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Regulatory Requirements
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Crohn’s Disease (CD) Prevalence

The prevalence of CD is up to 322 per 100,000
persons in Europe, with corresponding numbers in
Asia and North America.
Age of onset peaks:
First 15 -30 years

Annual incidence of Crohn’s disease from 1990 to 2016
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Clinical Pharmacokinetics
https//doi.org/10.1007/540262-022-01169-4

SYSTEMATIC REVIEW

Altered Bioavailability and Pharmacokinetics in Crohn’s Disease:

Capturing Systems Parameters for PBPK to Assist with Predicting

the Fate of Orally Administered Drugs

Sarah Alrubia'? - Jialin Mao® - Yuan Chen?® - Jill Barber' - Amin Rostami-Hodjegan'*®

Check for
updates
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A Potential Solution to

‘Stratified Virtual Populations’: From ‘a posteriori’ to ‘a priori' Prediction

Address the Problem
PBPK-IVIVE Linked Models have
demonstrated their applicability ina | "=
priori prediction of changes in
PHARMACOKINETICS in diverse set
of patient population.
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INVITED REVIEW WILEY

Physiological-based pharmacokinetic modeling trends in
pharmaceutical drug development over the last 20-years; in-
depth analysis of applications, organizations, and platforms

Eman El-Khateeb®? @ | Susan Burkhill® | Susan Murby! | Hamza Amirat? |
Amin Rostami-Hodjegan®®® | Amais Ahmad!®
2000-2009 (N = 84) 2010-2019 (N = 627)
PBPK is commonly being used in drug-drug 180
. ] L. Transporters DDI
interactions (DDI) for submission to the 160
. g Early Development
regulators. Recently the use has shown its value g w
- . " Special Populations.
in special populations. g
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\ Special/Disease Populations Is the Fastest
Growing Area of PBPK Applications!

Year

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
Large intestine

(colon)

Stomach

Small intestine

Duodenum

Fed <= Fasted

| Female <) Male

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

juaned pajesado

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

Bariatric surgery
(Darwich AS et al. 2012)

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
i ORIGINAL RESEARCHARTICLE =
PHARMACOLOGY 135t 201 0003

A workflow for global sensitivity analysis of PBPK models

Kevin McNally, Richard Cotton and George D. Loizou*

General GSA framework

Y = f(X)
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iy ;f m ot |
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X Model evaluation ~ Output calculation
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Serum Albumin

Cardiac Output

AbEBIohat idextdn *

Serum Albumin
Cardiac Output

0.0001 0.001 0.01 0.1
Cmax Global Index (Gl)

Cardiac Output

Same Changes in Physiology/Biology: Different Impact on Drugs

a b c
SITT pH Jejunum MDZ m BDS pH Jejunum
GET pH Duodenum pH Duodenum
pH Jejunum SITT Liver CYP2C9
pH Duodenum  SNNNJ Intestinal CYP3A4 Liver CYP1A2
Intestinal CYP3A4 Liver CYP2C9 Intestinal CYP3A4
Liver CYP2C9 Liver CYP1A2 Liver CYP3A4
Liver CYP1A2 Liver CYP3A4 SITT
Liver CYP3A4 GET Serum Albumin

GET

0.01

0.1 1
Tmax Global Index (Gl)
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Clinical Pharmacokinetics
https://doi.org/10.1007/540262-022-01169-4

SYSTEMATIC REVIEW

Check for
updates

Building CD

Altered Bioavailability and Pharmacokinetics in Crohn’s Disease:
Capturing Systems Parameters for PBPK to Assist with Predicting
the Fate of Orally Administered Drugs

Population Model

Sarah Alrubia'? - Jialin Mao® - Yuan Chen? - Jill Barber' - Amin Rostami-Hodjegan'*®

Hepatic DMET

Intestinal DMET
Heum el @a<p
Colon ¥ &3

Blood/Vascular System
Levels of a1-AGP A
Levels of Albumin W
Mesenteric Blood Flow A

Gl Tract Motility
Gastric Emptying Time A\

Intestinal Transit Time A\

Intestinal pH
Small Intestine pH €=
Large Intestine pH €=

Gut Morphology
Gut wall thickness ?
Villous length ?
Epithelial cells shedding ?

Healthy Vs

Crohn’s Disease

Making a  population
model is not a an easy
task, because we need to
consider every relevant
element of the physiology.

12

12
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Crohn’s Disease Physiological Parameters Meta-analysis

Contradictory results in the
met-analysis
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T

Healthy Subjects
Vs
Crohn’s Disease
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Healthy Subjects
Vs
Crohn’s Disease
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L3 L3
None GIT Altered Physiological Parameters
Blood proteins (Albumin & a-AGP) No available
abundance or activity
DMETs data.
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TUTORIAL B
Guide to development of compound files for PBPK
modeling in the Simcyp population-based simulator
Udoamaka Ezuruike | Mian Zhang | Amita Pansari | Mailys De Sousa Mendes |
Xian Pan | Sibvlle Neuhoff | Yain Gardner
S = =
(d) o
— [f_\ (a) . S o .
g Step 1: Step 2: Model refinement Step 3: Step 4:

Bottom-up Model (Middle-out approach) Model Verification Model Application

Clinical DDI with CYP3A4 inhibitors
Clinical DDI with CYP1A2 inhibitors

v Phys-chem
V' Petgpumanfrom Caco-2
v' In-vitro enzymeKkinetics

Use of % Hep Met
& observed CL;,in
Reverse lati

SD & MD (IV & Oral)
Clinical DDI (victim & perpetrator)
/ph +ud

et g N

H »

Clinical DDI with CYP3A4 substrates
Clinical DDI with CYP2D6 substrates
Clinical DDI with renal OCT2 & MATE
substrates

Model application in diseased
populations: cancer, renal & hepatic
impairment

VVVVYVYVY

v

Under-predicts CL;,

I

¥ Recovery of conc-time profiles
v Verification of fmcyp3as & fMeypans

Impact of smoking on ondansetron PK

v’ Verification of Ki against renal
OCT2 & MATE

/ Y L4
v/ Addition of interaction parameters

|

3%

B CYP1A2 Liver
B CYP2D6 Liver
ECYP3A4 Liver
O Additional HLM
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Tutorial on how to make a population file ?

21

21

How to Make Frequency Distribution for the Population

File in Simcyp
The age group of the Demography generation and distribution
CD adult patients Unimodal

/ \ » Unimodal represented by
an equation ===p One CD

population is not possible.

!

»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. %

Young group Old group

— Bimodal —

22
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ADAM and M-ADAM Absorption Models

. Dissolution, absorption, and
Qgut model (1% order absorption metabolism (ADAM) or
model) will allow prediction of FG Multilayer-ADAM (M-ADAM)
which is a factor of permeability absorption models allow

investigating the impact of the
change in the intestine physiology
and DMTs profile in the different

through the enterocyte membrane
and villous blood flow

Qcut ] intestine segments and at the
Fg = Q. + fuG « Cllnt’c different kinetic processes.
ut
QGut = viIIi*CIperm/QviIIi+CIperm

Intastinal wall

OQinestine ~

mucosa

[ubmisccass| | musoutone ]

40 Lh
Absorption

= ( 0
Efflux/influx
Degradation
Metabolism PBPK DISTRIBUTION
]

Qi

~ 18 Lh

aepithalial layer
Enzyme B Transporters

lamina propria

muscularis
mucosa

- <ﬁr;pcm Absorption
umina Rate Rate

Degradation

Gut Wall
Metabolism

kf"lAFnl (- k'"AF"
Release
Rate
! n ‘AS - _ k‘ As n
Precipitation Dissolution
Rate Rate

‘nlADnl (- k‘nADn

lTo portal vein

23
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Pharmaceutical Research
https://doi.org/10.1007/511095-022-03250-w s B

2022 - 39(8):1733-1748

WHITE PAPER

Quality Assurance of PBPK Modeling Platforms and Guidance

on Building, Evaluating, Verifying and Applying PBPK Models
Prudently under the Umbrella of Qualification: Why, When, What, How
and By Whom?

Sebastian Frechen, & Amin Rostami-Hodjegan

PBPK Model Development

Virtual
Population Ci

Framework

Application

Building

Drug Model Drug
Parameters

Drug Model
Iteration

Verification

Model Verification

Shebley et al 2018 C/in Pharm Ther 104 (1): 88-110

How to verify the
PBPK model

Use of post-application
data from clinical studies

at a later date

IIIIIIII»

(if at all)

Validation

to serve as 'verification set’ for
platform qualifications (Figure 2)
and/or
new untested/untestable scenarios
beyond initial intended use

24
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| i
Model
Building

How to Verify the PBPK Model

- P
Model Model
Evaluation Verification

J 1 ‘ﬂ

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

y N

Apply the . Use clinical Sensitivit
PR Consider all Ity
model on the svystems data to analysis to
different = SY evaluation the define the key
available data
compounds \ model parameters .
25
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6,  1f%as.,, 18 oy - 100
o 12 ’A . by n‘.
Clinical data verification |; .. i i onl
:S ) ; 2 a ’ : ' ; ° ’: .l 12 24- - 3: : oo 0 3 6 12
S g L Time (hr)
E :-;. 6. 1 [Rsae.., 20 :'_r. 100
é ..... 3 - v R X T
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§ ° ; 2 : ’ : * ; 00. .l 12 i 2: : 35. ‘ ooo 0 3 6 12
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i ||, L : -
I == L 04 s
g s .
? ) i § i 001 »
g ? ; 2 4 6 . ; nD. 4 12 24 = 36. ° a'oolo | ] 6 12
Time (hr)
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What is Still Missing ?

No enough data on hepatic DMETs
abundance/activity

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

For some proteins the correlation between
mRNA levels and protein abundance is not

h igh « (Vogel and Marcotte, 2012)

27

27

The Proteomic Workflow

“If it weren’t for its
sensitivity and
selectivity there
would be no

g, ity
54 justification for
T,y,,ﬁ%& —

=-in W
-ip (1 o 1\\( (\
NN .a}m X

,1(1 \-‘(, -5(1\\(|(-‘_,Iq1(1 :{(
|(“-i(1-. \(I(\ Cain

Rob Beynon (attr.).

-.1(1\\ - \(t ~

fractionation / LC-ms-ms A f f(,;

mass spectrometry.”
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Pharmacology & Therapeutics 203 (2019) 107397

and recommendations for best practice

Quantitative mass spectrometry-based proteomics in the era of model-
informed drug development: Applications in translational pharmacology

Eman El-Khateeb *!, Areti-Maria Vasilogianni *!, Sarah Alrubia !, Zubida M. Al-Majdoub ?, Narciso Couto?,

L)

Check for
updates

i .4: | .
1. samples—s i~ 5§ —> 2 Enterocyte > 3. Fraction
§ preparation

sourcing isolation

lleum and colon homogenate samples

N

[Right colic
(hepatic) flexure

Protein % Foon™
O Digestion pcansog oscnag
—> 4.QconCAT G O 5. Sample /7 (FASP) |/
design, preparation v s
expression and O C O for LC-MS/MS ~ Untargeted e sqroa
Rectum
quality control LC-MS/MS /
g Inflamed CD Healthy Non-inflamed CD
—> 6. Samples proteomic E tissue (I-CD) tissue tissue (HN-CD)
data analysis = |
& miz 29
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Contents lists available at ScienceDirect

Journal of Pharmaceutical Sciences

journal homepage: www.jpharmsci.org

Pharmacokinetics, Pharmacodynamics and Drug Transport and Metabolism
Quantitative Assessment of the Impact of Crohn’s Disease on
Protein Abundance of Human Intestinal Drug-Metabolising
Enzymes and Transporters

Sarah Alrubia™”, Zubida M. Al-Majdoub®, Brahim Achour™*,
Amin Rostami-Hodjegan™", Jill Barber™

") Check for updates

Changes at Population Level:
Proteomics of Gut Wall
in CD (Ileum)

* The changes are
NON-UNIFORM
for various
DMET proteins

* The status of
inflammation

A B
ﬂ ‘ I -
2 o] H
K
H
> < <, Y < 5! 5 < A <, 3
ET T Y N T T 1 YR o £
L 0y 5 v B B % %, %, k)
> % R T % R £ i =
c D
.
o II.
H E
‘:v
% 3 4 2 %
%, % % % b 2,
PR Y S %, %

o
5 v
v

o
&
o

W I-CD/HV
[ HN-CD/HV

(episode) of CD
influences the
suppression level

30

30
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Contents lists available at ScienceDirect

Journal of Pharmaceutical Sciences

! Changes at Population Level:

journal homepage: www. p!

Pharmacokinetics, Pharmacodynamics and Drug Transport and Metabg

m .
Quantitative Assessment of the Impact of Crohn’s Disease on M) Check for updates Pl'OteomICS Of Gllt Wall

Protein Abundance of Human Intestinal Drug-Metabolising
0
in CD (Colon)

Enzymes and Transporters

Sarah Alrubia™”, Zubida M. Al-Majdoub”, Brahim Achour"*,
Amin Rostami-Hodjegan™, Jill Barber""

A B

1 1

M I-CD/HV
@ HN-CD/HV

* The changes are
NON-UNIFORM
for various
DMET proteins

»

Fold reduction

Fold reduction

Iy

-

o

o
®
A2
L‘d'
o
9
Qd"

* The status of
inflammation

. (episode) of CD

; influences the

suppression level

s 31

Fold reduction
Fold change (FC)

31

Virtual Active CD Population:
Data Incorporation (Simcyp Library)

Oral Formulation Intestine Metabolising
Enzyme/ Transporter *

Solution CYP2C9 & CYP3A4
Immediate Release solid CYP3A4 & P-gp
formulation |Model | CDpopulation
igoxi Solution P-gp M-1  Intestine DMETs abundance from I-CD
Dabigatran Solution CES1, CES2 & P-gp tissues and normal albumin level
etexilate .
Gemfibrozil Solution UGT2B7 M-2 Ir.1test|ne DMETs abundanct'e from I-CD
Pravastatin Solution MRP2 tissues and reduced albumin level
Immediate Release solid ~ CYP2D6, CYP3A4 & M-3  Intestine DMETs abundance from HN-
formulation CYP3A5 CD tissues and normal albumin level
Rosuvastatin Solution BCRP & OATP2B1 M-4 Intestine DMETs abundance from HN-
Valsartan Immediate Release solid CYP2C9 & MRP2 CD tissues and reduced albumin level
formulation
Verapamil Solution CYP2CS8, CYP3A4,

CYP3AS5, 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

32
Unpublished results

bound to the drug

32
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Virtual Active CD Population:
Data Incorporation

o M-1

1 [T} W%cﬁ% oM-3

--2_ QH' + " & M-4

Tl -
1 - %ﬁj + °;+ Q;f* ovia

Relative AUC (CD/HV)
L] &
—0—
——0— 4
.—.—<

o

-3-0-

——

— 00—

00—

=

Relative Cmax (CD/HV)
M@
—O—
l 1

-2
N P S T <‘4\L \0\ & <‘1>\'\<"
Q@‘?@@\@@ q@a, é“\\\fb@&e&p oy o‘?\\ ,‘,Qéi $o® 0@ ‘vo.éo &\"’\\0&*\4&"’ e o
¢ & 064 P & Oe“\ & OQ@ ‘0'50 & 5 ‘\Q@A < 4000& °©
Q.
33
Unpublished results
33
What is Bioequivalence?
Absolute Bioavailability Two formulations giving rise to essentially similar
c » drug concentration-time profiles will provide

Fabs = (AUC,/AUC,,).(D4/D,) |

equivalent therapeutic effect.

C

oral

Reference

Relative Bioavailability

Frel = (AUC,1/AUC2).(D02/Doy) |

rall

oral2
-
Design: t
*  Mostly R-T Cross-Over

*  Parallel with larger number if wash-out is too long
T RTR and RTRT if intra-subject variability is too high
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Drug

Selection

Budesonide (Entocort EC)
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BE Criteria and Coloring Rule

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

True negatlve

39
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BE Results Simulated With 10 Trials VS 1 Trail (Enterocyte Auclast)
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