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ABSTRACT 
Background: Women testing positive for BRCA1/2 pathogenic variants have high lifetime risks of breast and ovarian cancer. The effectiveness of risk reducing surgery (RRS) has been demonstrated in numerous previous studies. We evaluated long-term uptake, timing and effectiveness of risk reducing mastectomy (RRM) and bilateral -salpingo-oophorectomy (RRSO) in healthy BRCA1/2 carriers.
Methods: Women were prospectively followed-up from positive genetic test (GT) result to censor date. Chi-squared testing compared categorical variables; Cox regression model estimated hazard ratios and 95%CI for breast/ovarian cancer cases associated with RRS, and impact on all-cause mortality; Kaplan-Meier curves estimated cumulative RRS uptake. The annual cancer incidence was estimated by women-years at risk.
Results: In total, 887 women were included in this analysis. Mean follow-up was 6.26 years (range=0.01-24.3; total=4685.4 women-years). RRS was performed in 512 women, 73 before GT. Overall RRM uptake was 57.9% and RRSO uptake was 78.6%. The median time from GT to RRM was 18.4 months, and from GT to RRSO–10.0 months. Annual breast cancer incidence in the study population was 1.28%. Relative breast cancer risk reduction (RRM vs non-RRM) was 94%. Risk reduction of ovarian cancer (RRSO vs non-RRSO) was 100%. 
Conclusion: Over a 24-year period we observed an increasing number of women opting for RRS. We showed that the timing of RRS remains suboptimal, especially in women undergoing RRSO. Both RRM and RRSO showed a significant effect on relevant cancer risk reduction. However, there was no statistically significant RRSO protective effect on BC. 
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Introduction 
It is well established that pathogenic variants (path_variants) in BRCA1 and BRCA2 (BRCA1/2) genes are strongly associated with a high lifetime risk of developing breast (BC) and/or ovarian cancer (OC). Whilst the lifetime risk of breast and ovarian cancer in the general population is 10%-12.5% and 1.5%-2%, respectively, various studies have shown that path_variants in the BRCA1/2 genes confer cumulative lifetime risk for developing BC of 35%-87% and 15%-60% for developing OC (1–3). Therefore, substantial effort has been deployed into developing specific surveillance and risk reducing strategies worldwide. Current risk management options for women with a BRCA1/2 path_variant include regular surveillance, chemoprevention and risk reducing surgery (RRS): risk reducing mastectomy (RRM), risk reducing salpingo-oophorectomy (RRSO), or both (4). Whilst breast surveillance, including regular breast self-examination, clinical breast examination, mammography and breast MRI, is effective for early BC detection (5), it is not effective in cancer risk reduction prevention.  Moreover, there is not anyno effective surveillance for early detection or prevention of OC that decreases mortality, as regular transvaginal ultrasound and CA125 estimation are ineffective (6, 7). On the other hand, there is considerable evidence that RRS reduces breast (8–10) and ovarian (8, 11–13) cancer risks in BRCA1/2 path_variant carriers, albeit with negative consequences related to the surgery itself (14). Consequently, RRM and RRSO are widely recommended for BRCA1/2 path_variant carriers and used to reduce their risks of developing breast and ovarian cancer. Consequently, RRSO is widely recommended for BRCA1/2 path_variant carriers to reduce their risks of developing ovarian cancer. In addition, RRM is discussed in depth and offered as an option for BRCA1/2 path_variant carriers, taking into account the efficacy of early detection of BC.	Comment by Emma Crosbie: Have to delete the prevention/ risk-reducing comment as the COCP does reduce OC risk
Risk-reducing surgeries in BRCA1/2 carriers have been shown to be both clinically effective (15) and cost effective (16). A recent meta-analysis of four prospective trials involving 2635 patients on the efficacy of RRM in BRCA1/2 path_variant carriers demonstrated a significant risk reduction in BC incidence (HR=0.06, 95%CI=0.01–0.41, p=0.005) (17). The efficacy of RRSO was demonstrated by meta-analysis of three prospective trials involving 9192 BRCA1/2 path_variant carriers with a significant risk-reduction in ovarian/primary peritoneal cancer incidence after surgery (HR=0.19, 95%CI=0.13–0.27, p<0.00001) (13).
Filippo-Morton and colleagues found a steady and significant increase in the uptake of RRS since 2006, reported in the literature (18). The growing proportion of women undergoing RRM (18%-50%) and RRSO (27%-78%) is thought to be related to improved surgical and reconstructive options and techniques, better education of BRCA1/2 path_variant carriers, and greater availability of genetic testing (GT) and counselling commensurate with cancer diagnosis (18). Moreover, women choosing one RRS are significantly more likely to then choose to undergo the other (19). 
A recent study of 87 cancer-free BRCA1/2 positive women found a 59% uptake of RRS with a median follow-up time to RRS of 4.8 months (median time to RRM=7.5 months; median time to RRSO=4.7 months; total follow-up time=30.4 months) (18).
Women are opting for early bilateral RRSO as a combined measure to reduce both breast and ovarian cancer risk, since many studies containing retrospective data have demonstrated an association between RRSO and BC risk reduction (20–22, 8). However, a prospective study by Heemskerk-Gerritsen et al. found no evidence of a short term protective effect on breast cancer risk after RRSO in BRCA1/2 path_variant carriers (23). Additionally, Kotosopoulos et al. found no effect of RRSO in the prevention of premenopausal BC in BRCA1 path_variant carriers . 
In the present study we summarize the uptake, timing and effectiveness of RRM and bilateral RRSO in a large cohort of women with high lifetime risks of breast and ovarian cancer who were unaffected by either cancer at positive GT for a BRCA1/2 path_variant in the northwest of England. 
Materials and Methods
Healthy women (unaffected with breast/ovarian cancer) with a confirmed family history for a BRCA1/2 path_variant are offered a targeted test, testing only for their familial variant. In contrast, unaffected women with strong family histories of BC and/or OC are offered full BRCA1/2 path_variant screening if an affected family member is unavailable for testing and their a priori likelihood of a pathogenic BRCA1/2 variant is ≥10%. 
Women with a lifetime BC risk >25%, including BRCA1/2 path_variant carriers, have been offered a discussion about bilateral RRM since 1994. BRCA1/2 path_variant carriers are also encouraged to undertake RRSO once their family is complete, ideally before 40 years of age for BRCA1 and 45 years for BRCA2.
We used a prospective cohort design to evaluate the long-term uptake of RRM and RRSO among BRCA1/2 path_variant carriers, tested at the Manchester Centre for Genomic Medicine during the period November 1994–March 2019. The individuals were identified from the prospectively maintained Manchester Genetic Medicine Database (North Manchester Research Ethics Committee (reference 08/H1006/77)). 
Study Population
[bookmark: _Hlk56754042]A total of 887 women, born between 1930-2002 (median=1971), with a positive presymptomatic test for BRCA1/2 gene path_variants were included in our study. Only women without previous BC/OC diagnoses were included. GT was performed as per institutional guidelines and all patients received post-testing counselling to review medical management options, including RRS. We have included all RRM surgeries, regardless of type and technique used. Women participating in the MRI programme who developed with BC and had contralateral RRM were described, but not included in our calculations. The characteristics of our study population are described in Table-1. 
Data Collection
[bookmark: _Hlk56753966]We retrieved data on date of birth, parity, date of individual DNA test result, gene with a path_variant (BRCA1 or BRCA2), date of RRM/RRSO, date of BC and/or OC diagnosis and tumour characteristics, date and cause of death. Follow-up was started from GT or 25th birthday (whichever was later – we used 25 years as cancer incidence before this age is very low) and censored at date of BC or OC diagnosis, date of death (DOD), whichever was earliest for each cancer. Time-dependent analysis was used for calculations – women were treated as unexposed to surgery before RRM/RRSO and exposed after they had RRM/RRSO. Women who underwent RRS were censored for follow-up for the relevant cancer at date of surgery but were assessed prospectively for cancer incidence and death. All individuals without censorship were counted as unaffected on prevalence day 01/03/2019. 
Statistical Analysis
The statistical analyses were performed using the IBM SPSS Statistics 20.0 package. A Chi-squared test was used to compare categorical variables. A Cox regression model was used to estimate the hazard ratio (HR) and 95% confidence interval (CI) of BC and OC cases associated with RRS, and the impact of RRS on all-cause mortality. Kaplan-Meier curves were used to estimate cumulative percentage uptake of RRS. Patients were censored at time of RRM and RRSO. The uptake of RRS among different age groups was compared using log rank test and ORs with 95% CI. Women who underwent RRS prior to receiving BRCA1/2 test were excluded from Kaplan-Meier analysis. The annual BC incidence (%) was estimated by calculating the proportion of total women-years for the entire study population and the number of BC cases in the follow-up period. All p-values were based on two-sided tests and were considered statistically significant if <0.05.
RESULTS
Study Population
In total, 887 women underwent predictive BRCA1/2 testing and tested positive for the path_variant: 442 (49.8%) for BRCA1 and 445 (50.2%) for BRCA2 (Table-1). The highest proportion of those testing positive was observed in 30-39 year-old women; this group was described as a reference group for further analysis. The mean age at individual DNA test result was 39.5 years (range=15.3-85.3 years). In total 70 were tested positive before age 25 and only 4 over age 75 years. There were unusual circumstances that justified the unusual step of testing a minor with parental consent.
Of the 887 women, 227 (25.6%) women did not have children at the time of evaluation, 611 (68.9%) had at least one childbirth; parity status was unknown for 49 (5.5%) women.
There have been 21 deaths (12 BRCA1 path_variant carriers and 9 BRCA2 path_variant carriers) during the study period. Three of them had undergone RRM, 4 –RRSO, 3–both RRSs, and 11 had no RRS. Cancer localisation profile: 3 BC (one of whom had previously had RRSO), 3 OC (one of whom had previously had RRM) and 6 other types of cancer (oesophagus, pancreas, liver, rectum, renal and non-Hodgkin's lymphoma). The mean age at death was 53.3 years (range=37.7-81.7 years).
In this study, 512/887 (57.7%) women with BRCA1/2 path_variants (mean age at GT= 41.9 years; range=19.1-85.3) underwent RRS. In total, there were 306 RRM and 414 RRSO procedures in 512 women (208 having both surgeries). 
There were 73/887 (8.2%) women who had a RRS prior to GT, of which 22 (2.5%) had RRM (14 BRCA1 path_variant carriers and 8 BRCA2 path_variant carriers) and 56 (6.3%) underwent RRSO (35 BRCA1 path_variant carriers and 21 BRCA2 path_variant carriers) prior to GT. Five women underwent both surgeries prior to GT,; all BRCA1 path_variant carriers.
Twenty-three originally healthy women (2.6%) (10 BRCA1 path_variant carriers and 13 BRCA2 path_variant carriers) underwent contralateral RRM after a prospective BC diagnosis. 
At RRM, 5/306 (1.6%) women (3 BRCA1 and 2 BRCA2 path_variant carriers) were found to have an occult BC (Supplementary table-1) and 2/414 (0.5%) women (1 BRCA1 and 1 BRCA2 path_variant carriers) had an occult OC diagnosed at RRSO.
Follow-up time
The mean period of time from positive predictive GT result or 25th birthday (whichever was later) to the censor date (date of death, BC, OC or last follow-up, whichever was earliest) was 6.26 years (range=0.01-24.3). This constituted 4685.4-women-years (when women are censored for both cancers; Note: in BC/OC incidence calculations women are censored only for the relevant cancer). If time from RRS to GT was added in women who underwent RRS at an early age and prior to GT (two women had their RRSO surgery in 1970s), the total follow-up time would increase to 5339.9-women-years. This was not included in the follow-up calculations as study participants were followed from the date of GT or 25th birthday. 
RRM
In total, 306/887 (34.5%) BRCA1/2 path_variant carriers underwent RRM (mean age at GT=37.9 years; mean age at RRM=39.2 years). BRCA1 path_variant carriers underwent RRM more frequently than BRCA2 path_variant carriers (165 and 141, respectively; p=0.04). RRM was most commonly performed in women aged 33-34 years. 269/306 women (87.9%) underwent RRM before the age of 50 years, 29 of whom (9.5%) were <30 years of age. 
The 5/306 women (1.6%) who underwentwith occult cancer at RRM were identified on pathology as having occult breast neoplasia, all five were >35 years on the day of surgery (Supplementary Table-1). These women were were not considered as not havingto have had RRM in the BC incidence calculations.
BRCA1/2 path_variant carriers who underwent RRM after GT result (284 women), had their surgery within 0.2-177.6 months (mean=28.4; median=18.4); only 20 of whom (7.0%) had their surgery within 6 months after GT. 
Overall RRM uptake in patients followed-up from GT to the censor date was 57.9% (Supplementary Figure-1). The distribution of different age groups undertaking RRM is shown in Figure-1. Women aged 50-59 had a statistically significantly lower RRM uptake rate 2, 5 and 10 years after GT, compared to the reference age group (30-39 years at GT) (Table-2). RRM was associated with a statistically significantly decreased BC risk (HR=0.061; 95%CI=0.02-0.20, p<0.001), but not with overall mortality (HR=0.32; 95%CI=0.09-1.17, p=0.09).
RRSO	
In total, 414/887 (46.7%) BRCA1/2 path_variant carriers underwent RRSO (mean age at GT=43.8 years; mean age at RRSO=44.6 years; range=25.5-76.7). 
[bookmark: _Hlk56756091]RRSO after GT result was performed in 357/887 BRCA1/2 path_variant carriers, who had their surgery within 0.4-237.6 months (mean=29.5; median=10.0); 105 (29.4%) of whom had their surgery within 6 months after GT. The overall RRSO uptake in patients followed-up from GT to censor date was 78.6% (Figure-2 and Supplementary Figure-2). A total ofIn 57 women with RRSO was performed before their GT results and were not included in the calculations, therefore the actual percent of women undergoing RRSO is significantly higher. BRCA1 path_variant carriers underwent RRSO statistically significantly more frequently than BRCA2 path_variant carriers (226 and versus 188, respectively; p=0.01). The majority of women (77%) underwent RRSO <50 years of age with surgery most commonly performed in women aged 39-40 years. Only 2.2% of women underwent RRSO at age <30-years. 
Women having GT result at <30 years were statistically significantly less likely to undergo RRSO 2, 5 and 10 years after the GT, compared to the reference group. The reference age group was statistically significantly less likely to have RRSO within 2 years after GT, compared to other age groups, except the <30 group (Table-3). 
A small proportion (14/887 (1.6%) originally healthy women) underwent RRSO after BC diagnosis (14/60 (23.3%) BC patients in this study). RRSO alone was not associated with a statistically significant decreased reduced risk of BC (HR=0.77; 95%CI=0.45-1.34, p=0.36), nor was it observedneither when stratified by gene (BRCA1 versus BRCA2) nor by age: <50years versus >50years at RRSO (data not shown).
OC incidence was not statistically significantly decreasedreduced in those undergoing RRSO (HR=0.02; 95%CI=0.000-5.9, p=0.17), possibly due to an extremely small incidence rate (0 in RRSO group versus 8 OC in non-RRSO; 2/8 OC cases were occult, therefore calculated as non-RRSO). This is perhaps unsurprising as the pre-symptomatic testing population is very young and RRSO would have little impact on incidence <35years in BRCA1 and <45years in BRCA2. On the other hand, there was a 100% risk reduction of OC in RRSO group, compared to non-RRSO.
RRSO alone was not associated with a statistically significantly decreasedreduced risk of overall mortality in the entire total study population (HR=0.44; 95%CI=0.1-1.4, p=0.16).
RRM and RRSO
For every year increase in age (range=25–85years), patients women were more likely to undergo RRSO (HR=1.04; 95%CI=1.03-1.05, p<0.0001) and for every year increase of age, women werebut slightly less likely to undergo RRM (HR=0.98; 95%CI=0.97-0.99, p<0.0001). 
In total 208/887 (23.5%) women (mean age at GT=39.9 years) underwent both RRSs. Of these, 106 (61 BRCA1 and 45 BRCA2 path_variant carriers) underwent RRSO before RRM, 98 underwent RRSO after RRM (54 BRCA1 and 44 BRCA2 path_variant carriers), and 4 underwent RRM and RRSO simultaneously (all BRCA1 path_variant carriers). 
Breast cancer
Over the study period, 60 new first primary BC cases were diagnosed in the entire total study population (6.8%). Mean age at BC was 46.4 years (range=29.4-79.3). Mean time from GT to BC diagnosis was 4.5 years (range=0.02-14.7). The annual incidence of BC among all women in our study population during the 4702.9 women-years was 1.28%. The detailed BC incidence by RRS and BRCA1/2 status is described in Table-4 and Supplementary Table-2.
BC and contralateral RRM in the MRI programme
There were 30 healthy BRCA1/2 carriers detected with BC on the MRI programme during the study period (seven had ductal carcinoma in situ (DCIS), 22 had invasive ductal carcinoma (IDC), and one had invasive lobular carcinoma (ILC)). Contralateral RRM after the BC diagnosis was performed in 23/30 (76.7%) patients (mean age at GT=40.6 years; mean age at RRM=44.8 years). The mean follow-up time from BC to contralateral RRM was 8.3 months (range=0.1-73.7 months). Tumour size ranged 2-29mm (median=9mm, mean=10.1mm). Following MRI screening one Stage 2+ patient died after three years, in a mean of 6.3 years of follow up post MRI screening diagnosis in our study population.	Comment by Emma: Ruta, I don’t quite follow this sentence. Could be me though.
Breast cancers after RRM 
There were three BC cases (two CIS) following RRM (two previously reported (25)); one on the chest wall 6.6 years after RRM in a BRCA1 path_variant carrier, the second behind a retained nipple in a BRCA2 path_variant carrier 9.9 years after RRM, and the third on the skin flap in a BRCA2 path_variant carrier 7 years after RRM. 
Ovarian cancer
Over the study period, 8 new first primary OC cases were diagnosed among 887 (0.9%) women in our cohort. Mean age at OC diagnosis was 48.2 years (range=37.7-62.7). Mean time from GT to OC diagnosis – 2.32 years (range=0.4-9.3). None of these women had previously undergone RRSO (2 occult OC cases were counted as non-RRSO). The annual incidence of OC in our study population during 5084.1-women-years follow-up was 0.16%. The incidence of OC among women who had RRSO was 0%, compared to 0.31% in women without RRSO. The detailed OC incidence by RRS and BRCA1/2 status is described in Supplementary Table-3.
DISCUSSION
The presentThis study has assessed the uptake, timing and relative risk reduction from RRM and RRSO in 887 path_variant carriers unaffected at GT. Most breast and ovarian cancers associated with germline BRCA1/2 variants are diagnosed at younger ages with most ovarian being high-grade and advanced-stage serous carcinomas (26). The risk and age at onset of BC or/and OC depends on the gene and path_variant involved, with BRCA1 carriers affected more often and at younger ages than BRCA2 carriers, which is in keeping with our results. The mean age of BC diagnosis in our study population was 43.2 years (BRCA1) and 49.1 (BRCA2). 
The decision to undergo RRS is undoubtedly difficult for women to make, especially in cases with a complex family history of cancer or known unsatisfactory outcomes fromof RRS in the family. Moreover, physical, mental, and emotional consequences, which may result from RRS, should be taken into consideration. This makes pre-surgery genetic counselling, including psychological assessment for RRM, an essential part of the decision-making process. A woman who opts to undergo RRS has tomust be fully prepared for all potential related consequences she might experience. Howard et al. reported a review ofreviewed 43 published articlesstudies on factors influencing the decision-making on risk-reducing strategies for women at high-risk for BC/OC. The crucialKey factors included medical and physical, psychological and social context factors (27). Tong and colleagues found that the factors independently associated with RRM intentions were younger age, more years of education, higher cancer-related distress, and higher perceived risk of BC were independently associated with RRM intentions, whereas older age, perceived path_variant risk, and perceived risk for OC were independently associated with RRSO intentions (28). Galmor at el. reported that being married and having a first-degree relative with BC were positively associated with RRM, while having a previous benign breast biopsy was negatively associated with RRM in cancer-free Israeli BRCA1/2 path_variant carriers (29).
 	Evans et al. previously showed that RRS in unaffected women at high risk of breast and ovarian cancer are risk, time and age dependent (30). Thus, women continue to opt for RRM and RRSO many months and even years after their positive BRCA1/2 path_variant gene test result (12). In this cohort, the mean time from GT to RRM was 28.4 months (range=0.2-177.6) and 29.5 months (range=0.4-237.6) to RRSO, respectively. We did not evaluate reasons of uptake and timing of RRS; however the influence on decision making has been reported in detail in previous studiesly (12, 31, 18) and we believe that the reasons in our cohort were similar. In particular there is an appropriate delay in RRSO in the <30 years age group and much of the delay in the 30-39 age group may be explained by waiting until being over 35 years old or waiting for completion of childbirth.
Skytte et al. reported a higher rate of uptake of RRSO within the first 6 months after GT at 27% compared to 11.8% (105/887 women) in our study population. We also observed a much lower rate of uptake of RRM with only 20 women (2.25%) within the first 6 months after receiving the GT result, compared to 11%, reported by Skytte et al (32). This lower short-term uptake of both RRM and RRSO is likely to be related with healthcare management and the patient preparation process for major surgery. This is particularly true of  RRM which requires a psychological assessment and at least two surgical appointments (33–35). In terms of health economics, undergoing RRSO should be recommended to BRCA1/2 path_variant carriers due to its favourable comparative cost-effectiveness (36), with RRM being discussed as an option.
In our cohort of 887 healthy BRCA1/2 path_variant carriers the overall uptake of RRM and RRSO was 57.9% and 78.6% respectively. It is important to note that in our study only women who had their RRS after receiving GT results were included in uptake calculations (this excludes 22 women who had RRM and 57 women who had RRSO before GT results), and therefore the actual uptake of both RRSs in our Centre is higher. Skytte et al. reported similar data from 306 healthy BRCA1/2 path_variant carriers with 10-year RRM uptake of 50% and RRSO uptake of 75% by time to event analysis (32). Earlier studies report lower than 50% uptake of either RRS (30, 37, 31, 38). These findings are consistent with recent literature, reporting growing numbers of RRS uptake in unaffected high-risk BRCA1/2 path_variant carrier population (18). Galmor et al. reported that only 9.6% of cancer-free BRCA1/2 path_variant carriers underwent RRM in their institution over a median follow-up time of 4.4 years. This is significantly lower than we report and could relate to cultural differences (29). In reality, as demonstrated in our study, around 50% of RRM are undertaken in the first 2 years and later uptake may be driven by false positive screens, new BC diagnoses in the family or BC related deaths (30). Indeed, there are women who choose to undertake surgery more than 15 years post GT. As with prior studies that have examined RRM and RRSO in a single institution (39, 40, 19), we found a higher uptake of RRSO than RRM. Beattie and colleagues suggested cultural factors, different counselling practices, body image effects of RRS, and the greater accuracy of screening tests for BC compared with those for OC as the main determinants for decision making regarding uptake and timing of RRS (19). 
Although the uptake of RRSO is high, the surgeries are performed later than recommended (37). RRSO should be performed shortly after GT if women are aged >40 years, or around 35 years of age (later in BRCA2), to get the optimal effect on cancer risk reduction, while reported uptake is still on average up to 10 years later (32). In our cohort only 26 women (2.9%) underwent RRSO before 35 years of age. We found 2 occult OC cases on RRSO in women aged 35-39 years which that potentially could have been avoided if RRSO was performed earlier, as both women had delayed surgery post GT. The decision to delay surgery is mostly related to later childbearing and concerns about early menopause with its consequences (41) despite the possibility of hormonal replacement therapy. 
Garcia et al. reported that with increasing age women are more likely to undergo RRSO  (OR=1.04, 95%CI=1.01–1.07) and less likely to undergo RRM (OR=0.94, 95%CI=0.91–0.97) in keeping with our results (30). This is in keeping with our results.
We did not include women with VUSs (variants-of-uncertain-significance). Welsh et al. reported RRS rates among unaffected women with BRCA1/2 VUS as high as 39% (42). 
RRM in high-risk BRCA1/2 path_variant carriers is clearly effective and this is supported by our data. Comparing women with RRM versus non-RRM in our study population, BC annual incidence was 0.14% and 2.26%, respectively. Xiao Li et al. in a recent meta-analysis reportedanalysed six non-overlapping studies with 2,555 participants and showed the occurrence ofthat BC after RRM corresponded withing to a RR of 0.11 (95% CI=0.04–0.3) (43). This confirms a substantial reduction of BC risk after RRM in BRCA1/2 path_variant carriers.
[bookmark: _Hlk56756573]BC risk reduction after RRSO remains uncertain and most probably this is due to bias in previous studies. Stjepanovic and colleagues showed that premenopausal RRSO significantly decreased BC risk in local BRCA1 path_variant carriers, while both BRCA1/2 carriers benefitted in their systematic review of published work (44). Eisen et al. previously reported that the BC risk reduction with RRSO was greater in BRCA1/2 path_variant carriers who underwent surgery <50 years compared to >50 years at surgery (45). However, Heemskerk-Gerritsen et al. reported no effect on BC risk and Kotosopoulos et al. did not find anfound no effect of RRSO on the prevention of premenopausal BC risk in BRCA1 gene path_variant carriers (23, 24). Terry at al. found no association of RRSO on BC risk when RRSO was used as a time-dependent variable (46). Similarly, we did not findour data do not support a significant reduction in BC risk for healthy BRCA1/1 or BRCA2 path_variant carriers who underwentundergoing RRSO under/over the age of 50 years (data not shown). 
Schrag et al. reported that benefit for BRCA1/2 path_variant carriers, received from RRS, declined with age with little gain obtained from RRS after the age of 60 years (47). There are only a few reports on long-term follow-up of BRCA1/2 carriers. It is therefore important to continue following-up our patients to determine the potential incidence and mortality from later cancer occurrences. 
A residual Some cancer risk does remainpersists after RRS. There were 3 BC cases after RRM, 20 BC cases after RRSO, and 3 OC cases after RRM (none of them had RRSO) in our study population. Consequently, additional cancer risk reductionpreventive and screening strategies are required to maximally reduce cancer incidence and mortality in aimprove outcomes in high-risk BRCA1/2 carriers population (11). 
In conclusion, this is one of the largest prospective studies evaluating healthy BRCA1/2 path_variant carriers. Our results support the fact that RRS reduces BC/OC risks in BRCA1/2 carriers and therefore should be discussed positively as a management option in all women at high risk for developing BC/OC. Despite the strong evidence for RRS effectiveness and increasing rising uptake of RRM and RRSO, compared to previous studies, women at high risk still need more encouragement to opt for RRS, especially RRSO. The timing of RRS is still suboptimal, especially in RRSO. Although RRM shows a significant reduction ofreduces BC incidence, we did not find statistically significanta RRSO protective effect of RRSO on BC risk, similar to that observed by other groups. Therefore, BC risk reduction after RRSO remains questionable and needs further Further studies with long term follow up are needed.
investigation.
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Table 1. Characteristics of the study population
	Characteristics
	Number of pathogenic variant carriers

	
	BRCA1
	BRCA2
	Total

	All study population
	442
	445
	887

	Age at individual DNA test result (years)

	<30
	111
	88
	199

	30-39
	167
	146
	313

	40-49
	96
	117
	213

	50-59
	47
	55
	102

	≥60
	21
	39
	60

	Mean
	38.0
	41.0
	39.5

	Median
	36.8
	39.3
	37.6

	Range
	15.3-85.3
	19.1-84.0
	15.3-85.3

	Parity status (No. of women)

	Nulliparous
	124
	103
	227

	Parous
	304
	307
	611

	Unknown
	14
	35
	49

	Mean No. of children
	1.5
	1.7
	1.6

	Median No. of children
	2
	2
	2

	Range No. of children
	0-9
	0-12
	0-12

	Deaths (No. of women)
	12
	9
	21

	Mean age at death
	54.6
	51.6
	53.3

	Median age at death
	53.7
	53.0
	53.0

	Age range at death
	37.9-81.7
	37.7-69.8
	37.7-81.7

	RRM (total)
	165
	141
	306

	Mean age at RRM
	38.3
	41.3
	39.7

	Median age at RRM
	36.5
	39.9
	38.7

	Age range at RRM
	22.5-65.3
	20.9-68.5
	20.9-68.5

	Mean time (months) from GT to RRM (RRM before GT not included)
	29.8
	26.8
	28.4

	Median time (months) from GT to RRM (RRM before GT not included)
	18.1
	19.3
	18.4

	Time range (months) from GT to RRM (RRM before GT not included)
	0.2-177.6
	1.6-114.5
	0.2-177.6

	RRSO (total)
	226
	188
	414

	Mean age at RRSO
	43.1
	46.3
	44.6

	Median age at RRSO
	41.8
	44.7
	43.2

	Age range at RRSO
	25.5-76.7
	30.5-73.6
	25.5-76.7

	Mean time (months) from GT to RRSO (RRSO before GT not included)
	29.7
	29.3
	29.5

	Median time (months) from GT to RRSO (RRSO before GT not included)
	12.0
	9.5
	10.0

	Time range (months) from GT to RRSO (RRSO before GT not included)
	1.3-237.6
	0.4-163.6
	0.4-237.6


Acronyms: RRM – risk reducing mastectomy, RRSO – risk reducing salpingoophorectomy, GT – genetic test.


Table 2. RRM uptake (years after genetic test) compared to the reference age group (30-39 years at genetic test) (Actual and ORs with 95%CI).
	Age group (age at genetic test)
	RRM uptake (years after genetic test) compared to reference age group (30-39 years at genetic test); OR, (95% CI). 

	
	2 years
	5 years
	10 years

	Actual RRM uptake

	All age groups
	29.2%
	43.7%
	54.1%

	<30
	26.7%
	45.1%
	61.3%

	30-39 (Reference)
	37.2%
	55.4%
	64.2%

	40-49
	29.4%
	41.7%
	49.8%

	50-59
	18.0%
	22.5%
	32.8%

	>60
	12.4%
	12.4%
	12.4%

	Odds ratios (95% CIs)

	<30
	0.61 (0.37-0.99) 
	0.73 (0.43-1.22) 
	0.97 (0.45-2.1) 

	30-39 (Reference)
	1.00 
	1.00 
	1.00 

	40-49
	0.75 (0.48-1.18) 
	0.62 (0.38-1.01) 
	0.62 (0.32-1.22) 

	50-59
	0.37 (0.19-0.72) 
	0.28 (0.14-0.56) 
	0.38 (0.15-0.95) 

	>60
	0.33 (0.12-0.91) 
	0.39 (0.13-1.17) 
	0.36 (0.08-1.55) 


Acronyms: RRM – risk reducing mastectomy, OR – odds ratio, CI – coincidence interval.



Table 3. RRSO uptake (years after genetic test) compared to the reference age group (30-39 years at genetic test) (Actual and ORs with 95%CI).
	Age group (age at genetic test)
	RRSO uptake (years after genetic test) compared to reference age group (30-39 years at genetic test); OR, (95% CI). 

	
	2 years
	5 years
	10 years

	Actual RRSO uptake

	All age groups
	37.3%
	49.9%
	63.7%

	<30
	1.4%
	4.3%
	24.8%

	30-39 (Reference)
	34.7%
	53.7%
	71.8%

	40-49
	61.0%
	71.7%
	78.4%

	50-59
	61.8%
	74.9%
	77.7%

	>60
	47.6%
	55.1%
	55.1%

	Odds ratios (95% CIs)

	<30
	0.03 (0.01-0.12) 
	0.04 (0.02-0.11) 
	0.11 (0.05-0.22) 

	30-39
	1.00 (Reference)
	1.00 (Reference)
	1.00 (Reference)

	40-49
	3.03 (2.0-4.65) 
	2.20 (1.36-3.58) 
	1.64 (0.79-3.37) 

	50-59
	3.36 (1.89-5.99) 
	2.8 (1.39-5.6) 
	1.32 (0.53-3.26) 

	>60
	3.01 (1.21-7.51) 
	3.23 (0.9-11.55) 
	2.61 (0.33-20.76) 


Acronyms: RRSO – risk reducing salpingoophorectomy, OR – odds ratio, CI – coincidence interval.	Comment by Emma: See below



Table 4. Breast cancer incidence during the follow-up (person-years) stratified by BRCA1/2 pathogenic variant status, BC status and RRM status 
	Variable
	Number of cases
	Person-years of follow-up
	Number of breast cancer cases
	Breast cancer annual incidence (%)

	
	BRCA1
	BRCA2
	Total
	BRCA1
	BRCA2
	Total
	BRCA1
	BRCA2
	Total
	BRCA1
	BRCA2
	Total

	All study population
	541
	546
	1087
	2505.6
	2197.4
	4702.9
	31
	29
	60
	1.24
	1.32
	1.28

	Post RRM
	147
	122
	269
	1234.7
	941.1
	2175.8
	1
	2
	3
	0.08
	0.21
	0.14

	No RRM
	394
	424
	818
	1270.9
	1256.2
	2527.2
	30
	27
	57* 
	2.36
	2.15
	2.26


Acronyms: RRM – risk reducing mastectomy, BC – breast cancer. *Including 14 occult and 23 with contralateral RRM.	Comment by Emma: Abbreviation better?
Acronym tends to be where the abbreviation makes a word in its own right?

