
  

Modelling the cost-effectiveness of osteoporosis 
medications 



Economic evaluation 

« Comparative analysis between two or more health technologies in terms 
of costs and effects» 

 

 
Cost A 

Intervention B 

Intervention A Outcome A 

Cost B Outcome B 

Differences in costs ? Differences in outcomes? 

Relationship ? 
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Full economic evaluation 

 

 

Type  

of study 

Costs Outcomes 

Cost-minimization Euro’s Identical in all relevant aspects 

Cost-effectiveness Euro’s 

 

Natural unit (Clinical endpoints such as fracture 

events or life years) 

Cost-utility Euro’s Quality-adjusted life years 

Cost-benefit Euro’s 

 

Euro’s 
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Incremental cost-effectiveness ratio  

= The additional cost per extra unit of effect from the comparator treatment 

Examples: additional cost per fracture prevented, additional cost per QALY 
gained etc. 

The lower the ICER, the more cost-effective the intervention 

Intervention adopted if ICER < λ (= willingness to pay per effectiveness unit) 

ICER = (CA – CB) / (EA – EB) = ∆C/∆E 
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REJECT 

 
 

ADOPT 

 
 

Results of an economic evaluation 

Cost difference 

Effect difference 

B 

Willingness to pay 

Willingness to accept 

Cost-effectiveness plane 
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Trial-based economic evaluation 

 Costs and outcomes alongside a RCT 

 Cons: truncated time horizon, limited comparators 

Decision-analytic modeling 

 Mathematical models to synthetize all available information regarding 
health care process  

 Pros: extending results from a single trial (lifetime); combining 
multiple sources of evidence to answer policy questions; extrapolation 
to final outcome (QALYs); modeling uncertainties in the knowledge 
base 

Methods of economic evaluation 
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• Health states 

• Patients progress 
through states over 
time 

• At each cycle 
(length and 
number), transition 
probabilities 

• Costs and health 
outcomes 
associated with 
time spent in states 
and/or transitions 

Markov model 

Zethraeus, N., et al. Osteoporos Int, 
2007. 18(1): p. 9-23.  7 



 Markov trace 
 Expected values for a cohort of patients (= proportion of patients in each 

state, at each cycle multiplied by the corresponding costs/outcomes) 
  

Markov model 
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 Continuous risk over time 
 Recurrence of events 

Markov assumption of ‘no memory’: future transitions do not 
depend on previous ones 

Bypassing this assumption of no memory: 

 additional states (post-fracture states) 

 microsimulation 

Markov model 
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Cohort ‘simulation’ 

• Based on applying the transition matrix directly 

Monte Carlo simulation 

• A sample of individual patients is simulated in the Markov, one by 
one, and their progression is recorded 

• Expected values are obtained by averaging 

Cohort vs. Monte Carlo 

 Monte Carlo allows relaxing some of the assumptions of cohort 
Models (eg. relax the assumption of lack of memory of Markov 
models) 

Markov model 
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Markov microsimulation 
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Hiligsmann et al. Value in Health   2009. 12(5): 
p. 687-96 
Hiligsmann et al. Pharmacoeconomics, 2011. 
29(10): p. 895-911 



Questions to develop a CE model in osteoporosis 

 Model structure 

model type; time horizon; health states;  transitions and cycle length 

 Transitions probabilities 

 Treatment strategies 

 Costs  

 Outcomes 

 Treatment characteristics 

 Simulation and sensitivity analyses 
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Transitions probabilities 

 Baseline fracture risk (fracture incidence) 

 Target population: BMD; presence or absence of fracture; FRAX 

 Effect of a fracture 

 Presence or absence of therapy 

 

 Fracture effects on mortality 
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Treatment strategies 

 Comparator 

 Indirect comparison? 

 Sequential treatment 
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Costs 

 Perspective: societal or healthcare (guidelines) 

 Fracture costs 

 Short term costs  (hospitalization) 

 Extra costs in the year following fractures 

 Long-term costs (admission to nursing home) 

 Treatment costs 
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Outcomes 

• QALY = quantity of life X Utility 

• Effects of fracture on utility (e.g. ICUROS study) 

- Short term 

- Long term  

- Several fractures 
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Svedbom et al. Osteoporosis International 2018 
Epub Ahead of Print 



Treatment - efficacy 

 Treatment  duration 

 Anti-fracture  efficacy during treatment and after  
discontinuation (offset time) 

 Adherence effect  
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ICER Report, US 2017 



Treatment – costs  

 Drug cost 

 Monitoring cost (DXA, GP visit)  

 Adverse events 
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Simulation and calculation 

 Discounting (guideline) 

 Incremental costs and effects 

 ICER 
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Silverman S  et al.  J Osteoporos, 2015. 2015: p. 
627-631 



Uncertainty 

- Structural uncertainty (assumptions, methods) 

- Parameters uncertainty (e.g. treatment effect) 

- Heterogeneity (sex, age, subgroups) 

Need to be addressed 

 Sensitivity analyses (univariate and probabilistic) 
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Univariate sensitivity analyses 

Hiligsmann et al. Eur J Public Health 2015 25 
(1), 20–25 
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Probabilistic sensitivity analyses 

Silverman S  et al.  J Osteoporos, 2015. 2015: p. 
627-631 
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