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ABSTRACT

Osteoporosis is a growing cause of morbidity and mortality in aging populations
worldwide, especially in postmenopausal women. Bisphosphonates are widely
prescribed for fracture prevention in osteoporosis. Meta-analyses have been performed
for alendronate, risedronate, and etidronate, examining their effectiveness versus placebo
in fracture prevention. Total withdrawals and adverse event withdrawals were examined
as safety outcomes. Systematic reviews were performed for two other bisphosphonates,
ibandronate and zoledronic acid and the results combined with previously obtained data
for the other bisphosphonates. Indirect treatment comparisons of the drugs against each
other and versus placebo were performed using Bayesian and frequentist methods. Both
types of analyses yielded almost identical results: zoledronic acid and alendronate were
the most effective bisphosphonates for preventing vertebral fractures. No differences
were found regarding withdrawals. Subgroup analyses found that fracture prevention was

generally more effective with longer therapy (greater than or longer than 3 years).
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1 INTRODUCTION
1.1 Rationale

Osteoporosis is a serious health issue in the elderly, especially post-menopausal women,
as its associated fragility fractures result in substantial morbidity and mortality®.
Osteoporosis increases the risk of bone fracture’. The number of seniors with
osteoporosis is expected to continue to grow over the coming decades in Canada and the
United States®, making the cost of osteoporosis and its complications an increasing
burden to the health care system. Fragility fractures (fractures that result from minimal
trauma or a fall from standing height or less) are frequently associated with the beginning
of a loss of function and independence and can have a substantial impact on the quality of
life for those affected and their caregivers®. Thus the prevention of osteoporosis and its
associated fragility fractures can have many benefits at individual, population, and

societal levels.

The most frequently used medications for fracture prevention in postmenopausal women
with osteoporosis are bisphosphonates, which are synthetic analogues of a naturally-
occurring compound®. Initially these products were clinically used for their ability to
inhibit calcification; subsequently they were investigated and approved for conditions in
which there is an increase in bone resorption, which leads to a weakening of bone and
increased fracture risks®. In addition to being used in osteoporosis, bisphosphonates are
also used in other bone metabolism disorders such as Paget’s disease and hypercalcemia
of cancer. Given the increasing number of seniors that are being treated with
bisphosphonates for extended periods of time, evaluating the benefits and harms of these
products is important so that patients and health care professionals can make informed

decisions about their use.

Worldwide there are five commonly used bisphosphonates for the prevention of fractures
in women with postmenopausal osteoporosis: etidronate, alendronate, risedronate,

ibandronate, and zoledronic acid’. The comparator for these products in clinical trials



conducted for regulatory approval was placebo (plus calcium and vitamin D). Although
the early bisphosphonates were approved using bone mineral density as the outcome,
regulators now require demonstration of decreased fracture risk for approval®®.
Information on the comparative efficacy of the different bisphosphonates in osteoporosis
is limited as there have been few head-to-head trials examining the differences between
bisphosphonates, and only one has used fracture as an endpoint™. In addition, fracture
prevention trials are lengthy (1 year or longer) and therefore resource- intensive.
Consequently it is unlikely that there will be enough direct evidence comparing the
bisphosphonates that are authorized for the treatment of osteoporosis. Meta-analyses have
been performed for some individual bisphosphonates and published as Cochrane reviews,
combining data from trials that used a placebo as a comparator'*™**. Neither ibandronate
nor zoledronic acid have been the subject of such reviews. Previous indirect treatment
comparisons have not made use of newer network meta-analytic techniques or been
conducted with the most recently available data. Although bisphosphonates are generally
considered to have a positive safety record, there have been concerns regarding
withdrawals and adherence to long-term therapy, in addition to uncommon adverse

events such as atypical fractures and osteonecrosis of the jaw.

The rationale of this thesis was to summarize current efficacy and safety data for
bisphosphonates by updating previously obtained data and combining their results by
means of indirect treatment comparisons. As no similar review had previously been done
for ibandronate or zolendronic acid, separate systematic reviews of these products were
required. It is anticipated that this information will assist patients and professionals in
selecting appropriate therapies and identify areas that need further research.

1.2 Thesis objectives

The objectives of this thesis are:
1) To assess the clinical efficacy and safety of ibandronate in the primary and

secondary prevention of osteoporotic fractures in postmenopausal women



compared with untreated women (usually treated with calcium and vitamin D)
over a time period of at least one year.

2) To assess the clinical efficacy and safety of zoledronic acid in the primary and
secondary prevention of osteoporotic fractures in postmenopausal women
compared with untreated women (usually treated with calcium and vitamin D)
over a time period of at least one year.

3) To compare the clinical efficacy and safety of alendronate, risedronate,
etidronate, zoledronic acid, and ibandronate in the primary and secondary
prevention of osteoporotic fractures in postmenopausal women using indirect

treatment comparison methodologies.

1.3 Chapter description

Chapter 2 provides an overview of the pathophysiology of osteoporosis, its
epidemiology, and the burden of disease. A description of the different bisphosphonates
and their mechanism of action are provided. Other therapies that are currently in use for

osteoporosis with different mechanisms of action are also briefly discussed.

Chapter 3 presents the methods and results for the systematic review and meta-analysis of
the efficacy and safety of ibandronate used in the treatment of osteoporosis. Efficacy
outcomes were the number of vertebral, non-vertebral, hip and wrist fractures. Safety
outcomes were total number of withdrawals from trials as well as withdrawals due to

adverse events.

Chapter 4 presents the methods and results for the systematic review of the efficacy and
safety of zoledronic acid. The outcomes assessed were the same as those examined for

ibandronate.

Chapter 5 discusses the different methodological approaches for performing indirect

treatment comparisons, including the two which were used for the comparison of the five



bisphosphonates to each other as well as placebo (or calcium and vitamin D). Efficacy

and safety outcomes, as well as subgroup and sensitivity analyses are presented.

Chapter 6 presents closing remarks regarding network meta-analysis and the alignment of

results from this thesis with results from the literature.



2 BISPHOSPHONATE THERAPY IN OSTEOPOROSIS
2.1 Introduction to osteoporosis

Osteoporosis is defined as a skeletal disorder characterized by compromised bone
strength which predisposes those affected to an increased risk of fractures®*. In the
clinical setting it is defined by either low bone mineral density or a history of fragility
fracture'. Bone strength is dependent on bone density and bone quality. Bone quality
involves the architecture, turnover, accumulation of damage such as micro-fractures, and
mineralization. Bone density accounts for 70% of bone strength and is expressed as

grams of mineral per area or as volume.

Osteoporosis is a heterogeneous condition that can arise through multiple causes
including hormone loss, iatrogenic causes, physical limitations such as immobility or lack
of weight bearing activity, or genetic disorders. Primary osteoporosis is seen as a result of
aging as a consequence of a decrease in bone quality and quantity that occurs in both men
and women beginning in midlife**. Bone loss is more rapid in women following
menopause due to a loss of endogenous estrogen™®. Secondary osteoporosis results from
effects on bone from other medical disorders such as genetic disorders (osteogenesis
imperfecta), rheumatological conditions(arthritides), endocrine disorders
(hyperthryroidism, hyperparathyroidism, diabetes), inadequate nutrition via
malabsorption (such as Crohn’s disease) or diet (vitamin D), kidney disease, liver

disease, as well as being a result of certain medication use such as glucocorticoids'**’.

2.2 Diagnosis of osteoporosis

Osteoporosis is commonly detected by evaluating bone density through the measurement
of bone mineral density (BMD) of the spine or hip by Dual Energy X-ray Absorptimetry
(DXA)® and this technique is also used to evaluate a patient’s response to therapy. The
BMD is presented as gram per centimeter squared, and is compared to the mean value for

a young adult population and a “T-score” is calculated, being the number of standard



deviations (SDs) above or below the mean BMD for young adults'®. In 1994 the World
Health Organization Study Group on osteoporosis defined the disease as “a hip BMD
level of more than 2.5 SDs below the mean BMD for young, white, adult women”%,
Since the creation of this definition, newer research has indicated that although bone
mass or density is an important factor contributing to fracture risk, other elements such as

quality of bone are important®. Osteopenia is defined as a T-score between -1.0 and -2.5.

Osteoporosis can also be diagnosed on a history of a previous osteoporotic or fragility
fracture. These are fractures that result from minimal trauma or a fall from standing
height or less, and generally would not occur in individuals with normal bone®®. Such
fractures are a risk factor for future fractures and indicate a need for assessment and
treatment where appropriate.

2.3 Epidemiology and consequences of osteoporosis

Osteoporosis and its resultant fragility fractures are important public health issues® that
primarily impact the elderly. It has been estimated that 1 in 4 women in Canada and 1 in
8 men have osteoporosis'®. The population of Canada is aging and it is expected that 27%
of the population will be over 65 years of age by 2056, compared to 13.2% in 2005%. As
a result, the prevalence of osteoporosis and its consequences are expected to increase
dramatically over the next few decades®. In the United States, projections estimate that
>14 million people will have osteoporosis in 2020%. It is estimated that there are
approximately 9 million osteoporotic fractures worldwide annually, and that over half of
these occur in Europe and the Americas®’.

Osteoporosis is an important risk factor for bone fracture, and patients with osteoporosis
have a lifetime risk of fracture of greater than 40%?2. Osteoporosis is frequently diagnosed
after the first clinical fracture has occurred, because bone loss occurs slowly and is
asymptomatic in the early stages®**®. The overall lifetime risk of fracture in Caucasian
women has been estimated to be 50%°%” and osteoporotic fractures make up 80% of all

fractures in women over 50 years of age®.



Osteoporotic fractures can be classified as vertebral and non-vertebral (non-spine)
fractures. Non-vertebral fractures include hip, forearm, wrist, and others (e.g. humerus,
pelvis, ribs, lower leg). Vertebral fractures are the most common type of osteoporotic
fractures*’ and occur in 20% of postmenopausal women?®. These types of fractures are

often asymptomatic and may go undetected™.

The morbidity, mortality, and financial consequences of osteoporotic fractures in the
elderly are considerable. There is a significantly increased risk of death after hip and

vertebral fractures®®3

, which persists for 1 to 2 years after the event. Hip fractures are the
most serious type of osteoporotic fracture and are associated with permanent disability,
institutionalization, and increased mortality. Twenty percent of patients sustaining a hip
fracture will die within 12 months®. Vertebral fractures are also associated with excess
mortality, and are second to hip fractures in this respect®>*. Vertebral fractures are
predictive for subsequent vertebral, hip and other non-vertebral fractures®*. For all types
of fractures — hip, vertebral and other non-vertebral — mortality increases with age®. It is
estimated that women lose 11.2 years of life after a hip fracture and 2 years after a
vertebral fracture®. Hip fractures in particular can result in a significant change in
functional status, and 20% of women will require long-term care after such a fracture®.
The economic burden of osteoporotic fractures in the United States in 2005 was
estimated to be 17 billion for more than 2 million incident fractures and is estimated to
increase to 25 billion per year by 2025%. In Canada, it has been estimated that in 2008
the acute care cost of osteoporosis was 1.2 billion dollars, with 618.6 million being due to

the cost of osteoporosis-related hip fractures™.
2.4 Pathophysiology of osteoporosis

Bone is a living tissue that is constantly renewed, or remodeled, throughout life. This is
performed by two types of processes, bone resorption (degradation) and bone
formation®’. Bone resorption is a function of cells known as osteoclasts while bone
formation is performed by osteoblasts. The non-cellular components of bone are a

mineral phase embedded within an organic phase which is mostly type I collagen. The
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mineral phase consists of calcium and phosphate that form a crystalline structure known
as hydroxyapatite, which is deposited in between the collagen fibers. The two-phase
system of bone construction provides it with considerable strength that allows it to

withstand mechanical stress.

Normally bone resorption and formation are coupled processes, with resorption being
followed by formation®®. Osteoclast precursors are activated by the binding of receptor
activator of nuclear factor kB ligand (RANKL) to their RANK receptors. This stimulates
the precursors to form multinucleated cells that then differentiate to form osteoclasts
which then attach to the bone surface. After attachment, they secrete hydrochloric acid to
dissolve bone mineral and cathepsin K, which dissolves the bone matrix. Following
resorption, mononuclear cells prepare the surface for the work of osteoblasts, which
deposit layers of bone collagen matrix. After the mineralization of the matrix, some
osteoblast are incorporated into the bone matrix and become osteocytes that are

connected to the surface of the bone and with each other?.

In postmenopausal osteoporosis bone resorption by osteoclasts is increased, leading to a
loss of bone mass, weakened bone architecture, and an increased fracture risk®’. After
menopause, there is a decrease in estrogen production, which inhibits osteoclast activity.
The resulting estrogen deprivation contributes to a loss of bone mass as the osteoclasts
resorb bone?’. In addition, lower levels of estrogen are associated with decreased
intestinal calcium absorption and increasing urinary calcium loss®. As a result there is
rapid bone loss after menopause, with women losing about 12% of bone mass in the 5-7

years after menopause™.
2.4 Mechanism of action of bisphosphonates

Bisphosphonates are stable analogues of inorganic pyrophosphate, a naturally occurring
polyphosphate that inhibits calcification in soft tissues by binding to hydroxyapatite*®®.
Bisphosphonates, like pyrophosphate, have a high affinity for bone mineral and prevent

calcification®. In addition, bisphosphonates inhibit the dissolution of hydroxyapatite



crystals in bone*#2

and inhibit bone resorption by osteoclasts in animals. This high
affinity for bone relative to other tissues results in a high concentration of
bisphosphonates being deposited in the skeleton. The ability of bisphosphonates to
decrease bone resorption in conditions where there is excessive or imbalanced skeletal
remodeling led to the development of these compounds as a treatment for osteoporosis of
various origins including fibrous dysplasia, osteogenesis imperfecta, Paget’s disease of
bone, hypercalcemia, and skeletal involvement with malignancy®"*. The first
bisphosphonate that was investigated for therapeutic purposes was etidronate, which was
found to be effective for calcification disorders such as fibrodysplasia ossificans
progressive and Paget’s disease™**. They have since become the treatment of choice for

bone diseases characterized by excessive osteoclast activity®.

Bisphosphonates are widely thought to be most active against mature osteoclasts’. After
bisphosphonates are bound to bone mineral, they are released during resorption and
internalized by osteoclasts, where they induce several types of changes that can result in
cell death or a decrease in cell functions*. The anti-resorptive capacity of
bisphosphonates is related to their chemical structure and varying the R, side chain of
these molecules can alter their potency as much as 40-fold*”**°. Simple bisphosphonates
are those that lack a nitrogen atom in their side chain, such as etidronate. They are
metabolized in cells to non-hydrolysable ATP analogues, which induce osteoclast
apoptosis and inhibit bone resorption®®, probably by inhibiting intracellular ATP-
dependent enzymes™'. Nitrogen-containing bisphosphonates include alendronate,
risedronate, ibandronate, and zoledronic acid. These compounds act on several enzymes
in the mevalonate pathway, but their major target is the inhibition of the enzyme farnesyl
pyrophosphate synthase, whereby they prevent the prenylation of proteins needed for
osteoclast survival®*?. Each bisphosphonate is unique with respect to its ability to bind to
bone and it biochemical effects on cells. The rank order of binding affinity to the major
bisphosphonates used in postmenopausal osteoporosis is zoledronic acid >alendronate >
ibandronate > risedronate > etidronate®. In terms of ability to inhibit farnesyl

pyrophosphate synthase the order is zoledronic acid > risedronate > ibandronate >



alendronate. These features contribute to the different pharmacologic and clinical effects

of these molecules.
2.6 Bisphosphonates used in the treatment of osteoporosis

There are at least eleven bisphosphonates that have received approval for different
clinical indications in various countries, however not all have been authorized for the
treatment of post-menopausal osteoporosis’. Other indications for bisphosphonates
include genetic disorders, Paget’s disease, and hypercalcemia of malignancy. Although
theoretically all the bisphosphonates could be used in any of these conditions
characterized by excessive bone resorption, not all have undergone the clinical
development process for each condition. The bisphosphonates that are widely used in
postmenopausal osteoporosis are etidronate, alendronate, risedronate, ibandronate, and
zoledronic acid’. Minodronate is authorized in Japan for this indication™*.
Bisphosphonates have become the most commonly used treatments in postmenopausal

osteoporosis*>®®.

Etidronate was the first bisphosphonate to be used in humans as an inhibitor of
calcification, and was the first used in the treatment of post-menopausal osteoporosis™,
although it was not approved for this use until the 1990’s. In Canada, etidronate was the
first bisphosphonate approved in osteoporosis in 1995, followed by alendronate (1996),
risedronate (1996), and zoledronic acid (2005)°". Ibandronate is not marketed in Canada,
but is available in the European Union®® and the United States®®. Etidronate, alendronate
and risedronate are available in oral forms, ibandronate is available in both oral and
intravenous forms, while zoledronic acid is only available intravenously. Table 1 shows
the commonly used bisphosphonates used in the treatment of osteoporosis in Canada and
the United States.
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Table 1. Bisphosphonates authorized for prevention and treatment of osteoporosis
in Canada and the United States.

Bisphosphonate | Canada United States Dose and Route of Administration
Prev Treat Prev Treat Prev Treat
Alendronate Yes Yes Yes Yes 5 mg po daily 10 mg po daily, 70
mg weekly
Etidronate Yes Yes No No 400 mg po daily 400 mg po daily for
for 14 14
days of a 90-day days of a 90-day
cycle! cycle
Ibandronate No No Yes Yes 2.5 mg po daily, 2.5 mg po daily, 150
150 mg po mg po monthly, 3 mg
monthly iv every 3 months
Risedronate Yes Yes Yes Yes 5 mg po daily, 35 5 mg po daily, 35 mg
mg po weekly po weekly 75 mg po
twice per month, 150
mg po monthly
Zoledronic Acid | Yes Yes Yes Yes 5 mg iv annually 5 mg iv annually

Note: Prev, prevention; Treat, treatment; po, oral; iv, intravenous.
YEtidronate is a cyclical regimen given in 90-days cycles, with etidronate taken for the first 14 days followed by
calcium carbonate for the next 76 days.

2.7 Efficacy of bisphosphonates

The efficacy of bisphosphonates has been demonstrated in randomized placebo-
controlled trials using various endpoints including reduction in the incidence of fractures
and biochemical markers such as CTX and BMD. Currently, however, regulatory
agencies require that reduction in fracture risk be the primary endpoint for regulatory
approval®®*°. According to the European Medicines Agency, BMD is an important
predictor of osteoporotic fractures in postmenopausal women without a previous fracture
and although it may be the primary end point in exploratory studies it is not an
appropriate surrogate for fracture reduction for market authorization. For medicines that
have already been granted an indication based on anti-fracture efficacy, an extension of
the indication can be considered for a new dose, route of administration or formulation on

the basis of the demonstration of non-inferiority in terms of BMD changes.

All of the commonly used bisphosphonates for osteoporosis have been shown to decrease

vertebral fracture risk in randomized controlled trialszg, however, not all have been
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demonstrated to decrease a reduction in hip and other non-vertebral fractures. Non-
vertebral fractures occur less frequently than vertebral fractures®, and not all studies were
powered to detect a difference with respect to non-vertebral fractures. The
bisphosphonates that have been shown to decrease hip fracture risk in randomized

controlled trials versus placebo are alendronate and zoledronic acid.

The efficacies of alendronate, risedronate, and etidronate for the primary and secondary
prevention of osteoporotic fractures in postmenopausal women have all been the subject
of individual Cochrane reviews'**3, Studies that included women whose bone density
was within 2 SD of the mean or those in which the prevalence of vertebral fracture at
baseline was less than 20% were considered to be primary prevention studies. Trials were
classified as secondary prevention trials if they included women with bone density that
was less than 2 SD values below mean bone mass, if they included only women who had
a previous vertebral fracture, or if the average age of participants was greater than 62
years. These reviews found that these three drugs had different efficacy profiles for
primary and secondary prevention of different types of fractures (Tables 2 and 3).

Ibandronate and zoledronic acid have not yet been the subject of a similar review.

Table 2. Efficacy of selected bisphosphonates compared to placebo for primary
prevention of osteoporotic fractures in postmenopausal women**™.

Outcome measure Alendronate Risedronate Etidronate
10 mg/day for 1-4 years | 5 mg/day for 2 years 400 mg/day for 1-3
years
Vertebral fractures
RR (95% CI) 0.55 (0.38, 0.80) 0.97 (0.42, 2.25) 3.03 (0.32, 28.44)
Study quality moderate low Very low
Hip fractures
RR (95% CI) 0.79 (0.44, 1.44) Not estimable No trials available
Study quality low Very low

LRR (95% ClI), relative risk and 95% confidence interval.> Only one study was available.
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Table 3. Efficacy of selected bisphosphonates compared to placebo for secondary
prevention of osteoporotic fractures in postmenopausal women**™.

Outcome measure Alendronate Risedronate Etidronate
10 mg/day for 1-3 years | 5 mg/day for 3 years 400 mg/day for 1-3
years
Vertebral fractures
RR (95% CI) 0.55 (0.43, 0.69) 0.61 (0.50, 0.76) 0.53(0.32, 0.87)
Study quality Moderate Moderate moderate
Hip fractures
RR (95% CI) 0.47 (0.26, 0.85) 0.74 (0.59, 0.94) 1.20(0.37, 3.88)
Study quality moderate Moderate Low

1 RR (95% ClI), relative risk and 95% confidence interval.

Comparing the efficacy of the different bisphosphonates in reduction of fracture risk has
been hampered by a lack of head-to-head trials using fracture risk as a primary

endpoint>>®°

, although some active comparator trials have compared changes in BMD
and CTX®+®3, Systematic reviews have found only one head-to-head trial of
bisphosphonates that was designed to compare fracture outcomes'®®*. Some trials have
been conducted as open-label studies as there are blinding challenges with the various
dosage forms and dosing schedules (some products are administered orally daily, weekly,
or monthly, while others are given intravenously yearly or quarterly). Some trials have
reported fracture incidence as a secondary or safety endpoint or as part of overall adverse
event reporting. However, this requires the patient to present with clinical symptoms and
as a result asymptomatic vertebral fractures may go undetected. The incidence of “non-
vertebral” fracture determination from published studies can also be challenging as the

definition varies from trial to trial, may or may not include hip fracture, and may not be

fully explained in publications.

Number needed to treat (NNT) calculations have been used as one method for comparing
the efficacy of bisphosphonates in fracture prevention (compared with placebo) to each
other and other treatments for osteoporosis that promote bone formation, such as
strontium. Results from one analysis found that the NNT to prevent one vertebral fracture
over 3 years for alendronate ibandronate, risedronate and zoledronic acid ranged from 14
to 21%. Prevention of hip fracture over the same time period was calculated to be 91 for

alendronate, risedronate and zoledronic acid. Table 4 provides a summary of published
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NNT values for the most commonly used bisphosphonates®®. These findings must to be

interpreted with caution as the severity of disease in the study populations were variable;

for example, some studies included women with osteopenia while others restricted

inclusion to women with a BMD < 2.5 and prevalent vertebral fractures®. As a result, a

drug may have one NNT value for those at a lower risk for fracture, for example in

women with osteopenia only, and a different NNT value for those at higher risk.

Table 4. Number needed to treat values for fracture prevention in osteoporosis with

bisphosphonate use®.

Bisphosphonate Vertebral Fractures Non-Vertebral Hip Fractures
Fractures

Alendronate 14 — 60 39-68 90-447

Ibandronate 20 N/A N/A

Risedronate 9-20 20-56 91-276

Zoledronic Acid 13 37 91

Note: N/A, not available.

Indirect treatment comparisons can be used to compare the results of treatments through
the use of common comparators when there is a lack of available direct, or head-to-head,
comparisons®”®. These types of analyses are the basis of network meta-analyses
techniques that are being more frequently used to compare therapies that are unlikely to

be the subjects of randomized controlled trials.

One network meta-analysis® has compared zoledronic acid, alendronate, ibandronate,
risedronate, and etidronate but this study was subject to several limitations. The inclusion
criteria resulted in only 8 studies being included in the analysis, and did not include
studies published after November 2007. This analysis found that zoledronic acid use had
the greatest reduction in vertebral and hip fractures, and that risedronate use had the
greatest reduction in non-vertebral, non-hip fractures. This study report primarily the
results of a fixed effects model; the random effects model (now the preferred model for
network meta-analysis) estimates produced similar point estimates but wider credibility

intervals, which increased the uncertainty of the results.
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A subsequent network meta-analysis’® examined the relative efficacy nine drugs in
fracture reduction in post-menopausal women: alendronate, etidronate, ibandronate,
risedronate, zoledronic acid, denosumab, raloxifene, strontium, and teriparatide. The last
four drugs that were included in this analysis are not bisphosphonates and their clinical
effects are through other mechanisms of action. This analysis included 25 studies with
bisphosphonates from 1999-2009 and examined vertebral, non-vertebral, hip, and wrist
fractures. With respect to the bisphosphonates examined, zoledronic acid was the most
efficacious in reducing vertebral fracture risk. Although etidronate appeared the most
efficacious bisphosphonate for preventing non-vertebral fractures, the authors expressed
concern about this result as etidronate did not have a statistically significant result versus
placebo for non-vertebral fractures; in addition the trials were small and this resulted in a
small effect size. Zoledronic acid, followed by etidronate and alendronate were found to
be the most efficacious at preventing hip fractures, although there were less data available

for this analysis.

The most recent network meta-analysis’* compared the nine drugs included in the 2011
study and the same bisphosphonates (rather than generate odds ratios with credibility
intervals, the analytic techniques were adapted to generate relative risks and confidence
intervals for comparisons). Compared to placebo, all the agents except for etidronate
were effective in reducing the risk of vertebral fractures. Risedronate and zoledronic acid
were again found to be effective reducing the risk of non-vertebral and hip fractures,

while alendronate was effective in reducing the risk of non-vertebral fractures.
2.8 Safety of bisphosphonates

Since their introduction, concerns have arisen regarding the adverse event profile of
bisphosphonates, including irritation of the gastrointestinal tract, osteonecrosis of the jaw,
esophageal cancer, atrial fibrillation, and most recently “atypical fractures” such as low
energy fractures, fractures of the femur, and pelvic insufficiency fractures’. The product
monographs for the bisphosphonates marketed in Canada include warning statements

regarding these adverse events’>®. These safety issues have been identified through
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clinical trials, post-market surveillance and reporting, as well as observational studies.
Although observational trials are vulnerable to bias and have significant limitations with
respect to establishing causality’’, for certain uncommon events they may be the only
source of information available, and have been recommended to be included into

assessments of harm®8°,

The safety of bisphosphonates has been discussed in several review articles and specific
adverse events have been the subject of observational studies for uncommon and rare
adverse events, for example atypical femoral fractures®-®2. However, there has not been a
comparison of the adverse event profile of the different bisphosphonates, making the
benefit-risk evaluations of these drugs challenging. The Cochrane reviews of alendronate,
etidronate, and risedronate™ ™ did examine the relative risks of withdrawals due to side

effects in the included clinical trials, and this is summarized in Table 5.

Table 5. Withdrawals due to side effects of selected bisphosphonates compared with
placebo for prevention of osteoporotic fractures in postmenopausal women***,

Outcome Measure Alendronate Risedronate Etidronate
10 mg/day for 1-4 years | 5 mg/day for 2 years 400 mg/day for 1-3
years
Withdrawals due to
side effects
RR (95% CI)* 0.95 (0.83, 1.09) 0.96 (0.88, 1.05) 0.61 (0.25, 1.49) low
Study quality Low low

YRR (95% ClI), relative risk and 95% confidence interval.

Withdrawals to due to adverse events or other causes have not been the subject of any of

the previously discussed network meta-analyses.

2.9 Other therapies

There are other drugs authorized for the prevention and treatment of post-menopausal

osteoporosis in Canada and the United States.
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Raloxifene is a selective estrogen receptor modulator (SERM) which is authorized for the
prevention and treatment of osteoporosis in post-menopausal women in Canada®®. It is

administered as a daily 60 mg oral doses.

The SERM profile of raloxifene includes estrogen agonist effects on bone. Raloxifene’s
biological activity is mediated through high affinity binding to estrogen receptors,
resulting in the differential expression of several estrogen-regulated genes in different
tissues. As described previously, bone undergoes continuous remodeling throughout life.
Ovarian estrogen is important for maintaining the balance of bone resorption and
formation. After menopause, bone is initially lost rapidly because the compensatory
increase in bone formation is inadequate to offset the increased losses of bone due to
resorption. Although raloxifene increases BMD to a lesser extent than estrogen, the
effects of raloxifene on bone turnover in postmenopausal women parallel those of
estrogen, as shown by studies of bone mineral densitometry, radiocalcium Kinetics, bone

markers, and bone histomorphometry.

Teriparatide is authorized in Canada for the treatment of postmenopausal women with
severe osteoporosis who are at high risk of fracture or who have failed or are intolerant to
previous osteoporosis therapy®®. Teriparatide is administered as a subcutaneous injection

into the thigh or abdominal wall at a recommended dosage of 20 mcg once a day.

The biological actions of teriparatide, like those of parathyroid hormone (PTH), are
mediated through binding to specific high-affinity cell-surface receptors (PTH is the
primary regulator of calcium and phosphate metabolism in bone). Both teriparatide and
PTH bind to these receptors with the same affinity and have the same physiological
actions on bone. Daily administration of teriparatide stimulates new bone formation by
preferentially stimulating the activity of osteoblasts over osteoclasts. This results in an
increase in skeletal mass, an increase in markers of bone formation and resorption, and an

increase in bone strength.
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Denosumab is authorized in Canada for the treatment of postmenopausal women with
osteoporosis at high risk for fracture (defined as a history of osteoporotic fracture, or
multiple risk factors for fracture) or for patients who have failed or are intolerant to other
osteoporosis therapies®. It is administered as a single subcutaneous injection at a

recommended dosage of 60 mg, once every 6 months.

Denosumab is a RANK ligand (RANKL) inhibitor. RANK ligand is essential for the
formation, function and survival of osteoclasts, which are responsible for bone resorption
and are overactive compared with osteoblasts in post-menopausal women. Denosumab
targets and binds with high affinity and specificity to RANKL and as a result prevent the
activation of RANK, on the surface of osteoclasts. This interaction inhibits osteoclast

formation, function and survival, decreasing bone resorption and increasing bone mass.
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3 SYSTEMATIC REVIEW AND META-ANALYSIS OF EFFICACY AND
SAFETY OF IBANDRONATE

3.1 Introduction

A systematic review is a method of collecting empirical evidence according to pre-
specified eligibility criteria to answer a specific research question, and by doing so
minimize bias so that the results are more reliable®*®”. The Cochrane Handbook for

Systematic Reviews of Interventions® states that the key elements of such reviews are:

e “aclearly stated set of objectives with pre-defined eligibility criteria for studies;
« an explicit, reproducible methodology;

e asystematic search that attempts to identify all studies that would meet the
eligibility criteria;
« an assessment of the validity of the findings of the included studies, for example

through the assessment of risk of bias; and

e asystematic presentation, and synthesis, of the characteristics and findings of the

included studies.”

Systematic reviews provide a means of summarizing the known information about a
health care intervention in a manner that is objective, transparent, and reproducible®®, and

such reviews are considered to have less bias than narrative reviews.

When appropriate, the data obtained from a systematic review can be analysed using
meta-analysis, a statistical method used to summarize the results of independent studies™.
Meta-analyses can generate more precise estimates than those resulting from individual
studies and can provide information about the consistency of results across different

studies®.
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The following systematic review and meta-analysis of ibandronate in the treatment of
osteoporosis was performed according to the methods described in the Cochrane
Handbook®®, and is similar to those previously conducted for alendronate, etidronate, and
risedronate'**. Any deviations from recommended methodology are reported.

3.2 Methods

3.2.1 Study inclusion criteria

The PICO (population, intervention, comparator, outcome) criteria outlined below were

used to determine if studies were to be included in the review.

- Types of studies
Only randomized controlled trials (RCT) with a duration of at least one year were

included.

- Types of participants

Studies that enrolled postmenopausal women were included. Both primary and secondary
prevention trials were included to permit comparisons of outcomes by the severity of the
condition of the participants. If a trial restricted the population to women whose bone
density was at least 2 SD below the peak bone mass or to women who had already
experienced a vertebral fracture, it was considered to be a secondary prevention trial (as
these are indicators of more advanced bone loss). If the inclusion criteria were not
provided or were not clear, a trial was considered to be a primary prevention study if the
baseline characteristics indicated that the that the average T-score (and SD) was within 2
SD of the mean or the prevalence of vertebral fractures of the participants at baseline was
less than 20%.

- Types of intervention and comparator
Studies that randomized patients to receive ibandronate at any dose and any route of

administration or no treatment (including placebo or calcium plus vitamin D) were
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included. If the study used calcium and vitamin D controls, the same treatment had to be

given concurrently in the ibandronate treatment group(s).

- Types of outcome measures

The efficacy outcome measures of interest were the incidence of fractures (number of
women who sustained a fracture), and these were classified by vertebral, non-vertebral,
hip and wrist fractures, where possible. Safety outcomes included the total number of
withdrawals, number of withdrawals due to adverse events, and number of serious

adverse events when available.

3.2.2 Search methods

A computerized search strategy was created with the assistance of an information
scientist to incorporate both efficacy and safety outcomes. The following electronic
databases where searched through December 12, 2011 using an OVID interface:

- CENTRAL, DARE, HTA Database and NHS EED, The Cochrane Library, 2011
-  EMBASE, 1980 to 2011, week 49

- MEDLINE, 1948 to present and In-Process & Other Non-Indexed Citations

- Scopus

- WHO International Clinical Trials Registry Platform

No language limits were applied to the search. The full search strategies are presented in
Appendix 1.

In addition, the bibliographies of included articles, relevant systematic and non-
systematic reviews were searched for additional references. The websites of the United
States Food and Drug Administration and the European Medicines Agency were
searched for reviews and other documents relevant to ibandronate. These can be found

at:
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http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Ove
rview&DrugName=BONIVA

and

http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/00050
2/human med 000677.jsp&mid=WC0b01ac058001d124.

3.2.3 Methods of the systematic review

3.2.3.1 Selection of studies

Article titles and abstracts were assessed against the PICO eligibility criteria in an un-
blinded standardized manner by two assessors. If there were uncertainties regarding
eligibility, these were resolved by discussion and consensus with the thesis supervisor.
Any RCT that appeared to potentially meet the review criteria was obtained in full text
format, after which the inclusion criteria were applied and a final decision was made
concerning eligibility. There was no blinding of articles by study authors or research
centres as this has not been demonstrated to appreciably improve the review process, but

does increase workload®.

In the event that there were multiple published reports or outcomes from one study, these
publications were linked together and referred to by the included study. The primary
study publication was the one used for data extraction. For this review there was no need
to perform additional data extraction for the additional publications as they did not

contain additional fracture information.
3.2.3.2 Data extraction and management
Data was extracted from each eligible publication using a standardized data abstraction

form that was based on the Cochrane Consumer’s and Communication Review Group’s

data extraction template®.
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Information that was extracted included: 1) study design; 2) inclusion criteria and major
exclusion criteria; 3) characteristics of participants, including age, country, presence of
vertebral fractures, and concomitant medication use; 4) type of intervention including
study drug, duration of use, dose, frequency, and route of administration; 5) and
outcomes assessed, including number of patients with vertebral, non-vertebral, hip and
wrist fractures, total withdrawals, withdrawals due to adverse events, and serious adverse

events.

3.2.3.2 Quality assessment

Each included study was assessed for quality using the Cochrane Collaboration’s tool®®
for assessing risk of bias (ROB) by two independent assessors. Any uncertainties were
discussed until consensus was reached between the assessors and confirmed with the

supervisor.

The Cochrane ROB tool examines six separate “domains” with respect to risk of bias:
sequence generation, allocation concealment, blinding, incomplete outcome data,
selective outcome reporting and “other issues”. Each domain is included in a ROB table
that includes a description of what was done in the study as well as the assignment of a
judgment about the adequacy of the study with respect to minimizing potential sources of
bias. Three categories are used regarding ROB: low, high, or unclear. The judgment
about ROB is based on the adequacy of the publication in describing how these potential
sources of bias were addressed or minimized. Using the RevMan computer program
developed by the Cochrane Collaboration, figures and graphs illustrating the ROB can be

generated.

As recommended in the Cochrane Handbook, blinding was assessed with respect to the
blinding of participants and staff involved in the trial, as well as blinding of the outcome
assessors. In addition, blinding was assessed for both objective and subjective outcomes;

objective outcomes included those outcomes with objective criteria such as the
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assessment of radiographs, while subjective outcomes included outcomes such as

adverse events that were not assigned specific criteria.

3.2.3.4 Assessment of heterogeneity

Clinical heterogeneity was assessed by examining the clinical and methodological
diversity of the studies. Meta-analyses were only performed if the participant
characteristics, interventions, and outcome data of the included studies were assessed as
being sufficiently homogenous.

Statistical heterogeneity was assessed through examination of Forest plots to determine if
there was an absence of overlap in the confidence intervals that would suggest
heterogeneity®®. Heterogeneity was assessed formally by quantifying the magnitude of
inconsistency across studies with the 12 statistic®®®*. This statistic indicates the percentage
of variability that is due to heterogeneity rather than chance. The I? statistic is generally
interpreted using a rule of thumb where 25% suggests mild, 50% suggests moderate, and
greater than 75% suggests high heterogeneity. Any heterogeneity >50% was to be
assessed with sensitivity analysis where possible, for example with respect to study
characteristics such as primary or secondary prevention, participant characteristics such
as age, trial methodologies, and treatment protocols such as differences in dose and

duration of treatment.

3.2.3.5 Data synthesis

Review Manager 5.1 software available from the Cochrane Collaboration

(http://ims.cochrane.org/revman) was used for the statistical analyses, according to the

guidelines of the Cochrane Handbook®®. All outcomes of interest were dichotomous and
were analyzed using a random and fixed effects models. The random effects model
assumes that the studies included have estimated different treatment effects and is the

preferred model for such analyses as it is more conservative (as opposed to a fixed-effect
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model which assumes that the treatment effect is the same across all studies). Data were
pooled for primary and secondary prevention trials, and the risk ratios (RR) of fracture, as
well as corresponding 95% confidence intervals, was calculated for vertebral, non-
vertebral (non-spine fractures other than hip and wrist, such as shoulder or arm) hip and
wrist fractures, where possible. The random effects model was the primary analytical

model, and the fixed-effect model was used as a sensitivity analysis.

3.2.3.6 Assessment of publication bias

The potential for publication bias was to be assessed by the creation of funnel plots for
each outcome. The bias against the publication of smaller studies that have not found
statistically significant effects can lead to an overestimation of treatment effect in a meta-
analysis. Funnel plots are one way to potentially detect publication bias. They are visual
representations of the estimated intervention effects of each study and the study sizes.
Effect estimates are plotted on the horizontal axis and the measure of study size is on the
vertical axis, creating a funnel-shaped plot in which the effect estimates from smaller
studies scatter more widely at the bottom of the graph, whereas the spread is narrow
among the larger studies. Thus the plot resembles an inverted funnel when there is an
absence of bias. However, in the case of bias due to unpublished smaller studies, the
funnel appears asymmetrical and there is a gap in the shape of the gap. Funnel plot
asymmetry can result from other causes than publication bias (small study effects), and

these should be examined should asymmetry be detected.

3.2.3.7 Subgroup analyses

Subgroup analyses were planned similar to those that had been performed for the meta-

11-13

analyses of alendronate, risedronate, and etidronate™ " and included primary versus

secondary prevention trials, age of participants, treatment duration and treatment dose.
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3.2.3.8 Sensitivity analyses

Sensitivity analyses were to be performed examining any difference in results using: 1)
baseline denominators versus follow-up denominators; 2) random effects versus fixed-

effect models; and 3) baseline vertebral fracture rate.

3.3 Results

3.3.1 Results of the search

The systematic search strategy identified 657 studies of potential interest for the review
after the removal of duplicate reports. After inspection of the title and/or abstract, 626
reports were excluded, and as a result the remaining 31 references were screened by
reading the full text. Only 3 studies met the original inclusion criteria (ibandronate
compared to placebo), however 2 trials were identified that compared ibandronate to
another bisphosphonate, alendronate, so a separate analysis was performed to examine
these 2 bisphosphonates. The review process is depicted in Figure 1.
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Figure 1. Schematic of the review process for ibandronate.
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Appendix 2 contains a list of excluded studies and the reasons for exclusion.

3.3.2 Included studies

In total, 3 trials met the original selection criteria for inclusion****?. Two of these trials
were secondary fracture prevention trials and contributed 5806 patients**®**°. The third
was a primary prevention trial and contributed 160 patients*?°. Both efficacy and safety

outcomes were reported in all trials, but number of patients with new fractures was

118,119

reported as an efficacy outcome in two trials and as a safety outcome in the other

1*?% (change in bone mineral density was the efficacy outcome).
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Given the small number of trials that met the original criteria for inclusion, the original
search was then examined for head-to-head trials of ibandronate versus other
bisphosphonates. This search identified 2 trials that had the same active comparator,

alendronate®>!#

, and these trials were included in a separate analysis. Both of these trials
were secondary prevention trials. One trial contributed 158 participants*** and the other
contributed 1650 participants®®. Fractures were reported as adverse events (safety

outcomes) for both of these trials.

All studies were reported in English. Main characteristics of the included studies are

depicted in Appendix 3.
3.3.2.1 Characteristics of the patients

For the two largest trials™*®*'*

that compared ibandronate to placebo, participants were
postmenopausal women who either had prevalent vertebral fractures and a BMD T-score
between -2.0 and -5.0 in at least one lumbar vertebra, and were therefore secondary
prevention trials. The mean age of women in these studies was between 67 and 69 years.
Patients were had received previous treatment with bisphosphonates or those with
disorders of bone metabolism were excluded from these studies. The third trial included
postmenopausal women who had a BMD T-score between -1.0 and -2.5 who did not have

prevalent vertebral fractures (primary prevention)*?

. Women in this trial were younger
(mean age 53 years) than in the two larger trials, likely due to the exclusion of women
with prevalent fractures and the lower BMD T-score criteria. This trial also excluded
women who had previous bisphosphonate treatment (within 2 years), diseases of bone
metabolism, and those with major upper gastrointestinal disease (as bisphosphonate use is
associated with upper gastrointestinal adverse events such as esophagitis). Concomitant

medication use was not reported.

For the two trials that compared ibandronate and alendronate, the participants were
postmenopausal women with a BMD T-score lower than -2.0 or between -2.5 and -

5.00%12! Both were secondary prevention trials. The mean age of women in these studies
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was 65 years. History of bisphosphonate use or diseases of bone metabolism were

exclusion criteria for these studies. Concomitant medication use was not reported.

3.3.2.2 Characteristics of the intervention and comparators

In the three trials that compared ibandronate and placebo, patients received either oral or
intravenous ibandronate or placebo. All patients received calcium and vitamin D

supplements.

The two trials that utilized oral ibandronate provided daily or intermittent
ibandronate'®'?°. One trial used a daily dose of ibandronate (2.5 mg, annual cumulative
dose of 912.5 mg, intermittent ibandronate (20 mg every other day for 12 doses every 3
months, annual cumulative dose 960 mg), or placebo and had a duration of 3 years®.
The other oral ibandronate trial provided ibandronate monthly (150 mg, annual
cumulative dose of 1800 mg) or placebo for 1 year'®. The trial that used intravenous
ibandronate included three arms that used ibandronate 0.5 mg every 3 months (annual
cumulative dose 2 mg), ibandronate 1.0 mg every 3 months (annual cumulative dose 4
mg), or placebo for 3 years''®. The bioavailability of ibandronate is 0.6% (FDA
prescribing information) and can be used to calculate the approximate equivalent
intravenous dose for the trials that used oral ibandronate (Table 6).

Table 6. Ibandronate doses and routes of administration used in trials comparing
ibandronate to placebo.

Trial Duration Ibandronate Doses and Routes Annual Cumulative
of Administration Dose (mg)
Chesnut 2004™® 3 years 2.5 mg po” daily 5.5

20 mg po every other day for 12 5.76
doses every 3 months

Recker 2004™ 3 y-ears 0.5 mg iv? every 3 months 2
1.0 mg iv every 3 months 4
McClung 2009 1 year 150 mg po monthly 10.8

Ipo, oral. %iv, intravenous.

29




Both trials that compared ibandronate and alendronate were 1 year in duration. One trial
used intravenous ibandronate at a dose of 2 mg every 3 months (annual cumulative dose

of 8 mg)**

, While the other used oral ibandronate at a dose of 150 mg monthly (annual
cumulative equivalent dose 10.8 mg)®. Both trials used alendronate 70 mg monthly

administered orally as a comparator.
3.3.2.3 Characteristics of the outcomes

Two trials that compared ibandronate with placebo had a primary efficacy endpoint of the
rate of fractures (number of patients with a new fracture over the course of the trial)*#*%.
Fractures were reported as vertebral, non-vertebral, and in one trial*'® the number of hip
fractures was reported. Cumulative incidence (and number of patients) of vertebral
fractures was reported for both trials. However only cumulative incidence of non-
vertebral fractures was reported for one trial and the number of patients with such

119

fractures was not available™*. In one trial the non-vertebral fractures were not further

categorized*'®

, thus the number of hip fractures are unknown. The third trial that
compared ibandronate and placebo reported fractures as adverse events and all were non-

vertebral in nature®?°.

The two studies that compared ibandronate and alendronate reported fractures as adverse
events®®'?. One study reported fractures as vertebral and non-vertebral®?, while the other

study reported vertebral, non-vertebral, and hip fractures*?".

3.3.3 Quality assessment

The assessment of study quality yielded a low risk of bias in most domains. Adequate
sequence generation was not addressed in 4 studies, and allocation concealment was not
addressed in any of the 5 studies and this resulted in “unclear” assessments in these areas.
The risk of bias was “unclear” regarding the blinding of objective outcome assessment in

1 study and regarding the blinding of subjective outcome assessments in 4 studies. One
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study had a “high” risk of bias in the blinding of subjective outcome assessments. One

study had a “high” risk of bias with respect to incomplete reporting of outcomes.

The results of the risk of bias assessment using the tools provided in RevMan are shown

in Figures 2 and 3.

Figure 2. Risk of bias graph for included ibandronate studies®***#*?! (Assessor’s

judgments about each risk of bias item presented as percentages across all included
studies).
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Figure 3. Risk of bias summary for included ibandronate studies (Assessor’s

judgments about each risk of bias item for each included study).
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3.3.4 Publication bias

As there was a small number of studies included in each analysis (3 in the ibandronate
compared to placebo analysis and 2 in the ibandronate compared with alendronate
analysis), it was not possible to create funnel plots to examine the possibility of
publication bias. The low number of studies in each analysis does indicate that
publication bias may indeed exist, but this could not be verified through the use of funnel

plot analysis.
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3.3.5 Main results of the meta-analysis

All results are shown as relative risk and 95% confidence intervals using random effects
models. Results from the comparison ibandronate versus placebo are presented for the
outcomes of vertebral, non-vertebral, and hip fractures, followed by total withdrawals and
withdrawals due to adverse events. The same results are then presented for the
comparison of ibandronate versus alendronate. Not all trials reported all outcomes, so the
absence of outcomes does not indicate that no events occurred, only that data may not
have been available for inclusion in the analysis (outcome data is reported in the study

characteristic table in Appendix 3).

Forest plots show all included studies. By visual inspection of the forest plots, mild to
moderate heterogeneity was seen for some outcomes (vertebral fractures and total
withdrawals). Some outcomes such as hip fractures only had results from 1 arm of one

study and therefore there was no statistical assessment of heterogeneity performed.

For the comparison of ibandronate versus placebo, the relative weight of the two large
clinical trials was 100% for the outcome of vertebral fractures and therefore the results

mainly reflect the results from these two trials.

3.3.5.1 Ibandronate versus placebo

Two of the 3 studies in this analysis had 3 treatment arms using different dosage
regimens for ibandronate, and a placebo arm. As a result these studies appear twice in the
analyses to reflect each arm versus placebo. The results for the placebo arms were split
(events and denominators) and applied to each active treatment arms as comparators, as

recommended by the Cochrane Handbook®.
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A) Vertebral fractures

Incidence of patients sustaining at least one vertebral fracture was 5.9% in the
ibandronate group and 8.5% in the placebo group. Overall, ibandronate treatment reduced
the number of patients who sustained at least one vertebral fracture significantly (RR
0.65, 95% CI 0.49, 0.87). Heterogeneity was 56% by I° test statistics (moderate). Results

are shown in Figure 4a.

Figure 4a. Forest plot ibandronate versus placebo: Vertebral fractures.
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Recker 2004 80 91 48 475 280% 0.82[0.59,1.16]

Subtotal (95% CI) 3876 1872 100.0% 0.65 [0.49, 0.87] &
Total events 232 167

Heterogeneity: Tau®=0.05 Chi*=6.72 df= 3 (F=0.08); F= 55%

Testfor overall effect 2= 2.87 (P = 0.004)
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Heterogeneity: Tau? = 0.05; Chi*= B.72, df= 3 (P = 0.08); F= 55% ID 0 051 150 le

Testfor overall effect 2= 287 (P=0.004)
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B) Non-vertebral fractures

Incidence of patients sustaining at least one non-vertebral fracture was 4.5% in the
ibandronate group and 4.5% in the placebo group. Overall, ibandronate treatment did not
reduce the number of patients who sustained a non-vertebral fracture significantly (RR
1.02, 95% C1 0.80, 1.31). Heterogeneity was 0% by I? test statistics (low), as most of the
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results are from one study which accounted for 98.3% of the weight. Results are shown in

Figure 4b.

Figure 4b. Forest plot ibandronate versus placebo: Non-vertebral fractures.

Ibandronate Control
Study or Subgroup  Events Total Events Total

Risk Ratio
Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

2.1.1 Non-vertebral primary

MeClung 20049 2 7T 2 83
Subtotal (95% Cl) 17 83
Total events 2 2
Heterogeneity: Mot applicable

Testfor overall effect £=0.08 (F= 0.94)

2.1.2 Non-vertebral secondary

Chesnut 2004 87 482 41 461
Chesnut 2004 89 482 40 461
Recker 2004 o 951 0 425
Recker 2004 0 4961 0 425
Subtotal (95% Cl) 3876 1772
Total events 176 a1

1.7% 1.08[0.16, 7.47]

1.7% 1.08 [0.16, 7.47]

49.4% 1.001[0.70,1.42]
48.9% 1.04[0.73,1.49]
Mot estimable

Mot estimable

98.3% 1.02 [0.79, 1.31]

Heterogeneity: Tau®=0.00; Chi#=0.03, df=1(P=085); F=0%

Testfor overall effect 2=015 (P =088

3953
178

Total (95% CI) 1855

Total events 83

100.0% 1.02 [0.80, 1.31]

Heterogeneity: Tau®=0.00; Chi#=0.04, df=2(P=098); F=0%

Testfor overall effect Z=016({F=0.87)

Test for subgroun diferences: Chi= 000, df=1 (P = 0.96), F=0%

C) Hip fractures

—au——

oo 0 10 100
Favours Ibandronate  Favours control

Incidence of patients sustaining a hip fracture was 0.33% in the ibandronate group and

0.59% in the placebo group. Overall, ibandronate treatment did not reduce the number of
patients who sustained a hip fracture (RR 0.59, 95% C1 0.26, 1.31). Since all hip fractures

occurred in one study heterogeneity was 0% by I test statistics (low). Results are shown

in Figure 4c.
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Figure 4c. Forest plot ibandronate versus placebo: Hip fractures.
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and 26.5% in the placebo group. Overall, the total withdrawals was not different for

ibandronate treatment versus placebo (RR 0.93, 95% C1 0.83, 1.04). Heterogeneity was

24% by 1? test statistics (low). Results are shown in Figure 4d.
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Figure 4d. Forest plot ibandronate versus placebo: Total withdrawals.
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E) Adverse event withdrawals

Incidence of patients who withdrew due to adverse events was 13.7% in the ibandronate
group and 13.0% in the placebo group. Overall, the withdrawals due to adverse events
was not different for ibandronate treatment versus placebo (RR 1.06, 95% CI 0.87, 1.30).

Heterogeneity was 43% by I test statistics (low). Results are shown in Figure 4e.

Figure 4e. Forest plot ibandronate versus placebo: Adverse event withdrawals.
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3.3.5.2 Ibandronate versus alendronate

A) Vertebral fractures

Vertebral fractures occurred in only one study in which the incidence of patients
sustaining at least one vertebral fracture was 0.52% in the ibandronate group and 0.53%
in the alendronate group. Overall, there was no difference in the two treatments (RR 0.98,
95% CI 0.29, 3.39). Heterogeneity testing did not apply as vertebral fractures occurred in

only one study. Results are shown in Figure 5a.

Figure 5a. Forest plot ibandronate versus alendronate: Vertebral fractures.
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6.1.1 Vertebral primary
Subtotal (95% CIy 0 0 Mot estimable
Total events 0 0

Heterogeneity: Mot applicable
Testfor overall effect: Mot applicable

6.1.2 Vertebral secondary

Li2010 0 74 0 78 Mot estimable
Miller 2008 5 BEy 5 873 100.0% 0.88[0.29, 3.39) i
Subtotal (95% CIy 966 952 100.0% 0.98 [0.29, 3.39]

Total events a ]

Heterogeneity: Mot applicable
Testfor overall effect Z=0.03 (P = 0.98)

Total (95% CI) 966 952 100.0% 0.98 [0.29, 3.39] e
Total events a il
Heterageneity: Mot applicable

Testfor overall effect 2= 0.03 (F = 0.98)
Testfor subgroup diferences: Mot applicable

0ol 0 100
Favours Ibandronate  Favours Alendronate

38



B) Non-vertebral fractures

The incidence of patients sustaining a non-vertebral fracture was 0.52% in the
ibandronate group and 0.53% in the alendronate group. Overall, there was no difference
in the two treatments (RR 1.14, 95% CI 0.54, 2.38). Heterogeneity was low (0%) as most

of the weight was from one study (92.8%). Results are shown in Figure 5b.

Figure 5b. Forest plot ibandronate versus alendronate: Non-vertebral fractures.
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C) Hip fractures

Hip fractures occurred in only one study in which the incidence of patients sustaining at
least one vertebral fracture was 0% in the ibandronate group and 1.3% in the alendronate
group. Overall, there was no difference in the two treatments (RR 0.33, 95% CI 0.01,
8.06). Heterogeneity testing did not apply as hip fractures occurred in only one study.

Results are shown in Figure 5c.
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Figure 5c. Forest plot ibandronate versus alendronate: Hip fractures.
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Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
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D) Total Withdrawals

Incidence of patients who withdrew for any reason was 10.7% in the ibandronate group
and 9.6% in the alendronate group. Overall, the number of total withdrawals was not
different in the two groups (RR 1.00, 95% CI 0.85, 1.46). Heterogeneity was low (0%) as

most of the weight was from one study (96.7%). Results are shown in Figure 5d.

Figure 5d. Forest plot ibandronate versus alendronate: Total withdrawals.
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E) Adverse event withdrawals

Incidence of patients who withdrew due to adverse events was 4.8% in the ibandronate
group and 4.6% in the alendronate group. Overall, withdrawals due to adverse events was
not different between the two treatments (RR 1.03, 95% C1 0.69, 1.54). Heterogeneity
was low (0%) as most of the weight was from one study (96.7%). Results are shown in
Figure 5e.

Figure 5e. Forest plot ibandronate versus alendronate: Adverse event withdrawals.
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Heterogeneity: Tau®=0.00; Chi®=0.00, df=1(F = 0.88); F=0%
Testfor overall effect: £=0.14 (P = 0.89)

3.3.5.3 Subgroup analyses

Due to the small number of eligible studies, all the subgroup analyses that had been
planned could not be performed. The Forest plots in the previous section do indicate
which studies were primary and secondary prevention studies.

3.3.5.4 Sensitivity analyses

Sensitivity analyses were performed as planned for the fixed effects model and with the

follow-up denominators for both the ibandronate versus placebo and ibandronate versus

alendronate comparisons.
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The results from the sensitivity analysis using the fixed effects model (with baseline

denominators) for ibandronate versus placebo are presented in Table 7, with the results

from the random effects model as comparators. The Forest plots are presented in

Appendix 4. Results were consistent with the original analysis.

Table 7. Results of fixed effects model and random effects model analyses for

ibandronate versus placebo.

Outcome

Fixed effects
RR (95% CI)

Random effects
RR (95% CI)

Vertebral Fractures

0.68 (0.56, 0.82)

0.65 (0.49, 0.87)

Non-Vertebral Fractures

1.02 (0.80, 1.31)

1.02 (0.80, 1.31)

Hip Fractures

0.59 (0.26, 1.31)

0.59 (0.26, 1.31)

Total withdrawals

0.93 (0.85, 1.02)

0.93 (0.83, 1.04)

Withdrawals due to AEs

1.03(0.90,1.18)

1.06 (0.87, 1.30)

Note: Significant results are in bold font.

The results from the sensitivity analysis using the follow-up denominators for
ibandronate versus placebo are presented in Table 8, with the results from the baseline
denominators presented as comparators. The Forest plots are presented in Appendix 4.

Results were consistent with the original analysis.

Table 8. Results of random effects model analyses using follow-up and baseline

denominators for ibandronate versus placebo.

Outcome

Follow-up
denominators
RR (95% CI)

Baseline denominators
RR (95% CI)

Vertebral Fractures

0.66 (0.50, 0.88)

0.65 (0.49, 0.87)

Non-Vertebral Fractures

1.04 (0.82, 1.33)

1.02 (0.80, 1.31)

Hip Fractures

0.59 (0.26, 1.31)

0.59 (0.26, 1.31)

Total withdrawals

0.93 (0.85, 1.03)

0.93 (0.83, 1.04)

Withdrawals due to AEs

1.07 (0.88, 1.29)

1.06 (0.87, 1.30)

Note: Significant results are in bold font.
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The results from the sensitivity analysis using the fixed effects model (with baseline
denominators) for ibandronate versus alendronate placebo are presented in Table 9, with
the results from the random effects model as comparators. The Forest plots are presented
in Appendix 4. Results were consistent with the original analysis.

Table 9. Results of fixed effects model and random effects model analyses for
ibandronate versus alendronate.

Outcome Risk Ratio, fixed Risk Ratio, random
effects (95% CI) effects (95% CI)
Vertebral Fractures 0.98 (0.29, 3.39) 0.98 (0.29, 3.39)
Non-Vertebral Fractures 1.14 (0.54, 2.38) 1.14 (0.54, 2.38)
Hip Fractures 0.33 (0.01, 8.06) 0.33 (0.01, 8.06)
Total withdrawals 1.11 (0.85, 1.46) 1.11 (0.85, 1.46)
Withdrawals due to AEs 1.03 (0.69, 1.54) 1.03 (0.69, 1.54)

The results from the sensitivity analysis using the follow-up denominators are presented
in Table 10, with the results from the baseline denominators presented as comparators.
The Forest plots are presented in Appendix 4. Results were consistent with the original

analysis.

Table 10. Results of random effects model analyses for using follow-up
and baseline denominators for ibandronate versus alendronate.

Outcome Follow-up Baseline
denominators denominators
RR (95% CI) RR (95% CI)
Vertebral Fractures 0.99 (0.29, 2.42) 0.98 (0.29, 3.39)
Non-Vertebral Fractures 1.15 (0.55, 2.40) 1.14 (0.54, 2.38)
Hip Fractures 0.34 (0.01, 8.01) 0.33 (0.01, 8.06)
Total withdrawals 1.13(0.86, 1.47) 1.11 (0.85, 1.46)
Withdrawals due to AEs 1.04 (0.70, 1.56) 1.03 (0.69, 1.54)
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3.4 Discussion

3.4.1 Summary of results

Overall, using the data available and a random effects model for meta-analysis,
ibandronate was found to be effective compared with placebo for decreasing the risk of
vertebral fractures. This was based mostly on secondary prevention studies and for
ibandronate doses equivalent to an annual cumulative dose of 2-5.8 mg**®**°. Because of
the small number of studies that were available with fracture outcome data, it was not

possible to perform subgroup analyses by dose or study duration.

Ibandronate was not found to be effective for the prevention of non-vertebral fractures or
hip fractures. No data were available to assess efficacy with respect to wrist fractures

outside of the context of non-vertebral fractures.

Total withdrawals were not found to be significantly different for ibandronate compared
with placebo. The proportion of total withdrawals from studies was greater than 25%

overall, which may have affected the final study results and magnitude of effects.

Withdrawals due to adverse events were not different for ibandronate compared with
placebo. Overall, approximately 13% of subjects discontinued treatment due to adverse
events. It should be noted that the rarer adverse events of concern (such as atypical
fractures) are unlikely to be detected in clinical trials and that these adverse events are
probably not represented.

No substantive differences in results were detected whether baseline or follow-up
denominators were used. Similarly, the choice of either fixed effects or random effects
models did not appreciably change the results.

When ibandronate and alendronate were compared using a random effects meta-analysis

model, no differences were seen in the risk of vertebral, non-vertebral, and hip fractures.

44



In addition, there were no differences detected with respect to discontinuations overall

and for those due to adverse events between ibandronate and alendronate.
3.4.2 Comparison to other reports

No other meta-analysis regarding ibandronate was identified through the systematic
search or through examining the references of other articles. One report of a pooled
analysis for ibandronate that examined its effectiveness in the prevention of non-vertebral
fractures has been published'?*. This report included 9 studies (many of which did not
meet the inclusion criteria for the present analysis) and pooled individual patient data; it
found that higher annual cumulative doses of ibandronate (150 mg po monthly or 3 mg iv
every 3 months) were effective at preventing non-vertebral fractures. The present study
did not find that ibandronate was effective versus placebo or alendronate for the
prevention of these fractures, but this may be due to the small amount of studies meeting

the inclusion criteria and the differences in the methodologies of the two analyses.
3.4.3 Study limitations

Although only 5 studies were eligible for inclusion in the 2 meta-analyses, the results of
this study are believed to be robust as the review was performed according to the
accepted methodology for systematic reviews. The literature search was comprehensive
and included multiple databases and also searched reference lists to locate additional
publications. In addition, inclusion and exclusion criteria were explicitly specified and a
conservative data analysis using a random effects model was performed. The initial
search was updated to determine if newer publications were available, however none

were identified.

However, there are limitations of this study with respect to the dose and route of
administration of ibandronate, the quality of fracture assessment and classification, the
lack of clarity regarding allocation concealment, assessment of adverse events, and the

large numbers of withdrawals in the larger and longer-term studies.
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Ibandronate was not used in the same doses and route of administration in the studies
included that compared ibandronate and placebo, which may introduce heterogeneity and
this needs to be considered when evaluating the results. By determining the annual
cumulative doses of ibandronate used, based on its reported bioavailability, it is possible
to know an approximate dose range used in the studies, which was calculated to be
between 2 and 10.8 mg, which may have impacted the results of the primary studies. In
addition, the bioavailability calculations are an approximation and bioavailability itself is
affected by the composition and amount of food and water that is consumed. The
duration of the studies that compared ibandronate and placebo were also different, but all
were at least 1 year in duration, which has been used as a criteria in other meta-analysis
of bisphosphonates, and this duration is considered to be sufficient to determine an effect

regarding fracture prevention, although it may contribute to heterogeneity as well.

The quality of fracture assessment and classification is another potential source of
heterogeneity, particularly in studies were the primary endpoint is not fracture, but BMD
or another endpoint. In these studies fractures were reported as safety outcomes but may
not have been detected; for example, vertebral fractures may be unsymptomatic and be
undetected unless they are being actively assessed using radiographs at different
intervals. For non-vertebral fractures there may be inconsistent reporting between trials
with hip fractures being included or not in the total of non-vertebral fractures and as a
result despite careful attention to fracture classification, there may be errors in

classification.

Other methodological limitations that may increase the risk of bias in the included trials
concern the lack of detail regarding the method of randomization and allocation

concealment for most of the trials.

Although 2 of the included trials were 3 years in length, it is not possible to extrapolate
about the long-term effects of ibandronate with respect to fracture prevention beyond the

duration of the trials, and the duration of treatment with bisphosphonates continue to be a
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matter of debate. The large number of total withdrawals in the longer term ibandronate
trials was consistent with other long-term (3 years or more) trials of other
bisphosphonates, indicating that over time a substantial proportion of patients decide, for
a variety of reasons, that participation in the clinical trials is no longer appropriate for
them. Although there was no difference seen between the treatment arms in the meta-

analyses, treatment discontinuations may have affected the overall results.

The assessment of adverse events from clinical trials is limited as participants in these
studies are carefully selected through strict inclusion and exclusion criteria and may be
healthier than those who would normally be candidates for therapy. For example, as
gastrointestinal ulcers are a known adverse event associated with bisphosphonate use,
several studies excluded women with a previous history of gastrointestinal disorders,
limiting the generalization of study findings. In addition, the reporting of adverse events
in clinical trials has long been an issue of concern due to problems with under-reporting
in scientific publications, classification of adverse events (serious or not), and
determination of causality. In the trials included in these 2 analyses, it was unclear as to
whether the assessors were blinded or not regarding the assessment of some adverse
events. Clinical trials are not powered or designed to assess differences in uncommon or
rare adverse events. Basic comparisons of the number withdrawals due to adverse events,
or number of adverse events, between treatment arm is usually all that is reported in
publications of clinical trials and therefore limits what can be assessed by a meta-
analysis. As a result this study is limited by a lack of detail regarding specific adverse

events and cannot assess long-term toxicity due to the limited study durations.

3.4.4 Conclusions

Ibandronate was shown to have a statistically significant benefit in the prevention of
vertebral fractures when compared to placebo. Although it was not possible to conduct a
subgroup analysis of primary and secondary prevention of such fractures due to the
limited amount of data available, the majority of the evidence available is for the context

of secondary prevention. It was not effective for the prevention of non-vertebral or hip
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fractures. No differences were found for ibandronate compared to alendronate in the

prevention of vertebral, non-vertebral or hip fractures.

No statistically significant difference was seen between treatment groups with respect to
treatment discontinuations or discontinuations due to adverse events, suggesting that
ibandronate was as equally tolerated by study participants as placebo and another

bisphosphonate, alendronate.
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4 SYSTEMATIC REVIEW AND META-ANALYSIS OF EFFICACY AND
SAFETY OF ZOLEDRONIC ACID

4.1 Introduction

The following systematic review to identify studies investigating the use of zoledronic
acid in the treatment of osteoporosis was performed according to the methods described
in the Cochrane Handbook®, and was similar to that performed for ibandronate and as

discussed in Chapter 3. Any deviations from recommended methodology are reported.
4.2 Methods
4.2.1 Study inclusion criteria

The PICO criteria outlined below were used to determine if studies were to be included in

the review.

- Types of studies

Only RCTs with a duration of at least one year were included.

- Types of participants

Studies that enrolled postmenopausal women were included. Both primary and secondary
prevention trials were included to permit comparisons of outcomes by the severity of the
condition of the participants. If a trial restricted the population to women whose bone
density was at least 2 SD below the peak bone mass or to women who had already
experienced a vertebral fracture, it was considered to be a secondary prevention trial (as
these are indicators of more advanced bone loss). If the inclusion criteria were not
provided or were not clear, a trial was considered to be a primary prevention study if the
baseline characteristics indicated that the that the average T-score (and SD) was within 2
SD of the mean or the prevalence of vertebral fractures of the participants at baseline was
less than 20%.
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- Types of intervention and comparator

Studies that randomized patients to receive zoledronic acid at currently approved doses
(or equivalents) and any route of administration or no treatment (including placebo or
calcium plus vitamin D) were included. If the study used calcium and vitamin D controls,

the same treatment had to be given concurrently in the zoledronic acid treatment

group(s).

- Types of outcome measures

The efficacy outcome measures of interest were the incidence of fractures (number of
women who sustained a fracture), and these were classified by vertebral, non-vertebral,
hip and wrist fractures, where possible. Safety outcomes included the total number of
withdrawals, number of withdrawals due to adverse events, and number of serious

adverse events when available.

4.2.2 Search methods

A computerized search strategy was created with the assistance of an information
scientist to incorporate both efficacy and safety outcomes. The following electronic
databases where searched through December 12, 2011 using an OVID interface:

- CENTRAL, DARE, HTA Database and NHS EED, The Cochrane Library, 2011
-  EMBASE, 1980 to 2011, week 49

- MEDLINE, 1948 to present and In-Process & Other Non-Indexed Citations

- Scopus

- WHO International Clinical Trials Registry Platform

No language limits were applied to the search. An example of a full search strategy is
presented in Appendix 5.

In addition, the bibliographies of included articles, relevant systematic and non-
systematic reviews were searched for additional references. The websites of the United
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States Food and Drug Administration and the European Medicines Agency were searched
for reviews and other documents relevant to zoledronic acid. These can be found at:
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Ove
rview&DrugName=BONIVA

and

http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/00050
2/human _med 000677.jsp&mid=WC0b01ac058001d124.

4.2.3 Methods of the systematic review

4.2.3.1 Selection of studies

Article titles and abstracts were assessed against the PICO eligibility criteria in an un-
blinded standardized manner by two assessors. If there were uncertainties regarding
eligibility, these were resolved by discussion and consensus with the thesis supervisor.
Any RCT that appeared to potentially meet the review criteria was obtained in full text
format, after which the inclusion criteria were applied and a final decision was made
concerning eligibility. There was no blinding of articles by study authors or research
centres as this has not been demonstrated to appreciably improve the review process, but

does increase workload®.

In the event that there were multiple published reports or outcomes from one study, these
publications were linked together and referred to by the included study. The primary
study publication was the one used for data extraction. For this review there was no need
to perform additional data extraction from the additional publications as they did not

contain additional fracture information.
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4.2.3.2 Data extraction and management

Data was extracted from each eligible publication using a standardized data abstraction
form that was based on the Cochrane Consumer’s and Communication Review Group’s

data extraction template®.

Information that was extracted included: 1) study design; 2) inclusion criteria and major
exclusion criteria; 3) characteristics of participants, including age, country, presence of
vertebral fractures, and concomitant medication use; 4) type of intervention including
study drug, duration of use, dose, frequency, and route of administration; 5) and
outcomes assessed, including number of patients with vertebral, non-vertebral, hip and
wrist fractures, total withdrawals, withdrawals due to adverse events, and serious adverse

events.

4.2.3.2 Quality assessment

Each included study was assessed for quality using the Cochrane Collaboration’s tool®®
for assessing risk of bias by two independent assessors, as described in section 3.2.3.2.
Any uncertainties were discussed until consensus was reached between the assessors and

confirmed with the supervisor.

4.2.3.4 Assessment of heterogeneity

Clinical heterogeneity was assessed by examining the clinical and methodological
diversity of the studies. Meta-analyses were to only be performed if the participant

characteristics, interventions, and outcome data of the included studies were assessed as

being sufficiently homogeneous.
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Statistical heterogeneity was to be assessed through examination of Forest plots to
determine if there was an absence of overlap in the confidence intervals that would

suggest heterogeneity®, using the methodology described in section 3.2.3.4.

4.2.3.5 Data synthesis

Review Manager 5.1 software available from the Cochrane Collaboration
(http://ims.cochrane.org/revman) was to be used for the statistical analyses, according to

the guidelines of the Cochrane Handbook®. An approach using a random effects model
was to be used as the primary analysis as was performed for ibandronate (see section
3.2.3.5).

4.2.3.6 Assessment of publication bias

The potential for publication bias was to be assessed by the creation of funnel plots for
each outcome, as described in section 3.2.3.6.

4.2.3.7 Subgroup analyses

Subgroup analyses were planned similar to those that had been performed for the meta-

11-13

analyses of alendronate, risedronate, and etidronate and included primary versus

secondary prevention trials, and treatment duration .

4.2.3.8 Sensitivity analyses
Sensitivity analyses were to be performed examining any difference in results using: 1)

baseline denominators versus follow-up denominators; and 2) random effects versus

fixed-effect models.
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4.3 Results

4.3.1 Results of the search

The systematic search strategy identified 1175 studies of potential interest for the review
after the removal of duplicate reports. After inspection of the title and/or abstract, 626
reports were excluded, and as a result the remaining 15 references were screened by
reading the full text. Only 2 studies met the inclusion criteria. The review process is
depicted in Figure 6.

Figure 6. Schematic of the review process for zoledronic acid.
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Appendix 6 contains a list of excluded studies and the reasons for exclusion'?**%.

4.3.2 Included studies

In total, 2 trials met the original selection criteria for inclusion®****’. One was a primary

fracture prevention trial of 1 year in duration and contributed 90 patients'*®; the other trial

was a secondary prevention trial of 3 years in duration with a total of 7765 patients™".
Both efficacy and safety outcomes were reported in all trials, but number of patients with

new fractures was reported as an efficacy outcome in the secondary prevention trial™’

and as a safety outcome in the other trial**.
All studies were reported in English. Main characteristics of the included studies are

depicted in Appendix 7.
4.3.2.1 Characteristics of the patients

In both of the included trials*****" participants were postmenopausal women. In the
secondary prevention trial, participants had and a BMD T-score less than -2.5 at the
femoral neck with or without vertebral fractures, or a BMD T-score of less than 1.5 with
at least 2 mild vertebral fractures or 1 moderate vertebral fracture. in at least one lumbar
vertebra, and were therefore secondary prevention trials. In the primary prevention trial,
participants had a lumbar spine or hip BMD T-score between -1 and 12. The mean age of
women in the secondary trial was approximately 73 years, while it was lower in the
primary study at approximately 65 years. Patients who had received previous treatment
with bisphosphonates or those with disorders of bone metabolism were excluded from

these studies.
4.3.2.2 Characteristics of the intervention and comparators

In the included trials that compared zoledronic acid and placebo, patients received either
intravenous zoledronic acid at 5 mg iv annually or placebo iv annually. One trial**" had

two other zoledronic acid arms but both of these arms used doses less than the approved
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dose of 5 mg iv annually, so did not meet the inclusion criteria and these data were not

extracted. All patients received calcium and vitamin D supplements.
4.3.2.3 Characteristics of the outcomes

The larger of the two trials™® had a primary efficacy endpoint of the number of new
vertebral and hip fractures. Secondary endpoints were non-vertebral and clinical
fractures. Total withdrawals and withdrawals due to adverse events were reported. The
smaller trial®>” had markers of bone turnover as the primary endpoint, but reported non-
vertebral fractures as adverse events and total withdrawals. Neither trial reported wrist

fractures as an endpoint.
4.3.3 Quality assessment

The assessment of study quality yielded a low risk of bias in most domains. Allocation

136

concealment was not addressed in the larger study~ and this resulted in an “unclear”

assessment in this domain.

The results of the risk of bias assessment using the tools provided in RevMan are shown

in Figures 7 and 8.

56



Figure 7. Risk of bias graph for included zoledronic acid studies*****" (Assessor’s

judgments about each risk of bias item presented as percentages across all included
studies).
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Figure 8. Risk of bias summary for included zoledronic acid studies**®**” (Assessor’s

judgments about each risk of bias item for each included study).
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4.3.4 Publication bias

As there were only two studies identified by the systematic review, it was not possible to
create funnel plots to examine the possibility of publication bias. The low number of
studies does indicate that publication bias may indeed exist, but this could not be verified

through the use of funnel plot analysis.

4.3.5 Main results from identified studies

The results from the two studies identified in the systematic review are shown in Table

11.

Table 11. Outcomes identified in the systematic review for zolendronic acid.

Trial and Vertebral Non- Hip Wrist Total Adverse
participants | Fractures vertebral Fractures Fractures | Withdrawals | Event
fractures Withdrawals

Black
2007%%¢

Placebo: 310 | Placebo: 388 | Placebo: 88 | N/A® Placebo: 1158 | Placebo: 182
Placebo: Zol: 92 Zol: 292 Zol: 52 Zol: 1126 Zol: 210
3876
Zol*: 3889 RR (95% HR (95% HR (95%

CI)%: 0.30 cn®o.75 Cl): 0.59

(0.24-0.38) (0.64-0.87) (0.42-0.83)
Grey 2012
Placebo: 45 Placebo: 0 Placebo: 2 Placebo: 0 N/A Placebo: 1 N/A
Zol: 45 Zol: 0 Zol: 4 Zol: 0 Zol: 1

370, Zoledronic acid. "N/A, not applicable. °RR (95% Cl), Relative Risk (95% Confidence Interval). °RR (95% ClI),
Hazard Ratio (95% Confidence Interval).

Overall, the data available indicate that zoledronic acid is effective for the prevention of

vertebral and hip fractures in postmenopausal women with osteoporosis. This is primarily

based on the results of one tria

|136

, Which had a participant population of 7765 and was

conducted over 3 years, using a dose of 5 mg iv annually. Because of the small number of

studies that were identified with the systematic review, it was not possible to perform a

meta-analysis or the planned subgroup analyses.
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This study also found that zoledronic acid was effective in the prevention of hip (HR
0.59; 95% CI 0.42, 0.83) and non-vertebral fractures (HR 0.75; 95% CI 0.64, 0.87). No
data were available to assess efficacy with respect to wrist fractures outside of the context

of non-vertebral fractures.

Total withdrawals and adverse event withdrawals were reported for this trial, but the
study was not designed to detect a difference between zoledronic acid and placebo. The
percentage of patients who withdrew from the zoledronic acid arm was 28.9% and from
the placebo arm was 29.9%. The percentage of patients who withdrew due to adverse

events was 5.4% in the zoledronic acid arm and 4.7% in the placebo arm.

The smaller study*®’ that met the inclusion criteria reported no vertebral fractures in
either relevant arm and only non-vertebral fractures were found. One patient withdrew

from each arm (2.2%) in this study, but adverse event withdrawals were not reported.

4.4 Discussion

4.4.1 Summary of results

Overall, the data available indicate that zoledronic acid is effective for the prevention of
vertebral and hip fractures in postmenopausal women with osteoporosis. This is primarily
based on the results of one large trial. This study also found that zoledronic acid was
effective in the prevention of hip and non-vertebral fractures. Total withdrawals and
adverse event withdrawals were not different for zoledronic acid and placebo for either
study that was found through the systematic review.

4.4.2 Comparison to other reports

No previous meta-analyses comparing the efficacy and safety of zoledronic acid to

placebo were identified during the systematic review or other literature searches, and
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therefore the results of this study cannot be compared to other studies. A probable reason
is the lack of other RCTs with zoledronic acid; it received market authorization’ on the
basis of the one large trial and was the primary study that has been performed with this
product.

4.4.2 Study limitations

Although only 2 studies were identified from the systematic review, these results are
believed to be robust as the review was performed according to the accepted
methodology for systematic reviews. The literature search was comprehensive and
included multiple databases and also searched reference lists to locate additional
publications. Information on the basis of marketing approval for zoledronic acid indicate
that the product was approved for postmenopausal osteoporosis on the basis of the one
pivotal trial which was identified in the present review. Studies that were excluded from
inclusion in this review were primarily due to a lack of fracture outcome data, or because
they were post-hoc analyses or subset analyses of the trial that did meet the inclusion

criteria.

The second study that met the criteria for inclusion in this review was a small study that
investigated the effects of different doses of zoledronic acid, including 5 mg, versus
placebo. The primary endpoint was BMD, however fractures were reported as adverse
events. Because of the small numbers of participants in this study there were few fracture

events.

As discussed Chapter 3, some vertebral fractures may have been unsymptomatic and
undetected in the smaller trial. For the larger trial this was less of a concern as vertebral
fracture was a primary endpoint and participants were being actively assessed using

radiographs at different intervals.

Overall both trials were assessed as having low risk of bias, however it was unclear how

allocation concealment was addressed in one trial.
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4.4.3 Conclusions

Based on the results of one large, pivotal trial, zoledronic acid is effective versus placebo
for the prevention of vertebral, non-vertebral and hip fractures. No meta-analyses have
been performed for the effectiveness of zoledronic acid versus placebo, however,
zoledronic acid has been included in several network meta-analyses comparing

69-71

osteoporosis treatments™ ", and these are discussed further in Chapter 5.
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5 NETWORK META-ANALYSIS

51 Introduction

Network meta-analysis is a type of indirect treatment comparison, the first of which was
described by Bucher et al®’. In this first method of adjusted indirect comparisons, two
competing interventions can be adjusted with respect to their direct comparisons with a
common control. This technique allows the researcher to maintain some of the

advantages of randomized controlled trials in the analysis.

Mixed treatment comparisons were introduced later®, and this technique permits the
analysis of the results of several interventions to be compared to each other; this is known
as a “network” of trials. It allows all the available evidence from RCTs to be incorporated

into the analysis, using both direct and indirect evidence to compare interventions.

Network meta-analysis is being used more frequently to compare interventions that are
unlikely to be the subject of direct head-to-head clinical trials and as such maximize the
information that is available in a therapeutic area. As statistical software packages
become more user-friendly and accessible, these techniques will be used more in the
future. Both frequentist and Bayesian approaches are available for conducting network

analysis and often both techniques are used and results compared.

5.2 Methods

5.2.1 Selection of studies

Studies that compared alendronate, risedronate, etidronate, ibandronate, and zoledronic
acid to each other or placebo were identified through previously conducted systematic

reviews and meta-analyses performed by Wells et al ***3

, and as previously described in
Chapters 3 and 4. The original literature searches that had been previously performed for

alendronate, risedronate and etidronate were repeated to determine if there were newly
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identified studies that would meet the inclusion criteria for this study. The inclusion
criteria for the studies for this network analysis were based on the meta-analyses and are
as described in Chapters 3 and 4. Briefly, participants were post-menopausal women that
had been diagnosed with osteoporosis on the basis of BMD and history of vertebral

fracture.

Only studies that included doses that were the equivalent of authorized doses were
included in this analysis to make the study more useful and reflect what is currently used
as therapy. This was an issue for ibandronate, as different doses and routes of
administration were used for this therapy, and for zoledronic acid. Only two “head-to-
head” studies of bisphosphonates were identified that compared ibandronate and

alendronate (described in Chapter 3).

The outcomes of interest were as previously described: vertebral, non-vertebral, hip and
wrist fractures, and total withdrawals and withdrawals due to adverse events. The unit of
analysis was number of fracture events (over the entire study period), as this was most
commonly reported outcome in the literature, and not all studies reported the number of

patients with fractures.
5.2.2 Mixed treatment comparison using Bayesian methods

Mixed treatment comparison (MTC) models were performed using Bayesian methods®.
The software package WinBUGS (version 1.4.3) was used, which is the Windows®
version of BUGS (Bayesian Inference Using Gibbs Sampling). This software was created
at the MRC Biostatistical Unit in Cambridge, U.K., and can be now downloaded free of

charge (www.mrc-bsu.cam.ac.uk/bugs/welcome.shtml). The software uses a Monte Carlo

chain simulation to construct the results. In this study 40 000 iterations were performed

for each analysis.

Several programming codes can be used to perform the MTC analyses, including: 1)

fixed effect models for 2-arm trials, 2) simple random effect models for 2-arm trials
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(where no correlations induced by multi-arm trials has to be considered), 3) random
effects models for 3-arm trials, and 4) random or fixed effects models for multi-arm
trials. Sample codes as well as background introductory material may be found at:
https://www.bris.ac.uk/cobm/research/mpes/mtc.html.

Random effects and fixed effects models were used for this analysis. The random effects
model is a more conservative approach and allows that the true effect size may vary from
study to study. The fixed effects model assumes that there is a single true effect value that
is common to all studies. Both were performed and the results compared to each other,
with the intention that the random effects analysis would be the primary analysis and the

fixed effects model would serve as a sensitivity analysis.

For each comparison informative priors were used based on a review of meta-analyses
that investigated between-study heterogeneity*®. In some instances priors had to be
modified to allow the model to converge, especially for those outcomes with fewer

studies (such as wrist fractures).

Priors were then combined with the extracted trial data to derive posterior distributions
for all unknown model parameters. Results are reported as odds ratios (OR) with 95%
credible intervals (95% Crl); credible intervals are considered to be the Bayesian

equivalent of a classical confidence interval.

Examples of the final codes, details on modifications of informative and vague priors,

and convergence assessment are shown in Appendix 8.

In accordance with recommendations on conducting network meta-analyses™®,
inconsistency was evaluated through the use of a random effects inconsistency model
applied in WinBUGS. The code used, along with the results of the analyses, are shown in

Appendix 9.
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Network diagrams were created using NodeXL, a free, open-source template for
Microsoft® Excel® that can be used to create network graphs. It can be downloaded

from: http://nodexl.codeplex.com/.

The resultant odds ratios and the placebo group event rates were used to calculate the
number needed to benefit or harm using the online tool available from:

http://www.nntonline.net/visualrx/.

5.2.3 Network analysis using frequentist methods

Network analysis was performed using the PROC GLIMMIX procedure of SAS® version
9.3 (available from: http://www.sas.com) , which allows the user to specify a generalized

linear mixed model (GLMM) and to perform confirmatory inference. It fits statistical
models to data with correlations or nonconstant variability and where the response is not
necessarily normally distributed. GLMMs have been used for analysis such as estimating

trends in disease rates and modeling CD4 counts in a clinical trial over time.

GLMMs assume normal (Gaussian) random effects. Conditional on these random effects,
data can have any distribution in the exponential family. The exponential family
comprises many of the elementary discrete and continuous distributions. The binary,
binomial, Poisson, and negative binomial distributions are some of the discrete members
of this family while the normal, beta, gamma, and chi-square distributions are

representatives of continuous distributions.

A binomial model was used in this thesis for each outcome to estimate odds ratios
and 95% confidence intervals (95% CI). Both random and fixed effects models were

used. The models are shown in Appendix 10.

5.2.4 Subgroup analyses
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Similar to the analyses performed in Chapter 3, the planned subgroup analyses were
primary versus secondary prevention trials and treatment duration (studies greater than or

equal to 3 years and those less than 3 years).

5.2.5 Sensitivity analyses

As per the analyses performed in Chapter 3, the planned sensitivity analyses were
baseline denominators versus follow-up denominators and random effects versus fixed-

effect models.

5.3 Results
5.3.1 Included Studies

The number of included studies for each outcome varied as not every outcome was
reported for every study. For example, the outcome with the greatest number of studies
was total withdrawals, while wrist fractures were infrequently reported. Appendix 11

shows the trials that were included for each outcome analysis® 108-118:120.121, 136, 140-161 '4jpq

characteristics of additional studies that were included after repeating the searches™**®*-

163168159 and the studies from the original meta-analyses that were excluded as they did
not meet this study’s inclusion criteria’’®™*"® The key characteristics for trials that had
already been included in the previous meta-analyses can be found in those publications*
3 while the study characteristics for ibandronate and zoledronic acid can be found in

Appendices 3 and 7.
5.3.2 Mixed treatment comparisons — Bayesian analysis

The following tables and figures show the results for the Bayesian analytical approach

generated using WinBUGS.
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For each outcome (vertebral, non-vertebral, hip and wrist fractures; total and adverse
event withdrawals) a network diagram is presented. The size of the treatment spheres
represents the number of patients exposed to that treatment in all of the studies; the lines
show direct comparisons between treatments (most often versus placebo); and the width
of the lines indicates the number of RCTs. Indirect comparisons are not shown as this
would create very complicated diagrams. Each table shows the comparison of each
treatment to each other and placebo (odds ratios, 95% credible intervals) for each

outcome. Bolded values indicate significant results.

Finally, the number needed to treat (for benefit or harm) for each bisphosphonate versus

placebo for each outcome is presented.
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Figure 9a. Network diagram for vertebral fractures.
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Table 12a.

Bayesian MTC for bisphosphonates: Vertebral fractures. [Odds Ratio (95% Credible Interval)].

Treatment Placebo ALNS® ALNZY ETI IBA® IBA2® IBA® RIS ZoL

Placebo - - - - - - - - -

ALES 062 N N n n N . . -
(0.15, 2.37)

ALE10 0.53 0.85 N n n . . . -
(0.40,0.71) | (0.22,3.58)

ETI 0.47 0.85 0.89 ~ ~ ~ ~ ~ ~
(0.23,094) | (0.22,358) | (0.40,1.87)

IBAISO 0.51 0.82 0.97 1.08 ~ ~ ~ ~ ~
(0.13,1.96) | (0.12,5.60) | (0.26,357) | (0.24,4.93)

IBAZS 0.49 0.77 0.92 1.04 0.95 ~ ~ ~ ~
(0.30,0.79) | (0.19,3.45) | (0.52,1.62) | (0.44,2.44) | (0.23,4.06)

IBAZ 051 0.82 © 5%917 69) 1.08 1.00 1.05 ~ ~ ~
(0.32,0.83) | (0.20,3.67) 29, L. (0.47,2.60) | (0.29,4.60) | (0.62,1.80)

RIS 0.59 0.95 1.12 1.25 115 1.21 115 ~ ~
(0.45,0.78) | (0.25,3.96) | (0.60,2.71) | (0.60,2.71) | (0.29,4.60) | (0.69,2.15) | (0.66,2.03)

Z0L 0.28 0.45 0.53 0.59 0.54 0.57 0.54 0.47 ~
(0.20,040) | (0.11,1.92) | (0.33,0.82) | (0.27,1.34) | (0.13,2.23) | (0.31,1.05) | (0.30,0.99) | (0.30,0.74)

Note: ALE®, alendronate 5 mg/day po (35 mg/week); ALE™, alendronate 10 mg/day po (70 mg/week); ETI, 400 mg/month po; IBA™®, ibandronate 150 mg/month po; IBA?®, 2.5 mg/day po; IBA%, 20

mg/day po intermittently; RIS, risedronate 150 mg/month po; ZOL, zoledronic acid 5 mg/year iv. Statistically significant results are in bold font.
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Seventeen studies®?*8136140153 had vertebral fracture outcome data that could be
assessed and were included in the Bayesian MTC analysis (total participants 22859).
There were two trials that included comparisons between bisphosphonates: one trial®
compared alendronate 10 mg/day po to ibandronate 150 mg/month po and placebo, and
the other trial compared ibandronate 2.5 mg/day po to ibandronate 20 mg intermittently

118

po and placebo™". All other studies compared various bisphosphonates to placebo. Figure

9a shows the network diagram for vertebral fractures.

The analysis showed that all the treatments, with the exception of alendronate 5 mg/day
po and ibandronate 150 mg/month po, were effective at preventing vertebral fractures
(Table 12a). The ORs (95% Crl) ranged from a high of 0.59 (0.45, 0.78) for risedronate
150 mg/month po to a low of 0.28 (90.20, 0.40) for zoledronic acid 5 mg/year iv,
indicating that zoledronic acid is the most effective bisphosphonate for vertebral fracture

prevention.

The comparisons of each bisphosphonate to each other revealed that zoledronic acid was
significantly better at preventing vertebral fractures than alendronate 10 mg/day po (OR
0.53; 95% Crl 0.33, 0.82), ibandronate 20 mg intermittently po (OR 0.54; 95% Crl 0.30,
0.99), and risedronate 150 mg/month po (OR 0.47; 95% Crl 0.30, 0.74).
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Figure 9b. Network diagram for non-vertebral fractures.
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Table 12b. Bayesian MTC for bisphosphonates: Non-vertebral fractures. [Odds Ratio (95% Credible Interval)].

Treatment Placebo ALN?® ALNY? ETI IBA? IBA® IBA2S IBAZ RIS ZOL

Placebo - - - - - - - - - -

ALE5 1.02 . . . . . . . . N
(0.58,1.78)

ALElO 0.78 1.32 . . . N N . . .
(0.59, 0.95) (0.72, 2.44)

ETI 0.67 0.66 0.87 3 3 3 3 3 3 B
(0.40, 1.10) (0.31,1.41) (0.50, 1.51)

, 0.82 0.81 1.07 1.25
IBA (0.013, (0.012, (0.017, (0.021, - -- -- - - -
46.85) 48.90) 59.45) 68.73)

IBALSO 0.91 0.94 1.18 1.37 (01'01109 3 3 3 3 B

(0.41, 2.08) (0.34, 2.45) (0.56, 2.63) (0.54, 3.53) R
75.84)

IBAZS 1.11 1.09 1.43 1.66 (01'03233 1.21 3 3 3 B
(0.72, 1.69) (0.54, 2.22) (0.91, 2.39) (0.86, 3.23) 3 4.69)' (0.49, 3.00)

IBAZ 1.08 1.06 1.39 1.62 (01'03213 1.18 1.03 3 3 B
(0.70, 1.65) (0.52,2.17) (0.88, 2.33) (0.84, 3.14) 8> 76)’ (0.47,2.92) (0.67, 1.57)

RIS 0.75 0.73 0.96 1.11 0.90 0.81 0.67 0.69 3 B
(0.57,0.91) (0.39, 1.33) (0.70, 1.33) (0.63,1.920 | (0.016,55.8) | (0.35,1.82) (0.40, 1.06) (0.41, 1.10)

Z0L 0.73 0.72 0.94 1.10 ((?ng 0.80 0.66 0.68 0.98 B
(0.53,1.02) (0.38, 1.40) (0.66, 1.48) (0.61, 2.02) ) 92)’ (0.33,1.92) (0.39,1.14) | (0.40,1.1.8) | (0.68,1.53)

Note: ALE®, alendronate 5 mg/day po (35 mg/week); ALE™, alendronate 10 mg/day po (70 mg/week); ETI, 400 mg/month po; IBA? ibandronate 2 mg/every 3 months iv; IBA™, ibandronate 150
mg/month po; IBA%S, 2.5 mg/day po; IBA%, 20 mg/day po intermittently; RIS, risedronate 150 mg/month po; ZOL, zoledronic acid 5 mg/year iv. Statistically significant results are in bold font.
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Twenty-seven studies®108118120.121,136.137,140-142,144-148. 150161 haf non-vertebral fracture

outcome data that could be assessed and were included in the analysis (total participants
36 408). There were three trials that included comparisons between bisphosphonates: the
first trial compared alendronate 10 mg/day po to ibandronate 2 mg every 3 months iv*#,
the second trial®* compared alendronate 10 mg/day po to ibandronate 150 mg/month po
and placebo, and the third trial compared ibandronate 2.5 mg/day po to ibandronate 20

118

mg intermittently po and placebo™". All other studies compared various bisphosphonates

to placebo. Figure 9b shows the network diagram for non-vertebral fractures.

The analysis showed that only alendronate 10 mg/day po (OR 0.78; 95% Crl 0.59, 0.95)
and risedronate 150 mg/month po (OR 0.75; 95% Crl 0.57, 0.91) were effective at
preventing non-vertebral fractures compared to placebo (Table 12b). Of note the results
for zoledronic acid almost reached significance compared to placebo (OR 0.73; 95% Crl
0.53, 1.02).The comparisons of each bisphosphonate to each other did not reveal that any

bisphosphonate was more effective at preventing non-vertebral fractures.

There was only one study that included ibandronate 2 mg every 3 months iv and the
results of the comparisons with this product had wide credibility intervals for every
comparison, for example compared with placebo the OR was 0.82 and the 95% Crl was
0.013, 46.85. This is most likely due to the low numbers of events (1) and participants
(79) in this arm of the study compared to the other products.
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Figure 9c. Network diagram for hip fractures.
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Table 12c. Bayesian MTC for bisphosphonates: Hip fractures.

[Odds Ratio (95% Credible Interval)].

Treatment Placebo ALN?? ETI RIS ZOL
Placebo
ALEL 0.52
(0.26, 1.01)
ETI 0.98 1.90
(0.15,5.84) | (0.27,12.77)
RIS 0.74 1.42 0.75
(0.51, 1.08) (0.67, 3.06) (0.12, 4.97)
Z0L 0.58 1.12 0.59 0.79
(0.36, 0.94) (0.50,2.56) | (0.093,3.98) | (0.43,1.45)

Note: ALE™, alendronate 10 mg/day po (70 mg/week); ETI, 400 mg/month po;
RIS, risedronate 150 mg/month po; ZOL, zoledronic acid 5 mg/year iv. Statistically significant results are in bold font.

Eleven studies!3¢140145:147.152.156.157.159.162-164 W hip fracture outcome data that could be
assessed and were included in the analysis (total participants 13 674). All studies
compared the various bisphosphonates to placebo, and there were no studies that
compared bisphosphonates to each other. Figure 9¢ shows the network diagram for hip

fractures.

The analysis showed that only zoledronic acid (OR 0.58; 95% Crl 0.36, 0.94) is effective
at preventing hip fractures compared to placebo (Table 12c). Of note, the results for
alendronate 10 mg/day po almost reached significance compared to placebo (OR 0.52;
95% Crl 0.26, 1.01), risedronate was the next most effective. The comparisons of each
bisphosphonate to each other did not reveal that any bisphosphonate was more effective

at preventing hip fractures.
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Figure 9d. Network diagram for wrist fractures.
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Table 12d. Bayesian MTC for bisphosphonates: Wrist

fractures. [Odds Ratio (95% Credible Interval)].

Treatment Placebo ALN?Y? ETI RIS

Placebo - - -

ALEY 0.73 ) ) )
(0.39,1.12)

ETI 2.29 3.18 i i
(0.36,19.9) | (0.47,30.29)

RIS 0.61 0.84 0.27 i
(0.24, 1.49) (0.31,2.55) | (0.026, 2.05)

Note: ALE™, alendronate 10 mg/day po (70 mg/week); ETI, 400 mg/month po;
ZOL, zoledronic acid 5 mg/year iv.

Eight studies:142145:147.152.157.160.161 e rted \wrist fracture outcome data that could be
assessed and were included in the analysis (total participants 11 048). All studies
compared the various bisphosphonates to placebo, and there were no studies that
compared bisphosphonates to each other. Figure 9d shows the network diagram for wrist

fractures.
The analysis showed that none of the bisphosphonates were effective at preventing wrist

fractures compared with placebo or each other (Table 12d). However, only eight studies

could be included in this analysis and this limits the conclusions that can be drawn.
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Figure 9e. Network diagram for total withdrawals.
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Table 12e. Bayesian MTC for bisphosphonates: Total withdrawals. [Odds Ratio (95% Credible Interval)].

Treatment Placebo ALN?® ALNY? ETI IBA? IBA® IBA2S IBAZ RIS ZOL

Placebo - - - - - - - - - -

ALE5 1.13 . . . . . . . . N
(0.32, 4.06)

ALElO 0.75 0.66 . . . N N . . .
(0.46, 1.24) (0.17, 2.59)

ETI 0.92 0.81 1.23 3 3 3 3 3 3 B
(0.50, 1.67) (0.20, 3.28) (0.56, 2.64)

| BA2 105 ((;)09822 140 1.14 n N N . N .
(0.13, 9.09) 11.22) (0.19,11.42) | (0.13,10.84)

IBALSO 1.18 1.05 1.58 1.29 1.14 3 3 3 3 B
(0.41, 3.67) (0.20, 5.76) (0.57, 4.64) (0.39,4.68) | (0.11,11.23)

IBAZS 0.92 0.81 1.24 1.01 0.89 0.78 3 3 3 B
(0.27,3.22) (0.14, 4.87) (0.32, 4.68) (0.25,4.05) | (0.074,9.88) | (0.14,3.96)

IBAZ 0.86 0.76 1.16 0.94 0.83 0.73 0.94 3 3 B
(0.25, 2.99) (0.13, 4.53) (0.30, 4.38) (0.24,3.77) | (0.068,9.21) | (0.13,3.70) (0.27, 3.24)

RIS 0.82 0.72 1.10 0.89 0.78 0.69 0.89 0.95 3 B
(0.47,1.42) (0.18, 2.86) (0.51, 2.27) (0.39,2.01) | (0.084,6.68) | (0.19,2.26) (0.22, 3.45) (0.24, 3.68)

Z0L 0.96 1.29 0.85 1.05 0.92 0.81 1.04 1.11 1.18 B
(0.31, 3.02) (0.36, 4.45) (0.15, 4.70) (0.29,3.83) | (0.081,9.75) | (0.16,3.83) (0.19, 5.68) (0.21, 6.04) (0.33, 4.20)

Note: ALE®, alendronate 5 mg/day po (35 mg/week); ALE™, alendronate 10 mg/day po (70 mg/week) ; ETI, 400 mg/month po; IBA?, ibandronate 2 mg/every 3 months iv; IBA™, ibandronate 150
mg/month po; IBA?®, 2.5 mg/day po; IBA®, 20 mg/day po intermittently; RIS, risedronate 150 mg/month po; ZOL, zoledronic acid 5 mg/year iv.
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Twenty-n ine studi e862,108,118,120,121,136,140-142,144-148,150-161

reported total withdrawal outcome
data that could be assessed and were included in the analysis (total participants 35 644).
There were three trials that included comparisons between bisphosphonates: the first trial
compared alendronate 10 mg/day po to ibandronate 2 mg every 3 months iv*%, the
second trial®® compared alendronate 10 mg/day po to ibandronate 150 mg/month po and
placebo, and the third trial compared ibandronate 2.5 mg/day po to ibandronate 20 mg

118

intermittently po and placebo . All other studies compared various bisphosphonates to

placebo. Figure 9e shows the network diagram for total withdrawals.

Total withdrawals and adverse event withdrawals were assessed to provide a crude
indicator of safety concerns. The analysis showed that none of the bisphosphonates
appear to result in more withdrawals from treatment compared to placebo or each other
(Table 12e). Odds ratios versus placebo were close to 1 and ranged from 0.75 to 1.18, but

all credibility intervals crossed 1.
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Figure 9f. Network diagram for adverse event withdrawals.
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Table 12f.

Bayesian MTC for bisphosphonates: Adverse event withdrawals. [Odds Ratio (95% Credible Interval)].

Treatment Placebo ALN?® ALNY? ETI IBAX® IBA2S IBAZ RIS ZOL

Placebo - - - - - - - - -

ALE5 1.02 . . . . . . . .
(0.34, 3.03)

ALElO 0.97 0.95 . . . N . N .
(0.48, 1.96) (0.26, 3.51)

ETI 1.02 1.00 1.06 3 3 3 3 3 3
(0.40, 2.63) (0.24, 4.28) (0.33,3.43)

IBALO 1.41 1.38 1.46 1.37 3 3 3 3 3
(0.42,5.07) (0.28,7.520 | (0.46,4.88) (0.30, 6.70)

IBAZS 0.92 0.90 0.95 0.90 0.66 3 3 3 3
(0.23, 3.60) (0.16, 5.21) (0.20, 4.39) (0.17,4.77) | (0.098, 3.98)

IBAZ 0.86 0.84 0.89 0.84 0.61 0.93 3 3 3
(0.22, 3.42) (0.14, 4.94) (0.19, 4.16) (0.16,4.53) | (0.092,3.77) | (0.24,3.70)

RIS 0.93 0.91 0.96 0.91 0.66 1.01 1.08 3 3
(0.51, 1.70) (0.27,3.22) (0.38, 2.43) (0.30, 2.81) (0.16, 2.52) (0.23, 4.59) (0.24, 4.91)

Z0L 1.16 1.13 1.20 1.13 0.82 1.26 1.35 1.25 3
(0.29, 4.62) (0.20, 6.79) (0.25, 5.67) (0.21, 6.03) (0.12, 5.11) (0.18, 9.06) (0.19, 9.62) (0.28, 5.60)

Note: ALE®, alendronate 5 mg/day po (35 mg/week); ALE™, alendronate 10 mg/day po (70 mg/week); ETI, 400 mg/month po; IBA™, ibandronate 150 mg/month po; IBAZ®, 2.5 mg/day po;

IBA%, 20 mg/day po intermittently; RIS, risedronate 150 mg/month po; ZOL, zoledronic acid 5 mg/year iv.
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TWQnty-ﬁVE StudieSBZ,118,120,121,136,140,142,144-154, 156-161

reported adverse event withdrawal
outcome data that could be assessed and were included in the analysis (total participants
35 416). There were two trials that included comparisons between bisphosphonates: one
trial® compared alendronate 10 mg/day po to ibandronate 150 mg/month po and placebo,
and the other trial compared ibandronate 2.5 mg/day po to ibandronate 20 mg

118

intermittently po and placebo™". All other studies compared various bisphosphonates to

placebo. Figure 9f shows the network diagram for adverse event withdrawals.

The analysis showed that none of the bisphosphonates appear to result in more
withdrawals from treatment due to adverse events compared to placebo or each other
(Table 12f). Odds ratios versus placebo ranged from 0.86 to 1.41, but all credibility

intervals crossed 1.
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Table 13. Number needed to treat for benefit (B) or harm (H) for bisphosphonates versus placebo for various outcomes (values
generated from statistically significant results are bolded).

Treatment Vertebral Non-vertebral Hip Wrist Total Adverse Event
Fractures Fractures Fractures Fractures | Withdrawals | Withdrawals

Alendronate 5 mg/day po 33 (B) 561 (H) N/A N/A 40 (H) 486 (H)
Alendronate 10 mg/day po 27 (B) 50 (B) 949 (B) 136 (B) 19 (B) 322 (B)
Etidronate 400 mg/month po 23 (B) 33 (B) 22777 (B) 30 (H) 60 (B) 486 (H)
:Sandronate 2 mg/every 3 months N/A 62 (B) N/A N/A N/A N/A

Ibandronate 150 mg/month po 25 (B) 124 (B) N/A N/A 100 (H) 25 (H)
Ibandronate 2.5 mg/day po 24 (B) 101(B) N/A N/A 29 (H) 120 (B)
Lt:)andronate 20 mg intermittently 25 (B) 141 (H) N/A N/A 60 (B) 69 (B)
Risedronate 150 mg/month 31 (B) 44 (B) 1752 (B) 94 (B) 26 (B) 138 (B)
Zoledronic acid 5 mg/year iv 17 (B) 41 (B) 1084 (B) N/A 122 (H) 62 (H)
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Odds ratios and the placebo group event rates were used to calculate the number needed
to benefit (NNB) or harm (NNH) (Table 13). Caution should be exercised when
interpreting these values as not all the odds ratio results were significant and therefore
results could range from a NNB to a NNH.

For vertebral fractures, results obtained for all the bisphosphonates generated a NNB that
ranged from 17 to 33, with zoledronic acid having the lowest value. Non-vertebral
fracture results generated NNB for all but two therapies, alendronate 5 mg/day po and

ibandronate 20 mg intermittently po, which generated high NNH values.

The lowest NNB for hip fracture results was for alendronate 10 mg/day po (949), but this
value was still quite high at and was not from a statistically significant odds ratio. The
NNB for zoledronic acid was 1084 and was derived from a statistically significant odds
ratio. The higher values seen for hip fractures compared to vertebral or non-vertebral
fractures is likely due to their rarer occurrence, and studies were not designed or powered

with hip fractures as main outcomes.

Only three products had data for wrist fractures and the results generated both NNB
(alendronate 10 mg/day po and etidronate 400 mg/month po) and NNH (risedronate 150
mg/month po) values. Again, there were fewer studies in the wrist fracture analysis
results were not statistically significant, and studies were not designed with these as main

outcomes.

For both total and adverse event withdrawals, NNB and NNH values were generated.
Alendronate 10 mg/day po appears to be the most beneficial product for both of these
outcomes with an NNB of 19 for total withdrawals and 322 for adverse event

withdrawals, however the odds ratios were not statistically significant.
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5.3.3 Mixed treatment comparisons — frequentist analysis

The following tables show the results for the frequentist analytical approach generated
using SAS (random effects model) for each treatment compared with placebo for
vertebral and non-vertebral fractures as well as total and adverse event withdrawals (all
treatment comparisons are not shown for space considerations). For comparison, the

results of the Bayesian MTC analyses are shown.

Table 14a. Frequentist and Bayesian MTCs for bisphosphonates
versus placebo: Vertebral fractures.

Treatment Frequentist analysis | Bayesian analysis

OR (95% CI)®

OR (95% Crl)°

Alendronate 5 mg/day po

0.61 (0.16, 2.26)

0.62 (0.15, 2.37)

Alendronate 10 mg/day po

0.51 (0.41, 0.65)

0.53 (0.40, 0.71)

Etidronate 400 mg/month po

0.44 (0.22, 0.89)

0.47 (0.23, 0.94)

Ibandronate 150 mg/month po

0.36 (0.11, 1.18)

0.51 (0.13, 1.96)

Ibandronate 2.5 mg/day po

0.49 (0.32, 0.74)

0.49 (0.30, 0.79)

Ibandronate 20 mg intermittently po

0.51 (0.34, 0.78)

0.51 (0.32, 0.83)

Risedronate 150 mg/month po

0.60 (0.47, 0.76)

0.59 (0.48, 0.78)

Zoledronic acid 5 mg/year iv

0.28 (0.18, 0.36)

0.28 (0.20, 0.40)

0R (95% CI), Odds Ratio (95% Confidence Interval); "OR (95% Crl), Odds Ratio
(95% Credible Interval). Significant results are in bold font.
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Table 14b. Frequentist and Bayesian MTCs for bisphosphonates
versus placebo : Non-vertebral fractures.

Treatment

OR (95% CI)®

Frequentist analysis

Bayesian analysis
OR (95% Crl)°

Alendronate 5 mg/day po

1.04 (0.62, 1.76)

1.02 (0.58, 1.78)

Alendronate 10 mg/day po

0.79 (0.69, 0.91)

0.78 (0.59, 0.95)

Etidronate 400 mg/month po

0.77 (0.47, 1.27)

0.67 (0.40, 1.10)

Ibandronate 2 mg/every 3 months iv

0.36 (0.037, 3.53)

Ibandronate 150 mg/month po

0.75 (0.38, 1.50)

0.91 (0.41, 2.08)

Ibandronate 2.5 mg/day po

1.12 (0.81, 1.54)

1.11 (0.72, 1.69)

Ibandronate 20 mg intermittently po

1.09 (0.79, 1.50)

1.08 (0.70, 1.65)

Risedronate 150 mg/month po

0.78 (0.69, 0.89)

0.75 (0.57, 0.91)

Zoledronic acid 5 mg/year iv

0.73 (0.62, 0.86)

0.78 (0.53, 1.02)

0R (95% CI), Odds Ratio (95% Confidence Interval); "OR (95% Crl), Odds Ratio
(95% Credible Interval). Significant results are in bold font.

Table 14c. Frequentist and Bayesian MTCs for bisphosphonates
versus placebo: Hip fractures.

Treatment

Frequentist analysis
OR (95% CI)*

Bayesian analysis
OR (95% Crl)"

Alendronate 10 mg/day po

0.48 (0.25, 0.90)

0.52 (0.26, 1.01)

Etidronate 400 mg/month po

1.02 (0.24, 4.28)

0.98 (0.15, 1.08)

Risedronate 150 mg/month po

0.74 (0.57, 0.97)

0.74 (0.51, 1.08)

Zoledronic acid 5 mg/year iv

0.59 (0.41, 0.85)

0.58 (0.36, 0.94)

%0R (95% CI), Odds Ratio (95% Confidence Interval); "OR (95% Crl), Odds Ratio
(95% Credible Interval). Significant results are in bold font.
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Table 14d. Frequentist and Bayesian MTCs for bisphosphonates

versus placebo: Wrist factures.

Treatment

Frequentist analysis
OR (95% CI)?

Bayesian analysis
OR (95% Crl)°

Alendronate 10 mg/day po

0.86 (0.65, 1.14)

0.73(0.39, 1.12)

Etidronate 400 mg/month po

1.65 (0.39, 7.01)

2.29 (0.36, 19.9)

Risedronate 150 mg/month po

0.63 (0.31, 1.30)

0.61 (0.24, 1.49)

%0R (95% CI), Odds Ratio (95% Confidence Interval); "OR (95% Crl), Odds Ratio

(95% Credible Interval)

Table 14e. Frequentist and Bayesian MTCs for bisphosphonates

versus placebo: Total withdrawals.

Treatment

OR (95% CI)®

Frequentist analysis | Bayesian analysis

OR (95% Crl)®

Alendronate 5 mg/day po

1.13 (0.82, 1.56)

1.13 (0.32, 4.06)

Alendronate 10 mg/day po

1.03 (0.91, 1.16)

0.75 (0.46, 1.24)

Etidronate 400 mg/month po

0.95 (0.66, 1.36)

0.92 (0.50, 1.67)

Ibandronate 2 mg/every 3 months iv | 0.76 (0.21, 2.75)

1.05 (0.13, 9.09)

Ibandronate 150 mg/month po

1.11 (0.82, 1.50)

1.18 (0.41, 3.67)

Ibandronate 2.5 mg/day po

0.93 (0.77, 1.12)

0.92 (0.27, 3.22)

Ibandronate 20 mg intermittently po | 0.87 (0.72, 1.06)

0.86 (0.25, 2.99)

Risedronate 150 mg/month po

0.93 (0.86, 1.01)

0.82 (0.47, 1.42)

Zoledronic acid 5 mg/year iv

0.96 (0.87, 1.06)

0.96 (0.31, 3.02)

%0R (95% CI), Odds Ratio (95% Confidence Interval); "OR (95% Crl), Odds Ratio

(95% Credible Interval)
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Table 14f. Frequentist and Bayesian MTCs for bisphosphonates
versus placebo: Adverse event withdrawals.

Treatment

Frequentist analysis
OR (95% CI)?

Bayesian analysis
OR (95% Crl)°

Alendronate 5 mg/day po

1.24 (0.81, 1.90)

1.02 (0.34, 3.03)

Alendronate 10 mg/day po

0.96 (0.84, 1.11)

0.97 (0.48, 1.96)

Etidronate 400 mg/month po

0.81 (0.44, 1.50)

1.02 (0.40, 2.63)

Ibandronate 150 mg/month po

1.00 (0.66, 1.54)

1.41(0.42,5.07)

Ibandronate 2.5 mg/day po

0.98 (0.77, 1.24)

0.92 (0.23, 3.60)

Ibandronate 20 mg intermittently po

1.00 (0.79, 1.27)

0.86 (0.22, 3.42)

Risedronate 150 mg/month po

0.97 (0.88, 1.08)

0.93 (0.51, 1.70)

Zoledronic acid 5 mg/year iv

1.15 (0.93, 1.41)

1.16 (0.29, 4.62)

ange ()/(()Qg;/;dc;‘g)lécl):tgivzle;tio (95% Confidence Interval); "OR (95% Crl), Odds Ratio

The results for the frequentist analyses using SAS (random effects model) for all the
outcomes are presented in Tables 14a-f. Odds ratios and Cls were very similar to ORs
and Crls obtained through the Bayesian analyses using WinBUGS. Confidence intervals
were consistently narrower than Crls, and in some cases resulted in results becoming
statistically significant: for non-vertebral fractures zoledronic acid 5 mg/year iv the
results was significant (OR 0.73, 95% Crl 0.62, 0.86), and for the prevention of hip
fractures the results for alendronate 10 mg/day po (OR 0.48, 95% Crl 0.25, 0.90),
risedronate 150 mg/month po (OR 0.74, 95% Crl 0.57, 0.97), and zoledronic acid 5
mg/year iv (OR 0.59, 95% Crl 0.41, 0.85) were significant. Frequentist analyses were
also conducted using fixed effects models for all outcomes and subgroups and results
were again consistent with those derived from the Bayesian analyses fixed effects

models.
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5.3.4 Subgroup Analyses

Subgroup analyses were performed to examine the following: outcomes in trials greater

than or equal to 3 years or less than 3 years in duration, and outcomes in primary and

secondary prevention trials.

5.3.4.1 Outcomes by trial duration

Table 15a. Bisphosphonates versus placebo, > 3 years and < 3 years: Vertebral

fractures.
Treatment > 3 years < 3years
OR Number OR Number of
(95% Crl)? of studies | (95% Crl) studies
Alendronate 5 mg/day po N/A N/A 0.62(0.14,242) | 1
Alendronate 10 mg/day po 0.51 (0.38, 0.69) 2 0.79(0.29,2.11) | 2
Etidronate 400 mg/month po 0.35(0.12, 0.86) 3 0.69 (0.23,2.05) | 3
Ibandronate 150 mg/month po N/A N/A 0.75(0.14,4.06) | 1
Ibandronate 2.5 mg/day 0.49 (0.29, 0.79) 1 N/A N/A
Ibandronate 20 mg intermittently po | 0.51 (0.31, 0.84) 1 N/A N/A
Risedronate 150 mg/month po 0.58 (0.42, 0.80) 2 0.64 (0.32,1.28) | 2
Zoledronic acid 5 mg/year iv 0.28 (0.19, 0.40) 1 N/A N/A

®0OR (95% Crl), Odds Ratio (95% Credibility Interval). Significant results are in bold font.

Table 15b. Bisphosphonates versus placebo, > 3 years and < 3 years: Non-vertebral

fractures.
Treatment > 3 years < 3years
OR Number | OR Number of
(95% Crl)? of studies | (95% Crl) studies
Alendronate 5 mg/day po N/A N/A 1.01 (0.55, 1.82) 2
Alendronate 10 mg/day po 0.84 (0.65, 1.07) 2 0.48 (0.26, 0.86) 6
Etidronate 400 mg/month po 0.72 (0.27, 1.85) 3 0.64 (0.33, 1.20) 4
Ibandronate 2 mg/every 3 months | N/A N/A 0.49 (0.01,24.68) |1
iv
Ibandronate 150 mg/ month po N/A N/A 0.61 (0.24, 1.60) 2
Ibandronate 2.5 mg/day po 1.11 (0.74, 1.67) 1 N/A N/A
Ibandronate 20 mg intermittently 1.08 (0.72, 1.64) 1 N/A N/A
po
Risedronate 150 mg/month po 0.76 (0.50, 0.94) 3 0.59 (0.28, 1.22) 3
Zoledronic acid 5 mg/year iv 0.73 (0.53, 1.00) 1 1.02 (0.03,45.36) |1

®0OR (95% Crl), Odds Ratio (95% Credibility Interval). Significant results are in bold font.
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Table 15c. Bisphosphonates versus placebo, > 3 years and < 3 years: Hip fractures.

Treatment >3 years < 3years
OR Number OR Number
(95% Crl)? of studies | (95% Crl) of
studies
Alendronate 10 mg/day po 0.47 (0.20, 1.07) 1 0.58 (0.18, 1.90) 4
Etidronate 400 mg/month po 0.64 (0.07, 4.60) 2 Data not usable 1
Risedronate 150 mg/month po 0.74 (0.50, 1.09) 2 N/A N/A
Zoledronic acid 5 mg/year iv 0.58 (0.35, 0.95) 1 N/A N/A

®0OR (95% Crl), Odds Ratio (95% Credibility Interval). Significant results are in bold font.

Table 15d. Bisphosphonates versus placebo, > 3 years and < 3 years: Wrist

fractures.
Treatment > 3 years < 3years
OR Number OR Number of
(95% Crl)? of studies | (95% Crl) studies
Alendronate 10 mg/day po 0.87 (0.49, 1.41) 2 0.33(0.11, 0.86) 2
Etidronate 400 mg/month po 1.03 (0.10, 10.49) 1 Data not useable 1
Risedronate 150 mg/month po 0.62 (0.24, 1.54) 1 0.52 (0.01,18.82) | 1
®0OR (95% Crl), Odds Ratio (95% Credibility Interval). Significant results are in bold font.
Table 15e. Bisphosphonates versus placebo, > 3 years and < 3 years: Total
withdrawals.
Treatment > 3 years < 3years
OR Number OR Number
(95% Crl)? of studies | (95% Crl) of
studies
Alendronate 5 mg/day po N/A N/A 1.14 (0.25, 5.24) 1
Alendronate 10 mg/day po 1.13(0.89, 1.44) 2 0.63 (0.32, 1.31) 8
Etidronate 400 mg/month po 0.68 (0.38, 1.22) 4 1.20 (0.46, 3.08) 4
Ibandronate 2 mg iv every 3 months | N/A N/A 0.89 (0.09, 9.78) 1
Ibandronate 150 mg/month po N/A N/A 1.11 (0.32, 4.33) 1
Ibandronate 2.5 mg/day po 0.92 (0.66, 1.29) 1 N/A N/A
Ibandronate 20 mg intermittently po | 0.86 (0.62, 1.21) 1 N/A N/A
Risedronate 150 mg/month po 0.88 (0.71, 1.05) 3 0.77 (0.27, 2.07) 3
Zoledronic acid 5 mg/year iv 0.96 (0.71, 1.29) 1 0.98 (0.02, 51.1) 1

®0OR (95% Crl), Odds Ratio (95% Credibility Interval).
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Table 15f. Bisphosphonates versus placebo, > 3 years and < 3 years: Adverse event
withdrawals.

Treatment >3 years < 3years

OR Number OR Number of

(95% Crl)? of studies | (95% Crl) studies
Alendronate 5 mg/day po N/A N/A 1.01(0.27,3.56) | 2
Alendronate 10 mg/day po 0.90 (0.69, 1.15) 2 0.52(0.20,1.42) |4
Etidronate 400 mg/month po 0.77 (0.29, 2.04) 3 1.67(0.37,8.35) |4
Ibandronate 150 mg/month po N/A N/A 0.97 (0.24,4.63) |1
Ibandronate 2.5 mg/day po 0.96 (0.68, 1.38) 1 N/A N/A
Ibandronate 20 mg intermittently po | 0.98 (0.69, 1.40) 1 N/A N/A
Risedronate 150 mg/month po 0.95 (0.76, 1.14) 3 0.97 (0.35,2.74) | 4
Zoledronic acid 5 mg/year iv 1.16 (0.83, 1.63) 1 N/A N/A

®0OR (95% Crl), Odds Ratio (95% Credibility Interval). Significant results are in bold font.

All outcomes were assessed by treatment duration (Tables 15a-f). The efficacy of
bisphosphonate treatment for fracture prevention in some cases was enhanced by longer

treatment duration, however this was not the case for every fracture outcome.

For vertebral fractures efficacy improved for all therapies with longer duration (Table
15a). No therapy was significantly effective in trials that had a duration of less than 3

years.

Increasing trial length improved the efficacy of prevention of non-vertebral fractures
(Table 15b) for risedronate 150 mg/month po only (OR 0.76, 95% Crl 0.50, 0.94),
whereas alendronate 10 mg/day po was effective in trials with a duration less than 3 years
(OR 0.48, 95% Crl 0.68, 0.86).

Only zoledronic acid was effective at 3 years or longer at preventing hip fracture (Table
15c¢), but this is driven by the one large study involving this therapy (Black 2007).

Not all therapies had both categories of duration of studies, for example there was only 1

trial that used ibandronate 2 mg every 3 months iv (< 3 years), so not all comparisons

were possible. The overall small number of trials that had hip and wrist fracture outcomes
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frequently resulted in only 1 trial or O trials in each category, limiting the comparison of
trial duration (Tables 15c and d).

Total and adverse withdrawal outcomes (Tables 15 e and f) did not show a general trend
regarding duration of treatment with bisphosphonates; for some therapies longer duration
increased the odds of treatment withdrawal while this was the opposite for other
therapies. This is possibly due to the small number of studies in each category for most
therapies, as the maximum number of studies in each category was 4 with the exception

of studies less than 3 years using alendronate 10 mg/day po, which had 8 studies.

5.3.4.2 Outcomes by secondary and primary prevention trials

All outcomes were assessed for secondary and primary prevention trials, except for hip
fracture as all the included trials with that outcome were secondary prevention trials.

Table 16a. Bisphosphonates versus placebo, secondary and primary prevention
studies: Vertebral fractures.

Treatment Secondary prevention Primary prevention

OR (95% Crl)* | Number of OR (95% Crl) Number of

studies studies

Alendronate 5 mg/day po 0.64 (0.14,2.55) |1 N/A N/A
Alendronate 10 mg/day po 0.52 (0.36,0.78) | 3 0.54(0.31,0.95) |1
Etidronate 400 mg/month po 0.38(0.17,0.79) | 4 N/A” 2
Ibandronate 150 mg/month po | 0.50 (0.12,2.09) | 1 N/A N/A
Ibandronate 2.5 mg/ day po 0.49(0.29,0.80) |1 N/A N/A
Ibandronate 20 mg 0.51(0.31,0.82) |1 N/A N/A
intermittently po
Risedronate 150 mg/month po | 0.57 (0.41,0.76) | 3 0.97 (0.35,2.75) |1
Zoledronic acid 5 mg/year iv 0.28(0.19,0.40) |1 N/A N/A

0OR (95% Crl), Odds Ratio (95% Credibility Interval); "Zero events resulted in uninterpretable results. Significant
results are in bold font.
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Table 16b. Bisphosphonates versus placebo, secondary and primary prevention
studies: Non-vertebral fractures.

Treatment Secondary prevention Primary prevention

OR (95% Crl)? Number of OR (95% Crl) Number

studies of studies

Alendronate 5 mg/day po 1.03 (0.61, 1.75) 2 N/A N/A
Alendronate 10 mg/day po 0.71 (0.56, 0.89) 7 0.56 (0.87, 1.36) 1
Etidronate 400 mg/month po 0.71 (0.40, 1.22) 5 0.51 (0.14, 1.65) 2
Ibandronate 2 mg/every 3 0.70 (0.017,28.87) | 1 N/A N/A
months iv
Ibandronate 150 mg/month po | 0.82 (0.36, 1.88) 1 1.11(0.11, 11.52) 1
Ibandronate 2.5 mg daily po 1.11(0.81, 1.52) 1 N/A N/A
Ibandronate 20 mg 1.08 (0.79, 1.49) 1 N/A N/A
intermittently po
Risedronate 150 mg/month po | 0.79 (0.69, 0.89) 4 0.69 (0.21, 2.15) 2
Zoledronic acid 5 mg/year iv 0.73 (0.62, 0.85) 1 0.94 (0.014,43.74) |1

®0OR (95% Crl), Odds Ratio (95% Credibility Interval). Significant results are in bold font.

Table 16¢. Bisphosphonates versus placebo, secondary and primary prevention

studies: Wrist fractures.

Treatment Secondary prevention Primary prevention
OR (95% Crl)? Number of OR (95% Crl) Number
studies of studies
Alendronate 10 mg/day po 0.46 (0.26, 0.76) 3 1.20 (0.70, 2.05) 1
Etidronate 400 mg/month po 2.20(0.40, 17.03) 2 N/A N/A
Risedronate 150 mg/month po | 0.62 (0.27, 1.35) 1 0.46 (0.010,17.88) |1

®0OR (95% Crl), Odds Ratio (95% Credibility Interval). Significant results are in bold font.
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Table 16d. Bisphosphonates versus placebo, secondary and primary prevention
studies: Total withdrawals.

Treatment Secondary prevention Primary prevention

OR (95% Crl)? Number of OR (95% Crl) Number of

studies studies

Alendronate 5 mg/day po 1.13(0.28,4.69) |1 N/A N/A
Alendronate 10 mg/day po 0.69 (0.36,0.76) | 8 1.08 (0.75, 1.52) 2
Etidronate 400 mg/month po | 0.83 (0.52, 1.37) |5 1.27 (0.63, 2.62) 3
Ibandronate 2 mg/every 3 0.96 (0.11,9.81) |1 N/A N/A
months iv
Ibandronate 150 mg/month 0.75(0.16,3.68) |1 2.86 (0.73, 14.94) 1
po
Ibandronate 2.5 mg/day po 0.92 (0.23, 3.74) 1 N/A N/A
Ibandronate 20 mg 0.86 (0.21, 3.47) 1 N/A N/A
intermittently po
Risedronate 150 mg/month po | 0.84 (0.42,1.63) |5 0.71 (0.35, 1.39) 1
Zoledronic acid 5 mg/year iv | 0.96 (0.24, 3.82) 1 1.00(0.020,42.57) |1

®0OR (95% Crl), Odds Ratio (95% Credibility Interval). Significant results are in bold font.

Table 16e. Bisphosphonates versus placebo, secondary and primary prevention
studies: Adverse event withdrawals.

Treatment Secondary prevention Primary prevention
OR (95% Crl)? Number of OR (95% Crl) Number of
studies studies

Alendronate 5 mg/day po 1.25(0.81, 1.94) 1 N/A N/A
Alendronate 10 mg/day po 0.90 (0.68, 1.19) 8 0.89(0.51,1.28) |2
Etidronate 400 mg/month po 0.67(0.20,2.15) |3 3.81(0.72,35.53) | 3
Ibandronate 150 mg/month po | 0.93 (0.56, 1.56) 1 2.93(0.69,16.02) | 1
Ibandronate 2.5 mg/day po 0.92 (0.77, 1.11) 1 N/A N/A
Ibandronate 20 mg 0.86 (0.72, 1.04) 1 N/A N/A
intermittently po

Risedronate 150 mg/month po | 0.97 (0.88,1.07) |5 0.66 (0.29,1.44) |2
Zoledronic acid 5 mg/year iv 1.16 (0.94, 1.42) 1 N/A N/A

®0OR (95% Crl), Odds Ratio (95% Credibility Interval)

For all outcomes and therapies the majority of trials were secondary prevention studies;

often there were only 1 or O primary prevention trials for each therapy. The exceptions

was alendronate 10 mg/day po, etidronate 400 mg/month po, and risedronate 150
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mg/month po, for which there were at least 2 trials in each prevention category for some

outcomes (Tables 16a-f).

Most trials with vertebral fractures as an outcome were secondary prevention trials (13
out of 17 trials). Alendronate 10 mg/day po was the only therapy that appears efficacious
for primary prevention as well as secondary prevention for vertebral fractures and the OR
was similar in both types of trials (Table 16a; OR 0.52, 95% Crl 0.36, 0.78 for the
secondary prevention trials and OR 0.54, 95% Crl 0.31,0.85 for the primary prevention
trial).

For non-vertebral fracture prevention, alendronate 10 mg/day po, risedronate 150
mg/month po, and zoledronic acid 5 mg/year iv were efficacious at preventing these
fractures when used for secondary prevention but not for primary prevention (Table 16b).
All the studies that examined hip fractures as an outcome were secondary prevention
studies so no data was available to examine primary prevention for this outcome.

For wrist fractures, alendronate 10 mg/day po was efficacious in the secondary
prevention (Table 16¢; OR 0.46, 95% Crl 0.26, 0.76) setting but not for primary
prevention (OR 1.20, 95% Crl 0.70, 2.05).

Compared with placebo, alendronate 10 mg/day po had an OR of 0.69 (95% Crl 0.36,
0.76) for total withdrawals in secondary prevention trials, and had the only significant
result for this outcome (Table 16€e). This was not seen in the original analysis for total
withdrawals where the OR was 0.75 (95% Crl 0.46, 1.24). No significant results were
seen in either type of prevention trial for adverse event withdrawals (Table 16f).

5.3.5 Sensitivity analyses
Sensitivity analyses were conducted that examined the differences in results between: 1)

baseline denominators at study enrollment and follow-up denominators, and 2) random

and fixed effects models.
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The results from the analyses of baseline and follow-up denominators are presented in
Appendix 12. The results were consistent and indicate that the drop-outs from the trials

were similar across treatments and are an unlikely source of bias.

Random and fixed effects model analyses are presented in Appendix 12. Again, results
were consistent, although the credibility intervals were, as expected, narrower for the
fixed effect model results given that this model assumes a true fixed effect that is
common to all the studies. The choice of model did not change whether a result was

statistically significant or not.

5.4 Discussion

5.4.1 Summary of Results

All the treatments assessed (with the exception of alendronate 5 mg/day po and
ibandronate 150 mg/month po), were effective at preventing vertebral fractures .
Zoledronic acid 5 mg/year iv was found to be the most effective regarding vertebral
fracture prevention. Zoledronic acid was significantly better at preventing vertebral
fractures than alendronate 10 mg/day po, ibandronate 20 mg intermittently po, and
risedronate 150 mg/month po.

Only alendronate 10 mg/day po and risedronate 150 mg/month po were found to be
effective at preventing non-vertebral fractures compared to placebo. The results for
zoledronic acid for non-vertebral fractures almost reached significance compared to
placebo .The comparisons of each bisphosphonate to each other did not reveal that any

bisphosphonate was more effective at preventing non-vertebral fractures.
Only zoledronic acid was found to be effective at preventing hip fractures compared to

placebo. The results for alendronate 10 mg/day po for hip fracture prevention almost

reached significance compared to placebo . The comparisons of each bisphosphonate to
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each other did not reveal that any bisphosphonate was more effective at preventing hip

fractures.

No bisphosphonate was found to be effective at preventing wrist fractures compared
with placebo or each other, but only 8 studies were available to be included in this

analysis.

None of the bisphosphonates resulted in more total withdrawals from treatment or

adverse event withdrawals from clinical trials compared to placebo or each other.

5.4.2 Comparison to the literature

There have been three previously published studies that have compared the efficacy of

bisphosphonates in fracture prevention using network meta-analysis methodologies® .

The first of these studies® examined alendronate, ibandronate, risedronate, etidronate,
and zoledronic acid and included only 8 studies (only studies with fracture endpoints
were included). The outcomes examined were vertebral, non-vertebral and hip fractures.
No safety outcomes were examined. The authors performed a Bayesian analysis and the
outcome measure was relative risk. They concluded that zoledronic acid was the most
effective therapy for fracture prevention versus placebo and the other therapies in the
study, however they only presented the results of a fixed effect model, which would
normally have narrower Crl and may have affected the results of some of the treatment
comparisons. All of the treatments were effective for the prevention of vertebral fractures
versus placebo with zoledronic acid being the most effective, risedronate was the most
effective for preventing non-vertebral fractures and zoledronic acid was the best therapy
for preventing hip fractures. The results were similar to those obtained from the current
study, with the exception of alendronate at 10 mg/day po which was found to be effective

for non-vertebral fracture prevention in the current study.
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The study performed by Hopkins et al” included 30 studies and 9 drugs; denosumab,
strontium, and teriparatide were also included and the outcomes examined were vertebral,
non-vertebral, hip and wrist fractures. Studies were included if they included fractures as
either primary or secondary outcomes. Both Bayesian and classical analyses were
conducted using random effects models. For the bisphosphonates the authors concluded
that all the drugs were effective at preventing vertebral fractures except etidronate, and
that zoledronic acid was the most efficacious for this outcome. For non-vertebral
fractures alendronate and risedronate were the only effective therapies and this is
consistent with the results of the current study. Zoledronic acid was not found to be
effective at preventing hip fractures in this study, which differs from the results of the
first NMA® and the current study.

The final NMA study available for comparison’* included 34 studies in total with the
following treatments: alendronate, etidronate, ibandronate, risedronate, zoledronic acid,
strontium, teriparatide, denusomab, and raloxifene. This study conducted a primary
analysis with only studies that had fracture outcomes as endpoints, however the authors
conducted a sensitivity analysis with studies that had fractures as adverse event
outcomes. This study also used classical and Bayesian analytic techniques to conduct
random effect analyses. The authors found that all the bisphosphonates with the
exception of etidronate were effective at preventing vertebral fractures, that risedronate
and zoledronic acid were the most effective for reducing non-vertebral and hip fractures,

and that alendronate was effective at reducing non-vertebral fractures.

Generally the findings of the current study are consistent with previously published
NMAs with respect to fracture prevention, with the exception of etidronate compared
with placebo, as the current study found that etidronate was effective for preventing
vertebral fractures. Tow of the previously published NMAs " did not find etidronate
effective, likely because they included other studies that the current study did not and
they also used vague rather than informative priors for the Bayesian analyses. Small
differences in credibility intervals that change whether a result is significant or not may

be the result of slightly different inclusion criteria (not all the previous studies included
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RCTs with fracture as a secondary outcome), or the selection of the informative priors

used in the construction of the models used in the Bayesian analysis.

5.4.2 Study limitations

The results of this network meta-analysis are believed to be robust as the review was
performed according to the accepted methodology for systematic reviews and
recommendations for the conduct of network meta-analysis. The literature search was
comprehensive and included multiple databases and also searched reference lists to locate
additional publications. In addition, inclusion and exclusion criteria were explicitly
specified, a conservative data analysis using a random effects model was performed, and
the results of the sensitivity analyses were consistent with the primary analyses. The
initial search was updated to determine if newer publications were available, however

none were identified that met the inclusion criteria.

However, there are several limitations to this type of study that must be considered when
interpreting the results. These involve the different doses and routes of administration of
the various bisphosphonates, the quality of fracture assessment and classification, the
assessment of withdrawals and adverse events, and the large numbers of withdrawals in

the larger and longer-term studies.

Bisphosphonates used for fracture prevention in osteoporosis therapies differ in terms of
their dosage, dosing frequency, efficacy across fracture locations and route of
administration. As discussed in Chapter 3, ibandronate was not used in the same doses
and route of administration in all the studies that included it as an active comparator. In
the RCTs included in this NMA, alendronate was used in two different oral doses, and
zoledronic acid was administered intravenously. For ibandronate there was often only one
trial per dose and they were small trials. Although there is a substantial population
regarding zoledronic acid, the vast majority of that population is from a single study.

Although the inclusion criteria stipulated that trials had to be conducted in women with
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postmenopausal osteoporosis, there was a range of ages of study participants and those in
primary prevention studies tended to be younger than those in the secondary prevention
studies. These differences in the products and populations could have introduced some

heterogeneity.

The unit of analysis for fracture outcomes was number of fractures over the study period,
as opposed to the number of patients with a fracture. As a result there may have been a
subset of patients more susceptible to fractures that may have affected the overall results,

but this would not have been detected in this analysis.

The quality of fracture assessment and classification is another potential source of
heterogeneity, particularly in studies where the primary endpoint was not fracture, but
BMD or another endpoint. In particular, vertebral fractures may be unsymptomatic and
be undetected unless they are being actively assessed using radiographs at different
intervals. Non-vertebral fractures may or may not include hip fractures and not all trials
classified non-vertebral fractures in the same way. There were a smaller number of trials
that reported hip or wrist fractures, limiting the amount of data available for analyses of
these outcomes and the results of the hip fracture analysis are dominated by one large

study.

The subgroup analyses that examined the differences in outcomes depending on trial
duration was limited by the number of studies for each therapy in each category (greater
than or equal to 3 years or less than 3 years). However, for vertebral fracture prevention it
does appear that treatment longer than 3 years with alendronate, risedronate, and
etidronate is more effective than shorter treatment duration. For most therapies there was
a maximum of four studies in each category, with the exception of alendronate 10 mg/day
po, and as a result this is the only product for which results were reasonably comparable
with respect to trial duration.

Most of the trials included in this NMA were secondary prevention trials and as a result

were postmenopausal women with more severe osteoporotic disease as assessed by
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previous fracture or decreased BMD. Because of the smaller number of primary

prevention studies, not all analyses could be performed for each outcome.

Observational studies investigating bisphosphonates have been performed looking at
fracture outcomes and adverse events. Network meta-analysis does offer the potential to
include observational studies in the analysis, but this would have created more
heterogeneity in the study and the strength of manintaing randomization would have been
lost, so this was not done. Not including this information however is a study limitation.

Finally, although the analyses of total withdrawals and adverse event withdrawals did not
reveal any statistically significant differences among the bisphosphonates, the lack of
information concerning specific adverse events limits any conclusions about potential
differences among the bisphosphonates from a safety perspective. This is frequently a
challenge when evaluating results from published RCTs, which are not powered to

evaluate specific adverse events.

5.4.3 Conclusions

Overall, zoledronic acid and alendronate were found to be the most effective
bisphosphonates for fracture prevention in osteoporotic women. Although this study
focused on osteoporosis in postmenopausal women, this is a growing concern in older
men as well, and these results can be generalized to the wider population. These therapies
appear to perform better for secondary prevention compared with primary prevention,
and when treatment is longer than 3 years. The optimal length of therapy with
bisphosphonates remains a question of debate and this is an area that should be explored
in future research as the population eligible for treatment with these therapies will
continue to grow. No differences were found in withdrawals from clinical trials amongst
the different bisphosphonates. Analysis of specific adverse events would be helpful in
determining if there is a difference in the benefit-harm profile of the different
bisphosphonates, and will assist in making individual treatment choices by patients with

their health care professionals.
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CHAPTER 6 CONCLUDING REMARKS

Network meta-analysis is a type of indirect treatment comparison that is becoming more
widely used to compare different interventions by clinicians, health technology assessors
and guideline developers®’™. It is especially useful given that many direct treatment
comparisons are not conducted, and are unlikely to be performed. Medical journals are
now providing guidance to practitioners on how to appraise and interpret publications

that are based on these methodologies*™®.

The analyses presented in this thesis evaluating the effectiveness of bisphosphonates in
fracture prevention in osteoporosis are for the most part consistent with previous reports.
Although each study used slightly different methodologies and inclusion criteria, the
overall agreement does support the robustness of NMA as a technique for conducting
indirect treatment comparisons as results are reproducible. These types of analyses can be
helpful to both policy makers and clinicians while comparing products in the same and
different therapeutic classes so as to make recommendations for populations or specific

individuals.

This study examined proxy measures of safety through the outcomes of total and adverse
event withdrawals and did not find any differences between the agents studied, however,
the lack of long-term follow-up in RCTs and minimal adverse event reporting limit the
conclusions that can be made. The optimal length of therapy with these agents is still a
matter of debate, and the long-term consequences are unknown, although concerns have
been raised with respect to osteonecrosis of the jaw, and atypical fractures. As
bisphosphonates are therapies that are used for many years, observational studies are
likely the most feasible mechanism by which to determine if there are any significant
safety differences between the individual bisphosphonates, which will likely continue to

be widely used in osteoporosis.
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Duplicate of another study or earlier report
Lack of an appropriate control group
Duplicate of another study or earlier report
Lack of an appropriate control group
Lack of an appropriate control group

Duplicate of another study or earlier report

Lack of an appropriate control group

Lack of an appropriate control group
Lack of an appropriate control group
Lack of an appropriate control group
Lack of an appropriate control group

retrieval)®%%

Study ID/First Author Year Reason for exclusion

Adami 2004 Lack of fracture outcome

Bala 2010 Lack of fracture outcome
Binkley 2009 Duration of therapy less than 1 year
Brst 2010 Lack of fracture outcome
Chapurlat 2010 Lack of fracture outcome
Chesnut 2005

Cooper 2003

Delmas 2004

Duraj 2010

Emkey 2009

Engelke 2010 Lack of fracture outcome
Felsenberg 2005

Galesanu 2011 Lack of useable fracture data
Genant 2009 Lack of fracture outcome

Harris 2009

Lewiecki 2009 Lack of fracture outcome
McClung 2004 Lack of fracture outcome

Ravn 1996 Lack of appropriate fracture data
Reginster 2006 Duration of therapy less than 1 year
Riis 2001 Lack of fracture outcome
Sambrook 2010

Stakkestad 2003

Stakkestad 2008

Tanko 2003a

Tanko 2003b Lack of fracture outcome
Thiebaud 1997 Lack of fracture outcome
Vilario 2009

Lack of an appropriate control group
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APPENDIX 3 CHARACTERISTICS OF INCLUDED IBANDRONATE STUDIES

Author and Year

Study Design

Doses used

Number in treatment and
control groups

Patient Characteristics

Outcomes

Chesnut 2004

Randomized
controlled trial

Secondary
prevention

Duration 3 years

Blinding: Double-

Ibandronate 2.5 mg orally daily

Ibandronate 20 mg oral every
other day for 12 doses every 3
months

Placebo

All participants received daily

Ibandronate 2.5 mg N = 982

Ibandronate 20 mg every other day
N =982

Placebo N= 982

Inclusion Criteria: women 55-80
years, >5 years postmenopausal,
with one to four prevalent vertebral
fractures (T4-L4) andaBMD T
score of -2.0 to -5.0 in at least one
vertebra (L1-L4).

Exclusion Criteria: BMD T score
of <-5.0 at the lumbar spine; more
than two prevalent fractures of the

Vertebral and non-
vertebral fractures

Lateral radiographs of
the thoracic and
lumbar spine were
performed at the
screening visit to
determine the
presence of prevalent

blind, placebo- Ca (500 mg) and vitamin D lumbar spine; diseases, disorders, fractures. Lateral
controlled, blinded | (400 I1U) or therapy (within the last radiographs of the
radiologists 6 months) known to affect bone spine were performed
metabolism; previous treatment annually for
with bisphosphonates assessment of incident
fractures. Fracture
Ibandronate 2.5 mg - mean age 69 | d1agnosis was based
years (SD 6), patients with 1 on morphometric
vertebral fracture 920 (94%) criteria and was
further confirmed by
radiologists at one of
Ibandronate 20 mg every other day | g independent
- mean age 69 years (SD 6), central reading
patients with 1 vertebral fracture facilities. Clinical
917 (94%) fractures (vertebral
and non-vertebral)
Placebo - mean age 69 (SD 6), were identified
patients with 1 vertebral fracture symptomatically and
906 (93%) reported as adverse
events. Adverse
events were recorded
throughout the study.
McClung 2009 Randomized Ibandronate 150 mg monthly Ibandronate 150 mg monthly Inclusion Criteria: ambulatory Fractures were a

controlled trial

orally

orally N =77

postmenopausal women aged 45—
60 years with baseline mean
lumbar spine (LS) BMD T-score

safety outcome along
with other adverse
events. Fractures were
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Primary prevention
Duration 1 year

Blinding: Double-

Placebo monthly orally

All participants received daily
Ca (500 mg) and vitamin D
(400 1U)

Placebo N = 83

between —1.0 and —2.5 (L2-L4)
and baseline T-score>—2.5 in 3
regions of the proximal femur: the
total hip, trochanter, and femoral
neck. (women with prevalent
fractures were excluded)

confirmed by
radiograph and
reported as AEs.

The primary endpoint
was the relative

blind, placebo-
controlled, blinded _ o _ change (%) from
radiologists Exclusion Criteria: women with baseline in mean LS
prevalent vertebral fractures, (L2-L4) BMD at 12
previous low-trauma osteoporotic months of treatment,
fractures, those receiving systemic | adjusted for baseline
hormones, severe renal failure, LS BMD and time
diseases affecting bone since menopause, in
metabolism, treatment with the intent-to-treat
bisphosphonates in previous 2 (ITT) population.
years, history of major upper
gastrointestinal disease. Secondary efficacy
endpoints included:
Ibandronate 150 mg - mean age relative (%) change in
53.7 (SD 3.6) mean BMD from
baseline at the
Placebo - mean age 53.4 (SD 3.8) | Proximal femur (TH,
TR, and FN) at 12
months, relative
change in bone
resorption marker
Vertebral Fractures: none serum C-terminal
telopeptide of type 1
collagen (sCTX) from
baseline at 3, 6, and
12 months, and
percent responders.
Recker 2004™° Randomized Ibandronate 0.5 mg Ibandronate 0.5 mg N =950 Inclusion criteria: postmenopausal Vertebral and non-

controlled trial

Secondary
prevention

Blinding: double-
blind, placebo-

intravenously every 3 months

Ibandronate 1.0 mg
intravenously

Placebo intravenously every 3
months

Ibandronate 1.0 mg N = 961

Placebo N = 949

women aged 55— 76 years, time
since menopause >5 years, low
BMD T score (-2.0 to -5.0) in at
least one vertebra of the lumbar
spine (L1-L4) and one to four
prevalent vertebral fractures.

vertebral fractures

Prevalent and incident
vertebral fractures
were determined
using radiographs of
the spine were
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controlled, blinded
radiologists

Duration: 3 years

Exclusion criteria: disease or
disorder known to influence bone
metabolism (such as Paget's
disease) or had received a drug
known to affect bone metabolism
in the previous 6 months (such as
corticosteroids, prior
bisphosphonate treatment).

Ibandronate 0.5 mg - mean age 67,
one vertebral fracture 48%

Ibandronate 1.0 mg - mean age 67,
one vertebral fracture 51%

Placebo - mean age 67, one
vertebral fracture 50%

performed at baseline
and at 12, 24 and 36
months. Adverse
events were recorded
throughout the study.

Li 2010

Randomized
controlled trial

Secondary
prevention

Duration 1 year

Blinding: Open
label trial

Ibandronate 2 mg iv every 3
months

Alendronate 70 mg po weekly

All patients received elemental
Ca (500 mg) and vitamin D3
(200 1U) daily

Ibandronate 2 mg N = 79

Alendronate 70 mg N = 79

Inclusion criteria: age between 49
and 75 years, at least 1 year
postmenopausal, body mass index
(BMI) 18-35 kg/m?, T-score of
lumbar spine (L2-L4) or femoral
neck BMD lower than -2.0

Exclusion criteria: history of
metabolic bone diseases,
ovariectomy, hormone replacement
therapy, treatment with
bisphosphonates, calcitonin,
prednisone, or heparin, or a history
of serious cardiac, liver, or kidney
diseases or autoimmune diseases,
received an investigational new
drug within the last 12 months

Ibandronate 2 mg - mean age 65.6
years, previous vertebral fracture
8.9%

Fractures were a
safety outcome, along
with other adverse
events.

Primary outcomes:
BMD at lumbar spine,
femoral neck, and
trochanter. BMD was
measured at baseline
and after 6 and 12
months of treatment
by dual-energy X-ray
absorptiometry
(DXA) at the site of
the right femoral neck
and trochanter as well
as the lumbar
vertebrae (L2-L4).

Secondary outcomes:
total alkaline
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Alendronate 70 mg - mean age 65.1
years, previous vertebral fracture
13.9%

phosphatase (ALP)
and carboxy-
telopeptide cross-links
of type | collagen
(CTX), the change of
stature after 1 year,
serum calcium,
phosphate, and total
ALP levels

Miller 2008%

Randomized
controlled trial

Secondary
prevention

Duration 1 year

Blinding: Double-
blind, double-
dummy

Ibandronate 150 mg po
monthly

Alendronate 70 mg po weekly

All patients received vitamin D
400 IU/day and elemental
calcium 500 mg/day (upper

limit 1500 mg/day)

Ibandronate 150 mg N = 877

Alendronate 70 mg N = 873

Inclusion criteria: postmenopausal
women aged 55-84 years, > 5 years
since menopause, with mean
lumbar spine (L2-L4) BMD T-
score <-2.5 and >-5.0.

Exclusion criteria: significant
medical disease, inability to stand
or sit upright for 60 min,
hypersensitivity to bisphosphonates
or to any of the excipients
contained in the tablets,
contraindications for calcium or
vitamin D therapy, renal
impairment , history of major upper
gastrointestinal disease, any active
disease known to influence bone
metabolism, or recent treatment
with drugs known to affect bone
metabolism.

Ibandronate 150 mg - mean age
65.6 years, previous fracture 39%

Alendronate 70 mg - mean age 65.6
years, previous fracture 38.2 %

Osteoporotic fractures
were an adverse
event, and reported as
vertebral and non-
vertebral.

The co-primary
efficacy endpoints
were the 12-month
relative change (%)
from baseline in mean
BMD of the lumbar
spine and total hip.

Secondary endpoints
were assessment of
mean change (%)
from baseline at 12
months in trochanter
and femoral neck
BMD
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APPENDIX 4 SENSITIVITY ANALYSES FOR IBANDRONATE STUDIES

Figure la. Forest plot, ibandronate versus placebo, fixed effects model: Vertebral
fractures.

Ibandronate Control Risk Ratio Risk Ratio
Study or Subgroup  Fvents Total Fwvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Vertebral primary
MeClung 2009 1] T 1] 9z Mot estimahle
Subtotal (95% CI) 77 92 Not estimable
Total events 0 0

Heterogeneity: Mot applicable
Test for overall effect Mot applicable

1.1.2 Vertebral secondary

Chesnut 2004 k] 982 37 461 22.4% 0.491[0.32,0.77] -
Chesnut 2004 ar 982 36 461 21.8% 0.481[0.31,0.74] I} -
Recker 2004 a0 961 46 475 27.4% 0.86 [0.61,1.21] -
Recker 2004 T 951 48 475 285% 0.79[0.56,1.12] Bl
Subtotal (95% CI) 3876 1872 100.0% 0.68 [0.56, 0.82] *
Total events 232 167

Heterogeneity: Chi®=6.83, df= 3 (P = 0.08); F= 56%

Testfor overall effect 2= 4.03 (P = 0.00013

Total (95% CI) 3953 1964 100.0% 0.68 [0.56, 0.82] *
Total events 232 167

Heterogeneity: Chi®= .83, df= 3 (P = 0.08); F= 56% ID.D1 0?1 150 1DD=

Testfor overall effect 2= 4.03 (P = 0.00013
Testfor subaroup differences: Mot applicable

Favours Ihandronate  Favours control

Figure 1b. Forest plot, ibandronate versus placebo, fixed effects model: Non-
vertebral fractures.

Ibandronate Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
2.1.1 Non-vertebral primary
MeClung 2008 2 7 283 17%  1.0B[016,7.47] I —
Subtotal (95% CI) 77 83 1.7%  1.08[0.16,7.47] e
Total events 2 2

Heterogeneity: Mot applicable
Testfor overall effect Z=0.08 (P =0.494)

2.1.2 Non-vertebral secondary

Chesnut 2004 B9 982 40 461 485%  1.04[0.73,1.44] I
Chesnut 2004 B7 982 4 461 497%  1.00[0.70,1.47]

Recker 2004 0 981 0 475 Mot estimable

Recker 2004 0 as 0 475 Mot estimable

Subtotal (95% CI) 3876 1872 98.3%  1.02[0.79, 1.31] L )
Total events 176 il

Heterogeneity, Chi*=0.03, df=1({F=0.88), F=0%
Testfor overall effect Z=0.15 (P =0.88)

Total (95% CI) 3953 1955 100.0%  1.02[0.80, 1.31] L )

Total events 178 83

?et??genemfl:l C#I Tg?dﬂ ?gz'fEPU:Bg.QB);I =0% '0.01 DH 1'0 i
Estioroverall e ec.. =0.16¢ e ) Fawours Ihandronate  Fawvours contral

Testfor subaroun differences: Chi*= 0,00, df=1 (P = 0.96}, F= 0%
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Figure 1c. Forest plot, ibandronate versus placebo, fixed effects model: Hip

fractures.

Study or Subgroup

Ihandronate

Events

Control
Total Events Total

Risk Ratio

Weight M-H, Fixed, 95% C1

Risk Ratio
M-H, Fixed, 95% CI

3.1.1 Hip primary

McClung 2009 0 77 0 a3
Subtotal (95% CI) 77 83
Total events 1] 1]
Heterogeneity: Mot applicable

Test for overall effect: Mot applicahle

3.1.2 Hip secondary

Chesnut 2004 0 982 0 461
Chesnut 2004 0 982 0 461
Recker 2004 6 961 6475
Recker 2004 798 5 475
Subtotal (95% CI) 3876 1872
Total events 13 11
Heterogeneity: Chi*= 018, df=1 (P =0.67) F=0%
Testfor overall effect Z=1.31 (F=0.19)

Total (95% CI) 3953 1955

Tatal events 13 11
Heterogeneity: Chi®= 018, df=1 (P=067), F=0%
Testfor overall effect Z=1.31 (P=0.19)

Test for subgroup differences: Not applicable

54.6%
45.4%
100.0%

100.0%

Mot estimahle
Not estimable

Mot estimable
Mot estimable
0.48[0.16,1.52]
0.70[0.22,2.19]
0.59 [0.26, 1.31]

0.59 [0.26, 1.31]

-

0.01

\
01 10

100

Favours Ibandronate  Favours control

Figure 1d. Forest plot, ibandronate versus placebo, fixed effects model: Total

withdrawals.
Ibandronate Control Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI
Cheshut 2004 e 882 174 4B 330%  0.85[073 099
Cheshut 2004 329682 173 4B 33T%  0.89[077 1.03)
McClung 2008 107 1083 14%  1.28[049, 282
Recker 2004 187 861 81 475 154%  1.14[0.90,1.45]
Racker 2004 182 BA1 81475 158%  0.84(0.73,1.20]
Total (95% Cl) 3953 1955 100.0%  0.93[0.85, 1.02]
Total events 495 a1

Heterageneity, Chi#= 527 df=4
Testfor averall effect Z2=1.61 (P

(P=0.26) F=24%

AN

Risk Ratio
M.H, Fixed, 95% CI
u
B
f
0o 0 100

Favours Ihandronate Favours Contral
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Figure le. Forest plot, ibandronate versus placebo, fixed effects model: Adverse
event withdrawals.

Ibandronate Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

Chesnut 2004 175 482 90 461 357%  091[0.73,1.14]

Chesnut 2004 178 482 90 461 357%  083[0.74,1.17]

MeClung 2009 7 7 3083 08%  252[0.67,9.38 T

Recker 2004 105 961 36475 141%  1.4401.00,2.07] =

Recker 2004 o981 35 4758 13E%  1.10100.75,1.61] -

Total (95% CI) 3953 1955 100.0%  1.03[0.90,1.18] 4

Tatal events 542 254

Heterageneity: Chi®= 706, df=4 (P=013);F=43% '0.01 Df1 1'IJ 100-

Testfor overall effect 2= 0.45 (F = 0.68) Favours Ibandronate  Favours Control

Figure 2a. Forest plot, ibandronate versus placebo, follow-up denominators:
Vertebral fractures.

Ibandronate Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% Cl M-H, Random, 95% CI
1.1.1 Vertebral primary
MeZlung 2009 a 5 a 73 Mot estimable
Subtotal (95% CI) 65 T3 Mot estimable
Total events 1] 1] I}

Heterogeneity: Mot applicable
Test for overall effect: Not applicable

1.1.2 Vertebral secondary

Chesnut 2004 39 GE2 37 N4 225% 0.50[0.33,0.77] —
Chesnut 2004 ar 648 36 314 221% 0.50 [0.32, 0.77] —
Recker 2004 20 774 46 382 Y% 0.88 [0.63,1.24] -
Fecker 2004 TE Eacke] 48 382 ¥ T% 0.78 [0.55, 1.09] i
Subtotal (95% CI) 2882 1412 100.0% 0.66 [0.50, 0.88] ’
Total events 232 167

Heterogeneity: Tau®= 0.05; Chi*=6.71, df= 3 (P = 0.02); F= 55%

Test for overall effect: Z=2.83 (P = 0.005)

Total (95% Cly 2047 1485 100.0% 0.66 [0.50, 0.88] ’
Total events 232 167

Heterogeneity: Tau®= 0.05; Chi*=6.71, df= 3 (P = 0.02); F= 55% 50 T 051 150 1005

Test for overall effect. Z= 2.83 (F = 0.008)
Test for subaroup differences: Mot applicable

Favours Ibandronate  Favours control
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Figure 2b. Forest plot, ibandronate versus placebo, follow-up denominators:

vertebral fractures.

Ihandronate Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 Non-vertebral primary
MecClung 2008 2 E5 2 T3 1.6% 112016, 7.74]
Subtotal (95% CI) 65 73 1.6% 1.12[0.16, 7.75]
Total events 2 2
Heterogeneity: Mot applicable
Test for overall effect: Z=0.12 {P = 0.91)
2.1.2 Non-vertebral secondary
Chesnut 2004 a7 648 41 314 49.5% 1.03[0.73,1.45]
Chesnut 2004 89 BE2 40 314 4859% 1.06 [0.75, 1.49]
Fecker 2004 0 774 o 352 Mot estimahble
Fecker 2004 0 a8 o 3482 Mot estimahble
Subtotal (95% CI) 2882 1412 98.4% 1.04 [0.81, 1.33]
Total events 176 a1

Heterogeneity: Tau®= 0.00; Chi®*=0.01, df=1 (P=092); F= 0%

Testfor overall effect Z= 033 (P = 0.74)

Total (95% CI)
Total ewents

2947
178 83

Heterogeneity: Tau®= 0.00; Chi®=0.02 df=2 (P =099, F=0%

Test for overall effect Z=0.34 (P=0.74)

1485 100.0%

1.04 [0.82, 1.33] L\\}

Test far subgroup differences: Chi®=0.01, df=1 (P =094, F=0%

Figure 2c. Forest plot, ibandronate versus placebo, follow-up denominators:

fractures.

0ol 0 1 10
Favours Ibandronate  Favours control

Ihandronate Control Risk Ratio Risk Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1 Hip primary
hcClung 2009 1) i3] u} T3 Mot estimahle
Subtotal (95% CI) 65 73 Not estimable
Total events 0 1]
Heterogeneity: Mot applicable
Test for overall effect: Mot applicable
3.1.2 Hip secondary
Chesnut 2004 1) BE2 o 34 Mot estimahle
Chesnut 2004 0 648 o 314 Mot estimable
Fecker 2004 7 798 G 392 493% 0.69[0.22, 2.14] ——
Recker 2004 6 774 6 382 507% 0.51 [0.16, 1.56] —m
Subtotal (95% CI) 2882 1412 100.0% mg [0.26, 1.31] "
Total events 13 11
Heterogeneity: Tau®= 0.00; Chi*= 014, df=1 {(F=071) F=0%
Testfor overall effect: £=1.20 (P = 0.20)
Total (95% CI) 2947 1485 100.0% 0.59 [0.26, 1.31] -
Total events 13 11

i =_ CPhiE— _ _ CEo I ; : )
Heterogeneity: Tau®= 0.00; Chi*= 014, df=1 (P=0.71), F=0% o o1 10 oo

Test for overall effect: Z=1.30 (P = 0.20)
Test for suboroun differences: Mot applicable
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Figure 2d. Forest plot, ibandronate versus placebo, follow-up denominators

withdrawals.
Ihandronate Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Chesnut 2004 329 BEZ 173 34 35T% 0.90[0.80,1.02
Chesnut 2004 N5 B4 174 314 353% 0.88 0,77, 1.00]
MeClung 2009 12 fi5 1073 15% 1.35[0.62, 2.81] T
Recker 2004 192 TH4 81 382 133% 0.9510.75,1.21] T
Recker 2004 187 748 81 382 143% 1.1310.50,1.43] Il
Total (95% Cl) 2947 1485 100.0% 0.93[0.85, 1.03] \
Total events 995 519
Heterogeneity, Tau®= 0.00; Chi*= 8.02, df= 4 (P = 0.28); = 20% IU ol 051 150 1UUI

Testfor overall effect Z=1.40 (P=0.186)

Favours Ibandronate Favours Control

: Total

Figure 2e. Forest plot, ibandronate versus placebo, follow-up denominators:

Adverse event withdrawals.

Ihandronate Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chesnut 2004 175 64d an 34 N3% 0.940.76,1.17]
Chesnut 2004 178 662 a0 34 N4% 0.94[0.76, 1.16]
heClung 2004 7 fifi 30073 0% 2E2[071, 877 n
Recker 2004 T 334 1T0% 111076, 1.63] -
Recker 2004 105 798 3 392 184% 1.43[1.00, 2.04] Il
Total (95% CI) 2047 1485 100.0% 1.07[0.88, 1.29] 4
Total events 542 254
Heterogeneity, Tau?= 0.02; ChiF= .85, df = 4 (P = 0.14); F= 42% =E| 0 011 110 1DD=

Testfor overall effect 2= 0.67 (P=0.50)

Favours Ihandronate Favours Control

Figure 3a. Forest plot, ibandronate versus alendronate, fixed effects model:

Vertebral fractures.

Ibandronate Alendronate

Rlih& Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

6.1.1 Vertebral primary

Subtotal (95% CI) 0 0
Total events 1] 1]
Heterageneity: Mot applicable

Test for overall effect: Mot applicahle

6.1.2 Vertebral secondary

Liz010 0 74 0 79

Miller 2002 5 887 5 873 100.0%
Subtotal (95% CI) 966 952  100.0%
Total events ] ]

Heterageneity: Mot applicable
Testfar overall effect 2= 0.03 (P = 0.98)

Total (95% CI) 966 952  100.0%
Total events ] ]

Heterogeneity: Mot applicable

Test for overall effect £=0.03 (P =0.98)

Testfor subgroup differences: Mot applicable

Not estimable

Mot estimable
0.98[0.29, 3.39]
0.98 [0.29, 3.39]

0.98[0.29, 3.39]
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Figure 3b. Forest plot, ibandronate versus alendronate, fixed effects model: Non-

vertebral fractures.

Ihandronate Alendronate Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
7.1.1 Non-vertebral primary
Subtotal (95% CI) 1} 0 Mot estimable
Total events 1] 1]
Heterageneity: Mot applicahle
Test for overall effect: Mot applicable
7.1.2 Non-vertebral secondary
Liz010 1 79 1 73 76 1.00[0.08, 15.71]
Miller 2008 14 Be? 12 873 924 1.15[0.53, 2.47] t
Subtotal (95% CI) 966 952 100.0%  1.14 [0.54,2.38]
Total events 15 13
Heterageneity: Chi*=0.01, df=1 {P = 0923, F= 0%
Testfor overall effect: Z=034 (P=0.73)
Total (95% CIy 966 952 100.0% 1.14 [0.54, 2.38] ‘-—

Total events 15 13
Heterageneity: Chi*=0.01, df=1 {P= 0923, F= 0%
Testfor overall effect: Z=0.34 (P=0.73)

Test for subaroup differences: Mot applicable

Figure 3c. Forest plot, ibandronate versus alendronate, fixed effects model: Hip

om

t
0.1

t
10

100

Favours [bandronate  Favours Alendronate

fractures.
Ihandronate  Alendronate Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
8.1.1 Hip primary

Subtotal (95% CI) 0 0 Not estimable

Total events 0 0

Heterogeneity; Mot applicahle

Test for averall effect; Mot applicahle %

8.1.2 Hip secondary

Liz01o 0 79 1 79 1000%  0.33[0.01,8.08] .

Miller 2008 0 a87 0 ar3 Mat estimable

Subtotal (95% CI) 966 952 100.0%  0.33[0.01,8.06] - ———
Total events 0 1

Heterogeneity Not applicable

Test for overall effect: 7= 0.68 (P = 0.50)

Total (95% CI) 966 952 100.0% 0.33[0.01,8.06] e —
Total events 0 1

Heterogeneity: Mot applicahle 'D.D1 DH 110 1DD'

Testfar overall effect 7= 0.68 (P = 0.50)
Testfor subaraup differences: Mat annlicable

Favours Ibandronate  Favours Alendronate
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Figure 3d. Forest plot, ibandronate versus alendronate, fixed effects model: Total
withdrawals.

L"g:::mrcmate Control Risk Ratio Risk Ratio
Study or Subgroup nts Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Liz2010 4 7Y 3079 33%  1.33[031,45.76]

Miller 2008 g By 80 873 967%  1.11[0.84,1.44)

Total (95% Cl) 966 952 100.0%  1.11[0.85, 1.46]

Total events 103 a1

001 0 1 0 100
Favours Ibandronate  Favours Control

Heteragenegity: Chi*= 006, df=1(FP=081) F=0%
Testfor overall effect Z= 080 (F=043)

Figure 3e. Forest plot, ibandronate versus alendronate, fixed effects model:
Adverse event withdrawals.

Ihandronate Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Li 2010 i 7 279 45%  1.00[0.14,6487)
Willer 2008 44 Qv 42 873 95A4%  1.03([0.68,1.56]
Total (95% CI) 966 952 100.0%  1.03[0.69, 1.54]
Total events 46 44

Heterogeneity: Chi*=0.00, df=1 (F=0.88);F=0%

Testfor overall effect =014 (P = 0.8 0ot - 0 1 10 100

Favours Ihandronate  Favours Control

Figure 4a. Forest plot, ibandronate versus alendronate, follow-up denominators:
Vertebral fractures.

Ibandronate Alendronate Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% CI
6.1.1 Vertebral primary
Subtotal (95% CI) 0 0 Mot estimable
Total events 1] 1]

Heterogeneity: Mot applicakle
Test for averall effect: Mot applicahle

6.1.2 Vertebral secondary

Li 2010 1] 75 1] TE Mot estimahle

Miller 2008 5 775 5 771 100.0% 0.99[0.29, 3.47] i
Subtotal (95% CI) 850 847 100.0% 0.99 [0.29, 3.42]

Total events g g

Heterogeneity: Mot applicakle

Testfor overall effect: Z=0.01 {P = 0.99)

Total (95% CI) 850 847 100.0% 0.99 [0.29, 3.42] iR
Total events ] ]

Heterogeneity: Mot applicakle
Testfor overall effect: Z=0.01 {P = 0.99)
Testfor subaroun differences: Mot applicable

oot ol 10 100
Favours lbandronate  Favours Alendronate
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Figure 4b. Forest plot, ibandronate versus alendronate, follow-up denominators:
Non-vertebral fractures.

Ibandronate  Alendronate Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
7.1.1 Non-vertebral primary
Subtotal (95% CI) 0 0 Not estimable
Total events i] 0

Heterogeneity: Not applicable
Testfor averall effect: Mot applicahle

7.1.2 Non-vertebral secondary

Lizo1a 1 7 1 T OT2% 1.01 [0.08, 15.91]

Miller 2008 14 775 12 771 928% 1.16 [0.54, 2.49] t
Subtotal (95% Cl) 850 847 100.0% 1.15[0.55, 2.40]

Total events 14 13

Heterogeneity: Tau®=0.00; Chi*=0.01, df=1 (P = 0.93);, F=0%
Testfor overall effect Z=037 (P=0.71)

Total (95% CI) B{} 847 100.0% 1.15[0.55, 2.40] a2
Total events 14 13

Heterogeneity: Tau®= 0.00; Chi*=0.01, df=1 (P=0.93); F=0%
Testfor overall effect Z=0.37 (P=0.71)

Testfor subgroup differences: Mot applicable

001 01 10 100
Favours [bandronate  Favours Alendronate

Figure 4c. Forest plot, ibandronate versus alendronate, follow-up denominators:
Hip fractures.

Ibandronate  Alendronate I:}isk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
8.1.1 Hip primary
Subtotal (95% CI) 0 0 Not estimable
Total events 1] 1]
Heterageneity: Mot applicakle
Test far overall effect: Not applicable
8.1.2 Hip secondary
Liz010 0 75 1 TE 100.0% 0.34 [0.01, 8.18] .
Miller 2008 0 TTE 0 77 Mot estimahble
Subtotal (95% CI) 850 847 100.0% 0.34 [0.01, 8.16] | — e R e —
Total events 1] 1
Heterageneity: Mot applicakle
Test far overall effect Z= 067 (P =0.50)
Total (95% CI) 850 847 100.0% 0.34 [0.01, 8.16] | — e R e —
Total events 1] 1
Heterogeneity: Mot applicahle I t t {
Test far overall effect Z= 067 (P =0.50) 0.01 01 10 100

8 ! Favours Ibandronate  Favours Alendronate
Test for subaroun differences: Mot applicable

Figure 4d. Forest plot, ibandronate versus alendronate, follow-up denominators:
Total withdrawals.

Ibandronate Control Risk Ratio Risk Ratio
Study or Suhgroup  Events Total Events Total Weight M-H,Random, 95% Cl M-H, Random, 95% CI
Li 2010 478 307 13% 1.35[0.31, 5.89]
iiller 2006 99 7P BB 7T 9ATY% 112 [0.85, 1.47]
Total (95% CI) 850 847 100.0% 1.13 [0.86, 1.47]
Total events 103 a1

00 01 1 0 100
Favours Ibandronate  Favours Contral

Heterogeneity Tau®= 0.00; Chi*= 0.08, df=1 {P = 0.80); F= 0%
Testfor overall effect 2= 088 (P=0.38)
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Figure 4e. Forest plot, ibandronate versus alendronate, follow-up denominators:
Adverse event withdrawals.

Ibandronate Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Liz010 2 T8 20TE 4% 1.01 014, 7.01]
hiller 2008 4 775 42 771 95T% 1.04 (069, 1.57]
Tatal (95% Cl) 850 847 100.0% 1.04 [0.70, 1.56]
Total events 46 44

Heterogeneity: Tau*=0.00; Chi*=0.00, df=1 (P =0.98); F= 0%
Testfor overall effect 2= 020 (P=0.284)

001 01 1 10 100
Favours Ihandronate  Favours Caontral
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APPENDIX 5 SEARCH STRATEGY FOR ZOLEDRONIC ACID RCTS

Databases: CENTRAL, DARE, HTA Database and NHS EED, The Cochrane
Library, Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid
MEDLINE(R) <1948 to 2011>; EMBASE <1980 to 2011>; Scopus

exp Osteoporosis/ (39723)
osteoporo$.tw. (43172)
osteopeni$.tw. (6886)

Bone Density/ (34791)

(bone$ adj fragil$).tw. (971)

exp Fractures, Bone/ (126227)
bone loss.tw. (16222)

bmd.tw. (16319)

bone mineral densit$.tw. (22449)
10. or/1-9 (196642)

11. zolendronate.tw. (24)

12.  (Zoledronic adj2 acid).tw. (1502)
13.  zolendron$.tw. (42)

14. zometa.tw. (92)

15.  reclast.tw. (8)

16. zomera.tw. (1)

17. aclasta.tw. (7)

18. DB00399.tw. (0)

19. or/11-18 (1564)

20. randomized controlled trial.pt. (319995)
21. controlled clinical trial.pt. (83531)
22. randomized.ab. (235629)

23. placebo.ab. (132966)

24. drug therapy.fs. (1501280)

25. randomly.ab. (173342)

26. trial.ab. (243319)

27. groups.ab. (1136791)

28. 0r/20-27 (2868478)

29. exp animals/ not humans.sh. (3663238)
30. 28 not 29 (2447729)

31. 10and 19 and 30 (410)

oSN~ LNE
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APPENDIX 6 LIST OF EXCLUDED ZOLEDRONIC ACID STUDIES (after full

text retrieval)'?1%

Duplicate of another study or earlier report
Duplicate of another study or earlier report

Follow-up from previous study/earlier report
Duplicate of another study or earlier report
Follow-up from previous study/earlier report
Duplicate of another study or earlier report

Study ID/First Author Year Reason for exclusion
Bachmann 2011 Lack of fracture outcome
Boonen 2010

Boonen 2011

Devogelaer 2007 Did not meet inclusion criteria
Grey 2009a

Grey 2009b

Grey 2010

Hwang 2011

Lyles 2007 Lack of useable fracture data
McClung 2007 Lack of fracture outcome
McClung 2009 Lack of useable fracture data
Reid 2002 Did not meet inclusion criteria
Saag 2007

Duration of therapy less than 1 year
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APPENDIX 7 CHARACTERISTICS OF INCLUDED ZOLEDRONIC ACID STUDIES

Author and Study Design Doses used Number in treatment and | Patient Characteristics Outcomes
Year control groups
Black 2007%%° Randomized Zoledronic acid 5 mg iv at Zoledronic acid 5 mg N = 3889 Inclusion Criteria: Postmenopausal | Primary endpoints:

controlled trial

Secondary
prevention

Duration 3 years

Blinding: Double-

baseline, 12 months and 24
months

Placebo iv at baseline, 12
months and 24 months

All participants received daily
Ca (1000-1500 mg) and
vitamin D (400-1200 1U)

Placebo N= 3876

women between 65 and 89 years,
BMD T score -2.5 or less at
femoral neck with or without
vertebral fracture, or -1.5 or less
with at least 2 mild vertebral
fractures or one moderate vertebral
fracture)

Exclusion Criteria: previous use

Vertebral and hip
fracture.

Secondary endpoints:
non-vertebral, clinical
fracture, clinical
vertebral fracture,
changes in BMD,
markers of bone

blind, placebo- parathyroid hormone, sodium resorption [(serum C-
controlled, blinded fluoride, anabolic steroids or terminal telopeptide
radiologists growth hormone within past 6 of type 1 collagen
months, corticosteroids within past | (sCTX)] and
12 months, hypercalcemic or poor formation.
renal function
Spinal lateral
Zoledronic acid - mean age 73.1 radiographs were
years (SD 5.34), patients with 1 done at baseline, 12,
vertebral fracture 1093 (28.2%) 24, and 36 months.
Clinical fracture
Placebo - mean age 73.0 years (SD | "ePOrts were
5.40), patients with 1 vertebral confirmed centrally
fracture 1076 (27.9%) by radiologic/surgical
report or copy of
radiograph.
Grey 20127 Randomized Zoledronic acid 1 mg iv at Zoledronic acid 1 mg iv N =45 Inclusion Criteria: postmenopausal | Fractures were a

controlled trial

Primary prevention

baseline

Zoledronic acid 2.5 mg iv at
baseline

Zoledronic acid 2.5 mg iv N =45

Zoledronic acid 5 mg iv N = 45

women (more than 5 years) with a
lumbar spine or a total hip BMD T
score between -1 and -2.

Exclusion Criteria: current use of

safety outcome along
with other adverse
events.

Primary endpoint:
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Duration 1 year

Blinding: Double-
blind, placebo-
controlled, blinded
radiologists

Zoledronic acid 5 mg iv at
baseline

Placebo iv at baseline

Placebo iv N =45

anti-resorptive therapies, hip or
spine BMD < -2.5, previous hip
fracture, previous clinical vertebral
fracture, previous postmenopausal
wrist fracture, any past use of
aminobisphosphonate or etidronate
in past 3 years, Serum 25(0OH)D
less than 30 nmol/L, major
systemic illness.

Zoledronic acid - mean age 66
year (SD 8)

Placebo - mean age 65 years (SD
9)

Vertebral Fractures: none

relative change (%)
from baseline in mean
lumbar spine (L1-L4)
BMD at 12 months of
treatment.

Secondary efficacy
endpoints included:
relative (%) change in
mean BMD from
baseline at total hip
and total body and
change in bone
resorption marker
serum C-terminal
telopeptide of type 1
collagen (BCTX) from
baseline, and change
in procollagen type-I
N-terminal propeptide
(PINP).
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APPENDIX 8 MTC MODELS IN WINBUGS
MTC Code

WinBUGS (Bayesian inference Using Gibbs Sampling) is a software program that can be
used for the Bayesian analysis of statistical models using Markov Chain Monte Carlo
(MCMC) methods. Bayesian inference can be used to fit complex models that include
both direct and indirect treatment comparisons. The WinBUGS model used for this thesis
was based on the examples found at

https://www.bris.ac.uk/cobm/research/mpes/mtc.html.

Prior to performing an analysis using a WinBUGS model, data must be formatted in a
specific manner so that the program can read the data. First, the number of observations
must be outlined by entering the following constants within a bracket after "LIST":

where N = Number of arms, NS = Number of studies, and NT = Number of treatments.

The first line in the data set provides the variable names followed by brackets. Each
following line is considered as a data line by WinBUGS. "END" is placed at the end of
the list and indicates the end of data entry. At least one blank line has to be included after

the “END” statement to allow the program to run.

The treatments A, B, C,...must be assigned treatment numbers such as 1,2,3, ... etc. in
the WinBUGS data. Placebo treatment is assigned as treatment A and is therefore coded
with 1. The trials are then listed in a systematic order which is maintained in the
WinBUGS data listing.

The following example shows the data entry for the outcome ‘hip fractures’ for 11 trials
and 5 treatments [placebo, alendronate, etidronate, risedronate, zolendronic acid], where
r[,1] indicates the numerator for treatment arm 1, n[,1] the denominator for treatment arm

1,t[] the treatment, and na [] the number of treatment arms.
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r,1] n[1] 2] n[,2] t[,1] t[,2] na[]
11 1022 22 1005 2 1 2
0 60 1 60 2 1 2
2 950 3 958 2 1 2
2 164 4 163 2 1 2
1 90 0 90 2 1 2
1 50 2 50 3 1 2
1 105 O 104 3 1 2
1 33 1 33 3 1 2
12 821 15 820 4 1 2
137 6197 95 3134 4 1 2
52 3889 88 3876 5 1 2

The model can be implemented using the tool bar buttons for each analysis or by using a
“script” which provides the software with a list of instructions about which data to use,
which model to use, and which steps to follow. An example of a script that was used for

this study is:

# open log file
display(‘log’)

# Check the syntax of the model file
check('C:/Users/Owner/Desktop/AllHipFract/ModelMTCBInRE.txt")

# Load data from data file #1
data('C:/Users/Owner/Desktop/AllHipFract/DataAllHipFractB.txt")

# Load data from data file #2
data('C:/Users/Owner/Desktop/AllHipFract/DataAllHipFractBD.txt")

# Compile two chains
compile(3)

# provide initial values for the first chain
inits(1,'C:/Users/Owner/Desktop/AllHipFract/InitsIFEAIlIHipFract.txt')

# provide initial values for the second chain
inits(2,'C:/Users/Owner/Desktop/AllHipFract/Inits2FEAlIHipFract.txt')

# provide initial values for the first chain
inits(3,'C:/Users/Owner/Desktop/AllHipFract/Inits3FEAIlIHipFract.txt’)
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#generate random initial values for uninitialized chains
gen.inits()

# generate 40000 iterations as burnin
update(40000)

# Monitor the following parameters/nodes
set(delta)
set(T)
set(p)
set(dev)
set(resdev)
set(r.hat)
set(d)
set(or)
set(lor)
set(sdev)
set(rk)

# Monitor dic values
dic.set()

#Refresh plot and chain for every 100 iterations
refresh(100)

# Update each chain by 40,000 iterations (80,000 total)
update(40000)

# Calculate the (posterior) statistics for monitored parameters
stats(*)

#Calculate the DIC value
dic.stats()

# see Trace plots for monitored parameters
history(*)

# Plot Gelman-Ruban convergence diagnostic

gr(or)

A variety of additional functions are available and a detailed description can be found in
the WinBUGS manual, which can be downloaded via this weblink: http://www.mrcbsu.

cam.ac.uk/bugs/winbugs/manual14.pdf
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As previously mentioned, a random effects model was used as the primary analysis for
this thesis. The following model was used:

model{
for(i in 1:NS){
wli,1] <-0
delta[i,1]<-0
mu[i] ~ dnorm(0,.0001) # vague priors for baselines
for (kin 1:na[i]) {

r[i,k] ~ dbin(p[i,k],n[i,k]) # binomial likelihood
logit(p[i,k])<-muli] + delta[i,K] # model
rO[i,k]<-r[i,k]+0.01*equals(r[i,k],0) -0.01*equals(r[i,k],n[i,K])

pO[i,k]<- max(p[i,k],.001)

r.hat[i,k]<- pO[i,k]*n[i,k]

#Deviance calculation for binomial data
dev[i,K]<- 2*(rO[i,k]*log(rO[i,k]/r.hat[i,K]) + (n[i,K] - rO[i,k])*log((n[i,k] -
rO[i,k])/(n[i,K] - r.hat[i,k])))

}

for (k in 2:na[i]) {

delta[i,K] ~ dnorm(md[i,Kk],taud[i,K]) # trial-specific LOR distributions

md[i,K] <- d[t[i,K]] - d[t[i,1]] + sw[i,K] # mean of LOR distributions

taud[i,k] <- tau *2*(k-1)/k #precision of LOR distributions

wli,k] <- (delta[i,k] - d[t[i,K]] + d[t[i,2]]) #adjustment, multi-arm RCTs

sw[i,k] <-sum(wl[i,1:k-1])/(k-1) # cumulative adjustment for multi-arm trials
}

sdev[i]<-sum(dev[i,1:na[i]])

resdev<-sum(sdevl[])

d[1]<-0
for (k in 2:NT){d[K] ~ dnorm(0,.0001) } # vague priors for basic parameters
tausq~dinorm(-4.06,0.48) # Informative prior for random effects variance

tau<-1/tausq
sd<-sqrt(tausq)
# Treatment 1 baseline, based on average of NP trials including it.
for (i in 1:NS) { mul[i] <- mu[i] * equals(t[i,1],1) }
for (kin 1:NT) { logit(T[K])<- (sum(mul[])/NP) +d[k] }
# ranking
for (k in 1:NT) { rk[k]<- rank(T[].k)
best[k]<-equals(rk[k],1)}

# pairwise ORs
for (cin 1:(NT-1)) { for (kin (c+1):NT) { or[c,K] <- exp(d[K] - d[c] )
lor[c,k]<-d[k]-d[c]

}}

¥
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Further information on available models by Ades et al can be found at:
www.bris.ac.uk/cobm/docs/intro%20to%20mtc.doc

Several posterior distributions for various variables of interest are found in the output of
these models, including: d, the mean treatment effect (i.e. dAB = mean treatment effect
log odds ratio A versus B); T, the absolute efficacy T[k] of each treatment k; p, the
probability of response in the respective treatment arms; best, the probability that each
treatment is the best; and lor and or are all the possible log odds ratios and odds ratios for

each comparison between treatments.

Throughout this thesis, odds ratios and 95% credible intervals are reported.

For the analyses in this thesis, some modifications of the model were performed to use
predictive distributions based on a study of heterogeneity in meta-analyses (Turner 2012).
The predictive distributions used were those obtained from objective outcomes such as
all-cause mortality. Given the outcomes examined in this thesis, fracture outcome and
withdrawals from studies, these were considered “objective’” outcomes and those prior
distributions were used. The informative priors in the original code were replaced with

the following code:

tausq~dinorm(-4.06,0.48)
tau<-1/tausq
sd<-sqrt(tausq)

Convergence assessment

Convergence is reached when inferences do not depend on the initial starting values of
the chains, and was assessed by two methods: history plots and Brooks-Gelman-Rubin
plots. For history plots, two chains were simulated starting from different initial values of
select unknown parameters and observed against the iteration number. Histories that
overlap and appear to mix with each other, were considered to have achieved convergent.

Brooks-Gelman-Rubin plots were then generated to control convergence. The Gelman-
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Rubin convergence statistic R compares the ratio of the pooled chain variance to the

within variance. These are two ways to estimate the posterior variance. Once

convergence is reached, R=1. Gelman-Rubin statistic (grey dashed lined) is which should

converge to 1. Examples of these plots are shown in Figure 1.

Figure 1. Plots of convergence assessment.

A) History plot
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The Monte Carlo (MC) error for each parameter of interest was also reviewed to verify

the accuracy of the posterior estimates. The MC error can be generated as part of the

statistical output by including the command in the script or by the stats button in the

sample monitor tool. The MC error estimates to what extent simulation error contributes
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to uncertainty in the estimation of the mean. Ideally the MC error should be less than

about 5% of the sample standard deviation.

No modifications were made to the seed, which specifies the random seed number used

to initialize the random number generation procedure.

Fixed effects models

As a sensitivity analysis, fixed effects models were run to compare against the random
effects models. In comparison to fixed effects models, the point estimates of the

odds ratios from the random effects model were similar but for some outcomes the
credible intervals were extremely large and varied greatly. This has been previously
described (Lambert PC et al. Stat Med. 2005; 24(15):2401), and is frequently observed

when a small number of trials are available, and this was seen in the present analysis.

model{
for(i in 1:NS){
deltali,1]<-0
mu[i] ~ dnorm(0,.0001) # vague priors for baselines
for (kin 1:na[i]) {
r[i,k] ~ dbin(p[i,K],n[i,k]) # binomial likelihood
logit(p[i,k])<-mu[i] + delta[i,k] # model

rO[i,k]<-r[i,k]+0.01*equals(r[i,k],0) -0.01*equals(r[i,k],n[i,k])
pO[i,k]<- max(p[i,k],.001)
r.hat[i,k]<- pO[i,k]*n[i,K]
#Deviance calculation for binomial data
dev[ik]<- 2*(rO[i,k]*log(rO[i,k]/r.hat[i,K]) + (n[i,K] - rO[i,k])*log((n[i,k] -
rO[i,k])/(n[i,K] - r.hat[i,K])))
}
for (k in 2:na[i]) {
delta[i,k] <- d[t[i,k]] - d[t[i,1]]

sdev[i]<-sum(dev[i,1:na[i]])
}
resdev<-sum(sdev([])
d[1]<-0
for (k in 2:NT){d[k] ~ dnorm(0,.0001) } # vague priors for basic parameters
# Treatment 1 baseline, based on average of NP trials including it.
for (i in 1:NS) { mul[i] <- mu[i] * equals(t[i,1],1) }
for (k in 1:NT) { logit(T[K])<- (sum(mul[])/NP) +d[k] }
# ranking
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for (k in 1:NT) { rk[k]<- rank(T[],k)

best[k]<-equals(rk[k],1)} # pairwise ORs
for (cin 1:(NT-1)) { for (kin (c+1):NT) { or[c,K] <- exp(d[K] - d[c] )
)
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APPENDIX 9 ASSESSMENT OF CONSISTENCY

In reporting on the results of network meta-analysis, it is recommended that models be
evaluated for inconsistency. Inconsistency has been described as the conflict between
“direct” evidence on a comparison between treatments B and C, and “indirect” evidence
gained from the examination of AC and AB trials, where treatments B and C have been
compared to a common intervention, A. Inconsistency is caused by effect modifiers, and
specifically by an imbalance in the distribution of effect modifiers in the direct and
indirect evidence (Dias et al 2011). Checking for inconsistency is therefore recommended
in addition to considerations of the extent of heterogeneity and its sources. Heterogeneity
can be characterized as between-trial variation within treatment contrasts, and

inconsistency as variation between treatment contrasts.

There are several methods available to test for inconsistency, including comparing the
standard network consistency model to an “inconsistency”, or unrelated mean effects,
model. A WinBUGS code has been developed to implement random and effects
inconsistency models in a Bayesian framework and the codes can be found at:

The inconsistency random effects model below was used to create the posterior mean
deviance contributions and these were plotted against those obtained from the
consistency models to assess for inconsistency (Technical Document Dias 2011).

The model used was as follows:

# Binomial likelihood, logit link, inconsistency model
# Random effects model

model{ # *** PROGRAM STARTS
for(i in 1:NS){ # LOOP THROUGH STUDIES
delta[i,1]<-0 # treatment effect is zero in control arm

muli] ~ dnorm(0,.0001) # vague priors for trial baselines
for (kin 1:na[i]) { # LOOP THROUGH ARMS
r[i,k] ~ dbin(p[i,k],n[i,k]) # binomial likelihood
logit(p[i,k]) <- mu[i] + delta[i,k] # model for linear predictor
#Deviance contribution
rhat[i,k] <- p[i,k] * n[i,k] # expected value of the numerators
dev[i,K] <- 2 * (r[i,k] * (log(r[i,k])-log(rhat[i,K]))
+ (n[i,K]-r[i,K]) * (log(n[i,K]-r[i,K]) - log(n[i,k]-rhat[i,k])))
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¥

# summed residual deviance contribution for this trial
resdev[i] <- sum(dev[i,1:na[i]])
for (k in 2:na[i]) { # LOOP THROUGH ARMS
# trial-specific LOR distributions
delta[i,K] ~ dnorm(d[t[i,1],t[i,k]] ,tau)
}
}

totresdev <- sum(resdev[]) # Total Residual Deviance
for (cin 1:(NT-1)) { # priors for all mean treatment effects
for (kin (c+1):NT) {d[c,k] ~ dnorm(0,.0001) }
}

sd ~ dunif(0,5) # vague prior for between-trial standard deviation
var <- pow(sd,2) # between-trial variance

tau <- 1/var  # between-trial precision

} #*** PROGRAM ENDS

The figures below show the results of plotting the posterior mean deviance contributions
for the consistency and inconsistency models for each of the following outcomes:
vertebral, non-vertebral, hip and wrist fractures, and total and adverse event withdrawals.
Plotting the posterior mean deviance of the individual data points in the inconsistency
models against their posterior mean deviance in the consistency model can help identify
when inconsistency is present. Points that show a much lower value of the posterior mean
deviance in the inconsistency model (below the line of equality), suggest that a
consistency model does not fit these points well. In general, trial-arms with zero cells will
have a high posterior mean of the residual deviance as the models will never predict a
zero cell exactly. Overall this is what was observed in the plots presented below. For
vertebral fractures, the outliers from the line of equality were smaller trials where zero
events were observed in a treatment arm, but the majority of points are close to the line of
equality, suggesting that there is minimal inconsistency. Somewhat more inconsistency
was seen in the other fracture outcomes, which is not unexpected given that not all the
trials included were designed to detect these outcomes. In particular for hip and wrist
fractures there were fewer studies and fewer events, which yielded higher residual

deviance values.
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Figure 1. Plots of the individual data points’ posterior mean deviance contributions
for the consistency model (horizontal axis) and the inconsistency model (vertical
axis) along with the line of equality.
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C) Hip fractures

1.4

1.2

1

0.8

0.6

Inconsistency Model

0.4

0.2

0.4

0.6

Consistency Model

0.8

1

1.2

14

D) Wrist fractures

Inconsistency Model
© o o o o o
N R B ® R, N B

o

¥yt

N

0.4

0.6

Consistency Model

0.8

1

1.2

14

147




E) Total withdrawals
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APPENDIX 10 MTC MODELS IN SAS: PROC GLIMMIX

PROC GLIMMIX is a procedure in SAS for fitting Generalized Linear Mixed Models,
where the data can have any distribution from the exponential family. Examples comprise
the normal, beta and gamma distributions as continuous members and the binary,

binomial and Poisson distributions as discrete members

Throughout this thesis the following model was used for the random effects analyses:

/*Random-effect model*/

ods output diffs=0R;

proc glimmix data=AllvertfractBD;

class STUDY DRUG;

format drug drug.;

model event/n = DRUG / solution oddsratio noint ddfm=satterth covb;
random STUDY;

lsmeans DRUG / ilink pdiff cl;

run;

ods output;

/*Use ods output to generate all pairwise comparisons*/
data OR(keep=DRUG DRUG estimate lower upper);set OR;
estimate=exp (Estimate) ; lower=exp (lower) ;upper=exp (upper) ;
run;

proc print data=O0OR;run;

First, the ODS OUTPUT statement instructs the program how to consider the diffs output
as OR. This is linked to the later DATA statement below which instructs the program
how to tabulate the output data.

The PROC GLIMMIX statement begins the procedure and instructs the program to use
the specific data file (in this example AllvertfractBD).

The CLASS statement instructs the procedure to treat the variables Study and Drug as
classification variables. It must appear before the MODEL statement.

The FORMAT statement instructs the procedure to format the variable drug.

The MODEL statement names the dependent variable (event/n) and the fixed effects
(Drug). This syntax is specific to models for binomial data and so the GLIMMIX

procedure automatically defaults to the binomial distribution. Once the distribution is
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determined, the procedure selects the link function for the model. The default link for
binomial data is the logit link. The statement option for model building NOINT excludes
the fixed effects intercept from the model. SOLUTION and ODDSRATIO are model
statement options for the statistical output. SOLUTION displays fixed effects, while
ODDSRATIO displays odds ratios and confidence limits. DDFM= is a statement option
for statistical computations and specifies the method for computing the denominator’s
degrees of freedom. In this case, the DDFM=SATTERTH option performs a general
Satterthwaite approximation for the denominator degrees of freedom in the model. The
COVB option results in the generation of covariance values for each drug-drug

comparison.

The RANDOM statement identifies the random effects, which was the variable Study.

The LSMEANS statement computes least squares (LS) means of fixed effects (Drug).
ILINK and CL are statement options of the statistical output. ILINK computes and
displays estimates and standard errors of LS means on the inverse linked scale. CL
constructs confidence limits for means and mean differences. PDIFF requests differences

of LS means.

The RUN statement tells SAS to process the preceding program statements.

The DATA statement after ODS OUTPUT tells the program to generate pairwise
comparisons for all the drugs and display the odds ratios and confidence levels.

The PROC PRINT statement tells the program to print the output data as previously

generated.

The following model was used for the fixed effects analyses:

/*Fixed-effect model*/

ods output diffs=0R;

proc glimmix data=AllvertfractBD;

class STUDY DRUG;

format drug drug.;

model event/n = DRUG / solution oddsratio noint ddfm=satterth covb;

150



lsmeans DRUG / ilink pdiff cl;
run;
ods output;

/*Use ods output to generate all pairwise comparisons*/
data OR(keep=DRUG DRUG estimate lower upper);set OR;
estimate=exp (Estimate) ; lower=exp (lower) ; upper=exp (upper) ;
run;

proc print data=O0OR;run;
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APPENDIX 11 INCLUDED STUDIES FOR MTC ANALYSES

Table 1a. Studies included for vertebral fractures analyses.

Study ID/First Author Year Reference
Black 1996 140
Black 2007 136
Bone 1997 141
Chesnut 2004 118
Cummings 1998 142
Dursun 2001 143
Fogelman 2000 144
Harris 1999 145
Hooper 2005 146
Lyritis 1997 147
Menuier 1997 148
Miller 2008 62
Montessori 1997 149
Pouilles 1997 150
Reginster 2000 151
Watts 1990 152
Wimalawansa 1998 153
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Table 1b. Studies included for non-vertebral fractures analyses.

Study ID/First Author Year Reference
Black 1996 140
Black 2007 136
Bone 1997 141
Chesnut 2004 118
Cummings 1998 142
Fogelman 2000 144
Grey 2012 137
Harris 1999 145
Hooper 2005 146
Hosking 1998 154
Ishida 2004 155
Li 2010 121
Lyritis 1997 147
McClung 2001 156
McClung 2004 108
McClung 2009 120
Menieur 1997 148
Miller 2008 62
Pols 1999 157
Pouilles 1997 150
Qin 2001 158
Reginster 2000 151
Storm 1990 159
Valimake 2007 160
Watts 1990 152
Wimalawansa 1998 153
Yan 2009 161
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Table 1c. Studies included for hip fractures analyses.

Study ID/First Author Year Reference
Black 1996 140
Black 2007 136
Fitzpatrick 2011 162
Greenspan 1998 163
Greenspan 2002 164
Harris 1999 145
Lyritis 1997 147
McClung 2001 156
Pols 1999 157
Storm 1990 159
Watts 1990 152

Table 1d. Studies included for wrist fractures analyses.

Study ID/First Author Year Reference
Black 1996 140
Cummings 1998 142
Harris 1999 145
Lyritis 1997 147
Pols 1999 157
Valimake 2007 160
Watts 1990 152
Yan 2009 161
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Table 1e. Studies included for total withdrawals analyses.

Study ID/First Author Year Reference
Ascott Evans 2003 165
Black 1996 136
Black 2007 140
Chesnut 2004 118
Cummings 1998 142
Fogelman 2000 144
Greenspan 1998 163
Grey 2012 137
Harris 1999 145
Herd 1997 166
Hooper 2005 146
Hosking 1998 154
Kung 2000 167
Li 2005 168
Li 2010 121
Lyritis 1997 147
McClung 2001 156
McClung 2009 120
Menuier 1997 148
Miller 2008 62
Montessori 1997 149
Pols 1999 157
Pouilles 1997 150
Qin 2007 158
Reginster 2000 151
Storm 1990 159
Watts 1990 152
Wimalawansa 1998 153
Yan 2009 161

155



Table 1f. Studies included for adverse events withdrawals analyses.

Study ID/First Author Year Reference
Ascott Evans 2003 165
Black 1996 140
Black 2007 136
Bone 1997 141
Chesnut 2004 118
Cummings 1998 142
Fogelman 2000 144
Harris 1999 145
Herd 1997 166
Hooper 2005 146
Hosking 1998 154
Li 2005 168
McClung 2001 156
McClung 2009 120
Menuier 1997 148
Miller 2008 62
Montessori 1997 149
Pols 1999 157
Pouilles 1997 150
Reginster 2000 151
Storm 1990 159
Valimaki 2007 160
Watts 1990 152
Wimalawansa 1998 153
Yan 2009 161
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Table 1g. Characteristics of studies added to the network meta-analyses.

Author and Study Design Drugs and Doses used Number in treatment and | Patient Characteristics Outcomes
Year control groups
Fitzpatrick 2011%? | Randomized Alendronate 70 mg po weekly | Alendronate 70 mg N = 90 Inclusion Criteria: Postmenopausal | Primary endpoints:

controlled trial

Secondary
prevention

Duration 1 year

Blinding: Double-
blind, placebo-
controlled

Placebo po weekly

All participants received daily
Ca (500-660 mg elemental and
vitamin D (at least 400 1U)

Placebo N= 90

women (at least 5 years), BMD T
score < -2.5 (with no vertebral
fracture) or <-2.0 (if 1 vertebral
fracture) or at the femoral neck,
total hip, trochanter, or lumbar
spine

Exclusion Criteria: more than 2
vertebral fracture or any non-
vertebral osteoporosis-related
fragility fracture after age of 40;
vitamin D deficiency, metabolic
bone disease, previous use
osteoporosis treatments

Alendronate - mean age 65.1 years
(SD 7.04), patients with 1 vertebral
fracture 36 (40%)

Placebo - mean age 63.2 years (SD
6.75), patients with 1 vertebral
fracture 41 (46%)

BMD, markers of
bone resorption serum
C-terminal telopeptide
of type 1 collagen
(CTX1), marker of
bone formation
procollagen type 1 N
propeptide (P1NP)

Secondary endpoints:
adverse events
including fractures

Kung 2000%7

Randomized
controlled trial

Secondary

Alendronate 10 mg po daily

Placebo po daily

Alendronate 10 mg po N =35

Placebo N =35

Inclusion Criteria: postmenopausal
women (more than 3 years) < 75
years with a lumbar spine < 2.5 SD
of local mean value.

Exclusion Criteria: bisphosphonate

Primary endpoints:
BMD, serum Ca,
phosphorus, alkaline
phosphatase

Secondary endpoints:
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prevention
Duration 1 year

Blinding: Double-

All participants received daily
Ca 500 mg

or fluoride therapy within past 12
months, use of HRT and calcitonin
in previous 6 months, history
metabolic bone disease, impaired
renal or liver function, history of
major gastrointestinal disease, other

adverse events

blind, placebo- major medical illness.
controlled
Alendronate 10 mg po - mean age
64 years (SD 5), 12 with vertebral
fracture
Placebo - mean age 65 years (SD
4), 14 with vertebral fracture
Li 2005™® Randomized Risedronate 5 mg po daily Risedronate mg po N = 30 Inclusion Criteria: postmenopausal | Primary endpoints:
controlled trial women (more than 1 year) between | BMD at lumbar spine
Placebo po daily Placebo N = 30 45 and 68 years, with a lumbar (L2-L4)
Secondary spine T-score >- 2.5 SD
prevention Al participants received daily _ o Secondary endpoints:
Ca 600 mg Exclusion Criteria: history BMD at hip, adverse
Duration 1 year metabolic bone disease, history of events
use of drugs affecting bone
oo metabolism
Blinding: Double-
blind, placebo- .
controlled Mean age of participants not
provided
Qin 2007™* Randomized Alendronate 10 mg po daily Alendronate 10 mg po N = 22 Inclusion Criteria: Postmenopausal | Primary endpoints:

controlled trial

Secondary
prevention

Duration 1 year

Blinding: Double-

Placebo po daily

All participants received daily
Ca 1200 mg

Placebo po N =25

women between 50-75 years with a
history of distal radial fracture and
BMD T scores < -2 at the spine or
hip

Exclusion Criteria: HRT or drug
treatment known to affect bone
metabolism; thyroid, parathyroid,

BMD at spine and
femoral neck

Secondary endpoints:
serum alkaline
phosphatase, urinary
deoxypyridoline,
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blind, placebo-
controlled

renal or liver disease;
gastrointestinal tract disease.

Alendronate - mean age 60.7 years
(SD 6.4), patients with vertebral
fracture not stated

Placebo - mean age 59.1 years (SD
6.3), patients with vertebral fracture
not stated

adverse events

Valimaki 2007

Randomized
controlled trial

Secondary
prevention

Duration 1 year

Blinding: Double-
blind, placebo-
controlled

Risedronate 5 mg po daily

Placebo po daily

All participants received daily
Ca 1000 mg and vitamin D 400

U

Risedronate 5 mg po N =116

Placebo N = 56

Inclusion Criteria: Postmenopausal
women (= 5 years) with a baseline
lumbar spine BMD T scores
between -2.5 and -1, plus > 1 risk
factor for osteoporosis such as
premature menopause or hip
osteopenia.

Exclusion Criteria: cancer in past 5
years, osteoarthritis, long —term
treatment with corticosteroids,
spinal fusion, > 2 fractured lumbar
vertebrae, recent bisphosphonate
therapy (within 6 months).

Risedronate - mean age 66.1 years
(SD 6.8), patients with vertebral
fracture not stated

Placebo - mean age 65.4 years (SD
6.8), patients with vertebral fracture
not stated

Primary endpoints:
change in lumbar
spine BMD

Secondary endpoints:

Bone turnover
markers urinary type |
collagen cross-linked
N-telopeptide and
serum bone-specific
alkaline phosphatase,
adverse events.

Yan 2009

Randomized

Alendronate 70 mg po weekly

Alendronate 70 mg po N =280

Inclusion Criteria: Postmenopausal
women (> 3 years) less than 85
years, with a baseline lumbar spine

Primary endpoints:
change in lumbar
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controlled trial

Secondary
prevention

Duration 1 year

Blinding: Double-
blind, placebo-
controlled

Placebo po weekly

All participants received daily
Ca (500 mg and vitamin D 200
V)

Placebo N = 260

BMD T scores less than — 2, who
did not have prevalent vertebral
fractures

Exclusion Criteria: diseases of bone
metabolism; liver, renal, or heart
disease; bisphosphonate, anabolic
steroid or estrogen or estrogen-
related drugs in the last 12 months.

Alendronate - mean age 65.2 years
(SD 6.5), patients with vertebral
fracture 0

Placebo - mean age 64.7 years (SD
5.9), patients with vertebral fracture
0

spine BMD
Secondary endpoints:

Bone turnover
markers urinary type |
collagen cross-linked
N-telopeptide and
serum bone-specific
alkaline phosphatase,
adverse events.
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Table 1 h. Excluded studies from previously conducted meta-analyses

Study ID/First Author Year

Drug

169-174

Reason for exclusion

Chesnut 1995
Clemmesen 1997
Liberman 1995
Mortensen 1998
Pacifici 1988
Shiota 2001

Alendronate
Risedronate
Alendronate
Risedronate
Etidronate
Etidronate
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No useable data

Did not meet inclusion criteria
Unclear time for outcome
Unclear time for outcome

No useable data

Did not meet inclusion critera



APPENDIX 12 BAYESIAN MTC SENSITIVITY ANALYSES RESULTS

Table 1. Baseline versus follow-up denominators comparisons for

bisphosphonates versus placebo.

A) Vertebral fractures.

Treatment

Baseline
OR? (95% Crl")

Follow-up
OR (95% Crl)

Alendronate 5 mg/day po

0.62 (0.15, 2.37)

0.60 (0.14, 2.34)

Alendronate 10 mg/day po

0.53 (0.40, 0.71)

0.52 (0.39, 0.70)

Etidronate 400 mg/month po

0.47 (0.23, 0.94)

0.44 (0.21, 0.87)

Ibandronate 150 mg/month po

0.51 (0.13, 1.96)

0.52 (0.13, 2.14)

Ibandronate 2.5 mg/day po

0.49 (0.30, 0.79)

0.48 (0.29, 0.79)

Ibandronate 20 mg intermittently po

0.51 (0.32, 0.83)

0.53 (0.32, 0.85)

Risedronate 150 mg/month po

0.59 (0.48, 0.78)

0.59 (0.45, 0.78)

Zoledronic acid 5 mg/year iv

0.28 (0.20, 0.40)

0.28 (0.19, 0.39)

*0OR, Odds Ratio. °Crl, Credible Interval. Significant results are in bold font.

B) Non-vertebral fractures.

Treatment

Baseline
OR?* (95% Crl)

Follow-up
OR (95% Crl)

Alendronate 5 mg/day po

1.02 (0.58, 1.78)

1.04 (0.59, 1.81)

Alendronate 10 mg/day po

0.78 (0.59, 0.95)

0.78 (0.60, 0.96)

Etidronate 400 mg/month po

0.67 (0.40, 1.10)

0.64 (0.37, 1.07)

Ibandronate 2 mg/every 3 months iv

0.82 (0.013, 46.85)

0.82 (0.030, 22.92)

Ibandronate 150 mg/month po

0.91 (0.41, 2.08)

0.92 (0.41, 2.04)

Ibandronate 2.5 mg/day po

1.11 (0.72, 1.69)

1.08 (0.71, 1.66)

Ibandronate 20 mg intermittently po

1.08 (0.70, 1.65)

1.02 (0.66, 1.58)

Risedronate 150 mg/month po

0.75 (0.57, 0.91)

0.73 (0.57, 0.90)

Zoledronic acid 5 mg/year iv

0.78 (0.53, 1.02)

0.74 (0.53, 1.03)

*0R, Odds Ratio. °Crl, Credible Interval. Significant results are in bold font.
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C) Hip fractures.

Treatment

Baseline
OR? (95% Crl")

Follow-up
OR (95% Crl)

Alendronate 10 mg/day po

0.52 (0.26, 1.01)

0.53 (0.26, 1.07)

Etidronate 400 mg/month po

0.98 (0.15, 1.08)

0.98 (0.18, 5.32)

Risedronate 150 mg/month po

0.74 (0.51, 1.08)

0.73 (0.50, 1.08)

Zoledronic acid 5 mg/year iv

0.58 (0.36, 0.94)

0.59 (0.36, 0.96)

*0OR, Odds Ratio. °Crl, Credible Interval. Significant results are in bold font.

D) Wrist fractures.

Treatment

Baseline
OR? (95% Crl")

Follow-up
OR (95% Crl)

Alendronate 10 mg/day po

0.73(0.39, 1.12)

0.74 (0.39, 1.14)

Etidronate 400 mg/month po

2.29 (0.36, 19.9)

2.20 (0.37, 18.81)

Risedronate 150 mg/month po

0.61 (0.24, 1.49)

0.61 (0.24, 1.48)

%0R, Odds Ratio. °Crl, Credible Interval.

E) Total withdrawals.

Treatment

Baseline
OR? (95% Crl")

Follow-up
OR (95% Crl)

Alendronate 5 mg/day po

1.13 (0.32, 4.06)

1.18 (0.79, 1.76)

Alendronate 10 mg/day po

0.75 (0.46, 1.24)

1.12 (0.99, 1.38)

Etidronate 400 mg/month po

0.92 (0.50, 1.67)

0.91 (0.61, 1.37)

Ibandronate 2 mg/every 3 months iv

1.05 (0.13, 9.09)

1.62 (0.30, 8.57)

Ibandronate 150 mg/month po

1.18 (0.41, 3.67)

1.35 (0.93, 2.04)

Ibandronate 2.5 mg/day po

0.92 (0.27, 3.22)

0.84 (0.60, 1.16)

Ibandronate 20 mg intermittently po

0.86 (0.25, 2.99)

0.73 (0.53, 1.02)

Risedronate 150 mg/month po

0.82 (0.47, 1.42)

0.86 (0.72, 1.00)

Zoledronic acid 5 mg/year iv

0.96 (0.31, 3.02)

0.97 (0.74, 1.26)

*0OR, Odds Ratio. °Crl, Credible Interval.
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F) Adverse event withdrawals.

Treatment

Baseline
OR? (95% Crl")

Follow-up
OR (95% Crl)

Alendronate 5 mg/day po

1.02 (0.34, 3.03)

0.60 (0.26, 1.26)

Alendronate 10 mg/day po

0.97 (0.48, 1.96)

1.00 (0.63,1.57)

Etidronate 400 mg/month po

1.02 (0.40, 2.63)

1.04 (0.44, 2.45)

Ibandronate 150 mg/month po

1.41 (0.42, 5.07)

1.35 (0.56, 3.58)

Ibandronate 2.5 mg/day po

0.92 (0.23, 3.60)

9.92 (0.35, 2.41)

Ibandronate 20 mg intermittently po

0.86 (0.22, 3.42)

0.92 (0.35, 2.40)

Risedronate 150 mg/month po

0.93 (0.51, 1.70)

0.92 (0.59, 1.42)

Zoledronic acid 5 mg/year iv

1.16 (0.29, 4.62)

1.17 (0.45, 3.07)

%0R, Odds Ratio. °Crl, Credible Interval.

Table 2. Random versus fixed effects comparisons for
bisphosphonates versus placebo.

A) Vertebral fractures.

Treatment

Random
OR?(95% Crl")

Fixed
OR (95% Crl)

Alendronate 5 mg/day po

0.62 (0.15, 2.37)

0.62 (0.15, 2.34)

Alendronate 10 mg/day po

0.53 (0.40, 0.71)

0.52 (0.42, 0.65)

Etidronate 400 mg/month po

0.47 (0.23, 0.94)

0.47 (0.23, 0.92)

Ibandronate 150 mg/month po

0.51 (0.13, 1.96)

0.51(0.13, 1.93)

Ibandronate 2.5 mg/day po

0.49 (0.30, 0.79)

0.49 (0.32, 0.72)

Ibandronate 20 mg intermittently po

0.51 (0.32, 0.83)

0.51 (0.34, 0.76)

Risedronate 150 mg/month po

0.59 (0.48, 0.78)

0.59 (0.47, 0.75)

Zoledronic acid 5 mg/year iv

0.28 (0.20, 0.40)

0.28 (0.22, 0.35)

*0R, Odds Ratio. °Crl, Credible Interval. Significant results are in bold font.
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B) Non-vertebral fractures.

Treatment

Random
OR? (95% Crl")

Fixed
OR (95% Crl)

Alendronate 5 mg/day po

1.02 (0.58, 1.78)

1.03 (0.61, 1.74)

Alendronate 10 mg/day po

0.78 (0.59, 0.95)

0.81 (0.70, 0.93)

Etidronate 400 mg/month po

0.67 (0.40, 1.10)

0.67 (0.40, 1.10)

Ibandronate 2 mg/every 3 months iv

0.82 (0.013, 46.85)

0.81 (0.20, 32.34)

Ibandronate 150 mg/month po

0.91 (0.41, 2.08)

0.95 (0.45, 2.01)

Ibandronate 2.5 mg/day po

1.11 (0.72, 1.69)

1.11 (0.81, 1.53)

Ibandronate 20 mg intermittently po

1.08 (0.70, 1.65)

1.08 (0.79, 1.49)

Risedronate 150 mg/month po

0.75 (0.57, 0.91)

0.78 (0.69, 0.89)

Zoledronic acid 5 mg/year iv

0.78 (0.53, 1.02)

0.73 (0.62, 0.86)

*0OR, Odds Ratio. °Crl, Credible Interval. Significant results are in bold font.

C) Hip fractures.

Treatment

Random
OR?(95% CrlI")

Fixed
OR (95% Crl)

Alendronate 10 mg/day po

0.52 (0.26, 1.01)

0.53 (0.26, 1.07)

Etidronate 400 mg/month po

0.98 (0.15, 1.08)

0.98 (0.18, 5.32)

Risedronate 150 mg/month po

0.74 (0.51, 1.08)

0.73 (0.50, 1.08)

Zoledronic acid 5 mg/year iv

0.58 (0.36, 0.94)

0.59 (0.36, 0.96)

%0OR, Odds Ratio. °Crl, Credible Interval. Significant results are in bold font.
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D) Wrist fractures.

Treatment

Random
OR? (95% Crl")

Fixed
OR (95% Crl)

Alendronate 10 mg/day po

0.73 (0.39, 1.12)

0.74 (0.39, 1.14)

Etidronate 400 mg/month po

2.29 (0.36, 19.9)

2.20 (0.37, 18.81)

Risedronate 150 mg/month po

0.61 (0.24, 1.49)

0.61 (0.24, 1.48)

*0OR, Odds Ratio. °Crl, Credible Interval.

E) Total withdrawals.

Treatment

Random
OR? (95% Crl")

Fixed
OR (95% Crl)

Alendronate 5 mg/day po

1.13 (0.32, 4.06)

1.18 (0.79, 1.76)

Alendronate 10 mg/day po

0.75 (0.46, 1.24)

1.12 (0.99, 1.38)

Etidronate 400 mg/month po

0.92 (0.50, 1.67)

0.91 (0.61, 1.37)

Ibandronate 2 mg/every 3 months iv

1.05 (0.13, 9.09)

1.62 (0.30, 8.57)

Ibandronate 150 mg/month po

1.18 (0.41, 3.67)

1.35 (0.93, 2.04)

Ibandronate 2.5 mg/day po

0.92 (0.27, 3.22)

0.84 (0.60, 1.16)

Ibandronate 20 mg intermittently po

0.86 (0.25, 2.99)

0.73 (0.53, 1.02)

Risedronate 150 mg/month po

0.82 (0.47, 1.42)

0.86 (0.72, 1.00)

Zoledronic acid 5 mg/year iv

0.96 (0.31, 3.02)

0.97 (0.74, 1.26)

*0R, Odds Ratio. °Crl, Credible Interval.
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F) Adverse event withdrawals.

Treatment

Random
OR? (95% Crl")

Fixed
OR (95% Crl)

Alendronate 5 mg/day po

1.02 (0.34, 3.03)

1.25 (0.82, 1.93)

Alendronate 10 mg/day po

0.97 (0.48, 1.96)

0.94 (0.81, 1.09)

Etidronate 400 mg/month po

1.02 (0.40, 2.63)

1.06 (0.52, 2.19)

Ibandronate 150 mg/month po

1.41 (0.42, 5.07)

1.07 (0.70, 1.67)

Ibandronate 2.5 mg/day po

0.92 (0.23, 3.60)

0.92 (0.76, 1.11)

Ibandronate 20 mg intermittently po

0.86 (0.22, 3.42)

0.86 (0.72, 1.04)

Risedronate 150 mg/month po

0.93 (0.51, 1.70)

0.97 (0.88, 1.07)

Zoledronic acid 5 mg/year iv

1.16 (0.29, 4.62)

1.16 (0.95, 1.42)

%0R, Odds Ratio. °Crl, Credible Interval.
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