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Abstract

Background: Risk factors may differentially influence development of estrogen receptor (ER)-positive vs —-negative breast
cancer. We examined associations with strong, prevalent risk factors by ER subtype.

Methods: Of 1 279 443 women age 35 to 74 years participating in the Breast Cancer Surveillance Consortium, 14 969 developed
ER-positive and 3617 developed ER-negative invasive breast cancer. We calculated hazard ratios (HRs) using Cox regression
and compared ER subtype hazard ratios at representative ages or by menopausal status using Wald tests. All statistical tests
were two-sided.

Results: For women age 40 years, compared with no prior biopsy, ER-positive vs ER-negative HRs were 1.53 (95% CI=1.30 to
1.81) vs 1.26 (95% CI=0.90 to 1.76) for nonproliferative disease, 1.63 (95% CI=1.23 to 2.17) vs 1.41 (95% CI=0.78 to 2.57) for prolif-
erative disease without atypia, and 4.47 (95% CI=2.88 to 6.96) vs 0.20 (95% CI=0.02 to 2.51) for proliferative disease with atypia.
Benign disease proliferation risk was stronger for ER-positive than ER-negative cancer for women age 35 years (Wald P = .04),
age 40 years (Wald P = .04), and age 50 years (Wald P = .06). Among pre/perimenopausal women, body mass index (BMI) had a
stronger association with ER-negative than ER-positive cancer (obese II/III vs. normal weight: HR=1.52, 95% CI=1.19 to 1.94; vs
1.21, 95% CI = 1.08 to 1.36). Increasing BMI similarly increased ER-positive and ER-negative cancer risk among postmenopausal
hormone users (Wald P = .15) and nonusers (Wald P = .08). Associations with ER subtype varied by race/ethnicity across all ages
(P < .001) and by family history of breast cancer and breast density for specific ages.

Conclusions: Strength of risk factor associations differed by ER subtype. Separate risk models for ER subtypes may improve
identification of women for targeted prevention strategies.

Few studies of risk factors used in risk models have exam-
ined associations by ER subtype and, of those that have, results

Primary prevention with selective estrogen receptor modulators
(SERM) decreases the risk of estrogen-receptor (ER)-positive, but

not ER-negative, breast cancer, and detection with digital mam-
mography varies by ER status (1-3). Available risk prediction
models, whose implementation is a key aspect of guiding pre-
vention strategies, predict invasive cancer risk overall rather
than by ER subtype (4-6).

are inconsistent. Studies have reported history of benign breast
disease (BBD) increases risk of ER-positive and -negative cancer
among pre- (7) and postmenopausal women (8). While one
study of postmenopausal women reported a stronger associa-
tion of BBD with ER-negative than ER-positive cancer (9) and
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another of premenopausal and postmenopausal women re-
ported similar associations (7), neither study stratified by BBD
diagnosis. A BBD cohort study reported women with atypical
hyperplasia had a higher frequency of ER-positive cancer com-
pared with women with proliferative disease without atypia or
nonproliferative disease (10).

Several studies, including a recent meta-analysis (11), report
no difference in associations between breast density and breast
cancer risk by ER subtype (11-17), while others report stronger
associations for ER-positive cancer (18-20). In contrast, a large
study suggests breast density is more strongly associated with
ER-negative (vs ER-positive) breast cancer, but only among
women younger than age 55 years compared with older women
(1).

Elevated body mass index (BMI) is associated with increased
ER-positive cancer risk in postmenopausal women (22-24),
while results for ER-negative cancer are inconsistent. One study
of postmenopausal women not using hormone therapy (HT) re-
ported an association with ER-negative cancer and elevated BMI
(25), while other studies have found no association (22-24).
Studies have reported no association or a decreased risk with el-
evated BMI by ER subtypes in premenopausal women (23,25,26),
but ER-negative studies have limited statistical power (23-25).

We used data from the large, prospective Breast Cancer
Surveillance Consortium (BCSC) cohort to examine the associa-
tions of ER-positive and ER-negative invasive cancer with
strong, prevalent risk factors used in risk prediction models
(4-6) to assess if risk factors are differentially associated with ER
subtypes.

Methods

Study Population

The National Cancer Institute (NCI)-funded BCSC (http://breast
screening.cancer.gov) (27) is a community-based, geographically
diverse cohort study that broadly represents the population of
women undergoing mammography in the United States (28).
Our sample consisted of 1 279 443 women age 35 to 74 years
who had at least one mammogram with American College of
Radiology Breast Imaging Reporting and Data System (BI-RADS)
breast density reported between 1994 and 2014 and complete in-
formation on race/ethnicity, family history of breast cancer, and
history of breast biopsy, as well as, for those who developed in-
vasive breast cancer, ER status. We excluded women with a di-
agnosis of breast cancer prior to their first eligible mammogram
or within the first three months of follow-up and women who
had breast implants or who had undergone mastectomy. Each
registry obtains annual institutional review board approval for
consenting processes or a waiver of consent, enrollment of par-
ticipants, and data linkages for research purposes. All registries
received a Federal Certificate of Confidentiality that protects the
identities of research participants.

Measurement of Risk Factors

Self-reported age, first-degree family history of breast cancer,
race/ethnicity, prior breast biopsy history, height, weight, men-
opause status, and current postmenopausal HT use were ob-
tained at the time of each mammography examination.
Postmenopausal women were those with both ovaries removed,
whose periods had stopped naturally, with current HT use, or
age 55 years or older. Premenopausal women reported a period
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within the last 180 days, were younger than age 40 years, or
were birth control hormone users, while perimenopausal were
not sure if their periods had stopped or their last menstrual pe-
riod was 180 to 364 days ago. Women were considered to have
missing menopausal status if they had a hysterectomy without
bilateral oophorectomy or surgical menopause and were not us-
ing HT or if their menopause status could not be determined
based on available information (29-31). Height and weight were
used to calculate BMI by dividing weight in kilograms by height
in meters squared (kg/m?). BMI was examined as a continuous
variable and stratified into five standard categories (under-
weight < 18.5kg/m? normal weight = 18.5-24.95kg/m?, over-
weight = 25.0-29.95kg/m?, grade I: obese = 30.0-34.95kg/m?
grade II/IIl: obese > 35.05kg/m?) using nationally defined cut-
points (32). Race and ethnicity were coded using the expanded
definition currently used in Surveillance, Epidemiology, and
End Results (SEER) and US Vital statistics (non-Hispanic white,
non-Hispanic black, Asian/Pacific Islander, Native American/
Alaskan Native, Hispanic, other/mixed race).

Benign Breast Disease

Community pathologists at each registry classified breast bi-
opsy results using their local clinical practice. We grouped each
diagnosis from pathology reports into one of four categories:
nonproliferative, proliferative without atypia, proliferative with
atypia, and lobular carcinoma in situ (LCIS) using the taxonomy
proposed by Dupont and Page (33-35). Details of benign diagno-
ses included in each category have been described previously
(https://tools.bcsc-scc.org/beSyearrisk/calculatorhtm) — (4).  If
there was more than one diagnosis per biopsy or multiple biop-
sies were performed within three months, we chose the diagno-
sis with the highest grade (LCIS > atypical hyperplasia >
proliferative without atypia > nonproliferative). We classified
the biopsy as diagnosis unknown if a woman reported a prior
biopsy but pathology results were not available.

Mammographic Breast Density

Community radiologists classified breast density as part of rou-
tine clinical practice using the four BI-RADS density categories
(36): a = almost entirely fat; b = scattered fibroglandular densi-
ties c = heterogeneously dense; d = extremely dense.

Ascertainment of Breast Cancer Cases

Breast cancers diagnosed at least three months after index
mammograms were obtained through linkage with the regional
population-based SEER programs, state tumor registries, and
pathology databases. Invasive cancers were categorized by ER
status.

Vital Status

Vital status was obtained through linkage to SEER and state tu-
mor registries and state death records.

Statistical Analysis

We estimated hazard ratios (HRs) for each risk factor using
partly conditional Cox proportional hazards regression to incor-
porate biopsies occurring after study entry and to facilitate risk
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prediction (37). We fit separate models for ER-positive and ER-
negative invasive breast cancer. We used a robust sandwich es-
timator for repeated measures survival data to account for mul-
tiple observations per woman (38). The model time scale started
three months after the index screening or diagnostic mammo-
gram and possibly again three months after each new, more se-
vere biopsy result. Age and risk factors were updated each time
women entered the model. Each observation was censored at
the time of death, diagnosis of invasive cancer of the other ER
subtype or DCIS, mastectomy, at the end of complete cancer
capture for her BCSC registry, or at 10 years of follow-up. All
models were adjusted for risk factors and interactions in the
BCSC model including age at study entry, age-squared and race/
ethnicity, and interactions between age and breast density,
family history, BBD, and race/ethnicity, all which had a P value
of less than .10 in the ER-positive model. Hazard ratios are re-
ported at representative ages because of statistically significant
interactions of age with other risk factors. As BMI was missing
for 43% of women, we fit separate models to examine the asso-
ciation of BMI by ER subtype including interactions between
BMI and menopause status. We report Pipteraction Values for lin-
ear and quadratic age and BMI separately, which makes the
type I error rate higher than 5% but provides more information
for descriptive purposes. We assessed the proportional hazards
assumption by calculating interval-specific hazard ratios (ie,
zero to three months, three to six months, six months to one
year, one to two years, etc.) for each predictor variable and com-
paring for clinically meaningful changes over time. The propor-
tional hazards assumption appeared reasonable for all
predictors except BBD, where hazard ratios within six months
of study entry were higher than in subsequent years. Excluding
these data did not change the model results in a clinically sig-
nificant manner.

We used Wald chi-square tests in a competing risks model
to compare ER-positive and ER-negative model parameters (39).
Comparisons were made within levels of age and menopausal
status for risk factors involving interactions.

Analyses were performed using R version 3.0.3 and SAS ver-
sion 9.3. Statistical tests were two-sided, and the cut-point for
statistical significance was .05.

Results

Study Characteristics

During a median follow-up of 8.3 years, 18 586 women devel-
oped invasive breast cancer, 14 969 ER-positive (80.5%) and 3617
ER-negative (19.5%). Black women had the highest proportion of
ER-negative tumors (37.7%) (Table 1).

BBD Associations by ER Subtypes

The strength of BBD associations with ER-positive (Pinteraction =
.08 for linear age and P = .07 for quadratic age) and ER-negative
cancer (Pinteraction = -17 for linear age and P = .18 for quadratic
age) did not vary with age. ER-positive cancer risk increased
with extent of BBD proliferation for all ages of women (Table 2).
For women age 40 years, compared with no prior biopsy, ER-
positive vs ER-negative hazard ratios were 1.53 (95% CI = 1.30 to
1.81) vs 1.26 (95% CI = 0.90 to 1.76) for nonproliferative disease,
1.63 (95% CI = 1.23 to 2.17) vs 1.41 (95% CI = 0.78 to 2.57) for pro-
liferative disease without atypia, 4.47 (95% CI = 2.88 to 6.96) vs
0.20 (95% CI = 0.02 to 2.51) for proliferative disease with atypia,

and 9.93 (95% CI = 4.79 to 20.6) for LCIS. BBD proliferation in-
creased ER-negative cancer risk the most in women age 60 years
(Table 2). BBD proliferation associations were stronger for ER-
positive than ER-negative cancer for women younger than age
50 years (Wald P = .04, age 35 years; P = .04, age 40 years; P = .06,
age 50 years).

BMI Associations by ER Subtypes

Menopausal status was statistically significantly associated
with ER-positive cancer (P < .001) and ER-negative cancer (P =
.03), with statistically significant interactions with BMI (Table 3).
Pre/perimenopausal and postmenopausal overweight/obese
women were at increased risk for ER-positive cancer, while un-
derweight women were at decreased risk compared with nor-
mal weight women. Pre/perimenopausal women and
postmenopausal overweight/obese HT nonusers were at in-
creased ER-negative cancer risk, while underweight women
were at decreased risk compared with normal weight women.
For example, pre/perimenopausal obese, grade II/III vs normal
weight women had a stronger association with ER-negative vs
ER-positive cancer (HR = 1.52, 95% CI = 1.19 to 1.94; vs HR=1.21,
95% CI = 1.08 to 1.36) (Table 3). Also, postmenopausal obese,
grade II/IIl HT users were at increased ER-negative cancer risk
compared with normal weight women.

Increasing BMI similarly increased ER-positive and ER-
negative cancer risk among postmenopausal hormone users
(Wald P = .15) and nonusers (Wald P = .08), but associations
were stronger with ER-negative than ER-positive cancer for pre/
perimenopausal women (Wald P = .03) (Table 3).

Race/Ethnicity, Family History, and Breast Density
Associations by ER Subtypes

The strength of race/ethnicity associations with ER subtype
(Figure 1) statistically significantly declined with age for ER-
positive (Pinteraction < -001) and ER-negative cancer (Pinteraction =
.004). Black, non-Hispanic women had an increased ER-negative
cancer risk for all ages compared with white, non-Hispanic
women with the highest hazard ratio for women age 35 years
(3.05, 95% CI = 2.52 to 3.70) and lowest for women age 70 years
(1.56, 95% CI = 1.28 to 1.90). The effect of race/ethnicity on risk
differed by ER subtype for all ages (Wald P < .001) because of an
increased ER-negative cancer risk for black, non-Hispanic
women.

The strength of family history associations with ER-positive
cancer (Figure 2) statistically significantly declined with age
(Pinteraction = -02 for linear age and P = .03 for quadratic age), but
not for ER-negative cancer (Pinteraction = .33 for linear age and P =
.46 for quadratic age). Family history of breast cancer associa-
tions was stronger for ER-positive compared with ER-negative
cancer for women older than age 50 years (Wald P = .09, age 50
years; P = .02, age 60 years; P = .03, age 70 years).

The strength of BI-RADS density associations with ER-
positive cancer (Figure 3) statistically significantly declined with
age (Pinteraction < -001), but not for ER-negative cancer (Pinteraction
= .34). For example, hazard ratios for extremely dense breasts
compared with scattered fibroglandular densities remained ele-
vated at 1.68 (95% CI = 1.34 to 2.11) at age 35 years and 1.76 (95%
CI = 1.36 to 2.27) at age 70 years for ER-negative cancer, but de-
clined from 2.13 (95% CI = 1.89 to 2.40) at age 35 years to 1.35
(95% CI = 1.20 to 1.53) at age 70 years for ER-positive cancer.
Women with dense breasts had a stronger association with ER-
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Table 1. Baseline characteristics of study cohort

No breast cancer ER-positive cancer ER-negative cancer

Characteristics No. (%) No. (%) No. (%)
Total 1260 857 (98.6) 14 969 (1.2) 3617 (0.3)
Age groups, y
35-39 111 400 (8.8) 658 (4.4) 238 (6.6)
40-44 287 067 (22.8) 2145 (14.3) 606 (16.8)
45-49 222 884 (17.7) 2213 (14.8) 689 (19.1)
50-54 204 094 (16.2) 2462 (16.5) 581 (16.1)
55-59 152 357 (12.1) 2327 (15.6) 524 (14.5)
60-64 116 788 (9.3) 2012 (13.4) 394 (10.9)
65-69 95 224 (7.6) 1792 (12.0) 332(9.2)
70-74 71043 (5.6) 1360 (9.1) 253 (7.0)
Race/ethnicity
White, non-Hispanic 936 413 (74.3) 12 220 (81.6) 2622 (72.5)
Black, non-Hispanic 94725 (7.5) 884 (5.9) 536 (14.8)
Asian, Native Hawaiian, or Pacific Islander 84122 (6.7) 644 (4.3) 167 (4.6)
American Indian or Alaska Native 11801 (0.9) 75(0.5) 27 (0.8)
Hispanic 115082 (9.1) 962 (6.4) 220 (6.1)
Other, mixed (2+ races) 18714 (1.5) 184 (1.2) 45 (1.2)
1st-degree relatives with breast cancer
No 1109 616 (88.0) 12 187 (81.4) 3036 (83.9)
Yes 151 241 (12.0) 2782 (18.6) 581 (16.1)
Benign breast disease
No prior biopsy 1060 408 (84.1) 11173 (74.6) 2783 (76.9)
Prior biopsy, diagnosis unknown 158 967 (12.6) 3073 (20.5) 704 (19.5)
Nonproliferative 29 038 (2.3) 446 (3.0) 89 (2.5)
Proliferative without atypia 10 349 (0.8) 193 (1.3) 30(0.8)
Proliferative with atypia 1662 (0.1) 52(0.4) 7(0.2)
Lobular carcinoma in situ 433 (0.03) 32(0.2) 4(0.1)
BI-RADS breast density*
Almost entirely fat 106 244 (8.4) 713 (4.8) 157 (4.3)
Scattered densities 528 925 (42.0) 5675 (37.9) 1350 (37.3)
Heterogeneously dense 499 894 (39.7) 6821 (45.6) 1679 (46.4)
Extremely dense 125 794 (10.0) 1760 (11.8) 431 (11.9)
Body mass index, kg/m?*t
Underweight (<18.5) 13137 (1.8) 140 (1.7) 22 (1.3)
Normal (18.5-24.9) 328 162 (46.0) 3581 (44.6) 722 (43.2)
Overweight (25.0-29.9) 201 841 (28.3) 2402 (29.9) 521 (31.2)
Obese, grade I (30.0-34.9) 100 197 (14.0) 1152 (14.3) 226 (13.5)
Obese, grade II/III (>35.0) 70 406 (9.9) 761 (9.5) 181 (10.8)
Menopausal statust =
Pre- or perimenopausal 501293 (46.2) 4335 (32.5) 1243 (39.4) O
Postmenopausal with HT 229557 (21.2) 3895 (29.2) 824 (26.1) E
Postmenopausal no HT 353610 (32.6) 5115 (38.3) 1089 (34.5) <

*BI-RADS density categories: a = almost entirely fat; b = scattered fibroglandular densities; ¢ = heterogeneously dense; d = extremely dense. BI-RADS = Breast Imaging

Reporting and Data System; ER = estrogen receptor; HT = hormone therapy.

tMissing body mass index: 547 114 no breast cancer, 6933 ER-positive, 1945 ER-negative.
fMissing menopausal status: 176 397 no breast cancer, 1624 ER-positive, 461 ER-negative; 95% premenopausal and 5% perimenopausal.

positive compared with ER-negative cancer for women younger
than age 40 years (Wald P = .05, age 35 years; P = .08, age 40 years).

Discussion

We examined strong, prevalent risk factors included in risk
prediction models and their associations with ER subtypes be-
cause women’s risk of ER subtypes can inform targeted pre-
vention strategies. We found that family history of breast
cancer, BBD, breast density, and race/ethnicity increased the
risk for both ER-positive and ER-negative invasive breast can-
cer but the strength of associations varied by age. For

example, associations with high breast density decreased
with age for ER-positive cancer and remained elevated for ER-
negative cancer, whereas associations with family history of
breast cancer decreased with age for ER-negative cancer to a
greater extent than for ER-positive cancer. In comparison, ele-
vated postmenopausal BMI similarly increased ER-positive
and ER-negative cancer risk while elevated peri/premeno-
pausal BMI increased ER-negative cancer risk to a greater ex-
tent than ER-positive risk. Our results suggest that there are
important differences in associations by ER subtype with age
and menopausal status for common risk factors and that
these associations should be taken into account in developing
risk prediction models (8).
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Table 2. Cox proportional hazards model results for benign breast disease by estrogen receptor-positive or estrogen receptor-negative events

R (95% CI)*

Characteristic Age3Sy Aged0y AgeS0y Age60y Age70y

ER-positive
Benign breast disease

No prior biopsy (ref) (ref) (ref) (ref) (ref)

Prior biopsy, diagnosis unknown 1.39 (1.17 to 1.65) 1.41 (1.27 to 1.57) 1.46 (1.40to 1.53)  1.52(1.45 to 1.59) 1.58 (1.48 to 1.68)

Nonproliferative 161(1.22t02.13)  1.53(1.30t01.81)  1.49(1.36t01.63) 1.58 (1.44t01.74)  1.84 (1.60 to 2.11)

Proliferative without atypia 1.53(0.95 to 2.46) 1.63(1.23t0 2.17) 1.83(1.62t02.08)  2.03 (1.78 to 2.33) 2.23 (1.85 to 2.69)

Proliferative with atypia 5.05(2.44t010.43) 4.47 (2.88t06.96)  3.68(2.98t04.54) 3.21(2.59t03.97)  2.97 (2.10to 4.19)

LCIS 19.79 (6.09 to 64.35) 9.93(4.79t020.57)  4.32(3.04t06.12) 3.90 (2.75 to 5.52) 7.30 (4.75 to 11.21)
ER-negative

No prior biopsy (ref) (ref) (ref) (ref) (ref)

Prior biopsy, diagnosis unknown 1.56 (1.13 to 2.15) 1.52 (1.26 to 1.84) 1.47 (1.34to 1.61)  1.44 (1.30to 1.59) 1.43 (1.23 to 1.67)

Nonproliferative 1.08 (0.60 to 1.94) 1.26 (0.90 to 1.76) 1.53(1.27t0 1.84)  1.60 (1.31 to 1.96) 1.43 (1.00 to 2.06)

Proliferative without atypia 1.33(047t03.75)  1.41(078t02.57)  1.53(1.15t02.02) 157 (1.14t02.17)  1.54(0.92 to 2.58)

Proliferative with atypia NEt 0.20(0.02t02.51)  1.23(0.55t02.75) 2.33(1.22t04.48)  1.34(0.43 t0 4.22)

LCIS NEt NEt 1.05(0.17t06.30)  3.73(1.39t010.05)  1.52(0.23 to 9.94)
P, Wald test§ .04 .04 .06 .61 .16

*Adjusted for age at entry (linear and quadratic terms) and race/ethnicity, with interactions between Breast Imaging Reporting and Data System density and age at en-
try (linear), first-degree relatives and age at entry (linear and quadratic), benign breast disease (linear and quadratic terms), and race/ethnicity and age at entry (linear).
Analyses include 1 361 990 mammograms associated with 16 749 estrogen receptor (ER)-positive and 3990 ER-negative cancers. CI = confidence interval; ER = estrogen
receptor; HR = hazard ratio; LCIS = lobular carcinoma in situ.

tNonestimable because of small sample sizes.

§Compares estrogen receptor-positive vs —-negative cancer parameters within age group. This test was two-sided.

Table 3. Cox proportional hazards model results for 687 601 examinations and 8386 estrogen receptor-positive or 1715 estrogen receptor—
negative events by body mass index

R (95% CI)*

ER subtype by BMI Pre- or perimenopausal Postmenopausal current HT use Postmenopausal no current HT use

ER-positivet
BMI, kg/m?+

18 (underweight)
22 (normal)

27 (overweight)
32 (obese, grade I)

0.93 (0.87 t0 0.98)
(ref)

1.08 (1.03 to 1.14)

1.15 (1.06 to 1.25)
(

0.90 (0.83 t0 0.97)
(ref)

1.11 (1.05 to 1.18)

1.20 (1.09 to 1.32)
(

.15

0.79 (0.74 to 0.84)
(ref)

1.28 (1.21 to 1.35)

1.53 (1.41 to 1.66)
(

> 39 (obese, grade 1I/11I) 1.21 (1.08 to 1.36) 1.28 (1.11 to 1.47) 1.78 (1.61 to 1.98)
a ER-negative§
5 BMI, kg/m?+
£ 18 (underweight) 0.76 (0.66 to 0.87) 0.96 (0.85 to 1.09) 0.88 (0.79 to 0.98)
22 (normal) (ref) (ref) (ref)
27 (overweight) 1.28 (1.14 to 1.44) 1.08 (0.95 to 1.22) 1.17 (1.06 to 1.30)
32 (obese, grade I) 1.48 (1.25 to 1.77) .19 (0.96 to 1.47) 1.38 (1.16 to 1.63)
39 (obese, grade II/11I) 1.52 (1.19 to 1.94) 44 (1.06 to 1.94) 1.72 (1.36 to 2.17)

.08

P|| .03

*Adjusted for age at entry (linear and quadratic terms) and race/ethnicity, with interactions between Breast Imaging Reporting and Data System density and age at en-
try (linear), first-degree relatives and age at entry (linear and quadratic), benign breast disease (linear and quadratic terms), and race/ethnicity and age at entry (linear).
BMI = body mass index; CI = confidence interval; ER = estrogen receptor; HR = hazard ratio.

1P values for continuous BMI linear and quadratic terms = .06 and .19, respectively; P value for menopausal status < 0.001; Pipteraction Values between continuous BMI
linear and quadratic terms and menopausal status = .02 and .12, respectively. All statistical tests were two-sided.

$Median of values within range of values for category.

§P values for continuous BMI linear and quadratic terms = .002 and .009, respectively; P value for menopausal status = .03; Pipteraction Values between continuous BMI
linear and quadratic terms and menopausal status = .02 and .02, respectively. All statistical tests were two-sided.

||Compares estrogen receptor-positive vs —-negative cancer parameters within menopausal group. P values were calculated using a two-sided Wald test.

Observational studies consistently report that obesity is as- among overweight/obese postmenopausal women who never
sociated with increased breast cancer risk in postmenopausal used HT, but Ritte et al. did not find an association of BMI and
women (40) and weight gain is associated with increased risk in ER-negative cancer diagnosed among premenopausal women
women of all ages (40-42). Consistent with our results, Ritte et (25). In the Shanghai Breast Cancer Study, premenopausal

al. reported that elevated BMI increases ER-negative cancer risk breast cancer was not associated with increasing BMI, but both
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Figure 1. Association of race/ethnicity by estrogen receptor subtype. Cox proportional hazards model results for estrogen receptor-positive (solid circle) and -negative
(open circle) invasive breast cancers comparing non-Hispanic black, Asian/Pacific Islander, Native American/Alaskan Native, Hispanic, and other/mixed race to non-
Hispanic white women by age. The numbers in parentheses along the x-axis are P values calculated by two-sided Wald test comparing estrogen receptor-positive vs —
negative cancer parameters within age group. The error bars represent the 95% confidence intervals. CI = confidence interval; HR = hazard ratio.

ER-negative and ER-positive cancers were associated with in-
creasing waist-to-hip ratios (23). Similarly, measures of fat dis-
tribution were associated with greater incidence of ER-negative
cancer in the Nurses’ Health Study, but not elevated BMI (26). A
meta-analysis reported a statistically significant association be-
tween BMI greater than 30kg/m?2 and triple-negative breast can-
cer among premenopausal women (43). Our study extends the
literature by showing that premenopausal and postmenopausal
obesity is associated with an increase in ER-positive and ER-
negative cancer risk in the next 10 years. Our large sample size,
ability to account for race/ethnicity, breast density, and BBD di-
agnoses, as well as our measurement of premenopausal BMI up
to 10 years prior to pre- or postmenopausal breast cancer diag-
nosis, could account for our observed associations between ele-
vated BMI among premenopausal women and ER-negative
cancer. Because weight loss among pre- and postmenopausal
women not at ideal body weight has been shown to decrease
postmenopausal breast cancer risk (44), all women who are
overweight or obese should be encouraged to lose weight to de-
crease their breast cancer risk.

Tamoxifen and raloxifene block the ER receptor to decrease
risk of ER-positive tumors (45,46). Thus, risk factors associated
with estrogen metabolism are likely to be associated with ER-
positive cancer. For example, postmenopausal women with high
BMIs have twofold higher circulating estrogens and lower sex
hormone-binding globulin levels and thus more bioavailable

estrogens to promote tumor growth compared with normal
weight women (47). Our results are consistent with this hypothe-
sis because ER-positive cancer risk increases with increasing
BMI, in particular among postmenopausal women. Elevated
BMTI’s association with ER-negative disease is likely by a different
mechanism given the strong association among premenopausal
women. High blood levels of insulin and insulin-like growth fac-
tor and chronic low-grade inflammation have been hypothesized
as possible mechanisms by which obesity modulates increased
breast cancer risk (40).

Women at highest risk in our study had proliferative breast
disease with atypia or LCIS and were at highest risk of ER-
positive cancer. A recent meta-analysis reported that prolifera-
tive BBD with or without atypia is associated with a statistically
significantly increased risk of developing breast cancer (48). The
magnitude of the associations we report for ER subtypes and
proliferative BBD with or without atypia are consistent with this
report, but the associations we report for nonproliferative dis-
ease are twofold higher. Pooled studies of nonproliferative dis-
ease had statistically significant heterogeneity and publication
bias, potentially underestimating breast cancer risk (48), while
our study grouped specific nonproliferative diagnoses.
Tamoxifen reduces incidence of clinically detected BBD (49),
and individuals with BBD have ER-positive epithelium (50).
Thus, biologically it is consistent that breast cancer that de-
velops after a BBD diagnosis may likely be ER-positive. Our
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Figure 2. Association of first-degree family history of breast cancer by estrogen receptor subtype. Cox proportional hazards model results for estrogen receptor-positive
(solid circle) and —negative (open circle) invasive breast cancers comparing women with and without a first-degree relative with breast cancer. The numbers in paren-
theses along the x-axis are P values calculated using a two-sided Wald test result to compare estrogen receptor-positive vs -negative cancer parameters within each
age group. The error bars represent the 95% confidence intervals. CI = confidence interval; HR = hazard ratio.

results highlight that women with proliferative lesions with aty-
pia or LCIS are likely to benefit from tamoxifen because they are
primarily at increased ER-positive cancer risk.

High breast density is a heritable risk factor (51-53), and fam-
ily history of breast cancer is a marker of genetic susceptibility
to disease. Both of these risk factors are associated with ER
subtypes. The strength of association of family history of breast
cancer and breast density decreases with older age for ER-
positive breast cancer. Yet, postmenopausal incidence of ER-
positive cancer continues to increase with age. One explanation
is that ER-positive breast cancer among older women is driven
more by processes associated with aging such as the accumula-
tion of somatic mutations that are independent of genetics
(54,55). In comparison, the incidence of ER-negative cancer is
stable with increasing age and the association with breast den-
sity remains elevated across all ages, suggesting that there
could be continued genetic influence of breast density for the
development of ER-negative cancer as women age. In support of
this, at least some single-nucleotide polymorphisms associated
with breast density are also preferentially associated with ER-
negative cancer (56,57).

This study included large numbers of ER-positive and ER-
negative cancers in a nationally representative sample, which
should enhance its generalizability. But our study was not with-
out limitations. For proliferative disease with atypia and LCIS,
the numbers of ER-negative cancers in these groups were small,
limiting our ability to identify important associations.

Correlation of self-reported height and weight with measured
height and weight has been reported to be high (58,59).
Misclassification of obese women to lower BMI categories be-
cause of inaccurate self-report and exclusion of women who did
not report their weight may have led to an over- or underesti-
mation of the true association between obesity and breast can-
cer. However, the dose response we observe with increasing
BMI and the magnitude of increased risk is consistent with
studies that measured BMI and suggest minimal underestima-
tion of risk. We did not account for HT regimen type, but this is
unlikely to impact our results given there is no interaction be-
tween HT regimen type and BMI (60). Several studies have docu-
mented poor agreement between pathologists for some
histologic diagnoses (61-66). The decreased precision from lack
of pathology standardization would tend to bias results toward
the null and lead to an underestimate of the true strength of the
associations between BBD and ER subtype.

We found that strong, prevalent risk factors have different
strength associations by age, menopausal status, and ER sub-
type. Risk models that incorporate race/ethnicity, BBD diagno-
ses, family history of breast cancer, breast density, and BMI
with interactions with age and menopausal status could im-
prove prediction of ER subtypes. The BCSC risk model (4) in-
cludes these factors except menopausal status and BMI, and the
Tyrer-Cuzick model (5) includes these factors except race/eth-
nicity, and nonproliferative BBD. ER subtype risk models should
be compared with standard risk models to determine if they
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Figure 3. Association of breast density by ER subtype. Cox proportional hazards model results for estrogen receptor-positive (solid circle) and -negative (open circle) in-
vasive breast cancers comparing women with almost entirely fat, heterogeneously dens,e and extremely dense breasts compared with scattered fibroglandular den-
sity. The numbers in parentheses along the x-axis are P values calculated using a two-sided Wald test result to compare estrogen receptor-positive vs —-negative cancer
parameters within each age group. The error bars represent the 95% confidence intervals. CI = confidence interval; HR = hazard ratio.

improve risk prediction and better identify women for targeted
prevention strategies.
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