DOI: 10.1093/jnci/djr225
Advance Access publication on July 27, 2011.

© The Author 2011. Published by Oxford University Press. All rights reserved.
For Permissions, please e-mail: journals.permissions @oup.com.

Mammographic Breast Density and Subsequent Risk of Breast
Cancer in Postmenopausal Women According to Tumor
Characteristics

Lusine Yaghjyan, Graham A. Colditz, Laura C. Collins, Stuart J. Schnitt, Bernard Rosner, Celine Vachon, Rulla M. Tamimi

Manuscript received December 16, 2010; revised May 19, 2011; accepted May 23, 2011.

Correspondence to: Rulla M. Tamimi, ScD, Channing Laboratory, Department of Medicine, Brigham and Women's Hospital and Harvard Medical School,
181 Longwood Ave, Boston, MA 02115 (e-mail: nhrmt@channing.harvard.edu).

Background Few studies that investigated the associations between breast density and subsequent breast cancer according
to tumor characteristics have produced inconclusive findings. We aimed to determine whether the associations

between breast density and subsequent breast cancer varied by tumor characteristics.

Methods We included 1042 postmenopausal women diagnosed with breast cancer between June 1, 1989, and June 30,
2004, and 1794 matched control subjects from the Nurses’ Health Study, an ongoing prospective cohort study
of 121701 registered female nurses across the United States. Breast density was estimated from digitized im-
ages using computerized techniques. Information on breast cancer risk factors was obtained prospectively from
biennial questionnaires before the date of cancer diagnosis for case subjects and matched control subjects.
Polychotomous logistic regression was used to assess associations of breast density with tumor subtypes
based on invasiveness, histology, size, grade, receptor status, and involvement of lymph nodes. All tests of

statistical significance were two-sided.

Results The risk of breast cancer increased progressively with increase in percent breast density (P,,. < .001). Women
with higher breast density (>50%) showed a 3.39-fold (odds ratio = 3.39, 95% confidence interval = 2.46 to 4.68)
increased risk of breast cancer compared with women with lower breast density (<10%). The associations
between breast density and breast cancer risk were stronger for in situ compared with invasive tumors (P, ogoneity < -01),
high-grade compared with low-grade tumors (P, cogeneiry = -02), larger (>2 cm) compared with smaller (<2 cm)
tumors (P gengeney < -01), @nd estrogen receptor-negative compared with estrogen receptor-positive tumors
(Photerogeneity = -04). There were no differences in associations by tumor histology, involvement of lymph nodes,

and progesterone receptor and HER2 status (P, > .05).

eterogeneity

Conclusions The findings suggest that higher mammographic density is associated with more aggressive tumor characteristics

and also with in situ tumors.

J Natl Cancer Inst 2011;103:1179-1189

Mammographic breast density is a well-established and strong
predictor of breast cancer risk (1-4). Appearance of the breast on
the mammogram is a reflection of the amount of fat, connective
tissue, and epithelial tissue in the breast (3). Light (non-radiolucent)
areas on the mammogram represent the fibrous and glandular
tissues (“mammographically dense”), whereas, the dark (radiolucent)
areas are primarily fat. Women with breasts of 75% or greater
percent density (proportion of the total breast area that appears
dense on the mammogram) are at four- to sixfold greater risk
of breast cancer compared with women with more fat tissues in
the breasts (3,5,6). The increased risk of breast cancer persists for
10 years or more after density assessment in both pre- and post-
menopausal women and is independent of other breast cancer risk
factors (6).

jnci.oxfordjournals.org

Breast cancer is a heterogeneous disease; different pathological
subtypes of breast cancer have distinct clinico-morphological
features that make their detection and treatment challenging and
influence survival of the patients (7-11). Some epidemiological risk
factors for breast cancer, such as age, menopausal status, body mass
index (BMI) after menopause, age at birth of first child, past use of
postmenopausal hormones (PMHs), and alcohol consumption,
have shown associations only with certain tumor subtypes, sug-
gesting etiologic heterogeneity (12-15). It is poorly understood
whether breast density differentially affects the risk of certain path-
ological subtypes of breast cancer.

To further address this issue, we analyzed prospective data in
postmenopausal women from the Nurses” Health Study to deter-
mine if there are differences in the association between breast
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CONTEXT AND CAVEATS

Prior knowledge

Women with higher mammographic breast density are at increased
risk of breast cancer. However, it is not clear whether the risk varies
by certain pathological subtypes of tumors.

Study design

A prospective nested case—control study design within the Nurses’
Health Study cohort to analyze postmenopausal women for asso-
ciations of breast density with breast cancer risk according to
tumor subtypes based on invasiveness (in situ or invasive), histo-
logical type (ductal or lobular), size (<2 or >2 cm), grade (1, 2, or 3),
receptor status (estrogen receptor, progesterone receptor , and
HER2), and involvement of lymph nodes (none or any).

Contribution

Women with higher breast density (>50%) showed a 3.39-fold
increase in breast cancer risk compared with women with lower
breast density (<10%). The association between breast density and
breast cancer risk was stronger for aggressive tumor characteris-
tics such as higher grade, estrogen receptor-negative status, and
larger (>2 cm) size.

Implication
Identification of subtype-specific breast cancer risk factors may
help in developing new prevention strategies.

Limitations

The results are restricted to postmenopausal women and do not
apply to premenopausal women. Associations between breast
density and breast cancer risk by combined receptor status were
not examined because of insufficient statistical power.

From the Editors

density and subsequent risk of breast cancer according to the
tumor’s invasiveness, histological type, grade, size, involvement of
lymph nodes, and the status of estrogen receptor (ER), progesterone
receptor (PR), and HER2.

Participants and Methods

The Nurses’ Health Study is a prospective cohort that was estab-
lished in 1976 and follows 121701 registered female nurses in the
United States, aged 30-55 years at enrollment. After initial ques-
tionnaire administration, the information on breast health risk
factors (BMI, reproductive history, age at menopause, PMH use,
smoking, and alcohol use) and any diagnoses of cancer or other
diseases was updated biennially. More detailed description of the
cohort has been published elsewhere (3,12,16).

Breast cancer cases were confirmed through medical record
review by trained personnel. Information on tumor’s invasiveness,
histology, grade, nodal involvement, tumor size, and ER, PR, and
HER? status was obtained from pathology reports and medical
records. For breast cancers with missing receptor data from
pathology reports, the receptor status was obtained from immuno-
histochemical staining performed on paraffin sections of the tumor
tissue microarray (TMA) according to a standard protocol (17). For
ER and PR, positivity was defined as greater than 10% of tumor
cell nuclei staining (17). Moderate (2+) or strong (3+) membrane
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staining for HER2 in more than 10% of the tumor cells was used
as the cutoff to determine HER2 positivity of the tumor (17).

A nested case—control approach was originally used as an effi-
cient design to examine the association between endogenous
hormones, breast density, and breast cancer risk (3). We made use
of this study to examine the association between breast density and
tumor characteristics. Using incidence density sampling, women
who did not have any type of cancer at the time of the case sub-
jects’ cancer diagnosis (control subjects) were matched 1 : 1
(if women were pre- or postmenopausal and were taking hormones
at the time of blood collection) or 1 : 2 (if women were postmen-
opausal and were not taking hormones at the time of blood collec-
tion) with women diagnosed with in situ or invasive breast cancer
(case subjects) during the follow-up period from time of blood
collection between June 1, 1989, and June 30, 2004 (18). Because
the original study was designed to evaluate associations between
circulating biomarkers and risk of breast cancer, the case subjects
were matched with control subjects on the following variables: age,
menopausal status, PMH use (current vs not current) at blood
collection, and day and time of blood collection. Selection of case
subjects and control subjects occurred on an ongoing basis every
2 years. Women with any type of cancer (other than nonmelanoma
skin cancer) at the time of the selection were excluded from this
study population.

We attempted to obtain mammograms closest to the time of
blood collection from 1612 eligible case subjects and 2857 eligible
control subjects. Of those who were eligible, 1504 (93%) case
subjects and 2512 (88%) control subjects gave written consent to
obtain their mammograms. Of all consenting women, 1446 (96%)
case subjects and 2406 (96%) control subjects received mammo-
grams, and usable mammograms were obtained from 1409 (97%)
case subjects and 2371 (99%) control subjects. From these 1409
case subjects, only those with the date of the mammogram before
the date of diagnosis or in the same month as the date of diagnosis
were retained in this study (1305 case subjects, 93 %). Nine control
subjects with inconsistent data on their menopausal status were
excluded. The final study population included 1305 case subjects
(87% of 1504 women giving consent) and 2362 matched control
subjects (94% of 2512 women giving consent).

Of the 3667 women, 2839 (77%) case subjects and control sub-
jects combined were postmenopausal at the time of both the mam-
mogram and diagnosis (date of diagnosis for case subjects or
reference date for control subjects; the diagnosis date for a case
subject was the reference date for its matched control subject).
A total of 312 (9%) women were premenopausal at both dates, and
515 (14%) women were premenopausal at the time of the mammo-
gram and became postmenopausal before the date of diagnosis or
reference date for control subjects; menopausal status at the time
of the mammogram was unknown for one woman. Given this
distribution, and results from previous studies suggesting possible
differences in the association of breast density with pre- and post-
menopausal breast cancer (19,20), we restricted our analysis to
women who were postmenopausal at the time of both the mammo-
gram and diagnosis (1045 case subjects and 1794 control subjects).
Such restriction also controls for potential density changes from
the mammogram date to the reference date as a result of meno-
pausal transition (2,21). We further excluded three case subjects
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who were ascertained through the National Death Index for whom
we did not have medical records or pathology reports. This study
was approved by the Committee on the Use of Human Subjects in
Research at Brigham and Women’s Hospital.

Assessment of Mammographic Breast Density

Screening mammogram before the diagnosis date (for case sub-
jects) or reference date (for matched control subjects) was used for
density measurements. The average time between the mammo-
gram date and the date of breast cancer diagnosis was 4.8 years
(interquartile range = 2-7 years). The average time between mam-
mogram and the reference date of control subjects was 4.2 years
(interquartile range = 1-7 years). To quantify mammographic
density, the craniocaudal views of both breasts were digitized at
261 pm per pixel with a Lumisys 85 laser film scanner (Lumisys,
Sunnyvale, CA). The Cumulus software (University of Toronto,
Toronto, Canada) was used for computer-assisted determination
of the percent mammographic density (3,22). During this assess-
ment, the observer was blinded to the participant’s case—control
status. As reported previously, the measure of mammographic
breast density was highly reproducible (within-person intraclass
correlation coefficient was 0.93) (3). Because breast densities of the
right and left breast for an individual woman are strongly corre-
lated (correlation coefficient = 0.92-0.96 for density estimated
from right vs left craniocaudal views) (22), the average percent
density of both breasts was used in this analysis.

Covariate Information

Information on breast cancer risk factors was obtained from the
biennial questionnaires before the date of the breast cancer diag-
nosis for case subjects and their matched control subjects. Covariate
information on smoking, alcohol use, PMH use, BMI, menopausal
status, and family history of breast cancer was obtained from the
most recently completed questionnaire available before the refer-
ence date. Women were considered to be postmenopausal if they
reported: 1) no menstrual periods within the 12 months before
blood collection with natural menopause, 2) bilateral oophorec-
tomy or 3) hysterectomy with one or both ovaries retained, and 4)
were 54 years or older for ever-smokers or 56 years or older for
never-smokers (23,24). Ninety percent of the study participants
who had a natural menopause were postmenopausal at these ages.
Menopausal status and PMH use at the time of the mammogram
were assessed by using data from biennial questionnaires before
the date of the mammogram.

Statistical Analysis

We used Wilcoxon—-Mann—Whitney test to analyze the difference
in breast density distributions in case subjects and control subjects.
Distribution of breast density categories among case subjects and
control subjects were compared with x* test. We used uncondi-
tional logistic regression to analyze the association between breast
density and breast cancer risk while adjusting for matching vari-
ables and potential confounders. The risk estimates are presented
as odds ratios (ORs) and their corresponding 95% confidence
intervals (Cls). Given the incidence density sampling and rare
nature of breast cancer, the odds ratios approximate the relative
risks n this study. Variables that previously showed statistically
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significant associations with either breast cancer or breast density
were considered as potential confounders. We included the
following potential confounders in the fully adjusted logistic
regression models: age at diagnosis (continuous, years), BMI
(continuous, kg/m?), age at menarche (<12, 12, 13, or >13 years),
parity and age at first birth or age at the end of the first pregnancy
lasting 6 months or longer were modeled as nulliparous (no
children, 1-4 children with age at first birth <25 years, 1-4 children
with age at first birth of 25-29 years, 1-4 children with age at first
birth of >30 years, >5 children with age at first birth of <25 years,
or >5 children with age at first birth of >25 years), PMH use
(never, ever, or unknown), age at menopause (<46 years, 46 to
<50 years, 50 to <55 years, =55 years, or unknown), family history
of benign breast disease (yes or no), alcohol consumption (0, <5, 5
to <15, or 215 g/d), and smoking status (ever vs never). The
reduced model included only age and BMI at diagnosis (for case
subjects) or reference date (for control subjects) as covariates.

Initially, breast density was categorized into five different
groups (<10%, 10%-24%, 25%-49%, 50%-74%, and >75%).
However, because of a very small number of women in the highest
breast density category (>75%) and similar risk estimates for the
two highest breast density categories (50%—-74% and >75%), the
logistic regression analyses presented are those with the highest
two breast density categories combined. Missing data for age at
menarche (six case subjects and nine control subjects) were
substituted with the median age at menarche among the control
subjects. Missing data for smoking (two case subjects and eight
control subjects) were substituted with ever-smoker, because
greater than 50% of the control subjects were ever-smokers.
Women with missing alcohol use data (41 case subjects and 62
control subjects), missing age at menopause (19 case subjects and
27 control subjects), and missing PMH use data (34 case subjects
and 47 control subjects) were included as a separate “unknown”
category in the multivariable logistic regression analysis. In a sec-
ondary analysis of association between breast density and breast
cancer risk, we excluded women diagnosed with breast cancer
within 2 years of their mammogram.

Differences in the association of breast density with pathological
subtypes of breast cancer were investigated using polychotomous
(multinomial) logistic regression (3,25). The outcome was classi-
fied based on the invasiveness of the tumor (invasive or in situ),
histological type (ductal or lobular), grade (1, predominantly dif-
ferentiated; 2, moderately differentiated; and 3 poorly differenti-
ated), tumor size (<2 or >2 cm), receptor status (ER-positive [ER"]
or ER-negative [ER"], PR-positive [PR*] or PR-negative [PR7],
and HER2* or HER2"), and nodal involvement (none or any). We
did not analyze the association between breast density and breast
cancer risk by combined ER and PR (ER/PR) or ER, PR, and
HER2 (ER/PR/HER2) status because the small number of tumors
in some subsets did not provide sufficient power to draw mean-
ingful conclusions (ER*/PR*, n = 508 tumors; ER*/ER™, n = 125
tumors; ER/PR*, n =22 tumors; ER"/PR~, n = 121 tumors). Each
of the analyses (with the exception of the tumor grade) had three
endpoints (controls and two breast cancer categories of interest,
eg, ER* or ER™ breast cancer). Analysis by tumor grade had four end
points (controls, grade 1, grade 2, and grade 3). Breast tumors with
undetermined histology (n = 12 tumors), undetermined invasiveness
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of the tumor (n = 3), unknown lymph nodes involvement (n = 221
tumors), tumor grade (n = 225 tumors), tumor size (n = 165
tumors), and borderline or unknown receptor status (n = 225
tumors for ER, n = 227 tumors for PR, and n = 467 tumors for
HER?2) were excluded from the polychotomous regression analysis.
Tumors with both ductal and lobular features were not included in
the analysis by tumor histology (n = 40 tumors). To test whether
the association differed by tumor characteristic, we used polychot-
omous logistic regression with endpoints for each tumor category
and for no breast cancer. We used a likelihood ratio test to com-
pare a model with separate mammographic density slopes in each
case group with a model with a common slope (25). For example,
when the likelihood ratio test was performed to compare the asso-
ciation of breast density and breast cancer risk according to ER
status, we first allowed the slope for density to vary across three
case groups, for example, ER* tumors, ER™ tumors, and control
subjects. This model was then compared with the model with the
common slope in ER* tumors, ER™ tumors, and control subjects.
For all analyses, the level of statistical significance was assessed at
a equal to .05. All tests were two-sided. For all of the presented

models, Hosmer-Lemeshow goodness-of-fit test (in overall logistic
regression analysis) and deviance and Pearson goodness-of-fit test
(for polychotomous models) indicated reasonable model fit (P >
.05). All analyses except the test of heterogeneity were performed
using SAS software (version 9.2, SAS Institute, Cary, NC). The
test of heterogeneity from polychotomous logistic regression
models was done using STATA version 11.0 (Stata Corp, College
Station, TX).

Results

Characteristics of Study Population

In this prospective study of 1042 postmenopausal women (case
subjects) who were diagnosed with breast cancer between June 1,
1989, and June 30, 2004, and 1794 matched control subjects, the
case subjects had a higher median percent breast density (27.8% vs
20.5%; P < .001) and also a higher proportion of women with
greater breast density (for density >50%, 16.4% vs 9.0%; for
density 25%-49%, 39.7% vs 30.6%; P < .001) compared with the
control subjects (Table 1). Case subjects had a slightly lower parity

Table 1. Characteristics of postmenopausal women in the study by breast cancer case status*

Characteristic Case subjects (n = 1042) Control subjects (n = 1794) Pt
Median % mammographic breast density 27.8 20.5 <.001
Mean (SD)
Age at mammogram, y 60.2 (6.6) 60.7 (6.7) .08
Age at menarche, y 12.5 (1.6) 12.6 (1.4) A1
Age at natural menopause, y 49.9 (3.9) 49.8 (4.1) .87
BMI at diagnosis or reference date, kg/m? 26.4 (4.9) 26.4 (5.0) .92
Alcohol use at diagnosis or reference date, g/d 5.6 (9.5) 5.3 (9.0) 42
Frequency, No. (%)
Categorical breast density <.001
<10% 155 (14.9) 435 (24.3)
10%-24% 302 (29.0) 650 (36.2)
25%-49% 414 (39.7) 549 (30.6)
50%-74% 155 (14.9) 143 (8.0)
>75% 6 (1.5) 17 (1.0)
Parity and age at first child’s birth¥ .08
Nulliparous 3 (8.1) 103 (5.8)
1-4 children, age at first birth <25y 368 (35.9) 663 (37.2)
1-4 children, age at first birth 25-29 y 3 3 (31.5) 541 (30.3)
1-4 children, age at first birth >30 y 6 (9.4) 159 (8.9)
>b children, age at first birth <25y 3(9.1) 205 (11.5)
>5 children, age at first birth >25 y 2 (6.1) 112 (6.3)
PMH use <.001
Never used hormones 215 (20.6) 489 (27.3)
Ever used hormones 793 (76.1) 1258 (70.1)
Unknown status of hormone use 4 (3.3) 47 (2.6)
Family history of breast cancer$ 203 (19.5) 260 (14.5) <.001
Benign breast disease 619 (59.4) 903 (50.3) <.001
Smoking status (ever) 573 (65.0) 928 (51.7) .09

* Case subjects and control subjects were included from the Nurses’ Health Study. A nested case—control study was designed to determine if there are differ-
ences in the association between breast density and subsequent risk of breast cancer according to the tumor’s invasiveness, histological type, grade, size,
involvement of lymph nodes, and the status of estrogen receptor, progesterone receptor, and HER2. Using incidence density sampling, women who did not have

breast cancer at the time of the case subjects’ cancer diagnosis (control subjects) were matched 1

21 or1:2 with women diagnosed with in situ or invasive

breast cancer (case subjects) during the follow-up period between June 1, 1989, and June 30, 2004. Women with any type of cancer (other than nonmelanoma

skin cancer) at the time of the selection were excluded from this study population.BMI

= body mass index; PMH = postmenopausal hormone.

1t Pvalues were calculated using Wilcoxon—-Mann-Whitney test for breast density, two-sample Student t test for continuous variables, and x? test for categorical

variables. All tests were two-sided.

+ Data was missing for 28 women (17 case subjects and 11 control subjects).

w

First-degree relative with breast cancer diagnosis.

1182 Articles | JNCI

Vol. 103, Issue 15 | August 3, 2011

220z 1snbny 9| uo jsenb Aq 9/+9152/6. L L/SL/E0L/PNIE/0Ul/WO0D dNo olwapeoe//:sd)y WOl pepeojumo(



(mean number of children, 3.0 vs 3.2; P < .01), but there was no
statistically significant difference in the mean age at first birth
(25.3 vs 25.1 years; P > .05) compared with the control subjects.
Among case subjects, there was a statistically significantly larger
proportion of women who have had used PMH sometime before
the date of diagnosis (76.1% vs 70.1%; P <. 001) compared with
control subjects. Case subjects were more likely to have a family
history of breast cancer (19.5% vs 14.5%; P < .001) and were more
likely to report a benign breast disease (59.4% vs 50.3%; P < .001)
compared with the control subjects. Case subjects and control
subjects did not differ with respect to age, BMI, age at menarche,
age at natural menopause, consumption of alcohol, and smoking
status.

Association Between Breast Density and Breast

Cancer Risk

In the multivariable analysis, the risk of breast cancer statistically
significantly increased by 3.39-fold in women with 50% or greater
breast density compared with women with 10% or less breast density
(=50% vs <10%, OR = 3.39, 95% CI = 2.46 to 4.68, P, < .001)
(Table 2). Compared with the reduced logistic regression model,
there was a lower risk of breast cancer associated with breast den-
sity in the fully adjusted model (for density >50% vs <10%,
reduced model, OR = 3.94, 95% CI = 2.89 to 5.36, and fully
adjusted model, OR = 3.39, 95% CI = 2.46 to 4.68; for density
25%-49% vs <10%, reduced model, OR = 2.59,95% CI = 2.04 to
3.31, and fully adjusted model, OR =2.39, 95% CI = 1.86 to 3.06),
although the association remained statistically significant in the
fully adjusted model (Table 2). Consistent with previous studies
from this cohort (3), the association between breast density and
breast cancer risk was similar in a secondary analysis excluding
women diagnosed with breast cancer within 2 years of their mam-
mogram (data not shown).

Table 2. Association of categorical breast density with breast cancer*

Association Between Breast Density and Breast Cancer
Risk According to Tumor Characteristics
Breast cancer cases with information on certain tumor characteris-
tics and all covariates that were retained in the analysis included
185 (18.1%) in situ and 837 (81.9%) invasive cancers. Among
breast tumors with known histology, 143 (14.9%) were lobular and
819 (85.1%) were ductal tumors (Table 3). In a polychotomous
logistic regression analysis comparing risk across categories of
breast cancer according to tumor invasiveness, mammographic
breast density was positively associated with both in situ (for
density >50% vs <10%, OR = 6.58, 95% CI = 3.47 to 12.48; for
density 25%-49% vs <10%, OR = 3.67, 95% CI = 2.11 to 6.37;
for density 10%—-24% vs <10%, OR = 1.75,95% CI = 1.01 to 3.05)
and invasive breast cancer (for density >50% vs <10%, OR = 3.00,
95% CI =2.13 to 4.23; for density 25%-49% vs <10%, OR = 2.24,
95% CI =1.71 to 2.92; for density 10%-24% vs <10%, OR = 1.33,
95% CI = 1.03 to 1.72) (Table 3), but the association with in situ
<.01). The risk of both ductal
and lobular breast cancer increased in denser breasts (>10%); the
=.24) (Table 4).
Among 614 invasive breast tumors with known histological
grade, 170 (27.7%) tumors were well differentiated (grade 1), 281
(45.8%) tumors were moderately differentiated (grade 2), and 163
(26.5%) tumors were poorly differentiated (grade 3). Fifty percent

breast cancer was stronger (P,

eterogeneity

subset-specific associations were similar (P,

eterogeneity

or greater breast density was associated with an increase in breast
cancer risk in grade 2 and 3 tumors compared with less than 10%
density, and risk was even higher in grade 3 tumors compared with
grade 2 tumors (density >50% vs <10%, for grade 3 tumors, OR =
5.28,95% CI =2.77 to 10.07; for grade 2 tumors, OR = 3.04, 95%
CI = 1.83 t0 5.05; Pyerogenciry = -02) (Table 3).

The majority of the case subjects with known tumor size were
diagnosed with tumors of 2 cm or less in size (n = 634 tumors). At
the time of diagnosis, 631 (78.2%) of 807 case subjects with known

Reduced modelt

Fully adjusted model+

1042 case subjects/1791 control subjects§

1025 case subjects/1780 control subjects||

No. case subjects/control

No. case subjects/control

Breast density category subjects OR (95% Cl) subjects OR (95% CI)
<10% 155/434 1.00 (referent) 151/430 1.00 (referent)
10%-24% vs <10% 302/648 1.43 (1.13 to 1.81) 299/643 1.38 (1.08 to 1.75)
25%-49% vs <10% 414/549 2.59 (2.04 to 3.31) 407/548 2.39 (1.86 to 3.06)
>50% vs <10% 171/160 3.94 (2.89 to 5.36) 168/159 3.39 (2.46 to 4.68)
Prens < -0011] Pyons < .0019]

* Cl = confidence interval; OR = odds ratia

1t Multivariable logistic regression analysis adjusted for age and body mass index (BMI) at diagnosis (for case subjects) or reference date (for control subjects).

+ Multivariable logistic regression analysis adjusted for age (continuous), BMI (continuous), age at menarche (<12, 12, 13, or >13 years), parity and age at first birth
(nulliparous, 1-4 children with age at first birth <25 years, 1-4 children with age at first birth of 25-29 years, 1-4 children with age at first birth of >30 years,
>5 children with age at first birth of <25 years, or >5 children with age at first birth of >25 years), age at menopause (<46, 46 to <50, 50 to <55, >55 years,
unknown), postmenopausal hormone use (never, ever, or unknown), family history (yes or no), self-reported history of benign breast disease (yes or no), alcohol

consumption (0, <5, 6 to <15, or 215 g/d), and smoking status (ever vs never).

& Three control subjects did not have BMI data.

Seventeen case subjects 11 control subjects did not have parity data.

9 P values were calculated using a two-sided test for trend.
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Table 3. Association of categorical breast density with morphological subtypes of breast cancer*

Morphology

No. of case subjects/control subjects

OR (95% CI) PheterogeneityT

Invasiveness
In situ breast cancer
<10%
10%-24% vs <10%
25%-49% vs <10%
>50% vs <10%
Invasive breast cancer
<10%
10%-24% vs <10%
25%-49% vs <10%
>50% vs <10%
Histology#
Lobular breast cancer
<10%
10%-24% vs <10%
25%-49% vs <10%
>50% vs <10%
Ductal breast cancer
<10%
10%-24% vs <10%
25%-49% vs <10%
>50% vs <10%
Histological grade$
Grade 1
<10%
10%-24% vs <10%
25%-49% vs <10%
>60% vs <10%
Grade 2
<10%
10%-24% vs <10%
25%-49% vs <10%
>60% vs <10%
Grade 3
<10%
10%-24% vs <10%
25%-49% vs <10%
>50% vs <10%
Tumor size
<2 cm
<10%
10%-24% vs <10%
25%-49% vs <10%
>50% vs <10%
>2 cm
<10%
10%-24% vs <10%
25%-49% vs <10%
>50% vs <10%
Involvement of lymph nodes
Node-positive breast cancer
<10%
10%-24% vs <10%
25%-49% vs <10%
>50% vs <10%
Node-negative breast cancer
<10%
10%-24% vs <10%
25%-49% vs <10%
>60% vs <10%
ER status
ER* tumor
<10%

185/1780
20/430
45/623
78/548
40/159

837/1780

129/430

251/643

329/548

128/159

143/1780
16/430
47/643
50/548
30/159

819/1780

122/430

241/643

331/548

125/159

170/1780
27/430
63/643
67/548
13/159

281/1754
45/430
78/643

112/548
46/159

163/1754
25/430
45/643
64/548
29/159

634/1780
105/430
197/643
250/548
82/159
178/1780
21/430
50/643
68/548
39/159

176/1780
26/430
45/643
78/548
27/159

631/1780
97/430

194/643

240/548

100/159

645/1780
106/430

<.01

1.00 (referent)

1.75 (1.01 to 3.05)
3.67 (2.11 t0 6.37)
6.58 (3.47 t0 12.48)

1.00 (referent)
1.33(1.03 to 1.72)
2.24 (1.71 t0 2.92)
3.00 (2.13 to 4.23)
24

1.00 (referent)

1.87 (1.03 to 3.41)
2.30 (1.23 t0 4.28)
4.36 (2.14 to 8.86)

1.00 (referent)
1.40 (1.08 to 1.81)
2.47 (1.89 to 3.24)
3.26 (2.30 to 4.61)
.02

1.00 (referent)

1.39 (0.86 to 2.26)
1.88 (1.13 t0 3.13)
1.25 (0.60 to 2.64)

1.00 (referent)

1.19(0.80 to 1.78)
2.11(1.40 t0 3.17)
3.04 (1.83 to 5.05)

1.00 (referent)
1.44 (0.86 to 2.43)
2.95 (1.74 t0 5.02)
5.28 (2.77 t0 10.07)
<.01

1.00 (referent)

1.26 (0.95 to 1.66)
2.04 (1.53 t0 2.72)
2.30 (1.57 to 3.37)

1.00 (referent)
1.82 (1.06 to 3.12)
3.23 (1.86 to 5.59)
6.27 (3.33 to 11.80)
.50

1.00 (referent)

1.23 (0.74 to 2.06)
2.76 (1.66 to 4.58)
3.15 (1.67 to0 5.97)

1.00 (referent)
1.36 (1.03 to 1.81)
2.16 (1.61 to 2.90)
3.13 (2.16 to 4.55)
.04

1.00 (referent)

(Table continues)
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Table 3 (Continued).

Morphology

No. of case subjects/control subjects

OR (95% cl) Pheterogeneith

10%-24% vs <10% 196/643
25%-49% vs <10% 254/548
>50% vs <10% 89/159

ER~ tumor 157/1780
<10% 18/430
10%-24% vs <10% 44/643
25%-49% vs <10% 65/548
>50% vs <10% 30/159

PR status

PR* tumor 551/1780
<10% 90/430
10%-24% vs <10% 157/643
25%-49% vs <10% 223/548
>50% vs <10% 81/159

PR~ tumor 249/1780
<10% 32/430
10%-24% vs <10% 87/643
25%-49% vs <10% 90/548
>50% vs <10% 40/159

HER2 status

HER2* tumor 140/1780
<10% 20/430
10%-24% vs <10% 45/643
25%-49% vs <10% 63/548
>50% vs <10% 12/159

HER2- tumor 423/1780
<10% 66/430
10%-24% vs <10% 131/643
25%-49% vs <10% 162/548
>50% vs <10% 64/159

1.33 (1.00 to 1.75)
2.33 (1.75 t0 3.10)
2.94 (2.02 to0 4.27)

1.00
1.68
3.04
4.78

referent)

0.95 to 2.99)
1.70 to 5.41)
2.42 t0 9.42)

.87

1.00
1.26
2.45
3.21

referent)

0.93 to 1.70)
1.80 to 3.33)
217 to 4.77)

1.00 (referent)
1.82 (1.18 t0 2.81)
2.36 (1.49 t0 3.72)
3.68 (2.12 t0 6.37)
.40

1.00 (referent)

1.64 (0.94 to 2.88)
3.24 (1.82 t0 5.76)
2.32 (1.03 to 5.22)

1.00 (referent)

1.32 (0.95 to 1.84)
2.08 (1.47 to 2.95)
2.84 (1.83 to 4.40)

* Polychotomous multivariable logistic regression model adjusted for age (continuous), body mass index (BMI; continuous), age at menarche (<12, 12, 13, or >13
years), parity and age at first birth (nulliparous, 1-4 children with age at first birth <25 years, 1-4 children with age at first birth of 256-29 years, 1-4 children with
age at first birth of >30 years, >5 children with age at first birth of <25 years, or >5 children with age at first birth of >25 years), age at menopause (<46, 46 to
<50, 50 to <55, >55, unknown), postmenopausal hormone use (never, ever, or unknown), family history (yes or no), self-reported history of benign breast disease
(yes or no), alcohol consumption (0, <5, 5 to <15, or >15 g/d), and smoking status (ever vs never). Cl = confidence interval; OR = odds ratio.

T Pvalues were calculated using a two-sided likelihood ratio test.

¥ Includes both in situ and invasive carcinomas.

8 Grade 1 is predominantly differentiated, grade 2 is moderately differentiated, and grade 3 is poorly differentiated invasive breast cancer.

nodal status showed no nodal involvement and 176 (21.8%) of 807
case subjects showed involvement of one or more lymph nodes.
Greater density was associated with an increase in breast cancer
risk regardless of the tumor size or nodal involvement (Table 3).
The association of breast density with breast cancer risk was stronger
for large tumors (density 250% vs <10%, for tumors >2 cm, OR =
6.27,95% CI = 3.33 to 11.80; for tumors <2 cm: OR = 2.30, 95%
CI = 1.57 t0 3.37; Pyecrogenciy < -01).

Among tumors with known receptor status, 645 (80.4%) of 802
tumors were ER*, 551 (68.9%) of 800 tumors were PR*, and 140
(24.9%) of 563 tumors were HER2*. Fifty percent or greater
breast density was positively associated with breast cancer risk for
both ER* and ER™ tumors compared with less than 10% density,
but the risk was higher in ER™ tumors (density >50% vs <10%, for
ER" tumors, OR = 4.78, 95% CI = 2.42 to 9.42; for ER* tumors,
OR =2.94,95% CI = 2.02 to 4.27; Ppcrogenciy = -04). A positive as-
sociation between breast density and breast cancer risk was found
for both PR* and PR~ tumors as well as for HER2* and HER2~
cancers, but the subtype-specific associations did not differ by PR

jnci.oxfordjournals.org

and HER? status (density >50% vs <10%, for PR~ tumors, OR =
3.68, 95% CI = 2.12 to 6.37; for PR* tumors, OR = 3.21, 95%
CI = 2.17 t0 4.77; Pyeerogenciy = -87; for HER2™ tumors, OR = 2.84,
95% CI = 1.83 to 4.40; for HER2* tumors, OR = 2.32,95% CI =
1.03 t0 5.22; Pyeerogenciy = -40). Among women with receptor status
information, ER and PR receptor status was available from the
pathology reports for 97% and 94% of the tumors, respectively.
When we excluded the small number of tumors with hormone
receptor status information from TMA data, the results were similar,
but the difference in associations by ER status was only marginally
statistically significant (P cerogenciyy = -06). Among breast cancer cases
with available HER2 data (55% of all cases), 42% were extracted
from pathology reports and 58% were available from TMA data.
For breast tumors with HER2 status from both sources (n = 45
tumors), we observed a fair concordance of 44% between HER?2
status from pathology report and TMA and conducted a secondary
analysis excluding tumors with discordant HER? status to deter-
mine if the associations differed. The results of the original and

secondary analyses were identical (data not shown).

JNCI | Articles 1185

220z 1snbny 9| uo jsenb Aq 9/+9152/6. L L/SL/E0L/PNIE/0Ul/WO0D dNo olwapeoe//:sd)y WOl pepeojumo(



Downloaded from https://academic.oup.com/jnci/article/103/15/1179/2516476 by guest on 16 August 2022

"8WIN|OA 1SB8Ig 8y}

10 Y1Noj-auo ueyl alow BuiAdnooo aa1bep 919AaS 0} 81eI8pow JO uldlled 1onp 1usuiuloid pue UOIINOAUI JBINCO| UM SISEBIq = Zd }Sealq 8y} JO Yunoj-auo o} dn uoipod Jouslue ul s1onp jueululopald yim sisealq
Ane} = |4 ‘101dedas suoieyseboid = Hd '9|qISIA S1ONP OU YlM s1sealq Alie} Ajpsow = | ‘101dedal ueboilse = 43 !SallSusp Jejnpou 10 8SnIp = AQ ‘NHS Ul BLOUIDIED [B1ONP = S0 (%G < Alsuep = Al SAVY-19
'%G/—1G Ausuep = ||| SAVY-19 ‘%05-Gz Alsusp = || SAVY-19 ‘% Gz> Alsuep = | SAvY-19) (6€) WeisAS eleq pue Buiodey-Buibew| 1sealg = SQvY-1g "PoYdIeas puey Usyl 81em Jey} sedusalajal JUBAS|SI [eUOIppE

Ayinuapl 03 padjay sayoieas d1u0J109]e Ybnolyy punoy} sejoile ayl jo Aydeiboiqrg -01e ,,'19oued 1sealq Jejngo| pue Alisuap isealq
10 211S1810BIRYD JOWN] O14108dsS Ylim |, ALISUSP 1SE8IQ,, JO UOBUIqUIOD Ag pamoj(o) ,, ‘'sadAlgns J1adued 1sealq pue Alisuap i1seaiq

‘sniels 101dedal usbouise pue Alisusp isealq, ‘ojdwexs o} ‘edAigns Jowny oij109ds
'SOI1S1I910BIRYD JOWN] 1SBAI] pUB AlISUSP 1sealq, Sullel 8yl Buisn payoiess alom

SOOIy "OIA ‘SIN0T 1S ‘AlISIBAIUN UOIBUIYSEAA B} 1B POIONPUOD Ydleas ainieldll| sndodg pue ‘asequul ‘|esiual) pajNolg ‘(YHBaH JO S81NlisuU| [euoieN SN) [BJIUSD PaAGNd 8y} Buisn paijiuapl 81em saipnis paysiiand

(Je|Ngo|-|e3oNp pPaxiu Jo ‘[eonp ‘1ejngoy)

Jouiny 8yl Jo ABOJoISIY Yl AliSUSp JO UOIIBIDOSSE JUedljIUBIS Ajjeolisiiels oN
'S190UBD NYIS

Ul 10 SAISBAUI PUB ALISUBP USBAQ UOIRIDOSSE 91 Ul S80USISHIP 1UBDIHIUBIS A||BOSIIeIS-UON
‘S190Ued

_43J pue 43 pue AlISUSP USBMIBC UOIIRIDOSSE U} Ul S80UBISHIP JUBDIHIUBIS Aj|eOSIeIS-UON
'SN1eIs ZYJH PUe Hd Pue ‘JUSWaA|OAUl [BPOU ‘ABOJOISIY Jowin] AQ SUOIIBIDOSSE Ul S8OUBIBHIP
JueOIIUBIS AJ[BOIISIIBIS-UOU 919M 818U "SI90UeD 1Se9Iq Y3 pue ‘sioun} Jable| ‘'Sewouloled

apeiB-ybiy ‘SIoUWN} NYS Ul JO} PUNO} BIOM SUOIIRID0SSE 19BUOILS JURDIHIUBIS Ajjeonsiiels

‘sniels 101dedal Yd pue Y3 pue ALsusp Usamiag UOIeID0SSE 1uedljiubis Ajeonsiiels oN
‘saedAigns |eoibojoydiowolsiy 1ayio
9} SSOI0E S82UBIBLIP OU INQ ‘SI80URD _YJ pue .43 YUM UOleI0osse Jebuois Ajpuediyiubis
"oAlleBBaU pue aAIlsod 8pou Y1og ‘wo || ueyy Jeble| 8zis Jown) ‘g pue | sepeib ‘siouwn} _y3J

pue .43 Y10g YHM ¥Si 180Urd YUM AlISusp 1Sealq JO UOI1eID0SSE aAIlsod juediyiubis Ajleonsiels
‘JuedljIubis Ajjeonsnels
JOU SBM 'I9AOMOY ‘SIOWN] SAISBAUL SA S|D( 104 SUOIIBIDOSSE Ul 90UBIBHIP 8yl ‘Alisuap
abelusdiad JO |9A8] BUIES Y} USAIB 190UBD BAISBAUI 1O} UBY)L S| 404 Sl 1omo| ¥ "S|1DJ

pue 190ued 1seaiq SAISEAUl YLIM AliISusp 1Sealq JO UOIeI00sse aAilsod juediyiubis Ajleonsiels

apelb Jowny Jaybiy

pue ‘AlAilsod-spou ‘ezis Jowny Jeblie| yum Alisuep Jo uolieloosse aAllsod juediiubis Ajjeonsinels
'SIOWN} PaNISSe|OUN pue ‘8YI-|eseq ‘g [euiwn| 'y

|euilun| pue Alisusp jusdlad UsamMIaq SUOIIRIDOSSE SY} Ul S8OUSISHIP 1UBDIHUBIS Ajjeoilsiiels-uoN
'SI90URD Y3 pue ‘,zy3JH ‘eAnebsu-s|du} ssoioe

182URD 1SE81Q puUB AlISUSP 1SE8IQ USSMISQ SUOIIRIO0SSE Ul 80USIS4IP 1UBDIIUBIS Aj|EO11SIIRIS-UON
‘uswiom onewoldwAs /g Buowe Ajuo Alisusp
1u8218d YlIM UBSS 8JOM SNIEIS Hd PUB YT YlM ANSUSP JO Suolieldosse aAlisod 1ueoiyiubis
Ajjeonsiiels Ausuep jusoiad pue spelf Jown UseMIag UOILBIOOSSE 8SIaAUl 8A1SehbNg "sniels

dd 10 ‘43 ‘edAy [eoiB0j01SIY ‘8zIS Jowin) YHUM AYISUSP JO UOIIBIDOSSE 1UedIHIUBIS Ajjediisiiels oN
‘opelf pue ‘JUBWSAJOAUI [EPOU ‘8dA} |BDIBO|0ISIY ‘SN1BLS Hd PUB YI Yyim

SUOIIRID0SSE OU ‘8ZIS JOWN] YLIM ALISUSP 1SBaIq JO UOIIBID0SSE 8SIBAUI JURDIHIUBIS A|[RO11SIIRIS
'SN1e1S Hd 10 Y3 pue ALSUSP USaM18Q SUOIIBIDOSSE 8yl U9aM1ad
9oualalip 1uedlyiubis Ajjeonisiiels-uop "Ajuo sesed 1edued |easslul Buowe spelh Jouwnl Yum
AJISUSD JO UOIIBIDOSSE 8SI18AUl JUBDIHIUBIS Aj|eD11SI1elS "AJUO S190UBD PB10a1apP-Uaa1ds Buowe

AlAisod-epou pue ozis Jown) pue AlISusp usam1aq UoIelo0SSe aA1lSod Juediiubis Ajjeonsiels
‘obe 104 Juawisnipe
J81je paleaddesip Jeoued 43 pue ASUSP USSMISQ UOIIRIOOSSE 8] 'I9ASMOH 'SNielsS

_Y43 pue spelb pue ‘ezis Jown) pue AlISUsp ussmlaq UOIIBID0SSE aAIlISOd JuediIubIsS Ajjeonsnels
"1o0ued 1sealq _YJ

01 BA11B|8J '190UBD 1SB8Iq 4T puUB ALISUSP UBBM1SQ UOIIRID0SSE BA11ISOd JURdIHIUBIS A|[RO11SIIRIS

ALl "(usisdal) |1 | SAvH-I

AL "(usisdal) | SQVH-I

Al (usisgel) || ) 'SAvY-1g

0§%< '%6Y-%SC
"% YC-%0L ‘(usiapel) %0L>

Alisuep 1seaiq jusolad
SNONUIUOD JO SIUBWASIOUI % (0|

%001-%0S PUe '%617-%SC
"%YT=%01 (}usI8ysl) %6-0

%06< "% 6Y7-%GC "“%YC-%0L
‘(Jueueyal) %01 > :So1obsled JNo4

AQ 'Zd ‘Ld ‘(usisial)
LN 'UOIBOIISSE|D 840NN

Alsuep isealiq
1usdlad snonunuo)

Savy-d

Allsuep 1sealq
Juaolad snonuiuo)
Al pUe ||| pue
|| PuUe | Se paulquiod SAvy-Id

(Al pue |)) esusp pue
(1usisyal ‘|| pue |)
Alie} se pauiquiod SQvy-ig
ALNL'TL “GU8teel) | SAVH-G

AQ ‘d ‘N ‘UOeolISSE|D 840/

s108(gns osed Jsdued 1sealq
SAISBAU! G |'GL/UBWIOM 8EZ'LLT'L

s108lgns esed Jeduedlsealq
L6L'L/uswom $78'19

s108[gns ased J9dued 1sealq
SAISBAUL | 0L/UBWOM | |8'YY

s109[gns |013U00

6/ L/s108lgns esed Jedued
1Seaiq NS Ul 10 SAISBAUI ZH0 L

s108[gns |041U00

£99/s109[gns osed Jooued
1Seaiq NS Ul IO SAISeAUl /09

s108[gns |0J1U00 $06 L/s108lgns
9SO J90URD 1SBaIQ SAISBAUI /S

s3109[qns |013u0d £99/s108lgns
ased §|0Q 61 1's108lgns
9SO 190URD 1SBaI0 SAISBAUI £8Y
$108[gNs |0J3U00
109z/s109lgns ased 1aoued
1SBaIq NS Ul IO SAISBAUI G/8

SI92UBD 1S881q SAISEAUI /77
SOSBD J90URD
1Sealq N}is Ul 1o AISBAUl 86|

SOSBD J9OUED
1seaIq NS Ul 10 SAISBAUl 987

SOSED J0UED
1sBaIq NS Ul JO SAISEAUI Y

$109[gns ased
190UBD 1SBBIQ BAISBAUI 9§

s108[gns osed Jeoued
1SeaIq NS Ul IO SAISBAUl | Z|
s1oelgns aseo
190UBD 1SPaIQ SAISBAUI £EE

(6) 0102

‘sddiyd ‘eAnosdsold
(8€) £00T

‘Jaluley ‘eAl0adsold

(£€) ¥00C
‘N7 "8AI1108ds0ld

‘ueAlybex
'|0J1U09—-9SBD PalISaN

(9€) 010z "Aosuo)
'|0J1U0D-0SED PBISeN

(Gg) 0L0C
‘Buiq ‘|0J1u00-8se)

(€) 9002 "D
'|0J1U0D—0SED PBISeN

(€€) 000C ‘eles
'|0J1U0D-8SED PBISeN

(ze) oLoe
‘yoesaln) ‘Ajuo ase)
(L€) 800¢
‘Bue, ‘Ajuo ase)

(0€) 800¢
‘ysoyn ‘Ajuo ese)

(62) 9002
‘Buiyose ‘Ajuo ase)

(8¢2) 5002
‘o|jely ‘Ajuo ese)

(£2) ¥00C
‘xnopignoy ‘Ajuo ase)

(92) 9861
‘UOJUIH ‘Ajuo 8se)

sbuipuiy

Ausuap 1seaiq jo uonesyissel)

s109[gns |043u09 jo "o
10/pue s393lqns ased jo ‘o[

(eouaiayai) 1eah
‘Joyane 3s.iy ‘ubisep Apnig

«S8dA1gns Jaoued 1sealq pue Alsuap 1Seaiq U9SMISQ UOIIBID0SSE UO SaIpN1s 8yl Jo Alewwing “f ajqel

Vol. 103, Issue 15 | August 3, 2011

1186 Articles | JNCI



Discussion

In this prospective study, we investigated the association of breast
density with breast cancer risk according to tumor characteristics
among 1042 postmenopausal women who were diagnosed with
breast cancer between June 1, 1989, and June 30, 2004, and 1794
matched control subjects. Women with higher breast density
(>50%) showed 3.39-fold increased risk of breast cancer compared
with women with lower breast density (<10%). The strength of the
association between breast density and breast cancer risk varied by
invasiveness, histological grade, tumor size, and ER status of the
tumor. A stronger association was noted for in situ breast cancers,
poorly differentiated invasive breast cancer, larger (>2 ¢cm) tumors,
and ER" breast cancers. We did not find differences in the associ-
ations of breast density with breast cancer risk by histological type,
nodal involvement, and PR and HER?2 status.

We report for the first time a stronger association between
breast density and ER™ breast tumors compared with ER* tumors.
Findings on the association of breast density with receptor status
of the tumor from previous studies are inconsistent (26-31,35,37)
(see Table 4). In one study (27), women with greater density were
reported to have larger proportion of ER™ tumors; however, the
association disappeared after adjustment for age. Although some
other recent studies observed that women with greater breast
density had an increased risk of ER*, ER*/PR", but not ER"/PR~
breast cancer (35,36), others did not (28,29,31,32,37,40,41).
However, many of these studies were underpowered to investigate
the differences in the association of breast density with the risk of
breast cancer by ER status because of a smaller size as compared
with our analysis. Higher levels of estradiol have been reported in
the tissue from ER* tumors compared with ER™ tumors (42-44).
Our findings suggest that regulatory factors other than estrogen
may play an important role in the origins of ER™ tumors in denser
breasts. Consistent with other studies, we did not see any differ-
ences in the associations between breast density and breast cancer
risk by PR or HER2 status (28,31,32,37,40). Breast cancer is a
heterogeneous disease and ER* and ER™ tumors are believed to be
etiologically different. Previous studies have found an association
of hormone-related breast cancer risk factors with ER* breast
cancer subtype, but failed to find a similar association with ER~
breast cancers. Identifying the risk factors specific to ER™ tumors
would help researchers understand the etiology of ER™ breast
cancer and develop subtype-specific risk prediction models.

Inconsistent data exist on the association between mammo-
graphic breast density and breast cancer risk according to different
tumor characteristics (see Table 4). A recent study found an
increased risk of both lobular and ductal carcinomas with increase
in breast density, but there was no difference in the strength of the
association across the histological subtypes (9). Positive associa-
tions of breast density with tumor size, involvement of axillary
nodes, and higher tumor grade have been reported in some
(28,33,35), but not all studies (30). The results from our study
indicate a stronger association of breast density with more aggres-
sive subtypes of breast cancer, including tumors that are larger in
size and of high grade. Previous studies report inconsistent find-
ings when examining the association between breast density and
these tumor characteristics (27,28,30,33,35,36,41) (see Table 4).

jnci.oxfordjournals.org

Some of these differences may be explained by differences in study
design, sample size (range in the number of breast cancer cases
286-19119), and different definitions of breast density. If breast
density is associated with more aggressive breast cancer pheno-
types, it may suggest that the breast tissue environment underlying
breast density allows for more growth and increased proliferation,
than in more fatty breasts. In addition, because mammographic
sensitivity decreases with increasing breast density, aggressive
cancers occurring in denser breasts go undetected for longer
periods permitting these already rapidly proliferating tumors to be
larger at presentation (45-48).

We found that breast density was more strongly associated with
in situ breast cancer than invasive disease. This is in slight contrast
with other studies that found similar associations for in situ and
invasive tumors (34,38). It is possible that our findings are the
result of chance. The larger of the two studies (38) had fewer in
situ and invasive postmenopausal cancer case subjects than our
study; the other study (34) had reported the results for both
pre- and postmenopausal women combined. Another possible
explanation for the stronger association with in situ disease may be
a difference in breast cancer detection rate in women with denser
breasts. It is well known that the sensitivity of mammography is
lower for women with dense breasts, and women with dense
breasts are more likely to have an abnormal mammogram and
undergo biopsies than women with fattier breasts (46,47,49,50).
Therefore, it is possible that the diagnosis of in situ carcinomas for
many of these women is a serendipitous finding. In addition, the
radiographic appearance of in situ tumors on mammogram results
in higher sensitivity of screening mammography for detection of
ductal carcinoma in situ compared with invasive cancer in both
pre- and postmenopausal women (51,52).

This study has a few limitations. The current analysis was
restricted to women who were postmenopausal at the time of both
mammogram and diagnosis, which constitutes the majority of the
population assembled for the nested case-control study (77%).
Our findings are thus limited to postmenopausal breast cancer
subtypes and do not necessarily apply to premenopausal breast
cancer. We did not investigate the associations between breast
density and breast cancer risk by combined ER/PR or ER/PR/
HER? status because the small numbers of tumors in the subsets
did not provide sufficient statistical power to draw meaningful
conclusions.

Identification of the subtype-specific breast cancer risk factors
would help to understand breast cancer etiology, develop subtype-
specific risk prediction models, and eventually, to suggest novel
prevention strategies. To our knowledge, this is by far the largest
study with respect to the number of breast cancer cases that inves-
tigated the association of quantitative breast density with several
breast cancer characteristics, including a tumor’s invasiveness,
histology, grade, size, receptors status, and nodal involvement
in the same population of women. The analysis used data from
the Nurses’ Health Study, an established cohort with more than
30 years of follow-up, ascertainment of disease status, and compre-
hensive information on breast cancer risk factors, tumor character-
istics, and breast density.

In conclusion, we investigated the association of mammo-
graphic breast density with subsequent breast tumor characteristics
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in postmenopausal women. Our results suggest that breast density
influences the risk of breast cancer subtypes by potentially different
mechanisms. Further studies are warranted to explain underlying
biological processes and elucidate the possible pathways from high
breast density to the specific subtypes of breast carcinomas.
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