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1
BACKGROUND
Bisphosphonates are the principal medications used in the management of postmenopausal osteoporosis, and there are a number of agents currently available which have been demonstrated to prevent fractures.  Virtually all of the data demonstrating fracture prevention with bisphosphonates have come from trials for which the entry criteria were the presence of osteoporosis (i.e. bone density T-score < -2.5) or a prevalent vertebral fracture.  However, treating osteoporosis has only a limited capacity for decreasing the total number of fractures, since most fractures occur in women whose bone density is in the osteopenic range1
, since there are many more women in this category, even though their individual fracture risk is lower.  Therefore, if pharmaceutical intervention is to make a substantial impact on the total number of fractures, therapies with proven efficacy in the osteopenic postmenopausal population are needed.  

In most jurisdictions, treatment of osteopenic subjects is neither reimbursed nor recommended, because of the lack of trial evidence documenting efficacy.  However, there is some evidence to suggest that drug interventions may prevent fractures in this population, if appropriately powered studies are carried out. McCloskey randomised 5,596 men/women to receive daily treatment with clodronate or placebo over a period of 3 years, and demonstrated a reduction of 20% percent in the total number of fractures
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.  Anti-fracture efficacy was independent of baseline bone density, implying that fractures were prevented in the osteopenic population.  Clodronate tablets are not available in most parts of the world, nor is a daily tablet intervention particularly attractive for long-term fracture prevention since maintaining satisfactory compliance over many years in subjects who do not have the motivation of a previous fracture, may be very difficult to sustain.  Furthermore, clodronate is a weak bisphosphonate, and it is likely that significantly greater anti-fracture efficacy could be achieved with an agent that has larger effects on bone density. The Women’s Health Initiative also demonstrated fracture prevention with estrogen in a population of normal older women – osteoporotic fractures were decreased by 29-35% and total fractures by 24%3
. However, long–term estrogen therapy is an unattractive option for fracture prevention because of increased risk of vascular events and breast disease. Post hoc analyses of other interventions have also suggested efficacy
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, though these analyses are flawed because the original studies required a history of fractures in those not having bone density in the osteoporotic range. Thus, all study subjects had a high baseline fracture risk. The RUTH trial of raloxifene showed prevention of clinical vertebral fractures only, in a study of women selected for cardiovascular rather than fracture risk
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. In any event, prospective studies explicitly addressing anti-fracture efficacy in an osteopenic population will be necessary before widespread acceptance of this approach will be possible. 
Recently, there has been a move to make decisions regarding the use of anti-osteoporosis treatments based on absolute facture risk
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. Many subjects with a fracture risk above the intervention thresholds being recommended do not have osteoporosis. Therefore, the anti-fracture efficacy of the available interventions has not been established for many of the patients for whom therapy will be recommended using this strategy. The present study is therefore particularly relevant to validating this new approach to osteoporosis management. 
Zoledronic acid has a number of characteristics that recommend it for use in an osteopenic population.  It is given by annual or less frequent intravenous injection, which has a high patient acceptability likely to lead to high compliance, even in a population without prevalent fractures.  In the dose used for treating osteoporosis, it has a good safety profile.  Two large phase 3 trials have not disclosed any increase in osteonecrosis of the jaw
 ADDIN EN.CITE 
9,10
, and the study of Lyles et al found a 28% decrease in all-cause mortality in elderly subjects randomised to zoledronic acid9
.  The Lyles study also failed to find any evidence of an increase in frequency of atrial fibrillation, the only serious adverse event to occur more frequently than placebo in the previous phase 3 study.  Zoledronic acid is the most potent bisphosphonate available for clinical use, and has an anti-fracture efficacy in osteoporotic subjects which is unsurpassed by other agents in this class. 

2
AIMS

Primary


To determine the effect of zoledronic acid on the time to first osteoporotic fracture in osteopenic postmenopausal women. 


Secondary


To determine the effect of zoledronic acid on incidence of osteoporotic fractures in osteopenic postmenopausal women. 


To determine the effect of zoledronic acid on the time to first symptomatic fracture in osteopenic postmenopausal women.


To determine the effect of zoledronic acid on incidence of all symptomatic fractures in osteopenic postmenopausal women.


To determine the effect of zoledronic acid on the number of osteopenic postmenopausal women who experience at least one vertebral morphometric fracture during follow-up.


To determine the effect of zoledronic acid on incidence of vertebral morphometric fractures in osteopenic postmenopausal women.


To determine the effect of zoledronic acid on change in height in osteopenic postmenopausal women.


To determine the effect of zoledronic acid on all-cause mortality in osteopenic postmenopausal women.

Safety

To determine the effect of zoledronic acid on the frequency of adverse events  as specified in section 3.6.8 

Osteoporotic fracture has been chosen as the primary endpoint since this is likely to be a common fracture in this cohort11
, and these fracture types are sensitive to the effects of a bisphosphonate intervention
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3
RESEARCH DESIGN
3.1
SYNOPSIS
The proposed study is a prospective, randomised, placebo-controlled, double-blind trial to be carried out over a period of 6 years. The design closely follows that of the Auckland Calcium Study, which recruited a similar population and used similar assessment techniques
 ADDIN EN.CITE 
11,12
. Two thousand osteopenic postmenopausal women consenting to participate and meeting the inclusion/exclusion criteria will be randomly assigned to receive infusions of either zoledronic acid 5 mg or normal saline every 18 months. The primary end-point is osteoporotic fracture which will be monitored at visits and using postcards sent in by study subjects. Bone density and vertebral morphometry will be assessed at baseline, 3 years and 6 years. 

3.2
PATIENT SELECTION

3.2.1
Recruitment Strategy
Initial recruitment will be by posting of invitations to women selected from the electoral rolls. Press advertisements and presentations to groups of eligible women can be used in a complementary way, if necessary.

3.2.2
Inclusion Criteria 


-
Female subjects only will be studied. 

    
-
They must be >5 years postmenopausal and aged >65 years.


-
Life-expectancy >5 years.


-
Total hip or femoral neck T-score at either hip is between  -1.0 and -2.5 or equal to these values.
3.2.3
Exclusion Criteria

-
Renal impairment (eGFR <30 mL/minute)


-
Untreated hypo- or hyperthyroidism 


-
Active liver disease 


-
Concurrent major systemic disease

-
Active malignancy (other than skin cancers) within the last 2 years, or still requiring treatment (e.g. anti-estrogens)

-
Metabolic bone disease (ALP>150)

-
Regular use of hormone replacement therapy within the previous 1 year


-
Treatment with bisphosphonates in the previous 1 year


-
Current treatment with oral glucocorticoid drugs in a dose ≥2.5 mg/day

-
Regular use of other bone-active drugs in the previous year


-
BMD of lumbar spine (L1-L4) <-3.0

3.3
RANDOMISATION
Treatments will be allocated randomly to consecutively eligible patients from a randomization list prepared with variable block size.
3.4
INTERVENTION
Subjects will be randomised to receive infusions of either zoledronic acid 5 mg (administered in 100 mL of normal saline over at least 15 minutes) or this volume of normal saline alone over the same period. Pre-labelling of  bottles for infusion will be performed by two staff members who have no contact with the study subjects, and no role in any other study procedures, including assessments of end-points. All personnel having contact with study subjects and the subjects themselves will be blinded to treatment allocation.
All subjects not already receiving vitamin D supplements will be given calciferol 2.5 mg (2 x 1.25 mg tablets) as a single oral dose at least 1 week before having their first infusion of trial medication, and they will continue on calciferol 1.25 mg/month throughout the study (prescription provided for this at study visits). All subjects will be encouraged to have a total calcium intake of 1 g/day, using supplements if necessary. 

3.5
VISIT SCHEDULE 
Subjects will be seen at baseline and every 18 months. In subjects leaving the study before completion, a final visit or telephone contact will be arranged at which as much information as possible that would normally be collected at the 6 year visit will be obtained. A current study schedule is on the U drive, and will be emailed to Ian Reid when it is amended and kept in his Word protocol folder.
3.6
ASSESSMENT PROCEDURES

3.6.1
Life Style Information
Data collected at study entry will include the following:


-
Smoking history


-
Alcohol intake


-
Fracture history


-
Medical history



-
Family history of osteoporotic fractures


-
Age at last menstrual period 


-
Medications


-
History of falls in the previous year


-
Estimated sun exposure

This will be undertaken by a Baseline Questionnaire. All questionnaires referred to in this protocol are stored on the U drive, and in an email from Sumwai to Ian Reid dated 11/3/11.
3.6.2
Bone Density
Bone mineral density of the lumbar spine (L1-4), both proximal femora and total body will be measured at baseline, 3 years and 6 years using a GE Prodigy dual-energy, x-ray absorptiometer.  The copy function will be used for analysis of follow-up lumbar spine and hip scans. A spreadsheet will be maintained by the bone density technicians to record scan details, including dates of scans, any quality issues that would need review at the end of the study, and which scans are missing and why. When left and right hips were scanned separately at baseline, these will be converted to dual hip data.

Women with a decrease in BMD >10% at the total hip, femoral neck or spine at 3 years will be evaluated to determine whether continuing on blinded therapy is appropriate. Their absolute BMD and FRAX risk will inform the advice given to them (e.g. if BMD remains in the osteopenic range and hip fracture risk <3%, then continuation will be advised). If there is doubt regarding the technical adequacy of the BMD assessments, these should be repeated before patients are advised regarding the appropriateness of continuing blinded therapy.
3.6.3
Vertebral Morphometry
At baseline, 3 years and 6 years, vertebral morphometry will be performed using lateral spine radiographs. Films will be assessed semi-quantitatively, as described by Genant.13
  A prevalent fracture is defined as a vertebral body with a semi-quantitative grade of 1 or more. A new vertebral fracture is defined as an increase of at least 1 grade. Incident fractures identified semi-quantitatively will be measured to determine whether they also meet the quantitative criteria of a decrease in any vertebral height of more than 20%, and an absolute decrease of at least 4 mm. For the primary endpoint analysis, an incident vertebral fracture is defined as one identified on the semi-quantitative reading, and confirmed by these measurements. 

The procedure for radiograph assessment is shown in the Figure.
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In women not having an x-ray at year 6, their most recent trial x-ray will be used as the initial point in this assessment procedure (i.e. the film taken when they left the study or their year-3 film).
3.6.4
Symptomatic Fracture
This is a fracture reported by a subject. Subjects are asked to report fractures by telephone at the time of their fracture and these data are also collected via the Quarterly Bone Research Questionnaire. Subjects will be asked at each visit whether they have had any fractures since their last attendance. If they reply in the affirmative, then copies of either the radiograph from which the fracture was diagnosed or of a radiologist's report of the film(s) will be obtained. If a subject reports an episode of severe, prolonged skeletal pain suggestive of fracture but a radiograph has not been taken, then this will be arranged at the time of the visit (in our experience this situation is uncommon, though it does occasionally arise in relation to fractures that do not require active management- e.g. ribs, coccyx). Symptomatic vertebral fractures diagnosed independently of the study's assessments will be classified as "symptomatic fractures" as long as they also meet the criteria for definition of an incident vertebral fracture set out above. Pathological fractures (i.e. associated with cancer or other bone pathology, such as Paget’s disease) will be excluded from this definition. A study doctor will scrutinise the radiograph or its report to confirm that a fracture has occurred and that it is not a pathological fracture. This will be recorded in the fracture database.  If there is uncertainly, the report/radiograph will be reviewed by another study doctor. If uncertainty remains, a radiologist’s opinion will be sought and will be final. 
Subjects reporting a fracture will be asked: "Have you considered taking medication to prevent further fractures?" If they wish to have further information on the therapeutic options then this will be provided. In general, if a regional BMD T-score is <-2.5 (L1-4, total hip or femoral neck) on the most recent scan, or 10-year hip fracture risk by FRAX is >3% then active treatment would be advised. If they decide not to take other specific treatment then they will be eligible to remain on the study medication. Trial follow-up will continue whether or not subjects remain on study medication. 
3.6.5
Osteoporotic Fracture
Osteoporotic fractures are as defined for symptomatic fractures, excluding fractures of the toes, metatarsals, fingers, metacarpals, skull, facial bones and mandible, but including morphometric vertebral fractures. Fractures will not be excluded based on the degree of associated trauma, since low bone density is comparably associated with both high and low trauma fractures
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. 
3.6.6
Blood and Urine Tests
Prior to study entry the following tests will be undertaken to rule out conditions which would lead to a subject's exclusion from the trial or which are necessary to allow characterisation of the population studied: serum total calcium, albumin, creatinine, and ALP. Serum (4 aliquots) and plasma (2 aliquots) will be collected (fasting) at baseline and archived at -70C. Urine samples (2 aliquots) will be archived at baseline in subject numbers 1-200.

Serum (4 aliquots), plasma (2 aliquots) will be collected (fasting) at months 18, 36, 54 and 72 and archived at -70C in subject numbers 1-500. At month 72, blood samples will be drawn in all subjects. Urine will be collected (fasting) at 3 and 6 years in subject numbers 1-200.
Serum creatinine will be measured before dosing at years 3 and 6. The hospital computer will be searched for measurements of serum creatinine before each of these visits and if there is a normal value recorded in the previous 12 months then re-measurement will not be required. 
Before the 18 month and 54 month infusions serum creatinine will only be measured in those whose previous measurement of GFR was <50 mL/min or who have had a major illness in the interim that might have impacted on renal function.  The hospital computer will also be searched for measurements of serum creatinine before these visits to ensure that no abnormal creatinine values have been recorded.
Infusions of study drug will be withheld from participants with GFR <30 mL/min, and appropriate investigations and monitoring arranged.  Their ongoing follow-up will continue as in the protocol. If their GFR returns to be above 30 mL/min, future infusions are permitted if, after a careful appraisal of the circumstances, the investigator believes that is appropriate.

3.6.7
Stature
Stature will be measured using a Harpenden stadiometer at each BMD scan visit. The subject stands against the stadiometer such that her heels, buttocks and scapulae are in contact with the backboard. The operator should check the positioning of the feet and each point of contact with the backboard. The head should be positioned such that the lower margins of the eyes and the external auditory meati are on the same level. With the subject in the correct position she is instructed:  "Take a deep breath and stand tall."  This is done to straighten out any kyphosis or lordosis and produce the greatest unaided height.  It is at this point that the observer applies pressure to the mastoid processes - not to physically raise the head but to hold it in the position that the subject has lifted it to by breathing deeply.  The subject is then instructed to 'Relax' or to 'Let the air out' and 'Drop the shoulders'.  Stature is read to 0.1 cm. Three measurements are taken with the subject moving away from the stadiometer between each and the above procedure being repeated each time. The mean of the 3 measurements taken at each visit will be used. The stadiometer will be standardised on the first day of each working week. A record of these standardisations will be kept, showing the date and the initials of the person doing the standardisation.

3.6.8
Assessment of Side-Effects
Adverse events will be recorded at each visit but specific symptoms will not be enquired after. At the trial's conclusion the frequency of the following events will be compared between the groups: (i) death, (ii) sudden death, (iii) myocardial infarction, (iv) coronary artery revascularisation, (v) stroke (neurological deficit lasting more than 24 h thought to have a vascular basis), (vi) TIA (neurological deficit lasting less than 24 h thought to have a vascular basis), (vii) cancers, (viii) osteonecrosis of the jaw (defined as exposed bone in the mouth present for >8 weeks), (ix) atrial fibrillation (x) the sum of ii –v.
3.6.9
Quality of Life Questionnaire
The SF36 will be administered at each infusion visit and at month 72.  
3.6.10 Quarterly Questionnaire
A quarterly questionnaire will collect information about fractures, back pain, days of disability related to either of these as well as updating adverse events and changes in medications. This will be first administered at baseline.
3.6.11
Calcium and Physical Activity Questionnaires

Data will be collected using these two questionnaires at baseline, 3 and 6 years. . The calcium questionnaire is based on that used in the Calcium Men’s study with up to date food groups and nutritional values from Foodworks. The activity questionnaire is that used for many years in previous studies here.
3.6.12 Assessment of Blinding
At the last study visit, subjects will be asked:

Do you think you have been taking zoledronate or placebo?   
Possible answers will be: zol/plac/don’t know.
3.6.13 Life Style Information at Year 6
At the 6 year visit, data collected will include:


-
Smoking history


-
Alcohol intake


-
History of falls in the previous year

3.7
PREMATURE DISCONTINUATION

All subjects will continue to be offered follow-up, whatever protocol violations may occur. In subjects who decide to leave the study prematurely the following data should be collected:

	In all
	Reasons for discontinuation (e.g. personal reasons, side-effects [specify], other medication, intercurrent illness etc).

Quarterly Bone Research Questionnaire

	In those exiting at a scheduled visit
	The investigations that are part of that visit

	In those exiting in the month before a scheduled visit
	If they are willing to come in, then they should have the investigations that are part of that visit


3.7.1 Unblinding
When there are medical reasons for a subject needing to be unblinded, this will be notified to the Principal Investigator, who will determine whether unblinding is justified. If it is, he will obtain the subject’s treatment allocation from the study statistician, and communicate it to the subject or their medical practitioner, as appropriate. This information will not be communicated to any other study personnel. If possible, the subject will continue to participate in trial follow-up. It will be noted in the subject’s file that she has been unblinded and the PI will indicate whether trial medication should continue to be administered.
3.8
STUDY CONCLUSION
After the month 72 visit, participants will be sent an exit letter which indicates the treatment they received during the study and contains advice regarding their future management. Those who have received active zoledronate during the study will be recommended to receive no further active intervention, but invited to notify study staff of new fractures, will receive telephone calls to record incident fractures at 7.5 years and 9 years from study entry, and will be invited to have a further bone density measurement and blood collection at 10 years from study entry. At each of these 3 contacts, the following information will be solicited:

· Fractures since last contact, site, nature of fall etc, x-ray performed, where was the x-ray carried out, is a report available?

· Current medications

· Use of bone active medications currently or at any time since last contact

· Major intercurrent illness since last contact

Those who have received placebo throughout the study and have 10-year hip fracture risk by FRAX >3%, will be recommended to receive bisphosphonate treatment. 

No personnel that have patient contact will be aware of the treatment allocation.  A copy of the letter will be sent to the patient’s general practitioner, if they consent to this at their final visit.

3.9
STATISTICAL CONSIDERATIONS

3.9.1
Power
It is planned to recruit this study cohort using similar methods and criteria to those we used in a recent study of the effects of calcium supplementation11
. The fracture numbers observed in that study provide the basis for calculating the sample size for the present study. In that study, 120 osteoporotic fractures occurred in the placebo group (n=739) over the 5 years of the study. Based on this, a total sample size of 1843 (half in each arm) gives the present study 80% power to detect a decrease in osteoporotic fractures of 30%. Allowing for a 10% loss to follow-up (the figure from our calcium study was 10.1%), the total recruitment target needs to be 2027. If the treatment produces a 33% reduction in fracture numbers, then the required total study size is 1491. Similar estimates for the secondary endpoint of symptomatic fractures, indicate that a total cohort of 1628 is needed to detect a 30% decrease in fracture numbers, and 1321 to detect a 33% reduction. These calculations are based on a 5-year study. Running the study over 6 years will increase the study power further. 

With two groups of 921 this study has 80% power at the 5% significance level to detect a hazard ratio of 0.7 (assuming 16% event rate and a standard deviation of the predictor variable of 0.65  (PASS 2002,  Hintze, J [2006] www.NCSS.com).
Reductions in fracture numbers of this magnitude are biologically plausible based on the results of two recent studies of zoledronic acid. In postmenopausal women with osteoporosis, Black et al reported a 70% decrease in vertebral fractures and a 40% decrease in hip fractures in women treated with zoledronic acid
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. In subjects with recent hip fracture, the comparable reductions were 46% for clinical vertebral and 30% for hip fractures, respectively9
, and total symptomatic fractures were decreased by 35%. Osteoporotic fractures are more responsive to bisphosphonate intervention than total fractures, indicating that powering the study on a 30% decrease is justifiable and, in fact, conservative.  Comparison with the McCloskey study also suggests that this assumption is reasonable, since that study using a bisphosphonate of low potency, administered orally (with the compliance problems this is associated with) reduced total fractures by 20%

2

. The post hoc analyses of osteopenic cohorts referred to above demonstrated a 41% reduction in vertebral fractures with strontium

4

, a 73% reduction in fragility fractures with risedronate5
, a 35% reduction in vertebral fractures with raloxifene

7

, and a 60% reduction in vertebral facture with alendronate. 
3.9.2
Analysis

Analysis will be based upon the intention to treat principle.  The time to first fracture analyses will be presented as a Kaplan-Meier survival plot and the Cox proportional hazards modelled. The proportional hazards assumption will be tested and the log-rank statistic estimated. Comparisons between treatment and placebo arms for normally distributed continuous variables (e.g. height, bone mineral density and change in bone mineral density) will be made using a mixed models approach to repeated measures.  Where change in bone mineral density is the dependent variable, baseline bone mineral density will be included as a covariate in the model.   Significant main (time) and interaction effects (time by treatment) will be further explored using the method of Tukey.  In sensitivity analyses, missing data will be imputed by two methods: (a) carry forward, and, (b) multiple imputation (assuming missing at random). In further sensitivity analyses all analyses will be repeated censoring (for survival endpoints) or removing (for continuous endpoints) those who commence bone-active mediations during the trial.

Events (both fractures and adverse events) per woman-year will also be accumulated and presented as rate (95% confidence interval [CI]), and modelled using Poisson regression (or, if over-dispersion is apparent, a negative binomial distribution).  Relative risk (95% CI) of at least one fracture/adverse event will be calculated.  For adverse events, the number of individuals experiencing at least one episode will be compared between groups with the Fisher exact test, and presented as simple odds ratios with 95% CI.  Adverse events will be grouped by a clinician blinded to treatment allocation. Multiple events per woman will be modelled using Poisson regression as above. 
Analyses will be conducted using the programs of SAS v9.4 (SAS Institute, Cary, NC). All tests will be two-tailed and a P value less than 0.05 will be considered statistically significant.   The primary outcome will be tested at the 5% significance level.  Secondary and sensitivity analyses will not be adjusted for multiplicity.
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