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BONE MODIFYING AGENTS

• ZOLEDRONIC ACID 

• DENOSUMAB- fully human monoclonal antibody that binds to and 
neutralizes RANKL on osteoblasts and their precursors.



•  In this phase 3 study, men with castration-resistant prostate cancer and no previous exposure to intravenous 
bisphosphonate were enrolled from 342 centres in 39 countries. An interactive voice response system was used to 
assign patients (1:1 ratio)

• 120 mg subcutaneous denosumab plus intravenous placebo, or 4 mg intravenous zoledronic acid plus subcutaneous  
placebo, every 4 weeks 

• The primary endpoint was time to first on-study skeletal related event (pathological fracture, radiation therapy, surgery 
to bone, or spinal cord compression), and was assessed for non-inferiority.

BACKGROUND DATA

Fizazi et al. Lancet 2011; 377: 813–22







• The FDA-approved administration schedule for both agents is every 4 weeks, 
however less frequent administration (i.e. every 12 weeks) is commonly observed 
in practice due to patient convenience. 

• The efficacy and safety of these extended interval regimens is well-established for 
zoledronic acid, however there is little evidence available supporting this practice 
with denosumab.



Extended dosing data: zoledronic acid 

JAMA. 2017;317(1):48-58.doi:10.1001/jama.2016.19425

The primary end point was the proportion of patients having at least 1 skeletal-related event (defined as 
clinical fracture, spinal cord compression, radiation to bone, or surgery involving bone) within 2 years after 
randomization and a between-group absolute difference of 7% as the noninferiority margin. 

29.5% with 4-wekly schedule versus 
28.6% with 12 weekly schedule  had 
atleast 1 SRE 





Extended dosing schedule: Denosumab - limited data

• Patient & Methods: Adult patients with solid cancers and bone metastases who received at least two doses of denosumab 120mg were 
reviewed. Patients were grouped based on an average denosumab dosing interval of  dosing interval of <5weeks (short-interval) versus 5–
11weeks (mediuminterval) versus 12weeks (long-interval). ⩾

• The primary outcome was the time to first SRE while on denosumab between the short- and medium-interval groups. 

• The secondary  outcomes were overall survival (OS), efficacy comparisons between the other groups, and safety events.





ABSTRACT

•  Bone modifying agents, such as zoledronic acid and denosumab, are commonly 
used in patients (pts) with metastatic solid tumors to reduce the incidence of 
skeletal-related events (SREs). 

• The FDA-approved administration schedule for both agents is every 4 weeks, 
however less frequent administration (i.e. every 12 weeks) is commonly observed 
in practice due  to patient convenience. 

• The efficacy and safety of these extended interval regimens is well established for 
zoledronic acid, however there is little evidence available supporting this  practice 
with denosumab. 



Methods

• Pts with metastatic prostate cancer were evaluated for development of SREs 
during treatment with extended intervals of denosumab.

• 103 pts were evaluated and treated at Indiana University Health between 
September 2019 and September 2024 were  included in this analysis. 

• A historical control group of pts receiving every 4-week dosing was used as 
comparison.  (Fizazi et al. Lancet 2011; 377: 813–22)

• SREs were defined as pathologic fracture, spinal cord compression, operation, or 
radiation to bone. 

• Extended interval dosing is defined as an administration schedule 4 weeks apart 
on a consistent basis.



Statistical analysis

• Chi square or FISHER extract test for categorial variables

• Wilcoxon for continuous variable

• comparision of incidence of SREs between extended dosing and historical data 

• Time to SRE were estimated with Kaplan-mayer method and compared 1 sided 
test from brookmeyer and crowlell method 



Results 

• Median age at starting bone preserving agent was 70.6 years (range, 49.5-90). 31 
pts had metastatic castration-sensitive prostate cancer and 72 pts had metastatic 
castration-resistant prostate cancer  (mCRPC) at time of last follow-up.





• Incidence of SREs in all patients receiving extended interval denosumab was 23.3%.
• The incidence of SREs at the last follow up in patients with mCRPC receiving 

extended interval dosing was 26.6%. 
• This compares favorably to historical data with incidence of SRE in  the every 4 

weeks dosing group at 35.9% (p=0.10)



• Median time to development of SRE was not estimable when all patients in the 
denosumab extended interval group were included in analysis. 

• Median time to SRE in the mCRPC extended interval dosing group was 42.8 
months and 20.7 months in the historical every 4-week dosing group (p,0.01).

• SREs identified for all patients receiving extended dosing interval denosumab 
were pathologic fracture (3, 2.9%),  spinal cord compression (1, 1.0%), surgery (2, 
1.9%), and radiation to bone (22, 21.4%).
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