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Different modeling approaches to analyze clinical data …
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The benefits

1.  Physiologically based PK model are mechanistic by design. 

� Mechanistic interpretation of classical compartment models 

3.  Physiologically based PK model allow to generate virtual populations, 

including critical sub-populations

� important characteristic of the population will appear as

covariates in the lumped model parameters (using 1.)

2.  Properties of lumped models for a number diverse drugs. 

� design criteria for classical compartment models, examining e.g., the 

’elimination at the point of observation’ assumption
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A very brief introduction to physiologically-

based pharmacokinetic models
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Whole-body compartmental model structure

E.g., Poulin /Theil, J Pharm Sci. (2002); Luepfert/Reichel, Chem Biodiv, (2005); Jones et al, AAPS J (2009)  
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Mass balance differential equations for each tissues/organ

Non-eliminating tissue:
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Parameterization of PBPK models

Non-eliminating tissue:
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Species specific

• blood flows, organ 

volumes

Drug specific

• intrinsic clearance (CLint)

• tissue-to-blood partition 

coefficients

• Administration (dose, 

route, etc)
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Parameterization of PBPK models

Non-eliminating tissue:
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Species specific

• blood flows, organ 

volumes

• tissue composition data

Drug specific

• intrinsic clearance CLint

• blood:plasma ratio B:P

• fraction unbound fuP

• octanol-water coeff Pow

• pKa value

• Administration (dose, 

route, etc) ssblood
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Poulin/Theil (2000), Rodgers/Rowland (2005), Schmidt (2008)
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Example: Lidocaine (60 min i.v. infusion in human)

� different concentrations and profiles in different tissues/organs 
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Observation

In classical PK analysis, almost exclusive 

1,2,or 3 compartment models are 

sufficient to describe in vivo

blood/plasma data.

1.  What is the relation between detailed PBPK models and much 

simpler compartmental PK models?

2.  Can we predict the classical PK model from a detailed PBPK model?

3.  Are their general properties that hold for certain drug types?
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Lumping of PBPK model and its link to 

classical compartment models

—jointly with Sabine Pilari—
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• Lidocaine (60 min i.v. infusion in human)

All 13 tissue/organ concentration time profiles 
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• Lidocaine (60 min i.v. infusion in human)

Normalized tissue concentration time profiles 
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1. Mechanistically lumped model

— Aims to approximate all 13 tissues/organs

with high accuracy

2. Minimal lumped model

— Aims to approximate only the venous blood

compartment

Two step approach to lumping
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• Lumping condition

• Define lumped concentration + parameters

Idea: Simplify PBPK model based on kinetic homogeneity
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Pilari/Huisinga (2010)
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• Lumping condition

• Define lumped concentration + parameters

Idea: Simplify PBPK model based on kinetic homogeneity

( )
mmVL CVCVC
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++= ...

11
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1
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Lumped differential equations:
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Comparison: 13 compartment PBPK vs. 4 compartment lumped model
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• Nestorov/Aarons/Arundel/Rowland (1998)

— First systematic lumping approach

— Lumping based on tissue time constants (more restrictive)

— No lumping of permeability rate limited compartments

— Not possible to predict original tissue concentrations

• Brochot/Toth/Bois (2005)

— Same underlying lumping approach

— Constraint based lumping 

• Gueorguieva/Nestorov/Rowland (2006)

— Same underlying lumping approach 

— Global sensitivity analysis approach (FAST)

— Considering variability and uncertainty

Comments on existing lumping approaches
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Mechanistically lumped PK models for 25 diverse drugs

Moderate-to-
strong bases

weak bases

acids
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Mechanistically lumped PK models for 25 diverse drugs

� Only adi, mus, bon and ski lumped separately from central compartment

� Liver and kidney were always part of the central compartment
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1. Mechanistically lumped model

— Aims to approximate all 13 tissues/organs

with high accuracy

2. Minimal lumped model

— Aims to approximate only the venous blood

compartment

Two step approach to lumping
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• Often, only experimental

blood data are

available

• These data are used

for development

of classical compartment

models

• Hence, what is the minimal

lumped model that still

predicts blood concentration?

Minimal lumped models and the link to classical compartment models
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• Example: Lidocaine

Minimal lumped models to predict venous blood concentration

Pilari/Huisinga (2010)

Minimal lumped model:

— {adipose, muscle, bone}

— {vein + rest}

Mechanistically lumped model:

• {muscle}

• {adipose, bone}

• {skin}

• {vein + rest}



Wilhelm Huisinga, PAGE 2010, Berlin 23

• Empirical PK 2-compartment model:

Minimal lumped model vs. empirical PK compartment model
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Minimal lumped models for 25 diverse drugs

� almost always peripheral compartment = {adi,bon,mus} 
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Comparison to literature data

2-3 compartments2 compartmentsLidocaine

2 compartments1 compartmentsTolbutamide

1 compartments1 compartmentsValproate

2-3 compartments3 compartmentsThiopental

2-3 compartments3 compartmentsMidazolam

Classical compartment 

model (literature)

Predicted minimal 

lumped model
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• Minimal lumped models establish link between PBPK and classical PK models

• Mechanistic interpretation of classical compartment PK models

Summary

���� Poster by Sabine Pilari

•Lumping in a population context: Combine lumping of PBPK models with 

methods to generate physiological parameters for entire populations 

—Does the minimal lumped PK model differ for subpopulations?

—Important physiological parameters of the PBPK will appear as covariates in 

minimal lumped model 

Outlook
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