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Building Virtual Crohn’s Disease Population: 
Requirements for Systems Information in the Gut & Model Implications 

for Altered Bioavailability and Local Bioequivalence

CAPKR

Reality of Special Populations in 
Clinic

100 Years Old Problem Known within Modern 
Medicine.

Sir William Osler (1849-1919)

Professor of Medicine Oxford, England

“Variability is the law of life, and as no two faces 

are the same,  so no two bodies are alike, and no 

individuals react alike and behave alike under the 

abnormal conditions which we know as disease”

FDA
Drug fate in 

different 
populations 

Variability 
of 

patients

Disease
driven 

variability 
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Regulatory Requirements  

2020

Bariatric surgery 
(Darwich AS et al. 2012)

 
CD

(Ng et al. 2017, The lancet)

The prevalence of CD is up to 322 per 100,000  
persons in Europe, with corresponding numbers in
Asia and North America.

Crohn’s Disease (CD) Prevalence 

Crohn’s 
Disease 

(CD)

Age of onset peaks: 

First 15 -30 years
Second 60 -70 years

Most cases begin 
before the age of 30

large proportion of 
patients either have 
no response or lose 
response to therapy. 
Novel drugs are been 

introduced 

Annual incidence of  Crohn’s disease from 1990 to 2016
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Bioavailability in CD? 
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No Uniform 
Change of Drugs in 

Crohn’s Disease

Active Inactive Healthy 

Immediate Release Controlled  

A Potential Solution to 
Address the Problem
PBPK-IVIVE Linked Models have
demonstrated their applicability in a
priori prediction of changes in
PHARMACOKINETICS in diverse set
of patient population.

Biosimulation Software Applications 
First-in-Human 

Dosing

Clinical Study 
Design

Bioequivalence

Drug-Drug 
Interactions

Organ Impairment

Pediatric Dosing

Formulation

Food Effect
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PBPK is commonly being used in drug-drug
interactions (DDI) for submission to the
regulators. Recently the use has shown its value
in special populations.

Special/Disease Populations Is the Fastest 
Growing Area of PBPK Applications!

25 Different Verified Virtual Patient Populations 
& 

>100 Verified Compound Files

Liver

Lung

Skin

Adipose

Gut Bone

Kidney

Heart

Muscle

Brain

PBPK Biosimulation Utilizes Virtual Patients to Conduct In Silico Trials
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Complex Scenario of The Changes in The 
Physiology During CD

Inactive Active 

Female Male

Fe
d 

 
Fa

st
ed

 operated patient

Budesonide in CD 
(Effinger, A. et al. 2020)

Only few publications
focusing on generating
population files where the
focus was GIT

Bariatric surgery 
(Darwich AS et al. 2012)

10

Global Sensitivity Analysis (GSA)

GSA determines the overall impact of selection of
input parameters (drug /systems related) on a
specific output of interest (e.g. AUC).

GSA: provide an option that can handle 
parameter correlations and interaction

GSA Vs Local sensitivity analysis

Local: Not capable of handling parameter
correlations

General GSA framework

𝑌 = 𝑓(𝑿)

Model

𝑿

𝑓 𝑌

Model evaluation Output calculation
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Same Changes in Physiology/Biology: Different Impact on Drugs

Building CD 

Population Model

Healthy Vs 

Crohn’s Disease

12

Making a population
model is not a an easy
task, because we need to
consider every relevant
element of the physiology.
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Crohn’s Disease Physiological Parameters Meta-analysis

Parameter 
level at the 

baseline

Inclusion 
Criteria 

Adult CD 
patients and 
healthy 
volunteers 
in the same 
study

Differentiation 
based on 

active, inactive 
or mixed CD 

phase

The collected physiological
parameters were analysed
based on the weighted
mean and overall standard
deviation.

Contradictory results in the 
met-analysis 
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Healthy Subjects
Vs 

Crohn’s Disease

pH
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Healthy Subjects
Vs 

Crohn’s Disease

GET 
& 

SITT
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Healthy Subjects
Vs 

Crohn’s Disease

SMA 
& 

Local
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Healthy Subjects
Vs 

Crohn’s Disease

Ileum 

18

Healthy Subjects
Vs 

Crohn’s Disease

Colon 
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None GIT Altered Physiological Parameters  

Blood proteins (Albumin & α-AGP)

DMETs 
in the 
liver 

Increase of the
inflammatory
biomarkers
reported to
cause reduction
in CYP3A4
release in
hepatocytes

No available
abundance or activity
DMETs data.

One study reported a
reduction of the
hepatic extraction ratio
(EH) in CD patients
using CYP3A4 probe
(Wilson et al, 2017)

Calculation of 
the fraction of 
drug entering 
the liver (FH) 

showed 
reduction in 

CYP3A4 activity 
by 1.5-fold
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Tutorial on how to make a population file ?

 Unimodal represented by 
an equation             One CD 
population is not possible.

22

How to Make Frequency Distribution for the Population 
File in Simcyp

The age group of the 
CD adult patients

Young group Old group 

Bimodal define the population by a
histogram representing the
demography of CD population based
on the real frequency of the two age of
onset groups.

Demography generation and distribution

Bimodal

21
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Dissolution, absorption, and
metabolism (ADAM) or
Multilayer-ADAM (M-ADAM)
absorption models allow
investigating the impact of the
change in the intestine physiology
and DMTs profile in the different
intestine segments and at the
different kinetic processes.

ADAM and M-ADAM Absorption Models 

Qgut model (1st order absorption
model) will allow prediction of FG
which is a factor of permeability
through the enterocyte membrane
and villous blood flow

𝑭𝑮 =
𝑸𝑮𝒖𝒕

𝑸𝑮𝒖𝒕

+ 𝒇𝒖𝑮 ∗ 𝑪𝒍𝒊𝒏𝒕
, 𝑮

𝑸𝑮𝒖𝒕 = Qvilli*Clperm/Qvilli+Clperm

2022 - 39(8):1733-1748

Sebastian Frechen, & Amin Rostami-Hodjegan

How to verify the 

PBPK model 

Shebley et al 2018 Clin Pharm Ther 104 (1): 88-110
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How to Verify the PBPK Model 

Assess the key properties of the model and its 
performance relevant to its intended use

1

Model 
Building 

2

Model 
Evaluation

3

Model 
Verification 

Apply the 
model on 
different 

compounds 

Consider all 
the systems 

available data 

Use clinical 
data to 

evaluation the 
model

Sensitivity  
analysis to 

define the key 
parameters 

26

If we put them into 

model can we predict ? 

Clinical data verification 

Midazolam & Budesonide
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What is Still Missing ?

The available DMETs expression data are either
relative abundances of proteins or mRNA
expression. mRNA message the translation of
the protein but not its actual synthesis.

For some proteins the correlation between
mRNA levels and protein abundance is not
high. (Vogel and Marcotte, 2012)

No enough data on hepatic DMETs
abundance/activity

“If it weren’t for its 
sensitivity and 
selectivity there 
would be no 
justification for 
mass spectrometry.” 
Rob Beynon (attr.).

The Proteomic Workflow
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Protein 
Digestion 
(FASP)4. QconCAT

design , 
expression and 
quality control 

5. Sample 
preparation 
for LC-MS/MS Untargeted 

LC-MS/MS 

2.  Enterocyte 
isolation

1. Samples 
sourcing

3. Fraction 
preparation

6. Samples proteomic 
data analysis 

Ileum and colon homogenate samples

Healthy 
tissue

Non-inflamed CD 
tissue (HN-CD)

Inflamed CD 
tissue (I-CD)

30

Changes at Population Level: 

Proteomics of Gut Wall 

in CD (Ileum)

• The changes are 
NON-UNIFORM 
for various 
DMET proteins

• The status of 
inflammation 
(episode) of CD 
influences the 
suppression level

29
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Changes at Population Level: 

Proteomics of Gut Wall 

in CD (Colon)

• The changes are 
NON-UNIFORM 
for various 
DMET proteins

• The status of 
inflammation 
(episode) of CD 
influences the 
suppression level

32

Drug Oral Formulation Intestine Metabolising 
Enzyme/ Transporter *

Celecoxib Solution CYP2C9 & CYP3A4
Crizotinib Immediate Release solid 

formulation
CYP3A4 & P-gp

Digoxin Solution P-gp
Dabigatran 

etexilate
Solution CES1, CES2 & P-gp

Gemfibrozil Solution UGT2B7
Pravastatin Solution MRP2
Ritonavir Immediate Release solid 

formulation
CYP2D6, CYP3A4 & 

CYP3A5
Rosuvastatin Solution BCRP & OATP2B1

Valsartan Immediate Release solid 
formulation

CYP2C9 & MRP2

Verapamil Solution CYP2C8, CYP3A4, 
CYP3A5, P-gp & MRP2

* based on the incorporated enzymes and transporters in Simcyp drug profile; ** the 
protein mentioned is based on what Simcyp drug profile used as the primary protein 
bound to the drug

Virtual Active CD Population: 
Data Incorporation (Simcyp Library)

Model CD population 

M-1 Intestine DMETs abundance from I-CD 
tissues and normal albumin level

M-2 Intestine DMETs abundance from I-CD 
tissues and reduced albumin level

M-3 Intestine DMETs abundance from HN-
CD tissues and normal albumin level

M-4 Intestine DMETs abundance from HN-
CD tissues and reduced albumin level

Unpublished results
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Virtual Active CD Population: 
Data Incorporation
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Unpublished results

What is Bioequivalence?
Two formulations giving rise to essentially similar 
drug concentration-time profiles will provide 
equivalent therapeutic effect.

Design: 
• Mostly R-T Cross-Over
• Parallel with larger number if wash-out is too long
• RTR and RTRT if intra-subject variability is too high
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Dynamic Fluid Flow, Dynamic pH

Stolk et al., 1993 Marzio et al., 1988

Dynamic BileGallbladder Volume (GBV) & IMMC Cycle 

Percentage of Total IMMC Cycle Time
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Every Attribute of 
Gut Lumen is

DYNAMIC
&

VARIABLE

Formulation-Dependent Sensitivity 
to Variations in GI Tract 

Enteric-Coated Granules

Enteric-Coated Tablet (ECT)

Pattern for 
Return of Gastric 

pH to Acidic 
Status after Food 

is
Age Dependent

Time After Meal (mins.)

pH

Data from Russell et al. 1993

Population-Dependent behaviour 
of GI-Tract Variations
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Drug 
Selection

Varying 
Dissolution 

Profiles
(f2 >50 or <50)

Concentration-Time 
profile in Various 

Locations (Plasma / 
GI Tract)

BE Based on 
Local vs Systemic 
PK and Link with 

f2 Values

Scenarios for  
Variations in 

Dissolution to 
Remain BE

VBE in Crohn’s 
Disease vs Healthy 

Volunteers

Budesonide (Entocort EC)
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Virtual Bioequivalence Profile of CD Population

VBE of Formulation with f2 <50
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VBE results of formulation with f2 >50

• Border line represents the worst case covering 10 trials
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Unpublished results
38

37

38



06/02/2023

39

BE Criteria and Coloring Rule

Plasma Local

True positive BE BE

False positive BE NBE

True negative NBE NBE

False negative NBE BE

For 10 trials simulation, if more than or equal to 8 of 10 trials show bioequivalence, 
the formulation will be defined as BE.

40

BE Results Simulated With 10 Trials VS 1 Trail (Enterocyte Auclast)

Duo Jej1 Jej2 Ile1 Ile2 Ile3 Ile4 Col plasma 
+5%

(f2=72.1) 10 trial 60% 70% 80% 90% 100% 100% 100% 80% Y

+10%
(f2=57.8) 10 trial 30% 50% 70% 80% 90% 100% 100% 30% Y

+20%
(f2=43.8) 10 trial 0% 10% 20% 60% 80% 80% 100% 10% Y

Tlag=0h
(f2=50.3) 10 trial 0% 30% 80% 100% 90% 90% 100% 30% Y

Tlag=0.5h
(f2=64.4) 10 trial 10% 60% 100% 100% 100% 100% 100% 80% Y

Tlag=2h
(f2=50.3) 10 trial 0% 0% 50% 80% 80% 100% 100% 70% Y

Tlag=3h
(f2=36.5) 10 trial 0% 0% 0% 20% 60% 70% 70% 10% Y

Duo Jej1 Jej2 Ile1 Ile2 Ile3 Ile4 Col plasma 
+5%

(f2=72.1) 10 trial 70% 60% 70% 80% 90% 100% 100% 80% Y

+10%
(f2=57.8) 10 trial 20% 30% 60% 70% 70% 100% 90% 60% Y

+20%
(f2=43.8) 10 trial 0% 10% 10% 50% 70% 70% 70% 30% N

Tlag=0h
(f2=50.3) 10 trial 0% 30% 70% 90% 90% 90% 90% 50% Y

Tlag=0.5h
(f2=64.4) 10 trial 20% 50% 70% 90% 90% 90% 100% 80% Y

Tlag=2h
(f2=50.3) 10 trial 0% 0% 40% 80% 80% 80% 100% 80% Y

Tlag=3h
(f2=36.5) 10 trial 0% 0% 0% 0% 50% 60% 70% 50% N

HV CD

Y:Bioequivalent(≥80% of 10 trials); N: non-bioequivalent
Light red: false negativeGreen: true positive Red: false positive Light green: true negative

Unpublished results
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Thanks for Listening

Questions?
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