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SUMMARY

Many randomized controlled clinical trials (RCTs) have investigated drug treatment for
women at high risk of fracture, with a reduction in fracture risk as their endpoint. Meanwhile,
progress has been made in identifying women at the highest risk of fractures. The most
important clinical determinant contributing to the clinical decision about initiating and
choosing drug therapy for fracture prevention is a woman’s fracture risk which, in RCTs, was
determined from menopausal state, age, bone mineral density, fracture history, fall risks and
glucocorticoid use. All RCTs included measures for adequate calcium and vitamin D intake.
Women with secondary osteoporosis were excluded, except in studies of glucocorticoid use.
A second determinant is the evidence for fracture prevention in terms of spectrum
(vertebral, nonvertebral and/or hip fractures), size and speed of effect. However, in the
absence of head-to-head RCTs with fractures as the endpoint, perceived differences in
fracture-reducing effects of anti-osteoporotic agents could relate to the drugs themselves,
the designs of the studies or the selection of patients. Only limited data are available on
fracture prevention in glucocorticoid users. Other determinants include the potential
extraskeletal benefits and safety concerns of the drug, patient preferences and

reimbursement issues.
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INTRODUCTION

During the past two decades, many randomized controlled clinical trials (RCTs) have
investigated drug treatment to reduce fracture risk in women with postmenopausal
osteoporosis, who are at high risk of fractures. The results of these RCTs guide therapy for
postmenopausal osteoporosis and, to a lesser degree of evidence, for glucocorticoid-
induced osteoporosis (GIOP).1-2 Meanwhile, the process of evaluating women to identify
those at highest risk of fractures has progressed, initially from the measurement of bone

mineral density (BMD) alone to the development of algorithms that are based on an
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integrated approach combining BMD, BMD-independent clinical fracture risks (age, personal
and family fracture history, low body weight, smoking, excessive alcohol intake, rheumatoid

arthritis and glucocorticoid use)34 and BMD-independent fall-related risk factors.5

The aim of this Review is to identify patient- and drug-related determinants that contribute to
the clinical decision about choosing and initiating drug therapy for prevention of fractures.¢
Cost-effectiveness is an issue of increasing interest but is not the focus of this article.”
References to RCTs published before 2006 are available in general reviews on

postmenopausal osteoporosis and GIOP.18
MECHANISMS OF ACTION OF FRACTURE-PREVENTION DRUGS

Fractures can be prevented by drugs that have different, and often opposite, effects on of
bone remodeling.1912 Antiresorptive drugs (bisphosphonates [etidronate, alendronate,
risedronate, ibandronate, zoledronate], raloxifene, calcitonin and estrogens) decrease bone
turnover. The recombinant human parathyroid hormone N-terminal fragment 1-34 (rhPTH [1-
34], known as teriparatide) and the full-length form (rhPTH [1-84]), by contrast, increase bone
turnover, but preferentially affect bone formation more than bone resorption. In between
these two extremes is strontium ranelate, which stimulates bone formation and inhibits bone
resorption in animal models. These drugs have a wide spectrum of effects in bone: from
preserving to rebuilding bone architecture and from preserving to profoundly affecting its

material, such as its mineralization (Table 1).

PATIENT CHARACTERISTICS

The most important clinical determinant regarding the initiation of osteoporosis treatment is a
woman’s fracture risk profile.13 All of the aforementioned drugs have been studied in
postmenopausal women with a high risk of fractures on the basis of menopausal state, age,
low BMD and/or presence of a morphometric vertebral fracture and, in some studies, other
clinical risks. Algorithms for predicting vertebral and nonvertebral fractures are available.23.14
Women with a fracture after menopause need immediate attention for counseling about
subsequent fracture risk, which is higher in the short-term than the long-term.15.16 Zoledronate
is the only agent that has been studied in patients selected on the basis of a recent hip
fracture, irrespective of BMD.11 Some of the drugs mentioned above have been studied in

women with GIOP.817-19

Women with postmenopausal osteoporosis are advised to adopt nonpharmacological
lifestyle interventions, including correcting calcium and vitamin D deficiencies (which was
part of all RCTs),2° optimizing protein intake, exercising, preventing falls, stopping smoking

and moderating alcohol intake.2 Women with postmenopausal osteoporosis need differential
17 november 2007 2



diagnosis to identify factors that frequently contribute to secondary osteoporosis (which was
an exclusion criterion in postmenopausal osteoporosis studies), many of which are
treatable.?! These approaches are considered necessary but insufficient to maximally
prevent fractures in women with postmenopausal osteoporosis or GIOP who are at high risk

of fractures (Figure 1).1.2.22

ANTIFRACTURE EFFECTS OF DRUGS

Patients with postmenopausal osteoporosis

The antifracture effects in patients with postmenopausal osteoporosis varied between drugs
(Table 2). However, in the absence of head-to-head studies, differences in fracture reduction
compared to placebo should not be compared directly and no inferences should be made
regarding superiority of one efficacious treatment over another, as the antifracture studies

differed in patient and study characteristics.®

In primary analyses, which give the highest level of evidence of fracture prevention in RCTs,®
all agents tested significantly decreased the risk of morphometric vertebral fractures.
Alendronate, risedronate, zoledronate, strontium ranelate and teriparatide also reduced the
risk of nonvertebral fractures, and alendronate, risedronate and zoledronate also reduced
the risk of hip fractures. Post hoc analyses in high-risk subgroups indicated that the selective
estrogen-receptor modulator (SERM) raloxifene and the bisphosphonate ibandronate

prevented nonvertebral fractures?3 24 and that strontium ranelate prevented hip fractures.t

The reported antifracture response varied between drugs and was typically around -40-60%
for vertebral fractures with all drugs, -15-30% for those that reduced the risk of nonvertebral

fractures and -15-60% for those that reduced hip fractures (Figure 2).1

The speed of onset of antifracture effects also varied between drugs. Early effects on
nonvertebral fractures have been reported within 6 months for risedronate,?> 12 months for
alendronate and strontium ranelate (in patients aged over 80 years)2¢ and 18 months for

teriparatide.

Postmenopausal osteoporosis in the elderly

Beyond postmenopausal osteoporosis, secondary analyses of data can indicate antifracture
effects in the elderly. In patients aged over 80 years, strontium ranelate had an antifracture
effect for vertebral, nonvertebral and clinical fractures, and for hip fractures in patients with

low T-scores in the spine and hip.2¢ The antifracture effect of alendronate did not wane at
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the age of 80-85 years.2’ Risedronate reduced the risk of morphometric vertebral fractures in
women aged 80 years and over.28 Teriparatide decreased the risk of morphometric vertebral
fractures in those older than 75 years.2® Antifracture data are available in the elderly on
zoledronate from the study of patients with a recent hip fracture, in which half of the cohort
was older than 74 years.1! In women aged 80-89 years with fall-related risk factors for hip
fracture, but without documented BMD-evidence of osteoporosis, risedronate did not
significantly reduce the risk of hip fracture.! In postmenopausal women with a T-score >-2.0
and no prevalent radiographic vertebral fracture, alendronate was not effective at reducing

nonvertebral fracture risk.!

Comparing the antifracture effects of different drugs in patients with postmenopausal

osteoporosis

Head-to-head RCTs that directly compare different drugs and have antifracture effects as
the primary endpoint could resolve some of the uncertainty regarding the differences
between drugs, but are unlikely to be conducted for postmenopausal osteoporosis as such

studies need enormous numbers of patients and would prove costly.!

One way to overcome this sample size restriction is to estimate antifracture effects in
systematic reviews or meta-analyses, which are considered the highest level of evidence-
based medicine.630 However, the results of meta-analyses vary greatly as a function of the
dose of treatment, duration of follow-up, selection of studied fractures and time of analysis.3°
Meta-analyses that include only patient groups with documented fracture risk3! give more
precise point estimates for use in daily practice than meta-analyses that include patients

without osteoporosis or without baseline BMD data.3?

Head-to-head randomized studies comparing the effect of alendronate and risedronate on
surrogate markers of fracture risk (favoring alendronate on BMD and markers of bone
turnover)3334 and nonrandomized postmarketing antifracture studies using a large-scale
pharmacy insurance database and a rigorous methodological approach (favoring
risedronate on hip fracture risk)3% have shown differences between drugs, but at a lower level
of evidence-based medicine (level 2B and level 3, respectively).t Clearly, there are
differences between classes of drugs in terms of their mechanisms of action, but also
between drugs of the same class, as shown for bisphosphonates, which differ in bone- and
enzyme-affinity.36. How strongly these pharmacological variations are related to clinical
differences in antifracture effects and whether they can therefore be used in clinical

decision-making remains unclear.

Glucocorticoid-induced osteoporosis
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At the least, all patients being started on glucocorticoid treatment should receive calcium
and vitamin D prophylactically.3” In GIOP (in starters or chronic users, at variable doses of
glucocorticoid), bisphosphonates increase BMD and reduce morphometric vertebral
fractures based on secondary endpoints, safety analyses, extension studies, and
combination of study populations.817.18 Specifically, there is evidence that alendronate,
etidronate and risedronate can prevent vertebral fractures, although etidronate has a lower
grade of evidence than alendronate and risedronate and might not reduce fracture risk.

Teriparatide was associated with increased BMD in women who were also taking estrogens.18

Head-to-head trials with antifracture data in post hoc or secondary endpoint analyses indicate
that alendronate had greater effects on BMD and bone markers in patients with GIOP than did
calcitriol®1” and calcitoning, without altering the incidence of vertebral fractures. In an interim
analysis at 18 months, a significantly greater increase in BMD (in hip and spine) and a significant
reduction in semi-quantitatively measured morphometric vertebral fractures were seen with

teriparatide compared with alendronate.1®

Combination and sequential treatment regimens

Combinations of antiresorptive drugs can induce a greater increase in BMD than each drug
separately, but the relationship of this change in BMD to fracture risk is unknown.48
Zoledronate reduced the risk of fractures in patients receiving SERMs, estrogens or calcitonin
in a prespecified subgroup analysis.10 The rise in bone formation, resorption markers and BMD
that is usually observed during treatment with either teriparatide or rhPTH (1-84) is blunted
when rhPTH is combined with alendronate.*849 |t is recommended, therefore, that
antiresorptives other than raloxifene are avoided during treatment with either teriparatide or
rhPTH (1-84).

In patients who have previously been treated with antiresorptives, teriparatide and rhPTH (1-
84) can increase BMD and the levels of bone-turnover markers in the serum, which varied
according to the previously used antiresorptive drug.5152 Teriparatide and rhPTH (1-84) are
now recognized for the treatment of postmenopausal osteoporosis when incident fractures
occur during adequate treatment with antiresorptives, and for the treatment of patients with
postmenopausal osteoporosis who have intolerance or contraindications to bisphosphonates
and SERMs. Teriparatide and rhPTH (1-84) treatment is continued for 18-24 months, and the
antifracture effect persists after withdrawal of teriparatide.s3 The gain in BMD that is achieved
by treating with teriparatide can be preserved by subsequent treatment with
antiresorptives.s3 In this setting, a 50-month open-label follow-up study indicated ongoing

nonvertebral fracture reduction.53
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EXTRASKELETAL BENEFITS OF DRUG TREATMENT

Extraskeletal benefits and risks also influence clinical decisions. For example, raloxifene
reduced the risk of invasive breast cancer by 66% over 8 years.38 This agent has recently
been approved by the FDA for the prevention of estrogen-receptor-positive breast cancer in

women at high risk, as well as in women with postmenopausal osteoporosis.

Estrogens attenuate severe climacteric symptoms, such as hot flushes.3® However, estrogen
treatment alone is generally not considered as a first-line treatment for osteoporosis, as the
potential side effects (breast cancer, venous thromboembolisms and cardiovascular
thrombotic events including stroke) are greater than the antifracture benefits, particularly in

older women.3°

Zoledronate, administered within 90 days of a hip fracture and then yearly for up to three
years, is the first antiresorptive drug that has been shown to be associated with a decrease in
all-cause mortality, reducing the levels by 28% over 2 years.!1 The reason for the reduced

mortality in this study is not clear.
SAFETY AND TOLERANCE OF DRUGS

Oral bisphosphonates are poorly absorbed and can cause esophageal irritation. Therefore,
they are taken with water, on an empty stomach, without lying down and at least 30 min
before eating (60 min for ibandronate). Patients with mild gastrointestinal intolerance to one
type of bisphosphonate can add an H2 blocker or proton pump inhibitor to ameliorate
gastrointestinal tolerance, or switch to other oral or intravenous bisphosphonates or to drugs
of other classes. Osteonecrosis of the jaw (ONJ) has been associated with the use of
bisphosphonates.° This unusual disorder has been most commonly reported in cancer
patients who have been treated with high-dose regimens of intravenous pamidronate or
zoledronate. The incidence is considered very low (<1/10,000 to <1/100,000) in patients taking
oral bisphosphonates at the doses used to treat osteoporosis and most of these cases can be
related to the length of administration of these bisphosphonates. Atypical fractures (such as
subtrochanteric fractures) have been reported during long-term treatment with oral
bisphosphonates given for osteoporosis. In one study, all reported patients had low, but still
ongoing, bone formation (measured by tetracycline labeling) on bone histology.*! In cases
of ONJ or atypical fractures, the consensus is that bisphosphonates should be withdrawn.40 In
dogs treated with bisphosphonates, a higher frequency of microcracks was found, but
among postmenopausal osteoporotic women undergoing long-term bisphosphonate

treatment, microcrack frequency in the iliac bone was low, despite a marked reduction in
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bone turnover.42 Bisphosphonates should only be used when creatinine clearance is >30
ml/min, as they can be nephrotoxic, especially when used at high doses for an extended
duration. Renal problems have been reported in patients treated with zoledronate, but
almost exclusively in those patients treated for malignancies.* Adequate hydration of the
patient at the time of infusion of the drugs, together with calcium and vitamin D
supplements, is recommended to avoid hypocalcemia. Atrial fibrillation has been associated
with the use of zoledronate in one study,° but not after use in patients with Paget’s disease

of bone or after hip fractures,!! and not with alendronate#4 or risedronate.4>

Raloxifene is contraindicated in patients who have had a venous thrombosis, and the
treatment must be stopped in situations of prolonged decubitus. Raloxifene increases the risk

of hot flushes and should not be given too soon after menopause has started.

In clinical trials, strontium ranelate caused a higher incidence of diarrhea during the first 3
months than did placebo. Postmarketing data indicate that very rarely drug rash with
eosinophilia systemic symptoms and Stevens Johnson-Syndrome can occur as a result of
treatment with strontium ranelate.t This treatment is also associated with an increased risk of
thromboembolic events.! Strontium ranelate should be used with caution in patients who
have had a thrombaosis, and the treatment must be stopped in prolonged decubitus

situations and in patients with skin reactions.

Teriparatide is associated with dizziness (in 9% of patients) and leg cramps (3%). A post-dose
increase in serum calcium is found in 11% of patients and in 3% when retested. Routine
calcium monitoring during therapy is not required for teriparatide, but is advocated for rhPTH
(1-84) because of the higher frequency of hypercalcemia (28%). Teriparatide is associated
with an increased risk of developing osteosarcoma during life-time treatment in rats.4”
However, no increased risk of cancer has been reported in clinical studies with teriparatide or
in primate models. Teriparatide is contraindicated for treatment of Paget’s disease of bone
and in situations where there are, or has or have been, unexplained elevations of serum
alkaline phosphatase, prior external beam or implant radiation involving the skeleton, bone
metastases or a history of skeletal malignancies, metabolic bone diseases other than
osteoporosis, or pre-existing hypercalcemia. It should only be used in adults with fully fused

epiphyses.
ROUTE AND FREQUENCY OF ADMINISTRATION

In many chronic diseases, including osteoporosis, low adherence to drug regimens is a
common problem. 54 One reason for this is that anti-osteoporosis drugs are prescribed for

fracture prevention, and not for symptomatic relief of pain. Adherence and persistence for
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bisphosphonates is low (40-60%), even when it is given weekly or monthly.54 Below a threshold
of 50% of persistence there is no antifracture effect.5 It is unclear to what extent low
compliance and persistence are related to the physician or to the patient.’s In patients who
do not comply with a weekly intake, monthly treatment with ibandronate (or intravenous

infusion every 3 months) or yearly infusions of zoledronate should be considered.
AVAILABILITY AND REIMBURSEMENT ISSUES

In spite of the indications put forward by the European and US governmental authorities, the
availability of drugs and reimbursement for their cost differ between countries and
continents. For example, reimbursement for teriparatide varies between countries in the EU
according to patient characteristics and incident fractures. Strontium ranelate is reimbursed
in EU countries for the treatment of postmenopausal osteoporosis (in women older than 50 or

only in women older than 80) but is not available currently in the US.
GENERIC DRUGS

On the basis of economic considerations, a number of generic forms of bisphosphonates are
now available in the EU, based on small, single-dose, bioavailability studies, and will also be
available in the US in early 2008. Differences in the disintegration/dissolution profiles of
generic forms of alendronate suggest that bioavailability studies might not be adequate for

the meaningful assessment of the safety and efficacy of generic drugs.s¢
UNRESOLVED QUESTIONS AND FUTURE RESEARCH

Many patients who experience a clinical fracture do not have BMD-osteoporosis.# The
upcoming WHO case finding strategy includes clinical risk factors that predict the individual
5-year and 10-year absolute fracture risk independently of BMD.3 Further clinical research is
needed to translate the results of RCTs into clinical practice, and thereby to fit drug

treatment with individual absolute fracture risk and its pathophysiology.

Vertebral fractures are, independent of BMD, a risk for new fractures.? Their presence is an
indication to initiate drug therapy and, when occurring during antiresorptive treatment, for
considering a switching to teriparatide or rhPTH (1-84). However, diagnosis of vertebral
fractures is often overlooked as a sign of bone fragility, as many such fractures occur
subclinically. Studies are needed to specify the indications for spinal X-rays or vertebral
fracture assessment using dual X-ray absorptiometry to identify patients with vertebral

fractures in a timely manner.57

Studies are needed to refine fracture prediction by measuring other components of bone

that contribute to its resistance to fracture (such as its microarchitecture, material
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composition and level of remodeling),5® by increasing our knowledge about genetic
backgroundss® and by integrating approaches to extraskeletal factors, such as fall risks, that

are frequently present in patients with a recent fracture.4.60

Could the mechanisms of action be helpful in making a clinical choice between drugs? The
limited vertebral antifracture data in the aforementioned head-to-head RCTs suggest that—
at least for GIOP—stimulation of formerly suppressed bone formation by teriparatide is a
more effective approach than suppression of bone turnover by alendronate.!® Such
observations should stimulate further research to fine-tune drug therapy according to the
pathophysiology that underlies fracture risk and the presence of clinical risk factors proposed
by the WHO.5 The effects of teriparatide and other upcoming bone-forming agentsé! open
new horizons for bone repair in patients in whom bone microarchitecture is severely
disturbed. The use of sequential treatment regimens that switch between currently available
and upcoming antiresorptive®2 and anabolict! agents during lifetime treatment is therefore

an attractive idea, but more data will be needed to substantiate such clinical pathways.
CONCLUSIONS

There is strong evidence in support of the initiation of effective osteoporosis medications in
women that have either postmenopausal osteoporosis or GIOP and a high risk of fracture.
The selection of the drugs can be based on answers to questions about patient
characteristics (menopausal state, age, BMD, fracture history, risk of vertebral, nonvertebral
and hip fracture, time of fracture (recent or old), GIOP, need for an extraskeletal benefit,
previous nonpersistence or noncompliance, and preferences of the patient) and drug
characteristics (mechanisms of action, antifracture effects, safety, and route and frequency
of administration). However, more work is needed to link drug characteristics with the
underlying causes of fracture risk in individual patients and to find nhew medications with both
antifracture and extraskeletal effects so as to increase patients’ acceptance and efficacy of
therapy. The perspective of fracture prevention by sequential treatment that first restores the
lost bone and then maintains the newly formed bone, combined with fall prevention

strategies, provides a window of opportunity for further prevention of fractures.
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Table 1 Mechanisms of action of drugs that prevent fracture risk.

Change to relevant

markers

Bone

resorption
Antiresorptives \Z
Strontium ranelate Ja

rhPTH (teriparatide or rhPTH[(1- ™
84])

Bone Architecture Mineralization
formation

N\ U N

Na Na

O N v

Abbreviations: rhPTH, recombinant human parathyroid hormone; U, unchanged.

aDemonstrated in animal studies.
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Table 2 Fracture reduction by drugs in postmenopausal women with osteoporosisa

Drug Fractures prevented

Vertebral Nonvertebral Hip

Primary Primary Post hoc Primary Post hoc

analysis analysis subgroup analysis subgroup

analysis analysis

Alendronate + + NA + NA
Risedronate + + NA + NA
Ibandronate + ND +b ND ND
Zoledronate + + NA + NA
Raloxifene + ND +c ND ND
Calcitonin + ND ND NA NA
Strontium + + NA ND +d
ranelate
Teriparatide + + ND ND ND
(thPTH [1-34])
rhPTH (1-84) + ND ND ND ND

aThe data are derived from women with a low T-score and/or prevalent vertebral fracture
from primary analyses, which give the highest level of evidence in RCTs, and from post hoc

analyses in high-risk subgroups.

bif T-score < -3.0; or if T-score < -2.5 and a fracture has occurred during previous 5 years;
possibly dose-related.

cIn the subgroup with severe prevalent vertebral fractures (>40% of height loss)

dif T-score <-2.4 and age >74 years

Abbreviations: NA, not applicable; ND, no data; RCTs, randomized controlled trials; rhPTH,
recombinant human parathyroid hormone.
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Figure 1 Pyramidal approach to prevention of fractures in patients at high risk of fracture.

All women with postmenopausal osteoporosis and glucocorticoid-induced osteoporosis
need lifestyle advice (bottom), which relate to diet, exercise, fall prevention, cessation of
smoking and moderation of alcohol intake. The next step is the differential diagnosis of
contributors to secondary osteoporosis (such as diseases and drugs [mid level]), followed by
treatment with antiresorptive or anabolic drugs in those at high risk of fractures (top).
Adapted after the Surgeon General 22

17 november 2007 17



Figure 2 Reduction of nonvertebral fractures versus placebo as reported in analyses at the
end of the primary antifracture studies. The reduction of risk of fracture is expressed as a
relative risk (RR) with 95% confidence intervals.! The risk reduction varied between studies, but
the size of effect cannot be compared in the absence of head-to-head trials between
drugs.t Abbreviations: BMD, bone mineral density; FIT, Fracture Intervention Trial with
alendronate in patients with an existing vertebral fracture (FIT1) and in patients with low BMD
but without vertebral fracture (FIT2); HORIZON, Health Outcomes and Reduced Incidence
with Zoledronic Acid Once Yearly Pivotal Fracture Trial; HORIZON RFT, HORIZON recurrent
fracture trial; MORE, Multiple Outcomes of Raloxifene Evaluation study; SOTI, Spinal
Osteoporosis Therapeutic Intervention; TOP, Treatment of Osteoporosis with Parathyroid
Hormone Study (with recombinant human parathyroid hormone 1-84); TROPOS, Treatment of
Peripheral Osteoporosis studies with Strontium ranelate; teriparatide, study using recombinant
human parathyroid hormone 1-34; VERT MN and VERT NA: Vertebral Efficacy with
Risedronate Therapy studies (Multinational and North America). The following studies were
not included: BONE (oral iBandronate Osteoporosis vertebral fracture trial in North America
and Europe), as no RR were indicated for nonvertebral fractures (no effect in total group);
and PROOF (the Prevent Recurrence of Osteoporotic Fractures study), as the RR for
nonvertebral fractures was only significant in the low dose (100 IU/day: RR = 0.64 (0.41-0.99)
but not at 200 and 400 IU/day.

KEY POINTS

¢ There is strong evidence that supports the initiation of effective osteoporosis
medications in women with postmenopausal osteoporosis or glucocorticoid-
induced osteoporosis who have a high risk of fracture

e The selection of specific drug treatment can be based on characteristics of
the patient and of the drug, and should include adequate calcium and
vitamin D intake

e More work is needed to fit drug treatment with the underlying causes of
fracture risk in an individual patient

e Sequential treatment with anabolics and antiresorptives, combined with fall
prevention strategies, provides a window of opportunity for the further
prevention of fractures

REVIEW CRITERIA

All ful-text papers in the English language on randomized controlled trials in
postmenopausal osteoporosis with fracture prevention as a primary endpoint and
such trials in glucocorticoid-induced osteoporosis with antifracture data were included
in this Review.
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