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Objective. The Health Technology Assessment (HTA) approach was applied to denosumab in the prevention of osteoporotic
fractures in postmenopausal women. Method. Epidemiological, clinical, technical, economic, organizational, and ethical aspects
were considered. Medical electronic databases were accessed to evaluate osteoporosis epidemiology and therapeutical approaches. A
budget impact and a cost-effectiveness analyses were performed to assess economic implications. Clinical benefits and patient needs
were considered with respect to organizational and ethical evaluation. Results. In Italy around four millions women are affected by
osteoporosis and have a higher risk for fractures with 70,000 women being hospitalized every year. Bisphosphonates and strontium
ranelate are recommended as first line treatment for the prevention of osteoporotic fractures. Denosumab is effective in reducing
vertebral, nonvertebral, and hip/femoral fractures with an advantage of being administered subcutaneously every six months.
The budget impact analysis estimated a reduction in costs for the National Health Service with the introduction of denosumab.
Furthermore, the economic analysis demonstrated that denosumab is cost-effective in comparison to oral bisphosphonates and
strontium ranelate. Denosumab can be administered in outpatients by involving General Practitioners in the management. Ethical
evaluation is positive because of its efficacy and compliance. Conclusion. Denosumab could add value in the prevention of
osteoporotic fractures.

1. Introduction

Osteoporosis, a systemic skeletal disease characterized by
low Bone Mass Density (BMD) and microarchitectural dete-
rioration of bone tissue, is a global public health problem
currently affecting more than 75 million people worldwide
[1]. Eighty percent of people who suffer osteoporosis are
women [2]. Osteoporosis causes more than two million
fractures annually [3]: the most common are hip/femur and
vertebral fractures. Osteoporotic fractures are associated with
significant morbidity and mortality [4]. The acute and long-
term medical care expenditure associated with osteoporotic
fractures was estimated to be $17 billion in 2005 in the United

States [5]. In addition to direct medical costs, osteoporosis
also results in indirect costs, primarily related to reduced
productivity due to disability and premature death [6].

The diagnosis of osteoporosis relies on BMD measure-
ment by means of T-score, defined as the number of standard
deviations (SDs) from the average BMD of healthy young
people. T-score measures BMD using central (hip and/or
spine) double-energy X-ray scanning [7, 8]. According to
World Health Organization (WHO) osteoporosis is diag-
nosed if T-score is <—2.5SD [9].

Due to the reduced BMD, the aim of medical man-
agement is to reduce the risk for fracture [10]. Several
therapeutic options are available. Among these, a new drug is



denosumab, a monoclonal antibody whose administration is
characterized by a longer time interval than other drugs [11].
Denosumab is administered through a single subcutaneous
injection into the thigh, abdomen, or back of the arm. The
recommended dosage is 60 mg once every six months [12].

This study summarizes the results of a Health Technology
Assessment (HTA) report on denosumab carried out in 2010
before the drug market access. HTA plays an essential role
in modern health care systems by supporting evidence based
decision making in health care policy and practice. HTA is
concerned with the medical, organizational, economic, and
societal consequences of using health technologies within the
health system [13] and focuses on the whole value of the
technology in the current clinical practice [14].

2. Methods

The HTA report about denosumab was carried out by the
research group of the Universita Cattolica del Sacro Cuore. A
multidisciplinary analysis was realized in order to understand
the potential of denosumab in the Italian context.

2.1. Epidemiological Aspects. PubMed and Ovid SP databases
were searched in order to acquire information about
osteoporosis  pathophysiology, diagnosis, risk factors,
epidemiology, and burden of disease. The following key-
words were used for the search: “Osteoporosis, Postmeno-
pausal’[Mesh], “Epidemiology/classification’[Mesh], “Epi-
demiology/diagnosis”’[Mesh], =~ “Epidemiology/prevention
and control’[Mesh], “Epidemiology/statistics and numerical
data”[Mesh], and “Epidemiology/trends”[Mesh]. The Health
Search database (i.e., the Italian General Practitioners (GPs)
registry) was also looked at in order to draw information
about the Italian epidemiological scenario.

2.2. Therapeutic Alternatives. Data about efficacy of available
antiosteoporotic treatments were retrieved using PubMed,
the Cochrane Library, and Ovid SP databases through
the keywords “Osteoporosis, Postmenopausal”’[Mesh], and
“Therapeutics”’[Mesh]. According to the hierarchy of evi-
dence, meta-analysis, systematic reviews, and randomized
clinical trials (RCTs) were considered; indeed the search
was limited to clinical trial and meta-analysis. With respect
to RCTs, data from initial pivotal trials were discussed.
The drug classes which were taken into consideration were
identified according to international and national guidelines
for the management of the disease. Ad hoc research strategies
were developed for each of the drugs. Literature review
was updated to 2010 and Relative Risks (RRs) with 95%
confidence intervals (Cls) of hip/femoral, vertebral, and
nonvertebral fractures were extracted from the most updated
evidence.

2.3. Costs of Osteoporosis in Italy. Costs of the disease were
estimated with respect to hospitalizations for osteoporotic
fractures as the main cost driver [6].
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In order to estimate the prevalence of osteoporosis in
hospitalized population, discharge rates for osteoporotic frac-
tures were calculated. Population data were obtained from
the National Institute for Statistics [15]. Medical records of
women aged 45 years or older, discharged from hospital in
2009 for a fracture, and having osteoporosis (ICD-9-CM:
733.0) as principal or secondary diagnosis were taken from
National Hospitalizations Database.

Data were stratified by age (45-64, 65-74 and >75 years)
and by fractures type.

The Diagnosis Related Groups (DRGs) conventional
unique tariffs [16] were used to quantify the remuneration
as a proxy of the real costs (Euros, 2009). The analysis was
conducted from the Italian National Health Service (NHS)
perspective.

2.4. Budget Impact and Cost-Effectiveness Analysis. A Budget
Impact Model (BIM) was used in order to estimate the future
impact of the introduction of denosumab on the health
care national expenditure. The BIM was made up of three
components:

(i) the demographic model, where the demographic
evolution of Italian population was simulated;

(ii) the epidemiological or disease model, where the
population of interest (i.e., patients affected by osteo-
porosis and potentially treated) was reproduced in its
evolution in time;

(iii) the technology prediction model, where an estimate
of the number of patients administered denosumab
and the other available drugs was modelled.

For every year of the time period considered (2010-2013), the
BIM took into account the following (the appendix):

(i) the number of patients treated with each one of
the antiosteoporotic available drugs (each with the
respective market share),

(ii) the efficacy and complicance to therapy,

(iii) the direct health care costs.

The BIM allowed to estimate costs for Italian NHS with
the gradual market access of denosumab. Moreover, a cost-
effectiveness analysis was performed from the Italian NHS
perspective by using a Markov model which simulated the
transition of patients across different health states every six
months (Figure 1) [17]. As the economic evaluation was per-
formed from the NHS perspective, only direct medical costs
have been included (medications and inpatient, outpatient,
and community care). The Markov model was developed in
order to assess the cost-effectiveness of denosumab compared
with the other alternative treatments. Each cycle was com-
posed of six months. Seven health states have been considered
in the analysis: healthy (no fractures), hip/femoral fracture,
six months after hip/femoral fracture, vertebral fracture,
period following the vertebral wrist fracture, other fractures,
and death. According to the transition probabilities from
one state to another, the subjects passed from one status to
another.
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FIGURE 1: Markov model.

The model was developed by I3 Innovus on Excel soft-
ware.

Data about costs and efficacy of treatments were the same
of the BIM model, while utility data were retrieved from
the international literature (the appendix). With respect to
efficacy, data were extracted from a document prepared by
the National Institute for Clinical Excellence [18] because
it was inclusive of data from pivotal trials as well as from
their extensions. Efficacy data on the risk of different types
of fracture of denosumab relative to placebo were obtained
from a phase I1I randomized placebo-controlled clinical trial
(FREEDOM).

With reference to the RR, the details are provided in the
appendix. The horizon of the analysis was lifetime and costs
and benefits were discounted at 3% per year. Results were
reported as incremental cost-effectiveness ratio (ICER), in
terms of incremental costs per Quality Adjusted Life Year
(QALY) gained.

A probabilistic sensitivity analysis was carried out letting
the following variables change simultaneously: unitary costs,
fracture risk, compliance, offset time (i.e., the duration of the
efficacy after the discontinuation of treatment), mortality rate
due to fracture, treatment duration, and utility values.

2.5. Organizational Aspects Related to the Use of Denosumab
in the Italian Healthcare Context. A literature review was
performed in order to analyze organizational impact. In par-
ticular, aspects concerning drugs refund, access to treatments
and equity, pharmacovigilance, compliance, involvement of
GPs, and monitoring of the appropriateness of prescriptions
were examined. Data were retrieved using PubMed database
and Google search through the keywords “Osteoporosis,
Postmenopausal”’[Mesh], “Drugs Reimbursement Policies,”
“Access to Treatments,” “Equity;” “Pharmacovigilance,” “Com-

General Practitioners,” and “Appropriateness of

pliance,”
Prescriptions.”

2.6. Ethical Aspects. The ethical issues linked to the uti-
lization of the product were taken into account through

a framework including epistemological data, anthropologic
reference, and ethical evaluation.

3. Results

3.1. Epidemiological Aspects. Osteoporosis is a leading cause
of morbidity and mortality in elderly people, especially
women, worldwide. According to the WHO, osteoporosis
affects more than 75 million people in the United States,
Europe, and Japan [19]. In the United States and the European
Union about 30% of postmenopausal women are affected,
and it is estimated that more than 40% have an osteoporotic
fracture during their lives [20].

It has been estimated that the worldwide incidence of
hip/femoral fractures will rise both in men and women
[21]. Furthermore, even though age-adjusted incidence rates
remained stable, the absolute number of hip/femoral frac-
tures worldwide would increase reaching 6.26 million in 2050
[22].

In Italy the frequency of the disease has been studied
through the Epidemiological Study On The Prevalence of
Osteoporosis (ESOPO) [23], conducted in 2000. The study
showed a prevalence of osteoporosis of 22.8% among women
aged between 40 and 79 years and almost 50% considering
only women over the age of 70 years. Nowadays, it is esti-
mated that osteoporotic women in Italy are about four million
and by 2025 they will be around five million [23, 24]. The
prevalence of osteoporotic fractures is growing. Indeed, there
are about 70,000 women hospitalized for hip/femoral fracture
yearly in Italy and the incidence of hip/femoral fractures
increased by 28% in women over 74 years between 2000 and
2005 [25, 26]. The query of Health Search database for the
period 2006-2008 released a steady incidence of osteoporotic
fractures. Furthermore it demonstrated an increased annual
incidence in elderly people (0.74-0.85%, 1.47-1.51%, and 1.87-
2.20% in women aged 65-74, 75-84, and over 84 years, resp.).

In conclusion, osteoporosis represents an emerging con-
dition in our country and around the world, mainly due to
worldwide ageing of population.

3.2. Therapeutic Alternatives. According to the Italian guide-
lines [10] the following drugs are used in the medical
management of osteoporosis:

(i) bisphosphonates avoid bone resorption and include
etidronate, alendronate, and risedronate which are
given orally, ibandronate which is administered both
orally and intravenously, zoledronate, given intra-
venously, and clodronate for intramuscular or oral
administration;

(ii) strontium ranelate which works both stimulating
osteogenesis and avoiding osteoresorption;

(iil) analogues of parathormone (PTH 1-34—teripara-
tide—and PTH 1-84);

(iv) selective estrogens receptor modulators (SERM; i.e.,
raloxifene);

(v) hormone replacement therapy (HRT);

(vi) denosumab.



Therefore, drugs used in osteoporosis may be classified in
antiresorptive and osteogenic: in the first group bisphospho-
nates, SERM, and HRT may be listed, while in the second
group parathormone analogues are found. Strontium ranelate
works through both mechanisms.

All drug classes have been demonstrated to be effective in
reducing vertebral fractures when given together to vitamin
D and calcium and are recommended for the treatment of
postmenopausal osteoporosis.

The review of the literature yielded several meta-analyses
and pivotal RCTs which have proved the efficacy of the
different drugs. According to the evidence reported in Table 1,
parathormone analogues as well as several bisphosphonates
may maximize the reduction in vertebral and nonvertebral
fractures till 70%. Prevention of hip/femoral fractures would
be maximized with bisphosphonates. Anyhow, because of
high costs of parathormone analogues, they are not recom-
mended as first line treatment [10].

Denosumab is a fully human monoclonal antibody of
IgG2 subtype produced in Chinese hamster ovary cells,
inhibiting RANK ligand (RANKL). Inhibition of RANKL
is one of the possible interventions able to interfere with
conditions with increased bone resorption. RANKL pro-
duction is increased when estrogen is decreased, as after
menopause and in conditions of hormone ablation, leading
to an increased bone resorption. This suggests a change in
the ratio of RANKL and counterbalancing decoy receptor
osteoprotegerin that promotes bone resorption [27].

Denosumab, at a dose of 60 mg subcutaneous injection
every six months, seems to be an effective treatment for
postmenopausal osteoporosis as it is able to reduce the inci-
dence of vertebral, nonvertebral, and hip/femoral fractures.
In particular, the FREEDOM study is an international, mul-
ticenter, randomized, double-blind, placebo-controlled trial
conducted to evaluate the efficacy and safety of denosumab in
reducing the incidence of new vertebral (primary endpoint)
and spine and hip/femoral (secondary endpoints) fractures
in women with postmenopausal osteoporosis [28]. A total
number of 7,868 women aged 60 to 90 years having a T-
score <—2.5 and >—4.0 were enrolled in the study. They were
randomly assigned to receive either 60 mg of denosumab or
placebo for 36 months. As compared with placebo, deno-
sumab reduced the risk of new radiographic vertebral frac-
tures, with a cumulative incidence of 2.3% in the denosumab
group versus 7.2% in the placebo group (RR 0.32; 95% CI
0.26-0.41). Denosumab reduced the risk of hip/femoral
fracture, with a cumulative incidence of 0.7% versus 1.2%
in the placebo group (hazard ratio (HR) 0.60; 95% CI 0.37-
0.97). Denosumab also reduced the risk for nonvertebral
fractures, with a cumulative incidence of 6.5% versus 8.0%
in the placebo group (HR 0.80; 95% CI 0.67-0.95). There was
no increase in the risk of cancer, infection, cardiovascular
disease, delayed fracture healing, or hypocalcemia, and there
were no cases of osteonecrosis of the jaw and no adverse
reactions to the injection. The majority of adverse events were
mild or moderate in severity, having transient duration, and
not considered related to administration of denosumab [28].

The efficacy and safety of denosumab compared to
alendronate have been also evaluated in two phase III
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noninferiority clinical trials for a period of one year
(DECIDED and STAND study) [29, 30].

In the first study, 1,189 postmenopausal women with a
T-score <—2.0 were randomized to receive subcutaneous
denosumab injections plus oral placebo weekly (n = 594) or
oral alendronate weekly (70 mg) plus subcutaneous placebo
injections (n = 595). The authors evidenced that denosumab
treatment led to significantly larger gains in BMD and a
greater reduction of bone turnover markers compared with
alendronate. The overall safety profile was similar for both
treatments [29].

In the second one, 504 postmenopausal women, after a
l-month run-in period during which all of them received
open-label, branded alendronate 70 mg once weekly, were
randomly assigned to receive subcutaneous denosumab
injections 60mg once every six months or to continue
receiving branded alendronate 70 mg once weekly. Transition
to denosumab produced greater increases in BMD at all
measured skeletal sites and a greater reduction in bone
turnover. Adverse events and serious adverse events were
balanced between groups. No clinical hypocalcaemia was
reported [30].

3.3. Costs of Osteoporosis in Italy. In Italy, the discharge rate
for osteoporotic fractures was 35.60 per 100,000 in women
aged 45 years or older; this value increased with age for
all types of fractures and reached the highest value for
hip/femoral fractures (17.11 per 100,000 women aged 45 years
or over).

Table 2 shows the annual direct costs for hospitalization
among women in Italy. The annual mean cost for hospital-
ization amounted to €2,241.96. The main cost driver was
represented by hip/femoral fracture (around €14 million).

3.4. Budget Impact and Cost-Effectiveness Analysis. Accord-
ing to the BIM and the market and demographic forecasting,
the number of patients given denosumab will increase during
the three-year horizon from 60,000 patients managed with
the drug in the first year to 150,000 in the third year. Taking
into consideration data about efficacy and compliance, an
absolute reduction of 93 cases of hip/femoral fractures is
expected in the first year and of 275 in the third year. Similarly,
the number of vertebral fractures would decrease of 135 in
the first year and 372 in the third year. Savings are shown
in Table 3 together with absolute number of fractures. In
particular, in Table 3, for each of the considered years (from
2010 to 2013) the following are reported:

(i) costs related to the treatment of hip/femoral and ver-
tebral fractures in the group treated with denosumab;

(ii) number of hip/femoral and vertebral fractures
avoided by treating the subjects with denosumab;

(iii) related savings.

As far as the nonvertebral fractures are concerned, there
would be an absolute reduction of 54 and 138, respectively,
in the first and third years for a saving of €231,000 and
€593,000. The majority of costs avoided are due to hospital-
izations accounting for 62.3-82.4% of total costs.
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TABLE 2: Annual direct costs for hospitalization in Italy (€ 2009).

Fractures type Number of admissions Total mean direct costs (€)

Hip and femur 4,653 14,077,146.05
Vertebral 2,318 2,549,459.76
Other 3,254 6,297,477.79
Total 10,225 22,924,083.60

With respect to drugs expenditure, the model yielded a
future increase in costs independently by the introduction of
denosumab mainly due to the demographic evolution. How-
ever, because of denosumab higher adherence and efficacy,
there would be a whole saving for the Italian NHS. The saving
would be mainly driven by the replacement of high costs
drugs with denosumab, as reported in Table 4. In particular,
costs and outcomes in Table 4 are intended per year. For
each of the considered alternatives, the yearly related costs are
reported across the four years considered in the analysis in
both scenarios: with denosumab versus without denosumab.

Table 5 shows the results of the budget impact analysis for
each of the following costs voices considered:

(i) medications;
(ii) inpatient care;
(iii) outpatient care;

(iv) community care.

Furthermore, the total results (expressed in thousands €)
are reported. In particular, in the BIM, two scenarios are
considered:

(i) scenario with denosumab;

(ii) scenario without denosumab.

By comparing these two scenarios, it is possible to state that
the introduction of denosumab within the Italian health care
setting would lead to significant savings from 2011 to 2013
(from €5,190,000 to €14,904,000).

The cost-saving profile is preserved also if an increase
of costs is considered as well as a decrease in efficacy and
compliance.

With respect to cost-effectiveness analysis, considering
a study population 65 years old with a T-score <—4SD,
denosumab was shown to be cost-effective in comparison to
risedronate, generic and branded alendronate, ibandronate,
and strontium ranelate (Table 6). In Table 6, total costs,
QALYs, and ICERs are reported for each of the alternatives
considered. QALYs measures have been calculated by mul-
tiplying each year gained by the related utility. The utility
values have been collected from the literature (the appendix,
Table 8). ICERs have been calculated by using the following
formula:

ACosts

ICER = ———. 1
AQALYs @

Taking into consideration a threshold of €30,000, deno-
sumab was demonstrated to be cost-effective with a probabil-
ity of 85% versus risedronate and 95% versus ibandronate and

strontium ranelate. In comparison to alendronate denosumab
was shown to be cost-effective with a probability of around
65%.

3.5. Organizational Aspects Related to the Use of Denosumab
in the Italian Healthcare Context. Osteoporosis represents a
social as well as an economic priority, due to the progressive
ageing of the population [3, 31]. Therefore, given the subopti-
mal adherence to the existing treatments (>80% just in 51.2%
of cases) [32], it seems appropriate to introduce innovative
therapies, such as denosumab, allowing a more effective
management. It is also necessary to consider the strong
inequalities in the distribution and access to treatments due
to the heterogeneous distribution of innovative drugs in Italy
[33]. Concerning osteoporosis, according to the Nota AIFA
n. 79 (Nota AIFA is a mandatory guideline provided by the
Italian Drug Agency (whose acronym is AIFA) indicating the
criteria for the reimbursement of drugs costs by the Italian
NHS. It is also a tool aimed at monitoring and controlling
appropriateness of prescriptions and pharmaceutical expen-
diture.) [34], drugs costs are refunded by the Italian NHS
when some specific criteria related to the presence in the
patient of some risk conditions are satisfied. The appropriate-
ness of prescription of denosumab, as a new drug available for
treating osteoporosis, could be indeed regulated by the same
Nota AIFA n. 79. This drug, considered its characteristics in
terms of both way of administering and favourable safety
profile, lends itself to be used in outpatient care [30, 35].
Therefore GPs should be involved in the management of
osteoporosis therapy as well as in prevention. GPs in fact,
unlike specialists, provide care for a considerable number
of patients (different by gender, age, ethnicity, occupation,
and lifestyle) and have a comprehensive vision of the assisted
people, taking into account their general clinical condition,
family history, psychological and physical characteristics, and
compliance to therapy [35].

3.6. Ethical Aspects. The efficacy of denosumab in terms
of increased BMD and reduced incidence of osteoporotic
fractures [28-30, 36] lies in the distribution and use of this
drug. However, on the other hand, caution is required in con-
trolling adverse effects [28, 37-41] and promoting patient’s
quality of life. A proper use of denosumab requires decision
makers to provide each patient personalized interviews in
order to take into account each specific situation, check the
possibility and feasibility of an equal access to the drug by
all patients with osteoporosis, ask GPs to pay a particular
attention in monitoring the effectiveness of the drug and in
reporting adverse events [35]. The scientific community has
to be engaged in the organization of further RCTs in order
to gather further evidence on denosumab with reference to
efficacy, safety, and compliance [42]. In particular, studies
investigating long-term effects of denosumab should be
encouraged in order to better assess its safety. Furthermore,
head-to-head investigation should be promoted instead of
studies controlled with placebo, and hard endpoints, instead
of BMD, should be considered for testing the efficacy of the
drug.
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TABLE 3: Number of fractures occurring in patients given different treatments and pertaining costs.

2010 2011 2012 2013
Hip/femoral fractures (alternatives) 36,343 37,142 37,971 38,657
Hip/femoral fractures (denosumab) 36,343 37,049 37,808 38,382
Hip/femoral fractures avoided with denosumab — 93 163 275
Saving (€) — 860,000 2,042,000 3,788,000
Vertebral fractures (alternatives) 21,487 21,506 21,612 21,640
Vertebral fractures (denosumab) 21,487 21,370 21,387 21,268
Vertebral fractures avoided with denosumab — 136 225 372
Saving (€) — 333,000 653,000 1,139,000

TaBLE 4: Costs of medications in thousands € stratified by year and by scenario (with or without denosumab).

2010 2011 2012 2013
Without With Without With Without With Without With
denosumab denosumab  denosumab denosumab  denosumab denosumab  denosumab denosumab
Alendronate 27,859 27,859 26,359 26,359 26,114 26,114 25,959 25,959
(Fosamax)
Alendronate
gll?:rglh"lecal' 48,040 48,040 49,413 49,092 48,432 47,933 49,513 48,713
(Fosavance)
Generic 72,561 72,561 76,132 76,132 80,274 80,274 83,254 83,254
alendronate
Risedronate 90,527 90,527 57,872 57,872 60,843 60,843 63,888 63,888
(Actonel)
Zoledronate
2,940 2,940 4,962 4,962 5,263 5,263 5,421 5,421

(Actonel)
Ibandronate
oral 43,313 43313 51,187 44,209 54,375 43,527 61,116 43,725
(Bonviva)
Raloxifene 6,847 6,847 7,457 7,457 7,688 7,688 7,919 7,919
(Evista)
Strontium
ranelate 58,074 58,074 78,835 56,736 93,214 58,858 111,307 56,232
(Protelos)
Teriparatide 50,701 50,701 54,415 54,415 57,001 57,001 60,584 60,584
PTH 10,244 10,244 11,070 11,070 11,243 11,243 11,581 11,581

such as the National Institute of Health and Clinical Excel-
lence (NICE) and the Canadian Agency for Drugs and Tech-

TABLE 5: Budget impact in thousands € with denosumab.

2010 201 2012 2013 nology in Health (CADTH) addressed the use of denosumab
Medications - —3,766 —5,854 —9,385 in preventing osteoporotic fractures with respect to clinical
Inpatient care — -1,174 -2,025 -3,383 effectiveness, safety, and cost-effectiveness. Both of them
Outpatient care — -250 -420 -689 assessed that denosumab may be used in postmenopausal
Community care — — -624 -1,447 women with osteoporosis who have switched from oral
Total _ ~5,190 ~8,923 ~14,904 bisphosphonates (alendronate, risedronate, or etidronate)

because of its safety and effectiveness [43, 44]. Unlike these
reports, our analysis took into account the comparison to
oral bisphosphonates because at the time of the assessment
denosumab had not accessed the market yet. Therefore our
goal was to define also the potential value of denosumab in

4, Discussion

This HTA report supported the value of denosumab by
demonstrating its efficacy and cost-effectiveness in compari-
son to the available alternatives and the feasibility of medical
management because of the therapy schedule. Other agencies

comparison to drugs which are recommended as first line
treatment [10]. Moreover, our study compared denosumab to
strontium ranelate which was suggested by NICE as a drug to
be used in primary and secondary prevention of osteoporosis
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TABLE 6: Results of cost-effectiveness analysis.
Denosumab Alternative Difference ICER (€/QALY)

Risedronate Total costs 22,399 21,819 579 10,302
QALYs 10.46 10.40 0.06

Generic alendronate Total costs 22,399 21,621 778 18,047
QALYs 10.46 10.41 0.04

Branded alendronate Total costs 22,399 21,661 738 17,133
QALYs 10.46 10.41 0.04

Ibandronate Total costs 22,399 22,238 161 2.158
QALYs 10.46 10.38 0.07

Strontium ranelate Total costs 22,399 22,394 5 69
QALYs 10.46 10.39 0.07

fragility fractures in postmenopausal women who are unable
to comply with oral bisphosphonates [45, 46]. According
to the NICE evaluation, denosumab dominated strontium
ranelate in that it was more effective and less costly. Our
results showed that denosumab was highly cost-effective with
an ICER of €69/QALY and had a 95% probability of being
considered cost-effective, by considering a willingness to pay
threshold/QALY of €30,000.

According to these results, denosumab may be consid-
ered a good therapeutic alternative to strontium ranelate in
preventing osteoporotic fragility fractures. With respect to
oral bisphosphonates, our analysis yielded that denosumab
is cost-effective too: this result may be due to the higher
compliance level which was hypothesized for denosumab
and is also supported by other pieces of evidence [44].
Compliance is a relevant element in determining efficacy and
effectiveness of treatments and could be the leading driver of
osteoporotic fractures decrease. Furthermore, from a public
health perspective a higher compliance could make easier the
management of patients and reduce its costs.

The present study has some limitations concerning the
data input of the clinical and economic forecasting and the
estimates of costs related to osteoporotic fractures. In fact,
data about efficacy were mainly drawn from meta-analyses
and RCTs which encompassed a placebo group and were not
head-to-head studies. As far as utilities are concerned, data
were extracted from the international literature because of
the lack of national evidence. With respect to BIM model
and cost-effectiveness analysis, the market shares were just
hypothesized and indirect costs (mostly related to caregiving)
were not considered. Finally a possible underestimation of
direct costs of osteoporotic fractures should be considered.
In fact, we only took into account costs of hospitalization,
as Italian outpatient activity data are not available. Notwith-
standing these concerns, it should be stated that the HTA is
a comprehensive approach in the evaluation of health tech-
nologies. Therefore, the value of denosumab in the prevention
of osteoporotic fracture has been highlighted in depth.

5. Conclusion

The population ageing will lead to an increase in prevalence
of osteoporotic women at risk for fragility fractures. In this

light, prevention as well as therapeutical interventions will
play an important role and will represent a public health
priority. Notwithstanding, decision making process should
be supported by evidence. The HTA, thanks to its thorough
approach to the evaluation of health technologies, may be
quite important to support decision makers with respect to
issues related to the introduction, recommendation, use, and
reimbursement of drugs used to prevent fragility fractures.
In particular, with respect to denosumab, the results of the
HTA showed that it is effective, cost-effective, and easy to be
managed. Therefore, its use should be recommended in the
Italian context.

Highlights

(i) Osteoporosis represents a public health issue mainly
affecting postmenopausal women.

(ii) Denosumab is a drug able to reduce the risk of
osteoporotic fractures.

(iii) Denosumab is cost-effective versus alendronate, iban-
dronate, and strontium ranelate.

(iv) This drug may be administered in outpatient care
given its characteristics.

(v) The Health Technology Assessment report supports
the use of the drug.

Appendix

In this section input data for the BIM and cost-effectiveness
analysis and the formula used to calculate the reduction risk
of fracture are reported.

With reference to the baseline risk, the incidence of
hip/femoral fractures was obtained from the publication by
Piscitelli et al. [26].

As no reliable data are available for the incidence of
clinically diagnosed vertebral fractures in Italy, the approach
taken by Stevenson et al. for the NICE Health Technology
Assessment in the UK [47] was used: the incidence of
vertebral fractures was estimated by applying the ratios of
vertebral to hip fractures observed in Sweden [48] to the
incidence of fracture observed in Italy. The same approach
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TABLE 7: Data input for BIM and cost-effectiveness analysis: efficacy in terms of prevention of different osteoporotic fractures and compliance

to the antiosteoporotic treatments available.

Efficacy [18, 28] (%)

Compliance1 [17] (%)

Hip/femoral Vertebral Nonhip nonvertebral
Denosumab 40 68 20 85
Alendronate 38 44 17 60
Risedronate 26 36 25 60
Zoledronate 41 70 24 60 (generic), 100 (Aclasta)
Ibandronate 0 49 0 60
Raloxifene 0 36 10 60
Strontium ranelate 15 38 9 60
Teriparatide 75 65 60 60
PTH 35 61 3 60

I: As there is no data available for Italy, data reported in the table are based only on assumptions.

TaBLE 8: Unitary costs and utility values used in the economic model.

Unitary costs (mean direct
medical costs, €) [48, 70-72]

Utilities (first year after fracture;
second and
following years after fracture)

Hip fracture

Vertebral fracture
Other fractures

(i) Pelvis and other femoral fractures

(ii) Forearm

(iii) Ribs and sternum

(iv) Scapula and clavicle

(v) Proximal humerus and humeral shaft
(vi) Tibia and fibula

8.206 0.700 [73]; 0.800 [73]
2.476 0.590 [73]; 0.929 [74]
0.956 [73] wrist, 0.902 [70] other
fractures
4.575
2.831
1.022
2.962
4.575
4.929

was used for nonhip nonvertebral fractures. The distribution
by site can be assumed to be constant across European
countries, as confirmed by experts.

In Table 7, data about efficacy of antiosteoporotic
drugs, taken by the NICE meta-analysis, (NICE. Systematic
reviews of clinical effectiveness prepared for the guideline
osteoporosis: assessment of fracture risk and the prevention
of osteoporotic fractures in individuals at high risk
2008. http://www.nice.org.uk/nicemedia/pdf/Osteoporosis-
EvidenceReviews190908.pdf, accessed on December 16,
2009), which were considered in our analysis and compliance
to therapy are reported.

In Table 8 data about unitary costs of fractures and
utilities are enclosed.

Unitary costs of different treatments were extracted from
“AA VV. Linformatore farmaceutico 2010. Elsevier Masson
Eds. 2010. pp. 2199 ISBN: 978-88-214-3185-2 The price for
denosumab was only hypothesized, as it was not yet defined
by Italian Medicines Agency (AIFA: Agenzia Italiana del
Farmaco) when our economic model was carried out and
equal to €507 for a year of therapy.

The efficacy was corrected by the assumed compliance for
each of the alternatives treatments.

The equation to calculate the relative risk (RR) of fracture
given a specific target population can also be written as

7Zscorc
RR - fx,target =RR fx/sd

(A1)

exp [h’l (Rfo/sd) * _Zscore] .

The Z-score is normally distributed. The exponentiated Z-
score (exp@)) is exponentially distributed. A statistical
correction factor using a truncated normal distribution was
introduced in this equation. The reason for this is that when
the expectation of Z-score is imputed in the exponentiated
Z-score, the results are unequal to the expectation of the
exponentiated Z-score. The statistical correction factor was
approximated by

(1n (R 00))’

: (A.2)

exp | —



BioMed Research International 13
TABLE 9: Market shares for each therapeutic alternative.
Product 2010 2011 2012 2013
Denosumab 0.0% 2.3% 5.2% 8.0%
Fosamax 9.7% 8.6% 8.2% 7.7%
Fosavance 15.9% 15.4% 14.2% 13.7%
Generic alendronate 27.7% 27.3% 27.4% 27.0%
Actonel 24.3% 24.6% 24.4% 24.3%
Aclasta 0.3% 0.4% 0.4% 0.4%
Bonviva oral 9.3% 9.0% 8.3% 7.9%
Evista 1.7% 1.7% 1.7% 1.7%
Protelos 9.8% 9.3% 8.9% 8.1%
Miacalcic 0.2% 0.2% 0.1% 0.1%
Teriparatide 0.9% 0.9% 0.9% 0.9%
PTH 0.2% 0.2% 0.2% 0.2%
Total 100% 100% 100% 100%

In order to calculate the relative risk of fracture for a
specific target population, the above equations are multiplied,
yielding

Rfo,target = eXp [11’1 (Rfo/sd) * _Zscore]

(A3)

(1n (R 00))’

With reference to market shares used to develop the BIM
analysis, Table 9 shows the percentages for each alternative
and year, provided by the manufacturer.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper. Amgen sponsored the
study design and the collection, analysis, and interpretation of
data but the publication of the paper was not contingent on
sponsor’s approval or censorship.

Acknowledgment

The project has been carried out with an unrestricted grant
by Amgen.

References

[1] K.D. Schuiling, K. Robinia, and R. Nye, “Osteoporosis update,’
Journal of Midwifery and Women’s Health, vol. 56, no. 6, pp. 615-
627, 2011.

[2] H. Cheng, L. C. Gary, J. R. Curtis et al., “Estimated prevalence
and patterns of presumed osteoporosis among older Americans
based on Medicare data,” Osteoporosis International, vol. 20, no.
9, pp. 1507-1515, 2009.

[3] R. Burge, B. Dawson-Hughes, D. H. Solomon, J. B. Wong, A.
King, and A. Tosteson, “Incidence and economic burden of

osteoporosis-related fractures in the United States, 2005-2025,
Journal of Bone and Mineral Research, vol. 22, no. 3, pp. 465-475,
2007.

[4] G. A. Greendale and E. Barrett-Connor, “Outcomes of osteo-
porotic fractures,” in Osteoporosis, R. Marcus, D. Freedman, and
J. Kelsey, Eds., Academy Press, Orlando, Fla, USA, 1996.

[5] American Academy of Orthopaedic Surgeons, Position State-
ment: Osteoporosis/Bone Health in Adults as a National Public
Health Priority, 2009, http://www.aaos.org/about/papers/posi-
tion/1113.asp.

[6] C.Pike, H. G. Birnbaum, M. Schiller, H. Sharma, R. Burge, and
E. T. Edgell, “Direct and indirect costs of non-vertebral fracture
patients with osteoporosis in the US;” PharmacoEconomics, vol.
28, no. 5, pp. 395-409, 2010.

[7] J. A. Kanis and C.-C. Gliier, “An update on the diagnosis and
assessment of osteoporosis with densitometry,” Osteoporosis
International, vol. 11, no. 3, pp. 192-202, 2000.

[8] O. Johnell, J. A. Kanis, A. Oden et al., “Predictive value of
BMD for hip and other fractures,” Journal of Bone and Mineral
Research, vol. 20, no. 7, pp. 1185-1194, 2005.

[9] WHO Scientific Group on the Assessment of Osteoporosis at
Primary Health Care Level, Summary Meeting Report, World
Health Organization, Geneva, Switzerland, 2004, http://www
.who.int/chp/topics/Osteoporosis.pdf.

[10] S. Adami, E. Bertoldo, and M. L. Brandi, “Linee guida per la
diagnosi, prevenzione e terapia dellosteoporosi,” Reumatismo,
vol. 61, supplement 4, pp. 260-284, 2009.

[11] P.J. Kostenuik, H. Q. Nguyen, J. McCabe et al., “Denosumab,
a fully human monoclonal antibody to RANKL, inhibits bone
resorption and increases BMD in knock-in mice that express
chimeric (murine/human) RANKL,” Journal of Bone and Min-
eral Research, vol. 24, no. 2, pp. 182-195, 2009.

[12] D. A. Hanley, J. D. Adachi, A. Bell, and V. Brown, “Denosumab:
mechanism of action and clinical outcomes,” International
Journal of Clinical Practice, vol. 66, no. 12, pp. 1139-1146, 2012.

[13] R. N. Battista, “Expanding the scientific basis of health tech-
nology assessment: a research agenda for the next decade’
International Journal of Technology Assessment in Health Care,
vol. 22, no. 3, pp. 275-280, 2006.

[14] R. S. Taylor, M. E Drummond, G. Salkeld, and S. D. Sullivan,
“Inclusion of cost effectiveness in licensing requirements of new



14

drugs: the fourth hurdle,” British Medical Journal, vol. 329, no.
7472, pp. 972-975, 2004.

[15] ISTAT, Istituto Nazionale di Statistica. Demografia in cifre,
http://www.demo.istat.it/.

[16] “Tariffa unica convenzionale per le prestazioni di assistenza
ospedaliera regole e tariffe valide per 'anno 2009;” in Conferenza
delle Regioni e delle Province Autonome 10/014/crl0a/c7, Roma,
Italy, January 2010, http://www.regioni.it/upload/270110TUC_
ASSISTENZA_OSPEDALIERA.pdf.

[17] S. Capri, “Modellizzazione matematica e analisi economica

dell'impiego di denosumab nel contesto italiano. In: Report

di Health Technology Assessment di denosumab (Prolia) nel

trattamento dellosteoporosi postmenopausale,” Italian Journal

of Public Health, vol. 8, no. 2, supplement 2, pp. S65-S85, 2011.

National Institute for Health and Clinical Excellence (NICE),

“Systematic reviews of clinical effectiveness prepared for

the guideline Osteoporosis: assessment of fracture risk and

the prevention of osteoporotic fractures in individuals at
high risk,” 2008, http://www.nice.org.uk/nicemedia/live/11621/
42362/42362.pdf.

[19] “Assessment of fracture risk and its application to screening for

postmenopausal osteoporosis. Report of a WHO Study Group,”

World Health Organization. Technical Report Series, vol. 843, pp.

1-129, 1994.

International Osteoporosis Foundation, “Epidemiology;” http://

www.iofbonehealth.org/health-professionals/about-osteopo-

rosis/epidemiology.html.

B. Gullberg, O. Johnell, and J. A. Kanis, “World-wide projections

for hip fracture,” Osteoporosis International, vol. 7, no. 5, pp. 407-

413,1997.

[22] P.Sambrookand C. Cooper, “Osteoporosis,” The Lancet, vol. 367,
no. 9527, pp. 2010-2018, 2006.

[23] S. Adami, S. Giannini, R. Giorgino et al., “The effect of age,
weight, and lifestyle factors on calcaneal quantitative ultra-
sound: the ESOPO study;” Osteoporosis International, vol. 14, no.
3, pp. 198-207, 2003.

[24] S. Maggi, M. Noale, S. Giannini et al., “Quantitative heel
ultrasound in a population-based study in Italy and its rela-
tionship with fracture history: the ESOPO study;” Osteoporosis
International, vol. 17, no. 2, pp. 237-244, 2006.

[25] G. L. de Fiore, A. Federici, M. Marceca et al., “Dossier:

osteoporosi,” Care, vol. 2, pp. 20-22, 2000.

P. Piscitelli, F. Gimigliano, S. Gatto et al., “Hip fractures in Italy:

2000-2005 extension study,” Osteoporosis International, vol. 21,

no. 8, pp. 1323-1330, 2010.

[27] European Medicines Agency (EMA), “CHMP ASSESSMENT
REPORT FOR Prolia,” Doc.Ref EMA/21672/2010, European
Medicines Agency (EMA), London, UK, 2010, http://www.ema
.europa.eu/docs/en_GB/document _library/EPAR _-_Public_
assessment_report/human/001120/WC500093529.pdf.

[28] S. R. Cummings, J. S. Martin, M. R. McClung et al., “Deno-
sumab for prevention of fractures in postmenopausal women
with osteoporosis,” The New England Journal of Medicine, vol.
361, no. 8, pp. 756-765, 2009.

[29] J. P. Brown, R. L. Prince, C. Deal et al., “Comparison of the
effect of denosumab and alendronate on BMD and biochemical
markers of bone turnover in postmenopausal women with low
bone mass: a randomized, blinded, phase 3 trial,” Journal of Bone
and Mineral Research, vol. 24, no. 1, pp. 153-161, 2009.

[30] D. L. Kendler, C. Roux, C. L. Benhamou et al.,, “Effects of
denosumab on bone mineral density and bone turnover in post-
menopausal women transitioning from alendronate therapy,’

s
X

[20

[21

[26

BioMed Research International

Journal of Bone and Mineral Research, vol. 25, no. 1, pp. 72-81,
2010.

[31] P. Autier, P. Haentjens, J. Bentin et al., “Costs induced by
hip fractures: a prospective controlled study in Belgium,”
Osteoporosis International, vol. 11, no. 5, pp. 373-380, 2000.

[32] 1. Santi, C. 1. Zanoni, and E Cetta, “Fattori determinanti
laderenza alla terapia farmacologica per losteoporosi e possibili
strategie per migliorarla,” G Gerontol, vol. 58, pp. 110-116, 2010,
http://www.sigg.it/public/doc/ GIORNALEART/1302.pdf.

[33] G. Fattore and C. Jommi, “La politica farmaceutica in Italia
nell’'ultimo decennio: instabilita o consolidamento?” Pharma-
coEconomics, vol. 10, no. 1, pp. 1-12, 2008.

[34] Determinazione AIFA 16 luglio, 2009, Modifiche alla Nota ATFA
79 di cui alla determinazione del’Agenzia Italiana del Farmaco
del 22 maggio 2009. (09A09390) (GU n. 180 del 5-8-2009),
http://www.regione.lazio.it/binary/rl_farmaci/tbl_normativa/
Determinazione_16_luglio_2009_nota_79.pdf.

[35] M. L. Specchia, S. Capizzi, M. A. Veneziano et al., “Disamina
degli aspetti organizzativi relativi allimpiego di denosumab nel
contesto di cura italiano in Report di Health Technology Assess-
ment di denosumab (Prolia) nel trattamento dellosteoporosi
postmenopausale,” Italian Journal of Public Health, vol. 8, no.
2, supplement 2, pp. 86-98, 2011.

[36] H. G. Bone, M. A. Bolognese, C. K. Yuen et al., “Effects of
denosumab on bone mineral density and bone turnover in
postmenopausal women,” Journal of Clinical Endocrinology and
Metabolism, vol. 93, no. 6, pp. 2149-2157, 2008.

[37] M. R. McClung, E. M. Lewiecki, S. B. Cohen et al., “Seven years
of treatment with risedronate in women with postmenopausal
osteoporosis,” Calcified Tissue International, vol. 75, no. 6, pp.
462-468, 2004.

[38] K. A. Toulis and A. D. Anastasilakis, “Increased risk of serious
infections in women with osteopenia or osteoporosis treated
with denosumab,” Osteoporosis International, vol. 21, no. 11, pp.
1963-1964, 2010.

[39] P. D. Miller, M. A. Bolognese, E. M. Lewiecki et al., “Effect of
denosumab on bone density and turnover in postmenopausal
women with low bone mass after long-term continued, discon-
tinued, and restarting of therapy: a randomized blinded phase
2 clinical trial,” Bone, vol. 43, no. 2, pp. 222-229, 2008.

[40] P. D. Miller, R. B. Wagman, M. Peacock et al., “Effect of
denosumab on bone mineral density and biochemical markers
of bone turnover: six-year results of a phase 2 clinical trial,”
Journal of Clinical Endocrinology and Metabolism, vol. 96, no.
2, pp. 394-402, 2011.

[41] K. H. Taylor, L. S. Middlefell, and K. D. Mizen, “Osteonecrosis of
the jaws induced by anti-RANK ligand therapy;” British Journal
of Oral and Maxillofacial Surgery, vol. 48, no. 3, pp. 221-223,
2010.

[42] S. George, A. Brenner, J. Sarantopoulos, and R. M. Bukowski,
“RANK ligand: effects of inhibition,” Current Oncology Reports,
vol. 12, no. 2, pp. 80-86, 2010.

[43] National Institute for Health and Clinical Excellence (NICE),
“NICE technology appraisal guidance 204. Denosumab for
the prevention of osteoporotic fractures in postmenopausal
women,” 2011, http://www.nice.org.uk/guidance/TA204.

[44] Canadian Agency for Drugs and Technologies in Health
(CADTH), Denosumab and Zoledronic Acid for Patients with
Postmenopausal Osteoporosis: A Review of the Clinical Effec-
tiveness, Safety, Cost Effectiveness, and Guidelines, Canadian
Agency for Drugs and Technologies in Health (CADTH),



BioMed Research International

N
)

(47]

(48]

(50]

(54]

(56]

(57]

Ottawa, Canada, 2012, http://www.cadth.ca/media/pdf/htis/
july-2012/RC0366%20Prolia.pdf.

National Institute for Health and Clinical Excellence (NICE),
“NICE technology appraisal guidance 160—amended. Alen-
dronate, etidronate, risedronate, raloxifene and strontium rale-
nate for the primary prevention of osteoporotic fragility frac-
tures in postmenopausal women (amended),” 2011, http://www
.nice.org.uk/nicemedia/live/11746/47176/47176.pdf.

National Institute for Health and Clinical Excellence (NICE),
“NICE technology appraisal guidance 161—amended.
Alendronate, etidronate, risedronate, raloxifene, strontium
ralenate and teriparatide for the secondary prevention of
osteoporotic fragility fractures in postmenopausal women
(amended),” 2011, http://www.nice.org.uk/nicemedia/live/
11748/42447/42447.pdf.

M. Stevenson, M. Lloyd Jones, E. DeNigris, N. Brewer, S. Davis,
and J. Oakley, “A systematicreview and economic evaluation of
alendronate, etidronate, risedronate, raloxifene and teriparatide
for the preventionand treatment of postmenopausal osteoporo-
sis,” Health Technology Assessment, vol. 9, no. 22, pp. 1-160, 2005.

J. A. Kanis, A. Oden, O. Johnell, B. Jonsson, C. de Laet, and A.
Dawson, “The burden of osteoporotic fractures: a method for
setting intervention thresholds,” Osteoporosis International, vol.
12, pp. 417-427, 2001.

G. A. Wells, A. Cranney, J. Peterson et al., “Alendronate for
the primary and secondary prevention of osteoporotic fractures
in postmenopausal women,” Cochrane Database of Systematic
Reviews, no. 1, Article ID CD001155, 2008.

D. M. Black, D. E. Thompson, D. C. Bauer et al., “Fracture risk
reduction with alendronate in women with osteoporosis: the
Fracture Intervention Trial. FIT Research Group,” Journal of
Clinical Endocrinology and Metabolism, vol. 85, pp. 4118-4124,
2000.

S. R. Cummings, D. M. Black, D. E. Thompson et al., “Effect of
alendronate on risk of fracture in women with low bone density
but without vertebral fractures. Results from the fracture
intervention trial;” Journal of the American Medical Association,
vol. 280, no. 24, pp. 2077-2082, 1998.

D. M. Black, S. R. Cummings, D. B. Karpf et al., “Randomised
trial of effect of alendronate on risk of fracture in women with
existing vertebral fractures,” The Lancet, vol. 348, no. 9041, pp.
1535-1541, 1996.

U. A. Liberman, S. R. Weiss, J. Broll et al.,, “Effect of oral
alendronate on bone mineral density and the incidence of
fractures in postmenopausal osteoporosis,” The New England
Journal of Medicine, vol. 333, no. 22, pp. 1437-1443, 1995.

G. Wells, A. Cranney, J. Peterson et al., “Risedronate for the
primary and secondary prevention of osteoporotic fractures
in postmenopausal women,” Cochrane Database of Systematic
Reviews, no. 1, Article ID CD004523, 2008.

S. T. Harris, N. B. Watts, H. K. Genant et al., “Effects of
risedronate treatment on vertebral and nonvertebral fractures
in women with postmenopausal osteoporosis: a randomized
controlled trial,” Journal of the American Medical Association,
vol. 282, no. 14, pp. 1344-1352, 1999.

J.-Y. Reginster, H. W. Minne, O. H. Sorensen et al., “‘Randomized
trial of the effects of risedronate on vertebral fractures in women
with established postmenopausal osteoporosis,” Osteoporosis
International, vol. 11, no. 1, pp. 83-91, 2000.

M. R. McClung, P. Geusens, P. D. Miller et al, “Effect of
risedronate on the risk of hip fracture in elderly women,” The

(58]

(59]

(61]

[62]

(63]

(65]

15

New England Journal of Medicine, vol. 344, no. 5, pp. 333-340,
2001.

S. T. Harris, W. A. Blumentals, and P. D. Miller, “Ibandronate
and the risk of non-vertebral and clinical fractures in women
with postmenopausal osteoporosis: results of a meta-analysis of
phase III studies,” Current Medical Research and Opinion, vol.
24, no. 1, pp. 237-245, 2008.

C. H. Chesnut III, A. Skag, C. Christiansen et al., “Effects
of oral ibandronate administered daily or intermittently on
fracture risk in postmenopausal osteoporosis,” Journal of Bone
and Mineral Research, vol. 19, no. 8, pp. 1241-1249, 2004.

D. M. Black, P. D. Delmas, R. Eastell et al,, “Once-yearly
zoledronic acid for treatment of postmenopausal osteoporosis,’
The New England Journal of Medicine, vol. 356, no. 18, pp. 1809-
1822, 2007.

P. J. Meunier, C. Roux, E. Seeman et al., “The effects of
strontium ranelate on the risk of vertebral fracture in women
with postmenopausal osteoporosis,” The New England Journal
of Medicine, vol. 350, no. 5, pp. 459-468, 2004.

J. Y. Reginster, E. Seeman, M. C. De Vernejoul et al., “Strontium
ranelate reduces the risk of nonvertebral fractures in post-
menopausal women with osteoporosis: treatment of peripheral
osteoporosis (TROPOS) study;,” Journal of Clinical Endocrinol-
ogy and Metabolism, vol. 90, no. 5, pp. 2816-2822, 2005.

P. Vestergaard, N. R. Jorgensen, L. Mosekilde, and P. Schwarz,
“Effects of parathyroid hormone alone or in combination with
antiresorptive therapy on bone mineral density and fracture
risk: a meta-analysis;,” Osteoporosis International, vol. 18, no. 1,
pp. 45-57, 2007.

R. M. Neer, C. D. Arnaud, J. R. Zanchetta et al.,, “Effect of
parathyroid hormone (1-34) on fractures and bone mineral
density in postmenopausal women with osteoporosis,” The New
England Journal of Medicine, vol. 344, no. 19, pp. 1434-1441,
2001.

S. L. Greenspan, H. G. Bone, M. P. Ettinger et al., “Effect of
recombinant human parathyroid hormone (1-84) on vertebral
fracture and bone mineral density in postmenopausal women
with osteoporosis. A randomized trial;” Annals of Internal
Medicine, vol. 146, no. 5, pp. 326-339, 2007.

A. Cranney, P. Tugwell, N. Zytaruk et al., “IV. Meta-analysis of
raloxifene for the prevention and treatment of postmenopausal
osteoporosis,” Endocrine Reviews, vol. 23, no. 4, pp. 524-528,
2002.

B. Ettinger, D. M. Black, B. H. Mitlak et al., “Reduction of verte-
bral fracture risk in postmenopausal women with osteoporosis
treated with raloxifene: results from a 3-year randomized
clinical trial,” Journal of the American Medical Association, vol.
282, no. 7, pp. 637-645, 1999.

D. J. Torgerson and S. E. M. Bell-Syer, “Hormone replacement
therapy and prevention of vertebral fractures: a meta-analysis
of randomised trials,” BMC Musculoskeletal Disorders, vol. 2,
article 7, 2001.

J. A. Cauley, J. Robbins, Z. Chen et al, “Women’s Health
Initiative Investigators. Effects of estrogen plus progestin on risk
of fracture and bone mineral density,” Journal of the American
Medical Association, vol. 290, no. 13, pp. 1729-1738, 2003.

E Borgstrom, N. Zethraeus, O. Johnell et al., “Costs and quality
oflife associated with osteoporosis-related fractures in Sweden,”
Osteoporosis International, vol. 17, no. 5, pp. 637-650, 2006.

N. Zethraeus, O. Strom, and F. Borgstrom, “What is the risk
of institutionalization after hip fracture?” Osteoporosis Interna-
tional, vol. 17, supplement 1, pp. 57-58, 2006.



16

[72] S. Bouee, A. Lafuma, F. Fagnani, P. J. Meunier, and J. Y.
Reginster, “Estimation of direct unit costs associated with non-
vertebral osteoporotic fractures in five European countries,”
Rheumatology International, vol. 26, no. 12, pp. 1063-1072, 2006.
T. Peasgood, K. Herrmann, J. A. Kanis, and J. E. Brazier, “An
updated systematic review of health state utility values for
osteoporosis related conditions,” Osteoporosis International, vol.
20, no. 6, pp. 853-868, 2009.
[74] J. A. Kanis, A. Oden, O. Johnell, C. de Laet, and B. Jonsson,
“Excess mortality after hospitalisation for vertebral fracture,”
Osteoporosis International, vol. 15, no. 2, pp- 108-112, 2004.

[73

BioMed Research International



MEDIATORS

INFLAMMATION

The Scientific Gastroenterology Fou Journal of .
World Journal Research and Practice Diabetes Research Disease Markers

et
International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
PPAR Research Research International

Journal u,f
Obesity

Evidence-Based p : _ {:

Journal of Stem Ce”S Complementary and 8 ' 1 3 Journal of
Ophthalmology International Alternative Medicine < ) Oncology

Parkinson’s
BINEENE

Computational and . z
Mathematical Methods Behavioural AI DS C dicine and

in Medicine Neurology Research and Treatment



