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A B S T R A C T

Background

The presence of deleterious mutations in breast cancer 1 gene (BRCA1) or breast cancer 2 gene (BRCA2) significantly increases the risk
of developing some cancers, such as breast and high-grade serous cancer (HGSC) of ovarian, tubal and peritoneal origin. Risk-reducing
salpingo-oophorectomy (RRSO) is usually recommended to BRCA1 or BRCA2 carriers aJer completion of childbearing. Despite prior
systematic reviews and meta-analyses on the role of RRSO in reducing the mortality and incidence of breast, HGSC and other cancers,
RRSO is still an area of debate and it is unclear whether RRSO diHers in eHectiveness by type of mutation carried.

Objectives

To assess the benefits and harms of RRSO in women with BRCA1 or BRCA2 mutations.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL; 2017, Issue 7) in The Cochrane Library, MEDLINE Ovid, Embase
Ovid and trial registries, with no language restrictions up to July 2017. We handsearched abstracts of scientific meetings and other relevant
publications.

Selection criteria

We included non-randomised trials (NRS), prospective and retrospective cohort studies, and case series that used statistical adjustment for
baseline case mix using multivariable analyses comparing RRSO versus no RRSO in women without a previous or coexisting breast, ovarian
or fallopian tube malignancy, in women with or without hysterectomy, and in women with a risk-reducing mastectomy (RRM) before, with
or aJer RRSO.

Data collection and analysis

We extracted data and performed meta-analyses of hazard ratios (HR) for time-to-event variables and risk ratios (RR) for dichotomous
outcomes, with 95% confidence intervals (CI). To assess bias in the studies, we used the ROBINS-I 'Risk of bias' assessment tool.
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We quantified inconsistency between studies by estimating the I2 statistic. We used random-eHects models to calculate pooled eHect
estimates.

Main results

We included 10 cohort studies, comprising 8087 participants (2936 (36%) surgical participants and 5151 (64%) control participants who
were BRCA1 or BRCA2 mutation carriers. All the studies compared RRSO with or without RRM versus no RRSO (surveillance). The certainty
of evidence by GRADE assessment was very low due to serious risk of bias. Nine studies, including 7927 women, were included in the meta-
analyses. The median follow-up period ranged from 0.5 to 27.4 years.

Main outcomes: overall survival was longer with RRSO compared with no RRSO (HR 0.32, 95% CI 0.19 to 0.54; P < 0.001; 3 studies, 2548
women; very low-certainty evidence). HGSC cancer mortality (HR 0.06, 95% CI 0.02 to 0.17; I2 = 69%; P < 0.0001; 3 studies, 2534 women;
very low-certainty evidence) and breast cancer mortality (HR 0.58, 95% CI 0.39 to 0.88; I2 = 65%; P = 0.009; 7 studies, 7198 women; very
low-certainty evidence) were lower with RRSO compared with no RRSO. None of the studies reported bone fracture incidence. There was
a diHerence in favour of RRSO compared with no RRSO in terms of ovarian cancer risk perception quality of life (MD 15.40, 95% CI 8.76 to
22.04; P < 0.00001; 1 study; very low-certainty evidence). None of the studies reported adverse events.

Subgroup analyses for main outcomes: meta-analysis showed an increase in overall survival among women who had RRSO versus
women without RRSO who were BRCA1 mutation carriers (HR 0.30, 95% CI 0.17 to 0.52; P < 0001; I2 = 23%; 3 studies; very low-certainty
evidence) and BRCA2 mutation carriers (HR 0.44, 95% CI 0.23 to 0.85; P = 0.01; I2 = 0%; 2 studies; very low-certainty evidence). The meta-
analysis showed a decrease in HGSC cancer mortality among women with RRSO versus no RRSO who were BRCA1 mutation carriers (HR
0.10, 95% CI 0.02 to 0.41; I2 = 54%; P = 0.001; 2 studies; very low-certainty evidence), but uncertain for BRCA2 mutation carriers due to
low frequency of HGSC cancer deaths in BRCA2 mutation carriers. There was a decrease in breast cancer mortality among women with
RRSO versus no RRSO who were BRCA1 mutation carriers (HR 0.45, 95% CI 0.30 to 0.67; I2 = 0%; P < 0.0001; 4 studies; very low-certainty
evidence), but not for BRCA2 mutation carriers (HR 0.88, 95% CI 0.42 to 1.87; I2 = 63%; P = 0.75; 3 studies; very low-certainty evidence).
One study showed a diHerence in favour of RRSO versus no RRSO in improving quality of life for ovarian cancer risk perception in women
who were BRCA1 mutation carriers (MD 10.70, 95% CI 2.45 to 18.95; P = 0.01; 98 women; very low-certainty evidence) and BRCA2 mutation
carriers (MD 13.00, 95% CI 3.59 to 22.41; P = 0.007; very low-certainty evidence). Data from one study showed a diHerence in favour of RRSO
and RRM versus no RRSO in increasing overall survival (HR 0.14, 95% CI 0.02 to 0.98; P = 0.0001; I2 = 0%; low-certainty evidence), but no
diHerence for breast cancer mortality (HR 0.78, 95% CI 0.51 to 1.19; P = 0.25; very low-certainty evidence). The risk estimates for breast
cancer mortality according to age at RRSO (50 years of age or less versus more than 50 years) was not protective and did not diHer for
BRCA1 (HR 0.85, 95% CI 0.64 to 1.11; I2 = 16%; P = 0.23; very low-certainty evidence) and BRCA2 carriers (HR 0.88, 95% CI 0.42 to 1.87; I2 =
63%; P = 0.75; very low-certainty evidence).

Authors' conclusions

There is very low-certainty evidence that RRSO may increase overall survival and lower HGSC and breast cancer mortality for BRCA1 and
BRCA2 carriers. Very low-certainty evidence suggests that RRSO reduces the risk of death from HGSC and breast cancer in women with
BRCA1 mutations. Evidence for the eHect of RRSO on HGSC and breast cancer in BRCA2 carriers was very uncertain due to low numbers.
These results should be interpreted with caution due to questionable study designs, risk of bias profiles, and very low-certainty evidence.
We cannot draw any conclusions regarding bone fracture incidence, quality of life, or severe adverse events for RRSO, or for eHects of RRSO
based on type and age at risk-reducing surgery. Further research on these outcomes is warranted to explore diHerential eHects for BRCA1
or BRCA2 mutations.

P L A I N   L A N G U A G E   S U M M A R Y

Risk-reducing surgical removal of fallopian tubes and ovaries in women with mutations in BRCA1 or BRCA2 genes

Background
Mutations in the breast cancer 1 gene (BRCA1) or breast cancer 2 gene (BRCA2) increase the risk of developing some cancers including
breast, ovarian, tubal and peritoneal cancers. Risk-reducing salpingo-oophorectomy (RRSO) (removal of both fallopian tubes and ovaries)
is usually oHered to women with BRCA1, BRCA2 or both mutations aJer they have finished their childbearing. However, how much of a
reduction in risk of breast and high-grade serous cancer (HGSC) of fallopian tube, ovarian and primary peritoneal origin RRSO oHers, and
the eHect on other health outcomes, are still uncertain and it is unclear whether RRSO diHers in eHectiveness by type of mutation.

Review question
Does RRSO in women with mutations in BRCA1 or BRCA2 genes reduce the risk of developing breast and HGSC and what eHect does this
have on risk of death (overall survival) and quality of life?

Study characteristics
In this review, we analysed data from 10 non-randomised (cohort; a study in which a defined group of people (the cohort) is followed
over time, to examine associations between diHerent treatments received and subsequent outcomes) studies. All the studies compared
RRSO with or without risk-reducing mastectomy (RRM; surgical removal of breasts) versus no RRSO (surveillance). The evidence is current
to July 2017.
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Main findings
Including data from both BRCA1 and BRCA2 mutation carriers, this analysis found that RRSO may improve overall survival, and reduce
deaths from HGSC and breast cancer. When analysed by mutated gene, there was evidence for a reduction in risk of HGSC and breast
cancer for women with BRCA1 mutations, but may or may not have been an eHect on women with BRCA2 mutations due to low numbers of
women with these mutations in the studies. None of the studies reported on bone fracture or severe side eHects. Both RRSO and RRM may
have improved overall survival, but did not reduce deaths from breast cancer. There was no protection and diHerences for breast cancer
mortality according to age at RRSO (50 years of age or less versus more than 50 years) in BRCA1 or BRCA2 carriers. RRSO may have improved
quality of life with regard to ovarian cancer risk perception.

Reliability of the evidence
The reliability of the evidence was low to very low due to the small numbers of participants and low methodological quality of included
studies.

What are the conclusions?
RRSO in women with BRCA1 or BRCA2 mutations may improve overall survival and may reduce the number of HGSC and breast cancer
deaths when women with mutations in both genes were combined. RRSO may reduce the risk of death from HGSC and breast cancer
in women with BRCA1 mutations, but may or may not reduce the risk for BRCA2 mutation carriers. These results should be interpreted
with caution due to low quality of study designs and risk of bias profiles. We cannot make any conclusions regarding number of bone
fracture, overall quality of life, severe side eHects for RRSO and eHects of RRSO based on type of risk-reducing surgery and age at the time
of RRSO. However, we found the reliability of the evidence to be very low, so there is still a need for large, high-quality studies which should
specifically look at these outcomes for diHerences in BRCA1 or BRCA2 carriers.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in BRCA1 or BRCA2 mutation carriers

RRSO vs no RRSO in BRCA1 or BRCA2 mutation carriers

Participants: women with BRCA1 or BRCA2 mutation carriers

Settings: hospitals in Europe and USA

Intervention: RRSO with or without risk-reducing mastectomy

Comparison: no RRSO or surveillance

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Control RRSO vs no
RRSO in BRCA1
or BRCA2 mu-
tation carriers

Relative effect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study population

See comment See comment

Moderate

Overall survival: BRCA1 or BRCA2
Follow-up: median 0.5–27.4 years

— —

HR 0.32 
(0.19 to 0.54)

2548
(3 studies)

⊕⊝⊝⊝

Very lowa

As a result of the way HRs were cal-
culated, assumed and corresponding
risks were not estimated.

Study population

See comment See comment

Moderate

HGSC mortality: BRCA1 or BRCA2
Follow-up: median 0.5–27 years

— —

HR 0.06 
(0.02 to 0.17)

2534
(3 studies)

⊕⊝⊝⊝

Very lowa

As a result of the way HRs were cal-
culated, assumed and corresponding
risks were not estimated.

Study populationBreast cancer mortality: BRCA1
or BRCA
Follow-up: median 0.5–27 years See comment See comment

HR 0.58 
(0.39 to 0.88)

7198
(7 studies)

⊕⊝⊝⊝

Very lowa

As a result of the way HRs were cal-
culated, assumed and corresponding
risks were not estimated.
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Moderate

— —

Bone fracture incidence
Follow-up: median 0.5–27 years

See comment See comment Not estimable 0
(0)

See comment No studies reported this outcome.

Quality of life (ovarian cancer
risk perception): BRCA1 or BRCA2
Follow-up: mean 1 years

See comment See comment Not estimable 200
(1 study)

⊕⊝⊝⊝

Very lowa

Unable to perform meta-analysis as
only 1 study reported the outcome.

Quality of life (breast cancer risk
perception): BRCA1 or BRCA2
Follow-up: mean 1 years

See comment See comment Not estimable 200
(1 study)

⊕⊝⊝⊝

Very lowa

Unable to perform meta-analysis as
only 1 study reported the outcome.

Severe adverse events
Follow-up: mean 1 years

See comment See comment Not estimable 0
(0)

See comment No studies reported this outcome.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
BRCA1: breast cancer 1 gene; BRCA2: breast cancer 2 gene; CI: confidence interval; HGSC: high-grade serous cancer; HR: hazard ratio; RRSO: risk-reducing salpin-
go-oophorectomy.

GRADE Working Group grades of evidence
High-certainty: further research is very unlikely to change our confidence in the estimate of effect.
Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
low-certainty: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low-certainty: we are very uncertain about the estimate.

aDowngraded by one level for serious risk of bias: there was overall moderate risk of bias (bias due to selection of participants into the study and bias due to missing data) in
all the studies.
 
 

Summary of findings 2.   Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO according to BRCA mutation status

RRSO vs no RRSO according to BRCA mutation status

Participants: women with BRCA1 or BRCA2 mutation carriers

Settings: hospitals in Europe and USA

Intervention: RRSO with or without risk-reducing mastectomy

Comparison: no RRSO or surveillance
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Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Control RRSO vs no
RRSO accord-
ing to BRCA
mutation sta-
tus

Relative effect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study population

See comment See comment

Moderate

Overall survival: BRCA1
only
Follow-up: median 0.5–27
years

— —

HR 0.30 
(0.17 to 0.52)

2548
(3 studies)

⊕⊝⊝⊝

Very lowa

As a result of the way HRs were calculated,
assumed and corresponding risks were not
estimated.

Study population

See comment See comment

Moderate

Overall survival: BRCA2
only
Follow-up: median 0.5–27
years

— —

HR 0.44 
(0.23 to 0.85)

2122
(2 studies)

⊕⊝⊝⊝

Very lowa

As a result of the way HRs were calculated,
assumed and corresponding risks were not
estimated.

Study population

See comment See comment

Moderate

HGSC mortality: BRCA1
only
Follow-up: median 0.5–27
years

— —

HR 0.1 
(0.02 to 0.41)

1983
(2 studies)

⊕⊝⊝⊝

Very lowa

As a result of the way HRs were calculated,
assumed and corresponding risks were not
estimated.

HGSC mortality: BRCA2
only
Follow-up: median 0.5–27
years

See commentb See commentb Not estimable

See commentc

1983
(2 studies)

⊕⊝⊝⊝

Very lowa

bAs a result of the way HRs were calculated,
assumed and corresponding risks were not
estimated.

cUnable to perform meta-analysis as no
mortality events were recorded in any study
and HRs could not be estimated.
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Study population

See comment See comment

Moderate

Breast cancer mortality:
BRCA1 only
Follow-up: median 0.5–27
years

— —

HR 0.45 
(0.30 to 0.67)

2203
(4 studies)

⊕⊝⊝⊝

Very lowa

As a result of the way HRs were calculated,
assumed and corresponding risks were not
estimated.

Study population

See comment See comment

Moderate

Breast cancer mortality:
BRCA2 only
Follow-up: median 0.5–27
years

- -

HR 0.88 
(0.42 to 1.87)

5882
(3 studies)

⊕⊝⊝⊝

Very lowa

As a result of the way HRs were calculated,
assumed and corresponding risks were not
estimated.

Quality of life (ovarian
cancer risk perception):
BRCA1 only
Follow-up: mean 1 years

See comment See comment Not estimable 98
(1 study)

⊕⊝⊝⊝

Very lowa

Unable to perform meta-analysis as only 1
study reported the outcome.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
BRCA1: breast cancer 1 gene; BRCA2: breast cancer 2 gene; CI: confidence interval; HR: hazard ratio; RRSO: risk-reducing salpingo-oophorectomy.

GRADE Working Group grades of evidence
High-certainty: further research is very unlikely to change our confidence in the estimate of effect.
Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low-certainty: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low-certainty: we are very uncertain about the estimate.

aDowngraded by one level for serious risk of bias: there was overall moderate risk of bias (bias due to selection of participants into the study and bias due to missing data) in
all the studies.
 
 

Summary of findings 3.   Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in BRCA1 or BRCA2 mutation carriers according to type of risk-
reducing surgery

RRSO vs no RRSO in BRCA1 or BRCA2 mutation carriers according to type of risk-reducing surgery

Participants: women with BRCA1 or BRCA2 mutation carriers

Settings: hospitals in Europe and USA
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Intervention: RRSO with or without risk-reducing mastectomy

Comparison: no RRSO or surveillance

Illustrative comparative risks* (95%
CI)

Assumed risk Corresponding risk

Outcomes

Control RRSO vs no RRSO
in BRCA1 or BRCA2
mutation carriers
according to type
of risk-reducing
surgery

Relative effect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Overall survival: RRSO alone vs
RRSO and RRM
Follow-up: median 0.5–27 years

See comment See comment Not estimable 0
(0)

See comment No studies reported this out-
come.

Study population

See comment See comment

Moderate

Overall survival: RRSO and RRM
vs no RRSO
Follow-up: median 0.5–27 years

— —

HR 0.14 
(0.02 to 0.98)

261
(1 study)

⊕⊝⊝⊝

Very lowa

As a result of the way HRs were
calculated, assumed and cor-
responding risks were not esti-
mated.

Breast cancer mortality: RRSO
alone vs RRSO and RRM
Follow-up: median 0.5–27 years

See comment See comment Not estimable 0
(0)

See comment No studies reported this out-
come.

Breast cancer mortality: RRSO
and RRM vs no RRSO
Follow-up: median 0.5–27 years

See comment See comment Not estimable 722
(1 study)

⊕⊝⊝⊝

Very lowa

As a result of the way HRs were
calculated, assumed and cor-
responding risks were not esti-
mated.

Bone fracture incidence See comment See comment Not estimable 0
(0)

See comment No studies reported this out-
come.

Severe adverse events See comment See comment Not estimable 0
(0)

See comment No studies reported this out-
come.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
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BRCA1: breast cancer 1 gene; BRCA2: breast cancer 2 gene; CI: confidence interval; HR: hazard ratio; RRM: risk-reducing mastectomy; RRSO: risk-reducing salpin-
go-oophorectomy.

GRADE Working Group grades of evidence
High-certainty: further research is very unlikely to change our confidence in the estimate of effect.
Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low-certainty: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low-certainty: we are very uncertain about the estimate.

aDowngraded by one level for serious risk of bias: there was overall moderate risk of bias (bias due to confounding and bias due in selection of participants in the study).
 
 

Summary of findings 4.   Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in BRCA1 mutation carriers according to age at RRSO

RRSO vs no RRSO in BRCA1 mutation carriers according to age at RRSO

Participants: women with BRCA1 or BRCA2 mutation carriers

Settings: hospitals in Europe and America

Intervention: RRSO with or without risk-reducing mastectomy

Comparison: no RRSO or surveillance.

Illustrative comparative risks* (95%
CI)

Assumed risk Corresponding risk

Outcomes

Control RRSO vs no RRSO
in BRCA1 mutation
carriers according
to age at RRSO

Relative effect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Overall survival See comment See comment Not estimable 0
(0)

See comment No studies reported this outcome.

HGSC mortality See comment See comment Not estimable 0
(0)

See comment No studies reported this outcome.

Study populationBreast cancer mortali-
ty: ≤ 50 years
Follow-up: median 3.1–
6.8 years

See comment See comment

HR 0.78 
(0.55 to 1.09)

4566
(3 studies)

⊕⊝⊝⊝

Very lowa,b

As a result of the way HRs were calcu-
lated, assumed and corresponding risks
were not estimated.
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1
0

Moderate

— —

Study population

See comment See comment

Moderate

Breast cancer mortali-
ty: > 50 years
Follow-up: median 3.1–
6.8 years

— —

HR 1.27 
(0.67 to 2.38)

4566
(3 studies)

⊕⊝⊝⊝v

Very lowa,b

As a result of the way HRs were calcu-
lated, assumed and corresponding risks
were not estimated.

Bone fracture inci-
dence

See comment See comment Not estimable 0
(0)

See comment No studies reported this outcome.

Severe adverse events See comment See comment Not estimable 0
(0)

See comment No studies reported this outcome.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
BRCA1: breast cancer 1 gene; BRCA2: breast cancer 2 gene; CI: confidence interval; HGSC: high-grade serous cancer; HR: hazard ratio; RRSO: risk-reducing salpin-
go-oophorectomy.

GRADE Working Group grades of evidence
High-certainty: further research is very unlikely to change our confidence in the estimate of effect.
Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low-certainty: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low-certainty: we are very uncertain about the estimate.

aDowngraded by one level for serious risk of bias: there was overall moderate risk of bias (bias due to selection of participants into the study and bias due to missing data) in
all the studies.
bDowngraded by one level for serious imprecision: the confidence intervals overlapped 1 and either 0.75 or 1.25 or both (i.e. wide confidence intervals in all included studies,
which crossed the line of unity).
 
 

Summary of findings 5.   Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in BRCA2 mutation carriers according to age at RRSO

RRSO versus no RRSO in BRCA2 mutation carriers according to age at RRSO

Participants: women with BRCA1 or BRCA2 mutation carriers

Settings: hospitals in Europe and America

Intervention: RRSO with or without risk-reducing mastectomy
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1

Comparison: no RRSO or surveillance

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control RRSO vs no RRSO in
BRCA2 mutation car-
riers according to age
at RRSO

Relative effect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Overall survival See comment See comment Not estimable 0
(0)

See comment No studies reported this outcome.

HGSC mortality See comment See comment Not estimable 0
(0)

See comment No studies reported this outcome.

Study population

See comment See comment

Moderate

Breast cancer mortali-
ty: ≤ 50 years 
Follow-up: mean 3.1–
6.8 years

— —

HR 0.49 
(0.08 to 2.9)

444
(2 studies)

⊕⊝⊝⊝

Very lowa,b

As a result of the way HRs were calculat-
ed, assumed and corresponding risks
were not estimated.

Study population

See comment See comment

Moderate

Breast cancer mortali-
ty: > 50 years
Follow-up: mean 3.1–
6.8 years

— —

HR 1.36 
(0.68 to 2.75)

444
(2 studies)

⊕⊝⊝⊝

Very lowa,b

As a result of the way HRs were calculat-
ed, assumed and corresponding risks
were not estimated.

Bone fracture inci-
dence

See comment See comment Not estimable 0
(0)

See comment No studies reported this outcome.

Severe adverse events See comment See comment Not estimable 0
(0)

See comment No studies reported this outcome.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

BRCA1: breast cancer 1 gene; BRCA2: breast cancer 2 gene; CI: confidence interval; HGSC: high-grade serous cancer; HR: hazard ratio; RRSO: risk-reducing salpin-
go-oophorectomy.
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2

GRADE Working Group grades of evidence
High-certainty: further research is very unlikely to change our confidence in the estimate of effect.
Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low-certainty: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low-certainty: we are very uncertain about the estimate.

aDowngraded by one level for serious risk of bias: there was overall moderate risk of bias (bias due to selection of participants into the study and bias due to missing data) in
all the studies.
bDowngraded by one level for serious imprecision: the confidence intervals overlapped 1 and either 0.75 or 1.25 or both (i.e. wide confidence intervals in all included studies,
which cross the line of unity).
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Description of the condition

Ovarian cancer is the fiJh most common type of cancer, and the
fourth most common cause of cancer mortality, in women (ESMO
2013; Gottschau 2016). Globally approximately 204,000 women are
diagnosed with ovarian cancer each year, of whom nearly 115,000
die from their disease, with an incidence rate of 6.1/100,000 and a
mortality rate of 3.8/100,000 (IARC 2012; Ozols 2006). The estimated
lifetime risk for a woman developing ovarian cancer is about 1/54
(ESMO 2013). The incidence of ovarian cancer increases with age
and is most prevalent in postmenopausal women, with a median
age of 63 years at the time of diagnosis (McGuire 2016; NCCN 2014).
Women with early-stage disease have few or vague symptoms,
which may contribute to their late presentation (Ang 2011; NCCN
2014). More than 70% of women present with advanced disease,
and less than 40% of women with ovarian cancer in the USA survive
more than five years following diagnosis (NCCN 2014), but more
than 40% survive in European populations (Gottschau 2016).

Studies have shown that the presence of deleterious mutations
in the breast cancer 1 gene (BRCA1) or breast cancer 2 gene
(BRCA2) increases the risk of development of various cancers
including breast and high-grade serous cancer (HGSC) (Eccles 2016;
Guidozzi 2016; Iavazzo 2016). BRCA1 and BRCA2 are separate genes
that map onto two diHerent chromosomes, 17q21 and 13q12.3,
respectively (Girolimetti 2014; Staples 2013). They have distinctive
primary sequences although interruption of either BRCA gene leads
to comparable pathophysiological eHects, in addition to similar
cancer spectra. BRCA1 and BRCA2 are tumour suppressor genes
for DNA repair. In addition to, and as part of, their roles as tumour
suppressor genes, BRCA1 and BRCA2 are involved in homologous
DNA repair, genomic stability, transcriptional regulation, protein
ubiquitination, chromatin remodeling and cell cycle control (Iodice
2010; Tutt 2002; Venkitaraman 2014). Loss of BRCA function
results in development of chromosomal instability (Tutt 2002;
Venkitaraman 2014).

BRCA gene mutations only account for a small fraction of the overall
breast and ovarian cancers. Approximately 1/300 to 1/800 women
carry the mutations in the general population (ACOG 2009). In a
more recent prospective cohort study involving participants mainly
from large national studies in the UK, the Netherlands and France,
the breast or ovarian cancer incidences were reported to be 44%
in BRCA1 mutation carriers and 17% in BRCA2 mutation carriers
(Kuchenbaecker 2017). The overall frequencies of the BRCA1 and
BRCA2 mutations were 10.2% in breast cancer Arabic women and
30.7% in ovarian cancer Arabic women (Alhuqail 2018). Two studies
found that BRCA1 and BRCA2 mutations represent 10% to 15% of
all ovarian cancers (Pal 2005; Risch 2001).

Specific mutations in the BRCA1 or BRCA2 gene occur more
frequently in certain populations, including Ashkenazi Jews,
French Canadians and Icelanders (Hartge 1999; Lynch 2013). The
lifetime risk of ovarian cancer for a woman is 39% to 46% with a
BRCA1 mutation and 12% to 20% with a BRCA2 mutation, and the
risk of breast cancer for a woman with a BRCA1 or BRCA2 mutation
is 65% to 74% (Girolimetti 2014; Meaney-Delman 2013).

In women with BRCA1 mutations, less than 2% to 3% of carriers
develop ovarian cancer by the age of 40 years. This increases to 10%
to 21% by the age of 50 years. In women with BRCA2 mutations, less

than 3% of carriers develop ovarian cancer by the age of 50 years.
However, 26% to 34% of these women appear to develop breast
cancer by the age of 50 years (Ford 1998; King 2003; Rebbeck 2002;
Satagopan 2002; Struewing 1997). Therefore, recommendations
have been made that women with BRCA1/2 mutations should be
oHered risk-reducing salpingo-oophorectomy (RRSO) by the age of
40 years or when childbearing is complete (ACOG 2009). Estimates
of the frequency of fallopian tube cancer in BRCA mutation carriers
are limited by the lack of precision in the assignment of site
of origin for high-grade, metastatic, serous carcinomas at initial
presentation (Lengyel 2013).

BRCA-positive women with ovarian cancer have a better prognosis
than controls (women who are BRCA1 or BRCA2 mutation negative)
in terms of overall survival due to greater chemosensitivity
of BRCA-positive tumours (Biglia 2016). The histopathology of
ovarian cancers associated with BRCA1 and BRCA2 mutations is
predominantly high-grade serous and endometrioid carcinomas,
rather than mucinous and borderline tumours (ACOG 2009).
Primary peritoneal cancer is an aggressive malignancy which, due
to the absence of a specific screening test, cannot be diagnosed
in its early stages (Iavazzo 2016). Studies have suggested that
many ovarian and primary peritoneal cancers may be of tubal
origin, and therefore part of the spectrum of disease associated
with these mutations, collective known as HGCS (Callahan 2007;
NCCN 2014). Collaborative eHorts to devise international guidelines
around BRCA1 and BRCA2 testing in ovarian cancer and other
cancers to ensure consistent screening practices are needed (Arts-
de Jong 2016; Karakasis 2016; Lheureux 2016).

Description of the intervention

Prophylactic RRSO refers to the surgical removal of both fallopian
tubes and ovaries in women not thought to have cancer before
the surgical procedure, but who have a high lifetime risk (Rebbeck
2009; Shu 2016). The specific protocol for RRSO for high-risk
women involves exploring the pelvic organs for any evidence of
cancer, performing a peritoneal wash (the pelvis is bathed in
saline and fluid collected to look for any cancer cells that may
be free in the abdominal cavity), and removal of the ovaries and
fallopian tubes in their entirety. The 'Intensive' RRSO protocol
includes: bilateral salpingo-oophorectomy and removal of entire
length of the fallopian tubes, cytological examination of peritoneal
washings, and random peritoneal and omental biopsies (Powell
2014; Ready 2011). If there are adhesions between the pelvic side
wall peritoneum and ovary, care must be taken not to fracture
them (Dowdy 2004). It is recommended that the adhesions will be
resected along with the ovary with the use of a retroperitoneal
approach (Dowdy 2004). This is necessary to prevent ovarian
remnant syndrome (Dowdy 2004). More important, any residual
ovarian cells have a high likelihood of undergoing malignant
transformation.

Microscopic (occult) cancer of the ovary or fallopian tube might
be identified following RRSO and proportionally more fallopian
tube cancers have been detected than ovarian cancers following
prophylactic surgery (Powell 2005). One study in 122 BRCA-
mutation positive women undergoing RRSO detected occult
cancers in 6% at the time of surgery; all originating within
the fallopian tubes (Callahan 2007). This study suggests that
much of the 'ovarian' cancer in BRCA carriers may begin in the
fallopian tubes. Therefore, it is important to remove the tubes in
BRCA-mutation carriers and to perform 'serial sectioning' of the

Risk-reducing bilateral salpingo-oophorectomy in women with BRCA1 or BRCA2 mutations (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

13



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

fallopian tubes to exclude occult cancers or serous intraepithelial
tubal carcinomas (STIC). In the SEE-FIM protocol (Sectioning and
Extensively Examining of the Fimbriated end), the greatest surface
area of the tube is histologically examined, based on the suggestion
that multiple deeper sections should be examined, if the initial
haematoxylin and eosin (H&E) sections are negative. In one study,
the single H&E section, compared to the SEE-FIM approach,
detected only 75% (95% confidence interval (CI) 51% to 90%) of
STIC (Mahe 2013). The SEE-FIM protocol should be considered
especially in cases of endometrial carcinoma, non-uterine pelvic
serous cancers or serous borderline ovarian tumours (Crum 2007;
Koc 2018; Leonhardt 2011).

Laparoscopy is the preferred method for performing a RRSO
(Blok 2016), due to a lower morbidity than laparotomy. Although
hysterectomy is not a part of risk-reducing surgery for BRCA1/2
mutations, it could theoretically reduce risk of cancer in the cornual
fallopian tube (Karlan 2004). Hysterectomy may be considered for
other potential medical indications, or for women taking tamoxifen
to reduce risk of endometrial cancer (ACOG 2009). However,
most clinicians view the role of synchronous hysterectomy as
controversial (Lee 2017a; Saule 2018; Segev 2013; Shu 2016), as the
risk of endometrial cancer in women with hereditary breast and
ovarian cancer is not significantly elevated (Lee 2017a; Segev 2013),
although the authors of Shu 2016 reported an increased risk of
serous endometrial carcinoma.

The potential adverse eHects of RRSO are associated surgical
morbidity and premature menopause in younger women (Bober
2015). Apart from significant menopausal symptoms, RRSO could
lead to increased risk for bone mineral loss (osteopenia and
osteoporosis) and cognitive dysfunction (Guidozzi 2016). Risk
for cardiovascular disease is also increased, if the procedure is
performed in women under 50 years of age (Guidozzi 2016). It is
important for women who have undergone surgical menopause,
or who are considering RRSO, to discuss menopausal symptoms
and management with their healthcare team. Studies have found
that short-term hormone replacement therapy (HRT) use does
not negate the protective eHect of salpingo-oophorectomy on
subsequent breast cancer risk in BRCA1/2 mutation carriers until
the time of expected natural menopause at about age 50 years
(Armstrong 2004; Rebbeck 2005).

In women who do not also have risk-reducing mastectomy, there
is growing concern regarding the possible adverse eHect on the
risk of breast cancer associated with the use of a combination of
oestrogen and progesterone, especially among younger women
who would use the agents for more than 10 years. Because
of the theoretical increased risk of breast cancer associated
with combined treatment with oestrogen and progesterone HRT
(compared with oestrogen-only HRT), the Society of Gynecologic
Oncology suggests the use of a progestin-containing intrauterine
device to accompany oestrogen replacement and thus avoid the
administration of systemic therapy with progestin (Hartmann 2015;
Hartmann 2016; Walker 2015). However, performing bilateral risk-
reducing mastectomy (BRRM) may lead to a highly significant risk
reduction of breast cancer in BRCA1 and BRCA2 mutation carriers
(De Felice 2015). The risk reduction of breast cancer is estimated to
be 94% to 95% when BRRM is performed, nearly 89% in women who
received BRRM plus RRSO, and 46% when RRSO alone was carried
out, suggesting that RRSO alone cannot replace the beneficial
impact of BRRM in breast cancer occurrence (De Felice 2015). This

information may allow clinicians to discuss all the available options
with women in order to design individual management strategies.

How the intervention might work

RRSO may reduce the risk for ovarian and fallopian tube cancers by
85% to 90% and for breast cancer by 40% to 70% in women with
known BRCA1/2 mutations (ACOG 2009; Finch 2014). Additionally,
risk-reducing strategies have been shown to have associations
with a gain in life expectancy in BRCA1/2 carriers (Salhab 2010).
Previously, ovarian cancers were believed to develop from the
lining of the ovary, as a result of the constant rupture and repair
process during ovulation. More recent studies suggest that many
ovarian cancers in BRCA gene mutation carriers originate in the
distal fallopian tube (part of the tube closest to the ovary), causing
researchers to question whether salpingectomy alone (removal of
the fallopian tubes) might reduce ovarian cancer risk. A candidate
precursor to tubal intraepithelial carcinoma, entitled the 'p53
signature,' suggests that molecular events associated with serous
cancer (p53 mutations) may be detected in benign mucosa (Crum
2007; Leonhardt 2011).

Current expert guidelines recommend that women with BRCA
mutations should be oHered RRSO between the ages of 35 and
40 years or aJer childbearing is completed. Ovaries secrete the
hormones that control the reproductive cycle. Surgical removal
of ovaries will substantially reduce the levels of the hormones
oestrogen and progesterone that circulate in the body (Metcalfe
2015; Olivier 2004). Bilateral salpingo-oophorectomy can halt or
slow breast cancers that need these hormones to grow (van
Verschuer 2014). Some studies have suggested that the level of
breast cancer risk reduction may diHer between BRCA1 and BRCA2
carriers who choose RRSO (Powell 2011; Powell 2014; van Verschuer
2014). KauH 2008 reported from a multicentre study, that women
with BRCA2 mutations who had RRSO lowered their risk for breast
cancer by 72%. Risk reduction was less (about 29%) for women
with BRCA1 mutations. KauH 2008 suggested that oophorectomy
may be more protective for women with BRCA2 mutations, since
their breast cancers are more likely to be hormone receptor-
positive, while breast cancers in BRCA1 mutation carriers are
usually hormone receptor-negative (van Verschuer 2014; Veronesi
2005). Overall, their risk of dying from breast cancer is reduced
by 56% with BRCA1/2 mutation carriers who had oophorectomy
(Domchek 2010). Since breast tumours are largely oestrogen-
driven, it has been suggested that the hormonal blockade by
oophorectomy inhibits the development of breast tumours (Narod
2001). Thus, prophylactic oophorectomy may have the advantage
of reducing the risk of breast cancer, as well as ovarian cancer
(Mitrunen 2003). Breast cancer risk reduction in BRCA-mutation
carriers who undergo RRSO may extend beyond women under
50 years of age (the mean age of menopause), but some studies
have suggested a benefit for breast cancer risk reduction in women
who underwent RRSO aJer the menopause. Barlin 2013 reported
that 199 postmenopausal BRCA-mutation carriers who received
RRSO postmenopausally had a 57% reduction in breast cancer
risk. Barlin 2013 hypothesised that, although the ovaries stop
producing oestrogen and progesterone aJer natural menopause,
they continue producing some hormones, including testosterone,
which might explain why RRSO aJer menopause still has protective
eHects against breast cancer.
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Why it is important to do this review

In women at increased risk, due to a family history or confirmed
mutation in high penetrance genes, such as BRCA1/2, annual
screening with CA125 using a cut-oH and transvaginal ultrasound
scan did not detect early-stage cancers (Hermsen 2007; Stirling
2005). This was reconfirmed by the UK Familial Ovarian Cancer
Screening Study (UKFOCSS) (Rosenthal 2013a; Rosenthal 2013b).
Similarly, a large randomised trial (the Prostate, Lung, Colorectal
and Ovarian (PLCO) Cancer Screening Trial) found that screening
did not decrease mortality from ovarian cancer (Pinsky 2013).
While the results of the phase II study were encouraging, screening
at present cannot be considered a safe alternative to RRSO. As
surveillance for ovarian, peritoneal and fallopian tube cancer has
not been proven to be eHective, RRSO has been widely adopted as a
key component of breast and gynaecological cancer risk-reduction
in women with BRCA1 or BRCA2 mutations (Girolimetti 2014). The
risk of breast cancer can be reduced either with risk-reducing
oophorectomy or mastectomy, or both (Maeshima 2016). Although
some authors have shown that fallopian tubes may be the cause
of many gynaecological cancers in mutation carriers, researchers
caution that there is not enough evidence to suggest that all
ovarian cancer cases start in the fallopian tubes (Kramer 2013). Also
removing only the fallopian tubes is not likely to lower the risk for
breast cancer. More research is needed to completely understand
the role of the fallopian tubes in the development of these
cancers. Although previous non-systematic reviews (Calderon-
Margalit 2004; Domchek 2007; Dowdy 2004; Oliver 2015; Olopade
2004; Salhab 2010; Schenberg 2014), systematic reviews (Ludwig
2016; Marchetti 2014; Tschernichovsky 2017), and meta-analysis
(Rebbeck 2009), or both (Li 2016), have been published on the
benefit of RRSO in women with BRCA1 or BRCA2 mutations, its
role in reducing the incidence of breast, ovarian, fallopian and
other cancers, including other health outcomes are uncertain (De
Felice 2017; Fakkert 2015; Heemskerk-Gerritsen 2015a). A Cochrane
systematic review is needed to assess the eHicacy and adverse
eHects of RRSO in women with BRCA1 or BRCA2 mutations.

O B J E C T I V E S

To assess the benefits and harms of RRSO in women with BRCA1 or
BRCA2 mutations.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs) and quasi-RCTs (studies where
participant allocation or enrolment is open to systematic bias/
errors, as all participants do not have an equal chance of being in
one group or the other) were unlikely or not possible due to ethical
reasons. Therefore, we examined the following types of studies.

• Non-randomised studies (NRS), prospective and retrospective
cohort studies, and case series (all with concurrent comparison
groups).

To minimise selection bias, we only included studies that use
statistical adjustment for baseline case mix using multivariable
analyses.

We excluded case-control studies and uncontrolled observational
studies. We also excluded controlled before-and-aJer studies
(a study in which observations are made before and aJer the
implementation of an intervention, both in a group that receives
the intervention and in a control group that does not) because there
was no concurrent comparison groups.

Types of participants

Women, 18 years or older, with known BRCA1 or BRCA2 mutations.
We included women without a previous or coexisting breast,
ovarian or fallopian tube malignancy, and women with or
without concomitant hysterectomy. We included women with a
mastectomy before, concomitant with, or aJer RRSO, even if
mastectomy had been the focus of another Cochrane review
(Lostumbo 2010). We excluded women with a previous or coexisting
breast malignancy and women with unilateral oophorectomy or
salpingectomy or salpingo-oophorectomy (both). In addition, we
excluded women with prophylactic salpingectomy with delayed
oophorectomy or ovarian conservation (Harmsen 2015; Harmsen
2016; Tschernichovsky 2017).

Types of interventions

RRSO (surgery to remove both fallopian tubes and ovaries as an
option for women with BRCA1 or BRCA2 mutations not thought
to have cancer before the surgical procedure, but who had a high
lifetime ovarian cancer, fallopian tube cancer or breast cancer risk)
versus no RRSO.

Types of outcome measures

Primary outcomes

• Overall survival: survival until death from all causes. We
assessed survival from the time when women were enrolled in
the study.

• HGSC (fallopian tube, ovarian and primary peritoneal cancer)
mortality.

• Breast cancer mortality.

Secondary outcomes

• HGSC (fallopian tube, serous tubal intraepithelial carcinoma,
ovarian and primary peritoneal cancer) incidence (all cases of
serous peritoneal cancer diagnosed aJer prophylactic salpingo-
oophorectomy were considered primary peritoneal cancer).

• Breast cancer incidence.

• Bone fracture incidence.

• Disease-free survival: time from surgical procedure to cancer
diagnosis.

• Morbidity:
* direct surgical morbidity;

* surgically related systemic morbidity (e.g. chest/wound/
urine infection, venous thromboembolism, premature
menopause, etc.).

• Recovery, readmission.

• Quality of life, measured using a scale that has been validated
through reporting of norms in a peer-reviewed publication
(Roila 2001; Spitzer 1981).

• Adverse events, we intended to categorise the severity of
the following adverse events according to the Common
Terminology Criteria for Adverse Events (CTCAE 2010): surgery-
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related complications measured as the proportion of women
who developed one or more of the items below (according to the
study definition) within 12 weeks. We classified complications
into intraoperative and postoperative complications:
* intraoperative complications:

□ haemorrhage;

□ ureteric injury;

□ cardiac or respiratory complications;

□ anaphylaxis;

* postoperative complications were classified as either early
(before discharge from hospital or within seven days of
surgery), late (from seven days to follow-up: within 12 weeks
of surgery), or total (early and late):
□ wound breakdown;

□ pulmonary embolism;

□ deep vein thrombosis;

□ psychiatric/psychosexual problem.

Search methods for identification of studies

We searched for papers in all languages and translated them as
necessary.

Electronic searches

We searched the following electronic databases:

• Cochrane Central Register of Controlled Trials (CENTRAL; 2017,
Issue 7) in The Cochrane Library (Appendix 1).

• MEDLINE Ovid (January 1946 to July week 2 2017) (Appendix 2).

• Embase (January 1980 to 2017 week 30) (Appendix 3).

We identified all relevant articles on PubMed and using the 'related
articles' feature we performed a further search for newly published
articles.

Searching other resources

Unpublished and grey literature

We searched the following for ongoing studies:

• metaRegister of Controlled Trials (mRCT) (www.controlled-
trials.com/rct).

• Physicians Data Query (www.nci.nih.gov).

• USA National Institutes of Health (clinicaltrials.gov/ct).

• USA National Cancer Institute (www.cancer.gov/clinicaltrials).

• ISRCTN registry (www.isrctn.com/).

• World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) (www.who.int/ictrp/en/).

If ongoing studies that have not been published were identified
through these searches, we approached the principal investigators,
and major co-operative groups active in this area, to ask for relevant
data.

Handsearching

We handsearched the citation lists of included studies, key
textbooks and previous systematic reviews and contacted experts
in the field to identify further reports of studies. We also
handsearched the reports of conferences in the following sources.

• Gynecologic Oncology (Annual Meeting of the American Society
of Gynecologic Oncologist).

• International Journal of Gynecological Cancer (Annual Meeting
of the International Gynecologic Cancer Society).

• British Journal of Cancer.

• British Cancer Research Meeting.

• Annual Meeting of European Society of Medical Oncology
(ESMO).

• Annual Meeting of the American Society of Clinical Oncology
(ASCO).

We handsearched the following breast cancer journals:

• Breast Cancer Research and Treatment.

• Breast Cancer Research.

• Clinical Breast Cancer.

• Breast Cancer.

• Journal of Breast Cancer.

• Open Breast Cancer Journal.

• Breast Cancer Online.

• Advances in Breast Cancer.

• Gastric and Breast Cancer .

• Current Breast Cancer Reports.

• Breast Cancer: Targets and Therapy.

Data collection and analysis

Selection of studies

We downloaded all titles and abstracts retrieved by electronic
searching to a reference management database (EndNote X7), and
removed duplicates. Two review authors (GE and IE) examined the
remaining references independently. We excluded those studies
that clearly did not meet the inclusion criteria and we obtained
full-text copies of potentially relevant references. Two review
authors (GE and IE) independently assessed the eligibility of
the retrieved reports/publications. We resolved any disagreement
through discussion or, if required, we consulted a third review
author (AC). We identified and excluded duplicates and collated
multiple reports of the same study so that each study rather than
each report was the unit of interest in the review. We recorded the
selection process in suHicient detail to complete a PRISMA flow
diagram and 'Characteristics of excluded studies' table (Liberati
2009).

Data extraction and management

For included studies, we extracted the following data.

• Author, year of publication and journal citation (including
language).

• Country.

• Setting.

• Ethnicity.

• Inclusion and exclusion criteria.

• Study design, methodology.
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• Study population:
* total number enrolled;

* participant characteristics (e.g. BRCA1, BRCA2 or both);

* age;

* comorbidities;

* other baseline characteristics.

• Intervention details:
* type of surgery;

* occult cancer;

* type of screening test;

* period of screening test;

* type of chemoprevention;

* dose of chemoprevention;

* course of chemoprevention;

* type of histology protocol adopted (e.g. the SEE-FIM protocol)
as documented in Blok 2016 and Mahe 2013;

* use of peritoneal washing cytology (Blok 2016);

* use of oral contraceptives.

• Comparison: we compared the outcomes for women with
adnexa-preserving.

• Risk of bias in study (Assessment of risk of bias in included
studies).

• Duration of follow-up.

• Outcomes: for each outcome, we extracted the outcome
definition and unit of measurement (if relevant). For adjusted
estimates, we recorded variables adjusted for in analyses.

• Results: we extracted the number of participants allocated to
each intervention group, the total number analysed for each
outcome and the missing participants.

We extracted the results as follows.

• For time-to-event data (overall survival and disease-specific
survival), we extracted the log of the hazard ratio (log(HR))
and its standard error from trial reports. If these were not
reported, we estimated the log(HR) and its standard error using
the methods described by Parmar 1998.

• For dichotomous outcomes (e.g. adverse events or deaths,
if it is not possible to use a HR), we extracted the number
of participants in each treatment arm who experienced the
outcome of interest and the number of participants assessed at
endpoint, in order to estimate a risk ratio (RR).

• For continuous outcomes (e.g. quality of life measures), we
extracted the final value and standard deviation (SD) of the
outcome of interest and the number of participants assessed at
endpoint in each treatment arm at the end of follow-up, in order
to estimate the mean diHerence (MD) between treatment arms
and its standard error.

If reported, we extracted both unadjusted and adjusted statistics.
Where possible, all data extracted were those relevant to an
intention-to-treat analysis, in which we analysed participants in
groups to which they were assigned.

When possible, we noted the time points at which outcomes were
collected and reported.

Two review authors (GE and IE) extracted data independently onto
a data abstraction form specially designed for the review. We

resolved diHerences between review authors by discussion or by
appeal to a third review author (AE) if necessary. We approached
the principal investigators of included studies to ask for any missing
relevant unpublished data.

Assessment of risk of bias in included studies

As detailed in Results of the search, we identified no RCTs or quasi-
randomised studies were identified, therefore we assessed the risk
of bias for NRS using the ROBINS-I (Risk Of Bias In Non-randomised
Studies-of Interventions). A new tool for evaluating risk of bias
in estimates of the comparative eHectiveness (harm or benefit)
of interventions from studies that did not use randomisation to
allocate units (individuals or clusters of individuals) to comparison
groups (Sterne 2016).

We achieved consensus on seven domains through which bias
might be introduced into an NRS:

• confounding;

• selection of participants into the study;

• classification of interventions;

• deviations from intended interventions;

• missing data;

• measurement of outcomes;

• selection of the reported result.

The first two domains, covering confounding and selection of
participants into the study, addressed issues before the start
of the interventions that were compared ('baseline'). The third
domain addressed classification of the interventions themselves.
The other four domains addressed issues arising aJer the
start of interventions: biases due to deviations from intended
interventions, missing data, measurement of outcomes and
selection of the reported result (Sterne 2016).

The assessment of each NRSI included in the review involved
following the six steps below. Steps 3 to 6 were repeated for
each key outcome of interest: 1. specifying the research question
through consideration of a target trial; 2. specifying the outcome
and result being assessed; 3. for the specified result, examining how
the confounders and cointerventions were addressed; 4. answering
signalling questions for the seven bias domains; 5. formulating risk
of bias judgements for each of the seven bias domains, informed
by answers to the signalling questions; 6. formulating an overall
judgement on risk of bias for the outcome and result being assessed
(Sterne 2016).

Examination of confounders and cointerventions involves
determining whether the important confounders and
cointerventions were measured or administered in the study at
hand, and whether additional confounders and cointerventions
were identified (Sterne 2016). The following were the potential
confounding variables: coexisting or history of breast or ovarian
cancer, type of mutation, race, year of birth, parity, socioeconomic
status, breastfeeding, oral contraceptive use, oestrogen therapy,
ovarian stimulation and type of surgery (oophorectomy without
concomitant salpingectomy or risk-reducing mastectomy, or both).
We assessed whether study authors had employed methods to
control for selection bias at the design stage (e.g. matching or
restriction to particular subgroups) and in their methods of analysis
(e.g. the use of stratification or regression modelling). The focus
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was on whether a solution to a bias concern in a study was
adequate.

The full tool with the signalling questions were addressed within
each bias domain. The response options were: 'yes;' 'probably yes;'
'probably no;' 'no;' and 'no information.' Some questions were
answered only if the response to a previous question was 'yes' or
'probably yes' (or 'no' or 'probably no'). Responses of 'yes' were
intended to have similar implications to responses of 'probably
yes' (and similarly for 'no' and 'probably no'), but allowed for a
distinction between something that was known and something
that was likely to be the case. Free text was used to provide support
for each answer, using direct quotations from the text of the study
where possible. Responses to signalling questions provided the
basis for domain-level judgements about risk of bias, which then
provided the basis for an overall risk of bias judgement for a
particular outcome (Sterne 2016).

The categories for risk of bias judgements were 'low risk,' 'moderate
risk,' 'serious risk' and 'critical risk' of bias. Importantly, 'low risk'
corresponded to the risk of bias in a high-quality randomised trial
(Sterne 2016).

Two review authors (GE and IE) independently applied the
new ROBINS-I 'Risk of bias' assessment tool and resolved any
diHerences in opinion by discussion or by appeal to a third review
author (AE). We summarised results in both a 'Risk of bias' table
and a 'Risk of bias' summary. We interpreted the results of meta-
analyses in light of the findings with respect to risk of bias.

We listed the individual 'Risk of bias' items that we adapted for our
review in Appendix 2. Table 1 depicts the interpretation of domain-
level and overall risk of bias judgements in ROBINS-I (Sterne 2016).

Measures of treatment e>ect

We used the following measures of the eHect of treatment.

• For time to event data, we used the HR, if possible.

• For dichotomous outcomes, we used the RR.

• For continuous outcomes, we used the MD between treatment
arms.

Unit of analysis issues

We did not anticipate unit of analysis issues.

Dealing with missing data

We did not impute missing outcome data for the primary or
secondary outcomes. If data were missing or the included studies
only reported imputed data, we contacted study authors to request
data on the outcomes only among participants who were assessed.

Assessment of heterogeneity

We assessed heterogeneity between studies by visual inspection
of forest plots, by estimation of the percentage heterogeneity
between studies that could not be ascribed to sampling variation
(Higgins 2003), by a formal statistical test of the significance of the
heterogeneity (Deeks 2001), and, if possible, by subgroup analyses.
If there was evidence of substantial heterogeneity, we investigated
and reported the possible reasons for this.

Assessment of reporting biases

When we suspected or there was direct evidence of selective
outcome reporting, we asked the study authors for additional
information. We examined funnel plots corresponding to meta-
analysis of the primary outcome to assess the potential for small-
study eHects, such as publication bias, if we identified a suHicient
number of studies.

Data synthesis

If suHicient, clinically similar studies were available, we pooled
their results in meta-analyses using Review Manager 2014 (RevMan
5).

• For time-to-event data, we pooled HRs using the generic inverse
variance facility of RevMan 5 (Review Manager 2014).

• For any dichotomous outcomes, we calculated the RRs for each
study and we then pool these values.

• For continuous outcomes, we pooled the MDs between
the treatment arms at the end of follow-up if all studies
measured the outcome on the same scale, otherwise we pooled
standardised MD values.

We used the random-eHects model with inverse variance weighting
for all meta-analyses (DerSimonian 1986).

'Summary of findings' table

We assessed the certainty of evidence using the GRADE system,
used GRADEpro soJware and presented the review results in
’Summary of findings’ tables. A 'Summary of findings' table consists
of three parts: information about the review, a summary of the
statistical results and the grade of the certainty of evidence
(Appendix 3). Appendix 3 displays a draJ 'Summary of findings'
table, which were prepared to summarise the results of the
meta-analysis based on the methods described in the Cochrane
Handbook for Systematic Reviews of Interventions (Schünemann
2011). We presented the results of the meta-analysis for the
following outcomes as outlined in the Types of outcome measures
section.

• Overall survival.

• HGSC mortality.

• Breast cancer mortality.

• Bone fracture incidence.

• Quality of life.

• Severe adverse events.

We presented the overall certainty of the evidence for each
outcome according to the GRADE approach, which took into
account issues not only related to internal validity (risk of bias,
inconsistency, imprecision, publication bias) but also to external
validity such as directness of results (Langendam 2013). The five
factors were used to judge whether the quality of the collected
evidence should be decreased if we were dealing with RCTs or
increased if we were dealing with observational studies. We created
a 'Summary of findings' table based on the methods described
by the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011), and using GRADEpro Guideline Development Tool
(GDT) (GRADEpro GDT 2014). We used the GRADE checklist and
GRADE Working Group certainty of evidence definitions (Meader
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2014). We downgraded the evidence from 'high' certainty by one
level for serious (or by two for very serious) limitations.

• High-certainty: we were very confident that the true eHect lay
close to that of the estimate of the eHect.

• Moderate-certainty: we were moderately confident in the eHect
estimate: the true eHect was likely to be close to the estimate
of the eHect, but there was a possibility that it was substantially
diHerent.

• Low-certainty: our confidence in the eHect estimate was limited:
the true eHect may have been substantially diHerent from the
estimate of the eHect.

• Very low-certainty: we had very little confidence in the eHect
estimate: the true eHect was likely to be substantially diHerent
from the estimate of eHect.

If meta-analysis was not possible, we could have presented results
in a narrative ‘Summary of findings’ table format, such as that used
by Chan 2011.

Subgroup analysis and investigation of heterogeneity

We subgrouped by BRCA mutation (BRCA1, BRCA2 or both) and
the type of surgery (RRSO alone versus RRSO and mastectomy,
or RRSO and mastectomy versus no RRSO). When reported
by any of the included studies, we considered factors such
as age at RRSO, obesity, race, reproductive history, ovarian
stimulation, menstrual history, use of the oral contraceptives,
breastfeeding, oestrogens therapy, pelvic inflammatory disease,
length of follow-up and risk of bias status in our interpretation
of any heterogeneity. We also considered women who were
BRCA mutation carriers receiving bilateral prophylactic risk-
reducing oophorectomy without concomitant breast malignancy,
with or without concomitant hysterectomy, and with or without
concomitant mastectomy. Where possible, we assessed the
diHerence between subgroups by interaction tests.

Sensitivity analysis

We could not perform sensitivity analyses for each type of eHect
measure, as there were insuHicient numbers of studies as well as
the fact that the overall survival and mortality outcomes (which
were main outcomes reported) were analysed appropriately using
HRs which took into account all points in time and allowed for
censoring. Similarly, sensitivity analyses based on the risk of bias
assessment, although planned, were not carried out because of the
moderate risk of bias in all (except Kramer 2005 which was serious
risk of bias) of included studies.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies tables.

Results of the search

The search identified 1395 bibliographic references, 1336 through
database searching and 59 through other sources. We excluded
118 duplicates and screened the 1277 remaining references and
excluded 1231 records as clearly irrelevant. We obtained full-text
articles of 46 records, and two review authors (GUE and IUE)
independently assessed them for eligibility. AJer careful scrutiny,
we excluded 36 references as they did not fulfil the inclusion
criteria. We present reasons for exclusion in the Characteristics
of excluded studies table. Subsequently, 10 references describing
10 non-randomised prospective or retrospective cohort studies
met the inclusion criteria for this systematic review (Domchek
2006; Domchek 2010; Heemskerk-Gerritsen 2015a; Ingham 2013;
Kotsopoulos 2017; Kramer 2005; Madalinska 2007; Rebbeck 1999;
Rebbeck 2002; Rebbeck 2004), and all but one study were included
in the meta-analysis (Madalinska 2007). We outlined the study
selection in the PRISMA flow diagram shown in Figure 1.
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Figure 1.   Study flow diagram for searches on risk-reducing salpingo-oophorectomy in women with BRCA1 or BRCA2
mutation carriers.
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Included studies

Setting

The year of publication for the included studies ranged from 1999
to 2017 and all were published in English (Domchek 2006; Domchek
2010; Heemskerk-Gerritsen 2015a; Ingham 2013; Kotsopoulos 2017;
Kramer 2005; Madalinska 2007; Rebbeck 1999; Rebbeck 2002;
Rebbeck 2004).

The country of origin for the included studies were two USA
(Kramer 2005; Rebbeck 1999), two Netherlands (Heemskerk-
Gerritsen 2015a; Madalinska 2007), one UK (Ingham 2013), and five
multiple countries (Domchek 2006; Domchek 2010; Kotsopoulos
2017; Rebbeck 2002; Rebbeck 2004).

All 10 included studies had diHerent settings:

Domchek 2006 took place in 13 US and European centres that
comprised the PROSE (PRevention and Observation of Surgical
Endpoints) consortium.

Domchek 2010 took place in 22 centres who were part of the PROSE
consortium.

Heemskerk-Gerritsen 2015a took place in the Netherlands as part
of the Hereditary Breast and Ovarian Cancer in the Netherlands
(HEBON) study. Data on participant and tumour characteristics
and on preventive strategies were retrospectively as well as
prospectively retrieved and updated through medical files and
questionnaires, and through linkages to the Netherlands Cancer
Registry and the Dutch Pathology Database.

Ingham 2013 study data were from the Genetic Medicine Database
(Manchester Regional Genetics Service, UK), patient records and
from records at the North West Cancer Intelligence Service (NWCIS),
UK.

Kotsopoulos 2017 identified deleterious BRCA1 and BRCA2
mutation carriers from 78 participating centres in 12 countries
worldwide.

Kramer 2005 took place at the National Cancer Institute, USA.

Madalinska 2007 was conducted at gynaecology departments of
eight hospitals in the Netherlands that had a clinical genetics
centre.

Rebbeck 1999 obtained study data from the registry databases of
five institutions in USA, while Rebbeck 2002 and Rebbeck 2004
studies identified women from 11 North American and European
registries.

Ethnicity

None of the studies reported ethnicity.

Inclusion criteria

Eight studies included women with either BRCA1 or BRCA2
mutations (Domchek 2006; Domchek 2010; Heemskerk-Gerritsen
2015a; Ingham 2013; Kotsopoulos 2017; Madalinska 2007; Rebbeck
2002; Rebbeck 2004). Two studies included only women with
BRCA1 mutations (Kramer 2005; Rebbeck 1999). None of the
studies reported or recruited women with both BRCA1 and BRCA2
mutations or only BRCA2 mutations.

Domchek 2006 included women who had undergone RRSO and
control participants who were cancer free (i.e. had never had a
cancer diagnosis) at enrolment and did not have a cancer diagnosis
within six months aJer enrolment and had not had any previous
prophylactic surgery, including mastectomy and oophorectomy.

Heemskerk-Gerritsen 2015a selected women with BRCA1 or BRCA2
mutation from the HEBON cohort: 1. no history of cancer at the date
of DNA test result, 2. both breasts and ovaries in situ at the date of
DNA test result and 3. no cancer diagnosis within the first six months
of the study.

Ingham 2013 included women if they were alive at the date of family
ascertainment (i.e. the date when all incident tumours in a family
registry's surveillance population were captured in the registry's
database) and did not have a diagnosis of breast or ovarian cancer
(this translated to inclusion of a small number of women who had
already undergone RRSO).

Kotsopoulos 2017 included women who consented and completed
at least one follow-up questionnaire on family information and
personal history of cancer, and reproductive and medical histories,
including preventive oophorectomy and mastectomy. However,
women with unilateral oophorectomy were included in the no-
oophorectomy group.

Kramer 2005 eligibility criteria were: women; bloodline family
member (siblings, parents, grandparents); no history of breast
cancer before ascertainment; no history of bilateral mastectomy
and under 20 years of age by the study closing date. A diagnosis of
malignancy other than breast cancer did not aHect eligibility.

Madalinska 2007 included women aged between 30 and 70 years
and completed childbearing, hereditary breast/ovarian cancer
(HBOC) in the family, and referral to the gynaecology clinic by
a clinical geneticist specifically for the purpose of discussing the
prevention of ovarian cancer.

Rebbeck 1999 included women if they had undergone bilateral
oophorectomy prior to or at the time of enrolment or if they
reported having had this procedure during follow-up by the
collaborating institutions. Surgical participants were also included
if their surgery was not performed to treat ovarian or related
peritoneal cancers. Potential control participants were eligible if
they had the BRCA1 mutation, were alive and had both ovaries (i.e.
no history of oophorectomy), had no history of breast or ovarian
cancer, and had no history of prophylactic mastectomy at or before
the time of the surgical participant’s surgery. Control participants
were matched to surgical participants on year of birth (within five
years) and on the collaborative institution from which they were
ascertained.

Rebbeck 2002 selected one or more controls for inclusion if they
could be matched to a participant who had undergone prophylactic
oophorectomy according to type of mutation (BRCA1 or BRCA2 ),
treatment centre and year of birth (within five years). The authors
also included women to determine the risk of ovarian cancer
only if their surgery was not performed to treat ovarian cancer,
and a control participant was eligible if she had BRCA1 or BRCA2
mutation, was alive with both ovaries intact at the time the
woman with whom she was matched underwent prophylactic
oophorectomy and had no history of ovarian cancer at the time of
the matched participant’s prophylactic oophorectomy.
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Rebbeck 2004 included a subset of women from the total sample
who had undergone bilateral prophylactic mastectomy but had
not undergone bilateral prophylactic oophorectomy before this
procedure. Control participants were eligible if they had not
undergone bilateral prophylactic oophorectomy and were alive
and cancer-free with both breasts intact at the time of the
matched participant’s bilateral prophylactic mastectomy. The
analysis was performed on the subset of women who had not
had bilateral prophylactic mastectomy at the time of their centre
ascertainment and controls were excluded if they had a diagnosis
of breast or ovarian cancer at or before the time of the matched
surgical participant’s bilateral prophylactic mastectomy. Surgical
participants and matched control participants were included
regardless of their history of bilateral prophylactic oophorectomy
and included 57 bilateral prophylactic mastectomy participants
and 107 control participants.

Exclusion criteria

Madalinska 2007 excluded women with prior oophorectomy
performed as treatment for breast cancer or for any pathology in
the ovaries and metastatic cancer or any other severe comorbidity.

Domchek 2006 excluded women with BRCA1 or BRCA2 variants
of unknown functional importance, and women who underwent
bilateral prophylactic mastectomy – either before enrolment or
during follow-up period.

Domchek 2010 excluded women if they had a cancer diagnosis
within the first six months of follow-up to avoid including cancers
that would have been minimally influenced by RRSO or RRM as well
as women who had both BRCA1 and BRCA2 mutations, women who
underwent RRSO before ascertainment date, or women diagnosed
with ovarian cancer before ascertainment date, or women with
diagnosis of cancer within the first six months of follow-up, or
incident cases.

Kotsopoulos 2017 excluded women with prior diagnosis of breast
cancer, ovarian cancer, other cancers or completion of follow-up
questionnaire prior to receipt of their genetic test results.

Kramer 2005 excluded families with variants of uncertain
significance.

Rebbeck 1999 excluded women if they had only unilateral
oophorectomies, if they had undergone mastectomy prior to their
oophorectomy, or if they had a personal history of breast or ovarian
cancer at or before the time of their oophorectomy. Women with
BRCA2 mutations carriers were excluded because of relatively
small numbers of BRCA2 mutation carriers available in their study
population and because the risk of breast and ovarian cancers (and
possibly patterns of surgery use) may have diHered from BRCA1
mutation carriers.

Rebbeck 2002 excluded women with BRCA1 or BRCA2 variants
of unknown functional importance as well as women who
had undergone unilateral oophorectomy or had a history
of ovarian cancer (including borderline tumours or tumours
of low malignant potential) before undergoing prophylactic
oophorectomy risk, except that women who had undergone
prophylactic oophorectomy were excluded if they had previously
undergone mastectomy or had a history of breast cancer (including
carcinoma in situ) at the time of the prophylactic oophorectomy.
Control women were excluded if they had undergone prophylactic

oophorectomy or had a history of breast cancer at the time of the
matched participant’s prophylactic oophorectomy.

Rebbeck 2004 excluded women with BRCA1 or BRCA2 variants of
unknown functional significance as well as study participants who
had prior or concurrent breast cancer at time of surgery.

Heemskerk-Gerritsen 2015a and Ingham 2013 presented no
exclusion criteria.

Study design and methodology

The 10 articles included in this review were very heterogeneous.
None of the studies was case series. Three studies included
in this review were prospective cohort studies with matching
design (Domchek 2006; Rebbeck 1999; Rebbeck 2004); one was a
retrospective cohort study with matching design (Rebbeck 2002);
five studies were prospective cohort studies with unmatching
design (Domchek 2010; Ingham 2013; Kotsopoulos 2017; Kramer
2005; Madalinska 2007), while one study was partly retrospective
and partly prospective cohort study with matching design
(Heemskerk-Gerritsen 2015a). Control participants were matched
to surgical participants on year of birth (within five years) (Domchek
2006; Rebbeck 1999), and on the collaborative institution from
which they were ascertained in Rebbeck 1999 study. Although
Kramer 2005 reported women who were both BRCA1-positive and
BRCA1-negative mutation carriers, we used only the data of women
who were BRCA1-positive mutation carriers among women who
had RRSO and no RRSO (surveillance).

Heemskerk-Gerritsen 2015a replicated the analyses of four
previous studies, performed by Domchek 2006; Domchek 2010;
Eisen 2005; and KauH 2008, within a Dutch cohort, first to examine
if their study cohort was comparable with the cohorts used in the
previous studies and second to estimate the eHect of RRSO on
breast cancer risk in the Dutch cohort using a specified design and
analyses in order to minimise bias.

Nine studies used survival analysis (Domchek 2006; Domchek
2010; Heemskerk-Gerritsen 2015a; Ingham 2013; Kotsopoulos
2017; Kramer 2005; Rebbeck 1999; Rebbeck 2002; Rebbeck
2004), and one study used a validated scale for quality of life
assessment (Madalinska 2007). All the nine studies that used
survival analysis reportedly used adjusted or corrected models
(Domchek 2006; Domchek 2010; Heemskerk-Gerritsen 2015a;
Ingham 2013; Kotsopoulos 2017; Kramer 2005; Rebbeck 1999;
Rebbeck 2002; Rebbeck 2004). Seven studies adjusted for age
or date of birth (within five years) (Domchek 2006; Domchek
2010; Heemskerk-Gerritsen 2015a; Ingham 2013; Kotsopoulos
2017; Kramer 2005; Rebbeck 2002); four studies adjusted for
centre (Domchek 2006; Domchek 2010; Heemskerk-Gerritsen
2015a; Rebbeck 2002); five studies adjusted for type of BRCA
mutation (Domchek 2006; Heemskerk-Gerritsen 2015a; Ingham
2013; Kotsopoulos 2017; Rebbeck 2002); three adjusted for age at
menarche in order to account for duration of endogenous ovarian
hormone exposure (Kotsopoulos 2017; Rebbeck 1999; Rebbeck
2004); two adjusted for oral contraceptive use (Domchek 2010;
Kotsopoulos 2017); and one adjusted for family history of breast
cancer, country of residence, parity, breastfeeding and oestrogen
receptor status of the breast cancer (Kotsopoulos 2017).

The analytic techniques employed in the studies included Kaplan-
Meier survival analysis in two studies (Ingham 2013; Kramer 2005),
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and Cox proportional hazards regression in nine studies (Domchek
2006; Domchek 2010; Heemskerk-Gerritsen 2015a; Ingham 2013;
Kotsopoulos 2017; Kramer 2005; Rebbeck 1999; Rebbeck 2002;
Rebbeck 2004). Madalinska 2007 assessed the overall quality of life
using the single quality of life item of the EORTC Quality of Life
Questionnaire. Time origin for survival analysis was generally the
time of DNA testing, except in the case of treatment or surgical
cohorts where the time of origin was the beginning of treatment or
the date of surgery.

Heemskerk-Gerritsen 2015a used the Simon and Makuch method
for survival analysis (Simon 1984), with chronological age as
the time variable. This method takes into account the change
in an person’s covariate status over time per 1000 person-
years of observation. Variables that were considered as potential
confounders were type of mutation, year of birth and centre but
they did not meet the criteria for incorporation in a multivariable
Cox model. They used a robust variance-covariance estimation
method to correct for non-independence of observations in women
from the same family. The study also performed sensitivity analyses
to estimate the eHect of RRSO on breast cancer risk in diHerent
settings. The study estimated breast cancer risk reduction aJer
RRSO for participants who never underwent RRM in order to
investigate the eHect of excluding the breast cancer-free time
before RRM, and the authors explored the eHect of RRSO on breast
cancer risk when the time before RRSO was excluded from the
analysis. The authors also examined the eHect on breast cancer risk
when RRSO was performed in women under the age of 51 years
(mean age of postmenopausal status in the Netherlands), and at the
age of 51 years and above.

Study population

Total number enrolled

The review included a total of 8087 women (2936 (36%)
surgical participants and 5151 (64%) control participants). The
number of women in the included studies were 155 surgical
participants and 271 control participants (Domchek 2006), 465
surgical participants and 1092 control participants (Domchek
2010), 146 surgical participants and 576 control participants
(Heemskerk-Gerritsen 2015a), 108 surgical participants (RRSO or
bilateral prophylactic mastectomy (or both) participants) and 457
control participants (Ingham 2013), 1552 surgical participants
and 2170 control participants (Kotsopoulos 2017), 33 surgical
participants and 65 control participants (Kramer 2005), 118 surgical
participants and 42 control participants (Madalinska 2007), 43
surgical participants and 79 control participants (Rebbeck 1999),
259 surgical participants and 292 control participants (Rebbeck
2002), 57 surgical participants (bilateral prophylactic mastectomy
participants plus RRSO) and 107 control participants (Rebbeck
2004),

Participant characteristics (e.g. BRCA1, BRCA2 or both)

All participants included were either BRCA1 or BRCA2 mutation
carriers. Participants with both BRCA1 and BRCA2 mutation status
were either not reported or excluded. Domchek 2010 excluded 12
participants because they had both BRCA1 and BRCA2 mutations.
Heemskerk-Gerritsen 2015a reported 46 BRCA1 and 100 BRCA2
mutation carriers in RRSO participants. Ingham 2013 reported 56
BRCA1 and 52 BRCA2 mutation carriers in RRSO participants and
219 BRCA1 and 238 BRCA2 mutation carriers in control participants.
Kotsopoulos 2017 reported 1187 BRCA1 and 355 BRCA2 mutation

carriers in RRSO participants and 1782 BRCA1 and 370 BRCA2
mutation carriers in control participants. Kramer 2005 reported
only 98 BRCA1 mutation carriers while Rebbeck 1999 reported 122
BRCA1 mutation carriers.

Age

Reporting of age varied widely across studies. The mean ages were
39.4 (range: 22 to 63) years in surgical participants and 35.3 (range:
17 to 65) years in control participants (Rebbeck 1999), 44.8 (SD 8.5)
years in surgical participants and 42.6 (SD 10.0) years in control
participants (Domchek 2006), 43.2 (range: 20.5 to 79.0) years in
surgical participants and 36.7 (range: 18.1 to 90.4) years in control
participants (Domchek 2010), 44 years in surgical participants and
33 years in control participants (Heemskerk-Gerritsen 2015a), 46.2
(SD 6.35) (range: 21 to 88) years in surgical participants and 33.4
(SD 5.45) (range: 13 to 85) years in control participants (Kotsopoulos
2017), 48.3 (SD 8.4) years in surgical participants and 45.3 (SD 8.1)
years in control participants (Madalinska 2007), 42.0 (range: 21.2
to 74.8) years in surgical participants and 40.9 (range: 19.6 to 79.1)
years in control participants (Rebbeck 2002).

Ingham 2013 did not report the mean age of participants in either
the surgical and control groups, but they only reported median
age of ascertainment of 34.4 (range: 2 to 87) years for BRCA1
mutation carriers and 37.4 (range: 5 to 85) years for BRCA2 mutation
carriers. Kramer 2005 did not report the mean or median age of the
participants.

Comorbidities

Only Madalinska 2007 reported comorbidities, which were asthma
and other chronic respiratory diseases; and cardiovascular, renal,
rheumatic diseases, hypertension and diabetes.

Other baseline characteristics

Baseline characteristics of the women were not comparable
between the two groups in all studies.

Intervention details

• Type of surgery

Three studies performed bilateral oophorectomy (Kotsopoulos
2017; Kramer 2005; Rebbeck 2002), while in other seven
studies performed bilateral salpingo-oophorectomy (Domchek
2006; Domchek 2010; Heemskerk-Gerritsen 2015a; Ingham 2013;
Madalinska 2007; Rebbeck 1999; Rebbeck 2004).

Four trials performed concurrent risk-reducing mastectomy
(Domchek 2010; Ingham 2013; Madalinska 2007; Rebbeck 2004),
four studies excluded concurrent risk-reducing mastectomy
(Domchek 2006; Kotsopoulos 2017; Kramer 2005; Rebbeck
2002), and three trials did not report concurrent risk-reducing
mastectomy (Heemskerk-Gerritsen 2015a; Rebbeck 1999).

None of the trials reported concurrent hysterectomy.

• Route of surgery

Only Ingham 2013 described the route of surgery, which used both
laparoscopy and open surgical techniques.

• Occult cancer
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Only two studies reported occult cancers (cancer of unknown
primary origin) (Domchek 2010; Ingham 2013). Domchek 2010
reported nine cases of occult cancers (seven cases in BRCA1
mutation carriers and two in BRCA2 mutation carriers), but women
were excluded if they were diagnosed with an occult ovarian cancer
at RRSO. Ingham 2013 reported six cases of occult cancer (three in
BRCA1 and three in BRCA2 mutation carriers).

• Type of screening test

All studies confirmed the BRCA1/2 mutation status of all
participants by direct mutation or DNA testing.

• Period of screening test

None of the studies reported the period of screening, except that
the screening for BRCA1 or BRCA2 mutation status was prior to
enrolment in all the included studies.

• Type of chemoprevention

None of the studies reported on type of chemoprevention.

• Dose of chemoprevention

None of the studies stated the dose of chemoprevention except
that Ingham 2013 reported that chemoprevention agents such as
tamoxifen and raloxifene could not be used in any of the recruited
participants because they were not licensed for chemoprevention
in the UK and most European countries.

• Course of chemoprevention

None of the studies reported the course of chemoprevention.

• Type of histology protocol adopted

None of the studies reported the type of histology protocol adopted
(e.g. the SEE-FIM protocol) as documented in Blok 2016 and Mahe
2013.

• Use of peritoneal washing cytology

None of the studies reported the use of peritoneal washing
cytology.

• Use of oral contraceptives

Only Domchek 2006 reported the use of oral contraceptives.
Domchek 2006; Kotsopoulos 2017; and Rebbeck 2002 also reported
on HRT.

Duration of follow-up

The reporting follow-up time varied widely across studies.
Postsurgery, follow-up duration was 3.1 (SD 2.4) years in surgical
participants and 2.1 (SD 2.0) years in controls participants
(Domchek 2006), 6.8 years in surgical participants and 3.1 years
in control participants (Heemskerk-Gerritsen 2015a), 5.6 years
(Kotsopoulos 2017), 35 years (Kramer 2005); 1 year in both
surgical and control participants (Madalinska 2007), 9.6 years in
surgical participants and 8.1 years in control participants (Rebbeck
1999), 5.5 years in surgical participants and 6.7 years in control
participants (Rebbeck 2004).

Domchek 2010 and Ingham 2013 did not report the mean duration
of follow-up. Domchek 2010 reported the median duration was 3.65
(range: 0.52 to 27.4) years in participants who underwent RRSO
and 4.29 (range: 0.5 to 27.9) years in control participants who did
not undergo surgery. Ingham 2013 reported the median duration
of follow-up (from ascertainment to death or loss to follow-up) was
13.3 years.

Studies followed up surgical and control participants from the date
of the participant's RRSO (Rebbeck 2002), or date of ascertainment
(i.e. date of genetic testing or date of baseline questionnaire,
whichever was later) (Heemskerk-Gerritsen 2015a; Kotsopoulos
2017), or time of centre ascertainment to censoring or death due to:
any cause, breast or HGSC (Domchek 2006; Ingham 2013; Kramer
2005). Domchek 2010 followed surgical participants from date of
RRSO or RRM and non-surgical participants or controls from date of
ascertainment.

Outcome

• Three studies assessed and reported overall survival until death
from all causes (Domchek 2006; Domchek 2010; Ingham 2013).

• Three studies assessed and reported HGSC mortality (Domchek
2006; Domchek 2010; Rebbeck 2002).

• Seven studies assessed and reported breast cancer mortality
(Domchek 2006; Domchek 2010; Heemskerk-Gerritsen 2015a;
Kotsopoulos 2017; Kramer 2005; Rebbeck 1999; Rebbeck 2002).

• Four studies assessed and reported HGSC incidence (Domchek
2006; Heemskerk-Gerritsen 2015a; Ingham 2013; Rebbeck
2002). (All cases of serous peritoneal cancer diagnosed aJer
prophylactic salpingo-oophorectomy were considered primary
peritoneal cancer.)

• Six studies assessed and reported breast cancer incidence
(Domchek 2006; Heemskerk-Gerritsen 2015a; Kramer 2005;
Rebbeck 1999; Rebbeck 2002; Rebbeck 2004).

• One study evaluated and reported on quality of life (Madalinska
2007), measured using a scale that has been validated through
reporting of norms in a peer-reviewed publication (Roila 2001;
Spitzer 1981).

Excluded studies

We excluded 36 studies (Benshushan 2009; Chang-Claude 2007;
Eisen 2005; Evans 2009; Evans 2013; Finch 2006; Finch 2009;
Finch 2011; Finch 2013; Finch 2014; Finkelman 2012; Heemskerk-
Gerritsen 2013; Heemskerk-Gerritsen 2015b; Hunsinger 2016;
Iavazzo 2016; Johansen 2016; Johansen 2017; KauH 2002; KauH
2008; Kwon 2013; Laki 2007; Madalinska 2005; Manchanda 2011;
Meijers-Heijboer 2001; Menkiszak 2016; Metcalfe 2014; Miller 2017;
Perabo 2014; Powell 2011; Rocca 2006; Rutter 2003; Schmeler 2006;
Skytte 2011; Struewing 1995; van Sprundel 2005; Vermeulen 2017).

• Seven studies included women with a previous or coexisting
breast malignancy (Chang-Claude 2007; Eisen 2005; Finch 2006;
Finkelman 2012; KauH 2002; KauH 2008; Schmeler 2006).

• Four studies did not report the BRCA1 or BRCA2 mutations status
of the participants (study group or controls), even though the
participants consisted of two groups either receiving RRSO or no
RRSO (Benshushan 2009; Johansen 2016; Johansen 2017; Rocca
2006).
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• Four studies included some women with unknown BRCA1 or
BRCA2 mutation carrier status (Evans 2009; Madalinska 2005;
Rutter 2003; Struewing 1995).

• Three studies were controlled before-and-aJer studies (Finch
2009; Finch 2011; Finch 2013).

• Eight studies were single arm studies without comparison
groups (Finch 2014; Hunsinger 2016; Laki 2007; Manchanda
2011; Menkiszak 2016; Miller 2017; Perabo 2014; Powell 2011).

• Seven studies included women with or without a family history
or personal history of breast cancer who were carriers of
BRCA1 and BRCA2 mutations and initially treated with unilateral
or bilateral mastectomy, but without bilateral RRSO (Evans
2013; Heemskerk-Gerritsen 2013; Heemskerk-Gerritsen 2015b;
Meijers-Heijboer 2001; Metcalfe 2014; Skytte 2011; van Sprundel
2005).

• One study had two comparison groups that received surgical
interventions (Kwon 2013).

• Two studies were review articles (Iavazzo 2016; Vermeulen
2017).

None of the studies was excluded because they used unadjusted
analysis.

We did not identify any ongoing studies.

Risk of bias in included studies

Risk of bias of included studies is presented in Table 2. No studies
were at low risk for bias, primarily because none of the studies was
an RCT.

Bias due to confounding

In all cohort studies included, women in the non-surgical or
surveillance group were drawn from the same population as the
surgical cohort. Additionally, all eligible studies containing the
population cohort excluded women who had a history of ovarian
and breast cancer at the beginning of follow-up. Seven studies had
low risk of bias because the studies excluded women with prior
oophorectomy performed as treatment for breast cancer or for any
pathology in the ovaries and metastatic cancer or any other severe
comorbidity (Domchek 2010; Heemskerk-Gerritsen 2015a; Ingham
2013; Kotsopoulos 2017; Madalinska 2007; Rebbeck 2002; Rebbeck
2004). Two studies had moderate risk of bias because although
potential confounders of BRCA1 versus BRCA2 mutation, age, and
centre were adjusted for in a multivariate Cox-regression model
in Domchek 2006, not all analyses were stratified by centre, while
Rebbeck 1999 had bias of confounding by indication and familial-
event bias. One study had serious risk of bias due to confounding
because the authors stated that the diagnosis of malignancy other
than breast cancer did not aHect eligibility for their analysis (Kramer
2005) (see Table 2).

Bias in selection of participants into the study

Five studies selected population cohorts matched for age and
centre (Domchek 2006; Heemskerk-Gerritsen 2015a; Rebbeck
1999; Rebbeck 2002; Rebbeck 2004). The remaining five cohort
studies constituted women with unmatched design (enrolment of
controls without regard to the number or characteristics of the
cases) (Domchek 2010; Ingham 2013; Kotsopoulos 2017; Kramer
2005; Madalinska 2007). All studies confirmed mutation status
by genetic testing. Five studies had low risk of bias because

the cohorts constituted women with matched design (Domchek
2006; Heemskerk-Gerritsen 2015a; Rebbeck 1999; Rebbeck 2002;
Rebbeck 2004), and five studies had moderate risk of bias due to
selection of participants because the cohorts constituted women
with unmatched design (Domchek 2010; Ingham 2013; Kotsopoulos
2017; Kramer 2005; Madalinska 2007) (Table 2)

Bias in classification of interventions

Eight studies had low risk of bias because the criteria for entry, data
collection and follow-up were undertaken at each collaborating
centre without regard to surgical status (Domchek 2006; Domchek
2010; Heemskerk-Gerritsen 2015a; Ingham 2013; Kramer 2005;
Rebbeck 1999; Rebbeck 2002; Rebbeck 2004), and two studies had
moderate risk of bias due to classification of interventions because
the authors stated that women with unilateral oophorectomy were
included in the no-oophorectomy group (Kotsopoulos 2017), or
the authors stated that the study was not exclusive of a larger
prospective investigation focusing on the psychosocial impact of
ovarian cancer prevention (Madalinska 2007) (Table 2).

Bias due to deviations from intended interventions

Eight studies had low risk of bias because the criteria for
choosing participants and matched or unmatched controls for
the group studied to determine breast-cancer risk were identical
to those for the group studied to determine ovarian-cancer
in those studies (Domchek 2006; Domchek 2010; Heemskerk-
Gerritsen 2015a; Ingham 2013; Kramer 2005; Madalinska 2007;
Rebbeck 2002; Rebbeck 2004). Two studies had moderate risk
of bias due to deviations from intended interventions because
in Kotsopoulos 2017 study, bilateral oophorectomy was coded
as a time-dependent variable but If a woman had a bilateral
oophorectomy aJer the completion of the baseline questionnaire
(or at any point in the follow-up), the exposure of interest was
changed while in Rebbeck 1999 study, the authors excluded women
with BRCA2 mutations because of relatively small numbers BRCA2
available during the study and because the authors perceived that
the risk of breast and ovarian cancers (and possibly patterns of
surgery use) in BRCA2 might diHer from BRCA1 mutation carriers
(Table 2).

Bias due to missing data

Five studies had low risk of bias as either there was no evidence of
missing data or all missing data were analysed in an intention-to-
treat basis (Domchek 2006; Ingham 2013; Kramer 2005; Madalinska
2007; Rebbeck 1999). Five studies had moderate risk of bias due
to missing data because the authors of these studies reported
the existence of bias that arose when later follow-up is missing
for participants initially included and followed up in their studies
(Domchek 2010; Heemskerk-Gerritsen 2015a; Kotsopoulos 2017;
Rebbeck 2002; Rebbeck 2004) (Table 2).

Bias in measurement of outcomes

Eight studies had low risk of bias because there was no evidence
of bias in the measurement of any of the outcomes assessed
in these studies (Domchek 2006; Domchek 2010; Heemskerk-
Gerritsen 2015a; Kotsopoulos 2017; Madalinska 2007; Rebbeck
1999; Rebbeck 2002; Rebbeck 2004). Two studies had moderate risk
of bias in measurement of outcomes because the authors reported
that there were possible testing bias of women who developed
cancer (Ingham 2013), or a competing risks model (instead of actual
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report) was used to estimate the 10-year cumulative incidence of
breast cancer in the two groups of BRCA1 mutation carriers (Kramer
2005) (Table 2).

Bias in selection of the reported result

Eight studies had low risk of bias because the medical records and
family-history reports were verified to establish the presence or
absence of cancer or deaths or other outcomes (Domchek 2006;
Domchek 2010; Heemskerk-Gerritsen 2015a; Ingham 2013; Kramer
2005; Madalinska 2007; Rebbeck 2002; Rebbeck 2004). Two studies
had moderate risk of bias in selection of the reported result because
the authors either reported some of their findings based on a post
hoc analysis (Kotsopoulos 2017), or reported and presented only
standard model results (Rebbeck 1999) (Table 2).

E>ects of interventions

See: Summary of findings for the main comparison Risk-reducing
salpingo-oophorectomy (RRSO) versus no RRSO in BRCA1 or
BRCA2 mutation carriers; Summary of findings 2 Risk-reducing
salpingo-oophorectomy (RRSO) versus no RRSO according to BRCA
mutation status; Summary of findings 3 Risk-reducing salpingo-
oophorectomy (RRSO) versus no RRSO in BRCA1 or BRCA2 mutation
carriers according to type of risk-reducing surgery; Summary of
findings 4 Risk-reducing salpingo-oophorectomy (RRSO) versus
no RRSO in BRCA1 mutation carriers according to age at RRSO;
Summary of findings 5 Risk-reducing salpingo-oophorectomy
(RRSO) versus no RRSO in BRCA2 mutation carriers according to age
at RRSO

All meta-analyses pooled data from at least two of these nine
studies (Domchek 2006; Domchek 2010; Heemskerk-Gerritsen
2015a; Ingham 2013; Kotsopoulos 2017; Kramer 2005; Rebbeck
1999; Rebbeck 2002; Rebbeck 2004). Meta-analyses of survival were
based on HRs that were adjusted for prognostic variables.

1. Risk-reducing salpingo-oophorectomy (RRSO) versus no
RRSO in BRCA1 or BRCA2 mutation carriers

Primary outcomes

Overall survival: survival until death from all causes

We assessed survival from the time when women were enrolled
in the study. Meta-analysis of three studies assessing 2548
participants showed very low-certainty evidence and found that
there may be an increase in the overall survival among women who
were BRCA1 or BRCA2 mutation carriers who had RRSO compared
to women with no RRSO, aJer adjustment for important prognostic
factors including age and BRCA mutation status (HR 0.32, 95% CI
0.19 to 0.54; P < 0.001; Analysis 1.1; Summary of findings for the
main comparison) (Domchek 2006; Domchek 2010; Ingham 2013).
The percentage of variability in eHect estimates that was due to

heterogeneity rather than to chance was not important (I2 = 0%).

High-grade serous cancer mortality

Meta-analysis of three studies assessing 2534 participants showed
very low-certainty evidence and found a diHerence in favour
of RRSO versus no RRSO in HGSC (fallopian tube, ovarian
and primary peritoneal cancer) mortality, aJer adjustment for
important prognostic factors including age and BRCA mutation
status (HR 0.06, 95% CI 0.02 to 0.17; P < 0.0001; Analysis 1.2;
Summary of findings for the main comparison) (Domchek 2006;
Domchek 2010; Rebbeck 2002). The percentage of the variability

in eHect estimates that was due to heterogeneity rather than to
chance may have represented substantial heterogeneity (I2 = 69%).

Breast cancer mortality

Meta-analysis of seven studies assessing 7198 participants showed
very low-certainty evidence and found a diHerence in favour of
RRSO versus no RRSO in breast cancer mortality, aJer adjustment
for important prognostic factors including age and BRCA mutation
status (HR 0.58, 95% CI 0.39 to 0.88; P = 0.009; Analysis 1.3;
Summary of findings for the main comparison) (Domchek 2006;
Domchek 2010; Heemskerk-Gerritsen 2015a; Kotsopoulos 2017;
Kramer 2005; Rebbeck 1999; Rebbeck 2002). The percentage of the
variability in eHect estimates that was due to heterogeneity rather
than sampling error (chance) may have represented substantial
heterogeneity (I2 = 65%).

Secondary outcomes

High-grade serous cancer incidence

Four studies with 1269 participants in the RRSO groups and 2059
participants in the control groups reported HGSC incidence in
women who were BRCA1 or BRCA2 mutation carriers (Domchek
2006; Heemskerk-Gerritsen 2015a; Ingham 2013; Rebbeck 2002). A
total of 14/1269 (1%) participants with RRSO versus 194/2059 (9%)
participants with no RRSO developed HGSC. The meta-analysis
showed very low-certainty evidence that RRSO versus no RRSO may
have reduced HGSC incidence (RR 0.17, 95% CI 0.04 to 0.75; P = 0.02;
Analysis 1.4). The percentage of the variability in eHect estimates
that is due to heterogeneity rather than sampling error (chance)
may have represented substantial heterogeneity (I2 = 84%).

Breast cancer incidence

Seven studies with 2285 participants in the RRSO groups and
3310 participants in the control groups reported breast cancer
incidence in women with BRCA1 or BRCA2 mutations (Domchek
2006; Heemskerk-Gerritsen 2015a; Kotsopoulos 2017; Kramer 2005;
Rebbeck 1999; Rebbeck 2002; Rebbeck 2004). A total of 230/2285
(10%) participants who had had RRSO versus 429/3310 (13%)
participants with no RRSO developed breast cancer. The meta-
analysis showed very low-certainty evidence in favour of RRSO
versus no RRSO in reducing breast cancer incidence (RR 0.64, 95% CI
0.43 to 0.96; P = 0.03; Analysis 1.5). The percentage of the variability
in eHect estimates that is due to heterogeneity rather than sampling
error (chance) may represent substantial heterogeneity (I2 = 75%).

Bone fracture incidence

None of the studies reported bone fracture incidence.

Disease-free survival (time from surgical procedure to cancer
diagnosis)

None of the studies reported disease-free survival.

Morbidity: direct surgical morbidity and surgically related systemic
morbidity

None of the studies reported on direct surgical morbidity or
surgically related systemic morbidity (e.g. chest/wound/urine
infection, venous thromboembolism, premature menopause, etc.).

Recovery and readmission

None of the studies reported on recovery or readmission.
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Quality of life

Quality of life measured using a scale that has been validated
through reporting of norms in a peer-reviewed publication (Roila
2001; Spitzer 1981). Only the Madalinska 2007 study assessed
quality of life as an outcome measure and, therefore, no meta-
analysis was performed. Data from one study showed that women
who had had RRSO experienced more quality of life disruption,
which was higher, when compared to those who did not have RRSO
in terms of general health perception (MD (SD): 70.9 (SD 20.5) with
RRSO versus 82.0 (SD 13.3) with no RRSO; P < 0.0001; Analysis 1.8),
but it was not diHerent in terms of global health status quality of
life (MD (SD): 76.0 (SD 20.6) with RRSO versus 79.8 (SD 17.9) with
no RRSO; P = 0.26; Analysis 1.7) and mental health quality of life
(MD (SD): 70.2 (SD 16.6) with RRSO versus 73.1 (SD 14.5) with no
RRSO; P = 0.28; Analysis 1.9). However, there was a diHerence in
favour of RRSO compared with no RRSO in terms of ovarian cancer
risk perception quality of life (MD 15.40, 95% CI 8.76 to 22.04; P
< 0.00001; very low-certainty evidence; Analysis 1.6), and breast
cancer risk perception quality of life (MD 8.20, 95% CI 0.85 to 15.55;
P = 0.03; very low-certainty evidence; Analysis 1.10).

Severe adverse events, classified according to CTCAE 2010

None of the studies reported on severe adverse events.

2. Risk-reducing salpingo-oophorectomy (RRSO) versus no
RRSO according to BRCA mutation status: subgroup analyses

Primary outcomes

Overall survival: survival until death from all causes

Three studies reported overall survival among participants with
BRCA1 mutations (Domchek 2006; Domchek 2010; Ingham 2013).
Meta-analysis showed a lower risk of death among women with
BRCA1 mutations who had had RRSO than in women who had not
had RRSO (HR 0.30, 95% CI 0.17 to 0.52; P < 0001; very low-certainty
evidence; Analysis 2.1; Summary of findings 2). The percentage of
variability in eHect estimates that was due to heterogeneity rather
than to chance was not important (I2 = 23%).

Two studies reported overall survival among participants who were
BRCA2 mutation carriers (Domchek 2010; Ingham 2013). Meta-
analysis showed a lower risk of death among women who were
BRCA2 mutation carriers who received RRSO than in women with
no RRSO (HR 0.44, 95% CI 0.23 to 0.85; P = 0.01; very low-certainty
evidence; Analysis 2.1; Summary of findings 2). The percentage of
variability in eHect estimates that was due to heterogeneity rather
than to chance was not important (I2 = 0%).

Tests for subgroup diHerences showed no significant diHerence in
eHect between studies assessing RRSO versus no RRSO on overall
survival according to the mutation status: BRCA1 and BRCA2 (P =
0.38).

High-grade serous cancer mortality

Two studies reported HGSC deaths among participants who were
BRCA1 mutation carriers (Domchek 2006; Domchek 2010). Meta-
analysis from the two studies showed a diHerence in favour of
RRSO than no RRSO for HGSC deaths among women who were
BRCA1 mutation carriers (HR 0.10, 95% CI 0.02 to 0.41; P = 0.001;
very low-certainty evidence; Analysis 2.2; Summary of findings
2). The percentage of the variability in eHect estimates that was

due to heterogeneity rather than to chance may have represented
moderate heterogeneity (I2 = 54%).

Two studies reported HGSC deaths among participants who were
BRCA2 mutation carriers (Domchek 2006; Domchek 2010). Data
from two studies showed no HGSC deaths among women who
were BRCA2 mutation carriers who received RRSO versus no RRSO
(HR not applicable; I2 = not applicable; Analysis 2.2). No tests for
subgroup diHerences could be performed as HGSC mortality was
only reported in women who were BRCA1 only mutation carriers
with no reported event in BRCA2 mutation carriers.

Breast cancer mortality

Four studies reported breast cancer mortality among participants
who were BRCA1 mutation carriers (Domchek 2006; Domchek 2010;
Kramer 2005, Rebbeck 1999). Meta-analysis from the four studies
showed a diHerence in favour of RRSO compared with no RRSO
for breast cancer mortality among women who were BRCA1 only
mutation carriers (HR 0.45, 95% CI 0.30 to 0.67; P < 0.0001; very
low-certainty evidence; Analysis 2.3). The percentage of variability
in eHect estimates that was due to heterogeneity rather than to
chance was not important (I2 = 0%).

Three studies reported breast cancer mortality among participants
who were BRCA2 mutation carriers (Domchek 2010; Heemskerk-
Gerritsen 2015a; Kotsopoulos 2017). Meta-analysis from the two
studies showed no diHerence in favour of RRSO compared with
no RRSO for breast cancer mortality among women who were
BRCA2 mutation carriers (HR 0.88, 95% CI 0.42 to 1.87; P = 0.75;
very low-certainty evidence; Analysis 2.3; Summary of findings 2)
(Heemskerk-Gerritsen 2015a; Kotsopoulos 2017). Data from one
study showed no breast cancer deaths among women who were
BRCA2 mutation carriers who received RRSO versus no RRSO (HR
not applicable) (Domchek 2010). The percentage of variability in
eHect estimates that was due to heterogeneity rather than to
chance may represent substantial heterogeneity (I2 = 63%).

Tests for subgroup diHerences showed no diHerence in eHect
between studies assessing RRSO versus no RRSO on breast cancer
mortality according to the mutation status: BRCA1 and BRCA2 (P =
0.12).

Secondary outcomes

High-grade serous cancer incidence

None of the studies reported HGSC incidence according to BRCA
mutation carrier status: BRCA1 and BRCA2.

Breast cancer incidence

None of the studies reported breast cancer incidence according to
BRCA mutation carrier status: BRCA1 and BRCA2.

Bone fracture incidence

None of the studies reported bone fracture incidence according to
BRCA mutation carrier status: BRCA1 and BRCA2.

Disease-free survival (time from surgical procedure to cancer
diagnosis)

None of the studies reported disease-free survival according to
BRCA mutation carrier status: BRCA1 and BRCA2.
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Morbidity: direct surgical morbidity and surgically related systemic
morbidity

None of the studies reported morbidity according to BRCA mutation
carrier status: BRCA1 and BRCA2.

Recovery and readmission

None of the studies reported recovery and readmission according
to BRCA mutation carrier status: BRCA1 and BRCA2.

Quality of life (ovarian cancer risk perception)

One study with 58 participants in the RRSO groups and 40
participants in the control groups reported quality of life for
ovarian cancer risk perception in women who were BRCA1
mutation carriers (Madalinska 2007). Data from one study showed
a diHerence in favour of RRSO compared with no RRSO in improving
the quality of life for ovarian cancer risk perception in women who
were BRCA1 mutation carriers (MD 10.70, 95% CI 2.45 to 18.95; P =
0.01; very low-certainty of evidence; Analysis 2.4).

One study with 42 participants in the RRSO groups and 60
participants in the control groups reported quality of life for
ovarian cancer risk perception in women who were BRCA2
mutation carriers (Madalinska 2007). Data from one study showed
a diHerence in favour of RRSO compared with no RRSO in improving
the quality of life for ovarian cancer risk perception in women who
were BRCA2 mutation carriers (MD 13.00, 95% CI 3.59 to 22.41;
P = 0.007; very low-certainty of evidence; Analysis 2.4). Tests for
subgroup diHerences showed no significant diHerence in eHect
between studies comparing RRSO versus no RRSO on quality of life
for ovarian cancer risk perception according to the mutation status:
BRCA1 and BRCA2 (P = 0.72).

Severe adverse events, classified according to CTCAE 2010

None of the studies reported on severe adverse events according to
BRCA mutation status.

3. BRCA1 or BRCA2 mutation carriers according to type of risk-
reducing surgery: subgroup analyses

Primary outcomes

Overall survival: survival until death from all causes

RRSO alone versus RRSO and risk-reducing mastectomy (RRM)

None of the studies reported overall survival among participants
who were BRCA1 or BRCA2 mutation carriers who received RRSO
alone versus RRSO and RRM.

RRSO and RRM versus no RRSO

One study reported overall survival among participants with BRCA1
or BRCA2 mutations who received RRSO and mastectomy versus no
RRSO (Ingham 2013). Data from one study showed an increase in
overall survival among women who were BRCA1 or BRCA2 mutation
carriers who received RRSO and RRM compared to women with no
RRSO (HR 0.14, 95% CI 0.02 to 0.98; P = 0.0001; very low-certainty
evidence; Analysis 3.1; Summary of findings 3).

Since only subgroup analysis among participants with BRCA1 or
BRCA2 mutations who received RRSO and mastectomy versus
no RRSO was possible for overall survival, tests for subgroup
diHerences could not be performed for this outcome.

High-grade serous cancer mortality

None of the studies reported HGSC mortality among participants
who were BRCA1 or BRCA2 mutation carriers according to type of
risk-reducing surgery.

Breast cancer mortality

RRSO alone versus RRSO and risk-reducing mastectomy (RRM)

None of the studies reported breast cancer mortality among
participants who were BRCA1 or BRCA2 mutation carriers who
received RRSO alone versus RRSO and RRM.

RRSO and RRM versus no RRSO

One study reported cancer mortality among participants
who received bilateral salpingo-oophorectomy and bilateral
mastectomy (Heemskerk-Gerritsen 2015a). There was no
diHerence between bilateral salpingo-oophorectomy plus bilateral
mastectomy and no RRSO for breast cancer mortality among
women who received bilateral salpingo-oophorectomy plus
bilateral mastectomy (HR 0.78, 95% CI 0.51 to 1.19; P = 0.25;
very low-certainty evidence; Analysis 3.2; Summary of findings 3).
Since only one subgroup analysis was possible for breast cancer
mortality, tests for subgroup diHerences could not be performed for
this outcome.

Secondary outcomes

High-grade serous cancer incidence

None of the studies reported on HGSC incidence according to type
of risk-reducing surgery.

Breast cancer incidence

None of the studies reported on breast cancer incidence according
to type of risk-reducing surgery.

Bone fracture incidence

None of the studies reported on bone fracture incidence according
to type of risk-reducing surgery.

Disease-free survival (time from surgical procedure to cancer
diagnosis)

None of the studies reported on disease-free survival according to
type of risk-reducing surgery.

Morbidity: direct surgical morbidity and surgically related systemic
morbidity

None of the studies reported on morbidity according to type of risk-
reducing surgery.

Recovery and readmission

None of the studies reported on recovery and readmission
according to type of risk-reducing surgery.

Quality of life

None of the studies reported on quality of life according to type of
risk-reducing surgery.

Severe adverse events, classified according to CTCAE 2010

None of the studies reported on severe adverse events according to
type of risk-reducing surgery.
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4. Risk-reducing salpingo-oophorectomy (RRSO) versus no
RRSO for BRCA1 mutation carriers according to age at time of
RRSO: subgroup analyses

Primary outcomes

Overall survival: survival until death from all causes

None of the studies reported on overall survival according to age at
time of RRSO.

High-grade serous cancer mortality

None of the studies reported on HGSC mortality according to age at
time of RRSO.

Breast cancer mortality

Three studies reported breast cancer mortality among participants
who were BRCA1 mutation carriers who received RRSO at 50 years
of age or less (Heemskerk-Gerritsen 2015a; Kotsopoulos 2017;
Rebbeck 1999). Meta-analysis from the three studies showed no
diHerence between RRSO and no RRSO for breast cancer mortality
among women who were BRCA1 mutation carriers who received
RRSO at 50 years of age or less (HR 0.78, 95% CI 0.55 to 1.09; P =
0.15; very low-certainty evidence; Analysis 4.1; Summary of findings
4). The percentage of variability in eHect estimates that was due to
heterogeneity rather than to chance was moderate heterogeneity
(I2 = 42%).

Three studies reported breast cancer mortality among participants
who were BRCA1 mutation carriers who received RRSO at more
than 50 years of age (Heemskerk-Gerritsen 2015a; Kotsopoulos
2017; Rebbeck 1999). Meta-analysis from the three studies showed
no diHerence between RRSO and no RRSO for breast cancer
mortality among women who were BRCA1 mutation carriers who
received RRSO at more than 50 years of age (HR 1.27, 95% CI 0.67 to
2.38; P = 0.46; very low-certainty evidence; Analysis 4.1; Summary
of findings 4). The percentage of variability in eHect estimates that
was due to heterogeneity rather than to chance was not important
(I2 = 0%).

Tests for subgroup diHerences showed no diHerence in studies that
reported breast cancer mortality according to age at surgery: 50
years of age or less and more than 50 years of age (P = 0.18; I2 =
43.8%).

Secondary outcomes

High-grade serous cancer incidence

None of the studies reported on HGSC incidence according to age
at time of RRSO.

Breast cancer incidence

None of the studies reported on breast cancer incidence according
to age at time of RRSO.

Bone fracture incidence

None of the studies reported on bone fracture incidence according
to age at time of RRSO.

Disease-free survival (time from surgical procedure to cancer
diagnosis)

None of the studies reported on disease-free survival according to
age at time of RRSO.

Morbidity: direct surgical morbidity and surgically related systemic
morbidity

None of the studies reported on morbidity according to age at time
of RRSO.

Recovery and readmission

None of the studies reported on recovery and readmission
according to age at time of RRSO.

Quality of life

None of the studies reported on quality of life according to age at
time of RRSO.

Severe adverse events, classified according to CTCAE 2010

None of the studies reported on severe adverse events according to
age at time of RRSO.

5. Risk-reducing salpingo-oophorectomy (RRSO) versus no
RRSO for BRCA2 mutation carriers according to age at time of
RRSO: subgroup analyses

Primary outcomes

Overall survival: survival until death from all causes

None of the studies reported on overall survival according to age at
time of RRSO.

High-grade serous cancer mortality

None of the studies reported on HGSC mortality according to age at
time of RRSO.

Breast cancer mortality

Two studies reported breast cancer deaths among participants who
were BRCA2 mutation carriers who received RRSO at 50 years of
age or less (Heemskerk-Gerritsen 2015a; Kotsopoulos 2017). Meta-
analysis from the two studies showed no diHerence between RRSO
and no RRSO for breast cancer mortality among women who were
BRCA2 mutation carriers who received RRSO at 50 years of age
or less (HR 0.49, 95% CI 0.08 to 2.90; P = 0.43; very low-certainty
evidence; Analysis 5.1; Summary of findings 5). The percentage of
variability in eHect estimates that was due to heterogeneity rather
than to chance may represent moderate heterogeneity (I2 = 85%).

Two studies reported disease-free survival for breast cancer deaths
among participants who were BRCA2 mutation carriers who
received RRSO at more than 50 years of age (Heemskerk-Gerritsen
2015a; Kotsopoulos 2017). Meta-analysis from the two studies
showed no diHerence between RRSO and no RRSO for breast cancer
mortality among women who were BRCA2 mutation carriers who
received RRSO at more than 50 years of age (HR 1.36, 95% CI 0.68 to
2.75; P = 0.39; very low-certainty evidence; Analysis 5.1; Summary
of findings 5). The percentage of variability in eHect estimates that
was due to heterogeneity rather than to chance was unimportant
(I2 = 0%).

Tests for subgroup diHerences showed no diHerence in studies that
reported breast cancer mortality among participants who were
BRCA2 mutation carriers according to age at surgery: 50 years of age
or less and more than 50 years of age (P = 0.29; I2 = 8.9%).
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Secondary outcomes

High-grade serous cancer incidence

None of the studies reported on HGSC incidence according to age
at time of RRSO.

Breast cancer incidence

None of the studies reported on breast cancer incidence according
to age at time of RRSO.

Bone fracture incidence

None of the studies reported on bone cancer incidence according
to age at time of RRSO.

Disease-free survival (time from surgical procedure to cancer
diagnosis)

None of the studies reported on disease-free survival according to
age at time of RRSO.

Morbidity: direct surgical morbidity and surgically related systemic
morbidity

None of the studies reported on morbidity according to age at time
of RRSO.

Recovery and readmission

None of the studies reported on recovery and remission according
to age at time of RRSO.

Quality of life

None of the studies reported on quality of life according to age at
time of RRSO.

Severe adverse events, classified according to CTCAE 2010

None of the studies reported on severe adverse events according to
age at time of RRSO.

D I S C U S S I O N

Summary of main results

The limited evidence suggested that RRSO may have increased
overall survival and lowered HGSC mortality for BRCA1 and BRCA2
carriers. Additionally, very limited evidence suggested that breast
cancer mortality may have been reduced in BRCA1 mutation
carriers following RRSO, but may not have reduced breast cancer
mortality in women who were BRCA2 mutation carriers. RRSO
may also have reduced the risk of death from HGSC and breast
cancer in women who were BRCA1 carriers but the evidence
for the eHect on breast cancer was uncertain in BRCA2 carriers
due to low number of reported events. There was no evidence
that RRSO aHected bone fracture incidence, quality of life or
severe adverse events, as well as the eHects of RRSO based
on type of risk-reducing surgery and age at the time of RRSO.
These results should be viewed with caution, however, as all the
studies included in this Cochrane Review were non-randomised
observational studies with the potential of introducing several
forms of bias (confounding by indication, detection bias, cancer-
induced testing bias, immortal person-time bias, ascertainment
bias, familial-events bias and informative censoring bias), all of
which had relatively short follow-up periods of study participants in
relation to peak incidence of HGSC. However, the findings should be

very important for an increasing number of women with BRCA1/2
mutations and their need to make decisions about surgery. Despite
a lack of randomised trials (which are ethically impossible),
this Cochrane Review excluded women with a previous or
coexisting breast malignancy and some studies excluded women
with unilateral oophorectomy or salpingectomy or salpingo-
oophorectomy (Rebbeck 1999; Rebbeck 2002). Additionally, all 10
included studies used statistical adjustment or validated scale for
quality of life (quality of life) assessment in their analyses and
all adjusted for pertinent variables. These are major strengths to
this review. The Summary of findings for the main comparison
summarises the main outcomes.

Overall completeness and applicability of evidence

We found no studies that assessed adverse events, surgical
morbidity and mortality. Although we specified quality of life as an
outcome of interest and one study reported this, quality of life aJer
surgical treatment for RRSO is an extremely important outcome,
as treatment-related morbidity very oJen reduces the quality of
life of women who had RRSO for prophylaxis for BRCA1 or BRCA2
mutation carriers. Also, none of the studies reported that they
examined biopsied specimens of removed tissues in accordance
with the Sectioning and Extensively Examining the Fimbria (SEE/
FIM) protocol.

One major issue in the interpretation of this Cochrane Review
was the rate of occult malignancy in women who had RRSO as
only two studies reported occult carcinoma rates (Domchek 2010;
Ingham 2013). Therefore, if a clinically undetected tumour was
found in tissue removed during prophylactic surgery, the surgery
ultimately did not prevent tumour occurrence, although it may
have increased life expectancy. How this possible favourable eHect
of surgery should be incorporated in the analysis is debatable
(Klaren 2003). By counting the event in the surgery group, cancer
risk is overestimated and eHicacy is underestimated (Klaren 2003),
and by excluding the event, eHicacy may be overestimated.

The major contribution to the evidence was the inclusion of
oophorectomy as a time-dependent variable in Kotsopoulos 2017.
Another major factor is the time of RRSO as women who had
surgery at 40 years of age tended to have a higher prevalence of
precursor lesions especially in BRCA1 carriers (Lee 2017). Occult
carcinoma was seen in 5.4% of asymptomatic BRCA1/2 mutation
carriers and 86% of which were tubal in origin (Zakhour 2016).
Occult carcinomas were detected in nearly 10% of BRCA1/2 carriers,
and 19% of BRCA1/2 carriers over the age of 45 years (Domchek
2007). Unlike in an RCT, which compares disease incidence aJer
the participants are randomly assigned to receive the intervention
or no intervention, in a non-randomised observational clinic-based
cohort study, either retrospective or prospective, the follow-up
time and case ascertainment appropriately begin when the woman
is first seen at the clinic. Therefore, diagnoses and person-time
occurring prior to the intervention are considered unexposed while
diagnoses and person-time occurring aJer the intervention are
considered exposed (Wacholder 2004).

Studies also compared RRSO versus no RRSO in reducing risk of
breast cancers in the subgroup analysis in premenopausal women
aged less than 50 years and 50 years and over. Altered oestrogen
receptor expression in mammary gland cells was suggested to
play an important role during tumour genesis of breast cancer
(Hussein 2008; Leygue 1998). Given the fact that BRCA2-associated
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breast cancers are mainly oestrogen-receptor positive, while
the majority of BRCA1-associated breast cancers are oestrogen-
receptor negative (Loman 1998), breast cancer risk-reducing eHect
of RRSO may be expected in BRCA2 mutation carriers but not in
BRCA1 mutation carriers. Unfortunately, in the current cohort, the
numbers of BRCA2 mutation carriers, and especially the numbers of
events in that specific group, were too small to perform conclusive
gene-stratified analyses using the proposed design and analytical
method.

However, because the primary goal of Domchek 2010 study was
to analyse the impact of RRSO on carriers of BRCA1 and BRCA2
mutations independently, Domchek 2010 excluded 12 participants
because they had both BRCA1 and BRCA2 mutations. Interestingly,
none of the included participants in this Cochrane systematic
review had both BRCA1 and BRCA2 mutation carrier status.

Quality of the evidence

The body of evidence from non-randomised or observational
studies generally begins with a low confidence and then is marked
up if they demonstrate characteristics that would increase the
reviewers' confidence in the findings from these designs such
as a large magnitude of eHect, dose–response relationship, or
plausible confounding that would have otherwise weakened the
eHect estimate (Agoritsas 2013). When a methodologically strong
observational study yields large or very large and consistent
estimates of the magnitude of a treatment or exposure eHect,
we may be confident about the results. In these situations, the
weak study design is unlikely to explain all of the apparent
benefit or harm, even though observational studies are likely to
provide an overestimate of the true eHect. Overall, the certainty of
the evidence was derived from non-randomised studies and was
rated as very low according to GRADE methodology for the main
comparison, mostly on account of the studies being at moderate
risk of bias (Summary of findings for the main comparison;
Summary of findings 2; Summary of findings 3; Summary of
findings 4; Summary of findings 5). A variety of limitations in the
individual studies may have further interfered with the certainty
of evidence. Although there were adjustments for meaningful
confounding factors, specifically, there were relatively short follow-
up periods of study participants in relation to peak incidence of
ovarian cancer or primary peritoneal cancer. Apart from Kramer
2005 which was at serious risk of bias, all other included studies
were of moderate risk of bias. Only one out of the 10 included cohort
studies excluded women if they had a cancer diagnosis within the
first six months of follow-up in order to avoid including cancers that
would have been minimally influenced by RRSO or RRM (Domchek
2010). Heterogeneity among studies might be due to, for example,
diHerences in time of conducting the studies as more recent studies
(within five years) appeared to diHer widely from older studies
in their results. To reflect our concern about heterogeneity, we
conducted all analyses using both a fixed-eHect analysis and a
random-eHects analysis but results from the two models did not
diHer, and so we reported a random-eHects analysis. Meta-analysis
of studies reporting on HGSC mortality and breast cancer mortality
and in accordance to BRCA2 mutation carriers and age at RRSO
in BRCA2 mutation carriers as well as HGSC incidence and breast
cancer incidence showed moderate to substantial heterogeneity.
However, all the survival analyses and mortality analyses were
evaluated using HR, which is the best statistic for summarising
diHerences in risk between two treatment groups over the duration

of a study when time to death or disease progression is 'censored'
or unknown for some women, as they were still alive (or disease-
free) at the end of the study.

Potential biases in the review process

When evaluating the eHicacy and safety of risk-reducing surgery,
the aim is to identify two groups of women who diHer in the
exposure of interest, namely prophylactic surgery, but who are,
or in the analysis can be made, similar with regard to other
factors associated with disease outcome. Ideally, this could be
accomplished in a randomised clinical trial, but randomisation
for prophylactic surgery for BRCA1 or BRCA2 mutation carriers is
obviously unethical since we cannot restrict risk-reducing surgical
treatment to women requiring it solely on research. This Cochrane
Review was limited to non-randomised observational studies with
the potential of introducing several forms of bias (confounding by
indication, detection bias, cancer-induced testing bias, immortal
person-time bias, ascertainment bias, familial-events bias and
informative censoring bias) (Klaren 2003; Wacholder 2004).
Ascertainment bias could result from people at a higher risk for
cancer being more likely to seek out and enrol onto studies than
those at lower risk for cancer. This eHect has been documented
in several previous studies, especially those that were based on
familial aggregation of cancer in high-risk families (Begg 2002).

Additionally, the matching factors used in many studies included
(i.e. age, centre or mutation type) may favour the selection
of relatives into the non-surgery group. This selection may
unintentionally increase bias. For example, there could be a
phenomenon of potential dependency between the diagnosis of
cancer within the family and individual decisions of relatives
undergoing DNA testing, cancer screening, risk-reducing surgery
or a combination of these. If these events are assumed to be
independent in studies that include several members of the same
family, bias such as confounding by indication and familial-event
bias may arise as was seen in Rebbeck 1999. For instance, one
study reported that 59% of the women were related to at least one
other study participant, and 32% were related to at least four other
study participants (Rebbeck 1999). Despite the acknowledgment
of the relationship among study participants, the authors did not
consider dependency between events within a family. By selecting
the appropriate time period for members of one family to be at risk,
bias can be prevented.

To avoid familial-event bias, the best choice for start of follow-
up is the age at which the control herself was tested or the age
of the control at the date of her relative's prophylactic surgery,
whichever came last (Klaren 2003; Wacholder 2004). This is because
women in the comparison group should be cancer-free at the point
of ascertainment.

This Cochrane Review employed meta-analyses that used a
publication-based approach and obtaining individual participant
data for each study was not possible. Therefore, we adopted
clear definitions of exposures and outcome using ROBINS-I and
we adhered to procedures that minimised extraction, recording
and retrieval bias, by carefully searching for 'grey' literature.
Furthermore, we applied no language restrictions. There was no
evidence of publication bias documented as the meta-analysis did
not involve more than 10 studies.
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Some studies included in this Cochrane Review employed
questionnaires for data extraction on information regarding
reproductive history, surgical history (including preventive
oophorectomy and mastectomy) and hormone use. Such
questionnaire may not distinguish between oophorectomy and
salpingo-oophorectomy, although one recent Swedish study
revealed that physicians and genetic counsellors can rely on self-
reported information regarding breast cancer and ovarian cancer in
BRCA1 or BRCA2 mutation carriers (Augustinsson 2018).

Altered oestrogen receptor expression in mammary gland cells
is suggested to play an important role during tumour genesis of
breast cancer (Archey 2017). Given the fact that BRCA2-associated
breast cancers are mainly oestrogen-receptor positive, while
the majority of BRCA1-associated breast cancers are oestrogen-
receptor negative (Archey 2017; Loman 1998), a breast cancer
risk-reducing eHect of RRSO may be expected in BRCA2 mutation
carriers than in BRCA1 mutation carriers. Unfortunately, in the
current review, the numbers of BRCA2 mutation carriers, and
especially the numbers of events in that specific group, were
too small to perform conclusive gene-stratified analyses in the
subgroup analyses.

Some studies in this review used controls who were not necessarily
undergoing surveillance (Rebbeck 2002), and other studies used
controls who were prospectively followed up on an active annual
surveillance programme. Also, some studies did not perform direct
matching of cases (Domchek 2010; Ingham 2013; Kotsopoulos
2017; Kramer 2005; Madalinska 2007). It is possible that the
biological eHects of other demographic variables may have been
diHerent between the RRSO and the surveillance or control group,
such as age at study entry, parity and history of HRT, but might not
have been completely corrected by the covariate treatment in the
analysis.

More importantly, we excluded women with a previous or
coexisting breast malignancy and some studies excluded women
with unilateral oophorectomy or salpingectomy or salpingo-
oophorectomy (Rebbeck 1999; Rebbeck 2002). In addition, we
excluded women with prophylactic salpingectomy with delayed
oophorectomy or ovarian conservation (Harmsen 2015; Harmsen
2016; Nebgen 2018; Tschernichovsky 2017). These are major
strengths to this review. If a personal history of breast cancer at the
time of study entry had been included, it would have introduced
a potential bias into the analysis. For instance, mortality reduction
estimates for women with and without a prior history of breast
cancer may diHer. Therefore, limiting the analyses to participants
without a personal history of breast cancer at the time of study
entry or RRSO confers more magnitude of protection assessment.

We employed a new ROBINS-I tool for assessment of risk of bias
in observational studies. It includes a structured approach to
assessment of risk of bias due to confounding that starts at the
review protocol stage and makes it possible for comprehensive risk
of bias assessments that are applicable to a wide range of study
designs and analyses. The ROBINS-I tool focuses specifically on bias
and does not address problems related to imprecision of results.

The ratio of 1:2 of control participants among all the women who
were BRCA1 or BRCA2 mutation carriers enrolled in this Cochrane
Review was in line with the recommendations of Klaren 2003 and
Wacholder 2004, which were meant to address potential sampling
and information biases in studies of risk-reducing surgeries from

multicentre cohorts. The authors of Klaren 2003 and Wacholder
2004 recommended selection of between one and four controls for
comparison with every RRSO participant, which was the outcome of
this Cochrane review. However, the conclusions were limited by the
absence of randomised controlled trials (Finch 2011). The absence
of deaths from HGSC in the studies that reported HGSC in BRCA2
mutation carriers may be due to smaller number of samples of
BRCA2 mutation carriers compared with BRCA1 mutation carriers
in the included studies. In the absence of cancer events, HR cannot
be estimated.

Agreements and disagreements with other studies or
reviews

Previous systematic reviews (Ludwig 2016; Marchetti 2014;
Tschernichovsky 2017), and meta-analysis (Rebbeck 2009), or both
(Li 2016), have been published on the benefit of RRSO in women
with BRCA1 or BRCA2 mutations. Some studies included in these
previous systematic reviews or meta-analyses were not included in
our present meta-analysis (Chang-Claude 2007; Eisen 2005; Evans
2009; Finch 2006; Finch 2014; Finkelman 2012; KauH 2002; KauH
2008; Rutter 2003; Schmeler 2006). This was necessary because in
a systematic review in which HGSC or breast cancer is the endpoint
of interest, studies including women with prior ovarian cancer or
breast cancer (or both) should be excluded to avoid biases that
would favour either the surgical or non-surgical group.

The authors of Ludwig 2016 concluded that the reduction in ovarian
and breast cancer risks with the use of RRSO improves in survival
and clinical management of women at increased risk for breast
cancer but requires consideration of risk and quality of life. They
excluded non-English publications. Five of the six included studies
were excluded in this Cochrane Review (Evans 2009; Finch 2014;
KauH 2002; KauH 2008; Schmeler 2006). Evans 2009 was excluded
because not all the included women had known BRCA1 or BRCA2
mutation carrier status; Finch 2014 was a single arm study without
comparison group; and KauH 2002, KauH 2008, and Schmeler 2006
included women with a previous or coexisting breast malignancy.

The authors of Marchetti 2014 concluded that it was justified to
recommend RRSO to reduce ovarian cancer risk and all-causes
mortality in women with a BRCA1 or BRCA2 mutation. Two studies
out of the three studies included were excluded in this review (Finch
2014; KauH 2008). Finch 2014 was excluded because it was a single
arm study without comparison group and KauH 2008 included
women with a previous or coexisting breast malignancy.

The authors of the Tschernichovsky 2017 systematic review
concluded that until more data were made available, RRSO and
oral contraceptive pills remain the only recommended preventive
measures in carriers of BRCA1 or BRCA2 mutations for substantially
reducing the risk of ovarian cancer. Only one study (Domchek
2010) out of the four studies (Domchek 2010; Finch 2014; Marchetti
2014; Rebbeck 2009) included by the authors of Tschernichovsky
2017 systematic review was included in the present review. Finch
2014 was excluded because it was a single arm study without
comparison group and Marchetti 2014 and Rebbeck 2009 were
review articles.

The Rebbeck 2009 meta-analysis concluded that RRSO was strongly
associated with reductions in the risk of breast cancer and HGSC
and should provide guidance to women in planning cancer risk
reduction strategies. Six out of 10 studies were excluded in this
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review (Chang-Claude 2007; Eisen 2005; Finch 2006; KauH 2002;
KauH 2008; Rutter 2003). Rutter 2003 was excluded because not all
the included women have known BRCA1 or BRCA2 mutation carrier
status; Chang-Claude 2007, Eisen 2005, Finch 2006, KauH 2002, and
KauH 2008 included women with a previous or coexisting breast
malignancy.

Li 2016 concluded that BRCA1 or BRCA2 mutation carriers treated
with RRSO have a substantially reduced breast cancer incidence
and mortality. Of the 15 studies, 11 studies were excluded in this
Cochrane Review (Chang-Claude 2007; Eisen 2005; Evans 2013;
Finkelman 2012; Heemskerk-Gerritsen 2013; Heemskerk-Gerritsen
2015b; KauH 2008; Meijers-Heijboer 2001; Metcalfe 2014; Skytte
2011; van Sprundel 2005). In addition to what were already stated,
we excluded seven studies because they included women with or
without a family history or personal history of breast cancer who
were carriers of BRCA1 and BRCA2 mutations and initially treated
with unilateral RRM or BRRM), but without RRSO (Evans 2013;
Heemskerk-Gerritsen 2013; Heemskerk-Gerritsen 2015b; Meijers-
Heijboer 2001; Metcalfe 2014; Skytte 2011; van Sprundel 2005).
Finkelman 2012 included women with a previous or coexisting
breast malignancy.

One non-Cochrane systematic review described implications of
premenopausal RRSO on quality of life, endocrine symptoms,
sexual function, osteoporosis, cardiovascular health, metabolic
syndrome, cognitive impairment and safety of HRT (Vermeulen
2017). The results of the review revealed that surgical menopause
leads to more menopausal complaints and sexual dysfunction
than natural menopause but overall quality of life is not aHected
by surgery. The authors found no evidence that RRSO leads
to more osteopenia in comparison with natural menopause at
a young age but revealed that cohort studies showed a slight
impaired cardiovascular health and cognitive function decreases
later in life in premenopausal oophorectomised women. The
authors also concluded that short-term HRT seemed to decrease
postmenopausal complaints and did not seem to increase the risk
for breast carcinoma in mutation carriers without a personal history
of breast carcinoma (Vermeulen 2017).

Another non-Cochrane review determined the impact of RRSO on
quality of life and health in women who carry a BRCA mutation
revealed that preliminary studies focused on the short-term
eHects, such as overall quality of life which was similar before
and aJer surgery (Finch 2011). However, vasomotor symptoms
related to surgical menopause and changes in sexual functioning
were common. HRT appeared to mitigate some but not all
of these symptoms. Therefore, a short course of HRT may
not be contraindicated for BRCA1 mutation carriers who have
undergone menopause and who have no personal history of cancer
(Kotsopoulos 2016). Women reported high levels of satisfaction
with their decision to have the surgery despite the impact of RRSO.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The available data were of very-low certainty and at overall
moderate risk of bias. From this review of non-randomised data,
we conclude that risk-reducing salpingo-oophorectomy (RRSO)
compared to no RRSO in breast cancer 1 gene (BRCA1) and
breast cancer 2 gene (BRCA2) mutation carriers, analysed together,
showed an increase in overall survival. Although, when analysed

separately, there was a decrease in both high-grade serous cancer
(HGSC) and breast cancer mortalities in BRCA1 mutation carriers,
but not in BRCA2 mutation carriers. Data analysis from BRCA1 and
BRCA2 mutation carriers together found no eHect of RRSO together
with risk-reducing mastectomy (RRM) on breast cancer mortality.
These data should not prevent women from seeking risk-reducing
surgical treatment, but they should be aware of their underlying
non-protective eHects in BRCA2 mutation carriers or in performing
RRSO with or without mastectomy without consideration of the
mutation status and the possible increased risk of the eHects of
hormonal loss or impact on the quality of life. Some caution may
also be warranted in counselling women on the definite reduction
in the risk of breast cancer following salpingo-oophorectomy that
is performed before menopause, contrary to what has previously
been published in non-Cochrane systematic reviews or meta-
analyses (Li 2016; Ludwig 2016; Rebbeck 2009).

Implications for research

Follow-up periods in these studies were relatively short and likely
to underestimate the longer-term influence of RRSO in BRCA
carriers. Future studies should aim to significantly increase follow-
up periods to more fully inform women of longer-term risks and
benefits of RRSO.

The data search revealed a paucity of cases reported in BRCA2
compared to BRCA1 mutation carriers and there are problems
with publications of mixed data from BRCA1 and BRCA2 mutation
carriers as well as inclusion of unconfirmed mutation carriers
in either the test or the control participants in some of the
searched studies. Future research is needed to address these
methodological problems. Such future studies should also address
the need to exclude or diHerentiate (or both) participants who
have had previous RRM or breast cancer for ovarian cancer
or breast cancer analysis. These future studies should also
diHerentiate and report other types of gynaecological cancers,
including not only HGCS but also endometrial cancers, their
histiotypes and precursor lesions as well as concurrent report of
these factors by type of risk-reducing surgery and age groups.
Such studies should also report bone fracture incidence, adverse
events, morbidities, recovery/readmission, cost eHectiveness of
interventions, associated comorbidities and quality of life.

Although cumulative evidence from a previous non-Cochrane
systematic review suggests that short-term HRT use following
RRSO improves quality of life (Siyam 2017), studies of the long-
term health outcomes and quality of life aJer RRSO in women
who carry a BRCA mutation have not yet been published and
so such research should be a priority. Additionally, none of the
studies reported on RRSO with concurrent hysterectomy, therefore,
future studies on RRSO with concurrent hysterectomy are also
a priority since young women who undergo RRSO without HRT
may face severe vasomotor symptoms along with elevated risks
for osteoporosis, cardiovascular disease and cognitive decline
(Guidozzi 2016). Women who had RRSO may be reluctant to
use menopausal HRT following RRSO due to concerns that HRT
might elevate breast cancer risk. However, some researchers
have suggested that given the substantial reduction in breast
cancer risk associated with oestrogen-only therapy, in BRCA1
carriers with intact breasts who have completed childbearing,
hysterectomy (which eliminates the need for progestogen therapy)
should be incorporated into risk-reducing gynaecological surgery
(Kotsopoulos 2018). This is because an international cohort study
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which prospectively followed women with BRCA1 mutations, intact
breasts, and no history of breast cancer following RRSO up to
10 years, revealed that the cumulative incidence of breast cancer
among women who used oestrogen-only HRT was 12% compared
with 22% among women who used oestrogen plus progesterone
HRT (absolute diHerence 10%; log rank P = 0.04) (Kotsopoulos
2018). Studies comparing use of intrauterine progestin (Mirena coil)
versus hysterectomy would help to inform this debate.
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Methods Prospective cohort study, matching design

Participants Country: multicountry: University of Vienna, Austria; Creighton University, Omaha, NE, USA; Dana-Far-
ber Cancer Institute, Boston, MA, USA; Fox Chase Cancer Center, Philadelphia, PA, USA; Georgetown
University, Washington, DC, USA; University of Chicago, Chicago, IL, USA; University of Pennsylvania,
Philadelphia, PA, USA; University of Utah, Salt Lake City, UT, USA; Netherlands Cancer Institute, Amster-
dam, Netherlands; Royal Marsden Hospital, Sutton, UK; St Mary’s Hospital, Manchester, UK; University
of Texas-Southwestern, Dallas, TX, USA and Yale University, New Haven, CT, USA

Enrolled: 155 surgical participants and 271 control participants

Women with BRCA1 or BRCA2 mutation carriers

Interventions Arm A: RRSO

Domchek 2006 
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Arm B: general surveillance or non-RRSO

Outcomes Overall survival

Ovarian cancer mortality

Primary peritoneal cancer mortality

Breast cancer mortality

Ovarian cancer incidence

Breast cancer incidence

Primary peritoneal cancer incidence

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk See Table 2

Domchek 2006  (Continued)

 
 

Methods Prospective cohort study, non-matching design

Participants Country: multicountry: University of Vienna, Austria; Beth Israel, Boston, MA; Baylor-Charles A. Sam-
mons Cancer Center; City of Hope, Duarte, CA; Creighton University, Omaha, NE; Dana-Farber Cancer
Institute, Boston, MA; Duke University, Durham, NC; NorthShore University HealthSystem, Evanston,
IL; Fox Chase Cancer Center, Philadelphia, PA; Guy's Hospital and St. Thomas Foundation Trust, Lon-
don, UK; Georgetown University, Washington, DC; University of California, Los Angeles; Mayo Clinic Col-
lege of Medicine, Rochester, MN; Netherlands Cancer Institute, Amsterdam, Netherlands; The Institute
of Cancer Research & Royal Marsden NHS Foundation Trust, London & Sutton; St. Mary's Hospital, Man-
chester, UK; University of Texas-Southwestern, Dallas; University of Chicago, Chicago, IL; University
of Pennsylvania, Philadelphia, PA; University of Utah, Salt Lake City, UT and University of California,
Irvine; Women's College Hospital, Toronto, CA and Yale University, New Haven, CT

Enrolled: 465 surgical participants and 1092 control participants

Women with BRCA1 or BRCA2 mutation carriers

Interventions Arm A: RRSO and RRM

Arm B: general surveillance or non-RRSO

Outcomes Overall survival

Ovarian cancer mortality

Breast cancer mortality

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Domchek 2010 
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Random sequence genera-
tion (selection bias)

Unclear risk See Table 2

Domchek 2010  (Continued)

 
 

Methods Partly retrospective and prospective cohort study, matching design

Participants Country: Netherlands

Enrolled: 146 surgical participants and 576 control participants

Women with BRCA1 or BRCA2 mutation carriers

Interventions Arm A: RRSO

Arm B: general surveillance or non-RRSO

Outcomes Ovarian cancer mortality

Breast cancer mortality

Ovarian cancer incidence

Breast cancer incidence

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk See Table 2

Heemskerk-Gerritsen 2015a 

 
 

Methods Prospective cohort study, non-matching design

Participants Country: UK

Enrolled: 108 surgical participants and 457 control participants

Women with BRCA1 or BRCA2 mutation carriers

Interventions Arm A: RRSO and RRM

Arm B: general surveillance or non-RRSO

Outcomes Overall survival

Ovarian cancer mortality

Breast cancer mortality

Ovarian cancer incidence

Ingham 2013 

Risk-reducing bilateral salpingo-oophorectomy in women with BRCA1 or BRCA2 mutations (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

45



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk See Table 2

Ingham 2013  (Continued)

 
 

Methods Prospective cohort study, non-matching design

Participants Country: multicountry

Enrolled: 1552 surgical participants and 2170 control participants

Women with BRCA1 or BRCA2 mutation carriers

Interventions Arm A: RRO

Arm B: general surveillance or non-RRSO

Outcomes Breast cancer incidence

Breast cancer mortality

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk See Table 2

Kotsopoulos 2017 

 
 

Methods Prospective cohort study (non-matched)

Participants Country: USA

Enrolled: 33 surgical participants and 65 control participants

Women with BRCA1 mutation carriers

Interventions Arm A: RRO

Arm B: general surveillance or non-RRSO

Outcomes Breast cancer incidence

Breast cancer mortality

Kramer 2005 
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Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk See Table 2

Kramer 2005  (Continued)

 
 

Methods Prospective cohort study, non-matching design

Participants Country: Netherlands

Enrolled: 118 surgical participants and 42 control participants

Women with BRCA1 or BRCA2 mutation carriers

Interventions Arm A: RRSO and RRM

Arm B: general surveillance or non-RRSO

Outcomes Quality of life (ovarian cancer risk perception)

Quality of life (breast cancer risk perception)

Quality of life (global health status)

Quality of life (general health perception)

Quality of life (mental health)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk See Table 2

Madalinska 2007 

 
 

Methods Prospective cohort study, matching design

Participants Country: USA: Creighton University, Omaha, NE; Dana-Farber Cancer Institute, Boston, MA; Fox Chase
Cancer Center, Philadelphia, PA; University of Pennsylvania, Philadelphia, PA and University of Utah,
Salt Lake City, UT).

Enrolled: 43 surgical participants and 79 control participants

Women with BRCA1 mutation carriers

Interventions Arm A: RRSO

Rebbeck 1999 
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Arm B: general surveillance or non-RRSO

Outcomes Breast cancer incidence

Breast cancer mortality

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk See Table 2

Rebbeck 1999  (Continued)

 
 

Methods Retrospective cohort study, matching design

Participants Country: multicountry: Creighton University, Dana–Farber Cancer Institute, Fox Chase Cancer Center,
Georgetown University, University of Chicago, University of Pennsylvania, University of Utah, Nether-
lands Cancer Institute, St. Mary’s Hospital, Women’s College Hospital and Yale University

Enrolled: 259 surgical participants and 292 control participants

Women with BRCA1 or BRCA2 mutation carriers

Interventions Arm A: RRSO

Arm B: general surveillance or non-RRSO

Outcomes Ovarian cancer incidence

Breast cancer incidence

Primary peritoneal cancer incidence

Primary peritoneal cancer mortality

Breast cancer mortality

Ovarian cancer mortality

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk See Table 2

Rebbeck 2002 

 
 

Methods Prospective cohort study, matching design

Rebbeck 2004 
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Participants Country: multicountry: Creighton University, Dana–Farber Cancer Institute, Fox Chase Cancer Center,
Georgetown University, University of Chicago, University of Pennsylvania, University of Utah, Nether-
lands Cancer Institute, St. Mary’s Hospital, Women’s College Hospital and Yale University

Enrolled: 57 surgical participants and 107 control participants

Women with BRCA1 or BRCA2 mutation carriers

Interventions Arm A: RRSO and RRM

Arm B: general surveillance or non-RRSO

Outcomes Breast cancer incidence

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk See Table 2

Rebbeck 2004  (Continued)

BRCA1: breast cancer 1 gene; BRCA2: breast cancer 2 gene; RRM: risk-reducing mastectomy; RRO: risk-reducing oophorectomy; RRSO: risk-
reducing salpingo-oophorectomy.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Benshushan 2009 Participants in the control group did not have BRCA1/BRCA2 mutation carriers.

Chang-Claude 2007 Cohort study that assessed breast cancer risk in a large series of 1187 BRCA1 and 414 BRCA2 carri-
ers from the International BRCA1/2 Carrier Cohort Study but included women (1 arm) with a previ-
ous or coexisting breast malignancy.

Eisen 2005 Case-control study that involved 4569 eligible women, of which 2283 women with a BRCA1/2 muta-
tion carriers but included women (1 arm) with a previous or coexisting breast malignancy.

Evans 2009 Although the study was a cohort study that compared the frequency of peritoneal cancers among
women receiving risk-reducing surgery for ovarian cancer, not all the women enrolled were BRCA1
and BRCA2 mutation carriers and none of the included data were complete for extraction in en-
rolled women with known BRCA1 or BRCA2 mutation status.

Evans 2013 Cohort study that evaluated the incidence of breast cancer after RRM in healthy BRCA mutation
carriers, without risk-reducing BSO.

Finch 2006 Included women with prior history of breast cancer

Finch 2009 Controlled before-and-after study with no concurrent comparison groups

Finch 2011 Controlled before-and-after study with no concurrent comparison groups

Finch 2013 Controlled before-and-after study with no concurrent comparison groups

Finch 2014 Single-arm cohort study (without comparison group) aimed at estimating the reduction in risk
of ovarian, fallopian tube or peritoneal cancer in women with a BRCA1 or BRCA2 mutation after
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Study Reason for exclusion

oophorectomy, by age of oophorectomy; to estimate the impact of prophylactic oophorectomy on
all-cause mortality; and to estimate 5-year survival associated with clinically detected ovarian, oc-
cult and peritoneal cancers diagnosed in the cohort.

Finkelman 2012 Included women with prior history of breast cancer or ovarian cancer

Heemskerk-Gerritsen 2013 Cohort study that evaluated the incidence of breast cancer after RRM in healthy BRCA mutation
carriers, without risk-reducing BSO.

Heemskerk-Gerritsen 2015b Cohort study that evaluated the incidence of breast cancer after RRM in healthy BRCA mutation
carriers, without risk-reducing BSO.

Hunsinger 2016 Although all the 8 women included in the study were BRCA mutation positive and received prophy-
lactic mastectomy with BSO, there was no control or comparison group. So all women received
surgical interventions.

Iavazzo 2016 Review of cases with peritoneal cancer after PBSO and the possible aetiology of the disease as well
as the possible changes in the management of such women.

Johansen 2016 Retrospective cohort study of 294 women who underwent RRSO and 1228 women from the normal
group aimed at evaluating the sexual pleasure and discomfort scores and frequency of sexual ac-
tivity using the Sexual Activity Questionnaire. The BRCA1 or BRCA2 mutations status were not spec-
ified in any of the women included in the study.

Johansen 2017 Although participants included 324 women after RRSO and 11,160 postmenopausal controls, a sub-
sample of 950 controls had undergone BSO, whose indication for the BSO was not known and the
BRCA1 or BRCA2 mutations status of the participants (study group or controls) too, were not re-
ported.

KauH 2002 Prospective cohort study that compared the effect of RRSO with that of surveillance for ovarian
cancer on the incidence of subsequent breast cancer and BRCA related gynaecological cancers in
women with BRCA mutations but included women with prior history of breast cancer, with 70% of
the salpingo-oophorectomy group and 62% of the surveillance group having prior history of breast
cancer.

KauH 2008 Prospective cohort study that compared the effect of RRSO with that of surveillance for ovarian
cancer on the incidence of subsequent breast cancer and BRCA related gynaecological cancers in
women with BRCA mutations but the study included women with prior history of breast cancer in
both the RRSO group and the surveillance group.

Kwon 2013 The 2 different comparison groups received bilateral salpingectomy alone or bilateral salpingecto-
my with delayed oophorectomy. It did not include a control or comparison group of women who
carry BRCA1 or BRCA2 mutations and did not receive prophylactic salpingo-oophorectomy. So all
groups received surgical interventions.

Laki 2007 Retrospective study of 89 BRCA1/BRCA2 mutation carriers who underwent BSO. It did not include a
control or comparison group of women who carried BRCA1 or BRCA2 mutations and did not receive
prophylactic salpingo-oophorectomy. So all groups received surgical interventions.

Madalinska 2005 Although the study determined the quality of life effects of PBSO versus gynaecologic screening,
only 368/846 included women had known BRCA1/2 mutation carriers (265 (72%) women opted for
PBSO, and 103 (28%) women, opted for gynaecological screening. Analysis was not based on BR-
CA1/2 status.

Manchanda 2011 Prospective cohort single-arm study (without comparison or surveillance group) of women from
high-risk families whose mutation status was unknown, in addition to women who were confirmed
BRCA1 or BRCA2 mutation carriers.
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Study Reason for exclusion

Meijers-Heijboer 2001 Cohort study that evaluated the incidence of breast cancer after RRM in healthy BRCA mutation
carriers, without RRSO.

Menkiszak 2016 Cohort study of 195 women who were carriers of 1 of 3 mutations in BRCA1 gene most commonly
occurring
in the Polish population (5382insC, 4153delA and C61G) subjected to prophylactic salpin-
go-oophorectomy. All women
underwent prophylactic surgery and there was no comparison group. So all women received surgi-
cal interventions.

Metcalfe 2014 Cohort study included 390 women with a family history of stage I or II breast cancer who were car-
riers of BRCA1 and BRCA2 mutations and initially treated with unilateral or bilateral mastectomy,
without bilateral RRSO.

Miller 2017 Retrospective observational cohort study of 70 women that assessed the potential role of peri-
toneal and omental biopsies in women undergoing RRSO for prophylactic management of heredi-
tary breast/ovarian cancer syndromes. There is a single arm study without a comparison group.

Perabo 2014 Although all 6 women included in the study received prophylactic mastectomy with BSO (4 women
had BRCA-1 mutations, 1 woman had a BRCA-2 mutation and 1 woman had a family inheritance
pattern with no mutations), there was no control or comparison group. So all groups received sur-
gical interventions.

Powell 2011 Single arm study (without comparison group) of 111 women who were carriers of BRCA mutations
and had RRSO in order to identify risk factors associated with finding an occult malignancy at RRSO
using a rigorous surgical-pathological protocol.

Rocca 2006 Matched population-based cohort study that investigated the survival patterns of 2390 women
who had received an oophorectomy compared with 2390 women who had not received an
oophorectomy but the BRCA1 or BRCA2 mutation status of the participants were not reported.

Rutter 2003 Cohort study that assessed the level and persistence of reduction of ovarian (including peritoneal)
cancer risk after gynaecological surgeries for women who carried BRCA1/2 mutations but were not
selected from high-risk clinics but not all women enrolled in the study have known BRCA1/2 muta-
tion status.

Schmeler 2006 Included women with a personal history of breast cancer.

Skytte 2011 Cohort study that evaluated the incidence of breast cancer after RRM in healthy BRCA mutation
carriers, without risk-reducing BSO.

Struewing 1995 Prospective multicentre cohort study that determined the incidence of postoophorectomy carci-
nomatosis and quantified the effectiveness of preventive surgery, none of the enrolled women had
known BRCA1 or BRCA2 mutation status.

van Sprundel 2005 Cohort study included women with a family history or personal history of breast cancer who were
carriers of BRCA1 and BRCA2 mutations and initially treated with unilateral or bilateral mastecto-
my, but without bilateral RRSO.

Vermeulen 2017 Systematic review of implications of premenopausal RRSO on quality of life, endocrine symptoms,
sexual function, osteoporosis, cardiovascular health, metabolic syndrome, cognitive impairment
and safety of hormone replacement therapy.

BRCA1: breast cancer 1 gene; BRCA2: breast cancer 2 gene; BSO: bilateral salpingo-oophorectomy; PBSO: prophylactic bilateral salpingo-
oophorectomy; RRM: risk-reducing mastectomy; RRSO: risk-reducing salpingo-oophorectomy.
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in BRCA1 or BRCA2 mutation carriers

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Overall survival 3   Hazard Ratio (Random, 95% CI) Subtotals only

1.1 BRCA1 or BRCA2 3   Hazard Ratio (Random, 95% CI) 0.32 [0.19, 0.54]

2 High-grade serous cancer
(HGSC) mortality

3   Hazard Ratio (Random, 95% CI) 0.06 [0.02, 0.17]

2.1 BRCA1 or BRCA2 3   Hazard Ratio (Random, 95% CI) 0.06 [0.02, 0.17]

3 Breast cancer mortality 7   Hazard Ratio (Random, 95% CI) Subtotals only

3.1 BRCA1 or BRCA 7   Hazard Ratio (Random, 95% CI) 0.58 [0.39, 0.88]

4 HGSC incidence 4 3328 Risk Ratio (M-H, Random, 95% CI) 0.17 [0.04, 0.75]

4.1 BRCA1 or BRCA2 4 3328 Risk Ratio (M-H, Random, 95% CI) 0.17 [0.04, 0.75]

5 Breast cancer incidence 7 5595 Risk Ratio (M-H, Random, 95% CI) 0.64 [0.43, 0.96]

5.1 BRCA1 or BRCA2 7 5595 Risk Ratio (M-H, Random, 95% CI) 0.64 [0.43, 0.96]

6 Quality of life (ovarian cancer
risk perception)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

6.1 BRCA1 or BRCA2 1   Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

7 Quality of life (global health
status)

1   Mean Difference (IV, Random, 95%
CI)

Subtotals only

8 Quality of life (general health
perception)

1   Mean Difference (IV, Random, 95%
CI)

Subtotals only

9 Quality of life (mental health) 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

10 Quality of life (breast cancer
risk perception)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

10.1 BRCA1 or BRCA2 1   Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]
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Analysis 1.1.   Comparison 1 Risk-reducing salpingo-oophorectomy (RRSO) versus
no RRSO in BRCA1 or BRCA2 mutation carriers, Outcome 1 Overall survival.

Study or subgroup Control Risk-reduc-
ing surgery

log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.1.1 BRCA1 or BRCA2  

Domchek 2006 0 0 -1.4 (0.561) 23.49% 0.24[0.08,0.72]

Domchek 2010 0 0 -0.8 (0.389) 48.8% 0.45[0.21,0.96]

Ingham 2013 0 0 -1.5 (0.516) 27.71% 0.22[0.08,0.6]

Subtotal (95% CI)       100% 0.32[0.19,0.54]

Heterogeneity: Tau2=0; Chi2=1.56, df=2(P=0.46); I2=0%  

Test for overall effect: Z=4.21(P<0.0001)  

Favours RRSO 1000.01 100.1 1 Favours control

 
 

Analysis 1.2.   Comparison 1 Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in
BRCA1 or BRCA2 mutation carriers, Outcome 2 High-grade serous cancer (HGSC) mortality.

Study or subgroup Risk-reduc-
ing surgery

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.2.1 BRCA1 or BRCA2  

Domchek 2006 0 0 -3 (0.821) 17.19% 0.05[0.01,0.25]

Domchek 2006 0 0 -3 (0.821) 17.19% 0.05[0.01,0.25]

Domchek 2010 0 0 -0.9 (0.601) 21.33% 0.39[0.12,1.27]

Rebbeck 2002 0 0 -3.5 (0.561) 22.14% 0.03[0.01,0.09]

Rebbeck 2002 0 0 -3.5 (0.561) 22.14% 0.03[0.01,0.09]

Subtotal (95% CI)       100% 0.06[0.02,0.17]

Heterogeneity: Tau2=0.94; Chi2=12.84, df=4(P=0.01); I2=68.85%  

Test for overall effect: Z=5.29(P<0.0001)  

   

Total (95% CI)       100% 0.06[0.02,0.17]

Heterogeneity: Tau2=0.94; Chi2=12.84, df=4(P=0.01); I2=68.85%  

Test for overall effect: Z=5.29(P<0.0001)  

Favours RRSO 1000.01 100.1 1 Favours control

 
 

Analysis 1.3.   Comparison 1 Risk-reducing salpingo-oophorectomy (RRSO) versus
no RRSO in BRCA1 or BRCA2 mutation carriers, Outcome 3 Breast cancer mortality.

Study or subgroup Risk-reduc-
ing surgery

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.3.1 BRCA1 or BRCA  

Domchek 2006 0 0 -2.3 (0.821) 5.09% 0.1[0.02,0.5]

Domchek 2010 0 0 -1.3 (0.86) 4.72% 0.27[0.05,1.46]

Heemskerk-Gerritsen 2015a 0 0 0.1 (0.248) 19.27% 1.09[0.67,1.77]

Kotsopoulos 2017 0 0 -0.1 (0.13) 24.19% 0.89[0.69,1.15]

Kramer 2005 0 0 -1 (0.474) 11.06% 0.38[0.15,0.96]

Rebbeck 1999 0 0 -0.6 (0.242) 19.55% 0.53[0.33,0.85]

Rebbeck 2002 0 0 -0.7 (0.323) 16.12% 0.49[0.26,0.92]

Favours RRSO 1000.01 100.1 1 Favours control
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Study or subgroup Risk-reduc-
ing surgery

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Subtotal (95% CI)       100% 0.58[0.39,0.88]

Heterogeneity: Tau2=0.16; Chi2=17.27, df=6(P=0.01); I2=65.26%  

Test for overall effect: Z=2.61(P=0.01)  

Favours RRSO 1000.01 100.1 1 Favours control

 
 

Analysis 1.4.   Comparison 1 Risk-reducing salpingo-oophorectomy (RRSO) versus
no RRSO in BRCA1 or BRCA2 mutation carriers, Outcome 4 HGSC incidence.

Study or subgroup Risk-reduc-
ing surgery

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.4.1 BRCA1 or BRCA2  

Domchek 2006 4/310 32/542 26.73% 0.22[0.08,0.61]

Heemskerk-Gerritsen 2015a 5/333 9/476 26.37% 0.79[0.27,2.35]

Ingham 2013 1/108 37/457 19.91% 0.11[0.02,0.82]

Rebbeck 2002 4/518 116/584 27% 0.04[0.01,0.1]

Subtotal (95% CI) 1269 2059 100% 0.17[0.04,0.75]

Total events: 14 (Risk-reducing surgery), 194 (Control)  

Heterogeneity: Tau2=1.88; Chi2=18.78, df=3(P=0); I2=84.02%  

Test for overall effect: Z=2.34(P=0.02)  

   

Total (95% CI) 1269 2059 100% 0.17[0.04,0.75]

Total events: 14 (Risk-reducing surgery), 194 (Control)  

Heterogeneity: Tau2=1.88; Chi2=18.78, df=3(P=0); I2=84.02%  

Test for overall effect: Z=2.34(P=0.02)  

Favours RRSO 1000.01 100.1 1 Favours control

 
 

Analysis 1.5.   Comparison 1 Risk-reducing salpingo-oophorectomy (RRSO) versus
no RRSO in BRCA1 or BRCA2 mutation carriers, Outcome 5 Breast cancer incidence.

Study or subgroup Risk-reduc-
ing surgery

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.5.1 BRCA1 or BRCA2  

Domchek 2006 11/155 34/271 14.56% 0.57[0.3,1.08]

Heemskerk-Gerritsen 2015a 42/346 47/476 19.18% 1.23[0.83,1.82]

Kotsopoulos 2017 143/1552 207/2170 22.12% 0.97[0.79,1.18]

Kramer 2005 3/33 27/65 8.39% 0.22[0.07,0.67]

Rebbeck 1999 10/43 30/79 15.23% 0.61[0.33,1.13]

Rebbeck 2002 21/99 60/142 18.59% 0.5[0.33,0.77]

Rebbeck 2004 0/57 24/107 1.93% 0.04[0,0.61]

Subtotal (95% CI) 2285 3310 100% 0.64[0.43,0.96]

Total events: 230 (Risk-reducing surgery), 429 (Control)  

Heterogeneity: Tau2=0.18; Chi2=24.27, df=6(P=0); I2=75.28%  

Test for overall effect: Z=2.16(P=0.03)  

   

Favours RRSO 1000.01 100.1 1 Favours control
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Study or subgroup Risk-reduc-
ing surgery

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total (95% CI) 2285 3310 100% 0.64[0.43,0.96]

Total events: 230 (Risk-reducing surgery), 429 (Control)  

Heterogeneity: Tau2=0.18; Chi2=24.27, df=6(P=0); I2=75.28%  

Test for overall effect: Z=2.16(P=0.03)  

Favours RRSO 1000.01 100.1 1 Favours control

 
 

Analysis 1.6.   Comparison 1 Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in
BRCA1 or BRCA2 mutation carriers, Outcome 6 Quality of life (ovarian cancer risk perception).

Study or subgroup Risk-reducing surgery Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

1.6.1 BRCA1 or BRCA2  

Madalinska 2007 100 53.3 (23.8) 100 37.9 (24.1) 15.4[8.76,22.04]

Favours control 10050-100 -50 0 Favours RRSO

 
 

Analysis 1.7.   Comparison 1 Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO
in BRCA1 or BRCA2 mutation carriers, Outcome 7 Quality of life (global health status).

Study or subgroup Risk-reduc-
ing surgery

Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Madalinska 2007 118 76 (20.6) 42 79.8 (17.9) 0% -3.8[-10.37,2.77]

Favours control 10050-100 -50 0 Favours RRSO

 
 

Analysis 1.8.   Comparison 1 Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO
in BRCA1 or BRCA2 mutation carriers, Outcome 8 Quality of life (general health perception).

Study or subgroup Risk-reduc-
ing surgery

Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Madalinska 2007 118 70.9 (20.5) 42 82 (13.3) 0% -11.1[-16.56,-5.64]

Favours control 10050-100 -50 0 Favours RRSO

 
 

Analysis 1.9.   Comparison 1 Risk-reducing salpingo-oophorectomy (RRSO) versus no
RRSO in BRCA1 or BRCA2 mutation carriers, Outcome 9 Quality of life (mental health).

Study or subgroup Risk-reducing surgery Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

Madalinska 2007 118 70.2 (16.6) 42 73.1 (14.5) -2.9[-8.21,2.41]

Favours control 10050-100 -50 0 Favours RRSO
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Analysis 1.10.   Comparison 1 Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in
BRCA1 or BRCA2 mutation carriers, Outcome 10 Quality of life (breast cancer risk perception).

Study or subgroup Risk-reducing surgery Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

1.10.1 BRCA1 or BRCA2  

Madalinska 2007 100 62.8 (26.5) 100 54.6 (26.5) 8.2[0.85,15.55]

Favours control 10050-100 -50 0 Favours RRSO

 
 

Comparison 2.   Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO according to BRCA mutation status

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 Overall survival 3   Hazard Ratio (Random, 95% CI) 0.35 [0.25, 0.50]

1.1 BRCA1 only 3   Hazard Ratio (Random, 95% CI) 0.30 [0.17, 0.52]

1.2 BRCA2 only 2   Hazard Ratio (Random, 95% CI) 0.44 [0.23, 0.85]

2 High-grade serous can-
cer (HGCS) mortality

2   Hazard Ratio (Random, 95% CI) 0.10 [0.02, 0.41]

2.1 BRCA1 only 2   Hazard Ratio (Random, 95% CI) 0.10 [0.02, 0.41]

2.2 BRCA2 only 2   Hazard Ratio (Random, 95% CI) 0.0 [0.0, 0.0]

3 Breast cancer mortality 6   Hazard Ratio (Random, 95% CI) 0.59 [0.35, 1.00]

3.1 BRCA1 only 4   Hazard Ratio (Random, 95% CI) 0.45 [0.30, 0.67]

3.2 BRCA2 only 3   Hazard Ratio (Random, 95% CI) 0.88 [0.42, 1.87]

4 Quality of life (ovarian
cancer risk perception)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

4.1 BRCA1 only 1   Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

4.2 BRCA2 only 1   Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

 
 

Analysis 2.1.   Comparison 2 Risk-reducing salpingo-oophorectomy (RRSO)
versus no RRSO according to BRCA mutation status, Outcome 1 Overall survival.

Study or subgroup Control Risk-reduc-
ing surgery

log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.1.1 BRCA1 only  

Domchek 2006 0 0 -1.3 (0.541) 10.56% 0.26[0.09,0.75]

Domchek 2010 0 0 -1 (0.235) 56.25% 0.38[0.24,0.6]

Favours RRSO 1000.01 100.1 1 Favours control
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Study or subgroup Control Risk-reduc-
ing surgery

log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Ingham 2013 0 0 -2.1 (0.707) 6.18% 0.12[0.03,0.48]

Subtotal (95% CI)       72.99% 0.3[0.17,0.52]

Heterogeneity: Tau2=0.07; Chi2=2.6, df=2(P=0.27); I2=23.03%  

Test for overall effect: Z=4.32(P<0.0001)  

   

2.1.2 BRCA2 only  

Domchek 2010 0 0 -0.7 (0.439) 16.06% 0.52[0.22,1.23]

Ingham 2013 0 0 -1.1 (0.531) 10.95% 0.34[0.12,0.96]

Subtotal (95% CI)       27.01% 0.44[0.23,0.85]

Heterogeneity: Tau2=0; Chi2=0.38, df=1(P=0.54); I2=0%  

Test for overall effect: Z=2.44(P=0.01)  

   

Total (95% CI)       100% 0.35[0.25,0.5]

Heterogeneity: Tau2=0; Chi2=3.53, df=4(P=0.47); I2=0%  

Test for overall effect: Z=5.92(P<0.0001)  

Test for subgroup differences: Chi2=0.76, df=1 (P=0.38), I2=0%  

Favours RRSO 1000.01 100.1 1 Favours control

 
 

Analysis 2.2.   Comparison 2 Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO
according to BRCA mutation status, Outcome 2 High-grade serous cancer (HGCS) mortality.

Study or subgroup Control Risk-reduc-
ing surgery

log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.2.1 BRCA1 only  

Domchek 2006 0 0 -3 (0.821) 34.19% 0.05[0.01,0.25]

Domchek 2006 0 0 -3 (0.821) 34.19% 0.05[0.01,0.25]

Domchek 2010 0 0 -0.8 (0.893) 31.63% 0.46[0.08,2.65]

Subtotal (95% CI)       100% 0.1[0.02,0.41]

Heterogeneity: Tau2=0.84; Chi2=4.34, df=2(P=0.11); I2=53.96%  

Test for overall effect: Z=3.19(P=0)  

   

2.2.2 BRCA2 only  

Domchek 2006 0 0 0 (0)   Not estimable

Domchek 2010 0 0 0 (0)   Not estimable

Subtotal (95% CI)       Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI)       100% 0.1[0.02,0.41]

Heterogeneity: Tau2=0.84; Chi2=4.34, df=2(P=0.11); I2=53.96%  

Test for overall effect: Z=3.19(P=0)  

Test for subgroup differences: Not applicable  

Favours RRSO 1000.01 100.1 1 Favours control
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Analysis 2.3.   Comparison 2 Risk-reducing salpingo-oophorectomy (RRSO) versus
no RRSO according to BRCA mutation status, Outcome 3 Breast cancer mortality.

Study or subgroup Control Risk-reduc-
ing surgery

log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.3.1 BRCA1 only  

Domchek 2006 0 0 -2 (0.955) 5.87% 0.13[0.02,0.84]

Domchek 2010 0 0 -1.2 (0.821) 7.3% 0.3[0.06,1.5]

Kramer 2005 0 0 -1 (0.474) 13.54% 0.38[0.15,0.96]

Rebbeck 1999 0 0 -0.6 (0.242) 19.83% 0.53[0.33,0.85]

Subtotal (95% CI)       46.52% 0.45[0.3,0.67]

Heterogeneity: Tau2=0; Chi2=2.52, df=3(P=0.47); I2=0%  

Test for overall effect: Z=3.91(P<0.0001)  

   

2.3.2 BRCA2 only  

Domchek 2010 0 0 0 (0)   Not estimable

Heemskerk-Gerritsen 2015a 0 0 0.1 (0.273) 18.97% 1.11[0.65,1.9]

Heemskerk-Gerritsen 2015a 0 0 0.6 (0.628) 10.24% 1.78[0.52,6.09]

Kotsopoulos 2017 0 0 0.2 (0.437) 14.49% 1.2[0.51,2.82]

Kotsopoulos 2017 0 0 -1.7 (0.654) 9.78% 0.18[0.05,0.65]

Subtotal (95% CI)       53.48% 0.88[0.42,1.87]

Heterogeneity: Tau2=0.35; Chi2=8.05, df=3(P=0.05); I2=62.72%  

Test for overall effect: Z=0.32(P=0.75)  

   

Total (95% CI)       100% 0.59[0.35,1]

Heterogeneity: Tau2=0.3; Chi2=17.94, df=7(P=0.01); I2=60.99%  

Test for overall effect: Z=1.98(P=0.05)  

Test for subgroup differences: Chi2=2.38, df=1 (P=0.12), I2=57.9%  

Favours RRSO 1000.01 100.1 1 Favours control

 
 

Analysis 2.4.   Comparison 2 Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO
according to BRCA mutation status, Outcome 4 Quality of life (ovarian cancer risk perception).

Study or subgroup Risk-reducing surgery Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

2.4.1 BRCA1 only  

Madalinska 2007 58 61 (20) 40 50.3 (20.8) 10.7[2.45,18.95]

   

2.4.2 BRCA2 only  

Madalinska 2007 42 42.4 (24.6) 60 29.4 (22.8) 13[3.59,22.41]

Favours control 10050-100 -50 0 Favours RRSO

 
 

Comparison 3.   Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in BRCA1 or BRCA2 mutation carriers
according to type of risk-reducing surgery

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Overall survival 1   Hazard Ratio (Random, 95%
CI)

Subtotals only
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 RRSO and risk-reducing mas-
tectomy (RRM) versus no RRSO

1   Hazard Ratio (Random, 95%
CI)

0.14 [0.02, 0.98]

2 Breast cancer mortality 1   Hazard Ratio (Random, 95%
CI)

Totals not selected

2.1 RRSO and RRM versus no RRSO 1   Hazard Ratio (Random, 95%
CI)

0.0 [0.0, 0.0]

 
 

Analysis 3.1.   Comparison 3 Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in BRCA1
or BRCA2 mutation carriers according to type of risk-reducing surgery, Outcome 1 Overall survival.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

3.1.1 RRSO and risk-reducing mastectomy (RRM) versus no RRSO  

Ingham 2013 42 219 -2 (0.993) 100% 0.14[0.02,0.98]

Subtotal (95% CI)       100% 0.14[0.02,0.98]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.98(P=0.05)  

Favours RRSO 1000.01 100.1 1 Favours control

 
 

Analysis 3.2.   Comparison 3 Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in BRCA1 or
BRCA2 mutation carriers according to type of risk-reducing surgery, Outcome 2 Breast cancer mortality.

Study or subgroup Experimental Control log[Haz-
ard Ratio]

Hazard Ratio Hazard Ratio

  N N (SE) IV, Random, 95% CI IV, Random, 95% CI

3.2.1 RRSO and RRM versus no RRSO  

Heemskerk-Gerritsen 2015a 0 0 -0.2 (0.217) 0.78[0.51,1.19]

Favours RRSO 1000.01 100.1 1 Favours control

 
 

Comparison 4.   Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in BRCA1 mutation carriers according
to age at RRSO

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Breast cancer mortality 3   Hazard Ratio (Random, 95% CI) 0.85 [0.64, 1.11]

1.1 50 years or less 3   Hazard Ratio (Random, 95% CI) 0.78 [0.55, 1.09]

1.2 Above 50 years 3   Hazard Ratio (Random, 95% CI) 1.27 [0.67, 2.38]
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Analysis 4.1.   Comparison 4 Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO
in BRCA1 mutation carriers according to age at RRSO, Outcome 1 Breast cancer mortality.

Study or subgroup Control Risk-reduc-
ing surgery

log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

4.1.1 50 years or less  

Heemskerk-Gerritsen 2015a 0 0 0.1 (0.273) 20.59% 1.11[0.65,1.9]

Kotsopoulos 2017 0 0 -0.2 (0.185) 36.08% 0.79[0.55,1.13]

Rebbeck 1999 0 0 -0.6 (0.235) 25.99% 0.57[0.36,0.9]

Subtotal (95% CI)       82.66% 0.78[0.55,1.09]

Heterogeneity: Tau2=0.04; Chi2=3.46, df=2(P=0.18); I2=42.17%  

Test for overall effect: Z=1.45(P=0.15)  

   

4.1.2 Above 50 years  

Heemskerk-Gerritsen 2015a 0 0 0.6 (0.628) 4.68% 1.78[0.52,6.09]

Kotsopoulos 2017 0 0 0.2 (0.437) 9.21% 1.2[0.51,2.82]

Rebbeck 1999 0 0 -0.1 (0.736) 3.45% 0.93[0.22,3.93]

Subtotal (95% CI)       17.34% 1.27[0.67,2.38]

Heterogeneity: Tau2=0; Chi2=0.49, df=2(P=0.78); I2=0%  

Test for overall effect: Z=0.74(P=0.46)  

   

Total (95% CI)       100% 0.85[0.64,1.11]

Heterogeneity: Tau2=0.02; Chi2=5.99, df=5(P=0.31); I2=16.47%  

Test for overall effect: Z=1.21(P=0.23)  

Test for subgroup differences: Chi2=1.78, df=1 (P=0.18), I2=43.76%  

Favours RRSO 1000.01 100.1 1 Favours control

 
 

Comparison 5.   Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO in BRCA2 mutation carriers according
to age at RRSO

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Breast cancer mortality 2   Hazard Ratio (Random, 95% CI) 0.88 [0.42, 1.87]

1.1 50 years or less 2   Hazard Ratio (Random, 95% CI) 0.49 [0.08, 2.90]

1.2 Above 50 years 2   Hazard Ratio (Random, 95% CI) 1.36 [0.68, 2.75]

 
 

Analysis 5.1.   Comparison 5 Risk-reducing salpingo-oophorectomy (RRSO) versus no RRSO
in BRCA2 mutation carriers according to age at RRSO, Outcome 1 Breast cancer mortality.

Study or subgroup Control Risk-reduc-
ing surgery

log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

5.1.1 50 years or less  

Heemskerk-Gerritsen 2015a 0 0 0.1 (0.273) 34.37% 1.11[0.65,1.9]

Kotsopoulos 2017 0 0 -1.7 (0.654) 18.87% 0.18[0.05,0.65]

Subtotal (95% CI)       53.24% 0.49[0.08,2.9]

Favours RRSO 1000.01 100.1 1 Favours control
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Study or subgroup Control Risk-reduc-
ing surgery

log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Heterogeneity: Tau2=1.4; Chi2=6.6, df=1(P=0.01); I2=84.84%  

Test for overall effect: Z=0.78(P=0.43)  

   

5.1.2 Above 50 years  

Heemskerk-Gerritsen 2015a 0 0 0.6 (0.628) 19.7% 1.78[0.52,6.09]

Kotsopoulos 2017 0 0 0.2 (0.437) 27.05% 1.2[0.51,2.82]

Subtotal (95% CI)       46.76% 1.36[0.68,2.75]

Heterogeneity: Tau2=0; Chi2=0.27, df=1(P=0.61); I2=0%  

Test for overall effect: Z=0.87(P=0.39)  

   

Total (95% CI)       100% 0.88[0.42,1.87]

Heterogeneity: Tau2=0.35; Chi2=8.05, df=3(P=0.05); I2=62.72%  

Test for overall effect: Z=0.32(P=0.75)  

Test for subgroup differences: Chi2=1.1, df=1 (P=0.29), I2=8.88%  

Favours RRSO 1000.01 100.1 1 Favours control

 

 

A D D I T I O N A L   T A B L E S
 

Judgement Within each domain Across domains Criterion

Low risk of bias The study is comparable to a well-
performed randomised trial with
regard to this domain.

The study is comparable to a
well-performed randomised
trial.

The study is judged to be at low risk of
bias

for all domains.

Moderate risk of
bias

The study is sound for a non-ran-
domised study with regard to this
domain but cannot be considered
comparable to a well-performed
randomised trial.

The study provides sound ev-
idence for a non-randomised
study but cannot be consid-
ered comparable to a well-
performed randomised trial.

The study is judged to be atlow or
moderate risk of bias for all domains.

Serious risk of bias The study has some important
problems in this domain.

The study has some impor-
tant problems.

The study is judged to be at serious
risk of bias in at least 1 domain, but
not at critical risk of bias in any do-
main.

Critical risk of bias The study is too problematic in this
domain to provide any useful ev-
idence on the effects of interven-
tion.

The study is too problemat-
ic to provide any useful evi-
dence and should not be in-
cluded in any synthesis.

The study is judged to be at critical
risk of bias in at least 1 domain.

No information No information on which to base
a judgement about risk of bias for
this domain

No information on which to
base a judgement about risk
of bias.

There is no clear indication that the
study is at serious or critical risk of bias
and there is a lack of information in 1
or more key domains of bias (a judge-
ment is required for this).

Table 1.   Interpretation of domain levels and overall risk of bias judgement in ROBINS-I 

ROBINS-I: Risk Of Bias In Non-randomised Studies-of Interventions.
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Study ID Bias due to missing
data

Bias in measurement of out-
comes

Bias in selection of the re-
ported result

Overall bias

Domchek 2006 Low Low Low Moderate

Support for
judgement

Quote: "Question-
naires were adminis-
tered at every centre
and were self-admin-
istered or completed
with the help of clini-
cal-research staH."

All missing data were
analysed (inten-
tion-to-treat).

Quote: "For our primary analysis,
we undertook a matched design
that selected controls who had
not undergone BPSO at any time
during follow-up, and who were
matched within 5 years of age to
the corresponding one.”

Quote: "Follow-up data for
BPSO, cancer diagnoses,
and deaths were verified by
review of medical records,
and surgical notes, patholo-
gy reports, or both."

At least 1 of the
domain was
moderate.

Domchek 2010 Moderate Low Low Moderate

Support for
judgement

Quote: "When miss-
ing data were encoun-
tered, the individual
was dropped from
the analysis that in-
volved the missing da-
ta point, but the indi-
vidual was included in
other analyses where
complete data were
available; in fact, be-
cause many of the da-
ta items were required
for enrolment missing
data was only applica-
ble to ovarian cancer
endpoints, with miss-
ing OCP data."

Quote: "For BC endpoints, women
were excluded if they under-
went RRM prior to ascertainment.
Women who had RRM after ascer-
tainment but before RRSO were
considered unexposed and were
censored at RRM. Women were fol-
lowed until BC or were censored at
OC, RRM, death, or last contact."

Quote: "A robust vari-
ance-covariance estimation
method was used to correct
for non-independence of
observations among partic-
ipants from the same fam-
ily or within centers... Ad-
justment for year of birth
was undertaken in all analy-
ses using Cox regression.
Oral contraceptive use was
adjusted for when OC was
the outcome. Adjustment
for center of ascertainment
was undertaken by strati-
fying analyses by center to
avoid imposing linear con-
straints in the model."

At least 1 of the
domain was
moderate.

Heemskerk-Ger-
ritsen 2015a

Moderate Low Low Moderate

Support for
judgement

Quote: "Eventually,
parity was not con-
sidered as a potential
confounder because
of the large proportion
(41.0%) of missing da-
ta on this variable."

Quote: "We performed sensitivi-
ty analyses to estimate the effect
of RRSO on BC risk in different set-
tings. First, to investigate the effect
of excluding the BC-free time be-
fore RRM, we estimated BC risk re-
duction after RRSO for participants
who never underwent RRM."

Quote: "We adjusted our
analyses for differences in
age by using chronological
age as the time variable."

At least 1 of the
domain was
moderate.

Ingham 2013 Low Moderate Low Moderate

Support for
judgement

Quote: "Women were
censored at either
date of last follow-up
(date of last contact
with the genetics de-
partment or other
NHS service) or date of

Quote: "Date of breast cancer was
confirmed in the family files or
from records at the North West
Cancer Intelligence Service

Quote: "The proportional
hazards assumption was
checked in all analyses by
looking at log–log plots and
Schoenfeld residuals."

At least 1 of the
domain was
moderate.

Table 2.   ROBINS-I 
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death (obtained from
NWCIS or death certifi-
cation).” No evidence
of missing data.

(NWCIS)." Also, possible testing
bias of women who developed
cancer was made.

Kotsopoulos
2017

Moderate Low Moderate Moderate

Support for
judgement

Quote: "Women with
both a BRCA1 and BR-
CA2 mutation were
coded as missing."

Quote: "We also performed analy-
ses stratified by BRCA mutation
type, estrogen receptor status of
the tumor, and excluding women
with an oophorectomy at or prior
to the baseline questionnaire, as
well as analyses censoring at dif-
ferent ages."

Quote: "this finding was
based on a post hoc analy-
sis."

At least 1 of the
domain was
moderate.

Kramer 2005 Low Moderate Low Serious

Support for
judgement

There was no evidence
of missing data.

Quote: "A competing risks mod-
el (with death as the competing
risk) was then used to estimate the
10-year cumulative incidence of
breast cancer in the two groups of
BRCA1 mutation carriers (ie, those
with and without ovaries)."

Quote: "To provide esti-
mates of the absolute risk
of breast cancer by age in
mutation carriers, landmark
analyses were performed in
which oophorectomy was
treated as a time-fixed co-
variate, as defined at the
beginning of a given age in-
terval. Follow-up time was
divided into 10-year inter-
vals, with mutation carri-
ers divided into two groups
based on oophorectomy
status at the beginning of
that interval (and condition-
al on the participant being
alive and breast cancer free
at that time)."

At least 1 of the
domain was seri-
ous.

Madalinska 2007 Low Low Low Moderate

Support for
judgement

Quote: "These records
were complete, and in
cases where there was
any uncertainty, con-
tact was sought with
the responsible gy-
necologist." "Non re-
spondents did not dif-
fer significantly from
respondents regarding
age or choice of pre-
ventive measure."

Quote: "All raw scale scores were
linearly converted to a 0 to100
scale, with higher scores indicat-
ing better perceived health, men-
tal health, and quality of life. The
internal consistency reliability of
the two Short Form-36 scales was
high (α = 0.81 and 0.85)."

Quote: "Because of restric-
tions by the medical ethics
committees, no other clini-
cal data on the nonrespon-
dents were available (eg,
DNA status)."

At least 1 of the
domain was
moderate.

Rebbeck 1999 Low Low Moderate Moderate

Support for
judgement

Quote: "However, only
BRCA1 mutation carri-
ers were studied here,
and no OCCR region

Quote: "Because most women
were followed only until the time
of censoring or until the diagnosis
of breast cancer, the incidences re-

Quote: "Furthermore, the
inferences from both the ro-
bust and nonrobust analy-
ses were identical. There-

At least 1 of the
domain was
moderate.

Table 2.   ROBINS-I  (Continued)
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has been identified in
BRCA1." No evidence
of missing data.

ported here do not represent life-
time breast cancer risks in BRCA1
mutation carriers."

fore, only the standard
model results are present-
ed."

Rebbeck 2002 Moderate Low Low Moderate

Support for
judgement

Quote: "Bias that aris-
es when later fol-
low-up is missing for
individuals initially in-
cluded and followed."

Quote: "on vital status and the oc-
currence of cancer was obtained
from medical records, telephone
interviews, self-administered
questionnaires, or a combination
of these. For women who had died
since their entry into the study,
we reviewed medical records and
family-history reports to establish
the presence or absence of cancer
and to verify that they had died."

Quote: "For women who
had died since their entry
into the study, we reviewed
medical records and fam-
ily-history reports to es-
tablish the presence or ab-
sence of cancer and to veri-
fy that they had died."

At least 1 of the
domain is mod-
erate.

Rebbeck 2004 Moderate Low Low Moderate

Support for
judgement

Quote: "Percentages
calculated using non-
missing data."

Quote: "Survival analyses were ad-
justed to account for duration of
endogenous ovarian hormone ex-
posure as measured by the time
from age at menarche to age at bi-
lateral prophylactic
oophorectomy or menopause,
whichever was sooner."

Quote: "Subjects were cen-
sored at the date they de-
veloped ovarian cancer, or
died, or at the date of last
contact. Diagnosis of inva-
sive breast cancer or ductal
carcinoma-in-situ was con-
sidered the primary event of
interest."

At least 1 of the
domain is mod-
erate.

Table 2.   ROBINS-I  (Continued)

BC: Breast Cancer; BPSO: Bilateral prophylactic salpingo-oophorectomy; BRCA1: breast cancer 1 gene; BRCA2: breast cancer 2 gene; NHS:
National Health Service; NWCI: North West Cancer Intelligence Service; SOC: Site of Care; OCP: Oral Contraceptive Pill; ROBIS-I: Risk
Of Bias In Non-randomised Studies-of Interventions; RRM: risk-reducing bilateral mastectomy; RRSO: risk-reducing bilateral salpingo-
oophorectomy.
 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

#1. MeSH descriptor: [Ovarian Neoplasms] explode all trees
#2. MeSH descriptor: [Fallopian Tube Neoplasms] this term only
#3. MeSH descriptor: [Peritoneal Neoplasms] this term only
#4. MeSH descriptor: [Breast Neoplasms] explode all trees
#5. BRCA1 or BRCA2
#6. ((ovar* or fallopian* or peritone* or breast or mammary) near5 (cancer* or neoplasm* or tumor* or tumour* or malignan* or carcinoma*
or adenocarcinoma*))
#7. #1 or #2 or #3 or #4 or #5 or #6
#8. MeSH descriptor: [Salpingectomy] this term only
#9. MeSH descriptor: [Ovariectomy] this term only
#10. oophorectom* or salping* or ovariectom* or RRSO*
#11. #8 or #9 or #10
#12. #7 and #11

Appendix 2. MEDLINE search strategy

1 exp Ovarian Neoplasms/
2 Fallopian Tube Neoplasms/
3 Peritoneal Neoplasms/
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4 exp Breast Neoplasms/
5 (BRCA1 or BRCA2).mp.
6 ((ovar* or fallopian* or peritone* or breast or mammary) adj5 (cancer* or neoplasm* or tumor* or tumour* or malignan* or carcinoma*
or adenocarcinoma*)).mp.
7 1 or 2 or 3 or 4 or 5 or 6
8 Salpingectomy/
9 Ovariectomy/
10 (oophorectom* or salping* or ovariectom* or RRSO*).mp.
11 8 or 9 or 10
12 7 and 11
13 randomized controlled trial.pt.
14 controlled clinical trial.pt.
15 randomized.ab.
16 placebo.ab.
17 clinical trials as topic.sh.
18 randomly.ab.
19 trial.ti.
20 exp cohort studies/
21 (cohort* or prospective* or retrospective*).mp.
22 (case* and series).mp.
23 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22
24 12 and 23
25 exp animals/ not humans.sh.
26 24 not 25

key:

mP = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier
pt = publication type
ab = abstract
ti = title
sh = subject heading

Appendix 3. Embase search strategy

1. exp ovary tumor/
2. uterine tube tumor/
3. peritoneum tumor/
4. exp breast tumor/˜
5. (BRCA1 or BRCA2).mp.˜
6. ((ovar* or fallopian* or peritone* or breast or mammary) adj5 (cancer* or neoplasm* or tumor* or tumour* or malignan* or carcinoma*
or adenocarcinoma*)).mp.
7. 1 or 2 or 3 or 4 or 5 or 6
8. salpingectomy/
9. ovariectomy/
10. (oophorectom* or salping* or ovariectom* or RRSO*).mp.
11. 8 or 9 or 10
12. 7 and 11
13. Crossover procedure/
14. Double-blind procedure/
15. Randomized controlled trial/
16. Single-blind procedure/
17. Random*.mp.
18. Factorial*.mp.
19. (crossover* or cross over* or cross-over*).mp.
20. Placebo*.mp.
21. (double* adj blind*).mp.
22. (singl* adj blind*).mp.
23. Assign*.mp.
24. Allocate*.mp.
25. Volunteer*.mp.
26. exp cohort analysis/
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27. exp prospective study/
28. (cohort* or prospective* or retrospective*).mp.
29. (case* and series).mp.
30. 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29
31. 12 and 30

key:
mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier
pt = publication type
ab = abstract
ti = title
sh = subject heading

C O N T R I B U T I O N S   O F   A U T H O R S

Study conception and design: all review authors.
Acquisition of data: GE, AE and IE.
Analysis and interpretation: GE, AE, IE, JI, EU and OO.
DraJing of manuscript: GE, AE, IE, JI and EU.
Overall check: all review authors.
The review update will be undertaken by GE.

D E C L A R A T I O N S   O F   I N T E R E S T

GE: none known.
AE: none known.
IE: none known.
JI: none known.
EU: none known.
OO: none known.

S O U R C E S   O F   S U P P O R T

Internal sources

• None, Other.

External sources

• National Institute for Health Research, via Cochrane Infrastructure funding to the Cochrane Gynaecological, Neuro-oncology and
Orphan Cancer Group, UK.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

In order to attune to the current recommended risk of bias assessment for non-randomised studies, we replaced the previously planned
Cochrane 'Risk of bias' assessment tool (Higgins 2011) by ROBINS-I. The previously planned assessment included the following.

• Selection bias: random sequence generation and allocation concealment.

• Performance bias: blinding of participants and personnel (participants and treatment providers).

• Detection bias: blinding of outcome assessment.

• Attrition bias: incomplete outcome data.

• Reporting bias: selective reporting of outcomes.

• Other possible sources of bias.

Since none of the studies had more than two groups. We omitted the short paragraph about dealing with multiple treatment groups. The
previously planned assessment under 'data synthesis' included the following.

If any studies had multiple treatment groups, we divided the 'shared' comparison group into the number of treatment groups and
comparisons between each treatment group and treated the split comparison group as independent comparisons.

Since it would be ethically challenging to restrict RRSO treatment to women requiring it. We have now modified the section and appended
the following: Types of studies:
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Randomised controlled trials (RCTs) and quasi-randomised trials (studies where participant allocation or enrolment is open to systematic
bias/errors, as all participants do not have an equal chance of being in one group or the other) were unlikely or not possible due to ethical
reasons. Both type of study design, rather than only RCTs, are ethically impossible. Therefore we examined the following types of studies.

• Non-randomised trials, prospective and retrospective cohort studies, and case series (all with concurrent comparison groups).

The previously planned assessment under 'types of studies' included the following.

• Quasi-randomised trials (studies where participant allocation or enrolment is open to systematic bias/errors, as all participants do not
have an equal chance of being in one group or the other).

• Non-randomised trials, prospective and retrospective cohort studies, and case series (all with concurrent comparison groups).

Since there are many adverse events, we have now limited one of the main outcome measure to 'sever adverse events.'

Because of the relevance of breast cancer in the topic of the review, we handsearched the following breast cancer journals.

• Breast Cancer Research and Treatment.

• Breast Cancer Research.

• Clinical Breast Cancer.

• Breast Cancer.

• Journal of Breast Cancer.

• Open Breast Cancer Journal.

• Breast Cancer Online.

• Advances in Breast Cancer.

• Gastric and Breast Cancer.

• Current Breast Cancer Reports.

• Breast Cancer: Targets and Therapy.

Since ovarian cancer may originate from the tubes in some women, we have combined some of the outcomes to HGSC (from fallopian tube,
ovarian, and primary peritoneal cancer) mortality as a primary outcome measure or HGSC (from fallopian tube, serous tubal intraepithelial
carcinoma, ovarian, and primary peritoneal cancer) incidence.

Recovery, readmission was changed to Recovery/ readmission incidence while morbidity was changed to morbidity incidence so as to
identify the unit of measurement.

We reduced the adverse events into the severe adverse events for ease of comparison and removed:

• (intraoperative complications:) bladder injury;

• gastrointestinal tract injury - small or large bowel;

• vascular injury;

• (postoperative complications) infection; abscess/haematoma; bowel obstruction/ileus; bowel perforation; primary haemorrhage;
secondary haemorrhage; ureteric obstruction; cardiac or respiratory complications; neurological.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Genes, BRCA1;  *Genes, BRCA2;  Breast Neoplasms  [mortality]  [*prevention & control];  Heterozygote;  Mastectomy  [*methods];
  Mutation  [*genetics];  Ovarian Neoplasms  [mortality]  [*prevention & control];  Quality of Life;  Salpingo-oophorectomy  [adverse
eHects]  [mortality]  [*statistics & numerical data]

MeSH check words

Adult; Female; Humans; Middle Aged
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