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● Better Inform Drug 
Development Decisions

● Better Inform Economic 
and Outcome Decisions
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Markov Models (MM) in Health Economics Analyses

WELL

DEAD

SICK

QALYa: measure of benefit, dependent on 
number of individuals and/or duration in 
any state
ICERb: cost per QALY
Static Markov Models in HE Analyses:
Approach based on discrete-time and 
proportion of individuals
Proportion of individuals in the population 
move across the states according to a set of 
transition probabilities only once per time 
interval (sometimes lengthy “Markov cycle”)
Time-dependent covariates possible

a Quality-Adjusted Life Years, b Incremental Cost-Effectiveness Ratio
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Denosumab Pharmacoeconomic Analysis
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Static Markov Model

Deterministic Sensitivity Analysis
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Dynamic Markov Models: Infectious Disease
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Infectious Disease Health States
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Infectious Disease Health States: Static MM
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Infectious Disease Health States: Dynamic MM
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Bayesian Posterior Predictive Distribution
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Linking PMX and PE: Xanthine Oxidase Inh. & Gout

Integration of Pharmacometrics and Pharmacoeconomics to Quantify the Value of Improved Forgiveness to Nonadherence: A Case Study of Novel Xanthine Oxidase Inhibitors for Gout. 
Daniel Hill-McManus;Scott Marshall;Elena Soto;Dyfrig A Hughes ISSN: 0009-9236 , 1532-6535; DOI: 10.1002/cpt.1454. Clinical pharmacology & therapeutics : CPT. , 2019, Vol.106(3), 
p.652-660

Individual-Level PKPD Modeling and Simulation
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Simulation: Response vs. Adherence
● Simulation-based 

comparison of 
febuxostat and 
hypothetical 
analogues

● Varied clearance, 
potency, for 
analogues

● Informed by 
adherence RWE

Integration of Pharmacometrics and Pharmacoeconomics to Quantify the Value of Improved Forgiveness to Nonadherence: A Case Study of Novel Xanthine Oxidase Inhibitors for Gout. 
Daniel Hill-McManus;Scott Marshall;Elena Soto;Dyfrig A Hughes ISSN: 0009-9236 , 1532-6535; DOI: 10.1002/cpt.1454. Clinical pharmacology & therapeutics : CPT. , 2019, Vol.106(3), 
p.652-660
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Simulation: Pricing vs Response

Integration of Pharmacometrics and 
Pharmacoeconomics to Quantify the Value of 
Improved Forgiveness to Nonadherence: A Case 
Study of Novel Xanthine Oxidase Inhibitors for 
Gout. Daniel Hill-McManus;Scott Marshall;Elena 
Soto;Dyfrig A Hughes ISSN: 0009-9236 , 
1532-6535; DOI: 10.1002/cpt.1454. Clinical 
pharmacology & therapeutics : CPT. , 2019, 
Vol.106(3), p.652-660

Curve of estimated 
pricing to achieve cost 
effectiveness versus 
febuxostat 80 mg with 
probability of 50% and 
10% at a willingness to 
pay threshold of 
£20,000 per QALY
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Multi-Scale Systems Pharmacology Models

Peterson, MC and Riggs, MM. Predicting Nonlinear Changes in Bone Mineral 
Density Over Time Using a Multiscale Systems Pharmacology Model
CPT: Pharmacomet. Syst. Pharmacol. November 2012

● Osteoporosis
● Primary Hyperparathyroidism
● Hyperparathyroidism 

Secondary to Chronic Kidney 
Disease

● Estrogen Modulators
● Bisphosphonates
● Parathyroid Hormone
● RANK-L pathway
● Wnt Signaling

● Bone Biomarkers
● Bone Mineral Density
● Fracture
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Fracture Rate MSSP/Model-Based Meta Analysis 

RJ Eudy-Byrne, W Gillespie, MM Riggs, MR Gastonguay. A model of fracture risk used to examine the link between bone mineral density and the 
impact of different therapeutic mechanisms on fracture outcomes in patients with osteoporosis J Pharmacokinet Pharmacodyn (2017) 
44:599–609

Conditional Individual Arm Predictions                    Predictions of Treatment Arms in New Populations
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Fracture Hazard Ratio by Treatment

RJ Eudy-Byrne, W Gillespie, MM Riggs, MR Gastonguay. A model of fracture risk used to examine the link between bone mineral density and the impact of 
different therapeutic mechanisms on fracture outcomes in patients with osteoporosis J Pharmacokinet Pharmacodyn (2017) 44:599–609



17

Linking MSSP/Fracture Model & Pharmacoeconomics

Early Development ICER 
($/QALY) Predictions
● New drug, target
● New dose, regimen
● Combination therapies
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vs. placebo

Probability of Success: Outdated Thinking
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vs. active control

Probability of Success: Evolving Thinking
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• vs. future competitor

• informed by predicted ICER

• in Real World treatment 
population

• Continuously updated and 
re-assessed as development 
programs and standard of care 
evolve 

Probability of Success: New Opportunity



22

Summary

● Markov Models in Health Economics

● Utility of static vs dynamic Markov Models

● Value of open science in HE Analyses

● Opportunities at the intersection of Pharmacometrics 
and Health Economics
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Thank You


