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History: One of the Earliest PK Models “Was a PBPK Model”

The model Effect of absorption kinetics

Teorell, Arch Intern Pharmacodyn, 1937

Physiologically-based Pharmacokinetic models (PBPK)
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Can Model Provide Desired Insights?
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Clinical Pharmacology

Central role: to assess 
PKPD in specific 
patient groups

To make more 
informed decision on 
drug dosing
To guide our decisions:
 In theory, all situations can be tested clinically.  However, ethical 

and practical issues may limit the numbers of studies one can 
conduct

 Can some situations be predicted using current knowledge?

Huang and Temple, Clin Pharmcol Ther, 2007
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Increased Interest in Using PBPK
Rowland M, Peck C, Tucker G,
Physiologically-based pharmacokinetics in Drug Development and 
Regulatory Science
Annu Rev Pharmcol Toxicol, 2011
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Zhao, Rowland, Huang, Clin Pharmcol Ther 2012
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Multiple Factors 
Situations requiring mechanistic models

Investigational drug 


 

is a substrate of CYP3A4 AND (polymorphic) CYP2D6, what 
exposure change can be expected when a moderate CYP3A4 
inhibitor is used in CYP2D6 PM?



 

is renally AND hepatically cleared, what exposure change can 
be expected when a CYP inhibitor is used in patients with 
decreased renal function?



 

forms an active/toxic metabolite whose exposure was 
increased in subjects with renal impairment, what are the 
effect of renal impairment AND drug interactions on the 
exposure of this metabolite? 



 

has dose- and time- dependent PK, what is its potential as an 
enzyme inhibitor?

 How much do we know about the compound



1212

B
lood

Lung

Rapidly perfused 
organs

Slowly perfused 
organs

Kidney

Liver

Intestines

B
lood

Elimination
Dosing

ADME, PK, PD  and 
MOA 

Metabolism
Active transport 
Passive diffusion
Protein binding
Drug-drug interactions
Receptor binding

System component 
(drug-independent)

PBPK Model: 
Substrate

Substrate

DDI Prediction

ADME, PK, PD  and 
MOA 

Metabolism
Active transport 
Passive diffusion
Protein binding
Drug-drug interactions
Receptor binding

Interacting 
drug

PBPK Model: 
Interacting Drug

*

*
*

*

fp
B/P
Vss

CLr

Fh , CLh

Fg

Parameters can be altered by DDI



13

Extrapolating effect of CYP2D6 PM + CYP3A4 moderate inhibitor 
when data on PGx with strong inhibitor are available

PM + Keto (n=6)
PM (n=8)
EM + Keto (n=11)
EM (n=11)

Oral Fesoterodine

5-HMT5-
H

M
T 

(n
g/

m
L)

Absorption
Hydrolysis

CYP2D6 CYP3A4

Renal CL

Observed
AUCR CmaxR

EM +/- Ketoconazole 2.3 [a] 2.0 [a]

PM +/- Ketoconazole 2.5 [a] 2.1 [a]

PM / EM 2.3 2.1
PM + Keto / EM 5.7 [a] 4.5 [a]

EM +/- Fluconazole 1.3 [b] 1.2 [b]

PM + Fluconazole / EM - -

Vieira et al, ASCPT Annual Meeting, National Harbor, MD, March 2012

Clin Pharm Review: drugs@FDA

[a] Clinical Pharmacology Review (drugs@fda); [b] Malhotra et al (2001) B J Clin Pharmacol 72:226-234.

Predicted
AUCR CmaxR

1.9 1.8
3.3 2.4
1.6 1.5
5.4 3.6
1.3 1.2
2.57 2.09
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Or, can we PREDICT DDI BEFORE any DDI/PG study is conducted?  
Which one to do first?  Which one can be waived?

EM (n=11)

Oral Fesoterodine

5-HMT5-
H

M
T 

(n
g/

m
L)

Absorption
Hydrolysis

CYP2D6 CYP3A4

Renal CL

Observed

EM +/- Ketoconazole
PM +/- Ketoconazole

PM / EM
PM + Keto / EM

EM +/- Fluconazole
PM + Fluconazole / EM

Vieira et al, ASCPT Annual Meeting, National Harbor, MD, March 2012

Clin Pharm Review: drugs@FDA

[a] Clinical Pharmacology Review (drugs@fda); [b] Malhotra et al (2001) B J Clin Pharmacol 72:226-234.

Predicted
AUCR CmaxR

1.9 1.8
3.3 2.4
1.6 1.5
5.4 3.6
1.3 1.2
2.57 2.09
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Multiple solutions due to numerous system- and 
drug-dependent parameters 

Vieira et al, Clin Pharmacol Ther 2012; Zhao et al, J Clin Pharmacol, 2012



 
It is equally important to demonstrate



 

Model plausibility with regard to physiology and drug ADME 
sources, justifications, assumptions



 

visual inspection of the simulation results against observed data 
curve shape, match of profiles from multiple studies with population simulations

How How ““validvalid”” is a PBPK model ?is a PBPK model ?
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Verification of PBPK Models through 
Predict-learn-confirm: An Ongoing Process 

for Both Drug and System Components


 

Like any model, PBPK is built for purpose


 

Comparing plasma PK profiles is not 
sufficient to validate a drug PBPK model
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PK Non-linearity 

What can we LEARNLEARN from nonlinear PK? 

Can PBPK model integrating nonlinear PK 
PREDICTPREDICT DDI?
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Evaluation of sources of nonlinearity using PBPK

Vieira et al, Clin Pharmacol Ther, 2012



 

Absorption: Saturation of P-gp


 

Metabolism: Saturation


 

Excretion: Saturation 


 

Metabolism: Auto-inhibition (via time-dependent inhibition, TDI)

Single PO QD PO
Steady state

LEARNING Nonlinear PK through PBPK
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IV midazolam PO midazolam
Observed PBPK Predicted Observed PBPK Predicted

Cmax Ratio 1.05 1.13 2.62 2.39
AUC Ratio 2.20 3.26 6.11 6.72
Ratio of FG - - 1.92 1.59
Ratio of FH - - 1.45 1.63

AUC ratio 
(Model without TDI) <1.25 <1.25

Effect of telithromycin (p.o. 800 mg once daily)

Single PO
QD PO

Steady state

PBPK Model Integrating Nonlinear PK 
PREDICTED DDI Without Using Known DDI Data

Vieira et al, Clin Pharmacol Ther, 2012
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Effect of renal impairment on hepatic pathways

Organ Dysfunction: The Interplay

Yeo, Exp Op Clin Pharmacol, 2011
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Zhao P, et al, J Clin Pharmacol 2012

Compound 
(% CL by kidney)

Observed
AUCR Severe RI/Normal

Sildenafil
(<1%)

2.0b

(Mild: 0.9; Moderate: 1.2)

Repaglinide
(<1%)

SD: 2.7; 
MD: 3.0c

(Mild/Moderate: SD: 1.8; MD1.6 ) 

Telithromycin
(~20%)

1.9d

(Mild: 1.4; Moderate: 1.2)

a. SimCYPV10.10; b. Muirhead. Br. J.Clin.Pharmacol. 2002; c. Marbury. Clin.Pharmacol.Ther. 2000; d. Shi, Int.J.Clin.Pharmacol.Ther. 2005

PBPKa Predicted 
AUCR Severe RI/Normal

2.2

SD: 2.5; 
MD: 2.3

1.6

CONFIRMING the Effect of Renal 
Impairment on Hepatic Pathways via PBPK 
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PREDICTING Effect of Renal Impairment 
And DDI in The Elderly

Rivaroxaban AUC Ratio Renal functions
Normal Mild Moderate Severe

No Erythromycin 1.0 a 1.4 a 1.5 a 1.6 a

With Erythromycin 1.6 b 2.5 b 2.9 b 3.0 b

a Observed with in older subjects
b Simulated using younger subjects with normal renal function as baseline

More than 2-fold AUC Ratio is considered clinically significant
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Clearance Prediction Needs To Be Tailored To Individual Drug
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Conclusions
 PBPK model integrates knowledge in drug disposition, 

DDI mechanisms, and the effect of patient factors 
(disease, age, genetics), and can be applied to 
quantitatively evaluate intrinsic and/or extrinsic factors

 For PBPK of each drug, “predict-learn-confirm” verifies 
the approach in general, and improves our 
understanding of the interaction between the drug 
molecule and the system

 PBPK model should be continuously updated for 
enhanced model confidence in predicting unknown 
clinical situations
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