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Performing HRCT in asthma

* Diagnostic considerations
* Does lung imaging help in the work up of asthma diagnosis?

* diagnosis of additional conditions in 40% of cases in patients with severe asthma, including
bronchiectasis, emphysema and lung nodules.

* complexity of differentiating asthma from COPD

 radiological features are incidentally detected (e.g. interstitial lung abnormalities), which
may make the diagnosis of asthma a challenge.

e Mechanistic studies

* Therapeutic studies

» predict future risk of disease exacerbation and lung function decline
* identify particular phenotypes and predict treatment response

* Sinus CT can not only identify asthma-related comorbidities such as nasal
polyposis, but also has the potential to support phenotypic characterization.

Discussion around the ERS task force 2021



Other tests that may be used in diagnosis of ERS Webinar
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Imaging

« Imaging studies are not routinely used in the diagnosis of asthma, but may be useful to investigate the
possibility of comorbid conditions or alternative diagnoses in adults with difficult-to-treat asthma.

* Imaging may also be used to identify congenital abnormalities in infants with asthma-like symptoms, and
alternative diagnoses in children with difficult-to-treat asthma.

* High-resolution computed tomography (CT) of the lungs can identify conditions such as bronchiectasis,
emphysema, lung nodules, airway wall thickening and lung distension, and may assess airway distensibility.

 The presence of radiographically detected emphysema is considered when differentiating asthma from
COPD (Box 7-4, p.137), but there is no accepted threshold, and these conditions can coexist.

* Moreover, air trapping (which may be present in asthma, and is also a feature of ageing) can be difficult to
distinguish from emphysema.

« Chest imaging is not currently recommended to predict treatment outcomes or lung function decline, or
to assess treatment response.

 CT of the sinuses can identify changes suggestive of chronic rhinosinusitis with or without nasal polyps
(p.120), which in patients with severe asthma may help with choice of biologic therapy (see Box 8-4,
p.144).
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Computed Tomography Imaging of the Larynx for Diagnosis of Vocal Cord Dysfunction

Authors: Joo H. Koh, M.B.B.S., Laurence
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QCT Asthma versus COPD

Hartley et al JACI 2016
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QCT Asthma versus COPD
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Bronchiectasis is not a differential diagnosis

« Of 16,963 patients with bronchiectasis included for
analysis, 5,267 patients (31.0%) had investigator-

reported asthma»

In terms of treatments, 19.7% of patients with a recorded
diagnosis of asthma were not taking a regular ICS. Only
387 (7.3%) patients were taking ICSs without an
additional treatment. The remaining patients were taking
ICSs with at least 1 additional controller medication.
There were 410 (7.8%) patients taking oral
corticosteroids long term and 58 (1.1%) patients taking
monoclonal antibodies at baseline.

Asthma was recorded as the underlying cause of
bronchiectasis in 1165 patients (6.9%).

— - —r . —r

Parameter Asthma with bronchiecta
Any test performed 3456
Elevated peripheral eosinophil count, n/N (%) 57472804 (20.5%)
IeE groups 2755
<150 1837 (66.7%)
150-300 279 (10.1%)
301-500 193 (7.0%)
501-750 122 (4.4%)

751-1000

1000-2000

>2000
Raised specific IgE to Aspergillus
Diagnostic criteria for ABPA at baseline

71 (2.6%)

121 (4.4%)

132 (4.8%)
697/2337 (29.8%)
265 (7.7%)

(J Allergy Clin Immunol 2024;153:1553-62.)
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Asthmatics with bronchiectasis should be
treated...as asthmatics |

TABLE IV. Relationship between reported asthma and clinical outcomes during follow-up

Unadjusted Adjusted* Fully adjustedt
Asthma/ICS use 0.87 (0.73-1.03) 0.76 (0.64-0.90) 0.78 (0.63-0.95)
Asthma/no ICS use 1.09 (0.82-1.44) 1.00 (0.76-1.33) 1.08 (0.81-1.43)
No asthma/ICS use 1.63 (1.41-1.89) 1.12 (0.97-1.30) 1.00 (0.84-1.22)

Hospitalizations
Asthma/ICS use 1.02 (0.92-1.12) 0.92 (0.83-1.02)
Asthma/no ICS use 1.53 (1.31-1.78) 1.32 (1.12-1.56)

0.67 (0.67-0.86)
1.37 (1.16-1.61)

NN o B AN . B [Sans titre] O

Exacerbations

Asthma/ICS use 1.24 (1.17-1.32) 1.10 (0.99-1.23) 1.00 (0.92-1.09)

Asthma/no ICS use 1.16 (1.04-1.29) 1.19 (1.11-1.27) 1.08 (0.97-1.21)
N a [ (' . '- e . . - . . . - . 4 - ._ .
No asthma/no ICS use 1.00 (reference) 1.00 (reference) 1.00 (reference)

Mortality was analyzed using the Cox proportional hazards regression model, with data presented as hazard ratios with 95% Cls. Hospitalization and exacerbation frequency were
analyzed using a negative binomial model, with data presented as rate ratios with 95% Cls.

*Adjusted for BSI and sex.

TAdjusted for age, sex, smoking, cardiovascular disease, diabetes, COPD, radiologic severity, long-acting B-agonists, macrolide use, P aeruginosa infection, and country.

(J Allergy Clin Immunol 2024;153:1553-62.)



*HRCT and airway reactivity in asthma



- higher BMI at
enrollment (OR 1.39; P =
0.02),

- maternal cigarette
smoking during
gestation (OR 2.33; P =
0.04)

Patterns of Growth and Decline in Lung
Function in Persistent Childhood Asthma

Study-cohort subset
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- lower FEV1 at enrollment (OR 0.86 per 1%

change),

- lower bronchodilator response (OR 0.91 per 1%

change),

- AHR (OR 0.61 per unit change);

- Male (odds ratio, 8.18; P<0.001);

- younger at enrollment (OR, 0.55 per year of
age);

- lower level of parental education (OR 0.33; P =

0.002);

- vitamin D insufficiency (OR 2.15; P = 0.03);

- more courses of prednisone per year (OR 4.12

for each additional course; P = 0.03).

- lower (OR 0.85 per 1% change),

- lower BDR (OR 0.91 per 1% change

- AHR (OR 0.66 per unit change);

- male (OR 3.07);

- younger at enrollment (OR 0.62 per year of
age)

- lower level of parental education (OR),

- greater number of positive skin tests (OR for >3
positive tests vs.<3, 2.42; P = 0.03),

N EnglJ Med 2016;374:1842-52.



Relation between circulating CC16 concentrations, lung
function, and development of chronic obstructive
pulmonary disease across the lifespan: a prospective study
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Methacholine challenge at
HRCT — The Scann‘air study




CT-methacholine Study Protocol
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E/I Mean Lung Density

Mechanisms of Airway Hyper Reactivity
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Air trapping during methacholine in asthma
patients

High blood CC16 levels Low blood CC16 levels

Display in the slideshow mode to start animation

JACI 2017
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Sequential acquisition in patient #21 belonging to clusterl [non-uniform]; upper lung
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Sequential acquisition in patient #21 belonging to clusterl [non-uniform]; lower lung
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Clustering HRCT patterns during metacholine Challenge
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K nearest neighbors

KNN ratio at Baseline KNN ratio at PC20

Average KNN ratio
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CLUSTER 2

CLUSTER 1

Cabon Y, Eur Radiol, in revision



FD progressed with methacholine
concentration
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Airway hyper reactivity follows fractal
dimensions in the range of chaos

Venegas Nature 2005



Self-organized patchiness in asthma as a prelude to
catastrophic shifts
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Calcium Channel Blocker Reduces Airway Remodeling in
Severe Asthma
A Proof-of-Concept Study

Pierre-Olivier Girodet'**, Gaél Dournes'?, Matthieu Thumerel'**, Hugues Begueret®, Pierre Dos Santos'*?
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Quantitative CT detects changes in airway dimensions and air-trapping after

Bronchial thermoplasty Control
bronchial thermoplasty for severe asthma Number of subjects . M
b b b b Age [years] 55 + 11 50 + 12
Philip Konietzke™" ", Oliver Weinheimer™ ™", Mark O. Wielptitz™™, Willi L. Wagner™ ™", i:’:{;"‘[’:fe”]@“’a‘e ?’231 sz?
g - - . - - ] . -
Philine Kaukel?, Ralf Eberhardt™?, Claus P. Heussel®™¢, Hans-Ulrich Kauczor®", FEVI [%] 49.9 0.9
Felix J. Herth™?, Maren Schuhmann®* vem 269 3.39
vV [%] 43.3 86.6
Tiffeneau [%] FEV1,/FVC 63.47 61.99
RV [I] 3.46 3.31
RV [%] 172.82 156.94
Oral corticosteroids n [%] 12 (70.68) 6 (54.5)
ACT 9.5 8.2
6 MWT [m] 357 391

Airway dimensions in the treatment and the control group.

Before
; Before After A A% p
WT=1.84 mm LA=160.29 mm?  WT=180 mm LA=103 20‘ WT=2.05 mm LA=60, BT
WT [mm] 1.63 + 0.49 157 + 0.48 —0.06 -3.94 0.026
= WP [%)] 57.94 = 10.51 55.82 + 9.56 -2.13 - 367 0.001
A { LA [mm?] 39.63 = 40.92 40,25 = 40,53 0.62 1.57 0.147
3 _ ‘ '\{ TD [mm] 9.50 = 3,67 953 = 3.70 0.03 0.36 0.730
; O\ — Pil0 0.34 = 0.08 0.32 = 0.10 —0.02 —~5.89 0.050
] __, _ ! 1 Controls

NN = ’"’“GL;”‘”“" m"””’”;;?’“ = WT [mm]  1.75 = 0.61 176 + 0.53 0.01 0.73 0.933
WP [%] 55.68 = 11.70 57.09 = 8.97 1.42 2.33 0.797
- LA [mm?] 48.26 = 46.47 42,90 = 38.04 —-5.35 -11.09  0.146
TD [mm] 10.47 + 3.99 10.18 = 3.59 -0.29 -273 0.230
Pil0 0.31 = 0.10 0.32 = 0.07 0.01 0.81 0.577

Before ' .

'-
- Changes in air-trapping before and after thermoplasty.
m LA= L
- Before After A Al p
, ‘ TLV [em® 5319 = 1577 5251 + 1540 —68 -1.27 0.459

Avar ; . | RVCeseuwsn —035 = 016 —-041 = 0.19 -0.06 —13.35 = 0.001
; E/I MLA 094 = 0.03 092 = 0.04 -0.02 =177 = 0.001
Al [%] 81.81 = 1.52 79.27 = 2.69 -254 =311 = 0.003
A2 [9] 68.63 = 2.15 64.03 = 4.53 -4.6 -6.71 = 0.001
A3 [9%] 29.87 = 4.24 2618 = 10.26 —3.69 —1237 = 0.001

European Journal of Radiology 107 (2018) 33-38



Effects of Adding Omalizumab,
an Anti-lmmunoglobulin E Antibody,
on Airway Wall Thickening in Asthma

Makoto Hoshino?®

Departments of ?Respiratory Medicine and PRadiology, Atami Hospital, International University of Health and

Welfare, Atami, Japan

Junichi Ohtawa®

imab Without omalizumab p value
- ey (n=16)

Gender, M/F 3/11 4/12
Age, years 59.2 (11.4) 51.2 (18.7) 0.08
BSA, m? 1.56 (0.17) 1.59 (0.25) 0.3
Disease duration, years 16.3 (11.5) 10.9 (7.2) 0.07
Serum total IgE, IU/ml 248.0 (170.3) 282.0(192.5) 0.13
Morning PEF, liters/min 223.6 (116.9) 239.6 (57.3) 0.31
FEV,, % predicted 65.3 (13.9) 68.4 (12.2) 0.26
FEV,, liters 1.32(0.6) 1.43(0.41) 0.28
PC,y, mg/ml 1.64 (1.76) 1.94 (1.66) 0.16
Medication

ICS, pg/day? 791.4 (246.4) 862.5 (305.2) 0.24

LABA, n 14 16

Antileukotriene, n 10 12

Theophylline, n 6 7

Oral corticosteroid, n 4 5

Data are presented as means and SDs (shown in parentheses). PC,, = Provocation concentration of metha-

choline causing a 20% fall in FEV.
! Fluticasone propionate equivalent.

Respiration 2012;83:520-528
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Air trapping and mucus plugs



Epithelial dysregulation in asthma: the missing link

Charcot — Leyden Crystals (1860)

: ] :.5:. ]

Eosmophlls

Massive mucus plug

A Binding of Protein Glycoconjugates by Dimeric Galectins and Resulting Structural Organization
Carbohydrate-
recognition domain Galectin — 3

@

Carbohydrate > ﬂ La“f:;\erlrlr;(::;u‘::uc';zure
(glycoconjugate) Protein = (1:)

[

Lo W =
" - [al g ®
B Galectin-10 Assembly into Charcot-Leyden Crystals, F ing Airway Infl
bl &
Tyt .
Galectin-10 dimer " =]

Crystal-packing hotspots allow for
formation of Charcot-Leyden crystals

The crystalline lattice
generates highly ordered
CRD arrays that could interact
with tissue glycoproteins

@ : to drive type 2 immunity
o L D
Carbohydrate-recognition Crystal-packing " b
domains (CRDs) hotspot Tyr? ) Type 2 immunity
7
/ G- o
[
Charcot-Leyden crystals
35 : u: Antibody
i
Tyrse =
Og Antibody binding to Tyr®®

induces rapid crystal dissolution and
disordering of the CRD arrays

o @J {9) Prevention of
< type 2 immunity

J Fahy NEJM 2023 adapted from B Lambrecht Science 2023

Goblet cell
Hyperplasia











































COPIE AC







Spatial Relationship between air trapping and ERS CONGRESS 2024
mUCUS plugs 7-11 September | Vienna, Austria
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Figure 2 Study methodology. The convolution neural network 1s nnUnet ; two dimensional (2D) and three dimensional (3D)
architectures were tramned with databases consisting of CT slices and CT volume. The validation was conducted using a 5-fold
cross-validation : The data set is divided mnto 5 equally folds, the model 1s tramed on 4 of these folds (T) and tested on the

remaining one (V).

Imene Hadj Bouzid, Ilyes Benlala, Gael Dournes MedRXiv



Artificial intelligence in computed tomography

for quantifying lung changes in the era of CFTR ERS CONGRESS 2024

7-11 September | Vienna, Austria

modulators — G. Dournes

Al training framework

Labels manually completed in the CT axial plane by
consensus of three thoracic radiologists on
inspiratory CT scans with standard kernels [31] and
designated as ground-truth

. . Semantic evaluation Clinical validation

- bronch lectasls, 34965 CT slicesin 114 CT scans 140CT scans in 70 patients
of patients with CF with CF
- peribronchial thickening,
- bronchial mucus, v v v v
Training Test 10 patients with 60 patients without

. 23530 CT slicesin 11435 CT slices in lumacaftor/ivacaftor lumacaftor/ivacaftor

- bronchiolar mucus 78CT scans 36 CT scans
Repeatimaging at 1year| |Repeatimaging at2years

- and collapse/consolidation.

Three 2D convolutional neural networks (CNNs) were
trained utilising the training cohort after data
augmentation. A majority vote was performed to
complete a final Al-driven multilabel segmentation

https://doi.org/10.1183/13993003.00844-2021 Eur Respir J 2022; 59: 2100844



Examples of artificial intelligence (Al)-driven

semantic labelling

ERS CONGRESS|2024

7-11 September | Vienna, Austria
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https://doi.org/10.1183/13993003.00844-2021

Blue arrows and blue labels highlight areas of central mucus plugs; red arrow
and red labels show mucus-free lumen dilatations; green arrow and green
labels show peribronchial thickening; cyan arrow and cyan labels show a
consolidation

Eur Respir J 2022; 55: 2100844



Comparison of artificial intelligence (Al)-driven ERS CONGRESS 2024
SemantiC Iabe“ing 7-11 September | Vienna, Austria

TAV=65 mL TAV=19 mL
FEV,%=104 FEV,%=103

T
)

h

before after 1 year of treatment by lumacaftor/ivacaftor

https://doi.org/10.1183/13993003.00844-2021 Eur Respir J 2022; 59: 2100844
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ORIGINAL ARTI

Mucus Plugs Persist in Asthma, and Changes in Mucus Plugs
Associate with Changes in Airflow over Time

Monica Tang', Brett M. Elicker”, Travis Henry®, David S. Gierada”, Mark L. Schiebler®, Brendan K. Huang',
Michael C. Peters', Mario Castro®, Eric A. Hoffman’, Sean B. Fain’, Samuel Y. Ash®, Jiwoong Choi®, Chase Hall®,
Brenda R. Phillips®, David T. Mauger'®, Loren C. Denlinger'!, Nizar N. Jarjour'!, Elliot Israel®,
Wanda Phipatanakul'?, Bruce D. Levy®, Sally E. Wenzel'®, Eugene R. Bleecker'®, Prescott G. Woodruff'-'5,
John V. Fahy"'®, Eleanor M. Dunican'®"?, and the NHLBI Severe Asthma Research Program-3 (SARP-3)
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Mucus plugs in patients with asthma linked to eosinophilia and airflow obstruction

D CT evaluation Mucus plugging

Indentify mucus plugs

Plugged airway in eross-section

Mucus score

Define area of evalution Examine each bronchopulmonary

segment for mucus plugs

b !'

Bronchopulmonary segments

CT axial plane

Exclude peripheral lung < 2 cm from
the costal or diaphragmatic pleura
from midline anteriorly to the
mediastinal interface posteriorly

Mucus plug defined as complete
occlusion of airway by mucus

Count the bronchopulmonary
segments with = 1 mucus plug(s)
1o generate the mucus score

Partial oeclusion by mucus is not seared
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Baseline (N=580) Year 3 (N=619)
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at Baseline at Year 3
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Figure 5. Proximal plugs are more consequential for spirometric measures of airflow obstruction in asthma. (A) Correla-
tion analysis of mucus plugs grouped independently by proximal airway generations (7 or less), intermediate airway gener-
ations (8 and 9), and distal airway generations (10 and greater) as well as spirometry measures, The estimated Spearman
coefficients for each generation group, which correlate plug count by generation group with FEV, and FEF_ __, are shown
for proximal, intermediate, and distal airway generations along with 95% Cl. *P < 0.05, different from distal airway gener-
ations for FEV, (by bootstrapping). **P < 0.01, different from distal airway generation (by bootstrapping). Data presented

includes pooled baseline and year-3 follow-up scans (n = 97). (B) Absolute SHAP values for FEV, and FEF,_ __ at proximal, JCI /nsight 2024;9(3):6174124
i diate, and distal ai ' =97). . SR
ieermediate, and distal iway generations (1 =7 https://doi.org/10.1172/jci.insight.174124



Reversing HRCT changes in
asthma




Effect of tezepelumab on airway inflammatory cells,

remodelling, and hyperresponsiveness in patients with
moderate-to-severe uncontrolled asthma (CASCADE):
a double-blind, randomised, placebo-controlled, phase 2 trial

Sarah Diver*, Latifa Khalfaoui*, Claire Emson*, Sally E Wenzel, Andrew Menzies-Gow, Michael E Wechsler, James Johnston, Nestor Molfino,

Jane R Parnes, Ayman Megally, Gene Colicef, Christopher E Brightlingf, on behalf of the CASCADE study investigatorsi

) o

Bronchoscopy

Tezepelumab 210 mg Q4W SC

Bronchoscopy

Placebo Q4W SC *
Week | =4to=2 -2to 0 ] 0 to 28* 28 to 40
Screening Run-in Randomisation Treatment period Follow-up

Lancet Respir Med 2021;
9:1299-312



Baseline EOT Change from baseline
Tezepelumab Placebo Tezepelumahb Placebo Tezepelumab Placebo
210 mg Q4W (N=56) 210 mg Q4W (IN=56) 210 mg Q4W (N=56)
N=54) (N=54) (N=34)
Lung function
n 34 36 33 51 53 51
FEV,.L 2-21 (0-70) 2-34 (0-34) 2-42(0-74) 2-57(0-67) 0-21(0-37) 0-22 (0-36)
FEV, predicted, % 68-8 (14-3) 60-4 (11-8) 73-736 (15-606) 75-381 (14-110) 65-8(11-8) 6-0(10-1)
FVC.L 3-48 (0-98) 3-83 (0-98) 3-63 (1-04) 3-95(0-99) 0-17 (0-34) 0-11 (0-36)
FEF;s 45 (Lis) 1-26 (0-68) 1-25 (0-51) 1-53 (0-80) 1-54 (0-63) 0-27 (0-49) 0-28 (0-41)
Large airway quantitative CT parameters
n 35 41 33 40 33 40
Airway lumen area, mm?*
Generation 3 12-2 (4-0) 14-1(3-9) 12-9 (4-3) 13-9(4-3) 5-4% (12-3%) 0-5% (9-2%)
Generation 4 7-6(2-8) 8225 3027 81(2-7) 5-0% (13-6%) 0-5% (8-8%)
Generation 3 6-5(2-3) 6-7(2-2) 6-3(2-2) 6-6(2-3) 6-4% (15-9%) 0-3% (10-8%)
Airway wall area, mm’
Generation 3 18-3(3-3) 20-3 (3-0) 12-9 (3-6) 20-1(3-3) 2-9% (6-7%) 0-3% (4-1%)
Generation 4 13-8(2-7) 14-9(2-8) 14-3 (2-8) 14-8(3-0) 3-0% (7-8%) 0-3% (4-1%)
Generation 3 11-5(2-7) 12-5 (3-0) 11-9(2-8) 12-1(2-8) 4-0% (9-7%) 0-9% (5-1%)
Airway wall area, %
Generation 3 60-7 (4-3) 39-8(3-T) 60-1 (3-9) 60-1 (3-6) —0-4% (3-5%) 0-1% (2-2%)
Generation 4 65-0 (3-6) 64-5 (2-9) 64-5 (3-6) 64-7(2-8) —0-7% (2-6%) 0-0% (2-0%)
Generation 3 65-9 (3-4) 65-9 (2-4) 63-9 (3-0) 66-2 (2-6) —0-4% (3-1%) 0-1% (2-4%)
Ajrway wall thickness, mm
Generation 3 1-14 (0-08) 1-18 (0-08) 1-15 (0-09) 1-18 (0-08) 1-2% (4-4%) 0-1% (2-3%)
Generation 4 1-03 (0-08) 1-05 (0-09) 1-04 (0-09) 1-05 (0-08) 1-1% (4-1%) 0-3% (1-9%)
Generation 3 0-92 (0-10) 0-95 (0-11) 0-94(0-12) 0-96 (0-10) 2-2% (4-9%) 1-0% (2-8%)
Airwave oscillometry
n 53 36 51 54 50 54
B5-F20. kPasT* 0-13 (0-16) 0-15(0-12) 0-14(0-14) 0-13 (0-11) 0-01(0-17) —0-02 (0-11)
Feactance area. kPal 2-22(2-57) 1-77 (2-03) 2-62(3-37) 1-56 (1-89) 0-32 (3-13) —0-24 (2-03)
Small airway guantitative CT parameters
n 35 41 32 40 32 40
DPMSAT oy 29-5 (18-3) 23-8(14-2) 28-6 (20-2) 23-5(13-0) -2-1(17-6) —0-5{10-1)
n 34 41 31 40 31 40
Air trapping index. % less than —856 HU 9-6 (9-3) 13-3(11-4) 9-4(9-3) 12-6 (11-2) —0-8(4-3) -1-0 (6-9)
n 31 38 28 37 28 37
Expiratory to inspiratory ratio of mean lung density 0-84 (0-07) 0-84 (0-06) 0-84{0-07) 0-83 (0-06) —0-01 (0-04) —0-01 (0-04)

Data are mean (SD). For large airway quantitative CT parameters, values and change are calculated as the median across airways in the same generation; airway lumen area and wall area have been normalised

according to BSA and airway wall thickness according to VBSA.
BSA=hody surface area. CT=computed tomography. DPM®*P=diseasze probability mapping (functional small airways disease). EOT=end of treatment. FEF.s_y;=forced expiratory flow at 25-75% of the forced vital

capacity. FEV=forced expiratory volume in 1 second. FVC= forced vital capacity. HU=Hounsfield units. Q4W=every 4 weeks. SD=standard deviation.
*R5-R20 15 a measure of peripheral airway resistance defined as the difference in resistance between 3 Hz (B3, total respiratory system resistance) and 20 Hz (F20, central resistance).



AstraZeneca@ AMGEN’

Tezepelumab and Mucus Plugs in Patients with

Moderate-to-Severe Asthma

4 Mucus pl h )
. plug changes
Exploratory analysis of CASCADE before and after TEZSPIRE

14 4 TEZSPIRE 210 mg Q4W 14 Placebo Q4W

(n=37)° (n=45)°
12 12 .
Mean (SD) change Mean (SD) change

o 10 - -1.7 (2.63) 10 - 0.0 (1.36)
o
é" 8 8 |
[=7:]
5
o 6 A 6 -
—
>
S 4 4 4

2 4 2

0 1 0

Baseline EOT Baseline EOT
Visit Visit \_ W,

aData are from the evaluable analysis set. Each line may represent more than one patient. Change from baseline in mucus score reduction was compared between treatment groups using a Wilcoxon rank sum test,
nominal p=0.0007
EOT = End of Treatment; Q4W = Every 4 Weeks; SD = Standard Deviation

Nordenmark et al. Tezepelumab and Mucus Plugs in Patients with Moderate-to-Severe Asthma. NEJM Evidence. 2023 DOI: 10.1056/EVID0a2300135
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VESTIGE phase 4 study design T oot | Vi ot

24-week treatment period CT scans

n=72
Dupilumab 300 mg SC q2w Post-treatment follow-up:
Screening e + 600 mg loading dose Up to 12 weeks or until the
. Randomization? patient switches to
period week ; e ,
(-4+1) (2:1) commercialized dupilumab
n=37 (or other biologic products),
Volume-matched placebo 2 mL SC q2w whichever comes first
+ 4 mL loading dose
Screening Week 0 Week 4 Week 12 Week 24 End of
(Visit 1) (Day 1; Visit 2) (Visit 3) (Visit 4) (Visit 5) follow-up
ICF signature First investigational EOT (Visit 6)

product administration

Patients were randomized 2:1 to receive add-on dupilumab
300 mg or matched placebo for 24 weeks

CT, computed tomography; EOT, end of treatment; ICF, informed consent form; SC, subcutaneous.



The Vestige phase IV trial ERS CONGRESS | 2024

7-11 September | Vienna, Austria

Dupilumab reduced both mucus score and volume

—@— Placebo g2w =&— Dupilumab 300 mg q2w

A) Mucus score B) Mucus volume
3 q 0 ~
S
(S _ -70 4
S £4 20
4= L v -~
o<l 1+ €w —40-
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gE w
) |
R EJ -w00-
28 5 SE 0.
gg 3 §°§ 120
s 4 ; g.cz ~140 -
-5 4 . T -160 -5 T T
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Week Week

Porsbjerg C Dupilumab Reduces Mucus Plugging and Volume: Phase 4 VESTIGE Trial

LS, least squares; SE, standard error.
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MUCUS VOLUME - AVERAGE PLACEBD FLUlDDA*

BASELINE WEEK 4 WEEK 24

B mucus pLuss

Dupilumab

MUCUS VOLUME - AVERAGE TREATED FLUIDDA\{

BASELINE WEEK 4 WEEK 24

B mucus pLues

Porsbjerg C Dupilumab Reduces Mucus Plugging and Volume: Phase 4 VESTIGE Trial



Results — Mucus score ERS CONGRESS | 2024

7-11 September | Vienna, Austria

By Week 24, 67.3% of the dupilumab group (A) had a mucus score of <4
(low or no burden) compared with 23.3% of the placebo group (B)

Scoring category MO0 H1-3 >4—18

A) Dupilumab B) Placebo
0 - 3.3% (3/69) 0
: 10.0% (4/35
18.0% (13/69) 14.8% (10/66) 4739) 23.3% (7/33)
X 904 29.5% (20/69) £x 5. G rA(ES 23.3% (9/35)
3 = 3 =
[7,] [7,]
g gn 31.1% (22/69) :,E, gn
s w® 404 52.5% (35/66) =5 404
C O ©C O
Q oo Q oo
R 5 £
S8 60- S8 60- .
] o O . . 76.7% (26/33)
22 A J 2@ 73.3% (25/35) 73.3% (25/35)
§. § 50.8% (34/69) §_ §
&€& 807 32.8% (21/66) £ E 807
100 T T 1 100 T T 1
Baseline Week 4 Week 24 Baseline Week 4 Week 24

Mario Castro, Lancet Respir Med, in press



Results — Lung function ERS CONGRESS | 2024

7-11 September | Vienna, Austria

Patients receiving dupilumab vs placebo showed a greater improvement
in pre-bronchodilator ppFEV,

—@— Placebo g2w =—&— Dupilumab 300 mg q2w
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0 4 12 24
Week

Mario Castro, Lancet Respir Med, in press



Results — Lung function and mucus scores

ERS CONGRESS|2024

7-11 September | Vienna, Austria

In the dupilumab group, improvements from study baseline to Week 24 in lung function
and mucus scoring or mucus volume were significantly correlated

Parameters?

Mucus score/pre-bronchodilator FEV,
Mucus score/post-bronchodilator FEV,
Mucus score/pre-bronchodilator ppFEV,
Mucus volume/pre-bronchodilator FEV,
Mucus volume/post-bronchodilator FEV,

Mucus volume/pre-bronchodilator ppFEV,

a Parameters measured are change from study baseline to Week 24

Pearson correlation

r[60] = -0.62
P<0.001 ®

r[60] =-0.61
P<0.001 ®

r(60] =-0.61 o

P<0.001

r[60] = —0.52
p<000l @
r[60] = —0.57
p<0001 @
r[60] = —0.52
p<00or @
| | | | | | |
-0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

FEV,, forced expiratory volume in 1 second; ppFEV,, percent predicted forced expiratory volume in 1 second.

Mario Castro, Lancet Respir Med, in press



Usetulness of CT for predicting
benefits of biologics in asthma



Patients > 18 years old from LMU
Severe Asthma Unit included in GAN
registry until 03/2023

N= 328 patients

A 4

N=32 did not receive a biologic

N=168 patients with lack of CT

at baseline or lack of sufficient

clinical data before initiation of
biologic

A4

N= 15 patients with CT scan
protocol not suitable for analysis

2

of MP
A 4
N=113 patients with suitable CT and
sufficient clinical data at baseline
2 LUNG LOBES
N=12 did not reach 4-month- :‘IT _
> timepoint aﬂe; :{ biologic start 1 RIGHT LUNG 1., LEFT LUNG
v E 13
N=101 patients with CT at baseline g 12 iy 3
and 4-month clinical follow-up of E’ :; Eﬁ $
biologic therapy E
g 7
Biological therapy started after baseline = Mlq.!lﬁ ‘ %
Dupilumab n (%) 29(25.7) 25 (24.8) a4U% \
Omalizumab n (%) 10(8.5) 8(7.9) . INFEOR = ]
Benralizumab n (%) 42 (37.2) 38 (37.6) ; 66 /0
Mepolizumab n (%) 30 (26.5) 28 (27.9)
Reslizumab n (%) 1(0.9) 1(1.0) ; o ; ) 1'“ 1'5 W '5 .3"]
Tezepelumab n (%) 1{0.9) 0 n {patients)

https://doi.org/10.1016/j.jaip.2025.01.010



change in FEV1%

no OGS at baseline vs. reduction of <50% I : i
reduction of OCS = 74% vs. reduction of <50% [ : o ERS CO N G RESS ‘ 2024
reduction of OCS 50 to 74% vs. reduction of <50% * k - 1) 7-11 September | Vienna, Austria
Mucus scoe ** E e
E ICS dose l—i—-—|
- :
& baseline FEV1% ™ —— :
other va. anti-ecsinophile : -
anti-HIL4/13 vs, anfi-eosinophile '_"'i_|
anti-gE vs. anti-eosinophile F * : Correlation of MPS baseline with
e ! delta (follow-up — baseline) P (two-
& 3 M parameter Spearman r | tailed) n
-20 0
Coefficient
BARS 0.3128 0.0012 104
ACT 0.4871 <0,0001 72
change in ACT
. | delta FEV1 % predicted 0.3266 0.0008 102
no OCS at baseline ve. reduction of <50% L J * 1
reduction of OCS = T4% vs. reduction of <50% ) i ! delta FVC % predictEd 0.2525 0.010% 101
reduction of OCS 50 to 74% v=_redudiion of <50 A 4 =
w—— delta FEV1/FVC 0.2267 0.0226 101
! PEF % predicted 0.1046 0.3003 100
g male vs. female |—.—:—|
- BMI boe R % predicted -0.1933 0.0528 101
E other vs_ anti-eosinophile - E

anti-IL4/13 vs. anfi-ecsinophile T

anti-IgE vs. anti-eosinophile

age in years * !
baseline ACT ——
Intercept -

S https://doi.org/10.1016/j.jaip.2025.01.010



The Benraliscan study (NCT03976310)

Unrestricted grant from AZ paid to our institution

CHU Montpellier promotor MONTPELLIER

Bicentric Montpellier — Marseille HOSPITALIER

Open label one arm UNIVERSITAIRE

National ethic committee — regulatory approval AstraZeneca
FPFV 20th jun 2019 — LPLV 9th Jun 2023



Patients characteristics (Per protocol)

Age : Sby CRSWNP 66% / NP surgery : 45%

Women : 57%

BMI - 27.Kg/m2 Allergic : 59%
' Urticaria : 23%

. (0) . . .

Former smoker < 10 yr: 57% Typical characteristics of Atopic Dermatitis : 13%

Asthma for 24y Aspirin ERD : 23%

3.4 exacerbations/yr Highly eosinophilic .

Former ICU admission : 32% Dlabe'Fes 1 4%

ACQ-5: 2.8 . Osteoporosis : 23%

FEV1 : 71% ngh OCS ICS exposure Cardiovascular : 39%

BD Reversibility : 8%

High comorbidities

LTOCS : 27%
Former biologic : 43%
> High dose ICS + LABA : 100%

Highest BEC :1410/mm3
BEC at entry : 513/mm3




Expiratory/Inspiratory Mean Lung Density

Inspiratory
mean lung density

Expiratory
mean lung density

~

optimisation

-1024 HU

'a. T s J
Inspiration Expiration



Air trapping
(PRM fSAD)

PRM considers anatomical

deformation of the chest

- Analyzes voxel value as during

respiratory phases, evaluating

voxel’s value during inspiration | Emphysema

before considering its value (PRM fEMPH)
g

during expiration

Differentiates emphysema

from air trapping
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Inspiration (HU)
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Secondary objectives

Identify predictors of response at week 52

+1:0 or 1 mild unadmitted exacerbation
+1 : Change in Pre BD FEV1 between week 0 and week 52 > 300 ml|
+1: Change in ACQ5 between week 0 and week 52 > 0.5

y

Composite clinical response score

NON RESPONDERS RESPONDERS
O : Non responder Vs 2 : Good response
1 : Limited response 3 : Super response

Assess HRCT changes over time



Composite Clinical response

2 jTmEEmmmmm—m————————————
2
(Di20 -
" RESPONDERS :
@4 "0 > * 0or1mild unadmitted exacerbation
§ « A Pre BDFEV1>300 ml
"Gl10 -  AACQ5>0.5
3 ©
El .
E % %
M A
o — - —
[ I . _ 36  Exacerbation Score

_ 34 ACQ Score Group

Mon-responders

¢ B FEV1 Score Responders
e Il None
S & ¢
HESPONDERS NON RESPONDERS Number of subjects

31 patients with good
or Super response

13 patients with limited
response or no response



Predicting composite clinical
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Mean Lund-Mackay CT score at baseline and week 24 in SINUS-24 and SINUS-52

[l Baseline @0 Week 24

(A) SINUS-24 = Dupilumab 300 mg q2w (B) SINUS-24 - Placebo
24 24
4 i
L] A
g g
1 1
g 8
w @
£
§ -
= =
01 LF[LR LHLR LHLFl LHLR LFtILR LHILR 01 LRLH LRLH LF[LR LFtLR LHILR LRILFI
Maxlllary Ant Ethmold Post Ethrn0|d Sphencud Frontal  Osteomeatal Ma.)ullary Ant Ethm0|d Post E‘lhm0|d Sphen0|d Frontal Osteomeatal
LMK component scores LMK component scores
(C) SINUS-52 - Dupilumab 300 mg q2w (D) SINUS-52 - Placebo
24 24

Mean scores (+SE)
Mean scores (+SE)

(1111
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LMK component scores LMK component scores

Bachert C Lancet 2019
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'

REVErsing airway Remodelling with Tezepelumab (REVERT): a prospective, multi-centre,
parallel-arm, placebo-controlled, randomized controlled trial

Study design - \CEI’SALJS
_ Study Population'-2 @

Flaceta _ﬁm_.nhmé'a:
——Tazspeiumab Iazecelumab — Ason <11 * Age 18-75 years, asthmatic
N‘m . . .
—— AR e Facetro - Arm ~Tp- e atleast 1 severe or 2 moderate exacerbations in the previous
12 months
W [==) WD W2 W Bl WAE

* Maximal inhaled therapy including high dose ICS and at least a
second controller

Investigational product injection

Clinical asm:mcnt: rur:funnrnn. 5nd;umhﬂnm:re5' ‘ . L4 ACQ'G 21.5
CoOTRGUTI DOSSORAIDIY PUngs Sive Svbis) * % wall area index at the B1 and B8 bronchi >65% at CT scan
= g 35 25 . Post-bronchodilator FEV1 predicted values must be at 25-90%
Bicod, nasal brushing biomarkers
- - - / NCT056518412 Secondary endpoint'2
r 78\ Status: Recruiting * Further imaging outcomes
Hypothesis @ r * Clinical outcomes : AAER,
Tezepelumab treatment is capable of at least partially reversing hospitalization, ACQ-6
bronchial remodelling as detected on computed-tomographic (CT) Primary endpoint'?2 SGRQ, SNOT-22, BCSS...
scan.
\_ J * To compare the change . Bloodwork
e Stud ] N\ from baseline on CT-scan _
tudy setting () in the wall-area index* at * Nasal brushing analyses
The French initiative CRISALIS organized within the F-CRIN network bronchial levels  Single cell analyses
will be the basis for this study with multiple sites in France.
\ 9 )\ ° Safety )

* (%WA = (wall area (mm2)/ (wall area (mm2) + lumen area (mmz2)))x100
2 The following vector of measures will be taken and used as a repeated measure at baseline, 6 months and 12 months: the %WA at the B1 and B8 bronchi, generations 3, 4 and 5. The primary analysis will be performed at 6 months and will compare the change in mean %WA between arms.

CRISALIS (Clinical Research Initiative in Severe Asthma: a Lever of Innovation & Science, www.crisalis-network.org); F-CRIN network (www.fcrin.org); 1 Bourdin A et al. REVErsing airway Remodelling with Tezepelumab (REVERT): a protocol for a double-blind randomized controlled trial for patients with
asthma. 16 December 2022; 2 Bourdin A et al. REVErsing Airway Remodelling With Tezepelumab (REVERT). clinicaltrials.gov/study/NCT05651841



http://www.crisalis-network.org/
http://www.fcrin.org/

CT as en endotypic marker ?



Asthmatic
subjects

Healthy
subjects

Inspiration Expiration

Unsupervised qCT-driven

clustering

Replicated in an external cohort

Biological samples

Nasal brushing

Sputum

Bronchial brushing
Bronchial biopsies

Whole blood
. Plasma

N, Serum

Integrative

multiomics analysis

Omics

Transcriptome  Proteome

Radiomultiomics: molecular pathways associated with qCT clusters (RACs)

https://doi.org/10.1183/13993003.00207-2024 Eur Respir J

2024, 64: 2400207

Prevalence of women 1 EMI
Mild airflow limitation t CT lung density
+ CT lung volume

Molecular pathways

4 Complement cascade 4 Leptin signalling
+ IGF transport/uptake

t CT airway wall 4 FEF;c 700
Mild CT air trapping

Molecular pathways

4+ ECM organisation 4+ NTRK2,/TRKB
4+ ERBB2 signalling + Semaphorins

Severe airflow limitation 4 RV/TLC
+ CT lung attenuation area Hyperinflation
4 CT air trapping

Molecular pathways

4 Cytokine signalling in immune system and
signalling by interleukins

4+ ECM organisation t signalling by NTRKs

4+ Signalling by SCFKIT



Conclusions

* Imaging in asthma

* Is not only for improving confidence in asthma diagnosis and in the
assessment of severity

* Is improving our understanding of asthma mechanisms, including AHR and
impaired lung function

* |s progressively improving prediction of benefits of a biologic
* But not yet whether this will inform which biologic should be initiated first

* |Insights from the upper airway level

* Nasal polyposis is a great predictor of biologics success, probably the strongest T2
marker

e Clearer understanding of upper-lower airway is needed
 « Welcometothe T2 club ! »



	Diapositive 1 Usefulness of chest CT scan in the management of difficult-to-treat and severe asthma
	Diapositive 2 Conflict of interest disclosure
	Diapositive 3 Performing HRCT in asthma
	Diapositive 4 Other tests that may be used in diagnosis of asthma – GINA 2024
	Diapositive 5 So many differential diagnosis
	Diapositive 6 Computed Tomography Imaging of the Larynx for Diagnosis of Vocal Cord Dysfunction Authors: Joo H. Koh, M.B.B.S., Laurence E. Ruane, M.Sc., Debra Phyland, Ph.D., Kais Hamza, Ph.D., Risa Fukusho, M.B.B.S., Elizabeth Leahy, R.N., Adriana Avram,
	Diapositive 7 QCT Asthma versus COPD
	Diapositive 8
	Diapositive 9 Bronchiectasis is not a differential diagnosis
	Diapositive 10 EMBARC
	Diapositive 11 Asthmatics with bronchiectasis should be treated…as asthmatics !
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 16 Methacholine challenge at HRCT – The Scann’air study
	Diapositive 17
	Diapositive 18 Mechanisms of Airway Hyper Reactivity
	Diapositive 19 Air trapping during methacholine in asthma patients
	Diapositive 20
	Diapositive 21
	Diapositive 22
	Diapositive 23
	Diapositive 24
	Diapositive 25
	Diapositive 26 K nearest neighbors
	Diapositive 27
	Diapositive 28
	Diapositive 29
	Diapositive 30 Airway hyper reactivity follows fractal dimensions in the range of chaos
	Diapositive 31
	Diapositive 32
	Diapositive 33 Airway wall
	Diapositive 34
	Diapositive 35
	Diapositive 36
	Diapositive 37
	Diapositive 38 Air trapping and mucus plugs
	Diapositive 39 Epithelial dysregulation in asthma: the missing link
	Diapositive 40
	Diapositive 41
	Diapositive 42
	Diapositive 43
	Diapositive 44
	Diapositive 45
	Diapositive 46
	Diapositive 47
	Diapositive 48
	Diapositive 49
	Diapositive 50
	Diapositive 51
	Diapositive 52
	Diapositive 53
	Diapositive 54
	Diapositive 55 Spatial Relationship between air trapping and mucus plugs
	Diapositive 56 Spatial Relationship between air trapping and mucus plugs
	Diapositive 57
	Diapositive 58 nnUnet
	Diapositive 59 Artificial intelligence in computed tomography for quantifying lung changes in the era of CFTR modulators – G. Dournes
	Diapositive 60 Examples of artificial intelligence (AI)-driven semantic labelling
	Diapositive 61 Comparison of artificial intelligence (AI)-driven semantic labelling
	Diapositive 62
	Diapositive 63
	Diapositive 64
	Diapositive 65
	Diapositive 66
	Diapositive 67 Reversing HRCT changes in asthma
	Diapositive 68
	Diapositive 69
	Diapositive 70 Tezepelumab and Mucus Plugs in Patients with Moderate-to-Severe Asthma
	Diapositive 71 VESTIGE phase 4 study design
	Diapositive 72 The Vestige phase IV trial
	Diapositive 73
	Diapositive 74 Results – Mucus score
	Diapositive 75 Results – Lung function
	Diapositive 76 Results – Lung function and mucus scores
	Diapositive 79 Usefulness of CT for predicting benefits of biologics in asthma
	Diapositive 80
	Diapositive 81
	Diapositive 82 The Benraliscan study (NCT03976310)
	Diapositive 83 Patients characteristics (Per protocol)
	Diapositive 84 Expiratory/Inspiratory Mean Lung Density
	Diapositive 85
	Diapositive 87 Secondary objectives
	Diapositive 88 Composite Clinical response
	Diapositive 89 Predicting composite clinical  responders (good and super) vs. non responders
	Diapositive 90
	Diapositive 91
	Diapositive 92 REVErsing airway Remodelling with Tezepelumab (REVERT): a prospective, multi-centre, 3-parallel-arm, placebo-controlled, randomized controlled trial
	Diapositive 93 CT as en endotypic marker ?
	Diapositive 94
	Diapositive 96 Conclusions

