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• Any views or opinions expressed in this presentation are solely those of the author and do 
not necessarily represent those of Transpire Bio Inc.

• These PowerPoint slides are the intellectual property of the individual presenter and are 
protected under the copyright laws of the United States of America and other countries. 
Used by permission. All rights reserved. 
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What are ‘combination products’

CLINICAL DRUG FAILURES

https://www.fda.gov/combination-products/about-combination-products/combination-product-definition-combination-product-types

• Combination products are defined in 21 CFR 3.2(e).

• The term combination product includes:
• Product comprised of two or more regulated components 

• Drug/device, biologic/device, drug/biologic, or drug/device/biologic. 
• Physically, chemically, or otherwise combined or mixed and produced as a single entity.

• Two or more separate products packaged together in a single package or as a unit and comprised of drug 
and device products, device and biological products, or biological and drug products.

• A drug, device, or biological product packaged separately 
• According to its investigational plan or proposed labeling is intended for use only with 

• An approved individually specified drug, device, or biological product 
• Where both are required to achieve the intended use, indication, or effect 
• Where upon approval of the proposed product the labeling of the approved product would need to be 

changed, 
• e.g., to reflect a change in intended use, dosage form, strength, route of administration, or 

significant change in dose
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The Office of Combination Products (OCP)
Prevalence of ‘combination products’

CLINICAL DRUG FAILURES

https://www.fda.gov/about-fda/fda-track-agency-wide-program-performance/fda-track-office-combination-products-ocp-performance-reports
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Combination Products: Product Specific Guidance (PSG)
• In 2025, the FDA issued a total of 204 newly published

• May 2025: 48 new and revised draft PSGs were released.
• November 2025: 93 PSGs were published, including 29 newly issued guidances.
• December 2025: 81 PSGs were published, which included 44 newly issued guidances

https://content.govdelivery.com/accounts/USFDA/bulletins/3fe4b61; https://content.govdelivery.com/accounts/USFDA/bulletins/3fa2b55

Representative 
New PSGS

Representative 
Revised PSGS

https://content.govdelivery.com/accounts/USFDA/bulletins/3fe4b61
https://content.govdelivery.com/accounts/USFDA/bulletins/3fa2b55
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Combination Products with Complex BE requirements
Representative examples from various dosage forms

CLINICAL DRUG FAILURES

Transdermal Drug 
Products (TDP) Vaginal Insert Ophthalmic Solutions Ophthalmic 

Suspensions
Ophthalmic 
Emulsions

Injectable 
Solution

Injectable 
Suspension, Liposomal Injectable Polypeptides

• Lidocaine

• Rviastigmine

• Estrogel

• Scopolamine

• Testosterone

• Buprenorphine

• Nicotine

• Donepezil 
hydrochloride 

• Asenapine

• Fentanyl

• Nitroglycerin

• Selegiline

• Progesterone 

• Estradiol

• Prasterone

• Dinoprostone

• Brimonidine Tartrate

• Dorzolamide 
hydrochloride

• Acoltremon

• Perfluorohexyloctane

• Varenicline

• Lifitegrast 

• Pilocarpine 
hydrochloride

• Bimatoprost

• Timolol Maleate

• Rhopressa

• Moxifloxacin

• Prednisolone acetate

• Olopatadine

• Betaxolol 
hydrochloride

• Brinzolamide

• Prednisolone 
acetate

• Latanoprost

• Cyclosporine

• Loteprednol 
etabonate

• Epinephrine

• Sumatriptan 

• Dihydroergotamine 
(DHE) 

• Nalmefene 
hydrochloride

• Penicillin G 
benzathine

• Midazolam

• Diazepam

• Atropine

• Pralidoxime 
chloride

• Betamethasone Acetate

• Betamethasone Sodium 
Phosphate

• Bupivacaine Lipo

• Cabotegravir; Rilpivirine

• Clevidipine

• Medroxyprogesterone 
acetate

• Methylprednisolone 
acetate

• Paliperidone palmitate

• Risperidone

• Triamcinolone acetonide

• Glatiramer acetate 

• Semaglutide

• Tirzepatide

• Liraglutide

• Dulaglutide

• Albiglutide

• Lixisenatide

• Exenatide

• Teriparatide

• Insulin

• Oxytocin

• Octreotide

• Lanreotide

• Teduglutide

• Vasopressin & 
Desmopressin

• Tesamorelin

• Sermorelin
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Transdermal Drug 
Products (TDP) Vaginal Insert Ophthalmic 

Solutions
Ophthalmic 

Suspensions
Ophthalmic 
Emulsions

Injectable 
Solution

Injectable 
Suspension, Liposomal

Injectable 
Polypeptides

IVRT IVRT / Dissolution pH Drug PSD & 
Distribution

PK BE API PSD API PSD Equivalence of fundamental reaction 
scheme

Adhesion study PSD Specific Gravity IVRT IVRT IVRT / Dissolution Equivalence of physicochemical properties 
including composition

Water vapor 
transmission rate

Crystal habit Osmolality pH Polymorphic form Crystal shape and morphology Equivalence of structural signatures for 
polymerization and depolymerization

Polymorphic form Buffer Capacity Specific Gravity Crystal shape & 
Morphology

Polymorphic form Equivalence of biological assay results

Disintegration time Viscosity Osmolality Appearance pH Amino acid content and optical purity

Melting point Buffer Capacity pH Lipid content; Free & 
encapsulated API; L particle 
structure & morphology; Internal 
aqueous environment of lipid

Molecular weight distribution: 
molar mass moments (Mn, Mw, and Mz)
& polydispersity index (PDI)

Viscosity Viscosity Osmolality Viscosity Spectroscopic fingerprints: FT-IR, NMR, CD

Hydroxyl value Surface tension Specific gravity Osmolality

Soluble fraction in 
final drug product

Auto-injector:
Delivered Volume; 
Extended needle 
length; Ejection time; 
Trigger force;  
Needle integrity post 
injection

Polymer composition;
Molecular weight and weight 
distribution; PLGA architecture; 
Characterization of the extracted 
PLGA

Viscosity Zeta potential

Emulsion: Globule size 
distribution

Sedimentation rate and 
volume

Combination Products with Complex BE requirements
In-vitro analysis requirements for various dosage forms
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Combination Products with Complex BE requirements
Representative examples from OINDP dosage forms

CLINICAL DRUG FAILURES

Dry Powder Inhalers (DPIs) Solution Metered Dose 
Inhalers (MDIs) Suspension MDIs Soft Mist Inhalers (SMIs) Nasal Sprays Inhalation 

Suspensions & Solutions

• Fluticasone furoate

• Fluticasone furoate; 
Vilanterol trifenatate

• Fluticasone propionate; 
Salmeterol xinafoate

• Fluticasone propionate

• Fluticasone furoate; 
Umeclidinium bromide; 
Vilanterol trifenatate

• Glycopyrrolate

• Umeclidinium bromide

• Umeclidinium bromide; 
Vilanterol trifenatate

• Beclomethasone 
dipropionate

• Albuterol

• Albuterol sulfate

• Albuterol Budesonide

• Levalbuterol tartrate

• Fluticasone propionate

• Budesonide, Formoterol 
fumarate

• Fluticasone propionate, 
Salmeterol

• Mometasone furoate, 
Formoterol fumarate

• Glycopyrrolate, Formoterol 
fumarate

• Budesonide, 
Glycopyrrolate,  Formoterol

• Tiotropium

• Tiotropium, Olodaterol

• Ipratropium bromide, 
Albuterol sulfate

• Naloxone hydrochloride

• Fluticasone propionate

• Fluticasone furoate

• Triamcinolone acetonide

• Mometasone furoate

• Budesonide

• Azelastine

• Epinephrine

• Nalmefene

• Zolmitriptan

• Sumatriptan

• Dihydroergotamine (DHE)

• Influenza Vaccine

• Ensifentrine

• Naloxone hydrochloride

• Budesonide

• Arformoterol Tartrate

• Formoterol Fumarate

• Albuterol Sulfate, 
Budesonide

• Dornase Alfa

• Tobramycin

• Hypertonic Saline

• Treprostinil

OINDP = Orally Inhaled and Nasal Drug Products 
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Combination Products with Complex BE requirements
In-vitro analysis requirements for OINDP dosage forms

CLINICAL DRUG FAILURES

Dry Powder Inhalers 
(DPIs)

Solution
 Metered Dose Inhalers 

(MDIs)

Suspension 
MDIs

Soft Mist Inhalers 
(SMIs) Nasal Sprays Inhalation 

Suspension & Solutions

SAC SAC SAC SAC SAC Delivered Dose

APSD: ISM APSD: ISM APSD: ISM APSD DSD by LD Nebulization Time

R-APSD R-APSD R-APSD Spray Pattern Drug in small 
particles / droplets

APSD: ISM

Dissolution Dissolution Dissolution Plume Geometry Spray pattern

Particle 
Morphology

Particle 
Morphology

Priming & Repriming Plume geometry

Spray duration

Spray velocity

OINDP = Orally Inhaled and Nasal Drug Products; SAC = Single actuation content; APSD = Aerodynamic particle size distribution; 
ISM = Impactor sized mass; R-APSD = Realistic APSD; DSD = Droplet size distribution; LD = Laser diffraction 
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Utilization of non-standard in-vitro
characterization tools for OINDPs

Case Study with a Dry Powder Inhaler (DPI)
 

CLINICAL DRUG FAILURES

OINDP = Orally Inhaled and Nasal Drug Products 
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OINDP In-vitro Characterization: 
Aerodynamic Particle Size Distribution (APSD) by Cascade Impaction

• Recommended for in-vitro bio-equivalence (IVBE)
• Cascade impaction (CI) device per USP <601>
• Life stages of product: Beg and End
• Flow rates: 30, 60 and 90 lpm
• Volume of air drawn through the delivery system: 4 L 

• Report drug substance deposition on Individual sites:
• Mouthpiece adapter (MA)
• Induction port (IP)
• Pre-separator (PS)
• Each stage of CI
• Filter

• Report mass balance 
• Population bio-equivalence (PBE) analysis of Impactor Sized Mass (ISM) 
• Supportive evidence:

• Mass median aerodynamic diameter (MMAD)
• Geometric standard deviation (GSD)
• Fine particle mass (FPM) Next Generation Impactor (NGI) 

Andersen Cascade Impactor (ACI) 
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APSD: Representative data of a DPI at 3 flow rates
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Data Reference: Transpire Bio Inc. internal data files
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OINDP In-vitro Characterization: 
Dissolution

• Recommended for in-vitro bio-equivalence (IVBE)
• Dissolution apparatus: 

• USP <711> Apparatus 2, 
• USP <724> Apparatus 5, or 
• Transwell system

• Life stages of product: Beg

• Dissolution measurements in:
• Mass units
• Percentage drug dissolved

• Dissolution method parameters: 
• Equipment
• Sample collection
• Product dose amount
• Media
• Media volume
• Stirring/agitation rate
• Sampling times, etc.

• Comparative analysis of dissolution profiles: 
• Using model independent approach using similarity factor (f2)

Image Reference: Antec; https://antech.ie/introduction-to-dissolution-testing/
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OINDP In-vitro Characterization: 
Representative dissolution data for a DPI

Product DPI

Time points
(hours)

Average (%)
(n=6 Units) SD

0.08 5.1 1.3

0.25 14.2 1.7

0.5 28.7 1.7

1 47.4 2.1

2 65.6 1.1

4 81.2 1.3

8 93 1.2

12 97.1 1.5

24 102.8 1.6

Cumulative % Release of API from DPI product
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Data Reference: Transpire Bio Inc. internal data files
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OINDP In-vitro Characterization: 
Particle Morphology

Morphologically-Directed Raman Spectroscopy

• Recommended as comparative physicochemical 
characterization

• Imaging comparisons
• From Emitted Dose (ED)
• Life stages of product: Beg and End
• Technologies e.g., Morphologically-Directed Raman 

Spectroscopy (MDRS)

• Report:
• Particle morphology
• Agglomeration

• As applicable, chemical classification of:
• Individual components in agglomerate particles
• Individual drug and/or excipients

Picture reference: Morphologically-Directed Raman Spectroscopy as an Analytical Method for Subvisible Particle Characterization in 
Therapeutic Protein Product Quality, Minkyung Kim et. al, Nature, 2023.  
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OINDP In-vitro Characterization: 
Representative morphology data for a DPI

Product Chemicals # Particles CE 
Dnmean (µm)

Aspect Ratio 
Mean

Circularity 
Mean

Intensity 
Mean

Convexity 
Mean

Solidity 
Mean

DPI

API 1 312 1.66 0.801 0.965 69 0.997 0.994

Excipient 1 2566 2.43 0.777 0.957 66 0.996 0.992

API 1- Excipient 1 agglomerates 457 1.92 0.796 0.960 66 0.996 0.993

Particle Morphology Characterization of DPI

The Microstructural Composition of DPI

Product
API 1 particles 
(% Classified)

Excipient 1particles 
(% Classified)

API 1 – Excipient 1 Agglomerate particles 
(% Classified)

DPI 9.36 76.94 13.70

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

% Particles Deposited per Chemical Class

Microstructural Composition of DPI

API 1 Excipient 1 API 1 – Excipient 1 
Agglomerates

Data Reference: Transpire Bio Inc. internal data files
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OINDP In-vitro Characterization: 
Representative morphology data for a DPI

MCA = Multi component; Data Reference: Transpire Bio Inc. internal data files

API 1
Excipien
t 1

Excipient 1

API 1

API 1 + Excipient 1 MCA
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OINDP In-vitro Characterization: 
Realistic APSD (rAPSD) by Cascade Impaction

Realistic MT models developed for inhaler in vitro testing: OPC Large (OPC L ), OPC Medium 
(OPC M ), OPC Small (OPC S ), VCU Large (VCU L ), VCU Medium (VCU M ), VCU Small (VCU S 
), AIT (Medium), and USP Induction Port. (a) side view; (b) view from the mouth entry; (c) internal 
geometry. MT, mouth-throat; OPC, Oropharyngeal Consortium; VCU, Virginia Commonwealth 
University; AIT, Alberta Idealized Throat; USP, United States Pharmacopoeia

Picture reference: In Vitro Tests for Aerosol Deposition. VI: Realistic Testing with Different Mouth–Throat Models and In Vitro—In Vivo Correlations for a 
Dry Powder Inhaler, Metered Dose Inhaler, and Soft Mist Inhaler.  Xiangyin Wei et. al., J. Aerosol Pulmonary Drug Delivery, 2018. 

• Recommended for in-vitro bio-equivalence (IVBE)
• Cascade impaction (CI) device per USP <601>
• Mouth-Throat (MT) model: e.g., Small, Large
• Breathing profiles: e.g., weak, strong 
• Representative of target patient population
• Life stages of product: Beg and End

• Report drug substance deposition on Individual sites:
• Mouthpiece adapter (MA)
• MT model
• Mixing inlet
• Each stage of CI
• Filter

• Report mass balance 
• Population bio-equivalence (PBE) analysis of Impactor Sized Mass (ISM) 
• Supportive evidence:

• Mass median aerodynamic diameter (MMAD)
• Geometric standard deviation (GSD)
• Fine particle mass (FPM)
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OINDP In-vitro Characterization: 
Representative data of a DPI across MT models and profiles
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Note: MT=Model Throat; MI=Mixing Inlet  Pres=PreseparatorData Reference: Transpire Bio Inc. internal data files
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Challenges & Opportunities in implementing 
non-standard in-vitro characterization tools 
• Robustness of technology

• Underdeveloped technology.
• Technology evolution concurrently with product development.

• Enhanced development time.
• Equipment up-time.

• e.g., robustness of laser source on MDRS

• Access to technology
• Limited operational units.

• e.g., MDRS
• Limited capacity from equipment vendors.
• Limited capacity at CROs.

• Development cycle
• Execution on an industrial scale is different from the research mode.

• R&D tool vs. QC tool.
• Time and resources require to develop and quality / validate methods. 

• There continues to be a need to develop tools and techniques that could serve as alternatives to and/or 
supplement clinical studies, are robust, and accelerate development of generic substitutable products.
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Reflections

• Drug-device combination products typically have a high technical barrier for generic substitutable product 
development. 

• This may be due to a combination of several factors:
• Inherent technical profile of the RLD
• Customized components of the drug constituent part
• Customized device constituent part 
• Customized manufacturing technologies and equipment train
• Inadequate or non-standard or not-established analytical techniques to demonstrate comparability
• Supply chain disruptions from OEMs
• Variable RLD performance attributes
• Intellectual property (IP) aspects 
• Etc..

• Product specific guidance (PSG) documents provide a structured, predictable and consistent framework for 
development of generic substitutable products.

• In-vitro characterization tools afford an incredible opportunity to accelerate the development of generic 
substitutable products. 



22

Delivering Breaths For Life

© Transpire Bio

Reflections

Advanced 
In-vitro 

characterization 
tools  

Predictable and 
accelerated 

generic 
substitutable

product 
development

Potential for 
expanded 
access via 

generic products

= =



THANK YOU!
© Transpire Bio

®


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23

