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Disclaimer
• The views and opinions expressed in the following PowerPoint slides 

are those of the individual presenter and should not be attributed to 
DIA, its directors, officers, employees, volunteers, members, chapters, 
councils, Communities or affiliates, or any organization with which the 
presenter is employed or affiliated.

• For work prepared by U.S. government employees representing their 
agencies, there is no copyright and these work products can be 
reproduced freely. Drug Information Association, Drug Information 
Association Inc., DIA and DIA logo are registered trademarks.   All 
other trademarks are the property of their respective owners. 

• This presentation reflects the views of the authors and should not be 
construed to represent FDA’s views and policies.
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Locally-Acting OINDPs: 
Challenges for Establishing BE

• Developing generics for locally-acting OINDPs is challenging because of the
multiple factors that can influence drug delivery to the site of action

In Vitro Product Performance + Patient Factors
OINDPs: Orally Inhaled and Nasal Drug products
BE: Bioequivalence
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Establishment of BE for OINDPs
• To Address Challenges for locally-actingOINDPs  Weight-of-Evidence Approach

– Locally-acting nasal suspensions, metered dose inhalers (MDIs), dry powder inhalers (DPIs)

Weight-of -
Evidence 

Approach to 
establish BE

In Vitro BE Studies

PK BE Studies 

Comparative 
Clinical 

Endpoint/PD BE 
Studies

PK: pharmacokinetic 
PD: pharmacodynamic

Formulation Sameness + Device Similarity
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Recommended In Vitro BE Studies
• Sensitive for detecting differences between formulations (if present)
• Less variable and easier to control than comparative clinical endpoint BE studies
• Conducted with all strengths, at least 3 batches of test (T) and reference (R) products, with no fewer than 10 units from each batch
• SAC and APSD are critical attributes believed to affect the total and regional deposition of drugs in the lung
• SAC and APSD dependent on, and sensitive to, product- and process-related factors (e.g., API/Carrier physicochemical properties, device 

properties, process conditions)
• For MDIs and nasal suspensions, priming / repriming studies are recommended if required by the R product (e.g., not recommended for 

breath-actuated MDIs)

DPIs
-SAC
•Beginning (B), middle (M) and end (E) 
lifestages 

•3 flow rates
-APSD
•B and E lifestages
•3 flow rates

MDIs
-SAC
•B, M and E lifestages

-APSD
•B and E lifestages

-Spray Pattern
•B lifestage
•2 distances from actuator mouthpiece

-Plume Geometry
•B lifestage

-Priming / Repriming 
•(if required by the R product)

Nasal Suspensions
- SAC

• B and E lifestages
- Droplet Size Distribution by Laser Diffraction (LD)

• B and E lifestages
• 2 distances from actuator orifice

- Drug in Small Particles/Droplets
• B lifestage

- Spray Pattern
• B lifestage
• 2 distances from actuator orifice

- Plume Geometry
• B lifestage

- Priming / Repriming 
• (if required by the R product)

API: Active Pharmaceutical Ingredient SAC: Single Actuation Content
APSD: Aerodynamic Particle Size Distribution
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Recommended In Vivo 
Pharmacokinetic BE Studies

In Vivo BE 
Parameter DPIs MDIs Nasal 

Suspensions
Study Design Fasting, single-dose, two-way crossover, comparative PK study 

Objective Determine differences in systemic exposure between drug products

Strengths
All strengths should be tested since the relationship between PK dose 
proportionality across multiple strengths, in vitro performance parameters, and 
product characteristics are not well understood

Dose A minimum number of inhalations sufficient for PK characterization using a sensitive 
analytical method

Study Population Healthy subjects

BE Endpoints 
and Criteria

The 90% confidence interval for the geometric mean T/R ratios for AUC and Cmax 
should fall within the limits of 80 – 125%



www.fda.gov 7

Recommended In Vivo Comparative Clinical 
Endpoint / Pharmacodynamic BE Studies

In Vivo BE 
Parameter DPIs MDIs Nasal Suspensions

Study Design

• Randomized, placebo-controlled, parallel or crossover 
comparative clinical endpoint (CEP) or pharmacodynamic 
(PD) BE study 

• Comparative CEP should contain a placebo run-in period 
followed by the treatment period of placebo, T, and R

• Study sensitivity: Comparative CEP (effect over placebo), 
PD study (adequate dose-response)

• Randomized, placebo-controlled, 
parallel-group comparative CEP BE study

• Comparative CEP should contain a 
placebo run-in period followed by the 
treatment period of placebo, T, and R

• Study sensitivity: Comparative CEP 
(effect over placebo)

Objective Determine differences in local delivery at the site of action between drug products

Strengths Lowest labeled dose (comparative CEP study)

Dose Single or multiple-dose (based on mechanism of action) Multiple-dose

Study Population One patient population indicated in the approved labeling

BE Endpoints 
and Criteria

The 90% confidence interval for the geometric mean T/R 
ratios for the endpoint(s) should fall within the limits of 
80 – 125%

Change from the baseline mean reflective 
Total Nasal Symptom Score (rTNSS) to the 
treatment mean rTNSS (in absolute units)
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Website for Product-Specific Guidances

https://www.accessdata.fda.gov/scripts/cder/psg/index.cfm

• ~ 70% of all MDI and DPI 
products have PSGs

• > 60% of all nasal products 
have PSGs
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Addressing the Challenges from the 
Comparative CEP BE STUDY

Comparative CEP 
Challenges:
• Higher Variability and 

Lower Sensitivity than 
Other BE Methods

• Time and Cost

Nasal SuspensionsAlternative 
BE 

Approaches

Solution-Based MDIs

https://www.accessdata.fda.gov/scripts/cder/psg/index.cfm

• Fluticasone Propionate Nasal Spray, Metered (Jun 2020)
• Fluticasone Furoate Nasal Spray, Metered (Jun 2020) 
• Budesonide Nasal Spray, Metered (May 2019)
• Azelastine Hydrochloride; Fluticasone Propionate Nasal Spray, 

Metered (Jun 2020)
• Mometasone Furoate Nasal Spray, Metered (Jun 2020)
• Triamcinolone Acetonide Nasal Spray, Metered (Jun 2020)

• Beclomethasone Dipropionate Inhalation Aerosol, 
Metered (May 2019)

• Beclomethasone Dipropionate Inhalation Aerosol, 
Metered (Mar 2020)
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Alternative BE Approaches: Solution MDIs

If a generic shows formulation sameness (Q1/Q2) and device similarity to the RLD, additional supportive
information may provide a foundation to help ensure the equivalence to local site of action (lungs):

More Predictive APSD Testing (representative mouth-throat models and breathing profiles)
•Understand impact of patient variability

Characterization of Emitted Sprays (velocity profiles and evaporation rates) 
•Understand droplet size and evaporation process of formulation emitted from the device

Morphology Imaging Comparisons (characterization of full range of residual drug particle sizes)
•Understand residual particle morphology and size distribution of formulation emitted from the device 

Dissolution
•Understanding how API dissolved at the site of action for absorption once deposited

Quantitative  Methods and Modeling (e.g., physiologically-based PK; computational fluid dynamic studies)
•In vitro-in vivo correlations (IVIVCs; bridge gap between in vitro product performance and regional drug deposition)

Alternative PK BE Studies
•Understanding how PK studies may correlate to local deposition 

RLD: Reference Listed Drug 
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Alternative BE Approaches: Solution MDIs

Dissolved API in 
the Formulation 

Inside the 
Canister

Aerosol 
Formation Upon 

Actuation 

Evaporation of 
Propellant / Co-
solvents During 

Travel

Transit of 
Residual API 

Particles Through 
the Airways

API Particle 
Deposition and 

Dissolution / 
Absorption in the 

Lung

• Local delivery of the API to the site of action is a complex, multi-step process with each step impacting the next
• The comparative CEP BE study incorporates all steps from actuation to deposition, including those shown above, when evaluating whether a 

T and R OIDP have equivalent local drug delivery 
• Similarly, an alternative approach to the comparative CEP BE study is recommended to contain in vitro, in silico, and/or alternative in vivo 

studies (e.g., PK BE study) to account for the different steps/factors impacting local delivery of the API to the site of action
• Like the weight-of-evidence approach for OINDPs, the selected studies in the alternative BE approach are recommended to work together 

to provide a comprehensive evaluation of the local drug delivery, in order to establish equivalence
• In silico approaches may be useful for demonstrating how results from different alternative BE studies work together to establish equivalence 

in local drug delivery
• The types of alternative BE studies to include may depend on the specific OIDP dosage form and formulation

https://www.dreamstime.com/stock-photos-asthma-inhaler-image24790423   OIDP: Orally Inhaled Drug Product

https://www.medgadget.com/2017/05/new-cheap-easy-manufacture-dry-powder-inhaler-developing-world.html
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What About Alternative BE Approaches for Other 
OIDPs?

• Specific Additional Challenges 
for Suspension MDIs
– Understanding interaction of 

suspended API in the canister
and emitted from the actuator

• Formulation, device, 
formulation-device interactions 
that influence regional 
deposition and absorption of 
the API

– Manufacturing process
– Physiochemical properties of 

API(s)/excipient(s) 
– API particle size distribution 

(PSD) 
– Excipient(s) (type and amount)
– Actuator design

Physiochemical properties of API(s)/excipient(s)

Physiochemical properties
of API(s)/excipient(s)

Manufacturing process
API PSD

API PSD

API PSD

Formulation-device interactions

External critical design attributes

Region of lung API is deposited

Patient interactions

Patient-device interactions
Disease state

Actuator orifice diameter, jet length, sump depth
Metering method

API: active pharmaceutical ingredient

Newman, Bryan, et al.. Pharmaceutical Medicine. 2020;34(2):93-102. doi:10.1007/s40290-020-00327-y

API(s)-excipient(s) interactions

API(s)-excipient(s) interactions

API(s)-excipient(s) interactions
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General Considerations for Alternative BE 
Approaches for OIDPs

• Approaches should address sameness of delivery at the site of action
• Alternative approaches may be proposed

– If scientific proposal is for a product that does not have a PSG, is  outside what 
is issued in a PSG, or contains complex development issues, it is highly 
encouraged to the firm to submit a pre-ANDA Product Development Meeting 
Request

• Refer to FDA guidance for Formal Meetings Between FDA and ANDA Applicants of 
Complex Products Under GDUFA (October 2017)

• Approaches should be scientifically justified with a comprehensive, significant body of 
data, and evaluated as statistically meaningfully as possible

Due to the complexity of many different factors that can affect generic product performance, critical key
attributes for any MDI or DPI may be product-specific. It is vital to understand key quality attributes of
your generic product (in vitro performance) in comparison to the RLD that will influence in vivo BE
(deposition and absorption of the API to the site of action) as to establish an appropriate alternative BE
approach to the CCEP or PD BE study.
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Regulatory Science Initiatives

• Research efforts for addressing the 
challenges with developing an 
OINDP are ongoing

• If a firm plans to propose an 
alternative BE approach, we highly 
encourage visiting our GDUFA 
regulatory science website to view 
the ongoing projects and outcomes, 
which can be informative for a 
generic’s development program

https://www.fda.gov/drugs/generic-drugs/science-research



www.fda.gov 15

Conclusions
• OINDPs are complex drug-device combination products with multiple factors contributing to 

their performance
• Establishment of BE for locally-acting OINDPs occurs through the weight-of-evidence 

approach
• To address the challenges with comparative CEP BE studies, the Agency has provided 

recommendations on alternative approaches for establishing BE in lieu of the comparative 
CEP studies with locally-acting nasal suspensions and solution-based MDIs 

• Alternative approaches are recommended to evaluate the multiple processes contributing to 
local drug delivery when establishing BE between a T and R solution-based MDI

• The types of studies include as part of an alternative BE approach to a comparative CEP 
study will be product-specific, as differences in dosage form and formulation will give rise to 
different areas of uncertainty 

• Firm’s are highly encouraged to submit a pre-ANDA Product Development Meeting Request 
for communication and seeking Agency’s feedback and comments on alternative BE study 
proposal

– Approaches should be scientifically justified with a comprehensive, significant body of data, and evaluated as 
statistically meaningfully as possible



www.fda.gov 16

Acknowledgements
– Denise Conti, Ph.D.
– Elizabeth Bielski, Ph.D.
– Sneha Dhapare, Ph.D.
– Liangfeng Han, M.D., Ph.D.
– Markham Luke, M.D., Ph.D.
– Lei K. Zhang, Ph.D.
– Robert Lionberger, Ph.D.




	Overview of Complex Generic Inhalation and Nasal Drug-Device Combination Products
	Disclaimer
	Locally-Acting OINDPs: Challenges for Establishing BE
	Establishment of BE for OINDPs
	Recommended In Vitro BE Studies
	Recommended In Vivo �Pharmacokinetic BE Studies
	Recommended In Vivo Comparative Clinical Endpoint / Pharmacodynamic BE Studies
	Website for Product-Specific Guidances
	Addressing the Challenges from the �Comparative CEP BE STUDY
	Alternative BE Approaches: Solution MDIs
	Alternative BE Approaches: Solution MDIs
	What About Alternative BE Approaches for Other OIDPs?
	General Considerations for Alternative BE Approaches for OIDPs
	Regulatory Science Initiatives
	Conclusions
	Acknowledgements
	Slide Number 17

