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Summary Estimates of the contribution of BRCA1 and BRCAZ2 to breast cancer incidence in outbred populations have been based on
studies that are either small or have selected for cases diagnosed at an early age. Only one of these has reported an estimate of the breast
cancer risk associated with a mutation in these genes, and there is no published ovarian cancer risk estimate derived from a population-based
case series. We screened a population-based series of breast cancer cases diagnosed before the age of 55 for mutations in BRCA1 and
BRCAZ2. Pedigree information from the mutation carriers was used to estimate penetrance and the proportion of familial risk of breast cancer
due to BRCA1 and BRCAZ2. We identified eight (0.7%) BRCA1 and 16 (1.3%) BRCAZ2 mutation carriers in 1220 breast cancer cases (actual
sample size 1435 adjusted for 15% polymerase chain reaction failure rate). Mutation prevalence was substantially higher in cases diagnosed
before 35 years-of-age and with increasing number of relatives affected with breast or ovarian cancer. However, most mutation carriers were
diagnosed in the older age groups, and a minority reported a first-degree relative with breast cancer. Breast cancer penetrance by age 80 was
estimated to be 48% (95% Cl 7-82%) for BRCA1 mutation carriers and 74% (7-94%) for BRCA2 mutation carriers. Ovarian cancer
penetrance for BRCA1 and BRCA2 combined was 22% (6—65%) by age 80. 17% of the familial risk of breast cancer was attributable to
BRCA1 and BRCAZ2. At birth, the estimated prevalence of BRCA1 mutation carriers was 0.07% or 0.09% depending on the penetrance
function used for the calculation. For BRCAZ2, the birth prevalence estimates were 0.14% and 0.22%. Mutations in the genes BRCA1 and
BRCAZ are rare in the population and account for a small fraction of all breast cancer in the UK. They account for less than one fifth of the
familial risk of breast cancer. Eligibility criteria for BRCA1 and BRCAZ2 mutation testing based on family history and age of onset will identify
only a small proportion of mutation carriers. © 2000 Cancer Research Campaign
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The breast-ovarian cancer susceptibility g8BREAlandBRCA2 Mutation analysis oBBRCAlandBRCAZ2is laborious because of
were isolated in 1994 (Miki et al, 1994) and 1995 (Wooster et althe large size of the genes and the diversity of mutations. However,
1995) respectively. Since then, over thirty studies have investiseveral population isolates have a restricted number of founding
gated the frequency of mutations in these genes in high-risk breastutations and so are more amenable to population-based studie:
and breast-ovarian cancer families (Gayther et al, 1998). Estimate$ these genes. One per cent of the Ashkenazi Jewish populatior
of the proportion of families due tBRCAland BRCA2have  carry the mutatioBRCA1185delAG (Struewing et al, 1995) and
ranged from 6—79%. The probability of a mutation being identifiedl.2% carry thadBRCA26174delT mutation. These two mutations
increases with the number of ovarian cancers and breast cancersaitount for 20% and 8%, respectively, of early-onset breast cancer
the family, and with lower average age-at-diagnosis of breash this population (Neuhausen et al, 1996; Offit et al, 1996). In
cancer in the family (Couch et al, 1997; Ford et al, 1998). Highiceland, a single mutation IBRCA2(999del5) is found in 24%
risk families have also been used to estimate the cumulative riské women diagnosed before age 40, with little contribution
(penetrance) of breast and ovarian cancer in mutation carriers. Flsom BRCA1(Johannesdottir et al, 1996; Thorlacius et al, 1997).
breast cancer, estimates of penetrance by age BR@Aland Penetrance estimates from population-based studies in these popu
BRCA2mutation carriers have ranged from 50-85% (Easton et alations have generally been lower than those derived from the
1995; 1997; Ford et al, 1994). For ovarian cancer penetrance lgh-risk families (Ford et al, 1994; Easton et al, 1995; 1997;
age 70 has been estimated to be 62-669BRECAL(Ford et al,  Antoniou et al, 1999). By the age of 70, carriers of the common
1994; Easton et al, 1997; Antoniou et al, 1999), but about half thidshkenazi mutations were estimated to have a breast cancer risk
for BRCA2(Ford et al, 1998; Antoniou et al, 1999). Because thesef 56% and a 16% risk of ovarian cancer (Struewing et al, 1997)
data are from high-risk families the results may not apply to aland carriers of the Icelandic mutation BRCA2had a breast
carriers oBRCAlor BRCA2mutations. cancer risk of 38% (Thorlacius et al, 1998). These prevalence
estimates (and perhaps also the penetrance estimates) cannot &
extrapolated to a large outbred population such as the UK.

Received 22 March 2000 There have now been several estimates of the contribution of
Revised 22 June 2000 BRCAlandBRCAZ2to breast cancer incidence in different outbred
Accepted 26 June 2000 populations. Two studies from the USA have tested patients under
Correspondence to: PDP Pharoah (Email: paul.pharoah@srl.cam.ac.uk) 35 for mutations irBRCA1 Langston et al (1996) found five (one
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of six mutations reported now not thought to be disease-causingairs. The double-stranded DNA fragments were screened for the
(BRCA15396 + 60ins12)) mutation carriers out of 80 (6.3%) andpresence of mismatched bases by multiplex heteroduplex analysis
Malone et al (1998) 12 out of 193 (6.2%). Hopper et al (1999)MHA) with a mildly denaturing polyacrylamide gel matrix
screenedBRCALin 91 Australian women diagnosed with breast (10% polyacrylamide (99:1 bis-acryloyl piperazine), 10%
cancer before the age of 40 and found three mutations (3.8%). Tle¢hylene glycol and 15% formamide) (Ganguly et al, 1993). Up to
largest population-based study published to date, carried out in thieur fragments from the same patient, each differing in size by
UK, tested 619 cases diagnosed under 45 for mutatiddBRGA1  approximately 100 base pairs, were run in one lane of the gel.
and BRCA2 BRCAlmutations were found in 2.6% of the cases Electrophoresis was performed for 14 h at a constant 200 V, with
and 2.3% of the cases carried mutation8RCA2(Peto et al, gels cooled to 1T, using the Protean II™ vertical slab gel appa-
1999). The only study to include patients older than 44 foundatus. All gels were stained with silver nitrate according to stan-
BRCA1mutations in three of 211 (1.4%) patients aged 20-74ard protocols. Mutations were confirmed by direct sequencing of
(Newman et al, 1998). No penetrance estimates for mutations the PCR product in which a heteroduplex analysis variants had
these populations have been published. been found.

We have screened a population-based series of 1435 cases diag-
nosed with breast cancer before the age of 55 for mutations
BRCAlandBRCAZ2 To our knowledge this is the largest study to
screen the whole of the coding region of BBRCAlandBRCA2  The proportion of cases with mutations in different age groups and
for mutations yet carried out, and the only population-based studyith different categories of family history were estimated directly.
of patients diagnosed over the age of 45. Pedigree informatioNinety-five percent confidence intervals were calculated by
from the mutation carriers we identified was used to estimatstandard methods.
penetrance and to estimate the proportion of familial relative risk
of breast cancer due ®RCAland BRCA2 We have also used Population frequency of BRCA1 and BRCAZ2 mutations
these data to estimate the prevalend@RCAlandBRCA2muta-  The frequency oBRCAland BRCA2mutation carriers in the
tion carriers at birth. population was derived from the gene-specific penetrance and the
proportions of cases due BRCAlandBRCAZ2in different age-
bands. Assuming that gene mutation carriers have mortality from
causes other than breast cancer that are the same as the general
population, the carrier frequency in the populatipn,can be
estimated by solving the equation:
The breast cancer case collection covered the region served by the
Anglian Cancer Registry and all women diagnosed with breast
cancer under the age of 55 between 1 January 1991 and 30 JuN&ere f and f', denote breast cancer penetrance in mutation
1996, who were alive at the start of the study on 1 July 1996, werrriers and the general population respectively, at the end of the
eligible for inclusion. The study was approved by all the Localith 5-year age intervag, andg’, the probability of not developing
Research Ethics Committees in East Anglia. Patient details wei@varian cancer in mutation carriers and the general population, and
obtained from the Anglian Cancer Registry, and the patientsh, the number of index cases in ftie age-group in our study. This
general practitioners and consultants were contacted in order t@lculation was repeated using our penetrance estimates and those
obtain permission to contact the patients. Patient contact waeported by the Breast Cancer Linkage Consortium (BCLC) (Ford
delayed for at least 3 months after the initial diagnosis. Womest al, 1998).
taking part in the study were asked to provide a 20 ml blood
sample and to complete a comprehensive epidemiological quesraction of breast cancer familial relative risk due to BRCA1
tionnaire. This included questions on family history, reproductiveand BRCA2
history (menarche, pregnancies, menopause), oral contracepti#pected number of breast cancers occurring before age 85 among
pill and hormone replacement therapy use, past medical histofirst-degree relatives of index cases were calculated from age- and
and previous examination of the breast by mammography. Theeriod-specific incidence rates for England and Wales using the
family history included details of all first-degree relatives to PERSON-YEARS program (Coleman et al, 1986). Individuals
include date and place of birth, date of death, and any history afere followed from 1960 or from date of birth if born after 1960,
cancer. Details of any other relatives known by the case to hawand were censored at reported date of diagnosis of cancer, date of
had cancer were also ascertained. Cancer diagnoses reporteddaath, or date the family history questionnaire was completed. The
the index cases were not independently verified. The Angliamumber of breast cancers in excess of those expected in relatives of
Cancer Registry actively follows-up all notified cancer cases, anchutation carriers was compared to the excess for all relatives, to
so we were able to ascertain second cancer diagnoses and viale the fraction of breast cancer familial relative risk due to
status of the index cases at the end of the study. BRCAlandBRCA2

@tatistical analysis

METHODS
Case collection

observed number of carrierpzn(f —f_)g/(f'—f’ )9’

Breast cancer penetrance estimation

We used the pedigree information for the mutation carriers to esti-
Genomic DNA was extracted from blood using standard methodmsate the penetrance 8RCAland BRCA2using the program

on an Extragen automated DNA extractor. The entire codingENDEL. Since ascertainment was through a single affected
sequence and intron—exon boundarieBRCAlandBRCA2was  index case, we maximized the conditional likelihood of the pedi-
amplified by polymerase chain reaction (PCR) using 67 primegree given the phenotypic and genotypic information of the index

Mutation detection
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case, i.e.L(pedigree|index)= L(pedigree)/L(index) Non-gene We detected eiglBBRCAlmutations and 18RCA2mutations
carriers were assumed to develop the disease at population inthat were predicted to encode a truncated protein (Table 1). Two of
dence rates. We parameterized the model in terms of log relatithese were splice-site mutatioBRCA15312 + 2delT anBRCA2

risk for breast and ovarian cancer in mutation carriers compare2B5 + 3T>C, which we believe are likely to be disease-associated.
to general population risks. The breast cancer relative risk wabhe first of these affected the donor splice-site consensus sequenc
allowed to vary with age using three age-groups, 20-39, 40-58nd was found in a patient aged 31 with a strong family history, and
and 60—79. Ovarian cancer relative risk was kept constant withas been reported previously on the Breast Information Core data-
age. Cumulative risks and associated 95% confidence intervalmse. The second is previously unreported, and though not affecting
were calculated by the method given in Appendix 1. the consensus sequence was also found in a young patient with
positive family history. cDNA from this patient was available to
confirm the effects of this mutation, which results in skipping of
exon 2. The aberrant splicing results in loss of the start of the
normal open-reading frame with a predicted cryptic open-reading
frame start-site in exon 3, which is out of frame and predicted to
Of 2805 women diagnosed with breast cancer under the age of 5&sult in a protein of only 20 amino acids.

between 1 January 1991 and 30 June 1996, 569 had died and 200’ hree cases were found to have an in-frame deletion. The
were thought by their general practitioner to be unfit to take part @RCALlvariant 1224delGAT (D369del) was found in a patient
the start of the study. Thus there were 2028 women eligible foaged 53 at diagnosis who had no family history of breast or
inclusion in the study, of whom 1486 (73%) completed a questionevarian cancer and is reported on the BIC database. The deletec
naire and 1435 (71%) provided a blood sample. The entire codingmino acid is conserved in murine Brcal but does not lie with-
sequence and intron—exon boundariesB&CA1 and BRCA2 in any known functional domain. 4369delAAG (E1382del) in
were screened for mutations by MHA of 67 separate fragmentBRCA2 has also been reported on the BIC database, and was
following amplification of DNA by polymerase chain reaction found in two patients; one aged 45 with no family history, and the
(PCR). Not all samples successfully amplified for each fragmentopther a 50-year-old patient who had a paternal aunt diagnosed with
85% of a total of 96 145 PCR reactions were sufficiently strong td@reast cancer aged 39. Again, the deleted amino acid is conserves
score on the MHA gels. We therefore adjusted the number dh murine Brca2 but does not lie within any known functional
samples screened by a factor of 0.85 to give an effective sampitomain. As the functional significance of these variants is un-
size of 1220. certain we have not included them in the analysis.

RESULTS

BRCA1 and BRCAZ2 mutation prevalence

Table 1 Details of cases with identified mutation in BRCA1 or BRCA2

Sample Age Mutation Family history of breast or ovarian cancer Family history of
Mother or sister 2 Other relative ® other cancer °
BRCA1
R0913 32 2774delC Frameshift M Br (35) - -
R1524 45 2379delG Frameshift Nil - -
R2233 52 3596delAAAG Frameshift Nil - -
R1744 43 1436insC Frameshift Nil - FCo(75), PU St(75)
R1482 49 1619delTAAAT Frameshift Nil MA Br(66) -
R1767 44 3874delTGTC Frameshift S Br (46) - -
R1305 44 4158delAG Frameshift Nil PGM Br(67) -
R2038 31 4912 + 2delT Splice site Nil MGA Br (27,34), MGA Br(?), MGGM St(57)
MGA Br(?), M2C Ov(?)
BRCA2
R1133 34 295 + 3A>G Splice site M Br(50) - -
R1125 46 253delC Frameshift Nil PGM Br(80), PA Ov(57), PA -
Br(43, 57)
R1090 48 983delACAG Frameshift S Br(48) PA Br(52), PA Br(44) PU St(53), PU St(57)
R0495 46 1537delAAGA Frameshift Nil - F Pr(41), D Co(2)
R1725 32 1215insA Frameshift Nil - -
R0431 39 2023delTTACT Frameshift Nil PGM Br (70) -
R2119 41 3034delAAAC Frameshift M Br(72) - -
R1112 50 4538delA Frameshift Nil - -
R0O739 54 4866delT Frameshift S Br(49), MA Br(?) F Co(68)
R1646 31 5849delTTAA Frameshift Nil - -
R0003 41 6503delTT Frameshift Nil PA Br(38), PA Br(42) -
R1486 36 6503delTT Frameshift Nil PGM Br(46) -
R1612 48 6719delTG Frameshift Nil MA Ov(60) -
R1846 48 9475delA Frameshift M Br(65), S - MGM St(?)
Br (37, 52)
R0531 51 9303ins31 Frameshift M Br (74) - -
R1066 32 9303ins31 Frameshift Unknown - -

a Br = author to supply; ® MA = 000; PA = 000; MGM = 000; MGGM = 000; PGM = 000; MGA = 000; MZC = 000; D = 000; F = 000; PU = 000; St = 000; Co =

000
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Table 2 Prevalence of BRCA1 and BRCA2 mutations in breast cancer cases by age

Age group Number BRCA1 BRCA2 Total

n %2 n %2 n %2
<35 57 2 4.1 (0.5, 14.1) 4 8.3(2.3,19.8) 6 12.4 (4.7, 25.0)
35-44 341 3 1.0(0.2,3.0) 4 1.4 (0.4,3.5) 7 2.4(1.0,4.9)
45-54 917 3 0.3(0.1,1.1) 8 1.0 (0.4, 2.0) 13 1.7 (0.9, 2.8)
Total 1435 8 0.7 (0.3, 1.3) 16 1.3(0.8,2.1) 24 2.0(1.3,2.9)

a Adjusted for 15% failure rate in DNA amplification by PCR for mutation analysis

Table 3 Prevalence of BRCA1 and BRCAZ2 mutations in breast cancer cases by family history

Family history of breast or Breast any age 1 breast < 60 years 1 breast < 50 years

ovarian cancers n Mutation (% @) n Mutation (% @) n Mutation (% )

No more than one second- 1124 11(1)

degree

One first-degree 136 5(4) 111 5(5) 84 2(3)
breast 119 5(5) 94 5(6) 67 2(4)
ovary 17 0 17 0 17 0

Two first-or second-degree 70 3(5) 45 3(8) 34 2(10)
Two first 9 1(13) 7 1(17) 4 1(29)
One first 33 1(4) 22 1(5) 18 1(7)
One or two first 42 2(6) 29 2(8) 22 2(11)
Two second 28 1(4) 16 1(7) 11 1(11)

Three first- or second-degree 6 2(39) 6 2(39) 4 2(59)

Four + relatives 12 1(10) 11 1(11) 9 1(13)

One first- or second-degree ovary 44 2(6)

a Adjusted for 15% PCR failure rate

We identified 22 missense variants that occurred in up to four One hundred and seventy seven breast cancers were reported in
cases, accounting for 31 cases in total. Fifteen of these have befemale first-degree relatives of the index cases, compared to 105.8
previously reported on the BIC database (at http://www.expected from age- and period-specific incidence rates. Eight
nhgri.nih.gov/Intramural_research/Lab_transfer/Bic/index.html).mothers or sisters of mutation carriers developed breast cancer
The remaining seven are novel variants. Although it is possibleompared to 1.47 expected. If these data are adjusted for the effec-
that some of these are disease-causing, there are no adequate sample size of 85% of the total, and for a mutation detection
methods to assess their effect on protein function, and so we hasensitivity of 63%, 17% of the excess risk to relatives is attribut-
not classified any of them as disease-associated. able toBRCAlandBRCA2mutations.

The overall mutation prevalence was low, 0.7%BRCAland We have estimated the proportion of individuals in the general
1.3% forBRCAZ2 but was significantly higher in cases diagnosedpopulation who are carriers of mutationsBRCAlor BRCA2at
under 35 years-of-ageP (< 0.001) (Table 2). There was no birth. Assuming a mutation detection sensitivity of 63%, the
apparent difference in the age distribution of cases dBR@A1  estimated prevalences BRCAlandBRCAZ2carriers at birth are
andBRCAZ2in our series. These proportions underestimate the tru6.09% and 0.22% respectively, using our penetrance estimates (see
contribution of BRCAland BRCA2to breast cancer incidence below), and 0.07% and 0.14% if the BCLC penetrance function is
because a substantial fraction of mutations, for example largesed.
deletions, are missed by screening just the coding sequence. By
comparing the frequency of known mutations in families linked toBreast cancer risks in BRCA1 and BRCA2 mutation carriers
BRCAI1 the BCLC estimated the sensitivity of MHA and similar The maximum likelihood estimates of the parameters for the
techniques to be 63% (Ford et al, 1998). On this basis, the overdlteast and ovarian cancer penetrance models are given in Table 4.
proportion of breast cancer below age 55 duBRCAland  The relative risk of breast cancer BRCAlmutation carriers
BRCAZ2is estimated to be 1.2% and 2.1% respectively. decreased with age, but fBRCA2mutation carriers the relative

One of the patients who was found to have a mutation did naisk for the three age-groups varied little. The breast and ovarian
complete her family history questionnaire. Of the remaining 23ancer cumulative risk (penetrance) estimates based on the esti-
mutation carriers, seven reported no family history of breast omated age-specific relative risks are presented in Table 5. The risk
ovarian cancer. Two of the eigBRCAland six of 16BRCA2  associated with mutations BRCAlwas slightly higher than for
mutation carriers had a mother or sister affected with brea®RCA2up to age 60, and slightly lower thereafter, but these
cancer, and twoBRCA1 and five BRCA2 mutation carriers estimates are based on a small number of families, and there is a
reported at least one second-degree relative with breast or ovarianbstantial overlap in the associated confidence intervals.
cancer. Only three mutation carriers reported a family history of No first-degree relatives of the index cases were reported as
ovarian cancer. Table 3 shows the number of women in differerttaving ovarian cancer, but two of the index cases B&@Aland
family history categories that were found to have mutations. one BRCAJ were diagnosed with ovarian cancer after they had

British Journal of Cancer (2000) 83(10), 1301-1308 © 2000 Cancer Research Campaign



Prevalence and penetrance of BRCA1 and BRCA2 mutations 1305

Table 4 Penetrance model parameter estimates

Mutation Model Parameter 2 Breast cancer Ovarian
loglikelihood cancer
20-39 40-59 50-79 20-79

BRCA1/2 -66.3 Relative risk 26.4 11.8 17.6 15.9
Ln (RR) 3.27 2.47 2.87 2.77
SE Ln (RR) 0.73 0.60 0.76 0.75

BRCA1 -17.1 Relative risk 58.4 14.7 1.00 41.8
Ln (RR) 4.07 2.67 0.00 3.73
SE Ln (RR) 1.10 1.33 0.00 1.25

BRCA2 -47.8 Relative risk 17.2 11.2 225 9.9
Ln (RR) 2.84 2.42 3.11 2.29
SE Ln (RR) 1.02 0.68 0.75 1.03

a<n=; SE = (author to supply)

Table 5 Cumulative breast and ovarian cancer risks (%) in BRCA1 and BRCA2 mutation carriers

Age Gen population 2 BRCAL® BRCA2° All®

Breast cancer

40 0.4 20 (0-50) 6 (0-17) 10 (0-21)
50 15 32 (2-62) 18 (2-32) 21 (5-34)
60 3.1 46 (3-82) 31 (3-53) 34 (5-55)
70 5.0 47 (5-82) 56 (5-80) 54 (14-76)
80 7.1 48 (7-82) 74 (7-94) 69 (11-90)
Ovarian cancer

40 0.1 3 (0-30) 1(0-5) 1(0-5)
50 0.3 11 (1-74) 3 (0-19) 4 (1-18)
60 0.7 24 (2-96) 6 (1-39) 10 (2-37)
70 1.0 36 (4-99) 10 (1-55) 16 (4-51)
80 15 47 (5-100) 14 (2-68) 22 (6-65)

2 Based on 1983-87 incidence for England and Wales; ® 95% confidence interval in brackets

been diagnosed with breast cancer. The estimated cumulative risk the mutation detection technique is incomplete and large
of ovarian cancer by age 70 BRCAlandBRCA2combined was genomic deletions, mutations in the promoter region and an
16% (4-52%). unknown proportion of single-base substitutions will be missed.
BRCAlspans approximately 80 kb of genomic DNA in a region
DISCUSSION containing an unusually high density of Alu rgpeats, which may
make it relatively unstable and prone to deletions and rearrange-
Our mutation prevalence estimates show the expected decline withents (Smith et al, 1996). Indeed, 36% of mutations in Dutch
increasing age, and are broadly in line with estimates from othdamilies are due to three different, large genomic deletions in
population-based studies. We found that 4.1% of cases diagnosB&CA1(Petrij Bosch et al, 1997), and duplication of exon 13 has
under 35 years-of-age carried a mutationBRCAL1 This is  been reported in a BCLC family linkedBRCA1 A large deletion
comparable with other published estimates from population-based BRCA2has also been reported in a Swedish family (Nordling
studies in this age-group — 6.3% (Langston et al, 1996), 6.2%t al, 1998). Unfortunately, unless the specific mutation is known,
(Malone et al, 1998) and 3.5% (Peto et al, 1999) cases under 3ésting for large genomic alterations is laborious and requires
Our estimate of prevalence BRCA2mutations in the same age- substantial quantities of DNA, and is not feasible in the context of
group was somewhat higher than those previously reported: 8.3%large population-based study. There are, however, estimates o
compared with 2.4% (Peto et al, 1999) and 2.2% (Krainer et athe sensitivity of techniques such as MHA, and using families
1997), but there is a substantial overlap between the confidenatearly linked to either gene, the sensitivity of standard mutation
intervals of these estimates. In cases aged 35-44 we founkbtection techniques has been shown to be around 63%. If our datz
1.0% with BRCA1mutations and 1.0% witBRCA2mutations  are adjusted for a mutation sensitivity of 63%, the ov&RICAL
compared with 1.9% and 2.2% reported by Peto et al (1999). Wautation prevalence becomes 1.3% anBRCA2 2.1%.
believe that our estimate of mutation prevalence in older cases The mutation prevalence estimates may also be biased by pref-
(aged 45-54) is the only population-based series of breast canaential survival between cases with mutations and those without.
cases that has been screened for mutations inBlRR@Aland Several studies have compared survivalBRCAtassociated
BRCA2 breast cancer to that @RCA%Inegative cases with conflicting
The observed estimates of mutation prevalences are likely to besults (Ansquer et al, 1998; Verhoog et al, 1998; Watson et al,
underestimates. Firstly, although we have not classified any of thE998). However, the pathological featuresBiRCAlassociated
rare missense variants and in-frame deletions as disease-causingnours would predict a poorer survival in this group of patients.
this may be incorrect for some of them. In addition, the sensitivityf the survival of BRCAlassociated tumours was half that of
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BRCAZnegative cases, the estimaBRICAImutation prevalence families (Antoniou et al, 1999) to 63% based on the BCLC fami-
would increase by a factor of 1.3. There are no data on survival dies (Easton et al, 1995). Antoniou et al (1999) also estimated the
BRCAZ2associated breast cancer, but these tumours tend to havewarian cancer penetrance by age 70 to be 68% using data from a
histopathology comparable with that of control (Breast Cancepopulation-based study of ovarian cancer. The two published esti-
Linkage Consortium, 1997). mates 0BRCAZ2ovarian cancer penetrance have been lower: 27%

As expected, the proportion of women with a mutation variedusing BCLC families (Ford et al, 1998) and 31% using ovarian
according to family history, the proportion increasing with cancer families. The reasons for the differences in ovarian cancer
increasing number of affected relatives. Several studies hawvésks derived from the population-based studies and the high-risk
shown that the probability of finding a mutation BRCALlor families are not clear. Site-specific differences in breast and
BRCAZ2in breast cancer families is substantially greater if there i®varian cancer risk (allelic heterogeneity) have been described for
at least one relative affected with ovarian cancer. Although none ehutations in bothBRCA1 (Gayther et al, 1995) anBRCA2
24 cases with a single first-degree relative affected with ovariafGayther et al, 1997), but these effects do not seem large enough
cancer were found to be mutation carriers, a mutation was found to explain the observed risk differences, and modifying genes
three of 55 cases that reported ovarian cancer in at least osegregating in the high-risk families may also be important.
relative.

These findings have important implications for determining
policy for BRCAlandBRCA2mutation testing. Eligibility criteria ACKNOWLEDGEMENTS
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who fulfil the criteria who are found to be mutation carriers. AnyEast Anglia for helping make this study possible. S McBride, P
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occurs in older cases with little or no family history. For example Research Campaign (CRC) Senior Clinical Research Fellow,
if all women diagnosed with breast cancer under 35 years-of-ageAJP is a Gibb Fellow of the CRC.
and those with at least two affected relatives on the same side of
the family, one of whom was diagnosed aged less than 50, were
eligible for testing, a mutation iIBRCAlor BRCA2would be = REFERENCES
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APPENDIX 1

Cumulative risk of penetrance and 95% confidence intervals (95% CI) were calculated from the cumulative infidevivere:

A :éi1 L exp@)

varA() =214, var@,) exp(B,) + 22 ,iT,T[ var,) var@)]"” exp@) exp@)corr@,, B)

k=1
where j = incidence in the'kage-band of length, Tandp, = In(RR) in K" age-band.

The cumulative risk F(t) is given by:
F(t) = 1 —exp(A(1))
with 95% CI = 1 — exp(A(t) = 1.96/varA(t)
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