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A B S T R A C T

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To assess the benefits and harms of risk-reducing bilateral salpingo-oophorectomy in women with BRCA1 or BRCA2 mutations.

B A C K G R O U N D

Description of the condition

Ovarian cancer is the fifth 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). There were an estimated 65,540 new diagnoses and

42,700 deaths from this disease in Europe in 2012, and 22,240

new diagnoses and 14,030 deaths in the USA in 2013 (ESMO

2013; NCCN 2014). The estimated lifetime risk for a woman

developing ovarian cancer is about 1/54 (ESMO 2013). The in-

cidence 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). Patients with

early stage disease have few or vague symptoms, which may con-

tribute to their late presentation (Ang 2011; NCCN 2014). More

than 70% of patients 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).
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Studies have shown that the presence of deleterious mutations

in the BRCA-1 or BRCA-2 gene has a decisive influence on the

development of various types of neoplasms, such as breast, ovar-

ian, tubal and peritoneal cancers (Eccles 2016; Guidozzi 2016;

Iavazzo 2016). Approximately, 10% of ovarian cancers and 3% to

5% of breast cancers are due to germline mutations in BRCA1

and BRCA2 genes (ACOG 2009). BRCA1 and BRCA2 are sep-

arate genes that map onto two different chromosomes, 17q21

and 13q12.3 respectively (Girolimetti 2014; Staples 2013). They

have distinctive primary sequences although interruption of ei-

ther BRCA gene leads to comparable pathophysiological effects,

in addition to similar cancer spectra. BRCA1 and BRCA2 are tu-

mour suppressor genes for DNA repair. In addition to, and as part

of, their roles as tumour suppressor genes, BRCA1 and BRCA2

are involved in myriad functions within cells, including homol-

ogous DNA repair, genomic stability, transcriptional regulation,

protein ubiquitination, chromatin remodeling and cell cycle con-

trol (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

individuals carry the mutations in the general population (ACOG

2009). In the UK, BRCA1 and BRCA2 mutations were identified

in 5.9% of women diagnosed with breast cancer under the age

of 36 years, and in 4.1% of women diagnosed with breast cancer

between the age of 36 and 45 years (Peto 1999). 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 fre-

quently in certain populations, including Ashkenazi Jews, French

Canadians and Icelanders (Hartge 1999; Lynch 2013). The life-

time 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). Specific mutations may be identified in the affected person,

through the full sequencing of BRCA1 and BRCA2, and a ’sin-

gle-site’ test could then be offered to other family members (Ford

1998). The result of this could be either (a) a deleterious mutation

is identified, or (b) no deleterious mutation is identified, or (c)

variants of uncertain significance (VUS) (Girolimetti 2014; Ready

2011). VUS are alterations in the DNA sequence that have un-

known effects on the protein function and disease risk, and often

constitute a major issue in BRCA diagnostic testing (Girolimetti

2014). Since undetectable BRCA1/2 mutations may be present,

those negative results may be uninformative (ACOG 2009).

In women with BRCA1 mutations, less than 2% to 3% of carriers

develop ovarian cancer by the age of 40. This increases to 10% to

21% by the age of 50. In women with BRCA2 mutations, less than

3% of carriers develop ovarian cancer by the age of 50. However,

26% to 34% of these women appear to develop breast cancer by

the age of 50 (Ford 1998; King 2003; Rebbeck 2002; Satagopan

2002; Struewing 1997). Recommendations have therefore been

made that women with BRCA1/2 mutations should be offered

risk-reducing salpingo-oophorectomy (RRSO) by the age of 40 or

when child-bearing 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 presenta-

tion (Lengyel 2013). Compared with family history-based testing,

population-based genetic testing in Ashkenazi Jews may detect

56% additional BRCA carriers (a high proportion of carriers not

identified by cancer family history-based testing), which may in-

crease requests for prophylactic surgery in the general populations

(Manchanda 2015a; Manchanda 2015b).

BRCA-positive women with ovarian cancer have a better prognosis

than controls in terms of overall survival due to greater chemosen-

sitivity of BRCA-positive tumours (Biglia 2016). The pathology of

cancer associated with BRCA1 and BRCA2 mutations is predom-

inantly high grade and of serous and endometrioid type, rather

than mucinous or 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). Recent 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 (Callahan 2007; NCCN 2014). Collaborative efforts

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

Available strategies to reduce the risk of developing BRCA1/2

mutation-associated gynaecological cancers include surveillance,

chemoprevention and risk-reducing surgery (Kauff 2002). Pro-

phylactic risk-reducing salpingo-oophorectomy (RRSO) refers to

the surgical removal of both fallopian tubes and ovaries as an op-

tion for women with BRCA1 or BRCA2 mutations not thought

to have cancer before the surgical procedure, but who have a high

lifetime ovarian cancer, fallopian tube cancer or breast cancer risk

(Rebbeck 2009; Shu 2016). In women at increased risk for ovarian

cancer, RRSO is a highly effective tool to lower the risk for both

ovarian cancer and breast cancer, although there remains a small

risk for developing cancer of the peritoneum (the lining of the ab-

domen) known as primary peritoneal cancer. The specific protocol

for RRSO for high-risk women involves exploring the pelvic or-

gans 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 in the abdomen), and removal of the ovaries and

fallopian tubes in their entirety. The ’Intensive’ RRSO protocol

includes: bilateral salpingo-oophorectomy and removal of entire
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length of the fallopian tubes, cytologic examination of peritoneal

washings, random peritoneal and omental biopsies (Powell 2011;

Powell 2014).

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). A study in 122 BRCA-mu-

tation positive women undergoing RRSO detected occult cancers

in 6% at the time of surgery; all of the cancers originated in fallop-

ian tubes (Callahan 2007). This study suggests that much of the

’ovarian’ cancer in BRCA carriers may begin in the fallopian tubes.

It is therefore important to remove the tubes in BRCA-mutation

carriers and to perform ’serial sectioning’ of the fallopian tubes to

exclude occult cancers or serous intra-epithelial 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 haema-

toxylin and eosin (H&E) sections are negative. This was reinforced

in a study involving 300 consecutive bilateral salpingectomies that

employed the SEE-FIM protocol and a single-H&E section per

block and had identified 68 cases of pelvic serous carcinoma, of

which 12 were associated with STIC lesions (Mahe 2013). The

sensitivity of a single-H&E section to detect STIC was evaluated

and revealed that of the 56 cases initially negative for STIC, four

additional cases (three associated with primary ovarian serous car-

cinoma and one associated with primary peritoneal serous carci-

noma) of STIC were detected after examination of multiple deeper

sections of the fallopian tubes. The single-H&E section SEE-FIM

approach therefore 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 tu-

mours (Crum 2007; Koc 2016; Leonhardt 2011).

Laparoscopy is the preferred method for performing a RRSO (Blok

2016), due to a lower morbidity than laparotomy. Although hys-

terectomy is not a part of risk-reducing surgery for BRCA1/2 mu-

tations, 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 tamox-

ifen to reduce risk of endometrial cancer (ACOG 2009). How-

ever, most clinicians view the role of synchronous hysterectomy as

controversial (Segev 2013; Shu 2016), as the risk of endometrial

cancer in women with hereditary breast and ovarian cancer is not

significantly elevated (Segev 2013).

Follow-up will vary based on whether or not a hysterectomy will

be performed and whether or not hormone replacement therapy

is prescribed. Early surgical menopause may increase some other

health risks and many experts recommend long-term follow-up to

monitor bone density and heart disease. Chemoprevention with

anti-oestrogens, especially in BRCA2 carriers, and breast surveil-

lance may be recommended after RRSO to reduce the risk of breast

cancer. In all the placebo-controlled trials in which tamoxifen was

studied as a chemopreventive agent, only the National Surgical

Adjuvant Breast and Bowel Project P-1 Study showed an increase

in endometrial cancer, and the absolute risk was 0.55% over five

years (Hartmann 2015). Thus, tamoxifen therapy remains an im-

portant option for the reduction of the risk of breast cancer in

premenopausal women and in women who cannot take aromatase

inhibitors (Hartmann 2016).

Recent data from Shu 2016 found that women with BRCA1 mu-

tations have a higher risk of developing a rare type of endometrial

cancer. They enrolled more than 1000 female BRCA1 or BRCA2

mutation carriers who had RRSO, but still had a uterus, and found

that BRCA1 mutations were associated with a serous endometrial

cancer (Shu 2016). Shu 2016 followed the women (median age

of 45.6 years) for several years after RRSO, comparing the inci-

dence of uterine cancer in this group with expected uterine cancer

rates, adjusted for age and race, from the Surveillance, Epidemi-

ology, and End Results database. Among the 1083 women en-

rolled, eight incident uterine cancers were observed (4.3 expected;

observed to expected [O:E] ratio, 1.9; 95% CI 0.8 to 3.7; P=

0.09). Although no increased risk for endometrioid endometrial

carcinoma or sarcoma was found after stratifying by subtype; five

serous or serous-like (serous/serous-like) endometrial carcinomas,

or both, were observed (four BRCA1+ and one BRCA2+) 7.2 to

12.9 years after RRSO (BRCA1: 0.18 expected [O:E ratio 22.2,

95% CI 6.1 to 56.9; P<0.001]; BRCA2: 0.16 expected [O:E ra-

tio, 6.4, 95% CI 0.2 to 35.5; P =0.15]) (Shu 2016). Combined

RRSO-hysterectomy may become the preferred risk-reducing sur-

gical approach for women with BRCA1 mutations, although may

not be appropriate for women who have extensive uterine adhe-

sions, had previous reproductive tract surgery, or may be consid-

ering a future pregnancy using assisted-reproductive approaches

(Leath 2016; Shu 2016).

The potential adverse effects of RRSO are associated surgical mor-

bidity and premature menopause in younger women. However,

the surgery also causes immediate surgical menopause, which can

be accompanied by short- and long-term side effects and health

consequences (Bober 2015). Apart from significant menopausal

symptoms, RRSO could lead to increased risk for bone min-

eral loss (osteopenia and osteoporosis) and cognitive dysfunction

(Guidozzi 2016). Risk for cardiovascular disease is also increased,

if the procedure is performed in women less than 50 years of age

(Guidozzi 2016). It is important for women who have under-

gone surgical menopause, or who are considering RRSO, to dis-

cuss menopausal symptoms and management with their health-

care team. Studies have found that short-term hormone replace-

ment therapy use does not negate the protective effect of salpingo-

oophorectomy on subsequent breast cancer risk in BRCA1/2 mu-

tation carriers until the time of expected natural menopause 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 effect on the risk
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of breast cancer associated with the use of a combination of oe-

strogen and progesterone, especially among younger women who

would use the agents for more than 10 years. Because of the the-

oretical increased risk of breast cancer associated with combined

treatment with oestrogen and progesterone HRT (compared with

oestrogen only HRT), the Society of Gynecologic Oncology sug-

gests the use of a progestin-containing intrauterine device to ac-

company oestrogen replacement and thus avoid the administra-

tion of systemic therapy with progestin (Walker 2015). However,

performing bilateral risk-reducing mastectomy (BRRM) may lead

to 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 patients who received BRRM plus

RRSO, and 46% when RRSO alone is 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). Ad-

ditionally, risk-reducing strategies have been shown to have associ-

ations 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 (re-

moval 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 recom-

mend that women with BRCA mutations should undergo RRSO

between the ages of 35 to 40 years or after childbearing is com-

pleted. Ovaries secrete the hormones that control the reproduc-

tive cycle. Surgical removal of ovaries will substantially reduce the

levels of the hormones oestrogen and progesterone that circulate

in the body (Finch 2006; 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 differ

between BRCA1 and BRCA2 carriers who choose RRSO (Powell

2011; Powell 2014; van Verschuer 2014). Kauff 2008 reported

from a multi-centered 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 muta-

tions. Kauff 2008 suggested that oophorectomy may be more pro-

tective for women with BRCA2 mutations, since their breast can-

cers are more likely to be hormone receptor-positive, while breast

cancers in BRCA1 mutation carriers are usually hormone recep-

tor-negative (van Verschuer 2014; Veronesi 2005). This observed

mechanism can be attributed to the carcinogenic effect of oestro-

gen metabolites-DNA adducts (Mitrunen 2003). 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 de-

velopment of breast tumours (Narod 2001). Thus, prophylactic

oophorectomy has the advantage of reducing the risk of breast can-

cer, as well as ovarian cancer. Breast cancer risk reduction surgery

in BRCA-mutation carriers who undergo RRSO may extend be-

yond women under 50 years (the average age of menopause), but

some studies have suggested a benefit for breast cancer risk reduc-

tion in women who underwent RRSO after 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 after natural

menopause, they continue producing some hormones, including

testosterone, which might explain why RRSO after menopause

still has protective effects against breast cancer.

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-off and transvaginal ultrasound

scan (TVS) did not detect early stage cancers (Hermsen 2007;

Stirling 2005). This was re-confirmed by the UK Familial Ovar-

ian Cancer Screening Study (UKFOCSS) (Rosenthal 2013a). Be-

tween 2002 and 2008, 3563 women underwent annual screening

with serum CA125 and transvaginal sonography (TVS). Whilst

the sensitivity for detection of incident ovarian cancer/fallopian

tube cancer within a year of the last annual screen was high (81.3%

to 87.5% depending on whether occult cancers were classified

as interval cancers or true positives), only 30.8% of screen-de-

tected ovarian cancer/fallopian tubes were Stage I/II. The prelim-

inary findings led to UK FOCSS Phase II where annual CA125

screening was replaced by four-monthly serum CA125 (Rosenthal

2013b). Whilst the results of the phase II study were encourag-

ing, screening at present cannot be considered a safe alternative to

RRSO. Similarly, a large randomised trial (the Prostate, Lung, Col-

orectal and Ovarian (PLCO) Cancer Screening Trial) found that

screening did not decrease mortality from ovarian cancer (Pinsky

2013).

Although surveillance for ovarian, peritoneal and fallopian tube

cancer has not been proven to be effective, RRSO has been widely

adopted as a key component of breast and gynaecological can-
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cer risk-reduction in women with BRCA1 or BRCA2 mutations

(Girolimetti 2014). The risk of breast cancer can be reduced ei-

ther with risk-reducing oophorectomy or mastectomy, or both

(Maeshima 2016), or non-surgically using effective screening and

prevention strategies (Rosenthal 2013b). However, due to the

overall lack of effective screening for ovarian cancer, RRSO is usu-

ally recommended to BRCA1/2 mutation carriers after comple-

tion of childbearing (Rebbeck 2009). Although some authors have

shown that fallopian tubes may be the cause of many gynaeco-

logical 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 can-

cer. More research is needed to completely understand the role

of the fallopian tubes in the development of these cancers. Al-

though a previous systematic review (Marchetti 2014), and meta-

analysis (Rebbeck 2009), have been conducted on the benefit of

RRSO in women with BRCA1 or BRCA2 mutations, its role in

reducing the incidence of breast, ovarian, fallopian and other can-

cers, including other health outcomes are still debatable (Fakkert

2015; Heemskerk-Gerritsen 2015). A Cochrane systematic review

is needed to assess the efficacy and adverse effects 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 risk-reducing bilateral salpingo-

oophorectomy 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) are unlikely or possible due

to ethical reasons. Therefore we will examine the following types

of studies.

• 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).

• We will exclude case-control studies and uncontrolled

observational studies.

In order to minimise selection bias, we will only include studies

that use statistical adjustment for baseline case mix using multi-

variable analyses.

Types of participants

Adult women, 18 years or older, with known BRCA1/2 mutations.

We will include women without a previous or co-existing breast

or ovarian or fallopian tube malignancy, as well as women with or

without concomitant hysterectomy. We will include women with

a mastectomy before, concomitant with, or after risk-reducing

salpingo-oophorectomy (RRSO), even if mastectomy has been

the focus of another Cochrane review (Lostumbo 2010). We will

exclude women with a previous or co-existing breast malignancy

and women with unilateral oophorectomy or salpingectomy or

salpingo-ophorectomy (both). In addition, we will exclude women

with prophylactic salpingectomy with delayed oophorectomy or

ovarian conservation (Harmsen 2015).

Types of interventions

Risk-reducing salpingo-oophorectomy (RRSO) (surgery to re-

move 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 have a high lifetime ovar-

ian 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

will assess survival from the time when women were enrolled in

the study.

• Ovarian cancer mortality (including fallopian tube cancer

and primary peritoneal cancer).

• Breast cancer mortality.

Secondary outcomes

• Ovarian cancer incidence.

• Fallopian tube cancer incidence.

• Serous tubal intraepithelial carcinoma incidence.

• Primary peritoneal cancer incidence.

• Breast cancer incidence.

• Bone fracture incidence.

• Disease-free survival: time from surgical procedure to

cancer diagnosis.

• Morbidity:

◦ direct surgical morbidity;
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◦ surgically related systemic morbidity e.g. chest/

wound/urine infection, venous thromboembolism, premature

menopause etc.

• Recovery, readmission

• Quality of life (QoL), measured using a scale that has been

validated through reporting of norms in a peer-reviewed

publication (Roila 2001; Spitzer 1981).

• Adverse events, classified according to CTCAE 2010:

surgery-related complications measured as the proportion of

women who develop one or more of the items below (according

to the study definition) within 12 weeks. We will classify

complications into intraoperative and postoperative

complications:

◦ intraoperative complications:

⋄ haemorrhage;

⋄ bladder injury;

⋄ gastrointestinal tract injury - small or large bowel;

⋄ vascular injuryUreteric injury;

⋄ cardiac or respiratory complications;

⋄ anaphylaxis;

◦ postoperative complications will be 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;

⋄ infection;

⋄ abscess/haematoma;

⋄ bowel obstruction/ileus;

⋄ bowel perforation;

⋄ primary haemorrhage;

⋄ secondary haemorrhage;

⋄ ureteric obstruction;

⋄ cardiac or respiratory complications;

⋄ pulmonary embolism;

⋄ deep vein thrombosis

⋄ neurological

⋄ psychiatric/psychosexual problem.

Search methods for identification of studies

We will search for papers in all languages and translate them as

necessary.

Electronic searches

We will search the following electronic databases.

• Cochrane Central Register of Controlled Trials

(CENTRAL, the Cochrane Library) (current issue).

• MEDLINE (January 1946 to date).

• Embase (January 1980 to date).

The MEDLINE search strategy is in Appendix 1. For databases

other than MEDLINE, we will adapt the search strategy accord-

ingly.

We will identify all relevant articles on PubMed and using the

’related articles’ feature and we will perform a further search for

newly published articles.

Searching other resources

Unpublished and grey literature

We will search the following for ongoing trials.

• The metaRegister of Controlled Trials (mRCT) (

www.controlled-trials.com/rct).

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

• USA National Institutes of Health (https://

clinicaltrials.gov/ct).

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

clinicaltrials).

• ISRCTN registry (www.isrctn.com/).

• The World Health Organization (WHO) International

Clinical Trials Registry Platform (ICTRP) (www.who.int/ictrp/

en/).

If ongoing trials that have not been published are identified

through these searches, we will approach the principal investiga-

tors, and major co-operative groups active in this area, to ask for

relevant data.

Handsearching

We will handsearch the citation lists of included studies, key text-

books and previous systematic reviews and contact experts in the

field to identify further reports of trials. We will also handsearch

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).

Data collection and analysis

Selection of studies
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We will download all titles and abstracts retrieved by electronic

searching to a reference management database (EndNote X7), and

will remove duplicates. Two review authors (GE and IE) will ex-

amine the remaining references independently. We will exclude

those studies that clearly do not meet the inclusion criteria and

we will obtain full-text copies of potentially relevant references.

Two review authors (GE and IE) will independently assess the el-

igibility of the retrieved reports/publications. We will resolve any

disagreement through discussion or, if required, we will consult a

third review author (AC). We will identify and exclude duplicates

and collate multiple reports of the same study so that each study

rather than each report is the unit of interest in the review. We

will record the selection process in sufficient detail to complete a

PRISMA flow diagram and ’Characteristics of excluded studies’

table (Liberati 2009).

Data extraction and management

For included studies, we will extract the following data.

• Author, year of publication and journal citation (including

language).

• Country.

• Setting.

• Inclusion and exclusion criteria.

• Study design, methodology.

• Study population:

◦ total number enrolled;

◦ participant characteristics (e.g. BRCA1, BRCA2 or

both);

◦ age;

◦ co-morbidities;

◦ 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 will compare 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 will extract the outcome

definition and unit of measurement (if relevant). For adjusted

estimates, we will record variables adjusted for in analyses.

• Results: we will extract the number of participants allocated

to each intervention group, the total number analysed for each

outcome, and the missing participants.

We will extract the results as follows.

• For time-to-event data (overall survival and disease-specific

survival), we will extract the log of the hazard ratio [log(HR)]

and its standard error from trial reports. If these are not reported,

we will attempt to estimate 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 will extract 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

will extract the final value and standard deviation 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 difference between treatment arms and its standard

error.

If reported, we will extract both unadjusted and adjusted statistics.

Where possible, all data extracted will be those relevant to an

intention-to-treat analysis, in which we will analyse participants

in groups to which they were assigned.

We will note the time points at which outcomes were collected

and reported.

Two review authors (GE and IE) will extract data independently

onto a data abstraction form specially designed for the review.

We will resolve differences between review authors by discussion

or by appeal to a third review author (AE) if necessary. We will

approach the principal investigators of included studies to ask for

any missing relevant unpublished data.

Assessment of risk of bias in included studies

We will assess the risk of bias in included studies using the

Cochrane ’Risk of bias’ assessment tool (Higgins 2011). This will

include assessment of 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.

Two review authors (GE and IE) will apply the ’Risk of bias’ as-

sessment tool independently and we will resolve any differences in

opinion by discussion or by appeal to a third review author (AE).

We will summarise results in both a ’Risk of bias’ graph and a ’Risk
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of bias’ summary. We will interpret the results of meta-analyses in

light of the findings with respect to risk of bias.

We have listed the individual ’Risk of bias’ items that we will adapt

for our review in Appendix 2.

Measures of treatment effect

We will use the following measures of the effect of treatment.

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

• For dichotomous outcomes, we will use the RR.

• For continuous outcomes, we will use the mean difference

between treatment arms.

Unit of analysis issues

We do not anticipate unit of analysis issues.

Dealing with missing data

We will not impute missing outcome data for the primary out-

comes. If data are missing or the included studies only report im-

puted data, we will contact trial authors to request data on the

outcomes only among participants who were assessed.

Assessment of heterogeneity

We will assess heterogeneity between studies by visual inspection of

forest plots, by estimation of the percentage heterogeneity between

trials that cannot 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 is

evidence of substantial heterogeneity, we will investigate and report

the possible reasons for this.

Assessment of reporting biases

When we suspect or there is direct evidence of selective outcome

reporting, we will ask the trial authors for additional information.

We will examine funnel plots corresponding to meta-analysis of

the primary outcome to assess the potential for small study effects,

such as publication bias, if we identify a sufficient number of

studies.

Data synthesis

If sufficient, clinically similar studies are available we will pool

their results in meta-analyses using Review Manager 5 (RevMan

5) (Review Manager 5).

• For time-to-event data, we will pool HRs using the generic

inverse variance facility of RevMan 5 (Review Manager 5).

• For any dichotomous outcomes, we will calculate the RR

for each study and we will then pool these values.

• For continuous outcomes, will pool the mean differences

between the treatment arms at the end of follow-up if all trials

measure the outcome on the same scale, otherwise we will pool

standardised mean difference values.

If any trials have multiple treatment groups, we will divide the

’shared’ comparison group into the number of treatment groups

and comparisons between each treatment group and treat the split

comparison group as independent comparisons.

We will use the random-effects models with inverse variance

weighting for all meta-analyses (DerSimonian 1986).

’Summary of findings’ table

We will assess the quality of evidence using the Grading of Recom-

mendations Assessment, Development and Evaluation (GRADE)

system, will use GRADEpro software and will present the re-

view results in ’Summary of findings’ (SoF) tables. A SoF table

(Appendix 3) consists of three parts: information about the re-

view, a summary of the statistical results, and the grade of the

quality of evidence. Appendix 3 displays a draft ’Summary of

findings’ table, which will be prepared to summarise the results

of the meta-analysis based on the methods described in Chapter

11 of the Cochrane Handbook for Systematic Reviews of Interven-
tions (Schünemann 2011). We will present the results of the meta-

analysis for the following outcomes as outlined in the Types of

outcome measures section.

• Overall survival.

• Ovarian cancer mortality.

• Breast cancer mortality.

• Bone fracture incidence.

• Quality of life

• Adverse events.

We will present the overall quality of the evidence for each outcome

according to the GRADE approach, which takes into account is-

sues 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 will be

used to judge whether the quality of the collected evidence should

be decreased if we are dealing with randomised clinical trials or

increased if we are dealing with observational studies. We will cre-

ate 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 will use the GRADE

checklist and GRADE Working Group quality of evidence defini-

tions (Meader 2014). We will downgrade the evidence from ’high’

quality by one level for serious (or by two for very serious) for each

limitation.

• High quality: we are very confident that the true effect lies

close to that of the estimate of the effect.
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• Moderate quality: we are moderately confident in the effect

estimate: The true effect is likely to be close to the estimate of the

effect, but there is a possibility that it is substantially different.

• Low quality: our confidence in the effect estimate is

limited: The true effect may be substantially different from the

estimate of the effect.

• Very low quality: we have very little confidence in the effect

estimate: The true effect is likely to be substantially different

from the estimate of effect.

If meta-analysis is not possible, we will present results in a narrative

‘Summary of findings’ table format, such as that used by Chan

2011.

Subgroup analysis and investigation of heterogeneity

We will subgroup by the BRCA mutations (BRCA1, BRCA2 or

both) and the type of surgery.

We will consider factors such as age, obesity, race, reproductive

history, ovarian stimulation, menstrual history, use of the oral con-

traceptives, breastfeeding, estrogens therapy, pelvic inflammatory

disease, length of follow-up and risk of bias status in our inter-

pretation of any heterogeneity. We will also consider women with

BRCA mutation carriers receiving bilateral prophylactic risk-re-

ducing oophorectomy with or without concomitant breast malig-

nancy, with or without concomitant hysterectomy, and with or

without concomitant mastectomy.

Sensitivity analysis

We will perform sensitivity analyses and we will exclude studies at

high risk of bias.
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A P P E N D I C E S

Appendix 1. MEDLINE search strategy

1 exp Ovarian Neoplasms/

2 Fallopian Tube Neoplasms/

3 Peritoneal Neoplasms/

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.
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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 2. ’Risk of bias’ assessment

Assessment of risk of bias in included randomised studies

• Random sequence generation

◦ Low risk of bias e.g. participants assigned to treatments on basis of a computer-generated random sequence or a table of

random numbers.

◦ High risk of bias e.g. participants assigned to treatments on basis of date of birth, clinic id-number or surname, or no

attempt to randomise participants.

◦ Unclear risk of bias e.g. not reported, information unavailable.

• Allocation concealment

◦ Low risk of bias e.g. where the allocation sequence could not be foretold.

◦ High risk of bias e.g. allocation sequence could be foretold by patients, investigators or treatment providers.

◦ Unclear risk of bias e.g. not reported.

• Blinding of outcomes assessors

◦ Low risk of bias if outcome assessors were adequately blinded.

◦ High risk of bias if outcome assessors were not blinded to the intervention that the participant received.

◦ Unclear risk of bias if this was not reported or unclear.

Blinding of participants and personnel is usually impossible for surgical interventions.

• Incomplete outcome data

We will record the proportion of participants whose outcomes were not reported at the end of the study. We will code a satisfactory

level of loss to follow-up for each outcome as follows.

• ◦ Low risk of bias, if fewer than 20% of patients were lost to follow-up and reasons for loss to follow-up were similar in both

treatment arms.

◦ High risk of bias, if more than 20% of patients were lost to follow-up or reasons for loss to follow-up differed between

treatment arms.

◦ Unclear risk of bias if loss to follow-up was not reported.

• Selective reporting of outcomes

◦ Low risk of bias e.g. review reports all outcomes specified in the protocol.

◦ High risk of bias e.g. it is suspected that outcomes have been selectively reported.
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◦ Unclear risk of bias e.g. it is unclear whether outcomes had been selectively reported.

• Other bias

◦ Low risk of bias if we do not suspect any other source of bias and the trial appears to be methodologically sound.

◦ High risk of bias if we suspect that the trial was prone to an additional bias.

◦ Unclear risk of bias if we are uncertain whether an additional bias may have been present.

Assessment of risk of bias in included non-randomised studies

We will assess the risk of bias in non-randomised controlled trials in accordance with four additional criteria concerning cohort selection

comparability of treatment groups.

• Relevant details of criteria for assignment of patients to treatments

◦ Low risk of bias e.g. yes.

◦ High risk of bias e.g. no.

◦ Unclear risk of bias.

• Representative group of patients who received the experimental intervention

◦ Low risk of bias, if representative of women with mutations in BRCA1 or BRCA2.

◦ High risk of bias, if groups of patients were selected.

◦ Unclear, if selection of group was not described.

• Representative group of patients who received the comparison intervention

◦ Low risk of bias, if drawn from the same population as the experimental cohort.

◦ High risk of bias, if drawn from a different source.

◦ Unclear risk of bias, if selection of group not described.

• No differences between the two groups or differences controlled for, in particular with reference to mutations (BRCA1 or

BRCA2 or both), type of surgery, age, obesity, race, reproductive history, ovarian stimulation, menstrual history, use of the oral

contraceptives, breastfeeding, estrogens therapy and pelvic inflammatory disease etc.

◦ Low risk of bias, if the study authors reported at least six of these characteristics.

◦ High risk of bias, if the six of these characteristics differed and differences were not controlled for.

◦ Unclear risk of bias, if fewer than six of these characteristics were reported even if there were no other differences between

the groups, and other characteristics were controlled for.

Appendix 3. Draft ’Summary of findings’ table

Title: Risk-reducing bilateral salpingo-oophorectomy in women with BRCA1 or BRCA2 mutations

Patient or population: adult women, 18 years or older, with known BRCA1/2 mutations

Settings: hospital

Intervention: risk-reducing salpingo-oophorectomy

Outcomes Illustrative comparative risks* Relative effect

(95% CI)

Number of par-

ticipants (stud-

ies)

Quality of evi-

dence

(GRADE)

Comment

Assumed risk Corresponding

risk

Overall survival

(HZ)
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(Continued)

Ovarian cancer

mortality (n)

Breast cancer

mortality (n)

Bone fracture in-

cidence (%)

Quality of life

Adverse events

(n)

*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% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

Abbreviations: CI: confidence interval; HR: hazard ratio; MD: mean difference; RR: risk ratio; OR: odds ratio; n: number of events

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change

the estimate.

Low quality: 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 quality: we are very uncertain about the estimate.
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