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Abstract Aromatase inhibitors (Als), the standard ther-
apy for estrogen receptor- or progesterone receptor-positive
breast cancer in postmenopausal women, lead to increased
hip fractures in breast cancer patients. To investigate the
mechanism of increased incidence of hip fractures in breast
cancer patients treated with Als, we evaluated bone min-
eral density (BMD) in the cortical and trabecular com-
partments and assessed femoral geometry using
quantitative computed tomography (QCT) in breast cancer
patients. In total, 249 early breast cancer patients who
underwent QCT in their fifties (mean age 54.3 years) were
retrospectively analyzed. Proximal femoral BMD and
geometrical parameters were compared. In all regions of
the proximal femur, cortical areal BMDs were lower in the
Al group than in the non-Al group (p < 0.05). Cortical
thickness of the femoral neck, trochanter, and total hip was
significantly lower in the Al group compared with the non-

< Yumie Rhee
yumie@yuhs.ac

Department of Internal Medicine, Severance Hospital,
Endocrine Research Institute, Yonsei University College of
Medicine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul 120-752,
Korea

Department of Internal Medicine, Seoul National University
Bundang Hospital, Seongnam, Korea

3 Mindways Software Inc., Austin, TX, USA

Biostatistics Collaboration Unit, Yonsei University College
of Medicine, Seoul, Korea

Division of Breast Surgery, Department of Surgery,
Severance Hospital, Yonsei University College of Medicine,
Seoul, Korea

Avison Biomedical Research Center, Yonsei University
College of Medicine, Seoul, Korea

Al group (p < 0.05). Analysis of the narrowest section of
the femoral neck showed significantly thinner cortical bone
and smaller cortical area in the Al group than in the non-Al
group (p < 0.05), especially in the superoposterior quad-
rant. Bone strength parameters in the femoral neck, such as
the section modulus and cross-sectional moment of inertia,
were significantly lower in the AI group than in the non-Al
group (p < 0.05). In conclusion, Al treatment in breast
cancer patients is associated with deterioration of femoral
cortical BMD and geometry, which could contribute in
site-specific weakened bone strength and increased inci-
dence of hip fractures.
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Introduction

Breast cancer is associated with exposure to increased
levels of estrogen [1, 2]. Accordingly, postmenopausal
women with hormone-responsive breast cancer (estrogen
receptor- or progesterone receptor-positive) are treated
with aromatase inhibitors (Als) to reduce estrogen levels
and prevent recurrence after mastectomy [3-6]. However,
Als accelerate bone loss and increase the risk of osteo-
porotic fractures due to total ablation of peripheral estrogen
production [7, 8]. Previous studies showed that post-
menopausal survivors of breast cancer are at increased
fracture risk and women taking Als were found to have an
increased risk of vertebral fracture [1, 9, 10]. Vertebrae are
primarily composed of trabecular bone, which is
metabolically active and rapidly affected by estrogen
deficiency; therefore, the risk of vertebral fractures
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increases in breast cancer patients treated with Als. How-
ever, the United States Food and Drug Administration
Adverse Event Reporting System database revealed that
from January 1998 to December 2008, the incidence of hip
or femoral fracture among women aged <65 years under-
going breast cancer therapy (226 fracture cases) was 19 %,
which is higher than the incidence of vertebral fractures
[11]. In that study, Als were the most common drugs
associated with fractures. Furthermore, hip fractures
occurred much earlier in women with breast cancer than in
healthy women [11-16].

Many studies have reported the negative effect of Als on
bone mineral density (BMD) using dual-energy X-ray
absorptiometry (DXA) [8, 16-20]. However, BMD alone
cannot fully explain why fractures occur more especially at
hip where cortical component is more dominant than tra-
becular component. DXA measures integral (cortical and
trabecular) areal BMD (aBMD). While hip structure anal-
ysis (HSA) method that reports measures such as average
cortical thickness have been applied to DXA hip images,
this method depends sensitively upon assumptions
regarding bone shape and the average partitioning of bone
mineral between cortical and trabecular compartments.
Deviations from these assumptions bias HSA measure-
ments and complicate their interpretation. Thus, we used
quantitative computed tomography (QCT) in this study to
further evaluate the femoral geometry [21-25]. At the hip,
QCT-assessed changes in bone geometry, such as cortical
thickness and buckling ratio (BR), which affect bone
strength, may be helpful parameters to understand the
mechanism underlying hip fractures [26]. Furthermore,
QCT of the spine can be used to measure BMD only within
the vertebral trabecular bone. Vertebral trabecular bone is
important for the structural integrity of the spine, and
limiting this measurement to trabecular bone eliminates
confounding factors associated with factors such as inclu-
sion of spinous processes, osteophytes, and joint spacing
that affect BMD measurements by DXA.

We hypothesized that the changes by Als in the geo-
metric parameters besides the BMD of proximal femur
would contribute to increased hip fractures occurring in
postmenopausal women with breast cancer patients treated
with Als.

Materials and Methods

Study Subjects

Breast cancer patients who visited Severance Hospital
between June 2009 and January 2012 were reviewed ret-

rospectively. Among the patients after mastectomy, a total
of 436 subjects who also had undergone bone evaluation by
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QCT were collected (Fig. 1). Patients who were pre-
menopausal or over 60 years old and patients with any
metastatic breast cancer (n = 4), other malignancies
(n = 13), renal failure (n = 2), and on any medications
that can affect bone metabolism, such as glucocorticoids
(n = 12), bisphosphonates (n = 10), selective estrogen
receptor modulators (SERM) (n = 2) were excluded.
Finally, 249 postmenopausal women aged 50-59 years
with early-stage breast cancer (stage 1 or 2) were analyzed.
According to hormone receptor status, estrogen receptor-
and progesterone receptor-negative breast cancer patients,
who did not require Al treatment after mastectomy, were
assigned to non-Al group, and estrogen receptor- or pro-
gesterone receptor-positive breast cancers patients who
started additional adjuvant Al treatment were assigned to
Al group. The length of treatment with Al was calculated
by the days from the time of starting Al treatment to the
time of QCT scan for subjects. The study was approved by
the Institutional Review Board of Yonsei University Health
System (IRB, No.4-2013-0685).

Biochemical and Hormonal Assays

Routine biochemical parameters, including the levels of
calcium, inorganic phosphate, albumin, blood urea nitro-
gen, and creatinine were measured. Blood samples were
collected in the morning after an overnight fast. Bone
turnover markers, such as carboxy-terminal cross-linking
telopeptide of type 1 collagen (CTx) (Osteomark; Ostex
International, Seattle, WA, USA) and osteocalcin (CIS Bio
International, Gif-sur-Yvette, France), were measured by
enzyme-linked immunosorbent assay. The intra- and
interassay coefficients of variation (%) were <5.8
and < 5.9 % for CTx and <2.0 and <5.0 % for osteocalcin,
respectively.

QCT Scanning

Subjects were scanned on a GE LightSpeed VCT (GE
Medical Systems, Milwaukee, WI, USA) at 120 kVp, 120
mAs using a 50-cm scan field-of-view. CT images were
reconstructed with a standard body reconstruction algo-
rithm at 2.5-mm intervals with a 2.5-mm slice thickness. A
36-cm display field-of-view was used resulting in an in-
plane pixel size of approximately 0.7 mm. Lumbar BMD
(mg/cm3, K,PHO,) was calculated as the average volu-
metric BMD (vBMD) of L1 and L2. Each lumbar vBMD
was measured in an automatically placed elliptical tra-
becular region of interest with 9-mm cylinder height,
positioned at midlevel. All scanned data were analyzed by
QCT PRO software (Mindways Software, Austin, TX,
USA) and the CTXA Hip Exam Analysis protocol
(Mindways Software, Austin, TX, USA). Series of equally
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Fig. 1 Flowchart of study
subjects. A total of 249
postmenopausal women aged
50-59 years with breast cancer

Breast cancer patients
between June 2009 and January 2012
who had bone evaluation by QCT

examined by QCT were (n=436)
analyzed. Abbreviations: QCT )
quantitative computed excluded Premenopausal patients
or over 60 years old
tomography, ER estrogen iy
receptor, PR progesterone L
receptor, Al aromatase inhibitor 50 - 59 year-old
Postmenopausal women
with breast cancer
(n=287)
Distant metastasis (n=4)
. Other malignancies (n= 13)
excluded Renal faiture (n=2)
Previous drugs affecting bone metabolism (n=23)
(Ex. Bisphosphonates, SERM, steroid, etc.)
ER(-)&PR(-) ER (+)or PR (%)
Non-AI group AlI-group
(n=147) (n=102)

spaced axial images through proximal femur were scanned,
then soft-tissue pixels from axial images were removed. By
summation of mineral mass and bone volume along the
path of the X-ray beam, the projection image of the femur
shown in the same direction as that in the DXA projection
was synthesized (Fig. 2a). The proximal femur was divided
into the femoral neck, trochanter, and intertrochanter. The

Fig. 2 Region of interest of the proximal femur defined by quanti-
tative computed tomography. a Each part (N, TR, and IT) is
demarcated by a solid line. The height of the N box is 15 mm. The
FNA is defined by a long dotted line across the narrowest portion of
the N and orthogonal to the short dotted line, passing through the

total hip included all of the femoral neck, trochanter, and
intertrochanter. Each bone pixel identified by QCT was
further classified as being most representative of either
“cortical” or “trabecular” bone, with a cortical threshold
of 350 mg/cm’. Average cortical bone depth along the
projection direction used to measure area density was
calculated as a surrogate for cortical thickness. Average

b

Supero-
Posterior

Supero-
Anterior

Posterior

midpoint of the short dotted line. b The narrowest cross -section of
the N is classified into 4 quadrants: superoposterior, superoanterior,
inferoposterior, and inferoanterior. Abbreviations: N femoral neck,
TR trochanter, IT intertrochanter, FNA femoral neck axis
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cortical depth of ROI is given by the ratio of the ROI
volume to ROI projected area. BR, defined as the ratio of
the radius over cortical thickness, was also calculated [24,
26, 27].

Regional Geometry and Bone Strength Parameters
of the Femur

To further analyze regional geometry and bone strength
parameters in the narrowest cross section of the femoral
neck, we used the QCT PRO Bone Investigational Toolkit
(BIT) software (Mindways Software, Austin, TX, USA).
The analysis method used for this study is similar to that
used by Poole et al. except that the femoral neck was
characterized in our current study at the narrowest part of
the neck [35]. Briefly, the narrowest cross section of the
femoral neck was selected and divided into 16 sectors
defined by equal arc length. Thereafter, all sectors were
reclassified into 4 quadrants: superoposterior, superoante-
rior, inferoposterior, and inferoanterior (Fig. 2b). Cortical
and trabecular vBMD, cross-sectional area, and average
cortical thickness in the 4 quadrants were analyzed. Bone
strength parameters, such as section modulus (Z) and cross-
sectional moment of inertia (CSMI), were also measured.

Statistical Analysis

Differences in clinical characteristics and bone parameters
between the Al and non-Al groups were compared using
the Student’s ¢ test. Data were represented as the
mean =+ standard deviation. p values <0.05 were consid-
ered statistically significant. Bone strength parameters,
Z and CSMI, were compared by analysis of covariance
(ANCOVA) with adjustment for age and body mass index
(BMI). Multiple linear regressions were performed to
determine the independent association between the Al
treatment and dependent variables such as cortical aBMD
and cortical thickness of neck, trochanter, intertrochanter,
and total hip. In this model, age and BMI were included as
covariates. All statistical analyses were performed using
SPSS version 20.0 (IBM Corporation, Armonk, NY, USA).

Results

Subject Characteristics

Table 1 presents the clinical characteristics of the study
subjects. The averages of age at the time of QCT scan were
54.1 £ 2.7 years in the non-Al group and 54.7 £ 2.5 years

in the Al group, respectively. There were no significant
differences between the 2 groups with respect to age and
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Table 1 Clinical characteristics of study subjects

Non-AlI group Al group
n =147 n =102
Age (yr) 54.1 £2.7 547 +£25
BMI (kg/m?) 2344238 237429
Als (%)
Anastrozole - 54.9
Letrozole - 45.1
The mean length of treatment - 240 + 144
time with Al, mo
Previous radiotherapy [n (%)] 109 (74.1 %) 69 (67.6 %)
Biochemical parameters
Calcium (mg/dL) 93 +£03 94 £0.3
Phosphorus (mg/dL) 38+ 04 39+03
Albumin (g/dL) 45 +£06 45+£05
BUN (mg/dL) 13.6 £ 3.2 135 £27
Creatinine (mg/dL) 0.7 £ 0.1 0.7 £ 0.1

Values represent the mean =+ standard deviation

yr years, Al aromatase inhibitor, BMI body mass index, mo months,
BUN blood urea nitrogen

BMI. In the Al group, 2 different types of Als were used—
anastrozole (54.9 %) and letrozole (45.1 %)—and the
mean length of treatment with AT at the time of the CT scan
was 24.0 + 14.4 months. The percent of the subjects who
had previous radiotherapy were 74.1 % in non-Al group
and 67.6 % in Al-group. Biochemical parameters including
calcium, phosphorus, albumin, blood urea nitrogen, and
creatinine showed no significant difference between two
groups.

Bone Turnover Markers and BMD of the Spine
and Femur

The mean CTx level of the Al group was 41.2 % higher
than that of the non-Al group (p = 0.001) (Table 2).
However, the mean osteocalcin levels of the 2 groups were
not significantly different. The average vBMD of the
lumbar spine in the Al group was 2.8 % lower than that in
the non-Al group, but this difference was not significant.
The AI group did show significantly lower integral and
cortical aBMD of the total hip compared with the non-Al
group (4.1 vs. 6.4 %; p < 0.05). When analyzing each part
of the femur (neck, trochanter, and intertrochanter)
(Table 2), all measurements of aBMD in the integral and
cortical compartments in the Al group were lower than
those in the non-Al group (all, p < 0.05). However, tra-
becular aBMD was significantly lower in the AI group
compared with the non-Al group only in the trochanter
region (lower by 2.7 %; p < 0.05).
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Changes in Bone Strength Parameters and Regional
Geometry of the Femur

Compared to the non-Al group, average cortical depth in
the Al group was significantly lower in the femoral neck by
10.0 % (p = 0.007), trochanter by 11.4 % (p = 0.036),
intertrochanter by 2.5 % (p = 0.241), and total hip by
5.1 % (p = 0.014). The AI group had a relatively higher
BR compared with the non-Al group, but this difference
was not significant. According to analysis by QCT PRO
BIT to measure regional differences of narrow neck around
four quadrants, the average cortical area and cortical
thickness were lower in the Al group compared with the
non-Al group; however, only the superoposterior quadrant
had thinner cortical area and cortical thickness, which was
reduced by 20.0 and 20.6 % (p = 0.004 and 0.011,
respectively) in the Al group compared to non-Al group,
respectively (Table 3). Al group also showed significantly
decreased bone strength parameters of Z and CSMI after
adjustment for age and BMI (all, p < 0.05) (Fig. 3).

Association of AI Treatment with BMD and Bone
Geometry

Association of Al treatment on cortical aBMD and cortical
thickness in each part of the proximal femur (neck, tro-
chanter, intertrochanter, and total hip) was further analyzed
by regression analysis for the adjustment for age and BMI.
Al treatment had significantly lower cortical aBMD
[ = —0.026, standard error (SE) = 0.013, p = 0.039 at
the neck; ff = —0.03, SE = 0.014, p = 0.03 at the inter-
trochanter; ff = —0.028, SE = 0.012, p = 0.015 at the
total hip) (Table 4a). Cortical thickness of the femoral neck
and total hip (f = —0.047, SE = 0.018, p = 0.011;
p = —0.036, SE = 0.015, p = 0.021, respectively) were
also negatively affected by Al use (Table 4b). In addition,
BR showed the trend to be higher in the Al group com-
pared to the non-Al group (Data not shown).

Discussion

This study demonstrated that Al treatment in early post-
menopausal women with hormone-responsive breast can-
cer is associated with the deterioration of proximal hip
BMD and geometry, leading to weakened bone strength.
Compared with the non-Al group, the integral and cortical
aBMD of all regions of the proximal hip, along with the
cortical thickness of the femoral neck, trochanter, and total
hip were lower in the Al group; moreover, bone strength
parameters were lower in the Al group compared to the
non-Al group. In addition, both the average cortical area
and thickness of the superoposterior quadrant of the
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Table 2 Bone parameters of study subjects
Non-AI group Al group
n =147 n =102
Serum bone turnover marker
CTx (ng/mL)* 0.51 £0.5 0.72 + 0.5%
Osteocalcin (ng/mL)“ 222 £ 14.7 25.0 £ 10.3
Density parameters of the spine and femur
Lumbar spine—volumetric 109.3 £ 29.7 106.2 £ 24.1
BMD (mg/cc)
Femur—aBMD (g/cmz)
Integral compartment
Neck 0.669 + 0.107 0.636 + 0.091°
Trochanter 0.590 + 0.093 0.562 =+ 0.088"
Intertrochanter 0.974 + 0.130  0.934 + 0.120°
Total 0.790 + 0.107 0.758 + 0.105°
Trabecular compartment
Neck 0.248 £ 0.044 0.247 £+ 0.049
Trochanter 0.329 + 0.032  0.320 + 0.032°
Intertrochanter 0.278 £ 0.036 0.272 £+ 0.039
Total 0.289 £ 0.028 0.283 £ 0.300
Cortical compartment
Neck 0.420 + 0.102  0.392 =+ 0.090°
Trochanter 0.262 + 0.082 0.242 + 0.071°
Intertrochanter 0.696 £ 0.118 0.662 + 0.102°
Total 0.501 #+ 0.095 0.469 + 0.086"

Geometric parameters of the proximal femur

Average cortical depth (cm)

Neck 0.50 £ 0.15 0.45 £ 0.13°
Trochanter 0.35 £ 0.14 0.31 £0.13°
Intertrochanter 0.80 &+ 0.14 0.78 + 0.20
Total 059 £0.13 056 +£0.11°
Buckling ratio
Neck 5.06 + 1.93 5.55 +£2.90
Trochanter 10.84 + 9.31 11.92 £ 9.06
Intertrochanter 3.71 £0.82 3.84 £ 0.77
Total 491 £ 1.17 5.13 £ 1.24

Values represent the mean =+ standard deviation
* Non-Al versus Al (n = 142 vs. n = 101)

@ p <0.001

b p < 0.05 (vs. non-Al group by Student’s 7 test)
¢ non-Al vs. Al (n = 139 vs. n = 101)

narrowest cross-section of the femoral neck were the
lowest among 4 quadrants, and these were significantly
lower in the AI group than in the non-Al group, thus
showing a regional difference.

Als are the treatment of choice for postmenopausal
women with hormone-responsive breast cancer as they
prevent recurrence by decreasing remnant estrogen levels
[28]. As estrogen suppresses the rate of bone remodeling
and controls the apoptotic balance among osteocytes,
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Table 3 Regional differences in bone geometric parameters of the

femoral neck

Non-Al group
n =157

Al group
n = 61

Superoposterior
Cortical vBMD (mg/cm3)
Trabecular vBMD (mg/cm3)
Cortical area (sz)
Cortical thickness (mm)
Superoanterior
Cortical vBMD (mg/cmS)
Trabecular vBMD (mg/cm3)
Cortical area (cm?)
Cortical thickness (mm)
Inferoposterior
Cortical vBMD (mg/cm3)
Trabecular vBMD (mg/cm3 )
Cortical area (cm?)
Cortical thickness (mm)
Inferoanterior
Cortical vBMD (mg/cm3)
Trabecular vBMD (mg/cm3)
Cortical area (sz)

Cortical thickness (mm)

385.42 £ 52.67
79.33 £ 21.96
042 £ 0.17
2.04 £ 1.04

408.64 + 40.54
74.45 £ 24.40
0.55 £ 0.17
2.46 £ 0.90

575.51 + 63.46
35.62 & 34.18
0.90 + 0.16
4.83 + 0.94

541.67 £+ 72.60
15.80 £ 33.15
0.89 £ 0.14
5.06 £ 0.97

367.01 £ 60.33
81.08 £ 18.61
0.34 + 0.14*
1.62 £ 0.72*

397.67 £+ 45.14
77.53 + 16.50
0.50 £ 0.17
227 £0.82

582.20 £ 55.11
38.30 & 34.45
0.86 + 0.14
4.60 + 0.78

531.67 £ 57.82
21.69 £ 27.50
0.84 £ 0.15
4.73 £ 0.90

Al aromatase inhibitor, vBMD volumetric bone mineral density

Values represent the mean =+ standard deviation

* p < 0.05 (vs. non-Al group by Student’s ¢ test)

osteoblasts, and osteoclasts, estrogen deprivation therapy
can increase bone remodeling [29]. The levels of bone

group, which could reflect negative bone balance caused by
further estrogen deprivation by additional Al treatment
(Table 2). With regard to BMD, the average vBMD of the
lumbar spine, composed mainly of trabecular bone, was not
significantly different between the Al and non-Al group.
This may be explained by rapid trabecular bone loss
already occurred following menopause and previous adju-
vant chemotherapies in both groups. On the other hand, the
average cortical BMD of the proximal hip, which is com-
posed of an equal amount or more of cortical bone, was
significantly lower in the AI group. Since estrogen can not
only attenuate cancellous resorption but also vitiate cortical
bone loss, Al administration could lead to cortical deteri-
oration in addition to the loss of trabecular bone [30, 31].

Al-associated bone loss increases the risk of osteo-
porotic fractures [16, 17, 19, 32]. In the general population,
hip fractures increase in the eighth decade of life [15].
However, a recent study showed that hip fractures can
occur at a younger age, particularly in breast cancer
patients aged <50 years, with a hazard ratio of 5.32 (95 %
confidence interval, 2.30-12.3), and in breast cancer
patients aged between 50 and 64 years, with a hazard ratio
of 2.30 (95 % confidence interval, 1.43-3.67) [16]. To
explain the earlier femoral failure load in breast cancer
patients, QCT measurement of cortical and trabecular
BMD, as well as geometric variables, could be helpful [33].
Since increased endocortical resorption with subsequent
cortical thinning is a potential factor leading to hip fracture
[34], we estimated the cortical thickness and BR using
QCT. BR is related to cortical instability and reflects the
ability of bone to resist bending forces at the tensile sur-
face. Increasing BR is associated with the increasing risk of

resorption markers were significantly higher in the AI  fracture. Consistent with this concept, our results
a. zZ b CSMI
cm cm4
1.2 A 094
1.1 7
* 0.8

1 4 %
094 0.7
0.8 4
0.7 1 05
0.6 4 05
0.5
0.4 044
o] ol

Non-AI Al Non-Al Al

Fig. 3 Bone strength parameters in the Al group were significantly
lower than those in the non-Al group. Z and CSMI of the narrowest
cross section of the proximal femoral neck were significantly lower in
the Al group compared with the non-Al group. The white box
indicates the non-Al group, and the black box indicates the Al group.
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Boxes and error bars represent the mean and standard deviation,
respectively. Abbreviations: Al aromatase inhibitor, Z section mod-
ulus, CSMI cross-sectional moment of inertia. *p < 0.05 according to
ANCOVA adjusted by age and BMI
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Table 4 Effects of Al on cortical aBMD and thickness

Variables Neck Trochanter Intertrochanter Total hip
p SE p value f SE p value f§ SE p value f§ SE p value
a. Cortical aBMD
Age —0.005 0.002 0.035 —0.006 0.002 0.001 —0.01 0.003  0.001 —0.008 0.002  0.001
BMI 0.003  0.002 0.227 0.005  0.002  0.002 0.008  0.002  0.001 0.005 0.002 0.013
Al treatment  —0.026  0.013  0.039 —0.008 0.01 0.061 —0.03 0.014  0.03 —0.028 0.012 0.015
b. Cortical thickness
Age —0.007  0.003  0.045 —0.012  0.003  0.001 —0.016  0.004  0.001 —0.011  0.003  0.001
BMI 0.004  0.003 0.235 0.008  0.003  0.004 0.009 0.004 0.013 0.009  0.003  0.002
Al treatment  —0.047  0.018  0.011 —0.032 0.017 0.055 —0.019 0.021 0.364 —0.036 0.015 0.021

Bold means the p value under 0.05
The basic model was adjusted for age and BMI

Cortical aBMD and cortical thickness of the 4 parts were analyzed as dependent variables. Coefficients () are shown with standard error (SE)

analyzed by multiple linear regressions

Al aromatase inhibitor, aBMD areal bone mineral density, SE standard error, BMI body mass index

demonstrated a lower cortical thickness in the neck, tro-
chanter, and total hip, and a relatively high BR, in the Al
group compared with the non-Al group (Table 2).

The regional difference of cortical thickness in the
narrow-neck section is important to compensate for
mechanical loading during aging [14, 35]. Adaptive
remodeling for tensile stresses at the superior region of the
femoral neck and compressive stresses at the inferior
region results in differential cortical thinning, with relative
preservation of the inferior region [36]. Our results also
found a similar pattern of asymmetry in the femoral neck
cross section, with the cortical area and thickness being
lowest in the superoposterior quadrant and the highest in
the inferoposterior quadrant (Table 3). Furthermore, when
we compared the two groups, cortical area and thickness in
the superoposterior quadrant in Al group were significantly
lower in the Al group compared with the non-Al group. As
the superoposterior quadrant is already thin and vulnerable
to fracture, accelerated cortical thinning related with Al
treatment in this area could contribute to the higher
occurrence of femoral neck fractures at an earlier age in
breast cancer patients. Of course, these findings could
reflect a partial volume error because the thickness of
cortical bone is very thin in the superior regions of the
femoral neck approaching 1 mm or less [37]. Cortical
BMD is a measurement that is sensitive to factors other
than changes in true cortical BMD. Inferior structure could
include dense trabecular bone that may have a BMD above
350 mg/cc, which is classified as “cortical” bone by the
BIT analysis resulting in an upward bias in cortical thick-
ness and cortical CSA estimates, in content with a corre-
sponding downward bias in trabecular bone [38].

As deteriorated cortical bone could be affected by aging
and BMI, we also adjusted for these variables to assess the

effect of Al treatment on cortical aBMD and thickness. Al
treatment independently and negatively affected cortical
aBMD at the femoral neck, intertrochanter, and total hip.
Deteriorated cortical bone at the femoral neck and total hip
induced by Al treatment was independently related. Age
and BMI—adjusted means of Z and CSMI, which reflect
the ability of bone to resist bending forces at the com-
pressive surface of the cortical compartment, were signif-
icantly lower in the Al group compared with the non-Al
group (Fig. 3). Decreases in strength parameters in the
narrowest cross section of the femoral neck could provide
another plausible explanation of why hip fractures may
occur as early as the sixth decade of life in postmenopausal
women with breast cancer treated with Als.

Our study had certain limitations. First, this was a cross-
sectional study of 249 postmenopausal women with breast
cancer. Baseline QCT data before starting Al in the Al-
group were not collected, thus causal effects of Al on bone
were not measured. However, additional Al treatment could
negatively affect bone strength of hormone receptor-positive
breast cancer patients compared to that of hormone receptor-
negative breast cancer who are not treated with Al. Further
studies are needed to compare longitudinal changes in bone
parameters within and between groups, by collecting serial
data of the study subjects to confirm the extent to which the
Al treatment negatively affects BMD and bone strength.
Second, we were unable to analyze the incidence of hip
fracture as an outcome in this study. To confirm our
hypothesis, a further long-term prospective study should be
performed. Third, even though physical activity is an
important factor in determining both size and geometry of
the bone, our study did not evaluate patients in this aspect.
However, Eastern Cooperative Oncology Group (ECOG)
status of those patients was fully active (grade 0) or
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ambulatory and able to carry out light house or office work
(grade 1) [39]. Last, the resolution of our QCT data was not
sufficient to analyze intracortical remodeling and cortical
porosity or to avoid the partial volume effect [40].

Nevertheless, our study also has strengths. There has been
a paucity of data on the relationship between geometric
parameters of the proximal hip and increased risk of hip
fracture in breast cancer patients treated with Als. The
previous studies reported the negative impact of Als on
vBMD and cortical thickness by high-resolution peripheral
QCT analyzing only peripheral extremities as the regions of
interest [41, 42]. Instead, we directly analyzed the proximal
hip geometric characteristics to determine the hip structural
alteration caused by Als with QCT [43]. We examined not
only the BMD but also the bone geometric parameters of
every part of the proximal femur, as well as bone strength
parameters and regional differences among the 4 quadrants
of the narrowest cross section of the femoral neck [26]. To
our knowledge, this is the first study to use QCT to analyze
proximal hip geometric characteristics of patients treated
with Als in postmenopausal women in breast cancer.

In conclusion, Al treatment is negatively associated with
deterioration of not only BMD but also the geometry of the
proximal femur. Reduced BMD and bone strength of cor-
tical compartment with regional differences in the nar-
rowest cross section of the femoral neck in Al group may
provide plausible mechanisms for the increased incidence
of hip fracture in this patient population. Additional
prospective research on femoral geometry is necessary to
predict the fracture risk and to establish proper manage-
ment of Al-associated bone loss.
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