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Simple Summary: Surgery to prevent breast and ovarian cancer is very effective, but there is limited
research into the quality of life afterwards, particularly with reference to quality-of-life scores known
as utility scores. These are important for patients at increased cancer risk who are considering surgery
and are essential for health-economic evaluations. This article used data from a systematic review
of different quality-of-life questionnaires given to patients following these surgeries. We converted
these data into utility scores, as recommended by the national guidelines. This shows that surgery
to prevent breast cancer is associated with a long-term utility score of 0.92 and surgery to prevent
ovarian cancer has a score of 0.97, indicating a mild-moderate impact. These are the first utility scores
sourced from patients who have undergone these procedures, and they are important to doctors
counselling patients about cancer prevention options and to researchers. Higher-quality studies are
still needed, using the recommended quality-of-life questionnaire (EQ-5D).

Abstract: Background: Risk-reducing mastectomy (RRM) and risk-reducing salpingo-oophorectomy
(RRSO) are the most effective breast and ovarian cancer preventive interventions. EQ-5D is the
recommended tool to assess the quality of life and determine health-related utility scores (HRUSs),
yet there are no published EQ-5D HRUSs after these procedures. These are essential for clinicians
counselling patients and for health-economic evaluations. Methods: We used aggregate data from
our published systematic review and converted SF-36/SF-12 summary scores to EQ-5D HRUSs
using a published mapping algorithm. Study control arm or age-matched country-specific reference
values provided comparison. Random-effects meta-analysis provided adjusted disutilities and utility
scores. Subgroup analyses included long-term vs. short-term follow-up. Results: Four studies
(209 patients) reported RRM outcomes using SF-36, and five studies (742 patients) reported RRSO
outcomes using SF-12/SF-36. RRM is associated with a long-term (>2 years) disutility of —0.08 (95%
CI —0.11, —0.04) (I? 31.4%) and a utility of 0.92 (95% CI 0.88, 0.95) (I? 31.4%). RRSO is associated
with a long-term (>1 year) disutility of —0.03 (95% CI —0.05, 0.00) (12 17.2%) and a utility of 0.97 (95%
C10.94, 0.99) (12 34.0%). Conclusions: We present the first HRUSs sourced from patients following
RRM and RRSO. There is a need for high-quality prospective studies to characterise quality of life at
different timepoints.
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1. Introduction

The number of women identified to be at a high lifetime risk of breast cancer (BC) and
ovarian cancer (OC) is increasing due to the expansion in genetic testing provision after
cancer diagnosis [1], with new programmes offering BRCA population testing in Jewish
individuals [2,3] and the lowering of thresholds of genetic testing [4] making it far more
accessible than earlier. Most of the cancer susceptibility gene carriers in the population
are yet to be detected [5]. Women may be at high risk due to a family history of cancer or
a pathogenic or likely pathogenic variant in a cancer-susceptibility gene (such as BRCAI,
BRCA2, or PALB2). Risk-reducing surgery is the most effective BC and OC preventive strat-
egy and is recommended for high-risk women after careful counselling [6,7]. Risk-reducing
mastectomy (RRM) results in an 89-96% [8-10] BC risk reduction and may be combined
with immediate or delayed reconstruction. Risk-reducing salpingo-oophorectomy (RRSO)
provides a 96% OC risk reduction [11] and a decreased BC risk in BRCA2 carriers [12].
RRSO results in a definitive end to natural fertility and a surgical menopause for pre-
menopausal women, which can be treated with hormone-replacement therapy (HRT) to
provide symptomatic relief and prevent long-term health effects [13,14]. RRM and RRSO
both result in a short-term impact on health-related quality-of-life (QoL) during recovery
and may affect QoL outcomes in the medium to long term.

It is important for clinicians counselling patients at increased cancer risk to understand
the level of any QoL impact from risk-reducing surgery. It is also essential for health-
economic evaluations, which determine the most equitable and appropriate use of finite
resources within a health service. QoL can be described on a scale from 1 (perfect health) to
0 (death), known as a health-related utility score (HRUS). Utility scores provide information
on the average QoL for a given health condition (such as following risk-reducing surgery).
These can either be expressed as a disutility (e.g., —0.1) that is added to an individual’s
baseline quality-of-life (additive method), or a utility score (e.g., 0.9) that is multiplied by
their baseline level (multiplicative method). The HRUS can be multiplied by years lived
to determine quality-adjusted life-years (QALYs), used in health-economic evaluations
to compare the cost per QALY for different treatment strategies [15]. Health-economic
evaluations of BC and OC prevention strategies are highly sensitive to the HRUSs of
RRM and RRSO, such that small variations in the HRUSs can substantially change the
results [16-19].

The EQ-5D is the guideline-recommended measure to obtain HRUSs in many coun-
tries including the UK and USA [15,20], yet there are no EQ-5D HRUSs in the literature
for RRM or RRSO. The published HRUSs on RRM and RRSO used by health-economic
evaluations of BC/OC prevention derive from two vignette studies of women from the
general population and BRCA carriers [21,22]. These do not report outcomes from patients
who have undergone the procedures, and they are at a potential risk of bias [23] despite
their widespread use, as details of the vignette development process are not described.
There is, therefore, a need for HRUSs for RRM and RRSO obtained from patients who have
undergone these procedures.

When prospective data in patients are not available, mapping from other question-
naires should be considered [24]. Our recent systematic review and meta-analysis reports
the QoL outcomes following RRM and RRSO in patients at increased risk of BC/OC [25].
This review found no study that has reported post-operative outcomes using the EQ-5D or
any alternative questionnaire for deriving HRUSs such as the SF-6D. Nevertheless, a num-
ber of studies reported QoL outcomes using the 36-item short-form survey (SF-36) or the
12-item short-form survey (SF-12). The SF-36 is a generic measure of physical and mental
health and has been widely used to compare populations across a range of health states [26].
The eight domains are correlated with two overall measures: the physical component
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summary (PCS-36) and the mental component summary (MCS-36). The SF-12 contains
a subset of 12 questions from the SF-36 and produces the same summary scores (PCS-12
and MCS-12). These SF-12 summary scores have been shown to be very good predictors
of the SF-36 summary scores (with means and quartiles differing by 0-1.5 points/100
amongst the general population in the US and nine European countries) [27,28]. Whilst
these questionnaires were not designed to generate HRUSs, several mapping algorithms
have been published to derive HRUSs from SF-36/SF-12 summary scores [29].

This study aims to summarise the best available evidence on EQ-5D values after
risk-reducing surgery for BC and OC prevention (RRM and RRSO). Its secondary aims
are to obtain different HRUSs for RRM and RRSO at different timepoints, for different
population cohorts.

2. Materials and Methods
2.1. Data Sources

Studies investigating quality of life after RRM or RRSO were identified in our recent
systematic review, the details of which have been previously published [25]. In brief, major
databases were searched from inception to February 2023. The studies included were
those that described women with an increased BC/OC risk due to pathogenic variants
in cancer susceptibility genes (typically BRCAI or BRCA2) or a family history of BC/OC.
The intervention was RRM or RRSO. The studies excluded were those that described
women with a personal history of BC (for RRM) or OC (for RRSO). The outcomes were
QoL outcomes including HRUSs.

The data extracted from each study included the means and mode of variance (stan-
dard deviations or 95% confidence interval [95% CI]) of results of validated QoL ques-
tionnaires. Where SF-36 dimension scores were provided without summary scores, the
physical component summary (PCS) and mental component summary (MCS) scores were
calculated [30,31]. To maximise the available data from the included studies, an estimate of
the standard deviation of these measures was taken from the country-specific general pop-
ulation [28] when studies lacked this information. Where possible, the data were extracted
across different subgroups: (1) long term vs. short term, defining long-term follow-up as
>1 year for RRSO and >2 years for RRM; (2) pre-menopausal vs. post-menopausal RRSO;
and (3) pre-menopausal RRSO with HRT vs. no HRT use.

2.2. Mapping Algorithms to EQ-5D

A number of mapping algorithms have been developed to map various QoL instru-
ments to the EQ-5D utility scores [29,32]. For SF-12, we selected the 2-variable mapping
algorithm developed by Lawrence et al. [33], which used a large US dataset (the 2000 Medi-
cal Expenditure Panel Survey) of 15,662 individuals who completed both the EQ-5D and the
SF-12. The authors used linear regression to derive the EQ-5D HRUSs from the PCS-12 and
MCS-12 data, with 50% of the data subsequently reserved for validation. This algorithm
was chosen given its applicability to the general population using aggregate data (i.e., PCS
and MCS), its large sample size, and its predictive ability across a diverse set of subgroups,
including its close fit for mild rather than severe health states.

Although several mapping algorithms were considered from SF-36, these were un-
suitable for use on aggregate data or contained errors that meant it was not possible to
follow the algorithm as published [34], despite contacting the research team for clarifica-
tions. Given the equivalence between the SE-36 and SF-12 summary scores [27,28], and the
benefits of minimising variance from multiple algorithms, the Lawrence algorithm was
used to generate the mean (effect size) and 95% CI of the EQ-5D utility scores from the
SF-36 PCS and MCS.

Mapping algorithms from other validated questionnaires with extractable data in-
cluded in our systematic review and meta-analysis were reviewed and considered [29],
including those from the Sexual Activity Questionnaire, the Hospital Anxiety and Depres-
sion Scale, the Menopause Rating Scale, the Functional Assessment of Cancer Therapy-
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Endocrine Subscale, the Impact of Events Scale, the Body Image Scale, and the EORTC
Core Quality-of-Life Questionnaire-C30. However, mapping functions to the EQ-5D were
unavailable for many, did not demonstrate consistent performance [35], or were validated
in inappropriate patient populations for our purposes [29] (e.g., mental health [36], lung
cancer [37]). Therefore, only the results from SF-12/SF-36 were considered further.

2.3. Derivation of HRUSs

The PCS-12/36 and MCS-12/36 scores were obtained from each study arm and in-
putted into the “2-variable model” algorithm [33], given as follows:

Mg = (0.01411 x PCS) + (0.00967 x MCS) —0.3720

where M is the predicted mean EQ-5D score; 0.01411 is the PCS coefficient; 0.00967 is the
MCS coefficient; and —0.3720 is the intercept. The 95% confidence intervals for the HRUSs
were calculated using the standard deviation for the PCS and MCS and the sample size for
each study arm (see original publication for formulae [33]).

2.4. Comparison Groups

Where studies provided data from a control group, these were used for comparison.
Where there was no control group, the reference HRUSs were obtained from the litera-
ture for the female general population within the same age range for relevant countries:
Sweden [38], Germany [39], the Netherlands [39], South Korea [39], Canada [40], and the
US [39].

2.5. Data Analysis

A meta-analysis was conducted to obtain the aggregated unadjusted HRUSs for RRM
and RRSO. A random-effects meta-analysis was used to account for the pre-anticipated
heterogeneity across the different cohorts. Although heterogeneity was quantified using
12, this did not alter the initial assumption that the included cohorts may be significantly
heterogenous due to their different countries of origin and other factors. The random-effects
meta-analysis was used to pool the HRUSs for RRM and RRSO, adjusted for study control
arm/age- and country-specific population reference. Where population reference values
were used, the sample size was given as that for the surgical arm, in order not to bias the
weighting. The resultant variance was calculated based on the variance/sample size of the
original cohorts. Two methodologies are reported:

1.  Additive approach, where the disutility from RRS is provided as a utility decre-
ment (HRUSs from the control/reference population subtracted from those from the
surgical arm).

2. Multiplicative approach, where the utility score from RRS is provided as a co-efficient
(HRUSs from the population undergoing surgery divided by those from the con-
trol/reference population).

Further subgroup (sensitivity) analyses were undertaken to derive EQ-5D utilities for
(1) the timepoint after surgery, including the first 2 years after RRM vs. after, and the first
year after RRSO vs. after; (2) pre-menopausal vs. post-menopausal women after RRSO;
(3) pre-menopausal RRSO with HRT vs. no HRT use. The data were extracted in tables
using Excel version 2402 (Microsoft, Redmond, WA, USA), and Stata 16 (Statacorp, College
Station, TX, USA) was used for statistical analysis.

3. Results
3.1. Included Studies

No studies reported EQ-5D outcomes in patients following RRM or RRSO. Four obser-
vational studies [41-44] reported on quality of life after RRM using SF-36. Summary scores
(PCS-36 and MCS-36) were available in one study [43], whereas the other three studies
reported dimension scores only, and hence, the summary scores were calculated [41,42,44].
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The standard deviations for PCS-36/MCS-36 were estimated in all four studies. For RRSO,
five studies reported data using SF-36 [45-49], of which two studies reported summary
scores [45,46] and the others reported dimensions, and hence, the summary scores were
calculated. The standard deviations were provided in one of these studies [45] and were
estimated in the others. In addition, one study reported the SF-12 summary scores [50],
and the standard deviations for PCS-12/MCS-12 were estimated.

3.2. Study Arms

For RRM, all four studies were cohorts with no control arm. One study (48 patients)
provided outcomes under two years’ follow-up only [43], one study (92 patients) reported
outcomes under 2 years” and over 2 years’ follow-up [41], and two studies (22 patients,
47 patients) reported outcomes over 2 years’ follow-up only [42,44].

For RRSO, four studies provided outcomes from a control arm, and two were cohorts
with no control arm [46—48,50]. All six studies provided the outcomes of cohorts at over a
1-year follow-up. Two studies (38 patients, 528 patients) additionally provided outcomes
under a 1-year follow-up [46,47]. Two studies (30 patients, 93 patients) provided separate
outcomes for pre-menopausal and post-menopausal cohorts, both of which were over a
1-year follow-up [45,51]. It was not possible to extract data on pre-menopausal women
separately for HRT use or no HRT use.

3.3. Calculation of HRUSs

The EQ-5D utility scores with 95% confidence intervals were calculated for each study
arm based on the PCS and MCS [33]. The population reference HRUSs were obtained along
with the standard deviation or standard error, as published. One pilot study on RRSO
(12 patients) [49] included biases (very small sample size, control group with different
age range), which meant it was not possible to calculate the EQ-5D utility scores without
disproportionately affecting the overall results, and it was, therefore, excluded from further
analysis. Table 1 summarises the included studies with the calculated utility scores.

3.4. Meta-Analysis of Utility Scores after RRM

The unadjusted utility score over 2 years after RRM (161 patients) was 0.84 (95% CI 0.81,
0.87). The adjusted utility decrement was —0.08 (95% CI —0.11, —0.04), and the adjusted
utility score (multiplicative) was 0.92 (95% CI 0.88, 0.95). For follow-up under 2 years
(140 patients), the overall unadjusted HRUS was 0.88 (95% CI 0.85, 0.91), with a trend
towards a disutility of —0.04 (95% CI —0.07, 0.00) and an adjusted HRUS (multiplicative)
of 0.96 (95% CI 0.92, 1.00), which was not significant. Table 2 summarises the meta-analysis
results by subgroup. See Supplementary Figure Sla—d for forest plots.

3.5. Meta-Analysis of Utility Scores after RRSO

The unadjusted HRUS over 1 year following RRSO (527 patients) was 0.83 (95% CI
0.81, 0.85). The adjusted disutility was —0.03 (95% CI —0.05, 0.00), and the adjusted HRUS
(multiplicative) was 0.97 (95% CI 0.94, 0.99). For follow-up under 1 year (566 patients), the
unadjusted HRUS was 0.82 (95% CI 0.80, 0.84), the adjusted disutility was —0.04 (95% CI
—0.06, —0.01), and the adjusted HRUS was 0.96 (95% CI 0.93, 0.98).

When considering pre-menopausal women (with over 1-year follow-up) (79 patients),
the unadjusted HRUS was 0.84 (95% CI 0.79, 0.89), the adjusted disutility was —0.05
(95% CI —0.11, 0.00), and the adjusted HRUS was 0.94 (95% CI 0.89, 0.99). For post-
menopausal women (44 patients), the unadjusted HRUS was 0.77 (95% CI 0.70, 0.83), the
utility decrement was —0.11 (95% CI —0.19, —0.04), and the adjusted HRUS was 0.87 (95%
CI0.90, 0.95). Table 2 summarises the meta-analysis results by subgroup.
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Table 1. RRM and RRSO cohorts with unadjusted HRUSs for surgical and control arms.

Risk-Reducing Surgical Arm Control Arm/Population Reference
Sample Source Age o Age o
Study Country Description Data n (years) HRUS 95% CI Source n (years) HRUS 95% CI SE
. ) RRM <2yr? 92 422 0.89 0.85-0.93 Teni 2022 [38] 40-44 0.92 0.74-1.00
Bai 2019 [41] Sweden RRM > 2 yr* SF-36 ) 527 0.85 0.81-0.90 Toni 2022 [35] 5054 0.90 0.68-1.00
Spindler 2021 [42]  Germany RRM > 2 yr SF-36 22 40.1 0.82 0.73-0.90 Szende 2014 [39] 35-44 0.96 0.005
Gopie 2013 [43] Netherlands RRM <2 yr SE-36 48 37.1 0.86 0.80-0.92 Szende 2014 [39] 35-44 0.92 0.014
. N RRM > 2 yr auto. 33 42.6 0.85 0.78-0.93 Szende 2014 [39] 35-44 0.92 0.014
Miseré 2022 [44] ~ Netherlands —RRNS 7 yrimpl. SF-36 12 33 081 0.70-0.91 Szende 2014 [39] 2534 09T 0011
RRSO>1yr? 30 49.8 0.83 0.74-0.91 Control arm 22 42.1 0.93 0.86-1.00
Chae 2021 [45] South Korea RRSO > 1 yr pre. * SF-36 16 NR 0.89 0.79-0.98 Control arm 22 421 0.93 0.86-1.00
RRSO > 1 yr post. 14 NR 0.76 0.62-0.90 Control arm 22 42.1 0.93 0.86-1.00
. RRSO >1 yr pre. 63 44.7 0.82 0.76-0.88 Yan 2023 [40] 3544 0.88 0.68-1.00
Finch 2013 [51] Canada RRSO> Tyrpost. o112 30 527 0.77 0.69-085 Yan 2023 [40] 4554 0.86 0.62-1.00
) RRSO<1yr? 38 46.0 0.85 0.78-0.92 Control arm 37 46.0 0.86 0.78-0.93
Fang 2009 [46] US RRSO > 1yr? SE-36 38 160 0.83 0.75-0.90 Control arm 37 0.86 078093
. , RRSO > 1yr ¥ 313 48.6 0.84 0.82-0.87 Control arm 586 47.6 0.85 0.83-0.87
Mai 2020 [47] us RRSO<1yr* SF-36 528 48.6 0.82 0.80-0.84 Control arm 952 47.6 0.86 0.84-0.87
Robson 2003 [48] US RRSO >1 yr SF-36 53 51.2 0.83 0.77-0.89 Szende 2014 [39] 45-54 0.85 0.003
HRUSs for surgical arms are obtained by mapping; HRUSs for control arms are obtained by mapping or from population references. Cohorts are presented by subgroup. Auto—
autologous reconstruction. CI—confidence interval; HRUSs—health-related utility scores; impl.—implant reconstruction; n—number of participants; RRM—risk-reducing mastectomy;
SE—standard error; pre.—pre-menopausal; post—post-menopausal; yr—year of follow-up; * indicates same patient cohort across short-term and long-term follow-up.
Table 2. Unadjusted and adjusted disutilities and utility scores for RRM and RRSO by subgroup.
Unadjusted Utility Scores Adjusted Disutility (Additive Approach) Adjusted Utility Scores (Multiplicative Approach)
Subgroup No. of Studies n 12 (%) HRUS 95% CI n 12 (%) Disutility 95% CI I (%) HRUS 95% CI
RRM >2 yrs 3 161 0.0 0.84 0.81-0.87 322 314 —0.08 —0.11--0.04 33.2 0.92 0.88-0.95
RRM < 2yrs 2 140 0.0 0.88 0.85-0.91 280 0.0 —0.04 —0.07-0.00 0.0 0.96 0.92-1.00
RRSO > 1yr 5 527 0.0 0.83 0.81-0.85 1318 17.2 —0.03 —0.05-0.00 34.0 0.97 0.94-0.99
RRSO < 1yr 2 566 0.0 0.82 0.80-0.84 1555 0.0 —0.04 —0.06-—0.01 0.0 0.96 0.93-0.98
RRSO pre. 2 79 30.8 0.84 0.79-0.89 164 0.0 —0.05 —0.11-0.00 0.0 0.94 0.89-0.99
RRSO post. 2 44 0.0 0.77 0.70-0.83 96 0.0 -0.11 —0.19--0.04 0.0 0.87 0.90-0.95

CI—confidence interval; HRUS—health-related utility score; n—number of participants (note that participant numbers are the same in both the additive and multiplicative approaches);
RRM—risk-reducing mastectomy; RRSO—risk-reducing salpingo-oophorectomy; pre.—pre-menopausal; post.—post-menopausal; yr—year of follow-up.
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4. Discussion
4.1. Summary of Results

This mapping study obtaining EQ-5D utility scores from aggregate published SF-
12/SF-36 data finds that RRM is associated with a long-term disutility of —0.08/utility
score of 0.92, whilst RRSO is associated with a long-term disutility of —0.03/adjusted
utility score of 0.97. RRM is associated with a short-term (under 2 year) trend towards a
disutility of —0.04/utility score of 0.96 and RRSO with a short-term (under 1 year) disutility
of —0.04/utility score of 0.96. Pre-menopausal RRSO results in an adjusted disutility of
—0.05/utility score of 0.94, whereas the available evidence for post-menopausal RRSO
suggests an adjusted disutility of —0.11/utility score of 0.87. Some of these analyses
involved larger cohorts (>140 for RRM, >527 for RRSO), whilst other subgroup analyses
involved much smaller numbers (e.g., 44 for post-menopausal RRSO). This has implications
for interpretation, as discussed below.

4.2. Strengths and Limitations

This study is the first to report HRUSs sourced from patients who have undergone
RRM and RRSO. It follows a previously published high-quality and comprehensive system-
atic review with a prospectively registered protocol, which followed the PRISMA reporting
guidelines [25].

There are, however, some limitations, which may affect the interpretation of results.
There are small sample sizes for certain cohorts, particularly for RRM and for the RRSO
subgroup analysis by pre- vs. post-menopausal status, which limits confidence in these
findings. We assume there is heterogeneity between and in some cases within studies,
as the cohorts were drawn from different countries with different healthcare systems; to
mitigate this, we used random-effects meta-analysis. The cohort studies that included a
control arm were not always well matched for age and other characteristics [45], which
can introduce bias. In particular, one of the two studies that included post-menopausal
women did not report the mean age of the RRSO arm [45], which limits confidence in this
subgroup analysis.

Additionally, where a general population reference value was used in lieu of a control
arm, this may not be representative of women with potential disutility from a high BC/OC
risk status. Thus, comparisons against a healthy general population reference may tend to
exaggerate the disutilities from risk-reducing surgery.

Furthermore, there is variation in country-specific general population utility scores in
the literature, although a single source was used where possible for consistency. It was not
possible to report on the impact of HRT after RRSO, though this is known to significantly
affect the QoL [13,14]. The use of mapping from SF-12/36 to EQ-5D is necessarily inferior to
the “reference case” methodology of direct administration of the EQ-5D to patients prospec-
tively at baseline and post-operative intervals. We considered the mapping algorithm to
be the best available in the literature for aggregate SF-12/36 data, but this, nevertheless,
does not account for all the variance between EQ-5D values. Individual patient data were
not available, and therefore, summary data were used. Access to individual patient data
would enable more accurate mapping.

We did not include any papers reporting relevant outcomes after risk-reducing early
salpingectomy, as the full results of large prospective trials have not yet been reported [52].
Nevertheless, this is of significant interest to women at high OC risk, and initial data indicate
improved sexual function and menopausal symptoms as well as high satisfaction and
acceptability after risk-reducing early salpingectomy [53,54]. This is a potential limitation
to this analysis and needs to be addressed in the future.

4.3. Interpretation

The results of this study are highly relevant to high-risk patients and their clinicians
considering risk-reducing surgery, as well as for health-economic evaluations of BC and
OC prevention. The finding of a long-term HRUS following RRSO of 0.97 is similar though
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slightly higher to that previously reported by Grann and colleagues (0.95) in vignette
studies of BRCA carriers and controls [22], used as the basis of many health-economic
evaluations [17]. The long-term HRUS following RRM of 0.92 is also slightly higher
than that previously reported in the same study (0.88). Given that the current study
uses prospective data collected from patients undergoing the procedure, these data are
complimentary and may be superior to that from a vignette study.

However, the mild disutility seen is likely not sensitive to the huge variation in QoL
outcomes including psychosexual impact reported after RRSO [55,56], particularly for
pre-menopausal women who do not take HRT (due to contraindications or other reasons).
The SF-12/36/EQ-5D does not directly ask questions on sexual function or menopause-
specific QoL and, thus, may underestimate the QoL impact from RRSO on these domains
in pre-menopausal women.

The short-term utility score reported after RRM and RRSO (both 0.96) is relatively
mild and is higher than the long-term utility score from RRM. This may underestimate the
impact of RRM in particular, which is known to require a much longer period of recovery
and be associated with a relatively high risk of complications of up to 30% [57]. Health-
economic models may use a shorter post-operative timepoint than that reported in this
study to better capture this short-term disutility, such as a 1-year cycle length.

The finding of a lower disutility in the present study is encouraging, in that patients
may be reassured that risk-reducing surgery may not lead to as severe a long-term QoL
impact. This may encourage some patients to opt for preventive surgery over other less-
effective strategies such as breast screening with annual MRI, which may help address the
under-utilisation of risk-reducing surgery [58]. However, decision-making in this context
is highly complex, and many other factors influence and are associated with preventive
behaviours including perceived cancer risk, family history of cancer, personal history of
cancer, fertility issues, menopause, and other psychological measures [53,59].

The most direct application of these findings is in health-economic evaluations of BC
and OC prevention, which inform clinical guidelines. HRUSs after risk-reducing surgery are
a key variable that can significantly impact the result of any health-economic analysis that
incorporates surgical prevention (including assessments of non-surgical alternatives) [18,
19]. Previous health-economic evaluations of OC and BC prevention may have used more
conservative (i.e., larger) disutility values than we find in our analysis. Incorporating a
smaller long-term disutility from RRSO may tend to lower the lifetime OC risk threshold at
which RRSO is cost effective [18,19]. This is highly relevant for intermediate-risk women
and for clinicians and clinical guideline groups in considering the lifetime cancer risk
threshold at which to recommend RRSO [4,60]. It is, however, unlikely to influence the
results of a cost-effectiveness analysis of the highest-risk (BRCA1 and BRCA?2) carriers, as
RRM and RRSO is highly cost effective in these patients [61].

Accurate precision around the disutility of RRM and RRSO is essential to understand
the short- and long-term impacts on patients. Future prospective studies using the EQ-
5D are required to obtain reference values for each procedure. The PROTECTOR trial is
recruiting UK women at increased OC risk and administers the EQ-5D-5L at baseline and
at post-operative intervals (3 months and thereafter yearly for 3 years) after RRSO and
risk-reducing early salpingectomy and delayed oophorectomy. While the initial results
are expected in the near future, the long-term HRUS outcomes will take several years [52].
Other prospective studies are due to report on long-term QoL outcomes after RRSO and
risk-reducing early salpingectomy [62]. Prospective trials of RRM are awaited. Until
prospective studies using the EQ-5D are reported, the present study likely represents the
only available HRUSs in the literature for RRM and RRSO sourced from patients who have
undergone the procedures.

5. Conclusions

This mapping study finds that RRM is associated with a long-term disutility of —0.08
and an adjusted utility score of 0.92, whilst RRSO is associated with a long-term disutility
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of —0.03 and an adjusted utility score of 0.97. These values are highly relevant to patients
at high risk of breast and ovarian cancer and for health-economic evaluations of cancer
prevention. There is a need for high-quality prospective studies using the EQ-5D in
these cohorts.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/cancers16071358 /s1: Figure S1. Forest plot of risk-reducing
mastectomy (RRM) with over 2 years’ follow-up, adjusted disutility (additive approach) (a), ad-
justed utility scores (multiplicative approach) (b) and risk-reducing salpingo-oophorectomy (RRSO)
with over 1 year follow-up, adjusted disutility (additive approach) (c) and adjusted utility scores
(multiplicative approach) (d).
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