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Abstract

Bone health and maintenance of bone integrity are important 

components of comprehensive cancer care. Many patients with 

cancer are at risk for therapy-induced bone loss, with resultant 

osteoporotic fractures, or skeletal metastases, which may result 

in pathologic fractures, hypercalcemia, bone pain, and decline in 

motility and performance status. Effective screening and timely 

interventions are essential for reducing bone-related morbidity. 

Management of long-term bone health requires a broad knowl-

edge base. A multidisciplinary health care team may be needed 

for optimal assessment and treatment of bone-related issues in 

patients with cancer. Since publication of the previous NCCN Task 

Force Report: Bone Health in Cancer Care in 2009, new data have 

emerged on bone health and treatment, prompting NCCN to con-

vene this multidisciplinary task force to discuss the progress made 

in optimizing bone health in patients with cancer. In December 

2012, the panel members provided didactic presentations on vari-

ous topics, integrating expert judgment with a review of the key 

literature. This report summarizes issues surrounding bone health 

in cancer care presented and discussed during this NCCN Bone 

Health in Cancer Care Task Force meeting. (JNCCN 2013;11[Suppl 

3]:S1–S50)

NCCN Task Force Report:  
Bone Health in Cancer Care

Julie R. Gralow, MD; J. Sybil Biermann, MD; Azeez Farooki, MD; Monica N. Fornier, MD; Robert F. Gagel, MD; 

Rashmi Kumar, PhD; Georgia Litsas, MSN, ANP-BC, AOCNP; Rana McKay, MD; Donald A. Podoloff, MD; 

Sandy Srinivas, MD; and Catherine H. Van Poznak, MD

Assessing Bone Health 

Osteoporosis and its associated increase in fracture risk 

is a major health issue for the aging population, and 

especially for patients with cancer. Hip and vertebral 

fractures are associated with chronic pain, decreased 

quality of life, and increased risk of death.1 Much of the 

morbidity and mortality associated with bone loss can 

be prevented with appropriate screening, lifestyle inter-

ventions, and therapy.

Both cancer itself and cancer therapies can have pro-
found effects on bone metabolism. The hormone depri-
vation state resulting from certain cancer therapies en-
hances osteoclastic bone resorption, promoting bone loss.  
Osteoporosis risk factors unique to patients with cancer 
include chemotherapy-induced menopause, gonadotro-
pin-releasing hormone (GnRH) suppression of gonadal 
function, antiestrogen and antiandrogen therapies, and 
glucocorticoids used predominantly in treatment of he-
matologic malignancies or as supportive agents in solid 
tumors. Radiation therapy can have a direct local effect 
on bone; for example, chest irradiation and pelvic irradia-
tion are associated with an increased risk of rib fractures 
and pelvic insuf�ciency fractures, respectively.

These cancer therapy-related affects combine with 
other important clinical factors, such as age, prior fracture 
history, and family history of fracture, to further increase 
fracture risk.2,3 Lifestyle-related factors, such as smoking, 
excess alcohol intake, inadequate weight-bearing exercise, 
low calcium intake, and vitamin D de�ciency, are common 
in patients with cancer. Additionally, the use of speci�c 
nononcologic pharmacologic agents, such as proton pump 
inhibitors, anticoagulants, and certain antidepressants, 
may contribute to accelerated bone loss in these patients. 
Breast cancer in particular is associated with increased 
rates of osteoporosis and fractures, as shown in several 
studies. Researchers found a 2.72% annual incidence of 
vertebral fractures in 352 patients with newly diagnosed 
breast cancer, compared with 0.53% in a control group of 
776 women.4 In a study by the Women’s Health Initiative 
(WHI) group, postmenopausal breast cancer survivors had 
a signi�cantly higher incidence of total fractures.5 
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Bone Mineral Density

The WHO established fracture risk through com-
paring the bone mineral density (BMD) of an in-
dividual versus the database measurements of nor-
mal men or women of speci�c ethnic backgrounds 
in whom fracture frequency has been ascertained. 
A variety of different technologies are available for 
assessing BMD, including dual-energy x-ray absorp-
tiometry (DXA), peripheral ultrasound, and quanti-
tative CT scanning. However, DXA of the hip and 
spine is considered the gold standard because of its 
intermediate cost, low radiation exposure, excellent 
precision, ability to monitor treatment response, and 
validation in a large number of clinical trials. 

BMD may be expressed in absolute terms, in 
grams per square centimeter (g/cm2), and in relative 
terms as the difference in standard deviations from ex-
pected BMD for the patient’s age and sex (Z score) or 
from that of “young normal” adults of the same sex (T 
score). In 1994, the WHO established diagnostic cri-
teria for osteoporosis based on T scores.6 Based on the 
WHO criteria, BMD within 1.0 standard deviation of 
a “young normal” adult (T score of ≥ –1.0) is consid-
ered normal; 1.0 and 2.5 standard deviations below (T 
score of –1.0 to –2.5) constitutes low bone mass; and 
2.5 standard deviations or more below (T score ≤ –2.5) 
constitutes osteoporosis. Evidence shows that low 
BMD measured with DXA at any skeletal site (spine, 
hip, or forearm) can predict osteoporotic fracture; the 
BMD value at a given site best predicts fracture risk at 
that speci�c site. Overall, an approximately 2-fold in-
crease in risk of these fractures exists for each standard 
deviation decrease in BMD.7

The limitations of DXA measurement must also 
be recognized. For example, results can vary with the 
machine used, the different underlying dual-energy 
methods used, calibration differences, different de-
tectors used, different reference standards, and also 
by anatomic site (eg, hip vs vertebrae). Therefore, 
serial monitoring of BMD, using the same piece of 
equipment and the same reference standards, is rec-
ommended. The presence of osteoarthritis or calci�-
cation of the aorta may lead to falsely high BMD. A 
T score of –2.5 should not be interpreted as the de-
�nitive cutoff for osteoporosis, which can also be diag-
nosed in the presence of a fragility fracture, regardless 
of T score. Conversely, a T score of –2.5 can falsely 
suggest osteoporosis in the presence of osteomalacia, a 
condition characterized by inadequate mineralization 

of bone caused by vitamin D de�ciency or hypophos-
phatemia. A DXA scan exposes patients to low lev-
els of radiation, equal to approximately one-tenth of 
those from a chest radiograph, and equivalent to daily 
background radiation exposure.8 

The U.S. Preventive Services Task Force recom-
mends screening for osteoporosis in all women older 
than 65 years without previous known fractures or sec-
ondary causes of osteoporosis, and in women younger 
than 65 years whose 10-year fracture risk is equal to 
or greater than that of a 65-year-old white woman 
without additional risk factors.9 It does not recom-
mend screening in men with no history of fractures 
or known secondary causes of osteoporosis.9 ASCO 
guidelines are in agreement, and further suggest BMD 
screening for women with breast cancer who have 
high-risk factors, such as those with a family history 
of fractures, body weight less than 70 kg, and prior 
nontraumatic fracture, and those of any age who are 
postmenopausal receiving aromatase inhibitor (AI) 
therapy, and those who are premenopausal with ther-
apy-induced ovarian failure.10 The National Osteopo-
rosis Foundation (NOF) recommends BMD testing in 
the following individuals: women aged 65 years and 
older and men aged 70 years and older, regardless of 
clinical risk factors; younger postmenopausal women 
in the menopausal transition, and men aged 50 to 69 
years with clinical risk factors for fracture; adults who 
have a fracture after age 50 years; and all adults with a 
condition (eg, rheumatoid arthritis) or taking a medi-
cation (eg, glucocorticoids in a daily dose of ≥5 mg of 
prednisone or the equivalent for ≥3 months) associ-
ated with low bone mass or bone loss. 

The NCCN Clinical Practice Guidelines in 
Oncology (NCCN Guidelines) for Prostate Cancer 
recommend screening for osteoporosis according to 
guidelines for the general population from the NOF 
(www.nof.org). In patients who will be undergoing 
therapy that lowers sex steroids, the NCCN Guide-
lines for Breast and Prostate Cancers recommend 
evaluation with baseline and periodic follow-up DXA 
scans to evaluate bone health and risk of fracture (to 
view the most recent version of these guidelines, visit 
NCCN.org).11,12

Fracture Risk 

The WHO developed the Fracture Risk Assessment 
tool (FRAX), a risk-assessment software that combines 
both bone density measurements and clinical factors 
in assessing fracture risk (www.shef.ac.uk/FRAX/).13 
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This tool provides an estimate of the 10-year proba-
bility of hip fracture and a major osteoporotic fracture 
based on age, sex, clinical risk factors, femoral neck 
BMD (T score), and other information. FRAX analy-
sis is optimized for postmenopausal women and men 
aged 50 years and older, and is intended to predict risk 
for patients previously untreated for bone loss. The 
WHO FRAX tool can be used to guide intervention 
and therapy. Guidelines promulgated by the Agency 
for Healthcare Research and Quality14 recommend 
therapeutic intervention for patients with a 10-year 
FRAX risk of 3% or greater for hip fractures and 20% 
or greater for all major fractures. FRAX is not de-
signed to evaluate fracture risk in patients undergoing 
osteoporosis therapy. Cancer therapy, including AIs 
and androgen deprivation therapy (ADT), should be 
considered “secondary osteoporosis” while using the 
FRAX algorithm; glucocorticoid use (eg, use of ≥5 
mg/d of prednisone or an equivalent for ≥3 months) 
should be indicated by checking the box entitled “glu-
cocorticoids.” FRAX calculations can be performed 
with or without BMD data, making it useful when 
bone density information is unavailable. 

Bone Turnover Markers

Biochemical markers of bone remodeling can be 
broadly subdivided into markers of bone formation 
(bone-speci�c alkaline phosphatase [BAP], and 
N-terminal and C-terminal pro-peptides of type I 
procollagen [P1NP, P1CP]) and markers of bone re-
sorption (N-terminal and C-terminal cross-linking 
telopeptides of type I collagen [NTX and CTX]). 

Bone biomarkers can be used to assess risk of 
fracture independently of age, BMD, and prior frac-
ture. Several cohort studies have shown that levels of 
bone markers such as CTX and BAP are predictive 
of vertebral fractures and hip fractures,15–17 and bone 
turnover markers may improve the identi�cation of 
women at high risk for fracture. However, the mark-
ers of bone metabolism cannot be translated into a 
patient-speci�c estimate of risk for fracture; hence, 
the bone markers are not widely used clinically when 
addressing osteoporosis. 

Vertebral Fractures

Vertebral fractures, the most common type of fra-
gility fractures,18,19 are associated with a signifi-
cant increase in morbidity and mortality, and may 
predict risk of future fracture. These can occur 
with no recognizable trauma, and may not cause 

pain sufficient to arouse concern.20 Clinical indi-
cations of vertebral fractures include a historical 
height loss of greater than 4 cm (1.6 in) or a pro-
spective height loss of greater than 2 cm (0.8 in), 
or complaint of acute back pain. Many patients 
with vertebral fractures may not have T scores 
classified as osteoporosis.21 Independent of BMD 
and other clinical risk factors, existing vertebral 
fractures are a strong predictor of future fractures. 
Women with vertebral fractures have a 5-fold 
increased risk of a new vertebral fracture and a 
2-fold increased risk of hip fracture.22–24 

Vertebral fracture assessment (VFA) can be 
performed along with BMD assessment by DXA. 
It is available as additional software on some bone 
densitometers. The software permits lateral verte-
bral assessment and provides crisp lateral images 
of the thoracic and lumbar spine with relatively 
low radiation exposure.25,26 Other methods to de-
tect and evaluate vertebral fractures include spine 
radiography and CT. Lateral spine radiographs are 
the gold standard for detecting vertebral fractures; 
they expose patients to a relatively higher dose of 
radiation than VFA, which uses a relatively low 
dose of radiation. The approximate effective ra-
diation dose of VFA is 3.00 μSv versus 1.5 mSv 
with radiograph of lumbar spine, 0.001 mSv with 
DXA, 0.10 mSv for chest radiograph, and 6.00 
mSv with CT scan of the spine.27,28

NCCN Recommendations for Screening for 
Osteoporosis in Patients With Cancer 

According to the NCCN Task Force, patients with 
cancer typically have several additional osteoporosis 
risk factors that should prompt screening, regardless 
of age or sex. The task force recommends screening 
all patients with cancer who are at increased risk for 
bone loss because of therapy and/or age. 

All patients who initiate cancer therapy that 
induces early menopause, reduces sex steroids or in-
terferes with their action, or includes glucocorticoids 
should undergo assessment of their risk for bone loss 
and subsequent risk for osteoporosis and fracture. 
Obtaining a bone-related history and physical exam-
ination, including the use of the FRAX calculator, is 
recommended to estimate fracture risk. 

Changes in DXA scan in response to antiresorp-
tive medication typically occur over a long period, 
and serial DXA scans should generally not be per-
formed more than once a year. The task force rec-
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ommends that patients with cancer with elevated 
fracture risk should be evaluated with DXA every 
24 months. In selected circumstances, such as when 
bone loss risks have changed signi�cantly or a major 
therapeutic intervention has been undertaken, ob-
taining a 12-month follow-up DXA is reasonable. 

Baseline and follow-up history and physical ex-
aminations should include assessment for vertebral 
fractures, including obtaining a history of falls, annu-
al height measurement, and evaluation of new back 
pain.29 Vertebral fracture assessment may be helpful 
in the baseline assessment and follow-up of patients 
with a very high risk of vertebral fracture. 

Patients with clinical evidence of an existing 
vertebral fracture should be carefully assessed for all 
factors affecting future fracture risk, and risk inter-
vention strategies, including possible therapeutic in-

tervention, should be undertaken. Figure 1 presents 
an algorithm for the screening of patients with can-
cer at increased risk for bone loss and/or fracture as a  
result of their cancer therapy or age.

Cancer Therapy and Bone Health 

Many of the therapies used for the treatment of breast 
and prostate carcinomas are associated with bone 
density loss, which in turn leads to an increased risk 
of fracture. Rates of bone density loss can vary signi�-
cantly across subgroups of patients. For example, bone 
loss is more signi�cant in premenopausal women with 
treatment-induced ovarian suppression combined with 
an AI compared with postmenopausal women treated 
with an AI. The magnitude of effects of various cancer 
treatments on BMD is illustrated in Figure 2. 

Figure 1 Algorithm for the management of bone health in cancer patients in the United States.
Abbreviations: BMD, bone mineral density; DXA, dual-energy x-ray absorptiometry; FRAX, Fracture Risk Assessment tool.

aThe high-risk groups of patients include those who have had any type of fragility fracture (eg, distal radius 
fracture, hip fractures, any compression fracture) and patients who are receiving aromatase inhibitors, andro-
gen deprivation, or glucocorticoids. 
bSee section on “Fracture Risk” (page S-2) for details on FRAX analysis.
cSee section on “Management of Bone Health in Patients With Cancer: Nonpharmacologic Components” 
(page S-7) for information on lifestyle modi�cations and calcium and vitamin D supplementation.
dSee section on “Management of Bone Health in Patients With Cancer: Nonpharmacologic Components” 
(page S-8) for information on correcting vitamin D de�ciency.
eAfter 3–5 years of potent antiresorptive therapy (bisphosphonate or denosumab), or after cancer therapy 
posing a risk for bone loss is stopped, reassess fracture risk and consider a drug holiday or discontinuation 
(Black DM, Bauer DC, Schwartz AV, et al. Continuing bisphosphonate treatment for osteoporosis — for whom 
and for how long? N Engl J Med 2012;366:2051–2053). 
fIn selected cases, longer or shorter intervals may be considered. If a major change in patient risk factors or a 
major intervention occurs, repeating DXA scan at 1 year is reasonable.

T score between
–1.5 and –2.0

T score < –2.0
or FRAX 10-year fracture risk
>20% for major fracture or 

> 3% for hip fracture

Check 25(OH) D leveld

Consider pharmacologic
therapye

Strongly consider treatment
with pharmacologic therapye

Repeat DXA every 2 yearsf

T score > –1.0
T score between

–1.0 and –1.5

History & physical examination,
BMD screening, FRAX analysisb

Lifestyle modifications, calcium and vitamin
D supplementationc

Cancer patients at increased risk for bone loss and
fracture because of therapy or agea
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Chemotherapy-Induced Ovarian Failure and  

Bone Health

Nearly all premenopausal women with breast cancer 
receiving standard adjuvant chemotherapy experi-
ence at least temporary amenorrhea, and as many 
as 50% to 70% may experience permanent ovarian 
failure or early menopause.30,31 

No standard de�nition for chemotherapy-induced 
ovarian failure exists in the literature. For example, 
some studies de�ne chemotherapy-induced ovarian 
failure as at least 3 or 6 months of amenorrhea. How-
ever, distinguishing between temporary amenorrhea 
that will reverse and permanent ovarian failure is im-
portant, because bone loss is of greatest magnitude in 
the group of patients that goes into permanent ovar-
ian failure.32,33

The effects of chemotherapy on ovarian func-
tion depend on age at treatment, the speci�c class 
of drugs, and the cumulative doses. An important 
factor for predicting the risk of premature meno-
pause or ovarian failure is age at chemotherapy 

treatment, because greater risk is seen with increas-
ing age.31,33 Chemotherapy with alkylating agents 
such as cyclophosphamide is associated with high-
est risk of ovarian failure, followed by therapy with 
platinum agent and anthracyclines. Additional risk 
factors include cumulative dose and/or duration of 
the chemotherapy.31,34 Data from small studies have 
suggested other risk factors for developing ovarian 
failure, such as a higher baseline BMD before initi-
ating adjuvant chemotherapy.35 

Chemotherapy-induced ovarian failure is a high-
risk factor for bone loss, which occurs as early as 6 
months and increases further at 12 months.35,36 Several 
studies have reported accelerated bone loss as a con-
sequence of ovarian failure after adjuvant chemother-
apy.35,37–41 In a prospective study of 49 premenopausal 
women (median age, 42 years) with breast cancer 
receiving adjuvant chemotherapy, 35 women expe-
rienced chemotherapy-induced ovarian failure.35 In 
patients with ovarian failure, signi�cant bone loss was 
seen in the lumbar spine by 6 months, but no signi�cant 

Figure 2 Rates of bone loss with cancer therapies. The rates of bone loss associated with various cancer therapies are substantially greater than 
those seen with normal aging in men and women.
Abbreviations: ADT, androgen deprivation therapy; AI, aromatase inhibitor; GnRH, gonadotropin-releasing hormone.

aKanis JA. Pathogenesis of osteoporosis and fracture. In: Kanis JA, ed. Osteoporosis. London, United 
Kingdom: Blackwell Healthcare Communications; 1997:22–55.  
bEastell R, Hannon RA, Cuzick J, et al. Effect of anastrozole on bone density and bone turnover: results 
of the ‘Arimidex’ (anastrozole), Tamoxifen, Alone or in Combination (ATAC) study [abstract]. J Bone 
Miner Res 2002;17(Suppl 1);S165. Abstract 1170.  
cLee WY, Cho SW, Oh ES, et al. The effect of bone marrow transplantation on the osteoblastic differen-
tiation of human bone marrow stromal cells. J Clin Endocrinol Metab 2002;87:329–335. 
dMaillefert JF, Sibilia J, Michel F, et al. Bone mineral density in men treated with synthetic gonadotro-
pin-releasing hormone agonists for prostatic carcinoma. J Urol 1999;161:1219–1222. 
eGnant M, Jakesz R, Mlineritsch B, et al. Zoledronic acid effectively counteracts cancer treatment 
induced bone loss (CTIBL) in premenopausal breast cancer patients receiving adjuvant endocrine treat-
ment with goserelin plus anastrozole versus goserelin plus tamoxifen-bone density subprotocol results 
of a randomized multicenter trial (ABCSG-12) [abstract]. Presented at the 27th Annual San Antonio 
Breast Cancer Symposium; December 8–11, 2004; San Antonio, Texas. Abstract 6. 
fShapiro CL, Manola J, Leboff M. Ovarian failure after adjuvant chemotherapy is associated with rapid 
bone loss in women with early-stage breast cancer. J Clin Oncol 2001;19:3306–3311.
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change was seen in patients who retained ovarian func-
tion. Bone loss associated with chemotherapy-induced 
menopause is several-fold higher than that seen with 
natural menopause or AI therapy–induced bone loss 
in postmenopausal women.35,42–44 

Hormonal Therapy and Bone Health

Aromatase Therapy and Bone Loss: AIs play 
an important role in the treatment of postmeno-
pausal women with estrogen or progesterone 
receptor–positive breast carcinoma, both in the 
adjuvant and metastatic settings.12 

AIs cause a rapid decline of circulating estrogen 
levels—as much as 99% within as little as 6 weeks.45,46 
The AI-induced estrogen depletion far exceeds the 
gradual estrogen loss seen in healthy menopausal 
women.47 Therefore, in these postmenopausal wom-
en, natural bone loss is accelerated by the further re-
duction in circulating estrogen caused by AIs.48,49 

The rate and magnitude of bone loss caused by 
AIs are lower than those observed after ovarian sup-
pression or chemotherapy-induced ovarian failure 
(Figure 2). Major phase III trials involving AIs in 
the adjuvant setting have reported increased frac-
ture risk.50–53 Therefore, AI use is considered a high-
risk factor for osteoporosis.

In the ATAC trial, after a median follow-up of 
100 months, patients receiving anastrozole alone 
had a signi�cantly higher fracture incidence com-
pared with those receiving tamoxifen alone (2.93% 
for anastrozole vs 1.90% for tamoxifen; P<.0001).52 
However, the pronounced difference in annual frac-
ture incidence rates observed during therapy did not 
persist beyond the 5-year treatment period (1.56% 
vs 1.51%, respectively, at 100 months; P=.79), sug-
gesting that AI-related fracture rates decrease after 
treatment completion.52 In a recent longer-term 
follow-up analysis of the ATAC bone substudy in a 
small group of 50 patients, evidence showed partial 
recovery in BMD at the lumbar spine (7 years af-
ter therapy) and no further loss in BMD at the hip 
in the anastrozole group.54 Patients with a normal 
BMD or who were osteopenic after 5 years of an-
astrozole treatment did not become osteoporotic at 
the end of 7 years after treatment.54

In the ARNO/ABCSG8 trial, fracture rates sig-
ni�cantly increased in patients who switched to an-
astrozole after 2 years on tamoxifen compared with 
those who received continuous therapy with tamoxi-
fen for 5 years (anastrozole, 2% vs tamoxifen, 1%).53 

However, the fracture rate in the anastrozole group 
in ARNO/ABCSG8 was lower than that seen at a 
similar point in the anastrozole group of the ATAC 
trial.52 The Breast International Group (BIG) 1-98 
trial compared adjuvant tamoxifen with adjuvant le-
trozole. Similar to the ATAC trial, results of the BIG 
1-98 trial show increased incidence of bone fracture in 
patients treated with letrozole compared with tamoxi-
fen (5.7% vs 4.0%; P<.001).55 Analysis after 5 years 
of treatment showed that women receiving letrozole 
continued to have signi�cantly more fractures than 
those receiving tamoxifen (8.6% vs 5.8%; P<.001).50 

The Intergroup Exemestane Study compared 
adjuvant tamoxifen for 5 years with 2 to 3 years of 
tamoxifen followed by exemestane.51 The incidence 
of fracture at 58 months was signi�cantly higher in 
the exemestane group than in the tamoxifen group 
(7.0% vs 4.9%; P=.003).56 

The MA-17 trial compared an additional 5 years 
of letrozole versus placebo after an initial 5 years of 
adjuvant tamoxifen.57 The design of this trial al-
lowed for a more direct look at the effect of AIs on 
bone without the confounding factor of tamoxifen 
present in the comparator arm. The incidence of a 
new diagnosis of osteoporosis was slightly higher in 
the letrozole group than in the placebo group (5.8% 
vs 4.5%; P=.07), with similar fracture rates in the 2 
groups. Regular treatment with calcium and vitamin 
D and the bone protective effect of pretreatment 
with tamoxifen probably contributed to this result. 

The MA-27 trial randomized postmenopausal 
patients with breast cancer to either adjuvant ex-
emestane or anastrozole.58 A substudy of BMD 
changes was performed to clarify whether the andro-
genic nature of exemestane results in less effect on 
bone density compared with a nonsteroidal AI. Data 
in approximately 500 women showed that among 
patients without osteoporosis, less early bone loss 
occurred at the hip in the exemestane group com-
pared with the anastrozole group (1 year; P=.007); 
however, at 2 years, the difference was no longer 
signi�cant (P=.13). For women with osteoporosis, 
bisphosphonate, calcium, and vitamin D increased 
BMD despite AI therapy at 1 and 2 years.59 Clinical 
bone fractures on study were reported to be similar 
between the groups.59 
ADT and Bone Loss: Prostate cancer growth is driv-
en by androgen hormones, and therefore ADT, either 
by orchiectomy or administration of GnRH agonists, 
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is the backbone of systemic therapy for prostate can-
cer. Based on a study in the US Medicare population, 
the use of ADT increased from 1.8% in 1993 to 2.9% 
in 2000. A study of men with newly diagnosed pros-
tate cancer from the CaPSURE database recorded 
that 46% of men (679 of 1485) with prostate cancer 
received ADT.60 Long-term ADT is used for treating 
locally advanced, recurrent, and metastatic prostate 
cancer.19 Osteoporosis and greater fracture risk have 
emerged as important long-term adverse effects of 
ADT. A recent survey of 175 patients revealed that 
most men undergoing ADT do not receive appropri-
ate screening, lack basic information, and are not ac-
tively engaged in managing bone health to prevent 
and manage loss.61

The term ADT is used because its intended ther-
apeutic use is to lower testosterone levels. Because 
estradiol is produced from testosterone through aro-
matase activity, ADT also reduces estradiol levels.62,63 
Compelling data suggest that estradiol has important 
effects in men.64 In population-based studies of old-
er men, low estradiol levels are associated with low 
bone mass and greater fracture incidence than low 
testosterone levels.65 

ADT using either orchidectomy or GnRH ago-
nists or antagonists with or without antiandrogens has 
been shown to decrease BMD in patients with prostate 
cancer.66–70 The decrease in BMD is most dramatic in 
the �rst year after ADT initiation, and is approximate-
ly 2% to 5%.71 In comparison, the age-related decline 
in men is 0.5% to 1.0% per year.66,68,72–75 Additionally, 
further loss occurs with continued treatment.76 Con-
sequently, the development of osteoporosis and frac-
ture risk seems to increase steadily with duration of 
ADT. In large population-based studies, for example, 
ADT was associated with a 21% to 54% relative in-
crease in fracture risk.74,77,78 A study of records from 
SEER and Medicare databases of more than 50,000 
men with prostate cancer revealed that the frequen-
cy of any fracture was signi�cantly higher in those 
receiving ADT.77 The relative risk of the occurrence 
of any fracture or a fracture resulting in hospitaliza-
tion increased with the increasing number of doses 
of GnRH agonist received during the �rst year after 
diagnosis. A Medicare claims–based study character-
ized the relationship between GnRH agonists and 
risk for clinical fractures.74 Men with nonmetastatic 
prostate cancer (n=10,617) were matched for age, 
race, geographic location, and comorbidity. Of these, 

3887 men treated with GnRH agonist were com-
pared with 7774 patients not treated with GnRH 
agonists.74 GnRH agonist use was associated with a 
faster time to fracture and a signi�cantly increased 
risk for any clinical fracture, hip/femur fractures, and 
vertebral fractures. Short-term treatment did not 
confer any greater fracture risk, suggesting reversal of 
the hypogonadal effects on the bone. 

Management of Bone Health in 
Patients With Cancer

Initial strategies for preventing bone loss and osteo-
porosis include nonpharmacologic recommenda-
tions for lifestyle and nutritional modi�cations, in-
cluding performing regular weight-bearing exercises 
and physical activity, avoiding tobacco use, limiting 
alcohol intake, and having adequate intake of calci-
um and vitamin D. In addition to lifestyle and nutri-
tional interventions, pharmacologic options should 
be considered in patients at high risk for bone loss 
and/or fracture.

Nonpharmacologic Components

Lifestyle Modi�cations: An excellent patient re-
source for bone health and lifestyle behavior is 
the NOF Web site.79 Physical activity can improve 
muscle mass, muscle strength, balance, and bone 
strength. Weight-bearing exercise has been associ-
ated with a decreased risk of hip fractures. This is 
likely through a reduction in fall risk and modest 
effects on preservation of bone density.80–82 Walk-
ing, Tai Chi, physical therapy, and dancing are 
considered good options to improve balance and 
prevent falls. Adults should aim for at least 30 
minutes per day of moderate physical activity (ei-
ther in one continuous session or in many shorter 
bursts). A home safety checklist can be found on 
the NOF Web site (www.nof.org).79 Wearing hip 
protectors may prevent hip fracture in the event of 
a fall83–86 and may be considered for patients with 
an exceptionally high risk for falling. However, the 
use of hip protectors has had limited success in ran-
domized controlled trials because of lack of adher-
ence.87 Toxic lifestyle behaviors, such as tobacco 
abuse and excessive alcohol consumption, are as-
sociated with a variety of adverse health outcomes, 
including increased risk for osteoporosis and frac-
ture. Counseling patients on these topics is impor-
tant on many levels and should not be overlooked. 
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The interventions chosen to follow will vary on an 
individualized basis (eg, referral to a smoking ces-
sation clinic). 
Calcium and Vitamin D Supplementation: Ad-
equate intake of calcium and vitamin D is critical to 
bone health and prevents secondary hyperparathy-
roidism. Some randomized studies have shown that 
calcium and vitamin D supplementation decreases 
the risk of fractures.88–90 Many of the negative stud-
ies have been hampered by poor compliance with 
supplements and/or suboptimal doses of vitamin D.
Calcium Supplementation: The updated Institute of 
Medicine (IOM) recommendations are 1200 mg/d 
of calcium for women and 1000 mg/d for men be-
tween 51 and 70 years, and 1200 mg for all individu-
als older than 70 years, with an upper level intake 
of 2000 mg/d.91 For individuals older than 50 years, 
the NOF recommends at least 1200 mg/d of calcium 
(from food and supplements).79 

Calcium supplements are available as calcium 
carbonate or calcium citrate. Calcium carbonate re-
quires gastric acid for optimal absorption and should 
therefore be taken with food. Calcium citrate does 
not require gastric acid for absorption, can be taken 
in between meals, and is the preferred option in pa-
tients receiving proton pump inhibitors. For optimal 
absorption, calcium supplements should be taken in 
divided doses of no more than 600 mg at one time. 
The upper limit of calcium set by the IOM is 2500 
mg/d for all adults aged 19 to 50 years and 2000 mg/d 
for adults older than 50 years.91 Evidence from the 
WHI study shows that adding 500 mg twice daily 
of calcium supplements to women with a baseline 
mean calcium intake of 1100 to 1200 mg/d increases 
the risk of developing kidney stones. Whether cal-
cium supplements raise the risk of cardiovascular 
disease, as has been shown in some meta-analyses, is 
currently debated.92–94 For patients at risk for nephro-
lithiasis, increasing dietary calcium in food has been 
associated with a lower risk for nephrolithiasis com-
pared with calcium supplements.92 
Vitamin D Supplementation: Vitamin D is known to 
play a major role in gastrointestinal calcium absorp-
tion and is essential for maintaining normal bone 
mineralization. Vitamin D is produced endogenously 
when ultraviolet rays strike the skin. Use of sun block, 
recommended to reduce the risk of skin cancer, leads 
to substantial reduction of cutaneous vitamin D syn-
thesis. Vitamin D is naturally present in very few 

foods, but is added as a supplement to some food prod-
ucts and is available as a dietary supplement. Vitamin 
D supplementation is reported to increase BMD95 and 
reduce the risk of falls (possibly through impacting 
muscle function and/or balance).82,90,96

The NOF recommends that healthy people aged 
19 to 49 years get 400 to 800 IU of vitamin D every 
day; and that adults aged 50 years and older get 800 to 
1000 IU every day. In the updated recommendations 
regarding vitamin D intake,97 the IOM recommends 
600 IU of vitamin D every day for most healthy adults 
younger than 71 years and 800 IU for healthy people 
aged 71 years and older. This is an increase from the 
previous IOM recommendations. Although the up-
dated IOM recommendations for vitamin D intake 
are suf�cient for most healthy adults, they do not ad-
dress the vitamin D requirements for individuals at 
high risk for bone loss and/or osteoporosis. 

Vitamin D de�ciency or insuf�ciency is common 
in the general population and in patients with can-
cer.98–100 Although vitamin D is clearly important for 
bone health, evidence for its role in multiple other 
health outcomes remains uncertain. The Endocrine 
Society Guidelines recommend using the serum cir-
culating 25(OH) D level, measured with a reliable 
assay, to evaluate vitamin D status in patients who 
are at risk for vitamin D de�ciency.101 Vitamin D de�-
ciency is de�ned as a 25(OH) D level below 20 ng/mL 
(50 nmol/L), and vitamin D insuf�ciency as a 25(OH) 
D level of 21 to 29 ng/mL (525–725 nmol/L). 

Vitamin D supplements are available in 2 forms: 
D

2
 (ergocalciferol) and D

3
 (cholecalciferol). These 

forms are metabolized differently, and vitamin D
3
 

could be more effective in raising 25(OH) D con-
centrations and maintaining those levels when high-
er doses and longer dosing intervals are used.102,103 
When daily dosing was studied, no difference was 
found in maintaining 25(OH) D levels.104 

For optimal bone health, vitamin D should be 
supplemented in amounts suf�cient to bring the se-
rum 25(OH) D level to 30 ng/mL (75 nmol/L) or 
higher.101 A higher dose repletion regimen followed 
by a lower dose maintenance regimen is required. 
One common treatment regimen for patients with 
serum 25(OH) D levels below 30 ng/mL is prescrip-
tion vitamin D

2
 (ergocalciferol) 50,000 IU (avail-

able only by prescription) weekly for 8 weeks, or 
its equivalent of 6000 IU/d of vitamin D

2
 or vita-

min D
3
 followed by rechecking the serum 25(OH) 
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D level, followed by maintenance therapy of 1000 
to 2000 IU/d (available over-the-counter) based on 
the results.101,105 For patients with 25(OH) D levels 
between 20 and 30 ng/mL, an alternative suggested 
by panel experts is to add an additional 1000 IU/d 
of over-the-counter vitamin D

2
 or D

3
 to the current 

intake and recheck the level periodically (Table 1). 
Vitamin D toxicity (hypercalciuria, hyper-

calcemia, hyperphosphatemia, and activation of 
bone resorption) is very uncommon but may oc-
cur with massive daily doses of more than 50,000 
IU/d that produce 25(OH) D levels of more than 
150 ng/mL.101,105 Individuals with granulomatous dis-
orders, such as sarcoidosis, tuberculosis, and chronic 
fungal infections, and some patients with lympho-
ma, may experience hypercalciuria and hypercalce-
mia when taking vitamin D supplements because of 
vigorous conversion of 25(OH) D to 1,25(OH)

2 
D. 

These individuals may require a lower 25(OH) D 
target level of 20 to 30 ng/mL. Serum 25(OH) D 
and calcium levels must be carefully monitored in 
these individuals. 

Pharmacologic Agents for Bone Health

Several different classes of pharmacologic agents are 
approved by the FDA for the prevention or treatment 
of osteoporosis, including bisphosphonates, a recep-
tor activator of nuclear factor κB ligand (RANKL) 
inhibitor (denosumab), selective estrogen receptor 
modulators (SERMs), calcitonin, and teriparatide. 
Bisphosphonates: Bisphosphonates are potent in-
hibitors of osteoclast-mediated bone resorption, and 
several oral (alendronate, risedronate, and ibandro-
nate) and intravenous bisphosphonates (ibandro-
nate and zoledronic acid) are approved for preven-

tion and/or treatment of osteoporosis. All except 
ibandronate are approved in both men and women. 
The ef�cacy of oral bisphosphonates in treating 
bone loss associated with endocrine therapy (AIs 
and ADT) has been demonstrated in a few small tri-
als.106–108 Compliance is a signi�cant problem with 
oral bisphosphonate dosing.109 The oral bisphospho-
nates are associated with esophagitis in susceptible 
patients, and therefore should be avoided in patients 
with esophageal emptying disorders or who are un-
able to sit upright, because these patients are at high 
risk for esophagitis.110 Both oral and intravenous 
bisphosphonates are valid options for patients with 
cancer, who are at risk for bone loss or fracture, or 
who have established osteoporosis. 
RANKL Inhibition: RANKL is an essential cyto-
kine that is expressed on the surface of osteoblastic 
cells and osteocytes. Denosumab is a human mono-
clonal antibody to RANKL that blocks osteoclast 
differentiation, proliferation, and function.111 

Denosumab is FDA-approved for the treatment 
of postmenopausal osteoporosis,111 for increasing 
bone mass in men with osteoporosis,112 and for the 
treatment of ADT and AI-induced bone loss113,114 
at a dose of 60 mg subcutaneously every 6 months 
(Table 2). It is also approved for prevention of 
skeletal-related events (SREs) in patients with bone 
metastases from solid tumors at a dose of 120 mg 
monthly115,116 (Table 2).
Estrogen/Hormonal Therapy: Estrogen is an anti-
resorptive with proven antifracture ef�cacy, as dem-
onstrated in the WHI study. Estrogen therapy alone 
and combined estrogen and progesterone were asso-
ciated with a 33% to 34% reduction in hip fracture, 

Table 1 Vitamin D Replacement Therapy Guidelinea

Replacement Therapy × 4 Months & Recheck
Maintenance Therapy When Level 
30–60 ng/mL

25(OH) D Levelb,c  

(ng/mL)
Ergocalciferol Vitamin D

2 

(requires prescription)

Cholecalciferol 
Vitamin D

3 

(over-the-counter)
Cholecalciferol Vitamin D

3 

(over-the-counter)

<10 50,000 IU orally once weekly — 2000 IU/d

10–20 — 2000 IU/d 2000 IU/d

20–30 — 1000 IU/d 1000 IU/d

>30 Continue patient’s current regimen for all therapies

aRegimen may NOT be advisable in patients with hypercalcemia, primary hyperparathyroidism, sarcoidosis, or other granulomatous disease.  
bIf levels do not improve after 4 months, consider increasing the dose, and if still not improved, then a gastrointestinal consult should be sought to 
rule out malabsorption syndrome. 
cWith 25(OH) D <10 ng/mL and bone tenderness, consider diagnosis of osteomalacia and referral to endocrinologist. 
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respectively.117 The same study reported increased 
risks of myocardial infarction, stroke, invasive breast 
cancer, pulmonary emboli, and deep vein thrombo-
sis in postmenopausal women.117 Because of these 
risks, the FDA recommends that estrogens with or 
without progestins should be prescribed at the lowest 
effective doses and for the shortest duration consis-
tent with treatment goals and risks for the individual 
woman.118 Estrogen replacement therapy is not rec-
ommended in women with a history of breast can-
cer, including those who have had hormone recep-
tor–negative disease, because of the increased risk of 
breast cancer recurrence.119 

In young patients with cancers other than breast 
cancer who experience chemotherapy-induced prema-
ture menopause, estrogen may be a treatment option 
for both menopausal symptoms and bone health. Data 
in young women with spontaneous premature ovarian 
failure argue against an increased risk of breast cancer 
or other adverse events with full replacement doses.120 

Therefore, in women with chemotherapy-induced 
menopause who are not at increased risk for breast 
cancer, replacement of estrogen/progesterone until the 
normal age of menopause is not likely to produce the 
higher risk for adverse events seen in the WHI study, 

and is very likely bene�cial for bone health. 
Selective Estrogen Receptor Modulators: Although 
tamoxifen has a documented favorable impact on 
bone density in postmenopausal patients with breast 
cancer, raloxifene is currently the only SERM that 
is FDA-approved for preventing and treating osteo-
porosis in postmenopausal women. Raloxifene is a 
less-potent antiresorptive agent than bisphospho-
nates and denosumab. Raloxifene has been shown 
to decrease the incidence of vertebral fracture in 
postmenopausal women with osteoporosis; however, 
randomized studies have failed to document any ben-
e�t in terms of nonvertebral or hip fractures.121 Ral-
oxifene, unlike estrogens, is not associated with an 
increase in myocardial infarction. In the RUTH trial 
of postmenopausal women with a history of coronary 
artery disease and/or cardiovascular risk factors, ral-
oxifene was associated with an increased risk of fatal 
stroke (hazard ratio [HR], 1.49; absolute risk increase 
0.7 per 1000) and venous thromboembolism (HR, 
1.44; absolute risk increase 1.3 per 1000).122 A de-
creased risk of invasive breast cancer was shown in 
the RUTH trial, con�rming previous �ndings from 
an osteoporosis treatment trial123,124 and also from a 
trial of postmenopausal women at high risk for breast 

Table 2 The Dose and Frequency of Administration of Zoledronic Acid and Denosumab for  
Treating Osteoporosis, Preventing Bone Loss From Endocrine Therapies, and Preventing 
Skeletal-Related Events in Patients With Cancer 

Indication

Zoledronic Acid Denosumab

Zometa 
(4 mg)

Reclast 
(5 mg)

Prolia 
(60 mg)

Xgeva 
(120 mg)

Reduction in skeletal-
related events due 
to advanced cancer 
involving the bone

Bone metastases (monthly) √ – – √

Hypercalcemia √ – – –

Multiple myeloma (monthly) √ – – –

Reduction in bone loss AI-induced bone loss √a – √ –

ADT-induced bone loss √a 

(every 3 mo 
or yearly)

– √ 
(every 
6 mo

–

Postmenopausal osteoporosis – √ 
(yearly)

√ 
(every 
6 mo)

–

Prevention of postmenopausal 
osteoporosis (osteopenia) (once 
every 2 y)

– √ – –

Men – √ √ –

Glucocorticoid therapy (yearly) – √ – –

Abbreviatons: ADT, androgen deprivation therapy; AI, aromatase inhibitor. 
aThis dose is not included in the FDA label for endocrine therapy–induced bone loss.
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cancer.125 Hot �ushes, leg cramps, peripheral edema, 
and gallbladder disease are more common with ral-
oxifene than with placebo.126–129 The hot �ashes 
induced by raloxifene may be accentuated in early 
menopause. Raloxifene use is not indicated in pre-
menopausal women at high risk for breast cancer; in 
clinical trials of premenopausal women, both raloxi-
fene and tamoxifen have been shown to cause a de-
crease in BMD.130

The efficacy of raloxifene in combination 
with an AI for breast cancer remains unknown. In 
the ATAC trial, the concurrent use of tamoxifen 
(a SERM) and anastrozole had less antitumor effi-
cacy than anastrozole alone.131 With this in mind, 
the combination of an AI and a SERM should not 
be used outside of a clinical trial. For women with 
a history of breast cancer, bisphosphonates or de-
nosumab represent the best choices for preventing 
bone loss and/or treating established osteoporosis. 
Parathyroid Hormone (1-34): Recombinant 
parathyroid hormone (1-34) or teriparatide is the 
first anabolic agent approved to treat postmeno-
pausal osteoporosis. It has been shown to reduce 
the incidence of vertebral and nonvertebral frac-
tures. Because of the potential increased risk for 
osteosarcoma, it is contraindicated in patients 
with an increased baseline risk of osteosarcoma, 
such as those with Paget disease of bone, open 
epiphyses, or prior radiotherapy involving the 
skeleton (which includes many patients with can-
cer). Furthermore, teriparatide is not indicated 
in patients with bone metastases. Although no 
data exist in patients with cancer, teriparatide is 
best avoided in patients with a history of malig-
nancy prone to metastasize to bone. However, in 
cases of severe osteoporosis with fractures occur-
ring on bisphosphonate therapy, the benefits may 
outweigh these theoretical risks. In patients with 
a remote history of cancer, teriparatide could be 
cautiously considered.132

Calcitonin: Calcitonin, a hormone secreted by the 
C cells of the thyroid gland in response to eleva-
tions of the plasma calcium level, reduces bone 
resorption through inhibiting mature active os-
teoclasts, and increases renal calcium excretion. 
It is FDA-approved for the management of post-
menopausal osteoporosis, Paget disease of bone, 
and malignancy-associated hypercalcemia. No 
studies have been performed using calcitonin to 

prevent bone loss in at-risk patients with cancer. 
The fracture risk reduction in patients with osteo-
porosis treated with calcitonin seems to be mod-
est compared with that associated with the potent 
antiresorptive agents (bisphosphonates and deno-
sumab).133 A meta-analysis of 30 studies concluded 
that calcitonin reduces the risk of vertebral frac-
tures; however, its effect on nonvertebral fractures 
is uncertain.134 According to the FDA label, use of 
calcitonin nasal spray is recommended in conjunc-
tion with adequate calcium and vitamin D supple-
mentation for the treatment of postmenopausal 
osteoporosis in women greater than 5 years post-
menopause with low bone mass relative to healthy 
premenopausal women and should be reserved for 
patients who refuse or cannot tolerate estrogens or 
in whom estrogens are contraindicated. Calcitonin 
does not increase the risk of osteonecrosis of the 
jaw (ONJ) or atypical femoral fractures. In 2012, 
after reviewing the bene�ts and risks of calcitonin-
containing medicines, the European Medicines 
Agency (EMA) concluded that evidence showed a 
small increased risk of cancer with long-term use of 
calcitonin. The EMA recommends calcitonin only 
for short-term use in Paget disease, acute bone loss 
from sudden immobilization, and hypercalcemia 
caused by cancer. An FDA advisory panel recently 
concluded that:

the potential risks of calcitonin (possibly a 
higher risk of various malignancies) do not 
outweigh its bene�ts as an osteoporosis drug; 
it is not recommended in the setting of bone 
loss due to cancer therapies except optionally 
for short term use post-acute osteoporotic 
vertebral fracture due to demonstrated anal-
gesic effects in this setting.135

Role of Antiresorptive Therapy in  
Maintaining Bone Health in Patients  
With Breast and Prostate Cancers 

Several trials in cancer populations have studied 
SERMs and antiresorptive therapies (intravenous 
and oral bisphosphonates and denosumab) to pre-
vent bone loss in vulnerable patients, such as those 
with breast cancer receiving AIs, those with che-
motherapy-induced menopause or receiving other 
forms of ovarian suppression, those with prostate 
cancer undergoing ADT, and those with hemato-
logic malignancy undergoing stem cell transplanta-
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tion.39,106,113,114,136–144 Many of these studies were small 
and assessed changes in BMD as a surrogate to os-
teoporotic fracture risk rather than fracture risk itself. 
Given that fracture risk independently increases with 
age, the goal of antiresorptive therapy in some rela-
tively younger patients with cancer at risk for bone 
loss may be to prevent bone loss in the short term, 
and thereby preserve bone health and prevent poten-
tial future fractures in the long term. In patients with 
cancer, these studies have shown that antiresorptive 
therapy seems to be well tolerated, increase BMD, 
and decrease bone turnover markers. However, the 
trials conducted in cancer populations were not pow-
ered to address whether fracture risk is signi�cantly 
reduced. In addition, dosing intervals of zoledronic 
acid other than every 6 months and optimal duration 
of therapy for any of these agents are open questions. 
In some oncologic patients, suppression of bone re-
sorption markers may persist for years,145,146 whereas 
in others the effect does not persist.147 
Postmenopausal Women Receiving AI Therapy: 
Several studies have analyzed the impact of antire-
sorptive therapy for maintaining bone density in pa-
tients undergoing AI treatment. 
Oral Bisphosphonates: Two trials examined the effects 
of oral bisphosphonates in patients receiving anastro-
zole therapy. SABRE108 was an open-label interven-
tion trial in which all patients who received anastro-
zole were assigned to treatment with oral risedronate 
based on T-scores. Patients with a low-risk T-score (> 
–1) received no intervention; patients with a T-score 
less than –2 received risedronate; and patients with a 
T-score between –1 and –2 were randomized to rise-
dronate or placebo. For patients at low risk, bone loss 
during short-term follow-up was minimal. After 12 
months, patients receiving anastrozole plus risedro-
nate had a signi�cant increase of 1.7%, and 1.3% from 
baseline BMD in their lumbar spine and hip, respec-
tively, compared with anastrozole alone.108 

A subset study of the ARIBON trial evaluated 
the impact of oral ibandronate on BMD in post-
menopausal patients with early-stage breast can-
cer receiving anastrozole.148 Patients with a T-score 
greater than –1 received no intervention; patients 
with a T-score of –1.0 to –2.5 were randomized to 
ibandronate or placebo; and patients with a T-score 
less than –2.5 received ibandronate treatment. After 
2 years, the addition of ibandronate to anastrozole 
led to a signi�cant gain of 2.98% and 0.60% from 

their baseline BMD at the lumbar spine and hip, 
respectively. In contrast, patients on placebo lost 
3.22% and 3.90% of their baseline BMD at the lum-
bar spine and the hip, respectively.148 No data are 
available on BMD preservation in patients with nor-
mal baseline BMD for this study, because this group 
did not receive ibandronate.
Intravenous Bisphosphonates: The Zometa-Femara 
Adjuvant Synergy Trials (Z-FAST, ZO-FAST, and 
E-ZO-FAST) were designed to compare the ef-
fects of zoledronic acid (4 mg intravenously every 6 
months) administered upfront concomitantly with 
AI (letrozole) therapy versus delayed administration 
at the �rst sign of bone loss (ie, T score < −2 or frac-
ture). In the Z-FAST trial, results at 61 months in-
dicate that the adjusted mean differences in lumbar 
spine and total hip BMD between the upfront and 
delayed groups were 8.9% and 6.7%, respectively 
(P<.0001, for both).149 The 12-month results from 
the E-ZO-FAST trial provide further evidence that 
upfront zoledronic acid not only prevents bone loss 
but also increases BMD, with a mean increase of 
2.7% at the lumbar spine and 1.7% at the hip.150 The 
results of the �nal analysis of the ZO-FAST trial sup-
port early and continued use of zoledronate during 
adjuvant therapy for breast cancer. At 60 months, 
the mean change in lumbar spine BMD was a gain of 
4.3% with immediate zoledronate and a loss of 5.4% 
with delayed intervention (P<.0001).151 

These studies suggest that both oral and intra-
venous bisphosphonates can mitigate the bone loss 
effects of AIs, although none of these trials have 
showed a statistically signi�cant reduction in frac-
tures to date. No clinical trials have directly com-
pared oral versus intravenous bisphosphonates in 
this setting. 
Denosumab: A randomized, double-blind, pla-
cebo-controlled phase III trial evaluated the ef-
fect of denosumab in patients receiving adjuvant 
AI therapy. Patients with early-stage, hormone 
receptor–positive breast cancer were randomized to 
either denosumab at 60 mg or placebo every 6 months 
for a total of 4 doses while receiving AI therapy. At 
12 and 24 months, lumbar spine BMD increased 
by 5.5% and 7.6%, respectively, in the denosumab 
group compared with the placebo group (P<.0001). 
After 24 months on therapy, the BMD increases in 
the total hip, femoral neck, trochanter, and radius 
were 4.7%, 3.5%, 5.9%, and 6.1%, respectively.114 
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Premenopausal Women With Therapy-Induced 

Ovarian Suppression/Failure: Several studies report-
ed that bisphosphonates, including zoledronic acid, 
pamidronate, clodronate, and risedronate, attenu-
ate the bone loss associated with treatment-related 
ovarian failure.35,39–41,152,153 Zoledronic acid has been 
studied in several trials. In one trial, premenopausal 
patients undergoing chemotherapy with several regi-
mens were randomized to either receive treatment 
with zoledronic acid or placebo every 3 months for 
1 year.39 Women who received zoledronic acid had 
signi�cantly less bone loss. In addition, updated re-
sults showed that prevention of bone loss persisted 
up to a year after completion of therapy.147 BMD 
remained stable in patients treated with zoledronic 
acid (P<.0001 vs placebo), whereas the lumbar spine 
BMD decreased from baseline by 5.5% at 12 and 
6.3% at 24 months in individuals receiving placebo. 

In CALGB 79809 study, premenopausal patients 
beginning adjuvant chemotherapy were randomized 
to receive either early zoledronic acid (4 mg every 3 
months) or delayed zoledronic acid (given 1 year after 
adjuvant chemotherapy). The primary end point was 
change in lumbar spine BMD. Bone density was pre-
served in patients treated with early zoledronic acid 
at 12 months, compared with a 6.6% loss of BMD in 
the lumbar spine at 1 year reported for patients who 
did not receive zoledronic acid until 1 year after their 
adjuvant chemotherapy began (delayed group).138

Bisphosphonates are also effective for minimizing 
loss of BMD in women receiving ovarian suppression 
with GnRH.137,154 In the ABCSG-12 trial, the effect 
of adding zoledronic acid was examined in premeno-
pausal patients with early breast cancer treated with 
ovarian suppression plus anastrozole or tamoxifen.137 

Ovarian suppression with goserelin plus tamoxifen 
or anastrozole for 3 years without concomitant zole-
dronic acid caused signi�cant bone loss. After 2 years 
of completing treatment, a partial recovery of BMD 
was seen in these patients; however, the recovery 
level was lower than their baseline BMD. The ad-
dition of the bisphosphonate prevented bone loss in 
both the lumbar spine and hip.155 Patients who re-
ceived zoledronic acid had stable lumbar spine BMD 
at 36 months and increased lumbar spine BMD at 60 
months.155 Additionally, treatment with zoledronic 
acid resulted in fewer breast cancer recurrences137 

(see “Role of Adjuvant Antiresorptive Agents in 
Preventing Recurrence,” page S-15). Although re-

sults of studies showing the ability of bisphospho-
nates to preserve BMD in young women with treat-
ment-related ovarian failure are encouraging, no 
study to date has shown an impact on the clinically 
relevant end point of fractures.
Men Receiving ADT: Men who receive ADT experi-
ence more rapid rates of bone loss than normal and 
may be at high risk for fragility fractures (Figure 2). 
Therefore, effective and evidence-based management 
of bone loss in patients with prostate cancer receiv-
ing ADT is important.156 A DXA scan to determine 
baseline BMD should be considered for all men com-
mencing ADT.157

Bisphosphonates: Small randomized controlled trials 
have shown that bisphosphonate treatment during 
ADT increases BMD, a surrogate for fracture risk. 
These studies were limited by small sample size and 
were not powered to detect differences in fracture 
risk between the groups. Additionally, these studies 
used a variety of agents and dosing schedules.

In a 12-month multicenter placebo-controlled 
study of 106 men with prostate cancer, intravenous 
zoledronic acid every 3 months increased BMD of 
the hip and spine by a difference of 3.9% and 7.8%, 
respectively.139 Similar results have been reported 
with annual zoledronic acid.158 With a single an-
nual dose of zoledronic acid, the mean BMD of the 
lumbar spine and hip increased by 4.0% and 0.7%, 
respectively, in men receiving zoledronic acid. In 
contrast, the mean BMD of the spine and hip de-
creased by 3.1% and 1.9%, respectively, with place-
bo.158 Intravenous pamidronate and zoledronic acid 
given once every 3 months prevented ADT-induced 
bone loss in the spine and hip compared with control 
groups.139,159 In contrast to pamidronate, zoledronic 
acid increased BMD. Mean lumbar spine BMD was 
increased by 5.6% in men receiving zoledronic acid 
(n=42) but decreased by 2.2% in the placebo group 
(n=37).159 Zoledronic acid therapy has also been 
found to be effective when initiated later during the 
course of ADT. In patients randomized to 4 mg of 
zoledronic acid intravenously every 3 months for 
4 treatments, the BMD at the spine increased by 
5.95% and, in contrast, decreased by 3.23% in the 
placebo arm (P=.0044).160

In a randomized controlled trial of 112 men with 
nonmetastatic prostate cancer receiving ADT, 70 mg 
of weekly oral alendronate increased BMD of the hip 
and spine by 2.3% and 5.1%, respectively, after 12 
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months.106,161 In a recently reported trial, patients who 
received 70 mg weekly of oral alendronate had an in-
crease of 1.7% in their mean spine BMD compared 
with a decrease of 1.9% in those who received placebo 
(P<.0001).162 In a meta-analysis including 2634 men 
with prostate cancer, treatment with bisphosphonate 
therapy had a substantial effect in preventing fractures 
and osteoporosis.163 Although long-term data regard-
ing the impact of bisphosphonates on fracture preven-
tion are not available, these studies provide evidence 
that bisphosphonates effectively reduce bone loss and 
may prevent fracture in men receiving ADT. 
Selective Estrogen Receptor Modulators: Several 
small randomized controlled trials have shown that 
SERMs increase BMD in men receiving ADT for 
prostate cancer. Treatment with raloxifene increased 
BMD of the hip and lumbar spine after 1 year com-
pared with placebo in patients with prostate cancer 
receiving ADT.164 Toremifene, a SERM approved for 
the treatment of advanced breast cancer, increased 
BMD of the hip and spine in men receiving ADT for 
prostate cancer.165 In a large multicenter study, 1284 
men in the United States and Mexico receiving 
ADT for prostate cancer were randomly assigned to 
either toremifene or placebo. Toremifene also signi�-
cantly increased BMD at the lumbar spine, hip, and 
femoral neck and decreased bone turnover markers 
compared with placebo.140 In addition, toremifene 
signi�cantly reduced fracture risk by 50% compared 
with placebo at 2 years.140 However, treatment with 
toremifene was associated with an increased rate of 
venous thromboembolic events compared with pla-
cebo (2.6% vs 1.1%, respectively).
Denosumab: The effects of denosumab on bone 
loss and incidental vertebral fractures were investi-
gated in the large, randomized, placebo-controlled 
phase III HALT trial involving 1468 men with 
prostate cancer at increased risk of fracture (given 
age ≥70 years, low BMD de�ned as a T score < –1, 
or a history of an osteoporotic fracture) receiving 
ADT.113 Denosumab at 60 mg versus placebo was 
administered subcutaneously every 6 months for 2 
years. Mean lumbar spine BMD at 24 months was 
increased by 5.6% with denosumab compared with 
a 1.0% loss with placebo (P<.001). The BMD at 
the total hip, femoral neck, and distal one-third 
of the radius was also signi�cantly increased with 
denosumab versus placebo. Patients treated with 
denosumab had a decreased incidence of new ver-

tebral fracture at 12, 24, and 36 months. The 3-year 
risk of new vertebral fractures was reduced by 62% 
with denosumab (P=.006 vs placebo). In a further 
subgroup analysis of this study, denosumab sig-
ni�cantly increased BMD at all measured skeletal 
sites for every subgroup analyzed, including older 
men and those with prevalent fractures considered 
at greatest risk of fracture.113 The rates of adverse 
events were similar between the groups. Hypocal-
cemia was seen in 1 person in the treatment arm 
versus none in the placebo arm. No cases of ONJ 
were documented in either group.

NCCN Recommendations for Maintaining Bone 
Health During Cancer Therapy

The rate and magnitude of bone loss caused by cancer 
therapy is signi�cantly higher than normal age-related 
bone loss (Figure 2). Therefore, it is vital to maintain 
BMD and prevent fractures in these patients. How-
ever, bone density monitoring and intervention strat-
egies should be individualized, with drug therapy re-
served for patients at greatest risk. 

Initial strategies to reduce morbidity associated 
with bone loss caused by cancer therapy include edu-
cating patients about the risks, encouraging healthy 
lifestyle modi�cations, and supplementation with 
calcium if necessary (to achieve a total intake from 
food plus pills equal to 1200 mg/d) and vitamin D

3
 

(800–1000 IU/d) for all adults older than 50 years. 
The NCCN Task Force recommends these same 
ranges for younger patients at risk for cancer treat-
ment–associated bone loss. Given that vitamin D 
de�ciency or insuf�ciency, with or without second-
ary hyperparathyroidism, is common among patients 
with cancer,98–100 many patients may need more than 
the recommended amount of vitamin D. In patients 
with risk factors for vitamin D de�ciency101 or in those 
with low BMD, serum 25(OH) D levels should be 
measured and repletion performed according to this 
level (Table 1). It is prudent to measure urinary cal-
cium excretion and other markers of lithogenic risk 
in patients with a history of calcium nephrolithiasis.92

The task force strongly recommends initiating 
pharmacologic therapy to lower fracture risk if the 
T score is less than or equal to –2.0 at the lumbar 
spine, femoral neck, or total hip sites or if the FRAX 
10-year absolute risk of fracture is greater than 20% 
for any major fracture or greater than 3% for hip 
fracture, respectively. In addition, the panel recom-
mends considering pharmacologic therapy for indi-
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viduals with T score less than –1.5 who have lost 
signi�cant BMD as a result of their cancer therapy 
(Figure 1).

In women treated with AIs, even if annual bone 
loss returns to the postmenopausal rate after ces-
sation of therapy, loss of BMD during treatment is 
signi�cantly higher compared with their healthy 
counterparts. Earlier intervention may be bene�cial 
to reduce the skeletal problems and preserve pa-
tient quality of life.149–151,166,167 Emerging data suggest 
a bene�t to longer duration (additional 5 years) of 
tamoxifen as adjuvant endocrine therapy.168 If rec-
ommending longer durations of adjuvant tamoxifen 
therapy, clinicians should bear in mind that although 
tamoxifen has shown a favorable effect on bone den-
sity in postmenopausal women, it induces bone loss 
in premenopausal women.169,170 

Bisphosphonates and now denosumab are estab-
lished antiresorptive therapies for preserving bone 
health of patients with early-stage breast cancer who 
are at high risk for fracture. However, currently no 
data exist on their effect on fracture rates in these pa-
tients. Treatment recommendations are mostly based 
on expert guidance, relatively small studies in cancer 
patients, and extrapolation of results from studies 
in postmenopausal women with osteoporosis. Oral 
bisphosphonates have shown encouraging results108,171; 
however, patient compliance with treatment out-
side the clinical trial setting must be considered with 
these drugs. Several retrospective analyses revealed 
increased risk of fracture in noncompliant patients, 
and tangible bene�ts in compliant patients.109,172–175 
For noncompliant patients, intravenous/subcutaneous 
antiresorptive agents may be preferable. 

For men receiving ADT who are at high risk 
of fracture and warrant pharmacologic treatment, 
consensus is lacking regarding the treatment agent, 
dose, and schedule. Currently, denosumab (60 mg 
subcutaneously every 6 months) is the only FDA-
approved agent to increase bone mass and prevent 
fracture in high-risk men receiving ADT for prostate 
cancer. Other pharmacologic treatments to consider 
for ADT-associated bone loss include zoledronic acid 
at 4 mg intravenously every 3 months, zoledronic 
acid at 4 mg intravenously yearly, and alendronate at 
70 mg orally weekly. Given that use of these agents 
was not investigated beyond a maximum of 2 years, 
limited data exist regarding duration of therapy. 

Role of Adjuvant Antiresorptive 
Agents in Preventing Recurrence

The antiresorptive agents (bisphosphonates and de-
nosumab) have an established role as preventative 
and therapeutic agents for the management of os-
teoporosis, hypercalcemia of malignancy, and bone 
metastases from solid tumors and multiple myeloma. 
Evidence from preclinical studies in breast cancer 
models suggests that bisphosphonates may improve 
survival outcomes in patients with cancer because 
of their documented antitumor activity,176–180 includ-
ing prevention of tumor cell adhesion to bone,180,181 

induction of tumor cell apoptosis,178 blocking of the 
interaction between mesenchymal stem cells and 
breast cancer cells,176 and inhibition of angiogene-
sis.182 Animal studies have shown that pretreatment 
of nude mice with bisphosphonates before inocula-
tion of tumor cells reduces the development of os-
teolytic lesions.183 Taken together, these studies sug-
gest that, in addition to their antiresorptive action, 
antiresorptive agents may inhibit critical steps in the 
development of bone metastases, which has implica-
tions for adjuvant therapy for breast cancer.

Breast Cancer Recurrence

Clodronate: Four randomized trials in patients with 
early-stage breast cancer investigated whether oral 
clodronate can prevent bone metastases and im-
prove survival, and have reported mixed results, with 
variable effects on disease-free survival and overall 
survival (OS).

In a large placebo-controlled trial, 1069 patients 
with breast cancer receiving standard systemic ther-
apies were randomized to receive oral clodronate 
(1600 mg/d) or placebo for 2 years as adjuvant treat-
ment.184 This trial reported a reduced risk of bone 
metastases with clodronate: 51 versus 73 events 
(HR, 0.69; P=.04) at 5 years, and 19 versus 35 events 
(HR, 0.55; P=.048) during the 2 years on treat-
ment. Survival at 5 years, the preplanned study end 
point, favored the clodronate group with an HR of 
uncertain signi�cance because of multiple analyses 
(HR, 0.77; P=.048). The most recent reporting in-
cludes survival data with long-term follow-up, which 
showed a continued separation of the survival curves 
between years 5 and 10.185 

In a second smaller, randomized, open-label 
study, 302 women with breast cancer and microme-
tastases detected in a bone marrow aspirate at diag-
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nosis were randomized to receive either clodronate 
(1600 mg/d) or no bisphosphonate for 2 years. Ad-
ditionally, patients received standard adjuvant sys-
temic therapy. Patients who received clodronate had 
a 50% reduction in the incidence of bone metastases 
(P=.003), and a signi�cantly longer bone metasta-
sis–free survival (P<.001). Distant metastases were 
detected in 21 of 157 patients (13%) who received 
clodronate compared with 42 of 145 patients (29%) 
in the control group (P<.001).186 A later analysis at 
8.5 years of follow-up continued to con�rm a signi�-
cant improvement in OS for patients treated with 
clodronate, although the signi�cance in disease-free 
survival no longer persisted.187

Results of a third small, randomized, open-label 
study investigating 3 years of adjuvant clodronate 
therapy in 299 patients with lymph node–positive 
breast cancer showed no reduction in bone metas-
tases in the clodronate-treated arm, although bone 
as a �rst site of relapse was less frequent in the clo-
dronate group than in controls (14% vs 30%). How-
ever, a worrisome increase in visceral metastases and 
a reduction in OS at 5 years were seen in patients 
receiving clodronate.188 A possible explanation for 
these adverse outcomes is an imbalance in hormone-
negative cases between the arms of the study, with 
the clodronate group showing signi�cantly more 
progesterone receptor (PR)–negative tumors (45% 
vs 31%; P=.03) and a trend toward more estrogen 
receptor (ER)–negative (35% vs 23%) tumors. This 
difference was potentially exacerbated by the prac-
tice in this trial of assigning endocrine therapy alone 
to all postmenopausal women and chemotherapy 
alone to all premenopausal women, regardless of ER/
PR status. The negative impact of clodronate on OS 
seems to be neutralized when the imbalance in hor-
mone receptor negativity is corrected. Even without 
correction, the survival detriment no longer showed 
signi�cance at 10 years.

A meta-analysis using the 5-year data from these 
3 adjuvant clodronate trials did not show a statisti-
cally signi�cant difference in OS or bone metastasis–
free survival when the data were pooled.189 Marked 
heterogeneity was noted among the trials that partly 
explains the wide con�dence interval around the 
HR (HR, 0.75; 95% CI, 0.31, 1.82).

The fourth trial, the National Surgical Adjuvant 
Breast and Bowel Project (NSABP) B-34, random-
ized 3323 patients with stage I–III breast cancer to 

oral clodronate for 3 years or placebo, given alone or 
in addition to adjuvant chemotherapy or hormone 
therapy.190 More than two-thirds of the patients were 
older than 50 years and had ER-positive tumors. The 
median follow-up at �nal analysis was 8.41 years. 
The long-term results showed no difference in dis-
ease-free survival (HR, 0.913; P=.266) between the 
groups. Importantly, treatment compliance was poor, 
with only 42% of patients completing the assigned 
study therapy. Examination of the secondary end 
points showed a signi�cant difference in favor of clo-
dronate with respect to the metastasis-free interval 
(HR, 0.743; P=.046). In addition, a hypothesis-gen-
erating subgroup analysis showed that women older 
than 50 years derived more bene�t from clodronate 
than did younger women. Disease-free survival was 
similar in older versus younger women, but improve-
ments in skeletal metastasis–free interval (P=.027) 
and nonskeletal metastasis–free interval (P=.014) 
were noted with clodronate in women aged 50 years 
or older.190 Patients older than 60 years appeared to 
derive the most bene�t from adjuvant clodronate, 
including an almost 60% reduction in skeletal me-
tastases and a 40% to 50% reduction in nonskeletal 
metastases.
Ibandronate: The German Adjuvant Intergroup 
Node-Positive (GAIN) trial randomized 3023 pa-
tients to a standard regimen of epirubicin, paclitaxel, 
and cyclophosphamide with or without capecitabine. 
The patients were further randomized 2:1 to 2 years 
of treatment with oral ibandronate (50 mg/d orally) 
or observation. The results showed no effect of iban-
dronate treatment on disease-free survival or OS 
in patients with node-positive, early breast cancer 
treated with dose-dense chemotherapy.191 
Zoledronic Acid: The Austrian Breast and Colorec-
tal Cancer Study Group trial-12 (ABCSG-12) en-
rolled 1800 premenopausal women with ER-positive 
breast cancer. All patients received ovarian suppres-
sion for 3 years with a luteinizing hormone–releasing 
hormone analogue, goserelin. Patients were ran-
domized in a 2 × 2 design to receive tamoxifen ver-
sus anastrozole, and zoledronic acid (4 mg every 6 
months for 3 years) or not. In ABCSG-12, the zole-
dronic acid dose was initially 8 mg every 4 weeks, 
and then was reduced to 4 mg every 6 months after 
a protocol amendment in 2000. At the �rst ef�cacy 
analysis, reported after 137 events (70 distant re-
lapses) with approximately 60 months of follow-up, 
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no difference in outcome was seen with respect to 
the endocrine therapy randomization. However, a 
statistically signi�cant improvement in disease-free 
survival was seen for the patients who received zole-
dronic acid (HR, 0.64; P=.01), with a trend toward 
improved OS (HR, 0.60; P=.10). The absolute ben-
e�t in disease-free survival was 3.2%. The results 
after 76 months of follow-up showed that patients 
receiving zoledronic acid had a 27% reduction in 
the risk of disease-free survival events (HR, 0.73; 
P=.022) and a 41% reduction in the risk of death 
(HR, 0.59; P=.027) when compared with patients 
who did not receive zoledronic acid.167 Multivariate 
analysis showed a strong interaction between zole-
dronic acid and patient age. Among patients older 
than 40 years, zoledronic acid signi�cantly reduced 
the risk of recurrence by 34% (HR, 0.66; P=.014) 
and the risk of death by 49% (HR, 0.51; P=.020). 
However, no improvement was seen in either dis-
ease-free or OS survival in this post hoc analysis 
among patients younger than 40 years.167 The ABC-
SG-12 study enrolled a narrow subset of patients 
with breast cancer: premenopausal women with 
ER-positive tumors who did not receive adjuvant 
chemotherapy. Although the results are promising, 
clinicians must be cautious not to overextrapolate 
these �ndings, or this dose schedule, to all patients 
with breast cancer.

In the AZURE trial, 3360 patients with node-
positive (N1) or T3–T4 breast cancer were random-
ized to receive standard adjuvant systemic therapy 
with or without zoledronic acid. This study did not 
select patients according to menopausal or ER sta-
tus, although most of the patients (78%) enrolled 
were ER-positive. Zoledronic acid was administered 
as 4 mg every 3 to 4 weeks for 6 cycles and then ev-
ery 3 months for 8 doses, followed by 5 cycles on a 
6-month schedule for a total of 5 years. This trial 
showed no bene�t in disease-free survival in patients 
treated with zoledronic acid compared with those 
treated without (HR, 0.98; CI, 0.85–1.13; P=.79). In 
a prespeci�ed subgroup analysis of postmenopausal 
patients, the rates of invasive disease–free surviv-
al were 78.2% in the zoledronic acid group versus 
71% in the control group (HR, 0.75; CI, 0.59–0.96; 
P=.02). Additionally, for patients in whom meno-
pause had occurred more than 5 years before study 
entry, the 5-year OS was 84.6% in the zoledronic 
acid group and 78.7% in the control group (HR, 

0.74; CI, 0.55–0.98; P=.04), compared with all other 
patients, for whom the rates were 74.1% in the zole-
dronic acid group and 77.2% in the control group 
(adjusted HR, 1.15; 95% CI, 0.97–1.36; P=.11).192 

These results suggest a possible systemic effect of 
zoledronic acid that operates differently according to 
menopausal status.

Three large, very similar studies in ER-positive 
postmenopausal women receiving AIs (Z-FAST,149 

ZO-FAST,151,166 and E-ZO-FAST150) compared the 
ef�cacy of zoledronic acid (4 mg every 6 months for 
5 years) given either at the start of AI therapy, “up-
front,” or after documented bone loss or development 
of a nontraumatic fracture, “delayed”. All 3 studies 
showed that immediate zoledronic acid prevented 
bone loss.149,150,166 In the Z-FAST study, small differ-
ences in disease recurrence or death were observed 
between the groups at months 12, 24, 36, and 48 in 
favor of the upfront group; however, rates at month 
61 were similar between the groups (upfront, 9.8% 
[range, 6.0%–10.3%]; delayed, 10.5% [range, 6.6%–
14.4%]; P=.6283).149 A 60-month follow-up of the 
ZO-FAST study showed a 34% (HR, 0.66; P=.0375) 
improvement in disease-free survival with “upfront” 
zoledronic acid compared with “delayed” therapy.151 

Zoledronic acid seems to have a different effect in 
patients with high versus low estrogen environments 
(post- vs premenopausal patients), which needs con-
�rmation in future trials. A meta-analysis of data 
from 8735 women in 7 adjuvant bisphosphonate 
trials (AZURE, ABCSG-12, ZO-FAST, Z-FAST, 
E-ZO-FAST, NSABP-B34, GAIN), including only 
those known to be aged 50 years or older, postmeno-
pausal, or with ovarian suppression, showed a signi�-
cant bene�t for the use of adjuvant bisphosphonates 
in patients with a low-estrogen state and early-stage 
breast cancer.193 The Early Breast Cancer Trialists’ 
Collaborative Group (EBTCG; Oxford Overview) 
is currently conducting a formal meta-analysis of all 
randomized adjuvant bisphosphonate studies, which 
should contribute substantially to the understand-
ing of which populations of patients with early-stage 
breast cancer will bene�t from the addition of adju-
vant bisphosphonates. 

Several additional ongoing early-stage bisphos-
phonate trials are evaluating various agents, doses, 
schedules, and settings, including residual disease 
after preoperative chemotherapy and elderly popu-
lations. SWOG S0307 (ClinicalTrials.gov identi-
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�er: NCT00127205) randomized 6000 patients 
with stage I–III breast cancer receiving standard 
adjuvant therapy to oral clodronate (1600 mg/d) 
versus oral ibandronate (50 mg/d) versus zoledronic 
acid (4 mg intravenously monthly for 6 months, 
then every 3 months), all for 3 years duration. This 
currently unreported trial included both pre- and 
postmenopausal women, ER-positive and -negative 
tumors, and patients who received a range of stan-
dard systemic therapy, including chemotherapy. 
The results of SWOG S0307 and other trials will 
be critical in determining how broadly applicable 
bisphosphonates are across the spectrum of patients 
with breast cancer. 
Denosumab: In the adjuvant setting, an ongoing 
phase III clinical trial (D-CARE: Study of Deno-
sumab as Adjuvant Treatment for Women With 
High Risk Early Breast Cancer Receiving Neoad-
juvant or Adjuvant Therapy) is investigating the 
ability of denosumab to prolong skeletal metasta-
ses–free survival and disease-free survival in women 
with stage II–III breast cancer who are at high risk 
for recurrence.194Additionally, the ABCSG-18 trial 
is randomizing postmenopausal patients treated with 
adjuvant AIs to either denosumab or placebo.

Prostate Cancer Recurrence

In prostate cancer, trials have yet to show any reduc-
tion in recurrences or deaths from the adjuvant use 
of bisphosphonates. A randomized controlled trial to 
evaluate the effects of zoledronic acid on time to �rst 
bone metastasis in men with prostate cancer without 
bone metastases and a rising prostate-speci�c anti-
gen (PSA) level despite ADT was terminated ap-
proximately halfway into accrual when interim anal-
ysis showed a lower-than-expected event rate.195A 
randomized, double-blind, placebo-controlled trial 
of oral clodronate versus placebo in patients with 
nonmetastatic prostate cancer found no differences 
in bone metastases–free survival or OS after nearly 
10 years of follow-up.196 

A double-blind, randomized, placebo-
controlled study, in men with nonmetastatic 
castration-resistant prostate cancer at high risk for 
bone metastasis evaluated subcutaneous denosumab 
at 120 mg versus subcutaneous placebo every 4 weeks 
in extending bone metastasis–free survival. Results 
showed that denosumab increased bone-metastasis-
free survival by a median of 4.2 months compared 
with placebo and also delayed time to �rst bone me-

tastasis.197 OS did not differ between groups (deno-
sumab, 43.9 months [95% CI, 40.1–not estimable] vs 
placebo, 44.8 months [95% CI, 40.1–not estimable]; 
HR, 1.01; 95% CI, 0.85–1.20; P=.91). 

A subsequent analysis of this trial found that for 
patients with a PSA doubling time of 6 months or 
less, the median time to bone metastases was 25.2 
months with denosumab versus 18.7 months with 
placebo (HR, 0.77; 95% CI, 0.64–0.93).198 This 
study provides clinical evidence that targeting of the 
bone microenvironment can delay bone metastasis 
in men with prostate cancer. However, the FDA ad-
visory panel recommended against expanding the 
indications for denosumab as a prophylactic agent 
against bone metastases in castration-resistant non-
metastatic prostate cancer.

Several ongoing trials are evaluating the adju-
vant use of osteoclast-targeted therapy in prostate 
cancer. One of the objectives of the Randomized 
Androgen Deprivation and Radiotherapy (RADAR) 
trial is to determine whether 18 months of zoledronic 
acid will reduce relapse risk through impeding the 
development of bony metastases (ClinicalTrials.gov 
identi�er: NCT00193856). The ZEUS trial (Clini-
calTrials.gov identi�er: ISRCTN66626762) is de-
signed to assess the ef�cacy of zoledronic acid every 3 
months versus best supportive care in the prevention 
of skeletal metastases in patients with high-risk pros-
tate cancer. However, after a median follow-up of 50 
months, the results of the ZEUS trial presented at 
the Annual European Association of Urology Con-
gress showed no difference in the incidence of bone 
metastases or survival between the zoledronic acid 
group and the control arm.199 Denosumab is being 
tested in an ongoing large, international, random-
ized, placebo-controlled, phase III trial in men with 
hormone-refractory prostate cancer with an end 
point of bone metastasis-free survival (ClinicalTri-
als.gov identi�er: NCT00286091).

Summary and NCCN Recommendations 

The adjuvant bisphosphonate trials in breast cancer 
reported to date support the potential role of the 
antiresorptive drugs in impacting recurrence and 
survival in early-stage breast cancer. The promising 
yet somewhat contradictory results of the 4 reported 
clodronate studies and data on adjuvant zoledronic 
acid from AZURE and ABCSG-12 suggest that 
bisphosphonates can impact disease recurrence, but 
highlight the need for further investigation. 
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The greatest bene�t of adjuvant bisphospho-
nates seems to be for postmenopausal women and 
premenopausal women receiving endocrine therapy 
that includes ovarian suppression. Whether doses 
used in metastatic disease are required for preven-
tion or whether lower doses will suf�ce is unknown. 
Still unclear are whether adjuvant bisphosphonates 
should be given continuously and orally, whether 
intravenous therapy is preferable, and whether 
“less intensive” intravenous regimens will turn out 
to be as effective as “more-intensive” regimens. 
The optimal duration of adjuvant bisphosphonate 
therapy is also unknown. Available data do not yet 
support the addition of adjuvant bisphosphonates 
as standard of care for patients with breast cancer. 
Because of many outstanding questions, use of adju-
vant bisphosphonates in early-stage breast cancer to 
reduce recurrence and improve survival is currently 
considered investigational. 

No bisphosphonate has shown bene�t in pre-
venting bone metastases in men with prostate can-
cer. Denosumab has been shown to delay the onset of 
bone metastases in patients with castration-resistant 
prostate cancer, although the clinical signi�cance 
of this has yet to be determined. The NCCN Task 
Force does not recommend the use of osteoclast-tar-
geted therapy for preventing bone metastases from 
prostate cancer.

Bone Metastases

Bone is a common site for metastases of breast, pros-
tate, and lung cancers, and renal cell carcinoma and 
others. In multiple myeloma, bone is the predomi-
nant organ involved. Estimates (based on a commer-
cially insured cohort of patients) show that 280,000 
adults in the United States are living with metastatic 
bone disease.200 Patients with breast, prostate, and 
lung cancers account for 68% of these cases.200 

Pathophysiology of Bone Metastases

The development of bone metastases is a multi-
step process that includes the following sequence of 
events: growth of tumor cells at the primary site, de-
tachment of the cancer cells, invasion of cancer cells 
through the tissue stroma and into the vasculature, 
survival of the cancer cells in circulation, extravasa-
tion and attachment of the circulating tumor cells to 
the bone marrow (seeding or homing), leading to the 
establishment of metastatic microenvironment with 

its associated cross-talk between cancer cells and 
bone cells (colonization), and induction of angio-
genesis, thereby permitting increased tumor cell sur-
vival and proliferation in the bone (expansion).201–204 

The concept of the “premetastatic niche” has been 
suggested by preclinical studies and seems to involve 
bone and bone marrow–derived hematopoietic cells 
“preparing” sites of future metastases and recruiting 
tumor cells through protein interactions involving 
integrins such as CXCL12-CXCR4.203 The tumor in-
vasion into the bone results in the release of growth 
factors from stromal cells and the bone microenvi-
ronment, many of which positively regulate tumor 
growth, leading to a vicious cycle.203,205–207

In patients with early-stage breast cancer or with 
prostate cancer, disseminated tumor cells (DTCs) 
may be identi�ed in the bone marrow of patients 
who do not have frank metastases.208,209 Similarly, 
circulating tumor cells (CTCs) may be identi�ed 
in patients with early-stage breast cancer.210 DTCs 
have been detected in bone marrow in up to 30% 
to 40% of patients with breast cancer without de-
tectable metastases at the time of primary diagnosis. 
Although DTC status at diagnosis is a prognostic 
marker for the risk of metastases, it has been ob-
served that a substantial number of DTC-positive 
patients never have disease recurrence.211 Recently, 
detection of persistent DTCs after de�nitive ther-
apy has been shown to identify patients at higher 
risk for relapse.212 Although DTCs and CTCs are 
associated with an increased risk of cancer recur-
rence, not all patients with DTCs or CTCs develop 
metastases.212–214 The state of tumor cell dormancy, 
quiescence, or latency and its relationship to cancer 
progressing to symptomatic disease is an active area 
of research.

Metastatic bone disease is often classi�ed based 
on radiographic appearance using the spectrum of 
�ndings from osteoblastic to osteolytic. On imag-
ing, metastatic bone disease associated with breast 
cancer is often predominantly osteolytic, whereas 
lesions from prostate cancer are predominantly os-
teoblastic. This distinction is not absolute, bone 
metastases are frequently heterogeneous, and, on 
histologic examination, evidence is often seen of 
both osteolytic and osteoblastic features.206,215 Re-
gardless of the imaging or histologic features of the 
bone metastases, tumor in bone is associated with 
signi�cant morbidity and mortality. 
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Osteoclasts degrade the bone matrix, thereby lib-
erating cytokines and growth factors harbored within 
the bone. Macrophage colony-stimulating factor and 
RANKL are produced by osteoblasts, and may also be 
produced by tumor cells. Stimulation of the RANK 
receptor by RANKL induces osteoclast activation and 
formation. In addition, tumor cells commonly pro-
duce parathyroid hormone protein and interleukins, 
which in turn activate RANKL secretion from osteo-
blasts.216 Additionally, multiple pathways activated by 
the tumor cells can contribute to osteoclast differen-
tiation. For example, secreted matrix metalloproteases 
(MMPs) play an important role in osteolysis; MMP7 
cleaves and activates RANKL, whereas MMP1 de-
creases levels of osteoprotegerin (OPG), the decoy 
receptor and inhibitor of RANKL. 

Multiple pathways may be activated during tu-
mor progression within bone. Tumor cells can secrete 
the WNT protein, which is central to osteoblast dif-
ferentiation during bone metastases and plays a role 
in activating multiple downstream genes, including 
transcription factors such as RUNX-2, a key regula-
tor of osteoblasts. Tumor cells in bone may stimulate 
osteoblast activity through the secretion of addi-
tional factors, including bone morphogenic proteins, 
insulin growth factors, �broblast growth factors, and 
endothelin-1.203 Tumor cells may also secrete factors 
that indirectly in�uence osteoblast activity, includ-
ing vascular endothelial growth factor, which can 
activate osteoblasts and induce angiogenesis.217–219 

These factors may induce tumor cell proliferation, 
thereby generating a vicious cycle of tumor growth 
and bone destruction.220 Novel therapies are under 
investigation to alter these and other signaling path-
ways in attempt to alter the course of the tumor. 

Complications of Bone Metastases

The clinical course of metastatic bone disease varies 
based on the primary tumor and response to therapy. 
In conditions such as multiple myeloma or metastatic 
breast or prostate cancers, the life expectancy of patients 
with bone metastases is typically measured in years. This 
highlights the importance of managing bone metastases 
from the onset of diagnosis to reduce the risk of skel-
etal complications associated with malignancy. Other 
metastatic cancers may have a shorter life expectancy, 
yet optimizing bone care is just as important. The clini-
cal complications of bone metastases include debilitat-
ing bone pain, which tends to be most prominent with 
movement, pathologic fractures, spinal cord compres-

sion with its associated pain and neurologic complica-
tions, hypercalcemia of malignancy, and bone marrow 
in�ltration with associated suppression of hematopoi-
esis. The term SREs refers to a constellation of skeletal 
complications, including fracture, need for surgery on 
bone, need for radiation to bone, spinal cord compres-
sion, and, in some situations, hypercalcemia of malig-
nancy. In clinical trials examining antiresorptive agents, 
SREs are frequently used as a clinical end point. In addi-
tion, bone pain, analgesic use, and quality of life (QOL) 
are also often used as clinical trial end points when ex-
amining therapies for managing bone metastases. 

Metastatic bone disease is responsible for severely 
compromising a patient’s QOL and adding signi�cant-
ly to their morbidity and mortality.205,221 As indicated 
by studies using Medicare claims, the presence of bone 
metastases is strongly associated with mortality among 
patients with breast and prostate cancers.222,223 SREs 
occurred in 46% of women222 and 44% of men223 with 
bone metastases. The mortality rate was higher in 
those with bone metastases complicated by SREs than 
in those with bone metastases without SREs.222,223 

SREs not only compromise QOL and increase 
mortality of patients with metastatic bone disease 
but also carry a signi�cant economic burden.224 Man-
agement of SREs in patients with bone metastases 
can be a major cause of hospitalization and expendi-
ture of health care resources.225 

Imaging of Bone Metastases

Common sites for skeletal metastases are the verte-
brae, pelvis, proximal parts of the femur, ribs, proxi-
mal part of the humerus, and skull. Imaging plays an 
important role in the detection, diagnosis, treatment 
planning, and follow-up monitoring of bone metasta-
ses. If bone metastases are suspected and/or present, 
imaging the skeleton is useful for screening to con-
�rm diagnosis and assessing the extent of metastatic 
disease. The response to therapy can be evaluated 
through radiographs (plain �lms) and correlating the 
radiographic changes with bone scan �ndings, and 
through clinical and laboratory �ndings. 

Numerous imaging techniques are available to 
evaluate bone metastases, including plain �lm ra-
diography, CT, MRI, technetium-99m (99mTc) bone 
scanning (ie, radionuclide bone scan), PET both 
with �uorodeoxyglucose (FDG) and with 18F sodium 
�uoride, and single-photon emission CT (SPECT). 
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Imaging Techniques to Evaluate Bone Metastases

Radiography: Plain �lm radiography, the oldest im-
aging technique for evaluating bone metastases, rec-
ognizes alterations in bone density, such as osteolytic 
and osteoblastic changes. In the case of an indeter-
minate bone scan �nding, a plain �lm may be helpful 
for further characterizing a suspicious lesion. In the 
setting of bone pain, plain �lms may be helpful in 
detecting the cause. In patients with one or few sites 
of skeletal pain, targeted radiographs may be used 
for initial imaging.226 Plain �lms can assess cortical 
destruction by the cancer, providing valuable infor-
mation regarding fracture risk. Unfortunately, plain 
�lms are relatively insensitive for detecting early or 
small metastatic lesions. To recognize an osteolytic 
lesion on a plain �lm, a 30% to 50% loss in bone 
density must occur.227

CT: CT, like plain �lms, is a map of bone density, 
with a tomographic capability. Compared with plain 
�lms, CT images have an improved target-to-back-
ground ratio and improved sensitivity. CT has been 
found to be more sensitive than plain �lm radiogra-
phy in detecting metastatic lesions.228,229 CT is used 
to assess lesion size and cortical reaction. CT is use-
ful for guiding needle biopsy of lesions in bones with 
complex shapes, such as the vertebrae. CT can also 
identify alterations in adjacent soft tissue. As with 
plain �lms, CT is useful for characterizing suspicious 
lesions that might be present on a bone scan. The 
usefulness of CT in detecting early involvement of 
the bone marrow, however, is limited. Although CT 
scanning is superior to radiography, some advanced 
destructive lesions of the cancellous bone may not 
be visible on CT scans, particularly in the absence of 
reactive new bone or cortical involvement. In addi-
tion, skeletal coverage is limited with CT because of 
its relatively high radiation dose, making CT unsuit-
able as a screening tool. 
MRI: MRI is associated with a high sensitivity 
(82%–100%) and speci�city (73%–100%) for bone 
marrow metastases. Unlike CT and plain �lm, MRI 
does not assess bone density, but is helpful in assess-
ing tissue alterations. Therefore, MRI can detect me-
tastases that have in�ltrated bone marrow230 before 
they provoke an osseous bone response. MRI is more 
sensitive for detecting early lesions and marrow-based 
metastases than are plain �lms, CT, or radionuclide 
bone scans.231,232 It has higher spatial resolution than 
bone scintigraphy and has a quantitative capability. 

Although MRI is a good choice for detecting marrow 
in�ltration, its role in bone metastases is generally 
limited because it is more expensive and not as read-
ily available as CT.227 

Diagnostic whole-body MRI is a clinically fea-
sible alternative to 99mTc planar bone scintiscan-
ning in evaluating the entire skeleton for metastatic 
disease.233,234 Whole-body MRI takes 40 to 45 min-
utes to perform and involves the use of short-tau 
inversion recovery (STIR) and/or T1-weighted se-
quences.235 In a relatively small study comparing 
whole-body MRI with PET/CT,235 whole-body MRI 
had slightly higher sensitivity and speci�city (95% 
and 92%, respectively) than PET/CT (sensitivity 
91% and speci�city 86%). These lesion-based esti-
mates were for 212 lesions that included distant me-
tastases at various sites (most in bone or liver) in 20 
patients.235

Skeletal Scintigraphy: Skeletal scintigraphy (bone 
scan) is an effective method for screening the whole 
body for bone metastases.236 99mTc methylene diphos-
phonate (MDP), is the most frequently used radio-
tracer. Because technetium-labeled MDP is taken up 
by active osteoblasts, 99mTc planar bone scans detect 
metastatic tumor deposits in bone through the in-
creased osteoblastic activity they induce. Radionu-
clide bone scans are relatively insensitive for purely 
osteolytic lesions found commonly in kidney and 
thyroid cancers, multiple myeloma, and some lung 
cancer metastases, but they are highly sensitive to os-
teoblastic and mixed osteolytic/osteoblastic lesions, 
such as from prostate and breast cancers. Bone scans 
have the disadvantages of poor spatial and contrast 
resolution and lower speci�city. SPECT/CT corrects 
these disadvantages to some degree.

Sensitivity of 99mTc bone scan is estimated at 
between 62% and 100%, with the lowest sensitiv-
ity seen in patients with predominantly lytic dis-
ease. Many benign processes and other entities (eg, 
trauma fractures, Paget disease) can produce an area 
of increased radiotracer uptake that mimics a meta-
static deposit. Bone scans are not optimal for moni-
toring response to treatment, because the osteoblast 
changes induced by cancer metastases can be long-
lived. Osteoblastic activity resulting from healing af-
ter therapy (ie, �are phenomenon) may misleadingly 
suggest advancing disease on bone scans. In many 
patients, further imaging such as plain �lms or CT 
is required.
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PET: PET/CT can help identify bone metastases 
at an early stage of growth, before host responses 
of the osteoblasts occur. It has a higher spatial 
resolution than bone scan, and has a quantitative 
capability. Because of this, PET can better assess 
response to therapy. Two currently available PET 
tracers are 18F-sodium fluoride and 18F-FDG. 
18F-sodium fluoride is taken up by osteoblasts 
and therefore reflective of a reparative response, 
making fluoride PET scans similar to 99mTc bone 
scan. 18F-Fluoride becomes incorporated into 
newly formed bone in increased amounts, reflect-
ing increased turnover. 18F-Sodium fluoride PET 
has improved lesion detection over bone scans. 
However, finding additional lesions may not nec-
essarily alter therapy. 18F-FDG PET can detect 
early malignant bone marrow infiltration because 
of the early increased glucose metabolism in neo-
plastic cells.237

Unlike 99mTc-MDP bone scans and 18F-sodium 
�uoride PET bone scans, 18F-FDG PET assesses the 
metabolic activity of the metastatic tissue directly 
rather than the bony response to the presence of 
the metastasis. Therefore, FDG PET can help detect 
purely osteolytic lesions and marrow in�ltration, but 
may not help identify osteoblastic lesions that have 
relatively low metabolic activity. Consequently, le-
sions present on MRI or PET may not be visible on 
bone scans, and vice versa. These techniques nice-
ly complement each other when mixed lesions are 
present. A comparative study of 3 modalities in de-
tecting bone metastases found sensitivities of 90% 
for FDG PET, 82% for whole-body MRI, and 71% 
for 99mTc bone scans.238 Similar results have emerged 
from comparative studies of FDG PET and 99mTc 
bone scans.239,240 FDG PET shows a high number of 
false-positive lesions, which require follow-up imag-
ing with other modalities. In skull metastases, the 
high rate of glucose metabolism in the normal areas 
of brain may obscure tumor metastases. A phenom-
enon known as “metabolic �are” has been reported 
in ER-positive tumors, wherein the metastases may 
show increased FDG intensity on a PET scan. This 
transient increase in FDG activity is seen after initia-
tion of hormone therapy (typically 7–10 days after 
treatment initiation) and is believed to be the result 
of an initial stimulation of tumor growth by estro-
gen-like agonist effects induced by increased levels 
of the hormone.241,242

Additional PET tracers are under investigation 
in cancer imaging. 18F-�uoroestradiol can measure 
estrogen receptors. Markers of DNA synthesis such 
as C-11 thymidine and 18F-�uorothymidine can 
measure cellular proliferation. C-11 acetate can 
measure lipid biosynthesis, an indication of cellular 
reproduction.
SPECT: SPECT may also be fused with CT (SPECT/
CT).243 Modern SPECT scanners are multifunction-
al devices that can perform bone scans and SPECT, 
and can fuse the SPECT and CT datasets to produce 
hybrid images. SPECT has been reported to be supe-
rior to bone scan in detecting vertebral metastases,244 
and its accuracy is enhanced by the fused CT.245,246 
SPECT/CT is not currently widely available in the 
United States. SPECT has a higher speci�city because 
of improved anatomic localization. 

Bone Biopsies 

Biopsies of bone metastases are performed to docu-
ment metastatic disease. Bone is technically chal-
lenging to biopsy, because of dif�culties in tissue 
acquisition. Image-guided core needle biopsy is the 
most common technique for obtaining bone metas-
tasis tissue and is frequently adequate for diagnosing 
presence or absence of metastatic spread. Bone bi-
opsies can also be performed via standard posterior 
iliac crest bone marrow trephine/aspiration (non–
image guided). Biopsy of bone metastases is techni-
cally challenging, with relatively low yields regard-
less of technique used. Communication among the 
person performing the biopsy (generally a radiologist 
if image-guided), the cytologist/pathologist, and the 
oncology team is critical in obtaining optimal results 
from bone biopsies.247

Evaluating Response to Treatment of Metastatic 
Bone Disease 

Bone metastases are challenging when attempting 
to measure response. Although bone scan, MRI, 
and CT are effective in detecting bone metastases, 
changes in response to therapy can be dif�cult to dis-
cern with these modalities. The bone scan can show 
a “�are” in response to successful therapy.248 Serial 
FDG PET has been reported to be helpful in measur-
ing bone metastases response, and changes in FDG 
uptake have been correlated with clinical response 
and changes in breast cancer tumor markers.249 Fur-
ther study is needed to evaluate the utility and ac-
curacy of PET in this role. The combination of FDG 
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and �uoride PET for measuring both sclerotic and 
lytic lesion response may be helpful in monitoring 
bone response. 

No RECIST criteria (either 1.0 or 1.1) measure 
bone response.250 Criteria from Union for Interna-
tional Cancer Control and WHO help de�ne what 
constitutes a response to bone.251

Summary and NCCN Recommendations

For imaging patients at risk for bone metastases, the 
task force stresses adopting a systematic approach 
based on patient symptoms and the strengths and 
limitations of the various imaging modalities. Cli-
nicians should consider having a dialogue with the 
radiologist. Results of imaging studies should always 
be interpreted within the clinical context of the pa-
tient. Understanding the advantages and disadvan-
tages of different bone imaging techniques will assist 
clinicians in cancer screening, treatment planning, 
and assessing treatment response. Multiple imaging 
modalities may be required to con�rm the presence 
and optimally evaluate bone metastases. 

Skeletal scintigraphy provides a relatively sensi-
tive and inexpensive evaluation of the entire skel-
eton in a single imaging examination and is recom-
mended for evaluating patients with multiple sites of 
bone pain or for the staging of patients at high risk of 
having metastases. However, over the past decade, a 
global shortage of the radiotracer 99mTc has emerged 

because of the shutdown of 2 or more of the 5 reac-
tors in the world that produce the precursor of 99mTc. 
This has been an intermittent but ongoing problem.

Limited evidence exists showing the superiority 
of one imaging modality over another. A large ongo-
ing study is comparing the diagnostic performance of 
18F-�uoride PET/CT scanning to that of 99mTc-MDP 
bone scanning for detecting bone metastases (Clini-
calTrials.gov identi�er: NCT00882609). With the 
currently available data, FDG PET/CT is comple-
mentary to bone scintigraphy. The choice of initial 
screening test used for the detection of bone metas-
tases may depend on the availability, cost, imaging 
time, and patient preference. MRI is estimated to 
cost 2 to 3 times as much as 99mTc bone scintigraphy; 
FDG PET scanning costs 10 times as much.

An example of a scheme of how a patient with 
cancer with suspected bone metastases might pass 
through a set of imaging studies is illustrated in Figure 
3. Imaging analysis for metastases is focused on the 
most likely bones of involvement: vertebrae, pelvis, 
ribs, skull, femur, and humerus. As the �gure suggests, 
patients with suspected bone metastases may be as-
sessed initially with skeletal scintigraphy (99mTc-MDP 
bone scan).227 Given the high speci�city of a negative 
bone scan, if the bone scan is negative and no symp-
toms are present, it may be presumed that the patient 
has no metastatic disease. A positive scintigraph is fol-

CT
MRI

Indeterminate
Findings suspicious
but not typically 

benign or metastatic

Metastatic
disease

Metastatic
disease

demonstrated

Positive Negative
No metastatic

disease
Plain film

Bone scan
NegativeClinical suspicion of bone

metastases

Positive Negative

Confirmation of
no metastasis or
benign process
that explains
findings and 
symptoms

Confirmation of no metastasis
or benign process that explains
findings and symptoms

No symptoms
No lesions
Lesions typical of
nonmetastatic disease

With symptomsLesions typical of
metastatic disease

Metastatic

Figure 3 Algorithm for imaging for cancer patients in the United States. 
Modi�ed from Hamaoka T, Madewell JE, Podoloff DA, et al. Bone imaging in metastatic breast cancer. J Clin Oncol 2004;22:2942. 
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lowed by plain �lm radiography to further localize and 
characterize the lesion. If radiographs are negative 
and the patient is still symptomatic or has a suspicious 
lesion, an MRI or CT scan should be considered. 

Monitoring bone metastases can be problem-
atic with any imaging technique, because changes 
in bone often occur very slowly. Marrow regenera-
tion in successfully treated patients may appear to 
be progressive disease on MRI or PET. For evalua-
tion of impending fracture and the need for surgical 
intervention, plain �lms and CT scans provide the 
best information. 

Treatment of Bone Metastases

Pharmacologic Options for Patients With  
Breast Cancer

Bisphosphonates: Randomized controlled trials 
have clearly shown that long-term bisphosphonate 
treatment is effective in reducing skeletal morbid-
ity in breast cancer, with fewer SREs, reduced pain 
and analgesic consumption, and improved QOL. 
The bisphosphonates are a supportive therapy, yet 
data show that bisphosphonates may aid in control-
ling tumor burden and extending life, although the 
data are mixed. Studies of the effects on life expec-

tancy include those using pamidronate,257 clodro-
nate,253 and zoledronic acid.254–256 The �ndings 
are being further explored. 

A pivotal trial showed that pamidronate re-
duced the frequency of skeletal morbidity in 
placebo-controlled trials involving patients with 
breast cancer and bone lesions who were receiving 
hormone therapy or chemotherapy.257 The skeletal 
morbidity rate was 2.4 events per year in the pami-
dronate arm and 3.7 in the placebo arm (P<.001). 
The median time to skeletal complication was 12.7 
months in the pamidronate group and 7 months in 
the placebo group (P<.001). In the pamidronate arm, 
51% had skeletal complications at up to 24 months 
on treatment, compared with 64% in the placebo 
arm (P<.001). 

In preclinical testing, zoledronic acid seemed to 
be a more potent bisphosphonate than pamidronate, 
and clinically it showed superiority over pamidronate 
in the treatment of hypercalcemia of malignancy.258 

It has been studied most extensively in breast cancer, 
prostate cancer, multiple myeloma, and other solid tu-

mors.259–262 A randomized, phase III, multicenter trial 
was conducted to compare zoledronic acid and pami-
dronate in patients with bone lesions secondary to 
breast cancer or multiple myeloma, with the objective 
of determining the safety and ef�cacy of long-term 
therapy with these 2 agents.259 The 13-month core 
phase of the trial showed that zoledronic acid had an 
ef�cacy and safety pro�le comparable to pamidronate. 
In a 25-month extension phase, the overall incidence 
of SREs other than hypercalcemia of malignancy was 
similar between the zoledronic acid and pamidronate 
groups. The percentage of patients who required ra-
diotherapy to bone was lower for zoledronic acid (19% 
vs 24% for pamidronate; P=.037). A comparable me-
dian time to �rst SRE was observed in both groups 
(376 days for zoledronic acid vs 356 days for pamidro-
nate; P=.151). Zoledronic acid reduced the mean an-
nual incidence of skeletal complications, or skeletal 
morbidity rate, by 25% compared with pamidronate, 
with 1.04 events per year for zoledronic acid and 1.39 
events per year for pamidronate (P=.084). In the 
overall patient population, zoledronic acid reduced 
the risk of developing a skeletal complication by an 
additional 16% compared with pamidronate, with a 
risk ratio derived from the multiple-event analysis of 
0.841 (P=.030). A randomized trial performed in Ja-
pan compared 4 mg of zoledronate with placebo every 
4 weeks for 1 year in women with breast cancer with 
at least one osteolytic bone metastasis.260 The placebo 
control was used because no intravenous bisphospho-
nate was approved in Japan for this indication. The 
trial involving 228 Japanese women found that zole-
dronate reduced the rate of SREs by 39% (P=.027). 
The absolute reduction in the number of patients 
having an SRE was 20% (number needed to treat = 
5). In addition, bone pain scores were signi�cantly 
improved within 4 weeks of treatment, and remained 
modestly reduced for 52 weeks. No serious (grade 3 or 
4) toxicities or substantial declines in renal function 
were observed after one year of treatment. This study 
corroborates the bene�t of zoledronate in reducing 
SREs seen in previous studies.

Questions remain on how to optimally use the 
bisphosphonates, including when to initiate therapy, 
what the ideal interval is between dosing, and how 
long bisphosphonate therapy should continue. The 
BISMARK study, which compared standard dos-
ing of zoledronic acid at 4 mg intravenously every 3 
to 4 weeks versus a marker-directed schedule based 
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on updated levels of urinary N-terminal telopeptide 
(uNTx). The study recruited 289 patients of the 1500 
planned enrollment and was stopped early. Therefore, 
the results are underpowered to show noninferiority 
in SRE outcome between the treatment strategies. 
The limited results suggest that the adjustment of 
zoledronic acid schedule based on NTx values alone 
may not represent optimal management.263 Ongoing 
clinical trials will help identify optimal dosing sched-
ules, duration, and the role of other novel agents in 
the treatment of bone metastases. The randomized 
phase III ZOOM trial assessed the safety and ef�cacy 
of switching to quarterly zoledronic acid versus con-
tinuing with monthly in patients (n=425) with bone 
metastases from breast cancer who received prior 
zoledronic acid treatment.264 Safety analyses showed 

that zoledronic acid was well tolerated in the long 
term, and renal adverse events were seen in similar 
proportions of patients in both arms. This study was 
underpowered to con�rm noninferiority between the 
arms, although rates of SREs were similar.264 Similar-
ly, the ongoing OPTIMIZE 2 trial is studying patients 
with breast cancer with bone metastases who have 
received prior monthly zoledronic acid. OPTIMIZE 
2 patients are randomized in a double-blind fashion 
to continue monthly dosing for an additional year 
versus changing dosing intervals to every 3 months 
(ClinicalTrials.gov identi�er: NCT00320710). 
OPTIMIZE 2 has fully enrolled and follow-up is on-
going. The CALGB 70604 trial has completed ac-
crual and is studying patients with metastatic bone 
disease from breast cancer, prostate cancer, or multi-

Table 3 Comparison of Outcome of Bone-Modifying Treatments in Patients With Metastatic  
Breast Cancer

Study Treatment vs Control
Number of 
Patients

Median Time 
to First SRE  
Treatment vs 
Control  
(mo)

% of Patients 
With SRE 
Treatment vs 
Control Comments

Hortobagyi 
et al381

Pamidronate, 90 mg 
every 3–4 wk vs placebo

380 13.1 vs 7.0 43 vs 56 (at the 
end of 1 y)

The analysis included 
hypercalcemia of 
malignancy

Theriault et 
al382

Pamidronate, 90 mg  
every 3–4 wk vs placebo

371 10.4 vs 6.9 56 vs 67 (at the 
end of 2 y)

The analysis included 
hypercalcemia of 
malignancy

Rosen et 
al259

Zoledronic acid, 4 
mg every 3–4 wk  vs 
Pamidronate, 90 mg 
every 3–4 wk

524 (received 
chemotherapy)

11.6 vs 12.2 46 vs 49 (at the 
end of 2 y in the 
combined group 
analysis) 

The analysis excluded 
hypercalcemia of 
malignancy

606 (received 
hormone 
therapy)  

13.8 vs 12.3 Initially patients 
randomized to zoledronic 
acid were randomized 
to receive 4 or 8 mg; 
however, because of renal 
safety concerns, the 8-mg 
dose was reduced to 4 mg    

Kohno et 
al260 

Zoledronic acid, 4 mg 
every 3–4 wk vs placebo 

227 NR vs 12.1 29.8 vs 49.6 (at 
the end of 1 y) 

The analysis excluded 
hypercalcemia of 
malignancy

The median time to �rst 
SRE was reached in the 
zoledronic arm at the time 
of analysis

Stopeck et 
al115

Denosumab, 120 mg SQ 
every 4 wk vs  
Zoledronic acid, 4 mg 
every 3–4 wk 

2046 NR vs 26.4 40 vs 50 (at the 
end of 2 y) 

The analysis excluded 
hypercalcemia of 
malignancy

The median time to �rst 
SRE was reached in the 
denosumab arm at the 
time of analysis

In some studies hypercalcemia was reported separately from the primary SRE analysis. 

Abbreviations: NR, not reached; SRE, skeletal-related event; SQ, subcutaneously.
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ple myeloma. Patients were randomized to zoledronic 
acid, 4 mg every 4 weeks versus every 12 weeks, and 
the study is investigating the rate of SREs between 
the groups over 2 years (ClinicalTrials.gov identi�er: 
NCT00869206).

Despite optimal bisphosphonate therapy, ap-
proximately 40% of patients with cancer with bone 
metastases still develop SREs while on bisphospho-
nate therapy.260,262 The introduction of antiresorptive 
agents has signi�cantly increased the median time to 
�rst SRE over the years (Table 3). 

Concerning toxicities are also associated with 
antiresorptive agents, such as ONJ and hypocalce-
mia. Intravenous infusion of zoledronic acid can be 
associated with an acute-phase reaction, including 
bone pain, fever, and chills in up to 30% of patients 
after their �rst infusion, and zoledronic acid in par-
ticular confers a risk of renal toxicity that is dose-
dependent and infusion time–dependent (See “Ad-
verse Effects and Safety Considerations While Using 
Antiresorptive Agents,” page S-34).
Denosumab: In a phase II study of patients with 
metastatic bone disease, denosumab normalized the 
uNTx levels in a signi�cantly greater proportion 
of patients than those who continued with an in-
travenous bisphosphonate.265 Biochemical markers 
of bone metabolism are not established means for 
monitoring bone metastases or antiresorptive ther-
apy, and are in need of further investigation. In this 
phase II study, fewer patients receiving denosumab 
experienced on-study SREs than those receiving in-
travenous bisphosphonates. 

In a phase III trial, patients (n=2046) with 
metastatic breast cancer and radiologic evidence 
of at least one bone metastasis were randomized 
to receive either subcutaneous denosumab at 120 
mg and intravenous placebo (n=1026) or intrave-
nous zoledronic acid at 4 mg (with adjustment for 
creatinine clearance) and subcutaneous placebo 
(n=1020) every 4 weeks.115 The primary end point 
of the study powered to detect noninferiority of 
denosumab versus zoledronic acid was time to first 
SRE. Secondary end points included time to first 
on-study SRE (superiority test) and time to first 
and subsequent on-study SRE (multiple-event 
analysis). Denosumab delayed the time to first 
on-study SRE by 18% compared with zoledronic 
acid (HR, 0.82; 95% CI, 0.71–0.95; P=.001 for 
noninferiority, P=.01 for superiority). Denosumab 

also reduced the risk of subsequent SREs by 23% 
(risk ratio, 0.77; 95% CI, 0.66–0.89; P=.001). OS 
and disease progression were similar between the 
groups.115 The main adverse effects associated with 
denosumab were fatigue, asthenia, hypophospha-
temia, and nausea115 (see “Adverse Effects and 
Safety Considerations While Using Antiresorp-
tive Agents,” S-34).
Summary and NCCN Recommendations: Bisphos-
phonates and denosumab have shown clinical ben-
e�ts in patients with bone metastases from breast 
cancer. The NCCN Task Force agrees with the 
ASCO guidelines recommending that therapy with 
an antiresorptive agent be initiated in the presence 
of a documented metastatic bone lesion.266 Pamidro-
nate, zoledronic acid, and denosumab been shown 
to be ef�cacious in reducing/delaying onset of SREs 
in patients with metastatic bone disease. Of the 3 
FDA-approved antiresorptive agents for the man-
agement of metastatic bone disease (denosumab, 
pamidronate, and zoledronic acid), zoledronic acid 
is indicated for the greater range of tumors; however, 
denosumab has shown improved ef�cacy in the tu-
mors for which it carries a label indication. Clinical 
judgment must be used in determining which anti-
resorptive agent is appropriate for the patient under 
consideration.

Zoledronic acid at 4 mg or pamidronate at 90 mg 
are given intravenously every 3 to 4 weeks.267 Zole-
dronic acid and pamidronate are not recommended 
for creatinine clearance less than 30 mL/min. De-
nosumab at 120 mg is given subcutaneously every 4 
weeks.262 Although renal monitoring is not required, 
denosumab is not recommended in patients with 
creatinine clearance less than 30 mL/min. Even in 
patients with normal renal function, hypocalcemia 
is higher with denosumab than with zoledronic acid, 
and all patients on denosumab should be treated 
with vitamin D and calcium, and undergo periodic 
monitoring of serum calcium levels. Before therapy 
with an antiresorptive agent is initiated, the panel 
recommends evaluation of oral health and assess-
ment of vitamin D and nutritional status.

The results of the phase III clinical trials ex-
amining dosing intervals are eagerly awaited. No 
published prospective clinical trials have compared 
different durations of therapy with an antiresorptive 
agent. The longest duration of study in the phase 
III clinical trials of antiresorptive agents is less 
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than 3 years. The potential additional bene�t from 
continuing antiresorptive agents must be weighed 
against the potential toxicities of long-term admin-
istration of these drugs. For patients with breast can-
cer, the NCCN Task Force agrees with the ASCO 
guidelines recommending that antiresorptive ther-
apy, once initiated, be continued until evidence is 
seen of substantial decline in the patient’s general 
performance status.266 

Pharmacologic Options for Patients With 
Prostate Cancer

Prostate cancer commonly metastasizes to bone,269 

and almost 90% of patients with advanced pros-
tate cancer have radiographic evidence of bone 
metastases.270–273 

Morbidity from complications of bone metastases, 
such as pathologic fractures, spinal cord compression, 
and pain, greatly impairs the QOL of patients with 
metastatic prostate cancer.274 Bone pain has negative 
impact on prognosis.275–277 ADT is the initial treatment 
for metastatic prostate cancer. A signi�cant improve-
ment in pain relief, a decline in PSA levels, and an 
improvement in QOL are seen with ADT. Unfortu-
nately, in most cases the disease relapses after a median 
response of approximately 2 years, turning into castra-
tion-resistant prostate cancer. Within the past decade 
the outlook has changed considerably. Docetaxel-
based chemotherapy is established as a well-tolerated 
treatment with statistically signi�cant survival bene�ts 
compared with mitoxantrone.278 Several classes of 
drugs have been added to the treatment armamen-
tarium, including immunotherapy agents, androgen 
receptor–targeting drugs, novel antiresorptive agents, 
and radiopharmaceuticals. Many of these drugs ap-
proved for improvement in OS have also shown direct 
effects on reduction of SREs. 
Chemotherapy: For patients with metastatic prostate 
cancer, �rst-line therapy is systemic chemotherapy 
with docetaxel. Docetaxel-based therapy has shown 
improved OS in 2 randomized phase III trials.270,278 

Occurrence of SREs was not an end point in these 
studies; however, QOL was found to be signi�cantly 
improved in the docetaxel arm, with pain reduction 
in 35% of patients versus 22% of those in the placebo 
arm. Recently, cabazitaxel, a microtubule-targeting 
drug, was shown to provide OS and QOL improve-
ments after docetaxel therapy.271 The �ndings from 
the phase III TROPIC trial established cabazitaxel 
as the �rst agent to prolong survival after docetaxel-

based therapy, with a 30% reduction in death over 
mitoxantrone.271 Interestingly, the pain response rate 
was no different between the groups. No SRE assess-
ment was performed in this trial.
Immunotherapy: Sipuleucel-T is an active immu-
notherapy vaccine, consisting of autologous periph-
eral blood mononuclear cells, including antigen-pre-
senting cells that have been activated ex vivo with 
a recombinant fusion protein (PA2024). This pro-
tein consists of a prostate antigen that is fused to a 
granulocyte-macrophage colony-stimulating factor, 
which acts as an immune cell activator. Sipuleucel-T 
is FDA-approved for the treatment of metastatic cas-
tration-resistant prostate cancer in men with minimal 
or no symptoms. A recent meta-analysis of 3 phase III 
trials279–281 con�rmed the �ndings that treatment with 
sipuleucel-T leads to a signi�cant improvement in OS 
for men with metastatic castration-resistant prostate 
cancer.282 By contrast, the time to disease progression 
did not differ signi�cantly between treatment arms.276

Hormone Therapy: Abiraterone acetate, a CYP 
inhibitor was recently FDA-approved for patients 
with metastatic castration-resistant prostate cancer. 
The COU-AA-301 trial assessing abiraterone ace-
tate after therapy with docetaxel showed improved 
pain palliation compared with placebo (in 45.0% vs 
28.8%), and time to �rst SRE was 25.0 months with 
abiraterone acetate versus 20.3 months with placebo 
(P=.0006).283,284 In the �nal analysis, abiraterone ac-
etate signi�cantly prolonged OS compared with pla-
cebo in patients with metastatic castration-resistant 
prostate cancer who progressed after docetaxel treat-
ment (15.8 vs 11.2 months; HR, 0.74; 95% CI, 0.64–
0.86; P<.0001).272 Time to radiographic progression, 
PSA decline, and pain palliation were also improved 
with abiraterone acetate.272,284

Interestingly, abiraterone acetate is also effective 
in chemotherapy-naïve patients. The COU-AA-302 
study results revealed statistically better progression-
free survival and a trend toward improved OS rates 
in chemotherapy-naïve patients treated with abi-
raterone versus placebo.285 Based on these results, 
the study was terminated early and unblinded, a 
decision made by the Independent Data Monitor-
ing Committee. The FDA has since approved use of 
abiraterone acetate in chemotherapy-naïve patients 
with castration-resistant prostate cancer. 

Enzalutamide, a potent androgen inhibitor, re-
cently received FDA approval for the treatment of 
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patients with metastatic castration-resistant prostate 
cancer who have previously received docetaxel ther-
apy. The phase III AFFIRM trial showed higher sur-
vival rates with enzalutamide compared with placebo 
(18.4 vs 13.6 months).273 In addition, the time to the 
�rst SRE was also signi�cantly longer with enzalu-
tamide (16.7 vs 13.3 months; HR, 0.69; P<.001). 
A randomized, double-blind, placebo-controlled 
phase III study (PREVAIL) is evaluating the effect 
of enzalutamide in chemotherapy-naïve patients 
with metastatic castration-resistant prostate cancer. 
The study was closed to accrual in March 2012 and 
the results are awaited (ClinicalTrials.gov identi�er: 
NCT01212991).

Taken together, these data show that the new-
generation hormone therapy agents that are effec-
tive in improving the OS of patients with castration-
resistant prostate cancer also reduce SREs. 
Bone-Targeted Therapies: Several drugs targeting 
bone turnover have been approved because of their 
ability to reduce bone complications. Patients with 
bone metastases from prostate cancer and high lev-
els of bone markers, such as uNTx levels, have an 
increased risk of SREs, time to a �rst SRE, disease 
progression, and death.286,287

Bisphosphonates: Bisphosphonates are effective in 
reducing bone complications in patients with osteo-
lytic bone metastases from a variety of solid tumors. 
Because prostate cancer is primarily osteoblastic, it 
was initially thought that bisphosphonates may not 
be as effective in this disease. However, studies have 
shown that bone resorption in metastatic prostate 
cancer is very high, re�ecting substantial osteoclastic 
activity. Therefore, a biologic rationale exists for the 
use of bisphosphonates in prostate cancer.

Zoledronic acid is the only bisphosphonate with 
proven clinical bene�t in reducing skeletal compli-
cations in patients with hormone-refractory prostate 
cancer. In a double-blind phase III trial, patients 
with hormone-refractory disease (rising PSA de-
spite medical or surgical castration) and a history of 
bone metastases were randomized to zoledronic acid 
at 4 mg (n=214), zoledronic acid at 8 mg (n=221), 
or placebo (n=208) every 3 weeks for 15 months.288 

The primary end point was time to occurrence of 
SREs. Risk of renal impairment was elevated in 
patients treated with 8 mg of zoledronic acid, and 
therefore the dose was reduced to 4 mg. Patients on 
placebo had signi�cantly more SREs than those on 

zoledronic acid (44.2% vs 33.2%). Subsequently, 
data reported on 122 patients who completed a to-
tal of 24 months on study showed that fewer patients 
treated with zoledronic acid developed skeletal com-
plications (38% vs 49% for the placebo group).261 

Compared with placebo, 4 mg of zoledronic acid re-
duced the ongoing risk of SREs by 36% (risk ratio, 
0.64; 95% CI, 0.485–0.845; P=.002).261 Overall, a 
decrease in fracture, spinal cord compression, anti-
neoplastic therapy, and need for radiation and sur-
gery was seen in patients receiving zoledronic acid 
compared with placebo. The most common adverse 
events reported in at least 5% more patients in the 
zoledronic acid group were fatigue, anemia, myalgia, 
fever, and lower-limb edema. Although therapy with 
bisphosphonates is effective at preventing SREs in 
men with castration-resistant prostate cancer, the 
use of bisphosphonates in men with castration-sensi-
tive disease remains an open question. 
Denosumab: A phase III trial randomized 1904 pa-
tients with metastatic castration-resistant prostate 
cancer to receive either denosumab or zoledronic 
acid.289 Eligible patients had evidence of at least one 
bone metastasis and documented failure of at least 
one hormonal therapy. As in the breast cancer trial, 
patients were required to have a creatinine clearance 
greater than 30 mL/min to be eligible for randomiza-
tion to the zoledronic acid arm. All patients were 
strongly encouraged to take vitamin D and calcium 
supplementation. The primary end point of the study 
powered to detect noninferiority of denosumab ver-
sus zoledronic acid was time to �rst SRE. The me-
dian time to �rst on-study SRE was 20.7 months for 
patients on denosumab (95% CI, 18.8–24.9) versus 
17.1 months for those on zoledronic acid (95% CI, 
15.0–19.4), with an HR of 0.82 (95% CI, 0.71–0.95; 
P=.002 for noninferiority and P=.008 for superior-
ity).289 A delay in time to �rst on-study SRE was 18% 
with denosumab compared with zoledronic acid, 
identical to the results from the trial in metastatic 
breast cancer. At week 13, the decrease in uNTx lev-
el was signi�cantly greater in the denosumab group 
(median decrease of 84% in the denosumab group 
vs 69% in the zoledronic acid group; P=.0001). As 
in the phase III study in patients with breast can-
cer, denosumab was superior to zoledronic acid for 
preventing skeletal complications from metastasis. 
OS and disease progression were not signi�cantly 
different between the treatment groups. Occur-
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rence of adverse events and serious adverse events 
were similar between the groups. Hypocalcemia was 
more common in the denosumab group (13% in 
the denosumab group vs 6% in the zoledronic acid 
group; P=.0001). The cumulative rates of ONJ be-
tween the groups were not statistically signi�cant, at 
1% (n=12) in the zoledronic acid group versus 2% 
(n=22) in the denosumab group. Adverse events as-
sociated with acute-phase reactions occurred in 8% 
of patients on denosumab and 18% of patients on 
zoledronic acid. Adverse events related to renal im-
pairment were similar between the groups, at 15% in 
the denosumab group and 16% in the zoledronic acid 
group. However, the zoledronic acid group required 
more frequent dose adjustment and withholding for 
renal dysfunction.289 
Radiopharmaceuticals: Radium-223 (223Ra) is an 
α-particle emitter with high af�nity for the bone 
matrix. 223Ra and calcium belong to the same group 
of alkaline earth elements in the periodic table, ow-
ing to their similar chemical properties and af�nities. 
The difference between 223Ra compared with other iso-
topes, such as samarium-153 or strontium-89, is that 
it penetrates a very small radius; therefore, the risk of 
having bone marrow suppression is a lot less with 223Ra. 

223Ra was studied in a large phase III trial (AL-
SYMPCA) in men with castration-resistant disease 
with bone metastases, who either previously received 
docetaxel or were ineligible to receive docetaxel. The 
trial showed improvement in OS compared with pla-
cebo (median OS, 14 vs 11.2 months; P=.00185).290 

Time to �rst SRE was also delayed (median time to 
SRE, 13.6 vs 8.4 months; P=.00046).290 Spinal cord 
compression and pathologic bone fractures were less 
frequent in the 223Ra-treated patients compared with 
those treated with placebo. The effect of 223Ra on 
QOL and in pain palliation has not been reported. 
Grade 2 or 3 hematologic adverse events were similar 
in both groups studied. This is the �rst phase III trial 
evaluating a radiopharmaceutical and demonstrat-
ing an OS advantage with 223Ra treatment in men 
with symptomatic castration-resistant prostate can-
cer with bone metastases.290 The FDA has approved 
the use of 223Ra in men with symptomatic metastatic 
castration-resistant prostate cancer that has spread 
to the bone but not to other organs. 
Other Therapeutics Targeting the Bone in Clinical 

Development: Dasatinib was assessed in a phase II 
study in 48 chemotherapy-naïve patients with meta-

static castration-resistant prostate cancer.291 Only 17% 
of the patients did not have disease progression at 24 
weeks. However, uNTx levels were reduced by 40% or 
more in 51% of patients, and bone alkaline phospha-
tase was decreased in 59% of patients.292 A phase II 
study of combination dasatinib and docetaxel therapy 
showed a high response rate in men with castration-
resistant prostate cancer. The study included 46 pa-
tients, some of whom were previously treated with 
docetaxel.292 According to the results, a 50% decline 
in PSA was seen in 26 of 46 patients (57%); 60% of 
the patients with measurable disease had a partial re-
sponse; 30% had disappearance of a lesion on bone 
scan; and uNTx levels decreased in 87% of patients.292 
A phase III trial evaluating docetaxel alone or in com-
bination with dasatinib was recently reported and did 
not meet its primary end point of OS (ClinicalTrials.
gov identi�er: NCT00744497).

Cabozantinib is a vasculature-disrupting agent 
that inhibits tumor angiogenesis and metastasis.293 A 
phase II trial of patients with castration-resistant pros-
tate cancer treated with cabozantinib showed impres-
sive improvements in pain palliation and resolution 
of lesions on bone scan bone.294 The results of a phase 
II nonrandomized expansion cohort study reported 
high rates of bone scan response, pain relief, and re-
ductions in bone turnover markers with cabozantinib 
in patients previously treated with docetaxel.295 A 
phase III trial (COMET-2) comparing cabozantinib 
and mitoxantrone plus prednisone is ongoing. The 
primary end point of this trial is pain response. 
Summary and NCCN Recommendations: In patients 
with metastatic castration-resistant prostate cancer, a 
series of recent phase III studies showed that agents 
such as cabazitaxel, abiraterone, enzalutamide, sipu-
leucel-T, and 223Ra improve OS and inhibit disease 
progression to the bone. With a better understanding 
of the role of approved and other novel bone-targeted 
agents in treatment-related bone loss, prevention and 
treatment of metastases, and antitumor effects, the 
role they play will likely expand in the management 
of advanced prostate cancer. No proven role of bone-
targeted therapy exists in hormone-naïve patients di-
agnosed with advanced prostate cancer, and currently 
hormone therapy adequately controls the underlying 
disease in this setting.

In patients with castration-resistant prostate 
cancer, the main risk factor for skeletal complica-
tions is the presence of bone metastases. Denosum-
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ab and zoledronic acid have been shown to prevent 
disease-related skeletal complications, including 
fracture, spinal cord compression, or the need for 
surgery or radiotherapy to bone. Men with castra-
tion-resistant prostate cancer who have bone me-
tastases and are at high risk for SREs should be con-
sidered for bone-targeted therapy with zoledronic 
acid or denosumab. Given the largely osteoblastic 
nature of prostate cancer metastases that may af-
fect calcium homeostasis and create a low-normal 
serum calcium level, supplemental calcium and cor-
rection of vitamin D de�ciency are key to lowering 
the risk for potential hypocalcemia resulting from 
these agents. 

As with other tumors, insuf�cient data exist to 
guide the choice, dose, and route of administration 
and duration of bone-targeted therapy in patients 
with prostate cancer. Denosumab has demonstrated 
bene�ts over zoledronic acid in preventing or delay-
ing SREs; however, from an economic perspective it 
is very costly.296 According to the NCCN Guidelines 
for Prostate Cancer, “choice of agent may depend on 
underlying comorbidities, whether the patient has 
been treated with zoledronic acid previously, logis-
tics, and/or cost considerations.”11 The NCCN Task 
Force agrees with this. 

Zoledronic acid, 4 mg, is given intravenously 
every 3 to 4 weeks. The dose is based on the serum 
creatinine obtained just before each dose and must 
be adjusted for impaired renal function. Zoledronic 
acid is not recommended for creatinine clearance 
less than 30 mL/min. Denosumab, 120 mg, is given 
subcutaneously every 4 weeks. Although renal mon-
itoring is not required, similar to zoledronic acid, 
denosumab is not recommended in patients with 
creatinine clearance less than 30 mL/min. Even in 
patients with normal renal function, hypocalcemia is 
seen twice as often with denosumab than zoledronic 
acid, and all patients on denosumab should be treat-
ed with vitamin D and calcium, with periodic moni-
toring of serum calcium levels. 

The optimal duration of therapy with either 
denosumab or zoledronic acid remains uncertain. 
In the zoledronic trial, patients were treated up to 
2 years; however, the denosumab trial had no maxi-
mum treatment duration, so patients were treated for 
longer periods. If patients tolerate the drugs without 
any issues and seem to have a clinical bene�t, it may 
be reasonable to continue therapy.

Antiresorptive Agents for Palliation of Bone Pain 

Although antiresorptive agents are primarily used 
to reduce overall skeletal events, clinical trials have 
established that bisphosphonates have an analgesic 
effect on patients with metastatic bone pain from 
a variety of tumors. Because of differences in pa-
tient populations and methods for assessing bone 
pain, direct comparison of bisphosphonates to de-
termine their relative effects on bone pain across 
studies is dif�cult. Data from randomized trials in-
dicate that ibandronate (6 mg intravenously and 
50 mg orally) reduces pain and maintains it below 
baseline levels compared with placebo in patients 
with breast cancer.297,298 Short-term clodronate has 
also been shown to be effective in reducing pain 
scores in patients with advanced cancer.299 A small 
study comparing the ef�cacy and safety of zole-
dronic acid administered in the community versus 
the hospital setting in patients with breast cancer 
found that zoledronic acid signi�cantly improved 
composite pain scores and overall QOL compared 
with baseline.300 A phase III study of patients with 
breast cancer and multiple myeloma showed that 
bone pain relief below baseline was obtained with 1 
year of treatment with 4 mg of zoledronic acid and 
90 mg of pamidronate.301

Denosumab has also shown improved pain pre-
vention and comparable pain palliation.302 Patient-
reported pain interference with daily functioning 
was evaluated using data from a phase III trial com-
paring denosumab with zoledronic acid in women 
with advanced breast cancer and bone metastases.302 
Results showed that time to improvement in pain in-
terference with activity tended to occur more rapidly 
with denosumab than with zoledronic acid (a me-
dian of 70 vs 86 days; P=.09). It was noted that fewer 
patients treated with denosumab shifted to strong 
opioid analgesic use.302 

Surgery and Radiation 

Localized therapies, including radiation and surgery, 
can be used to prevent an impending skeletal event 
and provide pain palliation. 
Radiation Treatment: Radiotherapy is commonly 
used in the management of bone metastases, both for 
pain relief and prevention of morbidity and disease 
progression. Radiotherapy has been shown to pro-
vide responses rates of 60% to 70%. Complete pain 
relief may occur in 20% to 30% of patients receiving 
radiotherapy.303–305 In many patients, the effects may 
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not be felt for several weeks after the start of treat-
ment, and the duration of relief may last only 3 to 
4 months. A wide range of radiotherapeutic options 
also exist for pain that recurs after external-beam 
radiation therapy (EBRT) has been given for bone 
metastases. Among these options is a second course 
of EBRT to the same localized site. Additionally, us-
ing a different mode of radiotherapy delivery, such 
as stereotactic body radiotherapy (SBRT), could im-
prove the results of the primary treatment or repeat 
treatment of metastatic spinal lesions.
External-Beam Radiation Therapy: EBRT is widely 
used for patients with cancer who present with lo-
calized bone pain. Debate exists over the optimal 
treatment schedule: single-fraction versus multiple-
fraction EBRT. A systematic review of published 
trials shows no difference between single-fraction 
and multiple-fraction EBRT in terms of ef�cacy and 
toxicity, although a slightly higher retreatment rate 
has been seen with single-fraction treatment. The 
Radiation Therapy and Oncology Group (RTOG) 
conducted one of the largest trials in the United 
States studying effects of a single fraction versus 
multiple fractions of EBRT in treating bone metas-
tases in patients with breast and prostate cancers.306 

Patients (n=898) were randomized to a single 8-Gy 
fraction or 30 Gy given in 10 fractions. No signi�-
cant difference in response rates were seen between 
the arms, although a signi�cantly higher retreat-
ment rate was seen the single-fraction arm. The 
RTOG trial showed more acute toxicity (grades 
2–4) in the multiple-fraction arm compared with 
the single-fraction arm.306 The higher retreatment 
rate with single-fraction treatment may be attrib-
uted to the bias that giving additional radiation 
doses may help patients who have had no relief 
from a single fraction of radiation. Results of the 
updated meta-analyses of 25 randomized palliative 
radiotherapy trials comparing single versus multiple 
fractions show that both provided equal pain relief; 
however, signi�cantly higher retreatment rates oc-
curred in those receiving single fractions.307 Overall 
and complete response rates were similar in both 
intention-to-treat and assessable patients receiving 
either single or multiple fractions.307 

The ASTRO task force compared studies with 
several dosing schema, including 30 Gy in 10 frac-
tions, 24 Gy in 6 fractions, 20 Gy in 5 fractions, and 
a single 8-Gy fraction.308 Although a slightly higher 

retreatment rate was found with single-fraction ra-
diation; they found equivalency in single versus mul-
tiple fractions in terms of pain relief in previously 
unirradiated patients with painful bone metastases. 
The ASTRO guidelines on palliative radiotherapy 
for bone metastasis state that “the single fraction 
treatment approach optimizes patient and caregiver 
convenience.”308

In addition, a recent study comparing single 
versus multiple fractions for palliation of vertebral 
bone metastases concluded that, compared with 
multiple-fraction therapy, single-fraction radiation 
provided equivalent ef�cacy, comparable narcotic 
use, less toxicity, and a more convenient regimen.309 

In patients with advanced cancer, QOL is the pri-
mary outcome of interest over other end points, such 
as survival. In a recent study, the QOL was assessed 
using a new bone metastasis–speci�c EORTC QLQ-
BM22 tool that is able to differentiate patients who 
experience response to treatment from those who do 
not.310 The study reported that patients who experi-
ence pain relief from palliative radiotherapy for bone 
metastases also have improved QOL.310 

A cost-utility analysis performed in the Nether-
lands compared 2-year quality-adjusted life expec-
tancies and 12-week societal costs.311 Total societal 
costs for radiotherapy (including retreatments, non-
medical costs, and nonradiotherapy costs) were es-
timated at $4700 and $6453 for single and multiple 
fractions, respectively. Despite multiple studies indi-
cating no difference in response rate, duration of re-
sponse, use of pain medication, side effects, or QOL, 
radiation oncologists in the United States seem to 
be reluctant to deliver single-fraction radiation for 
uncomplicated bone metastases.312 

Pain �are is de�ned as a temporary worsening of 
bone pain in the irradiated metastatic site within a 
week of radiotherapy. Pain �are occurs in more than 
one-third of patients receiving EBRT.313  A study re-
ported a signi�cant difference in pain �ares based on 
the primary cancer site. Twice as many patients with 
primary breast cancer experienced a pain �are com-
pared with those having primary prostate or lung can-
cers (52% in breast cancer, 25% in prostate cancer, 
23% in lung cancer; P=.0227).313  No signi�cant dif-
ference was seen between pain �are incidence rates for 
patients treated with a single fraction or multiple frac-
tions.313  A single dose of dexamethasone, adminis-
tered immediately (�rst 2 days) after radiotherapy, was 

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

NCCN Task Force Report

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-32

shown to reduce the incidence of pain �are. There-
fore, dexamethasone may be used prophylactically to 
reduce radiotherapy-induced pain �are. Randomized 
studies are needed to con�rm this �nding.
Stereotactic Body Radiation Therapy: SBRT is a tech-
nology that delivers targeted high-dose radiation. 
It was initially developed for targeting lung lesions, 
and is now being used to treat spine metastases. Al-
though conventional radiotherapy of spinal meta-
static tumors is useful for palliation, its effectiveness 
is limited by spinal cord tolerance. In patients who 
harbor spinal metastases not causing cord compres-
sion, stereotactic radiation can be used to overcome 
some of the dose limitation associated with conven-
tional radiotherapy, or in patients who have a good 
prognosis such that more-aggressive treatment may 
be warranted. This technique is characterized by 
high-dose radiation delivered precisely to an extra-
cranial target in 1 to 5 fractions. Response rates are 
approximately 90% and duration is 13 months, with 
little to no long-term toxicity, and retreatment rates 
range from 0% to 15%.314 SBRT is a relatively techni-
cally sophisticated and costly technique that allows 
better sparing of adjacent critical normal structures. 
The ASTRO guidelines clearly state that SBRT 
should only be used within available clinical trials 
and should not be the primary treatment of vertebral 
bone lesions causing spinal cord compression.308 
Surgical Treatment: Surgical management of bone 
metastases is performed to relieve pain, provide sta-
bilization, and prevent impending fracture or spinal 
cord compression.315 In some situations, surgery pro-
vides a greater likelihood of return to ambulatory 
status than radiation alone.

Although surgical treatment of pathologic frac-
tures is often straightforward, treatment of patients 
with impending pathologic fractures is preferable. 
Compared with treatment of fractures of the femur, 
treatment of impending fractures is associated with a 
shorter hospital stay, a greater likelihood of discharge 
to home versus extended care, and a greater likeli-
hood of support-free ambulation.316 The widespread 
use of bisphosphonate therapy has resulted in a de-
crease in the incidence of fracture from bone metas-
tases. Identi�cation of bones at risk remains a “mov-
ing target” in the face of better anticancer therapies.

Surgeons identify lesions at high risk for frac-
ture based on general criteria: lytic lesions greater 
than 2.5 cm in diameter, lesions encompassing more 

than 50% of the bone diameter, or the presence of 
lesser trochanter avulsion.317 Other indications for 
surgery for impending fractures include a lesion in a 
weight-bearing area and a readily identi�able painful 
lesion that is refractory to EBRT. It is important to 
verify that the lesion is clearly the source of pain. 
These general guidelines must be interpreted in the 
speci�c clinical context. Fracture stabilization must 
be preceded by an assessment of metastatic disease 
in other bones, which could compromise rehabili-
tation. When considering stabilization of a femoral 
fracture, a long bone survey or a bone scan within 2 
to 3 months is recommended to detect other sites of 
disease that may relate to weight-bearing. Differen-
tiating pathologic fractures from traumatic fractures 
is very important. Preoperative assessment should 
include estimation of life expectancy, mental status, 
mobility status, pain level, metabolic status, skin 
condition, and nutritional status.

From a technical standpoint, one of the easi-
est bones to stabilize is the proximal femoral shaft, 
whereas stabilization is more challenging in the 
pelvis-acetabulum, spine, and periarticular areas. 
For a periarticular fracture, prosthetic replacement 
confers fairly predictable pain relief and a return to 
ambulatory status. Procedures that are applicable to 
nonmetastatic traumatic fractures often do not apply 
in the setting of pathologic fractures. For example, a 
sliding hip screw is commonly used in patients with 
intertrochanteric osteoporotic fractures. However, 
these devices are not effective in patients with patho-
logic fractures, because of the lack of bone healing, 
particularly with planned subsequent bone radiation.

Fractures within the femoral diaphysis can be 
stabilized using intramedullary nailing. Some of the 
interlocking capabilities of plates and nails have im-
proved over the past 3 years with new locking plate 
technology. Humeral shaft metastases are often treat-
ed with locked intramedullary nailing or, more recent-
ly, an in�atable nail, with excellent pain relief and 
regained use of the extremity in several days.318,319 A 
prospective study found that for treatment of periar-
ticular metastases, locking-plate technology provides 
durable �xation and good pain relief.320 Insertion of 
intramedullary nails is a relatively straightforward pro-
cedure that requires general or regional anesthesia and 
a hospital stay of approximately 2 days. Case series of 
patients treated with intramedullary nailing have re-
ported good outcomes, with complete pain relief and 
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resumption of ambulation in a large proportion of 
patients. However, these outcomes may be related to 
patient selection criteria.321,322 

Stabilization of acetabular disease is technically 
challenging but is generally performed with a varia-
tion of hip replacement. Marco et al323 reported on 
a case series of 55 patients who were treated with 
curettage of the tumor, protrusio cup, cement, and 
pin or screw �xation. Although 76% of patients had 
a decrease in narcotic use and half of the nonambu-
latory patients regained the ability to walk, this pro-
cedure was associated with a 22% complication rate. 
Saddle prosthesis is another option; a case series of 
20 patients showed a similar improvement in analge-
sia, independence, and ambulation. Again, however, 
the complication rate was high at 20%.324 This high 
morbidity underscores the importance of patient se-
lection for extensive surgery.
Additional Minimally Invasive Techniques: Al-
though surgery may result in improved outcomes, it 
can also be associated with high morbidity and com-
plication rates, especially in patients with numerous 
cancer-related comorbidities. A variety of minimally 
invasive techniques are available, including radio-
frequency ablation (RFA); percutaneous osteoplas-
ty, also referred to as cementoplasty; percutaneous 
vertebroplasty; and kyphoplasty. 

RFA uses thermal energy to destroy tumor cells 
and has been used to treat painful bony metastases. 
Goetz et al325 reported on a multicenter prospective 
study of RFA in which 43 patients with painful bone 
metastases, most of whom had undergone prior ra-
diotherapy, had signi�cant pain relief and reduction 
in opioid use with minimal side effects.

Percutaneous vertebroplasty and kyphoplasty 
describe the injection of surgical cement, usually 
polymethylmethacrylate (PMMA), into fractured 
vertebral bodies. These procedures give relief in pa-
tients with vertebral body compression fractures that 
do not cause neurologic de�cits but severely compro-
mise QOL largely because of intractable pain.326 

With percutaneous vertebroplasty, PMMA is 
injected percutaneously into a vertebral body un-
der radiologic guidance327 to provide pain relief and 
strengthen bone in painful vertebral body compres-
sion fractures. A retrospective study evaluated indi-
viduals (n=19) with primary breast, prostate, lung, 
and renal cancers who underwent percutaneous ver-
tebroplasty procedures. Of these, 53% were treated for 

solitary lesions, 16% underwent injections at 2 lev-
els, and 31% underwent cement injection at 3 levels. 
Most individuals (84%) reported short- and long-term 
symptomatic improvements.328 In another study of 51 
patients, percutaneous vertebroplasty provided effec-
tive analgesia in patients experiencing pain related 
to malignant spinal tumors with epidural extension, 
and was associated with a relatively low complication 
rate.329 A systematic review of the safety and ef�cacy 
of percutaneous vertebroplasty in malignancy indi-
cated pain reduction between 47% and 87%, with a 
signi�cant (up to 2%) risk of serious complications.330 

Kyphoplasty uses a bone tamp that is in�ated 
before the procedure to create a space for PMMA 
injection. Kyphoplasty may result in an increase in 
vertebral height, which may provide a biomechani-
cal advantage over vertebroplasty. This technique 
is effective for reducing pain associated with both 
metastatic disease and osteoporosis, although the 
mechanism of the effect remains unclear. Although 
this technique is growing in popularity, outcomes 
in the published literature regarding treatment of 
metastatic disease are still minimal. In a case se-
ries of 97 procedures in 56 patients, a total of 84% 
of patients had marked or complete pain relief.331 
These results seem to be comparable to those found 
in the larger volume of literature on kyphoplasty as 
a treatment of osteoporosis-related vertebral frac-
tures.332 A retrospective review of clinical outcome 
data for 48 patients with multiple spinal metastases 
treated with kyphoplasty, concluded that kypho-
plasty is effective in stabilizing pathologic vertebral 
fractures caused by metastatic disease, leading to a 
statistically signi�cant reduction in pain, improve-
ment in function, and prevention of further defor-
mity of the spine.333 

Cementoplasty is the percutaneous injection of 
PMMA into a metastatic lesion to palliate pain.334 

This technique is similar to vertebroplasty, the differ-
ence being that it is performed in areas other than the 
spine using 3-dimensional imaging, most commonly 
CT scan. This technique is most suited to the pelvis.

Image-guided cryoablation is a relatively new 
minimally invasive technique. Similar to RFA, the 
metastatic lesions are accessed percutaneously. Cryo-
probes are introduced under anesthesia. As the ar-
gon gas released from the probes rapidly expands, it 
produces rapid cooling with temperatures close to 
–100°C, leading to intracellular ice ball formation, 
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dehydration, and cell death. Callstrom et al335 report-
ed on 14 patients with bone metastases treated with 
image-guided cryoablation, noting improvement in 
pain, decrease in pain interference with activities of 
daily living, and marked reductions in narcotic use.

Along with the increasing life expectancy of pa-
tients with cancer, the prevalence of thoracolumbar 
spine metastases has also increased over the past 2 
decades.336 For the management of symptomatic 
thoracolumbar spine metastases, minimally invasive 
decompression and stabilization have been shown to 
improve pain and decrease neurologic de�cit, with 
a lower overall morbidity rate than that associated 
with the conventional techniques.337 
Summary and NCCN Recommendations: Advanc-
es in surgery allow for the use of several techniques 
for treatment of bone pain from metastases. An ur-
gent need exists to improve the prediction of fracture 
risk for patients with cancer with bone metastases. 
Recently a very small study involving 10 patients 
showed that quantitative CT-based computer mod-
els can improve prediction of bone strength com-
pared with prediction by clinical experts.338 The key 
to optimal surgical management remains the iden-
ti�cation of patients who have impending fractures 
and referring to them for stabilization. Consulta-
tion between other members of the multidisciplinary 
team and an orthopedic specialist is recommended 
to determine optimal management strategy. 

According to the task force, single-fraction ra-
diotherapy should be considered for most patients, 
especially those with limited longevity. SBRT must 
be administered in a clinical trial setting. Prophy-
lactic interventional surgery may be considered in 
selected patients with impending long bone frac-
tures. Radiation can generally be given 7 to 10 days 
after long bone stabilization with intramedullary 
nails, and 2 to 3 weeks after open plating or pros-
thetic replacements.

Adverse Effects and Safety Considerations 
While Using Antiresorptive Agents

Antiresorptive agents, including bisphosphonates 
and denosumab, are generally well tolerated, and 
pivotal clinical trials have reported a relatively low 
risk of serious adverse effects. Postmarketing experi-
ence with these agents has raised additional caution-
ary notes regarding rare potential side effects. 

Renal Toxicity

Bisphosphonates are cleared renally and can cause 
renal toxicity from increased serum creatinine. 
The risk for bisphosphonate-associated renal insuf-
�ciency seems to be related to dose, infusion rate, 
and hydration. Among the intravenous bisphospho-
nates, renal toxicity seems to be more common with 
zoledronic acid versus pamidronate.266 Intravenous 
bisphosphonates are generally not recommended 
in patients with creatinine clearance less than 30 
mL/min, because they can increase serum creati-
nine and may rarely cause acute renal failure.217,339 
Oral bisphosphonates do not cause acute renal in-
suf�ciency or acute renal failure but should not be 
used in patients with stage IV or V chronic kidney 
disease unless adynamic bone disease or other forms 
of chronic kidney disease and bone mineral disorder 
have been ruled out. 

Unlike the bisphosphonates, denosumab is not 
excreted through the kidneys.340 The incidence of 
adverse events related to renal toxicity observed in 
the trials for preventing SREs in patients with bone 
metastases was lower in the denosumab arms than in 
the zoledronic acid arm, and was similar to that seen 
in the observational arms of prior bisphosphonate 
trials.115 The long-term effect of denosumab on kid-
ney function is unknown. Denosumab has not been 
tested in patients with severe renal dysfunction. 

Acute-Phase Response

Acute-phase reactions are typi�ed by fever and �u-
like symptoms. These symptoms are treated with 
over-the-counter medications, such as acetamino-
phen or a nonsteroidal anti-in�ammatory drug; typi-
cally resolve spontaneously within 24 to 48 hours; 
and do not recur after �rst or second infusions.341 

These symptoms are seen almost 3 times more fre-
quently with intravenous bisphosphonates than 
with denosumab. In clinical trials, the incidence of 
acute-phase reactions is reported to be 27.3% with 
zoledronic acid versus 10.4% with denosumab in pa-
tients with breast cancer,115 and 18% with zoledronic 
acid versus 8% with denosumab in patients with 
prostate cancer.289

Hypocalcemia 

Hypocalcemia, the presence of low serum calcium 
levels, is a known adverse effect of drugs that re-
duce bone remodeling (antiresorptives), including 
bisphosphonates and denosumab. The incidence of 
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hypocalcemia is higher with denosumab than with 
zoledronic acid.116,289,342 In a trial of patients with 
metastatic prostate cancer, the incidence of hypo-
calcemia with denosumab was 13% versus 6% with 
zoledronic acid (P<.0001).289 A postmarketing re-
port has detailed severe persistent hypocalcemia in 
patients with advanced prostate cancer and a large 
burden of skeletal disease.343 Among patients with 
metastatic breast cancer, the reported incidence of 
hypocalcemia with denosumab is 5.5% versus 3.4% 
with zoledronic acid.116 The risk of hypocalcemia 
seems increased in those with abnormal renal func-
tion. Symptoms of hypocalcemia include paresthe-
sias or muscle stiffness, twitching, spasms, or cramps. 
Patients with conditions that affect mineral metabo-
lism, such as those with diminished renal function, 
may be particularly at increased risk. Although hypo-
calcemia is generally seen within the �rst 6 months 
of treatment, it may occur at any time during deno-
sumab therapy. Late onset of hypocalcemia has also 
been reported. In September 2012, the FDA issued a 
warning letter highlighting the risk of severe symp-
tomatic hypocalcemia with denosumab treatment. 
Osteoclast-targeting agents should be administered 
with concurrent calcium supplementation and mon-
itoring of serum calcium levels. 

Osteonecrosis of the Jaw

ONJ is a rare but debilitating adverse effect associ-
ated with long-term use of antiresorptive agents. ONJ 
has been reported in patients with advanced can-
cers involving the bone undergoing treatment with 
denosumab, with an incidence not statistically dif-
ferent from, although numerically higher than, that 
seen with intravenous bisphosphonate therapy (1.8% 
vs 1.3%).344 A much lower incidence of ONJ (0%–
0.4%) has been reported with the less-frequent dos-
ing schedule of intravenous bisphosphonate therapy 
used for preventing cancer therapy–related bone loss 
(every-6-month dosing) compared with the monthly 
dosing used for bone metastases.345–347 More than 90% 
of cases of bisphosphonate-related ONJ to date have 
occurred with intravenous bisphosphonate therapy; 
the prevalence among patients receiving this therapy 
has been estimated to range from 1% to 5%.348

The risk of developing ONJ increases with the 
duration of therapy.349 Risk factors for ONJ include 
recent dental extractions, oral surgery, poor dental hy-
giene, poorly �tting dentures or dental appliances such 
as bridges, oral trauma, and radiation to the jaw bone. 

Symptoms of ONJ include tooth or jaw pain, pain 
with eating, a feeling of loose teeth, swelling of the 
jaw, ongoing or recurrent infections, and exposure of 
bone seen on physical examination. The most com-
mon location of ONJ is the mandible, although it can 
affect the maxilla.350–354 The American Association 
of Oral and Maxillofacial Surgeons published recom-
mendations to reduce the risk of ONJ,355 including 
obtaining a baseline dental examination; completing 
invasive dental surgery before beginning bisphospho-
nate or denosumab; attempting to achieve optimal 
periodontal health; encouraging patients to maintain 
good oral hygiene; monitoring for exposed bone on 
clinical examination; and considering discontinuing 
bisphosphonates for 3 months prior and 3 months af-
ter invasive dental surgery to potentially help lower 
the ONJ risk. Antiangiogenic therapy has also been 
associated with an increased risk of ONJ.356–359

The NCCN Bone Health Task Force recom-
mends that patients be advised to get a screening 
dental examination and complete any major dental 
surgeries before initiating intravenous bisphospho-
nates or denosumab when used in a monthly dosing 
schedule for treating bone metastases. The prospec-
tive SWOG S0702 trial is currently recruiting 7000 
patients with metastatic bone disease treated with 
zoledronic acid to investigate risk factors, incidence, 
outcome, and mechanisms associated with ONJ 
(ClinicalTrials.gov identi�er: NCT00874211).

Atypical Femoral Fractures

Over the past few years a small but concerning num-
ber of cases of atypical fractures in the subtrochan-
teric or shaft (diaphysis) regions of the femur have 
been reported in patients on long-term bisphospho-
nate therapy.360–365 Two cases of atypical fractures 
have also occurred in an extension study of deno-
sumab for osteoporosis.366 The incidence seems to 
be related to duration of use, with a steep rise after 
5 years of use in one analysis.367 Atypical femoral 
fractures account for fewer than 1% of all hip and 
femoral fractures.368–372 These fractures have a trans-
verse or short oblique orientation and are associated 
with hypertrophy of the cortex in the shaft; they 
may be bilateral. These features are fundamentally 
different from common osteoporotic femur fractures 
and strongly suggest a distinct pathogenesis.373 Clini-
cians should be aware that these fractures may pres-
ent with a prodrome of new-onset anterior thigh or 
groin pain (which could herald a stress fracture of 
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the lateral femoral shaft) before the occurrence of 
full fracture. Other risk factors include steroid use, 
rheumatoid arthritis, and combined antiresorptive 
therapy. Given the antiresorptive effect of tamoxi-
fen in postmenopausal women, adding a potent anti- 
resorptive (bisphosphonates or denosumab) to 
tamoxifen in the postmenopausal setting should 
generally be reserved for women at high risk of frac-
ture (usually older). The pathophysiology of atypi-
cal fractures from long-term antiresorptive therapy is 
still under investigation. 

Atrial Fibrillation

Atrial �brillation has emerged as a possible concern 
in association with bisphosphonate use. The HO-
RIZON pivotal fracture trial reported a higher risk 
of serious atrial �brillation for patients receiving 
zoledronic acid at 5 mg yearly compared with those 
receiving placebo (1.3% vs 0.4%).374 This �nding 
prompted additional reviews, and data are con�ict-
ing regarding risk of atrial �brillation with bisphos-
phonates. A large-scale population-based study us-
ing the SEER-Medicare database reported a slightly 
increased risk for atrial �brillation, supraventricular 
tachycardia, and stroke in patients with cancer re-
ceiving intravenous bisphosphonates.375 Atrial �bril-
lation was not more common in other studies of pa-
tients with osteoporosis in which zoledronic acid was 
dosed at 5 mg yearly.374 Additionally, in studies in 
which 4 mg of zoledronic acid was administered ev-
ery 3 to 4 weeks for preventing SREs in patients with 
skeletal malignant involvement, no increase was 
seen in atrial �brillation. In response to the concerns 
of atrial �brillation, the FDA concluded that no 
clear association was observed across all studies be-
tween overall bisphosphonate exposure and the rate 
of serious or nonserious atrial �brillation, and that 
increasing the dose or duration of bisphosphonate 
therapy was also not associated with an increased 
rate of atrial �brillation.

Adverse Effects Speci�c to Denosumab

The adverse effects reported in clinical trials of de-
nosumab varied depending on the schedule of ad-
ministration. At the lower dosing schedule of deno-
sumab that is used for bone loss and osteoporosis (60 
mg subcutaneously every 6 months), the adverse ef-
fects that were signi�cantly more common in women 
assigned to denosumab than placebo in the pivotal 
phase III trial were eczema (3.0% vs 1.7%), cellu-

litis requiring hospitalization (0.3% vs <0.1%), and 
�atulence (2.2% vs 1.4%).111–114 For the treatment of 
bone metastases, the recommended denosumab dos-
ing schedule is 120 mg subcutaneously every 4 weeks. 
No difference is apparent in the risk of infectious ad-
verse events (43.4% vs 42.9%) or infectious serious 
adverse events (11.6% vs 10.9%) with denosumab 
compared with zoledronic acid across all comparator 
trials in patients with cancer and bone metastases.376 

Frequent adverse effects associated with this dosing 
schedule include fatigue, asthenia, hypophosphate-
mia, and nausea.115,116 

Summary and NCCN Recommendations

The evidence of common and uncommon adverse 
effects associated with these drugs is continuing to 
accumulate. The risks versus bene�ts of antiresorp-
tive therapy must be carefully weighed before initiat-
ing therapy. 

Before choosing the antiresorptive therapy, it is 
important to remember that renal toxicity, hypocal-
cemia, and ONJ occur more often with intravenous 
bisphosphonate therapy than with oral bisphospho-
nate use.341,377 Bisphosphonates are contraindicated 
for patients with creatinine clearance less than 30 
mL/min. Oral bisphosphonates should be avoided in 
patients with esophageal emptying disorders or who 
are unable to sit upright, because these patients are 
at high risk for pill esophagitis.110 These toxicities in-
crease with cumulative doses. Denosumab does not 
seem to cause renal toxicity and may be given re-
gardless of creatinine clearance (except for patients 
with end-stage renal disease in whom adynamic bone 
disease is clinically suspected). An important caveat 
is that patients with renal insuf�ciency have a higher 
risk for hypocalcemia when treated with potent an-
tiresorptives such as denosumab and zoledronic acid. 

Patient education regarding rationale for treat-
ment, the bene�ts versus risks of treatment, associ-
ated toxicities, and common toxicity symptoms is 
crucial. Patients must be encouraged to make ap-
propriate lifestyle modi�cations (see “Management 
of Bone Health in Patients With Cancer,” page S-7) 
and maintain a good exercise regimen. Patients with 
osteoporosis or osteolytic metastasis to a vertebral 
body must be cautioned against performing �exion 
exercises of the spine. Referral to a physical thera-
pist who understands bone health in patients with 
cancer should be considered for appropriate exer-
cise recommendations.378 The American College of 
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Table 4 Safety Considerations and Recommendations for Patients Undergoing Therapy With an 
Antiresorptive Agent

Antiresorptive 
Agent Safety Considerations/Recommendations

Intravenous 
bisphosphonates

 

Acute-phase reactions

•	 Counsel patients on symptoms: �u-like symptoms, myalgias, arthralgias, and fever

•	 Usually occur within the �rst 3 d, usually resolve within 3 d after onset

Renal toxicity

•	 Monitor renal function before and during therapy

•	 Maintain adequate hydration; monitor creatine levels before each infusion

•	 Consider reduced doses for patients with baseline creatinine  ≤60 mL/min

•	 Contraindicated for patients with creatinine <30 mL/min

Osteonecrosis of the jaw

•	 Emphasize prevention

•	 Before starting antiresorptive agents

➤    Obtain baseline dental examination

➤    Complete invasive dental surgery

➤    Achieve optimal periodontal health

•	 Maintain good oral hygiene

•	 Monitor for jaw/tooth pain; exposed bone on clinical examination

•	 Consider discontinuation of oral bisphosphonates for 3 mo before and 3 mo after elective 
invasive dental surgery to lower risk of osteonecrosis of the jaw

Hypocalcemia

•	 Monitor serum calcium, magnesium, and phosphate during therapy

•	 Supplement with adequate calcium and vitamin D to decrease risk of bisphosphonate-induced 
hypocalcemia and maintain bone health

Atypical femur fracture

•	 Counsel patients to report new thigh or groin pain

Oral 
bisphosphonates

Adherence

•	 Counsel on adherence

•	 Consider dif�culties around dosing:

➤    Must be taken with 6–8 oz plain water at least 30 minutes before �rst food/drink/
medication

➤    Potential for esophagitis

➤    Calcium supplements/antacids can interfere with absorption

Hypocalcemia (as described for intravenous bisphosphonates)

Osteonecrosis of the jaw (as described for intravenous bisphosphonates)

Atypical femur fractures (as described for intravenous bisphosphonates)

Denosumab Hypocalcemia (as described for intravenous bisphosphonates)

Osteonecrosis of the jaw (as described for intravenous bisphosphonates)

Acute-phase reactions

•	 Less frequent with denosumab

•	 Counsel patients on symptoms: �u-like symptoms, myalgias, arthralgias, and fever

Renal toxicity 

•	 Denosumab is not excreted through the kidney therefore, less frequent with denosumab

•	 Monitoring of renal function/dose adjustments are not indicated per package insert  

•	 Denosumab may be an option for patients with renal failure and renal insuf�ciency

•	 Patients with creatinine <30 mL/min or receiving dialysis are at higher risk for severe 
hypocalcemia (consider adequate calcium and vitamin supplementation, correct abnormalities 
before treatment)

Atypical femur fractures (as described for intravenous bisphosphonates)
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Sports Medicine recommends the patients “avoid 
inactivity” and provide guidelines for exercise train-
ing that is safe during and after cancer treatments. 
An ongoing randomized trial is studying a modular 
multimodal exercise program in patients with pros-
tate cancer and bone metastases (ClinicalTrials.gov 
identi�er: NCT01410656). 

Before initiating treatment with an antiresorp-
tive agent for cancer therapy–induced bone loss, the 
levels of calcium and vitamin D should be checked. 
Checking the 25(OH) D levels and repleting stores 
of vitamin D before therapy with these agents is also 
highly recommended because hypocalcemia has 
been reported in patients with unrecognized vitamin 
D de�ciency.379 In addition, improved response to 
bisphosphonate therapy has been reported when vi-
tamin D levels are optimized.380 Existing hypocalce-
mia must be corrected before denosumab is initiated. 
To prevent hypocalcemia, all patients (especially 
those on denosumab) without contraindications (eg, 
a history of calcium kidney stones) should be advised 
to continue vitamin D supplementation throughout 
antiresorptive therapy.342 In addition, calcium levels 
should be monitored before each dose in all patients 
throughout treatment. 

All patients should undergo a routine oral ex-
amination before starting treatment with an antire-
sorptive agent, and those with risk factors for ONJ 
should be monitored appropriately. Patients should 
be advised to undergo a screening dental examina-
tion and complete any major dental surgeries before 
initiating intravenous bisphosphonates or deno-
sumab when used in a monthly dosing schedule for 
treating bone metastases. Serum creatinine should 
be monitored before each dose of pamidronate or 
zoledronic acid, in accordance with FDA-approved 
labeling. The safety considerations and recommen-
dations for patients undergoing therapy with an an-
tiresorptive agent are summarized in Table 4.

References
 1. Nordin C. Screening for osteoporosis: U.S. Preventive Ser-

vices Task Force recommendation statement. Ann Intern Med 
2011;155:276; author reply 276–277.

 2. Johnell O, Kanis JA, Oden A, et al. Predictive value of BMD for 
hip and other fractures. J Bone Miner Res 2005;20:1185–1194.

 3. Kanis JA, Borgstrom F, De Laet C, et al. Assessment of fracture 
risk. Osteoporos Int 2005;16:581–589.

 4. Kanis JA, McCloskey EV, Powles T, et al. A high incidence of 
vertebral fracture in women with breast cancer. Br J Cancer 

1999;79:1179–1181.

 5. Chen Z, Maricic M, Bassford TL, et al. Fracture risk among breast 
cancer survivors: results from the Women’s Health Initiative ob-
servational study. Arch Intern Med 2005;165:552–558.

 6. Kanis JA, Melton LJ, Christiansen C, et al. The diagnosis of os-
teoporosis. J Bone Miner Res 1994;9:1137–1141.

 7. Cauley JA, Hochberg MC, Lui LY, et al. Long-term risk of inci-
dent vertebral fractures. JAMA 2007;298:2761–2767.

 8. Njeh CF, Fuerst T, Hans D, et al. Radiation exposure in bone min-
eral density assessment. Appl Radiat Isot 1999;50:215–236.

 9. Screening for osteoporosis: U.S. preventive services task force rec-
ommendation statement. Ann Intern Med 2011;154:356–364.

 10. Hillner BE, Ingle JN, Chlebowski RT, et al. American Society of 
Clinical Oncology 2003 update on the role of bisphosphonates 
and bone health issues in women with breast cancer. J Clin Oncol 
2003;21:4042–4057.

 11. Mohler JL, Armstrong AJ, Bahnson RR, et al. NCCN Clinical 
Practice Guidelines in Oncology for Prostate Cancer. Version 2, 
2013. Available at: NCCN.org. Accessed June 18, 2013.

 12. Theriault RL, Carlson RW, Allred C, et al. NCCN Clinical Prac-
tice Guidelines in Oncology for Breast Cancer. Version 3, 2013. 
Available at: NCCN.org. Accessed June 18, 2013.

 13. World Health Organization Collaborating Centre for Metabolic 
Bone Diseases, University of Shef�eld. FRAX WHO fracture risk 
assessment tool. Available at: http://www.shef.ac.uk/FRAX/tool.
jsp. Accessed July 17, 2013.

 14. Institute for Clinical Systems Improvement (ICSI). Diagnosis 
and treatment of osteoporosis. Bloomington (MN): Institute for 
Clinical Systems Improvement (ICSI); 2011. Available at: http://
guideline.gov/content.aspx?id=34270. Accessed July 17, 2013.

 15. Garnero P, Sornay-Rendu E, Claustrat B, Delmas PD. Biochemi-
cal markers of bone turnover, endogenous hormones and the risk 
of fractures in postmenopausal women: the OFELY study. J Bone 
Miner Res 2000;15:1526–1536.

 16. Ross PD, Kress BC, Parson RE, et al. Serum bone alkaline phos-
phatase and calcaneus bone density predict fractures: a prospec-
tive study. Osteoporos Int 2000;11:76–82.

 17. Sornay-Rendu E, Munoz F, Garnero P, et al. Identi�cation of os-
teopenic women at high risk of fracture: the OFELY study. J Bone 
Miner Res 2005;20:1813–1819.

 18. Riggs BL, Melton LJ III. The worldwide problem of osteoporosis: 
insights afforded by epidemiology. Bone 1995;17:505S–511S.

 19. Cauley JA, Palermo L, Vogt M, et al. Prevalent vertebral frac-
tures in black women and white women. J Bone Miner Res 
2008;23:1458–1467.

 20. Silverman SL. The clinical consequences of vertebral compres-
sion fracture. Bone 1992;13(Suppl 2):S27–31.

 21. Kuet KP, Charlesworth D, Peel NF. Vertebral fracture assessment 
scans enhance targeting of investigations and treatment within a 
fracture risk assessment pathway. Osteoporos Int 2013;24:1007–
1014. 

 22. Black DM, Arden NK, Palermo L, et al. Prevalent vertebral defor-
mities predict hip fractures and new vertebral deformities but not 
wrist fractures. Study of Osteoporotic Fractures Research Group. J 
Bone Miner Res 1999;14:821–828.

 23. Melton LJ, Atkinson EJ, Cooper C, et al. Vertebral fractures pre-
dict subsequent fractures. Osteoporos Int 1999;10:214–221.

 24. Lindsay R, Silverman SL, Cooper C, et al. Risk of new vertebral 
fracture in the year following a fracture. JAMA 2001;285:320–
323.

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

Bone Health in Cancer Care

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-39

 25. Genant HK, Li J, Wu CY, Shepherd JA. Vertebral fractures in os-
teoporosis: a new method for clinical assessment. J Clin Densitom 
2000;3:281–290.

 26. Lentle BC, Brown JP, Khan A, et al. Recognizing and reporting 
vertebral fractures: reducing the risk of future osteoporotic frac-
tures. Can Assoc Radiol J 2007;58:27–36.

 27. Vokes T, Bachman D, Baim S, et al. Vertebral fracture assessment: 
the 2005 ISCD Of�cial Positions. J Clin Densitom 2006;9:37–46.

 28. Robb-Nicholson C.  Radiation risk from medical imaging. Har-
vard Health Publication. Available at: http://www.health.harvard.
edu/newsletters/Harvard_Womens_Health_Watch/2010/Octo-
ber/radiation-risk-from-medical-imaging. Accessed July 17, 2013. 

 29. 4th ISCD Position Development Conference (Adult). The Iner-
national Society for Clinical Densitometry Web site. Available 
at: http://www.iscd.org/of�cial-positions/4th-iscd-position-devel-
opment-conference-adult/. Accessed July 17, 2013

 30. Partridge AH, Ruddy KJ. Fertility and adjuvant treatment in 
young women with breast cancer. Breast 2007;16(Suppl 2):S175–
181.

 31. Fornier MN, Modi S, Panageas KS, et al. Incidence of chemo-
therapy-induced, long-term amenorrhea in patients with breast 
carcinoma age 40 years and younger after adjuvant anthracycline 
and taxane. Cancer 2005;104:1575–1579.

 32. Petrek JA, Naughton MJ, Case LD, et al. Incidence, time course, 
and determinants of menstrual bleeding after breast cancer treat-
ment: a prospective study. J Clin Oncol 2006;24:1045–1051.

 33. Goodwin PJ, Ennis M, Pritchard KI, et al. Risk of menopause 
during the �rst year after breast cancer diagnosis. J Clin Oncol 
1999;17:2365–2370.

 34. Burstein HJ, Winer EP. Primary care for survivors of breast cancer. 
N Engl J Med 2000;343:1086–1094.

 35. Shapiro CL, Manola J, Leboff M. Ovarian failure after adjuvant 
chemotherapy is associated with rapid bone loss in women with 
early-stage breast cancer. J Clin Oncol 2001;19:3306–3311.

 36. Bruning PF, Pit MJ, de Jong-Bakker M, et al. Bone mineral density 
after adjuvant chemotherapy for premenopausal breast cancer. Br 
J Cancer 1990;61:308–310.

 37. Delmas PD, Balena R, Confravreux E, et al. Bisphosphonate rise-
dronate prevents bone loss in women with arti�cial menopause 
due to chemotherapy of breast cancer: a double-blind, placebo-
controlled study. J Clin Oncol 1997;15:955–962.

 38. Headley JA, Theriault RL, LeBlanc AD, et al. Pilot study of bone 
mineral density in breast cancer patients treated with adjuvant 
chemotherapy. Cancer Invest 1998;16:6–11.

 39. Hershman DL, McMahon DJ, Crew KD, et al. Zoledronic acid 
prevents bone loss in premenopausal women undergoing adju-
vant chemotherapy for early-stage breast cancer. J Clin Oncol 
2008;26:4739–4745.

 40. Powles TJ, McCloskey E, Paterson AH, et al. Oral clodronate and 
reduction in loss of bone mineral density in women with operable 
primary breast cancer. J Natl Cancer Inst 1998;90:704–708.

 41. Saarto T, Blomqvist C, Valimaki M, et al. Chemical castration 
induced by adjuvant cyclophosphamide, methotrexate, and �uo-
rouracil chemotherapy causes rapid bone loss that is reduced by 
clodronate: a randomized study in premenopausal breast cancer 
patients. J Clin Oncol 1997;15:1341–1347.

 42. Eastell R, Hannon RA, Cuzick J, et al. Effect of an aromatase in-
hibitor on bmd and bone turnover markers: 2-year results of the 
Anastrozole, Tamoxifen, Alone or in Combination (ATAC) trial 
(18233230). J Bone Miner Res 2006;21:1215–1223.

 43. Fogelman I, Blake GM, Blamey R, et al. Bone mineral density 
in premenopausal women treated for node-positive early breast 
cancer with 2 years of goserelin or 6 months of cyclophospha-
mide, methotrexate and 5-�uorouracil (CMF). Osteoporos Int 
2003;14:1001–1006.

 44. Warming L, Hassager C, Christiansen C. Changes in bone min-
eral density with age in men and women: a longitudinal study. 
Osteoporos Int 2002;13:105–112.

 45. Geisler J, King N, Anker G, et al. In vivo inhibition of aroma-
tization by exemestane, a novel irreversible aromatase inhibi-
tor, in postmenopausal breast cancer patients. Clin Cancer Res 
1998;4:2089–2093.

 46. Geisler J, Haynes B, Anker G, et al. In�uence of letrozole and an-
astrozole on total body aromatization and plasma estrogen levels 
in postmenopausal breast cancer patients evaluated in a random-
ized, cross-over study. J Clin Oncol 2002;20:751–757.

 47. Cummings SR, Browner WS, Bauer D, et al. Endogenous hor-
mones and the risk of hip and vertebral fractures among older 
women. Study of Osteoporotic Fractures Research Group. N Engl 
J Med 1998;339:733–738.

 48. Geisler J, Lonning PE. Impact of aromatase inhibitors on bone 
health in breast cancer patients. J Steroid Biochem Mol Biol 
2010;118:294–299.

 49. Simpson ER, Dowsett M. Aromatase and its inhibitors: sig-
ni�cance for breast cancer therapy. Recent Prog Horm Res 
2002;57:317–338.

 50. Coates AS, Keshaviah A, Thurlimann B, et al. Five years of le-
trozole compared with tamoxifen as initial adjuvant therapy for 
postmenopausal women with endocrine-responsive early breast 
cancer: update of study BIG 1-98. J Clin Oncol 2007;25:486–492.

 51. Coombes RC, Hall E, Gibson LJ, et al. A randomized trial of ex-
emestane after two to three years of tamoxifen therapy in post-
menopausal women with primary breast cancer. N Engl J Med 
2004;350:1081–1092.

 52. Forbes JF, Cuzick J, Buzdar A, et al. Effect of anastrozole and 
tamoxifen as adjuvant treatment for early-stage breast cancer: 
100-month analysis of the ATAC trial. Lancet Oncol 2008;9:45–
53.

 53. Jakesz R, Jonat W, Gnant M, et al. Switching of postmenopausal 
women with endocrine-responsive early breast cancer to anastro-
zole after 2 years’ adjuvant tamoxifen: combined results of ABC-
SG trial 8 and ARNO 95 trial. Lancet 2005;366:455–462.

 54. Eastell R, Adams J, Clack G, et al. Long-term effects of anastro-
zole on bone mineral density: 7-year results from the ATAC trial. 
Ann Oncol 2011;22:857–862.

 55. Thurlimann B, Keshaviah A, Coates AS, et al. A comparison 
of letrozole and tamoxifen in postmenopausal women with early 
breast cancer. N Engl J Med 2005;353:2747–2757.

 56. Coleman RE, Banks LM, Girgis SI, et al. Skeletal effects of ex-
emestane on bone-mineral density, bone biomarkers, and fracture 
incidence in postmenopausal women with early breast cancer 
participating in the Intergroup Exemestane Study (IES): a ran-
domised controlled study. Lancet Oncol 2007;8:119–127.

 57. Goss PE, Ingle JN, Martino S, et al. A randomized trial of letrozole 
in postmenopausal women after �ve years of tamoxifen therapy for 
early-stage breast cancer. N Engl J Med 2003;349:1793–1802.

 58. Goss PE, Ingle JN, Pritchard KI, et al. Exemestane versus anastro-
zole in postmenopausal women with early breast cancer: NCIC 
CTG MA.27—a randomized controlled phase III trial. J Clin On-
col 2013;31:1398–1404.

 59. Hershman DL, Cheung AM, Chapman JW, et al. Effects of ad-

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

NCCN Task Force Report

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-40

juvant exemestane versus anastrozole on bone mineral density: 
two-year results of the NCIC CTG MA.27 bone companion study 
[abstract]. J Clin Oncol 2011;29:Abstract 518.

 60. Meng MV, Grossfeld GD, Sadetsky N, et al. Contemporary pat-
terns of androgen deprivation therapy use for newly diagnosed 
prostate cancer. Urology 2002;60:7–11; discussion 11–12.

 61. Nadler M, Alibhai S, Catton P, et al. Osteoporosis knowledge, 
health beliefs, and healthy bone behaviours in patients on an-
drogen-deprivation therapy (ADT) for prostate cancer. BJU Int 
2013;111:1301–1309. 

 62. Guise TA, Oefelein MG, Eastham JA, et al. Estrogenic side effects 
of androgen deprivation therapy. Rev Urol 2007;9:163–180.

 63. Basaria S, Lieb J II, Tang AM, et al. Long-term effects of androgen 
deprivation therapy in prostate cancer patients. Clin Endocrinol 
2002;56:779–786.

 64. Khosla S, Oursler MJ, Monroe DG. Estrogen and the skeleton. 
Trends Endocrinol Metab 2012;23:576–581.

 65. Mellstrom D, Vandenput L, Mallmin H, et al. Older men with low 
serum estradiol and high serum SHBG have an increased risk of 
fractures. J Bone Miner Res 2008;23:1552–1560.

 66. Maillefert JF, Sibilia J, Michel F, et al. Bone mineral density in 
men treated with synthetic gonadotropin-releasing hormone ago-
nists for prostatic carcinoma. J Urol 1999;161:1219–1222.

 67. Mittan D, Lee S, Miller E, et al. Bone loss following hypogonad-
ism in men with prostate cancer treated with GnRH analogs. J 
Clin Endocrinol Metab 2002;87:3656–3661.

 68. Berruti A, Dogliotti L, Terrone C, et al. Changes in bone mineral 
density, lean body mass and fat content as measured by dual en-
ergy x-ray absorptiometry in patients with prostate cancer without 
apparent bone metastases given androgen deprivation therapy. J 
Urol 2002;167:2361–2367.

 69. Daniell HW, Dunn SR, Ferguson DW, et al. Progressive osteopo-
rosis during androgen deprivation therapy for prostate cancer. J 
Urol 2000;163:181–186.

 70. Higano CS. Androgen-deprivation-therapy-induced fractures in 
men with nonmetastatic prostate cancer: what do we really know? 
Nat Clin Pract Urol 2008;5:24–34.

 71. Lee H, McGovern K, Finkelstein JS, Smith MR. Changes in bone 
mineral density and body composition during initial and long-
term gonadotropin-releasing hormone agonist treatment for pros-
tate carcinoma. Cancer 2005;104:1633–1637.

 72. Daniell HW, Dunn SR, Ferguson DW, et al. Progressive osteopo-
rosis during androgen deprivation therapy for prostate cancer. J 
Urol 2000;163:181–186.

 73. Diamond T, Campbell J, Bryant C, Lynch W. The effect of 
combined androgen blockade on bone turnover and bone min-
eral densities in men treated for prostate carcinoma: longitudinal 
evaluation and response to intermittent cyclic etidronate therapy. 
Cancer 1998;83:1561–1566.

 74. Smith MR, Lee WC, Brandman J, et al. Gonadotropin-releas-
ing hormone agonists and fracture risk: a claims-based cohort 
study of men with nonmetastatic prostate cancer. J Clin Oncol 
2005;23:7897–7903.

 75. Greenspan SL, Coates P, Sereika SM, et al. Bone loss after ini-
tiation of androgen deprivation therapy in patients with prostate 
cancer. J Clin Endocrinol Metab 2005;90:6410–6417.

 76. Kiratli BJ, Srinivas S, Perkash I, Terris MK. Progressive decrease 
in bone density over 10 years of androgen deprivation therapy in 
patients with prostate cancer. Urology 2001;57:127–132.

 77. Shahinian VB, Kuo YF, Freeman JL, Goodwin JS. Risk of frac-

ture after androgen deprivation for prostate cancer. N Engl J Med 
2005;352:154–164.

 78. Smith MR, Boyce SP, Moyneur E, et al. Risk of clinical fractures 
after gonadotropin-releasing hormone agonist therapy for prostate 
cancer. J Urol 2006;175:136–139; discussion 139.

 79. Clinician’s guide to the prevention and treatment of osteoporosis. 
National Osteoporosis Foundation Web site. Available at: http://
nof.org/�les/nof/public/content/resource/913/�les/580.pdf. Ac-
cessed July 17, 2013.

 80. Fatalities and injuries from falls among older adults—United 
States, 1993-2003 and 2001-2005. MMWR Morb Mortal Wkly 
Rep 2006;55:1221–1224.

 81. Feskanich D, Willett W, Colditz G. Walking and leisure-time ac-
tivity and risk of hip fracture in postmenopausal women. JAMA 
2002;288:2300–2306.

 82. Moyer VA. Prevention of falls in community-dwelling older 
adults: U.S. Preventive Services Task Force recommendation 
statement. Ann Intern Med 2012;157:197–204.

 83. Parker MJ, Gillespie WJ, Gillespie LD. Effectiveness of hip pro-
tectors for preventing hip fractures in elderly people: systematic 
review. BMJ 2006;332:571–574.

 84. Sawka AM, Boulos P, Beattie K, et al. Hip protectors decrease hip 
fracture risk in elderly nursing home residents: a Bayesian meta-
analysis. J Clin Epidemiol 2007;60:336–344.

 85. Cameron ID, Kurrle SE, Quine S, et al. Improving adherence with 
the use of hip protectors among older people living in nursing 
care facilities: a cluster randomized trial. J Am Med Dir Assoc 
2011;12:50–57.

 86. Cameron ID, Kurrle S, Quine S, et al. Increasing adherence with 
the use of hip protectors for older people living in the community. 
Osteoporos Int 2011;22:617–626.

 87. Schaafsma FG, Kurrle SE, Quine S, et al. Wearing hip protectors 
does not reduce health-related quality of life in older people. Age 
Ageing 2012;41:121–125.

 88. Chapuy MC, Arlot ME, Duboeuf F, et al. Vitamin D3 and cal-
cium to prevent hip fractures in the elderly women. N Engl J Med 
1992;327:1637–1642.

 89. Dawson-Hughes B, Harris SS, Krall EA, Dallal GE. Effect of cal-
cium and vitamin D supplementation on bone density in men and 
women 65 years of age or older. N Engl J Med 1997;337:670–676.

 90. Murad MH, Elamin KB, Abu Elnour NO, et al. Clinical review: 
the effect of vitamin D on falls: a systematic review and meta-
analysis. J Clin Endocrinol Metab 2011;96:2997–3006.

 91. Dietary reference intakes for calcium and vitamin D. Institute 
of Medicine Web site. Available at: http://www.iom.edu/Re-
ports/2010/Dietary-Reference-Intakes-for-Calcium-and-Vitamin-
D.aspx. Accessed July, 17, 2013.

 92. Curhan GC, Willett WC, Speizer FE, et al. Comparison of dietary 
calcium with supplemental calcium and other nutrients as factors 
affecting the risk for kidney stones in women. Ann Intern Med 
1997;126:497–504.

 93. Bolland MJ, Avenell A, Baron JA, et al. Effect of calcium supple-
ments on risk of myocardial infarction and cardiovascular events: 
meta-analysis. BMJ 2010;341:c3691.

 94. Hennekens CH, Barice EJ. Calcium supplements and risk of myo-
cardial infarction: a hypothesis formulated but not yet adequately 
tested. Am J Med 2011;124:1097–1098.

 95. Adams JS, Kantorovich V, Wu C, et al. Resolution of vitamin 
D insuf�ciency in osteopenic patients results in rapid recovery of 
bone mineral density. J Clin Endocrinol Metab 1999;84:2729–

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

Bone Health in Cancer Care

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-41

2730.

 96. Bischoff-Ferrari HA, Dawson-Hughes B, Willett WC, et al. Effect 
of Vitamin D on falls: a meta-analysis. JAMA 2004;291:1999–
2006.

 97. Rosen CJ, Gallagher JC. The 2011 IOM report on vitamin D and 
calcium requirements for north america: clinical implications for 
providers treating patients with low bone mineral density. J Clin 
Densitom 2011;14:79–84.

 98. Camacho PM, Dayal AS, Diaz JL, et al. Prevalence of secondary 
causes of bone loss among breast cancer patients with osteopenia 
and osteoporosis. J Clin Oncol 2008;26:5380–5385.

 99. Crew KD, Shane E, Cremers S, et al. High prevalence of vitamin 
D de�ciency despite supplementation in premenopausal women 
with breast cancer undergoing adjuvant chemotherapy. J Clin On-
col 2009;27:2151–2156.

 100. Varsavsky M, Reyes-Garcia R, Cortes-Berdonces M, et al. Serum 
25 OH vitamin D concentrations and calcium intake are low in 
patients with prostate cancer. Endocrinol Nutr 2011;58:487–491.

 101. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, 
treatment, and prevention of vitamin D de�ciency: an Endocrine 
Society clinical practice guideline. J Clin Endocrinol Metab 
2011;96:1911–1930.

 102. Cranney A, Horsley T, O’Donnell S, et al. Effectiveness and safety 
of vitamin D in relation to bone health. Evid Rep Technol Assess 
(Full Rep) 2007:1–235.

 103. Houghton LA, Vieth R. The case against ergocalciferol (vitamin 
D2) as a vitamin supplement. Am J Clin Nutr 2006;84:694–697.

 104. Holick MF, Biancuzzo RM, Chen TC, et al. Vitamin D2 is as ef-
fective as vitamin D3 in maintaining circulating concentrations 
of 25-hydroxyvitamin D. J Clin Endocrinol Metab 2008;93:677–
681.

 105. Holick MF. Vitamin D de�ciency. N Engl J Med 2007;357:266–
281.

 106. Greenspan SL, Nelson JB, Trump DL, Resnick NM. Effect of 
once-weekly oral alendronate on bone loss in men receiving an-
drogen deprivation therapy for prostate cancer: a randomized trial. 
Ann Intern Med 2007;146:416–424.

 107. Van Poznak C. Managing bone mineral density with oral bisphos-
phonate therapy in women with breast cancer receiving adjuvant 
aromatase inhibition. Breast Cancer Res 2010;12:110.

 108. Van Poznak C, Hannon RA, Mackey JR, et al. Prevention of aro-
matase inhibitor-induced bone loss using risedronate: the SABRE 
trial. J Clin Oncol 2010;28:967–975.

 109. Siris ES, Harris ST, Rosen CJ, et al. Adherence to bisphosphonate 
therapy and fracture rates in osteoporotic women: relationship to 
vertebral and nonvertebral fractures from 2 US claims databases. 
Mayo Clin Proc 2006;81:1013–1022.

 110. Khan MN, Khan AA. Cancer treatment-related bone loss: a re-
view and synthesis of the literature. Curr Oncol 2008;15:30–40.

 111. Cummings SR, San Martin J, McClung MR, et al. Denosumab for 
prevention of fractures in postmenopausal women with osteopo-
rosis. N Engl J Med 2009;361:756–765.

 112. Orwoll E, Teglbjaerg CS, Langdahl BL, et al. A randomized, pla-
cebo-controlled study of the effects of denosumab for the treat-
ment of men with low bone mineral density. J Clin Endocrinol 
Metab 2012;97:3161–3169.

 113. Smith MR, Saad F, Egerdie B, et al. Effects of denosumab on bone 
mineral density in men receiving androgen deprivation therapy 
for prostate cancer. J Urol 2009;182:2670–2675.

 114. Ellis GK, Bone HG, Chlebowski R, et al. Randomized trial of de-

nosumab in patients receiving adjuvant aromatase inhibitors for 
nonmetastatic breast cancer. J Clin Oncol 2008;26:4875–4882.

 115. Stopeck AT, Lipton A, Body JJ, et al. Denosumab compared with 
zoledronic acid for the treatment of bone metastases in patients 
with advanced breast cancer: a randomized, double-blind study. J 
Clin Oncol 2010;28:5132–5139.

 116. Stopeck A. Denosumab �ndings in metastatic breast cancer. Clin 
Adv Hematol Oncol 2010;8:159–160.

 117. Rossouw JE, Anderson GL, Prentice RL, et al. Risks and bene�ts 
of estrogen plus progestin in healthy postmenopausal women: 
principal results from the Women’s Health Initiative randomized 
controlled trial. JAMA 2002;288:321–333.

 118. Questions and answers for estrogen and estrogen with progestin 
therapies for postmenopausal women (updated). U.S. Food and 
Drug Administration Web site. Available at: http://www.fda.gov/
Drugs/DrugSafety/InformationbyDrugClass/ucm135339.htm. Ac-
cessed June 18, 2013.

 119. Holmberg L, Anderson H. HABITS (hormonal replacement 
therapy after breast cancer—is it safe?), a randomised comparison: 
trial stopped. Lancet 2004;363:453–455.

 120. Christin-Maitre S. The role of hormone replacement therapy in 
the management of premature ovarian failure. Nat Clin Pract En-
docrinol Metab 2008;4:60–61.

 121. Ettinger B, Black DM, Mitlak BH, et al. Reduction of vertebral 
fracture risk in postmenopausal women with osteoporosis treated 
with raloxifene: results from a 3-year randomized clinical trial. 
Multiple Outcomes of Raloxifene Evaluation (MORE) investiga-
tors. JAMA 1999;282:637–645.

 122. Barrett-Connor E, Mosca L, Collins P, et al. Effects of raloxifene 
on cardiovascular events and breast cancer in postmenopausal 
women. N Engl J Med 2006;355:125–137.

 123. Martino S, Cauley JA, Barrett-Connor E, et al. Continuing out-
comes relevant to Evista: breast cancer incidence in postmeno-
pausal osteoporotic women in a randomized trial of raloxifene. J 
Natl Cancer Inst 2004;96:1751–1761.

 124. Yalcin B, Buyukcelik A, Yalcin S, et al. Re: Continuing outcomes 
relevant to Evista: breast cancer incidence in postmenopausal 
osteoporotic women in a randomized trial of raloxifene. J Natl 
Cancer Inst 2005;97:542; author reply 542–543.

 125. Vogel VG, Costantino JP, Wickerham DL, et al. Effects of tamoxi-
fen vs raloxifene on the risk of developing invasive breast cancer 
and other disease outcomes: the NSABP Study of Tamoxifen and 
Raloxifene (STAR) P-2 trial. JAMA 2006;295:2727–2741.

 126. Barrett-Connor E, Mosca L, Collins P, et al. Effects of raloxifene 
on cardiovascular events and breast cancer in postmenopausal 
women. N Engl J Med 2006;355:125–137.

 127. Cauley JA, Norton L, Lippman ME, et al. Continued breast can-
cer risk reduction in postmenopausal women treated with raloxi-
fene: 4-year results from the MORE trial. Multiple outcomes of 
raloxifene evaluation. Breast Cancer Res Treat 2001;65:125–134.

 128. O’Regan RM, Gajdos C, Dardes RC, et al. Effects of raloxifene af-
ter tamoxifen on breast and endometrial tumor growth in athymic 
mice. J Natl Cancer Inst 2002;94:274–283.

 129. Stewart HJ, Forrest AP, Everington D, et al. Randomised compari-
son of 5 years of adjuvant tamoxifen with continuous therapy for 
operable breast cancer. The Scottish Cancer Trials Breast Group. 
Br J Cancer 1996;74:297–299.

 130. Eng-Wong J, Reynolds JC, Venzon D, et al. Effect of raloxifene on 
bone mineral density in premenopausal women at increased risk 
of breast cancer. J Clin Endocrinol Metab 2006;91:3941–3946.

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

NCCN Task Force Report

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-42

 131. Baum M, Buzdar A, Cuzick J, et al. Anastrozole alone or in com-
bination with tamoxifen versus tamoxifen alone for adjuvant 
treatment of postmenopausal women with early-stage breast 
cancer: results of the ATAC (Arimidex, Tamoxifen Alone or in 
Combination) trial ef�cacy and safety update analyses. Cancer 
2003;98:1802–1810.

 132. Farooki A, Fornier M, Girotra M. Anabolic therapies for osteopo-
rosis. N Engl J Med 2007;357:2410–2411.

 133. MacLean C, Newberry S, Maglione M, et al. Systematic review: 
comparative effectiveness of treatments to prevent fractures in 
men and women with low bone density or osteoporosis. Ann In-
tern Med 2008;148:197–213.

 134. Cranney A, Tugwell P, Zytaruk N, et al. Meta-analyses of thera-
pies for postmenopausal osteoporosis. VI. Meta-analysis of calcito-
nin for the treatment of postmenopausal osteoporosis. Endocr Rev 
2002;23:540–551.

 135. Background document for meeting of advisory committee for 
reproductive health drugs and drug safety and risk management 
advisory  committee. U.S. Food and Drug Administration Web 
site. Available at: http://www.fda.gov/downloads/AdvisoryCom-
mittees/CommitteesMeetingMaterials/Drugs/ReproductiveHe-
althDrugsAdvisoryCommittee/UCM341779.pdf. Accessed July 
17, 2013.

 136. Bundred NJ, Campbell ID, Davidson N, et al. Effective inhibition 
of aromatase inhibitor-associated bone loss by zoledronic acid in 
postmenopausal women with early breast cancer receiving adju-
vant letrozole: ZO-FAST study results. Cancer 2008;112:1001–
1010.

 137. Gnant M, Mlineritsch B, Schippinger W, et al. Endocrine therapy 
plus zoledronic acid in premenopausal breast cancer. N Engl J Med 
2009;360:679–691.

 138. Shapiro CL, Halabi S, Hars V, et al. Zoledronic acid preserves 
bone mineral density in premenopausal women who develop 
ovarian failure due to adjuvant chemotherapy: �nal results from 
CALGB trial 79809. Eur J Cancer 2011;47:683–689.

 139. Smith MR, Eastham J, Gleason DM, et al. Randomized controlled 
trial of zoledronic acid to prevent bone loss in men receiving an-
drogen deprivation therapy for nonmetastatic prostate cancer. J 
Urol 2003;169:2008–2012.

 140. Smith MR, Morton RA, Barnette KG, et al. Toremifene to reduce 
fracture risk in men receiving androgen deprivation therapy for 
prostate cancer. J Urol 2010;184:1316–1321.

 141. Smith MR, Egerdie B, Hernandez Toriz N, et al. Denosumab in 
men receiving androgen-deprivation therapy for prostate cancer. 
N Engl J Med 2009;361:745–755.

 142. Grigg AP, Shuttleworth P, Reynolds J, et al. Pamidronate reduces 
bone loss after allogeneic stem cell transplantation. J Clin Endo-
crinol Metab 2006;91:3835–3843.

 143. Tauchmanovà L, Colao A, Lombardi G, et al. Bone loss and its 
management in long-term survivors from allogeneic stem cell 
transplantation. J Clin Endocrinol Metab 2007;92:4536–4545.

 144. Tauchmanova L, De Simone G, Musella T, et al. Effects of vari-
ous antireabsorptive treatments on bone mineral density in hypo-
gonadal young women after allogeneic stem cell transplantation. 
Bone Marrow Transplant 2006;37:81–88.

 145. Brown JE, Ellis SP, Lester JE, et al. Prolonged ef�cacy of a single 
dose of the bisphosphonate zoledronic acid. Clin Cancer Res 
2007;13:5406–5410.

 146. Grey A, Bolland MJ, Wattie D, et al. The antiresorptive effects 
of a single dose of zoledronate persist for two years: a randomized, 
placebo-controlled trial in osteopenic postmenopausal women. J 

Clin Endocrinol Metab 2009;94:538–544.

 147. Hershman DL, McMahon DJ, Crew KD, et al. Prevention of bone 
loss by zoledronic acid in premenopausal women undergoing adju-
vant chemotherapy persist up to one year following discontinuing 
treatment. J Clin Endocrinol Metab 2010;95:559–566.

 148. Lester JE, Dodwell D, Purohit OP, et al. Prevention of anastrozole-
induced bone loss with monthly oral ibandronate during adjuvant 
aromatase inhibitor therapy for breast cancer. Clin Cancer Res 
2008;14:6336–6342.

 149. Brufsky AM, Harker WG, Beck JT, et al. Final 5-year results of 
Z-FAST trial: adjuvant zoledronic acid maintains bone mass in 
postmenopausal breast cancer patients receiving letrozole. Cancer 
2012;118:1192–1201.

 150. Llombart A, Frassoldati A, Paija O, et al. Immediate administra-
tion of zoledronic acid reduces aromatase inhibitor-associated 
bone loss in postmenopausal women with early breast cancer: 
12-month analysis of the E-ZO-FAST trial. Clin Breast Cancer 
2012;12:40–48.

 151. Coleman R, de Boer R, Eidtmann H, et al. Zoledronic acid (zole-
dronate) for postmenopausal women with early breast cancer 
receiving adjuvant letrozole (ZO-FAST study): �nal 60-month 
results. Ann Oncol 2013;24:398–405.

 152. Fuleihan Gel H, Salamoun M, Mourad YA, et al. Pamidronate in 
the prevention of chemotherapy-induced bone loss in premeno-
pausal women with breast cancer: a randomized controlled trial. J 
Clin Endocrinol Metab 2005;90:3209–3214.

 153. Hines SL, Mincey BA, Sloan JA, et al. Phase III randomized, 
placebo-controlled, double-blind trial of risedronate for the pre-
vention of bone loss in premenopausal women undergoing che-
motherapy for primary breast cancer. J Clin Oncol 2009;27:1047–
1053.

 154. Ripps BA, VanGilder K, Minhas B, et al. Alendronate for the 
prevention of bone mineral loss during gonadotropin-releasing 
hormone agonist therapy. J Reprod Med 2003;48:761–766.

 155. Gnant M, Mlineritsch B, Luschin-Ebengreuth G, et al. Adjuvant 
endocrine therapy plus zoledronic acid in premenopausal women 
with early-stage breast cancer: 5-year follow-up of the ABCSG-12 
bone-mineral density substudy. Lancet Oncol 2008;9:840–849.

 156. Brown JE, Sherriff JM, James ND. Osteoporosis in patients with 
prostate cancer on long-term androgen deprivation therapy: an in-
creasing, but under-recognized problem. BJU Int 2010;105:1042–
1043.

 157. Lee CE, Leslie WD, Czaykowski P, et al. A comprehensive bone-
health management approach for men with prostate cancer re-
ceiving androgen deprivation therapy. Curr Oncol 2011;18:e163–
172.

 158. Michaelson MD, Kaufman DS, Lee H, et al. Randomized con-
trolled trial of annual zoledronic acid to prevent gonadotropin-
releasing hormone agonist-induced bone loss in men with prostate 
cancer. J Clin Oncol 2007;25:1038–1042.

 159. Smith MR, McGovern FJ, Zietman AL, et al. Pamidronate to pre-
vent bone loss during androgen-deprivation therapy for prostate 
cancer. N Engl J Med 2001;345:948–955.

 160. Bhoopalam N, Campbell SC, Moritz T, et al. Intravenous zole-
dronic acid to prevent osteoporosis in a veteran population with 
multiple risk factors for bone loss on androgen deprivation thera-
py. J Urol 2009;182:2257–2264.

 161. Greenspan SL, Nelson JB, Trump DL, et al. Skeletal health after 
continuation, withdrawal, or delay of alendronate in men with 
prostate cancer undergoing androgen-deprivation therapy. J Clin 
Oncol 2008;26:4426–4434.

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

Bone Health in Cancer Care

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-43

 162. Klotz LH, McNeill IY, Kebabdjian M, et al. A phase 3, double-
blind, randomised, parallel-group, placebo-controlled study of 
oral weekly alendronate for the prevention of androgen depriva-
tion bone loss in nonmetastatic prostate cancer: the Cancer and 
Osteoporosis Research with Alendronate and Leuprolide (COR-
AL) study. Eur Urol 2012;63:927–935.

 163. Serpa Neto A, Tobias-Machado M, Esteves MA, et al. Bisphos-
phonate therapy in patients under androgen deprivation therapy 
for prostate cancer: a systematic review and meta-analysis. Pros-
tate Cancer Prostatic Dis 2012;15:36–44.

 164. Smith MR, Fallon MA, Lee H, Finkelstein JS. Raloxifene to pre-
vent gonadotropin-releasing hormone agonist-induced bone loss 
in men with prostate cancer: a randomized controlled trial. J Clin 
Endocrinol Metab 2004;89:3841–3846.

 165. Smith MR, Malkowicz SB, Chu F, et al. Toremifene increases 
bone mineral density in men receiving androgen deprivation ther-
apy for prostate cancer: interim analysis of a multicenter phase 3 
clinical study. J Urol 2008;179:152–155.

 166. Eidtmann H, de Boer R, Bundred N, et al. Ef�cacy of zoledronic 
acid in postmenopausal women with early breast cancer receiving 
adjuvant letrozole: 36-month results of the ZO-FAST Study. Ann 
Oncol 2010;21:2188–2194.

 167. Gnant M, Mlineritsch B, Luschin-Ebengreuth G, et al. Long-term 
follow-up in ABCSG-12: signi�cantly improved overall survival 
with adjuvant zoledronic acid in premenopausal patients with 
endocrine-receptor-positive early breast cancer [abstract]. Cancer 
Res 2011;71(24 Suppl):Abstract S1–2.

 168. Davies C, Pan H, Godwin J, et al. Long-term effects of continuing 
adjuvant tamoxifen to 10 years versus stopping at 5 years after 
diagnosis of oestrogen receptor-positive breast cancer: ATLAS, a 
randomised trial. Lancet 2013;381:805–816.

 169. Powles TJ, Hickish T, Kanis JA, et al. Effect of tamoxifen on bone 
mineral density measured by dual-energy x-ray absorptiometry in 
healthy premenopausal and postmenopausal women. J Clin Oncol 
1996;14:78–84.

 170. Vehmanen L, Elomaa I, Blomqvist C, Saarto T. Tamoxifen treat-
ment after adjuvant chemotherapy has opposite effects on bone 
mineral density in premenopausal patients depending on men-
strual status. J Clin Oncol 2006;24:675–680.

 171. Lester JE, Dodwell D, Purohit OP, et al. Prevention of anastrozole-
induced bone loss with monthly oral ibandronate during adjuvant 
aromatase inhibitor therapy for breast cancer. Clin Cancer Res 
2008;14:6336–6342.

 172. Rabenda V, Hiligsmann M, Reginster JY. Poor adherence to oral 
bisphosphonate treatment and its consequences: a review of the 
evidence. Expert Opin Pharmacother 2009;10:2303–2315.

 173. Sheehy O, Kindundu C, Barbeau M, LeLorier J. Adherence to 
weekly oral bisphosphonate therapy: cost of wasted drugs and frac-
tures. Osteoporos Int 2009;20:1583–1594.

 174. Weycker D, Lamerato L, Schooley S, et al. Adherence with 
bisphosphonate therapy and change in bone mineral density 
among women with osteoporosis or osteopenia in clinical prac-
tice. Osteoporos Int 2013;24:1483–1489.

 175. Wade SW, Curtis JR, Yu J, et al. Medication adherence and frac-
ture risk among patients on bisphosphonate therapy in a large 
United States health plan. Bone 2012;50:870–875.

 176. Gallo M, De Luca A, Lamura L, Normanno N. Zoledronic acid 
blocks the interaction between mesenchymal stem cells and 
breast cancer cells: implications for adjuvant therapy of breast 
cancer. Ann Oncol 2012;23:597–604.

 177. Boissier S, Ferreras M, Peyruchaud O, et al. Bisphosphonates in-

hibit breast and prostate carcinoma cell invasion, an early event 
in the formation of bone metastases. Cancer Res 2000;60:2949–
2954.

 178. Senaratne SG, Pirianov G, Mansi JL, et al. Bisphosphonates 
induce apoptosis in human breast cancer cell lines. Br J Cancer 
2000;82:1459–1468.

 179. Teronen O, Konttinen YT, Salo T, et al. Bisphosphonates inhibit 
matrix metalloproteinases—a new possible mechanism of action. 
Duodecim 1999;115:13–15.

 180. van der Pluijm G, Vloedgraven H, van Beek E, et al. Bisphospho-
nates inhibit the adhesion of breast cancer cells to bone matrices 
in vitro. J Clin Invest 1996;98:698–705.

 181. Daubine F, Le Gall C, Gasser J, et al. Antitumor effects of clinical 
dosing regimens of bisphosphonates in experimental breast cancer 
bone metastasis. J Natl Cancer Inst 2007;99:322–330.

 182. Fournier P, Boissier S, Filleur S, et al. Bisphosphonates inhibit 
angiogenesis in vitro and testosterone-stimulated vascular re-
growth in the ventral prostate in castrated rats. Cancer Res 
2002;62:6538–6544.

 183. Sasaki A, Boyce BF, Story B, et al. Bisphosphonate risedronate 
reduces metastatic human breast cancer burden in bone in nude 
mice. Cancer Res 1995;55:3551–3557.

 184. Powles T, Paterson S, Kanis JA, et al. Randomized, placebo-con-
trolled trial of clodronate in patients with primary operable breast 
cancer. J Clin Oncol 2002;20:3219–3224.

 185. Powles T, Paterson A, McCloskey E, et al. Reduction in bone 
relapse and improved survival with oral clodronate for adjuvant 
treatment of operable breast cancer [ISRCTN83688026]. Breast 
Cancer Res 2006;8:R13.

 186. Diel IJ, Solomayer EF, Costa SD, et al. Reduction in new metasta-
ses in breast cancer with adjuvant clodronate treatment. N Engl J 
Med 1998;339:357–363.

 187. Diel IJ, Jaschke A, Solomayer EF, et al. Adjuvant oral clodronate 
improves the overall survival of primary breast cancer patients 
with micrometastases to the bone marrow: a long-term follow-up. 
Ann Oncol 2008;19:2007–2011.

 188. Saarto T, Blomqvist C, Virkkunen P, Elomaa I. Adjuvant clodro-
nate treatment does not reduce the frequency of skeletal metas-
tases in node-positive breast cancer patients: 5-year results of a 
randomized controlled trial. J Clin Oncol 2001;19:10–17.

 189. Ha TC, Li H. Meta-analysis of clodronate and breast cancer sur-
vival. Br J Cancer 2007;96:1796–1801.

 190. Paterson AH, Anderson SJ, Lembersky BC, et al. Oral clodro-
nate for adjuvant treatment of operable breast cancer (National 
Surgical Adjuvant Breast and Bowel Project protocol B-34): a 
multicentre, placebo-controlled, randomised trial. Lancet Oncol 
2012;13:734–742.

 191. Möbus V, Diel I, Harbeck N, et al. GAIN study: a phase III trial 
to compare ETC vs. EC-TX and iIbandronate vs. observation in 
patients with node-positive primary breast cancer—1st interim ef-
�cacy analysis [abstract]. Cancer Res 2011;71(24 Suppl):Abstract 
S2-4.

 192. Coleman RE, Marshall H, Cameron D, et al. Breast-cancer adju-
vant therapy with zoledronic acid. N Engl J Med 2011;365:1396–
1405.

 193. Gregory W, Marshall H, Bell R, et al. Adjuvant zoledronic acid 
(ZOL) in postmenopausal women with breast cancer and those 
rendered postmenopausal: results of a meta-analysis [abstract]. J 
Clin Oncol 2012;30(Suppl):Abstract 513.

 194. Goss PE, Barrios CH, Bell R, et al. Denosumab versus placebo as 

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

NCCN Task Force Report

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-44

adjuvant treatment for women with early-stage breast cancer who 
are at high risk of disease recurrence (D-CARE): an international, 
randomized, double-blind, placebo-controlled phase III clinical 
trial [abstract]. J Clin Oncol 2012;30(Suppl):Abstract TPS670.

 195. Smith MR, Kabbinavar F, Saad F, et al. Natural history of rising se-
rum prostate-speci�c antigen in men with castrate nonmetastatic 
prostate cancer. J Clin Oncol 2005;23:2918–2925.

 196. Mason MD, Sydes MR, Glaholm J, et al. Oral sodium clodronate 
for nonmetastatic prostate cancer--results of a randomized double-
blind placebo-controlled trial: Medical Research Council PR04 
(ISRCTN61384873). J Natl Cancer Inst 2007;99:765–776.

 197. Smith MR, Saad F, Coleman R, et al. Denosumab and bone-
metastasis-free survival in men with castration-resistant prostate 
cancer: results of a phase 3, randomised, placebo-controlled trial. 
Lancet 2012;379:39–46.

 198. Saad F, Smith MR, Shore ND, et al. Effect of denosumab on pro-
longing bone-metastasis free survival (BMFS) in men with non-
metastatic castrate-resistant prostate cancer (CRPC) presenting 
with aggressive PSA kinetics [abstract]. J Clin Oncol 2012;30:Ab-
stract 4510.

 199. ZEUS study yields no survival bene�ts and positive results. Eu-
ropean Association of Urology Web site. http://www.uroweb.org/
eau-news/?no_cache=1&aid=648. Accessed July 17, 2013

 200. Li S, Peng Y, Weinhandl ED, et al. Estimated number of prevalent 
cases of metastatic bone disease in the US adult population. Clin 
Epidemiol 2012;4:87–93.

 201. Msaouel P, Pissimissis N, Halapas A, Koutsilieris M. Mechanisms 
of bone metastasis in prostate cancer: clinical implications. Best 
Pract Res Clin Endocrinol Metab 2008;22:341–355.

 202. Koutsilieris M. Skeletal metastases in advanced prostate cancer: 
cell biology and therapy. Crit Rev Oncol Hematol 1995;18:51–64.

 203. Weilbaecher KN, Guise TA, McCauley LK. Cancer to bone: a 
fatal attraction. Nat Rev Cancer 2011;11:411–425.

 204. Papachristou DJ, Basdra EK, Papavassiliou AG. Bone metastases: 
molecular mechanisms and novel therapeutic interventions. Med 
Res Rev 2012;32:611–636.

 205. Mundy GR. Metastasis to bone: causes, consequences and thera-
peutic opportunities. Nat Rev Cancer 2002;2:584–593.

 206. Guise TA, Mohammad KS, Clines G, et al. Basic mechanisms 
responsible for osteolytic and osteoblastic bone metastases. Clin 
Cancer Res 2006;12:6213s–6216s.

 207. Kingsley LA, Fournier PG, Chirgwin JM, Guise TA. Molecular 
biology of bone metastasis. Mol Cancer Ther 2007;6:2609–2617.

 208. Braun S, Pantel K, Muller P, et al. Cytokeratin-positive cells in 
the bone marrow and survival of patients with stage I, II, or III 
breast cancer. N Engl J Med 2000;342:525–533.

 209. Giuliano AE, Hawes D, Ballman KV, et al. Association of occult 
metastases in sentinel lymph nodes and bone marrow with surviv-
al among women with early-stage invasive breast cancer. JAMA 
2011;306:385–393.

 210. Lucci A, Hall CS, Lodhi AK, et al. Circulating tumour cells in 
non-metastatic breast cancer: a prospective study. Lancet Oncol 
2012;13:688–695.

 211. Braun S, Vogl FD, Naume B, et al. A pooled analysis of bone mar-
row micrometastasis in breast cancer. N Engl J Med 2005;353:793–
802.

 212. Janni W, Vogl FD, Wiedswang G, et al. Persistence of dissemi-
nated tumor cells in the bone marrow of breast cancer patients 
predicts increased risk for relapse—a European pooled analysis. 
Clin Cancer Res 2011;17:2967–2976.

 213. Wiedswang G, Borgen E, Karesen R, et al. Isolated tumor cells 
in bone marrow three years after diagnosis in disease-free breast 
cancer patients predict unfavorable clinical outcome. Clin Can-
cer Res 2004;10:5342–5348.

 214. Meng S, Tripathy D, Shete S, et al. HER-2 gene ampli�cation can 
be acquired as breast cancer progresses. Proc Natl Acad Sci U S A 
2004;101:9393–9398.

 215. Roudier MP, Vesselle H, True LD, et al. Bone histology at autopsy 
and matched bone scintigraphy �ndings in patients with hormone 
refractory prostate cancer: the effect of bisphosphonate therapy 
on bone scintigraphy results. Clin Exp Metastasis 2003;20:171–
180.

 216. Hsu H, Lacey DL, Dunstan CR, et al. Tumor necrosis factor recep-
tor family member RANK mediates osteoclast differentiation and 
activation induced by osteoprotegerin ligand. Proc Natl Acad Sci 
U S A 1999;96:3540–3545.

 217. Logothetis CJ, Lin SH. Osteoblasts in prostate cancer metastasis 
to bone. Nat Rev Cancer 2005;5:21–28.

 218. Street J, Bao M, deGuzman L, et al. Vascular endothelial growth 
factor stimulates bone repair by promoting angiogenesis and bone 
turnover. Proc Natl Acad Sci U S A 2002;99:9656–9661.

 219. Dai J, Kitagawa Y, Zhang J, et al. Vascular endothelial growth fac-
tor contributes to the prostate cancer-induced osteoblast differ-
entiation mediated by bone morphogenetic protein. Cancer Res 
2004;64:994–999.

 220. Roodman GD. Mechanisms of bone metastasis. N Engl J Med 
2004;350:1655–1664.

 221. Coleman RE. Metastatic bone disease: clinical features, 
pathophysiology and treatment strategies. Cancer Treat Rev 
2001;27:165–176.

 222. Sathiakumar N, Delzell E, Morrisey MA, et al. Mortality follow-
ing bone metastasis and skeletal-related events among women 
with breast cancer: a population-based analysis of U.S. Medicare 
bene�ciaries, 1999-2006. Breast Cancer Res Treat 2012;131:231–
238.

 223. Sathiakumar N, Delzell E, Morrisey MA, et al. Mortality follow-
ing bone metastasis and skeletal-related events among men with 
prostate cancer: a population-based analysis of US Medicare ben-
e�ciaries, 1999-2006. Prostate Cancer Prostatic Dis 2011;14:177–
183.

 224. Lage MJ, Barber BL, Harrison DJ, Jun S. The cost of treating skel-
etal-related events in patients with prostate cancer. Am J Manag 
Care 2008;14:317–322.

 225. Pockett RD, Castellano D, McEwan P, et al. The hospital burden 
of disease associated with bone metastases and skeletal-related 
events in patients with breast cancer, lung cancer, or prostate can-
cer in Spain. Eur J Cancer Care (Engl) 2010;19:755–760.

 226. Roberts CC, Daffner RH, Weissman BN, et al. ACR appropri-
ateness criteria on metastatic bone disease. J Am Coll Radiol 
2010;7:400–409.

 227. Hamaoka T, Madewell JE, Podoloff DA, et al. Bone imaging in 
metastatic breast cancer. J Clin Oncol 2004;22:2942–2953.

 228. Durning P, Best JJ, Sellwood RA. Recognition of metastatic bone 
disease in cancer of the breast by computed tomography. Clin On-
col 1983;9:343–346.

 229. Muindi J, Coombes RC, Golding S, et al. The role of computed 
tomography in the detection of bone metastases in breast cancer 
patients. Br J Radiol 1983;56:233–236.

 230. Hanna SL, Fletcher BD, Fairclough DL, et al. Magnetic resonance 
imaging of disseminated bone marrow disease in patients treated 

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

Bone Health in Cancer Care

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-45

for malignancy. Skeletal Radiol 1991;20:79–84.

 231. Avrahami E, Tadmor R, Dally O, Hadar H. Early MR demon-
stration of spinal metastases in patients with normal radiographs 
and CT and radionuclide bone scans. J Comput Assist Tomogr 
1989;13:598–602.

 232. Frank JA, Ling A, Patronas NJ, et al. Detection of malignant 
bone tumors: MR imaging vs scintigraphy. AJR Am J Roentgenol 
1990;155:1043–1048.

 233. Ma J, Costelloe CM, Madewell JE, et al. Fast dixon-based multi-
sequence and multiplanar MRI for whole-body detection of can-
cer metastases. J Magn Reson Imaging 2009;29:1154–1162.

 234. Steinborn MM, Heuck AF, Tiling R, et al. Whole-body bone mar-
row MRI in patients with metastatic disease to the skeletal system. 
J Comput Assist Tomogr 1999;23:123–129.

 235. Schmidt GP, Baur-Melnyk A, Haug A, et al. Comprehensive im-
aging of tumor recurrence in breast cancer patients using whole-
body MRI at 1.5 and 3 T compared to FDG-PET-CT. Eur J Radiol 
2008;65:47–58.

 236. Krishnamurthy GT, Tubis M, Hiss J, Blahd WH. Distribution pat-
tern of metastatic bone disease. A need for total body skeletal im-
age. JAMA 1977;237:2504–2506.

 237. Zelinka T, Timmers HJ, Kozupa A, et al. Role of positron emission 
tomography and bone scintigraphy in the evaluation of bone in-
volvement in metastatic pheochromocytoma and paraganglioma: 
speci�c implications for succinate dehydrogenase enzyme subunit 
B gene mutations. Endocr Relat Cancer 2008;15:311–323.

 238. Daldrup-Link HE, Franzius C, Link TM, et al. Whole-body MR 
imaging for detection of bone metastases in children and young 
adults: comparison with skeletal scintigraphy and FDG PET. AJR 
Am J Roentgenol 2001;177:229–236.

 239. Ohta M, Tokuda Y, Suzuki Y, et al. Whole body PET for the eval-
uation of bony metastases in patients with breast cancer: com-
parison with 99Tcm-MDP bone scintigraphy. Nucl Med Commun 
2001;22:875–879.

 240. Kao CH, Hsieh JF, Tsai SC, et al. Comparison and discrepancy 
of 18F-2-deoxyglucose positron emission tomography and Tc-
99m MDP bone scan to detect bone metastases. Anticancer Res 
2000;20:2189–2192.

 241. Dehdashti F, Flanagan FL, Mortimer JE, et al. Positron emission 
tomographic assessment of “metabolic �are” to predict response of 
metastatic breast cancer to antiestrogen therapy. Eur J Nucl Med 
1999;26:51–56.

 242. Mortimer JE, Dehdashti F, Siegel BA, et al. Metabolic �are: indi-
cator of hormone responsiveness in advanced breast cancer. J Clin 
Oncol 2001;19:2797–2803.

 243. Costelloe CM, Rohren EM, Madewell JE, et al. Imaging bone 
metastases in breast cancer: techniques and recommendations for 
diagnosis. Lancet Oncol 2009;10:606–614.

 244. Han LJ, Au-Yong TK, Tong WC, et al. Comparison of bone sin-
gle-photon emission tomography and planar imaging in the detec-
tion of vertebral metastases in patients with back pain. Eur J Nucl 
Med 1998;25:635–638.

 245. Romer W, Nomayr A, Uder M, et al. SPECT-guided CT for evalu-
ating foci of increased bone metabolism classi�ed as indeterminate 
on SPECT in cancer patients. J Nucl Med 2006;47:1102–1106.

 246. Ndlovu X, George R, Ellmann A, Warwick J. Should SPECT-CT 
replace SPECT for the evaluation of equivocal bone scan lesions 
in patients with underlying malignancies? Nucl Med Commun 
2010;31:659–665.

 247. Hilton JF, Amir E, Hopkins S, et al. Acquisition of metastatic tis-

sue from patients with bone metastases from breast cancer. Breast 
Cancer Res Treat 2011;129:761–765.

 248. Schneider JA, Divgi CR, Scott AM, et al. Flare on bone scintigra-
phy following Taxol chemotherapy for metastatic breast cancer. J 
Nucl Med 1994;35:1748–1752.

 249. Stafford SE, Gralow JR, Schubert EK, et al. Use of serial FDG 
PET to measure the response of bone-dominant breast cancer to 
therapy. Acad Radiol 2002;9:913–921.

 250. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to 
evaluate the response to treatment in solid tumors. European Or-
ganization for Research and Treatment of Cancer, National Can-
cer Institute of the United States, National Cancer Institute of 
Canada. J Natl Cancer Inst 2000;92:205–216.

 251. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evalu-
ation criteria in solid tumours: revised RECIST guideline (version 
1.1). Eur J Cancer 2009;45:228–247.

 252. Conte PF, Latreille J, Mauriac L, et al. Delay in progression of 
bone metastases in breast cancer patients treated with intravenous 
pamidronate: results from a multinational randomized controlled 
trial. The Aredia Multinational Cooperative Group. J Clin Oncol 
1996;14:2552–2559.

 253. Dearnaley DP, Mason MD, Parmar MK, et al. Adjuvant therapy 
with oral sodium clodronate in locally advanced and metastatic 
prostate cancer: long-term overall survival results from the MRC 
PR04 and PR05 randomised controlled trials. Lancet Oncol 
2009;10:872–876.

 254. Morgan GJ, Davies FE, Gregory WM, et al. First-line treatment 
with zoledronic acid as compared with clodronic acid in multiple 
myeloma (MRC Myeloma IX): a randomised controlled trial. 
Lancet 2010;376:1989–1999.

 255. Lipton A. Bisphosphonates and metastatic breast carcinoma. 
Cancer 2003;97:848–853.

 256. Hirsh V, Major PP, Lipton A, et al. Zoledronic acid and survival 
in patients with metastatic bone disease from lung cancer and el-
evated markers of osteoclast activity. J Thorac Oncol 2008;3:228–
236.

 257. Lipton A, Theriault RL, Hortobagyi GN, et al. Pamidronate pre-
vents skeletal complications and is effective palliative treatment 
in women with breast carcinoma and osteolytic bone metastases: 
long term follow-up of two randomized, placebo-controlled trials. 
Cancer 2000;88:1082–1090.

 258. Major P, Lortholary A, Hon J, et al. Zoledronic acid is superior 
to pamidronate in the treatment of hypercalcemia of malignancy: 
a pooled analysis of two randomized, controlled clinical trials. J 
Clin Oncol 2001;19:558–567.

 259. Rosen LS, Gordon D, Kaminski M, et al. Long-term ef�cacy and 
safety of zoledronic acid compared with pamidronate disodium in 
the treatment of skeletal complications in patients with advanced 
multiple myeloma or breast carcinoma: a randomized, double-
blind, multicenter, comparative trial. Cancer 2003;98:1735–1744.

 260. Kohno N, Aogi K, Minami H, et al. Zoledronic acid signi�cantly 
reduces skeletal complications compared with placebo in Japanese 
women with bone metastases from breast cancer: a randomized, 
placebo-controlled trial. J Clin Oncol 2005;23:3314–3321.

 261. Saad F, Gleason DM, Murray R, et al. Long-term ef�cacy of zole-
dronic acid for the prevention of skeletal complications in pa-
tients with metastatic hormone-refractory prostate cancer. J Natl 
Cancer Inst 2004;96:879–882.

 262. Rosen LS, Gordon DH, Dugan W Jr, et al. Zoledronic acid is supe-
rior to pamidronate for the treatment of bone metastases in breast 
carcinoma patients with at least one osteolytic lesion. Cancer 

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

NCCN Task Force Report

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-46

2004;100:36–43.

 263. Coleman RE, Wright J, Houston S, et al. Randomized trial of 
marker-directed versus standard schedule zoledronic acid for 
bone metastases from breast cancer [abstract]. J Clin Oncol 
2012;30(Suppl):Abstract 511.

 264. Amadori D, Aglietta M, Alessi B, et al. ZOOM: a prospective, 
randomized trial of zoledronic acid (ZOL; q 4 wk vs q 12 wk) for 
long-term treatment in patients with bone-metastatic breast can-
cer (BC) after 1 yr of standard ZOL treatment [abstract]. J Clin 
Oncol 2012;30(Suppl):Abstract 9005.

 265. Fizazi K, Lipton A, Mariette X, et al. Randomized phase II trial of 
denosumab in patients with bone metastases from prostate cancer, 
breast cancer, or other neoplasms after intravenous bisphospho-
nates. J Clin Oncol 2009;27:1564–1571.

 266. Van Poznak CH, Temin S, Yee GC, et al. American Society of 
Clinical Oncology executive summary of the clinical practice 
guideline update on the role of bone-modifying agents in meta-
static breast cancer. J Clin Oncol 2011;29:1221–1227.

 267. Zometa [package insert]. East Hanover, NJ: Novartis Pharmaceu-
ticals Corporation; 2012.

 268. Prolia [package insert]. Thousand Oaks, CA: Amgen Inc.; 2011 

 269. Josson S, Matsuoka Y, Chung LW, et al. Tumor-stroma co-evo-
lution in prostate cancer progression and metastasis. Semin Cell 
Dev Biol 2010;21:26–32.

 270. Petrylak DP, Tangen CM, Hussain MH, et al. Docetaxel and es-
tramustine compared with mitoxantrone and prednisone for ad-
vanced refractory prostate cancer. N Engl J Med 2004;351:1513–
1520.

 271. de Bono JS, Oudard S, Ozguroglu M, et al. Prednisone plus cabazi-
taxel or mitoxantrone for metastatic castration-resistant prostate 
cancer progressing after docetaxel treatment: a randomised open-
label trial. Lancet 2010;376:1147–1154.

 272. Fizazi K, Scher HI, Molina A, et al. Abiraterone acetate for 
treatment of metastatic castration-resistant prostate cancer: �-
nal overall survival analysis of the COU-AA-301 randomised, 
double-blind, placebo-controlled phase 3 study. Lancet Oncol 
2012;13:983–992.

 273. Scher HI, Fizazi K, Saad F, et al. Increased survival with enzalu-
tamide in prostate cancer after chemotherapy. N Engl J Med 
2012;367:1187–1197.

 274. Costa L, Badia X, Chow E, et al. Impact of skeletal complications 
on patients’ quality of life, mobility, and functional independence. 
Support Care Cancer 2008;16:879–889.

 275. Armstrong AJ, Garrett-Mayer E, Ou Yang YC, et al. Prostate-spe-
ci�c antigen and pain surrogacy analysis in metastatic hormone-
refractory prostate cancer. J Clin Oncol 2007;25:3965–3970.

 276. Halabi S, Vogelzang NJ, Kornblith AB, et al. Pain predicts over-
all survival in men with metastatic castration-refractory prostate 
cancer. J Clin Oncol 2008;26:2544–2549.

 277. Fizazi K, Massard C, Smith MR, et al. Baseline covariates impact-
ing overall survival (OS) in a phase III study of men with bone 
metastases from castration-resistant prostate cancer [abstract]. J 
Clin Oncol 2012;30:Abstract 4642.

 278. Tannock IF, de Wit R, Berry WR, et al. Docetaxel plus prednisone 
or mitoxantrone plus prednisone for advanced prostate cancer. N 
Engl J Med 2004;351:1502–1512.

 279. Higano CS, Schellhammer PF, Small EJ, et al. Integrated data 
from 2 randomized, double-blind, placebo-controlled, phase 3 
trials of active cellular immunotherapy with sipuleucel-T in ad-
vanced prostate cancer. Cancer 2009;115:3670–3679.

 280. Kantoff PW, Higano CS, Shore ND, et al. Sipuleucel-T immu-
notherapy for castration-resistant prostate cancer. N Engl J Med 
2010;363:411–422.

 281. Small EJ, Schellhammer PF, Higano CS, et al. Placebo-con-
trolled phase III trial of immunologic therapy with sipuleucel-T 
(APC8015) in patients with metastatic, asymptomatic hormone 
refractory prostate cancer. J Clin Oncol 2006;24:3089–3094.

 282. Kawalec P, Paszulewicz A, Holko P, Pilc A. Sipuleucel-T immu-
notherapy for castration-resistant prostate cancer. A systematic 
review and meta-analysis. Arch Med Sci 2012;8:767–775.

 283. Logothetis C, De Bono JS, Molina A, et al. Effect of abiraterone 
acetate (AA) on pain control and skeletal-related events (SRE) 
in patients (pts) with metastatic castration-resistant prostate can-
cer (mCRPC) post docetaxel (D): results from the COU-AA-301 
phase III study [abstract]. J Clin Oncol 2011;29:Abstract 4520.

 284. Logothetis CJ, Basch E, Molina A, et al. Effect of abiraterone ac-
etate and prednisone compared with placebo and prednisone on 
pain control and skeletal-related events in patients with meta-
static castration-resistant prostate cancer: exploratory analysis 
of data from the COU-AA-301 randomised trial. Lancet Oncol 
2012;13:1210–1217.

 285. Ryan CJ, Smith MR, De Bono JS, et al. Interim analysis (IA) 
results of COU-AA-302, a randomized, phase III study of abi-
raterone acetate (AA) in chemotherapy-naive patients (pts) with 
metastatic castration-resistant prostate cancer (mCRPC) [ab-
stract]. J Clin Oncol 2012;30(Suppl):Abstract LBA4518.

 286. Cook RJ, Coleman R, Brown J, et al. Markers of bone metabolism 
and survival in men with hormone-refractory metastatic prostate 
cancer. Clin Cancer Res 2006;12:3361–3367.

 287. Brown JE, Cook RJ, Major P, et al. Bone turnover markers as pre-
dictors of skeletal complications in prostate cancer, lung cancer, 
and other solid tumors. J Natl Cancer Inst 2005;97:59–69.

 288. Saad F, Gleason DM, Murray R, et al. A randomized, placebo-con-
trolled trial of zoledronic acid in patients with hormone-refractory 
metastatic prostate carcinoma. J Natl Cancer Inst 2002;94:1458–
1468.

 289. Fizazi K, Carducci M, Smith M, et al. Denosumab versus zole-
dronic acid for treatment of bone metastases in men with castra-
tion-resistant prostate cancer: a randomised, double-blind study. 
Lancet 2011;377:813–822.

 290. Sartor AO, Heinrich D, O’Sullivan JM, et al. Radium-223 chlo-
ride (Ra-223) impact on skeletal-related events (SREs) and 
ECOG performance status (PS) in patients with castration-
resistant prostate cancer (CRPC) with bone metastases: interim 
results of a phase III trial (ALSYMPCA) [abstract]. J Clin Oncol 
2012;30(Suppl):Abstract 4551.

 291. Yu EY, Massard C, Gross ME, et al. Once-daily dasatinib: expan-
sion of phase II study evaluating safety and ef�cacy of dasatinib 
in patients with metastatic castration-resistant prostate cancer. 
Urology 2011;77:1166–1171.

 292. Araujo JC, Mathew P, Armstrong AJ, et al. Dasatinib combined 
with docetaxel for castration-resistant prostate cancer: results 
from a phase 1-2 study. Cancer 2012;118:63–71.

 293. Yakes FM, Chen J, Tan J, et al. Cabozantinib (XL184), a novel 
MET and VEGFR2 inhibitor, simultaneously suppresses me-
tastasis, angiogenesis, and tumor growth. Mol Cancer Ther 
2011;10:2298–2308.

 294. Hussain M, Smith MR, Sweeney C, et al. Cabozantinib (XL184) 
in metastatic castration-resistant prostate cancer (mCRPC): re-
sults from a phase II randomized discontinuation trial [abstract]. J 
Clin Oncol 2011;29(Suppl):Abstract 4516.

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

Bone Health in Cancer Care

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-47

 295. Smith MR, Sweeney C, Rathkopf DE, et al. Cabozantinib 
(XL184) in chemotherapy-pretreated metastatic castration re-
sistant prostate cancer (mCRPC): results from a phase II non-
randomized expansion cohort (NRE) [abstract]. J Clin Oncol 
2012;30(Suppl):Abstract 4513.

 296. Xie J, Namjoshi M, Wu EQ, et al. Economic evaluation of deno-
sumab compared with zoledronic acid in hormone-refractory pros-
tate cancer patients with bone metastases. J Manag Care Pharm 
2011;17:621–643.

 297. Body JJ, Diel IJ, Lichinitzer M, et al. Oral ibandronate reduces 
the risk of skeletal complications in breast cancer patients with 
metastatic bone disease: results from two randomised, placebo-
controlled phase III studies. Br J Cancer 2004;90:1133–1137.

 298. Body J-J, Diel IJ, Bell R, et al. Oral ibandronate improves bone 
pain and preserves quality of life in patients with skeletal metasta-
ses due to breast cancer. Pain 2004;111:306–312.

 299. Robertson AG, Reed NS, Ralston SH. Effect of oral clodronate on 
metastatic bone pain: a double-blind, placebo-controlled study. J 
Clin Oncol 1995;13:2427–2430.

 300. Wardley A, Davidson N, Barrett-Lee P, et al. Zoledronic acid sig-
ni�cantly improves pain scores and quality of life in breast cancer 
patients with bone metastases: a randomised, crossover study of 
community vs hospital bisphosphonate administration. Br J Can-
cer 2005;92:1869–1876.

 301. Rosen LS, Gordon D, Kaminski M, et al. Zoledronic acid versus 
pamidronate in the treatment of skeletal metastases in patients 
with breast cancer or osteolytic lesions of multiple myeloma: a 
phase III, double-blind, comparative trial. Cancer J 2001;7:377–
387.

 302. Cleeland CS, Body JJ, Stopeck A, et al. Pain outcomes in patients 
with advanced breast cancer and bone metastases: results from 
a randomized, double-blind study of denosumab and zoledronic 
acid. Cancer 2013;119:832–838.

 303. Chow E, Harris K, Fan G, et al. Palliative radiotherapy trials for 
bone metastases: a systematic review. J Clin Oncol 2007;25:1423–
1436.

 304. Wu JS-Y, Wong R, Johnston M, et al. Meta-analysis of dose-
fractionation radiotherapy trials for the palliation of painful bone 
metastases. Int J Radiat Oncol Biol Phys 2003;55:594–605.

 305. Jacobs WB, Perrin RG. Evaluation and treatment of spinal metas-
tases: an overview. Neurosurg Focus 2001;11:e10.

 306. Hartsell WF, Scott CB, Bruner DW, et al. Randomized trial of 
short- versus long-course radiotherapy for palliation of painful 
bone metastases. J Natl Cancer Inst 2005;97:798–804.

 307. Chow E, Zeng L, Salvo N, et al. Update on the systematic review 
of palliative radiotherapy trials for bone metastases. Clin Oncol 
(R Coll Radiol) 2012;24:112–124.

 308. Lutz S, Berk L, Chang E, et al. Palliative radiotherapy for bone 
metastases: an ASTRO evidence-based guideline. Int J Radiat 
Oncol Biol Phys 2011;79:965–976.

 309. Howell DD, James JL, Hartsell WF, et al. Single-fraction radio-
therapy versus multifraction radiotherapy for palliation of painful 
vertebral bone metastases-equivalent ef�cacy, less toxicity, more 
convenient: a subset analysis of Radiation Therapy Oncology 
Group trial 97-14. Cancer 2013;119:888–896.

 310. Zeng L, Chow E, Bedard G, et al. Quality of life after palliative 
radiation therapy for patients with painful bone metastases: results 
of an international study validating the EORTC QLQ-BM22. Int 
J Radiat Oncol Biol Phys 2012;84:e337–342.

 311. van den Hout WB, van der Linden YM, Steenland E, et al. Sin-
gle- versus multiple-fraction radiotherapy in patients with painful 

bone metastases: cost-utility analysis based on a randomized trial. 
J Natl Cancer Inst 2003;95:222–229.

 312. Bradley NM, Husted J, Sey MS, et al. Review of patterns of prac-
tice and patients’ preferences in the treatment of bone metastases 
with palliative radiotherapy. Support Care Cancer 2007;15:373–
385.

 313. Hird A, Chow E, Zhang L, et al. Determining the incidence of 
pain �are following palliative radiotherapy for symptomatic bone 
metastases: results from three canadian cancer centers. Int J Ra-
diat Oncol Biol Phys 2009;75:193–197.

 314. Gerszten PC, Burton SA, Welch WC, et al. Single-fraction ra-
diosurgery for the treatment of spinal breast metastases. Cancer 
2005;104:2244–2254.

 315. Malviya A, Gerrand C. Evidence for orthopaedic surgery in the 
treatment of metastatic bone disease of the extremities: a review 
article. Palliat Med 2012;26:788–796.

 316. Ward WG, Holsenbeck S, Dorey FJ, et al. Metastatic disease of 
the femur: surgical treatment. Clin Orthop Relat Res 2003:S230–
244.

 317. Van der Linden YM, Dijkstra PD, Kroon HM, et al. Comparative 
analysis of risk factors for pathological fracture with femoral me-
tastases. J Bone Joint Surg Br 2004;86:566–573.

318. Franck WM, Olivieri M, Jannasch O, Hennig FF. An expandable 
nailing system for the management of pathological humerus frac-
tures. Arch Orthop Trauma Surg 2002;122:400–405.

 319. Redmond BJ, Biermann JS, Blasier RB. Interlocking intramedul-
lary nailing of pathological fractures of the shaft of the humerus. J 
Bone Joint Surg Am 1996;78:891–896.

 320. Gregory JJ, Ockendon M, Cribb GL, et al. The outcome of lock-
ing plate �xation for the treatment of periarticular metastases. 
Acta Orthop Belg 2011;77:362–370.

 321. Moholkar K, Mohan R, Grigoris P. The Long Gamma Nail for 
stabilisation of existing and impending pathological fractures of 
the femur: an analysis of 48 cases. Acta Orthop Belg 2004;70:429–
434.

 322. Samsani SR, Panikkar V, Venu KM, et al. Breast cancer bone me-
tastasis in femur: surgical considerations and reconstruction with 
Long Gamma Nail. Eur J Surg Oncol 2004;30:993–997.

 323. Marco RA, Sheth DS, Boland PJ, et al. Functional and onco-
logical outcome of acetabular reconstruction for the treatment of 
metastatic disease. J Bone Joint Surg Am 2000;82:642–651.

 324. Benevenia J, Cyran FP, Biermann JS, et al. Treatment of advanced 
metastatic lesions of the acetabulum using the saddle prosthesis. 
Clin Orthop Relat Res 2004:23–31.

 325. Goetz MP, Callstrom MR, Charboneau JW, et al. Percutaneous 
image-guided radiofrequency ablation of painful metastases in-
volving bone: a multicenter study. J Clin Oncol 2004;22:300–306.

 326. Tancioni F, Lorenzetti MA, Navarria P, et al. Percutaneous verte-
bral augmentation in metastatic disease: state of the art. J Support 
Oncol 2011;9:4–10.

 327. Peh WC, Gilula LA. Percutaneous vertebroplasty: indications, 
contraindications, and technique. Br J Radiol 2003;76:69–75.

 328. Lee B, Franklin I, Lewis JS, et al. The ef�cacy of percutaneous 
vertebroplasty for vertebral metastases associated with solid ma-
lignancies. Eur J Cancer 2009;45:1597–1602.

 329. Saliou G, Kocheida el M, Lehmann P, et al. Percutaneous verte-
broplasty for pain management in malignant fractures of the spine 
with epidural involvement. Radiology 2010;254:882–890.

 330. Chew C, Craig L, Edwards R, et al. Safety and ef�cacy of percu-
taneous vertebroplasty in malignancy: a systematic review. Clin 

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

NCCN Task Force Report

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-48

Radiol 2011;66:63–72.

 331. Fourney DR, Schomer DF, Nader R, et al. Percutaneous verte-
broplasty and kyphoplasty for painful vertebral body fractures in 
cancer patients. J Neurosurg 2003;98:21–30.

 332. Lane JM, Hong R, Koob J, et al. Kyphoplasty enhances function 
and structural alignment in multiple myeloma. Clin Orthop Relat 
Res 2004:49–53.

 333. Qian Z, Sun Z, Yang H, et al. Kyphoplasty for the treatment of 
malignant vertebral compression fractures caused by metastases. J 
Clin Neurosci 2011;18:763–767.

 334. Kelekis A, Lovblad KO, Mehdizade A, et al. Pelvic osteoplasty in 
osteolytic metastases: technical approach under �uoroscopic guid-
ance and early clinical results. J Vasc Interv Radiol 2005;16:81–
88.

 335. Callstrom MR, Charboneau JW, Goetz MP, et al. Image-guided 
ablation of painful metastatic bone tumors: a new and effective 
approach to a dif�cult problem. Skeletal Radiol 2006;35:1–15.

 336. Hayat MJ, Howlader N, Reichman ME, Edwards BK. Cancer 
statistics, trends, and multiple primary cancer analyses from the 
Surveillance, Epidemiology, and End Results (SEER) Program. 
Oncologist 2007;12:20–37.

 337. Zairi F, Arikat A, Allaoui M, et al. Minimally invasive decompres-
sion and stabilization for the management of thoracolumbar spine 
metastasis. J Neurosurg Spine 2012;17:19–23.

 338. Tanck E, van Aken JB, van der Linden YM, et al. Pathological 
fracture prediction in patients with metastatic lesions can be im-
proved with quantitative computed tomography based computer 
models. Bone 2009;45:777–783.

 339. Chang JT, Green L, Beitz J. Renal failure with the use of zole-
dronic acid. N Engl J Med 2003;349:1676–1679.

 340. Tabrizi MA, Tseng CM, Roskos LK. Elimination mechanisms 
of therapeutic monoclonal antibodies. Drug Discov Today 
2006;11:81–88.

 341. Watts NB, Diab DL. Long-term use of bisphosphonates in osteo-
porosis. J Clin Endocrinol Metab 2010;95:1555–1565.

 342. Body JJ, Lipton A, Henry D, et al. Hypocalcemia in patients with 
metastatic bone disease receiving denosumab [abstract]. J Clin 
Oncol 2013;Suppl:Abstract 9628.

 343. Autio K, Farooki A, Glezerman I, et al. Risk assessment for se-
vere hypocalcemia requiring hospitalization with denosumab [ab-
stract]. J Clin Oncol 2013;31(Suppl):Abstract 115.

 344. Saad F, Brown JE, Van Poznak C, et al. Incidence, risk factors, 
and outcomes of osteonecrosis of the jaw: integrated analysis from 
three blinded active-controlled phase III trials in cancer patients 
with bone metastases. Ann Oncol 2012;23:1341–1347.

 345. Eidtmann H, de Boer R, Bundred N, et al. Ef�cacy of zoledronic 
acid in postmenopausal women with early breast cancer receiving 
adjuvant letrozole: 36-month results of the ZO-FAST Study. Ann 
Oncol 2010;21:2188–2194.

 346. Brufsky AM, Bosserman LD, Caradonna RR, et al. Zoledronic 
acid effectively prevents aromatase inhibitor-associated bone loss 
in postmenopausal women with early breast cancer receiving ad-
juvant letrozole: Z-FAST study 36-month follow-up results. Clin 
Breast Cancer 2009;9:77–85.

 347. Brufsky A, Harker G, Beck J, et al. The effect of zoledronic acid 
on aromatase inhibitor-associated bone loss in postmenopausal 
women with early breast cancer receiving adjuvant letrozole: 
the Z-FAST study 5-year �nal follow-up [abstract]. Cancer Res 
2009;69 (24 Suppl):Abstract 4083.

 348. Tennis P, Rothman KJ, Bohn RL, et al. Incidence of osteonecrosis 

of the jaw among users of bisphosphonates with selected cancers 
or osteoporosis. Pharmacoepidemiol Drug Saf 2012;21:810–817.

 349. Lipton A, Saad F, Van Poznak CH, et al. Incidence of osteone-
crosis of the jaw in patients receiving denosumab or zoledronic 
acid for bone metastases from solid tumors or multiple myelo-
ma: results from three phase III trials [abstract]. J Clin Oncol 
2013;(Suppl):Abstract 9640.

 350. Reid IR. Osteonecrosis of the jaw: who gets it, and why? Bone 
2009;44:4–10.

 351. Ruggiero SL. Bisphosphonate-related osteonecrosis of the jaw 
(BRONJ): initial discovery and subsequent development. J Oral 
Maxillofac Surg 2009;67:13–18.

 352. Ruggiero SL, Carlson ER, Assael LA. Comprehensive review of 
bisphosphonate therapy: implications for the oral and maxillofa-
cial surgery patient. J Oral Maxillofac Surg 2009;67:1.

 353. Ruggiero SL, Mehrotra B. Bisphosphonate-related osteonecrosis 
of the jaw: diagnosis, prevention, and management. Annu Rev 
Med 2009;60:85–96.

 354. Estilo CL, Van Poznak CH, Wiliams T, et al. Osteonecrosis of the 
maxilla and mandible in patients with advanced cancer treated 
with bisphosphonate therapy. Oncologist 2008;13:911–920.

 355. Ruggiero SL, Dodson TB, Assael LA, et al. American Association 
of Oral and Maxillofacial Surgeons position paper on bisphospho-
nate-related osteonecrosis of the jaws—2009 update. J Oral Max-
illofac Surg 2009;67:2–12.

 356. Aragon-Ching JB, Ning Y-M, Chen CC, et al. Higher incidence 
of osteonecrosis of the jaw (ONJ) in patients with metastatic 
castration resistant prostate cancer treated with anti-angiogenic 
agents. Cancer Invest 2009;27:221–226.

 357. Christodoulou C, Pervena A, Klouvas G, et al. Combination of 
bisphosphonates and antiangiogenic factors induces osteonecrosis 
of the jaw more frequently than bisphosphonates alone. Oncology 
2009;76:209–211.

 358. Greuter S, Schmid F, Ruhstaller T, Thuerlimann B. Bevacizumab-
associated osteonecrosis of the jaw. Ann Oncol 2008;19:2091–
2092.

 359. Wynn RL. Bevacizumab (Avastin): an anti-angiogenic drug asso-
ciated with osteonecrosis of the jaw. Gen Dent 2011;59:410–413.

 360. Kwek EBK, Goh SK, Koh JSB, et al. An emerging pattern of sub-
trochanteric stress fractures: a long-term complication of alendro-
nate therapy? Injury 2008;39:224–231.

 361. Odvina CV, Zerwekh JE, Rao DS, et al. Severely suppressed bone 
turnover: a potential complication of alendronate therapy. J Clin 
Endocrinol Metab 2005;90:1294–1301.

 362. Goh SK, Yang KY, Koh JS, et al. Subtrochanteric insuf�ciency 
fractures in patients on alendronate therapy: a caution. J Bone 
Joint Surg Br 2007;89:349–353.

 363. Neviaser AS, Lane JM, Lenart BA, et al. Low-energy femoral 
shaft fractures associated with alendronate use. J Orthop Trauma 
2008;22:346–350.

 364. Goddard MS, Reid KR, Johnston JC, Khanuja HS. Atraumatic 
bilateral femur fracture in long-term bisphosphonate use. Ortho-
pedics 2009;32.

 365. Odvina CV, Levy S, Rao S, et al. Unusual mid-shaft fractures dur-
ing long-term bisphosphonate therapy. Clin Endocrinol (Oxf) 
2010;72:161–168.

 366. Prolia: package insert and label information. DrugInserts.com 
Web site. Available at: http://druginserts.com/lib/rx/meds/prolia/. 
Accessed June 18, 2013. 

 367. Dell RM, Adams AL, Greene DF, et al. Incidence of atypical 

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

Bone Health in Cancer Care

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-49

nontraumatic diaphyseal fractures of the femur. J Bone Miner Res 
2012;27:2544–2550.

 368. Giusti A, Hamdy NA, Dekkers OM, et al. Atypical fractures and 
bisphosphonate therapy: a cohort study of patients with femoral 
fracture with radiographic adjudication of fracture site and fea-
tures. Bone 2011;48:966–971.

 369. Feldstein AC, Black D, Perrin N, et al. Incidence and demogra-
phy of femur fractures with and without atypical features. J Bone 
Miner Res 2012;27:977–986.

 370. Schilcher J, Michaelsson K, Aspenberg P. Bisphosphonate 
use and atypical fractures of the femoral shaft. N Engl J Med 
2011;364:1728–1737.

 371. Lo JC, Huang SY, Lee GA, et al. Clinical correlates of atypical 
femoral fracture. Bone 2012;51:181–184.

 372. Thompson RN, Phillips JR, McCauley SH, et al. Atypical femo-
ral fractures and bisphosphonate treatment: experience in two 
large United Kingdom teaching hospitals. J Bone Joint Surg Br 
2012;94:385–390.

 373. Shane E, Burr D, Ebeling PR, et al. Atypical subtrochanteric and 
diaphyseal femoral fractures: report of a task force of the Ameri-
can Society for Bone and Mineral Research. J Bone Miner Res 
2010;25:2267–2294.

 374. Black DM, Delmas PD, Eastell R, et al. Once-yearly zoledronic 
acid for treatment of postmenopausal osteoporosis. N Engl J Med 
2007;356:1809–1822.

 375. Wilkinson GS, Baillargeon J, Kuo YF, et al. Atrial �brillation and 
stroke associated with intravenous bisphosphonate therapy in 

older patients with cancer. J Clin Oncol 2010;28:4898–4905.

 376. Lipton A, Fizazi K, Stopeck AT, et al. Superiority of denosumab to 
zoledronic acid for prevention of skeletal-related events: a com-
bined analysis of 3 pivotal, randomised, phase 3 trials. Eur J Can-
cer 2012;48:3082–3092.

 377. Skrepnek GH, Seal B, Tangirala M, et al. Adverse events and in-
travenous versus oral bisphosphonate use in patients with osteo-
porosis and cancer in the U.S. Gen Dent 2010;58:484–492.

 378. Galvao DA, Taaffe DR, Cormie P, et al. Ef�cacy and safety of a 
modular multi-modal exercise program in prostate cancer patients 
with bone metastases: a randomized controlled trial. BMC Cancer 
2011;11:517.

 379. Breen T, Shane E. Prolonged hypocalcemia after treatment with 
zoledronic acid in a patient with prostate cancer and vitamin D 
de�ciency [correspondence]. J Clin Oncol 2005:1531–1532.

 380. Adami S, Giannini S, Bianchi G, et al. Vitamin D status and re-
sponse to treatment in post-menopausal osteoporosis. Osteoporos 
Int 2009;20:239–244.

 381. Hortobagyi GN, Theriault RL, Porter L, et al. Ef�cacy of pami-
dronate in reducing skeletal complications in patients with breast 
cancer and lytic bone metastases. Protocol 19 Aredia Breast Can-
cer Study Group. N Engl J Med 1996;335:1785–1791.

 382. Theriault RL, Lipton A, Hortobagyi GN, et al. Pamidronate re-
duces skeletal morbidity in women with advanced breast cancer 
and lytic bone lesions: a randomized, placebo-controlled trial. 
Protocol 18 Aredia Breast Cancer Study Group. J Clin Oncol 
1999;17:846–854.

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


Supplement

NCCN Task Force Report

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-50

Individual Disclosures for the NCCN Task Force: Bone Health in Cancer Care Panel Members

Panel Member Clinical Research Support

Advisory Boards, 
Speakers Bureau, 
Expert Witness, or 
Consultant

Patent, Equity, 
or Royalty Other

Date 
Completed

J. Sybil Biermann, MD None None None None 12/9/12

Azeez Farooki, MD None None None None 12/7/12

Monica N. Fornier, MD None None None None 12/6/12

Robert F. Gagel, MD None None None None 8/16/13

Julie R. Gralow, MD Amgen Inc.; Genentech, Inc.; 
Novartis Pharmaceuticals 
Corporation; Roche 
Laboratories, Inc. 

None None None 8/15/13

Rashmi Kumar, PhD None None None None 5/28/13

Georgia Litsas, MSN, 
ANP-BC, AOCNP

None None None None 12/11/12

Rana McKay, MD None None None None 12/6/12

Donald A. Podoloff, MD None None None None 12/7/12

Sandy Srinivas, MD Medivation Medivation None None 11/5/12

Catherine H. Van Poznak, 
MD

Amgen Inc.; Novartis 
Pharmaceuticals Corporation

None None None 12/7/12

. 
A

ll 
ri
g
h

ts
 r

e
s
e

rv
e

d
.

C
o
p
y
ri
g
h
t 

©
 2

0
1
3
 b

y
 t

h
e
 N

a
ti
o
n
a
l 
C

o
m

p
re

h
e
n
s
iv

e
 C

a
n
c
e
r 

N
e
tw

o
rk

fr
o
m

 0
0
.0

0
0
.0

0
0

.0
 o

n
 M

a
rc

h
 2

5
, 

2
0
1
4

b
y
 g

u
e
s
t

  
jn

c
c
n
.o

rg
D

o
w

n
lo

a
d
e
d
 f

ro
m

 

http://www.jnccn.org/
http://www.jnccn.org/


© JNCCN–Journal of the National Comprehensive Cancer Network | Volume 11 Supplement 3 | August 2013

S-51

1. True or False: The NCCN Bone Health in Cancer Care 
Task Force recommends using the WHO FRAX algorithm 
for the baseline assessment of all patients with cancer at 
increased risk for bone loss and fracture because of their 
cancer or cancer-therapy. 
a. True 
b. False

2. Pharmacologic intervention with antiresorptive agents 
should be strongly considered for which of the following 
patients?
a. Patients with cancer at increased risk for bone loss 

because of therapy or age with T score < –2.0 OR 
FRAX 10-year fracture risk >20% for major fracture 
or >3% for hip fracture.

b. Patients with cancer at increased risk for bone loss 
because of therapy or age with T score < –2.0 AND 
FRAX 10-year fracture risk >20% for major fracture 
or >3% for hip fracture.

c. All patients with cancer regardless of T score or 
fracture risk.

3.  Which of the following statements is FALSE? 
a. Vertebral fracture assessment may be helpful in the 

baseline assessment and follow-up of patients with 
very high risk of vertebral fracture.

b. All individuals with vertebral fractures have T scores 
classi�ed as osteoporosis.

c. Vertebral fracture assessment can be performed along 
with bone mineral density assessment using dual-
energy x-ray absorptiometry.

4. True or False: For young individuals younger than 50 years 
who are at risk for cancer treatment–associated bone loss, 
the NCCN Bone Health Task Force recommends 1200 
mg of calcium (from all sources) and 800–1000 IU/d of 
vitamin D [the latter without checking serum 25(OH) D 
levels].
a. True
b. False

5. True or False: The dose and frequency of administration 
of denosumab used for treating osteoporosis is the same as 
that used for reducing SREs from metastasis of breast and 
prostate cancers.
a. True
b. False

6. Which of the following statements is FALSE? 
a. In clinical trials of premenopausal women, both 

raloxifene and tamoxifen have been shown to cause a 
decrease in bone mineral density.

b. Calcitonin is not recommended in the setting of 
bone loss from cancer therapies, except optionally 
for short-term use after acute osteoporotic vertebral 
fracture because of demonstrated analgesic effects in 
this setting.

c. Parathyroid hormone (1-34) or teriparatide is a 

treatment option for osteoporosis in patients with 
increased baseline risk of osteosarcoma, such as those 
with Paget disease of bone, open epiphyses, or prior 
radiation therapy involving the skeleton (which 
includes many patients with cancer).

7. True or False: The 12-month results from the E-ZO-FAST 
trial provide further evidence that upfront zoledronic 
acid not only prevents bone loss but also increases bone 
mineral density, with a mean increase of 2.7% at the 
lumbar spine and 1.7% at the hip.
a. True
b. False

8. Which of the following statements regarding imaging of 
bone metastases is FALSE?
a. If bone marrow in�ltration is suspected, 18F-FDG 

PET or MRI is the best way to follow and evaluate 
disease in the bone.

b. Lesions present on MRI or PET, such as osteolytic 
lesions, may not be visible on 99mTc bone scans.

c. 18F-FDG PET assesses the metabolic activity of 
the metastatic tissue directly rather than the bony 
response to the presence of the metastasis. 

d. Interpreting imaging modalities for bone metastases 
requires simultaneous review of all relevant imaging 
studies with full clinical context.

9. True or False: 223Ra is FDA-approved for treatment in men 
with symptomatic metastatic castration-resistant prostate 
cancer that has spread to the bone but not to other organs.
a. True
b. False

10. Which of the following statements is FALSE?
a. Surgical management of bone metastases is performed 

to relieve pain, provide stabilization, and prevent 
impending fracture or spinal cord compression.

b. Fractures within the femoral diaphysis cannot be 
stabilized using intramedullary nailing.

c. EBRT is widely used for patients with cancer who 
present with localized bone pain.

Posttest 

To Receive Credit

To receive credit, participants will read all portions of this 
monograph, including all tables, �gures, and references. To 
receive your continuing education credit and certi�cate, visit 
http://education.nccn.org/node/24832 to complete the posttest 
and evaluation.

All posttest scores must be received by midnight on  
August 17, 2014, in order to be eligible for credit.

It should take approximately 1.5 hours (90 minutes) to 
complete the activity as designed. There is no registration fee 
for this activity.
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