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

Thursday, February 26, 2026
Matt Reed, PhD, DABT;ATS
Coelus LLC

10:15 AM ET Session
Use of Animal Models in Preclinical Lung Toxicology Safety Studies: Current Expectations and Limitations



Outline

Pulmonary delivery in humans (getting at a ddasis is hard, but doable)

Pulmonary delivery in animals (getting at a dtisis is hard, but doable
too)

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

Note: Jeff gets the hard stuff

Jo T  To I

Disclaimer: | 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.

Terminal bronchiole
Respiratory bronchiole

o capillary

© 2006 Encyclopadia Britannica, Inc.

10 Capillaries



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

DOSE TO
BIOLOGICAL HEALTH
EXPOSURE TARGET EFFECTS
REglONS
Nose Nasopharynx
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Mechanisms Mechanisms

determining
Particles disposition
Droplets  in body

Tracheobronchial
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Pulmonary
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Schematic representation of the major elements of inhalation delivery oriented
toward understanding the efficacy or toxicity of pharmaceutical aerosols
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Pulmonary target areas?
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Particledeposition in the human lung:

Human oral tidal breathing (one example,

100
TB: Tracheal Bronchiazl Pulmonary
80 — SUfiEGe ShEe = UL Surface area ~ 9120 n?

Deposition Fraction (%)

Particle Diameter (pm) N\ J

'

Pharma aerosols

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.

e.g., nebulizer)

A Particle size and distribution of the aerosol (
airflow) defines where a particle goes in the
respiratory tract

A Deposition is primarily impaction and
sedimentation driven (for pharma
aerosols)

A Depending on mechanism of inhalation, we
i Y UwWde UNDWI Y WWa YL
upper respiratory tract

Al W6 Rawlla 6 1IJWN 7-distal T L
airways and alveoli) with ~ equal efficiency i
q6é 1IJWl ¢cUNIIWY nwW PDGR21JI
aerosols generated

A But, there is a disparate level of surface are:
between the TB (centimetres) and pulmonal
regions (meters)



Aerosol delivery in patients: understanding the feasibility of
human delivery in a formulation and delivery platform/s

other

Asthma and COPD

A
A Cystic Fibrosis, Bronchiectasis & T
A Lung infection |
A Viral (SARS0\2,
iInfluenza, RSV) .
A Bacterial, fungal e :ﬂ
A Pulmonary Arterial :H. i)}

Hypertension (PAH)
A Pulmonary fibrosis
A Idiopathic, cystic fibrosis,
sarcoidosis
A Systemidndications
A Migraine,diabetes

-\)U)DO_""'SD_CB“O'I'I

Examples respiratory Indications/ Delivery (how much aerosol can we deliver efficiently to impac

disease)

Nebulizer

A Oral tidal breathing (e.g., jet,
vibrating mesh, continuous output,
on demand output., etc.)

A Face Mask nasoral tidal breathing

A Soft Mist (Low flow maneuvej

Dry powder inhaler

A Patient powered (forced inspiratory
capacityflow rate)- other

Metered dose inhaler

A Compressed gasoordinated
maneuver

A Oral or face mask (with spacer)
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characteristics influence the dose

Platform delivery method Determining inhaled dose

A Nebulizer @ A Nominal dose (what goes in)
A Tidal Breathing = A In vitro characterization (USP)

A DPI A MMAD/ GSD ﬁfmxm
A Forced maneuver 7 A Emitted Dose (ED) from device "™ T T
A Forced inspiratory A Fine particle fraction

capacity/ flow (FPF)/Inhalable fraction (< 5 £ =

A Breath hold = microns) C

A MDI A Breath simulation, etc.
A Actuation A Modeling deposition

A Coordination with forced A ICRP, MPPD, CFD
Inspiratory capacity/ flow A Contractors can help!

A Breath hold A Empirical data
A Gamma scintigraphy (P/C)




Devicedrug combinations deliver a wide range of inhaled
treatment modalities over a mulag range

Take home points

A Wide range of therapeutic
modalities with different
therapeutic indexes used to treat a

100.00 Anti-infectives breadth of pulmonary and

I " acoer systemic diseases

Lung surfactant

Anti-cancer

10.00

hGH A Wide range of doses and devices
linsulin . ..
used to deliver these modalities
Leuprolide

1.00 ~
P P -'.n- _ - H PTH A Accurate estimation qf inhaled
o . I Steroids Traditional human dose is feasible across a
001 [** m . | Asthiva/ COPD wide range of modalities and
[ | Bronchodilators dewces

0.00 "7 v v v . . . .
A Toxicology? Understanding clinical
=\ dose potential (exposure) is
‘ critical to inhaled hazard
smi MDI DP Nebulizer assessment anddevelopment of

I L]
mDPl - Capsule safety margins
Clark et al., 2018eproducedby Hastedtet al 2016

L x H

Lung dose (mg)
g




Current state of the art: Determining
Inhaled dose In nonclinical safety studies

A 70+ years of using nonclinical species for hazard assessment,
general toxicology, risk assessment across disciplines (e.g., pharma,
chemicals, pesticides, environmental, etc.)

A 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.)

A Almost exclusively, nonclinical inhalation delivery systems make use
of tidal breathing (e.g., nasal andjor-nasal)



Particles flying in a lung?

Size-scaled lung casts of mammalian

species (white dot = diameter of trachea)

Gl OHRUNDW RAWY wllgbcecaqlWl | R21IIt W RnniJl WUgq
for pharmaceutical aerosols among species.



Coupling aerosol generators to exposure chambers

Rodent System

In-Tox Mose-Only Exposure Chamber
Aictuadion Line

Courtesy Lovelace Biomedical

Flow-past Nose-only
Dog Exposure System

Large Animal Exposure System

Oy pen Sansor

5.’:|
1|

FILTER SAMPLER

\,
N,

Key metrics of lung dosetime of exposure, aerosol concentration, tidal volume

(measured or estimated), deposition determination. Jeff to layer into safety

assessment practice.

—
|| Sereen Suppon .:

A Select devices are used to
generate liquid and dry powde
aerosols (some are clinical).

A Animals breathe tidally/
passively as the aerosol flows
LI ad 0KS FyAY
(minute volume measured or
estimated) .

A The aerosol concentration is
determined by collection unde
known flow/ time and monitor:
by chemistry.

A Aerosol size is measured to
dzy’ R S NAnhdlalfiliReé &I
respiratory deposition.



Regulatory convergence and divergence In
nonclinical pulmonary drug development

Al 6ecqkt WNPUWJI ¢cdda! WaYUt Rt qUq s Ra 6 LWa ¢
a caveat)?

A Regardless of _geographic region or Agency Division, ICH Guidance drive nonclinical
GUIl nYl GcUHRIW q¢c Ul ¢! T4t We UT wWwnUl ¢ o W aqel

A M3/R2 small molecules: 2 species
A S6 for biologics: appropriate species (NHPs or surrogates)
A9YUI RqRYUt WnY!l WeuYaqé Wl wliRt JWYOGRNYUe H
A9YUIT RqRYUt WnY! WuNWUUwWagdJl ¢ G!
Al 6¢cqkt WUYqbigqd6 Il IJWRY WeEdsc! t We WHEE 2 1J¢
A Clinical lung dose estimates (US Pulmonary vs ROW).

A Nominal approach (i.e., what goes into the device) vs what is estimated to be deposited in
respiratory tract

A YUHORURHcOGWIE20NDWI Yt Wt qqRAG ¢ qlJt WelEIJIJWs
A Use of NAMS for regulatory purposes
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A Methods that build a case for or against translation for critical observations
A E.g., is this animddased histopathology finding relevant to humans?

A Do | need to to do more or less NA&ed otin vivowork to inform the science
or protect patient safety?

10009

: : : : . cm?
A Models for pharm/tox screening or dose translation (many currently in use, being refine., . NOAEL
near qualification status) —
A Lung on chip IC50
A ALtairway; Al-Blveolar

A Organoids ELF MRSD

A Combinations of methods and data sets that build evidence for or against the use of
animal testing

A Question the need for an animal study even if precedent dictates (e.%_., guidance). Buil@o/m!
evidence for or against testing by using multiple methods to make rational decisions
regarding risk to the patient and the need for animal studies.



Recommendations

AWe have the hard science and the capability to predict human dose with
Uc!| We U! WRUGSGcOEcqgRYUWIT W2RAEWJWE UIT Wn Y

A Similarly, we understand inhalation exposures and metrics and have
multiple tools at our disposal to use the best science to determine
UYUHGRURHCcGW Yt IJt OWx Jagkt Wet JWad U

Ax gkt WRUAY I GY Ibgcadd Hasis te faclitatdJdlirtisetofliveight
of evidence approaches and rational determinations for informing the nee
for animal testing




IRA Demystified

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

10:35 AM ET Session
Use of Animal Models in Preclinical Lung Toxicology Safety Studies: Current Expectations and Limitations




IRA: What Is It?

Ina 1du-.
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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. | have no conflict of interest.




2005 FDA Guidanddaximum Recommended Safe Starting
Clinical Dose(MRSD) foFiH

Determine
NOAEL
Justify Scaling
Convert to
HED

Select Appropriate
Species
Include Un-
certainty factor(s)
FDA 2005 Guidance for Industry: MRSD
Estimating the Maximum Safe Starting Dose
in Initial Clinical Trials for Therapeutics in
Adult Healthy Volunteers

Modify based
on PAD




Pulmonary Division Algorithm to Deternmivteximum 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 NOAELPDD by the
1
dose margin isacceptable
starting dose

Tepper et. al., 2016



NOAEL iIs the No Adverse Effect Level
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Adversity

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

| |J

1 Jal W3t 2 daqt WRULWeE ULWIF RI U
| Wa Y LW

o 2 | > UWRY G¢
Ol UqWY nlWgéJWHAE Ge HRq!

UgqWYnlWne UBqRY
TP GYOT Qg Ve ¢
or.

A hh T 21011 Raq! Kk WRY We Walll d WUWRUT RAECqRUNDWhAhGECT 0K K
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 specitically and included
as uncertainty factors.

®




NOAEL i1s a Dose but which Dose?

Nominal
Dose added to the device

Emitted/Presented

Dose that leaves the device

Delivered/Inhaled

Dose at breathing zone
The pulmonary regiormost

Deposited
specifically refers to the area
where gas exchange occurs Pulmonary dose




Calculation of Lung Dose

Lung Dose (mg/kg) = (C x T x MVDf ) / Sf

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

* Estimated parameters
** Default values or study values

Alexander DJ, Collins CJ, Coombs DW, et #ssociation 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):11791189

@®




FDA Pulmonary Division Default Standard Values

A Humans: 100% (i.e., nominal dose) is deposited in humans
A Non-Rodents: 25% of the inhaled dose is deposited
A Rodents: 10% of the inhaled dose is deposited

A Default deposition factors for rabbits, minipigs, ferrets
and sheep not specified

_-E-
Body Weight (kg) 0.03 0.25 0.7 2.4

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 Tepper et. al., 2016

@



Pulmonary Deposition Varies with Particle Size

Pulmonary
Deposition (%)

60

50+

40
J

30-

204

10

Dog ..
\My

Particle Size (um)

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. RevIoxicol 1993; 23(4):34&9.

doi: 10.3109/10408449309104076.




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

] MPPD v3.04 _—
File InputData Calculations Report Results Plot Results Help Get Started gﬂ Al rway ¥ [a] rp hom Etr'_'r" .

Species Human -

ﬂ N Model Yeh | Schum Symmetric b
OMPPD

MULTIPLE-PATH PARTICLE DOSIMETRY MODEL FRC |33|.-.||.-.|. | mi

URT Volume |50.0 | mi

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

@


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

Scaling and Safety Margins for Inhala&diDosing

A

A

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

ERcCORUDAWet RUNDW7i NWY! Wxi NAW dYeadl Uk qlld ¢
A The equation for lung weight (g) =11.3 x BWT%)
A An exponent of ~1 means that BWT scales isometrically (proportionally) with LWT

However, it matters when calculating safety margins!
A Default 60 kg BWT scales to a LWT of ~ 6519
A Default LWT of 1000g scales to a BWT of ~92 kg
This explains why normalizing to LWT provides a greater safety margin

Required safety margin (PDD NOAEL/ Nominal Highest Clinical Dose) for the
Pulmonary Division is 16fold for rats, 6-fold for dogs and 5fold 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 PDD MRSD

Uncertainty Factor

Scaling Factor 0 36
Deposition Factor 1 1 10 10
Rat PDD/Nominal 1 1 2 2
MRD to MRSD factor 1 1 4 4
Total Uncertainty Factor 10 62 800 286
MRSD Dose (mg) 60 9.68 0.75 2.10

@



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.
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Challenges Developing Inhaled Drugs i
the Current Environment
A Case Example

Bill Thelin, PhD
Aer Therapeutics




Severe COPD: A Serious Unmet Medical Need

High morbidity, mortality, and healthcare burden

o Do Do Do

Mucus plugging is measurable and linked to worse outcomes
Few therapies directly address structural airway obstruction
Promising treatments for serious diseases warrant proportionate, evidence-based risk assessment
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Mucus Plugging
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References:

Dunican EM et al. AJRCM.
2021; 203(8):957-968.

Okajima Y, et al. Chest
2020; 158:121-30.

Diaz A, et al. JAMA

2023; 329(21):1832-1839.
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An Inhaled Thiol Saccharide Targeting Mucus Plugging

AER-01 is an inhaled thiol mucolytic

Reduces disulfide crosslinks in mucus plugs

Thiol drugs have long-standing human use (e.g., NAC since 1960s)
Designed to overcome the tolerability and efficacy limitations of NAC
Innovation addresses formulation and tolerability 8 not a novel toxicity class

To To Do Io Po

Disulfide Crosslinks are Central to Plug Formation AERO1 Effect of Patient Sputum (12 min)
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Translational Basis for Clinical Dose Selection
Clinical dose grounded in pharmacology and translational modeling

Dose-dependent reduction in mucus viscoelasticity

Defined minimum effective concentration

Deposition modeling informed clinical dose range

In vivo reduction in mucus burden and reduced pulmonary inflammation

To o o I

37% greater
mucolytic effect

% decline from
baseline

Total mucus volume
density, nLLmm-2

- Pulmozyme, 20 pg/mi
- AER-01, 5 mM

0 10 20 30
Minutes

Addante et al. Eur Respir J. 2023;61(5):2202022. ..e'r
L

“ therapeutics



O O A
Early Toxicology Supported Clinical Entry

Strong early nonclinical and clinical safety foundation

43

A 2-we ek

GLP |

nhal

A Supported Phase 1 dose range

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

at

I on

t OoX 1 n

rat

and dog Y NOAELSs

Human
Equivalent
Dose

(mg/day)

Target POC Dose

4—_

0 |

i

90
mg/day

100

200

300

Phase 1 Target Dose Range

45-360
mg/day

Dog NOAEL (2 wk)

g

570
mg/day

L

1
400

500 600

520
mg/day

€.

Rat NOAEL (2 wk)

To To Do

Highest Dose (360 mg) well -tolerated
A 4x P2 target dose

96 healthy subjects evaluated

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

No pulmonary safety signals (stable

spirometry)

NoO systemic toxicity

Dose-proportional PK

Confidential

aer

“ therapeutics



Chronic Inhalation Toxicology Divergence
Species divergence emerged in chronic inhalation studies

A 13-week inhalation tox studies

A Dog: NOAEL identified _

A Rat: No NOAEL identified

A Rat findings: localized alveolar ,
inflammation with protein accumulation ot / %@

A Mechanistically consistent with an effect pedans e

activation \ﬁ
i

on surfactant proteins
A Non-progressive and showed reversibility




Why the Rat May Behave Differently (Than Larger Mammals)

Both Biological and regulatory factors may amplify apparent rat sensitivity

Fewer airway generations Y greater distal deposit
Differences in mucociliary clearance

Differences in lung mass and exposure per gram

Rodents carry highest default regulatory safety margins (10x)

o Do Do Do

Rat (Monopodial) Human (Dichotomous)

O
N
(S
\

3

e

Rat
Y. enchmark
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.’7!\\ o a%e v . .
0 20 40 60 80 100

% Cilia Coverage

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. -. e,‘I:



Pulmonary Inflammation Is Clinically Monitorable
wk i KAagztz23e arAIyHeeyrAliRBlyvEIBEAYKSNBYyGte ayz2y

A Alveolar inflammation has radiographic correlates (e.g., GGO)
A High-resolution CT detects inflammatory parenchymal changes
A Prospective monitoring and predefined stopping criteria can be implemented

Protein

Accumulation




When the MostSensitive Species Anchors Clinical Dose Limits

To To Do To o

Chronic rat findings frequently influence clinical dose limits, particularly for inhaled drugs
Absence of rat NOAEL can constrain longer-duration studies

Creates uncertainty for early-stage biotechnology companies

Represents a recurring friction point in the current regulatory environment

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

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

Regulatory Weight of Evidence

Clean
Human
Phase 1
Safety
Data
Severity of
Disease .'
and Unmet
Need

28-day POC
at 90 mg

Qb

Safety &
Efficacy in
Nonclinical
Disease
Meodels
Species
Differences

[anatomy,
resp. patterns,
clearance)

Enhanced
Monitoring
for Lung
Toxicity in
P2a

Supportive

Dog Safety
Data

To o o To Ix

o

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

Status: Ongoing

Enroliment: 100 patients with moderatei severe COPD

Dose: 90 mg/day vs placebo for 28 days

Efficacy: Change in FEVg, MPS, QoL

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

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

A Predefined stopping criteria triggered by inflammatory imaging signals

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



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

Development may relocate to jurisdictions applying weight-of-evidence approaches
~$30M in clinical investment occurred outside the U.S. in this case

Over reliance on a single species may drive additional animal studies

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

o Do Do Do




Toward a Weightof-Evidence Framework

o Io Do Ix

Rat toxicology signals should be respected

But not automatically qualifying or disqualifying

Integrate multi-species data, mechanistic understanding, and clinical monitorability
Welight-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.

therapeutics



AstraZeneca

Modernizing
Inhalation Toxicology

Per Aberg; Senior Director, Clinical Pharmacology and Safety
Sciences, R&D, AstraZeneca Gothenburg, Sweden

Jorrit Hornberg; VP, Global Head of Safety Sciences, Clinical
Pharmacology and Safety Sciences, R&D, AstraZeneca Gothenburg,
Sweden
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Acknowledgements to Paul Fitzpatrick and Muntasir Mamun Majumder
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Case Examplélistopathology lesions in rats
with impact on dose limits

NAMs Example: In vitro lung tox model

Exploring new technology to-define safe
dose limits



Non-steroidal glucocorticoid receptor agonist case background

Alntended for combination treatment of respiratory
disease

ARat efficacy model: improved therapeutic index vs
iInhaled corticosteroids (ICS)

AZD-1 suppresses BAL eosinophilia in rats AZD-1 has less effect on corticosterone in rats

1 Vehicle
200+ B AZD-1(mg/kg)
= Fluticasone Furoatz (mg/kg)

-&- AZD-1
-#- Fluticasone Furoate

Cell (10%/ml)

g
Corticosterone (ng/ml)
=S
(=]
et
(-

0.001 0.01 0.1 1 10
Log [mg/kg]

5y HN DN N D N, N
@ PP P o o PP Y o o
P oo oo

Saline Ovalbumin

w Therapeutic doses of 360 and 720 pg (Ph2 data)
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Tox program: 4and 6month studies in rats, -1
3- and 9month in dogs

PrePh2FDA raised concerns around lung
histopathology finding in rats and required a
dose cap at 360 pydLOfold 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 pg in US, 720 pg in ROW;
doserelated efficacy, no safety signals of concern
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pat hol ogy (6 mont h,

wAlveolar eosinophilic material (AEM)
w Amorphous deposits within alveolar lumina
w PASpositive; lipoprotein
w TEM confirmed lamellar structure; phospholipid
w IHC confirmegroSPC
wLow severity, reversible
wNo associated inflammation or blood -air barrier damage

wPresent at an estimated dose multiple of 10-fold 720 ug (at
least 19-fold accounting for human deposition)

w Absent at 5-fold 720 pg

FDAAEMnot previously described with ICSs,
concern it may represent alveolar proteinosis.




Lower systemic burden in rats than for ICS; higher dose coverage
In chronic tox studies (defined by MTD)

Inhaled doses in chronic rat tox studies AZ hypothesis: AEM represented
( 1000 suprapharmacological effect on
oo surfactant production.GR agonist
= 100 ~30-fold stimulatory effect on surfactant
-‘:‘gsoo production(Lewis, 2014FikNes,
= 10 1987 Young andSilbajoris 1986
3 400
2 LOEL AEM 1
5 300 .AZD-1 Fluticasone furoate
£
7]
2 200
©
©
7]
T 100
=
0 N .-I |I|_
AZD-1 Fluticasone Fluticasone Budesonide Ciclesonide Mometasone

furoate propionate

-
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Investigative package during Ph2b to support high dose globally

GR-induced surfactant upregulation demonstrated
In rats following #day IT administration

iIn human alveolarcells
Rat lung 24h after last dose

Surfactant D Expression 48Hr

Surfactant C Expression 48Hr

Fold change:

0.1 mylhy B 0.3 myhy

Veide A7D-1 ‘\"uwn Fricasone Budesorsde
uole M
=

Vet AZD-| Fisicasone Phsicasone Budescride
Fucste Propionste

Other supportive information

A Max dose/NOAEL for ICS in chronic rat

Similar lesions present in air control dogs iménth study
studies would not provide fbld lung dose

ATRCAL et Kl coverage of therapeutic doses
A Phenotype not considered consistent with
é* as, Y ’ ”, '?'«'.‘ 3% ¢ . .

alveolar proteinosis

AP e s

Rat lung: slight amorphous Dog lung: similar amorphous
eosinophilic deposits within alveoli eosinophilic deposits occurring
following dosing of AZD-1for6
months

spontaneously in control animal

55



56

Context for risk assessment

Correspondindhumandose(ug)

-

Link between rat toxicology

data and human dose limit

)

10000 -
A
7000 pg
1000 J . 10-fold
720
360 y
100
31.4 164 306 493 556

Dose in rat tox study (ug/kg)

J

Levels with alveolar eosinophilic material
B Findings limited to those previoulsy observed with

GR pharmacology

AEM occurred in rat lung at a dose corresponding to 7000
Hg in humang vs 720 pg delivered dose, estimated ~360 g
deposited with human device

AEM was not associated with epithelial/inflammatory
lesions

Investigative studies supported hypothesis for-Gé&uced
surfactant expression auprapharmacologcidvels

Similar histopathology in netreated dogs

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



Approved inhaled molecules analysis: NOAEL from chronic rat
studies do not alwavs reach-fiddd luna dose coverage
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Rodent lung/ airway NOAEL as LDD normalised to lung (mg/g lung/d) vs. Hurman LDD normalised to lung (mag/g lung)

Fodent lung/ airwzy NOAEL as LDD normalised to lung {mg/g lung/d)
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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 vitromethods?



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

Formulation 1

Formulation 2

A lung coeculture model with a pressurized
system to enable cyclic breathing movement

APICALSIDE

3D breathing
motion Immune cells

P Alveolar epithelial cells
Type 2 ®
[ @

"Actuator

Lung microvascular cells

BASOLATERAL SIDE

AZD1: Cytokines

Formulation 1

Formulation 2

GCF{ 06 0.6 1.0 0.6 1.6
I-104 1.0 1.0 1.0 1.0 1.0
I-1b+4 1.0 1.0 1.0 1.0 1.0

I-61 04 0.4 0.4 0.4 0.4
IL-8{ 06 0.4 3.6 1.0 0.6 0.7
IP-10 08 1.0 1.9 0.9 0.8 11
MCP-14 0.7 0.4 2.8 1.4 0.8 11
MIP-la{ 16 1.0 3.4 1.6 1.0
MIP-1b-4 1.3 0.4 1.8 1.2 1.6
TNFa- 1.1 0.6 3.6 0.7 1.4
N

L. Johansson et al 2026
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Tight-junction Imaging assay predicts respiratory irritancy

Cobblestone
staining pattern

Adherens junction Desmosome indicative Of TJ
_ 2.0M
. : . : S el
w Junctional proteins maintain strong cekll £ I—v
. o 1.54
and ceHECM connections 5
o —
w These connections play a pivotal role in 3"
various barrier formations (e.g. bloed 5 0.5-
. . . T
brain, airblood and gublood barriers) 2
. 1 1
«°'i'\° «°¢°

Fold change over control

Discontinous staining
pattern indicative of
barrier disruption

IC50 (uM)
11.03

-2 0 2
log concentration (M)



Combining in vitro occludin imaging assay data with PBPK modeling
predicts localization of lung histopathology

Bronchi
Compound concentrations in epithelial % '
lining fluid throughout respiratory tract © 1.5+ X
in rat tox study predicted by PBPK mogel g '
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