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Abstract 

Skeletal-related events (SREs) are a common complication of bone 
metastases, and have serious negative consequences for patients 
with castrate-resistant prostate cancer (CRPC). SREs can lead to 
severe pain, increased risk of death, increased health care costs 
and reduced quality of life. Until recently, zoledronic acid has been 
the sole standard of care for the prevention of SREs in men with 
CRPC with bone metastases. Denosumab, a receptor activator of 
nuclear factor kappa-B ligand (RANK-L) inhibitor, has been recently 
approved for use in Canada for this indication, thus presenting 
another option for these patients. Denosumab was shown to be 
superior to zoledronic acid in delaying the time to first or subse-
quent SREs in CRPC patients with bone metastases. This review 
discusses current and previous trials examining agents designed 
to prevent SREs in men with CRPC and bone metastases. It also 
discusses the practical aspects of administering a bone-targeted 
therapy, including choosing a bone-targeted therapy, monitoring 
at the onset and during therapy, switching from one therapy to 
another, and assessing potential complications. 

Introduction 

In Canada, prostate cancer accounts for 27% of newly 
diagnosed cancers in men, with an incidence of 25 500 
in 2011.1 Up to 90% of men dying from prostate cancer 
will have bone metastases,2-4 which can be associated with 
skeletal-related events (SREs). SREs are defined as: a patho-
logic fracture, spinal cord compression, necessity for radia-
tion to bone (for pain or impending fracture) or surgery to 
bone.5 Until recently, intravenous (IV) zoledronic acid was 
the only treatment approved in Canada for reducing the risk 
of SREs in CRPC patients with bone metastases. This article 
reviews the currently available treatments for the prevention 
of SREs in light of recent therapeutic advances and Canadian 
approvals.

Bone metastases and the risk of SREs 

Metastasis to bone disrupts skeletal homeostasis by upset-
ting the balance between osteoblastic bone formation and 
osteoclast-mediated bone destruction.6 Bone metastases can 
lead to several potential complications, including hyper-
calcemia of malignancy, bone marrow failure/leukoeryth-
roblastic anemia, and more commonly, SREs.7 If untreated, 
about half of advanced prostate cancer patients with bone 
metastases will experience at least one SRE over a 2-year 
period.8 The presence of three or more lesions also increases 
a patient’s risk of SREs;9 and once a patient experiences an 
SRE, the risk of a subsequent SRE is increased.8 Additional 
insight regarding which patients are at highest risk for SREs 
can be provided by examining bone turnover markers,10 as 
altered skeletal metabolism increases levels of bone-specific 
biochemical markers in plasma and urine.11 Prostate cancer 
patients with elevated baseline and on-study levels of urinary 
N-telopeptide (NTx) also have a 1.57-fold and a greater than 
3-fold increased risk of SREs, respectively.10 Similarly, base-
line and on-study elevations of serum bone-specific alkaline 
phosphatase (BALP) resulted in a 1.85-fold and greater than 
3-fold increased risk of SREs.10

Health and economic implications of SREs 

SREs pose a significant health and economic burden.12,13

When examining quality of life parameters, such as physi-
cal well-being (e.g., pain, fatigue), emotional well-being 
(e.g., depression, anxiety), and functional well-being (e.g., 
mobility, independence), patients reported clinically sig-
nificant decreases in each of these parameters after their 
first SRE.12 Although pain associated with SREs is difficult 
to study unless pain assessments are done very frequently, 
available data show that significant bone pain is associ-
ated with SREs; significantly fewer patients who received IV 
bisphosphonate therapy (zoledronic acid) to prevent SREs 
reported clinically significant pain requiring radiation com-
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pared with those receiving placebo.14 The effective manage-
ment of pain associated with SREs is integral to maintaining 
mobility and physical independence, as well as for success-
ful treatment outcomes.7,15

Pathologic fractures have been associated with an 
increased risk of death in patients with prostate cancer, breast 
cancer or multiple myeloma.16 Prostate cancer patients on 
androgen- deprivation therapy are also at an increased risk 
of fractures. In these patients, median overall survival was 
significantly decreased for those with fractures compared 
with those without fractures.17

Moreover, osteoporotic fractures and hip fractures in 
the elderly population (to which most advanced prostate 
cancer patients belong) significantly reduce life expec-
tancy.18,19 Together, these results demonstrate that fractures 
may significantly reduce survival of patients with prostate 
cancer. However, current treatments for preventing SREs 
have not been shown to improve the overall survival of 
these patients.14,20

In addition to serious effects on health and quality of 
life, SREs also have important economic consequences.13

Orthopedic or spinal surgery and other treatments for SREs 
add to the already significant cost burden of advanced 
cancer. Although there is no recent prostate cancer- spe-
cific data on the cost burden on SREs in Canada, data from 
other types of cancer can provide some insight. Analysis 
from 1999 examining the use of pamidronate in breast 
cancer patients showed that bone-targeted bisphosphonate 
treatment is cost-effective and recommended that patients 
receive such treatment due to the ability to delay onset of 
SREs and palliate the associated bone pain.21

Current bone-targeted therapies 

The current treatment options for preventing or delaying 
SREs in patients with prostate cancer and bone metas-
tases in Canada are zoledronic acid (Zometa, Novartis 
Pharmaceuticals Canada Inc.), a bisphosphonate, and deno-
sumab (XGEVA, Amgen Canada Inc.), a RANKL inhibitor.22-24

Several other treatments (clodronate and pamidronate) have 
been tested in phase III clinical trials; however, only deno-
sumab and zoledronic acid have been shown to prevent or 
delay SREs in patients with advanced prostate cancer and 
bone metastases (Table 1).

Bisphosphonates 

Zoledronic acid is the only bisphosphonate shown to pre-
vent SREs in CRPC with bone metastases. In a prospective, 
international, double-blind, randomized, placebo-controlled 
phase III trial (Zometa 039),14 treatment with IV zoledronic 
acid every 3 weeks reduced SREs and skeletal morbidities 
(Table 1). The trial began with two dose cohorts (4 mg and 

8 mg); two protocol modifications were made early in the 
trial due to concerns of renal toxicity: (1) the infusion time 
was lengthened from 5 to 15 minutes; and (2) the 8-mg 
group was reduced to 4 mg (referred to as the 8/4 mg group). 
Patients receiving zoledronic acid (4 mg IV) had fewer SREs 
compared with patients in the placebo group (33.2% vs. 
44.2%, respectively; p = 0.021). No significant reduction in 
the rate of SREs was seen in the 8/4 mg group compared with 
placebo; however, this group was complicated by a high 
discontinuation rate.14 It is important to note that the lack 
of dose-dependency does not negate the efficacy observed 
by zoledronic acid in the 4-mg group. At the 24-month 
follow-up, the median time to first SRE was lengthened from 
321 to 488 days for the 4-mg group (p = 0.0009) and the 
risk of an SRE was reduced by 36% compared with placebo 
(p=0.002).8 There was no statistically significant improve-
ment in overall survival.8 The most common drug-related 
adverse events were fatigue, anemia, myalgia, fever and 
lower-limb edema.14

Renal complications were the most serious adverse event 
of treatment, although these were minimized by the trial 
modifications stated previously to the extent that no differ-
ence was observed when compared to placebo. The results 
of this trial led to the approval of zoledronic acid for use in 
patients with CRPC in Canada in 2002.25 Finally, although 
numerically higher, scores related to quality of life and anal-
gesic were not significantly improved in the zoledronic acid 
group compared with the placebo group. In post-hoc analy-
sis comparing patients with and without pain at baseline, 
the administration of zoledronic acid before the onset of 
bone pain appeared to be more efficacious and significantly 
reduced pain scores when compared with placebo.26 Thus, it 
is possible that zoledronic acid could have a greater benefit 
in certain patient subgroups.

RANKL Inhibition 

Denosumab is a fully human monoclonal antibody that binds 
to RANKL, preventing it from binding to the RANK receptor, 
and therefore inhibiting osteoclastogenesis and subsequent 
bone resorption. An international, double-blind, phase III 
clinical trial examining the ability of denosumab versus 
zoledronic acid to delay the time to the first on-study SRE 
was recently published. In this event-driven trial, patients 
were given 120 mg of subcutaneous (SC) denosumab and IV 
placebo or SC placebo and 4 mg IV zoledronic acid every 4 
weeks. The results showed that denosumab was superior to 
zoledronic acid in delaying the median time to first on-study 
SRE by 3.6 (hazard ratio [HR] 0.82, 95% confidence interval 
[CI] 0.71-0.95; p = 0.0002).24 The absolute difference in the 
rate of SREs (total confirmed events) between the two groups 
was 5% (41% in zoledronic acid group and 36% in the 
denosumab group). The frequency of drug-related adverse 
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events was similar between denosumab and zoledronic acid, 
although more cases of hypocalcemia were reported with 
the denosumab group compared with the zoledronic acid 
group (13% vs. 6%, respectively; p < 0.0001). Most cases 
of hypocalcemia were asymptomatic; calcium decreases 
of grade 3 or 4 were detected in 5% of patients receiving 
denosumab and 1% of patients received zoledonic acid. 
The presence of osteonecrosis of the jaw (ONJ) was moni-
tored every 6 months and suspected cases were reviewed 
by a blinded, independent adjudicator. More patients in the 
denosumab arm (22 [2%]) compared with the zoledronic 
acid arm (12 [1%]) experienced ONJ, but the difference was 
not statistically significant (p = 0.09). Overall survival was 
similar between the two treatment groups. These results, as 
well as results from similarly designed phase III clinical trials 
in breast cancer and other solid tumours, led to the approval 
of denosumab for reducing the risk of SREs in patients with 
breast cancer, prostate cancer, non-small cell lung cancer 
and other solid tumours by Health Canada in May 2011.22

Both agents are effective in delaying onset of SREs; the small, 
yet significant, difference between these two agents may not 
be clinically relevant.

Emerging bone-targeted therapies 

Radium-223 (alpharadin) is an alpha-radiation-emitting 
agent that specifically targets bone metastases due to its 
similar chemical and physical properties to calcium. It has 
been shown to inhibit osteoclast differentiation in vitro and 
in mouse models of bone metastasis.27 The ALSYMPCA trial 
(or the ALpharadin in SYMptomatic Prostate CAncer trial) is 
a phase III, randomized, double-blind, placebo-controlled, 
international trial examining radium-223 in patients with 
CRPC with bony metastases. Results from the interim analy-
sis showed that in addition to prolonging overall survival 
(14.0 vs. 11.2 months; p = 0.00185), radium-223 delayed 

the median time to first SRE by 5.2 months compared with 
placebo (13.6 vs. 8.4 months, p = 0.00046).28 It should be 
noted, however, that since the full results of the phase III 
study have not been published, it is unknown whether the 
authors used the same definitions for SREs as was used in 
the studies by Fizazi24 and Saad.14

Discussion 

Choosing a bone-targeted therapy 

There are two bone-targeted therapies currently approved 
in Canada for use in CRPC patients with bone metastases. 
Choosing which therapy to use should be based on the 
advantages and disadvantages of each therapy, as well as 
the needs of each individual patient. As stated previously, IV 
zoledronic acid was the standard of care for CRPC patients 
with bone metastases, based on the study by Saad and col-
leagues that demonstrated a decreased proportion of SREs 
and a significant delay in median time to first SRE versus 
placebo.14 Recent evidence demonstrates that denosumab 
is superior to zoledronic acid in delaying the median time 
to the first on-study SRE by 3.6 months.24 The acute phase 
reactions and renal impairment monitoring associated with 
zoledronic acid are avoided with denosumab; however, the 
rate of hypocalcemia was higher for denosumab. Rates of 
drug-related adverse events in CRPC patients were similar 
for zoledronic acid and denosumab. Some additional con-
siderations include route of administration/ease of use (SC 
for denosumab, IV for zoledronic acid), and reimbursement 
guidelines for each drug. Both zoledronic acid and deno-
sumab have about the same acquisition costs; the difference 
in method of administration means a lower administration 
cost for denosumab.29 A full cost-comparison of these two 
agents is beyond the scope of this review.

Managing SREs in prostate cancer

Table 1. Phase III clinical trials for delaying skeletal-related events in prostate cancer

Study
Study design and patient 

population
Treatment arms (N) Primary endpoint Results

MRC Pr0541

Randomized, double-blind,
placebo-controlled; androgen 

sensitive with bone metastases

Daily oral 
clodronate

versus placebo (311)
Symptomatic PFS

Trend towards bone progression-
free survival (p = 0.066)

Study 032/INT42 Two-centre, randomized,
placebo-controlled; CRPC

Pamidronate vs. 
placebo, every 3 

weeks (350)

Self-reported pain score,
analgesic use, proportion 

of patients with SRE

No significant difference between 
treatment arms

Zometa 0398,14

Randomized, double-blind, 
placebo-controlled; CRPC with 

bone metastases.

IV zoledronic acid 
4 mg and 8 mg vs. 
placebo, every 4 

weeks (643)

Proportion of patients 
who experienced at least 

one SRE

Significant decrease in SREs 
in zoledronic acid group at 15 

months (44.2 vs. 33.2%; p = 0.021); 
trend towards improved survival

Denosumab 10324

Randomized, double-blind,
double-dummy; CRPC
with bone metastases

Denosumab 120 SC 
vs. zoledronic acid 

4 mg, every 4 weeks 
(1904)

Time to first on-study
SRE for non-inferiority 
versus zoledronic acid 

Denosumab was superior to 
zoledronic acid in delaying median 

time to first SRE (20.7 vs. 17.1 
months; p = 0.0002).

CRPC: castrate-resistant prostate cancer; IV: intravenous; SC: subcutaneous; PFS: progression-free survival.



Initiating bone-targeted therapy 

Current clinical guidelines recommend that bone-targeted 
therapy should be initiated in CRPC patients who have evi-
dence of bone metastases.30-32 The exact timing of initiat-
ing bone-targeted therapy is at the physician’s discretion. 
Patients without bone pain have the same risk of develop-
ing SREs as those with bone pain; therefore early treatment 
with bone-targeted therapy could potentially prevent more 
SREs than waiting until a patient reports pain.26 The initia-
tion of zoledronic acid prior to the onset of pain resulted 
in better outcomes (fewer SREs and longer time to onset of 
bone pain) compared with waiting for the onset of painful 
metastases.26 Bone scans may be conducted periodically 
for CRPC patients who do not yet have evidence of bone 
metastases, although there is no consensus on the frequen-
cy of these scans. The indication for a bone scan may be 
symptom-driven (e.g., bone pain) or driven by the patient’s 
prostate-specific antigen level.

Managing potential complications in patients receiving bone-targeted therapy 

Renal impairment, hypocalcemia, ONJ and acute phase 
reactions are the most common complications associated 
with bone-targeted therapies.

Renal function 

A test for renal function, serum creatinine clearance, 
should be done before starting any bone-targeted therapy. 
Zoledronic acid is not recommended for patients with renal 
impairment (creatinine clearance of <30 mL/min).30 During 
treatment, renal function should be monitored regularly to 
detect any signs of impairment, and the dose of zoledronic 
acid must be adjusted according to creatinine clearance 
obtained just prior to infusion. Denosumab is not depen-
dent on the renal system for elimination; it is likely elimi-
nated through the reticuloendothelial system similar to other 
therapeutic monoclonal antibodies.33 Therefore, denosumab 
is not contraindicated for patients with renal failure or on 
hemodialysis, although further study is required in patients 
with a creatinine clearance <30 mL/min.30

Renal impairment associated with zoledronic acid can 
be managed by adjusting dosage at each administration to 
account for renal function, and infusion should be given in 
no less than 15 minutes.14 

Acute phase reactions can also be associated with zole-
dronic acid. Symptoms include arthralgia, increased bone 
pain, low-grade fever, myalgia and nausea; these generally 
last 24 to 48 hours for the first or second infusions only. 
Non-steroidal anti-inflammatory drugs (NSAID) analgesics 
may be given as needed.34

Hypocalcemia 

Hypocalcemia is an expected on-target effect and is a con-
cern for both therapies (16% vs. 8% for denosumab and 
zoledronic acid in patients with CRPC, respectively).24

Therefore, baseline calcium should be measured, and any 
baseline hypocalcemia must be resolved before beginning 
treatment. In clinical guidelines, monitoring serum calcium 
is required during therapy with denosumab and recom-
mended with zoledronic acid; calcium supplementation is 
essential during either therapy.30 The minimum daily doses 
of calcium and vitamin D are 500 mg and 400 IU, respec-
tively.24 Moderate or severe hypocalcemia can be treated 
with supplementation as necessary.30

Since denosumab’s approval for use in patients with CRPC 
and other forms of advanced cancer, the associated clinical 
rate of severe hypocalcemia has been 1% to 2%, including 
some cases that were fatal.35 A further recommendation to 
minimize the risk of severe hypocalcemia is to identify those 
at highest risk, which include patients with renal impairment 
or on dialysis. It may be necessary to reassess the benefit 
of denosumab treatment in those patients who suffer from 
severe symptomatic hypocalcemia.

Osteonecrosis of the jaw 

An oral examination and instruction in good oral hygiene 
are recommended when initiating bone-targeted therapy. 
Tooth extraction (64.9% vs. 59.6%), jaw pain (67.6% vs. 
92.3%), and oral infection (45.9% vs. 50%) were associated 
with cases of ONJ in prostate cancer, breast cancer, multiple 
myeloma and other cancer patients receiving zoledronic 
acid or denosumab, respectively.36 Patients should be moni-
tored for any dental or oral pain, although most important 
is avoiding invasive dental procedure while on therapy to 
reduce the risk of ONJ.32

Managing ONJ can be daunting for urologists and oncolo-
gists. Decisions regarding the management or prevention 
of ONJ may be made in consultation with a dentist or oral 
surgeon. In a combined analysis of three prospective trials 
comparing zoledronic acid and denosumab in patients with 
metastatic cancer, including prostate cancer,23,24,36,37 ONJ 
was infrequent (1.8% for denosumab and 1.3% for zole-
dronic acid) and conservative management resolved over 
one-third of the cases.36

Symptoms of ONJ include pain, swelling and infection 
of soft tissues, loosening of teeth, drainage, and a feeling of 
heaviness or numbness in the jaw. The American Association 
of Oral and Maxillofacial Surgeons (AAOMS) recommend a 
conservative approach to ONJ treatment through the use of 
antibiotics, oral rinses and limited debridement.38 Patients 
with more severe ONJ may require more aggressive treat-
ment, including surgery and bone resection.36 Bone-targeted 
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therapy should be discontinued until the ONJ is resolved, 
and then restarted depending on the risks and benefits of 
treatment for the individual patient.38

Other considerations 

Although bone turnover markers (e.g., NTx, BALP) may pro-
vide information regarding disease progression in the bone, 
routine monitoring of these markers is not used in the clini-
cal management of CRPC. Zoledronic acid and denosumab 
have been shown to increase and decrease the levels of 
markers of bone formation and resorption, respectively,14,24

and the levels of these markers correlate with disease pro-
gression and overall survival, particularly for urinary NTx.10

Patients who have experienced one SRE are at a higher 
risk for subsequent SREs; treatment with zoledronic acid or 
denosumab after the first SRE continues to provide clinical 
benefit by reducing the risk of subsequent SREs and other 
skeletal morbidities.39,24 Therefore, unless other complica-
tions arise, it would seem prudent to continue a bone-tar-
geted therapy if an SRE has occurred.

Switching from one bone-targeted therapy to another 

There are few data regarding the advantages or disadvantag-
es of switching from one bone- targeted therapy to another. 
No studies exist that examine the outcomes of switching 
from denosumab to zoledronic acid. There are no phase 
III data evaluating the efficacy of denosumab in prostate 
cancer patients who previously received zoledronic acid. In 
a phase II study, patients with prostate cancer who showed 
no improvement in serum or urinary bone markers while 
on IV bisphosphonates (zoledronic acid, pamidronate or 
ibandronate) were switched to denosumab or remained on 
IV bisphosphonate. A greater proportion of patients who 
were given denosumab (22 of 32, 69%) compared with 
those who remained on IV bisphosphonate (3 of 16, 19%) 
showed decreased urinary NTx.20 Although the study was 
not sufficiently powered to examine the rate of SREs, there 
was a lower proportion of prostate cancer patients in the 
denosumab group (1 of 33 patients; 3%) compared with 
the IV bisphosphonate group (3 of 16 patients; 19%) who 
experienced an SRE during the study.20 These results indi-
cate that switching to denosumab from an IV bisphospho-
nate is feasible (if such a situation were to occur), although 
further study is required to examine more patients and to 
observe the toxicity profile when switching from one drug 
to another.30,40

Duration of bone-targeted therapy 

According to the National Comprehensive Cancer Network, 
the optimal treatment duration for either zoledronic acid or 

denosumab is uncertain.30 However, zoledronic acid has 
been shown to be safe in patients with metastatic CRPC for 
up to 24 months.8 The most recent study that compares zole-
dronic acid and denosumab was event- and not time-driven; 
the median duration of treatment was 11.9 months. Safety 
data are available for a concurrent phase III trial comparing 
denosumab to placebo in patients with high-risk prostate 
cancer, with the median treatment duration for denosumab 
being 19 months.33 Results from the 2-year open-label exten-
sion of patients with metastatic breast cancer have provided 
safety data for nearly 5 years of denosumab therapy. At the 
same dose used for patients with CRPC, no new safety sig-
nals were found over this time period, although a patient’s 
risk of ONJ over this period should be considered. The risk 
of ONJ is cumulative and therefore increases with extended 
bone-targeted therapy. For denosumab, the cumulative inci-
dence of ONJ in patients with advanced breast cancer who 
received denosumab for up to 5 years was 4.7%.40 It should 
be noted, however, that the benefit of preventing SREs out-
weighs the risk of ONJ for both therapies.36

Conclusions 

Until recently, zoledronic acid was the only bone-targeted 
therapy available to reduce the risk of SREs in patients with 
metastatic CRPC in Canada. Based on the positive results 
of a pivotal phase III study, denosumab has recently been 
approved in Canada and presents another bone-targeted 
therapy option for patients with metastatic CRPC.
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