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Abstract: Breast cancer increases a woman’s risk for bone loss. Bone loss occurs due to the 

skeletal fragility associated with malignancy, the occurrence of premature ovarian failure second-

ary to chemotherapy, and the loss of bone mineral density (BMD) associated with antiestrogen 

therapies. Tamoxifen has been shown to reduce BMD among premenopausal women, and 

aromatase inhibitors, which have become a standard therapy among postmenopausal women, 

increase bone loss and the risk of fracture. Bisphosphonates preserve BMD among women with 

breast cancer, both among postmenopausal women and those with a history of significant bone 

loss. The effect among premenopausal women appears modest. Despite the protective effect on 

bone density, a reduction in the risk of fracture has not yet been established. Therefore, other 

risk factors for fracture must be addressed, such as dietary intake, vitamin D, and assessment 

of other potentially modifiable conditions. Newer agents that target the receptor activator of 

nuclear factor-κB (RANK) system and RANK ligand (RANKL), such as denosumab, represent 

an emerging class of medications that may also preserve BMD in this population.

Keywords: breast cancer, bone mineral density, fracture, bisphosphonates, cancer therapy-induced 

bone loss

Introduction
Breast cancer is the most common malignancy among women in the United States, 

with an estimated 207,090 women expected to be diagnosed in 2010.1 With less than 

40,000 women expected to die because of the disease this year, increasingly more 

women will survive and require ongoing medical care. Care of the women with breast 

cancer requires knowledge of a variety of specific medical issues that confront these 

patients, such as the increased risk for bone loss and fracture.

Breast cancer increases the risk of a woman for bone loss. Bone loss occurs through 

multiple mechanisms, including the risk of premature ovarian failure, the increased 

risk of bone loss following the onset of menopause, and the effect of cancer therapies 

on bone mineral density (BMD). These women are also commonly advised to avoid 

the use of estrogen therapy, which has previously been considered the first-line therapy 

for the prevention of osteoporosis, as the majority of breast cancers are defined by the 

presence of estrogen and/or progesterone receptors. This leaves limited options for 

the treatment of breast cancer therapy-induced bone loss. In addition to the recently 

identified receptor activator of nuclear factor-κB ligand (RANKL) inhibitors such as 

denosumab, which inhibit osteoclast stimulation, the effects of nonhormonal options 

such as the bisphosphonates, which inhibit osteoclast-mediated bone resorption, have 

been investigated in this setting. This review investigates the current and emerging 
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treatment strategies using these nonhormonal agents for 

patients with known cancer-induced bone loss.

Breast cancer-induced bone loss
Women with localized or early-stage breast cancer undergoing 

adjuvant chemotherapy are at increased risk for bone loss. 

Those with the most significant loss of bone density are the 

ones who experience premature ovarian failure.2–4 The rate 

of chemotherapy-related amenorrhea is most affected by the 

choice of chemotherapeutic agent, dosing, and the age of 

the patient at treatment, with those over 40 at highest risk.5–7 

Menopause in these women may occur up to 10 years early,2 

and those women who become menopausal are documented 

to have a BMD significantly lower than women who remain 

premenopausal after treatment,3,4 with a documented differ-

ence in BMD at 1 year of between 3%–14% at the lumbar 

spine.

Women are also at risk of bone loss from antihormonal 

therapy. Tamoxifen, a selective estrogen receptor modulator, 

has been used primarily for hormone-sensitive breast cancers 

for over 20 years. Although tamoxifen has been shown to 

increase BMD in postmenopausal women, BMD declines 

by 1.44% per year among premenopausal women compared 

with a 0.24% increase among women taking placebo.8 

Despite the protective effect on BMD in postmenopausal 

women, tamoxifen is not used commonly in this population. 

Aromatase inhibitors (AIs) such as letrozole, anastrozole, 

and exemestane are now considered for first-line therapy, 

either as primary adjuvant treatment or in sequence follow-

ing tamoxifen after several studies documented a significant 

improvement in disease-free survival when compared with 

tamoxifen alone.9–16

AIs prevent the peripheral conversion of androgens into 

estrogens. Although this effect improves the risk of  recurrence 

in women with breast cancer, it also has a detrimental effect 

on bone. AIs have been documented to increase the risk of 

fracture9,10,13–17 and osteoporosis. Bone loss of 4%–5% at 

the lumbar spine has been documented after 2 years of AI 

therapy,18,19 with between 3% and 4% loss at the hip. From 

baseline to 5 years, therapy with anastrozole was associated 

with an 8.1% lower BMD at the lumbar spine than tamoxifen20 

among postmenopausal women participating in the Anastro-

zole Tamoxifen Alone or in Combination trial.

In addition, breast cancer itself, without the presence of 

skeletal metastases, may affect the risk of fracture. Women 

with newly diagnosed breast cancer without the presence 

of soft tissue or skeletal metastases have been documented 

to have an almost five-fold increase in the risk of vertebral 

fractures compared with healthy women.21 Those with soft 

tissue metastases and without known skeletal metastases 

have a 23-fold increased risk of vertebral fracture. These 

fracture rates remain significantly elevated even after those 

subsequently found to have skeletal disease are excluded. 

This effect may be mediated through the presence of a para-

thyroid-related peptide, often associated with the presence 

of malignancy, through chemotherapy, or possibly through 

the effect of premature ovarian failure.

Bisphosphonates
Bisphosphonates, a class of drug approved by the US Food 

and Drug Administration (FDA) for the treatment of post-

menopausal osteoporosis, bind to bone and inhibit osteoclast-

mediated bone resorption. Available pharmacologic options 

in the United States include alendronate, risedronate, iban-

dronate, and zoledronic acid. Zoledronic acid has also been 

approved for the treatment of metastatic bone disease in 

women with advanced breast cancer. A variety of bisphos-

phonates have also been evaluated for their effects on breast 

cancer therapy-induced bone loss.

Postmenopausal breast cancer 
patients
Postmenopausal women on AIs are at particularly increased 

risk of bone loss. Several studies have examined the role of 

bisphosphonates in this setting and are outlined in Table 1. 

One of the most extensively studied agents in this popula-

tion is intravenous zoledronic acid at doses of 4 mg every 

6 months for 5 years.22,23 Two studies reported the effect 

of zoledronic acid on postmenopausal women (with a 

T score -2.0) initiating letrozole following tamoxifen. 

When initiated concurrently with the letrozole, zoledronic 

acid improved BMD at the lumbar spine by 4.4% and 5.3% 

at 1 year compared with those on letrozole alone. A similar 

effect was also noted at the total hip and femoral neck regions 

in these patients. Despite these benefits, a significant reduc-

tion in the risk of fracture has not been documented.

Others examined the effect of ibandronate 150 mg 

monthly in addition to anastrozole 1 mg daily on the BMD 

in postmenopausal breast cancer patients with documented 

osteopenia and T score of -1.0 to -2.5.24 After 2 years of 

therapy with anastrozole and ibandronate, the BMD at the 

lumbar spine was 2.98% higher than the baseline, whereas 

those on anastrozole alone experienced a 3.22% loss at the 

same site. A similar effect was noted at the hip. Over the 

course of 2 years, six patients on ibandronate recovered 

normal bone density with only one developing osteoporosis. 
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No patients on anastrozole alone recovered normal bone 

density, with five developing osteoporosis.

Risedronate has also been reported to improve BMD 

among postmenopausal breast cancer patients on AIs.25 Its 

effect was examined in the study of anastrozole with the bis-

phosphonate risedronate (SABRE) using three populations of 

postmenopausal women on adjuvant therapy with anastrozole. 

Among women with normal bone density, a T score $-1.0, 

and taking anastrozole 1 mg daily alone, the lumbar spine 

BMD declined by 2.1% at 2 years. However, women with a 

moderate fracture risk (T score -1.0 but $-2.0) random-

ized to risedronate 35 mg weekly and anastrozole 1 mg daily 

experienced a 2.2% increase in lumbar spine BMD, whereas 

those on anastrozole alone lost 1.8% during this interval.

The effect of risedronate has also been studied on 

two smaller groups of women who became prematurely meno-

pausal following chemotherapy. BMD was 2.1% greater at the 

lumbar spine and hip at 1 year among patients randomized to 

risedronate 35 mg weekly compared with placebo.26 Following 

2 years of therapy in the second trial, lumbar spine BMD was 

2.5% greater among women randomized to risedronate than 

placebo, with a 2.6% greater BMD at the femoral neck.27

These data consistently demonstrate the protective effect 

of bisphophonates on BMD among postmenopausal women 

with breast cancer on AIs (and normal to moderate fracture 

risk) and suggest that these patients may benefit from the 

concurrent therapy. Concurrent therapy prevents the expected 

decline of BMD in this population although a significant 

effect on fracture risk has not yet been determined.

Postmenopausal osteoporosis  
or osteopenia at increased  
fracture risk
The increased fracture risk and bone loss associated with AIs 

may pose a potentially significant deterrent to clinicians in 

their selection of adjuvant hormonal therapy. Women with 

a history of osteoporosis (defined by a T score #-2.5 or a 

BMD at least 2.5 standard deviations below that of the mean 

BMD of a young adult) or significant osteopenia (T score 

-2.0) are already considered to be at increased fracture 

risk, a risk that would be further enhanced by the use of AIs. 

Whether bisphosphonates also improve BMD among women 

starting an AI with significant preexisting bone loss remains 

a clinical concern.

Studies have documented a similarly protective effect of 

bisphosphonates in this population (Table 2). Intravenous zole-

dronic acid at a dosage of 4 mg for every 6 months improved 

BMD at the lumbar spine by 2.66% at 1 year among women with T
ab
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Table 2 Bisphosphonates in postmenopausal women with osteoporosis or significant osteopenia (T score #2.0)

Authors Year Cancer therapy Bisphosphonates Dose Time  
interval

Lumbar spine  
BMD % change

Other BMD BMD % change

Lester24 2008 Anastrozole ibandronate 150 mg  
monthly

2 y +3.52 Total hip +2.49

Hines23 2009 Letrozole Zoledronic acid 4 mg iv  
q6 mo

1 y +2.66 Femoral neck +4.81

van Poznak25 2010 Anastrozole Risedronate 35 mg  
weekly

2 y +3.0 Total hip +2.0

Abbreviation: BMD, bone mineral density.

a T score # -2.0 taking letrozole 2.5 mg daily. BMD measured 

at the femoral neck improved by 4.81% during this interval as 

well.28 Women at high fracture risk (T score -2.0) assigned 

to anastrozole 1 mg daily and risedronate 35 mg weekly in the 

SABRE trial also experienced a 3% improvement in lumbar 

spine BMD and 2% improvement at the hip over 2 years.25 After 

2 years, monthly therapy with ibandronate 150 mg improved the 

lumbar spine BMD of osteoporotic patients taking anastrozole 

by 3.52% and the total hip BMD by 2.49%.24

Premenopausal breast cancer 
patients
The effect of bisphosphonates on the documented bone loss 

occurring in premenopausal women has also been examined 

(Table 3). Studies in this population included risedronate, 

zoledronic acid, and clodronate; the results are variable. Rise-

dronate was tested in premenopausal women undergoing adju-

vant chemotherapy for early-stage breast cancer.29 Concurrent 

with chemotherapy, women were randomized to risedronate 

35 mg weekly or placebo. Although those on placebo lost 

5.4% BMD at the lumbar spine at 1 year, those on risedronate 

unexpectedly lost 4.3%. Similar effects were also noted at the 

total hip and femoral neck regions. Although these results are 

not considered significant, those on risedronate experienced 

less bone loss than those on placebo, suggesting a mild effect 

that may not have been detected given the higher than expected 

level of patient dropout (170 of 216 patients completing the 

1-year study). Risedronate also demonstrated a slightly less 

robust effect on BMD among postmenopausal women than 

zoledronic acid, suggesting that a more potent bisphosphonate 

may have a greater influence on premenopausal BMD.

Studies with clodronate 1,600 mg daily demonstrated a 

modest effect on preserving BMD among premenopausal 

women undergoing adjuvant chemotherapy,30,31 with an overall 

2%–4% difference in lumbar spine BMD between patients 

taking clodronate and placebo over 2 years. In one of these 

studies, clodronate provided greater protection from bone loss 

among those women who developed premature ovarian failure 

secondary to chemotherapy, whereas those who developed 

premature ovarian failure and took placebo experienced the 

greatest amount of bone loss. Women who retained menstrual 

function had a marginal decline in BMD and, thus, experi-

enced a more limited effect from the clodronate.30 The second 

study documented a more significant bone loss among those 

women who remained premenopausal, possibly due to the 

detrimental effect of tamoxifen in this population. At 2 years, 

premenopausal women experienced an approximately 4% loss 

of lumbar spine BMD regardless of treatment with clodronate 

or placebo. Those women who developed ovarian failure in this 

study experienced a mild increase in their lumbar spine BMD, 

thought to be secondary to the beneficial effect of tamoxifen 

in this population. However, those on clodronate experienced 

greater gains in BMD than those on placebo.31

Premenopausal women may also undergo adjuvant hor-

monal therapy with ovarian function suppression. The effect 

of zoledronic acid on premenopausal women undergoing 

ovarian suppressive therapy with goserelin, a luteinizing hor-

mone-releasing hormone (LHRH) analog, and then randomly 

treated with tamoxifen or anastrozole daily was evaluated.32 

Although premenopausal at study onset, treatment with a 

LHRH analog such as goserelin makes these women function-

ally postmenopausal. Therefore, those treated with goserelin 

and anastrozole lost 17.4% of bone density at the lumbar spine 

over 3 years, with an 11.6% decline for those taking goserelin 

and tamoxifen. All patients on zoledronic acid maintained 

stable bone densities over 3 years of treatment, regardless of 

their assignment to tamoxifen or anastrozole.

Emerging options
Emerging options for the management of breast cancer-induced 

bone loss may include the RANKL inhibitors. The RANK is 

expressed on a variety of cells, including osteoclasts and 

osteoclast precursors. The activation of these receptors by 

RANKL is vital to osteoclast formation and function. Inhi-

bition of the RANKL by osteoprotegerin, a naturally occur-

ring protein, impairs osteoclast-mediated bone  resorption. 
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The development of RANKL inhibitors impairs RANK 

activation by blocking the stimulatory ligand.33,34

Denosumab is a fully human monoclonal antibody to 

RANKL. It was first found to be effective in the treatment of 

postmenopausal women with low BMD. After 12 months of 

subcutaneous therapy the BMD at the lumbar spine improved 

by 3.0%–6.7% and total hip improved by 1.9%–3.6%. These 

improvements were comparable to the effect of oral alen-

dronate at the lumbar spine and total hip at 12 months and bet-

ter than the treatment with placebo.34 Others have documented 

a reduction in serum and urine markers of bone resorption 

following treatment with denosumab among patients with 

metastatic bone disease secondary to multiple myeloma, breast 

cancer, and other malignancies,35–37 suggesting a possible role 

for denosumab in the treatment of skeletal metastases.

Women with early-stage breast cancer may also benefit 

from this agent. The effect of subcutaneous denosumab 

60 mg for every 6 months was reported in women with 

osteopenia and early stage hormone receptor-positive breast 

cancer undergoing adjuvant therapy with an AI.38 Denosumab 

increased lumbar spine BMD by 5.5% at 12 months and 7.6% 

at 24 months compared with placebo, with a 4.7% and 6.1% 

improvement at the total hip and femoral neck, respectively, at 

24 months. Although patients were stratified by the duration 

of AI therapy, no effect of the duration of AI exposure was 

noted. No vertebral fractures were reported, and a similar 

number of nonvertebral fractures occurred in both groups.

These results suggest that inhibition of the RANK system 

and RANKL may offer additional options for treatment of 

cancer therapy-induced bone loss in the future. Denosumab 

appears well tolerated with a similar adverse effect profile 

to placebo38 and may someday receive FDA approval for this 

indication. This development also increases the opportunity 

for investigation of the RANK system for other mechanisms 

to prevent osteoclast-mediated bone resorption.

Conclusion
Women with breast cancer are at increased risk for both bone 

loss and fracture. Much of this increase in risk is mediated 

by the presence of malignancy-induced skeletal fragility21 

or cancer therapy-induced bone loss. A majority of these 

cancers have hormone receptors that make them responsive 

to the presence of estrogen or progesterone. Thus, patients 

with breast cancer are commonly advised against known 

bone-protective therapies such as hormonal therapy.

Nonhormonal options for protection of bone density have 

been investigated and are promising. These include a variety of 

bisphosphonates and RANKL inhibitors such as denosumab. T
ab
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Clinicians now have medical evidence to guide treatment 

decisions in the management of bone loss. Among the bispho-

sphonates studied, zoledronic acid has the most potent effect 

on the preservation of BMD in postmenopausal women and 

would be an ideal option for those with significant preexisting 

bone loss. It also offers the convenience of infrequent dosing 

on a 6-month schedule, which may be suitable for patients 

who may be limited by travel restrictions. Zoledronic acid is 

administered intravenously and bypasses the oral route that 

is most commonly associated with adverse gastrointestinal 

effects although its use may be limited by cost and patient 

access to a facility that can provide infusion therapy. Both 

risedronate 35 mg weekly and ibandronate 150 mg monthly 

also stabilize BMD in this population when used concurrently 

with AIs and are readily available as oral alternatives.

Current options for premenopausal women are limited by 

the available literature. Bisphosphonates have shown a modest 

effect among premenopausal women, which may be related to 

the lack of significant bone decline in those who retain men-

strual function following chemotherapy.30 Others have shown 

a larger than expected patient dropout during the concurrent 

administration of bisphosphonates with chemotherapy, possibly 

due to the cumulative toxicity of the two regimens, suggesting 

that symptomatology of patients may limit compliance.29 Clini-

cians may, therefore, reasonably consider ongoing surveillance 

of BMD during active chemotherapy with the option of later 

adding bisphosphonate therapy during the course of antiestrogen 

therapy. In this scenario, tamoxifen would increase bone loss 

among those who remain premenopausal, AIs would increase 

bone loss among those who become menopausal, and bispho-

sphonates would preserve BMD in both groups of patients. 

In those premenopausal women with significant bone density 

concerns who may tolerate the addition of a bisphosphonate 

or who are considered at elevated risk for fracture, risedronate 

and clodronate demonstrated a minor effect (although this latter 

agent is not approved by the FDA in the United States).

Women who undergo ovarian suppression therapy with an 

LHRH analog become functionally postmenopausal, and the 

risk of bone loss is compounded by the addition of AIs such 

as anastrozole. Although this combination has been shown 

to decrease lumbar spine BMD by over 17% over 3 years,32 

the concurrent administration of zoledronic acid counteracts 

this decline and stabilizes bone.

Despite the stabilizing effect of bisphosphonates on BMD 

among breast cancer patients, they have not yet been shown to 

reduce the risk of fracture. A multitude of other factors affect 

the risk of fracture, including the age of a patient, the pres-

ence of comorbidities that may affect gait (such as peripheral 

neuropathy or other neurologic conditions), vision, medication 

therapies, nutrition and gastrointestinal absorption of nutrients, 

and bone mineralization disorders such as osteomalacia. There-

fore, the degree to which changes in BMD affect fracture risk 

may be difficult to predict. The correlation between changes 

in BMD and fracture risk has been examined in an analysis of 

three trials of risedronate therapy in postmenopausal women 

with osteoporosis. Although the risk of fracture increases 

with declines in BMD, a decrease in fracture rates occurred 

among all patients who gained BMD. No significant differ-

ence in fracture rates could be detected between those who 

gained more or less than 5% BMD from baseline.39 Therefore, 

a larger increase in BMD does not imply a larger reduction 

in fracture risk, and thus other factors must be considered. 

The identification of potentially modifiable factors should 

also be incorporated into the treatment plan, with attention to 

dietary intake, calcium, vitamin D, weight-bearing exercise, 

medications, and other conditions that may modify fracture 

risk. Additional pharmacologic agents such as denosumab and 

other potential RANK system inhibitors may provide future 

options for bone preservation.
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