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Disclaimer

The topics and views in this presentation are my own, and should not be 
construed as to represent the views or policies of the FDA 

Characterization of key system parameters of mechanistic dermal PBPK models 
in various skin diseases and performance verification of the model using 
observed local and systemic concentrations (U01FD006521, 2018 - 2020)

Lead Investigator James Clarke

Co-investigator Michael Roberts
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Topics

• Brief introduction to the MPML MechDermA model

• Summary of Psoriasis Physiological changes accounted for in the model, 
Focusing on the Epidermis

• Example simulations with Methoxsalen and Caffeine
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Physiologically Based Pharmacokinetic Modelling 
What PBPK modelling is not:

• A means for ‘out of the box’ prediction based only on simple physicochemical 
properties.

What PBPK modelling is:

• A mechanistic modelling framework to be used in conjunction with in vitro and 
clinical data.

• Many parameters can be predicted, but should be measured where possible, 
QSAR models are available to fill the gaps.

• Often overlooked, but particularly important, is characterisation of the formulation.

• Once a model has been verified for one population, PBPK can be used to 
extrapolate to another population and ask ‘what if ?’ questions. 
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Typical Models Used to Describe Pharmacokinetics

C=ΣCie-kit

Empirical

1

2

Compartmental

Three types of model can be used to describe concentration time profiles (PK) 

Physiological
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Trial
Design

Age
Weight

Tissue Volumes
Tissue Composition

Cardiac Output
Tissue Blood Flows

Plasma Protein

Systems 
Data

Drug 
Data

Dose 
Administration route

Frequency
Co-administered drugs

Populations

Prediction of drug PK (PD) in population of interest

Mechanistic IVIVE linked PBPK models

Advantage of PBPK: Separating Systems & Drug Information

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

MW
LogP
pKa

Protein binding
BP ratio

In vitro Metabolism
Permeability

Solubility
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Simcyp’s Impact on Novel Drug Approvals
Lilly 

Olumiant (Baricitinib)
Rheumatoid Arthritis

GW Pharma 

Epidiolex (Cannabidiol)
Epilepsy

AkaRx

Doptelet
(Avatrombopag maleate)
Thrombocytopenia

GSK 

Dectova
(Zanamivir)
Influenza A and B

Helsinn

Akynzeo
(fosnetupitant/palonosetron)
Acute and Delayed Nausea

Janssen

Erleada (Apalutamide)
Non-metastatic Prostate 
Cancer

Ariad 

Alunbrig (Brigatinib)
Metastatic Non-small Cell 
Lung Cancer

Novartis 

Rydapt (Midostaurin) 
Acute Myeloid Leukemia

Vertex 

Symdeko
(Tezacaftor/ivacaftor)
Cystic Fibrosis

UCB 

Briviact (Brivaracetam)
Epilepsy

Spectrum 

Beleodaq (Belinostat)
Peripheral T-cell Lymphoma

Shionogi

Symproic (Naldemedine)
Opioid Induced Constipation

PTC Therapeutics 

Emflaza (Deflazacort)
Duchenne Muscular 
Dystrophy

Novartis 

Kisqali (Ribociclib succinate) 
Metastatic Breast Cancer

Merck

Steglujan (Ertugliflozin)
Type 2 Diabetes

Merck 

Prevymis (Letermovir)
Cytomegalovirus

Janssen 

Invokana (Canagliflozin)
Type 2 Diabetes

Actelion

Uptravi (Selexipeg)
Pulmonary Arterial 
Hypertension

Intercept 

Ocaliva (Obeticholic acid)
Primary Biliary Cholangitis

Eli Lilly 

Verzenio (Abemaciclib) 
Metastatic Breast Cancer

AstraZeneca 

Calquence (Acalabrutinib)
Mantle Cell Lymphoma

Amgen 

Blincyto (Blinatumomab)
Acute Lymphoblastic 
Leukemia

AstraZeneca 

Tagrisso (Osimertinib) 
Metastatic NSCLC

Genentech

Alecensa (Alectinib)
Non-small Cell Lung Cancer

Eisai 

Lenvima (Lenvatinib)
Thyroid cancer

Novartis 

Farydak (Panobinostat)
Multiple myeloma

AstraZeneca 

Lynparza (Olaparib)
Advanced Ovarian Cancer

Alkermes 

Aristada
(Aripiprazole lauroxil)
Schizophrenia

Pfizer 

Bosulif (Bosutinib)
Chronic Myelogenous 
Leukemia

Novartis

Zykadia (Ceritinib)
Metastatic Non-small Cell 
Lung Cancer

Sanofi 

Jevtana (Cabazitaxel)
Prostate Cancer

Genzyme 

Cerdelga (Eliglustat) 
Gaucher Disease

Genentech 

Cotellic (Cobimetinib)
Metastatic Melanoma

AstraZeneca 

Movantik (Naloxegol) 
Opioid Induced Constipation

Pharmacyclics 
Imbruvica (Ibrutinib)
Mantle Cell Lymphoma 
and Chronic Lymphocytic 
Leukemia

Actelion

Opsumit (Macitentan) 
Pulmonary Arterial 
Hypertension

Janssen 

Olysio (Simeprevir) 
Hepatitis C

Ariad 

Iclusig (Ponatinib)
Chronic Myeloid Leukemia

Tibotec

Edurant (Rilpivirine)
HIV infection

Johnson & Johnson 

Xarelto (Rivaroxaban)
Deep Vein Thrombosis and 
Pulmonary Embolism

Pfizer 

Revatio (Sildenafil)
Pulmonary Arterial 
Hypertension

Novartis 

Odomzo (Sonidegib)
Basal Cell Carcinoma
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PBPK areas of application (FDA/OCP)

PBPK modeling and simulation 
areas of intended applications in 
IND/NDA submissions reviewed by 
the OCP from 2008 to 2017. A total 
of 254 submissions were reviewed 
by OCP including 94 NDAs. Each 
submission might contain more than 
1 area of application. 
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Virtual Bioequivalence

Bioequivalence ANDA, FDA accepted PBPK modelling of local skin 
concentrations in place of a clinical endpoint study for Diclofenac Gel.

9

Reference:
Liang Zhao, Office of 
generic drugs, FDA
GDRSI workshop 2019
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Psoriasis Vulgaris

Plaque Psoriasis Incidence by Age - North European Caucasian

Incidence data was fit to a log-normal distribution.

This Distribution is used to select more relevant individuals in simulations. 

10
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Surface
• pH ↓
• Temperature ↑

Stratum Corneum
• Thickness (number of layers) ↑
• Corneocyte Thickness ↑
• Corneocyte Surface Area ↓
• Hydration ↓
• Cracks/ disorganised structure

Viable Epidermis 
• Thickness ↑
• Undulation ↑

Dermis
• Blood Flow  ↑
• Capillary Volume Fraction ↑
• Inflammation ( > Capillary Leakage > ISF volume > Lymph flow) ↑

Subcutis
• Blood Flow ↑

Psoriasis Plaque, Important Parameters

11

Healthy Psoriasis
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Corneocyte Dimensions

12

Corneocyte thickness ↑ Corneocyte Surface Area ↓

These dimensions can be used to re-calculate intercellular lipid pathway tortuosity

Healthy Psoriasis Plaque
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Corneocyte Dimensions

13

Corneocyte thickness ↑ Corneocyte Surface Area ↓

These dimensions can be used to re-calculate intercellular lipid pathway tortuosity

Healthy Psoriasis Plaque
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Corneocyte Dimensions

14

Corneocyte thickness ↑ Corneocyte Surface Area ↓

These dimensions can be used to re-calculate intercellular lipid pathway tortuosity
(Johnson 1997)

Tortuosity ↓

Healthy Psoriasis Plaque
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Corneocyte Hydration

Corneocyte Hydration ↓
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SC N-layers was calculated from the measured thickness of total SC, corneocyte 
thickness and hydration. 

Example hydration for forearm:

Example (male) :

Number of SC layers

16

Site Healthy Plaque Healthy Plaque
μm μm N Layers N Layers

Forehead 11.68 27.68 12 16
Forearm 18.04 42.76 22 28

Outer Forearm 20.77 49.23 22 28
Upper arm 17.61 41.74 18 23

Face 8.74 20.72 13 17
Lowe Leg 25.68 60.87 22 28
Upper Leg 21.06 49.92 18 23

Back 14 33.18 17 22

Healthy Plaque
Bin1 33.9 29.72
BIn2 44.7 33.32
Bin3 55.5 35.81
Bin4 66.4 41.75
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Viable Epidermis

17

• In Psoriasis the viable epidermis is thicker on average but has deep rete ridges. 
• There is good data available for this: (more than shown here) 
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Psoriasis Area and Severity Index ( PASI) 
given for each patient

VE thickness assumed to be the average depth between Rete ridge and supra-papillary 
plate.

Viable Epidermis Thickness

18
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Dermis Parameters

Parameter Accounted for in the Depth Resolved Dermis Model 
(not presented further here).

• ↑ Capillary Volume Fraction
• ↑ Capillary Diameter ( Vasodilation)
• ↑ Blood Flow 

• ↑ Transvascular Leakage & Lymph Flow

• ↑ ISF Volume

• ↓ Albumin in ISF and Plasma 

19
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Dermis Parameters

Parameter Accounted for in the Depth Resolved Dermis Model 
(not presented further here).

• ↑ Capillary Volume Fraction
• ↑ Capillary Diameter ( Vasodilation)
• ↑ Blood Flow 

• ↑ Transvascular Leakage & Lymph Flow

• ↑ ISF Volume

20

Healthy

Capillary Lymph Excluded ISF Volume Fibroblast

Plaque

Capillary Lymph Excluded ISF Volume Fibroblast
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Gaps and Limitations

• Are corneocytes more/less permeable in psoriatic plaque?

• Some evidence that intercellular regions in SC are larger, but not 
quantifiable currently. 

• Undulation of the Viable Epidermis is not accounted for currently. 

• There may be metabolic changes

21
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Example Simulations

Example simulations were run for two model compounds:
- Methoxsalen as a moderately lipophilic example
- Caffeine as a hydrophilic example

A simple solution formulation was used for all simulations

Simulations were run in both healthy and psoriatic population 
representatives.

22
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Methoxsalen Simulations

23

Stratum Corneum     __ Psoriasis  __ Healthy

Amount Concentration

> Amount due to thicker SC

< Concentration
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Methoxsalen Simulations

24

Viable Epidermis    __ Psoriasis  __ Healthy

Amount Concentration

> Amount in Psoriasis but < Concentration
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Methoxsalen Simulations

25

Dermis     __ Psoriasis  __ Healthy

Amount Concentration

< Amount and Concentration due to >> Blood Flow 
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Methoxsalen Simulations

26

Systemic Concentration   __ Psoriasis  __ Healthy

< Methoxsalen permeates to the systemic circulation
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Caffeine Simulations

27

Stratum Corneum     __ Psoriasis  __ Healthy

Amount Concentration

> Amount due to thicker SC

< Concentration
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Caffeine Simulations

28

Viable Epidermis    __ Psoriasis  __ Healthy

Amount Concentration

> Amount  ~= Concentration
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Caffeine Simulations

29

Dermis     __ Psoriasis  __ Healthy

Amount Concentration

< Amount and Concentration due to >> Blood Flow 
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Caffeine Simulations

30

Systemic Concentration   __ Psoriasis  __ Healthy

~= amount permeates to the systemic circulation



© Copyright 2019 Certara, L.P.  All rights reserved.

Conclusions

• More drug accumulates in the Stratum Corneum and Viable 
Epidermis for both drugs

• Drug is removed faster from the dermis due to > blood flow 
resulting in lower local dermis concentrations

• Differences in absorption in the diseased skin are not 
universal but dependent on physicochemical properties of the 
drug.

31
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Upcoming Research

• Ex vivo imaging studies using scrape biopsies of psoriatic 
plaques

• In vivo imaging studies 

• Investigating other diseases such as:
o Atopic Dermatitis
o Acne
o Rosacea

32
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