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ABSTRACT

Women carrying pathogenic/likely pathogenic variants of high- or moderate-penetrance 
genes, such as BRCA1/2, TP53, PTEN, PALB2, CDH1, STK11, CHEK2, and ATM, face markedly 
elevated lifetime risks of breast cancer. Risk-reducing mastectomy (RRM) reduces incidence 
by approximately 90% as shown in large observational cohort studies and meta-analyses. 
However, the survival advantage of RRM remains uncertain given the observational design, 
heterogeneous population, and the lack of randomized controlled trials. For moderate-
penetrance genes, guidance relies more on absolute risk modeling and expert consensus 
than on direct outcome data. Hence, RRM is recognized as an option for women at high-risk, 
while emphasizing individualized, multidisciplinary decision-making that incorporates 
oncological, genetic, reconstructive, and psychosocial perspectives. In addition, choices are 
shaped by many factors, such as age, family plans, culture, and healthcare systems in real 
practice. This review integrates the current evidence and evolving guidelines to clarify the 
benefits, limitations, and controversies surrounding RRM. By addressing existing knowledge 
gaps and decision-making challenges, it aims to facilitate informed patient-centered 
counseling for the management of hereditary breast cancer.
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INTRODUCTION

According to recent large-scale reports, women carrying pathogenic or likely pathogenic 
variants of BRCA1 have a cumulative risk of developing breast cancer of 72% (95% confidence 
interval [CI], 65–79) by age 80, while the corresponding risk for BRCA2 carriers is 69% (95% 
CI, 61–77) [1]. In the Korean Hereditary Breast Cancer study, the estimated cumulative risk 
of breast cancer by age 70 was 49% (95% CI, 11–98) for BRCA1 and 35% (95% CI, 16–65) for 
BRCA2 carriers, showing results comparable to those observed in Western populations [2]. 
For comparison, the lifetime risk in the general population was 13.1% in 2021 and 7.2% up to 
age 74 among Korean women [3,4]. In addition to BRCA1 and BRCA2, other high-to-moderate 
penetrance variants, such as TP53, PTEN, PALB2, CDH1, STK11, CHEK2, and ATM, are linked 
to an increased risk of breast cancer, although research on them remains limited. People 
with high-penetrance genes face approximately a 40%–60% lifetime risk, whereas those 
with moderate-penetrance genes have a 20%–30% lifetime risk [5,6]. Given this elevated 
risk, guidelines advise magnetic resonance imaging (MRI) surveillance for most [7-10]. More 
proactive risk-reduction strategies such as risk-reducing mastectomy (RRM) and salpingo-
oophorectomy constitute an integral component of BRCA1/2-related hereditary breast cancer 
management. For non-BRCA1/2 variants, risk-reduction strategies are based on the known 
phenotype, degree of increased risk for breast and other associated cancers, and available 
evidence on the efficacy of preventive surgeries [7-10].

RRM—bilateral for unaffected (BRRM) and contralateral for affected carriers (CRRM)—
reduces new breast cancer incidence by approximately 90%, although consistent survival 
benefits remain inconclusive [11-15]. This uncertainty maintains discussions on the benefits, 
uses, and ethics of RRM.

As randomized trials are not feasible, existing evidence is based on observational and registry 
studies, necessitating cautious interpretation [13]. This review presents recent findings, 
examines differences in guidelines, and suggests an evidence-based approach for managing 
hereditary breast cancer risk.

METHODS

This is a narrative review of published studies and expert opinions. We examined studies 
from 1999 to 2025 on the incidence, survival, and outcomes of breast cancer in women with 
high- or moderate-risk gene variants. Observational studies (prospective, registry-based, 
or retrospective), matched or pseudo-randomized cohort analyses, and meta-analyses were 
included. Randomized controlled trials were not included because none exist in this context. 
We assessed the available evidence regarding breast cancer–specific mortality and survival 
outcomes, taking into account the study populations and methods employed in previous 
studies. Additionally, we reviewed current international and national guidelines—Korean 
Breast Cancer Society (KBCS) 2025, National Comprehensive Cancer Network (NCCN) 
v3.2025, European Society for Medical Oncology (ESMO) 2023, and Society of Surgical 
Oncology (SSO) 2025 [7-10]—to compare recommendations according to gene penetrance, 
clinical setting, and healthcare context.
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GENE-SPECIFIC EVIDENCE AND STRATEGIES FOR RISK 
REDUCTION
Overview of genes considered for RRM
RRM is primarily discussed for carriers of high-penetrance breast cancer susceptibility genes, 
such as BRCA1/2 [1,5,6], TP53 [16-18], PALB2 [5,6,19], PTEN [20-22], CDH1 [6,23-25], and 
STK11 [26,27], which confer lifetime risks of approximately 40%–85%. For moderate-
penetrance genes, including CHEK2 [28-30], ATM [5,6,31,32], MRI-based surveillance is 
usually preferred over prophylactic surgery, with RRM reserved for additional modifiers 
(e.g., a strong family history and prior chest irradiation). Lower-penetrance genes (BARD1, 
RAD51C, and RAD51D) are included in multigene panels [5,6], but current evidence for 
clinically actionable breast cancer risk is limited; routine RRM is not recommended [5-10], 
and these genes are not discussed further. Table 1 [1,5,6,14-28,30-32] summarizes the 
lifetime risk, associated syndromes, prevalence of hereditary breast cancer syndromes, and 
RRM considerations according to gene category.

Evidence from modern cohorts: bilateral and CRRM in BRCA carriers
BRRM for BRCA1/2
BRRM is a preventive surgical strategy that is primarily offered to individuals carrying 
germline pathogenic or likely pathogenic variants of BRCA1 or BRCA2. The purpose of 
BRRM is to dramatically decrease the lifetime risk of breast cancer in high-risk populations. 
Multiple studies have consistently demonstrated the preventive efficacy of BRRM, with most 
finding that it reduces the incidence of breast cancer by more than 90%. However, the impact 

3

Risk-Reducing Mastectomy in Hereditary Breast Cancer

https://doi.org/10.4048/jbc.2025.0279https://ejbc.kr

Table 1. Significant genes: lifetime breast cancer risk, syndrome, and key evidence
Gene Syndrome  

(other cancer risk)
% in HBC  

(susceptibility)
BC risk  

(cumulative)
Effect size  

(OR/HR for BC)
Representative reference

BRCA1 Hereditary breast and ovarian 
cancer (ovary, pancreas, prostate)

~25%  
(high)

72% by 80 yr  
[1,15]

OR, 7.62  
(5.33–11.27) [14]

Kuchenbaecker et al. [1]; Hu et al. [6]; Breast 
Cancer Association Consortium [5]

BRCA2 Hereditary breast and ovarian 
cancer (ovary, pancreas, prostate)

~25%  
(high)

69% by 80 yr  
[1,15]

OR, 5.23  
(4.09–6.77) [14]

Kuchenbaecker et al. [1]; Hu et al. [6]; Breast 
Cancer Association Consortium [5]

TP53 LFS (adrenocortical gland, CNS, 
bone, soft tissue)

~5%  
(high–moderate)

~85% by 60 yr (female)  
[16-18]

NA Bougeard et al. [16]; Mai et al. [17]; Frebourg 
et al. [18]

PALB2 Hereditary predisposition (ovary, 
pancreas, prostate*)

~5%  
(intermediate–high)

33%–58% (by 70 yr)  
[15,19]

OR, 3.83  
(2.68–5.63) [14]

Antoniou et al. [19]; Hu et al. [6]; Breast 
Cancer Association Consortium [5]

PTEN Cowden/PTEN hamartoma tumor 
syndrome (thyroid, kidney, 
endometrium, colon)

< 1%  
(rare)

25%–85% (lifetime)  
[20-22]

NA Orloff and Eng [20]; Tan et al. [21]; Bubien et 
al. [22]

CDH1 Hereditary diffuse gastric cancer 
(stomach, lobular BC)

< 1%  
(rare)

37%–55% (lobular type)  
[23-25]

OR, 2.50  
(1.01–7.07) [14]

Pharoah et al. [23]; Kaurah et al. [24]; Roberts 
et al. [25]; Hu et al. [6]

STK11 Peutz–Jeghers syndrome (GI tract, 
pancreas, gynecologic tumors)

< 1%  
(rare)

32%–54% (lifetime)  
[26,27]

NA Schumacher et al. [26]; Hearle et al. [27]

CHEK2 Moderate-penetrance gene (colon, 
prostate, thyroid)

5–10%  
(moderate)

20%–30% (lifetime)  
[15]

OR, 2.47  
(2.22–3.05) [14]

Weischer et al. [28]; Schmidt et al. [30]; Hu et 
al. [6]; Breast Cancer Association Consortium 
[5]

ATM Moderate-penetrance gene (ovary, 
pancreas, prostate, stomach, 
colorectal)

5–8%  
(moderate)

20%–28% (lifetime)  
[15]

OR, 1.82  
(1.46–2.27) [14]

Hu et al. [6]; Breast Cancer Association 
Consortium [5]; Easton et al. [32]; Southey 
et al. [31]

BARD1 Moderate–low penetrance (limited 
evidence)

1%–2%  
(low)

~20% (estimated)  
[15]

OR, 1.37  
(0.87–2.16) [14]

Hu et al. [6]; Breast Cancer Association 
Consortium [5]

RAD51C Hereditary predisposition (ovary) ~1%  
(moderate–low)

15%–20%  
[15]

OR, 1.20  
(0.75–1.93) [14]

Hu et al. [6]; Breast Cancer Association 
Consortium [5]

RAD51D Hereditary predisposition (ovary) ~1%  
(moderate–low)

15%–20%  
[15]

OR, 1.72  
(0.88–3.51) [14]

Hu et al. [6], Breast Cancer Association 
Consortium [5]

Percentages and ranges indicate approximate lifetime risk estimates based on major cohort and meta-analysis data.
HBC = hereditary breast cancer; BC = breast cancer; OR = odds ratio; HR = hazard ratio; LFS = Li–Fraumeni syndrome; CNS = central nervous system; NA = not 
available; PTEN = phosphatase and tensin homolog; GI = gastrointestinal; NCCN = National Comprehensive Cancer Network.
*Based on NCCN guidelines v1.2026, PALB2 was newly included among prostate cancer susceptibility genes; all other cancer sites were referenced from NCCN v3.2025.



of BRRM on survival outcomes, specifically breast cancer–specific survival (BCSS) and overall 
survival (OS), remains a subject of ongoing debate and uncertainty [11-15].

Hartmann et al. [11] conducted an early influential study on the Mayo Clinic high-risk cohort. 
In this study, 639 high-risk women, including a subset of women with BRCA mutations, 
were followed for a median of 14 years. Results showed that breast cancer incidence was 
reduced by 89.5% and mortality by 100% among 425 women defined as having a moderate-
risk family history. Among 214 women with a strong family history or BRCA1/2 mutation, 
breast cancer incidence was reduced by 90%–94.3%, and mortality decreased by 89.7%. 
This study provided foundational evidence that RRM markedly reduces breast cancer 
incidence. However, it had a retrospective design; therefore, selection bias could not be 
excluded. In addition, the proportion of genetically confirmed BRCA carriers in the study was 
unclear because genetic testing was not available at the time. Methodologically, the expected 
numbers of breast cancer cases and deaths were predicted using statistical models—the Gail 
model for the moderate-risk group and the incidence and mortality rates observed among 
sisters in the high-risk group—while the observed numbers were obtained from medical 
records and follow-up questionnaires. An overestimation of the apparent risk-reduction 
effect of prophylactic mastectomy could have resulted from the indirect nature of the 
incidence and mortality estimations.

Further evidence comes from a prospective multicenter cohort study by Domchek et al. [13]. 
This study included 2,482 BRCA1/2 carriers recruited from 22 centers in North America and 
Europe between 1974 and 2008. Among the 247 women who underwent BRRM, no cases of 
breast cancer were diagnosed during follow-up compared with 98 of the 1,372 women who 
did not undergo BRRM. Although BRRM was highly effective in reducing the incidence of 
breast cancer, the study did not observe any improvement in all-cause mortality. In contrast, 
risk-reducing salpingo-oophorectomy (RRSO) was associated with reduced cancer-specific 
and overall mortality.

Li et al. [33] conducted a meta-analysis of 15 studies conducted between 2001 and 2014 to 
assess the impact of RRSO, BRRM, and CRRM on BRCA1/2 carriers. Six prospective cohort 
studies were evaluated to address the impact of BRRM on breast cancer incidence and 
mortality. As a result, BRRM reduced the risk of breast cancer by approximately 89% (relative 
risk [RR], 0.11; 95% CI, 0.04–0.32). Notably, BRRM does not completely eliminate the risk 
of breast cancer, nor does it provide a significant advantage in terms of OS, in contrast to the 
effect of RRSO, which provides reduced breast cancer risk and improved survival benefit.

The results of two recently published large-scale cohort studies should be examined. The first 
comes from the Dutch HEBON registry, as reported by Heemskerk-Gerritsen et al. [34]. This 
study analyzed 1,712 BRCA1 and 1,145 BRCA2 carriers over a mean follow-up of 10.3 years. 
Among them, 42% (BRCA1) and 35% (BRCA2) underwent BRRM. In BRCA1 carriers, breast 
cancer–specific mortality was 2.0% (20 deaths) in the surveillance group versus 0.1% 
(1 death) after RRM (hazard ratio [HR], 0.06; 95% CI, 0.01–0.46). In BRCA2 carriers, no 
breast cancer deaths occurred among those who underwent RRM (BCSS, 100% vs. 98%), 
and overall mortality was not significantly different (HR, 0.45; 95% CI, 0.15–1.36). OS was 
significantly improved in BRCA1 carriers (HR, 0.40; 95% CI, 0.20–0.90). These findings 
suggest that BRRM improves long-term survival in BRCA1 carriers, although the potential 
selection bias and the inclusion of occult cancers in the surveillance cohort may have 
overestimated the benefits [34].
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The second, an international prospective study by Metcalfe et al. [35], included 
1,654 participants (827 RRM vs. 827 non-RRM) across nine countries using a pseudo-
randomized matched design. Over 6.3 years of follow-up, breast cancer incidence was 2.4% 
(20 cases) after RRM versus 12.1% (100 cases) without surgery (HR, 0.20; p < 0.0001). 
Breast cancer–specific mortality showed a non-significant decrease (2 vs. 7 deaths; HR, 0.26; 
p = 0.11), with a 15-year probability of breast cancer death < 1%. Notably, 15 of 20 cancers 
(75%) detected in the RRM group were occult malignancies found during surgery, and none 
resulted in death. This study incorporated occult cancers into the surgical cohort to better 
reflect clinical practice and applied an emulated randomized design to evaluate the true 
preventive and survival impact of RRM. Despite methodological progress, limited follow-up 
and few deaths preclude firm conclusions regarding the long-term survival benefits.

When combining the findings of these two large studies, the long-term survival benefits of 
RRM have been observed among BRCA1 carriers, whereas statistically significant evidence 
remains limited for BRCA2 carriers. Nevertheless, the reduction in breast cancer incidence 
following RRM is consistent and well established. Further long-term follow-ups and 
additional research are required to confirm this survival advantage.

CRRM for BRCA1/2
CRRM aims to prevent the development of a second primary breast cancer in mutation 
carriers previously treated for unilateral breast cancer. The annual incidence of contralateral 
breast cancer among BRCA1/2 carriers is estimated to be 2%–3%, corresponding to a 10-year 
cumulative risk of up to 30%–40%, which is significantly higher than that in sporadic cases [1].

A comprehensive meta-analysis by Li et al. [33] evaluated 15 studies on BRCA1/2-associated 
breast cancer. Four studies examined the effect of CRRM, and authors found that 
CRRM reduced the risk of developing contralateral breast cancer by approximately 93% (RR, 
0.07; 95% CI, 0.03–0.16) and was associated with improved OS (HR, 0.51; 95% CI, 0.37–0.71) 
compared with unilateral surgery [33]. However, heterogeneity among the included studies 
was substantial, and the survival benefit diminished when adjustments were made for factors 
such as age, tumor biology, systemic therapy, and concurrent RRSO [33].

Similarly, a Cochrane systematic review evaluated 26 observational studies on women 
with unilateral breast cancer who underwent CRRM [15]. The review concluded that 
CRRM consistently reduces the incidence of contralateral breast cancer. However, no clear 
improvement was observed in disease-specific or OS after controlling for confounding 
variables. All available studies had an observational design. The considerable heterogeneity 
across studies further limited formal meta-analysis after adjusting for multiple confounding 
factors. Seven independent cohort studies failed to demonstrate significant survival advantages. 
When analyses accounted for bilateral RRSO, the survival advantage of CRRM disappeared, 
suggesting that a selection bias, in which younger or healthier women are more likely to 
undergo CRRM, may have contributed to earlier reports of improved outcomes. The authors 
concluded that CRRM should be offered selectively owing to the risk of overtreatment if 
decisions are based solely on perceived risk rather than individualized estimates [15].

More recently, Blondeaux et al. [36] conducted an international registry-based study 
of 5,290 young (≤ 40 years) BRCA1/2 mutation carriers diagnosed with breast cancer. 
In multivariable analyses, RRM (including contralateral procedures in the affected setting) 
and RRSO were independently associated with improved OS, with adjusted HRs of 0.65 (95% 
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CI, 0.53–0.78) for RRM and 0.58 (95% CI, 0.48–0.70) for RRSO. The survival advantage was 
most pronounced among BRCA1 carriers and persisted after adjusting for tumor biology, 
treatment, and menopausal status. Although retrospective, the consistent and robust 
findings across subgroups support the consideration of CRRM, particularly in young 
BRCA1 carriers who have completed systemic therapy and fertility planning. The survival 
advantage observed in this study was the strongest for BRCA1 carriers; however, this should 
be interpreted with caution. Such benefits may not apply uniformly across all genotypes, 
especially given the potential for selection and immortal-time bias in observational data. 
However, fertility and reproductive counseling issues are equally important for women with 
BRCA2 mutations. In both groups, the timing of childbearing, RRSO, and adjuvant therapy 
requires careful coordination through personalized multidisciplinary plans.

Collectively, the current evidence shows that CRRM markedly reduces the risk of 
contralateral breast cancer and may improve survival rates in carefully selected patients, 
particularly younger patients carrying BRCA1 mutations. These findings emphasize the need 
for personalized counseling and selective use of CRRM in hereditary breast cancer care.

Interpreting RRM benefit: evidence and guideline alignment
Taken together, the question is no longer whether RRM reduces incidence—it clearly does. 
The unanswered question is whether this reduction in incidence translates into meaningful 
survival benefit, and if so, in which genetic and clinical contexts. Current evidence suggests 
a stronger signal in BRCA1 carriers and in younger patients, whereas BRCA2 carriers show 
inconsistent survival outcomes. This gene-specific difference should reshape counseling 
from a uniform preventive recommendation to a precision-risk discussion that incorporates 
variant penetrance, age, family history, reproductive plans, and patient preference.

This evidence-based nuance is reflected across contemporary guidelines. Table 2 [7-10] 
summarizes the most recent international guidelines for RRM in BRCA1/2 mutation carriers. 
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Table 2. Guideline recommendations for risk-reducing mastectomy in BRCA1/2 mutation carriers
Object Guideline Recommendation Strength/level of evidence Key comments
Unaffected 
carrier (BRRM)

NCCN v3.2025 [7] Discuss as an option for high-risk carriers; 
consider age, fertility, psychosocial factors, and 
surgical morbidity.

Category 2A (lower-level evidence  
but uniform consensus)

Clear reduction in incidence  
(> 90%); OS benefit unproven.  
MRI surveillance/chemoprevention 
remain alternatives.

ESMO 2023 [8] Offer BRRM after multidisciplinary counseling; 
base on age, family history, and patient 
preference.

Grade B (strong or moderate evidence 
for efficacy but with a limited clinical 
benefit, generally recommended)

Individualized approach; not 
mandatory.

SSO 2025 [9] Consider BRRM for young carriers or those unable/
unwilling to maintain long-term surveillance.

Consensus Aligns with NCCN; emphasize shared 
decision-making.

KBCS 2025 [10] Selective option under Korean clinical and 
insurance context.

Grade B (level 3 evidence) moderate 
evidence (prospective or observational)

Requires counseling on irreversibility, 
cosmetic and psychological impact.

Affected carrier 
(CRRM)

NCCN v3.2025 [7] May be considered in unilateral BC, especially 
young BRCA1 patients.

Category 2B (lower-level evidence + 
non-uniform consensus)

Reduces contralateral BC risk; OS 
benefit uncertain; assess tumor 
biology/RRSO status.

ESMO 2023 [8] Individualized decision; potential advantage in 
young BRCA1 with early-stage disease.

Grade B (strong or moderate evidence 
for efficacy but with a limited clinical 
benefit, generally recommended)

OS advantage inconsistent; consider 
systemic therapy response.

SSO 2025 [9] Consider only after full discussion of benefits, 
risks, and reconstruction plan.

Consensus Avoid routine CRRM in older BRCA2 
patients.

KBCS 2025 [10] Optional after counseling; not routinely 
recommended.

Grade C (expert consensus/low-quality 
data)

Recognizes psychosocial reassurance 
but limited survival gain.

The content of this table is based on the Clinical Practice Guidelines published by NCCN v3.2025 [7], ESMO 2023 [8], SSO 2025 [9], and KBCS 2025 [10].
BRRM = bilateral risk-reducing mastectomy; NCCN = National Comprehensive Cancer Network; OS = overall survival; MRI = magnetic resonance imaging; 
ESMO = European Society for Medical Oncology; SSO = Society of Surgical Oncology; KBCS = Korean Breast Cancer Society; CRRM = contralateral risk-reducing 
mastectomy; BC = breast cancer; RRSO = risk-reducing salpingo-oophorectomy.



The NCCN v3.2025 advises discussions on BRRM for high-risk carriers, balancing fertility, 
psychosocial factors, and surgical morbidity [7]; ESMO 2023 recommends offering it 
after thorough counseling based on age and family history [8]; the SSO 2025 statement 
aligns with the NCCN but highlights shared decision-making for younger or surveillance-
averse carriers [9]; and the KBCS 2025 guidelines contextualize it within Korean clinical 
and insurance frameworks, stressing counseling on irreversibility and psychological 
impact [10]. For affected carriers, all guidelines allow CRRM selectively, mainly in young 
patients with BRCA1 mutations, while acknowledging the uncertain survival benefit [7-10]. 
Collectively, the evidence and guidelines converge on the same message: RRM is a powerful 
preventive tool, but its survival value is gene-specific, age-dependent, and patient-specific, 
necessitating individualized, multidisciplinary counseling rather than a universal 
recommendation.

Alternative risk-reduction strategies for BRCA1/2 carriers
RRSO
RRSO remains the only intervention proven to improve breast cancer–specific and OS in 
BRCA1/2 carriers. When performed after childbearing—typically between ages 35–40 for 
BRCA1 and 40–45 for BRCA2—it reduces ovarian cancer risk by 80%–90% and breast cancer 
mortality by up to 50% [13]. Current guidelines recommend discussing RRSO before or 
alongside RRM, with thorough counseling on menopausal and fertility considerations [1,7-10].

Chemoprevention
Selective estrogen receptor modulators and aromatase inhibitors have demonstrated a 
significant reduction in the incidence of breast cancer among high-risk women, including 
those carrying BRCA1/2 pathogenic variants. Tamoxifen, approved by the U.S. Food and Drug 
Administration in 1998 for breast cancer risk reduction, was shown in the NSABP-P1 trial 
to lower breast cancer incidence by approximately 50% in high-risk populations. In the 
subset analysis of BRCA carriers, prophylactic tamoxifen use was associated with a 62% risk 
reduction among healthy BRCA2 carriers, whereas no significant benefit was observed for 
BRCA1 carriers, likely reflecting the predominance of estrogen-receptor–negative tumors in 
this group. However, this result was based on only 19 mutation carriers and thus remains 
limited in terms of statistical power [37].

In a matched case–control study of 593 BRCA1/2 carriers with unilateral or bilateral breast 
cancer, tamoxifen use reduced contralateral breast cancer risk by 62% for BRCA1 and 
37% for BRCA2 carriers, with a 75% reduction observed when administered for 2–4 years. 
The protective effects of oophorectomy (58%) and chemotherapy (60%) were independent 
of tamoxifen [38]. Nevertheless, tamoxifen has been associated with an increased incidence 
of endometrial cancer in BRCA mutation carriers, warranting individualized discussion, 
particularly for women who may also undergo RRSO [39].

Raloxifene is used as an alternative in postmenopausal women. The NSABP-P2 (Study 
of Tamoxifen and Raloxifene) trial demonstrated that raloxifene (60 mg/day) provided a 
preventive benefit comparable to that of tamoxifen (20 mg/day) but with lower rates of 
endometrial hyperplasia, endometrial cancer, and thromboembolic events [40,41]. However, 
its efficacy in BRCA1/2 mutation carriers has not yet been established.

Aromatase inhibitors such as exemestane and anastrozole decrease breast cancer recurrence 
and de novo incidence among postmenopausal high-risk women [42]. While emerging 
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data suggest preventive potential, current evidence is insufficient to define their benefits, 
specifically in BRCA mutation carriers.

These guidelines support the use of chemoprevention in women who decline or defer 
prophylactic surgery [7-10]. Most evidence comes from high-risk population trials, not BRCA-
specific studies, and uptake in Asia is low. Participation increases when chemoprevention is 
part of structured genetic counseling and risk management.

MRI-based surveillance
MRI surveillance has become a cornerstone of breast cancer screening for BRCA1/2 mutation 
carriers based on strong evidence supporting its sensitivity and clinical impact. Compared 
with mammography, breast MRI has demonstrated a significantly higher sensitivity 
for early-stage cancer detection, especially in younger women with dense breasts. In a 
pivotal prospective study, Warner et al. [43] reported MRI sensitivity of 77%, markedly 
outperforming that of mammography (36%) in BRCA carriers. Passaperuma et al. [44] 
confirmed that MRI screening maintains low rates of advanced-stage cancer over extended 
follow-up, reinforcing its sustained clinical benefits.

Lubinski et al. [45] reported that annual MRI surveillance significantly reduced breast cancer–
specific mortality in BRCA1/2 carriers, providing real-world survival benefit. Moreover, van Zelst 
et al. [46] suggested that biannual MRI or combined imaging strategies enhance early detection, 
particularly in BRCA1 carriers. Current NCCN guidelines recommend annual breast MRI starting 
at age 25, adding mammography after age 30, and emphasize the central role of MRI surveillance, 
a recommendation that closely aligns with those of the ESMO, SSO, and KBCS [7-10]. Specifically, 
the SSO notes that for patients with hereditary breast cancer syndromes or pathogenic 
variants (e.g., BRCA1/2, TP53, PALB2, PTEN), high-risk surveillance, including breast MRI, is 
recommended, particularly when surgery is deferred or contraindicated [9].

Management of non-BRCA high- and moderate-penetrance gene carriers and 
guideline comparison
Multigene panel testing, including BRCA1/2, TP53, PALB2, PTEN, CDH1, STK11, ATM, and 
CHEK2, is now recommended for individuals with high or moderate hereditary risk as it 
frequently identifies clinically actionable variants beyond BRCA [7,8]. In Korean multicenter 
studies, non-BRCA pathogenic variants—most commonly TP53, PALB2, ATM, CHEK2, and 
CDH1—were detected in 3.3%–10.9% of high-risk, BRCA-negative women, underscoring the 
clinical relevance of these genes in Asian populations [47-49].

High-penetrance genes, such as TP53, PALB2, CDH1, PTEN, and STK11, confer lifetime breast 
cancer risks exceeding 40%–80%. Because direct studies evaluating the effectiveness 
of RRM for these genes are lacking—largely due to the rarity of each variant—RRM is 
considered an option in proportion to the elevated lifetime breast cancer risk associated with 
them (Table 3) [6-8,10,16-19,21,22,25-28]. Among them, TP53 carriers require mastectomy 
rather than lumpectomy because of radiosensitivity, PALB2 shows BRCA2-like risk warranting 
MRI surveillance and optional RRM, and CDH1 mutation carriers face a lobular cancer 
predominance with additional gastric cancer risk requiring syndrome-specific counseling 
[19,20,23,24,50].

For moderate-penetrance genes, such as CHEK2 and ATM, lifetime risk is approximately 
20%–30%, mainly for estrogen receptor-positive tumors [6,51]. Guidelines summarized 
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in Table 3 [6-8,10,16-19,21,22,25-28] uniformly recommend annual MRI ± mammography 
starting at age 30–40 and discourage routine RRM, except in women with additional 
modifiers such as strong family history, prior chest irradiation, or concurrent atypia.

Although RAD51C, RAD51D, and BARD1 are also included in multigene panel testing according 
to the NCCN guidelines [7], these genes are generally regarded as lower-penetrance 
susceptibility genes with limited evidence for clinically actionable breast cancer risk. 
Therefore, they are not discussed in detail in this section.

Overall, the management of non-BRCA carriers should follow a multidisciplinary, 
individualized framework that integrates genetic counseling, risk modeling, and patient 
preference to balance oncological benefits with quality-of-life considerations.

PRACTICAL CONSIDERATIONS AND DECISION-MAKING 
IN RRM
Surgical morbidity and real-world burden
RRM substantially lowers breast cancer incidence but entails meaningful surgical and 
psychosocial burdens. A major Cochrane review including > 15,000 high-risk women 
confirmed that while RRM markedly reduces the incidence, the survival benefit remains 
uncertain, and complications are common [15]. Reoperation rates range from 4% to 64%, 
which is the highest after immediate reconstruction. Major complications include infection, 
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Table 3. Guideline recommendations and supporting evidence for other high- and moderate-penetrance genes
Gene/
syndrome

Clinical context Strength; level of evidence Key comments Representative references

TP53  
(Li-Fraumeni)

Affected carrier  
(therapeutic setting)

Consensus/low–moderate 
evidence

Mastectomy preferred over breast-conserving 
surgery to avoid RT; consider early-onset profile 
and radiosensitivity.

Mai et al. [17]; Frebourg et al. [18]; National 
Comprehensive Cancer Network [7]; Korean 
Breast Cancer Society [10]

Unaffected carrier  
(preventive setting)

Consensus/low–moderate 
evidence

Annual MRI ≥ 20 yr; discuss BRRM case-by-case 
after genetic and psychological counseling; 
consider family history, age, and radiation 
sensitivity.

Bougeard et al. [16]; Frebourg et al. [18]; 
National Comprehensive Cancer Network [7]; 
Korean Breast Cancer Society [10]

PALB2 Unaffected carrier Moderate evidence (NCCN 
panel/meta-analysis)

Lifetime BC risk ≥ 50% or strong FHx; risk similar 
to BRCA2; annual MRI from 30 yr; consider BRRM 
after counseling.

Antoniou et al. [19]; Hu et al. [6]; National 
Comprehensive Cancer Network [7]; Sessa 
et al. [8]

PTEN  
(Cowden)

Unaffected carrier Consensus/low–moderate 
evidence

Consider BRRM only if overall risk very high; annual 
MRI ± MMG from 30 yr; coordinate thyroid and 
endometrial screening.

Tan et al. [21]; Bubien et al. [22]; National 
Comprehensive Cancer Network [7]; Korean 
Breast Cancer Society [10]

CDH1  
(HDGC)

Affected carrier Moderate evidence/
syndrome-specific 

management

CRRM may be offered after unilateral mastectomy 
in lobular-type disease; coordinate gastric 
surveillance and genetic counseling.

Roberts et al. [25]; Hu et al. [6]; National 
Comprehensive Cancer Network [7]; Korean 
Breast Cancer Society [10]

Unaffected carrier Moderate evidence/
syndrome-specific 

management

MRI ± MMG from 30 yr; Discuss BRRM as part of 
HDGC care; not routinely recommended; parallel 
gastric risk counseling essential.

Roberts et al. [25]; Sessa et al. [8]; National 
Comprehensive Cancer Network [7]

STK11  
(Peutz-
Jeghers)

Unaffected carrier Consensus/low–moderate 
evidence

BRRM not routinely recommended; MRI ± MMG from 
30 yr; integrate GI and gynecologic screening.

Schumacher et al. [26]; Hearle et al. [27]; 
National Comprehensive Cancer Network [7]; 
Sessa et al. [8]

CHEK2 Unaffected carrier Consensus/insufficient–low 
evidence

BRRM not routinely recommended; MRI ± MMG 
from 40 yr preferred; consider only with multiple 
modifiers (FHx, prior chest RT, biallelic variants).

Weischer et al. [28]; Hu et al. [6]; National 
Comprehensive Cancer Network [7]; Sessa 
et al. [8]

ATM Unaffected carrier Consensus/insufficient–low 
evidence

MRI + MMG from 40 yr; Consider BRRM only with 
strong FHx or truncating variant

Hu et al. [6]; National Comprehensive Cancer 
Network [7]

All recommendations were synthesized according to the KBCS 2025 [10], NCCN v3.2025 [7], and ESMO 2023 [8] Clinical Practice Guidelines.
RT = radiotherapy; MRI = magnetic resonance imaging; BRRM = bilateral risk-reducing mastectomy; NCCN = National Comprehensive Cancer Network; BC = breast 
cancer; FHx = family history; MMG = mammography; CRRM = contralateral risk-reducing mastectomy; HDGC = hereditary diffuse gastric cancer; GI = gastrointestinal; 
KBCS = Korean Breast Cancer Society; ESMO = European Society for Medical Oncology.



necrosis, seroma, and implant loss; cumulative reoperation occurs in approximately 
20%–30% of implant-based and 10%–15% of autologous procedures. Recent data from 
Kim et al. [52] comparing minimal access (endoscopic or robotic) and conventional nipple-
sparing mastectomy demonstrated similar short- and long-term complication rates with no 
significant differences in seroma, flap necrosis, or implant loss, indicating that minimally 
invasive approaches are oncologically and surgically comparable. Persistent numbness of the 
nipple–areolar complex is common. Although most women experience relief from cancer-
related anxiety, approximately one-third report poorer body image and sexual satisfaction 
within 2 years [53].

Clinical determinants and oncologic implications of RRM
The timing of genetic diagnosis relative to surgery strongly influences RRM decisions. 
When BRCA results are available preoperatively, women are far more likely to undergo 
immediate bilateral surgery. In U.S. cohorts, 70%–80% of newly diagnosed BRCA1/2 carriers 
chose bilateral mastectomy when genetic information was known before surgery [54,55]. 
A recent prospective cohort study from McGill University confirmed this trend, showing an 
approximately eight-fold higher likelihood of bilateral mastectomy among those informed 
preoperatively [56]. Similarly, in a Korean single-institution cohort, CRRM was performed 
in 45.0% (63/140) of carriers aware of their mutations before surgery, compared with only 
2.0% (4/204) of those who learned their results after surgery (p < 0.001), representing 
more than a 20-fold difference [57]. During a median follow-up of 41 months, 10.8% of 
patients who underwent unilateral surgery developed contralateral breast cancer, whereas 
no events occurred in the RRM group [57]. Occult malignancy was identified in 2.2% 
of CRRM specimens [57], a rate consistently reproduced in a subsequent cohort from 
the same institution (2.2%, 7/320) [58]. Although the incidence was low, these findings 
indicate a definite yet clinically relevant oncological burden that can be addressed through 
CRRM. Collectively, these data point to the value of timely BRCA testing and counseling as 
integral to surgical planning and provide a reasonable reference for clinical discussion until 
stronger prospective evidence emerges. Taken together, preoperative disclosure consistently 
increases RRM uptake and reveals a small but definite occult disease burden (approximately 
2%), informing counseling.

Global and sociocultural determinants of uptake
International evidence has highlighted substantial regional variations in the uptake of cancer 
risk–reduction strategies among BRCA1/2 carriers. In a multinational cohort of 6,223 carriers 
from ten countries, 27.8% of unaffected women underwent BRRM and 64.7% underwent 
risk-reducing bilateral salpingo-oophorectomy, with uptake ranging from nearly 50% in the 
United States and the Netherlands to below 10% in France and Poland and under 5% in Asian 
centers such as China [59]. While MRI surveillance rates increased to 81% after 2009, the 
uptake of preventive surgery remained low. This gap between countries reflects differences 
in healthcare access, reconstruction skills, and attitudes of doctors. Cultural factors also 
play a role. Western women often perceive BRRM as a proactive and empowering choice. 
In contrast, women in France, Poland, China, and Korea value body integrity and family 
agreements, leading to lower acceptance of surgery.

In a U.S. study of 1,613 patients with breast cancer who received panel testing, 26% underwent 
CRRM, including 37% of non-BRCA mutation carriers and 21% of those with variants of 
uncertain significance [60]. Women aged < 50 years were most likely to undergo CRRM (odds 
ratio [OR], 3.8). Black and Asian women were approximately half (50%–60%) as likely as 
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Caucasian women to choose CRRM (OR, 0.5 and 0.4, respectively), independent of genetic 
and clinical factors. This finding demonstrates that insurance, health understanding, and 
cultural views about risk affect surgical decisions more than the mutation itself.

Age also affects the choice of surgery. In a Canadian multicenter study of 814 carriers of 
BRCA1/2 or PALB2, Melanson et al. [61] found that 52.7% chose RRM. This rate declined 
sharply among older women tested after the age of 60 years. Only 15% of unaffected older 
carriers chose RRM compared with 40% of younger carriers, whereas nearly half of older 
affected carriers underwent surgery when genetic results were available preoperatively. These 
findings suggest that reproductive history, perceived life expectancy, and timing of genetic 
disclosure influence decision-making more strongly than objective oncological risk alone.

In Korea, real-world and population-based data consistently show a low utilization of 
preventive surgeries. In a multicenter registry of BRCA carriers, only one-third of women 
underwent or planned RRM, mainly because of cosmetic concerns, family resistance, and 
limited insurance reimbursements [62]. A recent population-based nationwide survey of 
Korean women showed that the intention to undergo RRM was closely linked to perceived 
lifetime cancer risk, reproductive status, and family communication attitudes [63]. Women 
were more likely to choose RRM if they felt their risk was over 60% when they had completed 
childbearing and planned to tell family members about their BRCA results. Women who 
felt healthy or were unmarried tended to experience a decline in their RRM. These findings 
suggest that decisions in Korea are shaped not only by risk numbers but also by relationships, 
familial roles, and cultural values about the body and caregiving.

PRACTICAL CLINICAL GUIDELINE FOR DISCUSSING RRM

In practice, RRM should be discussed as an option within a comprehensive prevention 
plan that considers the genetic risk, life stage, psychological readiness, and healthcare 
environment of each woman. The clinician’s task is to help patients make informed, value-
consistent decisions; they should not promote or dissuade surgery (Table 4).
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Table 4. Clinical and psychosocial determinants favoring risk-reducing mastectomy vs. surveillance
Decision factor Favors RRM (preventive surgery) Favors surveillance (non-surgical management)
Genetic risk level High-penetrance variant (BRCA1/2, PALB2, TP53, PTEN, CDH1, 

STK11) with lifetime risk ≥ 50%–60%
Moderate-penetrance variant (CHEK2, ATM, NF1) or absolute 
risk < 40%

Age and life expectancy Younger (< 45 yr), long life expectancy → greater benefit Older (> 60 yr) or limited life expectancy → favor surveillance
Personal cancer history Early-onset (< 40 yr) breast cancer or multiple first-degree 

relatives affected
No personal cancer history and weak family aggregation

Tumor biology (if affected) ER-negative or triple-negative phenotype (aggressive) ER-positive disease with good prognosis and chemoprevention 
potential

Reproductive context Completed childbearing, no future fertility plans Fertility plans pending or pregnancy anticipated
Psychological profile High cancer-related anxiety, low tolerance for uncertainty Low anxiety, comfortable with MRI surveillance and follow-up
Health status & comorbidity Medically fit for major surgery Significant comorbidities or anesthesia risk
System & feasibility factors MRI surveillance not feasible due to cost, availability, or 

claustrophobia; reconstructive expertise accessible; insurance 
covers RRM

MRI surveillance available and affordable; patient tolerates 
MRI; health system supports screening; limited access to 
reconstructive expertise or insurance for RRM

Patient preference & culture Strong desire for maximal risk reduction; family supportive Prefers non-invasive approach; cultural or family hesitation 
toward surgery

RRM = risk-reducing mastectomy; ER = estrogen receptor; MRI = magnetic resonance imaging.



Step 1. Confirm genetic and clinical eligibility
RRM may be discussed in carriers of BRCA1/2 and PALB2, particularly when the lifetime risk 
exceeds 50% or the family history is strong. For TP53, CDH1, PTEN, and STK11, guidelines 
recommend individualized discussion rather than routine prophylactic surgery, considering 
syndrome-specific features (e.g., radiation sensitivity in TP53). Moderate-penetrance variants 
(CHEK2, ATM, and NF1) are generally managed using MRI-based surveillance rather than 
RRM. For affected carriers, CRRM may be considered if the contralateral risk is high or 
anxiety is severe.

Step 2. Review alternatives and system factors
Before proceeding with surgery, patients should review validated nonsurgical options 
such as MRI surveillance, chemoprevention, and RRSO, which may delay or replace 
RRM. RRSO remains the only intervention with a proven survival benefit for BRCA carriers, 
whereas MRI and chemoprevention provide effective but less definitive prevention. Insurance 
reimbursement, surgeon availability, and prevailing cultural beliefs regarding body integrity 
substantially affect patient choices. In many Asian settings, the relatively low rate of uptake is 
largely explained by limited reimbursement policies and cultural reluctance. Therefore, early 
empathetic counseling that acknowledges these constraints is essential.

Step 3. Determine timing and life context
When considering the RRM, the timing should align with fertility and family plans. The 
potential benefit is greatest in younger carriers (< 40 years); however, surgery should 
be deferred until reproductive goals are achieved. Coordination with gynecological 
oncologists for concurrent or staged RRSO is encouraged, and interim MRI surveillance or 
chemoprevention can bridge delays.

Step 4. Assess psychological readiness and motivation
Before surgical planning, clinicians should evaluate anxiety, risk perceptions, and 
expectations regarding body image and sexuality. If fear or ambivalence dominates, a referral 
for psychological counseling is recommended to support decision clarity. A brief cooling-
off period may also help patients reflect and ensure that the choice arises from informed 
understanding rather than short-term anxiety [64].

Step 5. Review surgical options and complications
If a patient selects RRM after thorough discussion, the available techniques include skin-
sparing, nipple-sparing, and minimally invasive (endoscopic or robotic) mastectomy with 
implant-based or autologous reconstruction. Complications, such as infection, necrosis, 
seroma, and reconstructive failure (approximately 20%–30% in implant cases), and sensory 
loss of the nipple–areolar complex are common and often persistent. Recent data indicate 
that minimal-access nipple-sparing mastectomy has complication rates comparable to 
conventional methods [52]. All expected outcomes and irreversible physical changes should 
be reviewed before obtaining informed consent.

CONCLUSION

RRM reduces breast cancer incidence by approximately 90% in carriers of high-penetrance 
variants; however, a consistent survival benefit remains uncertain across genes with 
stronger signals in BRCA1. Current guidelines agree that RRM should be discussed as an 
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individualized option within comprehensive risk management alongside MRI surveillance, 
chemoprevention, and RRSO. Decisions must balance objective oncological benefits 
with surgical morbidity, psychosocial readiness, and system feasibility. Structured 
multidisciplinary counseling is essential to ensure consistent, equitable, and patient-
centered care. Future registry-based research is warranted to refine gene-specific absolute 
risk thresholds for RRM and evaluate decision quality and psychosocial outcomes of modern 
reconstruction.
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