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IntroductionIntroduction
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Population DesignPopulation Design
• Definition of a population design ΞΞΞΞ :

– N: total number of subjects
– Q groups of Nq subjects with elementary designs ξq

– Composition of ξq

– nq sampling times
– allocation of the sampling times 

• Determination of a population design
– for a given total number of samples, determination of 

• the number Q of groups
• the number Nq of subjects per group
• the number nq of samples per group
• their allocation in time
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ChoiceChoice of a Population Designof a Population Design

• Empirically

• Methods for optimisation / evaluation
– simulation
– criteria based on the the population Fisher 

information matrix (MF)
• extension of the theory used in classical nonlinear 

regression
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Expression of MExpression of M F F in in nonlinearnonlinear mixed mixed 
effectseffects modelsmodels (1)(1)

•
• MF(Ψ, Ψ, Ψ, Ψ, ξξξξq) : no analytical expression

• Approximation
– linearisation of the structural model

• first order Taylor approximation around the expectation of the random 
effects

(F. Mentré, A. Mallet & D. Baccar, Biometrika, 1997) 

– extension of MF when σ² (parameter for the variance error model) 
is also estimated

(S. Retout, S. Duffull & F. Mentré, Comp Meth Prog Biomed, 2001)
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Expression of MExpression of M F F in in nonlinearnonlinear mixed mixed 
effectseffects modelsmodels (2)(2)

• Evaluation by simulation of the relevance of the pr oposed 
expression
– use of the population pharmacokinetics (PK) of enoxaparin
(S. Retout, R. Bruno & F. Mentré, Stat Med, 2002)

• Extension for more complex models
– inter-occasion variability
– influence of covariates on PK
(S. Retout & F. Mentré, J Biopharm Stat, 2003)
– combined variance error models 
(S. Retout & F. Mentré, J Pharmacokin Pharmacodyn, 2003)

• Recently, evaluation of the same approximation for mu ltiple 
response models
– use of a PK/PD model
(C. Bazzoli, S. Retout & F.Mentré. SFPT, Toulouse, France, 11-13 April 2007)
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Evaluation / Evaluation / OptimizationOptimization usingusing MMF F (1)(1)

• Implementation of M F for evaluation
– 2001: PFIM 1.0 

• Splus and Matlab (Stephen Duffull) tool
(S. Retout, S. Duffull & F. Mentré, Comp Meth Prog Biomed, 2001)

– 2003: PFIM 1.2 
• Splus and R version 
• inclusion of combined variance error models

• Implementation of M F for optimization
– 2003: PFIMOPT 1.0

• Splus and R versions
• optimization using the Simplex algorithm

• Context of those implementations
– single response model
– local planification: D-optimality criterion
– model given under analytical form
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Evaluation / Evaluation / OptimizationOptimization usingusing MMF F (2)(2)

Recent works

• Optimization using the Fedorov-Wynn algorithm

• Evaluation and optimization of the power of the Wal d
test for binary covariates
– computation of the number of subjects needed to achieve a 

given power

• Application to the detection of a treatment effect for 
HIV viral load decrease using bi-exponential model

(S. Retout, E. Comets, A. Samson & F. Mentré. Stat Med, in press)
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EvaluationEvaluation ofof population design population design withwith
PFIM 3.0PFIM 3.0
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SupportedSupported ModelsModels (1)(1)

• Single or multiple response models

• Structural model
– Analytical form

• analytical derivatives of the model with respect to the 
parameters

– Differential equations system
• Use of the lsoda function from the “odesolve” package in R

– method of Adams for non stiff systems

– method “Backward Differentiation Formula” for stiff systems

• Numerical derivatives of the model with respect to the 
parameters

– use of the function “fdHess” included in the “nlme” package

– evaluate an approximate gradient of a scalar function using 
finite differences
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SupportedSupported ModelsModels (2)(2)

• Combined variance error model
– Var(ε)=(σinter+σslopef)²

• Additive or exponential model of the random effects

• Diagonal variance of the random effects
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ExampleExample : : Joint modeling of PK/PD of Joint modeling of PK/PD of WarfarinWarfarin

• PK: time course of total racemic warfarin plasma concen tration

• PD: effect on prothrombin complex activity (PCA)

• A priori PK knowledge
– single oral dose of 100 mg
– 1 compartment model, 1st order absorption and elimination
– CL=0.133; V=7.95; Ka=1.6; ωCL=0.0634; ωV=0.0206; ωKA=0.701
– exponential modelling of the random effects
– Var(ε)=(0.2 f)²

• A priori PD knowledge
– turnover model with inhibition of the input 
– Imax=1(FIX); Rin=5.41; C50=1.2; Kout=0.056; ωRin=0.19; ωKout=0.0167; 

ωC50=0.0129
– exponential modelling of the random effects
– Var(ε)=3.88

• Design to be evaluated
– one group of 32 subjects 
– 13 PK sampling times at (0.5, 1, 2, 3, 6, 9, 12, 24, 36, 48, 72, 96, 120) 
– 16 PD sampling times at (0, 0.5,1, 2, 3, 6, 9,12, 24, 36, 48, 72, 96, 120, 144)
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Optimisation Optimisation withwith PFIMOPT 3.0PFIMOPT 3.0
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ContextContext

• Optimisation for a fixed total number of samples 
(ntot )
– fix ntot = Σ Nq nq

– fix Nq and nq

• Simplex and Fedorov-Wynn algorithms 

• Case of multiple response model
– balanced or unbalanced designs can be optimized

• same or different numbers of samples across responses

• same or different sampling times across responses

– constraint on sampling times can be different for each type of 
response
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AlgorithmsAlgorithms in PFIMOPT 3.0 (1)in PFIMOPT 3.0 (1)

Simplex algorithm

• General algorithm

• Optimization of the sampling times within 
continuous intervals
– several intervals of times can be specified
– minimum delay between two successive samples can be 

imposed

• Different cases
– exact optimisation

• for a given group structure: optimisation of sampling times ξq

– statistical optimisation
• optimisation of the proportion of subjects αq (=Nq/N) and of 

sampling times ξq
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PFIMOPT Output – Simplex
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Algorithms in PFIMOPT 3.0 (2)Algorithms in PFIMOPT 3.0 (2)

Fedorov-Wynn algorithm

• Specific algorithm dedicated to statistical design 
optimisation

• Optimization of the group structure (Q, ααααq, nq) and 
the sampling times

• Optimization of the sampling times in a given set 
specified by users
– more clinically relevant

• Developed in C and linked with PFIMOPT in R using 
a dynamic library
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PFIMOPT Output PFIMOPT Output –– FedorovFedorov --WynnWynn
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PFIMOPT Output PFIMOPT Output –– FedorovFedorov --WynnWynn
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PFIMOPT Output PFIMOPT Output –– FedorovFedorov --WynnWynn
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PFIM Interface 2.0PFIM Interface 2.0
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PFIM Interface 2.0PFIM Interface 2.0

• Graphical user interface

• Use R version 2.4.1

• Windows 2000 / XP platform 

• Same features as PFIM / PFIMOPT 3.0 BUT only for sing le 
response model

• Model
– analytical form or differential equations system
– inclusion of a library of PK models

• 1 or 2 compartments
• oral, IV or infusion administration 
• single / repeated doses or steady state

• Optimisation 
– Simplex or Fedorov-Wynn algorithm
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PFIM Interface 2.0PFIM Interface 2.0
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PFIM Interface 2.0: Model typePFIM Interface 2.0: Model type
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PFIM Interface 2.0: PFIM Interface 2.0: ParametersParameters
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PFIM Interface 2.0: DesignPFIM Interface 2.0: Design
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PFIM Interface 2.0: PFIM Interface 2.0: EvaluationEvaluation (1)(1)
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PFIM Interface 2.0: PFIM Interface 2.0: EvaluationEvaluation (2)(2)



S. Retout - PODE - 2007 33

PFIM Interface 2.0: PFIM Interface 2.0: StdoutStdout
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PFIM Interface 2.0: PFIM Interface 2.0: GraphGraph
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PFIM Interface 2.0: Optimisation (1)PFIM Interface 2.0: Optimisation (1)
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PFIM Interface 2.0: Optimisation (2)PFIM Interface 2.0: Optimisation (2)
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ConclusionConclusion

PFIM and PFIMOPT in 2007

• PFIM 1.2 and PFIMOPT 1.0
– freely available at 

http://www.bichat.inserm.fr/equipes/Emi0357/download. html

• PFIM Interface 2.0
– available before June 2007 

• PFIM 3.0 and PFIMOPT 3.0 for multiple responses 
model
– beta version under evaluation 

Software Perspectives
• PFIM Interface 3.0 for multiple response models
• Discrete covariates


