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🎯 Teaching Goals

By the end of this section, you should be able to:

1. Understand the structure and purpose of PBPK models in pharmacokinetics.
2. Differentiate physiologically based models from traditional compartment models.
3. Identify key components of PBPK models, including organs, tissues, blood flow, and 

drug-specific parameters (e.g., partition coefficients, clearance).
4. Learn how PBPK models simulate ADME processes (Absorption, Distribution, Metabolism, 

Excretion) using physiological and physicochemical data.
5. Explore key applications of PBPK modeling in dose prediction, special populations (e.g., 

pediatric, renal/hepatic impairment), and drug-drug interactions (DDIs).
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Digital Twins
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● A virtual representation of a patient that 
integrates multidimensional, patient-specific 
information

● Mechanistic computational models that 
enable personalized predictions based on 
patient data

● Continuous updates between the real world 
and the digital twin

● Used to support medical decision-making

Matthias König
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Digital Twin
● Human physiology

in silico

ADME
● Absorption
● Distribution
● Metabolism
● Elimination

Multi-Scale models

High clinical relevance
● Individualisation & 

Stratification
● Pathophysiology

Physiological based pharmacokinetic (PBPK) models
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PBPK Models
Compartments
■ organs

State variables
■ drug & metabolite amounts

Ordinary Differential equations (ODE) & 
rules 
■ Blood flows, Transport, Disposition
■ Metabolism, Elimination
■ Absorption

Parameters
■ Tissue partition coefficients
■ Protein binding
■ Kinetic parameter (transport & 

elimination)
■ Blood flows, organ volumes, …



PBPK Applications

In silico drug 
trials

Individual 
Dosing



Liver function tests: Indocyanine green (ICG)

● Anthropometric factors (age, 
weight, sex)

● Physiological factors
(Blood flow, liver volume)

● Liver disease (cirrhosis)
● Surgical interventions 

(hepatectomy)
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Prediction of survival after hepatectomy using a physiologically based pharmacokinetic model of indocyanine green 
liver function tests. A Köller, J Grzegorzewski, MH Tautenhahn, M König. Front. Physiol., 22 November 2021; doi: 
10.3389/fphys.2021.730418
Physiologically based modeling of the effect of physiological and anthropometric variability on indocyanine green 
based liver function tests.A Köller, J Grzegorzewski, M König. Front Physiol. 2021 Nov 22;12:757293. doi: 
10.3389/fphys.2021.757293. eCollection 2021.
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In silico hepatectomy

8

A Köller, J Grzegorzewski, MH 
Tautenhahn, M König
Prediction of survival after 
hepatectomy using a physiologically 
based pharmacokinetic model of 
indocyanine green liver function 
tests. 
Front. Physiol., 22 November 2021; 
doi: 10.3389/fphys.2021.730418
A Köller, J Grzegorzewski, M König
Physiologically based modeling of 
the effect of physiological and 
anthropometric variability on 
indocyanine green based liver 
function tests
Front Physiol. 2021 Nov 
22;12:757293. doi: 
10.3389/fphys.2021.757293.
eCollection 2021.

Matthias König

https://doi.org/10.3389/fphys.2021.730418
https://doi.org/10.3389/fphys.2021.757293
https://doi.org/10.3389/fphys.2021.757293


Validation
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A Köller, J Grzegorzewski, MH 
Tautenhahn, M König
Prediction of survival after 
hepatectomy using a physiologically 
based pharmacokinetic model of 
indocyanine green liver function 
tests. 
Front. Physiol., 22 November 2021; 
doi: 10.3389/fphys.2021.730418
A Köller, J Grzegorzewski, M König
Physiologically based modeling of 
the effect of physiological and 
anthropometric variability on 
indocyanine green based liver 
function tests
Front Physiol. 2021 Nov 
22;12:757293. doi: 
10.3389/fphys.2021.757293.
eCollection 2021.
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Risk prediction after hepatectomy
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Prediction with a 
Digital Twin (PBPK) 
is better than using 
data alone.

A Köller, J Grzegorzewski, MH 
Tautenhahn, M König
Prediction of survival after 
hepatectomy using a physiologically 
based pharmacokinetic model of 
indocyanine green liver function 
tests. 
Front. Physiol., 22 November 2021; 
doi: 10.3389/fphys.2021.730418
A Köller, J Grzegorzewski, M König
Physiologically based modeling of 
the effect of physiological and 
anthropometric variability on 
indocyanine green based liver 
function tests
Front Physiol. 2021 Nov 
22;12:757293. doi: 
10.3389/fphys.2021.757293.
eCollection 2021.
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Risk prediction after hepatectomy
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https://icg-model.streamlit.app/ 
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Glimepiride
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Glimepiride - Dose Dependency
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Glimepiride - Renal Impairment
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Glimepiride - Hepatic Impairment
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Glimepiride - Bodyweight
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Glimepiride - CYP2C9 Genetic Variants

17



Glimepiride - Populations

18



19

PBPK 
MODEL
CAFFEINE



Caffeine

Paraxanthine

Pharmacokinetics of drugs

20Matthias König



PBPK Model of Caffeine

■ Caffeine metabolized by CYP1A2 
to paraxanthine, 

■ Classical liver function test
− Time course of caffeine
− Caffeine/paraxanthine ratio

Challenges
■ Large inter-subject variability

− Effects of lifestyle on expression (induction 
smoking)

− Effects of medication (oral contraceptives)
■  Dose dependency



Model Performance (Training)



Model Performance II (Training)
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J.Grzegorzewski, F.Bartsch, A.Köller, and M.König
Pharmacokinetics of caffeine: A systematic analysis of reported data for application in metabolic 
phenotyping and liver function testing
Frontiers in Pharmacology 2022, Vol12; doi: 10.3389/fphar.2021.752826

Grzegorzewski J, Brandhorst J, Green K, Eleftheriadou D, Duport Y, Barthorscht F, Köller A, Ke DYJ, 
De Angelis S, König M.
PK-DB: pharmacokinetics database for individualized and stratified computational modeling
Nucleic Acids Res. 2020 Nov 5:gkaa990. doi: 10.1093/nar/gkaa990.

Lifestyle: Smoking & Oral Contraceptives

smoking
control
oral contraceptives

● Smoking induces caffeine clearance
● Oral contraceptives reduce

https://doi.org/10.3389/fphar.2021.752826
https://doi.org/10.1093/nar/gkaa990


Stratification by Smoking & Contraceptives

contraceptives (cs)
contraceptives-smoker (cs-smoker)
control
smoker



CYP1A2 Distributions

contraceptives (cs)
contraceptives-smoker (cs-smoker)
control
smoker



Stratified Dose-Dependent 
Pharmacokinetics (Validation)



Individualized Predictions

contraceptives (cs)
contraceptives-smoker (cs-smoker)
control
smoker

■ Improved predictions of 
pharmacokinetic parameters 
by account for individual 
lifestyle factors (smoking)
 

■ Results directly transfer to all 
drugs metabolized via 
CYP1A2

Clearance

AUC

mean lifestyleanthropometric



CYP1A2 & Caffeine Pharmacokinetics

■ CYP1A2 expression altered by 
many lifestyle factors

■ Strong effect: Smoking

■ Altered function test results

CYP1A2 induction ▲ 
● Clearance ▲
● kel ▲
● T1/2 ▼
● Tmax ▼
● px(17X)/caf(137X) ▲

CYP1A2 

▲

CYP1A2 

▲


