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relatives of Jewish case patients was
1.49-7.56).Con-
clusions: Approximately 12% of
breast cancers in the Ashkenazi Jewish
population are attributable to mu-
tations in the BRCA1 or BRCA2
gene. Genetic testing may be useful
when Jewish women with breast cancer
are diagnosed before age 50 years or
have a close relative with ovarian or
early-onset breast cancer. An associa-
tion between breast and prostate
cancers was observed in our study
population. [J Natl Cancer Inst 1999;
91:1241-7]

Ashkenazi Jews represent more than

90% of the 6 million Jews in the United

eojUMO(]

Alexander Liede, Gordon Glendon, States and Canada. The risk of breast can-g
Jean-Sbastien Brunet, Steven Narodcer is greater for Jews than for non-Jews =

(1,2) and may be due to genetic or non- 3

] genetic factors. In a large case—control =

Background: Approximately 2.0%—  study(3), the relative risk (RR) for breast &
2.5% of Ashkenazi Jewish women cancer associated with Jewish ethnicity &
carry one of three founding mutations was 1.10 (95% confidence interval [CI] §
in the BRCAL and BRCA2 genes, and = 0.84-1.44). The RR, however, was 2.
each mutation is associated with a high higher for Jewish women who had a §
lifetime risk of invasive breast cancer. first-degree relative with breast cancer ©

We investigated the extent to which

(RR = 1.95; 95% Cl= 0.88-4.63) or

these three mutations contribute to who were diagnosed under the age of 50
breast cancer incidence in the Ash- years (RR= 1.55; 95% Cl= 0.92-2.63).
kenazi Jewish population.Methods:We One possible explanation is a higher
ascertained 457 Jewish women with frequency of mutations in the breast can-
prevalent cases of breast cancer who cer susceptibility genes BRCA1 and
were unselected for age or family his- BRCAZ2 in the Jewish case patients. These
tory of the disease; 412 of these women mutations are present in 2.0%-2.5% of
were tested for the three founder mu- Ashkenazi Jewish men or women; this
tations (case patients). Control subjects
consisted of 360 non-Jewish women
with breast cancer (control patients) Affiliations of authorsE. Warner, L. Di Prospero,
and 380 healthy Jewish women W|th no Division of Medical Oncology, Toronto-
history of cancer (control subjects).Re- Sunnybrook Regional Cancer Centre, ON, Canada;

lts: Mutations were found in 48 W. Foulkes, N. Hamel, C. Serruya, Cancer Preven-
Sults. utations were fou tion Unit, Sir Mortimer B. Davis-Jewish General

(11-7%_) of 412 JeWi_Sh case patie_nts. Hospital, and Montreal General Hospital Research
Forty-six of 48 mutations occurred in Institute, McGill University, Montreal, PQ, Canada;

women with early-onset breast cancer P. Goodwin, V. Contiga (Marvelle Koffler Breast
(<50 years) or a history of ovarian or Centre), H. Ozcelik (Samuel Lunenfeld Research
early-onset breast cancer in a first- Institute), Mount Sinai Hospital, Toronto; W.

d third-d lati Th Meschino, D. Allingham-Hawkins, J. Honeyford,
second-, or third-degree relative. e Department of Medical Genetics, North York Gen-

estimated penetrance to age 70 years gry Hospital, Toronto; J. Blondal, C. Paterson, R.
for breast cancer was 59.9% for the mMoslehi, A. Liede, J.-S. Brunet, S. Narod, Centre for

BRCA1 gene mutations and 28.3% for Research on Women’s Health, Women’s College
the BRCA2 gene mutation. Compared Hospital, Toronto; P. Goss, M. Klein, Division of
with Jewish control subjects the rela- Medical Oncology, The Toronto Hospital; G. Glen-
tive risk (RR) of breast cancer for first- 90N Ontario Cancer Genetics Network.

d lati " . . Correspondence toEllen Warner, M.D., M.Sc.,
egree relatives o . mUtatl_on carriers FRCPC, FACP, Division of Medical Oncology, To-
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frequency is approximately five timesmiologic data were obtained by questionnaire andase patients among the total number of case
higher than that of the general pOpU'atiijPdUd_ed information on height, ngght, reprqduc—patients. Proportions were estimated according
(4-7). tl\f/e_hlstotrty, use kqf oral contraceptives, and historyto age ofh ogset fof thle l;r.east cap(;er and Whethgr the
. . of cigarette smoking. women had a family history of breast or ovarian
To estimate the propo_rtlon of breas_,t Af?er giving inforn%ed written consent, the Jewish cancer. g /
cancer cases among Jewish women Wl%ﬁems with breast cancer were invited to undergo The cumulative risk of breast or ovarian cancer
and without a family history of breast orfree of charge genetic testing for three founding muwas calculated for the first-degree female relatives
Ovarlan cancer that |S attrlbutable '[Oiations (185de|AG, 5382|nSC, and 6174de|T) Be'(mother’ Sisters’ and daughters) of the Jewish case
BRCA1 and BRCA2 gene mutations andore giving a blood sample, all participants receivedhatients with breast cancer from a life-table analysis.
to estimate the penetrance of thes@enetic counseling. If requested by the patient, g8 this analysis, all first-degree female relatives were
mutations, we performed genetic analysi§©® 't rfs.“'ts (e made a".a"aﬁ'e " ”I‘e o donsidered study subjects. The “exposed" cohort
of a hospital-based sample of 41£enetlcs clinics of the participating hospitals, undeggntained the first-degree relatives of the Jewish

. . . xisting counseling protocols. Forty-five women ase patients with breast cancer; the “unexposed”
Jewish case.patlt_ants with breast Canc%@mpletEd the questionnaire and family history in-.q,ps contained the first-degree relatives of sub-
The cumulative risks of cancers of thewerview but declined to enter the genetic testing pro

b t d oth it tiocol jects in each control group. The cumulative risks
reast, ovary, and other sites were estlocol. were calculated for first-degree relatives of Jewish

mated ff)r the ﬁrSt'd_egree relatives of I)Who Cﬁ;tral pc_;prt‘JIations were :Jsled' 's grtoup _(:fcase patients with breast cancer who carried muta-
the Jewish case patients and comparetjC healthy Jewish women (control subjects) wi rg/ons, Jewish case patients with breast cancer who

with the cumulative risks of cancerno history of cancer, who were between the ages qfiy carry mutations, non-Jewish control patients

25 and 88 years, was recruited from two sources: 1 ith breast cancer, and healthy Jewish control sub-

among relatives of non-Jewish control pabaid and unpaid workers (& 120) from four U.S.

tients with breast cancer and among re'&TospitaIs (Cedar Sinai Hospital, Los Angeles CAjects. Risks were calculated separately for subgroups &
. . . ; . - ) ' 'of probands diagnosed under the age of 50 years and}
tives of healthy Jewish control subjectsColumbia Presbyterian Hospital Medical Center, .

. . ) . ) .~ for probands with BRCA1 or BRCA2 gene muta-
We then evaluated the relative contribuNew York, NY; Albert Einstein College of Medi- tions. RRs were estimated by use of the Cox bro-
tion of genetic and nongenetic risk factorgine, Bronx, NY; and Yale University Medical Cen- "' Y P
to breast cancer incidence in the Jewisﬁ" New Haven, CT) and one Canadian hospital (Si

portional hazards model. The risks of male breast
ntion ortimer B. Davis-Jewish General Hospital) and 2)caCer and of cancer at other sites were calculated in #
population. women (n= 260) from the membership lists of a
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a similar manner. Because there was such a large

Toronto synagogue and a local Jewish women'@umber of families and the average family size was
SUBJECTS AND M ETHODS group. Control subjects were approached by a merﬁ'_mall, the asgumptlon of no W|th|n-fam|ly associa-
ber of the study team at their workplace or througtion was considered to be valid.
the mail. They were invited to participate in a study Penetrance estimates were constructed from
that dealt with breast and ovarian cancer risks, bifie cumulative risks by use of the kin—cohort

they were not aware of the primary study goalsmethod described by Wacholder et @2). In this

We ascertained 457 Jewish women with prevalentontrol subjects were excluded if they had a historynethod, one half of the first-degree relatives of car-
cases of breast cancer who were unselected for age preast or ovarian cancer, were Sephardic, hatiers are assumed also to be carriers. Another
or family history of the disease; 412 of these womenyonyerted to Judaism, or were adopted. A secon@Ssumption is that relatives of probands may carry
were then tested for the three founder mutationsgroup contained 360 non-Jewish women with brea@ther BRCA1 and BRCA2 gene mutations at
Control subjects were 360 non-Jewish women Withancer (control patients), who were recruited fronfh€ frequency at which they occur in the Jewish
breast cancer (control patients) and 380 healthy Jewhe outpatient breast cancer clinics of several of thBopulation.
ish women with no history of cancer (control sub-participating hospitals. Both control groups pro- e also evaluated the importance of nonheredi-
jects). vided details about their family history of cancer andt@ry risk factors for breast cancer in the Jewish popu-

Eligible subjects included all living Jewish completed the epidemiology questionnaire but werdtion. An analysis that included all case patients and
women who had been diagnosed with invasivet offered genetic testing. Epidemiologic data wer&ontrol subjects showed a statistically significantly
breast cancer before May 1, 1998, and who wergqgt included from Mount Sinai Hospital. later age at first birth and greater oral contraceptive
followed at one of six oncology centers in Toronto  The study was approved by the institutional re-Us€ in the control subjects (data available from the g
or Montreal: Toronto-Sunnybrook Regional Cancekjew hoards of each participating hospital and théuthors upon request). However, because we foundg
Centre, Mount Sinai Hospital, Women’s Collegeynjversity of Toronto. strong temporal trends for these variables (inversely §
Hospital, The Toronto Hospital, North York General related to age of the subject) and because the control e
Hospital, and the Sir Mortimer B. Davis-Jewish Laboratory Methods subjects were younger than the case patients, an age-
General Hospital. The hospital lists of all living pa- matched design was thought to be more appropriate ©
tients under follow-up for breast cancer (i.e., preva- . despite the limitation of only being able to use a %
lent case patients) were reviewed. In some cases, theDNA was extracted f_rom perlphe_ral b'o‘?d lym- subset of the data. To do this analysis of nonheredi-
patient’s religion was recorded in the medical recphocytes from 412 Jewish case patients with brea?éry risk factors, a set of 221 pairs of age-matched
ord. In other cases, women of probable Jewish origiﬁancer and was an.alyzed for the presence c,’f W9swish case patients and Jewish control subjects was
were identified presumptively by the patient’s IastBRCAl gene mutations (185_deIAG and 5382Insc)generated. Each case patient was matched with a
name and physician knowledge. Jewish ancest nd one BRCAZ gene mutat_lon (6174delT). MUt_a'singIe control subject, born within 1 year of the case
was confirmed by patient self-report at the time o fon a“a'YS'S was performed in four cancer gen_et'cfjatient. Reproductive and other risk factors were
interview. The diagnosis of invasive breast cancelaborator'es’ using a range Of_ acc_epted teChn'q_ueéompared for case patients and control subjects. The
was confirmed by review of the pathology record.mCIUdIng hetero_d_uplex analysis, d'r?Ct Sequencingy;atistical significance of the differences in propor-
Women who were Sephardic, who had converted t8nd allele-specific polymera_\se_ chain rea(?u(m tions was assessed with McNemar's test, and the
Judaism, or who were adopted were excluded. 11). Because .the great majority c,’f MUtations re-yitrarences in means were assessed with the Wil-

A three-generation family history of cancer Wasporte_d N d_ate in Jews have been ether 185delAG Yoxon paired-sign test. The reproductive and ciga-
obtained, either by telephone or in-person interview.5382'_nSC n BR_CAl or 61.74deIT in BRCAZ, the rette smoking histories for case patients and control
All male and female first-degree relatives, includingr,nUtatlon analysis was confined to these three mUtas'ubjects were considered only for the period before

Study Population
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children, were ascertained, and their current age, aé@ns' the age at cancer diagnosis in the case patient. To
and cause of death (if deceased), and age and site of = . . evaluate the possibility of interactions between mu-
any cancer were recorded. Cases of breast and ovaptatistical Analysis tation status and nongenetic risk factors, we com-
ian cancers in second- and third-degree relatives pared the subgroups of case patients who were mu-

were also recorded. Pathologic confirmation was not The frequency of the three common Jewish mutation carriers or noncarriers with their matched
routinely available for relatives. Additional epide- tations was measured as the proportion of positiveontrol subjects.
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REsuLTS years), but this difference was not statisage 60 years or older. Among case pa-

tically significant (two-sidedP = .36; tients with a positive family history, the

Mutation Frequency Wilcoxon test). For carriers diagnosed bemutation frequency was higher (23.7%):
fore age 40 years, 85% of mutations wer&4.5% for case patients diagnosed before
31FT&QO\?ISQZ?{Q%I?%@;,JQF? up?:ti'\élr?tysm BRCAL, qt the age of 50 years andage 40 years, 27.6% for case patients di-
Wi'[’h breaét cancer were identified and ap<_3Ider, the dlgtrlbutlon of BRCA1 and agnosed at age _40—49 years, 25.8% for
hed. Of these, 457 (65.3%) case BRCA2 mutations was more even (Tablecase patients diagnosed at age 50-59
proached. ' 27 Pg A). years, and 5.7% for case patients diag-

gi?]tr;s t?r ggieget?oﬁ;rggﬁgetf C(;%:gnioz's The likelihood of carrying a mutation nosed at age 60 years or older. Among the
patier):tS' Sir Mgrtimer B Davis-JeV\'/ishwas strongly related to both age at on;seﬂam@l@es _with _mutationg there were Six
GeneraI'HospitaI 112 pat.ientS' Mount Si_of breast cancer (Table 1, A) and familyfamilies in which only first cousins were

. . o oo history of breast and ovarian cancersffected. This finding suggests that third-
nai Hospital, 85 patients; The Toronto

Hospital, 48 patients; Women's College(Table 1, B). Among the 164 case patientslegree relatives may contribute valuable

Hospital, 45 patients: and North YOrkdiagnosed k_Jefore th_e age of 50_years, 22%f0rmati_on to an indiv_idua_l’s family his-
GeneraI’HospitaI 39 ]oatients) Also enVere mutation carriers. The highest frejory of disease. A faml_ly history of ovar-
rolled were 360 ,non—Jewish c.ontrol pa_quency of mutations (44.4%).was seen ifan cancer was a particularly strong pre-
tients with breast cancer and 380 healththe group of case patients diagnosed beiic_tor of the presence ofa mutation (odds
Jewish women. who served as controi<Neen ages 30 and 40 years. In contrastatlo = 7.1, two-S|QedP<.001; F|§her's
subjects Chara;:teristics of the study sub-he mutation frequency in case patientgxact tgst). Forty-3|_x of 48 mutations oc-
jects we.re as follows: The mean Curreng|agnosed at the age of 60 years and oldeurred in case patients with ear_ly-onset =
age was 61.1 years.(95% Gt 60.0— was only 2.2%. Among thg 273 case pabrea;t cancer (<50 years) or a hlstory of §
62.1) for thé 457 Jewish case pa.tient tients with a negative family h|story (nq ovarian or early—onget breast cancer in a z
59'1 years (95% Ck 58.1-60.2) for the sfirst-, secorjd—, or third-degree relative di-first-, second-, or third-degree relative.
366 non-Jewish control batien.ts and 52 ggnosed with _breast cancer before age 50. :
years (95% Cl= 51.4-53.7) for,the 38O'years_or ovarian cancer at any age), thRisk pf Cancer for First-Degree
Jewish control subjécts fhe mean age mutation carrier frequen_cy was 5.5%:Relatives
diagnosis was 54.3 (9'5% Ck 533 E§t3.3% for case patients dlagnoged before
55.4) for the case batients and 53 2 yeara e 40 years, 9.3% for case patients diag- A total of 130 cases of breast cancer ©
(95;% Cl = 52.0-54.3) for the non-jewish os_ed at age 40-49 years, 1.3% for caseere reported among the 1367 first-
control patien.ts Th.e mean time since dipatlents diagnosed at ‘age 50-59 yeardegree female relatives of Jewish case pa-=
. : and 1.0% for case patients diagnosed aients. The cumulative incidence of breast &
agnosis was 6.7 years (95% G 6.2— 2
7.3) for the case patients and 6.0 years
(95% CI = 5.5-6.5) for the control pa- Table 1.Frequency of gene mutations
tients. The mean total number of first-
degree relatives was 5.9 (95% &l 5.7— _
6.1) for the case patients, 6.4 (95% €l rﬁigtﬁln rT?uRtgtiAOi mi't;htfgn
6.1-6.7) for the control patients, and 5.7age group Total* No. (%) No. (%) No. (%)
(95% CI = 5.5-5.9) for the control sub-

opEOJUMO(]

no-olwapeoe//:sdy
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A) By age of Jewish case patients

20-29y 3 1(33.0) 0(0.0) 1(33.0)

¥202 Iudy 61 uo 1senb Aq 98Z61S5Z/L 2 L/vL/L6/e1oIM

jects. The mean current age of all ﬁrst-30_39y 27 10 (37.0) 2(7.2) 12 (44.4)
degree relatives was 53.9 years (95% Clo-49 y 134 16 (11.9) 8 (6.0) 23(17.2)
= 53.1-54.8) for the case patients, 54.830-59 y 111 5(4.5) 4(3.6) 9(8.1)
years (959% Ci- 53.5-55.2) forthe con- -0 R R 1 S 8
g?lSpi[lgeg;s]"o??l?e4(:8c')it¥;a;3b('geit/so € Two-sidedP for trend <.001 .018 <.001

Of the 412 Jewish case pé\tients with B) By family history of breast and ovarian cancers
breast cancer who underwent mutatiomo. of relatives BRCA1 BRCA2 Either
analysis, 48 (11.7%) carried one of the<50 y old who have mutation, mutation, mutation
three founder mutations: 26 case patientdeast cancert Total** No. (%) No. (%) No. (%)
(6.3%) carried 185delAG, eight (1.9%) Breast cancer (no ovarian cancer)
carried 5382insC, and 15 (3.6%) carrieg) 273 11 (4.0) 4(15) 15 (5.5)
6174delT. One case patient carried both 72 8(11.1) 4(5.6) 12 (16.7)
the 185delAG and the 6174delT muta=2 25 4(16.0) 2(8.0) 5(20.0)
tions. The mean age at diagnosis of the Breast-ovarian cances
case patients carrying a mutation was star 23 3(13.0) 1(4.3) 4(17.4)
tistically significantly younger than that 1 11 5 (45.5) 3(27.3) 8 (72.7)
of the case patients who were noncarriers?2 4 2(50.0) 1(25.0) 3(75.0)

(45.1 years versus 55.3 years; two-sided , _ o .
P<.001: Wilcoxon test) The age at diag— *The woman who carried a BRCA1 gene mutation and a BRCA2 gene mutation is included in both

. columns.

nosis Was 2 ygars older for BRCA2 gene inumber of first-, second-, or third-degree relatives, excluding case patient.

mutation carriers (46.4 years) than for trour subjects were excluded because their family history of ovarian cancer was not confirmed.
BRCA1 gene mutation carriers (44.4 8At least one case of ovarian cancer in the case patient or in a first-, second- or third-degree relative.
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cancer among the first-degree female

Table 2. Cumulative incidence of cancer (CIC)

relatives of the Jewish case patients welg
statistically significantly greater than that
among the relatives of the non-Jewish
control patients (Table 2, A) or the Jewish

CIC, %, to age 60 yt

CIC, %, to age 85 yt

control subjects (Table 2, B). The RR forSite Non-Jewish Jewish Pt Non-Jewish Jewish Pt
breast cancer to age 85 years, given afleast, female 6.2 8.7 024 17.1 25.1 024
affected first-degree Jewish relative Breast, male 0.0 0.2 175 0.0 1.0 .044
based on the Cox proportional model wa%;’oas?/ate 0647 0680 -401?1’35 fi72 ffg -1522
with relatives of healthy Jewish controlpancreas 0.1 0.1 613 0.6 1.8 .188
subjects, and the RR was higher when thleun% i neck 1-85 0-(?4 -1225 7-230 4-132 -Oigg
: . . ead ana nec . . . . . .
breast cancer in the index case patient O€_8U§ 05 04 860 55 29 643
curred before age 50 years (RR 2.69; any
95% C| = 1_82_3_97) (Fig_ 1, A)_ The Female (except breat) 7.7 7.1 .532 25.4 29.6 .663
risk was increased for relatives of muta-“FA‘;’IT;a'e 184 o2 o 58 et oo
tion carriers (RR= 5.16; 95% Cl = 10.6 113 316 40.8 47.4 173 3
3.14-8.48) and for relatives of noncarriers S
(RR = 1.66; 95% Cl= 1.18-2.33) (Fig. B) In first-degree relatives of Jewish case patients with breast cancer and Jewish control sufjjects §
1, B). The estimated penetrance to age 70 CIC, %, to age 60 yt CIC, %, to age 85 yt 3
years for breast cancer was 59.9% for the. 3
. ite Control Case Pt Control Case Pt
BRCA1 gene mutations and 28.3% for the §
BRCA2 gene mutation. Because ther@reast, female 4.8 8.7 .003 11.6 25.1 <.001 g
: : Breast, male 0.0 0.2 .237 0.0 1.0 .066 &
were_only two ovarian cancers reportec_;l nﬁvar 0.9 08 76 14 25 718 8
the first-degree relatives of the mutatiorpyostate 0.0 0.0 _ 3.6 14.8 002 8
carriers, penetrance could not be esticolon 0.7 1.0 462 6.4 7.2 946 F
i Pancreas 0.0 0.1 .234 29 1.8 630 ©
ma;id V‘."tlt] ac%cu”racy. ; i1 first. LUNG 0.2 0.6 172 4.7 4.3 763 G
e risks of all types of cancer In first- yeaq and neck 0.2 0.4 350 0.5 1.2 361 3
degree relatives of case patients and comrsus 0.0 0.3 .039 2.2 2.9 536 32
trol patients are compared in Table 2, Azény e ¢ brea) 50 1 126 71 206 o5 3.
ot H e emale (except brea, . . . . . . o
There were statlst|cal!y S|gn|f|captly morec. e 94 162 001 3.7 48.7 001 =
cases of_Iung cancer in .the relatlve_s of th§jale 4.2 71 055 36.1 46.1 013 &
non-Jewish control patients than in relaAll 6.9 11.3 <.001 35.6 47.4 <001 ©
tives of the Jewish case patients. The risk =
S

of prostate cancer was statistically signifi-c) In first-degree relatives of Jewish case patients with breast cancer: mutation carriers versu

. . . . non-carriers# R
cantly higher in the first-degree relatives g
of Jewish case patients with breast cancer CIC, %, to age 60 yt CIC, %, to age 85 yT @
than in first-degree relatives of Jewishsite Noncarrier Carrier Pt Noncarrier Carrier PE §
control subjects (RR- 3.36; 95% Cl= Breast, female 7.6 27.1 <.001 25.3 44.2 <.001 S
. T ] . . . . . . <
1:49—7.56, Table 2, B). The risk was eVeIE cast male 0.2 10 059 08 34 020 o
higher for the relatives of BRCAL or ovary 0.7 3.2 019 1.9 12.0 019 3
BRCAZ2 gene mutation carriers (Table 2Prostate 0.0 0.0 — 12.6 33.6 049 =
C). The estimated cumulative risk forColon 0.9 12 960 68 118 339 =
. . Pancreas 0.1 0.9 .041 1.4 3.3 127 o
prostate cancer in BRCAL carriers was ng 0.7 0.0 425 47 29 835 >
33% to age 85 years (five cancers in 93iead and neck 0.2 1.9 <.001 1.3 1.9 014 2
relatives) and 26% in BRCA2 mutationPSU8 0.2 19 001 3.0 19 166 N
. . . ny N
carriers (two cancers in 34 relatives). Oné male (except brealt) 5.9 18.6 <.001 28.0 47.0 .001 =
case of male breast cancer was observegdmale 13.2 40.6 <.001 47.9 70.4 <.001
in a first-degree relative of a BRCAL1 mu-Male 7.3 6.6 547 45.3 50.9 .029
tation carrier, and one case was seen in‘d 104 23.5 <.001 46.7 61.3 <.001

) In first-degree relatives of Jewish case patients with breast cancer and non-Jewish control patients
with breast cancer*

first-degree relative of a BRCA2 mutation
carrier gThere as one case of earlv-ons *For female cancers, there were 1154 non-Jewish female relatives of control patients and 1367 Jewish
er. . w . . Yy . %male relatives of case patients. For male cancers, there were 1161 non-Jewish male relatives of control
pancreatic cancer in a flrs_t-degree relatiVBatients and 1316 Jewish male relatives of case patients.
of a BRCA1 mutation carrier as well as an  tkaplan-Meier estimates.
excess of head and neck cancer (threefLogrank test. AllP values are two-sided.
cases) in first-degree relatives of BRCA2 8PSU= primary site unknown.
mutation carriers. HIT:em?Ie rTIatives witrtlhbreast carllti%;e;re CtI)nsiciIetr'ed tofbe att rilsk f;)_r otther gelr;cgsf o rela f
Because the case patients were, on av_'ﬂ_ or female cancers, there were emale relatives of control subjects an emale relatives of case
atients. For male cancers, there were 1065 male relatives of control subjects and 1316 male relatives of case
erage, 8.5 years older than the contrgl .
subjects and'because there are strong teMuror female cancers, there were 1112 female relatives of noncarriers and 128 female relatives of carriers.
poral trends in oral contraceptive use anéor male cancers, there were 1046 male relatives of noncarriers and 129 male relatives of carriers.
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n at rigk

patients<50
patients>50
cont. subjects 822

B

n at risk
carriers

nen-carriers
cont. patients 1019
cont. subjects 822

25

348
819

50

45

40

35

30

25

20

15

10

966

= breast cancer in case patients<50 years

breast cancer in case patients2by years

...... control subjects

Age (years)

330 304 263 217 176
767 698 604 532 468
744 672 606 535 475

=——carrier case patients

non-carrier case patients
~—control patients

------ control subjects

Age (years)
a7 78 64 a9 38
305 826 7139 631 544
340 852 771 679 594
744 672 606 535 475

Fig. 1. A) Cumulative incidence of breast cancer in female first-degree relatives of Jewish study subjectsSWB
observed 41 cases of breast cancer among the 492 female relatives of case patients whose breast ca
diagnosed before the age of 50 years, 51 cases of breast cancer among the 875 female relatives . . .
patients whose breast cancer was diagnosed at or after the age of 50 years, and 45 cases of breast¥@Rcén Israel. Differences in geographic
among the 1109 female relatives of the healthy Jewish control sub@c@umulative incidence of breast Origin of the patients might also account
cancer in female first-degree relatives of study subjects. We observed 20 cases of breast cancer amdog wariation in carrier frequencies.

128 female relatives of Jewish case patients with a BRCAL or a BRCA2 gene mutation, 69 cases of bregSither studieg10,15,16)that have fo-
cancer among the 1112 female relatives of Jewish case patients who did not carry a mutation, 64 caég%gﬁ on women with premenopausal or ®
breast cancer among the 1154 female relatives of non-Jewish control patients, and 45 cases of breastfaem?ﬁél cases of breast cancer have found
among the 1109 female relatives of healthy Jewish control subjects.
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finding a mutation was highly dependent
on the age of the patient and her family
history of breast and ovarian cancers. The
mutation frequency was very high in case
patients diagnosed before the age of 40
years (43.3%). In contrast, the rate of mu-
tations among case patients diagnosed at
the age of 60 years or older was 2.2% and
was not higher than that expected from
population studieg4). For case patients
diagnosed at the age of 50 years or older
who lacked a family history of breast or
ovarian cancer, the mutation frequency
was even lower. Because almost 300000
of the 350000 Jews in Canada live in the
greater Toronto and Montreal areas and 9
because the majority of Jewish women =
with breast cancer in Toronto and Mon-
treal are treated in one of these six hospi- g
tals, we believe that our results can be =
generalized to the Jewish population in 3
Canada.

There are two smaller repor{s3,14)
of the mutation frequency in Jewish
women with breast cancer, who were un-
selected for age or a family history of
breast cancer. Fodor et dl13) tested a
consecutive series of 268 patients with in-
cident cases of breast cancer who had a3
median age at diagnosis of 59 years. They 3.
found a mutation carrier frequency of 2
only 6.8% overall and of 16% for women
diagnosed before age 42 years. Abeliov-
ich et al. (14) tested 162 patients with
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age at diagnosis of less than 50 years.b

They found a mutation carrier frequency
of 13.5% overall and of 30% for women
diagnosed before age 40 years. Criteria 2
for defining patients as Jewish in either

8¢6vSc/L

ly were not given; however, marriages §
Qfeig\é%en Jews and non-Jews are uncom-g

]

20z 1Mdy 6

carrier frequencies similar to ours. Our
finding that 40% of the case patients who

parity with year of birth, an age-matchedtically significant after adjustment washad a family history of ovarian cancer
analysis was performed to evaluate the efmade for the age difference.
fect of nonhereditary risk factors (Table
3). No statistically significant differences DiISCUSSION
were found for any of the nonhereditary
risk factors between Jewish case patients In our population of 412 Ashkenazi BRCA1l gene mutations is similar to the
and Jewish control subjects. In a subgroupewish case patients with breast cancer stimate of Struewing et al7), which
analysis, BRCA1/BRCA2 mutation carri- Toronto and Montreal, who were unsewas based on an unselected group of Jew-
ers had used oral contraceptives more ofected for age or a family history of breastish volunteers and which was lower than
ten than noncarriers (72.7% versugancer, the overall mutation carrier frepenetrance estimates derived from high-
56.2%), but this difference was not statisquency was 11.7%. The likelihood ofrisk families(18,19).Struewing et al. es-

carried mutations is similar to the report
of Tonin et al.(17).

Our estimated penetrance of breast
cancer to age 70 years of 59.9% for
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Table 3. Comparison of nongenetic risk factors in Jewish case patients with breast cancer and Jewibfe Jewish case patients than in the first-

control subjects* degree male relatives of the Jewish con-
Jewish case patients Jewish control subjects trol subjects. The risks were Som_eWhat
Characteristic (n = 221) (n = 221) Two-side® greater when the proband carried a

BRCA1 or BRCA2 gene mutation. A

Year of birth, mean (95% Cl) 41.6 (40.2-43.0) 41.7 (40.3-43.1) — . -
. moderately increased risk of prostate can-

Current aqe, y,.mean (95% CI) 55.9 (54.5-57.4) 55.5 (54.1-56.9) — cer in mutation carriers has been de-
Reproductive history, mean (95% CI) scribed(7,27-29);however, other inves-

Age at menarche, y 12.5(12.4-12.7) 12.5(12.3-12.8) .652 tigat 30-32)did not find a higher th

Parity 2.1(1.9-2.2) 2.1(1.9-2.2) 897  figators(30-32)did not find a higher than

Age at first live birth, y 25.9 (25.2-26.5) 25.8 (25.2-26.5) 867 expected number of mutation carriers
Oral contraceptive use Because, for prostate cancer, the youngest

Ever users, % 57.9 61.1 .581 ; ; N

Duration, y, mean (95% Cl) 3.4 (2.8-4.1) 2.9 (2.4-3.5) 703 @0¢€ of onset reported in a carrier family in

_ our study was 69 years, we do not advo-
Height, cm, mean (95% CI) 161.3 (160.3-162.3) 161.5 (160.7-162.3) .888 . .

. , cate screening male carriers for prostate
Weight, kg,T mean (95% Cl) 66.9 (65.2—68.6) 66.4 (64.6-68.1) 330 cancer before age 50 yed@3). o
BMI,T mean (95% ClI) 25.9 (25.1-26.5) 25.3 (24.8-26.0) 115 Statistically significantly elevated risks z
Ever smoked, % 53.8 48.9 347 in relatives of carriers were also found for g
Pack-years,¥ mean (95% CI) 7.2 (5.5-9.0) 7.0 (5.0-9.1) 557 head and neck cancer and for pancreatic§

cancer. Although these findings must be
*For the continuous variables, we have used the Wilcoxon paired sign test. For dichotomous exposurﬁ]t\@?preted with caution, glven the mul-

have used McNemar's test. G+ confidence interval. |

TTwo Jewish case patients and one Jewish control subject had missing weight and body mass |ndexE companspns that. we have made,
information. they are consistent with the results of

tPack-years= number of cigarette packs smoked per day x number of years of smoking. other investigator$7,11,34,35).
We studied 2683 relatives of the 457
case patients, 2315 relatives of 360 con-
timated the penetrance of the BRCA2 mutients who declined mutation testing werdrol patients, and 2174 relatives of 380
tation to be only slightly lower than that slightly older than those who acceptectcontrol subjects. Because we included :
of the BRCA1 mutation, but we estimatedtesting (63.1 years and 60.8 years, respemultiple relatives for each case and con-
the penetrance to age 70 years of BRCA#vely). This difference might elevate ourtrol group, the independence assumption 3
to be 28.3%. Although our estimate musbverall mutation frequency but should notcan be questioned. However, the number
be interpreted with caution because it isffect our age-specific mutation frequen-of families was very large compared with
based on a small number of cases, it isies. Review of medical records at Toronthe average number of relatives per fam-
similar to the estimate of 37.2% to age 7Qo-Sunnybrook Regional Cancer Centrely, which should minimize this effect.
years from a population-based study irthe institution that contributed the largesiNonetheless, we also repeated our analy-
Iceland (20). Furthermore, our observednumber of case patients, revealed no difses using only data derived from the 2302
frequency of BRCA2 mutations wasference in the age at onset of breast cancparents (who are not known to be related).
much lower than the frequency ofor family history of breast or ovarian can-The results are essentially the same asiy
BRCA1 mutations (3.6% versus 8.3%).cer of Jewish patients who had died comthose presented in Table 2 (data avallable
despite the fact that these mutations arpared with Jewish case patients who hafiom the authors upon request).
almost equally numerous in the Jewishundergone genetic testing. Our findings have important implica-
population(4—7). These data are consis- We found the risk of breast cancer intions for genetic screening of Jewish pa-
tent with the conclusions of others that thehe first-degree relatives of the Jewishients with breast cancer and for counsel-
penetrance of BRCA2 is lower than thatcase patients who were not mutation caiing their relatives. These data support the
of BRCA1 (5,6). riers to be statistically significantly position that testing should be offered to
The average time from diagnosis to in-greater than the risk for the relatives ofall Jewish women with breast cancer di-
terview among the Jewish case patientthe healthy Jewish control subjects. Thisgnosed before the age of 50 years or who+
was 6.7 years. If there are survival differ-observation supports the conclusion ohave a first-, second-, or third-degree rela-
ences between carriers and noncarrier€laus et al(26),who suggested that theretive with ovarian or early-onset breast
then our population may not be represerare genetic factors beyond the threeancer. Using these criteria, we would
tative and our mutation frequency may bdounding mutations that contribute to thehave identified 46 of the 48 mutations
biased. At present, the literature in thisheritability of breast cancer in the Jewishpresent in this dataset by screening 231 of
regard is in conflic(21-25),and we await population. It is not known whether this412 case patients.
results of prospective studies. In ourexcess risk is due to additional mutations We estimate that approximately 12%
study, there was no clear difference inn BRCA1 or BRCA2 or to mutations in of the cases of breast cancer in the Jewish
mutation frequency between recently di-other susceptibility genes. Common lifepopulation are attributable to the three
agnosed case patients and long-term sustyle or environmental factors might alsdfounding mutations, including 22% of
vivors; among case patients with 5 yeargxplain part of the familial clustering.  cancers diagnosed before age 50 years.
or more of follow-up, the frequency was We found a statistically significantly This percentage compares with an esti-
11.8% compared with 11.6% for thosegreater risk of prostate cancer after age 6Mate of 3% for BRCA1 mutations in non-
followed for less than 5 years. The payears in the first-degree male relatives ofewish women with breast cancés6)
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