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Background. Younger age at first birth and greater parity birth (RR = 1.05; 95% confidence interval [CI] = 0.97-1.15).
generally reduce the risk of developing breast cancer, but By contrast, the estimated risk in mutation carriers fell with
whether this reduced risk holds in women with a mutation in each 5-year increment in age (RR = 0.65; 95% CI = 0.37-
the BRCA1 or BRCA2 gene is unknown. 1.16). Among the 288 participants who were breast cancer
Methods. In a Washington DC community-based study con- survivors themselves, the comparison of carriers with noncar-
ducted in 1996, we tested 5318 Ashkenazi Jews for three riers also showed no protection associated with early birth in
BRCA1/2 founder mutations and identified 120 mutation car- the presence of a mutation in BRCA1 or BRCA2.
riers. Applying an extension of the "kin-cohort" analysis, we Conclusions. It is not yet clear whether the recognized breast
compared the effects of reproduction on breast cancer risk in cancer risk factors operate in the same way in women who
carriers and noncarriers. We also used a case-case analysis carry a mutation in the BRCA1 or BRCA2 genes.
among 288 participants who had been diagnosed with breast (EPIDEMIOLOGY2002;13:255-261
cancer.

Results. In noncarriers, the estimated relative risk (RR) of

breast cancer rose 5% with each 5-year increment in age at first
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" t is well established that women who first give birth of functional assays have made detection of the
at younger ages have lower risk of developing breast BRCA1/2 mutation carriers m the general population

. cancer, 1,2but it is not clear whether this protection costly and difficult. In the Ashkenazi Jewish population,

holds among women whose risk is dramatically increased founder BRCA1 mutations in BRCA1 (185delAG and

because they carry mutations in the BRCA1 or BRCA2 5382insC) and BRCA2 (6174delT) have a combined

genes. Indeed, it is difficult to address the issue in epi- frequency exceeding 2%, 6-s and so a relatively large
demiologic studies because of the rarity of the mutations, number of BRCA1/2 mutation carriers can be identified

Selected families in clinics that care for high-risk women more efficiently to study risk in BRCA1/2 carriers. To

provide some data, but it is not certain how widely this estimate cancer risk in carriers, we conducted a large

applies to the total population of carriers) 5 community-based survey of Ashkenazi Jews and ob-

One challenge for epidemiologic research in the over- tained faraily history data from participants, who were

all population of carriers is that more than 1000 different subsequently tested for BRCA1/2 mutations. 9

mutations in the BRCA1 and BRCA2 genes have been The present analysis investigates the effects of non-

characterized. This wide range of mutations and the lack genetic risk factors that may interact with BRCA1/2

mutations to influence risk of developing breast cancer.

We used the kin-cohort technique to derive unbiased
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unteers from the community-based survey, collection of
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recruited 5318 Jewish men and women over the age of 3+) to estimate the age-specific cumulative risk of

20 from among the estimated 150,000 Jewish persons in breast cancer in carriers and noncarriers according to
the Washington DC area, using notices in newspapers, reproductive history. To estimate relative risk (RR) as-
radio, posters, and publicity in such places as community sociated with age at first birth or parity categories or to
centers, synagogues, and Jewish organizations. Subjects investigate the effects of age at first birth or parity as
were enrolled over a 9-week period at 15 study sites. This continuous variables, we considered separate (stratified)

study was approved by an institutional review board of proportional hazard models for noncarriers and carriers.
the National Cancer Institute, Bethesda, Maryland. The maximum likelihood approach was again used to

After giving written informed consent, participants estimate the parameters of this model from the genotype
gave blood samples and completed a self-administered data of the participants and the mothers' disease and
questionnaire. Polymerase chain reaction (PCR)-based reproductive history data (Appendix).
assays on blood samples were performed to determine Second, we used a case-case approach to make corn-
carrier status for two BRCA1 mutations (185delAG and parisons within the group of 288 women who partici-
5382insC) and one BRCA2 mutation (6174delT). Pos- pated in the study and reported that they had been
itive BRCA1/2 carrier status was defined by detection of diagnosed with breast cancer. Neither absolute cancer
either a BRCA1 or BRCA2 mutation. Only samples that risk nor RR associated with age at first birth, for exam-

were positive on at least two independent PCR-based pie, can be estimated from a case-case analysis, but
assays were considered positive in the statistical analyses, interaction between genotype and age at first birth can

The questionnaire elicited information on the partic- be estimated under certain assumptions. TM We made
ipants' first-degree relatives, namely year of birth, year of three assumptions to estimate interaction odds ratio
death if deceased, and history of cancer including type(s) from the case-case analysis. First, we made the usual
of cancer and age at diagnosis. The mother's age at first case-case assumption that BRCA1/2 genotype is inde-
birth and total number of live births thus could be pendent of reproductive history. Second, we assumed

inferred. For sets of siblings who participated in the that survival in this population did not depend on ge-

study, each mother was counted only once. We consid- notype or reproductive risk factors. It has already been
ered her to be the mother of a carrier if any of her demonstrated that carriers and noncarriers had similar

children was found to carry a mutation and the mother breast cancer survival odds. 15Third, we assumed that
of noncarriers otherwise, volunteering for this study did not depend on reproduc-

We measured the interaction of BRCA genes and the tive history differently in carriers and noncarriers.

potential reproductive modifiers (age at first birth and
parity) in two distinct analyses using independent data.
The first, an extension 1°of the kin-cohort approach II ReSU]{8
used in this and later studies, 12'13used data from the Out of 5318 study participants, 120 carried one of the
mothers of all of the 5318 study participants but not founder mutations. After accounting for siblings who

from participants themselves. The second approach, a participated, there were 117 mothers of carriers (60 with
case-case analysis, 14used data from participants them- BRCA1 and 57 with BRCA2 rautations) and 5094
selves, specifically those participants who reported hay- mothers of noncarriers available for analysis (Table 1).

ing been diagnosed with breast cancer. On average, the mothers of carriers were younger, more
In the main kin-cohort analysis, we estimated the of them had their first child before they were 25 years

age-specific cumulative risk of disease using a maximun_ old, and fewer of them had more than three children.
likelihood method. 1°The method exploits the fact that More of them had developed breast cancer or ovarian
more than 97% of Ashkenazi Jews in the United States cancer, which would be predicted because half of them
are BRCA1/2 non-carriers, so the vast majority of moth- would be expected to carry a mutation themselves.
ers of noncarriers are noncarriers, too, whereas slightly We classified all of the female subjects in the study by
more than 50% of all mothers of BRCA1/2-positive decade of birth, parity and age at first birth (among the

participants are carriers themselves. This information parous women), and carrier status. Given decade of
can be used to construct a marginal likelihood of ob- birth, parity and age at first birth were virtually identical

serving each individual relative's disease history data in carriers and noncarriers.
given the mutation status of the corresponding partici- Among mothers of noncarriers, those who first gave
pants. Estimates of the age-specific cumulative risk for birth at older ages were more likely to have developed
carriers and noncarriers can be obtained by maximizing breast cancer (Table 2). The trend was relatively smooth
this likelihood, and statistically important, rising from 10% to 18%. On

We used this maximum likelihood method to analyze the other hand, the mothers of mutation carriers showed

the disease history data of the mothers stratified by their no evidence of the typical relation between later age at
age at first birth (<25, 25-30, >30) or their parity (1-2, first birth and increased risk of breast cancer. The num-
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TABLE 1. Mothers of Study Participants, According to Participants' Muta- No such pattern was seen in carriers'
tion Status mothers, either overall (Table 2) or

stratified by affected gene (data not
Study Participant Mutation Status

shown).
BRCA1 BRCA2 BRCA1/2 None Because about half of the mothers of

Mother's year of birth (%) carriers carried no mutation, the abso-
<1910 17 23 20 31
1910-1919 35 25 30 24 lute cancer risks in the mothers of car-
1920-1929 27 25 26 23 riers are intermediate between the risks
1930-1939 12 16 14 12
1940 or later 2 7 4 6 in carriers and noncarriers. These risks
Unknown 8 5 7 5 can be estimated by applying the kin-

Parity (%)
1 birth 7 12 9 9 cohort method _°'n to the data from the
2 births 48 47 48 44 mothers, as shown in Figure 1. In carri-
3 births 28 35 32 30
4 or more births 17 5 11 17 ers, the risk curves are lowest for women

Mother's age at first birth (%) who give birth at older ages.
<25 45 42 43 38
25-29 30 30 29 39 Table 3 presents the projected risks
30 34 15 16 15 13 of breast cancer by decade of life for
35+ 2 7 4 4
Unknown 8 5 7 5 carriers and noncarriers. The overall

Mother's breast cancer history (%) hazard ratios in noncarriers, corre-
No 58 67 62 83
Yes 38 32 35 14 sponding to the year-by-year data pre-
Unknown 3 2 3 2 sented in Figure 1, were 1.0 (ref), 1.15,

Mother's ovarian cancer history (%)
No 90 89 90 96 and 1.25 for younger, intermediate,
Yes 7 9 8 2 and older first births, respectively. By
Unknown 3 2 3 2

Offspring (study participant)(%) contrast, the hazard ratios were 1.0
Male 20 28 24 30 (ref), 0.58, and 0.28 in the carriers.
Female, history of breast cancer 25 19 22 5
Female,no breastcancer 55 53 54 65 The corresponding multiplicative in-

Total number 60 57 117 5094 teraction coefficients were 1.0, 0.50
[95% confidence interval (CI) --
0.18-1.36], and 0.23 (95% CI --

bers of carriers made the estimates somewhat imprecise, 0.06-0.85). To increase the statistical power, age at first
but those mothers of carriers who first gave birth in their birth was also considered as a continuous variable. On

thirties actually were less likely to have breast cancer average, each 5-year increase in the age at first birth in
than their peers who had children in their twenties. The noncarriers corresponded to a 5% increase in breast
patterns were similar for BRCA1 compared with cancer risk (RR per 5 years = 1.05; 95% CI = 0.96-
BRCA2 (data not shown). 1.15). By contrast, each 5-year increase in age at first

The association of parity with breast cancer also birth among carriers corresponded to a 35% decrease
differed for mothers of carriers and noncarriers (Table (RR per 5 years = 0.65; 95% CI = 0.37-1.15). The

2). Among the noncarriers' mothers, breast cancer risk corresponding multiplicative interaction coefficient was
fell from 16% to 12% with increased numbers of births. 0.62 (95% CI = 0.35-1.12).

TABLE 2. Proportion of Mothers with Breast Cancer, by Mutation of the Offspring and Age at First Birth or Parity of the
Mother

Offspring with BRCA1/2 Mutations No Mutations in Offspring

Percent with Percent with
Breast Cancer Total Women Breast Cancer Total Women

Mother's age at first birth
<20 0 2 10 191
20-24 40 48 13 1726
25-29 40 35 15 1971
30+ 30 23 18 864
Trend test* P = 0.95) P = 0.0003

Mother'stotalnumberof children
1 30 10 16 413
2 33 52 16 2138
3 46 35 14 1457
4+ 36 11 12 754
Trend test* P = 0.68 P = 0.02

* Adjusted for year of birth; t age < 20 combined with 20-24.
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multiplicative interaction
in the continuous model

was 1.33 (95% CI =
Age at first birth .........0_ <25 0.76 -2.33 ).

o ..... 25-30 .......... Table 4 presents data
.... >30 _/..- from the 288 study partic-

_q ipants who reported that
cr o they had been diagnosed2

with breast cancer, corn--5

_ _ paring carriers with non-
o carriers in a case-case

analysis. If younger age at
_] first birth were equally
6 q protective in carriers and

noncarriers, then the in-

teraction odds ratios
o would be 1.0. Instead, theI I I r J I T_

20 30 40 50 60 70 80 carriers were more likely

Age to have early first birth.
That is, the association of

FIGURE 1. Age-specific risk of breast cancer in BRCA1/2 mutation carriers by age at first earlier birth and lower risk

birth, estimated from mother's cancer history and participant's mutation status, was apparently absent or
reversed among the carri-

We also assessed the effect of parity on the risks of ers. The interaction odds ratios for BRCA mutations and
breast cancer in carriers and in noncarriers, controlling parity did not form a consistent pattern.

for age at first birth, using both categorical and contin-
uous versions of parity (data not shown). Among the Discussion
noncarriers, women who had three or more births These findings suggest that earlier first birth may not
showed a slightly lower risk of breast cancer in compar- offer the usual protection against breast cancer in
ison with those who had one or two births (RR = 0.90; women who inherit a mutation in the BRCA1 or the

95% CI = 0.76-1.08). Among the carriers, the associ- BRCA2 gene. In particular, Jewish Ashkenazi women
ation was reversed. Carriers with three or more births carrying one of three founder mutations did not show
had a higher risk of breast cancer than their peers with the inverse association between age at first birth and
one or two births (RR = 2.13; 95% CI = 0.83-5.51). breast cancer risk that appeared in the Ashkenazi non-

The corresponding interaction between parity and car- carriers and that appears in populations around the
tier status was 2.36 (95% CI = 0.87-6.43). If the num- world. 1'2The two BRCA1 mutations studied are far apart
ber of births is treated as a continuous variable, the on the gene, and there is little reason to expect effects of
noncarriers show a 5% reduction in risk per additional other mutations in these genes to differ. Both mutations,
birth (RR --- 0.95; 95% CI = 0.87-1.04). Among the like the majority of reported mutations, lead to trunca-
carriers, by contrast, risk increases by 26% with each tion of the protein before the carboxyl terminal BRCT
additional birth (RR = 1.26; 95% CI = 0.73-2.16). The domain.

TABLE 3. Cumulative Risk of Breast Cancer* at Selected Ages, According to Age at First Birth and Genotype

Cmnulative Risk of Breast Cancer at Age

Age at First Birth 40 50 60 70 80 Relative Risk'_ 95% CI

Non-carriers
<258 .013 .049 .081 .115 .143 1.0
25-29 .015 .038 .077 .123 .168 1.15 0.96-1.38
30+ .009 .039 .075 .120 .182 1.25 1.0l-1.55

Carriers
<258 .221 .498 .642 .695 .695 1.0
25-29 .049 .308 .587 .706 .805 0.58 0.22-I .49
30+ .D00 .000 .149 .315 .475 0.28 0.08-1.0I

* From kin-cohort analysis.
? Overall hazard ratio for all ages.

Reference category.



EPIDEMIOLOGY May 2002, Vol. 13 No. 3 BREASTCANCER, BRCA1/2, AND BroTHS 259

TABLE 4. Case-Case Analysis of 288* Study Participants with a History of mation than the kin-cohort analysis,
Breast Cancer but it uses independent data to assess

Carriers Non-Carriers Interaction OR? 95%CI interaction. Its results support the
findings given by the kin-cohort

Age at first birth
<255 8 77 1.0 approach.
25-29 8 86 0.7 0.3-2.1 Findings from several other studies
30+ 4 55 0.5 0.I-I.9
No births 5 42 0.7 0.2-2.6 of mutation carriers lend support to

Trend test P = 0.52 the findings of this investigation. Jern-
Parity (no. of births)

No births$ 5 42 1.0 strom et al.3 recently found no differ-
1 1 34 0.3 0.03-2.6 ence in age at first birth between 248
2 15 104 1.4 0.5-4.3 BRCA1/2 mutation carriers diagnosed3+ 4 80 0.6 0.2-2.6

Trend test P = 0.94 with breast cancer at or before age 40

*Three survivors lacked data on parity or age at first birth, and matched carrier controls drawn
t Odds ratio adjusted for decade of birth, from genetic-counseling centers in
5;Refe ........ tegory. North America. In an earlier publica-

tion that may have included some of
Strengths of this study included the community base, the same cases, Narod et al.5found no effect of age at first

the study participants' lack of awareness of their muta- birth on breast cancer incidence but did find that higher
tion status, the large sample size, and relative genetic parity and later age at last birth were linked to higher
homogeneity, incidence. Within a group of 46 German BRCA1 mu-

Compared with the general U.S. population, the Jew- tation carriers, Chang-Claude et al.4 reported no differ-
ish population has elevated prevalence of breast cancer, ence in breast cancer risk between women giving birth
The participants in this community survey were more before or after age 25.
likely to have personal or family history of breast cancer Indirect evidence comes from analyses of women who
than the whole Jewish population of Washington DC. were not tested for rautations but who were at substantial
This selection effect tends to raise the absolute risks in familial risk. In an early case series of hereditary breast
each subset but does not distort the within-study coin- cancer, 16a large cohort of nurses, 17and a large case-control
parison of carriers vs noncarriers. In noncarrier women, study in Wisconsin and New England, is earlier birth was
the estimated incidence rates of breast cancer are slightly not a protective factor in women with family history of
inflated, but the RR associated with advancing age at breast cancer. In the case-control study used to fit the Gail
first birth showed the typical pattern observed in popu- model, 19early birth was less protective in women with
lations around the world. Similarly, the absolute risks in family history of cancer; subsequent validation studies also
carriers have some upward bias, but the RR associated showed this negative interaction between age at first birth
with age at first birth does not. and family history. 2°-22This evidence, though consistent

Various limitations in the study data could have with our findings, is indirect because only a fraction of the
distorted the findings, including random variation, be- women with substantial familial risk carry mutations in
cause the study included only 120 carriers. For the kin- BRCA1/2.

cohort analysis and unadjusted comparisons of mothers, If, as the present data suggest, a mutation carrier's age
limitations include errors in reporting on mothers' years at her first birth has little effect on her breast cancer risk,
of birth, death, and any cancer diagnoses. We lacked is this part of a more general deviation in cancer risk
confirmation of deaths or cancers reported. Also, the factors? No clear pattern has emerged in the reports to
kin-cohort approach could not be used to estimate risks date. Grabrick et al.24recently reported that oral con-
in nulliparous women because it relied upon data con- traceptive use was associated with increased breast can-
cerning the study participants' mothers. Some misclas- cer risk in women with strong family history. Ursin 26
sification is inevitable but may have been minimal in reported greatly increased risk associated with 4 years or
this study, in that the expected relation between repro- more of oral contraception in a small series of young
ductive history and breast cancer was observed in the Ashkenazi Jewish breast cancer patients. Rebbeck et al.25
noncarriers' data. reported reduced risk in BRCA1 carriers after oophorec-

Different potential limitations apply to the case-case tomy, the pattern seen in the general population. In the
analyses within the group of 288 breast cancer survivors, small German study, 4 older age at menarche did show
A higher proportion of the participants had a positive the typical relation to breast cancer risk. Johansson et

family history of breast or ovarian cancer than would be al.23 noted a higher risk of breast cancer diagnosed
seen in a random population sample, although that does within a year of giving birth among Swedish carriers of
not distort the estimation of the interaction odds ratio. BRCA1 mutations compared with noncarriers, with an
In this study, the case-case analysis provides less infor- intermediate level of risk in BRCA2 mutation carriers.



260 Hartge et al. EPIDEMIOLOGY May 2002, Vol. 13 No. 3

We have no simple explanation of why lower breast likelihood 1° of the relatives' disease incidence data,

cancer risk would not follow earlier first birth in given their reproductive history and the volunteer's ge-
BRCA1/2 mutation carriers. In general, age at first birth notype data.
and parity serve as simple indicators of a more complex
set of influences of reproductive history. Indeed, preg-
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