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How to Effect Change in the
Regulatory Environment?

D
* IAcceptance!

» Challenge: convince stakeholders...

— No increased risk or decreased benefit for
patients

— Improved QC decision making
— Time and resource savings 3

© 2011 IPAC-RS Conference

How to Effect Change in the Regulatory Environment
% e

« Scientific Conferences

.......
PRI LA

Feedback : «Meetings with Regulatory
. agencies

« Site visits

(@ )
Acceptance!

+ Adoption by
Companies

+ Acceptance by
Regulators

§>Theoretical Considerations> « Inclusion in

@ Pharmacopeias
J

> Database Analysis

> Experiments >
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AIM Background

» Motivation for Abbreviated Impactors
— More rapid aerodynamic assessment of OIPs
— More robust process

Twin Impinger

Copley Short-Stack Fast
Screening Andersen Impactor

7

Westech Short-Stack Fine
Courtesy Copley Scientific PaI’tiC|e Dose |mpaCTOI’

g Ll

!

K | MSP Fast Screening Impactor
Courtesy MSP Corp.
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AIM Evolution: Precision Experiments

Study Purpose:

» The precision study was undertaken to
characterize the relative variability of two
different abbreviated impactors versus a full-
resolution ACI:

1. AIM-QC system for OIP quality control testing

2. AIM-pHRT system for possible use in characterizing
clinically relevant metrics related to particle
deposition in different regions of the human
respiratory tract
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AIM Evolution: Precision Experiments

» Work recently publlshed in AAPS

PharmSciTechnol:
Research Article
MitChe” et a/. ?f’l::gr:llc}el;r:i:l:l]l(l,;lc:)(:ll[lrtlll:::c:n/(}e:l:(ll):‘evl.l e(Parl: (].r.in (,l:s e ' mpac l:\PSD)
contains key details
AAPS
PharmSciTechnol.,

2010;11(2):843-851.
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AIM Evolution: Precision Experiments

Conclusions/Findings:

» Work demonstrated comparable precision of
AIM-QC, AIM-HRT and multi-stage ACI

» With exception of extra fine fraction in AIM-
HRT, no bias among different impactor
configurations was observed
— Issue of bias in extra-fine particle size fraction

was subsequently studied, resolved and was
subject of a second publication
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EDA Origin

» Goal: Investigate alternative methods that
are better able to detect changes in APSD
for Quality Control (QC) purposes

— An elaboration of the proposed “grouped
stages” approach, with some refinements

© 2011 IPAC-RS Conference

EDA Origin

Impactor sized Mass (ISM)
Ratio of large to small particle mass (LPM/SPM)
Independent, non-confounded metrics

— In contrast with
stage groupings B Upper limit

— Readily accessible |- o o | [ oo
with AIM-based R |@ ca. mmAD)
technology
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EDA Evolution: Retrospective
Verification

» The approach was refined through a
comparison of metrics performance by
assessing Cl results from an IPAC-RS
database

— Database includes >3600 APSD results
submitted by industry spanning many
products and different dosage forms
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EDA Evolution: Retrospective
Verification

Goals
* See if simpler metrics are
capable of detecting changes
in both MMAD and impactor
sized mass (ISM)

— Refine complex APSD data to
essential metrics

— Avoid confounding
* Focus is on QC setting

Method

Tougas et al. * Retrospective analysis of OIP
AAPS PharmSciTechnol., database
2009;10(4):1276-1285
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EDA Evolution: Retrospective

Verification
Conclusions
* The proposed set of metrics (LPM/SPM and
LPM+SPM) is:
— Direct
— Practical

— Easy to implement
— Sensitive to APSD changes

— Compared to stage groupings, is a better decision
making tool

— Well aligned with AIM concepts
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AIM-EDA Evolution

+ Goal

— Investigate alternative methods that are better
able to detect changes in APSD for Quality
Control (QC) purposes

« Ongoing Efforts
— Theoretical Considerations
— Database Analysis
— Laboratory Experiments
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AIM-EDA Evolution

* Theoretical Considerations

— What changes in shape of APSD and under
what circumstances would EDA not detect
— Physical phenomena that impact aerosols

* e.g. agglomeration, gravitational sedimentation,
inertial impaction, Brownian diffusion, turbulent
diffusion, phoretic processes, electrostatic charge

— Failure mode effect analysis of OIPs
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Theoretical Considerations: Changes in APSD

Nature of
Change

ACI Observation

Conditions Required for EDA Failure

Increasing MMAD

Shift in mass from lower plates to
higher plates

entire APSD contained within either LPM or SPM

Decreasing MMAD

Shift in mass from higher plates
to lower plates

entire APSD contained within either LPM or SPM

Broadening APSD
(constant MMAD, AUC)

decreased mass on central
plates, increased mass on
peripheral plates

LPM/SPM boundary = MMAD
OR
entire APSD contained within either LPM or SPM

Narrowing APSD
(constant MMAD, AUC)

increased mass on central plates,
decreased mass on peripheral
plates

LPM/SPM boundary = MMAD
OR
entire APSD contained within either LPM or SPM

Change in Shape

Change in mass distribution
across plates, change in MMAD

entire APSD contained within either LPM or SPM

(unimodal - bimodal)

Change in Modality

emergence of mass at new
mode, balanced by decreased
mass at original mode

entire APSD contained within either LPM or SPM

Increasing AUC

Increased mass across all plates

Decreasing AUC

Decreased mass across all plates

© 2011 IPAC-RS Conference 16




Theoretical Considerations: MDI Failure Modes

Particle Size/morphology
New Impurity

Age of API
Water content Leachables/Extractables Stirring speed
Stirnng speed
Residual solvents Drug deposition Stirring time
Amorphous content Moisture ingress Spacer Electrostatics Recirculation time
Physical stability Drug Substance Head space Suspension temperature
Suspension temperature
Synthetic route Leak rate X .
Heat stress
Batch size

Vessel headspace

Piggy backing
Vessel size
[ Manufacturing Processes Quarantine time

Damage to valve (pressure fill)
Errors in composition

Fill volumes

Filling interruptions

Leakage

Packaging integrity

Impurties L_'rmes —{ Propellant
Moisture

AP concentration
Suspension stability

Cosolvent levels
Surfactants

Metering volume Valve
Spring tension
Spring sticktion

Stem friction

Device-Formulation
interactions

Formulation

Devlce

I

Shaking
Process residues Actuation

Geometric dimensions Impactor assembly

Materials of construction  Actuator deposition Airflow

Can size Orientation
Spray orifice diameter Gl @, GE, TETEEE e Temperature
Stemiblockiangle Surface features Humidity lalteiy
Flashing in stem Electrostatics
Spray orifice eccentricity Actuator cleaning
Materials of construction
Electrostatics
Airflow geometry
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AIM-EDA Theoretical Considerations

Tentative Conclusions:

» No plausible scenario exists for a change
in APSD that would not be detected by the
proposed EDA metrics

» The sponsor of a product would undertake
due diligence to check for ‘failure-to-
detect’ scenarios as part of method
development involving AIM-EDA
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AIM-EDA Database Analysis

» Operating Characteristics Curves:
assessing the performance of EDA vs.
stage groupings
— Two strategies currently being explored
— Designed to evaluate tests, not products
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AIM-EDA Evolution

» Operating Characteristics Curves

OCCs comparing ability of

Varetle LPM/SPM to

—— p(a) LPM/SPM

—— e detect changes in MMAD

p(a) Gr24

— - lie versus grouped stages

R”2 =0.9

LPM/SPM well-suited to
support assumed limits
Grouped stages unable to
support assumed limits

p(accept)

10 15 20 25 30 35 40 Eliminating middle stage is

improving overall stage

grouping approach 20
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AIM-EDA Evolution

» Planned Laboratory Experimentation

— characterize relative variability of the full resolution
Andersen cascade impactors (ACI) and the
Abbreviated Impactor Measurement for Quality
Control (AIM-QC) system using a pressurized
metered dose inhaler (pMDI)

— determine how well the efficient data analysis (EDA)
functions as a decision-making tool when determining
batch quality

— span widest possible range of characteristics of a
commercial product

21
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AIM-EDA Evolution

* Qutreach & Feedback
— Publications
— Scientific Conferences

— Meetings with Regulatory Authorities &
Pharmacopeias

— Site Visits
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AIM-EDA Evolution

» Meetings with Regulatory Authorities &
Pharmacopeias
— Initial activities concerning both AIM and EDA
Concepts were discussed with key agencies
« FDA/CDER (21 September 2009)
 Health Canada (13 Nov 2009)
« EMEA (17 Nov 2009)

— Regulatory and pharmacopeial discussions
» FDA/CDER (28 July 2010)
« EMA (telecon on 10 September 2010)
* USP (Expert Committee Mtg, August 2010)
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How to Effect Change in the Regulatory Environment
% * Publications

« Scientific Conferences
Feedback » Meetings with Regulatory
agencies
« Site visits

(@ )
Acceptance!

 Adoption by
Companies

g S + Acceptance by
.......... o . Regulators

§>Theoretical Considerations> « Inclusion in
: : Pharmacopeias
> Database Analysis > @ P )

> Experiments >
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