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Abstract

Background Associations between reproductive factors and risk of breast cancer differ by subtype defined by joint
estrogen receptor (ER), progesterone receptor (PR), and HER2 expression status. Racial and ethnic differences in the
incidence of breast cancer subtypes suggest etiologic heterogeneity, yet data are limited because most studies have
included non-Hispanic White women only.

Methods \We analyzed harmonized data for 2,794 breast cancer cases and 4,579 controls, of whom 90% self-
identified as African American, Asian American or Hispanic. Questionnaire data were pooled from three population-
based studies conducted in California and data on tumor characteristics were obtained from the California Cancer
Registry. The study sample included 1,530 luminal A (ER-positive and/or PR-positive, HER2-negative), 442 luminal B
(ER-positive and/or PR-positive, HER2-positive), 578 triple-negative (TN; ER-negative, PR-negative, HER2-negative),
and 244 HER2-enriched (ER-negative, PR-negative, HER2-positive) cases. We used multivariable unconditional logistic
regression models to estimate subtype-specific ORs and 95% confidence intervals associated with parity, breast-
feeding, and other reproductive characteristics by menopausal status and race and ethnicity.

Results Subtype-specific associations with reproductive factors revealed some notable differences by menopausal
status and race and ethnicity. Specifically, higher parity without breast-feeding was associated with higher risk of
luminal A and TN subtypes among premenopausal African American women. In contrast, among Asian American and
Hispanic women, regardless of menopausal status, higher parity with a breast-feeding history was associated with
lower risk of luminal A subtype. Among premenopausal women only, luminal A subtype was associated with older
age at first full-term pregnancy (FTP), longer interval between menarche and first FTP, and shorter interval since last
FTP, with similar OR estimates across the three racial and ethnic groups.
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Conclusions Subtype-specific associations with reproductive factors overall and by menopausal status, and race
and ethnicity, showed some differences, underscoring that understanding etiologic heterogeneity in racially and
ethnically diverse study samples is essential. Breast-feeding is likely the only reproductive factor that is potentially
modifiable. Targeted efforts to promote and facilitate breast-feeding could help mitigate the adverse effects of higher

parity among premenopausal African American women.
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Introduction

Racial and ethnic differences in the incidence of breast
cancer subtypes are well documented in the Surveillance,
Epidemiology, and End Results (SEER) Program [1].
Among incident cases with known subtype defined by
estrogen receptor (ER), progesterone receptor (PR) and
human epidermal growth factor receptor 2 (HER2) [1],
luminal A (ER-positive and/or PR-positive and HER2-
negative) is the most common subtype, accounting
for 72.7% of breast cancers, with the highest incidence
among non-Hispanic White (NHW) women. Triple neg-
ative (TN) subtype (ER-negative and PR-negative and
HER2-negative) accounts for 12.2% of breast cancers,
and, among women diagnosed under age 50 years, the
incidence is highest among African American and His-
panic women. Luminal B (ER-positive and/or PR-positive
and HER2-positive) and HER2-enriched (ER-negative
and PR-negative and HER2-positive) subtypes account
for 4.6% and 10.3% of breast cancers, respectively. Racial
and ethnic differences in the incidence of breast cancer
subtypes suggest etiologic heterogeneity. Most epide-
miologic studies, however, included NHW women only
[2-7]. There is a need to better understand risk factors
for breast cancer subtypes among racially and ethnically
minoritized populations who have a greater burden of
the clinically more aggressive subtypes that have poorer
prognosis compared to luminal A subtype [8].

We investigated subtype-specific associations with
reproductive characteristics which are well established
risk factors for breast cancer [9, 10]. Heterogeneity by
subtypes has been reported, although results are not
consistent [2—7]. Furthermore, most findings on sub-
type-specific associations with reproductive factors are
based on cohort and case-control studies [11-19] and
pooled analyses [4, 6, 20, 21] that included mostly NHW
women; few studies have been conducted among African
American women [21-25], and subtype-specific analyses
among Asian American or Hispanic women are lacking.
We previously examined associations between repro-
ductive factors and risk of breast cancer defined by joint
ER/PR status in the Breast Cancer Etiology in Minorities
(BEM) Study, a population-based pooled dataset with
90% of study participants who self-identified as African
American, Asian American, or Hispanic [26, 27]. Build-
ing upon this previous work, the present analysis was
based on a subset of women with breast cancer who had

complete data on ER/PR/HER2 status. There is some evi-
dence that age at diagnosis or menopausal status may
modify some subtype-specific associations with repro-
ductive factors, but findings are not consistent [6, 7, 17,
27-32]. Given that younger women are more likely to be
diagnosed with more aggressive breast cancer subtypes
compared with older women [1], an evaluation of meno-
pause-specific associations with reproductive factors is
warranted. To fill these gaps in knowledge, we conducted
subtype-specific case-control analyses overall and by
menopausal status and race and ethnicity.

Materials and methods

Study sample

The analysis was based on harmonized data from three
population-based studies included in the BEM Study
[26]: the Los Angeles County Asian American Breast
Cancer Study (AABCS), a case-control study of Chinese,
Japanese, and Filipina women [33]; the San Francisco Bay
Area Breast Cancer Study (SFBCS), a case-control study
of Hispanic, African American, and NHW women [34];
and the Northern California Breast Cancer Family Regis-
try (NC-BCFR), a multiethnic family study that oversam-
pled African American, Chinese, Filipina, Japanese, and
Hispanic women and also included population controls
[35] (Additional file 1: Table S1). Briefly, the three studies
ascertained incident female breast cancer cases through
regional population-based cancer registries that are part
of the California Cancer Registry and the SEER Program.
In AABCS, Chinese, Japanese, and Filipina cases aged
25-74 years, diagnosed with invasive breast cancer from
1995 to 2001 or 2003 to 2006, were ascertained through
the Los Angeles County Cancer Surveillance Program. In
SFBCS, African American, Hispanic and NHW women
diagnosed with invasive breast cancer at age 35-79 years
from 1995 to 1999 (all African American women and a
10% random sample of NHW women) or 1995 to 2002
(all Hispanic women) were ascertained through the
Greater Bay Area Cancer Registry. In NC-BCFR, women
diagnosed with invasive breast cancer at age 18—64 years
were ascertained through the Greater Bay Area Cancer
Registry (diagnoses 1995 to 2009) or the Sacramento and
Sierra Cancer Registry (diagnoses 2005 to 2006). Details
on the eligibility criteria and sampling in NC-BCER are
provided in Additional file 1: Table S1. Population con-
trols were identified through random digit-dialing in
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SFBCS and NC-BCER or neighborhood block-walking
in AABCS, and frequency-matched to cases on race and
ethnicity and age group. The Institutional Review Boards
of the participating institutions approved the studies, and
study participants provided signed informed consent.

The present analysis included women with a first pri-
mary invasive breast cancer defined by joint ER/PR/
HER?2 status obtained from the regional cancer registries
at each study site. Reporting of HER2 expression was not
required before 1999 in California. Thus, HER2 data were
available for only a subset of cases diagnosed during the
early years of case ascertainment in the three studies. For
108 NC-BCER cases diagnosed from 1995 to 1998 with
data on ER/PR status, stored tumor slides were used to
determine HER2 expression status by immunohisto-
chemistry (by T.L.). Of 5,243 available controls, 20% were
NHW, compared to 10% NHW cases. To achieve a more
balanced pooled dataset for NHW women, we selected
a random sample of available NHW controls frequency-
matched to NHW cases at a 1:1.5 case-control ratio by
1-year age group. The current study sample comprised
2,840 cases and 4,653 controls, of whom 90% self-iden-
tified as non-Hispanic African American, non-Hispanic
Asian American, or Hispanic (White or Black).

Data collection and harmonization

The three studies collected information on breast cancer
risk factors using structured questionnaires that were
administered in English, Spanish, Cantonese or Man-
darin by trained staff in home visits. Risk factors were
assessed up to the reference year which was defined as
the calendar year before diagnosis for cases or before
the interview for controls in AABCS and NC-BCFR or
the calendar year before selection into the study for con-
trols in SFBCS. Height and weight during the reference
year were assessed by self-report in the three studies,
and height and weight were measured at the interview in
AABCS and SFBCS.

Questionnaire data were harmonized according to
common definitions [26]. Race and ethnicity were based
on self-report and categorized as non-Hispanic Afri-
can American, non-Hispanic Asian American, Hispanic
(White or Black), or NHW. Parity was defined as the
number of full-term pregnancies (FTP). Lifetime dura-
tion of breast-feeding was calculated by summing dura-
tion of breast-feeding reported as a continuous measure
for each live birth, except for NC-BCFR. In that study,
breast-feeding was assessed as a categorical measure (0,
<1, 1-5, 6-11, 12-24, >25 months) for each pregnancy,
and the midpoint of the reported category was used, or
0.5 and 30 months for the categories <1 month and >25
months, respectively, to calculate lifetime duration of
breast-feeding. To assess the joint association of breast-
feeding and parity, we generated a composite variable
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(1-2 FTP/never breast-fed; 1-2 FTP/ever breast-fed; >3
FTP/never breast-fed; >3 FTP/ever breast-fed) that we
and others have used previously [18, 27, 36-38]. Given
that the lower breast cancer risk associated with higher
parity is apparent only about 10 years after the last FTP
[6], we also used a composite variable to assess the
impact of time since last FTP on parity (<10 years/1-2
FTP; <10 years/=3 FTP; 210 years/1-2 FTP; 210 years/>3
FTP). Women who still had menstrual periods or were
pregnant, breast-feeding or perimenopausal during the
reference year, and under age 55 years were classified as
premenopausal. Women who reported that their peri-
ods had stopped naturally or due to surgery, medical
treatment, or other reasons prior to the reference year
were classified as postmenopausal. Women who still had
periods when they started using menopausal hormone
therapy were classified as postmenopausal if they were
=55 years of age; otherwise, their menopausal status was
classified as unknown. Body mass index (BMI) was cal-
culated as self-reported weight (kg) in the reference year
divided by measured or self-reported height (m) squared.
If self-reported weight in the reference year was missing,
measured weight was used. If measured height was miss-
ing, self-reported height was used.

Statistical analyses

We used unconditional logistic regression models to cal-
culate odds ratios (OR) as estimates of relative risks, in
accordance with the rare disease assumption, particu-
larly for breast cancer subtypes. We calculated OR and
95% confidence intervals (CI) for associations of breast
cancer subtypes with parity, lifetime duration of breast-
feeding, a composite parity/breast-feeding variable, age
at menarche, age at first FTP, interval between age at
menarche and first FTP, interval between last FTP and
diagnosis, and a composite variable of interval between
last FTP and diagnosis/parity. Because of smaller sample
sizes, analyses for luminal B, TN, and HER2-enriched
subtypes were based on broader exposure categories.
Regression models were adjusted for race and ethnicity,
study, age, education, first-degree family history of breast
cancer, personal history of benign breast disease, history
of oral contraceptive use, BMI in the reference year, and
alcohol consumption in the reference year. Categories of
the covariates are shown in the footnotes of the tables.
Because the association between BMI and breast cancer
risk differs by menopausal status [39], regression models
for all women combined were additionally adjusted for a
composite variable of menopausal status/BMI (premeno-
pausal BMI<25 kg/m? premenopausal BMI 25-29.9,
premenopausal BMI>30, postmenopausal BMI<25,
postmenopausal BMI 25-29.9, postmenopausal BMI>30,
unknown menopausal status).
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Among premenopausal women, we also adjusted the
parity analyses for interval between last FTP and diag-
nosis. The OR estimates changed very minimally (results
not shown) and we did not adjust for years since last
FTP in the multivariable models presented in the tables.
Linear trends were assessed across ordinal values of cat-
egorical variables. Separate analyses were performed for
premenopausal and postmenopausal women. For com-
parison of findings with other studies, most of which did
not stratify the analyses by menopausal status or age, we
also performed analyses for all women combined that
included those with unknown menopausal status. To
assess heterogeneity in associations by subtype, we used
polytomous regression models, and tested for differences
in subtype-specific ORs using a Wald statistic p value. We
tested for heterogeneity by menopausal status by includ-
ing interaction terms for reproductive factors and meno-
pausal status in unconditional logistic regression models,
excluding women with unknown menopausal status. To
test for heterogeneity by race and ethnicity, we included
an interaction term of each exposure variable with race
and ethnicity, and tested for heterogeneity using a Wald
statistic p value. Among all women combined, we evalu-
ated between-study heterogeneity in subtype-specific
associations, separately for premenopausal and post-
menopausal women, by including interaction terms for
reproductive factors and study. We excluded 46 cases
and 74 controls with missing covariate data, leaving 2,794
cases and 4,579 controls in the analytic dataset. NHW
cases were only included in the TN analyses as there were
only a small number of NHW cases with information on
all three markers (84 luminal A, 14 luminal B, 10 HER2-
enriched cases). However, because NC-BCFR recruited
all TN cases diagnosed from 2007 to 2009 (see Additional
file 1: Table S1), the TN case group included 165 NHW
cases and analyses were stratified by the four racial and
ethnic groups. Counts of controls and cases by subtype,
menopausal status, race and ethnicity, and parity status
are shown in Additional file 2: Table S2. Two-sided p
values were used for tests of trend, with a p<0.05 con-
sidered statistically significant. Statistical analyses were
conducted using SAS version 9.4 software (SAS Institute,
Inc., Cary, NC).

Results

Of 2,794 breast cancer cases in the analysis, 17% self-
identified as African American, 39% Asian American,
34% Hispanic, and 10% NHW (Table 1). Hispanic cases
were mostly White; only 17 Hispanic cases self-identified
as Black. Compared to controls, higher proportions of
cases had a higher education, a first-degree family his-
tory of breast cancer, nulliparity or low parity, older age
at first FTP, no breast-feeding or for <12 months, pre-
menopausal status, and higher alcohol consumption.
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Distributions of reproductive factors among controls
varied widely by race and ethnicity (all p<0.05) (Addi-
tional file 3: Table S3). Among premenopausal controls,
proportions ranged from 6 to 30% for >4 FTD, 6 to 26%
for breast-feeding =24 months, 4 to 34% for first FTP
at age<20 years; and 20 to 55% for >15-year interval
between menarche and first FTP.

Associations between reproductive factors and breast
cancer subtypes among all women

Among all women combined, heterogeneity in associa-
tions with parity status, parity, and age at first FTP was
observed across subtypes (p<0.05) (Table 2). For luminal
A and luminal B subtypes, parity vs. nulliparity (OR=0.64
and 0.68) and >4 vs. 1 FTP (OR=0.55 and 0.46) were
associated with lower risk. Longer breast-feeding (>12
vs. 0 months) was associated with lower risk of luminal
A (OR=0.69) and HER2-enriched (OR=0.60) subtypes.
For the composite of parity/breast-feeding, lower risks
were observed for women with >3 FTP and a history of
breast-feeding compared to those with lower parity who
never breast-fed, for all subtypes, with ORs ranging from
0.55 to 0.76 and all 95% ClIs excluded the null except for
TN subtype. Age at menarche was not associated with
risk of any subtype. Higher risk of luminal A subtype was
associated with older age at first FTP (OR per year=1.02,
p-heterogeneity by subtype=0.02).

In analyses stratified by menopausal status (Table 3;
Additional files 7-10: Figures S1-S4), associations
of parity with risk of luminal A and luminal B sub-
types were consistent by menopausal status. Parity
was associated with lower risk of TN subtype among
postmenopausal women only. Longer breast-feed-
ing was associated with lower risk of both premeno-
pausal (OR=0.64, p trend=0.02) and postmenopausal
(OR=0.76, p trend=0.02) luminal A subtype and lower
risk of HER2-enriched subtype among postmenopausal
women only (OR=0.54, p trend=0.05). Among premeno-
pausal women, the composite>3 FTP/ever breast-fed (vs.
1-2 FTP/never breast-fed) was associated with lower risk
of luminal A subtype only (OR=0.66), whereas among
postmenopausal women, lower risks were associated
with all subtypes, with ORs ranging from 0.46 to 0.64,
although of borderline statistical significance for TN
subtype.

Associations with timing of reproductive events were
limited to luminal A subtype among premenopausal
women, although heterogeneity by menopausal sta-
tus did not reach statistical significance. Younger age at
menarche was associated with higher risk of all subtypes,
with ORs per year ranging from 1.06 to 1.10, although
the p trend reached statistical significance only for lumi-
nal A subtype. Two-fold elevated risks were associated
with older age at first FTP (=30 vs. <20 years: OR=2.09,
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p-heterogeneity by subtype=0.01), longer interval
between menarche and first FTP (=15 vs. <10 years:
OR=2.41, p-heterogeneity by subtype=0.04), and shorter
interval since last FTP (<10 vs. 220 years: OR=1.74).

The assessment of between-study variation in subtype-
specific associations, separately for premenopausal and
postmenopausal women, showed no significant heteroge-
neity by study.

%

HER2-en-
riched ¢
N=244
181

39

24

%
68
17
15

Associations between reproductive characteristics and
breast cancer subtypes by menopausal status and race and
ethnicity

Luminal A subtype (African American, Asian American,
and Hispanic women) Premenopausal women. Asso-
ciations of parity status, parity, and the composite parity/
breast-feeding history with risk of luminal A subtype were
generally of similar magnitude across Asian American
and Hispanic participant groups (Table 4; Fig. 1). Risk of
luminal A subtype was not associated with age at men-
arche among premenopausal African American women,
whereas for Asian American and Hispanic women, OR
per year were 1.10 and 1.16, respectively. Higher risks
were associated with older age at first FTD, longer inter-
val between menarche and first FTP, and shorter interval
since last FTP across the three racial and ethnic groups,
with estimates of OR per year generally of similar mag-
nitude. For the composite<10 years since last FTP/1-2
FTP (vs. 210 years/>3 1FTP), suggestive higher risks
were observed among Asian American (OR=1.85, 95%
CI=0.99-3.46) and Hispanic (OR=2.36, 95% CI=1.00-
5.57) women, with no association among African Ameri-
can women.

Postmenopausal women. For parity status, parity, and
breast-feeding, no heterogeneity by race and ethnicity
was observed (Fig. 2). Higher parity (=3 vs. 1 FTP) was
associated with lower risk of luminal A subtype across
racial and ethnic groups, with ORs ranging from 0.48 to
0.59. Lower risk was associated with the composite of
higher parity with breast-feeding (vs. low parity without
breast-feeding) across groups, with OR estimates ranging
from 0.39 to 0.56. For age at menarche, we observed het-
erogeneity by race and ethnicity (p<0.01). Earlier men-
arche (<12 vs. 214 years) was associated with higher risk
of luminal A subtype among postmenopausal Hispanic
women only (OR=2.00); no association was observed
among African American women, whereas among Asian
American women, there was an inverse association

(OR=0.52).

Triple- negative ©

N=578
391

100

87

19
12

Luminal B®

N=442
305
86

1

%
70
17
12

=1,530
1,075

Luminal A?
266
189

%

0
18
13

All cases
=2,794

1,952

491

351

N
N

%
68"
21
1

Controls
=4,579
3,130

957
492
Abbreviations AABCS Asian American Breast Cancer Study, FTP full-term pregnancy, HER2 human epidermal growth factor receptor 2, NGBCFR Northern California Breast Cancer Family Registry, SFBCS San Francisco Bay Area

Breast Cancer Study

N
N

Luminal B subtype (African American, Asian Ameri-
can, and Hispanic women) Few reproductive factors
were associated with risk of luminal B subtype (Table 5).
Among premenopausal women, heterogeneity by race and
ethnicity was observed for parity (p=0.04), breast-feeding

@ Estrogen receptor-positive and/or progesterone receptor-positive, and HER2-negative
b Estrogen receptor-positive and/or progesterone receptor-positive, and HER2-positive

€ Estrogen receptor-negative, progesterone receptor-negative, and HER2-negative
d Estrogen receptor-negative, progesterone receptor-negative, and HER2-positive

fincludes 17 Black Hispanic cases and 6 Black Hispanic controls
" Chi-square p value<0.05 for difference between controls and cases

€ Year of diagnosis (cases) or selection/interview (controls)
9 Age at diagnosis (cases) or selection/interview (controls)

Alcohol consumption (drinks per week)"J

0
 Among first-degree relatives

Table 1 (continued)

Jn reference year

<6
>6
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Table 2 Associations between reproductive characteristics and breast cancer subtypes among all women combined
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Controls Luminal A? Luminal B® Triple-negative © HER2-enriched ¢

N N OR (95% CI) © N  OR(95%Cl) ¢ N OR(95%C® N OR(95%Cl)*®
All women 4,579 1,530 442 578 244
Parous women 3,943 1,198 344 4517 207
Parity status
Nulliparous 636 332 1.0 98 1.0 127 1.0 37 10
Parous 3,943 1,198 064 (0.53-0.77) 344 0.68(0.51-090) 451 0.89(0.67-1.19) 207 1.06(0.70-1.59)
p-heterogeneity by subtype=0.04
Parity (number of FTP)
1 663 270 1.0 85 10 108 1.0 40 1.0
2 1,285 467 090(0.73-1.12) 135 0.76(0.55-1.06) 155 0.67(048-094) 92 1.19(0.77-1.82)
3 901 258 0.74(0.58-095) 68 0.56(038-0.83) 115 093(0.64-1.35) 38 0.82(049-1.37)
>4 1,094 203 055(042-0.73) 56 046(029-0.71) 73 064(041-1.00) 37 091(0.52-1.62)
p trend <0.01 <0.01 0.22 040
Per FTP 0.85 (0.76-0.96) 0.93(0.79-1.09) 0.93(0.79-1.10) 0.94 (0.76-1.17)
p-heterogeneity by subtype=0.04
Lifetime breast-feeding (months),
parous women
0 1,248 409 1.0 120 1.0 167 1.0 77 10
<12 1,468 500 0.97(0.80-1.17) 126 0.85(0.63-1.15) 167 0.82(0.61-1.10) 89  1.00(0.69-1.43)
>12 1,227 289 069 (056-0.87) 98 098(0.70-1.37) 117 073(052-1.02) 41  0.60(0.38-0.95)
p trend <0.01 0.84 0.06 0.04
Per 12 months 0.96 (0.89-1.03) 0.94 (0.84-1.05) 0.96 (0.85-1.08) 1.01 (0.88-1.17)
p-heterogeneity by subtype=0.07
Parity (FTP) by breast-feeding
1-2, never 728 263 1.0 81 1.0 106 1.0 51 1.0
1-2, ever 1,220 474 093(0.75-1.15) 139 096(069-134) 157 0.75(0.53-1.06) 81 1.01 (0.66-1.53)
>3, never 525 147 0.79(0.59-1.05) 40 0.79(050-1.24) 62 1.06(068-1.64) 28 0.95(0.54-1.66)
>3, ever 1,470 314 056(044-0.71) 84 055(038-080) 126 0.76(0.54-1.09) 49 0.59(0.37-0.94)
p-heterogeneity by subtype=0.11
Age at menarche (years)
>14 1,384 442 1.0 120 1.0 149 10 61 1.0
13 1,165 361 0.87(0.72-1.06) 121 1.03(0.76-1.39) 153 0.89(066-1.20) 69 1.22(0.83-1.80)
12 1,104 407 1.10(091-1.33) 104 1.02(0.75-1.39) 144 1.18(0.87-159) 62 1.30(0.87-1.94)
<12 913 315 097(0.79-1.19) 96 1.14(0.83-1.57) 129 1.02(0.74-1.40) 49 1.22(0.80-1.87)
p trend 0.65 047 0.49 0.30
Per year 1.00 (0.96-1.04) 1.03 (0.96-1.10) 1.01 (0.94-1.08) 1.03 (0.95-1.12)
p-heterogeneity by subtype=0.64
Age at first FTP (years)
<20 792 208 1.0 61 1.0 103 1.0 42 10
20-24 1,282 370 1.07 (0.83-1.38) 109 1.20(0.81-1.77) 143 0.93(065-1.33) 57 0.87(0.54-142)
25-29 1,113 316 1.05(0.79-140) 107 1.15(0.75-1.76) 111 095(0.63-143) 72 1.26(0.75-2.13)
>30 743 304 131(096-1.78) 67 081(050-132) 94 098(062-155) 36 0.84(0.46-155)
p trend 0.09 0.29 0.98 0.99
Per year 1.02 (1.01-1.04) 0.98 (0.96-1.01) 1.00 (0.98-1.03) 1.01 (0.97-1.04)
p-heterogeneity by subtype =0.02
Interval between menarche and
first FTP (years)
<10 1,567 416 1.0 118 1.0 188 1.0 71 1.0
10-14 1,175 348 1.07(087-1.33) 120 1.33(0.96-1.85) 119 1.05(0.76-145) 69 1.40(0.92-2.14)
>15 1,176 431 124 (098-156) 106 0.85(058-1.23) 141 1.04(0.73-147) 64 1.19(0.75-1.89)
p trend 0.07 032 0.83 0.51
Per year 1.02 (0.99-1.03) 0.99 (0.96-1.01) 1.00 (0.98-1.03) 1.01 (0.97-1.04)

p-heterogeneity " by subtype=0.09
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Table 2 (continued)
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Controls Luminal A® Luminal B® Triple-negative ¢ HER2-enriched ¢

N N OR (95% Cl) ¢ N  OR(95%Cl) ¢ N OR(95%ClH¢ N OR(95%Cl)¢
Interval between last FTP and
diagnosis (years)
>20 2,224 654 1.0 175 1.0 226 1.0 116 1.0
10-19 1,038 348 1.25(097-160) 108 1.06(0.73-154) 126 1.23(0.84-1.80) 44 0.73(044-1.20)
<10 666 196 124(0.88-1.73) 61 0.78(046-132) 99 143(085-241) 47 1.00(0.52-1.92)
p trend 0.19 038 0.18 0.95
Per 1 year 1.02 (1.01-1.03) 0.99(0.97-1.01) 1.01 (0.99-1.03) 1.01 (0.98-1.05)
p-heterogeneity by subtype=0.10
Interval between last FTP and
diagnosis (years) by parity (FTP)
>10,>3 1,711 405 1.0 106 1.0 154 1.0 58 10
>10,1-2 1,551 597 145(1.20-1.76) 177 1.64(1.21-2.23) 198 0.98(0.73-1.33) 102 1.54(1.04-2.30)
<10,=3 270 56 1.14(0.75-1.72) 18 089(047-1.66) 34 134(0.75-237) 17  2.14(1.02-4.46)
<10,1-2 396 140 142(1.02-198) 43 1.15(069-193) 65 1.06(064-1.75) 30 1.67(0.87-3.20)

p-heterogeneity f by subtype=0.09

AABCS Asian American Breast Cancer Study, BM/ body mass index, FTP full-term pregnancy, HER2 human epidermal growth factor receptor 2, NGBCFR Northern
California Breast Cancer Family Registry, SFBCS San Francisco Bay Area Breast Cancer Study

? Estrogen receptor-positive and/or progesterone receptor-positive and HER2-negative

b Estrogen receptor-positive and/or progesterone receptor-positive and HER2-positive

€ Estrogen receptor-negative and progesterone receptor-negative and HER2-negative

d Estrogen receptor-negative and progesterone receptor-negative and HER2-positive

€ Multivariable model was adjusted for race and ethnicity (African American, Asian American, Hispanic, non-Hispanic White); study (AABCS, NC-BCFR, SFBCS); age
(continuous) at diagnosis (cases) or selection/interview (controls); education (high school graduate or less, some college or vocational/technical school, college
graduate or higher degree); family history of breast cancer in first-degree relatives (no, yes); personal history of benign breast disease (no, yes); parity (nulliparous,
1, 2, 3, 24 FTP); lifetime breast-feeding (nulliparous, 0, <12, >12 months); history of oral contraceptive use (never, former, current); menopausal status and BMI
composite variable (premenopausal BMI<25, premenopausal BMI 25-29.9, premenopausal BMI>30, postmenopausal BMI<25, postmenopausal BMI 25-29.9,
postmenopausal BMI>30, unknown menopausal status); and alcohol consumption in reference year (0, <6, 26 drinks/week)

fP heterogeneity by subtype was calculated from polytomous logistic regression models with categorical reproductive variables, using the Wald test

history (p<0.01), and interval between last FTP and diag-
nosis (p=0.03). Higher parity was associated with lower
risk among premenopausal Asian American (OR=0.45)
and Hispanic (OR=0.33) women, but not among pre-
menopausal African American women. Among post-
menopausal women, higher parity (=3 vs. 1-2 FTP) was
associated with lower risk overall (OR=0.57), with OR
estimates of similar magnitude across the three racial and
ethnic groups, ranging from 0.56 to 0.66. Lower risk was
associated with older age at first FTP among Hispanic
women and earlier menarche among Asian American
women.

Triple-negative subtype (African American, Asian
American, Hispanic women, and NHW women) No
significant heterogeneity in associations by race and
ethnicity was observed among premenopausal women
(Table 6; Fig. 3); however, patterns of association were dif-
ferent with respect to TN subtype among premenopausal
African American women. Higher parity was associated
with higher risk of TN subtype (=3 vs. 1 FTP: OR=5.75,
95% CI=1.39-23.8), and an even higher OR for the com-
posite of higher parity without breast-feeding (OR=16.1,
95% CI=2.64-97.8). While the OR was attenuated for

the composite of higher parity with breast-feeding, it
remained elevated (OR=4.58, 95% CI=1.02-20.5).

Among postmenopausal women, the composite of higher
parity with breast-feeding was associated with lower
risk of TN subtype, although the association was statis-
tically significant among Asian American women only
(OR=0.38) (Fig. 4). Heterogeneity by race and ethnicity
was observed for the interval between menarche and first
FTP (p=0.01), with a higher risk associated with longer
interval observed among Asian American women only
(=11 vs. <11 years: OR=2.31).

HER2-enriched subtype (African American, Asian
American, and Hispanic women) Analyses of HER2-
enriched subtype stratified by menopausal status and race
and ethnicity were based on small sample sizes (Table 7).
Among premenopausal Hispanic women, lower risk was
associated with parity vs. nulliparity (OR=0.19, p-hetero-
geneity by race and ethnicity<0.01), and higher risk was
associated with longer interval between menarche and
first FTP (=11 vs. <11 years: OR=4.87). Among African
American women, higher risk was associated with parity
vs. nulliparity, higher parity, and a breast-feeding history,
but OR estimates were based on very small case counts.
Among postmenopausal women, higher parity was asso-



John et al. Breast Cancer Research

(2024) 26:88

Table 3 Associations between reproductive characteristics and breast cancer subtypes, by menopausal status

Page 10 of 29

Controls Luminal A? Luminal B® Triple-negative © HER2-enriched ¢

N N OR(95%CI® N OR(95%Cl)¢® N OR(95%Cl)¢ N  OR(95%Cl)¢
Premenopausal women 1,929 699 215 264 113
Parous premenopausal women 1,583 511 160 201 90
Parity status
Nulliparous 346 188 1.0 55 10 63 10 23 10
Parous 1,583 511 057(044-0.73) 160 0.68(046-1.02) 201 127(0.83-1.94) 90 0.97 (0.56-1.69)
p-heterogeneity by subtype=0.04
p-heterogeneity 9 by menopausal status 038 0.58 0.03 0.81
Parity (number of FTP)
1 340 149 1.0 48 10 58 10 25 10
2 655 216 083(0.61-1.13) 68 066(041-1.06) 71 053(033-085) 39 093(0.51-1.68)
3 337 95 073(049-1.08) 28 051(0.28-093) 43 085(048-149) 17 091(043-1.94)
>4 251 51  067(041-1.10) 16 046(0.22-099) 29 1.14(057-227) 9 0.95 (0.36-2.51)
p trend 0.06 0.02 0.73 0.84
Per FTP 0.79(0.51-1.22) 0.80 (0.48-1.32) 0.98 (0.65-1.46) 1.03 (0.53-2.00)
p-heterogeneity "by subtype =0.53
p-heterogeneity 9 by menopausal status 0.65 0.79 0.01 0.52
Lifetime breast-feeding (months),
parous women
0 417 141 10 45 10 57 10 26 10
<12 662 245 1.06(0.78-145) 64 090(0.56-145) 85 091(057-146) 44 1.11(0.62-2.00)
>12 504 125 0.64(044-093) 51 1.26 (0.74-2.15) 59 077 (045-132) 20 0.68(0.33-1.39)
p trend 0.02 039 034 0.31
Per 12 months 0.88 (0.74-1.06) 1.00 (0.82-1.21) 0.99 (0.81-1.20) 0.85 (0.61-1.19)
p-heterogeneity f by subtype=0.20
p-heterogeneity ¢ by menopausal status 044 0.56 0.89 0.94
Parity (FTP) by breast-feeding
1-2, never 308 107 1.0 38 10 41 10 20 10
1-2, ever 687 258 095(068-1.32) 78 091(055-149) 88 0.84(050-141) 44 1.07(0.57-2.03)
>3, never 112 34 089(050-161) 7 0.53(0.20-139) 17 164(0.73-368) 6 140 (0.48-4.11)
>3, ever 476 112 066 (045-0.96) 37 068(038-1.20) 55 1.07(061-1.89) 20 0.84(040-1.79)
p-heterogeneity by subtype=0.34
p-heterogeneity 9 by menopausal status 0.76 037 0.20 0.62
Age at menarche (years)
>14 533 169 1.0 52 10 56 10 21 1.0
13 516 166 098(0.73-1.33) 55 1.04(066-1.65) 71 097(061-1.54) 41  2.04(1.13-3.69)
12 506 217 145(1.09-193) 54 1.11(0.70-1.75) 77 1.32(084-2.09) 28 1.66(0.89-3.13)
<12 372 145 122(088-1.68) 54 145(090-232) 60 126(0.77-2.06) 22 1.66(0.84-3.27)
p trend 0.03 0.14 0.18 0.23
Per year 1.06 (1.00-1.14) 1.10(1.00-1.22) 1.06 (0.95-1.17) 1.06 (0.93-1.21)
p-heterogeneity f by subtype=0.24
p-heterogeneity 9 by menopausal status 037 0.71 0.86 0.09
Age at first FTP (years)
<20 257 66 1.0 27 10 35 10 16 10
20-24 431 120 1.27(0.79-2.03) 45 157(083-295) 60 149(081-2.73) 18 081 (0.34-1.96)
25-29 466 145 1.85(1.13-3.05) 49 1.72(0.86-341) 53 167(086-3.26) 40 239(1.01-5.70)
>30 427 180 209(1.24-352) 39 093(044-194) 53 139(068-286) 16 0.76(0.29-2.03)
p trend <0.01 0.54 047 0.97
Per year 1.04 (1.01-1.06) 0.98 (0.94-1.02) 1.01 (0.97-1.05) 0.99 (0.94-1.04)
p-heterogeneity by subtype=0.01
p-heterogeneity 9 by menopausal status 0.22 036 0.57 0.03
Interval between menarche and first
FTP (years)
<10 496 117 10 48 10 70 10 2610
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Controls Luminal A? Luminal B® Triple-negative © HER2-enriched ¢

N N OR(95%CI® N OR(95%Cl)¢® N OR(95%Cl)¢ N  OR(95%Cl)¢
10-14 445 149 1.94(1.32-286) 54 1.77(1.04-300) 57 146(0.88-243) 32 2.16(1.08-4.32)
>15 638 243 241(1.60-3.61) 58 1.02(057-181) 74 1.20(0.69-208) 31 1.38(0.66-2.89)
p trend <0.01 0.83 0.54 0.57
Per year 1.04 (1.01-1.07) 1.00 (0.96-1.03) 1.01 (0.98-1.05) 1.01 (0.96-1.06)
p-heterogeneity by subtype=0.04
p-heterogeneity 9 by menopausal status 0.01 0.76 0.25 0.35
Interval between last FTP and diagno-
sis (years)
>20 258 89 10 28 10 34 10 19 10
10-19 705 241 147(1.00-216) 74 129(0.72-230) 77 1.12(062-2.03) 28 058(0.29-1.18)
<10 617 181 1.74(1.08-281) 58 1.00(048-2.09) 90 1.62(0.78-3.35) 43 1.00(041-242)
p trend 0.02 0.89 0.15 0.87
Per year 1.02 (0.99-1.05) 1.00 (0.96-1.04) 1.00 (0.97-1.04) 0.99 (0.94-1.04)
p-heterogeneity "by subtype=0.12
Interval between last FTP and diagno-
sis (years) by parity (FTP)
210,23 343 9% 10 27 10 41 1.0 10 10
>10,1-2 620 234 1.21(084-1.74) 75 1.50(086-261) 70 065(0.38-1.13) 37 1.50(0.67-3.40)
<10,23 243 50 1.15(069-191) 17 080(037-1.73) 31 1.20 (0.60-2.38) 16  2.58(0.95-7.02)
<10,1-2 374 131 1.54(0.98-244) 41 1.18(0.58-240) 59 1.06(0.53-2.10) 27 1.98(0.75-5.25)
p-heterogeneity " by subtype=0.16
Postmenopausal women" 2,438 792 216 293 127
Parous postmenopausal women 2,177 659 175 234 114
Parity status
Nulliparous 261 133 10 41 1.0 59 10 13 10
Parous 2,177 659 068 (0.51-0.90) 175 0.63(041-095 234 065(043-0.99) 114 1.16(0.62-2.19)
p-heterogeneity "by subtype =0.15
Parity (number FTP)
1 292 14 10 34 10 44 10 14 10
2 567 236 0.92(067-126) 62 0.78(048-1.26) 81 0.81(049-134) 52 1.55(0.80-3.00)
3 520 158 0.73(0.52-1.03) 40 061(036-1.03) 67 0.89(0.52-152) 20 0.83(0.39-1.76)
>4 798 151 0.51(035-0.73) 39 046(026-082) 42 048(026-088) 28 1.04(0.48-2.24)
p trend <001 <0.01 0.04 041
Per FTP 0.87 (0.76-0.99) 0.96 (0.80-1.15) 0.99 (0.81-1.21) 0.91(0.70-1.17)
p-heterogeneity by subtype=0.11
Lifetime breast-feeding (months),
parous women
0 763 258 1.0 7210 102 1.0 50 10
<12 742 240 0.88(0.69-1.13) 58 080(0.54-1.18) 76 0.84(0.56-126) 43 0.85(0.53-1.37)
>12 672 161 076 (0.57-1.02) 45 082(0.52-129) 56 0.84(052-134) 21 054(0.30-0.99)
p trend 0.07 032 0.41 0.05
Per 12 months 0.97 (0.89-1.05) 0.88 (0.74-1.04) 0.92 (0.78-1.08) 1.05 (0.90-1.23)
p-heterogeneity by subtype=0.54
Parity (FTP) by breast-feeding
1-2, never 380 148 1.0 40 10 60 10 30 10
1-2, ever 479 202 093(069-127) 56 1.02(063-163) 65 085(052-138) 36 0.99(0.56-1.75)
>3, never 385 111 076(054-1.08) 33 094(055-161) 42 087(051-150)0 20 0.89(046-1.72)
>3, ever 933 198 0.52(038-0.71) 46 050(0.31-0.81) 67 064(040-103) 28 046(0.25-0.84)
p-heterogeneity " by subtype=0.71
Age at menarche (years)
>14 800 259 1.0 67 10 86 10 40 1.0
13 602 186 0.83(0.64-1.08) 62 1.01(067-150) 76 0.76(0.50-1.16) 26 0.77 (044-1.33)
12 547 180 0.92(0.70-1.20) 46 092(060-141) 63 098(064-1.52) 33 1.16(0.69-1.95)
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Table 3 (continued)

Controls Luminal A? Luminal B® Triple-negative © HER2-enriched ¢

N N OR(95%CI)¢* N OR(95%ClH¢ N OR(95%Cl)¢ N  OR(95%Cl) ¢
<12 479 164 087 (066-1.15) 40 0.88(0.56-137) 66 0.85(055-1.33) 26 1.00(0.57-1.75)
p trend 0.40 0.51 0.72 0.70
Per year 0.97 (0.92-1.03) 0.96 (0.88-1.05) 0.96 (0.88-1.05) 1.01(0.90-1.13)
p-heterogeneity f by subtype=0.63
Age at first FTP (years)
<20 489 139 1.0 33 10 64 10 25 10
20-24 784 240 096(0.70-1.32) 62 1.01(061-1.68) 77 0.74(046-1.19) 39 0.89(048-1.64)
25-29 608 164 0.75(0.52-1.08) 52 0.78(044-1.39) 55 0.71(041-123) 31 0.73(0.36-147)
>30 285 116 1.02(067-155) 28 0.85(043-1.66) 38 0.95(049-182) 19 097(043-2.21)
p trend 0.65 041 0.80 0.76
Per year 1.01 (0.98-1.03) 0.99 (0.95-1.03) 1.01 (0.97-1.05) 1.01 (0.97-1.06)
p-heterogeneity f by subtype=0.81
Interval between menarche and first
FTP (years)
<10 983 291 10 67 10 110 1.0 4410
10-14 684 189 0.77(0.59-1.01) 64 1.06(069-1.62) 59 0.78(0.50-1.21) 36 1.00(0.58-1.72)
>15 489 178 0.88(0.64-1.20) 44 0.70(042-1.17) 63 1.00(062-163) 32 1.05(0.57-1.95)
p trend 0.36 0.17 0.94 0.88
Per year 1.00 (0.98-1.02) 0.98 (0.94-1.02) 0.99 (0.96-1.03) 1.01 (0.97-1.06)

p-heterogeneity f by subtype=0.42
AABCS Asian American Breast Cancer Study, BM/ body mass index, FTP full-term pregnancy, HER2 + human epidermal growth factor receptor 2 positive, HER2- human
epidermal growth factor receptor 2 negative, NG-BCFR Northern California Breast Cancer Family Registry, SFBCS San Francisco Bay Area Breast Cancer Study

2 Estrogen receptor-positive and/or progesterone receptor-positive and HER2-negative
b Estrogen receptor-positive and/or progesterone receptor-positive and HER2-positive
€ Estrogen receptor-negative and progesterone receptor-negative and HER2-negative
d Estrogen receptor-negative and progesterone receptor-negative and HER2-positive

€ Multivariable model was adjusted for race and ethnicity (African American, Asian American, Hispanic, non-Hispanic White); study (AABCS, NC-BCFR, SFBCS); age
(continuous) at diagnosis (cases) or selection/interview (controls); education (high school graduate or less, some college or vocational/technical school, college
graduate or higher degree); family history of breast cancer in first-degree relatives (no, yes); personal history of benign breast disease (no, yes); parity (nulliparous, 1,
2,3, 24 FTP); lifetime breast-feeding (nulliparous, 0, <12, >12 months); history of oral contraceptive use (never, former, current); BMI (<25, 25-29.9, 230); and alcohol

consumption in reference year (0, <6, >6 drinks/week)

fP-heterogeneity by subtype was calculated from polytomous logistic regression models with categorical reproductive variables using the Wald test

9 P-heterogeneity by menopausal status was calculated using the Wald test in unconditional logistic regression models with interaction terms for categorical
reproductive variables and menopausal status, including only women with known menopausal status

" Multivariable model was adjusted for covariates in footnote e, with history of oral contraceptive use categorized as ever vs. never use

ciated with lower risk among African American women
(=3 vs. 1-2 FTP: OR=0.23), and younger age at menarche
was associated with higher risk among Hispanic women
(<13 vs. 213 years: OR=2.26).

Discussion

To our knowledge, this is the only U.S. pooled study of
breast cancer subtypes enriched with African American,
Asian American, and Hispanic women. In the pooled
dataset that comprised over 2,700 women with breast
cancer, subtype-specific associations with reproduc-
tive factors were generally of similar magnitude across
racial and ethnic groups and consistent with associa-
tions reported for NHW women. For luminal A subtype,
lower risk associated with higher parity combined with a
breast-feeding history was observed, regardless of meno-
pausal status, with one exception. Among premenopausal

African American women, higher parity without a
breast-feeding history was associated with a higher risk
of luminal A and TN subtypes; these higher risks, how-
ever, were attenuated by breast-feeding. For luminal A
subtype among premenopausal women only, higher risk
was associated with older age at first FTDP, longer inter-
val between menarche and first FTP, and shorter interval
since last FTP, with similar OR estimates across the three
racial and ethnic groups.

The two largest pooled analyses of breast cancer sub-
types include an NCI Cohort Consortium analysis by
Gaudet et al. (11,741 cases) [4] and an analysis of the
Breast Cancer Association Consortium (BCAC) by Jung
et al. (23,353 cases, 71,072 controls) [6]. Neither study
presented racial- and ethnic-specific subtype results.
Data are sparse for African American women on associa-
tions of reproductive factors with specific subtypes [21,
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Table 4 (continued)

Hispanic
Cs

Asian American

African American

All

OR(95% CI) ®

Cn

OR (95% Cl) P

Cn

OR(95%Cl)® Cs

Cn

Cs

OR (95% Cl) P

Cs

Interval between menarche and first FTP (years)

<10

136 425 10

74
46

198
312
265

1.0 59
87

278

80

901
619

275

0.88(0.57-1.36)

238
141

0.63 (0.40-0.98)

0.67 (0.25-1.79)

69

16
20

0.73 (0.54-0.98)

177
166

10-14

0.79 (0.46-1.36)

037

0.77 (0.48-1.25)

048

33 0.89(0.28-2.82) 100
0.66

0.81(0.58-1.13)

439

p trend
Per year

1.01(0.97-1.05)

0.98 (0.95-1.02)

0.99 (0.91-1.07)

0.99 (0.97-1.02)

(2024) 26:88

=083

p-heterogeneity © by race and ethnicity
AABCS Asian American Breast Cancer Study, BM/ body mass index, FTP full-term pregnancy, NG-BCFR Northern California Breast Cancer Family Registry, SFBCS San Francisco Bay Area Breast Cancer Study

@ Associations for NHW women were not assessed since the pooled dataset included only 84 NHW women with luminal A breast cancer

b Multivariable model was adjusted for study (AABCS, NC-BCFR, SFBCS); age (continuous) at diagnosis (cases) or selection/interview (controls); education (high school graduate or less, some college or vocational/technical

school, college graduate or higher degree); family history of breast cancer in first-degree relatives (no, yes); personal history of benign breast disease (no, yes); parity (nulliparous, 1, 2, 3, 24 FTP); lifetime breast-feeding

(nulliparous, 0, <12, >12 months); history of oral contraceptive use (never, former, current); and BMI (<25, 25-29.9>30); and alcohol consumption in reference year (0, <6, 26 drinks/week)

€ P-heterogeneity by race and ethnicity using the Wald test

9 p-heterogeneity by menopausal status using the Wald test

€ Multivariable model for postmenopausal women was adjusted for covariates in footnote b, with history of oral contraceptive use categorized as ever vs. never use
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24, 25] or TN subtype [22, 23, 38]. The largest study for
African American women to date is the African Ameri-
can Breast Cancer and Risk (AMBER) consortium (1,128
cases, 2,932 controls) [24]. To our knowledge, no prior
studies have evaluated case-control associations with
subtypes defined by joint ER/PR/HER2 status among
Asian American and U.S. Hispanic women. Due to the
diversity of the study sample (90% African American,
Asian American, or Hispanic) and the over-sampling of
TN cases in NC-BCFR, the proportions of women with
luminal B (16%) and TN (21%) subtypes were higher in
our study compared to U.S. population estimates [1].

For all women combined, the present findings of
lower risk associated with parous status and higher par-
ity (luminal A and luminal B) and longer breast-feeding
(luminal A, HER2-enriched subtype, and TN of bor-
derline statistical significance), and higher risk associ-
ated with older age at first FTP (luminal A subtype)
were generally consistent with other studies [2, 4, 6, 7].
While some studies of breast cancer subtypes included
only younger [12, 16] or older [13, 20] women, only a few
studies stratified the analysis by menopausal status [17]
or age [4, 6, 11, 21] for select reproductive factors. The
present findings of heterogeneity by menopausal status
for some reproductive variables highlight its importance,
as associations could be masked without stratification.
Among premenopausal African American women, we
found no evidence of benefit associated with being par-
ous or higher parity; in fact, higher ORs associated with
higher parity were observed for all four subtypes, and the
OR was statistically significant for TN subtype. For Afri-
can American women overall, some studies found no evi-
dence of higher risk of luminal A subtype associated with
higher parity [21, 24], whereas other studies observed a
higher risk of TN or basal-like subtypes [37, 38], likely
reflecting the higher risk among premenopausal women
only, since we found a strong inverse association with
parity among postmenopausal African American women.

Although breast-feeding has been associated with
lower risk of breast cancer, regardless of menopausal
status [36], associations with breast cancer subtypes
have not been consistent [3, 6, 40]. Some studies found
similar risk reductions for luminal A and TN subtypes
[21], or associations that were stronger for or limited to
TN or basal-like subtypes [6, 12, 17, 24, 37]. Notably, in
BCAC, a clear inverse association with breast-feeding
was observed for TN subtype only [6]. In the present
study, longer breast-feeding was associated with lower
risk of luminal A, TN (borderline statistical significance),
and HER2-enriched subtypes, although in analyses by
race and ethnicity, none of the associations reached sta-
tistical significance. In agreement with a large pooled
analysis of breast cancer overall [36], the risk reduction
associated with higher parity was greater in the presence
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Nulliparous:
Parous:

I

0
1-12
>12

1-2, never:
1-2, ever
23, never
23, ever

210,23

210, 1-2:

<10, 23
10,12

@ =

(2024) 26:88

African American
Parity status
4

10
113 (0.40-3.18)

Parity (number of FTP)
¢

10
0.97 (0.32-2.93)
4 208(0.88-10.1)

Lifetime brgast—feeding (months)
4

10
0.92(0.33-256)
1.23(0.34-4.47)

Parity (FTP) by breast-feeding

1
141(0.45-4.41)
P+ 6.53(1.16-36.7)
——4308(0.85-11.1)
Age at menarche (years)

3 (0.17-1.64)
6(0.40-3.39)
8

——

(0.15-153)
Age at first FTP (years)

1
— 1 1.90(057-633)
———————4 356/(0.80-15.9)

232

+

1,
4 4.48(121-16.6)
1.74 (0.46-6.53)

Interval between \asl FTP and diagnosis (years)
+

1.0

1.88 (0.54-6.53)
- 2.23(0.42-11.8)
Interval between last FTP and diagnosis (years) by parity (FTP)

1.0

0.28 (0.08-0.94)

0.69 (0.09-5.03)

040 (0.07-2.19)

05 10 15 20 30+

Asian American

Parity status
+ 1.0
— 0.52 (0.38-0.72)
Parity (number of FTP)
+ 1.0
—_ 0.80 (0.55-1.17)
—_— 0.56 (0.34-0.92)

Lifetime breast-feeding (months)
+
[ —
_

Parity (FTP) by breast-feeding
+

1.06 (0.72-1.57)
0.61(0.36-1.02)

— 0.90 (0.60-1.34)
0.56 (0.20-1.57)
—y 0.54 (0.32-0.91)
Age at menarche (years)
+ 1.0
—_— 1.03 (0.69-1.52)
! 1.43 (0.98-2.09)
= 1.36 (0.88-2.09)
Age at first FTP (years)
+ 1.0

1.75 (0.46-6.64)
4 448(1.22-16.4)
———————4 524 (1.42-19.4)
Interval between menarche and first FTP (years)
‘ 1.0
——————— 317 (1.47-6.87)
——+ 5.09(2.35-11.0)
Interval between last FTP and diagnosis (years)
) 1.0
————————1 157 (0.92:267)
1 1.02(0.09-3.73)

Interval between last FTP and diagnosis (years) by parity (FTP)
+

10
132 (0.79-2.21)

S ———1
0.85(0.36-2.02)
e 1.85(099-346)
05 10 15 20 30+

Odds ratios and 95% ClI
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Hispanic
Parity status
t 1.0
_ i 0.38(0.20-0.71)
Parity (number of FTP)
+ 1.0
e — 0.73 (0.36-1.49)
—_— 0.57 (0.28-1.19)
Lifetime breast-feeding (months)
+ 1.0
—_— 0.82 (0.44-1.53)
—_— 0.58 (0.29-1.15)

Parity (FTP) by breast-feeding
+

0.70 (0.33-1.48)
074 (0.28-1.98)
045(021-0.94)

—_—

—_—
Age at menarche (years)
¢
—
—_—

0
07 (056-2.04)
97 (1.08-360)
63(0.87-304)

Age at first FTP (years)

1.0

1 1,60 (0.83-3.00)
— 1 148(0.69-3.16)

— 1 146(0633.39)

Interval between melnarche and first FTP (years)
' 1.0
i 1 2.05(1.13-3.73)
——————————— 1.73(0.88-3.38)

Interval between Iagt FTP and diagnosis (years)
+ 1.0
7 1.19 (0.58-2.44)
————————————1 1.92(0.824.49)
Interval between last FTP and diagnosis (years) by parity (FTP)
1.0

———————————1 161(083-3.12)
1 183(0,84-4.00)

1 236 (1.00557)
05 10 15 20 30+

Fig. 1 Luminal A breast cancer: Associations with reproductive characteristics among premenopausal women, by race and ethnicity

Nulliparous-
Parous

v

Do

0
1-12
>12

1-2, never
1-2, ever
23, never
23, ever:

214
13
12

<12

<20
20-24
25-29
230

<10
10-14
215

African American

Parity status

t 10

e 0.54 (0.23-1.29)
Parity (number of FTP)

1.0
[ | 0.68(0.25-1.82)
———— ] 048 (0.18-1.24)

Lifetime breast-feeding (months)
10

— 1 105(045243)

] 050 (0.16-1.56)
Parity (FTP) by breast-feeding

1.0
' i 1.33(0.48-3.69)
' ! 0.85(0.33-2.17)
— 0.39(0.13-1.14)
Age at menarche (years)
1.0
——— 1.01(0.43-2.36)
—— 1 154(067-3.99)
' g 0.96 (0.40-2.34)
Age at first FTP (years)
1.0

109 (0.46-2.58)

{ 0.60 (0.18-1.99)

1.06 (0.18-6.25)

Interval between menarche and first FTP (years)
10

: 0,67 (0.25-1.79)

I 0.89(028-282)

0.5 1.0 165 20 3.0+

Asian American

Parity status
+ 1.0
v 0.60 (0.41-0.87)
Parity (number of FTP)
+ 1.0
—— 1.07 (0.68-1.69)
P 0.59 (0.37-0.96)
Lifetime breast-feeding (months)
¢ 1.0
— 0.80 (0.55-1.16)
] 0.74 (0.47-1.18)
Parity (FTP) by breast-feeding
+ 1.0
— 0.92 (0.60-1.40)
I — 0.82 (0.46-1.46)
— 042 (0.27-0.66)
Age at menarche (years)
+ 1.0
P 0.65 (0.45-0.96)
——— 0.63 (0.43-0.93)
—l 052 (0.34-0.81)
Age at first FTP (years)
+ 1.0
_ 0.66 (0.33-1.34)
—_— 0.58 (0.28-1.20)
1 0.64 (0.29-1.39)
Interval between menarche and first FTP (years)
¢ 1.0
e 0.63 (0.40-0.98)
—_— ‘ 0.7 (0.48-1.25)
0.5 1.0 15 20 3.0+

Odds ratios and 95% CI

Hispanic
Parity status
4 10
_— 0.91 (0.44-190)
Parity (number of FTP)
1.0
IS — 0.74 (0.39-1.43)
— L L 0.54 (0.29-0.99)
Lifetime breast-feeding (months)
1.0
—_ 0.90 (0.58-1.39)
P 0.94 (0.59-1.49)
Parity (FTP) by breast-feeding
1.0
—_— 0.81(0.43-152)
—_— 0.62 (0.34-1.15)
—_ 0.56 (0.33-0.96)
Age at menarche (years)
1.0
—_ 1,33 (0.82-2.16)
1 161(0.98-263)
F————1 2.00(1.23-3.24)
Age at first FTP (years)
1.0
—_— 1.06 (0.68-1.67)
[ 0.64 (0.36-1.14)
I 1.22 (0.63-2.36)
Interval between menarche and first FTP (years)
1.0
— 0.88 (0.57-1.36)
—_— 0.79 (0.46-1.36)
05 1.0 15 20 3.0+

Fig. 2 Luminal A breast cancer: Associations with reproductive characteristics among postmenopausal women, by race and ethnicity

of a breast-feeding history among postmenopausal
women for all four subtypes and among premenopausal
women for luminal A and luminal B subtypes. Impor-
tantly, for luminal A, the most common subtype, this

added benefit of breast-feeding was observed among all
racial and ethnic and menopausal groups.

Our findings add to the growing evidence that breast-
feeding may mitigate the higher risk of TN or ER-neg-

ative subtypes associated with higher parity [6, 18, 24,
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37, 41]. It has been suggested that the mitigating effect
of breast-feeding is more difficult to detect in popula-
tions with a high prevalence of breast-feeding [42]. We
observed a mitigating effect among premenopausal Afri-
can American women only who had the lowest preva-
lence of breast-feeding (48%) compared with 80% among
premenopausal Hispanic control women. Pregnancy-
associated breast cancer has been attributed to changes
in pregnancy-related hormones, as well as immune fac-
tors and inflammatory processes triggered during post-
partum involution that resemble the pro-tumorigenic
process of wound healing. Specifically, the tissue micro-
environment of involution, which includes the influx of
immune cells, activated fibroblasts, extracellular matrix
deposition, elevated matrix metalloproteinase levels, and
bioactive matrix fragments, promotes tumorigenesis [43,
44].

We found that early menarche was associated with
higher risk of luminal A subtype only and limited to pre-
menopausal women, in agreement with two other pooled
analyses that observed an association among younger
women only [6, 21]. In contrast, early menarche was
also associated with higher risk of non-luminal A sub-
types, and in particular with TN subtype among younger
women in BCAC [6]. Unlike some studies that observed
a higher risk of luminal A subtype associated with ear-
lier menarche among African American women [21, 24,
25], we found no association among African American
women, although a longer interval between menarche
and first FTP was associated with a suggestive higher risk
of borderline statistical significance. The positive asso-
ciations with luminal A subtype observed among Asian
American and Hispanic women are consistent with other
studies of NHW women [4, 17].

The exposure measure integrating two early reproduc-
tive events (age at menarche, age at first FTP) may be a
more relevant risk factor for luminal A subtype, as this
represents a window of increased susceptibility when
breast tissue undergoes rapid cellular proliferation and
rapid accumulation of risk until terminal differentiation
occurs during a first pregnancy [45, 46]. The more than
two-fold higher risk of premenopausal luminal A subtype
associated with 215 vs. <10 years between menarche and
first FTP is of particular concern given trends of delayed
childbearing. We did not have data on exposures during
this critical time window to further explore what factors
might underlie this association, but additional research is
warranted.

Pregnancy is associated with a transient increase in
breast cancer risk that follows an FTP, wanes over time,
and then shifts to a long-term reduction in breast cancer
risk [47, 48], about 10 years after a last birth [6]. Consis-
tent with these observations and the large BCAC analysis
[6], a shorter interval (<10 years) between last FTP and
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diagnosis was associated with a higher risk of luminal A
subtype among premenopausal women. The overall OR
estimate of 1.03 per year was the same across the three
racial and ethnic groups, but reached statistical signifi-
cance only for women overall.

Comparisons across different subtype classifications

In analyses of mostly NHW women, associations with
reproductive factors were generally of similar magnitude
for subtypes defined by joint ER/PR/HER2 status or joint
ER/PR status [4, 6, 18], and for ER-negative and TN sub-
types [4, 6, 22]. Similarly, in our earlier BEM Study analy-
sis [27], associations for ER/PR-positive breast cancer
were similar to those for luminal A subtype in the pres-
ent study, particularly for Asian American and Hispanic
women. Larger studies will need to confirm the distinct
associations we observed for luminal A vs. luminal B sub-
types (e.g., breast-feeding among premenopausal women)
and for TN vs. HER2-enriched subtypes (e.g., parity
among postmenopausal women). In BCAC, associations
with reproductive factors differed primarily between TN
subtype and the other subtypes [6].

Racial and ethnic differences in reproductive risk factors
Subtype-specific associations with reproductive factors
among premenopausal and postmenopausal women were
in the same direction and generally of similar magnitude
across racial and ethnic groups, except for parity and
breast-feeding among premenopausal African American
women. Variation in OR estimates and very wide confi-
dence intervals were likely due to small numbers, par-
ticularly among premenopausal women. Distributions
of reproductive factors varied considerably across racial
and ethnic groups which may contribute to racial and
ethnic differences in the incidence of specific breast can-
cer subtypes. Palmer [22, 49] and Ambrosone [50] sug-
gested that the higher prevalence of high parity, absence
of breast-feeding, and young age at first FTP contributes
to the higher incidence of early-onset ER-negative breast
cancer among African American women. This constel-
lation of factors may also contribute to the higher inci-
dence of TN subtype among premenopausal African
American women.

Study limitations and strengths

The subtype-specific analyses were limited by sample
size, especially for analyses of the less common subtypes
stratified by menopausal status. Subtype was based on
readily available cancer registry records, similar to other
pooled analyses where subtype was based on medical
records, pathology reports, or cancer registry data [4,
6]. The lack of centralized subtyping, as done in some
studies [11, 12, 15, 17, 18, 24, 37], might have intro-
duced some misclassification, but it is unlikely that such
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Fig. 3 Triple-negative breast cancer: Associations with reproductive characteristics among premenopausal women, by race and ethnicity
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Fig. 4 Triple-negative breast cancer: Associations with reproductive characteristics among postmenopausal women, by race and ethnicity
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misclassification would be differential by reproductive
characteristics. The small numbers of luminal A, lumi-
nal B, and HER2-enriched cases among NHW women
precluded subtype-specific analyses in NHW women for
comparison with published data from other studies. Not
all eligible women with breast cancer and control women
in the parent studies participated in the study interviews,
which could have introduced selection bias. Reproductive
characteristics were based on self-report, therefore sub-
ject to inaccurate recall. Non-differential recall bias could
result in exposure misclassification which would bias
the OR estimates towards the null. There is the possibil-
ity that recall is differential between cases and controls,
although that may apply to a lesser extent for reproduc-
tive factors. Nevertheless, the associations for luminal A
subtype in our study were generally consistent with the
literature on breast cancer risk factors, providing support
to the validity of our findings.

Study strengths include the population-based design
of the three studies that were pooled, and case ascertain-
ment through the regional population-based cancer reg-
istries which increases the generalizability of our study
findings. The diversity of the study sample and use of
harmonized exposure variables allowed the direct com-
parison of OR estimates for African American, Asian
American, and Hispanic women. Detailed information
was collected on pregnancy and breast-feeding histo-
ries and other risk factors. Lastly, we performed analy-
ses stratified by menopausal status that revealed some
important differences in associations.

Implications for breast cancer prevention and risk
reduction

Breast-feeding is likely the only reproductive risk factor
for breast cancer that is potentially modifiable. Efforts
focused on improving knowledge on the benefits of
breast-feeding and creating a more supportive environ-
ment that facilitates breast-feeding could have major
impact on lowering breast cancer risk for all subtypes,
particularly among premenopausal African American
women who are at higher risk. Breast-feeding dispari-
ties are tied at multiple levels to social determinants of
health that impose barriers to breast-feeding, particularly
among African American women (e.g., shorter parental
leave; differential access to breast-feeding programs and
lactation support; limited accommodations for pump-
ing and storing breast milk at work; and historical and
cultural factors [51-54]. Effective primary breast cancer
prevention efforts focused on increasing breast-feeding
need to address these barriers among African American
women and implement tailored approaches that over-
come them [54, 55]. The interval between menarche and
first FTP may be a risk factor of increasing importance,
given trends of earlier menarche [56, 57] and delayed
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childbearing [58]. Consistent with these trends, we saw a
higher prevalence of longer mean interval between men-
arche and first FTP and a higher proportion of women
with a first FTP at age>30 years among premenopausal
compared to postmenopausal women. These findings
warrant studies focused on identifying etiologic factors
during this critical time window. The finding of a higher
risk of luminal A subtype after a full-term pregnancy sug-
gests that increased surveillance for breast cancer after
a full-term pregnancy may be an important strategy to
detect breast cancers at an early stage when they are eas-
ier to treat and have better survival.

Conclusions

The higher incidence of TN and HER2-enriched breast
cancer in some racial and ethnic groups [1], the worse
prognosis for these subtypes [8], and the limited knowl-
edge about risk factors warrant research focused on these
less common subtypes. Foremost, larger studies and/or
pooled analyses in racially and ethnically diverse popula-
tions are needed to evaluate reproductive and other risk
factors for breast cancer subtypes with greater precision.
The distinct associations with parity and breast-feeding
among premenopausal African American women, as well
as rising incidence rates of distant-stage breast cancer
among women under age 40 years [59] underscore the
importance of identifying risk factors for breast cancer
subtypes among younger women. Centralized subtyping
would minimize potential misclassification, and tumor
expression data may further facilitate the detection of eti-
ologic heterogeneity for more refined subtypes. A deeper
understanding of subtype-specific risk factors, based on
both menopausal status and race and ethnicity, is criti-
cal for prevention efforts aimed at reducing breast cancer
risk and improving survival.
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