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Purpose BRCA1/2 mutations are well-known risk factors for breast and ovarian cancers in women. Risk-reducing salpingo-oophorec-
tomy (RRSO) is the standard treatment for preventing ovarian cancer with BRCA mutations. Postmenopausal syndrome (symptoms
after RRSO can be alleviated by hormone replacement therapy (HRT); however, the use of HRT in carriers of BRCA mutations has been
controversial because of the concern that HRT increases the risk of breast cancer. This study aimed to evaluate the effects of HRT in
BRCA mutation carriers who underwent RRSO.

Materials and Methods A total of 151 carriers, who underwent RRSO between 2013 and 2020 after the diagnosis of BRCA1 or
BRCA2 mutations were selected and followed up for a median of 3.03 years. Patients were divided into two groups: those who recei-
ved HRT after RRSO (n=33) and those who did not (n=118). We compared the incidence of breast cancer over time between these
two groups.

Results There was no significant difference in the incidence of breast cancer between women who received HRT and those who did
not (p=0.229). Multivariate logistic regression analysis, adjusted for age and parity revealed no significant difference in the risk of
breast cancer between these two groups (hazard ratio, 0.312; 95% confidence interval, 0.039 to 2.480; p=0.278).

Conclusion In this study, we found no relationship between post-RRSO HRT and breast cancer in the population with BRCA muta-
tions. Therefore, healthcare providers may consider the alleviation of symptoms of postmenopausal syndrome through HRT in pati-
ents who underwent RRSO.
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Introduction

BRCA1 and BRCA2 gene mutations are well-known risk
factors for breast and ovarian cancers in women [1,2]. Risk-
reducing salpingo-oophorectomy (RRSO) is the standard
prophylactic treatment for preventing ovarian cancer in
women with BRCA mutations [3]. However, since most cases
of RRSO are performed before menopause, those who under-
g0 RRSO suffer from postmenopausal syndrome and adverse
effects on cognition, mood, cardiovascular, bone, and sexual
health [4-8]. These symptoms can be alleviated by hormone
replacement therapy (HRT); however, the use of HRT in car-
riers of BRCA mutations has been controversial owing to the
concern that HRT increases the risk of breast cancer.

In a previous study, the effect of HRT on increase in the
risk of breast cancer in patients who underwent RRSO was
conducted mostly in Caucasian [9-11]. There is no research

conducted in Asia. The frequency of BRCAI/2 mutations
in early-onset breast cancer in Asian and Caucasian popu-
lations is similar [12-14], and previous studies have found
differences in breast cancer characteristics between Asians
and Caucasians. The age of onset of breast cancer in Asians is
lower than that in Caucasians [12], and the hormone receptor
status in Asians also differs from that in Caucasians [15]. The
goal of our study was to estimate the risk of breast cancer
in Korean carriers of BRCA mutations who underwent HRT
after undergoing RRSO.

Materials and Methods

1. Healthcare system in Korea
In the year 2000, the health insurance systems in South
Korea were merged into a single system run by the Korea
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National Health Insurance Service (KNHIS). Consequently,
most people living in South Korea are covered by the KNHIS.
Study data were collected from the Korean National Health
Insurance (KNHI) claims database between 2007 and 2015. In
Korea, 97% of the population is obliged to enroll in the KNHI
program, and the remaining 3% enroll under the Medical
Aid Program [16]. The Health Insurance Review & Assess-
ment Service (HIRA) is a government-affiliated organization
that performs claims reviews and quality assessments for
the KNHI. The data for the remaining 3% of the population
covered by the Medical Aid Program were also reported to
the HIRA. Therefore, the HIRA claims that the database con-
tains information on all claims of approximately 50 million
Koreans. Nearly all information regarding the disease can be
obtained from this centralized database, except for the proce-
dures not covered by insurance, such as cosmetic surgeries.
The claims data of the HIRA include patient diagnosis, treat-
ment, procedures, surgical history, and prescription drugs,
which are valuable resources for clinical research. Howev-
er, HIRA data are incomplete and do not include medical
records such as laboratory results and cancer stage.

2. Study population

Using the HIRA claims database, we retrieved all Korean
women who were newly diagnosed with a BRCA mutation
(Z40.0) and underwent RRSO between January 1, 2013, and
December 31, 2021. Exclusion criteria were women diag-
nosed with breast cancer before RRSO, those who under-
went mastectomy for any reasons and those who had not
undergone RRSO. Patients diagnosed with BRCA mutation
in 2021 and 2022 were excluded from the analysis because of

\Women who were diagnosed with
BRCA mutation from the HIRA database
between 2013 and 2020 (n=8,122)

the short follow-up period.

3. Outcomes

From the HIRA database, women diagnosed with breast
cancer after RRSO were identified according to the principal
or secondary diagnosis by searching for the relevant Inter-
national Classification of Diseases, 10th revision (ICD-10)
codes. Women were classified as having breast cancer if they
were newly diagnosed with breast cancer (ICD-10 codes: C50
malignant neoplasm of breast) from RRSO to December 31,
2021. The timing of each patient’s initial diagnosis was con-
firmed by the lack of a breast cancer diagnosis prior to the
RRSO.

4. Measurement of patients’ characteristics

Characteristics, such as age, parity, and postoperative HRT
exposure, were obtained from the HIRA claims database.
Disease stage was not available in the HIRA claims database.

5. Statistical analysis

Continuous and categorical variables were expressed as
meanststandard deviations and percentages, respectively.
Clinical characteristics were compared using the t test for
continuous variables and the chi-square test for categorical
variables. Cox proportional hazards models were used to
estimate the adjusted hazard ratios (HRs) and 95% confi-
dence intervals (CIs) of occurrence of breast cancer. All tests
were two-sided, and statistical significance was set at p <
0.05. Statistical analyses were performed using SAS Enter-
prise Guide ver. 6.1 (SAS Institute Inc., Cary, NC).

Excluded

- Women who did not undergo RRSO (n=6,636)

v

Women who underwent RRSO for
prophylactic cause due to
BRCA mutation (n=1,468)

| Women who were diagnosed breast cancer before diagnosis of BRCA mutation
"| Woman who underwent mastectomy for any reasons (n=1,335)

v

BRCA mutation carriers who
underwent RRSO for
prophylactic cause (n=151)

Fig. 1. Flow chart of the study. HIRA, Health Insurance Review & Assessment Service; RRSO, risk-reducing salpingo-oophorectomy.
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Table 1. Baseline characteristics of study population according to history of HRT use

Total (n=151) HRT (n=33) No HRT (n=118) p-value

Age (yr)

Median+SD 47.89+11.12 42.1948.67 49.02412.95 0.012
Parity

0 114 (75.5) 19 (57.6) 95 (80.5) 0.030

1 25 (16.6) 9(27.3) 16 (13.6

2 10 (6.6) 4(12.1) 6(5.1)

=3 2(1.3) 1(3.0) 1(0.9)
Age at RRSO (yr)

<45 57 (37.8) 21 (63.6) 36 (30.5) <0.001

>45 94 (62.3) 12 (36.4) 82 (69.5)
HRT

P 6 (4.0) 6(18.2) -

E 7 (4.6) 7(21.2)

IL 18 (11.9) 18 (54.6)

EP 2(1.3) 2(6.1)

EP, estrogen plus progesterone; HRT, hormone replacement therapy; L, tibolone; P, progesterone alone; RRSO, risk-reducing salpingo-

oophorectomy; SD, standard deviation.

Results

Data from the HIRA were used with ICD codes from 2013
to 2020. Among the 8,122 diagnosed with BRCA mutation,
1,486 who underwent RRSO were selected. Among them,
151 patients had not been previously diagnosed with C50
(malignant neoplasm of the female breast), or C56 (malig-
nant neoplasm of ovary) (Fig. 1). Thirty-three patients recei-
ved HRT and 118 did not. Comparing the characteristics
of the two groups, the group that received HRT had more
patients under the age of 45 (p < 0.001), while the group that
did not receive HRT had a significantly higher proportion of
nulliparous patients (p=0.030). Of the patients who received
HRT, six received progesterone alone (P), seven received
estrogen alone (E), 18 received tibolone (L), and two received
estrogen plus progesterone (E+P) (Table 1).

Atotal of 12 (7.9%, 12 /151) patients were newly diagnosed
with breast cancer, with a follow-up period of median 3.03
years. Among them, one patient (3.0%, 1/33) in the HRT
group was diagnosed with breast cancer, while 11 patients
(9.3%, 11/118) in the non-HRT group were diagnosed with
breast cancer.

Regarding the risk of breast cancer according to HRT, there
was no significant difference in the incidence of breast cancer
between women who received any HRT regimen, and those
who did not (p=0.229) (Fig. 2). When categorized by the
age of 45 years, there were no significant differences in the
incidence of breast cancer, regardless of whether the patient
received HRT, in both, the group under 45 years (p=0.807),
and above age 45 years (p=0.253) (Fig. 2). In the multivari-

ate logistic regression analysis adjusted for age and parity,
there was no significant difference in the risk of breast can-
cer between those who received HRT and those who did not
receive HRT after RRSO (HR, 0.312; 95% CI, 0.039 to 2.480;
p=0.278) (Table 2). There was also no significant difference
in the risk of breast cancer according to the type of HRT
(progesterone) (HR, 2.658; 95% CI, 0.266 to 26.539; p=0.975)
(Table 2).

Discussion

In this retrospective study of 151 BRCA mutation carriers
who underwent RRSO, the short-term effects of HRT after
RRSO did not increase the risk of breast cancer. The incidence
and risk of breast cancer did not differ according to HRT use
when stratified by age and parity in the RRSO group.

Our findings are consistent with the previous studies,
demonstrating that HRT does not increase the risk of breast
cancer in BRCA mutation carriers who underwent RRSO.
Eisen et al. [17] performed a matched case-control study of
472 postmenopausal women with BRCAI mutation, and
reported that HRT was associated with decreased risk of
breast cancer (odds ratio, 0.58; 95% CI, 0.35 to 0.96). Another
study by Rebbeck et al. [10] was conducted to evaluate the
effects of HRT on breast cancer risk in those who received
RRSO among BRCA1/2 mutation carriers, and it showed that
HRT use after RRSO did not invalidate the protective effect
of HRT on breast cancer (HR, 0.37; 95% CI, 0.14 to 0.96). A
case-control analysis of 432 women with a BRCAI mutation
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Fig. 2. Breast cancer incidence among BRCA mutation carriers by
hormone replacement therapy (HRT) use. (A) Breast cancer inci-
dence among BRCA mutation carriers who used any HRT com-
pared with women who did not use HRT. (B) Breast cancer inci-
dence among BRCA mutation carriers under the age of 45, who used
any HRT compared with women who did not use HRT. (C) Breast
cancer incidence among BRCA mutation carriers over the age of 45
who used any HRT compared with women who did not use HRT.
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by Kotsopoulos et al. [18] reported that HRT after RRSO
was not associated with an increased risk of breast cancer
(HR, 0.97; 95% CI, 0.62 to 1.52). Regarding the types of HRT
after RRSO, the cumulative incidence of breast cancer after
10 years of follow-up was shown to be 12% for estrogen-
alone therapy and 22% for estrogen-progesterone combina-
tion therapy, indicating that the effect varies depending on
the type of HRT [18]. In this study, there were limitations in
assessing the risk of breast cancer associated with types of
HRT after RRSO due to occurrence of breast cancer in only
one patient who received progesterone therapy among the
33 patients who received HRT. Therefore, future research
should focus on investigating the impact of types of HRT on
breast cancer risk after RRSO.

RRSO is the most effective way to reduce the risk of ovar-
ian cancer and all-cause mortality in BRCA mutation car-
riers [19]. In our study population, the number of cases in
which BRCA mutations were found through genetic coun-
seling tended to increase annually, and the rate of RRSO
among BRCA mutation carriers also increased. However,
as shown in our findings, only 18.2% of carriers underwent
RRSO, which may be due to patients’ fear or hesitation
regarding surgical menopause. This reluctance may be
due to the concern that surgery leads to menopause and a
decreased sexual function. Indeed, as demonstrated by Terra
et al. [20], patients who underwent premenopausal RRSO
experienced increased discomfort during sexual intercourse
and were more likely to experience vaginal dryness than
those who underwent postmenopausal RRSO. Stan et al. [21]
revealed that BRCA mutation carriers who underwent RRSO
experienced difficulties with vasomotor symptoms, such as
hot flashes or night sweats.

The fact that the use of HRT is beneficial for menopausal
symptoms, quality of life, and sexual function has already
been established. It also has a protective effect against bone
diseases, such as osteopenia, osteoporosis, and cardiovascu-
lar disease [22]. Although HRT can improve quality of life,
this study indicates that only 21.9% of patients received HRT
due to concerns regarding the risk of developing breast can-
cer. Based on our finding, clinicians can provide detailed
explanations about the effects of HRT to BRCA mutation car-
riers who are hesitant to undergo RRSO HRT. In addition,
these results could also encourage women who hesitate to
undergo RRSO due to concerns about surgically induced
menopause.

The strength of the current study is that it is the first report
in Korea to evaluate the risk of breast cancer in carriers with
BRCA mutations who underwent HRT after receiving RRSO.
HRT data were obtained from the KNHIS database, and not
from the history provided by patients; therefore, we could
exclude the recall bias. In addition, by utilizing data from
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Table 2. Risk of breast cancer among BRCA mutation carriers according to age, parity, and HRT

Total BC after RRSO No BC Multivariate HR?
(n=151) (n=12) (n=139) (95% CI) p-value

Age at RRSO (yr)

<45 57 (37.8) 33.3) 53 (38.1) Ref.

>45 94 (62.3) 66.7) 86 (61.9) 1.456 (0.387-5.484) 0.579
HRT

No 118 (78.2) 11 (91.7) 107 (77.0) Ref.

Yes 33(21.9) 1(8.3) 32 (23.0) 0.312 (0.039-2.480) 0.278
HRT

P 6 (4.0) (8.3) 5(3.5) 2.658 (0.266-26.539) 0.975

E 7 (4.6) 7 (5.0)

L 18 (11.9) 18 (12.9)

EP 2(1.3) 2(1.4)

CI, confidence interval; E, estrogen alone; EP, estrogen plus progesterone; HR, hazard ratio; HRT, hormone replacement therapy; L, tibolone;
P, progesterone alone; RRSO, risk-reducing salpingo-oophorectomy. ?Age and parity adjusted.

the KNHIS database, this study boasts the absence of follow-
up loss as a notable advantage. Despite these strengths, our
study had some limitations. We had a small sample size of
151 BRCA mutation carriers; among them, the number of
patients who received HRT was very small at 33. According
to recent Women'’s Health Initiative data of postmenopausal
women, HR for the effect of estrogen plus progesterone HRT
on breast cancer was 1.24 (HR, 1.24; 95% CI, 1.01 to 1.53),
and HR for the estrogen-only HRT was 0.79 (HR, 0.79; 95%
CI, 0.61 to 1.02) [15]. However, our findings only showed
the effect of progesterone-only HRT because there was no
incidence of breast cancer after RRSO among BRCA carri-
ers who received estrogen alone, or estrogen plus progester-
one, or tibolone. Since the median follow-up time was 3.03
years which is a relatively short time to evaluate the risk of
developing breast cancer, further studies with longer follow-
up periods are needed. Because the KNHIS database did not
discriminate between BRCAI and BRCA2 mutation carriers,
itis unknown whether the results of this study correspond to
each BRCA mutation carrier. Further research with a longer
follow-up period and larger sample size for each HRT medi-
cation is needed, and should include information on HRT
duration, so that we can provide evidence for the effects of
different HRT durations on breast cancer risk.

In conclusion, our findings showed that the use of short-
term post-RRSO HRT does not increase the risk of breast
cancer in populations with BRCA mutations. Therefore,
healthcare providers may consider alleviation of symptoms
of postmenopausal syndrome through HRT in BRCA muta-
tion carriers who undergo RRSO. Further studies with longer
follow-up periods and larger study populations are required
to establish specific guidelines.
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