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 Nonlinear mixed effects models: population PK/PD 
 Optimal design, Fisher information matrix (FIM) 
 Parameter estimation 
 Approximations of the information matrix 
 Population optimal design software 
 Adaptive designs: estimation and optimal design 

 

Outline 
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 Design ξ = {xi, ni}, what we optimize: 
 Design points: sampling sequences xi 
 Number of patients ni on sampling sequence xi 
 Number of sampling times ki in sequence xi 

 Why important: 
 Often limited number of samples allowed 
 Special populations (ethical/physiological reasons) 
 Operational issues/costs 

 
 

Design of population PK/PD studies 
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Nonlinear mixed effects model: population PK 
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Optimal design 
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Optimality criteria (D - A - E) 
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Nonlinear mixed effects model 
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Normally distributed observations 

Linearization at population mean: FIM has both terms 
Linearization at a guess:               FIM does not have trace term 
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Normally distributed observations  (cont.) 
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Normal observations: variations of LS 

Bad choice 



11 

Normal observations: variations of LS  (cont) 
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Information matrix, sampling sequence  x 
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 PODE initiated in 2006 
 Discussion of population optimal design tools started at 

PODE 2007  
 Mentré et al.  (2007, 2011, PAGE) 
 Nyberg et al. (2015, British J. Clin. Pharmacol.) 

 Comparison of FIM for specific sequences of sampling times 
1. Approximations of FIM (closed-form expressions) 
2. Monte Carlo simulations (simulate data, get empirical 

variance-covariance matrix) 
 

Population optimal design software 
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Comparison of population optimal design tools 
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Software comparison: warfarin, one-compartment 
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Compared  Da = [μ(x,θ)] -1 and  De  (empirical variance-covariance matrix, MC): 
 Reduced option (dropping the trace term)  →  Da  and  De   are very close   
 Full option    →    visible difference for some elements of  D 
 Example of overestimation of information when keeping trace term: Mielke 

and Schwabe (2010) 
 Discussion of various approximation options: Fedorov and Leonov (2013), 

Section 7.5.6  
 

Software comparison: warfarin  (cont.) 
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Drug for treating chronic hepatitis C (HCV) infection 

Software comparison: combined PK/PD, HCV 
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Software comparison:  warfarin and HCV  

“reduced” 

Nyberg et al. (2015) 
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Approximation options: Monte Carlo 

1. “Normal”  

2. Be careful with numerical differentiation, choice of step size 
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Approximation options: Monte Carlo  (warfarin) 

Leonov, Aliev (2013, mODa 10) 
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Order of differentiation and integration (MC) 
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Order of differentiation and integration (MC) 
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 Mielke (PODE 2012): likelihood and approximation of conditional 
moments 
 Full and reduced options as special cases (linearization at different 

values of θ ) 
 Links to  

• Laplace approximation (Pinheiro and Bates (1995, 2002)  
• FO/FOCE estimation methods in NONMEM (Wang, 2007) 

 Nguyen and Mentré (2014): approximation via adaptive Gaussian 
quadratures 

 Population optimal design software: mostly focused on    locally 
optimal designs 

Approximation options (cont.) 
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 Locally optimal designs: need parameter values 
 Adaptive optimal designs: reduce dependence on unknown 

parameters 
 Estimation and design are performed in stages 
 Box, Hunter (1965) 
 Need efficient estimation and optimal design tools! 
 

Locally optimal vs. adaptive designs 
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 NONMEM: estimation for NONlinear Mixed Effects Models 
 Pharma industry standard for estimation in population PK/PD models 
 Under ICON since 2006 

 ADDPLAN: fully validated statistical software  for design, 
simulation and analysis of adaptive clinical trials  
 Industry standard, used by many pharma companies 
 Under ICON since 2014 (Innovation Centre) 
 ADDPLAN Classic (Base, MC, PE) 
 ADDPLAN DF (Dose Finding): software for design, simulation and 

analysis of adaptive dose-finding trials 
• Based on MCP-Mod approach, which was adopted by European 

regulators in 2014 
• Utilizes both estimation and optimal design modules 
• Dose-response models: linked to PK/PD, thus critical to further 

develop estimation and optimal design methodology and software 
 

ICON: tools for parameter estimation and design 
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 Optimal design: more and more popular within pharma 
industry  

 Adaptive designs: combination of model-based design and 
estimation techniques 

 Adaptive/optimal designs: development of methodology 
and software 

 Many open interesting problems! 
 

Final comments 
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