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Abstract
Background—Triple-negative breast cancer, characterized by a lack of hormone receptor and
HER2 expression, is associated with a particularly poor prognosis. Focusing on potentially
modifiable breast cancer risk factors, we examined the relationship between body size, physical
activity, and triple-negative disease risk.

Methods—Using data from 155,723 women enrolled in the Women’s Health Initiative (median
follow-up 7.9 years), we assessed associations between baseline body mass index (BMI), BMI in
earlier adulthood, waist and hip circumference, waist-hip ratio (WHR), recreational physical
activity, and risk of triple-negative (N=307) and estrogen receptor-positive (ER+, N=2,610) breast
cancers.

Results—Women in the highest versus lowest BMI quartile had 1.35-fold [95% confidence
interval (CI): 0.92–1.99] and 1.39-fold (95% CI: 1.22–1.58) increased risks of triple-negative and
ER+ breast cancers, respectively. Waist and hip circumferences were positively associated with
risk of ER+ breast cancer (p for trend=0.01 for both measures) but were not associated with triple-
negative breast cancer. Compared to women who reported no recreational physical activity,
women in the highest activity tertile had similarly lower risks of triple-negative and ER+ breast
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cancers [hazard ratio (HR)=0.77, 95% CI: 0.51–1.13 and HR=0.85, 95% CI: 0.74–0.98,
respectively].

Conclusions—Despite biological and clinical differences, triple-negative and ER+ breast
cancers are similarly associated with BMI and recreational physical activity in postmenopausal
women. The biological mechanisms underlying these similarities are uncertain and these modest
associations require further investigation.

Impact—If confirmed, these results suggest potential ways postmenopausal women might modify
their risk of both ER+ and triple-negative breast cancers.
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INTRODUCTION
Defined by a lack of estrogen receptor (ER), progesterone receptor (PR), and HER2
expression, triple-negative breast cancer is associated with an aggressive pathology (1–4).
Compared to women with ER-positive (ER+) tumors, women with triple-negative breast
cancer experience poorer survival (1–4), and are more likely to exhibit high tumor grade (1–
4) and elevated Ki-67 (3) and p53 (1,3) expression. The limited epidemiologic literature on
triple-negative breast cancer indicates that these tumors occur disproportionately in African-
American women (1–3,5) and BRCA1 mutation carriers (6,7), and tend to be diagnosed at
younger ages (2–4) than ER+ breast cancers. It has also been suggested that certain
hormone-related factors play a lesser role in relation to risk of triple-negative breast cancer
than ER+ disease (8,9). Whereas factors related to reproductive history and triple-negative
breast cancer risk have been studied, relatively little attention has been paid to the role of
potentially modifiable factors like obesity (5,8–11) and physical activity (5).

Endogenous estrogen levels in postmenopausal women are positively associated with
obesity and inversely associated with physical activity (12,13); therefore, it is plausible that
these factors would have a stronger relationship to ER+ tumor risk than triple-negative
tumors. However, obesity and physical activity may also influence breast cancer risk
through mechanisms not directly involving steroid hormones, including effects on levels of
insulin and insulin-like growth factors, cytokines, and inflammation (14,15). One study
reported a positive association between BMI and risk of postmenopausal triple-negative
breast cancer, but only in women who were not hormone therapy (HT) users (10). Other
studies have found no association between BMI and postmenopausal triple-negative breast
cancer (8,9). One study reported that waist-hip-ratio (WHR) was positively associated with
risk of basal-like breast cancer (i.e., triple-negative and positive for cytokeratin 5/6 and/or
EGFR expression) (9); however, this finding has not been replicated. An inverse association
between physical activity level and triple-negative breast cancer risk in younger women
(ages 20–54) who met or exceeded the median activity level of the study population has
been reported by one study (5); however, to our knowledge, no studies have assessed this
relationship in older women.

Using data from the Women’s Health Initiative (WHI), we explored associations between
aspects of body size, recreational physical activity, and risk of triple-negative, as well as ER
+ breast cancer in postmenopausal women.
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MATERIALS AND METHODS
Study Population

The WHI is a longitudinal study of postmenopausal women, encompassing multiple
concurrent randomized clinical trials and an observational study. WHI recruitment protocols
and procedures are described in detail elsewhere (16,17). Briefly, between October 1, 1993,
and December 31, 1998, postmenopausal women aged 50 to 79 years were recruited from 40
clinical centers across the United States. Women with a medical condition with a predicted
survival less than three years or who were unlikely to stay in the same geographic area for
this period were excluded. Additional eligibility criteria related to competing risks and likely
adherence were imposed for clinical trial (CT) participation, including a baseline
mammogram and/or clinical breast examination suspicious for breast cancer, or a history of
breast cancer. Women not meeting CT eligibility criteria or not interested CT participation
were given the opportunity to enroll in the WHI Observational Study (OS). At the time of
enrollment, all women provided written informed consent for participation. Human Subjects
Review Committees at all participating institutions approved the WHI study protocol.

In total, 161,808 women enrolled in the WHI (N=93,676 in the OS; N=68,132 in the CT).
For this analysis, we excluded women with a history of breast cancer or mastectomy at
baseline (N=5,239) and women without follow-up information for breast cancer diagnoses
(N=846), leaving a study population of 155,723 women.

Exposure Assessment
All women completed a series of self-administered questionnaires at the baseline screening
visit from which detailed information on demographic factors, reproductive history, medical
history, breast cancer family history, and physical activity were collected. Information on
lifetime use of postmenopausal HT was collected through a structured in-person interview.
Women were classified as current HT users if they reported using estrogen-containing pills
or patches at baseline (CT or OS) or were randomly assigned to the active HT arms of one
of the HT trials within the CT. Height, weight, and waist and hip circumferences were
measured at baseline clinic visits. BMI was calculated as weight (kg) divided by squared
height (m2). OS participants were asked to self-report their weight at ages 18, 35, and 50
years; BMI calculations for those ages were based on self-reported weight at that age and
height at baseline. WHR was calculated as waist circumference (measured to the nearest 0.1
cm at the narrowest part of the torso) divided by hip circumference (measured to the nearest
0.1 cm at the maximal circumference).

At baseline, women were asked how often they currently exercised (never, 1, 2, 3, 4, ≥5
days per week) and how long they typically exercised per session (<20, 20–39, 40–59, ≥60
minutes). Questions were structured to inquire separately about strenuous-, moderate-, and
low-intensity recreational exercise. Strenuous exercise was defined as exercise that led to
sweating and increased heart rate (e.g., aerobics, swimming laps, jogging). Provided
examples of moderate-intensity activity included biking outdoors, using an exercise
machine, and calisthenics; provided examples of low-intensity activity included bowling and
golf. Metabolic equivalent (MET) values, defined as the ratio of metabolic rate during a
specific activity relative to metabolic rate at rest, were assigned for strenuous-, moderate-,
and low-intensity activities (7, 4, and 3, respectively) and multiplied by the hours exercised
at that intensity level per week to obtain composite recreational physical activity variables
(MET-hours/week) for each intensity level and for all intensity levels combined (18).
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Follow-Up and Outcome Ascertainment
Medical history, including diagnosis of breast cancer, was updated annually (OS) or
semiannually (CT) via mailed or telephone-administered questionnaires. Breast cancer
diagnoses reported by participants were verified locally by WHI physician adjudicators.
Medical records and pathology reports for locally confirmed breast cancers were sent to the
WHI Clinical Coordinating Center for central adjudication and coding of ER, PR, and HER2
status.

Over follow-up (median 7.9 years), invasive breast cancer was identified in 5,194 women.
Information on ER, PR, and HER2 status was available for 4,677 (90%), 4,600 (89%), and
3,139 (60%) cases, respectively. In light of variability in HER2 testing practices over the
study period and across institutions, ER+ cases with unknown HER2 status (N=1,334) were
excluded from the ER+ case group to enable greater comparability to the triple-negative
group. Cases with missing HER2 data were diagnosed, on average, earlier during the study
period than cases with known HER2 status (mean duration of follow-up = 2.9 versus 5.0
years in cases with unknown versus known HER2 status) and were more likely to have been
enrolled in the OS (59.0% versus 55.7%). The distribution of exposure variables, however,
was similar in cases with unknown versus known HER2 status (26.5% versus 27.2% in the
uppermost quartile of baseline BMI; 25.7% versus 23.0% in the uppermost quartile of total
recreational physical activity). Of the 3,116 cases with complete tumor marker data, 307
(10%) were triple-negative and 2,610 (84%) were ER+. Remaining cases were ER−/PR−/
HER2+ (N=154), ER−/PR+/HER2− (N=31), or ER−/PR+/HER2+ (N=14).

Statistical Analyses
We used Cox regression to assess associations between WHR, waist and hip circumferences,
BMI at different ages (baseline and ages 50, 35, and 18), baseline recreational physical
activity level (total, strenuous, moderate-/low-intensity), and subtype-specific breast cancer
risk. We constructed separate models for triple-negative and ER+ subtypes, with the time
axis defined as the time (in days) since randomization (CT) or study enrollment (OS).
Women diagnosed with in situ breast cancer or an invasive breast cancer other than the
model-specific outcome were censored at the time of diagnosis. Proportional hazards
assumptions were verified by testing for a non-zero slope of the scaled Schoenfeld residuals
on ranked failure times and on the log of analysis time (19).

Analyses were adjusted for a common set of confounders selected a priori, including study
arm, race, education level, household income, family history of breast cancer in first-degree
relatives, receipt of mammography during follow-up, and history of mammography within
the two years prior to baseline. Analyses were adjusted for age both explicitly, through
inclusion of a linear adjustment term, and implicitly, via stratification of the baseline hazards
(10-year categories). Analyses of baseline recreational physical activity were further
adjusted for baseline BMI; analyses of baseline body size characteristics were further
adjusted for total recreational physical activity at baseline. We also assessed confounding by
parity, ages at first birth and menopause, alcohol consumption, and smoking; however, since
adjustment for these factors altered effect estimates for both subtypes by less than 10%,
none were included in final multivariate models. We evaluated interaction by current HT use
with respect to physical activity and baseline body size characteristics; where interaction
was found to be statistically significant, we replicated analyses among current non-users of
HT.

Anthropometric variables were categorized into quartiles based on distributions in the
overall study population. We also conducted analyses of BMI at baseline using categories
based on the National Heart Blood and Lung Institute definitions for normal weight (BMI
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<25.0 kg/m2), overweight (BMI 25.0–29.9 kg/m2), and obese (BMI ≥30 kg/m2) (20). For
analyses of total recreational physical activity, we grouped women reporting any activity
into three categories based on the tertile distribution of MET-hours/week among active
women, with a separate (referent) category for women reporting no activity. For analyses of
strenuous-, and moderate-/low-intensity activity, we dichotomized women reporting any
activity according to MET-hours/week and, again, used a referent category of women
reporting no activity of the intensity level of interest; we mutually-adjusted analyses for
activity at these intensity levels. For all exposures, we compared subtype-specific HR
estimates using competing risks partial likelihood methods (21). All analyses were
performed using STATA SE version 11 (College Station, Texas).

Missing exposure, covariate, and tumor marker data were handled using a complete-case
approach, excluding observations with missing exposure or covariate data and censoring
case observations with missing tumor marker data at the time of diagnosis. We conducted
sensitivity analyses using multiple-imputation (22) to assess the impact of missing tumor
marker, exposure, and covariate data. Subtype-specific hazard ratios (HRs) obtained in our
multiple-imputation analyses (not shown) were almost identical to those in the primary
analysis. Thus, only the results from complete-case analyses are presented here.

RESULTS
Key characteristics of the study population are provided in Table 1. Women diagnosed with
triple-negative breast cancer were younger, more likely to be African-American, and more
likely to have a breast cancer family history than non-cases or ER+ cases.

There were several similarities in associations between aspects of baseline body size and
risks of ER+ and triple-negative breast cancers (Table 2). For ER+ breast cancer, women in
the highest baseline BMI quartile had a 1.39-fold [95% confidence interval (CI): 1.22–1.58]
increased risk compared to women in the lowest quartile. The association between BMI and
triple-negative breast cancer was of similar magnitude (highest versus lowest BMI quartile:
HR=1.35, 95% CI: 0.92–1.99), although not statistically significant. Similar associations
across subtypes were noted in analyses of BMI categorized by NHLBI standard cut-points.
WHR was not associated with risk of either subtype, but waist and hip circumference were
modestly positively associated with risk of ER+ breast cancer (highest versus lowest
circumference quartile: HRwaist=1.34, 95% CI: 1.09–1.64; HRhip=1.28, 95% CI: 1.03–1.58).
In contrast, non-significant inverse associations were noted between these measures and
triple-negative breast cancer (HRwaist=0.66, 95% CI: 0.37 –1.20; HRhip=0.88, 95% CI:
0.41–1.50). However, differences between subtypes were not statistically significant (p=0.07
and 0.31 for waist and hip circumference, respectively).

Patterns of association with self-reported BMI at younger ages differed slightly, but not
significantly for ER+ versus triple-negative breast cancer (Table 3). Specifically, ER+ breast
cancer risk was inversely associated with BMI at ages 35 (ptrend=0.01) and 18 (ptrend<0.01)
but not BMI at age 50 years (ptrend=0.48). In contrast, there was no association between
BMI at ages 35 (ptrend=0.77) or 18 (ptrend=0.59) and triple-negative breast cancer, but there
was a suggestive positive association with BMI at age 50 (highest versus lowest quartile:
HR=1.93, 95% CI: 0.91–4.08, ptrend=0.10). Weight change between these successive ages,
and overall since age 18, was associated with an increased risk of ER+ breast cancer
(Supplementary Table 1); only weight change between ages 35 to 50 years was significantly
associated with triple-negative breast cancer risk (HR=1.69, 95% CI: 1.06–2.71 for a weight
gain >6.0 kg versus <2.5 kg, ptrend=0.03).
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Total weekly energy expenditure from recreational physical activity was modestly inversely
associated with ER+ breast cancer risk (Table 4; ptrend<0.01). The inverse association
between physical activity and triple-negative risk was not significant (highest tertile versus
no activity: HR=0.77, 95% CI: 0.51–1.13; ptrend=0.47). For both subtypes, there was some
suggestion that these modest associations were limited to moderate-/low-intensity activity.
There was no significant difference between subtype-specific HR estimates, regardless of
intensity level.

There was evidence of interaction by current HT use in associations with baseline BMI,
waist circumference, and hip circumference for ER+ (pinteraction=0.01, 0.03, and 0.04,
respectively) but not triple-negative breast cancer (pinteraction=0.98, 0.36, and 0.83). Positive
associations with BMI were more pronounced for ER+ and triple-negative subtypes when
restricted to non-users of HT at baseline (Table 5). The previously-noted non-significant
inverse association between waist circumference and risk of triple-negative breast cancer
was not evident among non-users of HT. There was no evidence of heterogeneity in
subtype-specific associations among non-users of HT. Interaction by HT was not significant
in analyses of WHR (pinteraction=0.51 and 0.65 for ER+ and triple-negative subtypes,
respectively) or recreational physical activity (pinteraction=0.85 and 0.34) (results not shown).

DISCUSSION
Despite substantial molecular and clinical differences between triple-negative and ER+
breast cancers, these subtypes of disease appear similar in their associations with baseline
BMI and recreational physical activity. In this prospective cohort of postmenopausal
women, we found a 1.39-fold increased risk of ER+ and 1.35-fold increased risk of triple-
negative breast cancer among women in the highest versus lowest BMI quartile, as well as a
15% lower risk of ER+ and a non-significant 23% lower risk of triple-negative breast cancer
among women in the highest versus lowest physical activity level. These associations were
all modest in magnitude, and not statistically significant for the triple-negative subtype.
However, given the potentially modifiable nature of these exposures, these results suggest
that there may be ways postmenopausal women can impact their risks of both ER+ and
triple-negative breast cancer.

Few studies have explored the association between body size and triple-negative breast
cancer risk, and the results of studies to date have been largely inconsistent. Two of three
prior studies in postmenopausal women found no association between BMI and basal-like
breast cancer and did not evaluate associations among non-users of HT (8,9); the remaining
study reported a 2.7-fold (95% CI: 1.0–7.5) increased risk of postmenopausal triple-negative
breast cancer among women in the highest versus lowest BMI quartile, but noted that this
association was limited to non-users of HT (10). Consistent with this latter study, our results
suggest a positive association between BMI and postmenopausal triple-negative breast
cancer; although we noted no interaction in this association by HT use, we also found the
association with BMI to be slightly stronger when restricted to non-users of HT. In contrast
to a previous study that reported a positive association between WHR and basal-like breast
cancer risk (9), we found no association with WHR for either subtype. Inconsistencies
across studies may reflect differences in study cohort characteristics, but may also reflect
limitations of small sample sizes: previous analyses have included only 56 to 101
postmenopausal triple-negative or basal-like cases (8–10).

Evidence of a positive association between body size and ER+ breast cancer is more
substantial and consistent (23–27). In agreement with prior studies, we found that BMI was
positively associated with risk of postmenopausal ER+ breast cancer, particularly among
non-users of HT. It has been suggested that this association is largely attributable to the
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positive relationship between BMI and endogenous estrogen levels, since adipose tissue is
the primary source of androgen conversion to estrogen in postmenopausal women not using
HT (28,29). Similarly, our finding of a modest positive association between waist
circumference and ER+ breast cancer risk is consistent with previous studies, and with
hypotheses that excess abdominal adiposity contributes to increased breast cancer risk
through an influence on sex hormone levels (30). Triple-negative breast cancers, on the
other hand are hormone receptor-negative by definition, yet we observed a similar positive
association between BMI and breast cancer risk for both subtypes, suggesting that non-
hormonal factors may also play a role in mediating associations with this aspect of body
size. Although this is inconsistent with prior studies indicating no association between BMI
and postmenopausal ER−/PR− breast cancer (23–27), there is some biological plausibility to
support such a hypothesis; in particular, obesity is associated with increased inflammation
(15,31) and with increased levels of insulin and insulin-like growth factors (14), which may
impact breast cancer risk.

Some (5,8,11), but not all (9) previous studies have reported a modest positive association
between BMI and triple-negative breast cancer risk in younger women. Consistent with such
reports, we observed a positive association between BMI at age 50, weight gain between
ages 35 to 50, and triple-negative risk, although we found no association with BMI in earlier
adulthood and weight change over other intervals. Our findings regarding the association
between these exposures and ER+ breast cancer risk are consistent with previous studies
indicating that disease risk is inversely associated with BMI in early adulthood and
positively associated with lifetime weight gain (32–34).

Most prior studies, including a study conducted within the WHI OS (35), have suggested a
protective role of physical activity against breast cancer in postmenopausal women (36,37).
Numerous mechanisms have been proposed for this association (15,35). In particular,
physical activity may contribute to reduced risk through reduction of adipose tissue, or by
lowering levels of bioavailable sex hormones, insulin, and insulin-like growth factors
(12,15). While hormonal mechanisms are plausible, most studies that have stratified
associations with physical activity by hormone receptor status report similar associations
across case groups defined by ER/PR (23,37–40). The only prior study to assess the
association between physical activity and triple-negative breast cancer reported a 27% lower
risk of triple-negative breast cancer among women aged 20–54 who met or exceeded the
median level of physical activity within the study population (5). Our results support these
findings and suggest a modest but not significantly lower risk of triple-negative breast
cancer in women who are physically active. Also consistent with this prior report and others
that stratified cases by ER/PR status, our results indicate little difference in associations with
recreational physical activity for triple-negative versus ER+ subtypes.

Certain limitations should be considered in interpreting these results. Most importantly,
HER2 status was unknown for 40% of cases. These cases, and cases with unknown ER/PR
status, were censored at the time of diagnosis and, therefore, did not contribute to case
groups. However, the distribution of exposure was similar among cases with and without
tumor marker data. We also observed little change to our results when using multiple-
imputation to account for these missing data. Misclassification of exposure is also a
consideration. Physical activity and past BMI variables were based on self-report. Accurate
recall of past weight may be problematic; however, because all exposure data were collected
prior to breast cancer diagnosis, errors in recall are likely unrelated to outcome.
Additionally, physical activity levels presented here reflect energy expenditure from
recreational exercise only; thus, we cannot rule out the possibility that non-recreational
physical activity is differentially associated with risk of ER+ and triple-negative breast
cancers. Misclassification of physical activity levels could also have resulted if women
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performed activities not referenced in the questionnaire. The use of category mid-points in
calculating values for MET-hours/week activity variables could also have contributed to
misclassification although, again, misclassification would have been non-differential with
respect to outcome. Lastly, we acknowledge that heterogeneity within the triple-negative
and ER+ case groups may have obscured differences in associations with body size and
physical activity across more finely classified tumor subtypes. Specifically, we did not
distinguish ER+ cases according to PR or HER2 status, nor were we able to distinguish
triple-negative cases according to the expression of basal markers (e.g., cytokeratin 5/6,
EGFR). Although risk factor associations may vary across subsets of ER+ and triple-
negative breast cancers, we assume here that heterogeneity within these groups is less
pronounced than heterogeneity between groups.

The results of this analysis suggest the existence of modest but modifiable risk factors for
postmenopausal triple-negative breast cancer. Risk of triple-negative breast cancer was
reduced, albeit not to the extent of statistical significance, among women who were
physically active and among women with lower BMI. These factors were similarly
associated with lower risk of ER+ breast cancer, suggesting that the protective effects of
these exposures are not breast cancer subtype-specific and that there may be lifestyle
modifications that postmenopausal women can make to reduce their risk of triple-negative
and ER+ breast cancer.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 1

Distribution of baseline demographic characteristics, breast cancer case groups and non-cases

Non-cases
Cases*

ER+ Triple-negative

n (%) n (%) n (%)

Age at randomization / enrollment

  50–59 50,445 (33) 746 (29) 122 (40)

  60–69 67,606 (45) 1,250 (48) 125 (41)

  70–79 32,654 (22) 614 (24) 60 (20)

Race / ethnicity

  White, not of Hispanic origin 124,164 (83) 2,317 (89) 241 (79)

  Hispanic/ Latina 6,089 (4) 53 (2) 8 (3)

  African-American 13,681 (9) 149 (6) 50 (16)

  Other 6,391 (4) 85 (3) 7 (2)

  Missing 380 6 1

Education

  ≤High school diploma / GED 33,967 (23) 483 (19) 75 (25)

  Vocational / training school 15,370 (10) 232 (9) 30 (10)

  Some college / associates degree 41,558 (28) 696 (27) 78 (26)

  ≥College graduate 58,684 (39) 1,177 (45) 118 (39)

  Missing 1,126 22 6

Household income level

  <$35,000 57,879 (41) 910 (37) 108 (38)

  $35,000 – $74,999 56,720 (40) 1,023 (42) 126 (44)

  ≥$75,000 26,004 (18) 507 (21) 50 (18)

  Missing 10,102 170 23

History of breast cancer in female relatives

  No 116,762 (82) 1,901 (77) 207 (72)

  Yes 25,713 (18) 574 (23) 81 (28)

  Missing 8,230 135 19

Hormone therapy (HT) use at baseline

  No 64,636 (43) 975 (37) 138 (45)

  Yes 85,775 (57) 1,633 (63) 169 (55)

  Missing 118 2 0

History of mammography in past 2 years

  No 24,242 (17) 327 (13) 43 (15)

  Yes 121,520 (83) 2,212 (87) 253 (85)

  Missing 4,767 71 11

Parity

  Nulliparous 17,509 (12) 380 (15) 23 (8)

  1 13,151 (9) 248 (10) 20 (7)

  2 37,355 (25) 683 (26) 90 (29)
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Non-cases
Cases*

ER+ Triple-negative

n (%) n (%) n (%)

  ≥3 81,558 (55) 1,279 (49) 173 (57)

  Missing 956 20 1

Age at first birth (parous women only)

  <20 19,365 (16) 258 (13) 43 (18)

  20–29 87,961 (74) 1,481 (74) 184 (76)

  ≥30 10,861 (9) 255 (13) 16 (7)

  Missing 13,877 216 40

*
ER+ = estrogen receptor-positive cases with known HER2 expression status; triple-negative = ER−/PR−/HER2−
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