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• PBPK Modelling and its Increasing Utilisation 

 

• Dermal PBPK Modelling towards Virtual BE 

 

• Case Studies 
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Typical Models Used to Describe Pharmacokinetics 

C=Cie
-kit 

Empirical 

1 

2 

Compartmental 

Three type of models can be used to describe concentration time profiles.  

Physiological model is the best if building the model from scratch and with in vitro 

data available.  
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(Teorell, 1937) 

PBPK Modelling is not new 

The Father of Pharmacokinetics 
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Mechanistic IVIVE linked PBPK models 

Jamei et al., DMPK, 2009, Rostami-Hodjegan, CPT, 2012 

 

Separating systems & drug information 
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Recent Publications on the use of PBPK Modelling 

FDA 

EMA 

Industry 
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PBPK Impact on 16 US  Drug Labels in Last 2 Years 
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PBPK Modelling in NDA Submissions Huang  et al. J. Pharm Sci. 102(9):2912-23 (2013) 

Need for Dermal PBPK Models towards Virtual BE of Generic Products 

• Low utility in ANDA / Generic Drug Applications 
– PBPK models needed for complex products, topical and locally acting drugs 

– Improvements needed for BA/BE Assessment e.g. WS variability 

– GDUFA – 7 grants for PBPK model development for non-oral drug delivery 

Zhang & Lionberger 2014 CPT; Lionberger 2014, AAPS AM 
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• Molecular weight 

• LogP 

• Hydrogen bond donor 

• pKa 

• fu,SC 

• Dermal metabolism 

• Formulation type 

• Stratum corneum thickness 

• Viable epidermis thickness 

• Stratum corneum fat amount 

• Viable epidermis fat amount 

• Skin blood flow 

Mechanistic 
IVIVE & PBPK 

Drug/Formulation 

Data 

Trial Design 

System 
Data 

Dermal absorption modelling in systems pharmacology context 
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Dermal Absorption – Accounting for population variability 

Inter Individual Variability: Skin Thickness (5 Locations) 
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Polak 2012 JPS 101(7), 2584 
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Single Layer Multi-phase SC 
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blood flow 

drug formulation 
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Case study: Diclofenac Lotion & Ibuprofen Gel vs Cream 
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Patel 2014 Skin Forum, Prague 
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Further Enhancements as part of the USFDA OGD GDUFA Grant  
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Awarded up to 3 years FDA OGD grant in September 2014. 
 

‘Development and validation of dermal PBPK modelling platform 
towards virtual bioequivalence assessment considering population 
variability’ 
 
The project aims to develop a physiologically-based dermal absorption and 
disposition model along with the supporting database of physiology and its variability 
for not only the healthy Caucasian volunteers but also special populations such as 
paediatric, geriatric, other races such as Asian and diseased populations. 
 
The new model will also take into account other mechanisms that play an important 
role in dermal absorption, such as skin surface pH, dermal hydration, skin 
appendages, binding to keratin, and the effect of permeability-modifying formulation 
ingredients and drug-physiology interactions 

http://www.simcyp.com/News/2014/October/20141023_FDA_Grant.htm?p=1  

http://www.simcyp.com/News/2014/October/20141023_FDA_Grant.htm?p=1
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MPML MechDermA Model 
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Meta-analysis of Systems Data  
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Paediatric Population 

Healthy NEurCaucasian 

Elderly Subjects 

Ethnic Population 

Diseased Population 
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Simcyp IVIVE: Translating in vitro permeability to clinical situations 

IVIVE (In vitro-in vivo extrapolation) 
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In vitro systems data 

In vitro Systems parameters 

• skin thickness 

• pH 

• Hydration level 

• hair follicle density 

API/Formulation parameters 

• Diffusion coefficient 

• Partitioning 

• Keratin binding 

• Refine Unknown/uncertain 

Simcyp simulator 
In vivo Systems  

parameters + variability 

• skin thickness 

• pH 

• hydration 

• Hair follicle density 

Simcyp MechDermA Model  

Simcyp MechDermA Model  
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Model Performance Verification in vitro – Three Beta-blockers 
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Timolol Prediction for three doses  
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• Thickness of skin layers not reported 
 Assumed SC thickness 10um (Simcyp value 

for back is 9um) 
 Assumed VE thickness 100um (value typical 

for split-thickness skin) 

• Hydration expansion of SC (2.5-fold) 
• Tortuosity (1.5-fold) – fitted parameter to 

match observations (but within the limits 
of reported value) 
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Betaxolol Prediction for three doses  
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• Thickness of skin layers not reported 
 Assumed SC thickness 10um (Simcyp value 

for back is 9um) 
 Assumed VE thickness 100um (value typical 

for split-thickness skin) 

• Hydration expansion of SC (2.5-fold) 
• Tortuosity (2.5-fold) – fitted parameter to 

match observations (but within the limits 
of reported value) 
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Propranolol Prediction for four doses  
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Timolol – Matrix-type Patch formulation 
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Drug conc. in layers of SC changing with time Drug conc. changing with depth of SC 

• Able to simulate the transient phase and transition to steady-state diffusion 

• 12-16 h to achieve steady state diffusion 

Simulated plasma drug conc. overlaid with 

clinically observed data 

Comparison of Observed and Predicted PK 

parameters and %prediction errors 

Patel et al. 2015 GRC Dermal Barrier Conference 
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Diclofenac – solution gel vs. emulsion gel  
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Observed vs. Predicted drug concentration after solution gel application Observed vs. Predicted drug concentration after emulsion gel application 

• Predictions using as input physicochemical 

properties of the drug and 

     formulation characteristics 

• Tmax over-predicted for the solution gel 

• Diffusion coefficients: QSAR predicted / Stokes 

Einstein equation 

Parameter Observed Simulated 

S/E Cmax 

ratio 
1.54 1.63 

S/E AUC 

ratio 
2.07 1.62 

FAUC 

4.5% (S); 

2.8% (E) 

3.3% (S); 

2.2% (E) 

S – solution gel;   E – emulsion gel  

Polak et al. 2015 GRC Dermal Barrier Conference 
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Topical Erythromycin Solution 
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• The MPML Model produces outputs that can be validated against tape-stripping  

For More Details: Please visit Poster Cristea et al. Prediction of cutaneous 

PK profiles after topical application   
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Conclusions & Future Direction 

• PBPK M&S has a strong potential in assessment of virtual BE for 
Dermal Products 

 

• Further validation of the approach for various drugs and different 
formulations is required to improve confidence in such approach 

 

• Modelling of excipient effects is crucial for BE but very challenging 

 

• Consideration of inter-occasion variability mechanistically can be 
difficult but essential for BE assessment 

 

• Providing PD models to PK for assessment of therapeutic 
equivalence 
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Questions? Questions? 

Thank You 


