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Abstract

Summary This study evaluates the incidence of bone fractures
in women with BC.We found that women with invasive breast
cancer are at an increased risk for bone fractures, with
fractures most commonly occurring at lower extremity and
vertebral sites. The risk is further increased in women under-
going cancer therapy.

Introduction Bone loss and fractures in breast cancer have
generally been attributed to aromatase inhibitor use. This
study assessed the incidence of fractures after invasive breast
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cancer diagnosis and evaluated bone density and FRAX risk
calculation at time of fracture occurrence.

Methods Retrospective cohort study of women with invasive
breast cancer [June 2003—December 2011] who participated
in an academic hospital based genetic biobank. Demographic
and clinical characteristics were abstracted from the electronic
medical record (EMR).

Results A total of 422 women with invasive breast cancer were
assessed; 79 (28 %) sustained fractures during the observation
period; fractures occurred at multiple skeletal sites in 27 cases
(116 fractures). The incidence of fractures was 40 per 1000
person-years. Women who sustained fractures were mostly
white and had a family history of osteoporosis (36.9 %, p=
0.03) or history of a prior fracture (6/79, p=0.004). Fractures
occurred 4.0 years (range 0—12 years) after cancer diagnosis.
Fracture cases had femoral neck bone mineral density (BMD)
of 0.72+0.12 g/cmz, T-score of —1.2, that is, within the low
bone mass range. Fractures most commonly occurred in lower
extremities, vertebral, and wrist sites. Hip fractures accounted
for 11 % of fractures, occurring at a median age of 61 years.
Conclusions Fractures occur shortly after commencing cancer
therapy. Rapid bone loss associated with cancer therapy may
precipitate fractures. Fractures occur at relatively higher BMD
in BC. Occurrence of fractures in invasive breast cancer raises
the possibility of cancer-induced impairment in bone quality.

Keywords Breast cancer - Disability - Fractures - Functional
status - Morbidity - Women’s health

Introduction

The bone effects of early menopause, chemotherapy, and aro-

matase inhibitors, like those of other serious adverse drug reac-
tions (sADRs), are important and frequently unrecognized
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causes of morbidity and mortality among cancer patients. Fur-
thermore, a median of 7 years has been reported to elapse before
sADRs are communicated to prescribers by pharmaceutical
suppliers or the Food and Drug Administration (FDA) [1]. De-
tection of SADR safety signals for oncology therapies is espe-
cially problematic because of the complexity of obtaining high-
quality reports of the clinical events associated with sADRs and
difficulty in distinguishing between the underlying cancer,
comorbid illness, and a toxic effect for a given cancer therapy.

One fourth of the cases of breast cancer in the USA occur
before menopause [2]. Chemotherapy-induced premature meno-
pause [3] results in rapid changes in BMD of lumbar spine and
femoral neck. Women with chemotherapy induced menopause
exhibit a 5.9 % (lumbar spine) and 2.0 % (femoral neck) BMD
loss at 12 months and loss 0f 9.5 % in the lumbar spine and 4.6 %
in the femoral neck at 2 years. In contrast, patients with transient
chemotherapy-associated amenorrhea and preserved menstrua-
tion have only marginal changes in BMD [4]. Especially at
risk of bone loss are women in their 40s, as they are
more susceptible to developing menopause [4].

Tamoxifen preserves BMD at the spine and hip in postmen-
opausal women with BC; the beneficial effect lasted for more
than 5 years. The mechanism of the protective effect is con-
sidered to be the estrogenic action of tamoxifen on tissues
other than breast. In premenopausal women, tamoxifen de-
creases BMD. Tamoxifen has been linked to increased risk
for spine and femoral fractures [5, 6].

Adjuvant hormone therapy contributes to cancer treatment-
induced bone loss (CTIBL) [7]. Aromatase inhibitors (AI) block
estrogen production in peripheral tissues, and the third generation
Als reduce circulating estrogen levels [8, 9]. In recent years, the
clinical superiority and economic benefit of Als over tamoxifen
has resulted in increased use of these agents. Clinical trials have
shown, however, that Al use results in accelerated bone loss,
osteoporosis, and fractures [9—12]. While hip fractures have oc-
curred in less than 1 % of women in randomized clinical trials,
between 1996 and 2011 [10], more than 50 reports of hip and
femur fractures among middle-aged community-dwelling wom-
en (4064 years of age) were filed with the FDA’s Adverse Event
Reporting System (FAERS) [13].

Clinical trials have demonstrated the efficacy of
bisphosphonates [14—19] and receptor activator of nuclear
factor kappa B ligand (RANKL)-binding agents [20, 21] in
preventing bone loss during adjuvant therapy. Denosumab
showed efficacy preventing vertebral fractures in cancer pa-
tients [21]. The identification of individuals with cancer who
are at high risk of fractures is important as pharmacologic
treatment can reduce fracture risk. Despite CTIBL rates of
bone loss being tenfold higher than normal, few women have
clinical risk factor assessment through BMD testing prior to
initiation of cancer therapy. Thus, clinicians are not able to
identify women who are likely to develop accelerated bone
loss during initial cancer therapy.
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The National Comprehensive Cancer Network (NCCN)
guidelines recommend that postmenopausal women with ER-
positive breast cancer consider BMD testing prior to Al therapy.
It is further recommended that women in the pre- or peri-
menopausal phase be treated with tamoxifen for 5 years. Clini-
cians are advised to consider SADRSs, patient preferences, and pre-
existing conditions when determining appropriate adjuvant endo-
crine therapies. Osteoporosis therapy is recommended in women
with osteoporosis or with osteopenia and a 10-year risk (FRAX)
of all major fractures of 20 % or hip fractures of 3 % [22].

The objective of our study was to evaluate the incidence of
fractures and correlates of fracture risk in a cohort of women
with breast cancer included in the NUgene biobank and
followed at the Robert H. Lurie Comprehensive Cancer Cen-
ter (RHLCCC).

Methods—participants

This retrospective cohort study was approved by the Northwest-
ern University Institutional Review Board. The RHLCCC of
Northwestern University is one of 41 NCl-designated compre-
hensive cancer centers. RHLCCC and its affiliated hospitals and
practices annually treat more than 10,000 new cancer cases, pro-
viding an extensive range of treatment and clinical trial options.

Datasets

The NUgene Project of the Center for Genetic Medicine collects
and stores DNA samples and associated health information from
participants at Northwestern-affiliated hospitals and clinics.
Participant de-identified health information from the electronic
medical record (EMR) and a questionnaire with demographic,
health information, and personal and family history of disease
are available to investigators. We analyzed the incidence of
fractures in women with invasive breast cancer (BC) cases en-
rolled in NUgene. Enrollment. The study population included
women with invasive BC aged 40-89 years of age. Women with
metastatic BC on intravenous bisphosphonates were excluded.
Participants were selected if they had at least two visits beyond
the diagnosis of invasive BC. Data abstraction process: Medical
information was obtained from The Northwestern Medicine™
Enterprise Data Warehouse (NMEDW), a cross-institutional
effort aimed comprising Northwestern University Feinberg
School of Medicine, Northwestern Medical Faculty Foundation,
and Northwestern Memorial Healthcare Corporation and is
designed to integrate aimed at integrating clinical and adminis-
trative data across the Northwestern Medical enterprise to
facilitate research, clinical quality, healthcare operations, and
medical education. NUgene conducted queries within the
NMEDW of discrete data from the aforementioned sources.
Individual medical record reviews were conducted in selected
cases. The database search spanned data from June 2003
through December 2011. A standardized case report form was
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used to collect data, comprising clinical risk factors such as
smoking, prior fractures, maternal hip fractures, corticosteroid
use, and rheumatoid arthritis, and FRAX scores were calculated.

Fracture ascertainment

Fracture occurrence was obtained from the ICD codes in the
electronic medical record, and diagnostic codes were derived
from radiologic reports noting the presence of a new fracture.
Cases with radiographic evidence of pathologic fractures in ra-
diographs, MRI, CT, and PET scans were excluded. BMD results
were evaluated immediately preceding the fracture. For women
without a fracture, BMD tests done after invasive BC diagnosis
were analyzed. Chemotherapeutic agents and adjuvant therapy
were abstracted from the medical records and the tumor registry.
The study cohort was followed for a minimum of 6 years.

Bone densitometry

Bone densitometry of the lumbar spine and non-fractured hips
was performed at the Bone Health Osteoporosis Center using
dual-emission X-ray absorptiometry (DXA) technology
(Hologic W, Discovery Corp, Waltham, MA). Patients were con-
sidered to have osteoporosis if their adjusted T-scores were equal
to or less than —2.5 at any measurement site. Normative data-
bases from NHANES III were used to determine T-scores. Data
from lumbar spine scans were used only if at least two vertebrae
were visualized without interfering artifacts. The coefficient of
variation (CV%) was 1 % at spine and 1.5 % at the hip.

Analysis

Sample sizes had 80 % power to detect a mean difference
between groups of 0.35 standard deviations, assuming a
two-tailed test and a type I error rate of 5 %. Means and
standard deviations are reported for continuous variables,
and differences are tested via the 7 test. Frequencies and per-
centages are reported in Table 2 for categorical variables, and
differences were tested via Fisher’s exact test. Cox proportion-
al hazards was conducted to assess risk factors association
with fractures. All tests are two-tailed and p value of <0.05
was considered statistically significant. No adjustments were
made for multiple significance testing.

Results

A total of 422 women with invasive BC were assessed; 79
women (18 %) sustained 116 fractures with multiple fractures
occurring in 27 cases. Participants were followed for a total of
1872.55 person-years; the incidence of fractures was 40.2 per
1000 person-years. The control group was comprised of the
343 women with BC who did not fracture. The study

population ethnicity was predominantly white (=226,
77 %). Clinical risk factors were similar in both groups
(Table 1). The majority of women (91 %, n=72) who
sustained a fracture had a BMD T-score>-2.5, and 51 %
(n=40) had a BMD T-score>—1.0. Ten percent of women
with fractures had osteoporosis as did 2.5 % of the control
group (p=0.63), 65 % of women with fractures had low bone
mass, as did 26 % of the control group (»p=0.83). Women
65 years of age and older had a prevalence of fractures similar
to that of the younger cohort. The majority of women were in
earlier stages of cancer (stage 0-3), American Joint Commit-
tee on Cancer (AJCC) grade 0-3; 33 BC cases were hormone-
positive cases (Table 2). Nine women sustained hip fractures
at a median age of 61 years (age range of 34-90 years), me-
dian femoral neck BMD of 0.746 g/cm?, and a T-score of —1.1
(range T-score from +1.0 to —3.0). The most common sites of
fracture were ankle and tibia (26 %), vertebral (13 %), hip
(11 %), and wrist 10 % among others.

Chemotherapy

Most commonly used agents were doxorubicin, cyclophos-
phamide, paclitaxel, carboplatin, trastuzumab, and taxanes.
Hormonal therapy included leuprolide, goserelin, tamoxifen,
anastrozole, letrozole, and exemestane. Aromatase inhibitors
were used in 23 cases (29 %) of the women with invasive BC
who sustained fractures.

The baseline characteristics of fracture participants re-
vealed a younger age at menopause and more advanced stage
of breast cancer. Univariate Cox proportional hazards analysis
demonstrated that earlier age at initiation of calcium supple-
mentation may be protective (Table 3).

Discussion

Our study confirms an elevated incidence of fractures in wom-
en with invasive breast cancer. We identified an incidence of
fractures of 40.2 % per 1000 person-years in mid-life and
older women occurring as early as 4 years post breast cancer
diagnosis, that is, somewhat higher than the fracture incidence
seen in the aromatase clinical trials [23]. We identified that
fractures occur at higher BMD in women with BC than in
women with postmenopausal osteoporosis.

The majority of fractures occurred in women with normal
or low bone mass; 91 % had a T-score>—2.5 and 55 % of them
anormal BMD. Many of these women would therefore not be
eligible for bone loss prevention per current clinical guide-
lines. In the literature, some patients with T-scores above
—2.5 have experienced non-traumatic fractures. In the Rotter-
dam study of 7806 individuals aged 55 years and older, non-
vertebral fractures occurred in 56 % of women, with a T-score
above>—2.5 [24]. In the Study of Osteoporotic Fractures,
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Table 1 Clinical characteristics
0f 422 breast cancer patients with
and without fractures

Characteristic Fracture (n=79) No fracture (n=343) p value
Demographic and clinical

Age at cancer diagnosis (mean+SD) (years) 56.74+11.14 54.24+9.95 0.074
White ethnicity 59/65 226/304 0.076
Weight (mean+SD) (kg) 67.4+15.6 65.3+20.4 0.979
Exercise (h/week) (mean+SD) 1.5£1.1 1.4£1.1 0.779
Alcohol intake >3 drinks per day (yes/no) 19/65 69/304 0.265
Current smoker (yes/no) 5/65 26/303 0.783
Family history of osteoporosis (Yes/No) 24/65 68/304 0.026
Fracture 6/78 4/343 0.004
Rheumatoid arthritis (yes/no) 7/65 25/304 0473
Cancer care

AJCC stage 3—4 cancer 5/30 13/158 0.173
General stage 3—4 cancer 8/35 17/186 0.100
Age at first chemotherapy, mean+SD (years) 55.8+12.4 53.4+10.9 0.600
Age at adjuvant therapy, mean+SD (years) 56.1+11.0 56.3+10.2 0.433
Age at initiation of glucocorticoid use (years) 58.8+13.6 55.8+11.1 0.161
Age at menopause, mean+SD (years) 59.849.7 57.0+£9.9 0.024
Age at initiation of calcium supplements (years) 63.2+14.1 60.2+11.3 0.011
Bone mineral density (BMD)

BMD spine, mean+SD (g/cm?) 0.98+0.24 0.90+0.13 0.989
T-score spine, mean+SD —0.66+2.13 —0.60+1.39 0.852
BMD hips, mean+SD (g/cm?) 0.86+0.13 0.90+0.13 0.040
T-score hips, mean+SD —0.71+1.02 —0.43+0.97 0.084
BMD Femoral neck, mean+SD (g/cm?) 0.72+0.12 0.75+0.13 0.213
T-score femoral neck, mean+SD -1.20+0.92 -1.02+1.00 0.322
FRAX

10-year risk of major fracture 13.9+12.4 12.4+10.8 0.389
10-year risk of hip fracture 4.8+11.6 3.4+74 0.406

Means and standard deviations are reported for continuous variables, and differences are tested via the indepen-
dent sample ¢ test. Frequencies and percentages are reported for categorical variables, and differences are tested

via Fisher’s exact test

BMI body mass index, BMD bone mineral density

54 % of patients with non-vertebral fracture had a T-score>
—2.0 [25]. Bisphosphonate use in CTIBL clinical trials select-
ed women with T-score below —1.0. Two possibilities should
be considered, the first is that women with BC may have
higher BMD at the time of diagnosis or that an alteration in
bone quality may be playing a role in fracture occurrence.
Women with BC may exhibit higher BMD at time of diag-
nosis. Several studies have demonstrated an association be-
tween higher BMD and the risk of BC. In the Study of Oste-
oporotic Fractures, women with BMD above the 25th percen-
tile were at 2.0 to 2.5 times increased risk of BC as compared
with women below the 25th percentile [26]. In a nested case
control study of the Marburg breast cancer and osteoporosis
trial, it was evidenced that women with BC were more likely
to have BMD in the highest quartile [27]. In the Framingham
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study, the risk of BC increased from 1.0 to 3.5 from the lowest
to the highest quartile of BMD [28]. Therefore, our findings
that women with BC may sustain fractures at higher BMD
could be explained by a relatively higher baseline BMD, and
though chemotherapy may cause BMD decline or change in
bone quality, women would fracture at relatively higher
BMDs as compared to postmenopausal women.

Another aspect to consider is that bone strength is deter-
mined by BMD and bone quality. Bone quality depends on
bone microarchitecture and rate of bone turnover (remodel-
ing). Alterations in bone microarchitecture have been identi-
fied in individuals with fractures, independently of BMD [29].
Some conditions that exhibit fracture occurrence at higher
BMDs are diabetes mellitus and glucocorticoid treatment
[29-31]. Bone microarchitecture has better identified subjects
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Table 2  Treatment characteristics of patients with breast cancer
Breast cancer patients (n=422) Fracture cases (n=79) Non-fracture cases (n=343) p value
Grade
0-3(n=204) 35(81.4 %) 169 (90.9 %) 0.05
4-6 (n=8) 1(2.3 %) 7 (3.8 %)
7-9 (n=17) 7 (16.3 %) 10 (5.4 %)
AJCC stage (n=188)
0 (n=34) 8 (26.7 %) 26 (16.5 %) 0.04
1 (n=69) 12 (40.0 %) 57 (36.1 %)
2 (n=67) 5(16.7 %) 62 (39.2 %)
3 (n=8) 1(3.3 %) 7 (4.4 %)
4 (n=10) 4 (13.3 %) 6 (3.8 %)
Breast cancer recurrence 14 (17.7 %) 57 (16.6 %) 0.87
Hormone status
ER (+) 20 (25.3 %) 112 (32.7 %) 0.23
PR (+) 13 (16.5 %) 69 (20.1 %) 0.53
Radiotherapy
First XRT (age) 56.1£11.0 (n=15) 56.3£10.2 (n=60) 0.93
Last XRT (age) 56.611.1 (n=15) 56.6+10.3 (n=60) 0.99
Chemotherapy
First chemotherapy (age) 55.8412.4 (n=52) 53.4£10.9 (n=219) 0.17
Last chemotherapy (age) 58.9+12.4 (n=52) 56.7+11.1 (n=223) 0.20
Adjuvant therapy
Anastrozole 17 (21.5 %) 62 (18.1 %) 0.52
Letrozole 4 (5.1 %) 21 (6.1 %) 0.99
Exemestane 2 (2.5 %) 17 (5.0 %) 0.55
Bisphosphonate use
ALN, RIS, IBN, ZOL 0 (0.0 %) 6 (1.8 %) 0.60
Chemotherapy regimens
Doxorubicin plus cyclophosphamide 11 (13.9 %) 69 (20.1 %) 0.26
Doxorubicin plus cyclophosphamide plus taxane 8 (10.1 %) 59 (17.2 %) 0.17
Doxorubicin plus cyclophosphamide plus taxane plus hormone 6 (7.6 %) 36 (10.5 %) 0.54

Means and standard deviations are reported for continuous variables, and differences are tested via the independent sample ¢ test. Frequencies and
percentages are reported for categorical variables, and differences are tested via Fisher’s exact test

ER estrogen receptor, PR progesterone receptor

that fracture as compared to those who remain fracture free,
independent of BMD. Some examples include the Multiple
Outcome in Raloxifene Evaluation (MORE) clinical trial where
bone biopsies showed greater disruption of the trabecular lattice
in terms of total strut length per area and trabecular bone pattern
factor in women with vertebral fractures [32]. Chronic gluco-
corticoid treatment has also been associated with a rapid and
significant bone loss characterized by a major loss of trabecular
connectivity, which may in part explain the increased vertebral
fracture risk that occurs at higher BMD thresholds in
glucocorticoid-induced osteoporosis than in postmenopausal
osteoporosis [33]. We hypothesize that fractures in women with
breast cancer reflect such causes as an alteration in bone quality.
This would include alterations in bone microarchitecture and

composition and increased bone resorption due to cancer or
therapy. Chemotherapy could be inducing osteoblast apoptosis
and upregulation of osteoclast resorption. In terms of bone
microarchitecture, changes could have included effects on tra-
becular bone such as thinning of trabeculae, increased
microfractures, loss of connectivity, and effects on cortical bone
such as a decrease in cortical thickness and an increase in cor-
tical porosity. These multiple changes would contribute to im-
paired bone biomechanical strength [34].

Few studies have explored the effect of cancer therapy on
bone microarchitecture. In a bone strength substudy of a pri-
mary prevention of BC in at risk women (MAP 3 trial),
exemestane, reduced total volumetric BMD and decreased
cortical thickness and increased cortical porosity at the tibia
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Table 3 Univariate proportional
hazard models involving bone

Results from univariate proportional hazard models involving bone fracture (no. of fractures=79)

fracture

Variable Hazard ratio 95 % hazard ratio confidence limits p value
Age >65 years 0.770 0.358 1.660 0.51
Weight (kg) 1.011 0.996 1.026 0.16
Height (m) 1.939 0.170 22.089 0.59
BMI at enrollment 1.034 0.997 1.071 0.07
Age at first chemotherapy (years) 0.976 0.937 1.016 0.24
Age at last chemotherapy (years) 0.977 0.938 1.016 0.24
Age first radiation therapy (years) 0.966 0.903 1.033 0.31
Age last radiation therapy (years) 1.005 0.908 1.112 0.93
BMD spine (g/cm?) 1.008 0913 1.114 0.87
T-score spine 1.229 0.119 12.665 0.86
BMD hip (g/cm?) 1.018 0.771 1.346 0.90
T-score hip 0.139 0.004 4.602 0.27
BMD FN (g/cm?) 0.779 0.496 1.223 0.28
T-score FN 0.028 0.000 25.648 0.31
Age first calcium/vitamin D 0.677 0317 1.447 0.31
10-year risk of hip fracture 0.980 0.939 1.023 0.35
10-year risk of major fracture 0.975 0.935 1.016 0.23
ER (+) 1.016 0.981 1.054 0.37
PR (+) 1.022 0.991 1.054 0.16
Any chemotherapeutic agent 1.073 0.507 2271 0.85
Anastrozole/Arimidex 0.926 0.383 2243 0.87
Letrozole/Femara 0913 0.477 1.749 0.78
Exemestane/Aromasin 1.305 0.611 2.785 0.49

and radius and decreased areal BMD at the spine and hip over
2 years [35]. A substudy of the randomized Tamoxifene
Exemestane Adjuvant Multinational (TEAM) trial to deter-
mine the effects of these agents on bone quantity and quality
was conducted using trabecular bone score (TBS).
Exexemstane resulted in decreases in bone quantity and qual-
ity, where tamoxifen induced an increase in bone quantity and
quality [36]. A bone microarchitecture study also confirmed
that high-dose bisphosphonate use in women with BC for
20 months failed to alter bone microarchitecture. Women on
long-term bisphosphonate therapy for breast cancer had nor-
mal BMD by DXA and normal cortical and trabecular volu-
metric BMD, cortical thickness and trabecular number at the
peripheral skeleton compared to healthy young women and
age-matched women [37].

The most common sites of fracture included lower extrem-
ity and vertebral sites. Although lower extremity fractures are
not considered the typical “osteoporotic” fractures, ankle frac-
tures are associated with alterations in bone microarchitecture
resulting in greater bone stiffness and result in a higher risk for
fractures [38, 39]. Lower extremity fractures may predispose
to falls and hip fractures in older adults [40]. Vertebral bone
loss and fractures are likely due to rapid trabecular resorption
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after menopause and chemotherapy. Additionally, an element
of radiation effect may occur as most women undergo radia-
tion therapy [41], despite shielding techniques. Trabecular
bone as seen in vertebral bodies is metabolically active and
responds rapidly to metabolic changes. More than 10 % of
women with BC had sustained a hip fracture. Surprisingly,
in women with breast cancer, the median age at which hip
fracture occurred was 56 years of age. This compares to the
mean age of occurrence in women without breast cancer at
74 years of age [42]. Thus, hip fractures are occurring 20 years
earlier than anticipated.

Wrist fractures are most commonly seen in the early post-
menopausal years when women are still fit enough to respond
to a fall with protective responses (using arms to slow
down fall, or protect their face). It is evident that frac-
tures occurring in BC patients are typically “osteoporot-
ic” in distribution and not due to high-impact trauma.
This may appear to conflict with a relatively “normal’
BMD, supporting the notion of an impairment in bone
quality. Typically, vertebral fractures occur during nor-
mal activities, being asymptomatic in most cases and
merely manifesting as height loss. In comparison, hip
fractures occur when balance mechanisms are overcome
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and the individual falls without being able to mount
protective responses [43].

We were not able to identify a specific chemotherapeutic
regimen that was uniquely associated with fracture occur-
rence. Remarkably, aromatase inhibitors were used in a low
proportion of patients and may explain the lack of association
with fractures. It would appear that such fractures are multi-
factorial in origin, including premature menopause, chemo-
therapy effect, and possibly the use of adjuvant therapy.
Bisphosphonates were more frequently used by women who
had sustained a fracture. Several agents have been studied for
prevention and treatment of cancer and treatment-induced
bone loss including bisphosphonates, such as zoledronic acid,
and risedronate [44], as well as a receptor activator of nuclear
factor kappa B ligand (RANKL) inhibitor, the monoclonal
antibody, denosumab. Denosumab has been shown to prevent
vertebral fractures and has recently gained FDA approval for
treatment of patients at high risk for fractures and use of an-
drogen deprivation in non-metastatic prostate cancer or adju-
vant aromatase inhibitor therapy for breast cancer [20].

The World Health Organization fracture risk assessment tool
(FRAX)) is based on clinical risk factors identified from multiple
epidemiologic studies of individuals without cancer and pro-
vides clinicians with a 10-year estimate for major fractures
(wrist, hip, and spine) and for a 10-year risk of hip fracture.
The current threshold for treatment in the USA is a 10-year risk
of major fractures >20 % or a risk for hip fractures >3 %. In
women with breast cancer, FRAX scores were similar in wom-
en with and without fractures. Thus, we can conclude that in our
study, BMD and FRAX risk calculation were of modest benefit.

Limitations of our study include the retrospective nature of
this analysis; we recognize that the incidence of fractures may
be overestimated, as women with greater genetic concerns
would be more likely to participate in NUgene. However,
fracture events seen in other institutions would not be included
in the EDW which would lead to an underestimation. Our
work focused on mid-life and older community-dwelling
women; thus, our findings cannot be extrapolated to all older
women with breast cancer and other comorbidities. This study
may not be generalized to all clinical settings as ours was a
single academic site. Bisphosphonates were frequently used in
this cohort. Although drug adherence was not confirmed, we
consider the association of bisphosphonates with fracture oc-
currence to be spurious in nature.

In conclusion, the incidence of fractures in women with breast
cancer in the study is high and fractures may occur as early as
4 years after cancer diagnosis, prior to the use of aromatase
inhibitors. Conventional risk factors for fractures, BMD, and
the fracture risk calculation assessment, FRAX, were not highly
predictive for fractures. Early age at onset of calcium supplemen-
tation was protective. Alternative mechanisms for imaging and
evaluation of bone strength are required in women with breast
cancer. Additional research in the area is needed.
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