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Abstract

Summary The results of this study suggested that long-term
treatment with strontium ranelate over 5 years is cost-
effective compared to no treatment for postmenopausal
osteoporotic women.

Introduction This study aims to estimate the cost-
effectiveness of long-term strontium ranelate treatment for
postmenopausal osteoporotic women.

Methods A validated Markov microsimulation model with
a Belgian healthcare cost perspective was used to assess the
cost per quality-adjusted life-year (QALY) of strontium
ranelate compared to no treatment, on a basis of calcium/vit
D supplementation if needed. Analyses were performed for
women aged 70, 75, and 80 years either with a bone
mineral density 7-score<—2.5 SD or with prevalent verte-
bral fractures. The relative risk of fracture during therapy
was derived from the Treatment of Peripheral Osteoporosis
Study trial over 5 years of treatment. Parameter uncertainty
was evaluated using both univariate and probabilistic
sensitivity analyses.

Results Strontium ranelate was cost-saving at the age of
80 years in both populations. For women with a T-score<
—2.5 SD, the costs per QALY gained of strontium ranelate
were respectively €15,096 and €6,913 at 70 and 75 years of
age while these values were €23,426 and €9,698 for women
with prevalent vertebral fractures. Sensitivity analyses
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showed that the results were robust over a wide range of
assumptions.

Conclusion This study suggested that, compared to no
treatment, long-term strontium ranelate treatment is cost-
effective for postmenopausal osteoporotic women.

Keywords Cost-effectiveness - Microsimulation -
Osteoporosis - Postmenopausal women - Strontium ranelate

Introduction

Since two decades, several treatment options have been
developed for the management of postmenopausal osteo-
porosis [1]. Oral bisphosphonates have demonstrated their
ability to reduce vertebral and non-vertebral fractures. But,
for daily and weekly formulations, their long-term efficacy,
in real life settings, was jeopardized by a poor adherence to
treatment. More recent treatment options include oral
monthly or IV quarterly and yearly infusions of bisphosph-
onates [2, 3] as well as treatments characterized by a new
mode of action. Strontium ranelate has shown, in preclin-
ical studies, its ability to concomitantly reduce bone
resorption and stimulate bone formation, hence, becoming
the first agent of a new therapeutic class of uncoupling
agents. In clinical trials, strontium ranelate has been shown
to significantly reduce vertebral and non-vertebral fractures
in a wide scatter of patients, from osteopenia to very elderly
subjects, over a long-period of time (up to 5 years) [4-7]. In
addition to the therapeutic value (e.g. safety, efficacy) of a
drug, evidence of cost-effectiveness plays an increasingly
role to assist health policy decision making [8]. Many
countries have introduced formal guidelines or require-
ments for economic studies as part of the pricing or
reimbursement decision [9].
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The aim of this study was to assess the cost-effectiveness
of long-term strontium ranelate in the treatment of
postmenopausal osteoporotic women. A validated Markov
microsimulation model [10] was used to estimate the
incremental cost-effectiveness ratio of strontium ranelate
versus no treatment in a basis of calcium/vit D supplemen-
tation, if needed, using data from the Treatment Of
Peripheral Osteoporosis Study (TROPOS) trial over 5 years
of treatment [5]. Analyses were performed for women aged
70 years and older either with a bone mineral density
(BMD) T-score<—2.5 SD or with prevalent vertebral
fractures, based on the two conditions for reimbursement
of anti-osteoporotic therapy in Belgium, the country of
reference for the present analysis.

Materials and methods
Economic model

A validated Markov microsimulation model [10] provides
cost-utility analyses undertaken from a direct health care
cost perspective, as recommended for pharmacoeconomic
evaluations in Belgium [11]. The model consisted of six
health states: no fracture, hip fracture, clinical vertebral
fracture, forearm fracture, other fracture, and death. All the
patients began in the state of no fracture and all the
transitions between health states were possible, in each
cycle and regardless of the current state. The patient history
was recorded by so-called tracker variables and thus prior
fractures and current residential status (either in the
community or in a nursing home) were used in calculations
of transition probabilities, quality-adjusted life-year
(QALY), and costs. The cycle length is 1 year and the
time horizon was patient lifetime. The required time
horizon to fully evaluate the benefit of a particular
intervention should be very long because fractures have
long-term impact on quality of life and are associated with
long-term costs. The use of a lifetime horizon has therefore
been recommended for chronic diseases such as osteopo-
rosis [12]. Each state has its associated costs and QALY,
depending on the patient history. Fracture costs included
direct costs and long-term costs beyond the first year after
hip fracture for women in a nursing home. The disutility
associated with fractures was modeled as a relative
reduction in quality of life and an excess mortality was
assumed after hip and clinical vertebral fractures. Costs
(expressed in €2006) and health benefits were discounted at
respectively 3% and 1.5% [11].

All the model parameters were selected from Belgian
literature when available and from systematic literature
review otherwise. Hip fracture risk and the cost of hip
fracture were derived from Belgian epidemiological studies
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[13—15]. Incidence of other fractures have been imputed
using fracture rates from other countries, assuming that the
ratio between hip and other fractures would be similar
between countries. The costs of clinical vertebral and other
fracture have also been quantified relative to hip fracture on
the basis of their costs [16, 17]. The impact of osteoporotic
fractures on quality of life was derived from a recent
systematic review of the literature [18]. For a full
description of the data and the model’s assumptions, please
refer to our paper published in Value in Health [10], which
described and validated our model. The developed model
was also used to estimate the effect of changes in baseline
population risk and changes in life expectancy on absolute
lifetime fracture risks [19].

Model populations

Analyses were assessed in two patients groups to match the
population in Belgium for whom osteoporosis medications
are currently reimbursed, i.e. women with a BMD T-score<
—2.5 SD or with prevalent vertebral fractures. Fracture risk
needs to be adjusted to accurately reflect the fracture risk in
these populations in comparison with that of the general
population. In this way, the risk of first fracture in the
general population [19] was adjusted by a relative risk.

For women with a BMD T-score<—2.5 SD, the relative
risk for all women below the threshold value for osteopo-
rosis compared to the risk in the general population was
calculated from the BMD, using a method previously
described [20]. The number of standard deviations of
BMD below the age-matched average BMD was derived
from the recommended NHANES III [21] database and we
assumed that one standard deviation decrease in BMD was
associated with a relative risk of 1.8, 1.4, and 1.6,
respectively for clinical vertebral, forearm, and other
osteoporotic fracture [22]. The relative risk for hip fracture
was shown to decrease with age and ranged from 3.68 (at
50 years) to 1.93 (at 85 years) [23]. All the relative risks per
standard deviation decrease in BMD were calculated for
women and men combined.

For women with prevalent vertebral fractures, the
relative risks were taken from a meta-analysis and were
respectively 2.3, 4.4, 1.4, and 1.8 for hip, clinical vertebral,
wrist, and other osteoporotic fracture [24]. These relative
risks were reduced by 10% per each decade above the age
of 70 years [25]. We also assumed that further fractures
during the simulation process had no additional effect on
fracture risk.

Strontium ranelate

In order to assess the cost-effectiveness of strontium
ranelate, data are required on fracture reduction efficacy
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(at specific sites), on treatment dosage and duration, on the
effect of treatment after stopping therapy, on adherence to
therapy, and on treatment adverse events and costs.

The effect of strontium ranelate on fracture risk was
taken from the 5-year results of the TROPOS study [5] (see
Table 1). This study was a multinational randomized
double-bind, placebo-controlled study, including 5,091
osteoporotic women above 70 years of age. Strontium
ranelate, 2 g sachet once daily, was therefore assumed to
reduce the risk of vertebral fracture by 24% (relative risk
0.76, 95% CI 0.65-0.88) compared with placebo and the
risk of wrist and other fractures by 18% (relative risk 0.82,
95% CI 0.69-0.98) using the estimated fracture risk
reduction for major non-vertebral fractures [5]. The effect
of strontium ranelate on hip fracture was derived from the
subset of patients analyzed for hip fracture (i.e. patients
aged 74 years or older with a femoral neck BMD T-score<
—2.4 SD according to NHANES reference [21]), which
showed a significant fracture risk reduction at the hip
(relative risk 0.57, 95% CI 0.33-0.97). Because the post
hoc analysis was restricted to women aged 74 years and
older, an additional scenario was performed for women
aged 70 years, which assumed that strontium ranelate
reduced the risk of hip fracture by only 18% using the
estimated fracture risk reduction for major non-vertebral
fractures.

Patients were assumed to receive strontium ranelate for
5 years, as in the clinical trial. The residual effect of therapy
after discontinuation plays an important role in the cost-
effectiveness of therapies [26, 27]. A recent study showed
that patients who switched from strontium ranelate to
placebo after 4-year treatment experienced a progressive
reduction in BMD [28]. Slope of decrease in BMD
observed 1 year after treatment cessation was similar to
the slope of increase during the previous years of therapy.
We therefore assumed a gradual linear loss of fracture
reduction benefit over 5 years after treatment cessation.

Table 1 Relative risk of fracture at the sites shown for strontium
ranelate and annual therapy cost

Parameters Value

Relative risk of fracture during therapy
Hip fracture 0.57 (95% CI1 0.33-0.97) [5
0.82 (95% CI 0.69-0.98) [5

]

Hip fracture: additional scenario® ]
0.76 (95% CI 0.65-0.88) [5]
]

]

Vertebral fracture
Forearm fracture
Other fracture

Annual therapy cost

0.82 (95% CI 0.69-0.98) [5
0.82 (95% CI 0.69-0.98) [5
€ 512.56 [34]

CI confidence interval

#Only for women aged 70 years

This assumption has been frequently used in previous
studies of the cost-effectiveness of anti-osteoporotic therapy
[29, 30] and was tested in sensitivity analysis.

Adherence to anti-osteoporotic medications is current-
ly low [31] and may affect the cost-effectiveness of
treatments [10]. Adherence to strontium ranelate in general
clinical practice has not yet been documented. We
therefore assumed in the base-case analysis that all
patients were fully adherent. In a sensitivity analysis,
adherence to strontium ranelate was assumed to be similar
to that observed for bisphosphonate therapy in Belgium
[32]. Adherence is a general term and was investigated by
two different constructs, i.e. compliance and persistence.
Medication compliance may be defined as “the extent to
which a patient acts in accordance with the prescribed
interval and dose of a dosing regimen” and medication
persistence as “the duration of time from initiation to
discontinuation of therapy” [33]. We assumed that 30%,
12%, 18%, and 15% of patients discontinued therapy after
3 months, 6 months, 1 year, and 2 years, respectively. No
treatment effect was assumed for patients who discon-
tinued treatment at 3 months and offset time for non-
persistent patients was assumed to be the same as their
treatment period. Compliance was estimated at 70.5% for
persistent women [32]. Medication costs and fracture
reduction efficacy were assumed to be proportional to
compliance.

Units costs for medication were based on the official
listings of the Belgian Center for Pharmacotherapeutic
Information (2008) [34]. The annual cost of strontium
ranelate was estimated at €512.6 (Protelos®, €117.96 for a
package of 84 sachets). In accordance with previous
standard assumptions regarding the monitoring of osteopo-
rotic treatments [29], we also assigned the cost of one
physician visit (€20) for each year of therapy and the cost
of a BMD measurement (€47) every second year.

Adverse events observed with strontium ranelate are
usually mild and transient [35]. More patients in the
strontium ranelate group than in the placebo group reported
nausea (7.8% versus 4.8%) and diarrthea (7.2% versus
5.45%) [5]. The incidence of venous thromboembolic
events was also greater in the strontium group (i.e. 2.7%
compared to 2.1% in the placebo group) but the differences
between group were not statistically significant [5]. There-
fore, the cost and quality of life impact of the adverse
events will be minor and were not included. We also
conservatively assumed no quality of life increase during
therapy.

Sensitivity analyses

Uncertainty related to model parameters and assumptions
was investigated using both univariate and probabilistic
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sensitivity analyses. Univariate sensitivity analyses were
conducted to assess the impact of single parameter
variations on the results. The baseline parameters for
discount rates, fracture risk, fracture disutility, fracture cost,
and excess mortality were varied over plausible ranges. The
cost-effectiveness of strontium ranelate for women at the
threshold for osteoporosis (i.e. BMD T-score of —2.5 SD)
and without a prior fracture was also estimated. Potential
changes in therapy were also tested and included adher-
ence, monitoring costs, therapy cost, efficacy, offset time,
and effect on quality of life.

Probabilistic sensitivity analyses were also performed
to analyze the effects of uncertainty in all model
parameters simultaneously. Distributions used for key
model inputs have been previously described and
validated [10]. Log-normal distributions were also assumed
for the relative fracture risks of strontium ranelate, as
recommended by Briggs’s book for relative risk parameters
[36] and were derived from 95% confidence intervals [5].
The distributions of the relative fracture risks associated
with BMD T-score<—2.5 SD and with prevalent vertebral
fractures were respectively assumed to be log-normal and
uniform.

Model simulation and presentation of results

The base-case analyses were conducted for women aged
70, 75, and 80 years either with a BMD 7T-score<—2.5 SD
or with prevalent vertebral fractures using Monte-Carlo
simulations using a decision analysis software (TreeAgePro
2006 Suite, release 0.4, TreeAge Software). Two hundred
thousand first-order trials were performed for each analysis
and guarantee a high stability of the results. The incremen-
tal cost-effectiveness ratio (ICER) was then computed as
the difference between strontium ranelate and no treatment
in terms of total costs divided by the difference between
them in terms of effectiveness, expressed in accumulated
QALYs. It represents the cost of strontium ranelate per one
QALY gained.

Univariate sensitivity analyses were also run with
200,000 trials. Due to computation burden when the first-
order and second-order Monte-Carlo simulations are com-
bined, the number of trials was reduced to 25,000 for
probabilistic sensitivity analyses. This number was however
sufficient for a reasonable stability of the results. The model
was run 150 times and parameter values were randomly
selected from their respective distributions for each simu-
lation. Cost-effectiveness acceptability curves were then
constructed from the incremental cost and QALY's between
alternatives for the 150 simulations. They show the
probability that strontium ranelate is cost-effective com-
pared to no treatment for a range of decision makers’
willingness to pay per QALY.
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Results
Base-case analyses

The lifetime costs, QALYs, and ICERs for strontium
ranelate compared to no treatment are presented in
Table 2 according to age and population. The cost per
QALY gained of strontium ranelate decreased progressively
with increasing age and did not markedly differ between the
two populations. At the age of 80 years, strontium ranelate
was found to be cost-saving, meaning that treatment cost
was less than averted costs of treating osteoporotic
fractures. At 70 years of age, the results were highly
sensitive to the relative risk of hip fracture during therapy.
When assuming a lower hip fracture efficacy (additional
scenario), the costs per QALY gained were greatly
increased in both populations.

Univariate sensitivity analyses

The results of this study were sensitive to adherence to
therapy (Fig. 1). When assuming adherence similar to
bisphosphonate’s adherence for women with a BMD
T-score<—2.5 SD, the costs per QALY gained of strontium
ranelate versus no treatment were respectively €20,622,
€13,577, and €7,443 at the ages of 70, 75, and 80 years.
These values were €30,338, €20,220, and €4,670 for
women with prevalent vertebral fractures.

Other univariate sensitivity analyses showed the estimated
ICURs to be modestly sensitive to changes in fracture cost
and fracture disutility (Table 3) and quite sensitive to
discount rates and changes in fracture risk. For women with
a BMD T-score of —2.5 and without a prior fracture, the cost
per QALY gained of strontium ranelate was estimated at
€39,217 and €44,211 at the ages of 70 and 80 years,
respectively. Small changes in therapy cost, fracture efficacy,
and offset time had a modest effect on the cost-effectiveness
of strontium ranelate. When assuming a QALY increase
during therapy or no differences in monitoring costs between
alternatives, the costs per QALY gained of strontium ranelate
were reduced.

Probabilistic sensitivity analyses

The probability that strontium ranelate is cost-effective
compared to no treatment increased with decision makers’
willingness of pay per QALY and with increasing starting
age of treatment (Fig. 2). At a willingness to pay of €40,000
per QALY, strontium ranelate was cost-effective in more
than 83.3% of the cases, irrespective of age and population.
In the additional scenario, these probabilities were 24.7%
and 25.3% respectively for women with a BMD 7-score<
—2.5 SD and with prevalent vertebral fractures. The
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Table 2 Lifetime costs, QALYSs, and incremental cost-effectiveness ratio (cost in € per QALY gained) of strontium ranelate versus no treatment

according to age and population

BMD T-score<—2.5 SD

Prevalent vertebral fractures

No treatment Strontium Incremental values No treatment Strontium Incremental values

Age 70 years
Costs, € 11,443 12,267 824 10,201 11,473 1,272
QALYs 10.3261 10.3807 0.0546 10.2525 10.3068 0.0543
ICER, € 15,096 23,426

Age 70 years—additional scenario
Costs, € 11,443 13,060 1,617 10,201 12,161 1,959
QALYs 10.3261 10.3568 0.0307 10.2525 10.2881 0.0356
ICER, € 52,669 55,041

Age 75 years
Costs, € 11,354 11,037 317 10,353 10,841 488
QALYs 8.0105 8.0563 0.0458 7.9635 8.0138 0.0503
ICER, € 6,913 9,698

Age 80 years
Costs, € 9,837 9,912 =75 10,116 10,062 —54
QALYs 5.8893 5.9120 0.0227 5.8498 5.8839 0.0341
ICER, € Cost-saving Cost-saving

ICER is defined as the difference between strontium ranelate and no treatment in terms of costs divided by the difference between them in terms

of QALYs

BMD bone mineral density, /CER incremental cost-effectiveness ratio, QALY quality-adjusted life-year

probabilities that strontium ranelate are cost-saving in-
creased with age and were approximately 57% and 25% at
the ages of 80 and 75 years, respectively.

Discussion

Strontium ranelate is the first agent of a new therapeutic
class in osteoporosis, which both decreases bone resorption
and stimulates bone formation [37]. In clinical trials,
strontium ranelate was shown to be safe and to significantly
reduce the risk of vertebral and non-vertebral fractures in a
wide scatter of patients and over a long-period of time [4—

Fig. 1 Cost (in €) per QALY
gained of strontium ranelate

versus no treatment according to E
age and adherence to therapy. £ 60000+

AS additional scenario, BMD S
bone mineral density, QALY > 45000

quality adjusted life-year é
8 30000 -

w

£
4+ 15000 -

2]}

o

O
0+

BMD T-score <-2.5 SD

70 AS

Starting age of treatment (years)

7]. Strontium ranelate has therefore the potential to be a
first line treatment for osteoporosis. For health care decision
makers, it is also important to know whether it represents a
good value for money compared to other relevant alter-
natives. Cost-effectiveness analysis is one important input
into the decision-making process.

There are actually no threshold values in Belgium below
which an intervention can be considered cost-effective [38].
In the UK, the NICE suggest a value of £30,000
(approximately €39,000) per QALY gained [39], near to
the ceiling ratio of €40,000 per QALY suggested in Sweden
for cost-effectiveness analyses in osteoporosis [40]. In our
base-case analysis, the cost per QALY gained of strontium

Prevalent vertebral fractures

EFull adherence
D Adherence similarto| 89900 1
bisphosphonate's
therapy
45000 -
30000 -
15000 -
0+
70 75 80 70 AS 70 75 80

Starting age of treatment (years)
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Table 3 Cost in € per QALY
gained of strontium ranelate
versus no treatment: univariate

BMD T-score<—2.5 SD Prevalent vertebral fractures

sensitivity analyses for women 70 years 80 years 70 years 80 years
aged 70 and 80 years
Base case 15,096 CS 23,426 CS
Model parameters and assumptions
Discount rates 3% (costs and effects) 18,017 CS 25,560 CS
Discount rates 5% (costs and effects) 26,732 4,347 34,123 5,989
0.7 time base-case fracture disutility 19,520 CS 29,863 CS
0.7 time base-case fracture costs 22,335 23,722 28,046 16,065
0.7 time base-case fracture risk 35,809 39,902 36,054 23,598
BMD T-score of 2.5 SD 39,217 44211 - -
Intervention
No monitoring cost 11,216 CS 19,524 CS
Therapy cost 10% higher 19,219 5,591 27,569 4,337
Treatment efficacy 10% lower 20,550 4,968 29,155 7,518
Offset time 3 years 23,779 7,575 29,194 6,489
BMD bone mineral density, Offset time 7 years 10,125 CS 16,548 CS
CS cost-saving, QALY quality- QALY increase by 1% during therapy 9,433 CS 11,324 CS

adjusted life-year

ranelate compared to no treatment was below these ceiling
ratios for all ages and for both populations. Moreover,
sensitivity analyses showed that strontium ranelate was
cost-effective even under assumptions of reduced adherence
to therapy and over a wide range of assumptions related to
model parameters and intervention. Probabilistic sensitivity
analyses also showed that, at a willingness to pay of
€40,000 per QALY, strontium ranelate was cost-effective in
more than 83.3% of the cases irrespective of age and
population. However, the cost-effectiveness of strontium
ranelate was very sensitive to relative risk of hip fracture
during therapy. When assuming a lower hip fracture
reduction efficacy (alternative scenario), strontium ranelate
was not cost-effective at 70 years of age.

Our results are consistent with those from the cost-
effectiveness study of Borgstrom et al. [30] which
suggested that a 3-year strontium ranelate was cost-
effective, compared to no treatment, in the treatment of

Fig. 2 Cost-effectiveness
acceptability curves for

BMD T-score < -2.5 SD

Swedish postmenopausal women with low BMD and who
are similar to patients included in the TROPOS and Spinal
Osteoporosis Therapeutic Intervention trials. In our study,
we specifically assessed the cost-effectiveness in the target
populations for routine use of the product (i.e. in case of
BMD T-score below —2.5 SD or in case of prevalent
vertebral fractures).

Ideally, the cost-effectiveness of a drug therapy should
be compared to the most relevant alternative treatment.
Other osteoporotic treatments are available and have been
shown to be cost-effective compared to no treatment in
other setting, such as bisphosphonates therapies (i.e.
alendronate, risedronate, and etidronate) and raloxifene
[40—43]. It would have been useful to compare strontium
ranelate with these drugs in the same analysis. However,
the value of an incremental analysis between osteoporosis
medications could be questionable because no head to head
comparisons of interventions are available [42]. Clinical

Prevalent vertebral fractures

strontium ranelate. BMD bone 0 1 o
mineral density, AS additional g ko]
. . . D
scenario, QALY quality adjusted %0-75 £ 075
life-year = %
S 05 8 05
£ :
2 S
£
Soa2s W 5 0.25
o o
(=] (=]
S 2 |
) 0 : : , 0 < : : ,
0 15000 30000 45000 60000 75000 0 15000 30000 45000 60000 75000
Willingness to pay (in €) per QALY gained Willingness to pay (in €) per QALY gained
Age 80y Age 75y Age 80y Age 75y
Age 70y Age70y AS Age 70y Age70y AS
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trials compared treatment with placebo and may substan-
tially differ in terms of populations and design, making it
difficult to assess the relative efficacy between treatments.
No treatment has therefore been the most widely used
comparator and has been considered as the most relevant
comparator for cost-effectiveness analyses [44]. We there-
fore estimated in this study the cost-effectiveness of
strontium ranelate compared to no treatment, on a basis of
calcium/vit D supplementation if needed. Moreover, there
have been no published reports of data obtained over
5 years in studies designed with fracture assessment as the
primary end point [5]. To inform decision makers about the
relative efficiency of strontium ranelate compared to other
treatments, further researches are needed by making
indirect comparisons.

Cost-effectiveness analysis is a useful tool to inform policy
makers about the economic value of medical interventions but
decision makers have to combine this information with their
preferences and with possible budgets constraints [45]. The
ultimate decision to reimburse or not reimburse a drug is
multifactorial and depends on many aspects that may be
important from a health policy perspective. As such, budget
impact analysis also represents an essential part of decision
making and should also be performed [46].

There are other potential limitations to our study. First,
the target populations in our model was not identical to the
population included in the clinical trial but were consistent
with the target population for routine use of the product
[11]. Therefore, the applicability of fracture reduction
efficacy may be uncertain, in particular for hip fracture
because this fracture risk reduction was assessed in a
subgroup of patients aged 74 years and older. An additional
scenario has therefore been performed for women aged
70 years including a lower hip fracture risk reduction.
However, our potentially non-conservative assumption
could be compensated by other advantages of strontium
ranelate not included in the model. So strontium ranelate
was shown to reduce the progression of radiographical
spinal osteoarthritis and back pain in women with osteopo-
rosis and spinal back pain [47] and to have beneficial
effects on quality of life in women with postmenopausal
osteoporosis compared with placebo [48]. The effects on
quality of life were assessed using the QUALIOST
questionnaire which cannot be translated into utility values
and could therefore not be directly used in cost-utility
analyses. Second, analyses were assessed for all women
below the threshold of osteoporosis in order to estimate the
cost-effectiveness in the entire population of patients. We
have not identified a BMD T-score under which strontium
ranelate would be cost-effective. However, we have shown
in a sensitivity analysis that the cost-effectiveness of
strontium ranelate was near to €40,000 per QALY gained
at 70 and 80 years of age for women with a BMD T-score

of 2.5 and without a prior fracture. Third, our analysis was
restricted to women with osteoporosis aged 70 years and
older. Strontium ranelate was also shown to reduce the risk
of vertebral fractures in women with osteopenia [7] and in
young postmenopausal women with severe osteoporosis
[49]. The cost-effectiveness of strontium ranelate in such
populations requires further investigations. Fourthly, adher-
ence to strontium ranelate in general clinical practice has
not yet been documented. Further researches are therefore
needed to assess adherence to strontium ranelate and the
relationship between adherence to strontium ranelate and
fracture risk.

The transferability of our results across jurisdictions
could also be problematic. There are many reasons why the
cost-effectiveness of health technologies might vary from
place to place including the incidence of the disease, the
availability of health resources, clinical practice patterns,
and relative prices [50]. Analyses need to be performed for
each setting and should use local data (e.g. fracture costs,
fracture incidence). However, it is likely that strontium
ranelate will be cost-effective in jurisdictions with similar
characteristics than those retained in our analysis.

In conclusion, the results of this study suggested that
long-term treatment with strontium ranelate over 5 years is
cost-effective compared to no treatment for postmenopausal
osteoporotic women over 70 years of age. Strontium
ranelate represents a safe, effective, and cost-effective first
line treatment for postmenopausal women with osteoporo-
sis over the long term.
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