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* Owing to ethical and logistical constraints, clinical investigation of drugs
in the pediatric population is challenging

* Physiologically based pharmacokinetic (PBPK) modeling because of its
ability to facilitate age-dependent extrapolation of data can be a
valuable tool in pediatric drug development

 PBPK combined with mechanistic absorption models validated against
adult datasets can describe API ADME in pediatrics for multiple routes
of administration

SimulationsPlus
SCIENCE +SOFTWARE =SUCCESS



 PBPK models, a quick ABCs

* Midazolam case study
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The Federal Food, Drug, and Cosmetic Act (FD&C Act)
defines pediatric patients as persons aged 21 or younger at
the time of their diagnosis or treatment (09/2019). Pediatric
subpopulations are further categorized as follows

Neonates Infants Children 2 -12 Adolescents
0-28 days 29 days- 2 years years 12-21 years

https://www.fda.gov/medical-devices/products-and-medical-procedures/pediatric-medical-
devices#:~:text=The%20Federal%20F00d%2C%20Drug%2C%20and,t0%20less%20than%202%20years

Pediatric Study Plans:

Content of and Process for
Submitting Initial Pediatric
Study Plans and Amended

Initial Pediatric Study Plans
Guidance for Industry

A sponsor who is planning to submit a marketing
application (or supplement to an application) for a
new active ingredient, new indication, new dosage
form, new dosing regimen, or new route of
administration is required to submit an iPSP (08/2020)
=» Section 3 Overview of planned extrapolation to
specific pediatric population:

“The sponsor also should discuss use of modeling and
simulation to optimize studies to support

extrapolation” SimulationsPlus
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https://www.fda.gov/media/86340/download



The Right Patient(s) The Right drug(s) The Dose

7 V 7

* Disease definition * Target interaction * Efficacious dose

e Targets? e Action mechanism * Right exposure

* Disease progression * ADME * Right time

* Pharmacology response * On target binding * Interaction

. i . indi * Route of administration
&rlsks Off target binding ninistration,

Modeling!!! Provides a simpler and integrated view! @& simulationsPius
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» Body/organ weight
» Blood flows

» Tissue composition
» Enzymatic abundance
> GIT

Pharmacokinetics

v' Interspecies scaling: FIH

v’ Special populations: Pediatrics,
kidney and liver impaired

v" Drug-drug interactions

v" Food effect

R Predicted PK

rterial blood

Drug parameters

Concentration

» Phys-chem properties
» Protein binding oS .
» Blood to plasma ratio

» Permeability

» Enzymatic clearance SimulationsPlus
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PEAR Physiology
File Legacy Options
New PEAR Physiology

For infants specify born at term Balance Model | (33 [~ Expand view

or premature infant (up to 16 PEAR Inputs PEAR Outputs
) Mame Yolume [ml] Ferfuzion [mL./z]
weeks premature) Species:  [Hyman -] b |Hepatic Atery 0.0000 1.3644
; ; Lurg 54,0355 15,3410
(this option appears only when Population: [4rercan = Aterial Supply | 90,3433 15,3410
/ Wenaus Heturn 180.6878 15.3410
age IS Set to /eSS than 1 year O/d) Gender: |h-1a|e ﬂ Adipose 15958074 0.3632
Muscle £47.9855 05275
] . Age: | -l |4 -~ Liver 1236732 3.0833
Some physiological parameters = = ACAT Gt 0.0000 13985
d dent both Born: (% at term [40-week gestation] Spleen 11.8211 0.3209
are depenaent on botn, > pematwe [0 weeks Heart 217161 0.4303
estational age and postnatal o LIS sead
g . g P _ Mo Kidney 29 7168 2 9186
age (i.e. % body fat, hematocrit, eiontfemk ki 53653 05005
GFR) Weight [kal:  4.06 FredMarnow 436925 03558
BMI [kg/m™2]: — ' ellowbd arrow 1.0697 0.0009
aam <k FrestOfBody 491 2590 0.3359
# Body Fat:

CO [mL/s]: 15,341 Hon-perfused bone [g]: 227.952 [% BW: 5.615]

Reminder, Adipose tizzue in infants and voung children still haz significant
water content (54, 29% in this phyziologe] =0, unlike in adultz, the zize of the 0K ‘ Cancel

S dipoze tizzue does not reprezent well the % body fat




Pediatric Intestinal physiology

* Limited information available for some parameters, i.e. gastric emptying or
small intestine transit time (dependent on measurement method)

* For some parameters, the information is only qualitative (i.e. underdeveloped
villi structure in infants < 3 years old or differences in bile salt composition

and site of reabsorption)
* Intestinal Physiology Scaling in GastroPlus:
— Stomach pH in neonates
— Stomach volume
— Intestinal length and radius (and subsequently volume)
— Transit times
— Enzyme and Transporter Expression Levels

10 &8 SimulationsPlus
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of all applications using

only 2 cases were to support dosing
recommendations in US prescribing information.
=» Since then, PBPK knowledge has evolved

m DDI

M Pediatrics

M DDI+others

M Oral Absorption

M Hepatic impairment
m Renal Imapirment
I Pharmacogenetics
1 Others

" Initial adult
PBPK model

Evaluate initial
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the model-
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gp y
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i i 3 'i!
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Reevaluate
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BCS Class 1

Well absorbed in the gastrointestinal tract
Oral bioavailability = 35 % due to first pass
metabolism

Half life = 2 hours

Metabolization by CYP3A4

All in vitro parameters for volume of
distribution and clearance estimation are
available

SimulationsPlus

SCIENCE + SOFTWARE=SUCCESS



e Kidney clearance set to fup x GFR (minimal pathway)
e Studies population: Adult, 24 years old, 73 kg in average

Concentration (ng/mL)

IV Bolus 5 mg Ave. PBPK in vitro

PO Soln 7.5 mg - CompPK

1=
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Simulation Time (h)
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130400
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1104
100+

5 10
Simulation Time (h)

Overall, the model can describe the observed adult plasma concentration time course
following the IV or PO administration of midazolam across a wide range of doses

SimulationsPlus
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e Kidney clearance set to fup x GFR (minimal pathway)

* PBPK physiology set for pediatric population: Age range 1 -12 yo
* Dose =0.1 mg/kg PO

Plasma Concentration (ng/mL)

Population Simulation: Pediatric-PBPK

1204
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Population Simulation: Pediatric-PBPK
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1= MNose

Database

Compound T Physiology T Enzymes T Transporters

Surface Area (sq cm) |2|;|

Liquid [Mucus) Thickness [cm) |1.4E-3 Liquid [Mucus] Yolume [mlL) In_ugg

Epithelial Thickness [cm) |5.I]E 3 Epithelial Yolume [mL) ||11

Mucaociliary Transit Time (h) g 25 Tissue Yolume [mL] |3.535

0

lar-Interstitia

Systemic compartment represents the systemic
circulation in the PBPK model (verified using IV data)
Stomach is the first compartment of the ACAT model
(verified using PO data)

Each tissue is defined by its own physiological parameters
(age dependent)

Once the drug is administered in the nose, it can (1) enter
the systemic circulation (2) reach the stomach
Intranasal-pulmonary model accounts for all absorption
pathways

SimulationsPlus
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* Intranasal-pulmonary model used to describe the administration of 5 mg

, - Adult PO (5mg)  IN (5 mg)
%: % absorbed from the nose - 65.6
:.E' 2 % absorbed from the gut 100 33.2
g 56 , % reaching the portal vein 40.5 9.1
il ' | | % bioavailable (F) 19.4 69.9

Simulation Time (h)]

* Pulmonary systemic absorption rate were fitted using the observed data in
adult

* Final model could describe the observed plasma PK data
17 SimulationsPlus
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* Intranasal-pulmonary model used to describe the administration of 0.1
mg/kg dose in pediatric subjects (2 years old, 12 kg)

* Pulmonary systemic absorption rates fitted using adult data were used

Pediatric - Intranasal

: Pediatric PO (1.2mg) IN (1.2 mg)
g: % absorbed from the nose - 65.6
g ™ % absorbed from the gut 100 33.9
E : | % reaching the portal vein 21.2 4.8
: q ,l % bioavailable (F) 10.6 68.1
Simulation Time {h)

* Final model could describe the observed plasma PK data
18 SimulationsPlus
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approval

 These authorities recognize the role modeling and simulation can play
to address efficacy and safety concerns for pediatric populations

* Because PBPK is based on physiology, these models can be scaled to

describe a pediatric population qn\
\

* PBPK combined with mechanistic absorption models
validated against adult datasets can describe API
ADME in pediatrics for multiple routes of
administration |

19 SimulationsPlus
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Thank you!

SimulationsPlus
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For More Information:

Visit our website at: www.simulations-plus.com

Email: maxime@simulations-plus.com

SimulationsPlus
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http://www.simulations-plus.com/
mailto:info@simulations-plus.com

	Slide Number 1
	Talking Points
	Outline:
	Pediatric special population
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Pediatric physiology
	Pediatric physiology
	Pediatric Intestinal physiology
	Pediatric physiology: Enzyme Ontogeny
	Pediatrics PBPK
	Midazolam case study
	Baseline adult model 
	Pediatric PBPK: population simulation
	Intranasal administration PBPK
	Intranasal administration: adult
	Intranasal administration: pediatrics
	Conclusions
	Slide Number 20
	Slide Number 21

