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PBPK modeling in adults

Building blocks of a PBPK model for adults

Study protocol and 

formulation properties
Drug properties Organism properties

• Lipophilicity

• Molecular weight

• pKa/pKb

• Fraction unbound

• Partition coefficients

• Mass Balance

• Fractional CL contributions

• Permeability

• Active processes (Km, Vmax)

Drug-biology interaction

Anatomy & physiology

• Organ volumes

• Surface areas

• Tissue composition

• Blood flow rates

• Expression levels

Physicochemical 
properties 

Formulation
(empirical or mechanistic  

dissolution function) 

Administration

protocol

Special events

(dose and dosing regimen)

(food intake, exercise, EHC)
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Building blocks of a PBPK model for children

Study protocol and 

formulation properties
Drug properties Organism properties

• Lipophilicity

• Molecular weight

• pKa/pKb

Resulting age-dependent changes in 

drug-biology interaction

Age-dependent 

changes in 

anatomy & 

physiology

Physicochemical 
properties 

Modified formulations 
(e.g. minitablets, syrup)

Adjusted administration 

protocol
(e.g. mg/kg dosing)

Different special 

events

and translation to children



Bridging from adults to children - Workflow
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Support of clinical decision process by evaluating 

adequate dosing, sampling or cohort size

Modified from Edginton et al., Clin. Pharmacokin. (2006)

Step 1:

Development and verification

of a PBPK model for adults

Step 2: 

Translation of the adult PBPK model

to children using prior physiological information 

about growth and maturation of relevant 

processes

Step 3:

Prediction of pharmacokinetics

in children by means of simulations of virtual 

pediatric trials

Step 4:



Quantitative ontogeny information is established for many CYPs, 

some UGTs and GFR
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Strassburg, Gut (2002) Miyagi, drug met. and disp. (2002)

Rhodin, Ped. Nephrology (2008)

Edginton et al., Clin. Pharm. (2008)



Numerous examples of PBPK models for children have been

published in recent years

5

BUT:

• the majority of published articles deal with labelled

drug thats are known for quite some time and are

partially retrospective

• for these compounds, the required information – in 

particular mass-balance information and ontogeny

data of the relevant elimination processes – is

available

 for typical drug development candidates, less infor-

mation is available
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* according to PUBMED-search performed 01/2019 for „PBPK“ AND 

(„children“ OR „pediatric)“, including toxicokinetic/environmental 

health models, excluding review articles

Concept to use PBPK for the description of PK in 

children using (among other prior physiological

knowledge) ontogeny data is proven
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Prospective evaluation of PBPK predictions with data observed 

during clinical studies in children confirms predictive power

Bayer AG /// Modeling and Simulation using Pediatric Ontogeny Information /// May 2019 /// Stefan Willmann6

Example: Moxifloxacin Example: Rivaroxaban

Willmann et al., Thrombosis Journal (2018)Willmann et al., submitted for publication

black line: PBPK prediction for children (median)

gray shaded area: PBPK prediction for children (90% interval)

symbols: individual data derived from clinical observations using

population PK modelling in pediatric phase 1 and 3 trials following

single or multiple oral or intravenous doses

dark gray area: PBPK prediction for children (90% interval)

light gray area: extended PBPK prediction range (0.5 x 5th to 1.5 x 95th

percentile) 

symbols: individual data derived from clinical observations following

single administration of 10 mg-equivalent dose
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biliary
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Building blocks of a PBPK model for adults

Study protocol and 

formulation properties
Drug properties Organism properties

• Lipophilicity

• Molecular weight

• pKa/pKb

• Fraction unbound

• Partition coefficients

• Mass Balance

• Fractional CL contributions

• Permeability

• Active processes (Km, Vmax)

Drug-biology interaction

Anatomy & physiology

• Organ volumes

• Surface areas

• Tissue composition

• Blood flow rates

• Expression levels

Physicochemical 
properties 

Formulation
(empirical or mechanistic  

dissolution function) 

Administration

protocol

Special events

(dose and dosing regimen)

(food intake, exercise, EHC)
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Building blocks of a PBPK model for children

Study protocol and 

formulation properties
Drug properties Organism properties

• Lipophilicity

• Molecular weight

• pKa/pKb

Resulting age-dependent changes in 

drug-biology interaction

Age-dependent 

changes in 

anatomy & 

physiology

Physicochemical 
properties 

Modified formulations 
(e.g. minitablets, syrup)

Adjusted administration 

protocol
(e.g. mg/kg dosing)

Different special 

events

PBPK modeling in adults and translation to children



Novel drug modalities pose new challenges to pediatric drug

development
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Increasing number of “non-classical small molecules” are developed including large proteins (e. g. 

antibodies), antisense-oligonucleotides, small interfering RNA, vector-based gene therapies, ……

Source:Nature Reviews Drug Discovery Vol. 18, February 2019 



Physiologically-based PK/PD modelling of therapeutic proteins

Bayer AG /// Modeling and Simulation using Pediatric Ontogeny Information /// May 2019 /// Stefan Willmann9

* Malik & Edginton, Expert Opin. Drug Metab. Toxicol., 14, 585-599  (2018)

Maturation information for relevant processes is sparse

although age-dependence of many relevant physiological parameters and processes have been 

reviewed recently*, it is currently difficult to fully define a-priori an age-dependent parameterization of 

PBPK models for therapeutic proteins.

assessment of performance of a generic antibody PBPK model performance is currently ongoing

FcRn
Ø

FcRn

Figure adapted from Lobo  et al. (2004). J. Pharm. Sci, 93(11), 2645

Mechanisms/processes relevant for therapeutic proteins

subcutaneous or intramuscular absorption

extravasation and lymph flow

target mediated disposition

lysosomal proteolysis and recycling by FcRn

immunogenicity

AGE ?



Open-Systems-Pharmacology.org

Open Systems Pharmacology Suite
PK-Sim®, MoBi® & toolboxes now open source 

freeware under GNU Public License v2.0

• Fully transparent open source 

development

• Open development of scientific content 

and qualification approaches

• Repositories for open PBPK and Systems 

Pharmacology models
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Pediatric Ontogeny Qualification
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www.open-systems-pharmacology.org

PK-Sim® Ontogeny 

Database

In vitro / in vivo based functions

E.g. UGT1A9

Qualification

In vivo predictions

Build

Adult PBPK model

Predict 

Pediatric PK 

E.g. Propofol

Publish Results

1. Adult model performance

2. Pediatric translation 

3. Predicted vs Reported Ratio plots

Qualification and publication of PK-Sim® Ontogeny database

To qualify OSP software content, in vivo probe substances are applied to continuously evaluate 

predictive performance



OSP Automatic (Re)-Qualification Workflow
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OSP Automatic (Re)-Qualification Workflow
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Pediatric Ontogeny Qualification



OSP Automatic (Re)-Qualification Workflow
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OSP Automatic (Re)-Qualification Workflow
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Summary and Conclusions
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• Present state of knowledge of ontogeny

 Numerous papers have been published containing ontogeny information (-> detailed 

discussion in the following session)

 Workflows and processes for automated qualification of software content - including 

pediatric ontogeny functions - are under development (publishing in June 2019)

• Adequacy of knowledge of ontogeny of specific systems

 For many processes relevant for small molecules sufficient ontogeny data and information 

is available and integrated into PBPK modelling platforms

? For processes relevant for novel (biologic) drug modalities ontogeny information is 

widely lacking
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