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n Abstract: The aim of this study was to evaluate the association of bone mineral density (BMD) at the time of diagno-
sis with clinical-pathologic findings in patients with operable postmenopausal breast cancer. One hundred and fifty-eight
postmenopausal women who had a baseline lumbar and hip BMD measurement were included in the analysis. Patients
were divided into two groups based on the median BMD. p � 0.002 was considered to be statistically significant. Hormone
replacement therapy (HRT) use longer than 5 years was associated with increased lumbar BMD compared with patients
who used HRT less than 5 years (p = 0.002). Patients with higher BMD tended to have low grade disease, no lympho-vas-
cular invasion, progesterone receptor-positive tumors, and low Ki-67 levels (p < 0.05). Higher baseline BMD in postmeno-
pausal patients with breast cancer is associated with favorable prognostic features. n
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Apart from family history and genetic predisposi-

tion, there is substantial evidence that lifetime

exposure to endogenous and exogenous estrogens plays a

major role in developing breast cancer in postmenopausal

women (1–3). However, the use of serum hormone levels

clinically and in risk prediction models has been difficult

due to variations in measurement between laboratories

and serum fluctuations (4). Thus, surrogate markers of

endogenous estrogen levels, such as bone mineral density

(BMD), have been explored as an alternative means to

measure serum endogenous estrogen levels (5,6).

As the proposal of BMD as a biomarker for cumula-

tive estrogen exposure in a woman’s lifetime, the associ-

ation between increased BMD and risk of breast cancer

in postmenopausal women has been established by a

number of studies (7–14). Little is known, however,

about the prognostic characteristics of the tumors that

develop in postmenopausal women with higher endoge-

nous levels of estrogen. Therefore, we conducted this

retrospective analysis to analyze the association

between the favorable tumor characteristics and higher

BMD in postmenopausal women with breast cancer.

MATERIALS AND METHODS

Patient Population and Data Collection

The Breast Cancer Management System database of

the University of Texas MD Anderson Cancer Center

(MDACC) identified 158 postmenopausal women

who were diagnosed with operable breast cancer, and

for whom BMD was measured at the time of diagno-

sis, between 1997 and 2011. This study was approved

by the MDACC Institutional Review Board.

Because the composition and metabolism of bone are

not uniform throughout the skeleton, measurements of
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BMD (expressed in g/cm2) were made at more than one

skeletal site. Lumbar spinal and total hip BMD were

measured by dual-energy X-ray absorptiometry (DXA).

Osteoporosis and low BMD were defined by the World

Health Organization (WHO) criteria based on DXA-

derived T-scores for total hip.

Pathologic Assessment and Mutation Analysis Initial

clinical and pathologic stage of all patients were based

on the sixth edition of the American Joint Committee

on Cancer staging criteria (15). Nuclear staining � 1%

of estrogen receptor (ER) or progesterone receptor

(PR) was considered strongly positive on immunohisto-

chemistry (IHC). HER2 positivity was defined as 3+
receptor overexpression on IHC staining and/or gene

amplification by fluorescence in situ hybridization

(HER-2/CEP 17 � 2 were considered as amplified).

Nuclear staining � 17% of Ki67 was considered signif-

icant on IHC.

Statistical Analysis and Outcome Measures Patient

characteristics were tabulated and the Wilcoxon signed-

rank test or the Kruskal–Wallis test was used to deter-

mine whether the distribution of BMD was associated

with patient characteristics. Due to the number of

statistical tests performed, only p � 0.002 were con-

sidered to be statistically significant; all tests were two-

sided. Statistical analysis was carried out using SAS

9.1.3 (SAS Institute, Cary, NC) and S-Plus 8.0 (Insight-

ful Corporation, Seattle, WA).

RESULTS

Hip BMD was significantly lower in patients older

than 60 years of age at the time of diagnosis com-

pared with patients younger than 60 years of age

(p = 0.002). Hormone replacement therapy (HRT) use

longer than 5 years was associated with increased

lumbar BMD compared with patients who used HRT

<5 years. Additionally, patients with higher BMD

tended to have low grade disease, no lympho-vascular

invasion (LVI), PR-positive tumors and low Ki-67

levels (p < 0.05). Likewise, patients with low BMD

tended to have larger tumors and positive lymph

nodes at the time of diagnosis (Table 1).

In the subgroup analyses of patients 60 years of

age or less, no patient or disease characteristics were

found to be significantly associated with either lumbar

BMD or hip BMD. Likewise, no significant associa-

tions between the clinical characteristics and BMD

were observed among the subgroup of patients older

than 60 years of age (data not shown).

After adjustment for age, HRT use more than

5 years was associated with higher baseline lumbar and

hip BMD. Also, patients with higher lumbar BMD had

a significantly higher rate of tumors with low nuclear

grade, PR-positive status, low Ki-67 levels, and negative

LVI. And patients with higher hip BMD tended to have

negative lymph nodes at the time of initial diagnosis

(Table 2).

DISCUSSION

In this study, we examined patient and tumor char-

acteristics in relation to BMD in postmenopausal

patients with breast cancer. Our objective was to

determine whether there were any associations between

higher endogenous estrogen levels, for which BMD

served as a surrogate marker, and favorable breast

tumor characteristics. Our data indicate that tumor

characteristics are not significantly associated with

either hip BMD or lumbar BMD, after adjustment for

age. However, patients with a higher BMD at the time

of diagnosis had a trend toward better prognostic

tumor characteristics, such as low grade, low Ki-67,

PR-positive tumors, and negative lymph nodes.

Because BMD is influenced by estrogens as they

inhibit bone resorption and enhance bone density

(16), BMD has been suggested as a surrogate marker

of lifetime estrogen exposure (5,6). Numerous studies

have shown an association between increased BMD

and risk of breast cancer in postmenopausal women

(7–13). Cauley et al. (10) found that women in the

highest quartile of distal radial BMD or metacarpal

bone mass had a two-to-threefold higher incidence of

breast cancer when compared with women in the low-

est quartile. Based on the results of these studies and

others, the Breast Cancer Prevention Collaborative

Group proposed BMD as a risk factor to be consid-

ered for validation and possible inclusion in future

breast cancer risk prediction models (17).

Higher levels of endogenous estrogen have been

identified as a risk factor of breast cancer development

in postmenopausal women. Whether postmenopausal

women who develop breast cancer in the setting of

higher endogenous levels tend to have favorable tumor

characteristics, as is observed in women who develop

breast cancer in the setting of exogenous hormone use,

has not been established. Zmuda et al. (8) reported that

postmenopausal women with higher BMD presented
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with more advanced stages of disease when compared

with women with lower BMD. However, in this study,

we could not examine biologic tumor factors such as

histologic grade and ER/PR receptor status in regard to

prognosis. A recent study showed that higher lumbar

spine and femoral neck BMD were associated with an

increased risk of ER-positive breast cancer tumors (15).

Small numbers of HRT users in the data set lacked

power to determine significant associations. Therefore,

whether the trend toward more favorable tumor

characteristics is due to endogenous, rather than

exogenous hormone use, is difficult to determine.

In conclusion, higher BMD levels which can be

used as a biomarker for higher endogenous estrogen

Table 1. Patient Demographics and Baseline Clinical Characteristics by Median Lumbar and Hip BMD

Patient characteristics Lumbar BMD (g/cm2) Hip BMD (g/cm2)

Frequency Percent N Median p-Value* N Median p-Value*

Total 158 – 157 0.94 – 153 0.85 –
Age

�60 63 39.9 62 0.95 0.33 61 0.87 0.002

>60 95 60.1 95 0.91 92 0.81

HRT

No 27 17.1 27 0.91 0.70 27 0.84 0.87

Yes 131 82.9 130 0.95 126 0.85

Duration of HRT

0 years 72 45.6 72 0.91 0.03 70 0.83 0.17

0–5 years 23 14.6 23 0.91 22 0.86

>5 years 63 39.9 62 0.98 61 0.86

Mammographic density

Dense 80 50.6 79 0.93 0.79 77 0.85 0.97

Normal 75 47.5 75 0.95 73 0.86

Moderate 2 1.3 2 0.92 2 0.84

Histology

Ductal 130 82.3 129 0.94 0.75 126 0.85 0.12

Lobular 17 10.8 17 0.95 16 0.82

Other 11 7.0 11 0.91 11 0.81

Tumor size

1 120 76.0 119 0.93 0.27 116 0.85 0.12

2 29 18.4 29 0.97 28 0.85

3–4 9 5.7 9 0.89 9 0.77

Positive nodes

No 120 80.5 119 0.95 0.32 116 0.86 0.04

Yes 29 19.5 29 0.91 28 0.82

Nuclear grade

1 28 18.2 28 0.96 0.03 27 0.88 0.41

2 97 63.0 96 0.96 93 0.85

3 29 18.8 29 0.88 29 0.81

ER status

Negative 4 2.7 4 0.88 0.32 4 0.85 0.43

Positive 145 97.3 144 0.94 140 0.86

Missing 9 9 9

PR status

Negative 14 9.4 14 0.89 0.04 14 0.84 0.43

Positive 135 90.6 134 0.95 130 0.85

Missing 9 9 9

LVI

No 93 84.6 92 0.96 0.01 89 0.86 0.02

Yes 17 15.5 17 0.87 17 0.81

Ki – 67

0–17% 50 70.42 49 0.97 0.07 47 0.85 0.25

17–100% 21 29.58 21 0.91 21 0.82

Missing 87 87 85

HER2 status

Negative 137 95.8 136 0.95 0.19 132 0.85 0.58

Positive 6 4.2 6 0.85 6 0.89

Missing 15 15 15

*p-value for overall effect.
†Percents may not add to 100% due to missing data.
HRT, hormone replacement therapy; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor-2; LVI, lympho-vascular invasion; BMD, bone
mineral density.
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levels in postmenopausal women with breast cancer

were associated with tumors with favorable prognostic

features. Future studies with larger prospective cohorts

are needed to validate these findings and to determine

whether BMD can be incorporated in breast cancer

risk prediction models.
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Table 2. Linear Regression Models for Lumbar
and Hip BMD, Adjusting for Age

Independent variables

Dependent variable

Lumbar BMD Hip BMD

Coefficient p-value Coefficient p-value

HRT (Ref: No)

Yes 0.02 0.50 0.02 0.43

Duration of HRT (Ref: 0)

0–5 years �0.002 0.97 0.01 0.62

>5 years 0.08 0.01 0.04 0.04

Mammographic density (Ref: Normal)

Dense �0.01 0.71 �0.01 0.80

Histology (Ref: lobular)

Ductal �0.02 0.72 0.02 0.58

Other �0.07 0.26 �0.07 0.17

Tumor size (Ref: 1)

2 0.05 0.12 0.00 0.99

3–4 �0.04 0.47 �0.06 0.17

Positive nodes (Ref: No)

Yes �0.03 0.37 �0.06 0.03

Nuclear grade (Ref: 1)

2 �0.02 0.62 �0.03 0.18

3 �0.09 0.03 �0.05 0.13

ER status (Ref: Negative)

Positive �0.08 0.25 0.01 0.99

PR status (Ref: Negative)

Positive �0.07 0.04 �0.02 0.36

LVI (Ref: No)

Yes �0.09 0.04 �0.04 0.22

Ki – 67 (Ref: 0–17%)

17–100% �0.09 0.04 �0.05 0.14

HER2 status (Ref: Negative)

Positive �0.10 0.17 0.01 0.83

*p-value for overall effect.
HRT, hormone replacement therapy; ER, estrogen receptor; PR, progesterone receptor;
HER2, human epidermal growth factor receptor-2; LVI, lympho-vascular invasion; BMD,
bone mineral density.
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