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IntroductionIntroduction

Population modelsPopulation models: largely used in drug : largely used in drug 
development, M&S and TDMdevelopment, M&S and TDM

MixedMixed--effects (hierarchical) model effects (hierarchical) model 
statistical difficultiesstatistical difficulties

«« Providing evidence for the quality Providing evidence for the quality 
of the results is importantof the results is important » » (1)(1)

(1)(1) F. Mentré and MF. Mentré and M--E E EbelinEbelin. COSTB1. (1997). COSTB1. (1997)
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IntroductionIntroduction

First criterion = RELIABILITYFirst criterion = RELIABILITY

«« Is the model worthy of confidence ?Is the model worthy of confidence ? » » (1)(1)

Degree of uncertainty associated with Degree of uncertainty associated with 
estimated parameters (summarised by estimated parameters (summarised by 
standard error (SE) on parameters)standard error (SE) on parameters)

(1) (1) P. J. P. J. WiliiamsWiliiams, E. I. Ette. In Simulation for Designing Clinical Trials (2003), E. I. Ette. In Simulation for Designing Clinical Trials (2003)
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ObjectivesObjectives

Primary objectivePrimary objective
–– Comparing SE estimation obtained by Comparing SE estimation obtained by ≠≠ methods methods 

with with ≠≠ designsdesigns

Secondary objectivesSecondary objectives
–– Comparing parameter estimationComparing parameter estimation
–– Observing influence of Observing influence of ≠≠ designs on SE estimation designs on SE estimation 
–– Comparing computation time  and “convergence” Comparing computation time  and “convergence” 

success between methodssuccess between methods

Choosing a reliable estimation methodChoosing a reliable estimation method
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MethodMethod

Simulation of different PK datasets with Simulation of different PK datasets with 
different designsdifferent designs

Estimation of PK parameters and SE for Estimation of PK parameters and SE for 
each dataset with different methods based each dataset with different methods based 
on ML or MCMCon ML or MCMC

Comparison of SE and parameter Comparison of SE and parameter 
estimates between methods and designsestimates between methods and designs

PAGE 2004PAGE 20046

MethodMethod

Simulation of different PK datasets with Simulation of different PK datasets with 
different designsdifferent designs
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Simulation modelSimulation model

Based on THEOPP example in NONMEMBased on THEOPP example in NONMEM
–– one compartmentone compartment

–– first order absorption and elimination first order absorption and elimination 

–– additive intraadditive intra--individual variabilityindividual variability

–– loglog--normal internormal inter--individual variability (IIV)individual variability (IIV)

–– non diagonal IIV covariance matrixnon diagonal IIV covariance matrix

ReRe--parameterization to avoid flipparameterization to avoid flip--flopflop
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DesignsDesigns

Choice of optimal population design for Choice of optimal population design for 
simulation using POPOS 1.0 software simulation using POPOS 1.0 software (1)(1)

Simulation of 9 x 100 different datasets:Simulation of 9 x 100 different datasets:
≠≠ nbnb of samples (n = 3, 6 or 15 )of samples (n = 3, 6 or 15 )
≠≠ nbnb of subjects (n = 30, 100 or 500)of subjects (n = 30, 100 or 500)

(1) (1) M. Tod, F. Mentré, Y. M. Tod, F. Mentré, Y. MerléMerlé and A. Mallet. and A. Mallet. JPB JPB (1998)(1998)
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MethodMethod

Simulation of different PK datasets Simulation of different PK datasets 
with different designswith different designs

Estimation of PK parameters and SE Estimation of PK parameters and SE 
for each dataset with different for each dataset with different 
methods based on ML or MCMCmethods based on ML or MCMC
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PK parameter estimationPK parameter estimation

Estimation with different methodsEstimation with different methods

–– NONMEM™ FO and FOCENONMEM™ FO and FOCE

–– nlmenlme ((SplusSplus™)™)

–– WinBUGSWinBUGS (Bayesian method)(Bayesian method)
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SE estimationSE estimation

1.1. Covariance matrix ($COV) from Covariance matrix ($COV) from 
NONMEM or SE provided by NONMEM or SE provided by nlmenlme

2.2. SD computed from posterior SD computed from posterior 
distribution in distribution in WinBUGSWinBUGS

3.3. SD of 200 bootstrapped datasets reSD of 200 bootstrapped datasets re--
estimated with NONMEMestimated with NONMEM™™ FO, FOCE FO, FOCE 
or or nlmenlme
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Convergence Convergence criterioncriterion for for 
WinBUGSWinBUGS

DefinitionDefinition ofof iterationsiterations numbernumber (1) (1) (Brooks (Brooks andand
GelmanGelman ratio (BGR)) ratio (BGR)) (2)(2) neededneeded for convergencefor convergence

BGRBGR

BGR BGR ≈≈ 11

(1)(1) A. A. GelmanGelman et et alal. In . In BayesianBayesian Data Data AnalysisAnalysis (1995)          (1995)          
(2)(2) WinBUGSWinBUGS user user manualmanual

BetweenBetween--
chainchain variancevariance

WithinWithin--chainchain
variancevariance
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Method: Expression of resultsMethod: Expression of results

For parameters estimationFor parameters estimation
–– relative bias:relative bias:

(estimated value (estimated value –– true value) / true value  (%)true value) / true value  (%)
–– distributiondistribution

For SE valuesFor SE values
–– quartiles for each design and each methodquartiles for each design and each method
–– evolution across designsevolution across designs
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Results: Results: Parameter estimationParameter estimation

EstimationEstimation
methodsmethods

SubjectSubject
numbernumber

Sampling Sampling 
Time Time 
numbernumber

N = 100N = 100

NA
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Results: Fixed effectsResults: Fixed effects

FO : systematicFO : systematic
bias [5 bias [5 -- 10%]10%]

Same number of Same number of 
sampling timessampling times

Same number of Same number of 
SubjectsSubjects
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Results: Random effects Results: Random effects 
(Variance)(Variance)

Little number of subjects Little number of subjects 
Bias (FO and Bias (FO and WinBUGSWinBUGS) ) ±± 40 %40 %
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Results: Random effects Results: Random effects 
(Variance)(Variance)

FO systematic FO systematic 
Bias Bias ≈≈ 50 %50 %
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Results: Random effects Results: Random effects 
(Covariance)(Covariance)

Correlation Correlation 
coeffcoeff = 0.91= 0.91

Little number of subjects:Little number of subjects:
bias except for bias except for WinBUGSWinBUGS
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Results: Random effects Results: Random effects 
(Covariance)(Covariance)

Bias FO Bias FO 
systematicsystematic
≈≈ 50 %50 %

Correlation Correlation 
coeffcoeff = 0.91= 0.91
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ResultsResults: : RandomRandom effectseffects
((ResidualResidual variance)variance)

RichRich data:data:
UnbiasedUnbiased
resultsresults
∀∀ methodmethod



11

PAGE 2004PAGE 200421

Results: Standard errorResults: Standard error

Confirmation of a general assessmentConfirmation of a general assessment ::
SE value SE value when number of subjects or samples when number of subjects or samples 
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Results: Standard errorResults: Standard error

Methods : Methods : 
1 FO1 FO
2 FOCE2 FOCE
3 3 nlmenlme
4 4 WinBUGSWinBUGS
5 BOOT + FO5 BOOT + FO
6 BOOT + FOCE6 BOOT + FOCE
7 BOOT + 7 BOOT + nlmenlme

Q 25Q 25

MedianMedian

Q 75Q 75

7
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Results: Standard error of Results: Standard error of 
fixed effectsfixed effects

SE SE ≈≈

∀∀ methodmethod

WinBUGSWinBUGS
less dispersionless dispersion

Methods : Methods : 
1  FO1  FO
2  FOCE2  FOCE
3  3  nlmenlme
4  4  WinBUGSWinBUGS
5  BOOT + FO5  BOOT + FO
6  BOOT + FOCE6  BOOT + FOCE
7  BOOT + 7  BOOT + nlmenlme

not availablenot available
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Results: Standard error ofResults: Standard error of
random effects (variances)random effects (variances)

Methods : Methods : 
1  FO1  FO
2  FOCE2  FOCE
3  3  nlmenlme
4  4  WinBUGSWinBUGS
5  BOOT + FO5  BOOT + FO
6  BOOT + FOCE6  BOOT + FOCE
7  BOOT + 7  BOOT + nlmenlme

sparse data, FO andsparse data, FO and
BOOT + FO :BOOT + FO :
little little of SE when of SE when 
subject number subject number 

FO, BOOT +FO FO, BOOT +FO 
SE SE <<<<

FOCE, FOCE, WinBUGSWinBUGS , , 
BOOT + FOCEBOOT + FOCE
SE SE ≈≈
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Results: Standard error ofResults: Standard error of
random effects (covariance)random effects (covariance)

Methods : Methods : 
1  FO1  FO
2  FOCE2  FOCE
3  3  nlmenlme
4  4  WinBUGSWinBUGS
5  BOOT + FO5  BOOT + FO
6  BOOT + FOCE6  BOOT + FOCE
7  BOOT + 7  BOOT + nlmenlme

sparse data, sparse data, 
FO andFO and
BOOT + FO :BOOT + FO :
little little of SE of SE 
when subject when subject 
number number 
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Results: Convergence and Results: Convergence and 
computation timecomputation time

(1)(1) Convergence Convergence ANDAND $$COVarianceCOVariance achievedachieved
(2)(2) Only for designs where sampling time number Only for designs where sampling time number >> 66
(3)(3) Convergence achievedConvergence achieved
(4)(4) Due to large number of Due to large number of SplusSplus crashcrash

Methods Mean % of  
"convergence" 

Ratio of (computation time/ FO 
computation time) for same dataset

FO 97 (1) 1
FOCE 56 (1) 10
nlme 92 (2) 3

WINBUGS 100 189
BOOTFO 98 (3) 96

BOOTFOCE 85 (3) 936
BOOTnlme 91 (2) unavailable (4)
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Conclusion (1/2)Conclusion (1/2)

Non convergence when Non convergence when 
sampling time number=3sampling time number=3

Faster than FOCEFaster than FOCEnlmenlme

Bias on IIV variance with few Bias on IIV variance with few 
subjectssubjects

Absence of crashAbsence of crash
Un, less biased Un, less biased 
between subject between subject 
covariance estimatecovariance estimate
SE estimate consistent SE estimate consistent 
across 100 simulationsacross 100 simulations

WinBUGSWinBUGS

SE available in only 56 % of SE available in only 56 % of 
datasetsdatasets
SE less consistent than SE less consistent than 
WinbugsWinbugs

If bootstrap, SE If bootstrap, SE 
comparable with other comparable with other 
methodsmethods

FOCEFOCE

Bias on parametersBias on parameters
SE estimation poorly reliableSE estimation poorly reliable

FOFO

--++MethodsMethods
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Conclusion (2/2)Conclusion (2/2)

Based on those simulations for a simple PK Based on those simulations for a simple PK 
model, consideringmodel, considering
–– CPU time needed for bootstrap compared to CPU time needed for bootstrap compared to 

WinBUGSWinBUGS
–– absence of crashabsence of crash
–– good estimation propertiesgood estimation properties

WinBUGSWinBUGS should be preferred when uncertainty should be preferred when uncertainty 
measurement is a key parameter measurement is a key parameter 

Next steps: proc NLMIXED (SAS™), PD modelNext steps: proc NLMIXED (SAS™), PD model
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Cagouille

Thank you for 
your attention !


