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Sponsor 

Novartis  

Generic Drug Name 

Zoledronic acid 

Trial Indication(s) 

Osteoporosis 

Protocol Number 

CZOL446H2301 

Protocol Title 

A multicenter, double-blind, randomized, placebo-controlled study to evaluate the safety and efficacy of zoledronic acid in the 
treatment of osteoporosis in postmenopausal women taking calcium and vitamin D 

Clinical Trial Phase 

Phase III 

Study Start/End Dates  

22-Jan-2002 to 15-Jun-2006. 
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Reason for Termination 

Not applicable. 

Study Design/Methodology 

This was an international, multi-center, randomized, double-blind, placebo-controlled trial in postmenopausal women with 
osteoporosis. Participants were classified and placed into one of two strata for treatment based on their “usual care” concomitant 
osteoporosis medication use at or prior to randomization. “Usual care” was comprised of various medications that included hormone 
replacement therapy, selective estrogen receptor modulators (raloxifene), calcitonin, tibolone, tamoxifen, dehydroepiandrosterone(s), 
ipriflavone, or medroxyprogesterone. Those in Stratum I received calcium and vitamin D only in addition to their assigned study drug, 
but no additional concomitant osteoporosis medications were allowed. The “usual care” for women in Stratum II involved taking 
calcium and vitamin D, plus any one of the additional osteoporosis medications listed above. All participants (Stratum I and Stratum 
II) were required to meet washout criteria for prior bisphosphonate use.  

Centers 

240 centers in 27 countries: Argentina (6), Australia  (7), Austria (6), Belgium (5), Brazil (6), Canada (11), China (2), Columbia (4), 
Finland (7), France (4), Germany (11), Hong Kong (1), Hungary (7), Israel (6), Italy (14), Korea (8), Mexico (6), New Zealand (1), 
Norway (8), Poland (6), Russia (20), Sweden (5), Switzerland (8), Taiwan (5), Thailand (6), United Kingdom (5), and United States 
(65). 

Objectives: 

Primary efficacy objective   

 To assess the proportion of patients with at least one new vertebral fracture over 3 years in Stratum I (modified intent to treat 
[mITT])   

 To assess the time to first hip fracture in all patients (Stratum I+II). 
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Secondary efficacy objectives 

 To assess the proportion of patients in Stratum I with at least (a) one new vertebral fracture, and (b) one new and/or 
worsening vertebral fracture 

 To assess the time to first clinical fracture, clinical vertebral fracture, and non-vertebral clinical fracture  
 To assess the percent change in bone mineral density (BMD) over 36 months relative to baseline for the hip (all sites), lumbar 

spine, and distal radius  
 To assess the relative change in the biochemical markers of bone formation over 36 months (N-terminal propeptide of type I 

collagen {P1NP} and bone specific alkaline phosphatase {BSAP})  
 To assess the relative change in the biochemical marker of bone resorption (beta c-telopeptides {b-CTx}) over 36 months   
 To assess the change in stadiometer height over 36 months relative to baseline  
 To assess the number of days of disability during the study due to a fracture or back pain that cause limited activities and bed 

rest 
Safety objectives 

 The overall AE profile. 
 Changes in laboratory parameters from baseline. 
 Changes in renal function 9-11 days following each study drug infusion and over the course of the entire study in a subset of 

5035 patients. 
 Changes in ECG parameters after the third study drug infusion in a subset of 559 patients. 
 Bone quality through histomorphometry measurements taken from bone biopsies at 36 months in a subset of 152 patients. 

Test Product (s), Dose(s), and Mode(s) of Administration 

The investigational therapy was supplied as a solution (5 mg zoledronic acid in 5 mL of sterile water for infusion) and was further 
diluted with 100 mL of normal saline. In addition, a new dosage form consisting of a 5 mg/100 mL zoledronic acid in a ready-to-infuse 
plastic bottle was made available. Zoledronic acid was given as a single, slow, 15-minute intravenous infusion. Patients received a 
single 15-minute intravenous administration of zoledronic acid 5 mg once per year at 0 (Day 0), 12, and 24 months and were then 
monitored over a 3-year period. 

Statistical Methods  
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With approximately 3700 patients per treatment group, a two-sided log-rank test for equality of survival curves had approximately 
90% power at a significance level of 5% to detect a 50% reduction in the incidence of hip fractures. This assumed a placebo fracture 
rate of 1.8% over 3 years under an exponential model and an annual exponential dropout rate of 0.054. A 2-group continuity 
corrected chi-square test with a 5%, 2-sided significance level had approximately 90% power to detect a 50% reduction in the 
proportion of patients with a new morphometric vertebral fracture over 3 years with 1126 patients per treatment group. This assumed 
a placebo fracture rate of 1.9% per year. A 2-group continuity corrected chi-square test with a 5%, 2-sided significance level had 
approximately an 80% power to detect a difference in the proportion of patients with a new and/or worsening vertebral fracture at 1 
year when the sample size in each group is 1479 patients. This assumes an incidence of new and/or worsening vertebral fracture of 
2.25% over the first year of the study in the placebo group and a 60% reduction in the zoledronic acid group.   

Study Population: Key Inclusion/Exclusion Criteria  

Inclusion criteria: 

 Females, between 65 and 89 years of age, inclusive (at randomization). 
 With either one of the two following fracture criteria:  

•   Radiological evidence of at least two mild or one moderate existing vertebral fracture(s) and a femoral neck BMD T-score ≤ -
1.5 (a local reading of BMD was used)  
•   Femoral neck BMD T-score ≤ -2.5 with or without evidence of an existing vertebral fracture (a local reading of BMD was used)  

 Who could not take or decided not to take oral bisphosphonates, fluoride, strontium, or parathyroid hormone (PTH)  
 Who were ambulatory or ambulatory with an assistive device (cane, walker, etc)   
 Who had signed written informed consent 

Exclusion criteria: 

 With any prior use of intravenous bisphosphonate within the last 2 years  
 Who used oral bisphosphonates except according to the washout schedule  
      •   At least 2 years (if used for 48 weeks or longer)  
      •   At least 1 year (if used for greater than 8 weeks but less than 48 weeks)  
      •   At least 6 months (if used for greater than 2 weeks but less than or equal to 8 weeks)  
      •   At least 2 months (if used less than or equal to 2 weeks)  
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 With prior use of strontium (all formulations)  
 With prior use of PTH for more than 1 week; or with a ≤ 6-month washout if used for ≤ 1 week  
 With prior use of sodium fluoride for >3 months and/or a total dose of elemental fluoride > 1500 mg at any time; or with a ≤2-year 

washout if prior use of sodium fluoride for ≤3 months and/or total dose of elemental fluoride ≤ 1500 mg  
 With prior exposure to anabolic steroids or growth hormone within 6 months of entry in the trial  
 With prior use of oral or intravenous systemic corticosteroids within the last year  
 With a history of iritis or uveitis, except when secondary to trauma, and must have resolved > 2 years prior to randomization. 
 History of osteogenesis imperfecta, multiple myeloma, or Paget’s disease. 
 Uncontrolled seizure disorders associated with falls. 
 Active primary hyperparathyroidism. 
 Self-reported history of diabetic nephropathy or retinopathy. 
 With serum calcium greater than 2.75 mmol/L (11.0 mg/dL).  
 With hypocalcemia (serum calcium less than 8 mg/dL or 2.0 mmol/L at Visit 1 and/or Visit 2). 
 With a baseline renal insufficiency (calculated creatinine clearance < 30.0 mL/min) at Visit 1 or Visit 2, or urine dipstick ≥ 2+ 

protein without evidence of contamination or bacteriuria. 
 With a serum creatinine increase between Visit 1 and Visit 2 of > 0.5 mg/dL. 
 Who had bilateral hip replacement or bilateral hip surgery with implantation of an appliance. 
 With a new diagnosis or active treatment for cancer less than or equal to 12 months prior to Visit 1; or those with known 

metastases (or by history). Those with the following were not excluded: basal cell or squamous cell carcinoma of the skin, colonic 
polyps with non-invasive malignancy which have been removed, ductal carcinoma in-situ (DCIS) that has been surgically 
removed, and carcinoma-in-situ (CIS) of the uterine cervix that has been surgically removed.   

 With AST or ALT greater than twice the upper limit of normal.  
 With alkaline phosphatase greater than twice the upper limit of normal. 
 With a history of hypersensitivity to bisphosphonates. 
 Who had used any investigational drug(s) and/or devices within 30 days prior to randomization.   
 With any medical or psychiatric condition which, in the Investigator’s opinion, would preclude the participant from adhering to the 

protocol or completing the trial per protocol.  
 Who used hip protectors 
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Participant Flow Table 

Patient disposition (ITT Population) 

 

 

Baseline Characteristics  

Demographic and disease background characteristics (All randomized patients)  
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Summary of Efficacy 

Primary Outcome Result 

Between-treatment comparison of the proportion of patients with at least one new vertebral fracture over 36 months in 
Stratum I (mITT)  

 
1n is the number of patients with the event and % is calculated as n/N*100  
2The relative risk is the likelihood of a vertebral fracture in the zoledronic acid group vs. the placebo group. A relative risk < 1 implies that 
zoledronic acid-treated patients have a lesser likelihood of having a vertebral fracture than placebo-treated patients  
3The p-value comparing between-treatment differences in vertebral fracture rates is computed from a logistic regression with treatment and 
baseline fracture status as explanatory variables based on the likelihood ratio test. 

Between-treatment comparison of the incidence of first hip fracture over time (ITT population) 

 
1n is the number of patients with the event.  
2The event rate is from Kaplan-Meier estimate at Month 36.  
3The hazard ratio/95% CI of zoledronic acid vs. placebo is computed from a stratified Cox proportional hazards regression model with treatment as 
a factor and stratified by study population stratum. A hazard ratio < 1 implies that zoledronic acid-treated patients have a lower risk of having a hip 
fracture than placebo-treated patients.  
4The p-value is calculated from a stratified log-rank test analyzed by study population stratum. 
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Between-treatment comparison of the incidence of first hip fracture over time by stratum (ITT population) 

 
1n is the number of patients with hip fractures over time.  
2The event rate is from Kaplan-Meier estimate at Month 36.  
3The hazard ratio/95% CI of zoledronic acid vs. placebo is computed from a Cox proportional hazards regression model with treatment as a factor. 
A hazard ratio < 1 implies that zoledronic acid-treated patients have a lower risk of having a hip fracture than placebo-treated patients.  
4The p-value is calculated from a log-rank test. 
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Secondary Outcome Results, 

Between-treatment comparison of the proportion of patients with vertebral fracture in Stratum I (mITT population) 
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†Corresponds to a secondary efficacy endpoint in the closed testing procedure specified for the interim analysis.  
1The relative risk is the overall relative risk of zoledronic acid vs. placebo. A relative risk < 1 implies that zoledronic acid-treated patients have a 
lower chance of having the event than placebo-treated patients.  
2The p-value for between-treatment difference is from a logistic regression with treatment and baseline fracture status in the model using log-
likelihood type approach. ***p-value < 0.0001.  
3Endpoint not analyzed and thus results not available. 
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Between-treatment comparisons of the proportion of patients in Stratum I with new vertebral fractures over 36 months in 
key subgroups (mITT population) 

 

 
†Subgroup included as one of the endpoints in the closed testing procedure specified for secondary efficacy variables (for interim analysis).  
1The relative risk is the likelihood of a vertebral fracture in the zoledronic acid group vs. the placebo group within the subgroup.  A relative risk < 1 
implies that zoledronic acid-treated patients have a lesser likelihood of having the event than placebo-treated patients.  
2The within subgroup p-value comparing the between-treatment difference for the subgroup is computed from the logistic regression with 
treatment and baseline fracture status in the model using log-likelihood type approach.   
***p-value < 0.0001 

Between-treatment comparisons of the incidence of first clinical fracture by fracture location (ITT population) 
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1Excluding finger, toe, and facial bone fractures.  
2Clinical vertebral fracture includes thoracic spine fracture and lumbar spine fracture.  
3Other fracture excludes clinical vertebral, hip, wrist, arm, ribs, finger, toe, and facial bone fractures.  
4 The event rate is from Kaplan-Meier estimate at Month 36.  
5 The hazard ratio/95% CI of zoledronic acid vs. placebo is computed from a stratified Cox proportional hazards  
regression model with treatment as a factor and stratified by study population stratum. A hazard ratio <1 implies  
that a zoledronic acid-treated patient has a lower risk of having the event than a placebo-treated patient.  
6 The p-value is calculated from a stratified log-rank test by study population stratum.  
Note: Pathological fractures and fractures due to excessive trauma are excluded. 
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Between-treatment comparison of the percentage change from baseline in total hip BMD, femoral neck, and lumbar spine 
by visit (ITT population) 
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†Corresponds to a secondary efficacy endpoint in the closed testing procedure specified for the interim analysis. 
Note: The percentage change from baseline is defined as 100x (post-baseline value minus baseline value) divided by baseline value.  
1n is the number of patients with evaluable measurements at both baseline and post-baseline visit, as determined by efficacy window.  
 2The LS mean is the least squares mean of the percentage change from baseline. The LS mean, the LS mean difference of zoledronic acid vs. 
placebo, 95% CI, and p-values are calculated from a three-way analysis of variance model with treatment, region (center was used for lumbar 
spine), and stratum in the model.    
***p-value < 0.0001 

 

 

 

 

 

 



  
 

Clinical Trial Results Website 
 
 

Page 17 
 

Between-treatment comparison of serum b-CTx (ng/mL) by visit (Bone marker population [b-CTx and BSAP]) 

 
†Endpoint in closed testing procedure for secondary efficacy variables specified for the interim analysis.  
1n is the number of patients with evaluable measurements at each visit, as determined by efficacy window 
2The p-value for the between-treatment baseline comparison is from analysis of variance model on loge (baseline) with treatment, stratum, and 
center as explanatory variables.  
3 The p-value for the post-randomization between-treatment comparisons is obtained from the analysis of covariance model on loge (ratio) with 
treatment, stratum, center, and loge (baseline) as explanatory variables, where ratio is defined as the post-baseline value divided by the baseline 
value. 
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Between-treatment comparison of serum BSAP (ng/mL) by visit (Bone marker population [b-CTx and BSAP]) 

 
†Endpoint in closed testing procedure for secondary efficacy variables specified for the interim analysis.  
1n is the number of patients with evaluable measurements at each visit, as determined by efficacy window  
2The p-value for the between-treatment baseline comparison is from analysis of variance model on loge (baseline) with treatment, stratum, and 
center as explanatory variables.  
3The p-value for the post-randomization between-treatment comparisons is obtained from the analysis of covariance model on loge (ratio) with 
treatment, stratum, center, and loge (baseline) as explanatory variables, where ratio is defined as the post-baseline value divided by the baseline 
value. 



  
 

Clinical Trial Results Website 
 
 

Page 19 
 

Between-treatment comparison of serum P1NP (ng/mL) ratio by visit (P1NP population) 

 
†Endpoint in closed testing procedure for secondary efficacy variables specified for the interim analysis.  
1n is the number of patients with evaluable measurements at each visit, as determined by efficacy window  
2The p-value for the between-treatment baseline comparison is from analysis of variance model on loge (baseline) with treatment, stratum, and 
center as explanatory variables.  
3The p-value for the post-randomization between-treatment comparisons is obtained from the analysis of covariance model on loge (ratio) with 
treatment, stratum, center, and loge (baseline) as explanatory variables, where ratio is defined as the post-baseline value divided by the baseline 
value. 
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Between-treatment comparison of change from baseline in height (mm) by visit (ITT population) 

 
†Endpoint in closed testing procedure for secondary efficacy variables specified for the interim analysis.  
1n is the number of patients with evaluable measurements at both baseline and post-baseline visit, as determined by efficacy window.  
2The LS mean is the least squares mean of the change from baseline. The LS mean, the LS mean difference of zoledronic acid vs. placebo, 95% 
CI, and p-values are calculated from a three-way analysis of covariance model with treatment, region, stratum, and baseline height in the model.    
***p-value < 0.0001 
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Days of disability due to fracture during the study (ITT population) 

  
Note: The fracture category is defined based on the quarterly CRF record on days of disability after fracture. 
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Days of disability due to back pain during the study (ITT population) 

 

 
Note: The back pain category is defined based on the quarterly CRF record on back pain questionnaire. 
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Summary of Safety  

Safety Results 

Adverse Events by System Organ Class 

Most frequent adverse events (AEs) (at least 5.0% for any group) by primary system organ class (Safety population)  
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Most Frequently Reported AEs Overall by Preferred Term n (%) 

Most frequent AEs (at least 5.0% for any group) by preferred term (Safety population) n) 
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Serious Adverse Events and Deaths 
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Qualitative ECG abnormalities pre-3rd infusion or post-3rd infusion (ECG Population) 
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Qualitative ECG abnormalities pre-3rd infusion or post-3rd infusion (ECG Population) – continued… 
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Other Relevant Findings 

AEs associated with change in renal function (Safety population) 
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Increase from baseline in serum creatinine more than 0.5 mg/dL and/or urinary protein dipstick more than 2+ by 9-11 day 
post-infusion visit (Renal safety population) 

 
Note: N is the number of patients with baseline and at least one post-baseline measurement at the specified visit, as determined by safety window. 
For protein urine dipstick, baseline urine dipstick ≤ 2+ is required.  
Note: n is the number of patients who reported the event at least once at the specified visit, as determined by safety window.  
1The overall indicates any 9-11 day post-infusion visit. 

 

 

 

 

 



  
 

Clinical Trial Results Website 
 
 

Page 31 
 

Increase from pre-infusion in serum creatinine more than 0.5 mg/dL by 9–11 day post-infusion visit (Renal safety 
population) 

 
Note: N is the number of patients with baseline and at least one post-baseline measurement at the specified visit, as determined by safety window.  
Note: n is the number of patients who reported the event at least once at the specified visit, as determined by safety window  
1Overall indicates any 9–11 day post infusion visit. 

Effect of active hypertension at baseline on increases from baseline in serum creatinine more than 0.5 mg/dL by visit (renal 
safety population) 
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Renal laboratory data (Safety population) 

 

 
Note: N is the number of patients with baseline and at least one post-baseline measurement at the specified visit, as determined by safety window.  
For protein urine dipstick, baseline urine dipstick ≤ 2+ is required.  
Note: n is the number of patients who reported the event at least once at the specified visit, as determined by safety window.  
1Patients with abnormal renal lab data at the last assessment.  
2Patients with abnormal renal lab data any time during the study. For patients in renal safety population, this includes the abnormality observed at 
the renal monitoring visits. 
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Mean changes in serum creatinine and calculated creatinine clearance from baseline over time (Safety population) 

 
Note: n is the number of patients with evaluable measurements at both baseline and the post-baseline visit, as determined by the safety window. 
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Adverse events of atrial fibrillation by year of dosing and time after dosing 

 

 
Note: N = Number of patients who received a study drug infusion for that year in the trial; n = the number of patients who had atrial fibrillation over 
that time period.   
Note: Patients are counted once in the overall and can be counted in multiple time periods in the event that they had more than 1 event. 
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Descriptive summary of quantitative bone biopsy parameters (Bone biopsy population) 
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