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Weight of Evidence Approach for OIDPs

Bioequivalence (BE) recommendations for metered dose inhalers (MDlIs) and dry powder
inhalers (DPIs) include formulation sameness and device similarity, in addition to

PK BE Studies

|Comparative Clinical|
Endpoint/ |
PD BE Studies

In Vitro BE Studies

‘ Welght-of-Ewdence
’ Approach to
N establishBE

Alternative BE I
Approaches

OIDPs: Orally Inhaled Drug Products 3
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Suggested Studies for A
Alternative BE Approaches for OIDPs!*

‘ Characterization of Emitted Sprays via velocity profiles and evaporation rates

. Morphology Imaging Comparisons of the full range of residual drug particle sizes

More Realistic APSD Testing using representative mouth-throat models and inhalation profiles

. Dissolution

Quantitative Methods and Modeling (e.g., Physiologically-based PK and computational fluid
dynamics studies)

. Alternative PK BE Studies

APSD: Aerodynamic Particle Size Distribution
PK: Pharmacokinetics
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More Realistic APSD Testing

Compendial in vitro APSD testing allows for drug-specific particle size comparison of formulations
However, the currently recommended square wave testing provides limited information about clinical
performance or the variability of lung delivery>
In vitro APSD testing with realistic mouth-throat (MT) models and representative inhalation profiles (IPs) may
be more predictive of in vivo deposition
— Conventional APSD testing (with the USP induction port) has been shown to under predict MT
deposition,® and would thus, overpredict lung deposition

Results from more realistic APSD testing may be compared to the drug deposition reported in clinical literature
to assess which in vitro method (e.g., MT models and/or IPs) offer the best in vitro to in vivo correlations?

‘ s / Mouth-Throat Model

NGI/W7 Impactor

Breath Simulator +
Dilution air me)

2

Flow Rate (L/min)

60 Y

Flow Rate (L/min)

Time (see) NGI: Next Generation Impactor

Compendial in vitro APSD test setup’ Realistic in vitro APSD test setup?®
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Commercially Available MT Models FOA

- Virginia Commonwealth Albe-rta United States
Oropharyngeal Consortium : : Idealized :
Mouth-throat model University Pharmacopeia
(OPC) (VCu) Throat (USP)
(AIT)

OPC L OPCM OPCS VCUL VCUM VCUS

Side view9
Internal volume %! 84.4cm3 91.7cm?® 27.6cm3® 96.1cm® 61.6cm?® 26.6cm3 75.4cm?  67.3cm3
Internal geometry ° j ( g [

OopPCL OPCM OPCS VCUL VCUM VCUS AIT usp
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Example Experimental Test Setup FOA
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GDUFA Funded Research on Realistic
MT Models and IPs
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Study 1 - Influence of MT models and IPs  [5)}
on Total Lung Dose

GDUFA-funded research: Virginia Commonwealth University (Principal Investigator, Pl: Michael
Hindle), Grant #1U01FD005231°

* Total Lung Dose in vitro =TLD,, ,, = Drug mass exiting the MT model
*  APSDq pin vitro = the size distribution of drug mass exiting the MT model

* |Ps simulated based on reported range of trained ‘g PR ———
VOI u ntee rsl3,14 2 NGI/W7 Impactor
—  DPI: Budelin® Novolizer® (200 pg budesonide, Bud) preath Simulator +
— MDI: Ventolin® Evohaler® (100 pg albuterol as sulfate, AS)
150 1 —-=-— Strong 75 1 ——— Strong
—  Medium —— Medium
= 120 1 HES = Weak — 60 1 “ Weak
2 90 {1 L
g 60—';‘. _:_}:im | MDI veul VCUM  VCUS
= 30 4 = | E. 20 [ e SRR
0 0
0 1 2 3 4 5 o 7 0 20
Time (s) Time (s)
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Study 1 - Influence of MT models and IPs
on Total Lung Dose

Budesonide (200 pg) DPI; weak-strong realistic IPs
* Overall, variance mostly due to flow conditions

e Across VCU models, TLD;,, i, appeared to be less

influenced by IP compared to OPC models
*  MT model type can be influential

Mean TLD;, ..., (Hg) of Bud (n25; mean values, error bars are SDs)

Albuterol (100 pg as sulfate) MDI; 15-45 L/min
* Overall, variance mostly due to MT models
* Across VCU models, TLD;, ,;;, appeared to be less
influenced by flow compared to OPC models
*  MT model type can be influential

Mean TLD;, ,iro (H8) Of AS (n25; mean values, error bars are SDs)

FOA
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Study 1 - Influence of MT models and IPs =%

on Total Lung Dose

Budesonide (200 pg) DPI; weak-strong realistic IPs Albuterol (100 pug as sulfate) MDI; 15-45 L/min
* The four MT groups produced similar in vitro lung * VCU models appeared to produce the most
deposition to in vivo data (general population) comparable range to the in vivo data
Individual TLD;, ,;;,c @5 % metered dose of BUD (solid lines are mean values) Individual TLD;, ,;,, @s % metered dose of AS (solid lines are mean values)
100 100
Budesonide DPI Albuterol MDI
Eﬂ; 80 - In vivo data from Newman S, et al.14 ’g 80 In vivo data from Hirst PH, et al.1®
= =
- =
£ 601 2 60 -
g % x = Good ¢ g
2 % v E A
< 401 i ; v < 40 prediction # ¥
—~ —%— _§ < 4 E
S 20 % 7 - o § : ) ¥
= ¥ v = 20 | o T —+
0 0 S ,

In Vive* VCU OPC AIT USP InVivo VCU OPC AIT USP

* = median and range

Product-specific results suggest the need to include various MT models (e.g., types and/or sizes)
and IPs to capture patient variability
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Study 2 - Influence of MT models FOA
on Solution and Suspension MDlIs

Internal collaboration between OGD/ORS and the Office of Testing and Research in the Office of
Pharmaceutical Quality®

*  APSD testing with Andersen Cascade Impactor (ACl) at a constant flow rate of 28.3 L/min
— Solution MDI: QVAR® (40 ug beclomethasone dipropionate, BDP)
— Suspension MDI: Flovent® HFA (44 ug fluticasone propionate, FP)

FPF<5 um as % emitted dose of BDP and FP (n=5; mean values, error bars are SDs) ‘
kono BDP MDI ~59+9%, Asthmatics; 50-60%, healthy volunteers
70.00 —I— J

60.00 -

30.00 -

USP Inlet Alberta idealized throat (AIT) VCU large VCU ned ium VCU medium VCU small

50.00

*  Suspension-based MDIs like those containing FP appear

/ J to be much more sensitive to variations in MT model vs.
solution-based MDIs, such as BDP MDI

40.00

LR F (E RN " EEa amm 1
20.00

Fine particle fraction (% Emitted dose)

_ MDI performance, as evaluated by rAPSD studies, could
10.00 | FP_ MDI: ~22%, Asthmatics .
W | ' m | be influenced by many factors, such as the type of
- arr VCUlare  VCUMedum  VCUMedum  VCUSmal formulation, the geometry, shape, internal space volume,
and the material used to make the MT models

OBoP NFP

vvwvv.fda.gov FPF<5 pum: Fine particle fraction less than 5 um 12



Study 3 — Analysis of additional factors 5§
that influence APSD in MDlIs

GDUFA-funded research: University of Florida (Pls: Glinther Hochhaus, Jiirgen Bulitta), Contract
#75F40119C10154 {

Realistic Mouth- ]

Inhalation ] [MT Model Coating

{MTModellnsertion] [ MDI Firing ]

Throat (MT) Models Profiles (IP)1 Types (CT) Angles (lA) Points (FP)
s
— USP (Me and PI)] — Strong Normal | | 0.2 s after
- start of IP
_ - )
— AIT (Me and PI) —{ Medium Tilted ata P,
25° angle 0.5 s aft
r with respect L s-ta: 2f ﬁ:
— OPC (S, M, L) ] — Weak to the MT
L ) —
Me: Metal; PI: Plastic -
Simulated IPs as described in | ycU (S, M, L) ]
Delvadia R, et al.13 L
Product API(s) Formulation
Flovent® HFA Fluticasone Propionate Suspension '
AlT-metal AlT-plastic OPC-large OPC-medium OPC-small
Budesonide (Bud), " \
Symbicort® Formoterol Fumarate Suspension 3 > ’
Dihydrate (FF) }-_-_. ’
Atrovent’ HFA Ipratropium Bromide Solution I/ ‘

|

USP-metal USP-plastic ¢ VCU-arge VCU-medium VCU-small
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FPF<5 um (%)

Study 3 - Analysis of additional factors &)
that influence APSD in MDlIs
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Study 3 - Analysis of additional factors &)

that influence APSD in MDls

Flovent® HFA O Symbicort® - FF O Symbicort® - Bud Atrovent® HFA

FPF<5 um (%)
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Significant differences in the FPF
<5 um obtained with different MT
models

Increasing trend in FPF<5 pm
observed with small, medium and
large MT models for Symbicort- FF
and Bud
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FPF<5 um (%)

Study 3 - Analysis of additional factors &)

that influence APSD in MDls

A Flovent® HFA  OSymbicort® - FF O Symbicort® - Bud Atrovent® HFA

70 R
60
O<«—| strong IP
50 °
C+— Weak IP ]
x Strong IP
40 “05sFP
*—| Medium IP
30 S~ 055 FP | Weak IP

. {ozsre] > [ozsre_

10

USP Me  USP

Pl AIT Me AITPI OPCS OPC M OPCL VCu s VCU M

VCU L

Significant differences in the FPF
<5 um obtained with different MT
models

Increasing trend in FPF<5 pum
observed with small, medium and
large MT models for Symbicort- FF
and Bud

IP (weak, medium and strong) and
firing point (FP) (0.2 and 0.5 s after
the start of IP) showed significant
(p<0.05) effects on FPF<5 um

Realistic APSD testing should consider the effect of different experimental conditions,
particularly the type of MT model, IP and MDI firing point

www.fda.gov
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Considerations for More Realistic APSD
Testing — Method Development

Study Parameter
Selection

Realistic Mouth-

Inhalation MT Model Coating MT Model Insertion MDI Firing

Throat (MT) Models Profiles (IP)" Types (CT) Angles (IA) Points (FP)

USP (Me and PI)] Strong ] Silicone ] 0.2 s after

start of IP
AIT (Me and PI)] Medium ] Brij® ] Tilted ata
25° angle

with respect 0;: a:tle;

OPC (S, M, L) ] Weak ] to the MT SEItE

VCU (S, M, L)

www.fda.gov

FOA

Lessons Learned:

* Overall, realistic APSD results are product-specific

* Formulation differences can affect results

*  Multiple study method parameters can affect results:
* |Ps, MT model materials, MDlI firing point

Ongoing Questions:

* Are there optimal study design parameters for each
dosage form?

* Does the method parameter selection depend on how
realistic APSD study will be used (i.e., standalone
method or input for in silico methods)?

17



Considerations for More Realistic APSD 51
Testing — Assessing Patient Variability

In vivo oropharynx and lung deposition as % delivered dose
e Selection of MT models and IPs should consider how these of BDP in asthmatic adults (mean values)'™!

will correlate with in vivo performance (if available)
— Invitro data should target in vivo range for good

o
o

©
o

m
correlation 8
. . 370
* Ideally, IPs should be based on patient population g
. .. . . = 60 -
— Comparative clinical endpoint/pharmacodynamic g good !
. . . X
study is conducted on patient population o correlation
'§4° range P
830
20
Oropharynx Lung

Ongoing Questions:

* Is there an optimal method for selecting which MT type/size and IPs to use? Is in vivo data always needed or
can other information be used?

* Isthe MT type/size more critical to capture for evaluating patient variability as compared to IP? Does this
matter based on the dosage form?

www.fda.gov 18



Considerations for More Realistic APSD  5Y§
Testing — Appropriate Statistical Methods

Total Lung Dose

MT deposition
FPF<5 um
Impactor-sized mass

"“"'Réél}s'& AI5§D”'““
Performance
Metrics

Establishing TR GO . wumber of units
Bioequivalence Study Size *  Number of batches

Population BE analysis
— Single analysis on pooled data
— multiple analyses on MT/IP combinations

Statistical
Approaches

*  What realistic APSD parameters are the most correlated with in vivo performance?
Ongoing *  What statistical method is appropriate?

Questions: [NEEE there a minimum study size that is sufficient for establishing BE? Does this depend on the
study purpose (i.e., standalone method or input for in silico methods)?

www.fda.gov 19
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Summary

Realistic in vitro APSD testing is currently part of the recommended
alternative to a CCEP BE study approach for solution MDls

Compared to current compendial methods, realistic APSD can provide a
better prediction of deposition of inhaled particles in the lungs and
capture patient variability

Research has demonstrated the importance of product-specific realistic
APSD for DPIs and MDls

— Formulation type, IPs, MT models (including model material) and MDI firing
point have been shown to affect test results

There are still ongoing questions regarding realistic APSD method
development, patient variability assessment and the appropriate
statistical method to use to establish bioequivalence.
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