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Abstract

Risk-reducing salpingo-oophorectomy (RRSO) is performed for the primary 
prevention of ovarian cancer in patients with hereditary breast–ovarian cancer 
(HBOC) syndrome. When HBOC is diagnosed without ovarian cancer, surveil-
lance is performed using transvaginal ultrasound and serum CA125 assessment, 
and chemoprophylaxis is administered using oral contraceptives (OCs) or low- 
dose estrogen–progestin (LEP); however, RRSO is the most reliable treatment 
for ovarian cancer prevention. While RRSO is expected to gain popularity, due 
attention must be paid to the fact that this procedure is not easy to perform. 
Performing RRSO requires a deep understanding of the biological and anatomi-
cal characteristics of the structures surrounding ovarian cancer, paying attention 
to important points while performing surgical procedures, and taking precautions 
to facilitate pathology examination; moreover, a thorough understanding of 
gynecologic oncology and female reproductive medicine, such as treatment for 
surgical menopause, is required. Furthermore, following RRSO, minute ovarian 
cancers, which cannot be identified on preoperative evaluation, and occult can-
cers, which are serous tubal intraepithelial carcinoma (STIC) lesions of the fal-
lopian tubes, can become apparent. To detect occult cancer, pathological 
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examination is inadequate in cases of benign disease, and it is important to pro-
ceed with the sectioning and extensively examining the fimbriated end (SEE- 
FIM) protocol in collaboration with pathologists. Moreover, for RRSO to 
perform its original role, which is primary prevention, it should be kept in mind 
to introduce the procedure at the end of childbirth between the age of 35 and 
40 years, as recommended in the guidelines, and at an appropriate time based on 
the earliest age of ovarian cancer onset among individuals in the patient’s family. 
To provide the maximum benefit to patients with HBOC, individuals involved in 
the care of such patients must deepen their knowledge not only in their own field 
of expertise but also in genetic medicine and incorporate this knowledge into 
routine medical care.
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12.1  Significance of RRSO

Among patients with HBOC, the risk of ovarian cancer onset before the age of 
80 years is high at 44% among those harboring BRCA1 gene variant and 17% among 
those harboring BRCA2 gene variant [1]. Prophylactic treatments against this risk 
include RRSO and chemoprophylaxis using low-dose oral contraceptives (OCs) or 
low-dose estrogen–progestin (LEP). When RRSO cannot be performed, surveillance 
is performed using transvaginal ultrasound and serum CA125 assessment. Reportedly, 
the use of OC/LEP significantly reduces the risk of ovarian cancer by approximately 
50% even in patients harboring BRCA1/BRCA2 gene variants [2]. However, regard-
ing the relationship between OC/LEP usage and breast cancer onset, some reports 
indicate an increased risk [3–5], whereas others indicate no relationship [6, 7]; thus, 
these issues should be fully explained when prescribing prophylactic agents. 
Regarding surveillance, it has been reported that screening using transvaginal ultra-
sound and serum CA125 assessment does not contribute to reducing mortality due to 
ovarian cancer [8, 9]. Nevertheless, the National Comprehensive Cancer Network 
(NCCN) guidelines recommend the following for patients who opt not to undergo 
RRSO and patients for whom the period until RRSO is long: commence surveillance 
via transvaginal ultrasound and serum CA 125 assessment from 35 years of age or 
5–10 years before the earliest age of ovarian cancer diagnosis within the patient’s 
family. However, there is no clear evidence to support these recommendations, and 
under such circumstances, attention has been recently drawn to RRSO, which actu-
ally helps prevent ovarian cancer onset. Many reports have described the effect of 
RRSO on lowering the risk of ovarian cancer onset in patients harboring BRCA gene 
variant; in a meta-analysis of 2840 individuals harboring BRCA gene variants, it was 
found that the risk of ovarian cancer onset (including fallopian tube cancer and 
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peritoneal carcinoma) was reduced by 79% following RRSO [10]. Furthermore, 
RRSO reportedly increases the overall survival rate and reduces the risk of onset of 
breast cancer and high-grade serous carcinoma (HGSC) [11]; thus, prophylactic 
treatment with RRSO is the most effective option for patients with HBOC. However, 
there are contradictory reports negating the effects of RRSO in reducing the risk of 
breast cancer onset [12]. Conversely, it has been reported that the probability of peri-
toneal carcinoma development following RRSO is 0.3% [13]; thus, surveillance for 
peritoneal carcinoma is necessary even after undergoing RRSO.

12.2  Standard RRSO Procedure

From the perspective of healthy organ resection, it is preferable to perform mini-
mally invasive surgery. Reportedly, epithelial ovarian cancer, fallopian tube cancer, 
and peritoneal carcinoma are detected from RRSO specimens in 2.2–4.6% cases 
[10, 14–16], and if peritoneal findings are observed while performing RRSO, thor-
ough observation of the peritoneal cavity, peritoneal lavage cytology, and biopsy 
must be performed. Although there are no reports of ovarian cancer developing 
from the residual ovary following oophorectomy among individuals harboring 
BRCA variants, there are reports of benign illness [17]; therefore, care must be taken 
to achieve total removal of the ovary or ovaries. In a prospective study of 20 patients 
whose uterine specimens were pathologically examined upon the excision of the 
fallopian tubes at the uterine horns using a procedure resembling RRSO, residual 
fallopian tubes with a median length of 6 mm and median surface area of 14 mm2 
were found at 29 out of 40 uterine horn sites (73%) [18]. Considering these reports, 
the following recommendations are suggested for performing RRSO [19–21]:

• Perform minimally invasive surgery (laparoscopy).
• Observe upper abdomen, bowel surface, greater momentum, appendix, and pel-

vic organs, and if peritoneal findings are present, perform a biopsy.
• Obtain pelvic washing for cytology.
• Surgically remove 2 cm of proximal ovarian the suspensory ligament, the entire 

fallopian tube up to cornua, the entire peritoneum covering the ovary and fallo-
pian tube, and particularly, the peritoneum beneath adhesions between the fal-
lopian tube and ovary and the pelvic wall.

• To avoid cell loss caused by operative manipulations, minimize manipulations of 
the fallopian tube and ovary.

• Collect resected specimens from within the peritoneal cavity using an endobag.

12.3  Surgical Options when Performing RRSO: Concurrent 
Hysterectomy and Two-Stage Surgery

The suitability of concurrent hysterectomy during RRSO has long been an ongo-
ing debate [19, 22] and remains controversial. It is thought that concurrent hyster-
ectomy is advantageous during hormone therapy for breast cancer and hormone 
replacement therapy (HRT) such as that for ovarian deficiency syndrome [23, 24]. 
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In a prospective cohort study of 1083 individuals harboring BRCA variants who 
underwent RRSO only, uterine cancer developed in eight individuals during the 
median follow-up period of 5.1 years, with there being no clear increase in the 
observed risk following RRSO [25]. Conversely, in individuals harboring BRCA1 
gene variants, the risk of uterine body serous cancer increased (0.18 expected 
[O:E ratio, 22.2; 95% CI, 6.1–56.9; P < 0.001]). Reportedly, in women aged 
40 years, longer overall survival (4.9 months) with higher cost-effectiveness was 
observed among those who underwent RRSO and total hysterectomy than among 
those who underwent RRSO alone [26]. Therefore, the advantages and disadvan-
tages of performing concurrent hysterectomy should be fully explained 
preoperatively.

RRSO is recommended at the end of childbirth between the age of 35 and 
40  years or at the earliest age of ovarian cancer onset among individuals in the 
patient’s family [27]. It is considered to delay RRSO until age 40–45  years in 
patients with BRCA2 variant [27]; however, it has been reported that performing 
RRSO in women of reproductive age results in surgical menopause and increases 
the risk of osteoporosis, coronary heart disease, and cognitive dysfunction, which 
shortens the survival period compared with that among women who experience 
natural menopause [28]. Therefore, we examined two-stage prophylactic salpingec-
tomy with delayed oophorectomy, whereby risk-reducing salpingectomy alone is 
performed while ovarian function is still present and risk-reducing oophorectomy is 
performed at menopause. Based on the report indicating that HGSC originates from 
the fallopian tube epithelium [29], HGSC occurrence in the fallopian tube is pre-
vented by surgically removing the fallopian tubes, thereby preserving the ovaries 
and avoiding surgical menopause. While the aim is to prevent HGSC originating in 
the fallopian tubes and avoid premature menopause, outcomes such as the remain-
ing risk of ovarian cancer and the impact on breast cancer have not been fully eluci-
dated; thus, two-stage surgery is not recommended at this stage, and the results of 
ongoing current clinical trials are awaited.

12.4  Pathological Examination of RRSO Samples

During postoperative pathological examination, due caution must be exercised to 
detect minute ovarian cancers, which cannot be detected on preoperative evaluation, 
and occult cancers, which are STIC lesions of the fallopian tubes [16, 30, 31]. 
Regarding the histopathological diagnosis of RRSO-resected specimens, pathologi-
cal examination is inadequate to detect occult cancer in cases of benign illness. 
Therefore, it is preferable to perform diagnosis after preparing specimens in accor-
dance with the SEE-FIM protocol, whereby the fimbriae of the fallopian tubes are 
sectioned longitudinally and slices of the ovaries and fallopian tubes are prepared at 
2–3-mm intervals and evaluated as serial sections [32]. At institutions that provide 
genetic counseling and have a collaboration system with pathologists, it is recom-
mended that gynecologic oncologists perform RRSO in cooperation with clinical 
genetic specialists [16].

Y. Kobayashi and D. Aoki



187

12.5  Post-RRSO Health Care

Care should be paid to various conditions that might arise following RRSO, such as 
climacteric disturbance, dyslipidemia, and osteoporosis (seen after natural meno-
pause) as well as severe urogenital symptoms and psychological and/or somatoveg-
etative symptoms seen in young women who undergo RRSO prior to natural 
menopause [33]. In particular, in many cases, ovarian dysfunction symptoms fol-
lowing RRSO such as palpitations, constipation, and shoulder stiffness are observed 
to be more severe compared with those observed after natural menopause [34]; 
moreover, sexuality can be disturbed [35]. Furthermore, regarding lipid profile and 
cardiovascular illness, high total cholesterol levels and metabolic syndrome are 
more common in women who have undergone RRSO [36, 37]. Regarding bone 
mass, it is unlikely that RRSO decreases bone mass and increases the incidence of 
bone fractures compared with natural menopause [34]. However, it has been 
reported that following RRSO, women experience reduced bone mass postopera-
tively from an earlier age while they are still young and bone mass decreases more 
rapidly after surgical menopause than after natural menopause [38]. For these rea-
sons, regular assessment of patient’s bone mass is important during postoperative 
follow-up. Health care following RRSO includes traditional Chinese medicine for 
ovarian insufficiency, statin therapy for dyslipidemia, and administration of calcium 
and bisphosphonate preparations for osteoporosis; however, HRT is considered for 
women with no history of breast cancer. HRT has been found to improve sexuality 
in women after RRSO [39, 40] and is useful for maintaining cognitive function for 
up to 45 years after RRSO [41]. Conversely, women harboring BRCA variant are at 
a high risk for breast cancer onset; therefore, risk elevation owing to HRT is a cause 
for concern among women in general. However, in a recent meta-analysis, HRT fol-
lowing RRSO was not found to increase the risk of breast cancer [42], and it is 
considered that HRT does not increase this risk in a short period [43].

12.6  Current State of RRSO and Future Prospects

The state of implementation of risk-reducing surgery differs between the Western 
and Asian countries. Reportedly, the proportion of individuals harboring a BRCA1/
BRCA 2 gene variant who have undergone RRSO ranges from 10% to 78% in the 
Western countries and an overwhelming majority of women (86.4%–97%) were 
satisfied with the decision to undergo surgery [44]. The results of this study showed 
that RRSO has gained popularity as an option among Western patients. Conversely, 
the number of studies including Asian patients is limited, and in a recent Japanese 
study including 488 individuals diagnosed with HBOC, it was reported that of all 
the participants, 153 (31.4%) underwent RRSO; however, the RRSO implementa-
tion rate is lower in Japan than in the Western countries, and its use is less wide-
spread in Japan [45]. This is due to the fact that, in Japan, a limited number of 
institutions perform genetic screening for BRCA1/BRCA2 and that RRSO has not 
gained popularity as it is not covered by public health insurance; moreover, medical 
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staff still have insufficient knowledge and experience for performing genetic diag-
nosis [46]. There have been several events that drew public attention to HBOC in 
Korea. First, the Korean Hereditary Breast Cancer Study was started in 2007 with 
support from the Ministry of Health and Welfare of Korea and the Korean Breast 
Cancer Society [47]. Second, the strategy of BRCA testing coverage by the National 
Health Insurance system was promoted in May 2012. Later, American actress 
Angelina Jolie announced that she harbored the BRCA1 gene variant and had under-
gone bilateral risk-reducing mastectomy, which subsequently drew increased atten-
tion to risk-reducing surgery. This has been called the “Angelina effect.” Following 
her disclosure, the rate of risk-reducing surgery increased from RRSO performed in 
27 patients at 25 institutions in 2009 to 75 patients at 27 institutions in 2015 [48]. In 
Japan, RRSO has been covered under insurance for HBOC patients with a history 
of breast cancer since April 2020 and is expected to gain popularity in future. 
Conversely, the peak age for undergoing RRSO has been delayed to the late 40s or 
older in Japan [31, 45]; thus, some individuals develop occult cancer by the time of 
surgery, and consequently, the original role of RRSO, i.e., primary prevention, can-
not be achieved. We must reconfirm the role of RRSO and firmly bear in mind that 
RRSO should be performed at the recommended appropriate time. Furthermore, 
more number of individuals are expected to undergo RRSO in future. Apart from 
BRCA, there are genes that cause HBOC, and because BRIP1 [49], RAD51C [50], 
and RAD51D [51] increase the risk of ovarian cancer onset, RRSO should be con-
sidered at 45–50 years of age [27]. Other genes that might increase the risk of ovar-
ian cancer onset include ATM [52] and PALB2 [53]; however, further study is needed 
to determine whether RRSO should be performed in patients harboring these 
genes [27].
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