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Outline FDA

Exploring the available tools, supportive FDA research, and external input for
developing alternative BE approaches.

An overview of the option-based BE approach for OIDPs.

Study design considerations for formulation sameness determination, realistic
aerodynamic particle size distribution (rAPSD), dissolution, particle morphology
of the emitted dose, charcoal block pharmacokinetic (PK) BE studies, and
computational modeling.

Challenges and future directions for O/DFP BE approaches.

Conclusions.
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Potential Methods for Assessing Contributing Factors
to Local Drug Delivery to the Lungs

Formulation/Device
Characteristics

Actuation and
Aerosolization

Formulation Post-
Actuation

Airway Transit

Deposition, Dissolution,
Absorption

IN VITRO STUDY METHODS

Realistic Aerodynamic Particle Size Distribution
* Dissolution
* Optical Suspension Characterization
* Droplet Size Distribution by Laser Diffraction
* Morphology-assisted Raman Spectroscopy (MDRS)
* Scanning Electron Microscopy (SEM)
* X-ray Tomography
» Shadowgraphic imaging/shadow motion analysis
* Phase Doppler Interferometry/Anemometry
* Particle Imagine Velocimetry
* Optical Photothermal Infrared Microscopy
* Atomic Force Microscopy — Infrared Microscopy
* Cell Permeability Assays

IN VIVO STUDY METHODS

* Charcoal Block Pharmacokinetic (PK) Study
* Imaging — based Study (e.g., Scintigraphy)




ORS Research Activities for OIDPs [0}
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Updates to PSGs of Locally Acting MDIs and DPls [p)\

Since 2018, FDA has increased the percentage of available PSGs for locally acting MDIs and DPlIs.
— Recommend to CCEP BE studies.
— Anoption-based BE approach (no CCEP/PD BE study in Option 1)
the CCEP BE study.

CCEP BE Study and/or Has an Available Alternative BE Option
BE approaches to a CCEP BE study v P

of available PSGs had alternative Cumulative Percentages of PSGs for Locally-Acting MDIs and DPIs, with No .

. M Alternative Approach/Option with No CCEP BE Study
(i.e., a CCEP BE study recommended o | mNo CeEP BE tudy
in every case).
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Recommendations to Demonstrate BE: MDIs and DPIs  [:»Y\

Option 1”

» No difference in formulation (e.g., Q1/Q2 sameness to RS)

Option 2"

* None (e.g., Q1/Q2 or non-Q1/Q2 the same to the RS)

rAPSD, Dissolution*
Comparative Characterization Studies
I- paﬁl'de Morp|"'|0|ogy of the Emitted Dose™ I

PK BE Study With Charcoal Block***

Comparative Characterization Studies
+ Particle Morphology of the Emitted Dose™

PD/CCEP BE Study

» Optional Computational Modeling Study(ies)

* Optional Computational Modeling Study(ies

fda.c " Refer to the product-specific guidance (PSG) on the MDI or DPI of interest for the specific recommended BE studies. 6
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Option 1 BE Formulation
Recommendations for MDIs and DPls

Formulation Sameness

e Demonstrate Q1/Q2 sameness to RS.

e If formulation sameness not met (e.g., an NGP MDI),

* The test (T) product should contain no difference in demonstrate formulation change will not affect local or
inactive ingredients or other aspects of the formulation systemic BA of API.
relatlve. to th.e R? t DELE LT SIgr.ufl(EantIy ?ffect (oL @ o Provide justification, which may include, but not limited to
systemic availability of the active ingredient (e.g., Q1/Q2 formulation characterization data, product development
sameness to RS). data, comparative characterization studies, and/or

J I\ scientific literature. l

Goal: understand the formulation design space of critical excipients, their ranges, and their potential impact(s) on API
bioavailability within the lungs.

Information, data, and/or studies warranted will depend on the formulation changes being proposed.

Formulation Sameness

J

Ensure formulation difference(s) do not impact desired outcomes in product performance, safety, and efficacy.

» No novel excipients, and consider inactive ingredient maximum daily exposures (MDEs).

RS: Reference Standard

fda.gov




factors.

Realistic APSD
* Realistic APSD (rAPSD): vcu - OPC
— Incorporates more | é, , |
conditions via considering patient .9

Impactor

— Understand the
on aerosol performance.

- N3l

[ ] i . | _ 7 |
. Representatlve N, NGI: Next Generation
. APSD: aerodynamic particle size distribution; - -
VCU: Virginia Commonwealth University; OPC: Oropharyngeal Consortium BRS 390' Breathing
fda.gov Simulator



Realistic APSD Study Design Considerations =¥y

e GDUFA-Funded Research Outcomes

— Response to the various study factors is
— Method Development: consider mouth-throat (MT) types and size, inhalation profiles (IPs),
and other factors.

Realistic Mouth- Inhalation MT Model Coating
Throat (MT) Models Profiles (IP)’ Types (CT)
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solution and suspension-based MDIs.6 GDUFA: Generic Drug User Fee Amendments; USP: United States Pharmacopeia; rt Idealized Throat; OPC:
’ Oropharyngeal Pharmacopeia Consortium; VCU: Virginia Commonwealth University 9




Realistic APSD Study Design Considerations [&d

Realistic mouth-throat (MT) models Inhalation profiles (IPs)
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PSG Recommendations: e e

— Beginning lifestage.

— Include different MT sizes and IPs that reasonably cover the expected inter-subject variability of the indicated
patient population via bracketing approach.

*  Example: Small and large MT sizes + weak and strong IPs the cover patient population.

* Correlate in vitro performance to in vivo lung deposition data, if available.
* |Ps obtained from patients.
— BE: population bioequivalence (PBE) of impactor sized mass (ISM) for each MT-IP combination.

* Alternative statistical approaches may be used if scientifically justified.

* Request a Pre-ANDA meeting to discuss alternative approaches to the study design and/or statistic hods.

10

fda.gov



Dissolution

Dissolution of the active pharmaceutical ingredient (API)
from the emitted dose:

— Helps to understand the

— |s recommended for those cases for which: k
The
dissolution is the rate-limiting step in @j
absorption in the lungs, or Olo
OIDP -

Contains other ‘Fs:sci ﬂﬂj fﬂ

that Sample Collection —

in absorption = |||~

in the lungs. Dissolutioh

Analytical Method

— Examples: budesonide containing MDls, fluticasone
propionate containing MDIs and DPls, mometasone
Statistical Approach

furoate containing MDIs and DPIs. ‘
A 11




— Can develop dissolution methods that are sensitive
) ) and discriminatory to meaningful differences in
Dissolution of - .
OIDPs in the formulation and/or manufacturing process.
Lungs? — The need for dissolution studies is API- (e.g., high/low
solubility) and product-specific.
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Dissolution Study Design Considerations
* GDUFA-funded research
— Many contributing factors that can affect
dissolution performance and study sensitivity.
— Currently no standardized method; method
development is product-specific.

Cumulaitve Mass (%)

’ Paddle over Disk L
% SEM ( b ogelyt nas
40 1F f E L% —~-B.38
g a v -caz
a |
% 20
o7 7T T T T T o
Drug dissolution in the lungs can be impacted by multiple ¢ B & » peom e e W DR

Time (min)

faCtOfS.l5 . . Time (min) . ) )
Dissolution of OIDPs can are sensitive to differences in both age form
fda.gov (left) and particle size (right).®° 12



Dissolution Study Design Considerations

« PSG Recommendations:

Sample Collection

Dlssolutlon Apparatus

— Beginning Lifestage.

— Collect aerosolized dose of similar drug mass
between T and RS products.

— Optimized and validated method (e.g., apparatus,
sample collection, dose, media type and volume,

: di stirring/agitation rate, sampling times).
— Discriminatory (e.g., differences in deposited drug
particle sizes).
Method Validation — BE: Comparative analysis of dissolution profiles with

an appropriate statistical method (e.g., similarity
factor [f2]).




Comparative Characterization Study: Particle Morphology &

« Particle Morphology

— Particle : : : , etc.
of the residual aerosolized dose, once deposited in the lungs, can impact the rate of
of the APl and and within the lungs.
— Compare the residual particle morphology, agglomeration behavior, k
amorphous/crystalline content, and/or polymorphs and for those cases with

80 x 80 microns
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Particle Morphology of the Emitted Dose Study Considerations L)

*  Comparative characterization studies provide supportive evidence for
establishing BE between T and RS OIDPs.

. »  For example, particle morphology can contribute to the APSD and dissolution
performance for certain OIDPs.

A *  Whether a PSG for an OIDP incorporates comparative characterization studies
e ' = : depends on the specific product.

Figure 7: SEM images of phospholipid porous particles
found in a marketed DPI (left) and MDI (right) 2!
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Microstructural differences in the deposited particle agglomerates (left) may be one potential contributing factor to performance

fda.g differences, such as with dissolution performance (right).! 15
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Particle Morphology of the Emitted Dose
Study Considerations

PSG Recommendations:

— A minimum of of the T and RS product should
be testing using the of the product.

should be conducted on the deposited
particles of the emitted dose.

include their agglomeration characteristics, should be
evaluated.

— Adescription of the should be .

. provided. '
fda.gov A 16
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Systemic 1

Circulation

i

Charcoal
Block

Concentration

Time
Drug absorption into the systemic circulation following
dosing with certain OIDPs can occur through both lung
absorption as well as gastrointestinal (Gl) absorption.
Dosing with charcoal can block Gl absorption.

For OIDPs, a portion of the emitted dose
may be swallowed rather than inhaled and
end up in the Gl tract.

For drugs with significant gut absorption,
systemic levels may be difficult to
distinguish between inhaled vs. swallowed
portions.

allow for a
more direct analysis of the lung dose
contribution in systemic circulation by
eliminating the Gl tract dose contribution.

V' N

In Vivo Charcoal Block PK BE Studies
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In Vivo Charcoal Block PK BE Study Considerations A

K

PSG Recommendations:

— Similar to a PK BE study in many aspects.
adult male and female subjects.

to sufficiently characterize the PK profile with a sensitive
analytical method.

* Dose administration should follow the approved labeling instructions.

may be needed if the administered dose is above the maximum labeled single dose.

— No standard for the , so the selected dose and how and when its administered should
be justified in the abbreviated new drug application (ANDA).

— BE: 90% confidence interval (Cl) for the T/R ratios of AUC and C,,, being between 80 — 125%.

max

— Prospective applicants are encouraged to discuss other approaches for assessing BE in local
and systemic bioavailability of the active ingredient with FDA via a pre-ANDA meeting request

a charcoal block PK BE study.
y P

A
4
N
y




Novolizer (PIFR=99 LPM)

Diameter (um)
11
DF ep wpuan=67.0%. =/ 9
L 7
DF o wpour=66.5% g1 5
3
1

7 DFgrpc=9.0%
.| DFgp=106%

;/T ) }\\
i crowe=22.1%

\? DF
g DF ey ,=19.4%
P

« Various in silico models (e.g.,
available and can serve different purposes.
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Computation fluid dynamic (CFD) models (left) and physiologically
based PK (PBPK) models (right) are two samples of computation
models that can support BE assessments as well as drug

development.7:18
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Optional Computational Model(s) as Supportive Studies

can provide support for a wide array of questions
impacting both drug development and assessment of performance.
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Full Details: PSG on Formoterol Fumarate; Glycopyrrolate Inhalation Aerosol Metered (NDA 208294).9

* Impact of product factors on regional drug delivery to establish biorelevant BE limits for BE
studies (e.g., rAPSD, plume geometry).
* Assess regional lung deposition BE via virtual simulations.

Optional Computational Model(s) as Supportive Studies LBa
« PSG Recommendations:

Model should be well stated.
+ Example: CFD or semiempirical model to predict central and peripheral lung deposition
+ Example: PBPK models useful if drug absorption is not expected to be rapid, such that
regional deposition may not be considered as a surrogate for regional lung delivery.

Model and should be established.
Model is needed to establish credibility.
Model and the for

virtual BE studies should be defined prior to testing and be justified.

V' N



Current Challenges and Future Directions g4

Need for method standardization.
which MT models and IPs to use for bracketing.
sample collection, dissolution apparatus, dissolution media, etc.
standardization of charcoal dosing.

. Establish validated in silico methods to support BE evaluation of OIDPs.

. Find areas to streamline and harmonize BE approaches globally for OIDPs.
— ldentify key vs. supportive BE studies.
— Establish in vitro-in vivo relationships.

. Provide additional guidance and clarity where warranted.

* FDA continues its efforts to address these challenges.

» Refer to most recent PSGs on MDIs and DPIs which are updated periodically and will reflect the
Agency’s current scientific thinking.

» Prospective applicants are highly encouraged to discuss their development plans with the Agency to
gain feedback on complex and challenging issues, including:

fda.go » Appropriate study designs, analyses and supporting justifications for NGP MDI submissions 21
A



Conclusions FDA

To address these challenges, FDA has explored
through GDUFA-funded research initiatives and workshops to identify
that can be used in lieu of the CCEP BE study for establishing local drug
delivery equivalence.

FDA recently developed that recommend an

— Study recommendations are included for , ,
; , and

While FDA's option-based BE approaches allow for BE pathways without a CCEP BE study,
FDA will continue its efforts to , , and its BE approaches for

OIDPs.
y P
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