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• 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.

• 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.

Performing HRCT in asthma

Discussion around the ERS task force 2021



Other tests that may be used in diagnosis of 
asthma – GINA 2024

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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So many differential diagnosis ERS Webinar
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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%).

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



EMBARC

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

Exacerbations



Asthmatics with bronchiectasis should be 
treated…as asthmatics !

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



•HRCT and airway reactivity in asthma



N Engl J Med 2016;374:1842-52.

- higher BMI at
enrollment (OR 1.39; P = 
0.02),
- maternal cigarette 
smoking during
gestation (OR 2.33; P = 
0.04)

- 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), 





Methacholine challenge at 
HRCT – The Scann’air study
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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



JACI 2017











Clustering HRCT patterns during metacholine Challenge

Cabon Y, Eur Radiol, in revision



K nearest neighbors

Baseline PC20

Cabon Y, Eur Radiol, in revision



CLUSTER 1 CLUSTER 2

Cabon Y, Eur Radiol, in revision



Box counting method for computing FD

FD progressed with methacholine 
concentration

Cabon Y, Eur Radiol, in revision



Cabon Y, Eur Radiol, in revision



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

Venegas Nature 2005



Venegas F, Nature 2005



Airway wall











Air trapping and mucus plugs



Epithelial dysregulation in asthma: the missing link
Charcot – Leyden Crystals (1860) Massive mucus plug

Am J Med Sci 1908

Eosinophils

Goblet cell
Hyperplasia

J Fahy NEJM 2023 adapted from B Lambrecht Science 2023

































Spatial Relationship between air trapping and 
mucus plugs



Spatial Relationship between air trapping and 
mucus plugs





nnUnet

 Imene Hadj Bouzid, Ilyes Benlala, Gael Dournes MedRXiv 



AI 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

- bronchiectasis, 

- peribronchial thickening, 

- bronchial mucus, 

- bronchiolar mucus 

- 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 AI-driven multilabel segmentation

Artificial intelligence in computed tomography 
for quantifying lung changes in the era of CFTR 
modulators – G. Dournes



Examples of artificial intelligence (AI)-driven 
semantic labelling

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



Comparison of artificial intelligence (AI)-driven 
semantic labelling

before after 1 year of treatment by lumacaftor/ivacaftor





American Journal of Respiratory and Critical Care Medicine Volume 205 Number 9 | May 1 2022



Mucus plugs in patients with asthma linked to eosinophilia and airflow obstruction

J Clin Invest DOI: 10.1172/JCI95693



JCI Insight 2024;9(3):e174124 
https://doi.org/10.1172/jci.insight.174124



JCI Insight 2024;9(3):e174124 
https://doi.org/10.1172/jci.insight.174124



Reversing HRCT changes in 
asthma
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Mucus plug changes
before and after TEZSPIRE

Baseline

End of treatment

Exploratory analysis of CASCADE

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/EVIDoa2300135

Tezepelumab and Mucus Plugs in Patients with 
Moderate-to-Severe Asthma



VESTIGE phase 4 study design

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

Screening 
period week 

(–4 ± 1)

Week 0 
(Day 1; Visit 2) 

First investigational 
product administration

Week 4
(Visit 3)

Week 12
(Visit 4)

Week 24
(Visit 5)

EOT

End of 
follow-up
(Visit 6)

Screening 
(Visit 1)

ICF signature

Randomizationa

(2:1)

n = 72
Dupilumab 300 mg SC q2w 

+ 600 mg loading dose

n = 37
Volume-matched placebo 2 mL SC q2w 

+ 4 mL loading dose

Post-treatment follow-up:

Up to 12 weeks or until the 
patient switches to 

commercialized dupilumab 
(or other biologic products), 

whichever comes first

24-week treatment period CT scans

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



The Vestige phase IV trial

Dupilumab reduced both mucus score and volume

LS, least squares; SE, standard error.

Placebo q2w Dupilumab 300 mg q2w
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Placebo Dupilumab

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



Results – Mucus score

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 0 1–3 ≥4–18
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Mario Castro, Lancet Respir Med, in press



Results – Lung function

Patients receiving dupilumab vs placebo showed a greater improvement 
in pre-bronchodilator ppFEV1
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Results – Lung function and mucus scores

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

a Parameters measured are change from study baseline to Week 24 
FEV1, forced expiratory volume in 1 second; ppFEV1, percent predicted forced expiratory volume in 1 second.

Mucus score/pre-bronchodilator FEV1

Mucus score/post-bronchodilator FEV1

Mucus score/pre-bronchodilator ppFEV1

Mucus volume/pre-bronchodilator FEV1

Mucus volume/post-bronchodilator FEV1

Mucus volume/pre-bronchodilator ppFEV1

Parametersa Pearson correlation

r[60] = –0.62
P < 0.001

r[60] = –0.61
P < 0.001

r[60] = –0.61
P < 0.001

r[60] = –0.52
P < 0.001

r[60] = –0.57
P < 0.001

r[60] = –0.52
P < 0.001

–0.5 0–0.4 –0.3 –0.2 –0.1–0.7 –0.6

Mario Castro, Lancet Respir Med, in press



Usefulness of CT for predicting 
benefits of biologics in asthma



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



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

Bicentric Montpellier – Marseille

Open label one arm

National ethic committee – regulatory approval

FPFV 20th jun 2019 – LPLV 9th Jun 2023



Patients characteristics (Per protocol)

Age : 56y
Women : 57%
BMI : 27 Kg/m²
Former smoker < 10 yr : 57%

Asthma for 24y

3.4 exacerbations/yr
Former ICU admission : 32%
ACQ-5 : 2.8
FEV1 : 71%
BD Reversibility : 8%

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

CRSwNP 66% / NP surgery : 45%
Allergic : 59%

Urticaria : 23%
Atopic Dermatitis : 13%

Allergic Conjunctivitis : 23%
Aspirin ERD : 23%

Diabetes : 4%
Osteoporosis : 23%

Cardiovascular : 39%

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

Typical characteristics of 
very severe asthmatics:

Highly eosinophilic

High OCS ICS exposure

High comorbidities

n = 44 



Expiratory/Inspiratory Mean Lung Density

acquisition segmentation optimisation

HU-1024

Inspiratory
 mean lung density

Expiratory
mean lung density

Inspiration Expiration



At entry

Week 52

« normal »

Air trapping
(PRM fSAD)

Emphysema
(PRM fEMPH)

Parametric Response Map (PRM)

PRM considers anatomical 
deformation of the chest
- Analyzes voxel value as during 

respiratory phases, evaluating 
voxel’s value during inspiration 
before considering its value 
during expiration

- Differentiates emphysema 
from air trapping



Secondary objectives

Identify predictors of response at week 52

   

Assess HRCT changes over time

0 : Non responder
1 : Limited response

2 : Good response
3 : Super response

+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

Composite clinical response score 

vs

RESPONDERSNON RESPONDERS



Composite Clinical response

RESPONDERS :
• 0 or 1 mild unadmitted exacerbation 
• Δ Pre BD FEV1 > 300 ml
• Δ ACQ5 > 0.5

RESPONDERS
31 patients with good 

or Super response 

NON RESPONDERS
13 patients with limited 
response or no response 



Predicting composite clinical 
responders (good and super) vs. non responders



Bachert C Lancet 2019

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



The Benraliscan study



92
* (%WA = (wall area (mm2)/ (wall area (mm2) + lumen area (mm2)))×100
a 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

Primary endpoint1,a

• To compare the change 
from baseline on CT-scan 
in the wall-area index* at 
bronchial levels

Study Population1,2

• Age 18-75 years, asthmatic
• at least 1 severe or 2 moderate exacerbations in the previous 

12 months
• Maximal inhaled therapy including high dose ICS and at least a 

second controller 
• ACQ-6 ≥1.5
• % wall area index at the B1 and B8 bronchi  >65% at CT scan
• Post-bronchodilator FEV1 predicted values must be at 25-90%

Secondary endpoint1,a

• Further imaging outcomes

• Clinical outcomes : AAER, 
hospitalization, ACQ-6, 
SGRQ,  SNOT-22, BCSS…

• Bloodwork

• Nasal brushing analyses

• Single cell analyses

• Safety

NCT056518412

Status: Recruiting

Study design

Tezepelumab treatment is capable of at least partially reversing 
bronchial remodelling as detected on computed-tomographic (CT) 
scan.

Hypothesis

REVErsing airway Remodelling with Tezepelumab (REVERT): a prospective, multi-centre, 3-
parallel-arm, placebo-controlled, randomized controlled trial

The French initiative CRISALIS organized within the F-CRIN network 
will be the basis for this study with multiple sites in France.

Study setting

Click 
here

Click 
here

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


CT as en endotypic marker ?



https://doi.org/10.1183/13993003.00207-2024 Eur Respir J 
2024; 64: 2400207



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

• Is 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

• Clearer understanding of upper-lower airway is needed

• « Welcome to the T2 club ! »
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