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Reality of Special
Populations in Clinic

100 Years Old

Problem

Known within Modern Medicine.
Sir William Osler (1849-1919)

Professor of Medicine Oxford,
England

Issues with Current
Drug Development

- Regulators,
- Professional Associations, and
- Patient Advocacy Groups

Are asking for more
diversity in the clinical
drug trials.
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Sources of Variability

A Cross Section of Patients! (courtesy of Geoft Tucker) S
EXTRINSIC

Smoking Environment

Ther. 84, 287-294 (2008).

Diet |

Genetics INTRINSIC

(possibly 2D6 Pregnancy Race

poor ‘ DDI Organ Dysfunction

metaboliser!?!) Lactation Sex
Disease Age /
\ Genetics /
' Regulatory-__- &

3 Medical

Huang, S-M. & Temple, R. Is this the drug or
dose for you? Impact and consideration of
ethnic factors in global drug development,
regulatory review, and clinical practice. Ciin.

react alike and behave alike under the abnormal

conditions which we know as disease”

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

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

1,000->100,000,000
(Courtesy of Dr Bob Powel)
Diversity
- Age
« Size
Patient Numbers

200 500-10,000

Controlled Trial Sample

100

« CHF

+ Burns

Function
+ Other Drugs
+ Genotypes
« Ethnicity
« Diet
+ Food intake

FDA
Approval

1-3 IND Phases Market Life Cycle

http://www.nationalacademies.org/hmd/Reports/2017/drug-development-paradigm-in-

oncology-proceedings.aspx

« Disease Status
« Co-morbidities

« Pregnancy

« Kidney/Liver

Diversity Plans to Improve
Enrollment of Participants
from Underrepresented Racial
and Ethnic Populations in
Clinical Trials
Guidance for Industry

FDA Guidance for Industry

Center for Drug Evaluation and Research (CDER)

Center for Biologics Evaluation and Research (CBER)

Clinical/Medical

November 2020
April 2022
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Book Chapter:

A Rostami-Hodjegan and B Achour, in “Advances in Pharmacokinetics and Pharmacodynamics” by

P Macheras, Springer 2023

On the Verge of Impossibility:

Caring for All Permutations of Comorbidities Influencing the

Hepatlc functlon o,

Renal functlon -- W
\
Obesny /

Fate of Drugs

Time

Mlcroblota to

Change

, Ethn|C|ty Philosophy

""" ] Variability in Exposure (PK)

e, and Response (PD)
Alcohol 7 T ¥ \ N

Drug-drug interactions /

AAPS Workshop on _

Specific Population Drug Dosing
Recommendations: Shifting from Clinical
Studies to Predict and Confirm

October 24-25, 2015

Orange County Convention Center - Orlando, FlL

_Renal Impairment

Renal Impairment

% New Drugs Approved by FDA

WITHOUT Dosing Information on

2013 2014

Dlntrinsic

DExtrinsic

90 = Mild
8o N Moderate
M Severe

2015 2016 2017 2018 2019

Jadhav et al., 2015

AL-Qassabi J, Unpublished Survey
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nature publishing group

Physiologically Based Pharmacokinetics
Joined With In Vitro—In Vivo Extrapolation of
ADME: A Marriage Under the Arch of Systems
Pharmacology .
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PBPK-IVIVE
linked models

Assessment of covariates and study
design using PK (/PD)
simulated the target population

(a) Roux-en-Y gastric bypass surgery (RY)

Simulated postsurgical/presurgical AUC ratio over a
range of selected drugs at LOW, MED, and HIGH
therapeutic doses: Simvastatin Immediate Release
(IR), Omeprazole Enteric Coated (EC), Diclofenac EC,
Fluconazole IR, and Ciprofloxacin IR for :

(b) Biliopancreatic Diversion with Duodenal

Switch (BDDS)
(c) Jejunoileal Bypass (JI-B)
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A Potential Solution to ‘Stratified Virtual Populations’: From ‘a posteriori’ to ‘a priori’ Prediction

Address the Problem

Focusing =AM e
on
SYSTEMS
rather than
DRUG
w| ¢

Virtual Patients with
All Known Interacting
Covariates

Special Population
~@—Early Development
—@—Transporter DDI

Rate of change

Year

Drug Dispos. 42:107-117.

STATE @ ART Clin Pharm Ther 2018 - 103 (2): 224-232
-

Reverse Translation in PBPK and QSP: Going
Backwards in Order to Go Forward With
Confidence

. : s 1.2
Amin Rostami-Hodjegan ™

(b)

Reverse Translation:
Goes Back to Pre-Clinical " | Forward Projection:

& Other Clinical Studies Use the Reverse
Translational Steps with
Middle-Out Analysis to
Projectbeyond the Scope of
Initial Clinical Observations

< Special/Disease Populations Is the Fastest
Growing Area of PBPK-IVIVE Applications!
El-Khateeb et al. (2021) Physiological-based pharmacokinetic modeling

2010 2012 2014 2016 2018 2020 trends in pharmaceutical drug development over the last 20-years; In-
depth analysis of applications, organizations, and platforms. Biopharm.

Combining the ‘bottom up’
and ‘top down’ approaches

in pharmacokinetic
modelling: fitting PBPK

models to observed
clinical data

Mikoleos Temandouras, Amin Rostami-Hodjegan'” & Leon Aarons’

Br J Clin Pharmacol 2014 -79 (1): 48-55

Clarifying
Common
Philosophical
Misconceptions
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PERSPECTIVES

Industrial Perspective on the
Benefits Realized From the
FDA’s Model-Informed Drug
Development Paired Meeting
Pilot Program

Gerald R. Galluppil", Satjic Brar?, Luzelena Caro3, Yuan Chen",
Nicolas Freys, Hans Peter Grimms, Deanne Jackson Rudd3,
Chi-Chung Lis, Mindy Magee7, Arnab Mukheriees, Lee Nngno9,
Vivek S. Purohic'®, Amit Roy“, Ahmed Hamed Salem'?"3,
Vikram Sinha®', Ahmed A. Suleiman'®, Kunal S. Taskar'®,
Vijay V. Upretils, Benjamin Weber!” and Jack Cook'®*

Dose o
Selection 78.9%

Clinical Trial a

Mechanistic -
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Biopharmaceutics &

Another
Philosophical
Change

Part I - Applications and Rationale Behind the Use of Open Source-Code Software

Biopharm Drug Dispos 2023 — UNDER REVIEW

Drug Disposition

In-Depth Analysis of Patterns in Selection of Different
Physiologically-Based Pharmacokinetic Modeling Tools:

Part II - Assessment of Model Reusability and Comparison Between Open and Non-
Open Source-Code Software

50%

ORIGINAL PBPK SOURCE MODELS

Not Reused
64%

ORIGINAL PBPK SOURCE MODELS

Not Reused
40%

Not Reused

-

Original
PBPK models.
Simcyp
(45)

@
Reuse (72)

Partially Reused

k 920%

Internally
Reused
36% ( of
Reuse (72)

Original
PBPK models
GastroPlus

Reused
50%

Fully Reused
Internally
Reused
Casesof W 29% @ cases of
Reuse (45] Reuse (45).
Externally
Reused Partially Reused
920%

64%

REUSE CASES OF SOURCE MODELS

(34)

Cases of
Reuse (31)
Parti
e

PBPK model

4%

Original

(149)

——
Fully Reused

Internally
Reused J
35% @ cases of
Reuse (31)
Externally
Hally Reused Reused
o

65%
REUSE CASES OF SOURCE MODELS

Cases
Reuse
(60)

47%
Original

PBPK model

Internally
Reused
62%
Cases of
Reuse (60)
Partially Reused Starnilly
90% %

Reusability Concept for Models

A computational model is considered entirely
reusable if it may be utilised as a simulation
component within other mathematical models,
with its physical scope being the sole constraint

[EEN
w

Rodrigues Matos T, et al. (2013) On a
reusable and multilevel methodology
for modeling and simulation of
pharmacokinetic-physiological
systems: a preliminary study. Comput
Biol Med. 43(10):1512-22.

Definitions - Current Analysis by the University of Manchester for PBPK Models Reusability

Reusability dependent components, (1V) the modelling strategy, or (V) Leveraging the aforementioned

The reutilisation of (I) the model in its entirety, (1) the systems components, (I1l) the drug-
Partial Reusability (1, (1, (V) or (V) above
Full Reusability (1) above
External Reusability Reusability by researchers outside the organisations affiliated to original model
development

Reusability of involving researchers from the same institution involved in the development

Internal R ili L.
R RS IIG of original model

[EEN
»
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Regulatory Picture: A Dynamic Scene

Contents lists available at ScienceDirect

Journal of Pharmaceutical Sciences

journal homepage: www jpharmsci org

Special Topic Commentary

Physiologically Based Pharmacokinetic Modeling in Regulatory M) Check for updates
Science: An Update From the U.S. Food and Drug Administration’s
Office of Clinical Pharmacology

Manuela Grimstein, Yuching Yang™, Xinyuan Zhang’, Joseph Grillo, Shiew-Mei Huang,
Issam Zineh, Yaning Wang

Absorption
Renal and/or Food  Other (2%)
impairment (4%) effect (4%) 2
Pharmacogenetics (2%) D D I -
still
Hepatic
impairment (6%) dominates the

submissions

Pediatrics (15%)

DDI-transporter based
(7%)

DDI-enzyme based (60%)

15

Color Key:

Higher confidence, greater
experience, fewer knowledge
gaps, higher likelihood of
acceptability to inform labeling
and regulatory decisions
Drug

Some experience, knowledge Interactions

gaps identified, likelihood of
acceptability to inform labeling
and regulatory decisions case by
case basis

Limited experience, significant
knowledge gaps, low likelihood
of acceptability to inform
labeling and regulatory decisions
at this time Specific
Populations

Pediatrics

Some experience, but knowledge
gaps exist (greater utility in age

< 2years

Renal or Hepatic Impairment

Some experience, but prediction
not mature

Pregnancy, Ethnicity, Geriatrics,
Obesity, and Disease States
@ Prediction not mature

Adapted from:
Wagner et al., CPT:PSP, 2015 & Joe Grillo’s
Slide at PKUK (2018)

Virtual Patients to Conduct In Silico Trials

Biosimulation to predict how the attributes of body affect the drug fate in each population:

Skin Brain
Liver Heart
Lung Kidney

Adipose Muscle

Gut Bone

16

Possible Applications:

First-in-Human
Dosing

Drug-Drug
Interactions

Clinical Study

Design Pediatric Dosing

Bioequivalence Formulation

Hepatic

Renal Impairment )
Impairment

Reduced Cardiac Food Effect

Output
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Areas of Significant Impact: PBPK-IVIVE Approach

Clinical Trial Waivers Extrapolation to Special Populations

17

Clinical Pharmacokinetics
https://dol.org/10.1007/540262-022-01169-4

SYSTEMATIC REVIEW

Ghack for
Updates.

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

S-Verapamil ;
Midazolam-| : e
Propranolo- '
R-Verapamil| e

S-Verapamil : Hepatic DMET
Prednisolon-|
Prednisolon-|
Upadacitinib
Thalidomide
Cyclosporine-|
R

Intestinal DMET

e
e
-
3
ibd
Cyclosporine —g—
Y roniit .! O CYP3A substate Hleum G a=p
8-
—.—
i

Metronidazole
Acetaminophen- O Mot CYP3A substrate
Colon @ dEp

Fexofenadine
Methyldopa-

Mesalamine- . —a8—
Budesonide (Fed) R Blood/Vascular System
auaesz:;?fg:f: F: Levels of al-AGP A&
" - — 1 Levels of Albumin W
RN -»
Decrease Increase

Mesenteric Blood Flow AN

Relative Exf (CD/Healthy voll )

18

Reduction in Study Patients

(1) Integration of
Existing Data;

(2) Creation Non-
Existent Data

Gl Tract Motility
Gastric Emptying Time A\

Intestinal Transit Time AV

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

Gut Morphology
Gut wall thickness ?
Villous length ?
Epithelial cells shedding ?
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Model Verification/Credibility Requires Multiple Drugs & Formulations

Same Changes in Physiology: Varying Impact on Different Drugs
(Midazolam [MDZ] vs Budesonide [BDS])

a b C
SITT W BDS pH Jejunum MDZ pH Jejunum
GET pH.. pH..}
pH Jejunum SITT Liver CYP2C9
pH.. BNNN Intestinal.. Liver CYP1A2
Intestinal.. Liver.. Intestinal..
Liver CYP2C9 Liver.. Liver CYP3A4
Liver CYP1A2 Liver.. SITT
Liver CYP3A4 GET Serum..
Serum.. Serum.. GET
Cardiac.. Cardiac.. ‘ Cardiac..
AUC Cglg%ogl?%%?é&l(%lj) ! Cm axongégl'cl)%e%%Bl) 01 Tmax Gol.gtaloiadei (GI;O

19

What Does Validation Mean in This Context? e.g. DDI & RI

Renal Impairment

Effect of ketoconazole on the pharmacokinetics
(Clinical Study)

and safety of telithromycin and clarithromycin in
older subjects with renal impairment

J. Shi', S. Chapel', G. Montay?, P. Hardy?, J.S. Barrett', D. Sica®, S.K. Swan*,
R. Noveck®, B. Leroy’ and V.O. Bhargava'
INT J CLIN PHARM THER 2005

Predicting Drug Interaction Potential With a
Physiologically Based Pharmacokinetic Model:

A Case Study of Telithromycin, a Time-Dependent
CYP3A Inhibitor

MALT Vieira'%, P Zhao!, EG Berglund®#, KS Reynolds', L Zhang', L] Lesko! and §-M Huang!

Renal Impairment
(IVIVE/PBPK)

Biopharm Drug Dispos 2012
Utility of a physiologically-based pharmacokinetic (PBPK) CLIN PHARM THER 2012
modeling approach to quantitatively predict a complex drug-

drug-disease interaction scenario for rivaroxaban during the Drug Label Case

drug review process: implications for clinical practice (DDI in Renal Impairment

Joseph A. Grillo®, Ping Zhao™", Julie Bullock®, Brian P. Booth?, Min Lu®, Kathy Robie-Suh®, Eva Gil Berglund®,
K. Sandy Pang?, Atiqur Rahman®, Lei Zhang®, Lawrence J. Lesko®, and Shiew-Mei Huang®

20

10
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Ten Years Later and with the Help of RWDA (Real World Data Analysis)

Source:

SQL extracts from Analysis:

EHR from HIPAA- Fishers exact test
compliant anonymized RI + +Pgp/3A -Pgp/3A

data from 117 U.S. 20,657 (2.35%) Ri had d +DIB | 3171 325
institutions in the Cerner- ‘i,..,..‘.,.;., bll“d‘am]ns- -oi | 53204 | 11135
Oracle RWD dataset for

the 5 year period (1/2017 3,496/67,835 (5.2%) Odds ratio: 2.04 (Cly; 1.82, 2.3)
—12/2021) RI+RBX had DIB

Conclusion:
Mild/Mod RI + Pgp/CYP3A INH +RXB

approximately doubles the risk of drug-
induced bleeding from 2.8% to 5.6%

+Pgp, INH
+RXE had DIB

Presenter acknowledges and appreciates the assistance of P Zhao & D McNair
Gates Foundation in mining and analyzing the Cerner Data; FDA

21

Clin Pharmacokinet
2011; 50 (12): 809-822

Application of a Systems Approach to the Bottom-Up
Assessment of Pharmacokinetics in Obese Patients

Expected Variations in Clearance

Cyrus Ghobadi,! Trevor N. Johnson," Mohsen Aarabi,' Lisa M. Almond,! Aurel Constant Allabi,' Karen Rowland-Yeo,'
Masoud Jamei' and Amin Rostami-Hodjegan'*

cardlac OUtPUt Vs BM' The National Institute of Health defines obesity
. Simcyp as having too much body fat. It’s been described

10 .I Vi as the fastest growing public health challenge
n vivo for the U.S. As the prevalence of obesity has increased,
so have related health care costs.
- 8
3 R —
Q £ ©. 1 million
5T ¢ °
° -
o E
83
T4
[
(&)
2 :
Nomal weight Qbese In 2009-2010, 35.7% of U.S. adults were obese.
o— ; v .
20 30 40 50
2 . .
BN {kghn) (ASMBS 2012; finance.yahoo.com 2012; Picot et al. 2009)

22
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Obesity: Key ‘Known’ Physiological Changes Then

80
Z Blood and Plasma Fat Free Mass
volume 60
,\7 —Blood _
=6 ~Plasma| g
2 40
N z 5
] - Cardiac Output
§
=3 20 o -
)
f ~ 614 o E& B
0+ £ oA .
0 E a R
0 20 40 60 80 0 10 20 30 40 50 60 7 | 3 R
BMI (kg/m?) BMI (kg/m?) o 3 *In vivo
O BSimeyp
14  o-1 acid glycoprotein
0
!' 15 25 35 45
b B - BMI (kg/m2)

o

g/L blood

\ 3 -
Liver Volume ~
<>

= <&
Obese Morbid obese — - . .1
!
— 160

CYP2E1

LV (L)

< 1
E 150] a i > 120
E 2
3 1 < 80 0
© 50 ° 42 46 50 54
40 BMI (kg/m?)
0
0 20 40 60 0% .
BMI (kg/m?) Non Obese Obese Ghobadi et al., 2011
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Clinical Therapeutics/Volume 43, Number 10, 2021

Pooled Analvsis of Gastric Emptving in Patients With Gl Physiological

0ole naltysis o astric Il'lptyll'lg 1n ratients 1t - - -

Obesity: Implications for Oral Absorption Projection Differences in ObESIty
Known Since Then

Chen-Xi Lu, BSc"*; Xiao-Xiao An, MSc"*; Yichao Yu, PhD*’; Li-Rong Jiao, BSc'+:
Daniele Canarutto, MD"; Guo-Fu Li, PhD'; and Guo Yu, PhD'

Obese Lean
_ ] subjects subjects P value 1% (%)
Gastric Emptymg: Solids - -
Ty, Is Shorter in Liquids 5% &7
Obese :

B 0.94 0

[ ]

0.70 1.0 1.5

Small Intestine in Obese: RoM (95% Cl)

Effect of obesity on gastrointestinal transit, pressure and pH using a
wireless motility capsule

- Higher Contractility

- Shorter Transit Time
- Lower Median p H N. Steenackers °, L. Wauters®, B. Van der Schueren*, P. Augustijns “1,k G. Falony =,
M. Koziolek ¢, M. Lannoo b A. Mertens ¢, A. Meulemans ¢, J. Raes*', R. Vangoitsenhoven “°,
S. Vieira-Silva ™', W. Weitschies?, C. Matthys™“ ", T. Vanuytsel ™" '

24
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A mechanistic pharmacokinetic model to assess modified % os m ! v v
oral drug bioavailability post bariatric surgery in morbidly g !
obese patients: interplay between CYP3A gut wall o %4 1 v
metabolism, permeability and dissolution 03 T
Adam S. Darwich?, Devendra Pade, Basil J. Ammori®?, Masoud Jamei¢, Darren M. Ashcroft® and 0.2 A i
Amin Rostami-Hodjegan®© 1
0.1 4 i i G e
ORIGINAL ARTICLE S P e S PO . G010 023 o High solubility _} Solubility limited
10° 10' 102

Evaluation of an In Silico PBPK Post-Bariatric Surgery 10 i [ioe
Model through Simulating Oral Drug Bioavailability of
Atorvastatin and Cyclosporine

Log Do
Reduced exposure ¥ Unaltered [ Increased A
have bariatric surgery ’ )

NATIONAL HEALTH CORRESPONDENT

AS Darwich', D Pade?, K Rowland-Yeo? M Jamei?, A Asberg®, H Christensen®, DM Ashcroft' and A Rostami-Hodjegan'?

A BARIATRIC SURGICAL PRACTICE AND PATIENT CARE
Volyme 9 Number 2, 2014
oot s N Can We Rationalize Oral Drug Exposure Following
SN v I | | Bariatric Surgery to Meet the Phamacotherapeuic Needs
S e o P of a Growing Patient Population? Gommentary on:
drug classe “Lithium Toxicty Following Roux-en-Y Gastric Bypass”
Nicto v ; : dam S, Darvich, MPharm, MSc, PhD, " and Amin Rostami-Hodjegan, PhamD, PD, FCP'?
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[ | = Mean observed post JIB (n=1} 1

5000+

A000

3000

20001

= Mean observed controls (n=7)

== Simulated controls {n=10-7)
== Simulated post JIB (n=10-1) A

2 4 s B 10 12 14 16 18 20
Dose (mg/kg/day)

2 PBPK Predictions

€ Actual Observations

Predicted A AUC for MDZ but ... De-Supression of CL Post-Surgery?

. . . 1.0
The Pharmacokinetics of the CYP3A Substrate Midazolam
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In addition to several other enzymes,
transporters and PD targets.

MR = metabolic ratio;
LB = liquid biopsy;
RPM = reads per million
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Liquid Biopsy: Quantitative Grade for Virtual Twins
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‘Liquid Biopsy’
A Game
Changer for
Handling
Variability

Going Forward: PD Variability using Liquid Biopsy

PK Variability = versus  PD Variability

0 Can we address PD variability using liquid biopsy?

4 362 PD targets in plasma (23 as protein in liver),
enzymes/receptors involved in inflammation, cancer,
immune response and cirrhosis

U Established correlations for several PD targets:
biomarkers of change in response to drugs &
disease progression
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Correlations with Tissue Expression
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Conclusion:

> Systems Approach Can Help with (a
priori) Dose Adjustment in Obesity.
> However, Systems Data Are
Required to Build Robust
Population Models and Apply to
Large Sets of Verification Cases.

Thanks for Listening
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