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M&SOutline

Background
- PBPK models in drug development

- Variability and uncertainty

Specifying variability for PBPK models
- Physiology related variability

- Compound related variability

Model Implementation in ACSL
- Structural Model

- Statistical Model (MVN Monte-Carlo)

Results
- Drug A 

- Drug B

Conclusion
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M&SPBPK at Different Stages of the 
Pre-Clinical Process

• Better definition
of target profile
• What if scenarios 
• Definition of
properties to match
desired clinical profile

Target
identification DevelopmentLead

optimization

Clinical
candidate
selection

EIH
enabling

Lead
identification

Rank order compounds
based on their predicted
in vivo PK(-PD) profiles
prior to any in vivo experiment

Clinical candidate selection 
based on expected PKPD 
profile in man

Rational
prediction of PK/PD
in man

Predict effects 
of formulation
on PK 

• Prediction of
exposure in target
tissue
• Improved safety
assessment

Guide experimental work. Focus on key experiments
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M&SConcept of physiologically based 
pharmacokinetic (PBPK) Modeling
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M&SPBPK Model Equations
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M&SPredicting drug concentrations in man 
using PBPK modeling 
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Standard Approach: 
single set of PBPK
parameters

Objective:
• use information on variability 
of PBPK parameters and

• investigate contribution of 
physiological (PV) and compound 
related variability (CV) on predictions
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M&SPBPK model parameters 
Variability and Uncertainty

Distribution “known”

Distribution “unknown”
Uncertainty:
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Physiology related variability (PV)
Vs, Qs

P3M, Price CRT 2003
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M&S
Distribution of physiological model parameters
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Correlation pattern of physiological parameters
0.90<r<0.99, brain vol. uncorrelated, adipose vol.  0.5<r<0.8 
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Compound related variability (CV)
PTs, fu, R, CLint

Tissue:plasma partition coefficients (PT) 
(Poulin & Theil JPS 2000, 2002)

Fraction unbound in tissue (fuT)
Fraction unbound in plasma (fuP)
n-octanol:buffer partition ratio (LogP)
Tissue composition (lipids, water)
pKa
Blood:Plasma ratio R

In vivo intrinsic clearance in liver (CLint L(u)) 
(Houston, 1994)

• In vitro intrinsic clearance (CLint) (hepatocytes, microsomes)
• Scaling factors (hepatocellularity, microsomal recovery)

(Wilson et al. BJCP, 2003)
• Liver weight
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M&SModel Implementation
Structural Model

ACSL – Advanced Continuous Simulation Language

• Fortran based simulation language, ~ 1970 
• Automobile and Aircraft Industry 
• Ordinary differential equation systems 

• Parameter import and export
• Macro language 
• Fortran subroutines (user defined)

ACSLACSLACSL
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Dynamic
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End
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…
End
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M&SModel Implementation 
Variability

P3M
V, Q

Gender = F
18 < Age < 40

V1 V2 V3 V4 CO BW

V1 0.01 0.88

V2 0.04

V3 0.01

V4 0.06

CO 0.06 0.46

BW 250

V

cor

S-PLUS

Compound 
related variability  

PTs, CLint

ACSL
A

Cholesky
Decomposition
(correlations)

V → A 
V=A·AT

http://www.exachess.com/images/database.gif
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“Experimental” Conditions

Compound 
Variability      

(CV)

Physiol. 
Variability      
(PV)

None in vitro CLint PTs in vitro CLint, 
PTs

X X
None

X X

Variability with 
correlations

(PV correlated)
X X

Variability without 
correlations

(PV uncorrelated)
X X
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Drug A
In vitro CLint(u) 3034.8 uL/min/mg 30%CV
SF 33.0 mg/g liver 39%CV
VLiver 0.026 BW
BW 70 kg 19%CV
R 0.69 5%CV
Fup 0.0016 9%CV
PTs 6-91%CV (observed)

Drug B
In vitro Clint(u) 1.99 uL/min/Mcells 59%CV
SF 107 Mcells/g liver 52%CV
VLiver 0.026 BW
BW 76 kg 19%CV
R 0.65 3%CV
Fup 0.00095 10%CV
PTs 26-57%CV (predictions)

Drug Characteristics
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Drug A (0-10 h)

Legend
CV: compound related variability

PT – partition coefficient
CL – in vitro intrinsic clearance

PV: Physiology related variability
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M&S
Drug A (0-0.5 h)

Legend
CV: compound related variability

PT – partition coefficient
CL – in vitro intrinsic clearance

PV: Physiology related variability
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M&S
Drug B (0-24 h)

Legend
CV: compound related variability

PT – partition coefficient
CL – in vitro intrinsic clearance

PV: Physiology related variability
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M&S
Drug B (0-2 h)

Legend
CV: compound related variability

PT – partition coefficient
CL – in vitro intrinsic clearance

PV: Physiology related variability
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M&SConclusion

Compound related variability contributed (much) more than 
physiological related variability to variability of predicted drug 
concentrations. 

Physiological variability appears to be more relevant during 
drug absorption. 

Respecting reported correlations from Linea Inc. in 
physiological parameters reduces (nearly all) variability in 
predicted concentrations.

Compound related variability is mainly due to variability in 
CLint

ACSL proved to be an appropriate tool for the present 
investigation (but lacks statistical routines). 



RG PAGE 2004 Uppsala 21

Ph
ar

m
ac

eu
tic

al
s

M&SAcknowledgements

Neil Parrott, Preclinical M&S

Thierry Lave, Preclinical M&S

Eric Luedin, Clinical Statistics

Karin Jorga, Clinical M&S



RG PAGE 2004 Uppsala 22

Ph
ar

m
ac

eu
tic

al
s

M&SBackup
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M&SBackup
Drug B - variance in PV * 4
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Legend
CV: compound related variability

PT – partition coefficient
CL – in vitro intrinsic clearance

PV: Physiology related variability
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