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MIDD — Model Informed Drug Development

Why MIDD useful in analgesic development for pediatric especially between birth to Less than 2yrs?

e Key Questions (KQ) -focus on why certain modeling is needed to answer clinical questions

* Data (utilize data from nonclinical to all phases in clinic from adult and older children)

* Data quality due to efficacy endpoints variations (pain perception and analgesic response)

* Assumptions setting, testing/evaluation to increase confident, especially on extrapolation and simulation study

using existing PK, PD data based on assumption

 Modeling approach (tailor based on the KQ, data and assumptions)

* Accumulation of knowledge to I prob. of success of new trial design to collect data or replace study

e Accelerate development with real-time quantitative assessment of emerging data

e Utilize data from similar class of MoA in various pediatric population
e |Impact: Support dose finding and selection based on TI

e Support communication for sponsors and regulators decision making
Making use of data from existing PK/PD studies
¥
Optimize future PK/PD studies (collect useful data)

Robust model based on data PK/PD studies

Extrapolate to efficacy
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Empirical Approach vs. Mechanistic Approach for Simulation and Extrapolation?

Sparse sampling PK in Ph2

g%
Concentration (ngfmL)

Concentralion (nM)

Consideration:
= * Objective/ Key questions?
flai-te-ntachess - = e e Robustness of prior knowledge e.g.

Dose
Time since last dose (hrs)

animal models, adult models etc.
e Assumption setting and

“TOP DOWN” evaluation!
e « Amount and quality of data (sample
Plasma Data POPPK Confirming and size)
l 1 1 e Describe? Extrapolation? Extend?
T T T e Clinical trial simulation?
Demography, o p— Usage: FTIH, pediatric, DDI and Renal
FEZ:'::.‘ZT’ : and Hepatic impairment (where
—— QsP appropriate), formulation development
“BOTTOM UP”

Peripheral—
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PK-PD data, modeling in acute and chronic pain
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Pharmacokinetic—

REVIEW

pharmacodynamic modeling
in acute and chronic pain:

Pain asscssment using the Adolescent Pediatric
Pain Tool: A systematic review

Ararda Maria Femandes 0" Cetarira De Campos 858" Luis Batalha ph' Ana Perdigio #M5:" Edemia lacob Phix

Pharmacokinetic Models of Morphine and its Metabolites in
Neonates:

Systematic Comparisons of Models from the Literature, and Development of a New Meta-

an overview of the
recent literature
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Challenge of mathematic model development

* Even we have data, there are challenges of the complexity of the mathematical model e.g. diclofenac, if we don’t
consider the use of PBPK but with simpler compartmental model/s

e A non-steroidal anti-inflammatory drug (NSAID)
e Reduce pain and inflammatory

* Sodium salt e "

e Linear PKin adult (25mg - 100mg) s "D 2 2 PRI o

e Commonly used “off label” for acute pain in children e T — "/ e
(0.5-2.5mg/kg) T e T e

e License for pediatric oral formulation is not available Male 41 69%) pEme 5505 To = Transic comparement.

* PKmodel: new oral dose, Img/kg in pediatric patient ™" P e e :wnmma::mm:;;;w;m;:gmm

* Adult rich data (30 healthy volunteers) - 50mg oo i i I e e

70 pediatric patients — minor surgery — pre-op dose Prastic” 46 - - € e i ke

e Similar AUC
e Pediatric patient won’t higher dose

Venot, A. et al, J. Pharmacokinet. Biopharm. Vol. 15, No. 2, 179-189, 1987
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Diclofenac dual absorption first pass model

Mathematical structural identifiability

* Proven that the delay mechanism occurring
prior to the introduction of the absorption in
the 2nd depot compartment in the model
enhances the identifiability status of the model

* From an unidentifiable model to a globally
identifiable model = which essential to predict
unigue and stable PK parameter and model to
link with PD/efficacy

Dose

Diclofenac

Depot 2

‘ 4’-Hydroxy-
diclofenac

-
=
.

* A major metabolite 4’-hydroxydiclofenac
* (CYP2C9)

e Cly,4ons @ useful in vivo marker of CYP2C9

* expression

* Previous in vitro: CYP2C9 expression to be adult
e equivalent by age five months

* CYP2C9 ontogeny using the base model
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PBPK model applications in drug development Increased regulatory

acceptance over the years

Mygrmher of MDA Sabmizsices Per Year Containing PEPK Analyses and Bespective Sreas of Application, im the Perisd of 2008 o 2007
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Total inmended appdications”

* The total number of intended PEFE applicanions exceeds the number of MDA, sobenissione containeg PEPK smalyses 2 each submision might concam more than | area of
applicadon.

Absorption

U s PO W - m:immm The focus should be to
Hepatic PD, but PK and
irmpairment [6%)

exposure still essential
for extrapolation and
linking to PD
especially < 2yr

Pediatrics [15%)

Dol-transporter based
%]
D-enayme based [S0%]

Grimstein et al. J Pharm Sci 2019

13 December 2018
EMA/CHMP/458101/2016

O

EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES HEALTH

Committee for Medicinal Products for Human Use (CHMP,

Guideline on the reporting of physiologically based
pharmacokinetic (PBPK) modelling and simulation

Physiologically Based
Pharmacokinetic
Analyses — Format and

Content
Guidance for Industry

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

August 2018
Clinical Pharmacology

Firinlogically Based Pharmacokinesic Analyses - Format and Content
80318

ng Group April 2016
v May 2016
21 July 2016
29 July 2016
31 January 2017
foup October 2018
October 2018
13 December 2018
1 July 2019

ng,
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Maturation impact to PK

Overview of Developmental Changes of ADME
Determining appropriate dos.fng re_g_:'mes is compiex owing to the phys."ofog.f’caf and anatomica!_changes that occur during

childhood

» Drug-metabolising
enzymes show
age-tependent
changes in activity

+ Time of maturation
is enzyme-specific

Gody compaosition
depends on age —so
does drug distribution:
Low plasma proteln
concentrations and a
higher body water
composltion
Absorption can be
affected by differences
In gastric pH and

Qtomach emptying time
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percutaneous
absorption; higher
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mag/kg dose

]
Renal excretion Is
reduced in neonates due
to immature GFR, tubular
secretlon and

reabsorption

GFR appro. 90% of

adult values atage of 1
year
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J Release from formulation

may be modified (extended
release and enteric coating
problematic)

= Absorption will change
with age
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Article

Predictive Performance of Physiologically Based
Pharmacokinetic (PBPK) Modeling of Drugs Extensively
Metabolized by Major Cytochrome P450s in Children

Wangda Zhou. Trevor N. Johnson, Khanh H. Bui. 5.Y. Amy Cheung, Jianguo Li. Hongmei Xu
Nidal Al-Huniti, Diansong Zhou 2

First published: 13 October 2017 | https://doi.org/10.1002/cpt.905 | Citations: 25

CPT: Pharmacometrics &
Systems Pharmacology

original Articlz

@
Predictive Performance of Physiologically Based

Pharmacokinetic and Population Pharmacokinetic
Madeling of Renally Cleared Drugs in Children

[= Open Access

W Zhou, T Jchnson, E Xu SYA Cheung, <H Bui. | Li. N Al-Huniti. D Zhou i

First published: 27 angist 2016 | hittps:/fdoiargf10.1002/pspd. 12101 | Citatinns 43
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Predictive Performance of PBPK Modeling of Drugs

* PBPK modeling is a useful tool for extrapolation of PBPK models can reasonably predict exposure in children 1
PK profiles in children with only adult clinical trial th and older f £ dominantly CYP
results and is exceptionally valuable to guide mon ari older tor an array ot predominan y. o
selection of doses in first-in-pediatric studies metabolized drugs. The default ontogeny functions within
« Atotal of 67 clinical studies from 10 CYP Simcyp should be applied for all CYP enzymes except for
metabolized drugs were available across all CYP2C8, where the function proposed by Upreti and
pediatric age groups (1 month to <18 years) Wahlstrom should be used
* Predictive performance of PBPK modeling approach
was evaluated using 10 drugs extensively Obioid o
metabolized by major CYP enzymes, desloratadine, “PI0! 200k = g = = == == === i
diclofenac, itraconazole,, lansoprazole, NSAID 21.80— = @ — —— —_—,~:———~r——i—_———
. . s
montelukast, ondansetron, sufentanil, theophylline i 1.00 s, o _:
and tramadol R P e e e
0850 = = = P = = T - - == .-——-==-
& - - e
Clinical Pharmacology o5
& Therapeutics S A .
Article E F Y
Predictive Performance of Physiologically Based ]
Pharmacokinetic (PBPK) Modeling of Drugs Extensively 05 2 4 A.ga {year) 12 1
Metabolized by Major Cytochrome P450s in Children
Wangda Zhou. Trevor N. Johnson. Khanh H. Bui. 5.Y. Amy Cheung, Jiangue Li. Hongmei Xu.
Nidal Al-Huniti, Diansong Zhou 4. INTERNATIONAL CONSORTIUM ér
First published: 13 October 2017 | https://doi.org/10.1002/cpt.905 | Citations: 25 OVERALL PREDICTIVITY Of PBPK MODELS: F|”ed C|rCIeS represent mean ratIOS Of Ifﬁﬁ‘:?;l;:?ljjgljiﬁii

PBPK predicted clearance over observed clearance of all drugs (except
esomeprazole, presented as filled triangles) in children 1 month to 18 years old. ()
Blue dashed lines and red dotted lines represent the 1.5-fold and 2-fold error. CE RTARA



Example Morphine neonatal PKPD model (prior and meta-model)
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Example Acetaminophen (Paracetamol) Model in preterm, neonates and infants

Population Pharmacokinetics of Intravenous Paracetamol Randomized Population Pharmacokinetic T
Analysis and Safety of Intravenous rRelfmcaimmmg ot e

(Acetaminophen) in Preterm and Term Neonates: Model Acetaminophen for Acute Postoperative ey Py, . o e
Development and External Evaluation Pain in Neonates and Infants e R

DOL 10.10025ph. 1508
Sarah F. Cook', Jessica K. Roberts?, Samira Samiee-Zafarghandy> Chris Stockmann®?,
Amber D. King’, Nina Deutsch®, Elaine F. Williams?®, Karel A.Ilcgam?'a. Diana G. Wilkins ',
Catherine M. T. SherwinZ, and John N. van den Anker3.10.11.12 Gregory B. Hammer, MD', Lynne G. Maxwell, MD?, Brad M. Taicher, DO, MBA?,
Mihaela Visoiu, MD*, David S. Cooper, MD, MPH®, Peter Szmuk, MD®,

Leng Hong Pheng, PhD’, Nathalie H. Gosselin, PhD’, Jia Lu, PhD®,
and Krishna Devarakonda, PhD, FCP*®
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Intravenous Acemmnophen Groups Conerod Groups
Sty descriprion Pase 111 mubtiple-dose study of intravenous Phase LI mubtiple~dose study of intrevenos s . i
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Figure 4. The relationship between clearance and postmenstrual age:a C E RTARA - )
sigmoidal pattern with a clearance plateaw of 18.9 Lih per 70 kg observed Y

in neonates, infants, children, and adolescents.
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¢ Systems view of the complexity and connectivity of clinical pain. A systems
understanding of pain relies on a mechanistic understand of its underlying

‘ - biomarkers

[ - drug exposure

' = clinical cutcome measure

Translational QSP model

Inflammalion CHS Pan
markens) imaging  self-raport
Integrated
analysis
MNSAID Opioid  Psychosocial  Pain
factors  behawiour

B

Biomarker-based characterization of
variability in pain and treatment response

L et

Personalized Translational
freatment drug development

processes. Data types which can provide information on this understanding
include patient-reported outcomes, psychological assessments, neuroimaging and
molecular markers, of which examples are shown.

¢ Integration of data from different populations within a translational quantitative systems
pharmacology (QSP) model to support personalized treatment and drug development.
CNS, central nervous system.

Towards personalized treatment of pain using a quantitative systems
pharmacology approach
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