BACKGROUND

A novel oncogenetic clinic was established in 2002 at the Royal Marsden NHS Foundation Trust offering advice and specialist follow-up for families with a germline mutation in BRCA1 or BRCA2. The remit of this multidisciplinary clinic, staffed by individuals in both oncology and genetics, is to provide individualised screening recommendations, support in decision-making, risk-reducing strategies, cascade testing, and an extensive research portfolio.

METHODS

A retrospective analysis was performed to evaluate uptake of genetic testing, riskreducing surgery and cancer prevalence in 346 BRCA1/BRCA2 families seen between January 1996 and December 2006.

RESULTS

661 individuals attended the clinic and 406 mutation carriers were identified; 85.8% mutation carriers have chosen to attend for annual follow-up. 70% of mutation carriers elected for risk-reducing bilateral salpingo-oophorectomy (RRBSO). 32% of unaffected women chose risk-reducing bilateral mastectomy; 32% of women with breast cancer chose contralateral risk-reducing mastectomy at time of diagnosis. Some women took over eight years to decide to have surgery. 91% of individuals approached agreed to participate in research programmes.

INTERPRETATION

A novel specialist clinic for BRCA1/2 mutation carriers has been successfully established. The number of mutation positive families is increasing. This and high demand for RRBSO in women over 40 is inevitably going to place an increasing demand on existing health resources. Our clinic model has subsequently been adopted in other centres and this will greatly facilitate translational studies and provide a healthcare structure for management and follow up of such people who are at a high cancer risk.

INTRODUCTION

Clinical testing for BRCA1 and BRCA2 germline mutations through the National Health Service (NHS) became available in the United Kingdom (UK) in 1995-6. Whilst the population frequency of BRCA1 and BRCA2 mutations is not high, collectively they account for approximately five percent of breast and ovarian cancer, moreover the risks of these cancers are high in mutation carriers; with lifetime risks of an estimated 44-75% for breast cancer and 20-45% for ovarian cancer in BRCA1 and 10-20% in BRCA2 mutation carriers. [START_REF] Antoniou | Average risks of breast and ovarian cancer associated with BRCA1 or BRCA2 mutations detected in case Series unselected for family history: a combined analysis of 22 studies[END_REF][START_REF] King | Breast and ovarian cancer risks due to inherited mutations in BRCA1 and BRCA2[END_REF] An increased cancer risk is also recognised in men with BRCA2 mutations, conferring a six percent lifetime risk of breast cancer and a three to seven fold increased risk of developing prostate cancer. [START_REF] Cancer | Cancer risks in BRCA2 mutation carriers. The Breast Cancer Linkage Consortium[END_REF][START_REF] Liede | Cancer risks for male carriers of germline mutations in BRCA1 or BRCA2: a review of the literature[END_REF] Increasing demand for BRCA1/2 gene mutation testing from individuals with a family history of breast and/or ovarian cancer, coupled with advances in molecular diagnostics, has led to a rapid rise in the number of BRCA gene mutation carriers identified. However, there are no national or international guidelines for the long-term clinical management of carriers. For mutation carriers, there are a number of recommendations focussing on medical management, including surveillance programmes and risk-reducing surgery, but there are currently no national guidelines regarding the best means of maintaining contact with families. Ongoing contact is important for providing up-to-date information about changes in management, supporting decision-making, and disseminating information through the family.

Research is changing the way in which these patients are managed with the development of new modalities for early detection, an increased understanding of the impact of environmental and reproductive factors on modification of risk and with advances in chemoprevention and treatment options. [START_REF] Antoniou | Reproductive and Hormonal Factors, and Ovarian Cancer Risk for BRCA1 and BRCA2 Mutation Carriers: Results from the International BRCA1/2 Carrier Cohort Study[END_REF][START_REF] Rebbeck | Effect of short-term hormone replacement therapy on breast cancer risk reduction after bilateral prophylactic oophorectomy in BRCA1 and BRCA2 mutation carriers: the PROSE Study Group[END_REF][START_REF] Andrieu | Pregnancies, breast-feeding, and breast cancer risk in the International BRCA1/2 Carrier Cohort Study (IBCCS)[END_REF][START_REF] Brohet | Oral contraceptives and breast cancer risk in the international BRCA1/2 carrier cohort study: a report from EMBRACE, GENEPSO, GEO-HEBON, and the IBCCS Collaborating Group[END_REF] The best means of updating families and their health professionals on screening and prevention recommendations in a field that is constantly changing remains uncertain. [START_REF] Mckinnon | Results of an Intervention for Individuals and Families with BRCA Mutations: A Model for Providing Medical Updates and Psychosocial Support Following Genetic Testing[END_REF] Different models of ongoing follow-up have been evaluated reporting mixed results. [START_REF] Karp | The prophylactic mastectomy dilemma: A support group for women at high genetic risk for breast cancer[END_REF][START_REF] Prospero | Psychosocial issues following a positive result of genetic testing for BRCA1 and BRCA2 mutations: findings from a focus group and a needs-assessment survey[END_REF][START_REF] Speice | Family issues in a psycho-education group for women with a BRCA mutation[END_REF] These studies indicate that there is a need for ongoing follow-up and contact with families with BRCA mutations, but have focused largely on supportive aspects of care rather than information provision and guiding decision-making. This is where a specialist multi-disciplinary follow-up clinic may be effective.

The aim of this study is to present our experience of a novel model for the follow-up of BRCA1/2 mutation carriers and perform a retrospective analysis of clinic attendance, uptake of risk-reducing surgery, research participation, pattern of genetic testing, and cancer occurrence in families who have attended the clinic over a ten year period.

METHODS

At the Royal Marsden NHS Foundation Trust (RMH), families harbouring a mutation in BRCA1 or BRCA2 have been offered annual clinical follow-up since the introduction of clinical testing in 1995. In 2002, as the number of families increased, follow-up was formalised into a novel oncogenetic clinic specifically for BRCA1 and BRCA2 families, called the Carrier Clinic.

The remit of this multidisciplinary clinic is to provide individualised screening recommendations and clinical management, ongoing psychological support, advice about cascade testing, and facilitate family communication. In addition it offers an opportunity for those at risk to engage in ongoing research programmes. The clinic is staffed by individuals with training in oncology and genetics, including medical practitioners, genetic/nurse counsellors and research staff. Clinic appointments are offered annually and for those individuals who find it difficult to attend the clinic a telephone consultation with a Clinical Nurse Specialist or Genetic Counsellor is offered. [START_REF] Eeles | Developments in Clinical Practice: Follow up Clinic for BRCA Mutation Carriers: a Case Study Highlighting the "Virtual Clinic[END_REF] This virtual clinic enables patients to have a point of contact in between appointments for ongoing help and support and provides a point of rapid access.

Bilateral risk-reducing mastectomy (RRM) or contralateral RRM with simultaneous reconstruction is an option discussed with all women with a known BRCA mutation without evidence of metastatic disease. A psychologist is involved in the assessment of unaffected women considering bilateral RRM. Risk-reducing salpingooophorectomy (RRBSO) is recommended on completion of child-bearing, usually from age 40 although women wishing to pursue this at an earlier age are referred to a gynaecologist for assessment. The use of hormone replacement therapy (HRT) in unaffected women who have ovarian surgery prior to the natural menopause is recommended up to 50 years to help maintain bone health and to avoid vasomotor symptoms in this group.

All families identified between July 1996 and December 2006 with a pathogenic germline mutation in BRCA1 or BRCA2 seen at RMH have been included in this study. A total of 346 families were seen (201 with BRCA1 mutations and 145 with BRCA2 mutations). Mutations in these families were identified either through the UK National Health Service (NHS) (n = 275), through the commercial vendor Myriad (www.myriad.com, n = 25) or through research testing which was subsequently confirmed in the diagnostic setting (n = 46). All mutation carriers and untested family members were offered annual follow-up in the clinic with. At each follow-up visit, data on mutation status, cancer occurrence, surveillance and risk-reducing surgery were collected.

Statistical Analysis

Descriptive statistics were obtained using SPSS statistical software (version 15.0).

RESULTS

A total of 661 individuals from 346 families were eligible for inclusion in this analysis (406 mutation carriers: 239 BRCA1, 165 BRCA2, two both BRCA1 and BRCA2; 193 individuals with a negative predictive test, and 62 untested family members) constituting the entire patient group that came forward for a consultation between 1996 and 2006.

Of the 406 mutation carriers 33 were male (16 BRCA1, 17 BRCA2) and 373 female (223 BRCA1, 148 BRCA2, 2 BRCA1 & BRCA2). At time of mutation detection 4 men and 172 women had not had a cancer diagnosis. The mean length of follow-up from the date of mutation detection was 48 months (range 0.5-127 months).

Genetic Testing

Between July 1996 and December 2006 406 individuals were identified with a pathogenic mutation in BRCA1 and/or BRCA2. Out of 188 mutations identified through direct mutation analysis, 35 were identified in the research setting. Four hundred and thirty individuals eligible for predictive testing have attended the clinic and 368 of these [308 women (84%) and 60 men (16%)] proceeded to testing. Median age at testing was 44 years (range 21-79 years). Figure 1 summarises the method of mutation detection in the 406 carriers and how this has changed over time. Time to predictive testing was calculated using the date the mutation was first identified in the family and the test result date [data on individuals referred from other centres for follow-up have been excluded (n=43)]. Median time to predictive testing was five months (mean 14.5 months; SD = 20.9; Range 1-121 months). Fifty of 368 individuals (13.6%) waited three years or more before proceeding to predictive genetic testing.

Year of Test

Of the 373 female BRCA1/2 mutation carriers, 85.8% chose to have regular follow-up either through the carrier clinic or by telephone. Table 1 summarises the follow up in tested and untested individuals. Table 2 describes the uptake into research programmes. Of the 661 members of families with a known BRCA gene mutation, invited to take part in research programmes the uptake was high with 91% of mutation carriers, 72% non-carriers and 74% untested individuals enrolled. 8) appointments in the carrier clinic were attended prior to surgery. Twenty-one women had a simultaneous hysterectomy.

Three incidental cancers were detected at RRBSO (see Table 4). In all cases no abnormalities had been detected on transvaginal ultrasound pre-operatively and CA125 levels had been within normal range.

DISCUSSION

The population frequency of BRCA1 and BRCA2 mutations in the UK are estimated at 0.12% and 0.20% respectively, with higher frequencies in certain ethnic groups such as the Ashkenazim. [START_REF] Antoniou | The BOADICEA model of genetic susceptibility to breast and ovarian cancers: updates and extensions[END_REF] We found our clinic population to consist of approximately two-thirds BRCA1 and one third BRCA2 mutation carriers which is likely to be explained by the chronology of the introduction of BRCA1 and BRCA2 mutation testing into clinical practice.

The number of gene carriers identified has rapidly increased in recent years in our clinic. This increase may in part be explained by the introduction of full sequencing of coding regions plus Multiplex Ligation-dependent Probe Amplification (MLPA) from early 2006 onwards and the availability of research testing, particularly for families that do not meet the criteria for NHS testing. This together with an increasing awareness of genetic testing for cancer predisposition is having an impact on demand for genetics services across the world. A large proportion of gene carriers was identified through predictive testing. We found the median time interval to predictive testing from the time the family were informed was five months, which is a shorter time to predictive testing than previously reported by other UK groups. [START_REF] Brooks | BRCA1/2 predictive testing: a study of uptake in two centres[END_REF][START_REF] Holloway | Uptake of testing for BRCA1/2 mutations in South East Scotland[END_REF]. However, a significant minority of subjects were found to defer testing by several years, which is in line with these reports, and may reflect more distant relatives waiting for a result in a closer relative before deciding to undergo testing or the decision to wait until an age is reached where screening or risk-reducing surgery become influencing factors [START_REF] Brooks | BRCA1/2 predictive testing: a study of uptake in two centres[END_REF][START_REF] Holloway | Uptake of testing for BRCA1/2 mutations in South East Scotland[END_REF][START_REF] Evans | Comparison of proactive and usual approaches to offering predictive testing for BRCA1/2 mutations in unaffected relatives[END_REF].

The results of this study show that there is a high demand for follow up within a formal clinic setting with over 85% of individuals choosing to either attend the clinic or have an annual telephone appointment. A high level of uptake of research programmes was observed, with over 90% of those people invited subsequently enrolled in a study. This may be facilitated by the face-to-face contact of the clinic as poorer response rates have been reported when comparing postal invitations with face-to-face recruitment.

Bilateral RRM reduces the risk of breast cancer by an estimated 90% and provides a significant reduction in mortality. [START_REF] Rebbeck | Bilateral prophylactic mastectomy reduces breast cancer risk in BRCA1 and BRCA2 mutation carriers: the PROSE Study Group[END_REF][START_REF] Hartmann | Efficacy of bilateral prophylactic mastectomy in women with a family history of breast cancer[END_REF][START_REF] Evans | Uptake of risk-reducing surgery in unaffected women at high risk of breast and ovarian cancer is risk, age and timedependent[END_REF] Twenty eight percent of unaffected women in our cohort elected to have bilateral RRM and, to date, no breast cancers have been reported post-surgery. Uptake levels in other single centre studies vary from 15-51%. [START_REF] Evans | Uptake of risk-reducing surgery in unaffected women at high risk of breast and ovarian cancer is risk, age and timedependent[END_REF][START_REF] Meijers-Heijboer | Presymptomatic DNA testing and prophylactic surgery in families with a BRCA1 or BRCA2 mutation[END_REF][START_REF] Scheuer | Outcome of preventive surgery and screening for breast and ovarian cancer in BRCA mutation carriers[END_REF][START_REF] Meijers-Heijboer | Use of genetic testing and prophylactic mastectomy and oophorectomy in women with breast or ovarian cancer from families with a BRCA1 or BRCA2 mutation[END_REF] A large international study combined data from 9 centres and found an overall uptake of RRM of 18% in unaffected women, but this varied between 36.3% in the United States (US) and 2.7% in Poland. [START_REF] Metcalfe | Hereditary Breast Cancer Clinical Study Group. International variation in rates of uptake of preventive options in BRCA1 and BRCA2 mutation carriers[END_REF] Therefore the variation reported is likely to reflect local practice and cultural differences. The median interval of nine months from genetic testing to bilateral RRM is longer than that reported in two studies, one from Europe and one from the US, and may reflect differing local surgical protocols or health system processes. [START_REF] Meijers-Heijboer | Presymptomatic DNA testing and prophylactic surgery in families with a BRCA1 or BRCA2 mutation[END_REF][START_REF] Scheuer | Outcome of preventive surgery and screening for breast and ovarian cancer in BRCA mutation carriers[END_REF] A recent evaluation of a large UK series reported similar findings to this analysis, with the majority of women choosing bilateral RRM within 2 years of receiving their genetic test result. [START_REF] Rebbeck | Bilateral prophylactic mastectomy reduces breast cancer risk in BRCA1 and BRCA2 mutation carriers: the PROSE Study Group[END_REF] We found that women attended an average of three appointments in the Carrier Clinic before proceeding to surgery, suggesting the importance of the multidisciplinary team in supporting decision making. Studies have demonstrated the absence of long-term psychological impact on body image or sexuality providing the decision has been made in the context of careful counselling. [START_REF] Frost | Long-term satisfaction and psychological and social function following bilateral prophylactic mastectomy[END_REF][START_REF] Hopwood | Clinical follow-up after bilateral risk reducing ('prophylactic') mastectomy: mental health and body image outcomes[END_REF] Contralateral breast cancer risk in carriers has been estimated at 50-60% by age 70. [START_REF] Cancer | Cancer risks in BRCA2 mutation carriers. The Breast Cancer Linkage Consortium[END_REF][START_REF] Easton | Breast and ovarian cancer incidence in BRCA1 mutation carriers. Breast Cancer Linkage Consortium[END_REF] Contralateral RRM has been found to reduce the risk of a second primary by 90-95%, however further data are required to establish whether it reduces breast cancer-specific mortality. [START_REF] Mcdonnell | Efficacy of contralateral prophylactic mastectomy in women with a personal and family history of breast cancer[END_REF][START_REF] Van Sprundel | Risk reduction of contralateral breast cancer and survival after contralateral prophylactic mastectomy in BRCA1 or BRCA2 mutation carriers[END_REF][START_REF] Evans | Screening for familial ovarian cancer: poor survival of BRCA1/2 related cancers[END_REF] One third of confirmed BRCA mutation carriers attending the Carrier Clinic chose to have contralateral RRM as a preventative measure as a part of their breast cancer treatment which is a similar proportion to that reported in a large international study (27•3%). [START_REF] Metcalfe | Hereditary Breast Cancer Clinical Study Group. Predictors of contralateral prophylactic mastectomy in women with a BRCA1 or BRCA2 mutation: the Hereditary Breast Cancer Clinical Study Group[END_REF] In our cohort approximately one fifth of women affected by breast cancer have had more than one primary breast cancer, with a small subset having multiple primary cancers. There is therefore a strong case for considering contralateral RRM at initial diagnosis for those in good prognostic groups from their primary disease, in this population. In particular, this may be an important consideration for women diagnosed under the age of 50 years as the residual breast cancer risk is thought to plateau over the age of 50. [START_REF] Antoniou | Average risks of breast and ovarian cancer associated with BRCA1 or BRCA2 mutations detected in case Series unselected for family history: a combined analysis of 22 studies[END_REF][START_REF] Kauff | Risk-reducing salpingooophorectomy in women with a BRCA1 or BRCA2 mutation[END_REF][START_REF] Rebbeck | Prevention and Observation of Surgical End Points Study Group. Prophylactic oophorectomy in carriers of BRCA1 or BRCA2 mutations[END_REF] Women who have completed their family are informed about the significant benefits of having RRBSO prior to the natural menopause both to reduce ovarian cancer risk by 90% and breast cancer risk by approximately 50%. [START_REF] Kauff | Risk-reducing salpingooophorectomy in women with a BRCA1 or BRCA2 mutation[END_REF][START_REF] Rebbeck | Prevention and Observation of Surgical End Points Study Group. Prophylactic oophorectomy in carriers of BRCA1 or BRCA2 mutations[END_REF] [START_REF] Domchek | Mortality after bilateral salpingooophorectomy in BRCA1 and BRCA2 mutation carriers: a prospective cohort study[END_REF][START_REF] Ford | Genetic heterogeneity and penetrance analysis of the BRCA and BRCA genes in breast cancer families[END_REF] which could explain the difference in these results. Neither study present data using a cut-off of 40 years for comparison. The high proportion of women over 40 choosing RRBSO observed in this cohort could be due to the recent validation of data about the risk-reduction offered by this approach and the lack of data supporting the efficacy of ovarian screening as an alternative. [START_REF] Evans | Screening for familial ovarian cancer: poor survival of BRCA1/2 related cancers[END_REF][START_REF] Stirling | Familial Ovarian Cancer Screening: current protocols are ineffective in detecting early stage ovarian malignancy[END_REF] Three occult cancers were detected at surgery, of which two were early stage. All three women had normal TVUS and CA125 results immediately prior to surgery, and were enrolled in ovarian screening programmes. These results support the increasing evidence that screening is not a safe alternative to surgery. [START_REF] Evans | Screening for familial ovarian cancer: poor survival of BRCA1/2 related cancers[END_REF][START_REF] Stirling | Familial Ovarian Cancer Screening: current protocols are ineffective in detecting early stage ovarian malignancy[END_REF][START_REF] Gaarenstroom | Efficacy of screening women at high risk of hereditary ovarian cancer: results of an 11-year cohort study[END_REF].

The majority (61%) of women had RRBSO within a year of finding out their test results suggesting that this could be a strong motivation for testing. On average, two or three appointments in the carrier clinic were required to facilitate this decision, highlighting the role of this clinic in this decision-making process. Psychosocial research has shown that RRBSO is an emotionally significant procedure and that balanced information should be provided about the risk reducing benefits of surgery versus the potential physical and emotional consequences. [START_REF] Hallowell | High-risk premenopausal women's experiences of undergoing prophylactic oophorectomy: a descriptive study[END_REF] It is universally accepted that the fallopian tubes should be removed during surgery but there is on going debate about whether the uterus should also be removed, with practice varying between countries. The data about whether there is an increased risk of endometrial cancer in BRCA carriers are preliminary. [START_REF] Beiner | Hereditary Ovarian Cancer Clinical Study Group. The risk of endometrial cancer in women with BRCA1 and BRCA2 mutations. A prospective study[END_REF] If hysterectomy is performed then HRT post-RRBSO can be easier to manage using oestrogen only preparations. An argument for retaining the uterus is that it reduces the risk of complications and thus morbidity. In the UK usual practice is to remove the ovaries and fallopian tubes but not the uterus unless indicated by the individual's medical history. This practice would be supported by the opinions in the literature. [START_REF] Beiner | Hereditary Ovarian Cancer Clinical Study Group. The risk of endometrial cancer in women with BRCA1 and BRCA2 mutations. A prospective study[END_REF][START_REF] Lu | Does a BRCA mutation plus tamoxifen equal hysterectomy?[END_REF] The experience reported by some gene carriers is that the significance of their genetic status can get lost across specialities. The average General Practice will manage only a handful of gene carriers but for the majority of families, once seen by a genetics service, screening is organised locally. BRCA1 and BRCA2 account for an estimated five to ten percent of breast and ovarian cancer cases, constituting a small percentage of an oncologist's caseload (and arguably less than the estimated 5% as more women opt for preventative surgery). Genetic status is an important consideration when a cancer is diagnosed, for example the significant risk of a contralateral breast primary. In addition there is some suggestion that platinum agents are more effective in women with BRCA1 and BRCA2 mutations who are being treated for ovarian cancer than in sporadic ovarian cancer cases. [START_REF] Cass | Improved survival in women with BRCAassociated ovarian carcinoma[END_REF][START_REF] Tan | BRCAness" syndrome in ovarian cancer: a case-control study describing the clinical features and outcome of patients with epithelial ovarian cancer associated with BRCA1 and BRCA2 mutations[END_REF] With the advent of new targeted drug therapies such as PARP inhibitors currently being trialled in the research arena, knowledge of genetic status is going to become an increasingly important consideration. [START_REF] Fong | Inhibition of poly(ADP-ribose) polymerase in tumors from BRCA mutation carriers[END_REF] It was found that structured follow up within the Carrier Clinic led to the earlier diagnosis of eight cancers. A high number of breast cancers were observed during follow-up, with 31 detected in 933 women years. In the NHS Breast Screening Programme the expected cancer detection rate over the same time period is 2.5 cancers. [START_REF]Breast Screening Programme[END_REF] In conclusion, this novel clinic enables a team of professionals with a specialist interest in cancer genetics to coordinate the management of these families. It facilitates rapid communication of changes in practice recommendations to patients.

A very high number of individuals choose follow up in this clinic and the number of families is increasing annually both through clinical and research testing. There is a higher demand for RRBSO reported amongst this cohort than previously reported and the clinic plays a significant role in facilitating decision-making. This clinic model has subsequently been adopted in two other centres in London, offering the opportunity to greatly facilitate translational studies in this group. There are currently no national or international recommendations about the best practice for following up of BRCA1/2 gene carriers; such guidance could help to direct funding sources to support these specialist clinics.
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 1 Figure 1: Pattern of genetic testing from 1996-2006

Table 1 . Choice of follow-up
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	Choice of Follow Up	Gene	Untested
		carriers	(n = 62)
		(n = 373)	
	Attends carrier clinic	296 (79•4%)	47 (75•8%)
	Annual telephone follow-up	24 (6•4%)	2 (3•2%)
	Local follow-up (moved out of area)	36 (9•7%)	1 (1•6%)
	Elderly / unwell	10 (2•7%)	0
	No follow-up	7 (1•9%)	12 (19•4%)

Table 2 . Participation in research Cancer Prevalence

 2 Of 406 male and female BRCA1/2 mutation carriers, a total of 322 cancers were diagnosed in 245 individuals. The cancer spectrum is described in Table3. In total 254 breast cancers were observed in 202 individuals. Thirty one of 115 (20.5%) BRCA1 and 14/88 (15.9%) BRCA2 carriers have had more than one primary breast cancer with median time to a second primary of five and six years respectively.

		Number of individuals	BRCA1	Mean age at first diagnosis	BRCA2	Mean age at first diagnosis
	No cancer	161	95	na	66	na
	Breast Cancer	202*	115	39•4 yrs (25-67)	88 +	43•6 yrs (21-71)
	Ovarian / Fallopian Tube Cancer	50	36	49•8 yrs (32-64)	14	56•2 yrs (46-74)
	Primary Peritoneal Cancer	3	2	46•0 yrs	1	52•0 yrs
	Prostate Cancer	4	1	48•0 yrs	3	50•7 yrs
	Other cancer	11	4	na	7	na

Thirty-three individuals (all female) have died during follow-up: 14

(

11 BRCA1; 3 BRCA2) died from metastatic breast cancer; 15 (11 BRCA1, 4 BRCA2) from metastatic ovarian cancer and four from other cancers. * Includes 1 woman with BRCA1 and BRCA2 mutations. + One individual was male. na: not applicable

Table 3 : Observed cancers in clinic cohort (includes all individuals diagnosed with cancer pre and post testing).

 3 were detected through investigation of symptoms elicited in clinic and one breast cancer was detected by initiation of an overdue screening test. This equates to 31 breast cancers being detected in 933 women years. Fifty-three of the 373 female BRCA1/2 mutation carriers had already undergone bilateral mastectomy at time of mutation detection (24 for bilateral breast cancer, 24 had contralateral RRM and five had bilateral RRM based on family history criteria). Of the 320 women with remaining breast tissue post mutation detection, bilateral RRM was chosen by 89 (27.8%) and 9 of 28 (32.1%) women who subsequently developed breast cancer chose contralateral RRM at time of treatment. Post mutation detection, unaffected women chose to have bilateral RRM at a mean age of 37.4 years (range 23-62yrs). The median interval from mutation detection to surgery was nine months (range 2-64 months). A mean of 2.8 (range 1-8) appointments in the Carrier Clinic were attended prior to surgery. Four out of 98 women were found to have an incidental cancer at RRM (4.1%). All had previously had breast cancer. The histopathology of these cancers is detailed in Table4.

	Forty-nine cancers developed in 45 individuals post mutation detection: 15 were
	detected through routine screening (13 breast cancers, one ovarian cancer, one
	prostate cancer) 19 were self-detected / symptomatic (nine breast cancers, six
	ovarian cancers, one prostate cancer, three other cancers) and seven were detected
	at time of risk-reducing surgery (four breast cancers and three ovarian cancers). Of
	the self-detected / symptomatic breast cancers, six were interval cancers and three
	were outside of screening. Of the self-detected / symptomatic ovarian cancers four
	were interval cancers and two were outside of screening.

An additional eight cancers were detected as a direct result of attendance at the Carrier Clinic. Four cancers (two breast cancers and two prostate cancers) were detected through research screening tests, three (two breast cancers, one primary peritoneal cancer)

Table 4 : Incidental cancers detected at risk-reducing surgery post-mutation detection
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	(insignificant details amended to maintain anonymity)
	Out of 373 female BRCA1/2 carriers 296 had ovarian tissue at the time of mutation
	detection. Seventy-seven had previously had their ovaries removed: 40 as treatment
	for ovarian cancer, three as treatment for breast cancer, three for benign
	gynaecological conditions and 31 had chosen RRBSO prior to knowledge of genetic
	status.
	Post mutation detection, RRBSO was chosen by 131/186 (70.4%) women aged over
	40 and 142/239 (59.

4%) women aged 35 and over (women with advanced metastatic breast cancer were excluded unless they had survived beyond two years). There was no significant difference in the mean ages of surgery for BRCA1 (46 years, SD = 7.5) and BRCA2 (48 years, SD = 7.7) carriers. Post mutation detection, the median time to surgery was 9 months (mean 16.7, range 0-104 months). A mean of 2.4 (range 1-

  RRBSO has been reported to reduce mortality in this high-risk population.[START_REF] Domchek | Mortality after bilateral salpingooophorectomy in BRCA1 and BRCA2 mutation carriers: a prospective cohort study[END_REF] A high proportion of women attending the Carrier Clinic chose RRBSO; 49% of women over 35 years and 70% of women over 40 years. Meijers-Heijboer et al.(2003) report similar results in a Dutch cohort with 49% of mutation carriers over the age of 35 choosing surgery.[START_REF] Meijers-Heijboer | Use of genetic testing and prophylactic mastectomy and oophorectomy in women with breast or ovarian cancer from families with a BRCA1 or BRCA2 mutation[END_REF] Kauff et al.(2002) reported that 58% of women over the age of 35 proceeded to surgery in one centre in the US.[START_REF] Kauff | Risk-reducing salpingooophorectomy in women with a BRCA1 or BRCA2 mutation[END_REF] However, in the US RRBSO is recommended from age 35, whereas in the UK this is usually offered from age 40 based on the BCLC penetrance estimates,

Acknowledgements

We thank Professor Nazneen Rahman at the Institute of Cancer Research, London and Professor Shirley Hodgson and her team at St George's Healthcare NHS Trust for referring patients to the Carrier Clinic.

Contributors

EK Bancroft had overall responsibility for the analyses and writing of the article. All authors contributed to the study design, provided data or contributed to data interpretation, writing, or editing of the report, and approved the final version. R. Eeles and A. Ardern-Jones developed the Carrier Clinic Model and R. Eeles had overall responsibility for the study.

Conflict of interest

RE has received an educational grant from Vista Diagnostics and support from Astra Zeneca for a feasibility cancer prevention trial.

The Corresponding Author has the right to grant on behalf of all authors and does grant on behalf of all authors, an exclusive licence (or non exclusive for government employees) on a worldwide basis to the BMJ Publishing Group Ltd to permit this article (if accepted) to be published in Journal of Medical Genetics and any other BMJPGL products and sublicences such use and exploit all subsidiary rights, as set out in our licence (http://group.bmj.com/products/journals/instructions-forauthors/licence-forms).