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• Helps in informed decision making 

•  On a population level: 
• optimized dosing regimens for registration 
• clinical breakpoints 

 
• On a patient level 

• optimizing individual dosing regimens 

Purpose of estimating PTA 
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• Helps in informed decision making 

•  On a population level: 
• optimized dosing regimens for registration 
• clinical breakpoints 

 
• On a patient level 

• optimizing individual dosing regimens(the real future) 
 

 

Purpose of estimating PTA 
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Mouton et al, Clin Ther 2005 27:762; EUCAST rationale document 

PTA of ceftazidime, volunteers 
1000 mg q8h 
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What do we need before PTA? 

• A Pharmacodynamic Target  (PT) 
• Obtained from in vitro and in vivo studies 
• A point estimate of the target (e.g. 50% fT>MIC) 

• The target may depend on the disease/infection 
• The target may depend on the species 

• Validation in a patient trial (another presentation….) 
 
 

• A (population pk) model that represents the population to 
be treated (to use in monte carlo sims, MCS) 
• Populations may vary …… 
• Population models may vary….. 
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• Purpose of population modelling  
• Try to capture all variation as much as possible in a set of 

pharmacokinetic parameters 
• Explain and predict concentrations in individual patients 

• Sparse sampling 
• Co-variates 

 
 

• Purpose of MCS (using a population model) in breakpoint 
setting  
• try to predict the future using parameter estimates and its 

variation to capture the variation in the population to be 
treated – and derive the clinical breakpoint 

 

Purpose of population modelling  
and monte carlo simulations 
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• Purpose of population modelling  
• Try to capture all variation as much as possible in a set of 

parameters 
• Predict concentrations in individual patients 

• Sparse sampling 
• Co-variates 

 
 

• Purpose of MCS in breakpoint setting  
• try to predict the future using poppk parameter estimates 

and its variation to capture the variation in the population to 
be treated 

 
Problem : MCS is used using POPPK developed for another purpose 
And therefore ‘true’ variation may be underestimated  

Purpose of population modelling  
and monte carlo simulations 
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General procedure poppk 
Explore different basic models 
  (1C, 2C, 3C etc.) 

Explore whether and which parameters have variation  
that can improve the model (e.g. eta’s in nonmem) 

Explore whether and wich covariates can improve the 
(predictive performance of) the model (creatinin, weight, age) 

Validate model (e.g. bootstraps, NPDE, VPC) 

Final model that best describes the data 
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Pharmacokinetic model 

Muller et al, 2013 AAC, 57(5):2047 

Population and individual predictions 
ceftobiprole 
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• Purpose of population modelling  
• Try to capture all variation as much as possible in a set of 

parameters 
• Predict concentrations in individual patients 

• Sparse sampling 
• Co-variates 

 
 

• Purpose of MCS in breakpoint setting  
• try to predict the future using parameter estimates and its 

variation to capture the variation in the population to be 
treated 

 

Problem : MCS is used using POPPK developed for another purpose 
And therefore ‘true’ variation may be underestimated  



JWM  London  13-11-2015 

Three issues 

• Different populations will yield different models 
• Parameter estimates 
• Variation 

• Different simulations 

1 
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Mouton et al, Clin Ther 2005 27:762 

Different Models.....different simulations 
ceftazidime 

Volunteers                            CF patients                           ICU patients 
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Three issues 

• The variation present in the population will determine the 
outcome of the MCS  

• More variation : wider confidence interval 

• Which range of covavariates to include to build the 
model? Or sims with different covariate values? 
• 50-150 crcl? Or 20-200? Or 80 -120? 
• 50-100 kg? Or 120? 
• Older patients? Younger patients? 

 
 
 

2 

Should represent the population to be treated 
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Ceftazidime Cmins, 3x2 gr  

Mouton & Muller Unpublished data 
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POPPK model of POL7080 including covariates 
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PTA for different 
creatinin clearances 
 
Model with covariates 
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Three issues 

• Should covariates be build in the model when simulating? 
• Purpose of MCS is not knowing the covariate values!! 

• More variation : wider confidence interval 3 
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Pharmacokinetic model 

Muller et al, 2013 AAC, 57(5):2047 

POPPK of Ceftobiprole 
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Pharmacokinetic model 

Muller et al, 2013 AAC, 57(5):2047 
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MCS using same population with and without covariates 

Note : variation large because of large differences in individual patients 
Note : typical example of model developed to predict individual exposures  
possibly overestimating variation 
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• Purpose of population modelling  
• Try to capture all variation as much as possible in a set of 

parameters 
• Predict concentrations in individual patients 

• Sparse sampling 
• Co-variates 

 
 

• Purpose of MCS in breakpoint setting  
• try to predict the future using parameter estimates and its 

variation to capture the variation in the population to be 
treated 
 

• What is acceptable without over- or underestimating? 
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What do we need after PTA? 
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What do we need after PTA? 

Judgement, informed decision making 
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What do we need after PTA? 

• Judgement is a human task taking into account all the 
information available and weighing the risks and benefits 
• Dosing regimens : efficacy, toxicity 
• How much predicted failure is accepted? 1, 5, 10%? 
• How can risks be minimized by finetuning methods and 

assumptions? 
• How can variation in the population be captured in the PTA 

 
 

• Every PTA is just a part of a chain – decision making is an 
iterative process. If new information becomes available, it 
should be used.  
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What do we need during development ? 

• Based on PTA, determine optimal dosing based on the 
clinical indication and micro-organisms expected using the 
iterative process 
 

• Determine the risks and benefits of specific circumstances 
and patients 
 

• In the end during and after, determine the factors that allow 
individualized (personalized) treatment 
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• PTA is useful to define clinical breakpoints but: 
• The population of interest should reflect the population modelled  
• The inclusion of covariates should be considered carefully 

 
• It would be more useful to determine the PTA for different values 

and combinations of covariates (in particular renal clearance) to 
draw overall conclusions instead of just one model 
 

• Acceptable PTA ‘s should be defined (90? 95? 99%?) 
 

• Clinical breakpoints do not cover all eventualities but provide 
general recommendations. Dose adjustment is always required by 
the clinician in specific circumstances to compensate for exceptional 
circumastances (covariate values). 
 

• Ideally data will (using Bayesian feedback) provide the framework 
for personalized dosing 

Conclusions and recommendations 
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STEP ACTION 

1 Establish PK/PD index that is correlated 
with effect of DRUG 

2 Establish the pharmacodynamic target of 
DRUG in animals (mice) 

3 Determine is protein binding in mice and 
in humans of DRUG 

4 Determine the wild type (WT) distribution 
of micro-organisms to be covered  

5 Set the highest MIC that proposed dosing 
regimens are required to cover (usually 
the highest ECOFF of target micro-
organisms) 

6 Establish the dose – exposure relationship 
of the drug  

7 Determine dosing regimens that cover 
target micro-organisms 

7 major steps For Dosefinding 

Mouton handbook pkpd 2014 
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