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Introduction of severe asthma




Table 1. Published definitions of severe asthma

Guidelines Definition Required medications Additional details
ATS (2000) - Refractory asthma requires 1or both major - Major criteria - Minor criteria; at least 2 of following categories
criteria and 2 minor criteria 1) Continuous or near-continuous 1) Requirement for daily treatment with additional
(z 50% of the year) OCS controller
2) High-dose ICS 92) Requirement for short-acting inhaled E2-agonist

3) Persistent airway obstruction
4) 1 or more urgent care visits for asthma per year

”GINA Step 4-5 O'” A-I I-| S O|_|' %/Hl OF = Xl = 5) 3 or more oral steroid “bursts” per year

6) Prompt deterioration with < 25% reduction in oral
O = AUl PN RS OﬂE uncontrolled 2! 7.‘.'“%'” o i dose
7) Near-fatal asthma event in the past
WHO (2009) - Treatment-resistant severe asthma - High-dose ICS or a high-dose ICS- - Level of cantrol assessed based on following categories:
1) “Control” is not achieved despite highest ~ LABA combination 1) Daytime symptoms
SRR - Frequent or chronic use of SCS 2) Limitations on activities
92) “Control” maintained only with highest 3) Nocturnal symptoms/awakenings
level treatment L .
4) Need for short-acting inhaled E2-agonist
5) Lung function
6) Exacerbations
IMI (2011) - Refractory asthma despite high-intensity - High-dose ICS with or without SCS - Uncontrolled and/or frequent (> 2/year) exacerbations
treatment
ERS/ATS (2014) - Asthma that requires high-intensity - Medications for GINA steps 4-5 - Uncontrolled asthma; at least 1 of the following:
medication to prevent it becoming asthma for the previous year or 1) Poor symptom control

“uncontrolled” or that remains

“ » ; - SCs for 2 50% of the previous year 2) Frequent severe exacerbations
uncontrolled” despite therapy

. 3) Serious exacerbations
- Controlled asthma that worsens on taberlng )

of these high doses of ICS or SCS (or 4) Airflow limitation
additional biologics)
GINA (2019) - Uncontrolled asthma despite adherence to - Medications for GINA steps 4-5 - Uncontrolled asthma; at least 1 of the following
maximal optimized therapy and treatment asthma categories:
contributory factors 1) Poor symptom control
- Asthma worsens when high-dose treatment 2) Frequent or serious exacerbations

is decreased - Good adherence and inhaler technique

ATS, American Thoracic Society; WHO, World Health Organization; IMI, Innovative Medicine Initiative; ERS, European Respiratory Society; GINA, Global Initiative
for Asthma; ICS, inhaled corticosteroids; LABA, long-acting f2-agonists; OCS, oral corticosteroids; SCS, systemic corticosteroids. Kim et al

Allergy Asthma Immunol Res
‘S5 HAlo| Ho| =X 2020:12:910-33
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Step 4

Medium-dose ICS-LABA + 2nd controller (e.g. tiotropium, LTRA, or theophylline)

Maintenance and reliever therapy with ICS-formoterol

# Before step-up to step 5, consider other treatment options of step 4

Medium-dose
ICS-LABA

i

High-dose ICS-LABA + 2nd controller (e.g. tiotropium, LTRA, or theophylline)

-

Referral to specialist
Phenotypic assessment

Type 2 high

Step 5
High-dose

ICS-LABA Add unused controllers

.

inflammation Not affordable or BELCKCUELCIR A E L RIEE G e
poor response

Add biologics targeting type 2

Poor response

Add low-dose OCS

Kim et al.
— Allergy Asthma Immunol Res
‘ST WA o] X7 &2 2020:12:910-33
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Type 2 inflammation in GINA

Assess the severe asthima phenotype during high dose
ICS treatment (or lowest possible dose of OCS)

Type 2 inflammation

Could patient have « Blood eosinophils 2150/ul and/or
Type 2 airway
oty FeNO =20 ppb and/or

« Sputum eosinophils 2%, and/or
Asthma is clinically allergen-driven

and/or
Note: these are not the )
criteria for add-on Need for maintenance OCS

biologic therapy (see 6b) (010 2t biood eosinophils and
FeNO up to 3x, on lowest possible
OCS dose)

Type 2 inflammation 2| X| = (GINA version) 2020 GINA Reports
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The prevalence of subtypes of Type 2 inflammation

» In 166 severe asthma, 116 (70%) had at least 1 T2 biomarker elevated.

Blirvated FeNO > 25 ppb

FENO N=21
(13%)

Sputum eosinophil > 3%
Blood eosinophil > 150 U/mL

IgE > 150 UmL
Elevated IgE

N=18
No elevated (11%)
biomarkers N =50

(30%)
Frossing et al.

S J Allerqy Clin Immunol Pract
Type 2 inflammation H| 2 E-pub
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Variability in blood eosinophil counts

» Pooled data from study participants receiving placebo (previously
randomized 1:1To receive reslizumab or placebo)
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Exercise induced *
————————————— -
bronchoconstriction T2-LOW asthma
Box 1 — patient profile J
s N\ /
= 55 year-old patient Is it obesity
= Maintenance LABA /1000 mcg BDP ) p .
OR “ob
= FeNO - 12 ppb, blood eosinophils — Cardiopulmonary ey
120/pL) Exercise test ) asthma”
= Non-obstructive spirometry
= BMI 34 \
= “ ..very breathless on exertion...."

ACQ-5 — 2.6 “uncontrolled asthma” Sub-maximal test Non_asthma
\. ~/ | with hyperventilation/NO exercise |—* rbidi
induced bronchoconstriction morbidity
r N\ l

ICS stopped ‘ ]
= T2-LOW (FeNO - 18 ppb, «—— | Reduce dose of ICS —l

blood eosinophils 200/uL)

= ACQ-5-20
= Normal spirometry *  T2-HIGH (FeNO — 32 ppb,
% = blood eosinophils — 240/uL)
1 = Obstructive spirometry
\ *» ACQ-5-26
( Methacholine challenge

Positive Negative
[ Positive || | | Negative T
McDowell et al.

(optimise treatment)
T2-LOW asthma Asthma unlikely
Allergy

‘T2-low 55 HAl’ o] ZITH/X| = Higk 2020-75:302-10
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Characteristics of severe asthma
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Longitudinal outcomes of severe asthma

» Severe asthmatics (n=567) vs. non-severe asthmatics (n=1,337): ICARUS
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Longitudinal outcomes of severe asthma

[FEV,] [Asthma medication [Asthma medication
w o HIZZHAL ey, T 24 in severe asthma] in non-severe asthma]j
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Aberrant anti-viral response of NK cells

» PBMCs from severe asthma (n=31) and healthy donors (n=11)
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Increased capsaicin sensitivity with poor outcome

»> 122 patients with severe asthma

Table 4. Risk Factors for Clinical Features of Severe Asthma

Airflow Limitation
Asthma Control (ACT Exacerbations (=2/yr) Admissions (=1/yr)  (FEV;% Predicted <80%)
Score < 20) (R*=0.31) (R?=0.26) (R?=0.36) (R?=0.24)
P P P P
OR 95% Cl Value OR 95% Cl Value OR 95% Cl Value OR 95% ClI Value

General factors

Sex, F — — — 3.34 0.95-11.7 0.06 — — — 0.51 0.19-1.34 0.17
BMI =25 kg/m2 — — — 1.79 0.65-4.94 0.26 — — — — — —
Nonatopic 2.15 0.97-4.71 0.06 — — — 3.13 0.91-10.7 0.07 — — —
Ex-smoking status 2.16 0.95-4.91 0.07 — — — 6.52 1.89-22.4 0.003 2.07 0.79-5.40 0.14
Biomarkers and FEV: % predicted
| C5=2.44 uM 4.83 1.97-10.4 0.0004 2.83 1.04-7.71 0.04 ;.43 0.91-129 0.07 — — —
ANC = 5,000/l 3.62 0.87-15.1 0.08 2.86 0.74-11.1 013 455 0.86-24.1 0.07 — — —
FEno = 25 ppb — — — — — — — — — 1.58 0.63-3.96 0.33

FEV1% predicted <80% 2.99 1.13-7.94 0.03 542 1.77-16.6 0.003 3.89 0.996-15.2 0.051 N/A N/A

Comorbidities, presence

Chronic rhinosinusitis — — — — — — — — 2.78 1.04-7.43 0.04
GERD — — — 2 45 0.91-6.54 0.07 — — — — — —
Diabetes mellitus 2.03 0.58-7.09 0.27 0.69 0.15-3.11 063 1.69 0.37-765 050 717 2.25-22.8 0.0009
= .
=35 MA EH 3. Capsaicin sen5|t|V|ty7f poor outcome Hh A Kanemitsu et al.

Am J Respir Crit Care Med
2020:201:1068-77
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Laryngeal dysfunction
» 53 severe asthma patients

CLASSIFICATION OF LARYNGEAL DYSFUNCTION IN

SEVERE ASTHMA

No Laryngeal Larynlgeal Phonatory LD, 29%
dysfunction, 13% dysfunction 87%

-U%

H A B 4. laryngeal dysfunction H| & 0| =L} Vertigan et al.

ol

=
S

J Allergy Clin Immunol Pract
E-pub
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Laryngeal dysfunction

> After 4-week course of speech pathology treatment in 12 participants with

mod-severe laryngeal dysfunction in the severe asthma group

Table 2 Examples of strategies in the treatment

TABLE V. Pre- and post-treatment results programme
Pretreatment Post-treatment Change Component Example
Outcome measures M (SD) M (SD) M (SD) P value

- - Education No physiological benefit from cough; capacity for
Questionnaire scores voluntary cough control

Ls aeal 127 (3.9 15.1 (4.4 24 (2.5 005 Strategies to  Identify warning signs for cough and replace with
aryneed (3.9) @4 (2.5) reduce cough modified swallow technique, pursed lip breathing

Hypersensitivity exercise, or relaxed throat breath
Questionnaire Reduce Increase hydration, decrease exposure to irritating
Leicester Cough 123 (43) 146 4.8) 2324 005 foryngeal - stimuli
uestionnaire Psycho- Internalising locus of control; acceptance that freatment
Voice Handicap ~ 32.8 (14.4)  27.2(19.5) 56 (15.6) 218 educational is hard work; setting realisfic goals
Index COUnSe"lng
Asthma Control 25 (1.0) 2.0 (0.8) 0.5 (0.7) 020
Questionnaire 3— I‘l *I E II 4
Objective measures
Maximum 9.9 (5.7) 92(3.00 0759 697 Speech pathology treatment7f
phonation time l:|| I—l A| K S| |
CAPE-V 306 (13.4)  22.5(11.8) 80 (0.54) 054 la r@ ged | dysfunction 01
Harmonic to 99 (6.0) 157 (48) 59 (7.1) 028 = E._l E—l’.
noise ratio
Cough frequency 9.4 (5.3) 8.8 (4.0) 0.5 (7.3) 864 Vefﬂqan et al
CAPE-V, Consensus Auditory Perceptual Evaluation-Voice; M, mean; SD, standard J A//Efqy Clin Immunol Pract
deviation.

E-pub
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Oral corticosteroids Table 1 Prevalence of OCS-related comorbidities in

patients with severe asthma

OCS-related comorbidities Prevalence (%)
Dyspeptic disorders 65
Obesity (body mass index >30) 42
Psychiatric disorders 38
Hypertension 34
Osteoporosis 16
Hypercholesterolaemia 15
Type 2 diabetes 10
Osteopenia 10
Cardiovascular disease 10
Cataract 9
Fracture 5
Glaucoma 4
Sleep disorder 4

Prevalence data from the cross-sectional Optimum Patient
Care Research Database and the British Thoracic Society Diffi-
cult Asthma registry (n = 808) (Adapted from Sweeney et al.”).

=3 MM X2 1. 0c52| A& Chung et al.
Respirology
2020:25:167-72
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Barriers of OCS-sparing strategies

Patient Barriers

Clinical Barriers
<

System Barriers

OCS familiarity, easy accessibility and low cost
Fear of exacerbation or clinical deterioration

Adrenal insufficiency

Poor adherence to guideline inhaled therapies
Under-recognition of cumulative OCS burden

Lack of alternative treatment for asthma exacerbations
No standardised approach to OCS weaning or systematic
screening of OCS adverse effects

Delayed referrals

Limited access to multidisciplinary asthma services
Restricted access to reimbursed biological therapies
Lack of monitoring of OCS prescribing

=S5 ™Al X| & 1. 0CS-sparing strategies2| 21

Chung et al.

Respiroloqy
2020.25:1671-72
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o
Type 2 cytokines are released as part
of the inflammatory response.

Bronchial epithelium

Anti-TSLP _ame all-6R F-----—---
Tezepelumab / ‘

Anti-IL33/ST2
e.g. CNTO7160

R ——

[IL-S receptor antagonist J__

Benralizumab* K
i
]
1
I
]
i
Subepithelial space
|
DP, receptor antagonist _| Anti-lgE i
Fevipiprant, others Omalizumab i
:
------------------------------ o4
1
e Lymphoreticular system
)
1
Anti-IL-4 receptor | i---- Anti-IL-5
Dupilumab Mepolizumab, Reslizumab
McDowell et al.
N AN . Q
=5 T A X| & 2. Biologics Allergy

2020,75:302-10
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Anti-eosinophil drugs for asthma

2010 2020

IL- 4Ra
11-25,IL-
m IL-13 CRTHZ2
1950 1960 1970 1980 1990 2000
I | | I |
T I I ? I I I
Cortisone ICS omalizumab
1949 1973 2003

Figure 2 - Anti-eosinophil drugs for asthma. See Figure 1 legend for expansion of abbreviations.

mepolizumab 2015

reslizumab 2016

benralizumab 2017

dupilumab

tralokinumab

fevipiprant

Anti-alarmins

Bel et al.
Chest
2017:152:1276-82
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ERS/ATS guidelines

ERS OFFICIAL DOCUMENTS
ERS/ATS GUIDELINES

@ Management of severe asthma: a
European Respiratory Society/American
Thoracic Society guideline

CrossMark

[The ERS/ATS task force makes recommendations |
» Biologics

» Antimuscarinic agents

» Macrolides

» Biomarkers for predicting treatment response

S35 ™A X| & 2. Biologics recommendations — ERS/ATS guideline Holguin et al,

Eur Respir J
2020:55:1900588
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ERS/ATS guidelines

[Question 1. Should a monoclonal anti-IL-5 antibody be used in adults

and children with severe asthma?]

’Anti-lL-SRa mAb

A\~ benralizumab

f/ \ 1
FcGRllla \

» Mepolizumab

> Reslizumab IL-5Ra

L-5

Passive removal of

activating interleukin
Y Anti-IL5 mAb

mepolizumab
reslizumab

> Benralizumab

Holguin et al.
Eur Respir J
2020:55:1900588
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ERS/ATS guidelines

[Mepolizumab-I]

» 135 severe asthma (>6-month history of glucocorticoids) with eosinophilia
(> 300/uL before screening or 150/uL during optimization phase)

» 100 mg mepolizumab SC every 4 wk

Table 2. Primary and Secondary Outcomes. The median
Placebo Mepolizumab Odds Ratio perce ntage
Qutcome (N=66) (N=69) (95% CI)* P Value ]
Reduction in oral glucocorticoid dose at 20 to 24 wk: 2.39 (1.25-4.56) 0.008 red uction Of
primary outcome — no. (%) GC was
90 to 100% 7 (11 16 (23
(11) (23) 50%
75 to <90% 5 (8) 12 (17)
50 to <75% 10 (15) 9 (13)
>0 to <50% 7 (11) 7 (10)
No decrease in oral glucocorticoid dose, a lack 37 (56) 25 (36)
of asthma control, or withdrawal from
treatment Bel et al.
N Engl J Med

2014,371:1189-97




YONSEI

UNIVERSITY

ERS/ATS guidelines

[Mepolizumab-Il]
» 576 severe asthma (>2 exacerbation during the previous year) with
eosinophilia (> 300/uL before screening or 150/uL during optimization phase)

» 75 mg IV or 100 mg mepolizumab SC every 4 wk

Table 2. Summary of Efficacy Outcomes.* The rate Of
Intravenous Difference Subcutaneous Difference .
Placebo  Mepolizumab from Placebo P Mepolizumab from Placebo P exace rbatl ons
Outcome (N=191) (N=191) (95% Cl) value  (N=194) (95% Cl) value

Mean rate of clinically significant ~ 1.74 0.93 47 (28 to 60) 7 <0.001 0.83 53 (36 to 65) <0.001 WaS red Uced by

exacerbations

0)

Mean rate of exacerbations re- 0.20 0.14 32 (-41to 67)F 0.30 0.08 61 (17 to 82)F 0.02 47 A) IV and
quiring hospitalization or
emergency department 53% (S C) .
visit

Mean rate of exacerbations re- 0.10 0.06 39 (-66t0 77)T 0.33 0.03 69 (9 to 89)F 0.03

quiring hospitalization
Change from baseline in FEV; — ml
Before bronchodilation 86+31 186+32 100 (13 to 187) 0.02 183£31 98 (11 to 184) 0.03
After bronchodilation 30+34 17634 146 (50 to 242) 0.003 167+33 138 (43 to 232) 0.004

Change from baseline in score -0.50+0.07  -0.92£t0.07 -0.42 (-0.61t0-0.23) <0.001 -0.94£0.07 -0.44 (-0.63to-0.25) <0.001
on Asthma Control

Questionnaire Oftega et a/

Change from baseline in scoreon  -9.0+1.2 -15.4£1.2 -6.4 (-9.7t0-3.2)  <0.001 -16.0£1.1 -7.0(-10.2t0-3.8) <0.001
St. George's Respiratory N Eng/ ./ Med

Questionnaire 20 74,3777 198-207
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ERS/ATS guidelines
[ MUSCA study ]

[Mepolizumab-IIl]
» 274 severe asthma (>2 exacerbation during the previous year) with
eosinophilia (> 300/uL before screening or 150/uL during optimization phase)

» 100 mg mepolizumab SC every 4 wk

A B
o \ """""" - 5 jf'*{__‘ """"""""""""""""""""" Mepolizumab showed
i o P~ Tt EE Q{{*[ significant improvement in
£§ R | b XLE ', SGRQ total score (-15.6
gi.m,lob‘-‘ | E“j;—l | T 1 vs. -7.9), and reduced
c 0 exacerbation rate (58%).
0 ol - - () ol - - oo
FAi L B Chupp et al.
8 0 4 12 20 24 7 0 4 1 0 24 Lancet R@Sp/./’ Med

Time (weeks) Time (weeks) 20 7 7/.5.390_400
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ERS/ATS guidelines

[Reslizumab-I]
» 106 severe asthma with eosinophilia (= 3% sputum eosinophil)

» 0.3 or 3.0 mg/kg reslizumab IVF every 4 wk

A 0.0 —{— Reslizumab B 0.5 - —— Reslizumab
. — /= Placebo = =/ = Placebo
02 0.4 -
Ly p=0.0025

5 &
o E

Change from Baseline in ACQ Score
2 S
@«

FEV, Change from Baseline

p=0.0007

T T
0 2 4 6 8 10 12 14 16
8 12 16

Week 0 4
Week
Reslizumab improved asthma symptom, FEV,, Castro et al
symptoms, and reduced sputum eosinophils. Am J Respir Crit Care Med

20711,184:1125-32
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ERS/ATS guidelines

[Reslizumab-Il]

» 489 and 464 severe asthma with eosinophilia (= 400/uL during screening

period) and at least one of exacerbation history in previous year

» 3.0 mg/kg reslizumab IVF every 4 wk

A
100, Placebo; n=244
— 904 l'.‘?:\'"ﬂ. Reslizumab 3.0 ma/kg; n=245
£ g0 "l\H e HR 0-575 (95% Cl 0-440-0-750)
2 . R p<0.0001
o 70+ "l‘x_rl R e — -
® 60 i YU [ —
aé 50 " ——
L.g 40 -
s ]
E 09 Placebo
104 — Reslizumab
0 T T T T T T T |
10 20 30 40 50 60 70 30
Number at risk
Placebo 244 169 138 112 107 97 0 0 0
Reslzumab 245 207 177 158 146 136 1 a 0
C
Reslizumab Placebo Rate ratio (95% Cl)
0CS at baseline 73 73 — 0-32(0-18-055)
ICS plus LABA 397 383 —.— 0-45(0-35-058)
ICS no LABA 80 23 = 0-51(0-20-0-89)
All 477 476 I 0-46 (0-37-0-58)

T T T T T T T T T T T i 1
01 0 01 02 03 04 05 06 07 08 09 10 11

Rate ratio

B Placebo; n=232
100_\'\|~___“ Reslizumab 3-0 mg/kg; n=232
= 904 ™ gy HR 0-486 (95% Cl 0-353-0-670)
£ ‘H._N‘ by,
o 80 hy —— ) p<0-0001
:g« 70 T T Sy ST 1 i
c - —,
z 60 —
= —
T 50+ ———
c
B 404
g 30
=1
£ 204
g
& 104
0 T T T T T T T ]
0 10 20 30 40 5o 60 70 80
Number at risk Time to first CAE (weeks)
Placebo 232 182 156 139 125 108 2 0 0
Reslzumab 232 205 177 165 156 153 4 1 0

Reslizumab reduced

exacerbation rate by 50%.

Castro et al.
Lancet Respir Med
2015,3.355-66
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ERS/ATS guidelines

[Reslizumab-IIl]

» 315 severe asthma with eosinophilia (> 400/uL during screening period)

» 0.3 or 3.0 mg/kg reslizumab IVF every 4 wk

LS Mean = SE Change in FEV, (L)

W Placebo (n = 105)

0.4 71 A Reslizumab 0.3 mg/kg (n = 103)
Reslizumab 3.0 mg/kg (n = 103)
0.3 4 ) I : l
1 % Reslizumab improved FEV,,
0.2 - | — symptoms, and QOL.
;‘ -
AR
0.1 A
S
S
0 {_f:‘ T T T |
@ = D P ©
©&§ & il & & Bjermer et al.

Chest
2016,150:789-98
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ERS/ATS guidelines

[Reslizumab-1V]
» 492 severe asthma (Regardless of eosinophilia)

» 3.0 mg/kg reslizumab IVF every 4 wk

c A
% = 0.4 é«-éré P|aC:eb0 Q'_ 035 m Placebo m Reslizumab 3.0 mg/kg
_E;C“ .E 0 | G5O Hesllzumgb 3.0 mg/kg E
UE ’ 1}_£ .E
93 02 S %5 % £
E = 0.1 ’ E
EQ S
0% 0.0, 2
| N A ' o 2 Bl n-83 n-3u
Q;b cﬁ‘\(\e’ ‘&‘b &“b \g{..\(b $~{-.\ o0 Overall population <400 =400
Visit
Reslizumab did not improve asthma, but it did in patients with Corren et al.
eosinophilia (> 400/uL ) Chest

2016,150:799-810
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ERS/ATS guidelines

[Reslizumab-V]

» 106 severe asthma with eosinophilia (> 2% sputum eosinophil or
> 50 ppb FeNO) in South Korea and Japan

» 2mg, 20 mg, 100 mg reslizumab IVF every 4 wk

O Placebo
n =21 m ? mg
@ 20 mg
m 100 mg

Reslizumab reduced asthma
= exacerbation rate by 33, 45, 36%.

61% 61%

Counts/year
]
o
|

Park et al.
Total >300/l Int Arch Allergy Immunol/
2016,769:135-45
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ERS/ATS guidelines

erbation rate

lexac

[Benralizumab-I]

>

324 severe asthma (GINA 4-5) with at least two of exacerbation

history in previous year (stratified by eosinophil status: > 2% sputum

eosinophil or > 50 ppb FeNO )

» 2 mg, 20 mg, 100 mg benralizumab IVF every 4 wk

07

0-6

05 -

0.4

03 -

0-2

0-1

n=80

n=581

RR=36%
p=0173

n=82

[ Placebo

[ Benralizumab 2 mg
[ Benralizumab 20 mg
[ Benralizumab 100 mg

n=142

RR=41%

p=0.006*

n=140

RR=22%
p=0-284

Eosinophilic

Non-eosinophilic

Benralizumab (100 mg) reduced
asthma exacerbation rate by 41%
(eosinophilic) and 22% (non-
eosinophilic)

Castro et al.
Lancet Respir Med
20714:.2:878-90
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[Benralizumab-Il]

[SIROCCO study]

» 1,205 severe asthma (GINA 4-5) with at least one of exacerbation

history in previous study (regardless of eosinophil)

» 30 mg Benralizumab IVF every 4 or 8 wk

EOS > 300 A Eosinophils =300 cells per pL B Eosinophils <300 cells per pL

Eos <300
: -30%, -17%

Percentage reduction relative to placebo Percentage reduction relative to placebo
: -45%, -51% v aas ~45% -51% 14 S0 s
v v (0-96-1.52) v v
E 12+ N 124 p=0-269
i S (078-128)
E_ 109 F . 107 p=0047
59 p<0-0001 g9 (0-65-111)
5o 08+ (0-60-0-89) p<0-0001 % 0 0.8
) (0-53-0-80) Y
£ E 06 £ T 064
Ry 8y
m O m B
- <L
0-24 0.2
0 Placebo " Benralzumab | Benralzumab | ° Placebo " Benralzumab '  Benralzumab |
(n=267) 30 mg Q4w 30 mg Q8w (n=140) 30 mg Q4w 30 mg QBW
(n=275) (n=267) (n=124) (n=131)
Benralizumab reduced exacerbation rate.

Bleecker et al.
Lancet
2016;388:2115-27
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[ CALIMA study ]

[Benralizumab-II]
» 1,306 severe asthma (GINA 4-5) with at least two of
exacerbation history in previous year (stratified by eosinophil 300)

» 30 mg benralizumab IVF every 4 or 8 wk

EOS Z 300 A Eosinophils =300 cells per pL B Eosinophils <300 cells per L EOS <3OO

Percentage reduction relative to placebo Percentage reduction relative to placebo
. -36%, -28% 14 36 28 144 36 ~40% : -36%, -40%
0-96-152
i ! 1] %2 J J
5 s
% = 104 (077-112) ‘g = 10 000150 oooss
B E _ FE e (0-59-1.02) [
E if, 089 p=0.0018 (g 5?4?0188% 5 3 08 (0-55-0-95)
£ % 06 ©4507 £% o6
2y £
2 04 2 04
< =z
0-24 0.2
Placebo " Benralizumab | Benmlzumab 0 Placebo " Benralzumab | Benralzumab |
(n=248) 30 mg Q4w 30 mg QBW (n=122) 30 mg Q4w 30 mg QBW
(n=241) (n=239) (n=116) (n=125)
FitzGerald et al.
Benralizumab reduced asthma exacerbation rate. Lancet

2016,388:2128-41
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[Benralizumab-IV]
» 220 severe asthma treated continuously with oral glucocorticoids for 6
months or more (regardless of eosinophil)

» 30 mg benralizumab IVF every 4 wks or 8 wks

A Change from Baseline in Oral Glucocorticoid Dose

307 e Placebo  —m= Benralizumab 30 mg, every 4 wk =—s—Benralizumab 30 mg, every 8 wk

Reslizumab reduced oral
glucocorticoid (OR 4.09-4.12),
and exacerbation rate (55%
and 70%).

Median Change (%)

-100 T T T T T T T T
02 4 8 12 16 20 24 28

Week
No. at Risk
Benralizumab 30 mg, every 4 wk 72 70 70 69 69 68 66 68 ;
Benralizumab 30 mg, every 8 wk 70 72 67 69 69 66 69 68 /\/a/r—eta/'
Placebo 74 75 73 74 74 73 73 72 N E/?O/ / Med

2017,376:2448-58
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[Question 1. Should a monoclonal anti-IL-5 antibody be used in adults

and children with severe asthma?]

» We suggest an anti-IL-5 strategy as add-on therapy for adult patients with
severe uncontrolled asthma with an eosinophilic phenotype and for those
with severe corticosteroid-dependent asthma (the Task Force gave this a
conditional recommendation because inclusion criteria across studies did

not consistently align with the ERS/ATS severe asthma definition).

Holguin et al.
Eur Respir J
2020:55:1900588
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[Question 4. Should a long-acting inhaled muscarinic antagonist be used

in adults and children with severe asthma?

Cholinergic nerve

l' /AMZ’ (-)
h w

ACh® ©

@ ()
Antimuscarinic l
A

M3 (+)
Smooth muscle

Relaxation Holguin et al.
Eur Respir J
2020,55:1900588
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[Tiotropoium-I]
» 107 severe asthma (absolutely excluded COPD)
» Tiotropium 5 or 10 pg every for 8 wks

Placebo Tiotropium R5 Tiotropium R10

L | e sk = =

>

0.50 4

0.40 -
Tiotropium improved lung function
over 24 hrs

0.30 -

0.20 1

0.10

FEV, response [L]

Kerstjens et al.
| J Allerqy Clin Immuno/
Time [h] 2011:128:308-14
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[Tiotropoium-Ii]

» 912 severe asthma (GINA 4-5) with at least once acute exacerbation in the
previous year (absolutely excluded COPD)

> Tiotropium 5 pg every for 48 wks

500+ 60—

450+

400+ ok Tiotropium °07

3504

40

3004 Placebo

=

250 30+
200
20
150

Asthma Exacerbation (%)

100+ 10+

Patients with at Least One Severe

FEV, Change from Baseline (ml)

50+

0
0 I I I I I I I I I I I I 1
0 05 10 20 10 0 25 S0 75 100 125 150 175 200 225 250 275 300 325

Hours Days

Tiotropium reduced risk of severe exacerbation and Kerstiens et al.

rovi m in ronchodilation N ingls Med
provided modest sustained bronchodilatio 2012:367-1198-207
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[Tiotropoium-Iil]
» 392 severe (GINA 4-5) asthma
» Tiotropium 2.5 or 5 pg every for 12 wks

750 4 —=a— Tiotropium Respimat5 pg once daily , 500+ Tiotropium Respimat 5 ug once daily A

700 : f : : |
g 650 Tiotropium Respimat 2.5 g once daily E 450 —=— Tiotropium Respimat 2.5 pg once daily 4104

—— i w0
g 600 Placebo Respimat once daily M S 400- —o— Placebo Respimat once daily E 0.9
S 5504 Z 2 gg
£ 500 2 350+ g O
g 450 & 300 2 97
< 400 w & 0.6
E 350 = 250 o
x 2 W 0.5+
g 3004 £ 200 c
c 2504 c @ 0.4
3 i 1504 £
g igg g 2 0.3 %~ Tiotropium Respimat 5 pg once daily
o — — -
% 100 - -‘E’ 100 é’ 0.2 —2— Tiotropium Respimat 2.5 pg once daily
§ 50 _g- 504 E 0.1+ —o— Placebo Respimat once daily
’ \ ck 4 Week 8 Week 12 =0 ' f ! 0 ‘ ‘ ' ' ‘
part Wee “ * Week 4 Week 8 Week 12 00:00 0030 01:00 02:00 03:00

Time h

. . . . Hamel t al
Although primary end-point efficacy was not met, positive trends for amegz,i%_fp/f/

improvements in lung function and asthma control were observed. 2017:49:1601100
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[Question 4. Should a long-acting inhaled muscarinic antagonist be used

in adults and children with severe asthma?

» Adults with severe asthma uncontrolled despite GINA step 4-5 or NAEPP
step 5 therapies, we recommend the addition of tiotropium (strong

recommendation, moderate quality of evidence).

Holguin et al.
Eur Respir J
2020:55:1900588
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[Question 5. Should a macrolide (i.e. azithromycin, clarithromycin) be

used in adults and children with severe asthma?]

Airway
Epithelium

»[CI'

»(H,0, Anti-secretory effect .
X ) lon transport | ‘
Mucus secretion

O MACROLIDES

Epithelial cell barrier
Mucociliary function
Tight junction ~ '
f-defensin

Vascular
Endothelium Pro-inflammatory cytokine
production | ‘

Inflammat
4 o~ Adhesion molecules 4

Cells *v\\'

Anti- inflammatory effect
Pro-inflammatory cytokine production
Adhesion molecules expression
Chemical mediators release ‘
Reactive oxygen species generation
Apoptosis f

Effect on bacteria
Adherence
Virulence factors production
Biofilm formation ‘
Quarum sensing function

Holguin et al.
Eur Respir J
T 2020:55:1900588
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[Macrolide-I]
> 97 mild-to-severe asthma

» 600 mg azithromycin 1 tablet weekly for 11 wks (& after 3 days daily)

A os B :0
o -
=
@ 25
o
4] - =
00 - & / 4 >
E L ,-'f T |- . & 20 i
= L N o
= .
o E
2 S 45 -
2 05 =
£ g -
5 g
e L o 10
5 * £
E_ -1.0 — = g Y o Ly | e | (. S
= " =
(%] s e g
= c 00 - &
2 15+ g
(o] =
g 0.5
-7} --+- FRandomized Placebo --#- Randomized Placebo
=2 ~& Randomized Azithromycin ~&- Randomized Azithromycin
20 — & Open labsl Azithromycin 10 — = Open label Azithromycin
T T T T I T T T I I | T I ]
0.0 1.5 30 4.5 6.0 75 80 10.5 120 0 3 6 9 12
Month Maonth

: . N : Habn et al.
Azithromycin did not show significant improvement J Am Board Fam Med

in asthma outcomes 2012:25:422-59
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[ AZISAST study ]

[Macrolide-II]
» 104 severe asthma with at least once severe exacerbation (normal FeNO)

» 250 mg azithromycin three times a week (< after 5 days)

‘g A ‘3 C Noneosinophilic Severe astma
S ©
= g o : :
g § = Azithromycin only
=

£ g = reduced the rate of
Eg £2 o severe exacerbation

] o & . . T
e cx In non-eosinophilic
£ £
25 — Y = severe asthma
T . 8 w | | s (Normal FeNO &
2 © & o7 . :
S o 5 eosinophil < 200/uL).
.g - —' | ! ! ! ! ! ! % e —l T T T T T T T
S 0 30 60 90 120 150 180 210 §& 0 30 60 90 120 150 180 210
o a

Time (in days) Time (in days) Brusselle et al.

Thorax
2013:68:322-9
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[ AMAZES study ]

[Macrolide-lll]
» 420 mod-to-severe asthma (no hearing impairment or abnormal QT interval)
, however, severe asthma was predominant (>80%)

» 500 mg azithromycin three times per week for 48 wks

Number Exacerbations per Incidence rate
A person-year ratio (95% Cl)
350 — Azithromycin - -
— Placebo Placebo Azithromycin
2 37 Non-eosinophilicasthma 224 174 115 — 0-66 (0-47-0-93)
§ 250 Eosinophilic asthma 196 1.98 0-96 L 0-52 (0:29-0-94)
';g 2004 Inhaled corticosteroid 420 1-86 1.07 —— 058 (0-46-0-74)
X dose adjustment
é 1504 Frequent exacerbators 140 279 147 ——— 055 (0-41-073)
£ 1004 Cough and sputum VAS 48 172 079 . 0-49 (0-26-0-95)
z 504 Bacteria-negative 188 1-85 1-18 —— 0-61(0-52-0.72)*
0 : : | | | | | | | | | | Bacteria-positive 48 2:64 111 _— 0-39 (0-22-0-69)*
0 4 8 12 16 20 24 28 32 36 40 44 48 CI) 0!2 0|4 OIG O|8 10 1!2 1|4
Weeks
.‘_
Favours azithromycin Favours placebo
Azithromycin reduced asthma exacerbation by 41% and improved Gibson et al.
QOL. Diarrhea was common side effect. Lancet

2017,390:659-68
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[Question 5. Should a macrolide (i.e. azithromycin, clarithromycin) be

used in adults and children with severe asthma?]

» We suggest atrial of macrolide treatment to reduce asthma exacerbations
in adult asthma subjects on GINA/NAEPP step 5 therapy that remain
persistently symptomatic or uncontrolled (conditional recommendation, low
quality of evidence)

» We suggest against the use of chronic macrolide treatment in children and
adolescents with severe uncontrolled asthma (conditional recommendation,

low quality of evidence).

Holguin et al.
Eur Respir J
2020:55:1900588
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[Question 6. Should a monoclonal anti-IL-4Ra be used in adults and

children with severe asthma?]

- — -

[ IL4 effects _ I [ IL4/L13 effects 7 1L13 effects |
infiitration
Goblet cell metaplasia
Activation and Y loE Activation Depletion , e
oBes swncing 6;‘9 =, 5 ' YA A T
- Allorgen o ; °_\ u u [ .‘3
¥ ¥ 3
IgE-mediated g IgE-independent ﬂ,
Geno oxpression Gene expression Gene e ;
§ 14, 15, 6, 113 J f Cei2, Ceit1, Cei24, FCER1A f Cei17, Cxeit
= '|’ )
e i | I Decreased type 2
e 1 imw Holgquin et al.
‘ ) (IL4Ra Ab) A OL improved = —
| o BB ong function Eur Respir J

2020,55:1900588
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Least- squares mean

change in FEV, (L)

[Dupilumab-I]
» 769 severe asthma (GINA 4-5) with at least two of exacerbation history in
previous year (regardless of eosinophil)

» 200 or 300 mg dupilumab SQ every 2 wks or 4 wks

A
—— Placebo —+— Dupilumab 200 mg
0504 Dupilumab 200 mg every 2 weeks i )
0-45 — every 4 weeks —¢ Dupilumab 300 mg Dupllumab increased |Ung
0404 Dupilumab 300 mg every 2 weeks function (100_200 m L) and

every 4 weeks

reduced severe exacerbation
(OR, 6.97-8.75) irrespective
of baseline eosinophil count.

Castro et al.
Lancet
20716,388:31-44
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[Dupilumab-II]

» 1,902 severe asthma (GINA 4-5) with at least two of exacerbation history in
previous year (regardless of eosinophil)

» 200 or 300 mg dupilumab SQ every 2 wks

A Dupilumab, 200 mg Every 2 Wk, vs. Maiched Placebo
Subgroup No. of Patients Relative Risk vs. Placebo (95% ClI)

Dupilumab had lower rates of

overa e — eno SEVere asthma exacerbation
o s » . womow (OR, 0.52), as well as better
T - - —*l seebe®  lung function and asthma
e opt - - — mososy CONtrol. Greater benefits
Do = = e iebae Were seen in patients with
01 02 050551 152 higher baseline levels of
Dupilumab  Placebo eosinophils.

Castro et al.
N Engl J Med
2018:378:2486-96
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[Dupilumab-Iil]
» 210 severe asthma (GINA 4-5) treated regular with oral glucocorticoids for
6 months or more (regardless of eosinophil)

» 300 mg dupilumab SQ every 2 wks

A Percentage Reduction in Oral Glucocorticoid Dose, According to Blood Eosinophil Subgroup overall
era

Placebo Dupilumab Least-Squares Mean Difference P Value for .
(N=107) (NP=103} o (95% Cl) Interaction Dupllumab reduced oral
Subgroup . .
no. of patients percentage points glucocortICOId use (70% VS
T e ° esserooss — 42%) while decreasing the
om0l - eeEseEs 0 rate of severe exacerbations
iii oo —$— mEny andincreasing the FEV,
B 1|0 0 —1|(J —2‘0 —3|O —4|0 —3‘0
Placebo Dupilumab
Better Better R 2 b e et a /

N Engl J Med
2018378:2475-85
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[Question 6. Should a monoclonal anti-IL-4Ra be used in adults and

children with severe asthma?]

» We suggest dupilumab as add-on therapy for adult patients with severe
eosinophilic asthma and for those with severe corticosteroid-dependent

asthma regardless of eosinophil levels (conditional recommendation).

The END

Holguin et al.
Eur Respir J
2020:55:1900588
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Anti-IgE

Anti-IL-5/anti-IL5R

Anti-IL-4R

Eligibility in GINA

Sensitization or sIgE

Exacerbation in last year

Exacerbation in last year

Total IgE & weight BEC=300/uL BEC=150/pL or FeNO >25 ppb
Exacerbation in last year or need for maintenance OCS
Good response BEC=260/uL High BEC High BEC
recommended FeNO=20ppb More exacerbation in previous year | High FeNO
in GINA Allergen-driven symptom Adult-onset of asthma (+moderate/severe AD, nasal polyp

Childhood-onset asthma

Nasal polyposis

0sis)

Insurance/permission

In High-dose ICS/LABA+LAMA
1)) IgE=761U/mL

2) Sensitization or sIgE to perenni
al allergen

3) FEV1 <80%

4) = 2 exerbation requiring syste
mic steroid in last 12 months
(+LAMA)

Nucala: uncontrolled severe eosin
ophilic asthma (BEC=150/pL in ini
tial or BEC2300/pL in last 12 m)
Cingair: BEC=400/pL in initial
Fasenra: uncontrolled severe eosi
nophilic asthma

BEC>150/pL, FeNO225ppb, OCS
dependent

Cost (won/1 vial)

270,000 (real: 162,000) (150 mg)

Nucala: 2,000,000 (100 mg)
Cinqair: 560,000 (100 mg)
Fasenra: 3,000,000 (30 mg)

680,000

Dose

Total IgE*weight
(usual: 150-600 mg sc 4w)

Nucala: 100 mg sc g4w

Cingair: 3 mg/kg IVF gq4w
Fasenra: 30 mg sc g4w for 3 times
-> 30 mg sc q8w

2 vial (initial) + 1 vial sc g2w

Cost (won/1 month)

162,000~648,000

Nucala: 2,000,000
Cinqair: 1,120,000
Fasenra: 3,000,000 -> 1,500,000

1,360,000
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Omalizumab in SA with fungal sensitization (or ABPA)

» 62 (with FS including 11 ABPA) vs. 156 (without FS) severe asthma (>2

exacerbation during the previous year)

TABLE Il. Response to treatment with omalizumab

ASAFS baseline ASAFS 24 mo

Mean change/adjusted
mean change {95% Cl),
P value

Difference (SAFS — NFS|)
in change over time {95%
Cl), P value

No. of subjects 62 42

ACQ-5, mean + SD 3.39 £ 0.74 1.31 £ 0.88

Exacerbations, mean + 1.11 + 0.51 0.35 £ 0.65
SD

OCS dose (mg/d), median 10 (10 to 20) 0 (0 to 0)

(IQR)

~2.1 (~2.54 to —1.67),
<.001

—1.60 (—1.85 to —1.35),
<.001

IRR = 0.35 (0.16 to 0.73),

005

IRR = 0.40 (0.17 to 0.91),

029

OR = 0.06 (0.16 to 0.22),

<.001

OR = 0.09 (0.02 to 0.38),

2001

~0.30 (—0.82 to 0.22)
P =25

IRR =0.51 (0.22 to 1.12),
2=l

OR = 1.32 (0.30 to 0.59),
71

IQR, Interquartile range; IRR, incident rate ratio; OR, odds ratio.

== MAl X| & 2-1. Omalizumab -

i

FS/ABPA &£t 810] 2 utH

ABPAES FSQUE FS8I=
87 e e
6..
wn
o
O 4
<
2-.
c L] L] T T T L)
\<‘° & \“e & &
& & & & & &
W WE P P\ E
& E &L oV & oV
<Q
Y& 9 >
Peter et al.

J Allergy Clin Immunol Pract
E-pub
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Real-world study of mepolizumab

1]

Blood eosinophils per pL

0

AQLQ(S) median (1QR)

median [IQR)

» 309 severe eosinophilic asthma in real-world observational data: AMR

1000+

800+

600+

400+

200+

B Baseline [] 3-months B 6-months

p<0.001

] ==

Baseline 3 12

Post-mepolizumab
commencement months

[ 1

— ' p<0.001

T I

Baseline 3 ) 12

Post-mepolizumab
commencement months

b)

ACQ-5 score median

=

% predicted mean+so

(IQR)

1004
80+
60+
40+
20+

] 12-months

Baseline

p<0.001

3 6 12

Post-mepolizumab
commencement months

[
1
[

i

T
FEV, % predicted FVC % predicted

Real-worldOf| A
mepolizumab+< blood
eosinophil, ACQ-5 score,
AQLQ, % FEV,0f| = 1HH

* Eosinophilic asthma:

=300 cell/mL in the previous 12 m
* AMR: Australian Mepolizumab
Registry

Hary et al.
Eur Respir J

2020:55:1902420
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Real-world study of mepolizumab

» 309 severe eosinophilic asthma in real-world observational data: AMR

Rate ratio 0.46

Rate ratio 0.34 (0.33-0.63), p<0.001
al 5+ (0.29-0.41), p<0.001 bl 0.6 1
1
5 4 5w
%8 %S 0.4
-5 3 < 3
58 2 56 02 02 Real-world 0| A
S 141 g° - o
mepollzumab— OCSAHE
0- T 0.0- T
Pre- Post- Pre- Post- |=| I_'I, 8 _;LAEI I:él- = 9' EH %I-T?_—
Mepolizumab treatment Mepolizumab treatment
FA | I.
Rate ratio 0.44 Rate ratio 0.17 7D —'—O-I -Q-J- I_-Il
[0.26-0.75), p<0.01 (0.11-0.28], p<0.001
cl 0.4 d 1.5 —
e > es 10
o 3‘ - o
g £ 0] 52
32 0.17 ST g5
- 0.23
0.0- ‘ 0.0- ‘
Pre- Post- Pre- Post-
Mepaolizumab treatment Mepaolizumab treatment
Hary et al.
== MA X2 2:2. M M S kxR Eur Respir J
S o epolizumab - real-world K=IL &S ;
S o P 2020:55:1902420
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Real-world study of mepolizumab

» 309 severe eosinophilic asthma in real-world observational data: AMR

TABLE 4 Adverse drug-related reactions in patients treated with mepolizumab

Patients n 309
Total mepolizumab administration events n* 2374 [n=308)
Adverse drug reaction reported’ 57/304 (18.8%)
Reaction type | _I
Anaphylaxis 0/304 (0%) Real-world01 A
Urticaria 7 (2.3%) ; o | S|
Angioedema 1 (0.3%) mepO“ZU mab — H E L
Rash 10 (3.3%) o] b o
Bronchospasm 0 (0% = =
Hypotension 0 (0%
Headache 30 (9.9%)
Local site reaction 10 (3.3%)
Other 30 (9.9%)
Mepolizumab ceased due to adverse drug reaction 6/309 (1.9%)
Reaction

Severe headache

Persistent eczematous reaction involving face, trunk and upper limbs
Arthralgia

Pruritus

Middle back pain

[ra—— ()

Data are presented as n (%), n/N (%) or n, unless otherwise stated. #: Administration event missing for one
patient; 1. adverse drug reaction data missing for five patients.

Hary et al.
Eur Respir J
=5 MA X| & 2-2. Mepolizumab — real-worldOf| A{ @+ 2020:55:1902420
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Real-world study of mepolizumab

» 309 severe eosinophilic asthma in real-world observational data: AMR

al] 0q el c) 100+

= 1000+ 60 =

g : 25 so0] 50 5 801

& -2- 8¢ 40 T 5 4ol Il o —

? S5 6007 3 € . —

E —3_ g E _3[] g_ f_j ‘{LD_ 1 ,ﬁ|

S ! g2 20 3§ &

o 3 = |

: H ol [ IH
—5 I I U I I D - D I I T |_|I T

Top 25% Bottom 25% Blood eosinophils Feno GORD 0SA Psych CVD Obese
ACQ-5 responders from baseline Biomarker Comorbidity

Super-responder= blood eosinophilO| =11, FeNOZt =11, GERD, OSA,
Psychiatric, CVD, and obesitys 2| St & =2t0] M2 £7 0] =,

Hary et al.

Eur Respir J
2020:55:1902420

0

=3 ™A X| & 2-2. Mepolizumab — Super-responder




Long-term safety of reslizumab

» 1,028 reslizumab-treated patients (pooled-analysis of 6 trials)

» 3.0 mg/kg IV for 12-24 months

Reslizumab

Placebo 3.0 mg/kg RR
Patients (n = 730) (n = 1028) (95% ClI)
AEs by system organ class
Infections and infestations 386 (53) 420 (41) 0.77 (0.70-0.85)
Respiratory, thoracic, and 352 (48) 320 (31) 0.65 (0.57-0.73)
mediastinal disorders
Nervous system disorders 113 (15) 123 (12) 0.77 (0.61-0.98)
Gastrointestinal disorders 108 (15) 109 (11) 0.72 (0.56-0.92)
Musculoskeletal and connective 83 (1) 106 (10) 091 (0.69-1.18)
tissue disorders
General disorders and administration-site 80 (11) 77 (1) 0.68 (0.51-0.92)
conditions
Investigations 59 (8) 73 (7 0.89 (0.63-1.22
Skin and subcutaneous tissue disorders 70 (10) 71 (7 0.72 (0.53-0.99)
Injury, poisoning, and procedural complications 62 (8) 69 (7) 0.79 (0.57-1.10)
Metabolism and nutrition disorders 33 (5) 37 @) 0.80 (0.50-1.26)
Vascular disorders 19 (3) 32 (3) 1.20 (0.68-2.09)
Psychiatric disorders 21 (3) 21 (2) 0.71 (0.39-1.29)
Eye disorders 25(3) 19 (2) 0.55 (0.30-0.98)
Cardiac disorders 37 (5) 18 (2) 0.35 (0.20-0.60)
Immune system disorders 16 (2) 17 (2) 0.75 (0.38-1.48)
Ear and labyrinth disorders 11 (2) 16 (2) 1.03 (048-2.21)
AEs by preferred term
Asthma 289 (40) 232 (23) 0.57 (0.49-0.66)
Nasopharyngitis 103 (14) 103 (10) 0.71 (0.55-0.92)
Upper respiratory tract infection 69 (9) 96 (9) 0.99 (0.74-1.33)
Headache 62 (8) 78 (8) 0.89 (0.65-1.22
Sinusitis 51 (7) 57 (6) 0.79 (0.55-1.14)
Bronchitis 52(7) 34 (3) 0.46 (0.30-0.71)
Urinary tract infection 24 (3) 34 (3) 1.00 (0.60-1.69)
Back pain 25 (3) 33 (3) 0.94 (0.56-1.56)
Influenza 37 (5) 33 (3) 0.63 (0.40-1.00)
Rhinitis allergic 22 (3) 28 (3) 0.90 (0.52-1.57)
Oropharyngeal pain 16 (2) 27 (3) 1.20 (0.65-2.21)
Pharyngitis 25 (3) 23 (2) 0.65 (0.37-1.14)

Virchow et al.
J Allergy Clin Immunol Pract.
2020:8:540-8
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Long-term safety of reslizumab

» 1,028 reslizumab-treated patients (pooled-analysis of 6 trials)
» 3.0 mg/kg IV for 12-24 months

TABLE V. AEs in patients with =12 mo of exposure to reslizumab—comparison with data for <12 mo

Reslizumab 3.0 mg/kg

(exposure >12 mo)* Placebo-controlled
(n = 756; 1262 patient-years) trials (52 wk)
Placebo (n = 730; 517 Reslizumab 3.0 mg/kg (n = 1028;
patient-years) 612 patient-years)
Event
n rate Event rate Event rate

Patients (%) (/100 patient-years) n (%) (/100 patient -years) n (%) (/100 patient-years)
Patients with =1 AEs 651 (86) 367 589 (81) 588 690 (67) 434
Common AEs (5% incidence)

Asthma 320 (42) 58.1 289 (40) 147 232 (23) 69.9

Nasopharyngitis 169 (22) 244 103 (14) 29.2 103 (10) 25.0

Upper respiratory tract infection 123 (16) 14.6 69 (9) 19.5 96 (9) 20.9

Headache 104 (14) 12.8 62 (8) 17.2 78 (8) 18.9

Sinusitis 78 (10) 11.4 51(7) 15.9 57 (6) 12.7

Bronchitis 64 (8) 6.42 52(7) 12.8 34(3) 6.20

Influenza 54(7) 6.10 37 (5) 9.87 33 (3) 6.86
Patients with >1 SAEs 87 (12) 11.8 66 (9) 21.1 65 (6) 17.0
AEs leading to discontinuation 8(1) 0.871 40 (5) 11.61 48 (5) 8.65
AEs of special interest

Infections and infestations 506 (67) 121 386 (53) 163 420 (41) 130

{__Anaphylactic_reaction 1 (<Dt 0.079 0 0 5(<)i 0.816 )
Malignancy 12 (2) 1.188 2(<1) 0.387 6 (<1) 1.143
Myalgia 10 (1) 0.792 4 (<1) 116 10 (<1) 1.63

Virchow et al.
J Allergy Clin Immunol Pract.
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Fixed-dose of SC (110 mg) of reslizumab

> 468 + 177 reslizumab-treated patients (pooled-analysis of 2 trials)
» Fixed dose of 110 mg SC

3 Subcutaneous reslizumab RR 0-64
3 Placebo RR1.78 (95% Cl 0-430-0-945) _ ) ol 74
1-09 (95% Cl 0-690-4-569) | | EOSI”OphI' 300-400 cell/mL |_I %3
“w a RR 079 T 0-87 O aAMOFSL T = =AIXHAS
Z:;é 0.8 (95% Cl 0-562-1-124) 075 E}ll_l,E ?a%l-, .|.|.:I|7| o, oo L =2
5 E p=0-19 it =
8— 9 ] HA =3 -
< § 06 052 056
5+ = .
EE oy =& 242 Fixed dose of 110 mg SCELCt =
s = 4
£ ‘* [~ = -
s, 2 s=ot 89| reslizumabO|
Qs 702 AR S
<~ n=234| |n=230 n=48 n=42 n=185| |n=188
0

I 1
Overall population Eosinophil count Eosinophil count
300-<400 cells/pL 2400 cells/pL

Bernstein et al.
— — Lancet Respir Med
=Z HMA X| & 2-3. Reslizumab - =&t 22F ZQ 2020:8461-74
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Real-world study of benralizumab

» 130 severe eosinophilic asthma with benralizumab

A B
10 35,
1
%1 304 1
6 © _\\
o C M,
i g 251 g . o
4 < N Benralizumab-2 real-world O] A
N 20 T MAlRH (o3le 7FA, = A} gl
A | (o)
0. 15 ~N a2 & 7H*J, 57|s &) 21
Baseline 1 Year 0 4 8 24 48 o|lo
Weeks Y=
C D
504 ! 75 - =
. . -
P T 70 r T
4.0 E—_? o —" %— _}
g v T 4l 1
g 35 E/ g 65- ://
=
; 3.0 1 = '
w60
251 Kavanagh et al.
0l 55 S Chest
0 4 8 24 48 0 4 B 24 48
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Real-world study of benralizumab

» 130 severe eosinophilic asthma with benralizumab
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Long-term therapy response to anti-IL-5 biologics

» Real-life data after 2-year follow-up

Response to anti-IL-5 treatment

(mepolizumab, reslizumab, benralizumab)

n=114
sop < 2y *|2 20| 0| RX| S0l
USCaleas partial responder. Residual disease manifestations
Other Worsening ) ) at 2 years follow-up
reasons asthma control 69% P ~_
C T
8% Super
responders
14%
ZHO| A2}E super responder:
14%
>x = . . . Eger et al.
S35 ™A X| K. Anti-IL-5 biologics2| long-term response J Alleray Clin Immunol Pract

E-pub
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Long-term therapy response to anti-IL-5 biologics

» Real-life data after 2-year follow-up

TABLE Il. Predictors of super response to long-term anti—IL-5

biologics

Predictor Adjusted OR* 95% CI P value
Asthma onset =18 y 5.961 0.706-50.311 101
Absence of NPs 5.950 (0.72149.082 098
FEV =80% predicted 3.708 1.120-12.284 032
Asthma duration <10 y 3.572 1.093-11.673 035
BMI <25 2.675 0.820-8.719 103

BMI, Body mass index; OR, odds ratio.
*OR adjusted for age and sex.

Eger et al.
=5 ™A X| K. Anti-IL-5 biologics2| super-responder J Allergy Clin Immunol Pract

E-pub
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Suboptimal treatment response to anti-IL-5 antibodies

» 250 mod-to-severe asthma with anti-IL-5 mAbs (mepolizumab/reslizumab)

» In 4 Canadian academic centers

» Non-responder (any of 3): <50% reduction of CS, ACQ-5<1.5, <50%
reduction of exacerbation = 42.8% (OCS-dependent: 28.4%, others: 14.4%)

Mukherjee et al.
Eur Respir J
2020:56:2000117
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Suboptimal treatment response to anti-IL-5 antibodies
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Dupilumab in real-world study

» 64 severe asthma patients with dupilumab in real-world study

TABLE 2 Summary of main asthma control cutcomes for patients with severe asthma during treatment in the nATU programme at each

follow-up visit

Asthma Control Number of
Test score exacerbations FEV1 (mL) FEV1 (%) OCS dose? ICS dose?

Analysis at 3 mo (N = 64)

N 30 / 32 34 49 60

Baseline 11 [7-15] 1690 [1030-2115] 53[42-71] 20 [10-30] 800 [800-1600]

3 mo 19 [13-22] 1864 [1205-2490] 67 [45-81] 10 [7-15] 800 [400-800]

Difference 7 [1-11] 230 [10-610] 8[1-18] -5[-18 to 0] 0[-3601t0 0]

P-value P<.001 P<.001 P<.001 P <.001 P<.001
Analysis at 6 mo (N = 61)

N 39 ! 43 45 45 57

Baseline 11 [6-16] 1550 [1010-2250] 55 [45-76] 20 [10-30] 800 [800-1600]

6 mo 20[12-22] 2060 [1290-2490] 66 [53-92] 7 [0-15] 800 [600-800]

Difference 6[2-9] 180 [-30 to 530] 9 [2-17] -10[-20 to -5] 0[-320to 0]

P-value P<.001 P<.001 P<.001 P<.001 P<.001
Analysis at 12 mo (N = 51)

N 32 41 39 42 37 47

Baseline 14 [7-16] 412-7] 1780 [1190-2170] 58 [47-76] 20 [10-30] 800 [800-1600]

12 mo 22 [17-24] 1[0-2] 1940 [1250-2670] 68 [58-88] 5[0-7] 800 [400-800]

Difference 9 [5-12] -3[-5t0-2] 200[-30 to 620] 10 [1-19] -13[-20 to -5] 0[-80010 0]
[ P-value P<.001 P<.001 P<.001 P<.001 P <.001 P<.001

=5 ™A X| & 2-5. Dupilumab — real-worldOf| A| 2 1tA

Dupilumab A& 13 &,
FEV, 200 mL (10%) =™
OCS 13 mg &&

Dupin et al.
Clin Exp Allergy
2020:50:.789-98
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Dupilumab in long-term safety and efficacy

» Long-term safety data in 2,930 patients (48-96 wks)
» LIVERTY Asthma TRAVERSE open-label extension study
» 3 studies (P3 QUEST, P2a EXPEDITION, P3 VENTURE)

SAFETY

e The most common TEAEs occurring in any treatment group during
OLE were nasopharyngitis and injection-site erythema, 9-13% of
patients experienced SAEs, the number of patients with TEAE
leading to permanent discontinuation (<5%) was low and 4 deaths
occurred (metastatic lung cancer, adenocarcinoma gastric,
craniocerebral injury, and respiratory failure) INTERNATIONAL

CONGRESS 2020
v i rt u a |

== MAl X| & 2-5. Dupilumab — Iong-termoﬂkl 2las Wechsler et al.
In ERS conference
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Dupilumab in long-term safety and efficacy

» Efficacy in annualized severe exacertbation rate

* At parent study baseline for P2b and QUEST, mean number of

exacerbations in the past year across treatment groups in the
overall ITT populations were 1.85-2.37 and
respectively~

. ) .
Exacerbation rate Z+2

At end of parent study treatment, unadjusted AER for placebo- and
dupilumab-treated patients were 1.07 and 0.31-0.69 for P2b and
0.98-1.09 and 0.48-0.56 for QUEST, respectively

During the OLE, unadjusted AER ranged from 0.31-0.35 in the non-
OCS dependent population

=35 A K| & 2-5. Dupilumab — Iong-term01|*‘| k=l &S Wechsler et al.

/n ERS conference
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Dupilumab in long-term safety and efficacy

» Efficacy in lung function

Overall exposed populations from P2b Overall exposed populations from QUEST

=& Placebo/dupilumab = Dupilumab/dupilumab == Placebo/dupilumab =@= Dupilumab/dupilumab

All patients
2.2 - P
]
‘ .le;i'--!l‘ll-.'gl

g ;S VY
[75]
£ 20 -
c
m
Q
E
= 19 1 Mean FEV, at Week 96
@ 2.02-2.12 L
[V

1.7 i T T T T

T 1
BL 0 2 4 8 12 24 48 72 84 96

=5 ™Al X| & 2-5. Dupilumab — long-term | A 2 0tA

Wechsler et al.
/n ERS conference




> UNIVERSITY

Dupilumab in Korean

» Mod-to-severe asthma (>1 exacerbation during the previous year)
» Sub-group analysis (74 Korean - 4% of total) of LIVERTY ASTHMA
Quest study

Breathe together, Think together

> 200 or 300 mg SC q2w KATRD &9

International Conference 2020

Severe asthma exacerbations over 52 weeks in patients with a range of elevated type 2 biomarkers at baseline'*

[ ] Matched Placebo Pooled dupilumab *** p<0.0001
| | ** p=0.0002

35 - ! SA A | | AFD}OH |

S ! 2 |_|- ? 'I'j; 01 o |_|- I:IAO
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§ SSURELL 0 g N o
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£ 45 1 87% H *ok ok | *%
c 8 | 1
T c * kK | A
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Rhee et al.
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Dupilumab in Korean

» Mod-to-severe asthma (>1 exacerbation during the previous year)
» Sub-group analysis (Korean) of LIVERTY ASTHMA Quest study

075 —o— Pooled placebo

0] == miibms  FEV, 560 mTL =7} FEV; 590 mL S7t

0,65 -

0.60 -

0.55 4
0.50
0.45

0.40
0.35

+- SE

0.30 +
0.25 4
0.20
015

0.10+

LS Mean change

0.05

0.00 +

T T T T T v 1 T 3 v ¥ T T T T T
BL 2 4 6 8 10 12 16 p. i} 24 p. .3 32 36 40 44 48

fisubjects

Pooled placebo 3 2% 2B B 2B BB 25 2 sl 24 24 4 24 4 24 17

Pooled Dupilumab 49 48 47 49 49 48 48 40 49 47 47 4 46 45 46 46 3

=5 MA X| & 2-5. Dupilumab — ot QIO E 2 0f A Rhee et al,
In KATRDIC
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Dupilumab in Korean

» Mod-to-severe asthma (>1 exacerbation during the previous year)

» Sub-group analysis (Korean) of LIVERTY ASTHMA Quest study

Placebo (n=25) Dupilumab (n=49)

Any TEAE 22 (88.0%) 44 (89.8%)
Any treatment-emergent SAE 3 (12.0%) 5 (10.2%)
Any TEAE leading to death 0 0
An;_/ AE !eading to permanent treatment disc 0 4 (8.2%)
ontinuation
=5 ™Al X| & 2-5. Dupilumab — 2t= Q10| A = Ot M Rhee et al.

In KATRDIC




%/ UNIVERSITY

Switching to dupilumab

» 38 patients switched to dupilumab from a previous anti-IgE or anti-IL5/IL-5

receptor medication because of insufficient outcome (retrospective)

FEV1 FVC MEF25-7T5 RV
FaEr 59 [ 3 o 45— lr_
34 T 4.0
E‘- EE- =3.5-
= 0 | "y > 3.0
M P 3 t 2
o 2 = 4- 2.5
[T
1 2- 1 2.0
e o R T 15—
& P # P @‘P F P 6‘50 & P P
.;P o '*\ﬁ I'p‘)"ﬂ oF JP d}'& @ JP -@9 \ﬁ
Qtﬁﬁﬁ d.'*ﬂ bﬁ & 3 b“"’q q@* Bﬁ

Mummler et al.
J Allergy Clin Immunol Pract

E-pub
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Switching to dupilumab
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Fevipiprant (antagonist of the prostaglandin D2 receptor 2)

Allergen-dependent pathway Non-allergen-dependent pathway
(Acquired immunity) (Innate immunity) Infectious, chemical or physical stimul
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A High eosinophil population
LUSTER-1 LUSTER-2

[ [ ] L n=0-
FEVI pl p ra nt R0.83 061-114) p-051 | RR 072 (0-52-1-01); p=0-11

T ! RR 0-69 (0-50-0-96);
RR 1.04 (0-77-1-41); p=0-06
p=0-80 —
» 1,771 severe asthma —
093 097 077 — 073 076
Placebo I Fevipiprant ! Fevipiprant I Placebo ! Fevipiprant I Fevipiprant !
(n=201) 150 mg (n=200) 450 mg (n=201) (n=193) 150 mg (n=198) 450 mg(n=196)

B overall population

RR 078 (0-61-1.01); p=0-51 RR 076 (0-58-1-00); p=0-35
] ' ] T 1
RR 0-96 (075-1-22); RR 0-82 (0-62-1.07);
p=0-82 p=037
IetE0] 2
Mod-to-severe &2tE0| 2
ol I- Ih o0 O I- 7t
DlAAL x o (- I:IA)A—L, [
A AGE2 o]
0-96 0-92 075 093 076 070
Placebo I Fevipiprant I Fevipiprant I Placebo I Fevipiprant I Fevipiprant I
(n=298)  150mg(n=299) 450 mg(n=293) (n=287)  150mg(n=296) 450 mg(n=293)
Annualised exacerbation rate Annualised exacerbation rate

Peter et al.
J Allergy Clin Immunol Pract

E-pub
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Anti-tryptase antibody in mast cell-mediated SA

» Increased mast cell tryptase levels are associated with asthma severity in

dependent of type 2 inflammation. Tryptase allele 7] 2=0f] 2

tryptase activity =7}

A ok B o
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Anti-tryptase antibody in mast cell-mediated SA

» Increased active tryptase alleles are associated with decreased clinical

responses to anti-IgE treatment

A Aclive tryplase allele count: 1 or 2
AANFEV, % pred = 5.4{1,8.9), P=0.013

—a— Placebo (n=62) —— Omalizumab (n=51)

Active tryplase allele count: 3 or 4
AAFEV,% pred = 1.3{-2,5,5.1), P = 0.679

—a— Placebo (n=80]) —a— Omalizumab (n=98)
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Anti-tryptase antibody in mast cell-mediated SA

» They generated a anti-tryptase antibody, as a clinical candidate for severe

asthma treatment
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Issues in biologics

« Select candidates who will be good responder
« Duration of treatment (tapering?)

 Efficacy after stop

 Insurance coverage and cost-effectiveness

» Modified protocol in real-clinics

 Efficacy in sub-optimal dose

« Long-term safety
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Targeting treatable traits

» 55 participants with severe asthma

» Management targeted to predefined treatable traits vs. usual care (RCT)

Individualised self-management education Mucaociliary clearance (PEP device and HS)

Reduce inhaler polypharmacy Targeted treatment to airway inflammation

Inhaler technique education Antibiotics for bacterial pathogens

‘ Adherence-aiding strategies Tailored WAP

Self-management
education

‘ Tailored WAP CPAP for sleep apnoea

. s linan Breath retrainin
Resistance exercise +/- Rl_rl.:ll.(ffact.or Guideline-based 9
pulmonary rehabilitation 1 alins LR management
/ ‘i: Statins for systemic inflammation
Tailored nutritional counselling éx —
and diet \g. Guideline-based managemgnF for
. QQ comorbidities
Smoking cessation counselling and > d.‘ CBT+/- pharmacotherapy for anxiety and/or

pharmacotherapy depression

McDonald et al.
Eur Respir /
2020:55:1901509
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Bronchial thermoplasty

» 40 Severe asthma (20 immediate BT vs. 20 delayed BT - RCT)

Immediate treatment group (n=18)

Delayed BT control group (n=20)

Characteristics At inclusion 6 months Change At inclusion After 6 months Change P-value
after BT standard care

ACQ-6 score 2.97+0.62 2.13+1.13 -0.79 (-1.61: 0.02)  2.53 £0.66 2.86=0.92 0.09 (-0.25: 1.17)  0.006*

AQLQ score 3.74+091 4.63+1.05 0.83 (-0.15: 1.69) 418+ 1.0 4.06 =0.96 -0.02 (-0.77: 0.75)  0.04*

Dose of LABA (ng/d 127.7 £ 56.0 127.7£56.0 - 143.4+57.1 140.9 £50.6 0(0:0) -

salmeterol

equivalents)

Dose of ICS (ng/d 1069 =629 1097 + 613 0(0:0) 1209 = 660 1209 = 660 - -

fluticasone

equivalents)

No. of patients on 3(92+1.4) 2(8.8+1.8) 0(0:0) 6(15.0=06.3) 7(143<+6.1) 0(0: 0) 0.17

maintenance use of

OCS (dose in ng/d)

Pre-bronchodilator 80.9+20.1 82.1+234 4.5 (-2.0: 8.0) 85.5+27 86.0+£2 -1.0(-7.25:7.25) 0.26

FEV, (% predicted) (n=19) (1=19) (n=19)

Reversibility FEV, 8.5 (4.0:12.8) 3.0 (2.0:13.5) -2.0 (-7.75:1.25) 12.0 (7:23) 13.0 (4:21) 1.0 (-5.25: 9.25) 0.19

(%) (n=19) (n=19) (n=19)

PC20 (ng/ml)t 0.24 (0.03:2.91) 1.33(0.06:4.0) 0.18 (0.0:0.85) 0.20 (0.03:2.83) 0.09 (0.03:2.60) 0.0 (-0.03: 0.43) 0.08
(n=18) (n=18) (n=18)

FeNO (ppb) 14.5 (9.5:59.5) 18.0 (11.3:40.0) -0.50(-3.38:7.38) 23.8 (13.5:45.0) 25.0 (15.3:46.5) 1.75 (-5.38: 12.0)  0.60

(n=14)

(n=14)

(n=14)

(n=12)

(1=12)

n=12)

Goorsenberqg et al.
Am J Resp Crit Care Med.
/n Press
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Bronchial thermoplasty

» Treatment response was associated with serum IgE and eosinophil levels

ACQ-6 change AQLQ change

rho p-value rho p-value
Asthma age of onset -0.20 0.25 0.30 0.08
Total IgE* -0.53 0.001* 0.24 0.17
Blood eosinophils x10°/L* -0.46 0.006* 0.48 0.004*
Pre-SABA FEV,% predicted*  -0.02 0.89 0.20 0.26
Reversibility FEV -0.13 0.48 0.21 0.25
PC20 (mg/ml)s 0.30 0.08 0.09 0.61
FeNO (ppb)! -0.28 0.19 0.21 0.33
ASM mass (%) desmin 0.07 0.69 -0.009 0.96
ASM mass (%) a-SMA 0.18 0.29 0.05 0.79

S5 M X7 3-2. 7| 2K &

‘de=-2 118 (IgE, eosinophil)

Goorsenberqg et al.
Am J Resp Crit Care Med.
/n Press




UNIVERSITY

Bronchial thermoplasty (vs. mepolizumab)

» Severe asthma (44 BT vs. 44 mepolizumab — observation [not RCT])

ACQ versus Time FEV1 % Predicted versus Time
4.0
3.0 - b ?l L I
g Mepolizumab =
< o
: _ = 40.00 .
§ 20 ¥ — 3 Bronchial
3: =
© =
‘o Bronchial theramoplasty = 20.00 thermo_pIaSty =
mepolizumabi},
00 HA So x4, 47
. 0 ] 2 3 0.00 0 y 2 3 — O 3L ol
assessment 6 XI o_ll-gl-g O‘” % EI OLP
assessment e = OI
Effect of treatment on Exacerbation Rate -9- I-E O
Effect of Treatment on SABA use
5.00
15.0
15 -
‘I-U. [=]
3 5 10.0
& &
S g ., Lanqz‘OI_? et al.
_ Respirology
/n Press

mepo : BT mepo
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Bronchial thermoplasty (vs. mepolizumab)

» Severe asthma (44 BT vs. 44 mepolizumab — observation [not RCT])

Table 2 Outcomes following BT in patients defined by baseline blood eosinophils

Baseline blood eosinophils <300 Baseline blood eosinophils =300

(cells/pL) (cells/puL)
n 26 18
Eosinophil count (cells/ulL) 92 + 16 550 + 61*
Age (years) 58.1 + 14.0 53.7 £ 11.9
BMI (kg/m?) 3051475 285+ 58

i = AL n
ACQ baseline 33+09 3.2+1.1 2A|_|-__I.I. _I_X|0-|| )(k)l-_.d-gioL
ACQ 6 months 194+ 1.1 1.9+ 15 _._x'l
ACQ 12 months 1.7+1.2 1.8+15 ) ACQ =241
FEV, baseline (% predicted) 52.7 £ 20.8 51.0 £ 11.7
FEV; 6 months (% predicted) 56.0 + 21.1 57.24+21.2
FEV. 12 months (% predicted) 580 4+ 219 604421
Exacerbations base (per 6 months) 35+ 27 5.6 +£9.0
i = AL nl
Exgcerbe::o)nsfimonths{per 0.7+1.0 1.1+ 15 2A|_|-__I.|. _'_Xl 0-" é;"tl'gioL
months
oI5}8 ZHA
Exacerbations 12 months (per 0.7 £ 1.0 1.2+ 2.0 =1 QI‘E (=
6 months)
OCS (myg/day) 93 L 11.8 5.9-104
0OCS (mg/day) 5.0+ 7.2 3.9+7.3 = A A AFTILOA
0CS (mg/day) 34+58 5.8 £ 9.1 D A =X Off A 221 0],
SABA base (puffs/day) 10.6 £ 9.6 8.847.8 OCS, SABA A2 ZtA
SABA 6 months (puffs/day) 4.6 + 6.1 4.1+ 7.6
SABA 12 months (puffs/day) 4.1+ 5.2 4.3+ 7.7
== Al I |_T'_ |O:|)\'|'c'>"\ (=) |-X'| : o=
S35 ™A K| & 3-2. 7|2 X| @8d=-2 0 (mepolizumab THE) 15/;01‘0/_7 é}l‘ al.
espil/roloqy

/n Press
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Rehabilitation

» Severe asthma

TABLE |I. Exercise component for 12-wk AT-PR

12F 3E) Mz 2207 TA

Variable Supervised

Unsupervised

Aerobic training

Frequency Twice weekly
Intensity 85% VO, derived from the ISWT distance,
60%-80% V Oy for treadmill walking or additional cycling
Time 20-30 min
Type Predominantly continuous endurance training with ground walking

Treadmill walking and cycling also used
Strength training

Frequency Twice weekly

Intensity 80% 1-RM progressed using ratings of perceived exertion (Borg Scale)
Time Two sets of 6-12 repetitions

Type Knee extensors and flexors using gym equipment

Elbow flexion and extension using free weights

Minimum 1 additional session at home but daily
walk encouraged when not in class and diary kept

As per supervised

As per supervised

Ground walking

One additional session at home

As per supervised

As per supervised

As per supervised for upper limb exercises

Lower limb strengthening exercise such as sit to
stand and step-ups

{-RM, One repetition maximum; ISWT, incremental shuttle walk test; VO3, peak oxygen uptake.

Majd et al.
J Allergy Clin Immunol Pract.

/n Press




UNIVERSITY

Rehabilitation

Randomized (n=51)

725

- ey

¢ Serious adverse event (n=2)

TN T T W T W R T T LR T ]

AT-PR (n=34)

UC (n=17)

Lost to follow-up(n=13)

e Unable to be contacted (n=6)

e Unable to commit to study visits
(n=4)
Arthritic pain (n=1)
Serious adverse event (n=2)

Lost to follow-up (n=8)

e Unable to be contacted (n=4)

¢ Unable to commit to study visits
(n=1)
Family circumstances (n=1)
Arthritic pain (n=1)
Serious adverse event (n=1)

Postintervention
analysis (n=21)

Postintervention
analysis (n=9)

Lost to follow-up (n=5)

Unable to commit ta study visits
(n=1)

Feeling too unwell to continue
(n=1)

Serious adverse event (n=2)

Follow-up analysis
(n=16)

Lost to follow-up (n=2)
e Unable to be contacted

(n=1)
e Arthritic pain (n=1)

Follow-up analysis
(n=7)

Retention rate was
62% for the asthma-
tailored pulmonary
rehabilitation (AT-PR)

group

Majd et al.
J Allergy Clin Immunol Pract.

/n Press
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Rehabilitation

TABLE IV. Comparison of the secondary outcome measures between AT-PR and UC at 12 wk

AT-PR uc AT-PR vs UC
Measure Before After Before After Change
ITM VO, (mL/kg/min) 225 £ 62 232+ 7.6 229 +£ 39 23+24 14 (—1.1 to 3.8)
EIB on ITM (%)
Mild 7l 22 55 8 + 38 1+125 3+£375
Moderate 2410 3+ 14 1 +£125 1 +£125
Severe 2+10 0£0 0+0 0£0 NA
ICE VOyp (mL/kg/min) 175 £ 6.0 18.8 £ 6.9 169 £ 43 16.1 £ 2.8 20 (=03 0 4.2)
EIB on ICE (%)
Mild 3+17 5+ 28 0+0 1+£17
Moderate 0+£0 0+0 0+0 0+0
" 0.0 0.0 0.0 0.0 NLA
ISWT distance (m) 418 £ 172 450 + 199 443 4+ 121 403 + 104 74 (25 to 124)
OMVC (Newton) 103 + 53 116 + 64 13 + 35 110 + 28 22 4 to 41)
putum eosimophil (%) —uU46 £ 1.U1 U226 = LU7 T30 £ 049 —0.01 £ 0. 1s NA
Fero (ppb), median (IQR) 28.5 (13.5t0 37.0) 25.0 (19.0 to 35.0) 28.5 (18.5t0 53.3) 37.5(21.3to 51.8) NA
ACO 21 4+ 08 19+ 08 15409 19 4+ 1.0 —04 (=091t 01)
| crQD 31412 41413 37415 36+ 1.1 090w18) |
CRQ-F ENIES R 47T+ 1.2 47+ 1.7 44+ 1.6 09 (—=0.1 to 1.8)
CRQ-EF* 51+14 544+ 11 6.1 £07 6.1 + 0.8 —0.1 (0.6 to 0.5)
CRQ-M* 47 +£13 54+ 1.1 6.1 £ 1.0 6.0 £ 0.8 0.2 (—05to 0.9)
AQLQ* 19.0 £ 45 19.7 + 4.0 222 4+£30 21.7 £ 2.6 —02 (=271t023)
AQLQ-S 49 +12 51+ 1.1 56 £ 09 56 £0.9 —0.1 (—0.7 to 0.6)
AQLQ-AL 48+ 13 50+ 1.1 534+08 51 +09 02 (=05to 0.8)
AQLQ-EF* 46 £ 14 49+ 1.2 6.0 £ 0.8 57+1.1 0.1 (—0.7 to 0.9)
AQLQ-ES 46 £ 14 4.6 £ 1.5 53+ 1.1 52407 —02 (-12t0 0.8)
HADS-A* 63 +44 5.1+ 37 324+25 24 +28 04 (—=131t0 2.1)
HADS-D* 48 +£27 3.5+ 28 28 £ 1.6 24+ 1.0 —03 (—=19to 1.3)
EQ-5D VAS score 68.0 + 142 73.4 4+ 13.2 828 + 164 72.8 + 26.1 154 (1.7 to 29.1)
0.85 £ 0.14 085+ 0.13 094 £ 0.10 0.88 £ 0.14 0.05 (—0.05to 0,15]]

[EQ-SD index score

~N

=5 HA

X2 3-3. LA = - 20N O|Lt 7 X| O{HF

Improvement in
exercise performance,
health-related QOL, and
asthma control

Majd et al.
J Allergy Clin Immunol Pract.

/n Press
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Severe asthma case during COVID-19 pandemic

» Case report: 52-year-old allergic severe asthma patients

40°C
39°C e
38°C -
37°C

36°C al, el lole|

Body
Temperature

Cough

Dyspnea

Fatigue

Headache

Myalgia

Loss of appetite

Loss of sense of smell

e LI | S L T T T T T TT T T T TTITTTT

17.18.19. 9. 10. 11.12.13. 14. 15. 16.17.18.19.20.21.22. 23. 24. 25. 26.27.28. 29. 30.
450 mg Onset SARS- 450 mg SARS-
Omalizumab of dry CoV-2 Omalizumab CoV-2
s.C. cough positive s5.C. negative

FIGURE 2 Timeline of symptoms and events before and during the SARS-CoV-2 infection
Lommatzsch et al.

Allergy
2020:E-pub
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Severe asthma case during COVID-19 pandemic

» Case report: 52-year-old allergic severe asthma patients

Before After
COVID=-19 COVID-19
26.11.2019 09.04.2020

ACT 20 points 21 points
FEV, 2.71(65 %) 2.41(58 %)
RV 5.31(226 %) 5.21(221 %)
FeNO 13 ppb 8 ppb

Eos 160 cells/pL 180 cells/pL

Flow (L/s)
6 4 202 46 810121416
) .«',_'-lll :‘J =l =)
78 {\
S e

) By
T 4y
E 26.11.2019
o
> 09.04.2020

I

==
=X=)

M 4] 2tX10f| A covip-19 ZH: O|T-0| = X}O|

HOo
HA O

Lommatzsch et al.

Allergy
2020:E-pub



ONSEI

NIVERSITY

Severe asthma case series during COVID-19 pandemic

Severe asthma in adults does not significantly affect the
outcome of COVID-19 disease: Results from the Italian Severe
Asthma Registry

Asthma treatment

ICS, daily Add-on (CDVID—iS‘ \

Bronchiectasis GERD Comorbidities (n.) Treatment dose (ug) biologic drug severity ICU
Mo Mo 1 (Obesity) ICS + LABA FP, 1000 Omalizumab Home care
Mo Mo 1 ICS5 + LABA + OCS FP, 1000 Omalizumab Hospitalized Mo
Yes Mo 2 ICS + LABA + LAMA Bu, 2460 Mepolizumab Home care
Yes Mo 2 ICS + LABA + LAMA Be, 800 Omalizumab Home care
Yes Mo 3 ICS5 + LABA + LAMA FF, 184 Mepolizumab Hospitalized Mo
No Yes 1 ICS + LABA + LAMA FF, 184 Mepolizumab Home care
Mo Mo 1 ICS + LABA FF, 94 Mepolizumab Qome care - /
- 1.6 - - -
- 0.7 -
S5 ™A 21Xl A covip-19 Z: 0| 20| X}0| S Antonicelli et al.

Allergy
2020:E-pub
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COVID-19 infection in severe asthma

Table 1. Clinical characteristics and prognosis of COVID-19 patients

I
COVID-19 patients with underlying asthma

N

COVID-19 COVID-19
Parameters P ?.t&emi; patients with Poval P
arameters 111:111&‘11(; }jlng 1111d.e1‘1yi11g “value Step 1 Step 2 Step 3 Step 4 Step 5 \'all-le
asthma
asthma \,
Age (vears); N (%)
0-9 62 (0.8%) 20 (9.2%) 2 (3.9%) 0 (0.0%) 0 (0.0%) 18 (19.2%) 0 (0.0%)
10-19 343 (4.7%) 6(2.8%) 1 (2.0%) 0 (0.0%) 1(4.2%) 4 (4.3%) 0 (0.0%)
20-29 1.833 (24.9%) 19 (8.7%) 8 (15.7%) 3 (6.7%) 3 (12.5%) 5 (5.3%) 0 (0.0%)
30-39 758 (10.3%) 18 (8.2%) “0.001" 4 (7.8%) 3 (6.7%) 1(4.2%) 10 (10.6%) 0 (0.0%) 0.058
40-49 983 (13.3%) 25(11.5%) ' 7 (13.7%) 5(11.1%) 4(16.7%) 8 (8.5%) 1(25.0%) o
50-59 1.468 (19.9%) 34 (15.6%) 10 (19.6%) 6(13.3%) 5(20.8%) 13 (13.8%) 0 (0.0%)
60—69 1.020 (13.8%) 36 (16.5%) 7 (13.7%) 12 (26.7%) 4(16.7%) 13 (13.8%) 0 (0.0%)
70— 846 (11.5%) 60 (27.5%) 12 (23.5%) 16 (35.6%) 6(25.0%) 23 (24.5%) 3 (75.0%)
Sex: N (%)
Male 3.000 (40.7%) 95 (43.6%) 0.393 23(45.1%) 20 (44.4%) 12(50.0%) 38 (40.4%) 2 (50.0%) 0.923
Female 4,372 (59.3%) 123 (56.4%) ' 28 (54.9%) 25 (55.6%) 12(50.0%) 56 (59.6%) 2 (50.0%) T
Charlson comorbidity index; N (%)
0 2.029 (27.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
1 1.726 (23.4%) 48 (22.0%) 0,001 12 (23.5%) 3 (6.7%) 5(20.8%) 28 (29.8%) 0 (0.0%) 0.017"
2 1.179 (16.0%) 40 (18.4%) ' 11 (21.6%) 5(11.1%) 71(29.2%) 17 (18.1%) 0 (0.0%) T
=3 2,438 (33.1%) 130 (59.6%) 28 (54.9%) 37 (82.2%) 12(50.0%) 49 (52.1%) 4 (100%)
Prognosis; N (%) or mean + standard deviation)
Mortality 210 (2.8%) 17 (7.8%) <0.0017 [5 (9.8%) 2 (4.4%) 1 (4.2%) 9 (9.6%) 0 (0.0%) 0.?’03\
Admission to ICU 208 (2.8%) 7(3.2%) 0.733 3 (5.9%) 1(2.2%) 0 (0.0%) 3 (3.2%) 0 (0.0%) 0.691
Duration of
admission 20,1 +£122 210135 0.285 187120 237+x157 227+£13.0 199+126 383+164 0026
(days)
Total medical cost 4261.0x 5.388.1 0.003" 4403.5= 6242.7+ 4694.6 5669.8 = 58684 = 0912
(USD) 5.354.0 10.135.3 T 49921 9180.5 3815.9 13470.9 2789.8 '
Total 7.372 (97.1%) 218 (2.9%) 31 (23.4%) 45 (20.6%) 24 (11.0%) 94 (43.1%) 4 (1.8%)
Choi & Park et al.
Eur Resp J
x S o - LUr i ,Q-
=5 ™A 2HXH0j| A covip-19 Zh: & &l 7| ZF AHAZHO| BF F g 2020:early view
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COVID-19 infection in severe asthma

Table 5. Significant factors affecting the admission duration (days)

Univariate Multivariate VIF
f coefficient 95% CI P-value B coefficient 95% (I P-value
Among all COVID-19 patients+
Asthma 0.947 -0.693-2.587 0.258 -0.342 -1.993-1.309 0.685
Among asthma patients:
ICS alone Last one year -1.385 -5.306-2.537 0.487 -1.083 -6.096-3.929 0.670 1.630
Last two months -2.805 -6.869-1.260 0.175 -3.579 -9.083-1.925 0.201 1.822
ICS-LABA Last one year 0.611 -3.094-4.316 0.746 -0.794 -5.220-3.631 0.724 1.425
Last two months 0.055 -3.707-3.818 0.977 -1.994 -6.675-2.688 0.402 1.551
Oral LABA Last one year -3.899 -7.636—0.162 0.0417 -3.503 -7.703-0.696 0.102 1.238
Last two months -4.248 -8.070—0.428 0.030° -3.744 -8.214-0.726 0.100 1.341
Patch LABA Last one year 0.520 -4.095-5.135 0.825 4516 -1.292-10.324 0.127 1.583
Last two months -0.948 -5.804-3.908 0.701 3.302 -3.208-9.811 0.318 1.799
LTRA Last one year -0.273 -4.354-3.809 0.895 0.662 -3.952-5.277 0.777 1.278
Last two months -1.812 -5.626-2.002 0.350 -0.620 -5.184-3.944 0.789 1.428
Inhaled SABA Last one year -0.573 -4.286-3.141 0.762 1.076 -3.748-5.900 0.661 1.686
Last two months 0.100 -3.697-3.896 0.959 3.915 -1.347-9.177 0.144 1.924
Oral SABA Last one year 4.088 -1.119-9.295 0.123 5.734 0.014-11.453 0.049° 1.193
Last two months 3.149 -2.225-8.523 0.249 4.893 -1.210-10.997 0.115 1.284
Xanthine Last one year 1.036 -2.569+4.641 0.572 -0.129 -4.095-3.836 0.949 1.208
Last two months 0.682 -2.9374.300 0.711 -0.225 -4.327-3.878 0.914 1.287
Inhaled LAMA Last one year 0.450 -5.210-6.111 0.876 -3.046 -10.192—4.099 0.402 1.593
Last two months 0.450 -5.210-6.111 0.876 -2.431 -9.623—4.760 0.506 1.617
Step 2 5.044 -0.301-10.390 0.064 4.565 -1.127-10.258 0.115 1.668
Severity of asthma  Step 3 4.000 -2.470-10.470 0.224 2.739 -3.998-9.475 0.424 1.397
(Reference Step 1) Step 4 1.238 -3.308-5.783 0.592 0.976 -3.802-5.753 0.688 1.759
Step 5 19.583 6.011-33.155 0.005° 18.414 4.031-32.796 0.012° 1.171

TAdjusted for age. sex. and underlying diseases

TAdjusted for age, sex. underlying disease. and asthma medications/severity

CI. confidence interval: ICS, inhaled corticosteroid: LABA. long-acting f>-agonists: LAMA., long-acting muscarine antagonists; LTRA. leukotriene

receptor antagonists; SABA. short-acting fh-agonists; VIF. variance inflation factor Choi/ & Park et al

— — Eur Resp J
5 H4| Sxtofl M covip-19 ZH: YR 7|7 AT I 2020:early view




SUMMARY

» Introduction of severe asthma
: GINA step 4-5 0| A{, 0] &f QIX}/2fE ZHES = uncontrolled @ M Al
: Type 2 inflammation (IgE, eosinophil, FeNO, OCS &)0| %

> Characteristics of severe asthma
X2 2h Ol o7t BX| %

- Bo|2{A0f ThEk B WO H 4 S

: Capsaicin sensitivity”?} poor outcome £t
: laryngeal dysfunction =&t B2, O[0f Lt X227} =& &

» Treatment |: Pharmacotherapy

: OCS < Biologics (ATS/ERS guideline...- LAMA, macrolide)
: Omalizumab, mepolizumab, reslizumab, benralizumap, dupilumap, fevipiprant, anti-tryptase Ab

» Treatment Il: Others
. Targeting treatable traits, Bronchial thermoplasty, rehabilitation...

» Special issues: COVID-19
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