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Aim: To estimate the cost–effectiveness of treating postmenopausal osteoporosis (PMO) with weekly
gastro-resistant risedronate 35 mg gastro-resistant tablets (RIS-GR), compared with weekly alendronate
70 mg tablets (ALN) in Spain. Methods: A probabilistic analysis (second-order Monte Carlo simulation) was
performed with a time horizon of 5 years, from the perspective of the Spanish National Health System. The
bone fracture probabilities were obtained from a cohort study of 3614 women from USA with PMO treated
with RIS-GR (1807) or ALN (1807) (Thomasius, 2022). The pharmacological cost and the cost of fractures
were obtained from Spanish sources (€ 2022). The utilities of patients with and without fracture (quality-
adjusted life years [QALYs]) were obtained from the medical literature. Results: Compared with ALN,
treatment with RIS-GR can avoid 79 fractures (between 75 and 82) every 1000 patients treated, and 0.0119
QALYs would be gained (between 0.0098 and 0.0140) per patient. Additionally, GR-RIS would generate a
cost saving per patient of €1994 (€1437–2904) with a probability of 99.7%. The scenario analyses confirmed
the stability of the base case results. Conclusion: According to this study, RIS-GR would be the dominant
treatment (lower costs with QALY gain) compared with ALN.

Plain language summary
What is this article about? In a context of scarcity of resources, it is important to analyze the
economic impact of the differences in persistence and probability of fractures of postmenopausal
osteoporosis treatments. An economic model of the probabilistic type was carried out, with the aim of
estimating the cost–effectiveness of treating postmenopausal osteoporosis (PMO) with weekly gastro-
resistant risedronate 35 mg gastro-resistant tablets (RIS-GR), compared with weekly alendronate 70 mg
tablets (ALN) in Spain.
What were the results? In a period of 5 years, due to the lower probability of bone fractures observed
with RIS-GR versus ALN, for every 1000 patients, 79 fractures would be avoided. In addition, 0.0119 QALYs
would be gained and €1994 saved per patient treated with RIS-GR.
What do the results of the study mean? Weekly RIS-GR 35 mg is a dominant treatment (lower costs with
QALY gain) for PMO compared with weekly ALN 70 mg in Spain.
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Osteoporosis, defined as a skeletal disorder characterized by compromised bone strength predisposing a person to
an increased risk of fracture [1,2], has become a major and growing healthcare burden in Europe, resulting today in
more than 4.3 million fragility fractures and huge associated healthcare costs in excess of €56 billion annually [3].

According to SCOPE 2021 report, 25.5 million women and 6.5 million men in the 27countries of the European
Union plus the UK and Switzerland (EU27+2), in 2019, were estimated to suffer osteoporosis. Furthermore, the
number of fragility fractures is increasing with the ageing of Europe’s population, which will lead to an increase in
related costs, disability and premature deaths [4,5].

Over the past fifty years, several pharmacological agents have been approved for the treatment and prevention
of the risk of fractures in osteoporotic patients. At present, despite the development of other potent and effective
treatments for osteoporosis, oral bisphosphonates represent the most commonly used anti-osteoporotic therapy
worldwide [6] and European guideline recommend them as initial treatment in the majority of cases [7].

However, oral bisphosphonates are poorly absorbed, and their strict dosing instructions, requiring a necessary
fasting time before the drug intake, limit the patient’s treatment compliance and persistence [8,9] and, hence, the
drug anti-fracture effectiveness [10].

Gastro-resistant risedronate (RIS-GR) was developed with the objective of overcoming the inconvenient dosing
instructions, increasing absorption independently of food intake, and reducing the risk of gastrointestinal side
effects, by eliminating the need for fasting [11,12]. Thus, treatment effectiveness would be preserved, and even
enhanced, by increasing the drug absorption and bioavailability [12,13].

Unfortunately, no randomized clinical trials have compared directly the antifracture efficacy of RIS-GR with
other oral inmediate-release bisphosphonates. However, recently, in a USA retrospective observational study based
on claims data, patients prescribed RIS-GR were associated with a lower incidence of fractures compared with those
prescribed other oral bisphosphonates, leading to lower utilization of inpatient services which translated into lower
inpatient costs [13].

A validated Markov microsimulation model was used to estimate the cost–effectiveness of RIS-GR compared
with weekly alendronate and generic risedronate for the treatment of postmenopausal women with osteoporosis
in France, using pooled efficacy data for bisphosphonates derived from a previous meta-analysis, and persistence
data (up to 3 years) obtained from a large Australian longitudinal database. The conclusion of the authors was
that RIS-GR compared with alendronate and generic risedronate was cost effective for the French postmenopausal
women with osteoporosis [14].

In a context of scarcity of resources, it is important to analyze the economic impact of the differences in persistence
and probability of fractures of postmenopausal osteoporosis treatments. Nevertheless, to date no cost–effectiveness
analyses using direct comparative fracture data between RIS-GR and other oral immediate-release bisphosphonates
(either through a controlled clinical trial or a retrospective observational study based on claims data) have been
performed.

The objective of the present study was to estimate the anti-fracture cost–effectiveness of treating postmenopausal
osteoporosis with weekly RIS-GR 35 mg, compared with weekly alendronate 70 mg in Spain.

Design & methods
Economic model
A probabilistic analysis was made using a second order Monte Carlo simulation to analyse the uncertainty of the
model variables (probabilities, costs and utilities) [15,16].

This type of model, whose basic methodology has been described in other previously published studies [17,18],
made it possible to: (i) take into account the variability of the patient characteristics and the uncertainty of the model
variables in a hypothetical cohort of 1000 patients with the characteristics described in ‘Population’ section; and
(ii) calculate the probability of savings with the lowest cost option. The probabilistic analysis was made considering
that probabilities fit beta distributions and that costs and utilities would fit gamma distributions [15,17]. The model
was developed using Microsoft Excel 2021.

Table 1 summarizes the main assumptions of the economic model [13,19–31].

Population
The modelled population was that of the observational study by Thomasius et al. [13]. In the total cohorts of the
study (2726 patients per treatment group), postmenopausal women treated with RIS-GR and other bisphospho-
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Table 1. Base case main model assumptions.
No. Base case main model assumptions Study, year Ref.

1 The probability of hip/pelvic, vertebral, and wrist/arm fractures with RIS-GR and ALN were obtained from the cohort
study by Thomasius et al.

Thomasius, 2022 [13]

2 Treatment persistence over 5 years was obtained from the observational study by Thomasius et al. Thomasius, 2022 [13]

3 The effect of treatment was assumed to be maintained for two years (years 4 and 5) after its discontinuation. Darbá, 2015 [21]

4 The mortality of the patient without fracture was obtained from the National Institute of Statistics. INE, 2022 [22]

5 The mortality of the patient with fracture was obtained from a previously published Spanish study. Darbá, 2015 [21]

6 The cost of fractures in Spain was calculated as the average of public prices in the regions that have specific prices for
the three fractures considered or their DRGs. The average cost of the fractures was calculated according to the
percentages observed in Thomasius et al.

Public prices
Bartra, 2019;
Thomasius, 2022

[13,19]

7 Pharmacological cost was obtained from retail prices (PVP) plus VAT, available in the BotPlus web database. BotPlus, 2022 [20]

8 The utilities were obtained from the study by Hiligsmann et al. and Darbá et al. Darbá, 2015;
Hiligsmann, 2019

[14,21]

ALN: Weekly alendronate 70 mg tablets; PVP: Drug retail price; RIS-GR: Weekly gastro-resistant risedronate 35 mg gastro-resistant tablets; VAT: Value added tax.

nates (alendronate sodium, ibandronate sodium and risedronate sodium) had a mean age of 62.0 ± 10.2 and
62.1 ± 10.3 years, respectively, a mean Charlson comorbidity index of 0.1 ± 0.8 and 0.0 ± 0.8, respectively, and a
fracture rate history during the 6-month prior to bisphosphonate initiation of 1.7% and 1.7%, respectively. To be
eligible, they were required to have at least one bisphosphonate prescription, with no treatment changes (i.e., from
RIS-GR to other oral bisphosphonates or from other oral bisphosphonates to RIS-GR) during at least the previous
two years. To balance the prognostic factors of the patients in the compared cohorts, each woman in the RIS-GR
cohort was paired with one woman in the other bisphosphonates cohort, with similar baseline demographic and
clinical characteristics, including age, Charlson comorbidity index, incidence of 13 selected comorbidities and pre-
vious fractures (hip, pelvis, spine, wrist/arm), and the use of drugs affecting bone mineral density (abaloparatide,
aromatase inhibitors, estrogens, denosumab, gonadotropin-releasing hormone agonists, bisphosphonates for injec-
tion, romosozumab, systemic corticosteroids and teriparatide) [13]. The results of the present model would only be
applicable to a patient population with the baseline characteristics of the patients in the observational study from
which the efficacy data were derived. It should be noted that it would be of interest to have a pragmatic clinical
trial directly comparing the efficacy of RIS-GR and ALN, since such a design could reduce the likelihood of bias
typical of observational studies.

The cost of fractures, increased mortality and reduced utility were accounted for when the event occurred.

Perspective & time horizon
The analysis was carried out from the perspective of the Spanish National Health System (SNS), thus considering
only the direct healthcare costs. The primary objective of the National Health System of Spain is to ensure and
enable public financing, universality, as well as the quality and safety of its benefits in terms of health. The time
horizon of the analysis was 5 years, according to available data from the study by Thomasius et al. [13]. Separate
analyses were done for years 1, 2, 3, 4 and 5.

Probabilities of fracture & mortality
The probabilities of bone fracture used in the model are shown in Table 2. These are those obtained in the clinical
practice study (retrospective observational cohort study) of Thomasius et al. [13]. Fracture probabilities were taken
from the full cohort of patients. Table 2 also shows the annual mortality risk without bone fracture [22] and the
increase in mortality risk resulting from fractures [21].

Persistence of treatment
The data on treatment persistence (RIS-GR and ALN), likewise obtained in the aforementioned observational
study [13] are shown in Table 3.

Costs
Two types of cost have been considered: pharmacological and referred to bone fractures. The cost of fractures in
Spain was calculated as the average of the public prices in the 8 regions that have specific prices for the three types
of fractures considered or their diagnosis-related groups (DRGs) (Table 4) [19,24–31]. The average cost of a fracture
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Table 2. Bone fracture probabilities [13], mortality risk without fractures [22] and mortality risk increase with fractures
(calculated from [21.]).

Bone fracture probabilities

Year Treatment Mean bone
fracture
probability

95% CI SD Distribution Alpha Beta

1 Risedronate GR 0.0257 0.0204–0.0323 0.0030 Beta 69.8 2646.2

Alendronate 0.0326 0.0266–0.0400 0.0034 Beta 87.9 2609.9

2 Risedronate GR 0.0510 0.0434–0.0599 0.0042 Beta 139.2 2591.4

Alendronate 0.0591 0.0508–0.0686 0.0045 Beta 159.3 2536.5

3 Risedronate GR 0.0708 0.0615–0.0814 0.0050 Beta 180.6 2371.0

Alendronate 0.0867 0.0765–0.0981 0.0055 Beta 226.0 2380.9

4 Risedronate GR 0.0952 0.0836–0.1083 0.0063 Beta 206.4 1962.0

Alendronate 0.1046 0.1046–0.1308 0.0066 Beta 270.4 2041.2

5 Risedronate GR 0.1185 0.1044–0.1343 0.0076 Beta 212.6 1581.7

Alendronate 0.1444 0.1297–0.1607 0.0079 Beta 285.1 1689.4

Mortality risk without bone fracture and mortality risk increase with bone fracture vs normal population

Age 60 years 61 years 62 years 63 years 64 years

Year 1 Year 2+ Year 1 Year 2+ Year 1 Year 2+ Year 1 Year 2+ Year 1 Year 2+
Mortality risk without
bone fractures

0.0061 0.0061 0.0067 0.0067 0.0073 0.0073 0.0081 0.0081 0.0088 0.0088

Mortality risk increase
with bone fractures

5.42 3.07 5.42 3.07 5.42 3.07 5.42 3.07 5.42 3.07

CI: Confidence interval; GR: Gastro-resistant; SD: Standard deviation.

Table 3. Treatments persistence [13].
Year RIS-GR

Mean (95% CI)
ALN
Mean (95% CI)

1 31.0% (29.3–32.8%) 37.2% (35.4–39.0%)

2 19.5% (18.1–21.0%) 25.6% (24.0–27.3%)

3 11.6% (10.3–12.8%) 18.2% (16.8–19.8%)

4 6.6% (5.5–7.7%) 12.6% (11.3–14.1%)

5 3.8% (2.9–4.9%) 9.1% (7.7–10.5%)

ALN: Weekly alendronate 70 mg tablets; CI: Confidence interval; RIS-GR: Weekly risedronate 35 mg gastro-resistant tablets.

Table 4. Unit costs (€ 2022) and utilities used in the model.
Unit costs

Resource Mean SD Distribution Alpha Beta References

Bone fracture (all) 7128.85 € 3929.93 € Gamma 3.29 2166.46 Calculated

Hip/pelvic fracture 10,051.16 € 5644.77 € Gamma 3.17 € 3170.13 € Public prices

Vertebral fracture 6905.32 € 3750.50 € Gamma 3.39 € 2037.02 € Public prices

Wrist/arm fracture 5209.73 € 2917.27 € Gamma 3.19 € 1633.57 € Public prices

Drugs PVP+VAT Units Dose/unit Units/year Cost/year Reference

Weekly RIS-GR 19.84 € 4 35 mg 52.1 258.42 € (20)

Weekly ALN 9.99 € 4 70 mg 52.1 130.25 € (20)

Utilities

Item Mean SD Distribution Alpha Beta References

Without fractures 0.77 0.04 Gamma 355.89 0.00216 (14)

All fractures 0.62 0.03 Gamma 410.20 0.00151 Calculated

Hip/pelvic fractures 0.55 0.01 Gamma 2905.21 0.00019 (14)

Vertebral fractures 0.59 0.03 Gamma 384.16 0.00154 (21)

Wrist/arm fracture 0.62 0.03 Gamma 410.20 0.00151 (14)

ALN: Weekly alendronate 70 mg tablets; PVP: Drug retail price; RIS-GR: Weekly risedronate 35 mg gastro-resistant tablets; SD: Standard deviation; VAT: Value added
tax.
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was calculated from the unit costs of hip/pelvis, vertebral, and wrist/arm fractures, considering the incidence of
each type of fracture observed in the observational study. The pharmacological cost was obtained from the public
retail prices (PRP) plus VAT, available in the BotPlus web database (Table 4) [20].

Utilities
The utilities were derived from the studies of Hiligsmann et al. [14] and Darbá et al. (Table 4) [21].

Scenario analyses
Scenario analyses were performed for the following assumptions: (i) a gradual loss of treatment effect at years 4 and
5, after 3 years of treatment; (ii) a ± 20% variability in fracture incidence observed with RIS-GR and ALN; (iii)
a ± 20% variability in the unit cost of bone fractures; (iv) a ± 20% variability in fracture-associated utilities; (v)
patients under 65 years of age; and (vi) patients aged 65 years or older.

In our study, probabilistic analyses were performed for each year, separately, up to a time horizon of 5 years. In
each analysis, the annual values of all the variables were considered, including the probability of fracture, mortality,
and persistence of treatment. For this reason, in the base case of the analysis, a discount equal to zero percent (for
1 year) was assumed. However, an additional analysis has been carried out, assuming that the annual data in the
5-year period were indicative of the evolution of the patients in that period, for which an annual discount rate of
3% was applied both for the costs and for the utilities.

Results
Healthcare impact
In comparison with ALN, treatment with RIS-GR would avoid 79 fractures (between 75 and 82) per 1000 treated
patients over a 5-year period (Table 5). It is estimated that 168,701 osteoporotic fractures would be avoided in that
same period if all patients with osteoporosis were treated with RIS-GR. In addition, treatment with RIS-GR would
result in a gain of 0.0119 QALYs (between 0.0098 and 0.0140) per patient over a 5-year period (Table 5).

Economic impact
Compared with ALN, RIS-GR would generate savings per treated patient of €1994 (€1437–2904), with the
probability of savings with RIS-GR being 99.7% (Tables 5 & 6). It is estimated that savings of €1200 million could
be generated as a result of the reduction in bone fracture rates (Table 6).

Cost–effectiveness
RIS-GR would be the dominant treatment versus ALN, as it would prevent a considerable number of bone fractures
and generate gains in QALY for the patient, as well as savings for the SNS (Table 6). These results were confirmed in
all the scenario analyses, with RIS-GR versus ALN being the dominant treatment in all cases (Table 7 & Figure 1).

Discussion
Based on the results of the study, the treatment of postmenopausal osteoporosis with RIS-GR would avoid a
considerable number of fractures, being cost-effective (dominant) compared with ALN in Spain. In assessing these
results, we must consider both the strengths and possible weaknesses of the study. The fact that it is the first study
to analyse the cost–effectiveness of RIS-GR compared with ALN in Spain can be considered a strength, and, for
this purpose, the results from more than 2700 patients in each branch of the observational study were analysed.

The characteristics of the clinical study from which the model data were obtained imply a number of weaknesses.
First of all, the Thomasius et al. study only provides average rates for all bone fractures as a whole, not annual rates
for each type of fracture [13]. This is a weakness of the study, determined by the available clinical data. In second
place, the average mortality rate from bone fractures was calculated from the mortality risk of joint hip/pelvic
fractures, vertebral fractures, and joint wrist/arm fractures from a previously published Spanish study [21], for ages
60–65 years and for the frequency of each type of fracture in the Thomasius et al. study [13]. This simplification was
necessary due to the aforementioned limitation. Finally, although the ability of claims to capture vertebral fractures
may be poor, in the study by Thomasius et al., 29.4% of the total fractures observed were vertebral [13].

A second weakness to be considered is the fact that the probabilities of bone fracture used in the model come
from a retrospective observational cohort study in clinical practice, in cohorts of patients from the USA [13].
However, the results from clinical efficacy trials conducted in other countries should be considered acceptable in
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Table 5. Bone fractures avoided (per 1000 patients), QALYs gained and total cost per patient with weekly RIS-GR versus
weekly ALN.

Fractures avoided with weekly risedronate GR vs weekly alendronate (per 1000 patients)

Treatment duration 1 year 2 years 3 years 4 years 5 years Total

Risedronate GR fractures Mean 26 51 71 96 119 363

Minimum 20 43 61 83 104 312

Maximum 32 60 82 109 135 418

Alendronate fractures Mean 33 59 87 118 145 442

Minimum 26 51 76 104 129 387

Maximum 40 69 99 131 161 500

Bone fractures avoided Mean -7 -8 -16 -22 -26 -79

Minimum -6 -7 -15 -21 -25 -75

Maximum -8 -9 -17 -23 -26 -82

QALYs gained per patient with weekly risedronate GR vs weekly alendronate

Treatment duration 1 year 2 years 3 years 4 years 5 years Total

QALYs with weekly RIS-GR Mean 0.7679 0.7587 0.7546 0.7496 0.7445 3.7753

Minimum 0.6910 0.6833 0.6800 0.6760 0.6719 3.4022

Maximum 0.8483 0.8374 0.8325 0.8263 0.8200 4.1645

QALYs with weekly ALN Mean 0.7669 0.7574 0.7522 0.7463 0.7406 3.7634

Minimum 0.6902 0.6823 0.6780 0.6732 0.6686 3.3924

Maximum 0.8470 0.8359 0.8296 0.8225 0.8155 4.1504

QALYs gained with RIS-GR Mean 0.0010 0.0012 0.0024 0.0033 0.0039 0.0119

Minimum 0.0008 0.0010 0.0020 0.0028 0.0033 0.0098

Maximum 0.0013 0.0015 0.0029 0.0039 0.0045 0.0140

Total cost per patient with weekly risedronate GR vs weekly alendronate

Treatment duration 1 year 2 years 3 years 4 years 5 years Total

Risedronate GR Mean 281.32 € 441.21 € 569.19 € 740.06 € 909.01 € 2940.80 €

Minimum 109.76 € 119.03 € 129.62 € 154.33 € 182.47 € 695.20 €

Maximum 627.99 € 1064.56 € 1407.87 € 1849.51 € 2282.05 € 7231.97 €

Alendronate Mean 834.39 € 850.07 € 940.77 € 1080.22 € 1229.98 € 4935.43 €

Minimum 597.37 € 458.45 € 388.72 € 350.36 € 337.35 € 2132.26 €

Maximum 1282.44 € 1582.63 € 1964.78 € 2428.76 € 2878.02 € 10,136.63 €

Savings with RIS-GR Mean -553.07 € -408.86 € -371.57 € -340.16 € -320.97 € -1994.63 €

Minimum -487.61 € -339.43 € -259.10 € -196.04 € -154.89 € -1437.06 €

Maximum -654.45 € -518.07 € -556.91 € -579.26 € -595.97 € -2904.66 €

Bold numbers represent the final results.
ALN: Weekly Alendronate 70 mg tablets; QALYs: Quality-adjusted life-years; RIS-GR: Weekly risedronate 35 mg gastro-resistant tablets.

Table 6. Cost and cost–effectiveness results. Base case. Time horizon: 5 years.
Treatment Cost per patient Cost

differences†
QALYs per
patient

QALY difference Fractures Fractures
avoided

Cost per QALY
gained

Cost per Fracture
avoided

RIS-GR
ALN

2940.80 €
4935.43 €

-1994.63 € 3.7753
3.7634

0.0119 363
442

-79 Risedronate GR is
the dominant
treatment‡

Risedronate GR is
the dominant
treatment‡

†Probability of savings with weekly Risedronate GR vs weekly alendronate: 99.7%; estimated savings due to fractures avoided with weekly risedronate GR vs weekly alendronate:
1,202 million euros (1,202,682,218 €).
‡With weekly risedronate GR, fractures are avoided or QALYs are gained, with lower costs per patient, than with weekly alendronate.
GR: Gastro-resistant; QALYs: Quality-adjusted life-years.

Europe, in accordance with the recommendations of the European Medicines Agency [32,33]. During the period
from January 2019 to June 2021, in 116 approvals of the US FDA, evaluation was made of the results of clinical
practice effectiveness studies [34]. The data from the USA can be regarded as effectiveness outcomes that can be
extrapolated to European countries with a similar sociosanitary level [33]. Variability in clinical practice is not
limited to comparisons between countries but is also found within Spain’s own National Health System [35]. On
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Table 7. Scenario analyses results (RIS-GR vs ALN). Time horizon: 5 years.
Scenario Treatment Cost per

patient
QALYs per
patient

Fractures Cost per QALY gained Cost per Fracture avoided

Gradual loss of treatment effect at
years 4 and 5, after treatment for
3 years

RIS-GR
ALN

2829 €
4799 €

3.7631
3.7513

361
439

Risedronate GR is the dominant
treatment†

Risedronate GR is the dominant
treatment†

Incidence of fractures with RIS-GR and
ALN (-20%)

RIS-GR
ALN

2379 €
4254 €

3.7885
3.7790

290
353

Risedronate GR is the dominant
treatment†

Risedronate GR is the dominant
treatment†

Incidence of fractures with RIS-GR and
ALN (+20%)

RIS-GR
ALN

3235 €
5291 €

3.7398
3.7257

431
526

Risedronate GR is the dominant
treatment†

Risedronate GR is the dominant
treatment†

Unit cost of bone fractures (-20%) RIS-GR
ALN

2301 €
4158 €

3.7611
3.7493

360
439

Risedronate GR is the dominant
treatment†

Risedronate GR is the dominant
treatment†

Unit cost of bone fractures (+20%) RIS-GR
ALN

2376 €
4250 €

3.7724
3.7606

362
441

Risedronate GR is the dominant
treatment†

Risedronate GR is the dominant
treatment†

Utilities with bone fractures (-20%) RIS-GR
ALN

3296 €
5366 €

3.7601
3.7483

360
439

Risedronate GR is the dominant
treatment†

Risedronate GR is the dominant
treatment†

Utilities with bone fractures (+20%) RIS-GR
ALN

2864 €
4843 €

3.8143
3.8123

362
440

Risedronate GR is the dominant
treatment†

Risedronate GR is the dominant
treatment†

Patients �65 years of age RIS-GR
ALN

1270 €
2715 €

3.8011
3.8005

139
143

Risedronate GR is the dominant
treatment†

Risedronate GR is the dominant
treatment†

Patients ≥65 years of age RIS-GR
ALN

2805 €
5167 €

3.7710
3.7514

345
475

Risedronate GR is the dominant
treatment†

Risedronate GR is the dominant
treatment†

Annual discount cost and benefits: 3% RIS-GR
ALN

2530 €
4345 €

3.4456
3.4351

324
394

Risedronate GR is the dominant
treatment†

Risedronate GR is the dominant
treatment†

†With weekly risedronate GR, fractures are avoided or QALYs are gained, with lower costs per patient, than with weekly Alendronate.
ALN: Weekly Alendronate 70 mg tablets; RIS-GR: Weekly risedronate 35 mg gastro-resistant tablets.
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Figure 1. cost–effectiveness results (cost per quality-adjusted life year gained with weekly gastro-resistant
risedronate 35 mg gastro-resistant tablets vs weekly alendronate 70 mg tablets).
ICER: Incremental cost–effectiveness ratio (cost per quality-adjusted life year gained with weekly gastro-resistant
risedronate 35 mg gastro-resistant tablets vs weekly alendronate 70 mg tablets).

the other hand, life expectancy at birth may be an indirect indicator of the efficiency of the health system [36], and
thus can be used to analyse the comparability of health systems in different countries. Life expectancy in Spain in
men and women is 79.6 and 85.1 years, respectively, according to 2020 data from the National Statistics Institute
(INE) [37], while in the US it is 74.5 and 80.2 years, respectively, likewise in 2020 [38]. The potential uncertainty
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regarding extrapolation of the effectiveness outcomes from the USA to Spain has nevertheless been analysed through
second order Monte Carlo simulations [15,16]. The Monte Carlo simulation is a probabilistic analysis that performs
repeated random calculations in -lato sensu- each patient of a hypothetical cohort (or in each iteration). In each
calculation, the patient (or iteration) follows a different course and acquires different cost, survival and transition
probability values that are adjusted to certain statistical distributions [39]. The stability of the base case results in
all the scenario analyses may also be considered a strength of the study. With regard to other weaknesses of the
study, it should be noted that this is a theoretical model, which by definition constitutes a simplified simulation of
reality. In addition, there were discrepancies in the results referred to the persistence of RIS-GR treatment in the
observational study of Thomasius et al. [13] and in an economic model published in 2019 [14]. In the Thomasius
study, a lower treatment persistence observed in the RIS-GR cohort might be due to the detrimental impact of
the comparatively higher out-of-pocket cost of RIS-GR [13]. In the latter, higher three-year persistence data were
used with RIS-GR versus ALN. In this regard, it was considered more appropriate to model the persistence data
obtained in the observational study, from which the bone fracture rates were likewise taken, with the availability
of data at 5 years, the time horizon of our model. According to the study by Hiligsmann et al. [14], in women with
a bone mineral density T-score ≤ – 2.5 and prevalent vertebral fractures, the cost per quality-adjusted life year
(QALY) gained with RIS-GR versus ALN, generic RIS and no treatment would be under €20,000. The results of
the present model would only be applicable to a patient population with the baseline characteristics of the patients
in the observational study from which the efficacy data were derived.

In Spain, other economic analyses have been published comparing RIS and ALN, but none with RIS-GR. In
2002, a Markov model was published [40], according to which the cost per avoided hip fracture (in treated women
from the age of 70 years, with or without previous vertebral fracture, and after 10 years of treatment) ranged
with daily administered RIS between €54,134 and €84,287. The costs were higher with alendronate: €67,853 and
€173,748. The cost per quality-adjusted life year (QALY) gained was also lower with risedronate (€43,601–61,064)
than with alendronate (€49,483–88,634) in patients with or without previous vertebral fracture. Therefore, daily
administered RIS was more cost-effective than weekly administered alendronate.

According to a cost-utility analysis published in 2009 and comparing weekly RIS and weekly ALN, the cost per
hip fracture avoided with RIS and the cost per QALY gained with RIS was €5318 and €10,636, respectively, with
weekly RIS being cost-effective versus weekly ALN [41].

Although the persistence rate would be lower with RIS-GR than with ALN, fracture rates were favorable to
RIS-GR throughout the 5 years of the study by Thomasius et al. [13]. These results would be consistent with the
hypothesis that the independent administration of food intake could increase the bioavailability of the drug and
reduce the probability of fractures compared with ALN [14,42,43].

Conclusion
According to the economic model, the treatment of postmenopausal osteoporosis with RIS-GR would avoid a
considerable number of fractures, being cost-effective compared with ALN in Spain.

Summary points

• A probabilistic modeling analysis was performed, using second-order Monte Carlo simulations, with 1000
simulations, in postmenopausal osteoporosis patients treated with weekly gastro-resistant risedronate 35 mg
gastro-resistant tablets (RIS-GR), compared with weekly alendronate 70 mg (ALN) from the perspective of the
Spanish National Health System.

• In a period of 5 years, due to the lower probability of bone fractures observed with RIS-GR versus ALN, for every
1000 patients, 79 fractures would be avoided. In addition, 0.0119 QALYs would be gained and €1994 saved per
patient treated with RIS-GR.

• Consequently, weekly RIS-GR 35 mg is a dominant treatment (lower costs with QALY gain) for PMO compared
with weekly ALN 70 mg in Spain.
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