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Hematosis, the primary role of the lungs
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Anatomy of human, adult airways

trachea

Zone
conductrice

Distal Conducting airways, < pronant
G8-16 =
§ bronchioles
]L « Small airways» (<2mm)
terminal bronchicles
Zone % respr‘ratary bronchioles
respiratoire = -
% alveolar ducts
Acinar airways = ahveolar Sacs
G16-24 ~17x106 airway branches of bronchioles
~500x106 alveoli
Total Cross Residence
Number per Diameter Length Saction Velociy® Time®
Airway Generation  Generation (mm) (mm) (cm®) (mm/s) (ms)
Trachea ] 1 1% 120 25 3900 30
Main bronchus 1 2 12 48 23 4304 1
Lobar bronchus 2 ’ 4 8.3 19 2.1 4600 4.1
Sepmental bronchus 4 16 4.5 13 2.5 3900 32
Bronchi with cartilage in wall 8 260 1.9 .4 6.9 1400 4.4
Terminal bronchus 11 2000 1.1 g 20 520 7.4
Bronchioles with muscles in wall 14 16,000 0.74 23 69 140 16
Terminal bronchiole 16 66,000 0.60 1.6 180 54 3l
Respiratory bronchiole 18 0.26 x 108 (.50 1.2 530 1% ol
Alveolar duct b} I 2 % 1P 0.43 0.7 3200 32 210
Alvéolar sac 23 &= 108 (.41 0.5 72,000 0.9 550

Alveoli 300 x 104 0.28 0.2



Pulmonary function tests
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« Forced volumes »
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Lung imaging (segmentation)
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Chronic obstructive airway diseases

Bronchoconstriction (Fixed) bronchial remodelling
(asthma) (COPD)

blood vessels

Infiltrated by nflammation
Normal Chronic Obstructive Pulmonary Disease
Disrupted alveolar
o - S ‘anac!mnnu_
{luminal obstruction} ¥
s v
Airway held —
open by alveolar Mucosal and peribronchial
attachments inflammation and fibrosis
(obliterative bronchiolitis)
normal srway " obstructed arway
Reversed by B2-agonists Not/poorly reversible

(and/or by steroids)



Chronic obstructive airway diseases

The overlap of asthma and COPD2
Chronic
bronchitis
B
i

(—Airﬂow
- obstruction

Emphysema
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Chronic obstructive airway diseases

Prevalence | Primary defect Driving cofactors
(development, severity)

Asthma Multigenic, Smoke, allergens, genetics,
(5_10%) allergy multiple factors...

copD + Smoking (25%) Genetics (a1-AP, SNPs),

Chronic infection
Cystic fibrosis (CF) rare Monogenic: CFTR  Genetic (modifying genes)
(75% delF508) Chronic infection -P aeruginosa

Primary ciliary dysK  rare Cilium genes Chronic infection

(PCD)

Non-CF + Multigenic? Chronic infection

bronchiectasis

CTD-related rare autoimmunity B

10



Environment

Asthma 49% 51%

Epigenetics

Rappaport S. et al. PlosOne 2016
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Asthma pathophysiology

Anatomy of an Asthma Attack

primary broechi H- _ laryroc (voioe bao)

(air pockets)

normal drway
@ 2001 Encyclopedia Britannica, Inc.

m Bronchospasm (smooth muscle contraction) — acute symptoms
m Mucus plugs
m Airway inflammation/edema
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Airway pathology in asthma
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*Airway fibrosis

Prebronchodilator

m Edema, granulocyte infiltration (eos)

m Epithelial changes:
m Shedding
m Goblet cell hyperplasia +/- plugs
m Basal membrane thickening
+/- peribronchial fibrosis*

m Smooth muscle hypertrophy

Decline in airway function

- ——

Age, vears




Treatment of asthma

B Short-acting bronchodilators: B2-agonists (SABA): salbutamol (VENTOLIN®)
(or anticholinergics: ipratropium)
» Symptom relief
®» Before exposure to a trigger (e.g. exercise, allergen)



Adrenalin,
Noradrenalin
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Bronchodilation through B2AR

j,-Adrenergic Receptor B,-Adrenergic Receptor
“TWW"
Extracellular Domain ~,~oooooooooo$ ! -Ad tor
4 ’ o GLY rm or

. ML
PDES inhibitors Za

AMP <T - Cyclic AMP ATP /iPl/Caz'f —> | Bronchodilatation
Theophylline / /'/

TNa*/K"’A'I'Pase

Bronchial smooth muscular cell



Treatment of asthma

Anti-inflammatories, as maintenance/preventive treatment
» |nhaled corticosteroids (ICS) = cornerstone therapy
+/- Add-on drug(s):
®» | ong-acting 2-agonists (LABA): formoterol, salmétérol, vilantérol
» [ eukotriene receptor antagonists (LTRA): montelukast, zafirlukast
®» Theophylline (slow-release, low dose)

Allergen-specific immunotherapy

®» Selected cases with allergic rhinitis to a dominant allergen (pollen, dust mite)
Environmental measures and control of comorbidities

» Allergen avoidance (HDM) & environmental control

®» Treatment of aggravating factors (overweight, smoking, rhinitis, GE reflux...)



GINA guidelines for asthma therapy

— patient with symptoms > 2x/month, nocturnal symptoms

or limitation in daily activities
or with exacerbations

STEP 5
STEP 4
PREFERRED | STEP 1 STER 2 Refer for
CONTROLLER t;:‘t‘r;g‘ :
. n
CHOICE Med/high "¢ o
ICS/LABA anti-lgE
Low dose
Low dose ICS ICS/LABA*
Other | Consideriowll ~ Leukomine mospior antagonists (LTRA) Med/high dose ICS | Highdose | Addlow
controller dose ICS Low dose theophylline* ow dose ICS+LTRA ICS+LTRA dose OCS
options (or + theoph™) (or + theoph*)
. ’ As-needed SABA or
RELIEVER As-needed short-acting beta,-agonist (SABA) low dose ICS/formoterol**

» Step-up (to 5) until disease control is achieved

(asthma control questionnaires, lung function, exacerbations)




Anti-inflammatory activity through GR

= Beclomethasone
. \b(jnmcosteroud = Budesonide
=  Fluticasone
= (Methyl)prednisolone
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Asthma control

DPI

pMDI

Spectrum of steroid responsiveness
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Problematic/uncontrolled asthma

Difficult asthma Y

Wrong diagnosis B Persistent symptoms

Poor adherence m Severe exacerbations

Poor inhalation technique m Persistent airway obstruction
Co-morbid rhinitis, GER, obesity Despite a GINA 4-5 treatment and/or

Vocal cord dysfunction maintenance oral CS 250% of the previous yr

Drugs (B-blokers, NSAID)
Smoking
Environnement (allergens...) — Medical need for new therapies

Psychosocial factors

ERS / ATS guidelines (Chung KF et al. ERJ 2014)



Wales

New Zealand
Ireland
Costa Rica
LSA

Israel
Ecuador
Czech Republic
Colombia
France
Japan
Thailand

Asthma prevalence

Belgium
Spain
Estonia
Singapore
Uzbekistan

Latvia

Republic of Korea
Denmark

Russian Federation
Greece
Albania

— | 670" ~ 700.000 =r—>

0 5 10 15 20
Proportion of Population with Asthma (%)

*50% of those reporting symptoms (12%)
Population belge: 11.2M (2013)

Masoli M et al. Allergy 2004

5-10% « severe » ~ 50.000

~ 150-300 déces / an

1
0 5 10 15 20

Case Fatality Rate Per 100,000 Asthmatics



Asthme phenotypes

allergen challenges

[ 2000: Mepolizumab ineffective in ]

1958: Brown shows

1698: Floyer describes ]

asthma : ;
sputum eosinophils 1988-1990s 2009: Mepolizumab effective in
1898: Stedman’s Modern  \_Predict CS responsiveness Trials show eosinophilic asthma |
Description of asthma - Th2
inflammation 2011: Lebrikizumab )
[ 1947: FEV1 Introduced ] regardless of more effective in type-
! atopy 2 patients based on
1947: Rackemann: periostin biomarker )
1847 extrinsic and intrinsic ~N 1999, W o
. asthma 197 . vwwenzel shows severe - ~N
Sy — asthma has eosinophilic and 2013: Dupilumab
invented | Inhaled ; = p il
CS trials non-eosinophilic groups or eosinopnilic
1948: CS Introduced ) asthma )
| |
1 I I I 1 I I
1700 1900 1950 1970 1990 2000 2010 2015

4
-  Extrinsic/Intrinsic Asthma>
£ \
= /D
(@) b
c
2 ' Th2 High Asthma>
= —[\
= Th2 Low
o} Asthma
2

Gauthier M et al. AJRCCM 2015


http://4.bp.blogspot.com/-yk0ork-RObg/TuvP-dlU9SI/AAAAAAAACY0/j3FtibEc1hg/s1600/rackeman.jpg

Rackeman

(1947)
Extrinsic asthma Intrinsic asthma

Demography F=H F>H
Onset Early Late (> 30 yrs)
Familial history + (-)
Triggering factors Allergens Non specific
Upper airway Rhinitis Sinusitis/polyps

= Eos, MC, Th2 = |dem!
Immunopathology = Total IgE T = Total IgE T (30%)

=  Specific IgE + =  Specific IgE -

Humbert M et al. Immunol Today 1999
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Asthme phenotypes

allergen challenges
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Eosinophilic asthma

¥

P

4

1. Macrophage
2. Neutrophil
3. Eosinophil
4. Epithelial cell

5. Lymphocyte

Tissue (22/mm?)

Sputum (2-3%)

Blood (300-500/uL)

Exhaled nitric oxide (35 ppb)
m Periostin (25-50 ng/mL)

— CV (intra-subject) 20-25%

— Regulation by steroids

Jia G et al. JACI 2012



Asthma endotypes

B Phenotype: characteristics of an organism integrating genes-env
interactions
m Endotype: subtype of a pathology that is associated with distinct

functional or pathological characteristics

Eos asthma

Allergic Eosinophilic Exercise- | Other (non T2)
induced

Frequency

Onset

Pathology

Co-morbidities

Eosinophils
IgE (kU/mL)

++ (75%)

Early (< 30y)
Epithelial agression (Ag,
virus) — IgE allergy

» Rhinitis (50-90%)
= Dermatitis (40%)

500-1000
>100

+ (10%)

Late (> 30y)

? non-allergenic ILC2
(except ABPA?)

= Sinusitis +/- polyps
= ASA syndrome
= 2ary: ABPA, EGPA

>1000 (ou 500 sous CSO)
Variable (>1000 ABPA)

Frequent in
athleets

variable

? High flow of
dry and cold air

None (viruses)

<500

+ (10-20%7)

Neurendocrine
Neutrophilic

Obesity, Mnp
=  Smoking

<500
variable



Asthma: pathophysiology of endo(pheno)types

# . . :
Allergens %% Pollution, Microbes
Anvay Sk e S
epithelium ##r# Goblet cells IS C——
mmmmmff””“g“ §§~ B f “”MqME Ayt
IL-17A°* e

T cells

’ IL-13 i
.. IL-13 Neutrophils
. B cell e o '0
Y cells P— =
; I _ Smooth muscle cells
= — P T ——— gy T

Atopic eosinophilic asthma Non-atopic eosinophilic asthma Neutrophilic asthma

Ig = immunoglobulin; IL = interleukin; NKT cells = natural killer T cells;
TSLP = thymic stromal lymphopoietin; TSLPR = thymic stromal lymphopoietin receptor

Adapted from Brusselle G, et al. Ann Am Thorac Soc. 2014:11;S322-S328.



Biomarkers for steroid responsiveness

m Exhaled NO

m Sputum eosinophils (> 3%)

m Type 2 epithelial signature («IL-13)
~50% of patients with ICS naive, mild-moderate asthma

AAAAAAAAAAAAAAAAAAAAAAHAAAAAHHAHAHAHAAAAHHHAHHHAHHHHHHHHAHHHAHHHHAHAAA

cluster 1: high expression cluster 2: low expression
high
expression A=asthma
level H=healthy control
. low
1

Woodruff PG et al. PNAS 2007
Bhakta NR & Woodruff PG. Immunol Rev 2011

0.50 — Placepo (combined)
0.40- : ::::g ::;ah ]Fluticasone
0.301
0.201
0.101
0.001 - - -
-0.101
-0.20

0 4 8 9

T weeks Y
ICS ICS
initiated stopped




Allergens (1873)

Inflammation - eosino (1950’s)

Asthma control

DPI

pMDI

——=» Allergen immunotherapy (1911)

- |Inhaled corticosteroids (1972)
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Allergens (1873) Allergen immunotherapy (1911)

Inflammation - eosino (1950’s) Inhaled corticosteroids (1972)

IgE, mediator of allergy (1966) ——2 Anti-IgE (2003)

PREFERRED | STEP1 STEP 2
CONTROLLER
CHOICE
Low dose
Low dose ICS ICS/LABA*
Other |Consideriowi  Leukotriene receptorantegonists (LTRA) £ Med/high dose ICS :  High dose
controller dose ICS i Low dose theophylline* Low dose ICS+LTRA ICS+LTRA dose OCS
options (or + theoph*) (or + theoph*)
. . As-needed SABA or
RELIEVER As-needed short-acting beta,-agonist (SABA) low dose ICS/formoterol**

Step 5 GINA 2014 (*since 2005)

© Global Initiative for Asthma
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Severe asthma: therapeutic recommandations
(GINA 2015, Chung et al. ERJ 2014)

m Refer for specialized investigation
B — Screening and aggressive treatment of aggravating factors
m — Targeted therapy

m Allergic asthma — anti-IgE: omalizumab (XOLAIR)

si ‘

Taux d’laE Poids corporel (kg)
(UI/mL)g 20-30 >3040 >4050 >50-60 >60-70 >70-80 >80-90 >90-125>125-15C

>30-100 150 150 150 150 150 150
>106-200 150 150
>2006-300
>300-400
>4006-500
>500-600
>600-700

0.016 mg/kg/unité intern. IgE
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FEV, (% change from baseline)
|
(]
o

—o— Baseline

—— End

Anti-IgE
10 -

]

[ T I

0 1 2

T T T T 1

3 4 5 6 7

FEV, (% change from baseline)
S

Time after allergen challenge (h)

Placebo

—o— Baseline
—— End

[ T 1 I T I T 1

o 1 2 3 4 5 6 7
Time after allergen challenge (h)

van Rensen et al. Allergy 2009; 64: 72-80



ﬁ oy Allergens

IL-4,1L-13
IL-9,
TNF-a
,,;‘5‘8 ‘
&icy i Smooth muscle
Smooth muscle cytokines T
Histamine
IgE PAF, PGs
Eosinophil & Basophile

“S¥ \iC

Late asthmatic responses

Early asthmatic responses

Chronic inflammation Acute infl i
Airway obstruction & hyperresponsiveness CHLENTAMMEtion
Bronchoconstriction, edema




Etude INNOVATE

m Efficacy of add-on omalizumab on exacerbations in patients with uncontrolled
severe asthma, despite GINA step 4 therapy

B Secondary outcomes: SAE, GETE, AQLQ, FEV1, Symptoms score, safety

Adults inadequately | Omalizumab (n=209)

controlled despite
GINA step 4 therapy
(12-75 years old)

Placebo (n=210)"

Exacerbations Exacerbations séveéres Emergency visits
Requiring OCS avec PEF or FEV1 <60% A —43.9%
0.6 1
_ 0 =0.038
12 - A —26.2% 06 - 2 _3068; | 05 1 P
10 4 p=0.042 05 | p=L. 0.48 "
0.8 = 0.4 4
0.3 1
0.6 0.3 4 0.24 0.24
0.2 1
0.4 = 0.2 4
0.2 = 01 1 0.1 4
0 T 0 - . 0 - .
Omalizumab  Placebo Omalizumab  Placebo Omalizumab  Placebo
(n=209) (n=210) (n=209) (n=210) (n=209) (n=210)

NNT=2.0a 2.8 Humbert M et al. Allergy 2005;60:309-316



‘Pooled programme’ of omalizumab trials
in severe asthma (93% of patients)

Annualized exacerbation rate

Predicted FEV,: <60% 1 —— (n=1,136)
A —38.3%
p<00001 | 60—<80% A —— (n=1,948)
15 . 1.47
Total IgE (IU/mL): <75 A =1 | (n=1,026)
1.0 1 0,91 76—-147 o —— (n=1,050)
148-273 - —— (n=1,045)
0.5 ]
>274 1 —— (n=1,046)
' : ' Oral steroid use: Yes * — (n=444)
° Omalizumab  Control
(n=2,476) (n=1,797) NoO —— (n=3,829)
1 1
0.1 0.5 1.0 2.0

Rate ratio (log scale)

1. Humbert M, et al. Allergy 2005; 2. Ayres JG, et al. Allergy 2004; 3. Vignhola AM, et al. Allergy 2004
4. Busse W, et al. J Allergy Clin Immunol 2001; 5. Soler M, et al. Eur Respir J 2001
6. Holgate ST, et al. Clin Exp Allergy 2004



Criteres du traitement anti-lgE (en Belgique)

m Patient agé > 12 ans (6 ans®)
m Asthme allergique sévere
m |gE spécifique ou prick-test cutané + a un allergene pérenne
m Non contrbélé malgré CSI haute dose (>1.000 ug/j BDP) + LABA
=  Symptdmes diurnes et/ou nocturnes
= VEMS <80% prédit
= >2 exacerbations séveres (requérant CSO ou hospitalisation)
m IgE totales 76-700 U/ml (30-1.300%)
— Premier remboursement pour 4 mois, a prolonger si réponse excellente/tres bonne

*Indications européennes (EMA, update 08/07/2011)

= Reéduction du taux d’exacerbation -26 a -50% (Innovate)
= Taux de réepondeurs ~ 60% (Innovate, pooled analysis)

Facteurs prédictifs -: IgE < 75 Ul/ml
Facteurs prédictifs +: FeNO et Eos T

Off label use: ABPA, asthme non allergique, immunothérapie, dermatite atopique



Etude pragmatique de I'omalizumab en Belgique

Medicine (2009) 103, 16331642

available at www_sciencedirect.com
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""Real-life’’ effectiveness of omalizumab in

| TI‘ ad |t| on al C I | n | Cal StU d | es (RCT) patients with severe persistent allergic asthma:

The PERSIST study™

G. Brusselle ®, A. Michils®, R. Louis©, L. Dupont ¢, B. Van de Maele °,
A. Delobbe, C. Pilette?, C.S. Lee ™">*, S. Gurdain*, S. Vancayzeele¥,
P. Lecomte X, C. Hermans*, K. MacDonald ", M. Song ™, I. Abraham "'

5> Efficacy

5> Effectiveness

— 4 Exacerbations (-65%, par rapport aux 12 mois précédents)
— Taux de réponse 72-80%

Brusselle et al. Respir Med 2009; 103: 1633-1642
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Etude XPORT

m Efficacité persistante de 'omalizumab apres traitement prolonge (=5 ans), avec ou
sans poursuite de 'omalizumab pendant I'année de suivi

Primary outcome: any clinically-significant exacerbation

Omalizumab + best standard care (n=88) _

Best standard care (n=88)

Adults (17-70 yrs)
with moderate to
severe persistent
allergic asthma while

on omalizumab*

Randomisation 52 weeks
(
~7 0/ of patients who continued treatment were free from exacerbations
(0 during the 6th year of treatment
X
0\ ; ; ; ; ; ; ; ; ; 1S
| 1 1 1 1 1
f 3
of the patients who were
~ H a If discontinued after 5 years of therapy
remained exacerbation free
G

Busse W, et al. Poster ATS San Diego, CA, May 2014



Allergens (1873) Allergen immunotherapy (1911)
Inflammation - eosino (1950’s) Inhaled corticosteroids (1972)
IgE, mediator of allergy (1966) Anti-IgE (2003)

Th2 lymphocytes (1992) > Anti-IL5 (2016), Anti-IL-4/IL-13

! Refer for
PREFERRED | STEP 1 i STEP 2 addoon

CONTROLLER treatment

CHOICE _ )
Med/high  Jiosopim.:
omalizumab,

Lowdose | 10LABA
Low dose ICS . ICS/LABA**
Other [ S s SR e
Consider low : Leukotriene receptor antagonists (LTRA) : Med/high dose IC :
controller dose ICS i Low dose theophylline* {Low dose ICS+LTRA :High dose ICS dose OCS
options i (or +theoph®) + LTRA
: : i(or + theoph*)
RELIEVER As-needed short-acting beta,-agonist (SABA) As-needed SABA or "
low dose ICS/formoterol

Step 5 GINA 2016



Severe asthma: therapeutic recommandations
(GINA 2015, Chung et al. ERJ 2014)

m Refer for specialized investigation
B — Screening and aggressive treatment of aggravating factors
m — Targeted therapy:

Allergic asthma

— anti-IgE: omalizumab (XOLAIR)
Eosinophilic non-allergic asthma

— Anti-IL5: mepolizumab (NUCALA)



Mepolizumab

m N=362 patients

m Uncontrolled asthma by ICS
(BDP 710 £+ 400 ug)

m FEV1 68 £ 9%

m Specific IgE 80-85%

m Eosinophils: 350 + 280/uL
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Flood Page P et al. AJRCCM 2007



Mepolizumab

12 Week Treatment
Period

m N=362 patients -

m Uncontrolled asthma by ICS T rone s
(BDP 710 + 400 ug)

m FEV1 68 £ 9% o e

m Specific IgE 80-85% :
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Conclusions: Mepolizumab treatment does not appear to add
significant clinical benefit in patients with asthma with persistent
symptoms despite inhaled corticosteroid therapy.

Read More:



http://www.atsjournals.org/doi/full/10.1164/rccm.200701-085OC#.V9kGL01V2fA

Failure s the

opportunity to begin
gain, more intelligently

Henry Ford




Mepolizumab: EMSA trial

m 61 patients
m Severe refractory asthma
m Exacerbations, >2 in previous yr (5)
m Prednisolone, regular ~55% (10mg)
m |gE sensibilisation 68%
B Sputum eosinophils >3%
(Blood eos 350 + 300/uL)
NB: Nasal polyps 33%
NB: age onset 2-57 (mean 26y)

— Mepo 75 mg/month 52w

— Reduction of exacerbations:
— And improvment of AQLQ

— No effect on ACQ and FEV1
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Criteres du traitement anti-IL5 /mepo (en Belgique)

m Patient 4ge > 18 ans
m Asthme sévere réfractaire a éosinophiles
m Eosinophilie sanguine > 300/uL lors instauration et durant les 12 derniers mois

m Non contrdélé malgré CSI haute dose (>1.000 pg/j BDP) + 1/+% autre médicament
(LABA, antiLT)
A . i !
= VEMS <80% prédit
= >2 exacerbations severes dans I'année (requérant CSO >3j ou dose X2 pour

patients cortico-dépendants), et/ou visite urgences et/ou hospitalisation) et/ou
traité en continu par un corticoide systémique

m  Ou patient déja traité avec efficacité dans le cadre des études cliniques du
mepolizumab

— Premier remboursement pour 6 mois, & prolonger si efficace (Yexacerbations)

Autre indication: syndrome hypereosinophilique (HES)



Biomarkers of response to biotherapies

Total Rate ratio (95% CI)

Subgroups n (Omalizumab/placebo)
Eosinophil counts
High 91 0.41 (0.20-0.82) —_— BUSSG et a|_ JAC| 2013
Low 126 1.07 (0.45-2.53)
0.09 o Tos > s
Rate ratio
Blood eos* Exhaled NO Periostin
(250 —500/uL) | (19.5—-40 ppb) | (25-50 ng/mL)
Anti-IgE + (250) (+) >76 kU/L
Anti-IL5 ++ (300) + 0

Anti-IL13

*Or sputum eos >3%

Wenzel S et al. Lancet 2016
“Wenzel S et al. ERS London 2016
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Anti-IgE et anti-IL5 biotherapies in severe asthma

Blood eosinophils (n/uL)

(24) so@ wnnds/{qdd) oNa4

Serum total IgE (Ul/mL)

Froidure A et al. Eur Respir J 2016



Allergens (1873) Allergen immunotherapy (1911)
Inflammation - eosino (1950’s) Inhaled corticosteroids (1972)
IgE, mediator of allergy (1966) Anti-IgE (2003)

Th2 lymphocytes (1992) —> Anti-IL5 (2016), anti-IL-4/IL-13

Resident eosinophils:
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Future pipelines in severe asthma

Allergens (1873) Allergen immunotherapy (1911)
Inflammation - eosino (1950’s) Inhaled corticosteroids (1972)
IgE, mediator of allergy (1966) Anti-IgE (2003)

Th2 cells (1992) Anti-IL5 (2016), anti-1L-4/IL-13

Dendritic cells (1998)

Epithelio-dendritic axis (2009) > Anti-TSLP, IL-33/ST2...

Macrolides (e.g., azithromycine)
Antagonists of CXCR2, TNF, IL-1, IL-17, IL-23
PDE4 inhibitors

Bronchial thermoplasty

Neutrophilic inflammation —_—



