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Background

e Great need for generic inhaled drugs.

e High pressure to streamline generic development
and approval.

 FDA is very active in providing guidance information
and participating in discussions with stakeholders.
(June 215t 2013, FDA Meeting on Bioequivalence, ...
GDUFA Meetings, DIA 2018, today’s workshop ...)



Previous Work

FDA HHSF223201610099C, FDA HHSF223201110117A,
FDA HHSF223201610099C, FDA HHSF223201300479A.

Hypothesis for slowly dissolving drugs (F, ., = 0):
PK can provide information necessary to assess
pulmonary bioequivalence.

— Pulmonary available dose (AUC)
— Pulmonary residence time (C..,, t,.,)
— Regional lung deposition (c/p ratio)

- A formulation that deposits more centrally is predicted to have:
 Lower AUC due to increased mucociliary clearance,

* Lower C__,



Study Desigh and Results (in a nutshell)

— Formulate three Fluticasone
DPIs which differ in MMAD
(collaboration with Rob Price, Jag Shur)

Before dose normalization
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— In vitro evaluation found differences in C-3.7 um (Repeat)
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e Total Lung Dose (Mike Hindle)

in vitro

* Dissolution rate (UF) b

— PK could provide information on:

FP plasma concentrion (pg/mL)

 Total lung dose (AUC) 0 > 10 15 200 25
Time (h)

e Pulmonary residence time (Cmax/D)

e c¢/p ratio, based on Cmax/D, but not AUC

e Further information on c/p ratio necessary



Fe PART 2:

Population PK analysis
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Lung related mean PK parameter estimates

A-4.5 um B- 3.8 um C-3.7 um
Parameters

Mean Mean Mean
Absorption ti; for central lung (h) 2.7 1.6 1.7
Absorption ti; peripheral lung (h) 0.27 0.13 0.13
Absorbed dose - central lung (%) 6.1 6.1 53
Absorbed dose - peripheral lung (%) 1.7 5.7 6.0
c/p ratio 3.5 1.1 0.9



Summary

e Population PK could clearly provide
information on the regional lung deposition

* However, population PK is a quite involved
technique for standard BE assessment.

—> Future research to evaluate simpler
approaches informed by population PK.



Is C__ sensitive to the ¢/p ratio?

Differences in Dissolution Rate Cnax ratio, if only
dissolution differs
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Summary

* NCA-PK can provide information on
— Dose
— Pulmonary residence time

— Regional deposition
 Cmax seems to be sensitive to the ¢/p ratio

 Open Questions — Future Research:

— |Is NCA analysis (Cmax) a robust parameter?
e A PBPK/popPK based simulation approach
should be able to answer this question.
— How can we generalize this approach to other
corticosteroids, long-acting beta-agonists (LABAS),
and anti-muscarinic agents



Future Research I: Novel BE approaches to study regional
distribution of inhalation drugs supported by PBPK and PopPK

Range of drugs

Simulate BE

FP, MF, Tiotropium, Olodaterol studies based
Compartmental on Pop. PK
Modeling Vary regional
(pop PK) lung doses,

absorption rate

Develop PBPK Provide

model, including sensitivity of
Solubility BE approach
Permeability
In vitro Deposition for range of
Assessment:

Integrate drug classes

Simulate BE

Cascade Impactors

variability into studies based
Throats
i : PBPK model on PBPK
Dissolution - : ”
Deposition t? gaoe change dose,
Simulations simulations dissolution,

permeability
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Future Research Il: Systematic evaluation of the
ex-throat plume properties of MDI formulations

Droplet Size Plume geometry via MDIs: Advalir,
Distribution (DSD) laser diffraction Symbicort and
QVAR
Dissolution
profiles

Aerodynamic Particles

Size Distribution (NGI) Computational fluid
dynamics

Eight available throat models

OPC OPC OPC vCcu VCu vCcu AIT
Large Medium Small Large Medium Small Model

- Improved understanding of realistic testing conditions.
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