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Summary

The incidence of breast cancer (BC) in postmenopausal
women is continuously rising. Due to early diagnosis
and various treatment designs, the long-term clinical
outcome has improved. Frequent settings are chemo-
therapy as well as endocrine treatment. Both have
proven to interfere with bone health resulting in cancer
treatment-induced bone loss (CTIBL). Whereas chemo-
therapy is associated with increased bone resorption,
aromatase inhibitor (Al) therapy reduces residual estro-
gen and is associated with decreased bone mineral den-
sity. Independent of the Al administered, the loss of
bone mineral density is twice as high compared to
healthy postmenopausal women. As a consequence of
CTIBL, both chemotherapy and Al treatment can lead to
a significantly increased fracture risk. Therefore, several
guidelines have emerged for the management of CTIBL
in women with BC, including strategies to identify and
treat those at high risk for fractures. Further research on
tracking guideline adherence examining the feasibility
and practicability of guideline implementation to bridge
the gap between determined scientific best evidence and
applied best practice is needed to adjust these guide-
lines in the future.

Introduction

In the USA, Europe, and Japan, over 75 million people
have a diagnosis of osteoporosis. Worldwide, over 8.9 million
osteoporosis-related fractures occur annually, of which 4.5
million are documented in America and Europe. The lifetime
risk of sustaining an osteoporosis-related fracture is estimated
at 30-40% in the industrial nations, which is coming close to
the frequency of coronary heart disease. The DALY (disabil-
ity-adjusted life years) concept of the World Health
Organization summarizes osteoporosis-related fractures to ac-
count for approximately 1% of DALYs (2.8 million DALY5)
worldwide. In their ranking, osteoporosis is ahead of hyper-
tension and rheumatoid arthritis, and right behind diabetes
mellitus and chronically obstructive lung disease [1].

Based on an extrapolation of the Bone Evaluation Study
(BEST), 6.3 million people (5.2 million women and 1.3 million
men) are currently affected by osteoporosis in Germany. The
annual incidence of new cases is estimated at 885,000 people
[2]. The fracture incidence of 51% in osteoporosis patients is
considerably higher than assumed in earlier epidemiological
studies [2, 3]

Osteoporosis is defined as a skeletal disorder characterized
by compromised bone strength predisposing to an increased risk
of fracture. Bone strength reflects the integration of 2 main fea-
tures: bone density and bone quality [4]. In addition, osteoporo-
sis is defined based on bone mineral density (BMD) T-scores
which represent a measured value 2.5 standard deviations below
the average of a control collective of young women and men [1,
5]. The guideline of the German umbrella association Osteology
(Dachverband Osteologie, DVO) integrates both the definition
of osteoporosis and clinical aspects, and, besides the diagnosis of
a low BMD, especially considers clinical risk factors as well as
the influence of medical therapy on the risk for fractures [6].
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One important risk factor for the increasing incidence of os-
teoporosis is tumor- and therapy-induced osteoporosis which
is discussed in this review using the example of breast cancer
(BC) as the most common malignant disease among women.
Following information from the Robert Koch Institute (RKI),
the age-related standardized incidence of women with BC in
Germany has almost doubled since the 1980s. Up until 2004,
the incidence of new cases increased by 65% to approximately
57,000 newly diagnosed women annually, with an almost con-
stant BC-induced absolute high mortality of approximately
18,000 women annually since 1990. According to the RKI, the
incidence rate for 2010 with 70,340 women is continuously ris-
ing. Following the prognosis in 2014, the incidence rate for
newly diagnosed BC in women will be an expected 75,200. At
the same time, an improved relative 5-year survival rate of
81% is reported for patients diagnosed between 2000 and
2004, compared to 69% in the 1980s. With a prevalence of al-
most 1% of the female population in Germany, BC is spear-
heading the list of malignant diseases in women [7].

From Pathophysiology and Evidence to Guidelines

Between BC and osteoporosis, a considerable connection
exists which is attributable to the estrogen metabolism. In the
1980s, it was proven that the classic risk factors for BC (early
menarche, late menopause, obesity, nulliparity, advanced age
at birth of first child), besides a familial disposition, are linked
with increased endogenous or exogenous estrogen exposure
time. The risk factors associated with estrogen exposure sup-
port on the one hand the development of BC but should on
the other hand be protective against bone loss and the devel-
opment of osteoporosis [8]. Circulating sex hormones possibly
represent the mediator for the effects of these factors on the
risk of BC [9].

In the 1990s, it was well documented that estrogen has a
protective effect on human bone cells when directly transmit-
ted by an estrogen receptor [10]. Estrogens exert a direct re-
ceptor-transmitting effect on bone metabolism via osteoblasts
and osteoclasts, and have an indirect influence through cy-
tokines and mediators such as transforming-growth factor
beta, leptin, neuropeptide Y, tumor necrosis factor, insulin-
like growth factor 1, interleukin (IL)-1, and IL-6. These me-
diators and cytokines have a proliferative effect on the mam-
mary tissue, and are considered risk factors influencing the
development of BC and its therapeutic approach [10, 11].

In the healthy reproductive state, the relationship between
osteoblastic bone formation and osteoclastic bone resorption
is balanced [12]. After menopause, a critical change in this
process occurs. Besides the classical symptoms (e.g. hot
flushes, mucosal atrophy) caused by physiologically decreased
plasma levels of estriol, bone health is majorly impacted.
Although individually varying, healthy postmenopausal
women experience a gradual bone loss of 1% per year [13, 14].
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Bone-Related Effects of Treatment in
Postmenopausal Women with BC

Chemotherapy and endocrine treatment are known to
harm the bone metabolism.

Chemotherapy

Chemotherapeutics such as taxane, doxorubicin, 5-fluoro-
uracil, cyclophosphamide, methotrexate, and cisplatin cause
an increase in bone resorption independent of bone metastasis
and a reduction in bone structure. Animal models have shown
a 60% reduction in trabecular bone structure. These effects of
chemotherapy are in addition to the increased activity of oste-
oclasts in women with BC [15, 16]. In a case-control study with
352 postmenopausal women, a 5-fold increased incidence of
fractures per year and a 2.8-fold increased relative risk in
women with primary BC was observed. Women with recurrent
BC showed a 6-fold increase in fracture incidence even at the
beginning of the study, and a 23-fold increased incidence an-
nually as well as a 24.5% increased relative risk [17].

Endocrine Treatment

Treatment with tamoxifen (TAM) in postmenopausal
women with BC is well known to increase BMD [18-20].
According to a randomized placebo-controlled double-
blinded trial, an increase in BMD was observed in women
who received TAM compared to an annual decrease in the
control group (0.6 vs. 1.0%, respectively). The same study
showed a significant decrease in the incidence of fractures in
the TAM-treated women with BC [18, 21]. In addition to the
increased BMD, a significant improvement in bone structure
was also shown [22, 23].

With regard to the mechanism of action, aromatase inhibi-
tors (Al) inhibit the activity of the aromatase enzyme leading
to a decrease in plasma estradiol [24]. Al-induced estrogen
deficiency results in negative bone metabolism with increased
markers of bone resorption, as well as a decreased BMD and
increased fracture risk [25]. Aromatase inhibitor-associated
bone loss (AIBL) occurs at a rate at least 2-fold higher than
loss of BMD seen in healthy, age-matched, postmenopausal
women, resulting in a significantly higher incidence of frac-
tures regardless of the Al administered [13].

Besides a decreased BMD, bone structure assessed by the
trabecular bone score (TBS) was also significantly decreased
at the lumbar spine and the hip after 2 years of anastrozole
treatment [23]. Figures 1 and 2 show the influence of various
ATl on BMD and fracture risk [26-30].

Guidelines to Manage AIBL/Cancer Treatment-
Induced Bone Loss

Guidelines for AIBL in postmenopausal women with BC
emerged in 2008 [31]. These were applicable at first in high-risk
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Fig. 1. Influence of treatment with aromatase

inhibitors on bone mineral density (BMD) [54].

Fig. 2. Influence of treatment with aromatase
inhibitors on fracture risk (data not from direct
comparison) [54].
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patients aged below 45 years in whom treatment caused early
menopause, and postmenopausal women treated with Al

The different endocrine treatment regimens (5 years of
TAM; 5 years of AL 2 or 3 years of TAM followed by 2 or 3
years of Al; 2 or 3 years of Al followed by 2 or 3 years of
TAM,; S years of TAM followed by 5 years of Al) are well es-
tablished in the S-11I guidelines for treatment of BC [32].

The side effect profile of Al in comparison to TAM shows
on the one hand fewer cases of endometrial cancer, thrombo-
sis, and hot flushes, but on the other hand a higher rate of
myalgia and arthralgia and loss of BMD with subsequent
higher rates of osteoporotic fractures [32].

Since endocrine treatment with Al in women with BC is an
inherent part of the guidelines, prevention of AIBL is essen-
tial. Hence, diagnosis and recommendations for AIBL were
integrated in the guideline ‘Diagnosis, Therapy and
Follow-Up of Breast Cancer’ in 2012 [32].

The estimated risk for an osteoporotic fracture in postmen-
opausal women is 1-2-fold increased in patients with AIBL
compared to healthy controls. The DVO guidelines therefore
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recommend baseline diagnostics for postmenopausal women
with BC treated with AI to estimate the individual future
fracture risk and implement measures to prevent bone loss
[6]. Through a review of the literature, 8 factors have been
identified to sufficiently estimate the fracture risk of patients
with AIBL (fig. 3) [33]. Recently, the European Society for
Medical Oncology (ESMO) confirmed the reported risk fac-
tors that increase fracture risk in postmenopausal women with
BC. Recommendation level A is assigned for the process of
fracture risk assessment, prevention, and treatment of AIBL,
which is shown in figure 3 [12].

Practical Aspects of the Prevention and Treatment
of Osteoporosis

In order to prevent bone loss in postmenopausal women
with BC during the treatment course, an adequate assessment
of fracture risk factors at baseline as well as BMD measure-
ment are strongly recommended [12].
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Fig. 3. International guideline for managing
bone health during cancer treatment [12] (BMI
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Studies on physical activity for prevention of osteoporosis
have shown diverse results [34, 35]. A case-control study
showed a delay in the loss of BMD in 66 pre- and post-meno-
pausal women with BC using either aerobic exercise (—0.8%)
or weight training (-4.9%) compared to a control group [36].
In the current guidelines (ESMO, DVO), the level of evidence
and the degree of recommendation are still low (4/C) [6, 12].
Recent reports provided evidence that physical activity for 3 h
per week decreases BC-related morbidity and mortality [37].
In addition, lifestyle changes such as reduced alcohol con-
sumption and refraining from smoking are recommended [12].

Adequate intake of calcium (1,000 mg/day) and supplemen-
tary vitamin D (1,000-2,000 units/day) administered to post-
menopausal women with osteopenia to prevent bone loss is
well documented with regard to osteoporosis [35, 38]. Life-long
intake of calcium is known to decrease the risk of osteoporosis
by up to 20% [39]. According to an analysis of 45 trials with in-
dividuals living in nursing homes, the rate of hip fractures is
reduced in those using calcium and vitamin D supplements
[40]. This result was confirmed by a meta-analysis in postmeno-
pausal elderly women and men (n = 45,509) that reported a de-
creased fracture risk of 18% [38]. However, administration of
calcium and vitamin D alone cannot prevent AIBL.

Bone-Directed Antiresorptives to Decrease the
Incidence of Osteoporotic Fractures

A number of antiresorptives have emerged for the man-
agement of cancer treatment-induced bone loss (CTIBL).
Most relevant antiresorptives decrease the rate of typical os-
teoporotic fractures such as vertebral and non-vertebral frac-
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tures. The overall effect across 9 antiresorptives in preventing
vertebral and non-vertebral fractures was odds ratio (OR) =
0.49 (95% confidence interval (CI) 0.41, 0.58) and OR = 0.81
(95% CI 0.77, 0.86) (p < 0.01), respectively, indicating a pro-
tective effect on bone health [41].

Itis reported that the recombinant amino-terminal fragment
of human parathyroid hormone, teriparatide, reduces vertebral
and non-vertebral fractures (65 vs. 53%, respectively). Because
of the high costs, teriparatide remains reserved for severe cases
of osteoporosis [42]. Selective estrogen receptor modulators
(SERMs, e.g. raloxifene or bazedoxifen) showed a 50% reduc-
tion in vertebral fractures compared to placebo, but did not in-
fluence any other typical region of osteoporotic fractures [43].
Recently, it was reported that the monoclonal antibody deno-
sumab reduces vertebral (68% ) and non-vertebral (19%) frac-
ture rates in patients with osteoporosis [44]. Furthermore, hor-
mone replacement therapy (HRT) has the potential to reduce
osteoporotic fracture rates in comparison to placebo [45]; how-
ever, in the presence of BC, HRT is contraindicated.

Therapy with Bisphosphonates and Denosumab to
Prevent AIBL

With the administration of intravenous bisphosphonates or
subcutaneous denosumab, AIBL or androgen deprivation in
the treatment of prostate cancer can be prevented [46]. A
number of small-scale prospective controlled randomized tri-
als could also demonstrate the effectiveness of oral bisphos-
phonates in the prevention of AIBL [47]. The majority of data
was assessed using intravenous bisphosphonates (e.g. 4 mg
zoledronic acid twice a year) to prevent AIBL in women with
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a high fracture risk [33]. These results were confirmed by 4
randomized controlled studies with more than 4,000 women
with BC, who were treated with an Al [48-51].

Due to decreased estrogen levels, secretion of receptor ac-
tivator of nuclear factor-kB ligand (RANKL) is increased. At
the same time, osteoclast expression of osteoprotegerin is de-
creased; hence, osteoclast activity is increased resulting in de-
creased bone mass.

A significant increase in BMD in 252 postmenopausal
women with BC receiving the human monoclonal antibody
denosumab has been reported (+5.5% after 12 months and
+7.6% after 24 month). If administration of denosumab is
withdrawn, inhibition of RANKL and suppression of osteo-
clast activity are reversed immediately, which results in the
consecutive loss of BMD [52]. Denosumab decreased the risk
for osteoporotic fractures sufficiently and is therefore an ef-
fective alternative for the prevention and treatment of AIBL
in postmenopausal women [53].

Conclusion

Therefore, several guidelines have emerged for the manage-
ment of CTIBL and the prevention and/or treatment of osteo-
porosis-related increased bone resorption and fractures.
Patients for whom chemotherapy and/or endocrine treatment
has been recommended should be counseled with regard to
monitoring BMD at baseline before treatment, physical exer-
cise, and calcium/vitamin D supplementation. Patients with a
T-score of > -2.0 and no further risk factors should be moni-
tored based on risk factors and BMD loss at 1-2-year inter-
vals. In patients with at least 2 risk factors for fractures and a
T-score of < -2.0, initiation of a bone-directed therapy and
compliance monitoring are recommended. Further research
on tracking guideline adherence examining the feasibility and
practicability of guideline implementation to bridge the gap
between determined scientific best evidence and applied best
practice is needed to adjust these guidelines in the future.
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in postmenopausal women with BC frequently cause CTIBL.
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