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Introduction Introduction 


 
Clinical pharmacology experiments often involves 
investigation into the PK and PD of drugs



 
The use of modelling in drug development has 
increased considerably in the last decade 
◦

 
Model-based drug development (MBDD)



 
Drug development is considered a continuous process 
(so is modelling), knowledge about PK and PD is 
updated with information from new studies



 
Mixed effects modelling (population approach) has 
become standard tool in the analysis of PK and PD 
data 
◦

 
Sparse data, varying sampling times between subjects,  
incomplete and missing data, investigation using simulations
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Population PK study designPopulation PK study design



 
Population PK study design is a group of 
elementary designs each composed of a set of 
sampling times to be performed in a group of 
subjects 



 
Population PK design factors
◦

 
Number of groups (elementary designs)

◦
 

Number of subjects in each elementary design 
◦

 
Number of sampling times in each elementary design 

◦
 

Sampling times within the design region



 
Optimal population PK study design - careful 
balance of design factors 
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Optimal population PK study designOptimal population PK study design



 
Simulation  - cumbersome and time consuming



 
Model - Cramer-Rao inequality, inverse of the 
FIM is the lower bound of the variance- 
covariance matrix of any unbiased estimator of 
the parameters
◦

 
Involves using prior information about 
parameter/variability 

◦
 

Optimise some criterion function of the likelihood with 
given constraints e.g. D-optimality: minimise 
uncertainty associated with parameter estimates



 
Software – PopDes, PFIMOPT (PFIM), PopED, 
POPT, PkStaMP
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Population Fisher information matrix (PFIM)Population Fisher information matrix (PFIM)
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Optimisation of PFIMOptimisation of PFIM



 
Gives best parameter estimates
◦

 
High precision and low bias



 
Exact design 
◦

 
Optimise ξq (nq , Q and Nq are fixed)

◦
 

Optimisers - Fedorov exchange, simplex, simulated 
annealing, etc



 
Continuous or statistical or approximate design
◦

 
Optimise

 
ξq , nq , Q and Nq

◦
 

Optimisers - First order, simplex, Fedorov-Wynn etc

arg max ( , )D F


      

DD--Optimal designOptimal design
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Sampling windowsSampling windows



 
Sample collection at specific time points may 
not be feasible – less informative
◦

 
Delays in seeing medical personnel

◦
 

Patients may have taken the drug before arrival at 
the clinic

◦
 

Need for more immediate medical procedure
◦

 
Un-cooperative patients (children)



 
Sampling windows – sampling within pre- 
defined time interval
◦

 
Allows control of sampling times, gives flexibility and 
informative data
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Optimal sampling windowsOptimal sampling windows 
Ogungbenro and Aarons (2009), JBS 19: 174Ogungbenro and Aarons (2009), JBS 19: 174--189189
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Stage 1 – Fixed time optimisation 



 
Stage 2 – Optimisation of marginal (conditional) 
sampling windows
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Stage 3 – Evaluate joint efficiency and adjust 
sampling window lengths
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Optimisation of sampling windowsOptimisation of sampling windows 
Ogungbenro and Aarons (2009), JPP 35: 465Ogungbenro and Aarons (2009), JPP 35: 465--482482



 
Define candidate sampling windows instead of fixed 
sampling  time
◦

 
Taking practical and ethical constraints into consideration 
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Optimisation of sampling windowsOptimisation of sampling windows 
Ogungbenro and Aarons (2009), JPP 35: 465Ogungbenro and Aarons (2009), JPP 35: 465--482482
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Areas of application of optimal design Areas of application of optimal design –– 
clinical drug developmentclinical drug development



 
Preclinical and Phase 1 trials – limited use (dense 
sampling)
◦

 
Learning stage 



 
Phase II and Phase III – useful to increase the 
information content of the data
◦

 
Constraints – clinic opening times, feeding times, sleeping 
time,  number of time points 

◦
 

Cost – useful to balance recruitment and increasing 
number of time points (hospital visits)
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Example 1Example 1
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Example 1Example 1

13

Parameters

R
M

S
E
 (

%
)

0

20

40

60

80

100

120

CL/F V1/F V2/F Q/F PROP ADD IIV_CL/F IIV_Q/F

Optimal Sampling Times
Optimal Sampling Time Windows

90%



Example 2Example 2
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Areas of application of optimal design Areas of application of optimal design –– 
population paediatric studiespopulation paediatric studies



 
Special application of population pharmacokinetics 
and optimal design methodologies – practical and 
ethical constraints
◦

 
Limited number of samples and sample volumes

◦
 

Unbalanced designs 



 
Optimal design methodologies allow sampling from 
the most ‘information rich’ areas of the drug 
concentration-time profile
◦

 
Optimal use of resources – balance sample size and 
sampling times

◦
 

Incorporate design constraints into the optimisation 
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Example 1 Example 1 

Children (Oral)Children (Oral) Children (IV infusion)Children (IV infusion)

Adults (Oral)Adults (Oral) Adults (IV infusion)Adults (IV infusion)
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Example 1 Example 1 
Age Groups Sampling 

Properties 
Sample 
Number 1 - 2 yr 2 - 5 yr 5 - 12 yr 

 
1 0.25 0.25 0.25 
2 0.70 0.70 0.85 
3 1.35 1.30 1.00 
4 3.05 3.00 2.80 

Optimal 
Sampling Times 

(hr) 
5 8.00 8.00 8.00 

     
Normalised 
Determinant  3.32 3.42 3.57 
 

1 0.25 - 0.28 0.25 - 0.28 0.25 - 0.27 
2 0.58 - 0.82 0.58 - 0.82 0.62 - 1.08 
3 0.70 - 2.00 0.66 - 1.94 0.26 - 1.73 
4 2.47 - 3.63 2.48 - 3.52 2.61 - 2.99 

Optimal 
Sampling 

Windows (hr) 
5 7.45 - 8.00 7.48 - 8.00 7.78 - 8.00 

     
Normalised 
Determinant  3.15 3.25 3.38 

     
Efficiency  0.95 0.95 0.95 
     

 0.25-0.4, 0.5-1, 1.25-1.75, 2.75-3.5, 7.25-8 hr
(Efficiency=85%)
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Example 2 Example 2 
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Example 2 Example 2 

19



Practical issues and limitations in the Practical issues and limitations in the 
application of optimal designapplication of optimal design
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

 
Prior information 
◦

 
PBPK models



 
Local validity of the assumptions
◦

 
Bayesian approach – parameter and model uncertainties 

◦
 

Sampling windows



 
Replicate designs
◦

 
Discrete time points (possible/candidate time points)

◦
 

Continuous/statistical/approximate design
◦

 
Additional constraints



ConclusionConclusion
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

 
Optimal design is a useful tool that fits naturally in 
the context of clinical pharmacology experiments
◦

 
Practical and ethical constraints 

◦
 

Sparse designs – Phase II, III clinical trials, paediatric 
studies and TDM



 
Sampling windows is particularly useful by allowing 
flexibility in sampling and yet provide designs that is 
informative



 
Drawbacks in the use of optimal design 
methodologies in clinical pharmacology can be 
overcome 
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