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Abstract
Bone health may be impaired in many patients being treated for cancer. Primary tumors that reside
in or form metastases to bone can result in compromised skeletal integrity. It has also been
increasingly recognized that patients undergoing therapies for treatment of cancer are at higher risk
of bone loss. These include androgen-deprivation therapy for prostate cancer and aromatase inhibitor
therapy for breast cancer among others. Hypogonadism induced by many of these cancer treatments
results in bone loss and increase the risk of osteoporosis and fractures. Progress has been made in
identifying the role of oral and intravenous bisphosphonates to prevent bone loss in these patients.
This review will discuss bone loss associated with cancer treatments with a focus on breast cancer,
prostate cancer and survivors of childhood malignancies.
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I. Introduction
Patients with cancer have an increased incidence of bone disease. Malignant tumors may form
osteolytic or osteoblastic bone metastases that result in pathologic fractures, neurologic
impairment, hypercalcemia or bone pain. In addition, the therapies administered to treat the
underlying malignancy may result in bone loss leading to osteoporosis and fractures (Figure
1).(1) This review will focus on bone diseases related to cancer-treatment.

II. Mechanism of hypogonadal bone loss
The mechanism by which cancer therapy causes bone loss is primarily through the inducement
of hypogonadism but can also include delayed developmental maturation and direct toxic
effects on bone (Table 1).(2) Cancer treatments that cause hypogonadism are most often used
in the treatment of breast cancer and prostate cancer. In addition, exposure to bone toxic agents,
such as glucocorticoids, impact bone health which is of particular concern in survivors of
childhood malignancies.

Bone remodeling in the adult skeleton is a tightly regulated dynamic process and is perturbed
in states of hypogonadism. The basic remodeling unit of bone is comprised of three main cell
types: bone-forming osteoblasts, bone-resorbing osteoclasts and mechanosensing osteocytes.
Osteoblasts are stromal-cell derived cells that may ultimately end up as osteocytes embedded
within bone matrix. Osteoclasts are multinucleated hemotopoetic-derived cells designed to
hydrolyze bone and efficiently resorb it at designated resorption pits. At the site of bone
resorption, osteoclasts are recruited to form a resorption pit which is then filled in by bone-
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forming osteoblasts. Cross-talk between osteoblasts and cells in the bone microenvironment,
most notably osteoclasts, regulates the recruitment and differentiation of cells necessary at a
bone remodeling site. Receptor activator of nuclear factor Kappa B-ligand (RANK-L) is a
critical factor secreted by osteoblasts in the presence of M-CSF that results in osteoclast
differentiation, proliferation and apoptosis. The precise role of osteocytes in calcium and bone
metabolism is evolving. Osteocytes may also regulate phosphate and calcium metabolism in
addition to their ability to transmit and respond to mechanostimulatory signals through the
extensive interconnected network for communication with adjacent osteocytes and cells lining
the bone surface.(3)

Hypogonadism disrupts the normal bone remodeling process as estrogen and testosterone have
been identified as key determinants of skeletal bone health in both men and women. Circulating
testosterone concentrations are independent predictors of fracture risk in both elderly men and
postmenopausal women after estradiol concentrations have been taken into account.(4, 5) In
addition, the central role of estrogen in mediating hypogonal bone loss is well characterized
for women and has been established as an independent determinant for men as well. Male
patients with congenital aromatase deficiency and estrogen-receptor mutations have low bone
density without suppression of circulating levels of androgens.(6, 7) In addition, medical
castration with estrogen in men with prostate cancer does not appear to decrease BMD.(8)
Circulating estradiol concentrations have been positively associated with increased BMD in
older men.(9)

Classical estrogen signaling through the nuclear receptor superfamily of estrogen receptors
(ER-α and ER-β) results in regulation of gene transcription in many tissues.(10) Estrogen
receptor dimers may directly or indirectly associate with estrogen-receptor response elements
on target gene promoters to control transcriptional activation. Non-genomic actions of estrogen
have been identified that result in cellular responses that may include alterations in intracellular
calcium, nitrous oxide or kinase activation.(11) These non-genomic actions may occur as a
result of interaction with an ER located in or near the plasma membrane or through non-ER
estrogen-binding proteins.(11) In bone, ER-α and ER-β have been detected in osteoblasts and
osteoclasts.(12-17) ER-α mediates much of estrogen-induced bone formation while the role of
ER-β is less clear.(11) Estrogen results in suppression of bone turnover and osteoclast apoptosis.
(18) In contrast, bone loss associated with estrogen deficiency, is characterized by increase in
bone resorption and a prolongation of the lifespan of the osteoclast. Although there is also a
concomitant increase in bone-formation, there overall effect of hypogonadism appears to be
an imbalance favoring bone resorption and bone loss.

III. Breast Cancer
A. Therapies and hypogonadism

Breast cancer is estimated to affect 1 in 8 women in their lifetime in the United States.(19) It
is the second leading cause of cancer deaths in women in the United States but survival rates
have been improving.(19) The Women's Health Initiative Observational Study reported that
breast cancer survivors had an increased risk of clinical vertebral fractures, lower arm or wrist
fracture and all fractures (excluding hip).(20) A significant portion of breast-cancer is hormone-
dependent breast cancer. These cancers have the presence of hormonal receptors such as
progesterone or estrogen receptors that are responsive to manipulation. A goal of therapy
therefore in this population is to decrease estrogen action at the breast tissue through a variety
of mechanisms that result in hypogonadism: selective-estrogen receptor modulators, aromatase
inhibitors, oophorectomy or adjuvant gonadotropin-releasing hormone analogue therapy. In
addition, chemotherapy may cause direct toxicity to the ovarian follicle and result in
hypogonadism in addition to its potential direct toxic effects on bone cells. It is also clear that
effects may be dependent on menopausal status and will be discussed in the following section.
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B. Normal estrogen production
Estrogen production occurs at multiple sites that varies by menopausal status. In
premenopausal women, the ovary is the principal site of circulating estrogen production. In
postmenopausal women, muscle and adipose cells are the predominant tissues that convert
adrenal androgens to estrogens by the aromatase enzyme (CYP19A1). CYP19A1 catalyzes the
conversion of androstenedione to estrone and testosterone to estradiol. The aromatase enzyme
is encoded by a single large 75-kb gene on chromosome 15q21.1 and is under differential
control at various sites by tissue-specific transcription factors and cytokines. There is also local
production of estrogen in multiple organs, including breast and bone, due to the expression of
aromatase as well as sulfatase in these estrogen target tissues. In breast tissue, local levels of
estradiol and estrone sulfate in breast tissue can be 6- to 10-fold greater respectively due to the
combination of local production and concentration of circulating estrogens against a gradient.
(21) This local expression of estrogens can be mitogenic to breast tissue, particularly in the
significant portion of breast cancers that express estrogen receptors. The characteristics of
estrogen action at local breast tissue provide the rationale for the use of therapies directed at
blocking estrogen action or production.

C. Selective estrogen-receptor modulators (SERMs)
Selective estrogen-receptor modulators are agents that have differential effects on modifying
estrogen response in target tissues. Selective estrogen-receptor modulators such as tamoxifen
have been shown to improve disease-free survival in patients with breast cancer. The first
clinical trial in breast cancer was published in 1971(22) and a landmark trial in 1989, the
National Surgical Adjuvant Breast and Bowel Project (NSABP), studied adjuvant tamoxifen
therapy in pre- and postmenopausal patients with ER-positive, lymph node-negative early
disease and reported prolongation of disease-free and overall survival after five years.(23)
Subsequent trials have suggested that tamoxifen has favorable effects on reducing invasive
breast cancers in patients with DCIS(24), as well as breast cancer prevention in patients at
increased risk of breast cancer due to age or high-risk family history or personal history of
lobular carcinoma in situ.(25) Therefore tamoxifen has been in standard clinical practice for
consideration in women with ER-positive tumors as a 5-year adjuvant therapy following
primary surgical and/or chemotherapeutic regimens.

Tamoxifen binds to both ER-α and ER-β and has a partial agonist effect on bone. In vitro and
in vivo animal studies of ovariectomized rats, have suggested that tamoxifen has favorable
effects, similar to estrogen, on both trabecular and cortical bone preservation.(26, 27) These
findings were further supported in human studies of histomorphometric analysis of transiliac
crest bone biopsies. Tamoxifen-treated women with breast cancer were found to have similar
static bone remodeling indices as women with breast cancer not receiving tamoxifen.(28) There
was a trend toward greater connectivity in trabecular parameters despite lower bone formation
rates. Taken together, these studies would suggest that tamoxifen does not have a deleterious
effect on bone and may be a partial agonist.

The effect of tamoxifen on bone density or fracture risk is different in premenopausal compared
to postmenopausal women which may be due to the partial agonist nature of tamoxifen. High-
risk premenopausal women treated with tamoxifen for chemoprevention for 3 years had mild
decreases in lumbar spine BMD (-1.44% per year) which was significant compared to modest
gains in the placebo group (+0.24% per year, P<0.001) while minimal changes in hip BMD
occurred in both groups.(29) In contrast, postmenopausal women participating in the same
study had mild increases in BMD on tamoxifen at the lumbar spine (+1.17% per year) and the
total hip (+1.71% per year) compared to placebo.(29) These discordant responses have been
hypothesized to reflect differences in prevailing estrogen levels that affect bone density
response. Studies have supported an interaction of menstrual status and BMD response to
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tamoxifen. A study of premenopausal women with early breast cancer treated with adjuvant
chemotherapy compared hormone-receptor positive patients treated with tamoxifen to
hormone-receptor negative patients not treated with tamoxifen.(30) Patients who developed
chemotherapy-induced amenorrhea had lower BMD than those who continued to menstruate,
regardless of tamoxifen status. However, in those women who continued to menstruate,
tamoxifen use resulted in a loss of BMD (-4.6% at the spine) compared to a modest gain in the
non-tamoxifen treated group. Among women who developed amenorrhea, tamoxifen use was
associated with an attenuation of bone loss at the spine (-6.8% loss) when compared to the non-
tamoxifen treated group (-9.5% loss). This would suggest that the relative effect tamoxifen has
on BMD is related to prevailing estrogen levels in premenopausal women. Small decreases in
BMD have also been reported with another SERM, raloxifene, in premenopausal women at
increased risk of breast cancer.(31) It is unclear whether these small BMD effects of SERM
intervention in premenopausal women result in changes in fracture risk. The NSABP P-1 trial
reported a decrease in number of osteoporotic fractures in premenopausal women at high risk
for breast cancer treated with tamoxifen for five years compared to placebo.(25)

Postmenopausal women treated with tamoxifen have mild increases in BMD at the spine which
is apparent early in clinical trials and tends to stabilize.(32-35) The effect of tamoxifen on
fractures in postmenopausal women with breast cancer is not clear. A study in Danish
postmenopausal women with high-risk breast cancer randomized to local radiotherapy with or
without tamoxifen for one year reported high femoral fractures in the tamoxifen treated patients
compared to the control group.(36) Fracture were similar comparing tamoxifen and raloxifene
use in high-risk postmenopausal women in the NSABP Study of Tamoxifen and Raloxifene
(STAR) P-2.(37)

In summary, tamoxifen use is associated with a modest beneficial effect on BMD in
postmenopausal women and has a small decrease in BMD in premenopausal women. It is
unclear how these changes in BMD relate to underlying fracture risk in women with breast
cancer or at increased risk for breast cancer.

D. Aromatase Inhibitors
Aromatase inhibitors have shown enhanced efficacy compared to tamoxifen and have been
supplanting tamoxifen use for adjuvant treatment for postmenopausal women with hormone-
receptor positive breast cancer.(38-41) Two classes of aromatase inhibitors are in current use:
steroidal (exemestane) and non-steroidal (anastrozole and letrozole). These agents result in
significant estrogen deprivation due to the blockade of the aromatase enzyme which is the rate-
limiting step in estrogen biosynthesis. The steroidal inhibitor, exemestane, is a suicidal or non-
competitive inhibitor. Exemestane is derived from androstenedione and interacts with the
substrate binding site of the aromatase enzyme resulting in an irreversible covalent bond. The
non-steroidal inhibitors are competitive inhibitors that form a reversible bond to the heme
portion of the aromatase enzyme to ultimately block estradiol formation. The enzyme blockade
can be overcome by additional enzyme or substrate. Aromatase inhibitors reduce estradiol,
estrone and estrogen sulfate by varying amounts: 81-94% by anastrozole, 84-98% by letrozole
and 52-72% by exemestane.(42) However, efforts are underway to determine biochemical
efficacy based on estrogen suppression in malignant breast tissues rather than circulating levels.
(43)

With the increasing use of AIs for the treatment of breast cancer in postmenopausal women,
concerns have been raised regarding their bone effects. These agents result in relatively more
tissue level estrogen deprivation and therefore have been associated with BMD losses. The
Arimidex, Tamoxifen, Alone or in Combination (ATAC) trial in postmenopausal women with
hormone receptor-positive disease reported a significantly decreased BMD after 2 years of
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anastrozole (4.1% median loss at the spine) compared to an increased BMD (2.2% median
increase at the spine) in patients taking tamoxifen.(44)

When AIs are used following tamoxifen, the bone loss reported has been more variable.
Postmenopausal women taking letrozole following tamoxifen (MA.17 study) had only modest
reductions in BMD compared to patients on placebo.(39)

The steroid AI exemestane has also not convincingly been shown to have a protective effect
on BMD. Animal models suggest that its androgenic properties might confer a benefit as
compared to the nonsteroidal AIs. (45) The 17-hydroexemestane metabolite binds more avidly
to the androgen receptor rather than the ER-α receptor.(46) These preclinical observations have
largely not been shown to have a protective effect in clinical studies. Postmenopausal women
on tamoxifen had a significant reduction in BMD after randomization to exemestane therapy
for 2 years whereas the tamoxifen-continuation group had no change in BMD.(47)

Fracture data from the use of AI has been reported as secondary outcomes in limited studies.
Fracture rates were higher for postmenopausal women in the ATAC trial receiving anastrozole
than for women receiving tamoxifen for five years (incidence rate ratio 1.55, 1.31-1.83 95%
confidence interval).(48) This difference in fracture risk was not sustained in the 100-month
median post-treatment follow-up period.(48) A trial of exemestane or tamoxifen in
postmenopausal women who had already completed 2 or 3 years of adjuvant tamoxifen
reported an increase in the odds ratio for fractures in the exemestane group (OR 1.45, 1.13-1.87
95% confidence interval, p=0.003).(41)

E. Other therapies
Bone loss has been reported for patients with breast cancer treated with oophorectomy,
chemotherapy or gonadotropin-releasing hormone agonists as well.(49, 50) The Austrian Breast
and Colorectal study of premenopausal patients with early breast cancer who were receiving
leuteinizing hormone-releasing hormone agonist (goserelin) for 3 years reported severe BMD
losses at the lumbar spine of 17.3% in the group that also received anastrozole and losses of
11.6% in the group that also received tamoxifen.(51)

It is clear that patients with breast cancer being treated with therapies that result in
hypogonadism need to have their bone health assessed.

IV. Prostate Cancer
A. Incidence and Androgen Deprivation Therapies

Prostate cancer is estimated to affect 1 in 6 men in their lifetime and is the third leading cause
of cancer death in men in the United States. Growth of normal and malignant prostate cancer
cells is dependent on androgens (primarily testosterone and dihydrotestosterone). The testes
produce 90-95% of androgens and the remaining 5-10% is predominantly produced by the
adrenal glands. Androgen deprivation via surgical orchiectomy has been long recognized as
beneficial for patients with metastatic prostate cancer.(52) Studies have subsequently suggested
that early hormonal treatment of men with locally advanced prostate cancer may improve
survival.(53, 54) These studies have resulted in increasing use of androgen deprivation therapy
(ADT) for adjuvant treatment of locally advanced, recurrent or metastatic prostate cancer.
(55) ADT can include bilateral orchiectomy, gonadotropin-releasing hormone (GnRH)
agonists, antiandrogens (e.g. bicalutamide) and less commonly estrogen therapy. The intended
effect of these therapies is testosterone deficiency or blockade of testosterone action.

GnRH agonists work at the level of the hypothalamus to ultimately downregulate luteinzing
hormone (LH) and follicle stimulating hormone (FSH) receptors. A decrease in LH results in
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decreased androgen synthesis primarily in the testes. At the initiation of therapy, the GnRH
agonists can result in an initial “flare” of symptoms as the LH/FSH receptor downregulation
does not occur immediately.(56) After several weeks of continuous GnRH agonist therapy,
circulating testosterone levels are reduced by 90% similar to bilateral orchiectomy. However,
estrogen deficiency also results from bilateral orchiectomy and GnRH agonists due to loss of
conversion of testosterone to estradiol. This may have important implications for bone health.

Antiandrogen therapy includes nonsteroidal agents (bicalutamide, flutamide) available in the
United States and steroidal agents (cyproterone acetate) available in Canada and Europe.(54)
The nonsteroidal antiandrogens competitively bind with the androgen receptor to block its
activation. With these agents, testosterone levels remains unchanged or even increased.(54)
Antiandrogens may be used as monotherapy but is more typically used in combination with
GnRH agonist to prevent a “flare” or added to bilateral orchiectomy or other regimen for
combined androgen blockade (CAB). Patients with advanced prostate cancer however are
increasingly maintained long-term on ADT therapies and effects on bone outcomes have been
recognized.

B. Androgen-Deprivation Therapy: Effects on BMD
Men who are undergoing therapy with androgen-deprivation therapy (ADT) are at higher risk
for BMD loss and increased incidence of fractures.(57) Substantial BMD losses from ADT
have been reported in several trials of 2-4% at the hip and 2-5% at the spine by DXA in one-
year after initiation of ADT(58-60) but rates have been reported as high as 8.5% at the spine by
QCT.(58) Other studies have reported significant losses at the ultradistal radius (5.3%) after
one-year of ADT.(61) These high bone loss rates occur early in the treatment course and rates
of bone loss are similar to those seen in early postmenopausal women. This bone loss occurs
due to the hypogonadism which is well known to increase bone turnover and thereby increase
bone resorption.

Bicalutamide is often used in association with GnRH therapy but can also be used as
monotherapy. An open-label study of 52 men with non-metastatic prostate cancer receiving
either bicalutamide or a GnRH agonist for one year reported a 2.5% increase in lumbar spine
BMD with bicalutamide compared with 2.5% loss in BMD with GnRH agonists.(62)
Bicalutamide as monotherapy was associated with a 97% increase in testosterone
concentrations and 146% increase in estradiol concentrations in that study. With androgen
receptor blockade, LH signaling from the pituitary is intact and results in increased testosterone
which can then be converted to estrogen via an intact aromatase enzyme. These differences in
effects on hormonal response between bicalutamide and GnRH agonists may explain the
difference in BMD responses. However, bicalutamide as monotherapy is associated with
gynecomastia and it is unclear whether it has survival advantages and therefore is less often
used as monotherapy.

C. Androgen-Deprivation Therapy: Effects on Fracture Risk
Fracture rates are higher in men undergoing androgen deprivation therapy for nonmetastatic
prostate cancer when compared to men with prostate cancer not undergoing ADT in analysis
of medical claims and Medicare databases.(63-65) Fracture rates were higher for any clinical
fracture (RR 1.21, 95% CI 1.09-1.34) as well as hip fractures (RR 1.76, 95% CI 1.33-2.33) for
men with prostate cancer receiving GnRH agonist therapy compared to men not receiving
GnRH therapy.(65) This risk appears to increase with longer duration of therapy.(63, 64)
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V. Survivors of childhood malignancies
It has also been recognized that deficits in bone accrual are a long-term morbidity associated
with survival of a childhood malignancy. Low bone mineral density has been shown in studies
of adult-survivors of hematologic malignancies (e.g. acute lymphoblastic leukemia) and solid
tumors (e.g. brain tumors).(66-68) In this group, alterations in gonadal function occur and
growth may be impaired. Peak bone mass may therefore not be fully attained. It has been noted
that patients receiving cranial irradation as adjunct therapy for ALL or brain tumors may
experience hypothalamic or pituitary deficiencies such growth hormone or gonadotropin
deficiency.(69, 70) Both these pituitary hormones are critical to maintenance of normal skeletal
accrual during growth. Further, radiation-induced damage and use of alkylating agents may
result in gonadal dysfunction. Due to the multitude of potential insults, bone health has
therefore become an important aspect to care of survivors of childhood malignancies.

VI. Treatment of Cancer-treatment related bone loss
A. General Guidelines

Although the data are compelling regarding the effect of hypogonadism on inducing bone loss
in cancer patients, secondary causes should always be considered in the differential diagnosis
and investigated in selected patients. These including hyperthyroidism, hyperparathyroidism
(primary or secondary), vitamin D deficiency, celiac disease among others. Each patient should
have an assessment of vitamin D and replaced appropriately to attain 25-hydroxyvitamin D
concentrations of more than 30 ng/mL. A minimum of 800IU of vitamin D should be given
daily in patients with bone loss and dosing could be adjusted higher based on vitamin D
concentrations attained. Calcium is best obtained through the diet and targeted total
consumption should be 1200-1500mg per day. Weight-bearing exercise is likely to be
important to maintain muscle tone and balance although the effects of exercise on bone mineral
density are less clear. Osteoporotic fragility fractures occur in association with a fall, therefore
patients should be assessed for falls risk and appropriate counseling be provided.

Recent studies have suggested that patients at risk for bone loss are not being identified and
therefore not effectively treated. As the patients' malignancy often dominates the focus of
discussion, the possibility of silent bone disease may not often be addressed. A study of men
with prostate cancer at risk for bone loss due to ADT or orchiectomy found that only 34% had
received a recent DXA or pharmacological intervention for osteoporosis prevention or
treatment.(71)

Patients should have their BMD assessed when initiating therapy on aromatase inhibitors,
GnRH agonists, antiandrogens, or other therapies at high risk of bone loss (Table 2).(72)
Consensus groups have formulated guidelines on the approach to bone loss in patients with
cancer.(73) The American Society of Clinical Oncology (ASCO) guidelines suggest that
women with breast cancer should receive a BMD with additional risk factors of AI therapy,
premature ovarian failure, family history of fractures, body weight less than 70kg or prior
nontraumatic fracture.(74) Clinical practice guidelines have recommended that men
undergoing surgical or chemical castration have a BMD measured at baseline.(75) BMD should
be assessed at the hip and spine using dual-energy X-ray absorptiometry (DXA). Those patients
who have fragility fractures or osteoporosis by BMD criteria (BMD 2.5 standard deviations or
more below a normal young adult) should be offered therapy with anti-osteoporosis agents.
BMD should be assessed yearly for patient at risk of bone loss. Patients experiencing significant
BMD losses while undergoing cancer therapy may also be candidates for further
pharmacotherapies. The most effective agents for fracture risk reduction are bisphosphonate
therapies.
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B. Effectiveness of Bisphosphonate therapy
Bisphosphonate therapy is well-proven for the prevention of bone loss and fracture risk
reduction in postmenopausal women with osteoporosis as well as in patients with
glucocorticoid-induced osteoporosis. Reductions in vertebral and hip fractures have been
reported in healthy postmenopausal women receiving oral alendronate, oral risedronate and
intravenous zoledronic acid.(76-78) Oral clodronate and oral ibandronate has reduced vertebral
fractures in healthy postmenopausal women.(79, 80) Treatment of skeletal-related
complications in cancer, such as bone metastases, has focused primarily on intravenous
formulations. In contrast, oral bisphosphonates are the mainstay for treatment of osteoporosis
therapies in patients without cancer.

Intravenous bisphosphonates have been effective in patients with prostate cancer undergoing
ADT. Pamidronate has been effective at reducing bone loss in GnRH-treated men with locally
advanced prostate cancer(58) as well as in men with bone metastases after combined androgen
blockade with GnRH agonist and an androgen antagonist.(81)

Zoledronic acid, a more potent bisphosphonate than pamidronate, has been demonstrated to
increase BMD above baseline in several trials in non-metastatic prostate cancer. A multicenter
randomized, placebo-controlled trial of zoledronic acid (4mg intravenously every 3 months)
increased BMD at the hip and spine in men initiating ADT for nonmetastatic prostate cancer
(7.8% difference in BMD at the spine between groups, 95% CI 5.6-10.0%).(59) A single yearly
infusion of zoledronic acid also increased BMD at one-year of GnRH agonist therapy.(82)

Zoledronic acid has shown promise in preventing AI-related bone loss in breast cancer. It has
been shown to significantly decrease BMD losses associated with the use of letrozole,
anastrozole and tamoxifen. The optimal timing of administration of zoledronic acid is actively
being studied and reports suggest that zoledronic acid given at the initiation of AI therapy is
more effective than delayed initiation. Postmenopausal women given adjuvant letrozole for
early-stage breast cancer in the Zometa-Femara Adjuvant Synergy Trial (Z-FAST) had higher
BMD increases at one year at the spine (4.4%) and total hip (3.3%) when zoledronic acid was
given upfront rather than delayed-start.(83) Zoledronic acid prevented bone loss at the spine
and hip in premenopausal patients with breast cancer treated with goserelin (GnRH agonist)
combined with either anastrozole or tamoxifen.(51)

Oral bisphosphonates are well established to prevent fractures at multiple sites in patients with
osteoporosis but have been infrequently studied in patients with cancer.

Men undergoing ADT for prostate cancer given oral alendronate 70mg once weekly for one
year had 5.1% greater BMD at the spine and 2.3% greater BMD at the femoral neck compared
to placebo.(84) Oral risedronate (35mg once weekly) given to breast cancer survivors with
recent chemotherapy-induced menopause resulted in mild improvements in BMD at one year.
(85)

C. Safety of Bisphosphonate Therapy
Complications of intravenous bisphosphonate therapy can include acute flu-like reactions,
renal insufficiency and hypocalcemia. These complications can be lessened by premedication
with anti-pyretics and avoidance of use in patients with known hypocalcemia or significant
vitamin D deficiency. In addition, infusion rates have been slowed or doses reduced to decrease
the incidence of renal insufficiency.

Concern has been raised regarding osteonecrosis of the jaw (ONJ), a potential complication of
bisphosphonate use in patients with cancer. ONJ is generally defined as a non-healing oral
ulcer lasting 8 weeks or more usually occurring after invasive dental procedures. Several
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societies have convened expert panels and issued position papers including the American
Academy of Oral and Maxillofacial Pathology(86), American Society of Bone and Mineral
Research(87, 88) and the American Dental Association.(89) In the absence of information
regarding the pathophysiology and risk factors for this condition, it is recommended that
patients being treated with intravenous bisphosphonates undergo a dental exam and invasive
procedures should be postponed or completed prior to initiation of therapy. It is hoped that
increased awareness and attention to oral hygiene may prevent complications associated with
this condition.

D. Additional therapies
Additional therapies for treatment of cancer-related bone loss are often limited. Estrogen may
be considered in women without a history of or risk factors for breast cancer who have had
premature menopause or other treatment-associated amenorrhea. Postmenopausal women in
the Women's Health Initiative who were randomized to conjugated equine estrogen/
progesterone combination had a decreased incidence of fracture. This must be weighed against
an increased thromboembolism risk, breast cancer risk and unclear cardiovascular protection.

Selective-estrogen receptor modulators (SERMs) may also be appropriate for selective
populations. Raloxifene has been approved for the use in postmenopausal osteoporosis as it
has been shown to reduce the incidence of spine fractures.(90) Raloxifene has improved BMD
in men with prostate cancer at the hip at one-year following GnRH therapy.(91) However,
raloxifene is not used following 5-year tamoxifen therapy in women with breast cancer.
Teriparatide (recombinant human PTH) has proven fracture reduction efficacy and is used in
selected populations for osteoporosis management. However, due to the development of
osteosarcoma in rats given lifelong teriparatide therapy, the drug has a black box warning not
to be used in patients at increased risk of osteosarcoma such as prior external beam or implant
radiation therapy involving the skeleton. It is further recommended that patients with bone
metastases or a history of skeletal malignancies should not be given teriparatide. As such,
teriparatide is not used in the management of most patients with bone loss due to cancer
treatment. Newer therapies for treatment of bone loss include the RANK-L inhibitor,
denosumab that results in sustained inhibition of bone turnover. This agent is actively being
studied in patients with cancer for both the management of bone loss as well as bone metastases.
(92) Early results from a phase III trial reported increases in BMD after 2 years of denosumab
(twice yearly subcutaneous dosing) in patients with nonmetastatic breast cancer treated with
aromatase inhibitors.(93) Ongoing trials will determine the role of denosumab for management
of patients with bone loss. Currently, bisphosphonates are preferred over these agents due to
their known protection against hip fractures in addition to vertebral fractures.

Current therapies for bone loss associated with cancer-treatment result in suppression of bone
turnover. We have focused on cancer-treatment associated bone loss in this article but it should
be noted that suppression of bone turnover may have beneficial effects on the skeletal tumor
burden itself. Animal models have suggested that mice with hypogonadism develop metastases
from prostate cancer cell inoculation faster than eugonadal mice and this effect can be blocked
by the use of the bisphosphonate zoledronic acid.(94) In addition, mice who had PTH-induced
increases in bone turnover were found to have increases in prostate cancer metastases to skeletal
areas experiencing accelerated bone turnover, the effects of which could be mitigated by
zoledronic acid administration.(95) Further support for the role of increased bone resorption in
the pathophysiology of bone metastases is gleaned from an exploratory cohort analysis where
elevated bone turnover markers were a significant predictor of death in patients with skeletal
involvement of myeloma, breast and prostate cancer who were enrolled in phase III clinical
trials on the use of zoledronic acid.(96)
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VII. Conclusions
It is clear that patients with cancer are at risk for bone loss from treatments that result in
hypogonadism. Patients with breast cancer, prostate cancer and survivors of childhood
malignancies may be at particular risk but the risk is not limited to those populations.
Fortunately, bisphosphonates work well in limiting bone loss associated with many cancer
therapies, including AI treatment in breast cancer and ADT therapies in prostate cancer.
Patients being treated for malignancies with agents associated with bone loss should undergo
a bone health assessment.
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Figure 1.
Bone mineral density loss with cancer therapies. Cancer treatment induced bone loss after 1
year often exceeds that seen in normal men and postmenopausal women. BMD=bone mineral
density; AI=aromatase inhibitor. Data from Hirbe et al. (1), adapted and reprinted with
permission from American Association for Cancer Research, Inc.
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Table 1
Selected Cancer Therapies Associated With Bone Loss

Therapy Tumor

Bilateral orchiectomy Prostate cancer

Oophorectomy Breast cancer

GnRH agonists Breast cancer, Prostate cancer

Antandrogens Prostate cancer

Chemotherapy Various malignancies

 Cyclophosphamide Breast cancer

 Methotrexate/ifosfamide Osteosarcoma

 Alkylating agents Hodgkin's/non-Hodgkin's lymphoma

Selective estrogen-receptor modulators Breast cancer

Aromatase inhibitors Breast cancer

Glucocorticoids/cyclosporine Stem-cell transplantation for various malignancies

Radiation therapy Various malignancies

Reprinted with permission from American Society of Clinical Oncology.
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Table 2
Management of bone loss in patients with breast or prostate cancer

All patients

• Annual BMD testing

• Lifestyle modification

• Daily calcium and vitamin D supplementation

• Annual assessment of risk factors including use of aromatase inhibitors (breast cancer) or androgen deprivation therapy (prostate cancer)

Bisphosphonate or other anti-osteoporosis therapy is indicated for

• Patients with a history of fracture

• Osteoporosis by BMD (T-score ≤ -2.5)

• Significant bone loss at any site (spine, hip or radius) in patients at risk for fracture

Reprinted with permission from Osteoporosis Reports.
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