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Abstract

Purpose The role of established breast cancer risk factors and clinical characteristics of the first breast cancer in the devel-
opment of contralateral breast cancer (CBC) among postmenopausal women is unclear.

Methods We identified 10,934 postmenopausal women diagnosed with a first primary breast cancer between 1995 and 2011
in the NIH-AARP Diet and Health Study. CBC was defined as a second primary breast cancer diagnosed in the contralateral
breast >3 months after the first breast cancer. Exposures included pre-diagnosis risk factors (lifestyle, reproductive, family
history) and clinical characteristics of the first breast cancer. We used multivariable Cox proportional hazards regression to
estimate hazard ratios (HRs) and 95% confidence intervals (CIs).

Results Over a median follow-up of 6.8 years, 436 women developed CBC. We observed an increasing trend in CBC risk
by age (p-trend =0.002) and decreasing trend by year of diagnosis (p-trend =0.001) of the first breast cancer. Additional
risk factor associations were most pronounced for endocrine therapy (HR 0.68, 95% CI 0.53-0.87) and family history of
breast cancer (HR 1.38, 95% CI 1.06-1.80, restricted to invasive first breast cancer). No associations were found for lifestyle
(body mass index, physical activity, smoking, alcohol) or reproductive factors (age at menarche, parity, age at first birth,
age at menopause).

Conclusions This study suggests that clinical characteristics of the first breast cancer and family history of breast cancer, but
not pre-diagnosis lifestyle and reproductive factors, are strongly associated with CBC risk among postmenopausal women.
Future studies are needed to understand how these factors contribute to CBC etiology and to identify further opportunities
for prevention.

Keywords Breast cancer survivors - Lifestyle factors - Reproductive factors - Breast cancer tumor characteristics - Breast
cancer treatment - Contralateral breast cancer

Introduction

As breast cancer survival has improved over time due to
early detection and advances in treatment, there are a grow-
ing number of breast cancer survivors at risk of developing
contralateral breast cancer (CBC) [1]. Previous studies have
found that breast cancer survivors have a two- to six-fold
higher risk of developing cancer in the contralateral breast
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history, and the development of CBC, have been primarily
conducted among premenopausal women (age <55 years)
[5-15]. Limited data are available on breast cancer risk fac-
tors and CBC risk among postmenopausal women [16-20].
Furthermore, although clinical characteristics of the first
breast cancer have been studied in relation to CBC risk
[21-28], whether these characteristics act independently
of lifestyle and reproductive factors on CBC risk remains
unclear.

The NIH-AARP Diet and Health study, a prospective
cohort study among US adults aged 50 years and older,
provides a unique opportunity to extend our knowledge on
breast cancer risk factors and clinical characteristics and
their impact on CBC risk among postmenopausal breast
cancer survivors.

Methods
Study population

The NIH-AARP Diet and Health study started in 1995-1996
when 566,398 members of the AARP (formerly known as
the American Association of Retired Persons) completed
a self-administered baseline questionnaire to collect infor-
mation on demographic and cancer risk factors including
lifestyle, reproductive, and family history data [29]. Further
details on the NIH-AARP Diet and Health study have been
previously described [29]. Briefly, participants were aged 50
to 71 years and resided in 6 US states (California, Florida,
Pennsylvania, New Jersey, North Carolina, and Louisiana)
and two metropolitan areas (Atlanta, Georgia and Detroit,
Michigan).

Analytic population

For the present analysis, we identified 14,317 participants
without a breast cancer diagnosis prior to baseline and who
developed an incident first primary breast cancer during
follow-up (through 31 December 2011). Participants diag-
nosed with a first primary breast cancer with unknown lat-
erality (n=65) or first primary bilateral breast cancer (n=4)
were excluded. We further excluded participants who com-
pleted baseline questionnaires by proxy (n=259), male breast
cancer patients (n=262), women who had a self-reported
personal history of any cancer (except non-melanoma
skin cancer) at baseline (n=698), premenopausal women
(n=875), women diagnosed with a first distant stage breast
cancer (n=2307) or unknown stage breast cancer (n=249),
women with contralateral prophylactic mastectomies as part
of their initial treatment for first breast cancer (n=257),
and women with < 3 months of follow-up (n=607). These
exclusions resulted in a final analytic population of 10,934
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postmenopausal women diagnosed with a first primary
breast cancer.

Assessment of breast cancer risk factors

Lifestyle and reproductive factors were self-reported on the
baseline questionnaire prior to the first breast cancer diagno-
sis (i.e., pre-diagnosis). Lifestyle factors included body mass
index (BMI) (<25 kg/m?, 25-< 30 kg/m?, and > 30 kg/m?,
missing), frequency of vigorous physical activity defined
as exercise for > 20 min that caused an increase in breath-
ing or heart rate, or worked up a sweat (<1 time/week,
1-2 times/week, 3—-4 times/week > 5 times/week, miss-
ing), smoking status (never, former, current, missing),
and alcohol consumption (none, <10 g/day, > 10-<20 g/
day, > 20 g/day, missing). Reproductive factors were age at
menarche (<12 years, 13—14 years, > 15 years, missing),
parity (nulliparous, 1 child, 2 children, >3 children, miss-
ing), age at first birth (nulliparous, < 20 years, 20-24 years,
25-29 years, > 30 years, missing), and age at menopause
(<45 years, 45-49 years, 50-54 years, > 55 years, miss-
ing). We also assessed self-reported family history of can-
cer (except basal-cell skin cancer) in a first-degree relative
(yes, no, missing) and family history of breast cancer in a
first-degree female relative (yes, no, missing).

Ascertainment of incident cancer and clinical cancer
characteristics

Incident in situ and invasive breast cancer diagnoses were
identified via linkage to the cancer registries in the study
areas and several adjacent states (Texas, Arizona, and
Nevada) through 31st December 2011 [30]. Contralat-
eral breast cancer was defined as a second primary breast
cancer (in situ or invasive) diagnosed in the contralateral
breast at least 3 months after the first primary breast cancer
diagnosis. The first 3 months of follow-up was excluded to
reduce potential misclassification of CBC as metastases that
occurred after diagnosis or undetected synchronous bilateral
breast cancer [4]. Information on clinical characteristics was
captured from cancer registries and included calendar year
of diagnosis (1995-1999, 2000-2004, 2005-2011), age at
diagnosis (50-< 60, 60—< 65, 65-< 70, 70-< 75, >75 years),
tumor histology (ductal, lobular, mixed, other, unknown),
tumor grade (well differentiated, moderately differentiated,
poorly differentiated/undifferentiated, unknown), disease
stage (in situ, localized, regional), and estrogen receptor
(ER) status (positive, negative, unknown). ER status was
examined among invasive tumors only and restricted to a
subgroup that excluded registry data from the Florida, Penn-
sylvania, and Texas cancer registries due to under-ascer-
tainment of ER status in those registries. Information on
human epidermal growth factor receptor 2 (HER2) was not
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routinely collected during the study period. First course of
treatment including radiotherapy (yes, no, unknown), chem-
otherapy (yes, no, unknown), and endocrine therapy (yes,
no, unknown) was ascertained from cancer registry records.
Surgery conducted as part of the first course of treatment
was categorized as none, breast conserving, unilateral mas-
tectomy, or unknown.

Statistical analysis

We used Cox proportional hazards regression to calculate
age- and multivariable-adjusted hazard ratios (HRs) and 95%
confidence intervals (Cls) for CBC risk by breast cancer risk
factors and clinical characteristics of the first breast cancer.
Time since diagnosis was the underlying time metric. Fol-
low-up started 3 months after the date of first primary breast
cancer diagnosis until the date of second primary cancer
diagnosis, date of death, lost to follow-up, or end of study
(31st December 2011), whichever came first.

In initial multivariable models, we mutually adjusted for
clinical characteristics of the first breast cancer, including
age at diagnosis, calendar year of diagnosis, tumor stage,
histology, ER status, first course of treatment, and family
history of breast cancer. In the main multivariable models,
we additionally adjusted for lifestyle and reproductive breast
cancer risk factors, including BMI, physical activity, smok-
ing status, alcohol consumption, age at menarche, parity, age
at first birth, age at menopause, and menopausal hormone
therapy. We present the main multivariable models in the
text. We used Schoenfeld residuals to assess the proportional
hazards assumption and did not find any violations of this
assumption. p for trends were estimated from the Wald test
using an ordinal variable.

In sensitivity analyses, we conducted analyses among
subgroups of women diagnosed with (1) a first invasive
breast cancer (n=28,776) and (2) a first invasive ER-pos-
itive breast cancer (n=4,124) as risk factors may differ
among these subgroups. For lifestyle exposures, we further
restricted analyses to women diagnosed with a first primary
breast cancer within 5 years of the baseline questionnaire
(n=3,851) since these factors may change over time and
updated questionnaire data at the time of first breast cancer
diagnosis were not available. We also restricted analyses
within 5 years of the first breast cancer diagnosis so that
follow-up time was the same across calendar periods when
examining year of diagnosis and CBC risk. Given that age
is such a strong confounder, we conducted analyses using
attained age as the underlying time scale; however, results
were largely similar, and therefore, we present results using
time since diagnosis as it is a more clinically meaningful
metric. Since contralateral prophylactic mastectomies may
have been misclassified as unknown for surgery type, we
also conducted sensitivity analyses excluding women with

unknown surgery (type or laterality) (n =882). However, we
did not exclude these women from our analytic population
as rates of contralateral prophylactic mastectomy were rela-
tively low among older postmenopausal women during this
time period (1.9-4.7%) [31] and results were unchanged in
sensitivity analyses. Finally, we estimated subdistribution
hazard ratios with Fine and Gray regression to account for
the competing risk of death [32].

p-values were based on 2-sided tests and a p-value <0.05
was considered statistically significant. Analyses were con-
ducted using SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA) and Stata version 16 (StataCorp LP, College Station,
TX, USA).

Results
Patient characteristics

Among 10,934 postmenopausal women diagnosed with a
first primary breast cancer (20% in situ, 80% invasive), the
mean age at first breast cancer diagnosis was 69.4 years,
and women were primarily diagnosed with invasive and
ER-positive breast cancer (Table 1). Approximately, 44%
of women had known receipt of radiotherapy, 17% received
chemotherapy, and 32% were reported to receive endocrine
therapy for the first breast cancer. The distribution for pre-
diagnosis lifestyle, reproductive, and family history factors
are presented in Supplementary Table 1.

A total of 436 women developed CBC during 6.8 median
years of follow-up (range 0.3—16.1 years). The mean age
at CBC diagnosis was 72.8 years and women primarily
developed invasive and ER-positive CBC (Supplementary
Table 2). The median time from the first breast cancer to the
development of CBC was 4.2 years (range 0.3-14.3 years).
A total of 1,344 women were censored due to death and 36%
of these deaths were due to breast cancer (n=484).

Lifestyle and reproductive factors and CBC risk

Overall, lifestyle and reproductive risk factors captured
prior to the first breast cancer were not statistically signifi-
cantly associated with CBC risk (Tables 2, 3). HRs were
slightly elevated for higher BMI (overweight vs. normal:
HR 1.15, 95% CI 0.92—1.44; obese vs. normal: HR 1.20,
95% CI 0.92-1.55; p-trend =0.12) and among current and
former smokers compared with non-smokers (current Smok-
ers: HR 1.19, 95% CI 0.87-1.61; former smokers: HR 1.16,
95% CI 0.94-1.43). Higher levels of physical activity were
associated with a lower risk of CBC (physical activity > 5
times/week vs. < 1 time/week: HR 0.93, 95% CI 0.69-1.23;
p-trend=0.35). No association was observed between alco-
hol intake and CBC risk. Results for lifestyle factors were
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Table 1 Clinical characteristics of 10,934 postmenopausal women
diagnosed with a first breast cancer in the NIH-AARP Diet and
Health Study

First breast cancer characteristic n % or mean (SD)

Age at diagnosis, years

50-<60 946 8.7
60—< 65 1,776 16.2
65-<70 3,049 27.9
70-<75 2,914 26.7
>75 2,249 20.6
Age at diagnosis, years® - 69.4 (6.5)
Calendar year of diagnosis
1995-1999 3,045 27.9
2000-2004 3,849 35.2
2005-2011 4,040 37.0
Calendar year of diagnosisb - 2003 (4.4)
Stage
In situ 2,158 19.7
Localized 6,573 60.1
Regional 2,203 20.2
Histology
Ductal 8,177 74.8
Lobular 1,110 10.2
Mixed 716 6.6
Other 911 8.3
Unknown 20 0.2
Grade
Well differentiated 2,283 20.9
Moderately differentiated 4,127 37.7
Poorly differentiated, undifferentiated 2,783 25.5

Unknown 1,741 15.9

Estrogen receptor status®

Positive 4,124 71.7

Negative 789 13.7

Unknown 843 14.7
Surgery

None 1,145 10.5

Breast conserving 6,729 61.5

Unilateral mastectomy 2,178 19.9

Unknown 882 8.1
Radiation therapy

None 5,102 46.7

Yes 4,853 44.4

Unknown 979 9.0
Chemotherapy

None 8,224 75.2

Yes 1,857 17.0

Unknown 853 7.8
Endocrine therapy

None 6,416 58.7

Yes 3,511 32.1

Unknown 1,007 9.2
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Table 1 (continued)

Values are means (SD) for continuous variables; percentages for cat-
egorical variables

The median time from enrollment to first breast cancer was 6.6 years
(25-75th percentile: 3.3-10.5 years)

*The median age at first breast cancer diagnosis was 69.5 years (range
51.5-85.7 years)

"The median year of first breast cancer diagnosis was 2002 (range
1995-2011)

“Restricted to invasive breast cancer and excludes women diagnosed
in TX, FL, and PA since state registries did not systematically collect
estrogen receptor status (n=>5,756)

similar, but attenuated for some associations, among women
whose first breast cancer was diagnosed within 5 years of the
baseline questionnaire (Supplementary Table 3). Reproduc-
tive factors, including age at menarche, parity, and age at
menopause, were not associated with CBC risk (Table 3).
Similar findings for lifestyle and reproductive factors were
observed when restricted to women diagnosed with a first
invasive breast cancer or invasive ER-positive breast can-
cer, although some risk factors showed stronger associations
with CBC risk (Supplementary Table 4). Results accounting
for the competing risk of death were similar (Supplementary
Table 5).

Clinical factors of the first breast cancer and CBC risk

Associations for clinical characteristics of the first pri-
mary breast cancer and CBC risk are shown in Table 4. We
observed a significant increasing trend in CBC risk with
older age at first breast cancer diagnosis (p-trend =0.002).
CBC risk was highest in women aged > 75 years at first
breast cancer diagnosis relative to those aged 50—< 60 years
(HR 2.28, 95% CI 1.40-3.71). Additionally, CBC risk
declined by calendar year of first breast cancer diagnosis
(2000-2004 vs. 1995-1999: HR 0.81, 95% CI 0.64-1.02;
2005-2011 vs. 1995-1999: HR 0.55, 95% CI 0.38-0.78;
p-trend =0.001). Results were similar when restricted
to <5 years since first breast cancer diagnosis (2000-2004:
HR 0.76, 95% CI 0.56-1.02; 2005-2011: HR 0.46, 95%
CI 0.30-0.69; p-trend < 0.001). Compared to women diag-
nosed with a first in situ breast cancer, those diagnosed with
localized or regional tumors had a significantly lower risk
of developing CBC (HR 0.72, 95% CI1 0.56-0.91; HR 0.65,
95% CI 0.46-0.92, respectively). Associations between
stage and CBC risk did not differ when stratified by receipt
of initial treatment (Supplementary Table 6). Women who
received endocrine therapy had a 32% significantly lower
risk of CBC compared to women without endocrine therapy
(HR 0.68, 95% CI 0.53-0.87). Risk of CBC was higher in
women diagnosed with a first ER-negative tumor compared
to ER-positive tumor (HR 1.50, 95% CI 1.02-2.20). We
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Table 2 Hazard Ratios

(95% CI) for lifestyle factors
and contralateral breast
cancer risk among 10,934
postmenopausal women
diagnosed with a first breast
cancer in the NIH-AARP Diet
and Health Study

Lifestyle factors No. of cases Model 1* Model 2° Model 3¢
HR 95%CI HR 95%CI HR 95% CI
Body mass index, kg/m?
<25 167 1.00 (ref) 1.00  (ref) 1.00 (ref)
25-<30 147 1.16 (0.93,1.45) 1.15 (0.92,144) 1.15 (0.92,1.44)
>30 108 1.20 (0.95,1.53) 1.22 (0.95,1.55) 1.20 (0.92,1.55)
p-trend 0.11 0.10 0.12
Physical activity, >20 min
< 1 time/week 175 1.00 (ref) 1.00 (ref) 1.00 (ref)
1-2 times/week 85 0.85 (0.65,1.10) 0.86 (0.66,1.11) 0.86 (0.66,1.11)
3—4 times/week 102 0.82 (0.64,1.05) 0.82 (0.64,1.05) 0.84 (0.66,1.08)
> 5 times/week 68 0.89 (0.67,1.18) 0.90 (0.68,1.19) 0.93 (0.69,1.23)
p-trend 0.21 0.22 0.35
Smoking status
Never 179 1.00 (ref) 1.00 (ref) 1.00 (ref)
Former 182 1.17 (0.95,1.44) 1.17 (0.96,1.44) 1.16 (0.94,1.43)
Current 57 1.15 (0.85,1.54) 1.18 (0.87,1.59) 1.19 (0.87,1.61)
Alcohol consumption (g/day)
Non-drinker 116 1.00 (ref) 1.00 (ref) 1.00 (ref)
<10 236 098 (0.79,1.23) 1.00 (0.80,1.25) 0.99 (0.79,1.24)
>10-<20 44 099 (0.70,1.41) 1.00 (0.71,1.42) 1.00 (0.70, 1.44)
>20 40 1.07 (0.74,1.53) 1.08 (0.75,1.55) 1.06 (0.73,1.54)
p-trend 0.79 0.73 0.79

*Model adjusted for age at first breast cancer diagnosis (years)

®Model adjusted for covariates in model 1 plus year of diagnosis (19951999, 2000-2004, 2005-2011),
stage (in situ, localized, regional), estrogen receptor status (positive, negative, unknown), histology (ductal,
lobular, other, unknown), radiation therapy (yes, no, unknown), chemotherapy (yes, no, unknown), endo-
crine therapy (yes, no, unknown), and family history of breast cancer (yes, no, missing)

°Model adjusted for covariates in model 2 plus body mass index (<25 kg/m?, 25—< 30 kg/m?, > 30 kg/m?,
missing), physical activity (<1 time/week, 1-2 times/week, 3—4 times/week,>5 times/week, missing),
smoking status (never, ever, missing), alcohol consumption (non-drinker, <5 g/day, >5 g/day, missing), age
at menarche (<12,> 12 years, missing), parity and age at first birth (nulliparous, <25 years at first birth
and <2 children, <25 years at first birth and >3 children, > 25 years at first birth, missing), age at meno-
pause (<45 years, 45-49 years, 50-54 years, > 55 years, missing), and menopausal hormone therapy dura-
tion (never, <5 years, 5-< 10 years, > 10 years, missing)

found no statistically significant associations for first breast
cancer grade, histology, radiotherapy, and chemotherapy.
Results were generally similar, but also slightly stronger,
when models were restricted to women diagnosed with a
first invasive breast cancer or invasive ER-positive breast
cancer (Supplementary Table 7). Subdistribution HRs for
associations between first breast cancer characteristics and
CBC risk were slightly attenuated (Supplementary Table 8).

Family history of cancer and CBCrisk

Family history of breast cancer in a first-degree female rela-
tive was associated with a statistically significant higher
risk of CBC, particularly among women diagnosed with a
first invasive breast cancer (HR 1.38, 95% CI 1.06-1.80)
(Table 5). Results were similar but slightly attenuated when
restricted to first invasive ER-positive cancer (data not

shown). A history of any cancer in a first-degree relative was
not associated with CBC risk. Results for family history of
cancer or breast cancer and CBC risk were unchanged after
accounting for the competing risk of death (Supplementary
Table 9).

Discussion

In this prospective study of postmenopausal breast cancer
survivors in the NIH-AARP Diet and Health Study, we
found that clinical characteristics of the first breast can-
cer, including earlier calendar year of diagnosis, older age,
lower stage, negative ER status, and absence of endocrine
therapy, were associated with an increased risk of CBC.
Whereas most pre-diagnosis lifestyle and reproductive fac-
tors were not associated with CBC risk, a family history of
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Table 3 Hazard Ratios (95% Reproductive factors ~ No. of cases  Model 1? Model 2° Model 3¢
CI) for reproductive factors
and contralateral breast HR 95% CI HR 95% C1 HR 95% CI
cancer risk among 10,934
postmenopausal women Age at menarche
diagnosed with a first breast <12 years 221 1.00  (ref) 1.00  (ref) 1.00  (ref)
cancer in the NIH-AARP Diet 13-14 years 188 101 (0.83,123) 1.02 (0.84,123) 1.02 (0.84,125)
and Health Study
> 15 years 25 0.67 (045,1.02) 0.67 (0.45,1.02) 0.68 (0.45,1.03)
p-trend 0.23 0.24 0.26
Parity
Nulliparous 85 1.00  (ref) 1.00  (ref) 1.00  (ref)
1 child 48 095 (0.67,1.36) 095 (0.66,1.35) 093 (0.65,1.32)
2 children 98 0.77 (0.58,1.04) 0.76 (0.57,1.02) 0.76 (0.57,1.02)
>3 children 203 092 (0.71,1.18) 0.88 (0.69,1.14) 0.88 (0.68,1.13)
p-trend 0.49 0.33 0.31
Age at first birth
Nulliparous 85 1.28 (091,1.81) 130 (092,1.83) 1.35 (0.95,1.91)
<20 years 53 1.00  (ref) 1.00  (ref) 1.00  (ref)
20-24 years 178 1.14  (0.84,1.54) 1.11 (0.82,1.52) 1.16 (0.85,1.58)
25-29 years 96 1.29  (092,1.81) 127 (091,1.78) 1.32 (0.94,1.86)
>30 years 24 091 (0.56,1.47) 089 (0.55,1.44) 091 (0.56,1.49)
p-trend® 0.68 0.76 0.74
Age at menopause
<45 years 128 1.03 (0.81,1.30) 1.03 (0.81,1.30) 1.08 (0.85,1.38)
45-49 years 109 1.02 (0.79,130) 1.02 (0.80,1.30) 1.03 (0.81,1.33)
50-54 years 148 1.00  (ref) 1.00  (ref) 1.00  (ref)
> 55 years 49 122 (0.88,1.69) 122 (0.88,1.69) 121 (0.87,1.67)
p-trend 0.60 0.63 0.97

*Model adjusted for age at first breast cancer diagnosis (years)

®Model adjusted for covariates in model 1 plus year of diagnosis (1995-1999, 2000-2004, 2005-2011),
stage (in situ, localized, regional), estrogen receptor status (positive, negative, unknown), histology (ductal,
lobular, other, unknown), radiation therapy (yes, no, unknown), chemotherapy (yes, no, unknown), endo-
crine therapy (yes, no, unknown), and family history of breast cancer (yes, no, missing)

“Model adjusted for covariates in model 2 plus body mass index (<25 kg/m?, 25-<30 kg/m?2, > 30 kg/m?,
missing), physical activity (<1 time/week, 1-2 times/week, 3—4 times/week,>5 times/week, missing),
smoking status (never, ever, missing), alcohol consumption (non-drinker, <5 g/day, > 5 g/day, missing), age
at menarche (<12,>12 years, missing), parity and age at first birth (nulliparous, <25 years at first birth
and <2 children, <25 years at first birth and >3 children, > 25 years at first birth, missing), age at meno-
pause (<45 years, 4549 years, 50-54 years, > 55 years, missing), and menopausal hormone therapy dura-
tion (never, <5 years, 5—-< 10 years, > 10 years, missing)

dp-trends for age at first birth were estimated without nulliparous women

breast cancer in a first-degree female relative was associated
with an increased risk of CBC, particularly for those whose
first breast cancer was invasive. These findings suggest that
clinical characteristics of the first breast cancer and family
history of breast cancer may play a larger role than pre-diag-
nosis lifestyle and reproductive factors in the development
of CBC among postmenopausal women.

Although we found no clear associations for pre-diagno-
sis lifestyle and reproductive factors with CBC risk in this
study, previous research has been inconsistent and primar-
ily conducted among case—control studies of younger and
premenopausal breast cancer patients. Prior studies have
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found that obesity [14, 16, 17], weight gain [7], alcohol use
[6, 12, 17], and current smoking [6, 17] were associated
with increased CBC risk while other studies have found no
overall association for these lifestyle factors [10, 15, 20].
For reproductive factors, older age at menarche [8, 11, 13]
and higher parity [8, 11, 13, 18, 19] have been associated
with a decreased risk of CBC. A potential modest associ-
ation has also been reported for age at first birth [8, 18].
Supporting some of these findings, a recent meta-analysis
[33] found that higher BMI (>25 vs. <25 kg/mz: HR 1.22,
95% CI 1.01-1.47), alcohol use (ever vs. never: HR 1.15,
95% CI 1.02-1.31), and older age at first birth (age >25
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Table 4 Hazard Ratios (95% CI) for clinical characteristics of the first breast cancer and contralateral breast cancer risk among 10,934 postmen-
opausal women diagnosed with a first breast cancer in the NIH-AARP Diet and Health Study

First breast cancer characteristics No. of cases Model 12 Model 2° Model 3¢

HR 95% CI HR 95% CI HR 95% CI

Age at diagnosis, years

50-<60 43 1.00 (ref) 1.00 (ref) 1.00 (ref)
60—< 65 93 1.38 (0.96, 1.98) 1.49 (1.04,2.15) 1.58 (1.09, 2.29)
65-<70 147 1.47 (1.05,2.07) 1.63 (1.16,2.31) 1.79 (1.25,2.55)
70-<75 106 1.36 (0.95,1.94) 1.57 (1.09, 2.28) 1.77 (1.21, 2.60)
>75 47 1.42 (0.93,2.17) 1.98 (1.24,3.17) 2.28 (1.40,3.71)
p-trend 0.19 0.01 0.002
Year of diagnosis
1995-1999 206 1.00 (ref) 1.00 (ref) 1.00 (ref)
2000-2004 169 0.82 (0.66, 1.03) 0.83 (0.66, 1.04) 0.81 (0.64, 1.02)
2005-2011 61 0.58 (0.41, 0.82) 0.57 (0.40, 0.82) 0.55 (0.38,0.78)
p-trend 0.002 0.003 0.001
Stage
In situ 113 1.00 (ref) 1.00 (ref) 1.00 (ref)
Localized 250 0.73 (0.59,0.91) 0.71 (0.56, 0.91) 0.72 (0.56,0.91)
Regional 73 0.68 (0.51,0.91) 0.65 (0.46, 0.91) 0.65 (0.46, 0.92)
Grade
Well differentiated 83 1.00 (ref) 1.00 (ref) 1.00 (ref)
Moderately differentiated 132 0.88 0.67, 1.16) 0.89 0.67,1.17) 0.90 (0.68, 1.18)
Poorly differentiated, undifferentiated 122 1.22 0.92, 1.61) 1.13 (0.84, 1.52) 1.13 (0.84, 1.52)
Histology
Ductal 307 1.00 (ref) 1.00 (ref) 1.00 (ref)
Lobular 48 1.15 (0.85, 1.56) 1.24 (0.91, 1.69) 1.24 (0.91, 1.69)
Mixed 35 1.25 (0.88, 1.77) 1.38 0.97,1.97) 1.38 0.97,1.97)
Other 46 1.32 (0.96, 1.79) 1.31 (0.95,1.79) 1.33 0.97, 1.82)
Estrogen receptor status’
Negative 41 1.69 (1.20, 2.40) 1.43 (0.98,2.09) 1.50 (1.02,2.20)
Positive 139 1.00 (ref) 1.00 (ref) 1.00 (ref)
Endocrine therapy
No 297 1.00 (ref) 1.00 (ref) 1.00 (ref)
Yes 95 0.62 (0.50, 0.79) 0.67 (0.52,0.87) 0.68 (0.53,0.87)
Radiotherapy
No 211 1.00 (ref) 1.00 (ref) 1.00 (ref)
Yes 181 0.91 0.75,1.11) 1.06 (0.86, 1.31) 1.06 (0.86, 1.31)
Chemotherapy
No 324 1.00 (ref) 1.00 (ref) 1.00 (ref)
Yes 67 0.92 (0.71,1.21) 1.04 (0.76, 1.41) 1.03 (0.76, 1.40)

#Model adjusted for age at first breast cancer diagnosis (years)

"Model adjusted for covariates in model 1 plus year of diagnosis (1995-1999, 2000-2004, 2005-2011), stage (in situ, localized, regional), estro-
gen receptor status (positive, negative, unknown), histology (ductal, lobular, other, unknown), radiation therapy (yes, no, unknown), chemother-
apy (yes, no, unknown), endocrine therapy (yes, no, unknown), and family history of breast cancer (yes, no, missing)

“Model adjusted for covariates in model 2 plus body mass index (<25 kg/m? 25-<30 kg/m2 >30 kg/m?, missing), physical activity (<1
time/week, 1-2 times/week, 3—4 times/week,>5 times/week, missing), smoking status (never, ever, missing), alcohol consumption (non-
drinker, <5 g/day, >5 g/day, missing), age at menarche (<12,> 12 years, missing), parity and age at first birth (nulliparous, <25 years at first
birth and <2 children, <25 years at first birth and >3 children, >25 years at first birth, missing), age at menopause (<45 years, 45-49 years,
50-54 years, > 55 years, missing), and menopausal hormone therapy duration (never, <5 years, 5-< 10 years, > 10 years, missing)

dRestricted to invasive tumors and excludes women diagnosed in TX, FL, and PA since state registries did not systematically collect estrogen
receptor status (n=5,756)
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vs. <25 years: HR 1.06, 95% CI 1.02-1.10) were suggestive
of increased CBC risk, while higher parity was associated
with a lower risk of CBC (>4 full-term births vs. nullipa-
rous: HR 0.56, 95% CI 0.42—-0.76). However, results from
this meta-analysis were limited in scope with only 25 stud-
ies per risk factors and conducted primarily among younger
and premenopausal women. In our study, it is possible that
any associations between lifestyle or reproductive factors
and CBC risk in postmenopausal breast cancer survivors
may be modest and we therefore may have been underpow-
ered to detect these smaller effects. Although we observed
no statistically significant associations between lifestyle and
reproductive factors and CBC risk, the direction of associa-
tions in our study, particularly for BMI, were largely con-
sistent with prior studies. Future larger studies among post-
menopausal breast cancer survivors are needed to confirm
our findings and to further examine whether associations
between lifestyle and reproductive factors may vary by char-
acteristics of CBC (e.g., ER status).

Clinical characteristics for the first breast cancer, includ-
ing age, stage and year of diagnosis, ER status, and receipt
of endocrine therapy, were the strongest factors for devel-
oping CBC in this study. These associations remained after
accounting for pre-diagnosis lifestyle and reproductive fac-
tors, and family history of breast cancer. Interestingly, we
reported an increased risk of CBC associated with older age
at first breast cancer diagnosis, and this association remained
when we used attained age as the time scale and when we
accounted for the competing risk of death. Previous stud-
ies on age at first diagnosis [2, 14, 15, 18, 20] have been
inconsistent, although several have found that younger age is
associated with a higher risk of developing CBC [2, 14, 18].
Our study, however, is the first to examine age at diagnosis
among postmenopausal women aged 50 years and older,
and further studies are needed to confirm this finding. We
also observed a significant decreased risk of CBC after an
invasive tumor relative to an in situ tumor. Although this
finding is surprising, it is possible that women diagnosed
with invasive tumors may have been more likely to receive
treatment that significantly reduced the risk of CBC com-
pared to those with a first in situ tumor. However, we were
unable to confirm this hypothesis and further studies with
more detailed treatment are needed to evaluate and charac-
terize these findings.

In our study, a decline in CBC risk among women treated
in more recent calendar periods is consistent with advances
in treatment for the first breast cancer, such as the wide-
spread uptake of tamoxifen therapy and the introduction and
uptake of aromatase inhibitors for postmenopausal women.
However, it is possible that there is residual confounding as
we still observed a significant decline in risk after adjustment
for receipt of initial treatment, including endocrine therapy.
Both clinical trials [34, 35] and observational studies [36,

37] have shown that endocrine therapy significantly reduces
the risk of CBC via estrogen suppression. Supporting these
findings, we also observed that women treated with endo-
crine therapy had a significantly lower risk of developing
CBC relative to those without endocrine therapy and that
women with a first invasive ER-negative tumor had a sig-
nificantly higher risk of CBC compared to those diagnosed
with an invasive ER-positive tumor.

Consistent with previous literature [2, 5, 18-20, 38, 39]
our study found that family history of breast cancer in a first-
degree relative was a significant risk factor for CBC, particu-
larly among those diagnosed with a first invasive breast can-
cer. Interestingly, prior studies have found that breast cancer
family history remained a significant risk factor even after
excluding women with known deleterious mutations (e.g.,
BRCA1/2) [5, 39]. This suggests that other genetic suscep-
tibility loci and/or gene—environment interactions may play
arole in CBC risk [5].

Our findings should be considered within the context of
the strengths and limitations of this study. The NIH-AARP
Diet and Health Study represents a distinctive opportunity to
prospectively examine pre-diagnosis breast cancer risk fac-
tors for CBC among a large cohort of postmenopausal breast
cancer survivors. Furthermore, although lifestyle and repro-
ductive factors were self-reported, they were ascertained
prior to the first breast cancer and therefore not susceptible
to recall bias. Our study examined pre-diagnosis lifestyle
factors at enrollment into the NIH-AARP cohort, and it is
possible that these factors may change over time. However,
we observed similar yet attenuated patterns of association for
lifestyle factors when restricted to women who were diag-
nosed with a first breast cancer within 5 years of enrollment
into the NIH-AARP cohort. Attenuation of these results is
likely due to the smaller sample size. Finally, our study uti-
lized cancer registry data for first breast cancer treatment
and therefore was limited to the first course of treatment
and susceptible to under-ascertainment. Additionally, data
on recurrences and subsequent treatment were not available.
Future studies on CBC risk among postmenopausal breast
cancer patients with comprehensive and detailed treatment
are needed.

In summary, our findings suggest that clinical characteris-
tics of the first breast cancer and family history of breast can-
cer, but not pre-diagnosis lifestyle and reproductive factors,
were significantly associated with CBC risk among post-
menopausal breast cancer survivors in the NIH-AARP Diet
and Health Study. These findings provide potential insight on
the etiology of CBC in postmenopausal women and underlie
the importance of treatment, particularly endocrine therapy,
to reduce the risk of CBC. Further analyses are warranted to
improve understanding of how these clinical characteristics
and breast cancer family history contribute to the etiology
of CBC and to identify possible prevention opportunities for
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CBC, which remains the most common cancer diagnosis in
breast cancer survivors.
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