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Introduction of asthma

* Airway inflammation, obstruction, hyper-
responsiveness

* Triggers:
— Environmental allergens : pollens, molds, dust mite or
animal dander
— Viral respiratory infections
— Changes in weather, cold air
— Irritants such as tobacco smoke, air pollution, paints, etc.
—Exercise

Reddel HK, Bacharier LB, Bateman ED, et al. Global Initiative for Asthma (GINA) Strategy 2022



Introduction of asthma

* Definition: Asthma is a heterogeneous disease,
usually characterized by chronic airway
inflammation

Air trapped
" Inalveodi
Relaxed .
; smooth —— Tightened
/ muscles ~ smooth
! -~ muscles

Wall inflamed
and thickened

Asthmatic airway
during attack

Asthmatic airway
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Epithelial dysfunction
(Disrupted barrier, aberrant inflammatory response H

to asthma triggers)

Epithelial transition: goblet cell

hyperplasia
(Mucus hypersecretion)

Immune hyper-responsiveness and trained immunity

&#Ou &

TRMs Cs ILC2  Th2
Key cytokines: TSLP, IL-33, IL-25, IL-4, IL-5, IL-13, IL-8
Key inflammatory mediators: leukotrienes, PGD, histamine, tryptase,
chymase, EPX, ECP, EDN
Growth factors: EGF, TGF-f3, VEGF

Eosinophils  Mast cells

Airway remodelling
(basal membrane, fibroblasts)

Exacerbations

ASM pathology
(hypertrophy, hypercontractility, mast cell infiltration, release of
immune mediators)

~ -

L Immune

hyper-responsiveness
(aberrant response to
asthma triggers: tendency
to inflammatory bursts)

Sensory nerve
/'dysfunctlon

et Irritative cough: provoked by
environmental triggers

T

Cough

__w hypersensitivity

Loss of lung function
(typically irreversible: fixed
airflow obstruction)

Reduced lung function
(potentially reversible with
anti-inflammatory treatment)

Airway remodelling;
(basal membrane
thickening:
subepithelial fibrosis)

ASM hypertrophia
and mucosal oedema

/

Airway
hyper-responsiveness

Variable airflow obstruction

.

Bronchospasm

Wheezing, dyspnoea, cough

Mucus hypersecretion
(goblet cell hyperplasia) ——p»

Airway T2 mucosal
inflammation

(eg, mast cells,
eosinophils)

Cough with phlegm
dyspnoea and wheezing

ey

Elevated T2 biomarkers
(FeNO or eosinophils)

Figure 1: Key pathophysiological mechanisms of asthma and resulting disease components and clinical features
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* Asthma affected an estimated 262 million
people in 2019 and caused 455 000 deaths

* Taiwan (Global Asthma Network phase 1
survey)? in 13-14 y/o
— Physician-diagnosed asthma: 12.4%.

— Current wheezing was 9.2% (2017) (5.2% in 1995
and 7.0% in 2001)

— Severe asthma symptoms: 3.3%

— 3.5% were admitted to hospitals within the
prECEdlng 12 months 1. Lancet. 2020;396(10258):1204-22

2.  World Allergy Organ J. 2023 Jul 14;16(7):100794
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Prevalence, associated factors, and impact of
adolescent asthma in Taiwan: Global
Asthma Network phase I survey
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Male

World Allergy Organization Journal &
Volume 16, Tssue 7, July 2023, 100794 -

Prevalence, associated factors, and impact of
adolescent asthma in Taiwan: Global
Asthma Network phase I survey

Kuan-Wen Su MD, PhD ®° ¢! pah-Chin Yan MD €91, Liang-Shiou Ou MD @€, Li-Lun Lin MD 9,
Chao-Yi Wu MD, PhD ° ¢, Shu-Jung Huang MD ¢, Tsung-Chieh Yao MD, PhD 9 €,

Kuo-Wei Yeh MD® € o i, Jing-Long Huang MD %< 9

Female

P-value

Total

Asthma symptoms in the
past 12 months
Wheezing, current

Wheezing attacks
Tto3
41012
More than 12

Wheezing that
disturbed sleep
<1 per week
>1 per week

Severe wheezing that
limited speech

Severe asthma

symptoms”

3474

321

227
62
21

79
16

74
115

Number | Percentage

100%

9.2%

6.5%
1.8%
0.6%

2.3%
0.5%

2.1%
3.3%

Asthma ever

Asthma diagnosed by
physicians

Exercise-induced wheezing

Nocturnal cough

963

27.7%

(95% Cl)

(8.2%-10.2%)

(5.7%-7.3%)
(1.4%-2.2%)
(0.3%-0.9%)

(1.8%-2.8%)
(0.3%-0.7%)

(1.6%-2.6%)
(2.7%-3.9%)

(13.0%-15.4%)
(11.3%-13.5%)

(23.6%-26.4%)
(26.2%-29.2%)

172

112
43
13

39
10

49
94

284
253

477
470

9.8%

6.4%
2.4%
0.7%

2.2%
0.6%

5.3%

16.1%
14.4%

2.8%

Number | Percentage | Number | Percentage  (male vs. female)
1762°

1601°
135 8.4% 0.16
0.02
107 6.7%
18 1.1%
8 0.5%
0.51
34 2.1%
6 0.4%
24 1.5% 0.01
47 2.9% <0.01
195 12.2% <0.01
164 10.2% <0.01
364 22.7% <0.01
462 28.9% 0.15




Taiwan: 10-20 % in GAN(Global Asthma Network) survey (age 6-7)
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rigure 1: Prevalence of current asthma symptoms in children aged 6-7



Taiwan: 5-10 % in GAN(Global Asthma Network) survey (age 13-14)

=>20%
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<5%
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Pop out box shows expanded map of Europe Sources: Garcla-Marcos L et al. Eur Resp J 2022.; Lai et al. Thorax 2009; ISAAC. Eur Respir J 1998,

rigure 22 Prevalence of current asthma symptoms in adolescents
aged 13-14



Taiwan: 5-10 % in GAN(Global Asthma Network) survey ( adult)
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rigure 3: Prevalence of current asthma symptoms in adults Source: Mortimer K et al. Eur Resp J 2022
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* Making a confident diagnosis in children 5 years
and younger may be challenging due to:

— Respiratory symptoms such as wheezing and cough are
also common in children without asthma (especially < 2

y/o)

— Routine assessment of airflow limitation or
bronchodilator responsiveness is not plausible

— Probability-based approach according to symptom

pattern

Reddel HK, Bacharier LB, Bateman ED, et al. Global Initiative for Asthma (GINA) Strategy 2022
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SUGGESTED INITIAL CONTROLLER TREATMENT IN CHILDREN 6-11 YEARS WITH A DIAGNOSIS OF ASTHMA

Comorbidities
Inhaler technique & adherence
Child and parent preferences and goals

Confirmation of diagnosis

Symptom control & modifiable risk factors
(including lung function)

: dose OCS,
i oradd-on LTRA { but consider
i : side-effects

SABA taken™; or
daily low dose ICS

RELIEVER

Short course OCS
Symptoms may also be needed
most days, for patients presenting
or waking with severely
with asthma uncontrolled asthma
symptoms | | S0 S
Symptoms rg?fﬁadlggg’ low Iu‘ng
START Symptoms twicea with asthma @ STEP 5
HERE IF: less than more, but once a week
twice a less than or more Refer for
month dail : phen ic
! STEP 4 gsses?gr?ent
! : . +add-on
STEP 3 . Medium dose : therapy,
ESSESSESEASES S ESSESSAORAD STEP 2 E E ICS-LABA E e'g' anti-IgE
: STEP 1 . Low dose . Refer for
: Daily low dose inhaled corticosteroid (ICS) . ICS-LABA . expert advice
to prevent exacerbations  : (see table of ICS dose ranges for children) cor medium i
and control symptoms : : dose ICS
Other : Low dose ICS Daily leukottiene receptor antagonist (LTRA), or Low dose High dose ICS- {Mﬁﬂﬂi}
controller options : taken whenever low dose ICS taken whenever SABA taken* ICS +LTRA - | oradd-on low

As-needed short-acting S.-agonist (SABA)

* Separare ICS and SABA inhalers

| 2020 GINA (Tiotropium : TFDA £/ DL E T BLEFR)

_ e (IL-5 Mepollzumab TFDA 7[‘? /EISEEUJZ)

"v, .‘:’g;:',":\)..; ( _AanNaern t—1 CHirn == - i\
V CLCT Adl11S E€1I€ -,u,-, 1 J.k>“§-/f,l,.li E. W N N YRS
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GINA 2021 (MART : ICS-formoterol in sTep 3,4)

Maintenance and reliever therapy

Children 6-11 years Confirmation of diagnosis if necessary W,
Symptom control & modifiable y <

risk factors (including lung function)
Comorbidities

Inhaler technique & adherence (STUN™
Child and parent preferences and goals

(‘I(,'?

Personalized asthma management:
Assess, Adjust, Review

Symptoms

Exacerbations

Side-effects

Lung function Treatment of modifiable risk factors

Ch{ld anq parent & comorbidities

satisfaction Non-pharmacological strategies STEP 5

Asthma medications (adjust down or up)
. . A Refer for
Education & skills training | tvoi
Asthma medication options: STEP 4 :
Adjust treatment up and down for + higher dose
individual child’s needs STEP 3 Medium dose S|
ICS-LABA, add-on therapy,
STEP 2 Low dose ICS- ow dose e.g. anti-IgE
IR ——. STEP 1 Daily low dose inhaled corticosteroid (ICS) R
LUNITRULLER » l
to prevent exacerbations SR {50e tathe oE1OS dlse g s ek eredinn) very low dose* and reliever
taken whenever
and control symptoms SABA taken ICS-formoterol therapy (MART).
Very low dose: 100/6 mcg | maintenanceand  “Reertor expen
reliever (MART) advice
Consider daily Daily leukotriene receptor antagonist (LTRA), or Low dose Add tiotropium Add-on anti-IL5,
Other low dose ICS low dose ICS taken whenever SABA taken ICS +LTRA oradd LTRA or add-on low
troll ti dose OCS,
controller options biif conakdor
side-effects

RELIEVER As-needed short-acting beta2-agonist (or ICS-formoterol reliever for MART as above)

*Very low dose: BUD-FORM 100/6 mcg
tLow dose: BUD-FORM 200/6 mcg (metered doses).

yod



GINA 2022 (sters: anti-IL4R)

STARTING TREATMENT

Children 6-11 years with a diagnosis of asthma

Confirmation of diagnosis Comorbidities
Symptom control & modifiable risk factors Inhaler technique & adherence
(including lung function) Child and parent preferences and goals
Symptoms most | s s
days, or waking ncontrolled asthme
with asthma TS ——_—
Symptoms once a week or
most days, or more, and low
Symptoms u{gking with lung function STEPS
twice a month or asiuna once a Refer for
Sympt:
HERE IF: a month than daily STEP 4 assessment
+ higher dose
STEP 3 Medium dose ICS-LABA or
ICS-LABA, add-on therapy,
STEP 2 Low dose ICS- OR low dose™ e.g. anti-IgE,
FEE RFET
Ao e STEP 1 Daily low dose inhaled corticosteroid (ICS) ICS-formoterol |
CONTROLLER maintenance
to prevent exacerbations mmi?er (see table of ICS dose ranges for children) and reliever
and controi symptoms SABA taken therapy (MART).
Very low dose: 100/6 mcg Refer for expert
advice
: Consider daily Daily leukotriene receptor antagonist (LTRA), or Low dose Add tiotropium
Other controller options
(limited indications, or low dose ICS low dose ICS taken whenever SABA taken ICS + LTRA or add LTRA
less evidence for efficacy
or safety)
RELIEVER As-needed short-acting beta-agonist (or low dose ICS-formoterol reliever for MART as above)

*Very low dose: BUD-FORM 100/6 mcg
TLow dose: BUD-FORM 200/6 mcg (metered doses)



GINA 2023 (steps: anti-IL5)

Box 8A. The GINA asthma treatment strategy — children 6-11 years

GINA 2023 - Children 6-11 years Confirmation of diagnosis if necessary
Symptom control & modifiable
risk factors (see Box 4B)
Comorbidities
Personalized asthma management: s —
g hil j !
Assess, Adjust, Review Child and parent/caregiver preferences and goals
Symptoms
Exacerbations
Side-effects
Lung function : :
- bidities ;’reatmen% %ésnod:ﬂable risk factors
Child and parent/ Non-pharmacological strategies
caregiver satisfaction Asthma medications (adjust down or up)
Education & skills training
Asthma medication options:
Adjust treatment up and down for
individual child’s needs
PREFERRED
CONTROLLER
to prevent exacerbations
and control symptoms
Other controller options ; o 2e ' '
(limited indications, or g o b N ? LTRA [ 4
less evidence for efficacy
or safety)
RELIEVER As-needed SABA (or ICS-formoterol reliever® in MART in Steps 3 and 4)

—_——p = " e e ———— — e ——— e ———— —_— e pure e —_
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6-11 J3k 5l B SR 1Y VB B S TP
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=& ICS-LABA

P 1gE EERRTLAG omalizumab (&g B 28B4 s HY I A )

b IL-5ERRDURS - MR R EISEA M O MEKYE 2614 Sl I
A B DUFEH anti-ILLERRSTEE ( 2~ mepolizumab > 6 LA
)

Pl IL-4Ra BEFRPLASG dupilumab @ 6 2L EEEEEMEE I
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6-11 5% 5o 2 SR Y e 226 TP

& =5 e 0 B FH O ARZEEES (<7.5 mg/day
prednisone) : JEANTERA B E’]Vﬁ&&ﬁ?ﬁ%ﬁﬁT
NZ R EMT I aREERA SR o 35 el b K EPEEE
FE 2 2E FHR IS S FTJBIL%/PPHBEE

. P TSLP EEMEF15E tezepelumab [ 12 LA FBg
’ﬁﬂﬁﬁf A BEEEREHSEE M H MEK (>3%)

: H1ILSR BT iAe ( fZ | benralizumab > 12 3R LA
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==t —Fash i — e =
EYIHIR ~ o ShEl=E (BAL - pug)
SR ICS AR ~ 0~ ER=E (AL ¢ ug
e 12 Bl b3 4 6-115E5a M
fi th %5 fit th = |

DI R a. HEa PO | 200500 | >500-1,000 | >1,000 | 100-200 | >200-400 > 400

' Beclometasone dipropionate ]
(12 L4t : DPI 5§ pMDI §ESEWRL, | 100-200 | >200-400 > 400 50-100 | >100-200 > 200

~ HFA) (611 : pMDI, KBRS, HFA) :
Budesonide
(12 MLl : DPI & pMDI, 200-400 = 400-800 > 800 100-200 > 200-400 = 400

| ARAWIRL, HFA) (6-11 B : DPI) :
Budesonide (nebules) n.a. 250-500 > 500-1,000 > 1,000
B HEA 80-160 | >160-320 | >320 80 > 80-160 > 160

I Fluticasone furoate (DPI) 1 100 200 50 n.a. |
Fluticasone propionate (DPI) | 100-250 > 250-500 =500 50-100 > 100-200 > 200
(oMb IR HES HFA) 100250 | >250-500 | >500 50-100 | >100-200 | > 200
Mometasone furoate (DPI) HURES DP) B2 » EHEMEES {0 n.a.

— : 1 3
(pMDI. 1 WAL HFA) 200-400 > 4 00 100 200

" DPI I ER¥00E A 2R - HFA | SR EEMEER © n.a.

[clinical equivalence) =

PAN

5 i B SR i

2\
=,
o=

not applicable = [EFERZABTFAESEN S ENEFRSFHME

HEfE5(2023
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2019 F- 1% FLHA {55 A 2E 0 FH 22 Ay B

e Prevent severe exacerbation which could occur
unpredictable !

o BfsE—4E R {5 A 4-5 (AR HY T AR AR @a&%%
R B EE > MEPRIE » R F *JBEE@HB

+ FBAIBIRERE A SR EHRREE R =] PSR B-

receptor downregulation, decreased bronchodilator
response

1. Price et al, J Asthma Allerg 2018



- EDITORIAL
GINA 2019

GINA 2019: a fundamental change in
asthma management

Treatment of asthma with short-acting bronchodilators alone is no longer
recommended for adults ana aao[escenfs

Helen K. Reddel @', J. Mark FitzGerald?, Eric D. Bateman®,

Leonard B. Bacharier®, Allan Becker>, Guy Brusselle®, Roland Buhl’,

Alvaro A. Cruz®, Louise Fleming ©7, Hiromasa Inoue'®, Fanny Wai-san Ko @',
Jerry A. Krishnan'?, Mark L. Levy ©'3, Jiangtao Lin', Sgren E. Pedersen',
Aziz Sheikh'®, Arzu Yorgancioglu'” and Louis-Philippe Boulet'®

@
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rm . s T —~ . t% R - 4 4' 2
Taipei Veterans General Hospital & 3t 5 K &8



6-11 55D

B

RUSEY)) 2 TG

+ FELFHIEERI R SE Y (R & 1CS)a
— HH BAFTRR > sAlmhiEs {2 o T i e iEs Al EEY) 26
7 (B FFr A TR A B I )

=A MBI  ZEAE ek -

— 258
— =5

N

EA

N

TZ

i Fee SR EE

SHEED B~ SRR EAA R B
S 1T (e HeE R )

alE 1 XPLE - FAlEAEE
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2021 GINA (similar to 2020 GINA)

Children 5 years and younger

Personalized asthma management:

Assess, Adjust, Review response

Asthma medication options:
Adjust treatment up and down for
individual child's needs

PREFERRED STEE
CONTROLLER
CHOICE
Other
controller options
RELIEVER

Infrequent viral
CONSIDER wheezing and no
THIS STEP FOR or few interval

CHILDREN WITH: symptoms

Symptoms
Exacerbations
Side-effects

Parent satisfaction

STEP 2

Daily low dose inhaled corticosteroid (ICS)
(see table of ICS dose ranges for pre-school children)

Daily leukotriene receptor antagonist (LTRA), or
intermittent short courses of ICS at onset of

respiratory illness

Symptom pattern not consistent with asthma but wheezing
episodes requiring SABA occur frequently, e.g. 23 per year.
Give diagnostic trial for 3 months. Consider specialist referral.

Symptom pattern consistent with asthma, and asthma
symptoms not well-controlled or 23 exacerbations per year.

Exclude alternative diagnoses
Symptom control & modifiable
risk factors

Comorbidities

Inhaler technique & adherence
Parent preferences and goals

Treat modifiable risk factors
and comorbidities
Non-pharmacological strategies
Asthma medications

Education & skills training

STEP3

Double ‘low
dose’ ICS

Low dose ICS + LTRA

Consider specialist
referral

As-needed short-acting B.-agonist

Asthma diagnosis, and
asthma not well-controlled

on low dose ICS

Before stepping up, check for alternative diagnosis,

STEP4

Continue
controller & refer
for specialist
assessment

Add LTRA, or increase

ICS frequency, or add

intermittent ICS

Asthma not
well-controlled
ondouble ICS

check inhaler skills, review adherence and exposures

-f\m\\‘




2022 GINA

Children 5 years and younger Excivis sfometive diagnosss
Symptom control & modifiable
risk factors
Comorbidities
Personalized asthma management: SOSHE WCEIN & S Heace
: z Parent preferences and goals
Assess, Adjust, Review response
Symptoms
Exacerbations
Side-effects
Parent satisfaction Treat modifiable risk factors
and comorbidities
Non-pharmacological strategies
Asthma medications
Asthma medication options: Education & skills training
Adjust treatment up and down for
individual child’s needs STEP 3
STEP 2 -
STEP 1 Double ‘low
PREFERRED Daily low dose inhaled corticosteroid (ICS) dose’ ICS
ggg;"CREOLLER (see table of ICS dose ranges for pre-school children)
Other controller options | Consider intermittent| Daily leukotriene receptor antagonist (LTRA), or Low dose ICS + LTRA
(limited indications, or short course ICS at | intermittent short course of ICS at onset of Consider specialist
less evidence for efficacy |onset of viral iliness | respiratory iliness referral
or safety) : =
RELIEVER As-needed short-acting beta;-agonist
CONSIDER ) ) ) ) ) :
THIS STEP FOR lnfleqqent viral Symptom pattemn not consistent with asthma but wheezing Asthma diagnosis, and Asthma not
CHILDREN WITH: wheezing and no | episodes requiring SABA occur frequently, e.g. =3 per year. asthma not well-controlied| well-controlled
or few interval Give diagnostic trial for 3 months. Consider specialist referral. on low dose ICS on double ICS
symptoms Symptom pattemn consistent with asthma, and asthma Before stepping up, check for altemative diagnosis,
symptoms not well-controlled or =23 exacerbations per year. check inhaler skills, review adherence and exposures




2023 GINA

GINA 2023 - Children 5 years and younger

Exclude alternative diagnoses
Symptom control & modifiable risk
factors

Comorbidities

Inhaler technique & adherence
Caregiver preferences and goals

Personalized asthma management:
Assess, Adjust, Review response

Symptoms
Exacerbations
Side-effects
Risk factors ) )
R Treat modifiable risk factors
Comorbidities and comorbidities
Caregiver satisfaction Non-pharmacological strategies

Asthma medications

Asthma medication options: Education & skills training

Adjust treatment up and down for
individual child’s needs

PREFERRED
CONTROLLER
CHOICE

Other controller options

- il g mdoulcs‘*t.m MLTRA, orﬁmm

Mwmles& ,

less evidence for efficacy opset of viral illness referral mﬁs

or safety)

RELIEVER As-needed short-acting beta;-agonist

CONSIDER - : : )

THIS STEP FOR infrequent viral Symptom pattem not consistent with asthma but wheezing Asthma diagnosis, and Asthma not

CHILDREN WITH: wheezing and no episodes requiring SABA occur frequently, e.g. 23 per year. asthma not well-controlled| well-controlled
or few interval Give diagnostic trial for 3 months. Consider specialist referral. | on low dose ICS on double ICS
symptoms Symptom pattem consistent with asthma, and asthma Before stepping up, check for altemative diagnosis,

symptoms not well-controlied or =3 exacerbations per year. check inhaler skills, review adherence and exposures
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: A trial of regular low-dose ICS should be
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~ Xz o 31 = b/ [ e
5 LA T 5eE S R AR FER PSS & H A=
& ICS 5 HREFRETR (1) b
Beclometasone dipropionate
(PMDI, ARAEFE T, HFA) 100 (= 55%)
Beclometasone dipropionate
(PMDI, AEAHIET, HFA) 50 (=5mR)
Budesonide nebulized 500 (= 1 %)
Fluticasone propionate
(PMDI, AEAEFENT, HFA) 50 (= 4h%)
| Fluticasone furoate (DPI) BHE= S B ESAZE ‘
| Mometasone furoate 1
_ (PMDI, AL FE T, HFA) 100 (= 5hR) ‘
\_ Ciclesonide (pMDI, #EFRFEHL, HFA) 2H = 5 BN ESHZE )

HFA : SUSUGEHEP N ; DPI | R2¥3R A B8 5 pMDI - hNEETE MO A S8 o tEIFERARS LS|« -
BEfSENEBERR . TSR LXEEIRMPIBIR P AR » KA EMATREAM SR o
58 L E SR a2 e 5 (2023
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SABA/LABA

AT DA (BLRERCN) EA e BB (E
%’Z/UF”%E%@:?%”"“J By T SRR AR
R (EHEZIR ANA RImRHEE R FLE T a7k
ICS (2RI SR

B[ (5 SABA TR ~ 7/ AR Bl 5 B JRES
AL S M s P B T 3 IR 5 A A 1

Side effects: tremor, increased nervousness
andinsomnia in children

LH'




LAMA (Long-acting antimuscarinics, tiotropium )

» EVEEEE( Tiotropium): 821K A M B H
A GHIENE X h b Sy

R A 0 (B Ry

 |n adults:

— Improves lung function modestly , but not quality in life

SORE SRR MG

R o

Eh[leSsyyids

R 6 &b PA_EHY B EE IS 4R 1

g ~

[
-
La 70>

— In adults: Meta-analysis showed 17% reduction in risk of
severe exacerbations

* Sufficient ICS given (at least medium dose) before

adding LAMA

Global Initiative for Asthma. 2023 GINA Report, Global Strategy for Asthma Management an

d Prevention




LAMA (Long-acting antimuscarinics, tiotropium )

In pediatrics:

* Significant improvement in FEV1, Asthma
Control Questionnaire responders

 Reduce the number of patients with one or
more exacerbations

Side effect: urinary retention and lower urinary
tract symptoms, particularly in elderly males,
excessive dry mouth, headache, and dizziness

Pediatric Allergy and Immunology, Volume: 28, Issue: 6, Pages: 573-578, First published: 10 July 2017, DOI: (10.1111/pai.12759)



LTRA( Leukotrine Receptor Antagonist
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Cyclooxygenasea (COX)

Prostaglandins
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Leukotrine:

e Powerful lipid mediators
of inflammation

e LTB4: chemoattractant for
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Clin.Exp Pediatr 2020;63(10):376-81



LTRAS versus Placebo

REVIEW

Annals of Internal Medicine

Leukotriene-Receptor Antagonists Versus Placebo in the Treatment
of Asthma in Adults and Adolescents

A Systematic Review and Meta-analysis

Study, Year (Reference)

LTRA monotherapy vs. placebo
Baumgartner et al, 2003 (24)
Busse et al, 2001 (25)
Israel et al, 2002 (34)
Malmstrom et al, 1999 (43)
Nathan et al, 1998 (46)
Price et al, 2013 (50)
Subgroup LTRA monotherapy (I =34%; P=0.18)

LTRAs plus ICSs vs. placebo plus 1C5s
American Lung Assoclation Asthma Clinical
Research Centers, 2007 (20)
Laviolette et al, 1999 (40)
Reiss et al, 1998 (52)
Wise et al, 200a 1&R\ AN
Wise et al, ]Ann Intern Med. 2015;163:7546-767.

Subgroup LTRA as add-on therapy (P =16%; P=0.31)

(95% Cl)

0.37 (0.19-0.72)
1.21 (0.57-2.59)
0.37 (0.15-0.88)
0.57 (0.42-0.78)
0.57 (0.29-1.10)
0.73 (0.48-1.09)
0.60 (0.44-0.81)

1.01 (0.71-1.42)

0.52 (0.27-1.01)
0.72 (0.43-1.20)
1.33 (0.30-5.83)
0.43 (0.11-1.62)
0.80 (0.60-1.07)

17/308
13/111
10/337
60/382
13/231
36/334
149/1703

47/160

12/193
28/408
4/120
3/117
94/998

Estimated Risk Ratio Events/Patients in Events/Patients in
LTRA Group, n/N Placebo Group, n/N

15/101 —
13/114 -

9/111 .

69/252 -

22/223 —

48/323 e
174/1124 R

45/154 =

24/200 e

26/273 e

3/120 .

7/117
105/864 «=::::r-

D.’II CII.E 'I:ll_5 1 IZ ’I_": \IE

Risk Ratio (95% CI) (<1 Favors LTRA)



LTRAS versus Placebo

Random-effects meta-analyses of 6 trials of LTRA
monotherapy showed that LTRAs reduced the risk for an
exacerbation (summary risk ratio [RR], 0.60 [95% Cl, 0.44to0
0.81])

In 4 trials of LTRAs as add-on therapy to inhaled
corticosteroids, the summary RR for exacerbation was 0.80
(Cl, 0.60to 1.07)

Leukotriene-receptor antagonists either as mono-therapy or
as add-on therapy to inhaled corticosteroids increased FEV1,
whereas FEV1 percentage of predicted values was improved
only in trials of LTRA monotherapy

Adverse event rates were similar in the intervention and
compatrator groups



Comparison with ICSs in pediatric
patients

Anti-leukotrienes  Inhaled steroids Risk Ratio Risk Ratio
Study or Subgroup Bvents lotal bBvents lotal Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.1.1 Paediatrics
iFarcia Garcia 2005 ] 495 a1 495 14.8% 1.69[1.22, 2.33] -
Kumar 2007 0 30 0 32 Mot estimable
Maspero 2001 11 83 7 41 B.0% 0.78 [0.32, 1.85] - 1T
stelmach 2002a 0 18 0 19 Mot estimable
Stelmach 2002k 0 27 0 28 Mot estimable
szefler 2007 63 197 50 197 149% 1.26[0.92,1.73] ™
Subtotal (95% CI) 850 812 35.7% 1.35[0.99, 1.86] -
Total events 160 108
Heterogeneity, Tau*= 003 ChF= 348, df=2{(P=018);, F=42%
Test for overall effect Z=1.87 (P = 0.06)

A Cochrane review that analyzed 19 pediatric
randomized controlled trials (RCTs) to compare
the efficacy of montelukast to that of ICS
revealed the superior efficacy of ICS

Cochrane Database:Syst-Rev:2012;(5): CD002314



Comparison with ICS for preschoolers

* Narrative synthesis of 29 randomized, prospective,
controlled trials

* Based on trials at lowest risk of bias and the largest
open-labelled studies, ICS was associated with
better control of symptoms and less exacerbations
than LTRA. And also less need for rescue SC

* Insufficient data of high quality prevented firm
conclusions on other secondary outcomes
(unscheduled visits to ED, rescue systemic
corticosteroids, improvement of lung function,
adverse events) wiLey

Daily inhaled corticosteroids or montelukast for preschoolers
with asthma or recurrent wheezing: A systematic review

Pediatr Pulmonol 2018;53: 1670-7
Jose A. Castro-Rodriguez MD, PhD(» | Carlos E. Rodriguez-Martinez MD, MSc??

Francine M. Ducharme MD*?



L'TAs versus ICS in “real world”

 Adherence to montelukast was superior to
ICS

— Similar real-world efficacies in the treatment of children
with mild asthma

Ann Allergy Asthma Immunol. 2003,;90(5):543



Controller therapy in Asians and whites

with persistent Asthma

Retrospective study in U.S. in non-Hispanic White and Asian patients
with persistent asthma

Compared with low-dose ICS monotherapy, montelukast
monotherapy evidenced a lower incidence rate (RR 0.89, p=0.03) but
similar hazard rate (HR 0.96, p=0.43) of asthma exacerbation in white
patients 12 years of age or older

No difference observed in Asian patients or in white children 4-11

years of age

No difference observed in children in all other comparisons:

— Montelu
— I\/I_onte u

— Montelu

kast + low-dose ICS vs. LABA+ low dose ICS
kast + low-dose ICS vs. medium-dose ICS

kast + medium-dose ICS vs. LABA+ medium-dose ICS

AsianiPacd:Allergy lmmunol,2019; 37(2):73-86



LTASs in exercise-induced bronchospasm

* Protection against EIB as early as 2 hours after
a single oral dose & persisting up to 24 hours !

* US FDA approved for this indication

* Sustainable effects to inhibit EIB after 4-8
weeks of montelukast, compared waning
protection with salmeterol 2

1. Ann Allergy Asthma Immunol. 2006;97(1):98
2,.Chest. 2005;127(5):1572



The role of Montelukast in allergic diseases

An alternative treatment of asthma when maintenance
therapy is heeded

An add-on treatment to existing low-dose inhaled
corticosteroid in asthma patients

However, in the real-world setting, many doctors and
patients prefer montelukast over ICSs despite their lower
efficacy. And due to better adherence, similar real-world
efficacies was noted in the treatment of children with mild
asthma

FDA approved indication for prevention of exercise-induced
bronchospasm
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Montelukast Yttt
Box warning of Singulair® : Data summary

e QObservational study from FDA’s Sentinel System (2010-15)

* The risk of inpatient depressive disorder associated with
montelukast use compared to ICS was not significant (overall
HR: 1.06; 95% Cl: 0.90-1.24)

* Exposure to montelukast was also not associated with self-
harm (HR:0.92; 95% Cl: 0.69-1.21) or modified self-harm (HR:
0.81; 95% Cl: 0.63-1.05)

e Exposure to montelukast was significantly associated with a
~decreased risk of treated outpatient depressive disorder
(overall hazard ratio [HR]: 0.91; 95% confidence interval [Cl]:

0.89-0.93)




Montelukast Qerinel

Box warning of Singulair® : Data summary  (Initiative

* Animal study review !

— Orally administered montelukast (10 mg/kg/day for
7 days) was detectable in brain tissue and
cerebrospinal fluid in rats

— This finding providing evidence of its ability to cross
the blood-brain barrier

1. Marschallinger J et al. Nat Commun 2015;6:8466



Box warning of Singulair® : Data summary

* Reporting trend evaluation

—Finding : There was an increase in
reporting of neuropsychiatric events around
the time of the initial communications from
FDA in 2008 ( FDA communication 2008)



Box warning of Singulair® : Data summary

* Focused evaluation of completed suicides
cases (82) (FDA website: Data summary)

—Finding : Most cases (48) did not contain
sufficient key information

—In the remaining 34 cases better
documented, many of them have additional
risk factors that may have contributed to
the suicide



Open access Original research

BM] Adverse drug reactions of leukotriene
CP,?;‘,']'W'CS receptor antagonists in children with
asthma: a systematic review

Eleanor Grace Dixon @ ,? Charlotte EM Rugg-Gunn © ;22 Vanessa Sellick,’
lan P Sinha,>” Daniel B Hawcutt*®

e Embase, MEDLINE, PubMed and CINAHL till Oct 2020

» 15 Eligible studies: 1 RCT, 7 cohort/ case-control, 7 case reports
6853 patients received LTRA

. 1050 patlents in RCT, prospective studies
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~ BMIJ Paediatrics Open 2021;5:6001206. doi:10.1136/bmjpo:2021:001206



Results

48 ADRs in total in 13 organ systems; 20 ADRs
were psychiatric disorders ( in 10 of 15 studies)

* Anxiety, sleep disorder( e.g., sleep terror),
mood disorders(agitation/hyperactivity) were
the most common ADRs across all studies (15
studies)




Discussions:

* LTRAs can induce ADRs at any point after using
drugs

* Step down treatment when asthma is stable




Box warning of Singulair® :

* Further research is still needed to clarify the
association between montelukast and NE
(Neuropsychiatric event)

* Advise patients and parents/caregivers that the
patient should stop taking montelukast and
contact a health care professional immediately
if any NE occur

* Monitor all patients treated with montelukast
for neuropsychiatric symptoms.
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Biologics in severe asthma: A pragmatic approach for

choosing the right treatment for the right patient

£
A=

Assess biomarkers

* FeNO >25ppb

* BEC>150,

* sputum/BAL eosinophilia > 2%

* |gE 30-700 (U.S.) or 1500 IU/ml
(Europe) and + perennial allergen

Is there a dominant biomarker?

Q Eosinophil dominant -> anti-IL5/5R

O FeNO dominant -> anti-IL4Rat

Q Allergic dominant -> anti-IgE

QO Eosinophils or FeNO low -> anti-IgE
(if allergic) or anti-TSLP

O Multiple elevated biomarkers ->
all agents possible-comorbidities
and patient factors may be
distinguishing (see step 2 and 3)

Evaluate comorbidities, other

conditions

J OCS dependent -> anti-
ILARw (regulatory indication), also
data supporting anti-ILS/SR

J Atopic dermatitis -> anti-IL4Ra

J CRSwWNP -anti IL4rc,
mepolizumab and anti-igk all
have regulatory indication

(J Chronic urticaria -> anti-Igt, data
supporting dupilumab

O Reproductive age women
Safety data available for anti-IgE
Reassuring data for dupilumab
in atopic dermatitis
Limited data for other agents

J EGPA Mepolizumab 300 mg
monthly

d

CO 000000

I,’:"\

Patient factors and shared decision
making

Insurance or health system
formulary, copays

Comfort level with self-injection
Work hours

Caretaker responsibilities
Distance from clinic

Frequency of travel

Ability to receive and

store medication at home
Psychosocial history

Demands of care of other medical
conditions

Fig. 2. A pragmatic approach to choosing an asthma Biologic.

- Respiratory Medicine;218 (2023) 107414 /-




Clinical phenotype

* T2-high asthma ( BEC, FeNO, IgE elevated)
— Early-onset allergic asthma
— Late-onset nonallergic asthma
— Aspirin-exacerbated respiratory disease (AERD)

e T2-low asthma (The T1 and T3 immune pathways play main
roles: T3 (mediated by Th17 lymphocytes and ILC3 )

— Smoking asthma

— Obesity-induced asthma
— Asthma in the elderly

— Post-menopausal asthma



EUROPEAN RESPIRATORY REVIEW ASTHMA | F.L.M. RICCIARDOLO ET AL.

Eur Respir Rev 2023; 32: 220201

Pollutants, cigarette smoke,

Allergens “# g
Il — mlcrobes

Mast cells

Neutrophil

Corticosteroids insensitivity,
airway hyperreactivity and
remodelling

Blood vessels

FIGURE 2 Schematic representation of the T2-high and T2-low pathways occurring during the course of life upon exposure to different stimuli.
T2-high: after injury, epithelial cells release alarmins (interleukin (IL)-25, IL-33 and thymic stromal lymphopoietin (TSLP)) that activate innate
lymphoid cells (ILCs) and dendritic cells (DCs). Upon allergen/antigen uptake, processing and presentation to naive T-cells, DCs promote the
differentiation of naive T-helper (Th) cells into Th2 lymphocytes. ILC2 and Th2 secrete pro-inflammatory cytokines, exerting key roles in T2 immune
response. T2-low: allergens, pollutants, cigarette smoke, viruses and bacteria can damage and stimulate the airway epithelium, which releases
TSLP, IL-33, IL-25 and chemokines such as IL-8 acting as neutrophil chemoattractants. Macrophages and DCs elicit the recruitment of neutrophils
and the release of pro-inflammatory cytokines by Th17/ILC3 and Th1/ILC1 cells. IFN-y: interferon-y; TNF-o: tumour necrosis factor . Created in

BioRender.com.
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Anti-IgE (Omalizumab) —

Omalizumab

* First biologic therapy for severe asthma approved in 2003

* Binding to Fc-Fragment of free IgE, blocking the
activation of mast cells and other IgE-mediated pathway

* Had proven effect in moderate-to-severe and severe
persistent IgE-mediated asthma

 Randomized controlled study in 6-11 yrs children showed
significant reduced urgent unscheduled physician visits
by 30%

Global Initiative for Asthma. 2023 GINA Report, Global Strategy for Asthma Management and Prevention.



Anti-IgE (Omalizumab)
Significant improvement in quality of life both during stable ICS
dosing and during tapering in anti-IgE group

Restoration virus-induced IFN-a responses—> preventative
effects on respiratory virus—associated exacerbations 1

Further approved for chronic spontaneous urticaria(CSU) and
CRSWNP (Chronic rhinosinusitis with nasal polyps )

GBI 1gE 717 30-1300 1U/mL AY65R LA 5% 5 A
B IRIREE 7 IgE A s G B E T T A=

Global Initiative for Asthma. 2023 GINA Report, Global Strategy for Asthma Management and Prevention
1. J Allergy Clin Immunol 2015;136:1476-85



Anti-IgE (Omalizumab)
* Side effect:
— Not different from placebo in several trials 123
— gevere anaphylaxis has been occasionally described

— No increase in the rate of major birth defects or
miscarriage was observed in a prospective
pregnancy registry °

Journal Allergy Clinical Immuno I. 108(2), 184-90
Allergy 60(3), 309-316

3. European Respiratory Journal 18(2):, 254-61

4. FDA

5. Journal Allery Clinical Immunol. 135(2),407-12

e



BE (2F)
> 20-| >25- | >30- | >40- | >50- | >60- | >70- | >80- | >90- |>125-
UUhnU 25 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 125 | 150
> 30-
100

1 50 1 %0 20 30 %0 0 450
200

1 30 25 W0 N0 450 0 450 G0 o
a0 --.----- 0 525
2 --.--. 375 525 600
o --.-- 375 450 450 600

>600-
700 . 225 -- 375 450 450 525

>700-
800 450 450 525 600

>800-
900

>900-
1000

>1000-
1100 600

>1100-
1200 600

S N SmERE—R
SMARR—X
O FEHaR - mERMABORE

450 525 600

525 600

al 2 RRAER



Anti-IL-5 (Mepolizumab)

Approved in Europe for children 6 years and older with
severe eosinophilic asthma ( BEC >150/ul) *

Efficacy data in this population are limited to one very
small open label uncontrolled study

Adults: Strong reduction of OCS dosage while more than
30% patients able to discontinue OCS; reduction in
exacerbation more than 50% 2

Approved for CRSWNP, EGPA (eosinophilic
granulomatosis with polyangiitis), HES (Hypereosinophilc
syndrome)

BEC: Blood Eosinophil Counts; OCS: oral corticosteroid

1. Global Initiative for Asthma. 2023 GINA Report, Global Strategy for Asthma Management and Prevention.
2. The Journal of Allergy and Clinical Immunology. In Practice 10(10), 2646—2656.
3.-Pharmacology & Therapeutics 2023(252),108551

NucALA EBET

solution for injection in

Ulanecus use

DEROETFRO e



Anti-IL-5 (Mepolizumab)

* Neutralize circulating IL-5 with a reduction in
eosinophilic airway inflammation—> Less acute
exacerbation !

» BEBZAEFRR 12i§wuj:"§@§%f' IMBRFRER
e B sl W R VU EE K2 N FE 100
mg Hi &

e Side effects: well tolerated

/l
74

0

[ l

1. Drugs 2017; 77(16):1769-1787
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Anti-IL4R (Dupilumab) =%5% @

0 % BIBS L
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Target alpha subunit of the IL-4 receptor, which is necessary
for both IL-4 and IL-13 signaling = impairs B-cell activation

and prevents eosinophil infiltration into the lung and other
tissue *

Approved for > 6 years old with severe asthma
Blood eosinophils 2150 and <1500/pul, or FeNO >25 ppb 2

Other approved indication: CRSWNP, atopic dermatitis, prurigo
nodularis, eosinophilic esophagitis (EoE) 2

1. Allergy 75(5), 1188-1204
2. Pharmaco logy & Therapeutics 2023(252),108551



Anti-IL4AR (Dupilumab)

* Reduced severe exacerbation rate by 41% and increased lung
function by 5.2 percentage points ?

e Side effect: injection site reactions, transient
hypereosinophilia in 14% patient , eosinophilic pneumonia
(rare), conjunctivitis, arthralgia 2

© EOBECRAER R 12 L LHERRE SRR AR ESR,
b 78 0 FHEERT12{E H ARV SER M HIMBR 2300

cells/mcL

1. N Engl J Med 2021; 385: 2230-2240
2. Pharmacology & Therapeutics 2023(252),108551



30 mg/1mL

@« » FaSenl’a 1 pre-filled syringe

Anti-IL5Ra : Benralizumab .sse.. S8

EOR TESER
Single-dose pre-filled syringe
1 mL solution for injection

* Bind to alpha-subunit of IL-5 receptor = depletion of
eosinophils and basophils via antibody-dependent cell-
mediated cytotoxicity( ADCC) !

* Approved for >12 years severe asthma ?

* Real-life studies found great lung function improvement with
FEV1 increases from 300 to 600 ml 3, reduction in OCS-
dependent patient 4

The Journal of Allergy and Clinical Immunology 125(6), 1344-1353.e2
FDA

Journal of Allergy and Clinical Immunology. In Practice 10(12), 3174-3183
Chest 159 (2), 496-506.

3 ey



Anti-IL5Ra : Benralizumab

y b b

- EOBBEREORIEIGR 1850 AR

1

¥_J€i%$i; U%_ﬂﬁl}ﬁ JWIL‘J\

» Side effect: headache, pharyngitis *

1. Pharmacology & Therapeutics 2023(252),108551



Anti-TSLP (Thymic Stromal
LymphoPoetin) : Tezepelumab e

e Block TSLP(Fwj iR ELE MR 4= 5k 2Z=) which mainly
activates T2 inflammation via Th2 ND innate pathways.
Some studies indicated effects are independent of T2
pathways acting via mast cells on fibrocytes and

airway smooth muscle *
* Approved for > 12 years old severe asthma 2

- BEBREAZAETRR 185 EEE RN K&

1. The Journal of Clinical Investigation 2019, 129(4): 1141-51
2% FDA



Anti-TSLP (Thymic Stromal LymphoPoetin) :
Tezepelumab

* Phase 3 Navigator trial showed significant
reduction in exacerbations, rapid increase in
FEV1, rapid reductions in T2 biomarkers BEC,
FeNO, Igk !

* Side effects: in long-term extension study:
(DESTINATION): 4 cases with severe
cardiovascular events — further observation in
post-market necessary 2

1. NEJM 2021: 384(19),1800-9
2. Lancet Respiratory Medicine 2023: 11(5),425-38



Eligibility Predictors of asthma response

Anti-lgE (omalizumab) What factors may predict good

Is the patient eligible for anti-IgE for severe allergic asthma? ™ asthma response to anti-Ige?

» Sensitization on skin prick testing or specific IgE Blood eosinophils =2260/ul ++ ;
- Total serum IgE and weight within dosage range FeNO =20 ppb + ot
- Exacerbations in last year Allergen-driven symptoms +

Childhood-onset asthma +
no
1

Anti-IL5 / Anti-ILSR (benralizumab, mepolizumab, reslizumab) What factors may predict good

Is the patient eligible for anti-IL5 / anti-IL5R for severe eosinophilic asthma? ™ asthma response to anti-IL5/5R?
« Exacerbations in last year Higher blood eosinophils +++

» Blood eosinophils, e.g. =150/pl or =300/l More exacerbations in
previous year +++

Adult-onset of asthma ++
Nasal polyposis ++

no

Anti-IL4AR (dupilumab) What factors may predict good
Is the patient eligible for anti-IL4R for severe eosinophilic/Type 2 asthma?™ asthma response to anti-IL4R?
- Exacerbations in last year - Higher blood eosinophils +++
» Blood eosinophils 2150 and <1500/ul, or FeNO =25 ppb,  Higher FeNO +++

or taking maintenance OCS

no
no

Anti-TSLP (tezepelumab) What factors may predict good
Is the patient eligible for anti-TSLP for severe asthma?™ asthma response to anti-TSLP?
» Exacerbations in last year » Higher blood eosinophils +++

* Higher FeNO +++

© Global Initiative for Asthma 2022, www.ginasthma.org

Eligible for none? Return to section 7
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Key changes to GINA severe asthma guide in 2022 (continued)

G e
T

Anti-IL4R* (dupilumab) for severe eosinophilic/Type 2 asthma

Not suggested if blood eosinophils (current or historic) >1500/pl

Dupilumab now also approved for children 26 years with severe eosinophilic/Type 2 asthma, not on
maintenance OCS (Bacharier, NEJMed 2021)

Anti-TSLP* (tezepelumab) now approved for severe asthma (age 212 years)
Greater clinical benefit with higher blood eosinophils and/or higher FeNO
Insufficient evidence in patients taking maintenance OCS

| Class | Name | Age' | Asthmaindication Other indications*

Anti-lgE Omalizumab (SC) 26 years Severe allergic asthma Nasal polyposis, chronic spontaneous
urticaria
Anti-ILS Mepolizumab (SC) 26 years Severe eosinophilic/Type 2 asthma Mepolizumab: EGPA, CRSwWNP,
Reslizumab (IV) 218 years hypereosinophilic syndrome
Anti-IL5R Benralizumab (SC) 212 years
Anti-IL4R Dupilumab (SC) 26 years Severe eosinophilic/Type 2 Moderate-severe atopic dermatitis,
asthma, or maintenance OCS CRSwNP
Anti-TSLP Tezepelumab (SC) >12 years  Severe asthma

*Check local eligibility criteria for specific biologic therapies; TSLP: thymic stromal lymphopoietin

© Global Inttiative for Asthma, www. ginasthma_org
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