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Regulatory Definition of  a Biologic
• FDA: PHS Act, A virus, therapeutic serum, toxin, antitoxin, vaccine, blood, blood component or derivative, 

allergenic product, protein, or analogous product…applicable to the prevention, treatment, or cure of a 
disease or condition of human beings.

• EMA: A biological medicinal product is a medicinal product whose active substance is made by or derived 
from a living organism

• WHO: Class of medicines which are grown and then purified from large scale cell cultures which includes 
vaccines, growth factors, immune modulators, monoclonal antibodies, blood- and plasma-derived 
products. Biological therapeutics are regulated, tested, and controlled differently than other medicines

• Canada: Class of drugs derived through the metabolism of living organisms rather than being synthesized 
by chemical reactions

• Japan: Under Pharmaceutical affairs Law: Products including ingredients derived from human or biological 
(excluding plants) source materials (cell, tissue, blood, etc)

• China: Products derived from biotechnology to prevent, treat and diagnose human disease from 
microorganism, cells, animals or human derived tissues and bodily fluids
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Inhaled biologic format can add to regulatory complexity

• Drug product can be protein, gene, peptide, cell, virus

• A delivery system is necessary: nebulizer, metered propellant, dry powder inhaler (DPI)

• Drug product format may be powder, liquid

• Inhalation device types may come in many flavors: MDI, PMDI, IDP, SMI 

• Depending on the drug/device interface chosen, different regulatory pathways may be 
indicated (a drug/device combination product may be regulated separately or as a 
combination) 

• Regional regulatory requirements can add to complexities in global regulatory strategy 
(e.g., protein review outcomes from Germany BfArM and PEI can differ significantly, 
Europe requires a 3rd party Notified Opinion outcome for devices)
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FDA: size-dependent regulatory pathway on protein/peptide
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MAPP 5016.3 Rev.1

OBP has been reorganized as OPQ III since 2024

As of 2020, the Biologics Price 
Competition and Innovation 
(BPCI) Act requires that all 
biological products, including 
synthetic proteins made of more 
than 40 amino acids be 
submitted for marketing 
approval through a BLA under 
Section 351 of the PHS Act.



Regulation differences for product and device
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Drug product integral within device

• Nearly all health authorities 
regulate primarily as drug product

• Single investigational and marketing 
applications permitted

Drug product and device are not 
integral

• Nearly all health authorities regulate 
as two separate components (device 
and drug)

• Some regions require separate 
investigational and marketing 
applications



Inhaled proteins may be regulated/reviewed by different review groups in US

Modified from Advanced Drug Delivery Reviews 2021 vol 172

Synthetically 
derived

biologically 
derived

CBER BLA
CDER BLA
CDRH 510(k)

CDER NDA
CDRH 510(k)



Inhaled biologics are 
complex products
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Biologics require complex control strategies
• Proteins are more labile. Their quality profile can be impacted by the manufacturing 

process (both DS and DP), the storage conditions, transport, device and user handling.

• Extensive characterization studies are required to identify potential critical quality 
attributes (CQA)

• Safety (e.g., immunogenicity) and efficacy (e.g., clearance) can be specific to the route 
of administration, indication and patient population (e.g., immunocompromised)

• A global supply chain requires a robust stability program to support storage and 
transport conditions (e.g., zone temperatures)

• Immunogenicity is one key concern for biologics. Some routes of administration may 
lead to increased immunogenicity for a given product. In general, the inhalation route 
is considered more immunogenic: IV < SC < inhalation.
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The quality of  an inhaled biologic can be impacted by multiple 
factors
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Human Vaccines & Immunotherapeutics 2022 Vol18 
(2)



A holistic approach should be used to the establishment of  the 
desired product quality- Powder filled capsules example   
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• 1º structure
• 2º structure
• 3º/4º structure
• Glycosylation
• Activity
• Effector 

function

• Purity
• Impurities
• Potency
• Microbiology
• Stability

Liquid/Frozen Spray dried powder Encapsulated powder Device as powder propellant

• Fine particle 
mass

• Delivered dose 
uniformity

• Particle size 
distribution

• Moisture

• Performance
• Moisture 

content
• Purity
• Impurities
• Potency
• Microbiology
• Stability

• Physical 
attributes

• Content 
uniformity

• Foreign 
particulate 
matter

• Appearance
• Performance
• Moisture 

content
• Purity
• Impurities
• Potency
• Microbiology
• Stability

• Physical 
attributes

• Average 
delivered dose

• Delivered dose 
uniformity

• Aerodynamic 
particle size 
distribution

• Appearance
• Performance
• Moisture 

content
• Purity
• Impurities
• Potency
• Microbiology
• Stability
• L/E



Regulatory guidance 
specific to inhaled 
biologics is limited
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Guidance specific to inhaled biologics is limited

Development
• 2022 

EMA/CHMP/BWP/534898/2008 
rev.2 corr. Guideline on the 
requirements for quality 
documentation concerning 
biological investigational 
medicinal products in clinical 
trials 

ICH Quality Documents
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Drug/Device/Inhalation
• EMEA/CHMP/QWP/Corr: 

Guideline on the 
pharmaceutical quality of 
inhalation and nasal 
products 2006 (in review)

• FDA Draft Guidance April 
2018:  Metered Dose 
Inhaler (MDI) and Dry 
Powder Inhaler (DPI) 
Products - Quality 
Considerations 

• FDA Draft Guidance June 
2024 Essential drug delivery  
outputs for devices 
intended to deliver drugs 
and biological products

Guidance specific to inhaled biologics is limited
Drug/Device/Inhalation
• CPMP/EWP/4151/00 rev 1 

Requirements for clinical 
documentation for orally 
inhaled products (OIP) 
including the requirements 
for demonstration of 
therapeutic equivalence 
between two inhaled 
products for use in the 
treatment of Asthma and 
Chronic Obstructive 
Pulmonary Disease (COPD)

• Draft guideline on the 
requirements for 
demonstrating therapeutic 
equivalence between orally 
inhaled products (OIP) for 
asthma and chronic 
obstructive pulmonary 
disease (COPD)

Drug/Device/Inhalation
• FDA Draft Guidance 

Bridging for Drug-Device 
and Biologic-Device 
Combination Products 2019

• Quality documentation for 
medicinal products when 
used with a medical device 
(2/07/2021) 
EMA/CHMP/QWP/BWP/259
165/2019



Guidance specific to inhaled biologics is limited

• Inhaled biologics combine additional considerations during development to support 
commercialization (e.g., spray dried powder and device performance) that are not 
specifically addressed in current guidance
• Aggregation is a common phenomenon in liquid protein preparations. Protein aggregation has been 

extensively studied for IV and SC administrations because of the potential for immunogenicity. Yet, there 
is limited experience on aggregate characterization for powders using the inhalation route. Guidance on 
acceptable levels of protein aggregates and particles is lacking.

• Drug product formulation (e.g., to enhance powder performance) can provide exceptional 
stability to the inhaled biologic. 
• Such product formulation may require the use of novel excipients. Approaches to the qualification of 

novel excipients may warrant consultation with regulatory agencies to obtain specific guidance.
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The inhaled biologics space in clinical development is growing

• Pulmozyme (dornase alfa 
enzyme)

• Exubera (insulin)

• Afrezza (insulin)
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Inhaled biologics in the clinic

Eur.J.Pharm.Biopharm. 2021 vol 163

Licensed inhaled biologics Indications

• Asthma

• COPD

• Respiratory infections

• Cystic fibrosis

• Diabetes

• Parkinson’s disease

• Schizofrenia



Points to consider for 
inhaled biologic products
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Points to Consider: know your product/process
• Characterization of powder presentations (DPI) to understand protein activity/purity 

during and after dissolution in the lung- can be challenging (e.g., dissolution in airway)- 
The use of models may help.

• Protein preparations commonly present aggregates and particles with potential for 
immunogenicity. While available guidance for parenteral administration aids in the 
establishment of control strategies, guidance is limited for inhalation routes. 

• Inhalation powders may require multiple product strengths to support clinical 
development. Bracketing stability approaches may help streamline material need for 
stability studies.

• During CMC development, manufacturing changes are a common occurrence (e.g., 
formulation, scale-up, site transfers). Science-based risk assessments are necessary to 
determine if and how extensive a comparability exercise between pre- and post-change 
material is required. ICH Q5E provides guidance on general criteria to determine the need 
for pre-clinical and/or clinical studies in addition to analytical comparability.19



Points to Consider: know your product/process
• Direct characterization of the protein in powder for inhalation is challenging as protein 

testing technology generally requires reconstitution into liquid samples.

• While inhalation products do not require to be sterile, biologics preparations may 
facilitate microbial growth. Risk assessment of the inhaled biologic potential for 
microbial growth (e.g., endotoxins, water activity) should be made to support 
appropriate controls

• Drug product formulations that provide better powder performance may include 
excipients considered novel: “Sponsoring” the safety assessment of novel excipients: 2017(FDA) & 
2020 (Merck) insulin case study on novel excipients talk about the manufacturer of the product to be the 
sponsor of the novel excipient that is being used in the product formulation…”The sponsor is encouraged  
to contact the appropriate review division to receive specific guidance”. On a US FDA Note for 
Guidance…”the inclusion of an excipient in a USP/NF monograph or other non-FDA document is not an 
indication that the substance has been reviewed by the FDA and found safe for use”. “It is incumbent upon 
the biopharmaceutical manufacturer to build the case for fit-for-function as a human medicinal excipient.”
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Points to Consider: Regulatory Challenge/Opportunity
• While parenteral biologics are expected to use the ‘commercial’ material by pivotal (Ph3) 

studies, inhalation products may need to do it earlier in development (e.g., Ph2)-  “Dose-
ranging studies are considered pivotal trials, and the to-be-marketed MDI should be 
used during dose-ranging studies to avoid potential therapeutic differences.” 2018 FDA 
Draft Guidance on DPIs and Metered Products for Inhalation. 

• Long manufacturing processes for biologics for inhalation present challenges to establish 
stability programs that support a long shelf life. Biologics generally show non-Arrhenius 
behavior leading to limited predictability on stability. Regulatory acceptance of stability 
modeling and predictive stability programs would support better management of the 
storage of inhaled biologics. 

21



Points to Consider: Regulatory Challenge/Opportunity
• Device development should be carefully considered from the perspective of filing 

globally during clinical studies as majority of regions require separate clinical 
applications for non-approved devices. For marketing applications, additional 
registration process need to be considered (e.g., EU Notified Body, FDA 510(k) )

• Pediatric formulations may be challenging depending on the type of device for 
inhalation that is being developed for the adult population (a different inhaler may be 
needed for children under 6)

• Agencies may have discrepant views on aspects of inhaled biologics (nominal dose, pre-
metered dose, delivery dose)

• Agencies have put in place programs in support of novel technologies and approaches 
that can help inhaled biologics advance their CMC programs while opening more 
effective communications with regulatory agencies on CMC issues (e.g., FDA ETP, EMA 
ITF, EMA QIG)
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Take Aways
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Take aways

• Inhaled biologics require a significant science and technology uplift in CMC. 
“Novel” and “specialized” are common themes during development.

• Global regulatory pathways for inhaled biologics can be complex. 
Understanding how product and device are regulated in each region is key 
to develop regulatory strategy and support CMC development

• Regulatory strategy ‘adaptability’ is key to navigate the gaps in regulatory 
guidance and support CMC development challenges. When not explicitly 
stated in guidance, a conservative approach may need to be used to 
support uncertainties during development
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