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Simcyp Version 19 

Release Webinar: 

Dermal Developments
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Version 19 Release Webinars

Date Webinar

Monday 21st October Updating and Verification of Compounds

Tuesday 22nd October Qualification of Compounds

Thursday 24th October Dermal Developments

Tuesday 29th October Parent to Metabolite Inter-conversion

Thursday 31st October ADAM Developments Under FDA Grant

Monday 4th November Verification of Populations

Thursday 7th November Transporters IVIVE

Tuesday 12th November Enhancement/Expansion of PE and ASA
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10th Annual Simcyp Virtual Seminar

The 10th Annual Simcyp Virtual Seminar on the Applications of Population-based IVIVE and

PBPK provides the chance to join Consortium members, academic and regulatory Simcyp

licence holders to discuss usage of the latest applications of the Simulator and recent advances

in the field.

Registration is available via the Simcyp members’ area: https://members.simcyp.com

Wednesday 13th November (15:00 GMT) Simcyp Virtual Seminar – Part I

Integration of PBPK modelling into protocol design to understand 

nuances in variability in drug exposure

Flinders University,

Australia

The use of PBPK modelling across the pediatric age range using 

propofol as a case

Freie Universitaet

Berlin, Germany

Bottom-up PBPK modelling using expression- and activity-based IVIVE 

to predict plasma and tissue xenobiotic concentrations

Skin Research Institute 

of Singapore

Wednesday 20th November (15:00 GMT) Simcyp Virtual Seminar – Part II

Striving for a neonatal PBPK model of morphine using patients' 

information: Knowledge gaps and next challenges

Cincinnati Children’s 
Hospital, OH, USA

Application of PBPK modelling to predict the pharmacokinetics of drugs 

in the special populations

NIPER, India

PBPK modelling and in vitro biorelevant dissolution testing for prediction 

of oral budesonide pharmacokinetics in Crohn’s disease
University of Bath, UK

https://members.simcyp.com/
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Upcoming Events

Choose between the 5-day “all-in-one” workshop or various 2-day “focused” 
workshops covering specific topics
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On-Site Education

• Tailored to suit education needs at 

your site

• Co-ordinated by Scientists who will

work with you to plan the education

programme and team

Simcyp.onsite@certara.com

mailto:Simcyp.onsite@certara.com
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Formulation Drug Product 

Quality Attributes Additions in 

Dermal PBPK Model 

The work is supported as a part of FDA 

funded Grant 1U01FD006522-01
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Introduction and Background of the 

Current Work 

Summary and Questions 

7

Updates in Formulation Input 

Parameters in Dermal Module V19
• Evaporation Profile Input

• Supersaturation and Precipitation

• Particle Size Distribution  

• Introduction of Formulation Toolbox

• Updates to Prediction Toolbox 
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Topical and Transdermal Products – Complex Products 

Topical

• Solutions and Sprays

• Creams and Lotions 

• Ointments and Oils 

• Gels and Jellies 

• Shampoos

• Aerosol Foams 

• Patches, Tapes and Films 

Transdermal

• Transdermal Delivery 

Systems – Patches 

• Ointments  

• Gels  

Solution Emulsion Suspension Patches 

Slide Adapted from Dr. Sam Raney Presentation at Complex Generic Drug Product Development Workshop held in September 25-25, 2019

Formulation options in Simcyp MPML MechDermA model
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Shifting Paradigms in BE evaluation of Topical Products 

Slide taken from Dr. Sam Raney Presentation at Complex Generic Drug Product Development Workshop held in September 25-25, 2019
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PSGs for Complex Topical/Transdermal Products 

PSG – Product Specific Guidelines 

Slide taken from Dr. Sam Raney Presentation at Complex Generic Drug Product Development Workshop held in September 25-25, 2019
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Major Questions -

1. How can we can relate these Q3 properties of the

test formulation to its clinical performance?

2. Can we identify critical Q3 properties which are likely

to exert significant effects on the bioavailability of the

API from the formulation?

3. Can we come up with a safe space where we can

widen the range of these critical Q3 properties ?

PBPK Modelling can play a very important role in 

answering all these questions 
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PSGs for Complex Topical/Transdermal Products 

Option 1: R and T are Q1/2

• In vitro characterization (Q3 

similarity+ IVRT + IVPT)

Option 2: R and T are not Q1/2

• In vivo comparative clinical end point 

BE study

PBPK modeling 

to support drug 

product 

development 

PBPK modeling 

to support 

alternative BE 

approaches 

R: Reference, T: Test 

IVRT – In vitro Release Testing 

IVPT – In vitro Permeation Testing 

Slide taken from Dr. Eleftheria Tsakalozou Presentation at Complex Generic Drug Product Development Workshop held in September 25-25, 2019

• (+ In vivo BE study with PK endpoints)

• (+ In vivo comparative clinical 

end point BE study)
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Q3 properties 

Q3 properties for single/multiple phase systems 
• Appearance 

• Microscopy 

• Particle Size 

• Polymorphic form

• Drying rate (weight loss)

• Specific gravity 

• Rheology 

• pH 

• Water activity 

• Globule Size

• Solubility of drug in different phases

• Supersaturation and Precipitation potential

• Impact of container closure system 
Slide adapted froŵ Dr. PriyaŶka Ghosh’s PreseŶtatioŶ at Complex Generic Drug Product Development Workshop held in September 25-25, 2019
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Q3 properties for single/multiple phase systems 
• Appearance 

• Microscopy 

• Particle Size 

• Polymorphic form

• Drying rate (weight loss)

• Specific gravity 

• Rheology

• pH 

• Water activity 

• Globule Size

• Solubility of drug in different phases

• Supersaturation and Precipitation potential

• Impact of container closure system 

Formulation Q3 inputs in MPML-MechDermA model 

Formulation Inputs in MPML 

MechDermA Model 
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Major Screen Change in V19 (Permeability) 

Split of Permeability and Formulation Sections 
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Major Screen Change in V19 (Formulation) 

Split of Permeability and Formulation Sections 
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Metamorphosis of Topical Formulations 

Metamorphosis of the vehicle: primary,

secondary and tertiary formulation before,

during and after the application procedure

of a pressurized product.
Image adapted from Lind et al, Dermatol Ther (Heidelb) 2016; 6: 413–425.

Metamorphosis of the

vehicle: relative

composition of a

commercial topical

formulation before (as

present in a tube) and

after application onto the

skin (as present on the

skin).
Image adapted from Suber et al, Curr Probl

Dermatol. Basel, Karger, 2018, vol 54, pp 

152–165
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Vehicle Evaporation in MPML MechDermA Model 

Options currently available in V18 

Vehicle Evaporation Profile of Acyclovir Commercial Products
Data obtained from Prof. Narasimha Murthy (University of Mississippi) Presentation Observed and Simulated Vehicle Evaporation Profile of Aciclostad
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Vehicle Evaporation – User Input Profile Input Option In V19 

Observed and Simulated Vehicle 

Evaporation Profile of Aciclostad
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Supersaturation and Precipitation Topical Formulations

Metamorphosis of the vehicle: primary,

secondary and tertiary formulation before,

during and after the application procedure

of a pressurized product.
Image adapted from Lind et al, Dermatol Ther (Heidelb) 2016; 6: 413–
425.

Change in concentration of active ingredients

dissolved in the aerosol form formulation over

application time. BD Betamethasone

dipropionate, Cal calcipotriene.
Image adapted from Lind et al, Dermatol Ther (Heidelb) 2016; 6: 413–425.
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Supersaturation and Precipitation Topical Formulations

Crystal formation on the skin

surface 25 min post-topical

application of a solution of

ibuprofen in PG
Image taken from Saar et al, Mol. Pharmaceutics 2011, 8,

969–975
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Supersaturation and Precipitation Model – Screen Design 
(Already in V18)

Particle Growth    ‘Reverse DLM’ – replaces FO rate constant approach

�ܴ ݐ = ܦܰ− ℎݐ ݐ Ͷ�� ݐ � ݐ + ℎ ݐ ܵ௦௨ ݐ − ௨ܥ where Cbulkݐ > Sformulation
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Supersaturation and Precipitation Empirical Model 

Empirical Model 

IF supersaturated conditions encountered 

THEN:

Dissolution stops

Precipitation can only begin when 

CSC is reached 

CSC is a critical conc. at which 

precipitation starts

[Drug] may continue to rise due to slow 

permeation of drug from skin

Supersaturated conc. may exceed 

CSC (CSR x Eq.Sol)

• Formulation - Solution and Emulsion without particle 

CSC – Critical Supersaturation Concentration 

CSR – Critical Supersaturation Ratio 

PRC – Precipitation Rate Constant (1/h)

sPRC – Secondary Precipitation Rate Constant (1/h)
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Supersaturation and Precipitation Simcyp Results 

Formulation Solution Dose 20 mg Solubility 20 mg/mL

Volume of Formulation 1 mL  Vehicle Evaporation = 0.1 mL/h 
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Particle Size Distribution (PSD) – Droplet and Solid Particles 

• Topical Emulsion semisolid formulation containing suspended API are most complex 

pharmaceutical products to develop for application to the skin 

• Ratio of dissolved active to suspended active can influence skin permeation 

• API PSD or globule PSD can have significant effect on the bioavailability of API 

Microscopic picture (Magnification,

500×) of the carbomer “Emulgel”
containing dissolved API and dispersed

oil globules in the gel matrix.
Taken from book The Role of Excipients in the Microstructure of

Topical Semisolid Drug Products

Acyclovir API characterization in five commercial products. 

Slide obtained from Prof. Narasimha Murthy (University of 

Mississippi) Presentation
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Particle Size Distribution (PSD) – Droplet and Solid Particles 

In V19, users can define the particle

size distribution (PSD) of the droplets

and solid particles as either

monodisperse or polydisperse particle

size distribution in emulsion and

suspension formulation.
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Particle Size Distribution (PSD) – Droplet and Solid Particles 
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Introduction of Formulation Toolbox

 Allows selection of components of dermal formulations 

 Prediction of molar volume of the formulation vehicle

 Correction stratum corneum lipid: water partition coefficient with vehicle: water 

solubility ratio
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Rheological Considerations 

Some thermo-sensitive gels show increased

product viscosity (Pa·s) at body temperature

(°C). As a consequence, a prolonged

residence of actives on skin is observed due

to increased viscosity of vehicle (e.g.,

Linoseptic ® [octenidin dihydrochlorid,

phenoxyethanol as disinfectants]).
Image adapted from Suber et al, Curr Probl

Dermatol. Basel, Karger, 2018, vol 54, pp 152–165

Slide obtained from Prof. Narasimha Murthy (University of Mississippi) Presentation

Viscosity Differences of Commercial Acyclovir 

Products at Different Shear Rates  
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Rheological Considerations – Addition of LUA Functions
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Distribution of Drug in Topical Multi-Phase Systems 

Slide obtained from Prof. Narasimha Murthy (University of Mississippi) Presentation
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Variation of Drug Solubility Ratio – LUA Script
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Updates to the Prediction Toolbox 

�௦:�,�= ቆ�� ௦� ௦௨ ∗ ͳ + Ͳ.7ͳ ∗ ͳͲு−.9ହͳ + ͳͲு−.9ହ
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Summary of Dermal Quality Attributes V19 Updates 

• Input of User-Defined Evaporation File 

• Empirical model to define supersaturation and precipitation 

from solution and emulsion without particle formulations

• Input of polydisperse particle size distribution for globules 

and solid particles 

• Addition of formulation toolbox

• LUA functionality to alter vehicle viscosity and drug 

distribution ratio between phases

• Addition of new QSAR for Sebum:Water Partition 

Coefficient 
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Questions?
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Release Webinar:

Physiology Related 

Enhancements
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Dermal Enhancements in V19

• Depth Resolved Dermis Model

-------------------------------------------------------------------------------------

Developed under FDA grant:
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

(Grant Award #1 U01FD006521-01)

• Comedone Model  (Acne)

• Updates to Psoriasis population file
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Depth Resolved Dermis 

Model (DRDM)
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Background

40
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Dermis Physiology

Two distinct layers 

• Papillary ~ 200 μm

• Reticular ~ 1000 μm

41
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Depth Resolved Dermis Model (DRDM)

Model Development:

• Collect physiology data 

• Develop a mechanistic framework to represent this physiology 

• Collect measured data for diffusion in the dermis, new mechanistic QSAR 

developed in house

• Verify with measured concentration-depth data 

42
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Depth Resolved Dermis Model

43
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DRDM Screens

Compound Screen

44
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DRDM Screens

Physiology

45
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Layer Thickness

46
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Dermis Volume Fractions

47
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Dermis Volume Fractions

48
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Capillary Density 

49
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Lymphatic Density 

50
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Fibroblast Density

51
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Fibroblast Density

52
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DRDM Screens

Compound Screen
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DRDM Screens

Compound Screen
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Capillary Permeability

Unbound

Capillary endothelium permeability (Ibrahim et al., 2012) : 

Permeability Surface Area Product =  Capillary permeability  * Exchange Surface area  * fni

Bound

Two pore theory, matched with our biologics module  (negligible impact for small molecules)

Removal by the lymph (<1% of the clearance even for highly bound drugs)

Could be more important for larger drugs, i.e., delivered by microneedles or intradermal injection

IBRAHIM, R., NITSCHE, J. M. & KASTING, G. B. 2012. Dermal clearance model for epidermal bioavailability calculations. J Pharm Sci, 101,

2094-108.
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Diffusion in the Dermis

Current Model: 

(Modified Chen)

56
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Diffusion in the Dermis

• Measured effective diffusivity value were collected form the 

literature. N = 34.

Mechanistic framework:ܦ��௦ = ��ூݑ� ∗ ௨௨ௗܦ + ͳ − ��ூݑ� ∗ ௨ௗܦ ሺͳሻ
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Diffusion in the Dermis

Wilke Chang 1955:

௨௨ௗܦ ���/� = 7.Ͷ ∗ ͳͲ−ଵ ∗ �ܶ�௦∗ ��ூ∅ܹܯ .ହ�ூ�� ∗ ܸ. ʹ
Where:

TDe୰miୱ = Absolute Temperature in the Dermis  Value = 310.15 K 

MW∅ISF = Solvent Molecular Weight * Association parameter (assumed the same as water);

Value = 40.68 Da 

ηISF = Viscosity of ISF (assumed the same as lymph measured by Bouta et al., 2014);

Value = 0.0181 dyne × s/cm2

VA =  Molar Volume of the Molecule (predicted from MW by method described in Ibrahim et al., 

2012).
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Diffusion in the Dermis

59

Aqueous Diffusivity =                0.0032 cm2/h

Effective Diffusivity in ISF =       7.2 x 10-5  cm2/h

Diffusion of bound drug assumed to be the same as albumin
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Diffusion in the Dermis����� �௦�ݑ� > %ଶݑ� ௦௨௧� > %ସݑ� ௦௨௧� > ௦ݑ� > ௗ�௧ௗݑ�
The fraction of drug unbound to albumin in the interstitial fluid of the dermis can be 

predicted by Equation 3. 

��ூݑ� = ͳͳ + [�]��௦�� ሺ͵ሻ
[P]De୰miୱ =   The abundance of albumin in the dermis ISF; Value = 454.3 µM (Bert et 

al., 1986)  

�� =   The affinity constant between the drug and albumin. This can be calculated 

by rearranging Equation 3 and replacing  �ݑூ�� and [�]��௦ with values for plasma, 

where measured values of �ݑ�௦ are available. 
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Diffusion in the Dermis

Full dataset , N=27                                  Subset for Measure fu,  N=19 

61

Clarke 2019:

R2 = 0.94

Slope = 1.12

NRMSE = 9.4%

Clarke 2019:

R2 = 0.98

Slope = 1.12

NRMSE = 6.6%

Modified Chen:

R2 = 0.96

Slope = 1.17

NRMSE = 9.1%

(Trained with 21 of 

these observations)

Modified Chen:

R2 = 0.98

Slope = 1.18

NRMSE = 8.3%

(Trained with 13 of 

these observations)
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Depth Resolved Dermis Model (DRDM)

62
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Initial DRDM Verification ( in R prototype model)

63

C,initial was fitted, as these studies had limited information about dosing or formulation

Anissimov

& Roberts
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Initial DRDM Verification ( in R prototype model)

64

C,initial was fitted, as these studies had limited information about dosing or formulation

Anissimov

& Roberts
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Initial DRDM Verification ( in R prototype model)

65

C,initial was fitted, as these studies had limited information about dosing or formulation

Anissimov

& Roberts
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Comedone Model
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Comedones

67

• Drug partition into sebum based on the accessible area 

• Drug can bind to keratin in the Comedone 

• Drug can only partition out of the Comedone into the Dermis

• When DRDM is active, Comedone can end in any of the four compartments based on the 

defined volume

• Within each individual, Comedones are all the same size. But different individuals can 

have different volume. 
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Comedones - Screens
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Addition of keratin volume fraction on the population screen

Addition of an option to use KD as opposed to fu. This will make binding 

dependent on keratin volume fraction. And therefore each bin in the SC can 

have different binding.

Comedones - Screens

69
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Closed Comedones

70

• Modelled as a truncated sphere
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Open Comedones

71

• Modelled as a cylinder



E
le

ft
h

e
r
ia

 T
s

a
k
a
lo

z
o

u

F
D
A
 -
 0

9
/1

2
/2

0
1
9
 2

1
:3

5
:4

5

E
le

ft
h

e
r
ia

 T
s

a
k
a
lo

z
o

u

F
D
A
 -
 0

9
/1

2
/2

0
1
9
 2

1
:3

5
:4

5

Updates to Psoriasis 

Dermal Population for V19
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Psoriasis Dermal

First implemented in Version 17 of the Simcyp Simulator.

This population file describes the involved skin of patients with Plaque Psoriasis. 

If a population parameter is being updated, there are three possible reasons for this:

• New Data has become available in the literature after the last literature search was 

completed in 2016.

• New Data has been found that was not picked up in the 2016 literature search

• New Models are available in Simcyp that can now be parameterized for Psoriasis Plaque
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Parameters altered in a Psoriatic Plaque

• Surface pH ↓
• Surface Temperature ↑ New for V19

• Corneocyte Surface Area ↓ Reanalysed for V19

• Corneocyte thickness ↑ Same as V17

• Number of Stratum Corneum layers ↑
• Cracks in the Stratum Corneum

• Tortuosity  ↓
• Stratum Corneum hydration ↓
• Viable Epidermis Thickness ↑
• Dermis Thickness ↑
• Capillary Volume Fraction in the Dermis  ↑
• Lymph Volume Fraction in the Dermis  ↑
• Lymph Flow in the Dermis ↑
• Interstitial Fluid Volume Fraction in the Dermis  ↑
• Blood Flow in the Dermis ↑
• Blood Flow in the Subcutis ↑
• Albumin concentration in plasma ↓
• Albumin concentration in the Dermis ↓
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Surface Temperature

Increased average temperature, Mean 33.7ο
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Corneocyte Dimensions

76

• Corneocytes are thicker with a smaller surface area, similar volume. 

• Low patient numbers, but all tell a similar story.

• We can use these dimensions to calculate tortuosity (feature added in V18)

Healthy Psoriasis
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Corneocyte Dimensions

77

• Corneocytes are thicker with a smaller surface area, similar volume. 

• Low patient numbers, but all tell a similar story.

• We can use these dimensions to calculate tortuosity (feature added in V18)

Healthy Psoriasis
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Corneocyte Dimensions

Surface area measurements (Before Treatment) Plaque vs Healthy controls

Ratio = 0.73    - agrees with the Kashibuchi data ( 0.79). 

Final Ratios:

Thickness : 2.25

Surface Area : 0.75
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Corneocyte Dimensions

Final Ratios:

Thickness : 2.25

Surface Area : 0.75

Assumptions: 

• Topological Aspect ratio remains the same  (to scale)

• Shape is cuboidal

Example:

79

Volar Forearm (μm)

Healthy Plaque 

Thickness 0.59 1.35

Width 29.6 26.3

Length 36.4 32.3
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No studies measuring number of layers specifically.

Therefore calculated from SC thickness and corneocyte thickness

Mean ratio of SC thickness from healthy to plaque  = 2.37

(Palm omitted from calculation)

Number of SC layers
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Hydration

81
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SC N-layers was calculated from the measured thickness of total SC, corneocyte 

thickness and hydration. 

Will also affect keratin binding as keratin content = 1 - water content

Example hydration for forearm:

Example (male) :

Number of SC layers

82

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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Tortuosity

Johnson tortuosity will automatically recalculate from corneocyte dimensions:

Simcyp Default of 12.7 has been scaled to reflect this difference based on 

the ratio calculated by Johnson. Average new value ~ 6
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Viable Epidermis

84

• 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) 



E
le

ft
h

e
r
ia

 T
s

a
k
a
lo

z
o

u

F
D
A
 -
 0

9
/1

2
/2

0
1
9
 2

1
:3

5
:4

5

E
le

ft
h

e
r
ia

 T
s

a
k
a
lo

z
o

u

F
D
A
 -
 0

9
/1

2
/2

0
1
9
 2

1
:3

5
:4

5

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

Psoriasis Area and Severity Index ( PASI) 

given for each patient

Viable Epidermis Thickness
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Viable Epidermis Thickness

Several studies, various techniques inc. ultrasound, biopsy and confocal 

microscopy.

Ratio of 2.5-fold to healthy

Assumption:

Thickness is half way between the bottom of the supra-papillary plate and 

the bottom of the rete ridge.

86

Body site Healthy Plaque

Back 45.66 118.17

Fore head 50.05 129.53

Inner Fore arm 41.96 108.59

Outer Fore arm 53.57 138.64

Upper Forearm 51.80 134.06

Face 46.87 121.30

Leg (Lower) 57.36 148.45

Leg (Upper) 40.00 103.52



E
le

ft
h

e
r
ia

 T
s

a
k
a
lo

z
o

u

F
D
A
 -
 0

9
/1

2
/2

0
1
9
 2

1
:3

5
:4

5

E
le

ft
h

e
r
ia

 T
s

a
k
a
lo

z
o

u

F
D
A
 -
 0

9
/1

2
/2

0
1
9
 2

1
:3

5
:4

5

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

Depth Resolved Dermis Model (DRDM)
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• Data measuring capillary endothelial and luminal volume fractions in the dermis can be used 

to parameterise the DRDM model. 

• Biopsies taken from various body sites and sexes, however data between groups could not 

be separated.

Capillary Volume Fraction
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Imaging of Vessel Density

Cannot be used directly, but agrees with Barton Data ( 1.5 – 2 x increase between uninvolved and lesion)  

Capillary Volume Fraction
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Capillary Diameter
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Transvascular Leakage 

> Transvascular leakage
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Interstitial Fluid

> ISF Volume
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Lymph 

> Lymph Flow                                                  > Lymph vessel density 
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Volume Fractions

Volume fraction of Dermis Components for DRDM
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Healthy

Capillary Lymph Excluded ISF Volume Fibroblast

Plaque

Capillary Lymph Excluded ISF Volume Fibroblast
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DRDM Screens

Physiology
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Dermis Blood Flow

• Many studies available with various techniques employed

• Consistent finding of > blood flow, ranging from 1.7 – 13.5 fold.

Assumption:

Because all studies found minimal difference between uninvolved and healthy BF (<1.5 fold). 

Uninvolved was assumed “healthy” to calculate ratios where healthy control was not used

96

Study Method Final Ratio to ‘healthy’

NYFORS 1970 Xe washout 1.70

Klemp 1983 Xe washout 10.16

Klemp 1985 Xe washout 4.10

Klemp 1985 Xe washout 13.50

Ferguson 1961 I Washout 2.45

Yosopivitch 2003 LDV 2.88

Goh 2004 LDPI 2.78

Hern 2005 LDPI 9.08

Khan 1987 LDV 6.69

Ascheim 1966 Na washout 1.79

Mean Ratio 5.52
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Subcutis Blood Flow

97

Two studies by Klemp et al, Xe washout draw a similar conclusion.

Study Method Final Ratio to healthy

Klemp 1985a Xe washout 1.571

Klemp 1985b Xe washout 1.776

Mean 1.67
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Albumin
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Several studies suggest a decreased albumin content in both serum and ISF.

N Serum ISF

Staberg 10 0.889 0.754

Worm 2 0.841 0.850

Worm 6 0.841 0.681

Sheikh 100 0.918

Weighted Mean Ratio to healthy 0.910 0.740
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Questions?Questions?
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