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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).



Digital Twins

e A virtual representation of a patient that
integrates multidimensional, patient-specific
information

e Maechanistic computational models that
enable personalized predictions based on
patient data

e Continuous updates between the real world
and the digital twin

e Used to support medical decision-making
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Physiological based pharmacokinetic (PBPK) models

Digital Twin
—=e__Human physiology

in silico

ADME

e Absorption

e Distribution

e Metabolism

e Elimination

Multi-Scale models

High clinical relevance

e Individualisation &
Stratification

e Pathophysiology
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PBPK Models

T Compartments
Building blocks of a PBPK model m  organs
State variabes

m drug & metabolite amounts

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

Cross-Species Extrapolation Drug Drug Interactions (DDI)

PBPKmodels can be used to facilitate Thanks of the explicit inclusion of

the extrapolation of knowledge enzymatic processes, the combination of
generated in various preclinical two or more models allow the prediction
species to humans of interaction between drugs

Individual
Dosing

In silico drug

1 G

FIGURE 1-4.  When a drug is given in a
fixed dose and at fixed time intervals (de-
noted by the arrows), it accumulates
within the body until a plateau is reached.
With regimen A, therapeutic success is
achieved although not initially. With
regimen B, the therapeutic objective is
achieved more quickly, but the drug con-
centration is ultimately too high, resulting
in excessive adverse effects.

Special Populations Advanced Applications

Plasma Drug Concentration

By including the appropriate PBPK models can also be integrated in

physiological information, PBPK more complex models such as multiscale
models can be used to make modelling or statistical modelling, using
predictions in special populations methods such as Bayesian approaches

Figure 3 Schematic representation of the most common applications of PBPK modeling.
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Liver function tests: Indocyanine green (ICG)
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Prediction of survival after hepatectomy using a physiologically based pharmacokinetic model of indocyanine green
liver function tests. A Koller, J Grzegorzewski, MH Tautenhahn, M Konig. 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 Koller, J Grzegorzewski, M Konig. Front Physiol. 2021 Nov 22;12:757293. doi:
10.3389/fphys.2021.757293. eCollection 2021.
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In silico hepatectomy
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Estimated remnant ICG-kel [1/min]

ICG-PDR during trial clamping [%/min]

Preoperative ICG-PDR [%/min]

A Koller, J Grzegorzewski, MH
Tautenhahn, M Kodnig

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 Koller, J Grzegorzewski, M Konig
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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TABLE | Evaluation metrics for classification models of survival after hepatectomy. hepatectomy using a physiologically
based pharmacokinetic model of

o indocyanine green liver function
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Front. Physiol., 22 November 2021;
Features Preoperative ICG-R15 Postoperative ICG-R15 Postoperative ICG-R15 doi: 10.3389/fphys.2021.730418
(calculated) (predicted) A Koller, J Grzegorzewski, M Konig
Physiologically based modeling of
ROC AUC 0.663 (0.555 + 0.072) 0.517 (0.481 + 0.052) 0.862 (0.753 + 0.090) the effect of physiological and
Balanced accuracy ~ 0.562 (0.555 + 0.072) 0.515 (0.481 + 0.052) 0.761 (0.753 + 0.090) anthropometric variability on
indocyanine green based liver
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Precision (PPV) 0.462 (0.443 + 0.295) 0.300 (0.192 + 0.227) 0.550 (0.538 + 0.152) Front Physiol 2021 Nov
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NPV 0.797 (0.792 + 0.067) 0.779 (0.745 + 0.133) 0.901 (0.898 + 0.057) eCollection 2021.
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Risk prediction after hepatectomy

Personalized prediction of survival after

hepatectomy

Patient

Liver disease

Liver cirrhosis
No cirrhosis

O wild (CPTA)
Moderate (CPT B)
Severe (CPT C)
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Glimepiride

Administration

Route: Oral (tablet).
Dosing: 1-8 mg once daily.
Tmax: 2.4-3.7 hours

(rapid absorption).
Bioavailability: High,
unaffected by food.

Metabolism
Pathway: Hepatic via
CYP2C9.

Metabolites:

e M1: Partially active
(30% of drug
activity).

e M2: Inactive.
Prolonged effect: M1
extends glucose-lowering
action.

Distribution

Volume of distribution:
Small (8.8 L).

Plasma binding: ~99.4%
to albumin.

Tissue penetration:
Limited due to high binding.

Excretion

Urine: ~60% of
metabolites.

Feces: ~40% of
metabolites.

Parent drug: <1% in feces.
Half-life: 5-8 hours; effect
lasts ~24 hours due to M1.

. 35-40% of nose

~15.5%: M2, ~9%: M1

Fig. 1 Whole-body PBPK model of glimepiride and key factors influencing its dispo-
sition. A) Whole-body model illustrating glimepiride (GLI) administration (oral and intravenous),
its systemic circulation via venous and arterial blood, and the key organs (liver, kidney, GI tract)
involved in GLI metabolism, distribution, and excretion. B) Intestinal model showing dissolution and
absorption of GLI by enterocytes. No enterohepatic circulation of M1 and M2 is assumed, but reverse
transport via enterocytes is included. C) Hepatic model depicting CYP2C9-mediated metabolism of
GLI to M1 and M2. D) Renal model highlighting the elimination of M1 and M2 via urine; unchanged
GLI is not excreted renally. E) Key factors influencing glimepiride disposition accounted for by the
model: liver function (cirrhosis), renal impairment, CYP2C9 genotypes, bodyweight, and adminis-
tered dose.

55-60%: M1 + M2
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Glimepiride - Dose Dependency
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Fig. 3 Impact of renal function on the pharmacokinetics of glimepiride and its metabo-
lites. A) Classification of renal function based on Glomerular Filtration Rate (GFR), illustrating
normal function, mild, moderate, and severe renal impairment. B) Simulated (solid lines) versus
observed (symbols) plasma concentration-time profiles for glimepiride, M1, and M2, and cumula-
tive M1+M2 urinary excretion, following a 3 mg oral dose (PO) in subjects with varying degrees
of renal function. Observed data from Rosenkranz et al. [28]. C) Relationship between creatinine
clearance and key pharmacokinetic parameters for glimepiride, M1, and M2, following a 3 mg oral
dose (PO). Simulation results (solid lines) are compared with observed clinical data (symbols; dashed
lines: regression fits where applicable) from Rosenkranz et al. [28].
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Glimepiride - Hepatic Impairment
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Fig. 4 Impact of hepatic function (cirrhosis severity) on the pharmacokinetics of
glimepiride and its metabolites. A) Classification of liver function based on the Child-Turcotte-
Pugh (CTP) score, illustrating normal function, mild cirrhosis (CTP A), moderate cirrhosis (CTP
B), and severe cirrhosis (CTP C). B) Simulated plasma concentration-time profiles for glimepiride,
M1, and M2, and cumulative M1+M2 urinary excretion, following a 1 mg oral dose in subjects with
varying degrees of cirrhosis severity (control, mild, moderate, severe). C) Relationship between cir-
rhosis severity and key pharmacokinetic parameters for glimepiride, M1, and M2, following a 1 mg
oral dose. Simulation results (solid lines) are compared with observed clinical data (symbols with
error bars where available, representing range/mean+SD) from Rosenkranz et al. [32].
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Fig. 5 Impact of bodyweight on the pharmacokinetics of glimepiride and its metabolites.
A) Tllustration of bodyweight categories: underweight, normal weight, overweight, and obese. B)
Simulated (solid lines) versus observed (symbols) plasma concentration-time profiles and cumulative
urinary excretion for glimepiride, M1, and M2, following an 8 mg oral dose (PO) in normal weight
and morbidly obese individuals. Observed data from Shukla et al. [29]. C) Relationship between
bodyweight and key pharmacokinetic parameters for glimepiride, M1, and M2, following a simulated 8
mg oral dose (PO). Simulation results (solid lines) are compared with observed clinical data (squares)
from Shukla et al. [29] (8 mg PO, normal weight and morbidly obese groups) and dose-scaled AUC
data for glimepiride from Gu et al. [33] (original 2 mg PO dose scaled to 8 mg).
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Glimepiride - CYP2C9 Genetic Variants
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Fig. 6 Impact of CYP2C9 genetic variants on glimepiride pharmacokinetics. A) Illus-
tration of key CYP2C9 genotypes (*1/*1, *1/*2, *1/*3, *3/*3) and their corresponding enzymatic
activities. B) Simulated pharmacokinetic profiles of glimepiride, M1, M2, and cumulative M1+M2
urinary excretion, following a 4 mg oral dose, based on fixed enzyme activity values for different
CYP2C9 genotypes. C) Comparison of simulated (solid lines, using fixed CYP2C9 activity values)
versus observed (symbols) glimepiride plasma concentrations in individuals with different CYP2C9
genotypes across five clinical studies (Lee et al. [22], Niemi et al. [27], Suzuki et al. [30], Wang et
al. [31], and Yoo et al. [8]). D) Boxplots comparing simulated glimepiride pharmacokinetic parameters
derived from the probabilistic sampling approach (colored boxes) with observed clinical data (grey
squares: individual data points; black squares: weighted arithmetic mean) across different CYP2C9
genotypes. Simulations for this panel correspond to a 4 mg oral dose. Observed data was aggregated
from the clinical studies cited in panel C and dose-scaled to 4 mg where necessary.
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. CYP1AZ2 expression altered by

CYP1A2 & Caffeine Pharmacokinetics

Table 4. Parameter estimates of covariates obtained for logarithmic clearance values using the paraxanthine/caffeine ratio
method (equation 1)
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