

genetic testing [17, 18], which occur additional cost and

morbidity. Preoperative genetic testing has several benefits

which are reducing the need for additional surgeries and

favor survival outcome [19, 20]. The concept of treatment-

focused genetic testing (TFGT) has been addressed, and

breast cancer patients with high-risk factors are offered

genetic counseling and testing at diagnosis for appropriate

timed treatment decisions [21]. Recent study showed that

streamlined genetic education is effective in informing

women newly diagnosed with breast cancer about TFGT

[22].

In this study, only 15 (9.1%) patients knew their BRCA

test results before their surgery, and 149 (90.9%) knew

their results after surgery. Of patients who were treated

with neoadjuvant chemotherapy, only 46.4% (13 of 28)

were aware of their mutation status before surgery. This

result differs from a study in which 41% of patients with

BRCA mutations found to have BRCA mutation before

their surgery [14]. In Korea, newly diagnosed patients with

Table 1 Demographic, clinicopathologic, and treatment characteris-

tics of patients

Characteristic No. %

Age (mean, range) 41.2 (25–68)

Age

\40 82 50.0

C40 82 50.0

Family history

Breast cancer 78 78.0

Ovary cancer 17 17.0

Both 5 5.0

BRCA result before surgery

Known 15 9.1

Unknown 149 90.9

Mutation

BRCA1 82 50.0

BRCA2 81 49.4

Both 1 0.6

Location

Unilateral 144 87.8

Bilateral 20 12.2

Pathologic T stage

1 94 57.3

2 57 34.8

3 7 4.3

Pathologic N stage

0 95 57.9

1 42 25.6

2 14 8.5

3 1 0.6

ER

Positive 86 52.4

Negative 78 47.6

PR

Positive 77 47.0

Negative 87 53.0

HER2

Positive 8 4.9

Negative 156 95.1

Radiotherapy

Yes 133 81.1

No 29 17.7

Chemotherapy

Yes 121 73.8

No 41 25.0

Hormone therapy

Yes 92 56.1

No 72 43.9

Primary treatment

NAC following surgery 31 19.0

Surgery 133 81.0

Table 1 continued

Characteristic No. %

Initial surgery

Breast-conserving surgery 109 66.5

Unilateral mastectomy 44 26.8

Bilateral mastectomy 11 6.7

BSO

Yes 53 32.3

No 111 67.7

Cause of BSO

Prophylactic 41 77.4

Ovary cancer 9 17.0

Others 3 5.6

NAC neoadjuvant chemotherapy, BSO bilateral salpingo-

oophorectomy
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high risk for hereditary breast cancer are offered genetic

counseling at diagnosis of breast cancer, and BRCA1/2

mutation testing is carried out. High-risk factors for

hereditary breast cancer are as follows: (1) any breast

cancer patient that has a family history of breast or ovarian

cancer in any relative; (2) breast cancer without a family

history of breast or ovarian cancer, subjects 40 years or

younger at diagnosis, with bilateral breast cancer, male

gender, or diagnosed with another primary malignancy.

Family members of BRCA1/2 mutation carriers are offered

genetic counseling as well [23]. Process of management for

patients with high risk is similar to Western countries.

However, social and cultural factors in Asia are more

conservative than in Western countries. Therefore, social

stigma, including the perception of cancer and genetic

variations, may remain a barrier to address breast cancer

and genetic risks [24]. Patients and family members tend to

hesitate about testing for BRCA mutations. This tendency

Fig. 2 Distribution of initial

surgery choice for patients with

unilateral cancer whose

mutation status was identified

before surgery versus after

surgery. BCS breast-conserving

surgery, UM unilateral

mastectomy, and BM bilateral

mastectomy

Table 2 Oncologic outcome of patients with unilateral breast cancer

5-year % (95% CI) p value

Local–regional recurrence

BCS 96.4 (94.1–100.0) 0.765

Mastectomy 96.2 (90.5–103.1)

Contralateral primary breast cancer

BCS or UM 96.9 (92.5–99.1) 0.690

BM NAa

BCS breast-conserving surgery, UM unilateral mastectomy, BM

bilateral mastectomy, and NA not available
aSample size and number remaining at risk were too small to estimate

Fig. 3 Kaplan–Meier estimate

for the survival free time of

contralateral breast cancer in

BRCA carriers (p = 0.69). BCS

breast-conserving surgery, UM

unilateral mastectomy, and BM

bilateral mastectomy
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might lead to a delay of knowledge about BRCA mutation

status [25].

In this study, we saw a significant difference between

two groups regarding choice of surgery (p = 0.017). The

probability of choosing a BM was much higher for patients

who know their BRCA mutation status at the time of the

initial surgery [7]. However, proportion of bilateral RRM

of this study at initial surgical choice was less than a pre-

vious study, even though our patients knew their BRCA

mutation status before surgery [14]. In this study, in

patients with unilateral breast cancer, 7.2% with known

BRCA mutation status underwent bilateral RRM, whereas

82.5% of patients who were aware of their BRCA mutation

status underwent bilateral RRM in a study by Chiba et al.

[14]. A study about perceptions of prophylactic mastec-

tomy in Korea showed that patients have less basic infor-

mation than Western patients about benefit and

complications of prophylactic mastectomy. The reasons for

refusing to undergo prophylactic mastectomy were aes-

thetic concerns, followed by surgical risk [26]. Expense of

the procedures was one of the reasons to refuse prophy-

lactic mastectomy. However, the National Health Insur-

ance System has promoted coverage for the cost of

reconstruction surgery after mastectomy since 2015.

Angelina Jolie announced having a BRCA1 mutation and

receiving bilateral risk-reducing mastectomy in 2013, and

interest in hereditary breast cancer increased [27]. After her

disclosure, contralateral prophylactic mastectomy also

increased from four cases per year in 2012 to 20 cases per

year in 2015 in affected carriers in Korea [28]. These

factors may affect increase of BM and RRM in patients

with BRCA carriers in the future.

In this study, no significant difference was seen across

surgery types of IBTR (log-rank test, p = 0.765) in

patients with unilateral breast cancer. This result was

consistent with a study by Chiba et al. [14], in which no

significant difference was observed across surgery types of

local–regional recurrence (p = 0.57). However, another

study showed that patients who underwent BCS had a

higher risk of IBTR than patients with mastectomy [21],

and recent study showed 15-year cumulative estimated risk

of IBTR was 23.5% in patients underwent BCS, whereas

5.5% in patients with mastectomy [8].

In this study, no significant difference was observed for

risk of CBC in patients with unilateral breast cancer

(p = 0.69). This result was inconsistent with a previous

study that showed a significantly reduced risk of CBC in

patients undergoing BM [14]. This difference may be the

result of relatively short follow-up time or small numbers

of events. We started bilateral RRM in 2010, so the follow-

up time for CBC for patients receiving BM was relatively

short.

This study had some limitations. It was a retrospective

study from a single institution, so the small sample size and

the relatively short median follow-up limited some out-

come estimates. Second, patients’ preference and Korean-

specific environment could make influence on surgical

decision and may not be generalizable to other condition

with a similar level of clinical excellence. Last, we started

bilateral RRM in 2010, so the follow-up time for CBC for

patients receiving BM was short, lower the power for

comparison across surgery groups.

In conclusion, genetic diagnosis before surgery has an

impact on surgical decision choosing unilateral mastec-

tomy or bilateral mastectomy in BRCA mutation carriers

with breast cancer. Knowledge about BRCA mutation

status after initial surgery led to additional surgeries for

patients with BCS. Thus, providing genetic counseling and

genetic testing before surgical choice and developing

treatment strategies for patients with a high risk of breast

cancer are important.
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