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Abstract

Background—Limited studies have examined the associations between mammographic density
and subsequent breast tumor characteristics.

Methods—Eligible women were part of a case-control study of postmenopausal breast cancer, 40
years and older, who had a routine mammogram four years or more before their diagnosis.
Mammographic density (percent density [PD], dense area and nondense area) was estimated using
a computer-assisted thresholding program. At the time of cancer diagnosis cases were classified as
asymptomatic or symptomatic based on medical record review and breast imaging workup.
Pathologic review was performed blinded to the density status. Linear regression models and tests
for trend examined the association between pathologic characteristics of the breast tumor (except
histology) and the components of density for all participants, and stratified by symptom status at
diagnosis.

Results—Of the 286 eligible cases, 77% were 60 years or older and mean PD was 29.5%
(SD=14.6%). Density was not significantly associated with tumor size (p=0.22), histologic type
(p=0.77), estrogen receptor (ER) (p=0.11) or progesterone receptor (PR) (p=0.37) status, mitotic
activity (p=0.12) or nuclear pleomorphism (p=0.09) [p-values for PD]. An inverse association was
suggested between tumor grade and PD (31.95%, 30.29%, 26.73% for grade I-111; p for trend= 0.06).
The inverse association with tumor grade and its components (nuclear pleomorphism and tubular
differentiation) was only evident among the 97 symptomatic women; positive associations of ER
(p=0.009) and PR (p=0.04) were also seen with PD only in this subgroup.

Conclusions—The inverse association between tumor grade and PD in the symptomatic
population could inform the biology of the association between mammaographic density and breast
cancer risk.
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Introduction

Mammographic density has been consistently associated with increased breast cancer risk.
Studies show that women with > 75% breast density have a four to six time's greater risk of
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breast cancer than women with minimal density (1-3). Despite this evidence, the underlying
biologic mechanism in which mammographic density affects breast cancer risk remains
unclear. Histological studies of mammographic density suggest an association between density
and epithelial as well as stromal proliferation (4,5). Li et al. (6) obtained noncancerous breast
tissue from forensic autopsy of 519 women and studied quantitative microscopy of the breast
tissue in relation to the percent density in the faxitron image of the tissue slice. Results indicated
that percent density was positively associated with total nuclear area (both epithelial and
nonepithelial nuclear area), the proportion of collagen and the area of glandular structures.

Only a few studies have examined mammographic density in relation to breast tumor
characteristics and the majority of these studies assessed mammographic density of the
contralateral breast at the time of cancer diagnosis (7-10). These illustrated positive
associations between mammographic density and tumor size, lymphatic invasion, later stage
and lymph node status but were inconsistent on associations with tumor grade and estrogen
receptor (ER) status of the tumor. One interpretation of these findings is that dense breasts
decrease the sensitivity of the mammogram, resulting in delayed detection and corresponding
larger and more advanced tumors (11). Alternatively, tumors may grow faster in an
environment of increased density, which suggests that density may influence the
microenvironment in which these tumors develop. To enhance our knowledge of the
association between density and tumor pathology, we examined mammographic density at
least four years prior to the development of breast cancer and subsequent breast cancer tumor
characteristics.

Materials and Methods

Study Population

Subjects were selected from an ongoing case-control study (n = 372 cases, n = 715 controls),
which is described in detail elsewhere (12). Briefly, breast cancer cases for the case-control
study were women who were older than 40 years, diagnosed with primary invasive breast
cancer between 1997 and 2001, had at least two prior screening mammograms performed two
years or more prior to the breast cancer diagnosis, and lived within a 120-mile radius of the
Mayo Clinic in Rochester, MN. Multiple mammograms ensured a population undergoing
routine screening, and the residency requirement improved the representativeness of the study
population. For the current study, we used a subset of postmenopausal women with invasive
breast cancer (n = 286) who had a screening mammogram available four or more years before
the cancer diagnosis. This reduced the possibility of an occult tumor being present at the time
of the density measurement on the study mammogram (13). When multiple mammograms were
available for the study period, the mammogram closest to, and at least 4 years prior to, the date
of cancer diagnosis was used for density estimation for the study.

Pathological review—An experienced breast pathologist (CR) blinded to the
mammographic density status systematically reviewed the tumor pathology of all cases.
Original hematoxylin and eosin slides were reviewed to obtain the diagnosis, histological
subtype of the tumor, tumor grade (Nottingham grade I, 11 or 111) and the three components of
tumor grade, mitotic activity, nuclear pleomorphism, and tubule differentiation, with a value
of 1 being favorable and 3 being unfavorable for each component of grade (14). The ER and
PR status of the tumors were also assessed and classified as negative (0%), or positive. Positive
status was graded by the pathologist as 1-25%, 26-50% and 51-100% based on the proportion
of the slide that stained positive for the receptor. Tumor size was obtained from the original
pathology report. All categories were predefined by the study pathologist prior to review.
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Medical record review—Medical records provided weight and height for the clinical visit
closest to the study mammogram date. Height and weight were used to calculate the body mass
index (BMI). Current hormone replacement therapy (HRT) use at the time of the study
mammogram and use in the interval between this mammogram and breast cancer diagnosis
was ascertained at medical exams associated with mammography visits, recorded in the
medical record, and subsequently abstracted for the current study. Data on HRT was available
for 84% of participants and recorded as ever versus never use during the study interval. All
remaining patient information, including menopausal status at mammogram, was obtained
from a clinical database of self-reported information recorded during the study mammogram
visit.

Review of medical records and the breast imaging workup at the time of cancer diagnosis
classified cancer symptom status as asymptomatic or symptomatic. A tumor was classified
asymptomatic if it was detected at the time of screening mammogram and was not associated
with presenting breast symptoms such as lump, pain, or nipple discharge. Hence, asymptomatic
cancers were mammographically screen-detected cancers. On the other hand, symptomatic
cancers were diagnosed when the patient presented with breast symptoms and the imaging
workup including mammography revealed breast cancer. In the literature, breast cancer has
been described as an “interval' cancer if a woman is diagnosed with breast cancer in the 12 to
24 month interval following a negative screening mammogram report (10,15). However, in
our study, we were unable to assess for interval cancers as we did not have the information on
the interval from last negative screening mammogram to cancer diagnosis for these women.

The Mayo Clinic Institutional Review Board approved this study.

Mammographic density estimation—Multiple pre-diagnostic mammograms with both
craniocaudal (CC) and medio-lateral oblique (MLO) views were available on all study subjects.
The analyses used the mammogram closest to, but at least four years or more preceding the
diagnosis of cancer (mean + SD: 4.88 £+ 0.92 years; Table 1).

All four mammogram views were digitized on a Lumiscan 75 scanner with 12-bit grayscale
depth. The pixel size was 0.130 x 0.130 mm? for both the 18 x 24 cm? and 24 x 30 cm? films.

Percent mammographic density (dense area divided by total area times 100), dense area and
nondense area were estimated using a computer-assisted thresholding program that has
routinely been used in several mammographic density studies (16-19). Briefly, two thresholds
are set by a trained programmer; one separates the breast from the background, and the second
separates dense from nondense tissue. Computerized values are calculated for overall breast
area and dense area (DA) in pixels; the ratio provides the percent density (PD). Nondense area
(NDA) is calculated as the total area minus the dense area. Area estimates were converted to
cm2. Given the similarity in density estimates from CC or MLO views (16,20,21), only CC
images from the ipsilateral breast (breast with subsequent cancer) were used for analysis. A
5% repeat set of images from the overall case-control study was assessed for reliability. We
consistently demonstrated high reliability (r > 0.90) for all measures.

Statistical analyses—The distribution of baseline characteristics and mammographic
density were summarized as means and standard deviations, or counts and percentages. Percent
density, dense area and nondense area were approximately normally distributed. Linear
regression models were fit to the data to analyze associations between density measures and
the tumor characteristics of interest. Analyses were adjusted for age alone and for age, BMI,
HRT use within the interval, family history, and a combined age at first birth and number of
births variable (Table 1). Because results were similar, we present only the fully adjusted
model. Adjusted means and 95% confidence intervals for each level of tumor characteristics
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were estimated from the linear models. When appropriate, tests for trends in mammographic
density across ordered categories of tumor characteristics were performed by analyzing the
levels of the characteristic as an ordinal variable. For the tumor characteristic without a natural
ordering, i.e., histology, we obtained the p-value for the t-test that compared mean differences
between ductal cancer (infiltrating ductal and low grade ductal cancer) and lobular cancer
(infiltrating lobular cancer). Analyses were conducted on all women combined and stratified
according to symptom status at the time of diagnosis (asymptomatic versus symptomatic). In
addition, we repeated analyses on mammograms ascertained four to six years prior to the breast
cancer diagnosis to determine whether the timing of mammogram influenced our results. All
analyses were performed using SAS statistical software (Cary NC).

The 286 cases included for analyses were women with breast cancer who were postmenopausal
at the time of the study mammogram, and 77% of the cases were older than 60 years (Table
1). The majority of the women (83%) did not have a family history of breast cancer and 41%
had never used HRT during the interval from study mammogram to breast cancer diagnosis.
The mean BMI for the cohort was 27.92 (SD 5.14) and 12% were nulliparous. In this population
of women, 66% of the tumors were asymptomatic and detected by screening mammaography,
and the remainder was symptomatic at the time of diagnosis. The majority of tumors were <2
cm at diagnosis (80.5% of overall, 61% of symptomatic and 90% of asymptomatic). The mean
PD for the CC view on the cancer side was 29.5% +14.6, and mean DA area was 37.2 cm? +
20.2. The study utilized mammograms four or more years prior to cancer diagnosis, with most
of the mammograms (89%) being within four to six years of the diagnosis.

In the combined analyses of all cases, assessment of tumor histology revealed no associations
with mean mammaographic density four years or more prior to cancer diagnosis, assessed as
PD or its components, DA or NDA. There was a positive trend of tumor size with PD and DA
and an inverse trend with NDA, but none of these were statistically significant. No significant
association was found between ER and PR status of the cancer and PD, DA or NDA (Table
2). There was a borderline inverse association between tumor grade and PD, with mean adjusted
PD for low-grade tumors being 32% and that of high-grade tumors being 27% (p=0.06). Of
the components of tumor grade (mitotic activity, nuclear pleomorphism and tubule
differentiation) and density, we noted an inverse association between tubular differentiation
and PD (p=0.05), and a positive association between tubular differentiation and NDA (p=0.04)
but not with DA (p=0.78). The other two components of grade — mitotic activity and nuclear
pleomorphism — also suggested inverse associations with PD (p=0.12 and 0.09, respectively)
but not with DA (p= 0.58 and 0.15, respectively). However, similar to what was seen with
tubular differentiation, there was a borderline positive association between mitotic activity and
NDA (p=0.06). We also performed the above analyses restricting mammograms to four to six
years prior to the cancer diagnosis and found similar results to those outlined above (data not
shown).

We were unable to stratify screen-detected and interval cancers as in previous reports, but did
stratify cancers based on symptom status at the time of cancer diagnosis (asymptomatic or
symptomatic) (Tables 3 and 4). Assessment of the asymptomatic breast cancers revealed no
associations of density with any pathologic findings (Table 4). In fact, all significant
associations were noted only among the symptomatic breast cancers. These included a
significant positive association between ER and PR status of the tumors with PD (p=0.009 and
0.04, respectively), as well as an inverse association between tumor grade (p=0.03) and its
components, tubular differentiation and nuclear pleomorphism, (p= 0.01 and 0.03,
respectively) and PD. Repeating the ER and PR analyses in the symptomatic population after
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adjusting for tumor grade, we found a decreased significance of the associations (p-value for
ER changed from 0.009 to 0.05 and PR from 0.04 to 0.23).

Discussion

Our study adds to the limited data on mammaographic density and breast cancer tumor
characteristics. Among all women, mammographic density assessed at least four years prior
to postmenopausal breast cancer was not associated with the histologic subtype of the tumor,
ER or PR receptor status. There appeared to be a trend, albeit nonsignificant, towards a positive
association with tumor size and an inverse association with tumor grade; the latter perhaps
driven by the inverse association between tubular differentiation and PD, as well as the positive
association with NDA. When cancers were stratified based on symptom status at the time of
cancer diagnosis, the asymptomatic cancers showed no association between density and tumor
pathology. Among the symptomatic cancers, a positive association was seen between ER and
PR status and PD and an inverse association between tumor grade and PD.

The positive trend between tumor size and PD and DA among all women, although not
significant, is consistent with two previous studies that examined this question (8,10). This
association may be due to reduced mammogram sensitivity for dense breasts and delayed
detection (tumor masking by breast density) resulting in larger tumor size. Differences between
our study and previous reports include the methodology used for density measurement. The
Breast Imaging Reporting and Data System (BI-RADS) density measure used in prior reports
is a categorical measure assessed clinically, while the density measure used in this study was
a continuous measure estimated from a computer-assisted thresholding program. Furthermore,
our study used the mammogram of the ipsilateral breast at least 4 years prior to the cancer
unlike other studies that analyzed the mammogram of the contralateral breast at the time of
cancer diagnosis. Also, previous studies included both pre- and postmenopausal women, while
our study population only included postmenopausal women, who are more likely to have lower
breast density and less likely to have a tumor remain undetected for prolonged periods of time.
Moreover, it is possible that using the mammogram four years or more prior to cancer diagnosis
reduced, although did not completely remove, the possibility of tumor masking unlike previous
reports.

Our null findings between ER and PD and DA among all women in the study are consistent
with some of the other reports in literature (7,10,22) including the findings by Ziv et al. showing
density as a risk factor for both ER positive and ER negative breast cancer. This supports the
hypothesis that the association between mammographic density and breast cancer may be due
to other factors besides estrogen exposure (22). In fact, in a recent report, Tamimi et al. suggest
that endogenous estrogen levels and mammographic density affect breast cancer risk through
independent pathways (23). However, there was a strong positive association between density
and ER status among symptomatic cancers. This association was not seen when the analyses
were adjusted for tumor grade, suggesting that this may be related to presence of well-
differentiated, low-grade cancers among women with dense breasts (as was seen in the
symptomatic cancer group). In the report by Ziv et al., density was also positively associated
with both PR positive and PR negative breast cancers (22). In our study, we found no
association between density and PR status of the tumors among all cases. However, although
PR was unrelated to PD among asymptomatic cancers, there was a positive association between
PR and PD (p=0.04) among symptomatic cancers, likely related to the earlier described
association of density and tumor grade.

The present study suggested an inverse trend, although nonsignificant, between tumor grade
and mammographic density assessed as PD among all cases combined. This trend appeared to
primarily reflect the inverse associations of tubular differentiation with PD and positive
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associations between tubular differentiation and NDA. When stratifying by symptom status,
only symptomatic cancers showed a significant inverse association between tumor grade and
its components, tubular differentiation and nuclear pleomorphism, and PD. This finding is in
agreement with the report by Aiello et al. who, using the cancer-free breast at the time of
diagnosis, found that density was inversely associated with grade, differentiation and mitotic
index for interval cancers. This is contrary to the other two studies that showed a positive
association with tumor grade but did not assess screen-detected and interval cancers separately
(7,8). As described by Aiello, a potential explanation for the inverse association between
density and tumor grade is that interval cancers in dense breasts may have been present at the
screening mammogram, whereas those in fatty breasts may not have been present at screening
and later appeared as higher grade, rapidly growing tumors (10). Another hypothesis is that
fatty breasts indicate a tissue environment that may be conducive to higher grade tumors. This
hypothesis is supported by a report on BMI and prognosis of breast cancer in which Daling et
al. found an association between higher BMI and markers of cell proliferation (Ki-67, mitotic
count and S-phase fraction) in breast cancers, suggesting rapid growth rate of tumors in
overweight or obese women (24).

One strength of the current study is the semi-automated method to quantify mammographic
density that has consistently been shown to be associated with breast cancer (20) and has high
intra-reader reliability (12). In addition, a comprehensive pathology review of the tissue was
performed by a single expert pathologist blinded to density data. Choosing the ipsilateral breast
four years prior to the breast cancer diagnosis reduces, although does not eliminate, the
likelihood of the tumor contributing to mammographic density. This study, however, did not
address the association between density and tumor characteristics among premenopausal
women due to the composition of our primarily postmenopausal case-control study. Because
higher breast density is thought to contribute to the likelihood of a tumor either being missed
(masking) or growing larger (due to biology or causal relation), it may be possible that the lack
of significance in our study compared to prior reports is related to the postmenopausal study
population with generally lower breast density and reduced variability in the distribution of
density, unlike previous studies that included both premenopausal and postmenopausal
women. Moreover, since the age at menopause was not available, we could not adjust for this
variable. This study could not assess screen-detected and interval cancers specifically due to
the paucity of information on the interval between the last negative screening mammogram
and date of cancer diagnosis. However, we attempted to address this by assessing asymptomatic
and symptomatic cancers separately. We unfortunately, had limited power for subgroup
analyses including assessment of effect modification by interval between the mammogram and
the breast cancer. This latter analysis could potentially be relevant since it is not possible to
determine when the cancer actually developed in the breast, and time to cancer following the
mammogram may influence what pathologic associations might be present. Finally, we
performed comparisons for multiple tumor characteristics and subsets. As a result, it is possible
that some of the significant tests arose by random chance, as is expected when multiple
statistical tests are performed. This, coupled with the lack of statistical significance underscores
the need for further study to better understand relationships between mammaographic density
and subsequent tumor characteristics among women who ultimately are diagnosed with breast
cancer.

In summary, this report adds to the limited literature on mammographic density and subsequent
breast tumor characteristics by suggesting that in a population of regularly screened
postmenopausal women, density measured in the ipsilateral breast four years or more before
breast cancer was not associated with the type of tumor. The positive trend between tumor size
and PD and DA measures, although nonsignificant, is consistent with prior reports and may
be due to reduced sensitivity of the mammogram and delayed detection in dense breasts
resulting in larger size of tumors. An inverse association between density and tumor grade that
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was of borderline significance among all women but significant among symptomatic cancers
only may be reflective of the underlying tumor biology. It may reflect high-grade tumors not
present at the screening mammogram and presenting as interval cancers among women with
fatty breasts. Although density was not associated with ER or PR status overall, there was a
significant association between ER and PR status with PD among symptomatic cancers likely
related to tumor grade. Further studies assessing larger populations, premenopausal women,
and studies of screen-detected and interval cancers are warranted to enhance our understanding
of this association.
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Table 1
Characteristics of breast cancer cases (n = 286) forming the study sample
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Characteristics Level Categorical: N (%) Continuous:
mean(standard deviation [SD])/
range
Age at cancer diagnosis (yrs.) 41-50 4 (1.40%)
51-60 61 (21.33%)
61-70 87 (30.42%)
>70 134 (46.85%)
Age at mammogram (yrs.) 41-50 30 (10.49%)
51-60 81 (28.32%)
61-70 86 (30.07%)
>70 89 (31.12%)
Parity and age at first birth combined No children 35 (12.24%)
Age at first birth <20 & no. children 1 or 2 15 (5.24%)
Age at first birth >20 & no. children 1 or 2 90 (31.47%)
Age at first birth <20 & no. children 3+ 51 (17.83%)
Age at first birth >20 & no. children 3+ 95 (33.22%)
Menopausal status Postmenopausal 286 (100.00%)
First degree family history of breast cancer No 236 (82.52%)
Yes 50 (17.48%)
Hormone replacement therapy (HRT) Ever 168 (58.74%)
during interval from mammogram to cancer
diagnosis
Never 118 (41.26%)
BMI (kg/m2) Mean (SD) 27.92 (5.14)
Median 273
Lower quartile 24.07
Upper quartile 30.44
Time from study mammogram to cancer 4105 207 (72)
diagnosis (yrs.)
5t06 50 (17)
6to7 16 (6)
7t08 9(3)
8t09 4(1)
Mean (SD) 4.87 (0.91)
Median 4.6
Lower quartile 4.2
Upper quartile 5.1
L\A()/a;mmographic density CC percent density Mean (SD) 29.46 (14.63)
()
Median 28.30
Lower quartile 19.20
Upper quartile 37.80
MLO percent density (%) Mean (SD) 27.53 (14.65)
Median 26.40
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Characteristics

Level

Categorical: N (%) Continuous:
mean(standard deviation [SD])/

range
Lower quartile 17.40
Upper quartile 35.30
CC Dense Area (cm?) Mean (SD) 37.20 (20.24)
Median 34.00
Lower quartile 23.96
Upper quartile 46.38
MLO Dense area (cmz) Mean (SD) 39.86 (22.22)
Median 36.01
Lower quartile 24.66
Upper quartile 52.43
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