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Box 1. European Respiratory Society-American Thoracic Society Definition of Severe Asthma:
Severe asthma is defined as asthma that requires treatment with high-dose inhaled corticosteroids (=1,000 p.g of fluticasone
propionate or equivalent) plus a second controller (and/or systemic corticosteroids) to prevent it from becoming “uncontrolled” or as
asthma that remains “uncontrolled” despite this therapy.

Inadequate control is defined by any of the following:
e Poor symptom control: ACQ (Asthma Control Questionnaire) score >1.5 or ACT (Asthma Control Test) score <20 (or “not well
controlled” according to National Asthma Education and Prevention Program or Global Initiative for Asthma guidelines) over 3

months of evaluation
e Frequent severe exacerbations: two or more systemic corticosteroid bursts (>3 d each)
e Serious exacerbations: at least one hospitalization or ICU stay or mechanical ventilation in the previous year
e Airflow limitation: FEV; <80% predicted (in presence of reduced FEV,/FVC) after bronchodilator medication is withheld

Am J Respir Crit Care Med. 2021 Apr 1;203(7):809-821
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J Allergy Clin Immunol 2015;135:896-902

Prevalence of severe refractory asthma in Netherlands

Asthma AND high High-dose ICS + LABA or
23.5% intensity treatment M- to H-dose ICS + daily OCSs + LABA
87,133
74.1%

17.4% 2%

20.5%

3.6%




Allergy Asthma Immunol Res. 2020 May;12(3):467-484

https://doi.org/10.4168/aair.2020.12.3.467 Allergy, Asthma & A A] R
PISSN 2092-7355-eISSN 2092-7363 Immunology Research
I

Original Article Increasing Prevalence and Mortality of
. Asthma With Age in Korea, 2002-2015:
A Nationwide, Population-Based Study

Allergy Asthma Immunol Res. 2020 May;12(3):467-484



Table 1. The categorization of asthma groups based on exacerbation and adherence to regular treatment

Characteristics Asthma with frequent exacerbations (UCT)"
Yes No
Regular treatment”
Yes SA wC
NoO ut IT

UCT, uncontrolled asthmatics; ICS, inhaled corticosteroids; LABA, long-acting f2-agonist; LTRA, leukotriene
receptor antagonist; SABA, short-acting f2-agonist; SA, severe asthma; UT, untreated asthma; WC, well-controlled
asthma; IT, intermittently treated asthma.

"Regular treatment: i) a medium/high dose of ICS > 3 canisters; ii) a medium/high dose of ICS/LABA > 3 canisters;
iii) LTRA > 90 days; iv) xanthine > 90 days. TAsthma with frequent exacerbations (UCT): i) SABA > 2 canisters per
year; ii) SABA nebulizer use for 3 consecutive days > 2 times per year; iii) systemic corticosteroids burst > 2 times
per year; iv) hospital admission for asthma > 1 time per year.

Allergy Asthma Immunol Res. 2020 May;12(3):467-484
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Allergy Asthma Immunol Res. 2020 May;12(3):467-484



Table 1. Characteristics of the respondents 30
Characteristic {r'll'itglm A{ILE;%:BS}S PUIT:: Z?J;JE s valie* %
Age (year) a43+77 428%+75 46.5+76 0.020 % 20
Male 59(62.1) 31(53.4) 28(75.7)  0.033 2
Institution 0.035 3
University hospital 77(81.1) 51(87.9) 26(70.3) E 10
General hospital 9(9.5) 518.6) 4(10.8) E_
Clinic 9(9.5) 2(3.4) 7(18.9) £
Patient population 0.418
Adults 85(89.5) 53(91.4) 32 (86.5) )
Adults and children ~ 10(10.5) 5(8.6) 5(13.5)

- 13.9% NS

Total Allergists Pulmonologists

Fig. 1. Estimated percentage of asthma patients who had severe asthma.

Allergy Asthma Immunol Res. 2018 May;10(3):225-235



Symptom control in the International Severe Asthma Registry population
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CHEST 2020; 157(4):790-804



Patients (%)
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Regular OCS

45.4

61.0

Anti-IgE

13.2
92 .65 47 65
0.0 3.4 2.2 :
0.0 .-i T iy 00 - i 7 0000
Anti-IL5 Macrolide Other steroid sparing
agent

B Total (n = 1,740)
O SK (n = 98)

B USA (n=765) B UK (n = 569)
OIT (n=211) B SAWD (n =97)

Characterization of Severe Asthma Worldwide: Data From the International Severe Asthma Registry

CHEST 2020; 157(4):790-804



Adverse effect of regular OCS

Less likely to have complication = More likely to have complication Odds ratios (95% CI)
N i . : & | 2.43 52.1?-2.71{
| —— 2.25 (2.11-2.40)
@ [ f | 1.70 (1.34-2.16)"
.__ ________ < 1.00
| o 1.96 P 84-2.10)"
_ _ | —m— 202 (1.89-2.15)"
Gastrointestinal —a&— 1.18 (0.98-1.41)
__________ R
: —h— 242 (2.29-2.55)"
—a— 2.28 (2.16-2.40) .
¢: —— 1.36 E1 .16—1.59}' A OCS dose > 10 mg/day (high)
1.00
“““““ T T T T 473 (1.57-1.90) B OCS dose = 5-10 mg/day (medium)
, : B 177 (1.62-1.93)*
Cardiovascular — : 121 (0.90-1.62) OCS dose < 5 mg/day (low)
OI 1.00 =
I —A—] 1.35 (1.25-1.45)" ® No OCS
) ! i 132 (1.23-1.41)
Metabolic — — 0.87 (0.72-1.07)
__________ : e 1.00
| — A 1.74 (1.62-1.86)"
o | i 1.73 (1.62-1.86)"
Psychiatric e — 1.16 (0.95-1.41)
¢ 1.00
1:- —A— 1.66 (1.51-1.83)"
o | — — 1.42 (1.28-1.57)
Skin disease | — — 1.37 (1.18-1.59)
® 1.00
| A 119 (1.11-1.28)"
:l—.—| 1.09 (1.02-117)"
Ocular —— 0.95 (0.84-1.08)
.I_ 1.00
l . S 1.82 (1.61-2.05)"
[ A 1.77 (1.56-2.00)"
Other — i 1.13 (0.88-1.46)
¢ 1.00
r " v T ‘ ! CHEST 2021; 160(5):1614-1623
0.5 1.00 1.50 2.00 2.50 3.00

Odds Ratios



Adverse effect of regular OCS
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Acute exacerbations in the International Severe Asthma Registry population

Patients (%)
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CHEST 2020; 157(4):790-804



Acute exacerbations in the International Severe Asthma Registry population
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Costs for severe asthma

Dollars per yr

6000 — *p<0.01 verses mild and moderate
Indirect cost 5141%
5000 — _
Direct cost
4000 —
2027%
3000 —
2502
1361 1421
1000 — 490 443 2214*
1324
871 978
0
Mild Moderate Severe Total

FIGURE 1.—Estimated costs for asthma according to severity.

J Asthma 2012;49:303-309



Table IV. Asthma-related costs and acute exacerbation costs according to the severity of asthma.
Level 1 (N = 29,785) Level 2 (N = 6670) Level 3 (N = 232) P

For all patients

No. of patients 29,785 6670 232

Total cost $5,180,846 $4,229,475 $379,369

Per-patient cost $174 $634 $1635 <0.01
Qutpatient cost $130 (74.7) $458 (72.3) $787 (48.2) < 0.01
ED visit cost $1 (0.5) $4 (0.7) $13 (0.8) <0.01
Hospitalization cost $43 (24.7) $171 (27.0) $835 (51.0) <0.01

Clin Ther. 2017;39:527-536
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Inflammatory phenotypes

A

Sputum neutrophil
2 40%~76%

Non T2 Non T2
or T2 low or T2 low

Non T2
or T2 low

Type 2 asthma

A 4

1. Crisford H, et al. Thorax 2021;76:835—-844
2. Pathobiology of Human Disease: Asthma

Sputum eosinophil 2 3%



Inflammatory phenotypes

28 S HA H] 28 S HA
Allergic Eosinophilic asthma Neutrophilic Paucigranulocytic
asthma asthma

Type 2 asthma: Asthma characterized by type 2 airway inflammation

Type 2 inflammation: Inflammation mediated by one or more type 2 cytokines

Type 2 cytokines: IL-4, IL-5, and IL-13 cytokines



Allergic asthma Eosinophilic asthma
Pollutants

Allergen

Airflow Obstruction
Symptoms

Asthma Exacerbation

- Cytokines
—=— Eosinophils c—— _
@ Chemokines
{&‘,moce):fr;-é?susclej @ Local Tissue Injury
Airway Airway Remodeling
Hyperreactivity

Interleukin-3
Interleukin-4
Interleukin-5
Interleukin-9
PGD;

Am J Respir Crit Care Med. 2018;197(1):22-37

N Engl J Med 2022;386:157-71.

- Front Med (Lausanne). 2017;4:93
Mast cell



Clinical features of type 2-high versus T2-low asthma

Onset Early Late
Obesity May be present Often present
Smoking May be present Often present
Bronchodilator response More Less
Response to ICS Usually good Often poor
Asthma control Variable Often poor

Life threatening More Fewer
exacerbation

ERJ Open Res 2021; 7: 00309-2020  Ann Allergy Asthma Immunol 125 (2020) 137-149



Inflammatory phenotypes

Allergic Non-allergic Neutrophilic Paucigranulocytic
eosinophilic eosinophilic asthma asthma asthma



Endobronchial biopsy Bronchoalveolar lavage Induced sputum

Eosinophils > 2371/mm2  Eosinophil count > 2% Eosinophil count > 2-3%

Pathobiology of Human Disease: Asthma



Standard procedure: step by step  Induced sputum

1. Explain the procedure in detail to the subject (rinse mouth before proce-
dure, saline inhalation with tidal breathing, saliva handling during
inhalation; after 5§ min intervals cough and try to expectorate into the
sputum cup).

2. Set nebuliser (output ~1 mL-min™), fill it with sterile saline solution

(usually with concentration of 4.5%).

Measure baseline (pre-salbutamol) FEV1 (or PEF).

4. Premedicate the subject with inhaled salbutamol (200 pg) and
repeat FEV1 (or PEF) measurement after 10 min.

5. Start nebulisation and ask the subject to perform tidal breathing (set
the clock for 15—20 min). Ask the patient to perform inhalation for
5 min intervals followed by coughing and expectoration (the clock
should be stopped at each coughing episode). Encourage the subject
to cough and spit at any time during the induction if he/she feels the
urge to do so.

6. After each 5 min interval carry out FEV: (or PEF) repeat spirometry.
If FEVh1 or PEF falls more than 20% from the post-salbutamol
value, stop the procedure. If induction is stopped due to an
adverse effect (or for any other reason), record the total induction
time. Breathe 2013 9: 300-306; DOI: 10.1183/20734735.042912

il
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Biomarker: FeNO, Blood eosinophil



Difficult-to-treat

asthma o |CS-responsive /
~ — nonadherent asthma
FeNO suppression y A \ T
test / Biomarker : :rs
directed therapy ICS-resistant Allergen ® ”

- T2-inflammation

m

Airway compartment

Al

IL-13
IL-33
|
FeNO

IL-4
IL-5
TSUE
Eoxt
TARC
Eos

00 Causal mechanism for T biomarker
O Correlation

o 3
\ Infection

50

25

0 -

0.15 0.30

N & siood eosinophils (10N

s

Systemic compartment

Am J Respir Crit Care Med. 2021; 204: 731-4
CHEST 2021; 160(6):2019-2029



Diagnostic accuracy of FeNO in asthma and predictive
value for inhaled corticosteroid responsiveness:
A prospective, multicentre study

Antonius Schneider,”"* Benjamin Brunn,”" Alexander Hapfelmeier,”" Konrad Schultz, Christina Kellerer,” and Rudolf A. Jorres ©

Patient group FeNO Sensitivity [%] Specifivity [%] PPV [%] NPV [%] Youden n
(95%Cl) (95%Cl) (95%Cl) (95%Cl)
Primary >70 0-15 (0-10-0-21) 0-99 (0-95-1-00) 0-92 (0-75-0-99) 0-51 (0-45-0-57) 0-14 26
qutcome: >50 0-24 (0-18-0-32) 0-99 (0-95-1-00) 0-95 (0-83-0-99) 0-54 (0-48-0-60) 0-23 41
diagnostic >40 0-32 (0-25-0-39) 0-97 (0-93-0-99) 0-93 (0-82-0-98) 0-57 (0-50-0-63) 0-29 55
accuracy >37 0-34 (0-27-0-42) 0-96 (0-91-0-98) 0-90 (0-80-0-96) 0-57 (0-51-0-63) 0-30 61
of FeNO >35 0-37 (0-29-0-45) 0-95 (0-90-0-98) 0-89 (0-79-0-96) 0-58 (0-51-0-64) 0-32 66
>34 0-38 (0-30-0-46) 0-95 (0-90-0-98) 0-90 (0-80-0-96) 0-58 (0-52-0-65) 0-33 68
n =308 >33 0-40 (0-32-0-48) 0-93 (0-87-0-96) 0-85 (0-75-0-92) 0-58 (0-52-0-65) 0-32 75
>32 0-42 (0-34-0-50) 0-93 (0-87-0-96) 0-86 (0-76-0-93) 0-59 (0-52-0-66) 0-34 78



European Respiratory Society Guidelines for the
Diagnhosis of Asthma in Adults

PICO 3: Can measuring fractional exhaled nitric oxide (FeNO) help diagnose

asthma in adults with episodic/chronic suggestive symptoms?

Recommendation
e [n patients suspected of asthma, in whom the diagnosis is not established based
on the initial spirometry combined with bronchodilator reversibility testing, the TF
suggests measuring the fraction of exhaled nitric oxide (FeNO) as part of the
diagnostic work-up of adults aged >18 years with suspected asthma (conditional

recommendation for the intervention, moderate quality of evidence)

Louis R, Satia I, Ojanguren |, et al. European Respiratory Society Guidelines for the Diagnosis of Asthma in Adults.
Eur Respir J 2022; in press (https://doi.org/10.1183/13993003.01585-2021).



European Respiratory Society Guidelines for the
Diagnhosis of Asthma in Adults

e A cut-off value of 40 ppb offers the best compromise between sensitivity and

specificity while a cut-off of 50 ppb has a high specificity >90% and is supportive

of a diagnosis of asthma

e A FeNO value <40 ppb does not rule out asthma and similarly high FeNO levels
themselves do not define asthma

e FeNO values are markedly reduced by smoking, impaired airway calibre,

treatment with ICS or anti-IL4/lL13-receptor alpha antibody

Louis R, Satia I, Ojanguren |, et al. European Respiratory Society Guidelines for the Diagnosis of Asthma in Adults.
Eur Respir J 2022; in press (https://doi.org/10.1183/13993003.01585-2021).
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Confirming atopy: skin-prick testing, allergen-specific IgE



[ Asthma Original Research J %CH EST

Characterization of Severe Asthma (@ creckorupastes
Worldwide

Data From the International Severe Asthma Registry

CHEST 2020; 157(4):790-804



The prevalence of subtypes of T2 high asthma in severe asthma

B Blood Eosinophil Count
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CHEST 2020; 157(4):790-804
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Overall

Omalizumab

Mepolizumab

100
80
=
S 40
2
£ 40
-
<
20
m B HE H = - i
6 months | 6§ months 6 months | 6§ months |12 months & months | 6 months
before after before after after before after
B =80% 42 .4 39.2 41.2 38.8 35.0 48.2 411
W 40-79% 27.4 22.5 27.1 21.0 33.9 28.6 30.4
20-39% 13.5 16.7 12.7 16.8 15.8 17.9 16.1
1-19% 4.6 5.2 5.2 5.2 4.5 1.8 5.4
B 0% 12.1 16.4 13.7 18.2 10.7 3.6 7.1

ERJ Open Res 2020; 6: 00017-2020







