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Welcome
Susan C. Winckler, RPh, Esq.
Chief Executive Officer
Reagan-Udall Foundation for the FDA



Housekeeping

Due to the meeting size, your microphone and video will 
remain off during the meeting

Please share your questions using the Zoom Q&A function

This public meeting is being recorded.

The slides, transcript, and video will be available at 
www.ReaganUdall.org



Agenda

10am Welcome & Opening Remarks

10:15am
Use of Animal Models in Pre -Clinical Lung Toxicology Safety Studies: Current 
Expectations and Limitations

11am Industry Experience in Current Environment

11:45am Panel Discussion: Impact of Current Environment on Product Development and Patients

12:30pm Lunch

1:15pm
Innovations in Lung Toxicology Safety Studies: New Approaches in Pre -Clinical Models 
and Clinical Monitoring

2:45pm
Panel Discussion: What the Future Might Look Like
Opportunities to Improve Product Development and Global Alignment

3:55pm Closing Remarks

4pm Adjourn



Opening Remarks

Steven Kozlowski, MD
Chief Scientist - Office of the Chief Scientist, Office 
of the Commissioner
U.S. Food and Drug Administration



Jeff Tepper PhD, DABT, DSP
Consultant, Tepper Nonclinical Consulting  

Matt Reed, PhD, DABT
Principal, Coelus LLC

Use of Animal Models in
 Pre-Clinical Lung Toxicology 

Safety Studies: 
Current Expectations and 

Limitations



10:15 AM ET Session 

Use of Animal Models in Preclinical Lung Toxicology Safety Studies: Current Expectations and Limitations 

What are we doing here? Baselining Pulmonary Delivery and Dose 
Determination in Pulmonary Drug Development  

Thursday, February 26, 2026

Matt Reed, PhD, DABT, F-ATS

Coelus LLC



Outline

Å Pulmonary delivery in humans (getting at a dose т this is hard, but doable)
Å Pulmonary delivery in animals (getting at a dose - this is hard, but doable 

too)
Å Regulatory convergence points and divergence (dose emphasis)
Å A note on NAMS integration

Note: Jeff gets the hard stuff

Disclaimer: I have no direct conflict.  My business (I) support multiple clients seeking to move drugs 
utilizing pulmonary delivery to and through clinical development. 



Delivering treatments to and across the respiratory tract.  
Noting disease can happen anywhere.

10
10



Building  the paradigm of translational dose and health 
effect (positive or negative)

11

Schematic representation of the major elements of inhalation  delivery oriented 
toward understanding the efficacy or toxicity of pharmaceutical aerosols



Pulmonary target areas?
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TB-Ciliated cells of the airways 
(tracheal-bronchial)-through 
generation 15

PUL- Unciliated terminal 
bronchioles (Alveolar-PUL)-past 
generation 15



Particle deposition in the human lung:
Human oral tidal breathing (one example, e.g., nebulizer)
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Pharma aerosols

TB: Tracheal Bronchial
Surface area ~ 2000 cm2

Pulmonary
Surface area ~ 90-120 m2

Distribution of particle deposition for different regions of the respiratory tract system for 100% mouth breathing. 

The data were calculated using the LUDEP software (NRPB, Oxon, UK) based on the ICRP model.

ÅParticle size and distribution of the aerosol (and 
airflow) defines where a particle goes in the 
respiratory tract
ÅDeposition is primarily impaction and 

sedimentation driven (for pharma 
aerosols)

ÅDepending on mechanism of inhalation, we 
љũŸƚĲњШũƨŰŊШĬŸƚĲШƣŸШƣőĲШĤċĦťШŸŉШƣőĲШƣőƖŸċƣШċŰĬШ
upper respiratory tract

ÅìĲШљőŔƣњШƣőĲШÑ7ШċŰĬШÂÖxШыƓƨũůŸŰċƖǃ-distal 
airways and alveoli) with ~ equal efficiency in 
ƣőĲШƖċŰŊĲШŸŉШĬĲũŔƻĲƖǃШŸŉШљŸƨƖњШƓőċƖůċĦĲƨƣŔĦċũШ
aerosols generated

ÅBut, there is a disparate level of surface area 
between the TB (centimetres) and pulmonary 
regions (meters)



Aerosol delivery in patients: understanding the feasibility of 
human delivery in a formulation and delivery platform/s
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Nebulizer 
ÅOral tidal breathing (e.g., jet, 

vibrating mesh, continuous output, 
on demand output., etc.)

ÅFace Mask naso-oral tidal breathing
ÅSoft Mist (Low flow - maneuver)
Dry powder inhaler
ÅPatient powered (forced inspiratory 

capacity-flow rate) - other
Metered dose inhaler
ÅCompressed gas-coordinated 

maneuver
ÅOral or face mask (with spacer)

Å Asthma and COPD
Å Cystic Fibrosis, Bronchiectasis
Å Lung infection
Å Viral (SARS-CoV-2, 

influenza, RSV)
Å Bacterial, fungal

Å Pulmonary Arterial 
Hypertension (PAH)

Å Pulmonary fibrosis
Å Idiopathic, cystic fibrosis, 

sarcoidosis
Å Systemicindications
Å Migraine, diabetes

Examples respiratory Indications/ 
other

Delivery (how much aerosol can we deliver efficiently to impact 
disease)

F
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uŰŸƽШőŸƽШċШĬĲũŔƻĲƖǃШƓũċƣŉŸƖůќƚШĬĲƚŔŊŰШċŰĬШƨƚĲШ
characteristics influence the dose

Platform delivery method
Å Nebulizer
Å Tidal Breathing

Å DPI
Å Forced maneuver
Å Forced inspiratory 

capacity/ flow
Å Breath hold

Å MDI
Å Actuation 
Å Coordination with forced 

inspiratory capacity/ flow
Å Breath hold

Determining inhaled dose
Å Nominal dose (what goes in)
Å In vitro characterization (USP)
Å MMAD/ GSD
Å Emitted Dose (ED) from device
Å Fine particle fraction 

(FPF)/Inhalable fraction (< 5 
microns)

Å Breath simulation, etc.
Å Modeling deposition
Å ICRP, MPPD, CFD
Å Contractors can help!

Å Empirical data
Å Gamma scintigraphy (P/C)



Device-drug combinations deliver a wide range of inhaled 
treatment modalities over a multi-log range 

Take home points:
Å Wide range of therapeutic 

modalities with different 
therapeutic indexes used to treat a 
breadth of pulmonary and 
systemic diseases

Å Wide range of doses and devices 
used to deliver these modalities

Å Accurate estimation of inhaled 
human dose is feasible across a 
wide range of modalities and 
devices

Å Toxicology? Understanding clinical 
dose potential (exposure) is 
critical to inhaled hazard 
assessment and development of 
safety margins   

Clark et al., 2015 reproducedby Hastedtet al 2016



Current state of the art: Determining 
inhaled dose in nonclinical safety studies
Å 70+ years of using nonclinical species for hazard assessment, 

general toxicology, risk assessment across disciplines (e.g., pharma, 
chemicals, pesticides, environmental, etc.)

Å Regardless of species of interest, nonclinical inhalation delivery 
systems use most of the same principles that are used for human 
drug delivery (e.g., aerosol concentration/ dose presentation, particle 
size, particle deposition principles, flow, etc.)

Å Almost exclusively, nonclinical inhalation delivery systems make use 
of tidal breathing (e.g., nasal and/or oro-nasal)



Particles flying in a lung?
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Lung is a lung right?????  Not really. Size matters and it is mostly the 
љƓũƨůĤŔŰŊШƚŔǍĲƚњШƣőċƣШĬƖŔƻĲƚШĬŔŉŉĲƖĲŰƣŔċũШĬĲƓŸƚŔƣŔŸŰШыƻƚШőƨůċŰƚьШŔŰШũƨŰŊƚШ
for pharmaceutical aerosols among species.

Size-scaled lung casts of mammalian 

species (white dot = diameter of trachea)



Coupling aerosol generators to exposure chambers
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Courtesy Lovelace Biomedical 

Å Select devices are used to 
generate liquid and dry powder 
aerosols (some are clinical).

Å Animals breathe tidally/ 
passively as the aerosol flows 
Ǉŀǎǘ ǘƘŜ ŀƴƛƳŀƭΩǎ ƴƻǎŜκ ǎƴƻǳǘ 
(minute volume measured or 
estimated) .

Å The aerosol concentration is 
determined by collection under 
known flow/ time and monitored 
by chemistry.

Å Aerosol size is measured to 
ǳƴŘŜǊǎǘŀƴŘ άinhalabilityέ ŀƴŘ 
respiratory deposition.

Key metrics of lung dose: time of exposure, aerosol concentration, tidal volume 
(measured or estimated), deposition determination. Jeff to layer into safety 
assessment practice.    



Regulatory convergence and divergence in 
nonclinical pulmonary drug development 
ÅìőċƣќƚШŊĲŰĲƖċũũǃШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШƣőĲШ ŊĲŰĦǃШċŰĬШfŰƣĲƖŰċƣŔŸŰċũũǃШыƣőĲƖĲШŔƚШċũƽċǃƚШ

a caveat)? 
ÅRegardless of geographic region or Agency Division, ICH Guidance drive nonclinical 
ƓĲƖŉŸƖůċŰĦĲШƚƣċŰĬċƖĬƚШċŰĬШŊĲŰĲƖċũШƚƣƨĬǃШĬĲƚŔŊŰШыĲǂċůƓũĲƚввввь
ÅM3/R2 small molecules: 2 species
ÅS6 for biologics: appropriate species (NHPs or surrogates)
Å9ŸŰĬŔƣŔŸŰƚШŉŸƖШљŸƣőĲƖњШũŔťĲШŸũŔŊŸŰƨĦũĲŸƣŔĬĲƚШ
Å9ŸŰĬŔƣŔŸŰƚШŉŸƖШљŊĲŰĲњШƣőĲƖċƓǃ

ÅìőċƣќƚШŰŸƣШыƣőĲƖĲШŔƚШċũƽċǃƚШċШĦċƻĲċƣье
ÅClinical lung dose estimates (US Pulmonary vs ROW).
ÅNominal approach (i.e., what goes into the device) vs what is estimated to be deposited in the 

respiratory tract
Å ŸŰĦũŔŰŔĦċũШũƨŰŊШĬŸƚĲШĲƚƣŔůċƣĲƚШыÉĲĲШsĲŉŉќƚШƣċũťь
ÅUse of NAMS for regulatory purposes



~ċƣƣќƚШƽŸƖĬШŸŰШ  ~ÉввЮЮ

ÅÖƚĲШůŸĬĲũƚШƣŸШƓƖŸƻŔĬĲШĦŸŰŉŔĬĲŰĦĲШŔŰШƣőĲШљƽĲŔŊőƣШŸŉШĲƻŔĬĲŰĦĲњШċƓƓƖŸċĦőШ
ÅMethods that build a case for or against translation for critical observations
ÅE.g., is this animal-based histopathology finding relevant to humans?
ÅDo I need to to do more or less NAM-based or in vivo work to inform the science 

or protect patient safety?
ÅModels for pharm/tox screening or dose translation (many currently in use, being refined, or 

near qualification status)
ÅLung on chip
ÅALI-airway; ALI-alveolar
ÅOrganoids
ÅOther???????

Å In silico, In vitroЯШũŔƣĲƖċƣƨƖĲШяƨƚĲШ fЯШĤƨƣШĬŸŰќƣШŉŸƖŊĲƣШƣŸШƖĲċĬШыċŰĬШƽƖŔƣĲьгѐЯШŸƣőĲƖе
ÅCombinations of methods and data sets that build evidence for or against the use of 

animal testing
Å Question the need for an animal study even if precedent dictates (e.g., guidance). Build 

evidence for or against testing by using multiple methods to make rational decisions 
regarding risk to the patient and the need for animal studies. 

mg/ml

IC50

Disease 
State

PK

TI

MRSD



Recommendations

ÅWe have the hard science and the capability to predict human dose with 
ŰĲċƖШċŰǃШŔŰőċũċƣŔŸŰШĬĲƻŔĦĲШċŰĬШŉŸƖůƨũċƣŔŸŰЮШxĲƣќƚШĬŸШŔƣг
ÅSimilarly, we understand inhalation exposures and metrics and have 

multiple tools at our disposal to use the best science to determine 
ŰŸŰĦũŔŰŔĦċũШĬŸƚĲƚЮШxĲƣќƚШƨƚĲШƣőĲůг
ÅxĲƣќƚШŔŰĦŸƖƓŸƖċƣĲШ  ~ÉШŸŰШĦċƚĲ-by-case basis to facilitate our use of weight 

of evidence approaches and rational determinations for informing the need 
for animal testing



10:35 AM ET Session 

Use of Animal Models in Preclinical Lung Toxicology Safety Studies: Current Expectations and Limitations 

IRA Demystified

Thursday, February 26, 2026
Jeff Tepper, PhD, DABT, DSP

Tepper Nonclinical Consulting



IRA: What is it?

IRA
Individual
Retirement

AccountIrish Republican Army

IRA: Inhalation Risk Assessment



Outline
2005 FDA Guidance
Determination of Starting Dose for Inhaled Drugs
 Adversity
 Lung dose nomenclature
 Default values for deposition 
 Scaling and Safety Margins
Summary/Recommendations

Disclaimer: These are mostly my thoughts. I have no conflict of interest. 



2005 FDA Guidance Maximum Recommended Safe Starting 
Clinical Dose (MRSD) for FiH

Determine 
NOAEL

Justify Scaling

Convert to 
HED

Select Appropriate 
Species

Include Un-
certainty factor(s)

MRSD

Modify based 
on PAD

FDA 2005 Guidance for Industry:
Estimating the Maximum Safe Starting Dose 
in Initial Clinical Trials for Therapeutics in 
Adult Healthy Volunteers



Pulmonary Division Algorithm to Determine Maximum Clinical Dose 
for FiH

Determine the delivered 
dose NOAEL

Use default deposition factor to calculate 
pulmonary deposited dose (PDD)

Choose scaling factor for animal 
and high clinical dose (BWT or LWT) 

Divide NOAEL PDD by the 

Nominal  highest clinical dose

Determine if high clinical 

dose margin is acceptable

Choose FiH 
starting dose

Tepper et. al., 2016

No

Yes



The NOAEL dose is the primary output 
of GLP toxicology studies

NOAEL is the No Adverse Effect Level

ÑőĲШ § ExШŔƚШћћƣőĲШőŔŊőĲƚƣШĬŸƚĲШũĲƻĲũШƣőċƣШĬŸĲƚШŰŸƣШƓƖŸĬƨĦĲШċШsignificant increase in 
adverse ĲŉŉĲĦƣƚШŔŰШĦŸůƓċƖŔƚŸŰШƣŸШƣőĲШĦŸŰƣƖŸũШŊƖŸƨƓќќШы[? ЯШΞΜΜΡШ~ÅÉ?Ш]ƨŔĬċŰĦĲь



Adversity
Adversity is a fairly nebulous concept with no globally accepted definition
Recently, adversity has been defined as an effect that:

Å љũŔťĲũǃШƖĲƚƨũƣƚШŔŰШċŰШŔůƓċŔƖůĲŰƣШŸŉШŉƨŰĦƣŔŸŰċũШĦċƓċĦŔƣǃШƣŸШůċŔŰƣċŔŰШőŸůĲŸƚƣċƚŔƚШċŰĬоŸƖШċŰШ
ŔůƓċŔƖůĲŰƣШŸŉШƣőĲШĦċƓċĦŔƣǃШƣŸШƖĲƚƓŸŰĬШƣŸШċŰШċĬĬŔƣŔŸŰċũШĦőċũũĲŰŊĲЮњШыÂċũċǍǍŔШĲƣШċũШΞΜΝΣь

or:
Å ћћ ĬƻĲƖƚŔƣǃќќШŔƚШċШƣĲƖůШŔŰĬŔĦċƣŔŰŊШћћőċƖůќќШƣŸШƣőĲШƣĲƚƣШċŰŔůċũЯШƽŔƣőŔŰШƣőĲШĦŸŰƚƣƖċŔŰƣƚШŸŉШƣőĲШ

study design (dose, duration, etc.) (Kerlin et. al., 2016)

However, the NOAEL should not include speculation about the origin and/or 
pathogenesis of the effect, theoretical human/patient extrapolations or clinical 
non-monitorability. These concerns should be stated specifically and included 
as uncertainty factors.



NOAEL is a Dose but which Dose?

Nominal
Dose added to the device 

Emitted/Presented
Dose that leaves the device 

Delivered/Inhaled 
Dose at breathing zone

Deposited
Pulmonary dose

Systemic

The pulmonary region most 
specifically refers to the area 
where gas exchange occurs



Calculation of Lung Dose

*   Estimated parameters
** Default values or study values 

Lung Dose (mg/kg) = ( C x T x MV x Df ) / Sf
Where:

C  = Aerosol concentration (mg/L) 
T  = Exposure time (min) 
MV = Minute volume (L/min)* 
Df  = Deposition fraction*
Sf  = Scaling Factor; Body weight (kg) or Lung Weight(g)**

Alexander DJ, Collins CJ, Coombs DW, et al. Association of Inhalation Toxicologists (AIT) Working Party 
Recommendation for standard delivered dose calculation and expression in nonclinical aerosol 
inhalation toxicology studies with pharmaceuticals. Inhal Toxicol. 2008;20(13):1179-1189 



FDA Pulmonary Division Default Standard Values

Å Humans: 100% (i.e., nominal dose) is deposited in humans
Å Non-Rodents: 25% of the inhaled dose is deposited
Å Rodents: 10% of the inhaled dose is deposited
Å Default deposition factors for rabbits, minipigs, ferrets

and sheep not specified

Tepper et. al., 2016

Species Mouse Rat Guinea pig Monkey Dog Human*

Body Weight (kg) 0.03 0.25 0.7 2.4 10 60
MV (L/min) 0.03 0.19 0.45 1.3 4.3 20
Lung Weight (g) 0.2 1.5 4 22 110 1000
Deposition Fraction 0.1 0.1 0.2 0.25 0.25 1

* Values to be used for safety margin calculations



Pulmonary Deposition Varies with Particle Size

Schlesinger, R.B., Comparative deposition of 
inhaled aerosol in experimental animals and 
humans: a review. 
J. Toxicol. Environ. Health, 15, 197, 1985

Wolff RK, Dorato MA. Toxicologic testing of 
inhaled pharmaceutical aerosols. 
Crit. Rev. Toxicol. 1993; 23(4):343-69. 
doi: 10.3109/10408449309104076. 



In silico models, such as the MPPD model, can compute deposition fraction for 
humans and five laboratory species (not dogs L)

Applied Research Associated, Inc. 
https://www.ara.com/mppd/

https://www.ara.com/mppd/


Scaling and Safety Margins for Inhalation FiH Dosing

Å For inhaled drugs, scaling, using body weight (BWT) 
or lung weight (LWT), is most common

Å ÉĦċũŔŰŊЯШƨƚŔŰŊШ7ìÑШŸƖШxìÑЯШƚőŸƨũĬŰќƣШůċƣƣĲƖг
Å The equation for lung weight (g) =11.3 x BWT(kg)0.99

Å An exponent of ~1 means that BWT scales isometrically (proportionally) with LWT

Å However, it matters when calculating safety margins!
Å Default 60 kg BWT scales to a LWT of ~ 651g
Å Default LWT of 1000g scales to a BWT of ~92 kg

Å This explains why normalizing to LWT provides a greater safety margin

Å Required safety margin (PDD NOAEL/ Nominal Highest Clinical Dose) for the 
Pulmonary Division is 10-fold for rats, 6-fold for dogs and 5-fold for NHPs



Comparison of MRSD by Different 
Scaling Methodologies

Case example: The NOAEL is an inhaled dose of 10 mg/kg/day with the rat 
being the most appropriate of 2 tested species.
What are the uncertainty factors and the MRSD?

PDD MRSD 
(LWT, 1kg)

PDD MRSD 
(BWT, 60kg)

BSA DoseInhaled Dose 

10101010Uncertainty Factor
0.3616.21Scaling Factor

101011Deposition Factor
2211Rat PDD/Nominal
4411MRD to MRSD factor

2868006210Total Uncertainty Factor
2.100.759.6860MRSD Dose (mg)



Summary/Recommendations

1. Standardize dose terms for inhalation to avoid confusion

2. Use the best science to determine the deposited dose in animals and 
humans as a method of reducing uncertainty

3. Allow NOAEL to refer only to harm to the tested animal under the 
conditions of the study

4. Use identifiable uncertainty factors to include potential concerns over 
pathogenesis, clinical relevance and monitorability

5. Harmonize by returning to the determination of the MRSD, allowing 
preclinical data to be used for starting dose and clinical data to determine 
maximum tolerated dose. 



Industry Experience in Current 
Environment

Bill Thelin, PhD
Aer Therapeutics

Jorrit Hornberg, PhD  
AstraZeneca

Aidan Curran, PhD
Curran Nonclinical 

Consulting

Per Åberg, MSc, DABT
AstraZeneca 



Challenges Developing Inhaled Drugs in 
the Current Environment ς 

A Case Example

Bill Thelin, PhD
Aer Therapeutics 



Severe COPD: A Serious Unmet Medical Need

Å High morbidity, mortality, and healthcare burden

Å Mucus plugging is measurable and linked to worse outcomes

Å Few therapies directly address structural airway obstruction

Å Promising treatments for serious diseases warrant proportionate, evidence-based risk assessment

Mucus Plugs can be Visualized Mucus Plugging Impact: Disease Severity, QoL, Lung Function, Exacerbations, and Survival 

Diaz A, et al. JAMA 

2023; 329(21):1832-1839. 
Okajima Y, et al. Chest 

2020; 158:121-30. 
Dunican EM et al. AJRCM. 

2021; 203(8):957-968.

References:



AER-01 Effect of Patient Sputum (12 min)Disulfide Crosslinks are Central to Plug Formation

An Inhaled Thiol Saccharide Targeting Mucus Plugging

Å AER-01 is an inhaled thiol mucolytic

Å Reduces disulfide crosslinks in mucus plugs

Å Thiol drugs have long-standing human use (e.g., NAC since 1960s)

Å Designed to overcome the tolerability and efficacy limitations of NAC

Å Innovation addresses formulation and tolerability ð not a novel toxicity class

No Tx AER-01



Translational Basis for Clinical Dose Selection
Clinical dose grounded in pharmacology and translational modeling

Å Dose-dependent reduction in mucus viscoelasticity

Å Defined minimum effective concentration

Å Deposition modeling informed clinical dose range

Å In vivo reduction in mucus burden and reduced pulmonary inflammation

Pharmacology Deposition and PK In Vivo Efficacy

Addante et al. Eur Respir J. 2023;61(5):2202022.



2-Week Tox Outcomes vs Clinical Dosing Targets

Early Toxicology Supported Clinical Entry
Strong early nonclinical and clinical safety foundation

Confidential43

Å 2-week GLP inhalation tox in rat and dog Ÿ NOAELs

Å Supported Phase 1 dose range

Å Phase 1 (up to 4x target dose) well tolerated

Phase 1 Summary (Australia)

Å Highest Dose (360 mg) well -tolerated

Å 4x P2 target dose

Å 96 healthy subjects evaluated

Å Doses: 45 to 360 mg/day (up to 7 days)

Å No pulmonary safety signals (stable 

spirometry)

Å No systemic toxicity

Å Dose-proportional PK



Chronic Inhalation Toxicology Divergence
Species divergence emerged in chronic inhalation studies

Å 13-week inhalation tox studies

Å Dog: NOAEL identified

Å Rat: No NOAEL identified

Å Rat findings: localized alveolar 

inflammation with protein accumulation

Å Mechanistically consistent with an effect 

on surfactant proteins

Å Non-progressive and showed reversibility

Off-Target Mechanistically Consistent 
with a Surfactant Effect

AER-01



Why the Rat May Behave Differently (Than Larger Mammals)
Both Biological and regulatory factors may amplify apparent rat sensitivity

Å Fewer airway generations Ÿ greater distal deposition

Å Differences in mucociliary clearance

Å Differences in lung mass and exposure per gram

Å Rodents carry highest default regulatory safety margins (10x)

Airway Branching Mucociliary Clearance Rates

Rat (Monopodial) Human (Dichotomous)

Impacts regional aerosol deposition Impacts drug retention/clearance

Miller et al, Aerosol Sci Tech. 1993; 18(3): 257. Roth et al, Nature Comm. 2025; 16(1): 2446.



Pulmonary Inflammation Is Clinically Monitorable
wŀǘ ƘƛǎǘƻƭƻƎȅ ǎƛƎƴŀƭǎ ŀǊŜ ƴƻǘ ƛƴƘŜǊŜƴǘƭȅ άƴƻƴ-ƳƻƴƛǘƻǊŀōƭŜέ

Å Alveolar inflammation has radiographic correlates (e.g., GGO)

Å High-resolution CT detects inflammatory parenchymal changes

Å Prospective monitoring and predefined stopping criteria can be implemented

Rat Histology Human CT Image

Protein

Accumulation



Regulatory Weight of Evidence

When the Most-Sensitive Species Anchors Clinical Dose Limits

Å Chronic rat findings frequently influence clinical dose limits, particularly for inhaled drugs

Å Absence of rat NOAEL can constrain longer-duration studies

Å Creates uncertainty for early-stage biotechnology companies

Å Represents a recurring friction point in the current regulatory environment

Å Some sponsors, including Aer Therapeutics, have conducted clinical development outside 

the U.S. under weight-of-evidence frameworks

Aer Initiated Phase 2a Development Outside the U.S.

Å Status: Ongoing

Å Enrollment: 100 patients with moderateïsevere COPD

Å Dose: 90 mg/day vs placebo for 28 days

Å Efficacy: Change in FEVϛ, MPS, QoL

Å Safety: Spirometry, clinical labs, and HR-CT imaging

Å Prospective CT monitoring of ground-glass opacities (GGO)

Å Predefined stopping criteria triggered by inflammatory imaging signals

Å Regulatory approvals: Aus, NZ, UK (MHRA), EU (EMA pending)



Implications for U.S. Innovation and Animal Use
This challenge extends beyond science τ it has economic and policy implications

Å Development may relocate to jurisdictions applying weight-of-evidence approaches

Å ~$30M in clinical investment occurred outside the U.S. in this case

Å Over reliance on a single species may drive additional animal studies

Å Modern monitoring tools and NAMs/MPS may reduce need for redundant animal testing  



Toward a Weight-of-Evidence Framework

Å Rat toxicology signals should be respected

Å But not automatically qualifying or disqualifying

Å Integrate multi-species data, mechanistic understanding, and clinical monitorability

Å Weight-of-evidence can preserve safety while advancing needed therapies

For serious lung diseases, integrating species biology 

and clinical monitorability may better balance safety, innovation, 

and U.S. competitiveness.
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Case Example: Histopathology lesions in rats 
with impact on dose limits 
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NAMs Example: In vitro lung tox model

Exploring new technology to re-define safe 
dose limits

1

2

3
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Non-steroidal glucocorticoid receptor agonist ïcase background

ÅIntended for combination treatment of respiratory 
disease

ÅRat efficacy model: improved therapeutic index vs 
inhaled corticosteroids (ICS)

Tox program: 1- and 6-month studies in rats, 1-, 
3- and 9-month in dogs

PrePh2, FDA raised concerns around lung 
histopathology finding in rats and required a 
dose cap at 360 µg; 10-fold margin to NOEL for 
finding, assuming 100% deposition in humans. 
Not present in dogs

AZ assessment: lesion was not representing an 
effect of concern for the proposed doses; no 
concerns raised by other Health authorities

Ph2b pursued at 360 µg in US, 720 µg in ROW; 
dose-related efficacy, no safety signals of concern

ω Therapeutic doses of 360 and 720 µg (Ph2 data)
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Rat lung pathology (6  month, not at 1month)

ωAlveolar eosinophilic material (AEM)
ω Amorphous deposits within alveolar lumina

ω PAS-positive; lipoprotein

ω TEM confirmed lamellar structure; phospholipid

ω IHC confirmed proSP-C

ωLow severity, reversible

ωNo associated inflammation  or blood -air barrier damage

ωPresent at an estimated dose multiple of 10-fold 720 µg (at 

least 19-fold accounting for human deposition)

ωAbsent at 5-fold 720 µg

FDA: AEM not previously described with ICSs, 
concern it may represent alveolar proteinosis. 
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Lower systemic burden in rats than for ICS; higher dose coverage 

in chronic tox studies (defined by MTD)

AZ hypothesis: AEM represented 
suprapharmacological effect on 

surfactant production. GR agonist 
stimulatory effect on surfactant 
production (Lewis, 2014; Eik-Nes, 
1987; Young and Silbajoris, 1986)

https://doi.org/10.1002/jat.2950
https://doi.org/10.1016/0022-4731(87)90187-7
https://doi.org/10.1016/0022-4731(87)90187-7
https://doi.org/10.1016/0022-4731(87)90187-7
https://doi.org/10.1016/0022-4731(87)90187-7
https://doi.org/10.1152/jappl.1986.60.5.1665
https://doi.org/10.1152/jappl.1986.60.5.1665
https://doi.org/10.1152/jappl.1986.60.5.1665
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Investigative package during Ph2b to support high dose globally

in rats following 7-day IT administration

GR-induced surfactant upregulation demonstrated

in human alveolar cells

Similar lesions present in air control dogs in 9-month study

Other supportive information

Å Max dose/NOAEL for ICS in chronic rat 
studies would not provide 10-fold lung dose 
coverage of therapeutic doses

Å Phenotype not considered consistent with 
alveolar proteinosis
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Å AEM occurred in rat lung at a dose corresponding to 7000 
µg in humans ς vs 720 µg delivered dose, estimated ~360 µg 
deposited with human device

Å AEM was not associated with epithelial/inflammatory 
lesions

Å Investigative studies supported hypothesis for GR-induced 
surfactant expression at suprapharmacologcial levels

Å Similar histopathology in non-treated dogs

10-fold margin + 100% lung deposition assumption 
created a very high bar for this type of 
lesion/molecule 

Context for risk assessment

Link between rat toxicology 

data and human dose limit
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Approved inhaled molecules analysis: NOAEL from chronic rat 

studies do not always reach 10-fold lung dose coverage

Data from FDA approval packages. Lung 
dose calculation according to Tepper et 
al, 2016. NOAEL rodent vs max 
approved dose



Can we predict lung 

histopathology with 

in vitro methods?
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L. Johansson et al 2026

Breathing Lung-on-Chip model predicts lung irritancy 
and inflammatory response in vivo

A lung co-culture model with a pressurized 
system to enable cyclic breathing movement 

AZD1: Cytokines
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https://link.springer.com/article/10.1007/s00204-025-04269-9?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20260114&utm_content=10.1007%2Fs00204-025-04269-9
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Cobblestone 
staining pattern 
indicative of TJ

Discontinous staining 
pattern indicative of 
barrier disruption

Tight-junction imaging assay predicts respiratory irritancy

ω Junctional proteins maintain strong cell-cell 
and cell-ECM connections

ω These connections play a pivotal role in 
various barrier formations (e.g. blood-
brain, air-blood and gut-blood barriers)
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Combining in vitro occludin imaging assay data with PBPK modeling 
predicts localization of  lung histopathology

Compound concentrations in epithelial 
lining fluid throughout respiratory tract 
in rat tox study predicted by PBPK model

Time (h)

PA Fitpatrick et al 2024


