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Asthma mortality increases with disease severity

60

40 35.3

20 14.7

Asthma mortality (% patients)

Mild Moderate Severe
Self-reported asthma severity

Tough SC, et al. J Asthma 1998;35:657-65



Terminology

ATt

Al

Uncontrolled asthma
*  Frequent symptoms and/or flare-ups (exacerbations)

* Many of these patients may potentially have mild asthma, i.e. their asthma could be
well-controlled with low dose ICS, if taken regularly

Difficult-to-treat asthma

* (not difficult patients!)
» Asthma uncontrolled despite prescribing medium or high dose preventer treatment

Al

= Contributory factors may include incorrect diagnosis, incorrect inhaler technique, poor
adherence, comorbidities

» Severe asthma

= “Severe asthma” has had many different meanings (Taylor, ERJ 2008; Reddel AJRCCM 2009)

* Now defined as asthma that is uncontrolled despite maximal optimised therapy and treatment of
contributory factors, or that worsens when high dose treatment is decreased (Chung, ERJ 2014)

I.e. relatively refractory to corticosteroids (rarely completely refractory)
A retrospective definition, dependent on how thoroughly contributory factors are excluded

GINA 2021 severe asthma decision tree



What proportion of adults with asthma have severe asthma?

0004
24% 17% 3.7%
High intensity difficult-to-treat asthma ® severe asthma
tre-atment = high intensity treatment = high intensity treatment
= high dose ICS-LABA + poor symptom control + poor symptom control

or medium dose

+ good adherence and
ICS-LABA + OCS)

inhaler technique

Based on data from Hekking et al, JACI 2015

GINA 2021, Box 3-15 © Global Initiative for Asthma, www.ginasthma.org



International ERS/ATS guidelines on
definition, evaluation and treatment of
severe asthma

TABLE 3 Definition of severe asthma for patients aged =6 years

Asthma which requires treatment with guidelines suggested medications for GINA steps 4-5 asthma (high dose ICS” and LABA or leukotriene
modifier/theophylline] for the previous year or systemic CS for =50% of the previous year to prevent it from becoming “uncontrolled” or which
remains uncontrolled” despite this therapy
Uncontrolled asthma defined as at least one of the following:

1] Poor symptom control: ACQ consistently 1.5, ACT <20 [or “not well controlled” by NAEPP/GINA guidelines)
2] Frequent severe exacerbations: two or more bursts of systemic CS [=3 days each] in the previous year
3) Serious exacerbations: at least one hospitalisation, ICU stay or mechanical ventilation in the previous year
4) Airflow limitation: after appropriate bronchodilator withhold FEV1 <80% predicted (in the face of reduced FEV1/FVC defined as less than
the lower limit of normal)
Controlled asthma that worsens on tapering of these high doses of ICS or systemic CS [or additional biologics)

Chung et al, ERJ 2014



Adults & adolescents
12+ years

Personalized asthma management
Assess, Adjust, Review
for individual patient needs

CONTROLLER and
PREFERRED RELIEVER

(Track 1). Using ICS-formoterol

as reliever reduces the risk of
exacerbations compared with

using a SABA reliever

CONTROLLER and
ALTERNATIVE RELIEVER
(Track 2). Before considering a
regimen with SABA reliever,
check if the patient is likely to be
adherent with daily controller

Other controller options
for either track

Confirmation of diagnosis if necessary
Symptom control & modifiable

risk factors (including lung function)
Comorbidities

Inhaler technique & adherence
Patient preferences and goals

Symptoms
Exacerbations
Side-effects
Lung function
Patient satisfaction

Treatment of modifiable risk factors
and comorbidities

Non-pharmacological strategies

Education & skills training

Asthma medications (adjust down/up/between tracks)

fSTums

STEPS 1-2

As-needed low dose ICS-formoterol

STEP 1

Take ICS whenever
SABA taken

STEP 4
STEP 3 Medium dose
Low dose maintenance
mavivntenance |ICS-formoterol
|CS-formoterol

RELIEVER: As-needed low-dose ICS-formoterol

STEP 4
STEP 3 Medium/high
STEP 2 Low dose dose maintenance
Low dose maintenance ICS-LABA
ICS-LABA

maintenance ICS

RELIEVER: As-needed short-acting f2-agonist

Medium dose ICS, or
add LTRA, or add
HDM SLIT

Add LAMA or LTRA or
HDM SLIT, or switch to
high dose ICS

Low dose ICS whenever
SABA taken, or daily LTRA,
or add HDM SLIT

STEP S

Add-on LAMA
Refer for phenotypic

assessment + anti-IgE,
anti-IL5/5R, anti-IL4R

Consider high dose
ICS-formoterol

STEP S

Add-on LAMA

Refer for phenotypic
assessment + anti-IgE,
anti-IL5/5R, anti-IL4R
Consider high dose
ICS-LABA

Add azithromycin (adults) or
LTRA; add low dose OCS
but consider side-effects

GINA 2021, Box 3-5A

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

IsTumd

Phenotype: The observable characteristics of a disease, such as morphology, development,
biochemical or physiological properties, or behaviour.

Patients with an identified phenotype of obstructive lung disease may share a cluster of clinical,
functional and/or inflammatory features, without any implication of a common underlying mechanism

Examples: allergic asthma, aspirin-exacerbated respiratory disease, severe eosinophilic asthma

Endotype: A subtype of disease, defined functionally and pathologically by a distinct
molecular mechanism or by distinct treatment responses (Anderson, Lancet 2008)

Among patients with obstructive lung disease, there are likely to be several specific endotypes
associated with divergent underlying molecular causes, and with distinct treatment responses. These

endotypes may or may not align with clinical or inflammatory phenotypes identified from studies limited
to asthma or to COPD

Examples: emphysema due to alpha1-antitrypsin deficiency

Biomarker: A defined characteristic measured as an indicator of normal biologic processes,
pathogenic processes or response to an intervention

Potential examples: FeNO, blood eosinophils — but these may not meet quality criteria for biomarkers

© Global Initiative for Asthma, www.ginasthma.org



Patients perceive asthma control differently

I Controlled Uncontrolled Poorly controlled

83.7% perceived their _
/ uncontrolled asthma as Survey of 8,000 patients

controlled with Asthma

69.9% perceived their

——— uncontrolled asthma as
45‘%] non-serious > 8 O 0 0
(n=3611)

of the 3611 patients with

uncontrolled asthma mistakenly
viewed it as controlled

95.4% perceived

35'%] ~ thei: a?lthdma 35
controlled an
(ﬂ=2?85) 92.9% as non-serious

Price D, et al. npj Prim Care Respir Med 2014;24:14009.



Asthma needs to be treated Long term

4 No night symptoms N
100% 4 FEVi  AmPEF  No SABA use
_ Airway hyperresponsiveness
: )
()
£
(O]
>
o
o
E
o\°
2 4 6 18
\_ Months /
Short range Large range
CONTROL reaching CONTROL maintenance

amPEF: morning peak expiratory flow; FEV,: forced expiratory volume in 1s; AHR: airway hyper-responsiveness.

Adapted from Woolcock, AJ. Clin Exp Allergy Rev 2001;1(2):62-64.






Severe asthma

Confirmation of diagnosis if necessary
Symptom control & modifiable

risk factors (including lung function)
Comorbidities

Inhaler technique & adherence
Patient preferences and goals

Symptoms
Exacerbations
Side-effects
Lung function
Patient satisfaction

3 szuiu

o Usaiiu msdiadouarlsaiivusiu

' Treatment of modifiable risk factors
and comorbidities

Non-pharmacological strategies
Asthma medications (adjust down/up/between tracks)
Education & skills training
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irritants junction cell epithelium

' \ Allergens, viruses, and Tight Goblet Airway

e Dendritic 4¥ ThO -
“' . cell - cell Th2 Approved drug
i L __differentiation | 1L-4 target
Th2 # <«CRTh2

ILC2 cell l«DP-1 Investigational drug
CRTh2 3 coll target

Eosinophil S . ———
~ activation in - M2 macrophage I'T_13 |
e - bone marrow "*‘ polarization * IL-4

Eosinophil é‘ - Upregulation ~ Bronchial

| chemc::kines Ny ribtosis enlargement

e Epithelial
i Inflammatory cell | damagelshedding :“:::;?:; msmbrane

IL-4 i"’ IL-13 trafficking to the a IgE

i &: “ =i B i Goblet cell

X 4 v I8N = @ hyperplasia/
Basophil Mast cell B cell class B cell mucus production

switching and
IgE production

SM contractility

Am J Respir Crit Care Med Vol 199, Iss 4, pp 433—445, Feb 15, 2019



CTRUM OF INFLAMMATION?.2.6

Type 2 (Type 2 High) Non-Type 2 (Type 2 Low)

More severe Less severe
Blood eosinophilia Airway neutrophilia
Elevated tissue eosinophilia Paucigranulocytes
Elevated serum IgE Poor response to corticosteroids
Elevated FeNO Obesity associated
Variable response to corticosteroids Lack of response to targets of type 2 inflammation

Targets type 2 inflammation
Type 2 comorbidities
Most common cytokines: IL-4, IL-13, and IL-5

! LY
! :
i i
: :
] = Late-onset i
' 2 Late-onset (women) ;
i © eosinophilic !
i = i !
= ; = ! ) Smoking- i
= i = Allergic i Obe_S“W associated Smooth-muscle i
o ; o0 asthma i associated neutrophilic mediated, :
D i 2 : paucigranulocytic !
e ; < ; ;
i Exercise- ' i
i induced : ;
H ER T i '
a = a
i i i
\ / J
N e e e e e e e e e e e e e e e e e e e e e e e -
Childhood Adult Adult

Age at onset™*



SPECIALIST CARE; SEVERE ASTHMA CLINIC IF AVAILABLE

Assess and treat severe asthma phenotypes

Continue to optimize management as in section 3 (including inhaler technique, adherence, comorbidities)

e g e
| | |
/ /
_4 5 Assess the severe asthma phenotype ) Consider non-biologic treatments )
and factors contributing to symptoms,
quality of life and exacerbations
Is add-on
“ " oh type during high d = Consider adherence tests ﬂ]le"FE 2 biologic yes
Assess 2 sSaevere astinma enrolype auring g oDSe — o o S arapy availlable/
- = Consider increasing the ICS
?
ICS treatment (or lowest possible dose of OCS5) d for 3.6 ths affordable?
- Consider AERD, ABPA,
Type 2 inflammation chronic rhinosinusitis, nasal J{no
: 5 - polyposis, atopic dermatitis
?mﬂdzpa_h‘enf hawve = Blood eosinophils =150/l andfor yes (clinical Type 2 phenotypes If add-on Type 2 biologic therapy
MFE’E arway - FeNO =20 ppb and/or ‘t-*r:ztﬂ:;‘i'fc add-on is NOT available/affordable
= Sputum eosinophils 22%, and/or no = Consider higher dose ICS, if not usad

= Asthma is clinically allergen-driven = = = Consider non-biclogic add-on therapy
and/or (e.g. LABA, tictropium, LM/LTRA, macrolide™)

MNate: these are not the

criteria for add-an = Meed for maintenance OCS = Consider add-on low dose OCS, but
biologic therapy (eee Gl) (Repeal blood eosinophills and implement strategies to minimize
FeMNO up to 3x, on lowest possible | side-effects
OCS dose) | = Stop ineffective add-on therapies
|I "
Investigate for comorbidities/differential diagnoses || If no evidence of Type 2 inflammation:
and freatfrefer as approprate II — . ) ~ I o .
. - view basics: differe iagnosis, inhaler
- Consider: CBC, CRP, IgG, IgA, IghM, IgE, fungal } B - :
precipitins: CXR andior HRCT chest: DLCO \ T:d‘_:q”e' adherence, mm'i“":; side-effects
- Skin prick testing or specific IgE for relevant allergens, - ol ) N . ure.s ( i cca_o SITI'C-I e. allergens, imitants)
if not already done = Consider investigations (if available and not done)
- Other directed testing (e.g. ANCA, CT sinuses, BNP, —= - Sputum induction
echocardiogram) based on clinical suspicion - High resolution chest CT
- Bronchoscopy for alternative/additional diagnoses
Consider need for sociallpsychological support . Consider add nts
Involve multidisciplinary team care (if available) = e e D e D e D 3 e T, k
- Consider add-on low dose OCS, but implement
strategi inirmi ide—effects Mot L
Invite patient to enroll in registry (if available) or te_gles tG_rTIIr'IIMIZ'E sid ) E,ng;;;nfi:; bj;o.l'og.r'cs
clinical trial (if appropriate) - Stop ineffective add-on therapies

= Consider bronchial thermoplasty (+ registry)
" Off-fabel

Difficult to treat asthma GINA 2019



Dupilumab ‘

(anti-ILARo)
for asthma

Benralizumab with t > "'.
ype
(anti-IL5Rat) inflammation 2019

for eosinophilic

Reslizumab asthma = [ """ ==s-eaaall ..
(anti-I1L5)
Mepolizumab | | for ea‘;i'r:’:‘gh"'c 2018
(anti-IL5) P Fteeeeeannl .
Omalizumab " eaosi'.:':..gh'“c -------------
(anti-Ig) I ttTeeeeemmeea....
for allergic | — Tt L
g 2016
@ 20is
1. Xolair {omalizu_mab} Summary of Product Characteristi_cs_. Camberly, UK: Novartis El_Jrop[ﬂarrn Ltd.; 2019. EMA
S Cincmara (reslizamab) Summmary of Prouct Characteritice, Comtleford, UK- Tova Pharmacedtioals Ltd ; approval
2018, 5. Dupient (dupllumab) Summary of PrOGUCE Characterstics. parie, France: SanofiAvents aroup: 2005
2019. 6. EMA [Press Release]. Dupixent. 2019.https://www.ema.europa.eu/en/documents/press-
release/press-release-new-add-treatment-patients-severe-asthma_en.pdf. Accessed May 21, 2019, SAGLB.AST.18.10.1305(1)t May 2019
_ Dupilumab! Benralizumab* Omalizumab®
Patient * Severe asthma with * Severe refractory * Severe eosinophilic asthma * Severe eosinophilic asthma * Severe persistent allergic
population type 2 inflammation eosinophilic asthma* « Inadequately controlled « Inadequately asthma
characterized by raised blood  Aged >6 years despite high-dose ICS plus controlled despite * Reduced lung function,
EQS and/or another maintenance high-dose ICS + LABA frequent daytime symptoms or
raised FeNO medication « Aged >18 years night-time awakenings, and
* Inadequately * Aged >18 years multiple severe exacerbations
controlled with high-dose ICS despite high-dose
plus another maintenance ICS + LABA
* Aged >12 years
. 30 mg SC g4w for first 3 doses 75-600 mg SC q2w/qg4w
Dosing 200 mg or 300 mg SC g2w 100 mg SC g4w 3 mg/kg IV g4w followed by q8w by weight
Baseline * QUEST and VENTURE: * EOS 2150 cells/uL * EOS 2400 cells/uL * SIROCCO and CALIMA: * Convincing IgE-mediated
biomarker criteria no minimum baseline biomarker at screening or 2300 no biomarker inclusion criteria; asthma
in clinical studies requirement cells/plL within the past patients stratified by EOS <300 and « pgsitive skin test
for study inclusion 12 months 2300 cells/pL or in vitro reactivity
* ZONDA: EOS 2150 cells/pL to a perennial aeroallergen

Am J Respir Crit Care Med Vol 199, Iss 4, pp 433-445, Feb 15, 2019






INNOVATE
INNOVATE Study:

INvestigatioN of Omalizumabin seVere Asthma TrEatment

> A 28-week randomized double-blind, placebo-controlled study to assess the efficacy and safety of

add-on Omalizumab therapy in patients with severe persistent asthma (GINA 2002)

v Inadequately controlled despite high doses of ICS (>1,000 ug/day BDP) and LABA

Humbert M, et al. Allergy 2005; 60: 309-16



INNOVATE
Study design

S [ DrelfpAiLd (=) _
creening ® 12-75 years
tests ‘_ Inadequately
controlled despite
(7 days) GINA 4 therapy

Run-in phase Placebo (n=210)2
(8 weeks)

(o ati 28 weeks Follow-u
Randomlzatlon *Visits 0, 1, 2, 4,12, 20 and 28 weeks (16 weeks';

Primary outcome: rate of clinically significant asthma exacerbation
Key secondary outcomes:

Rate of severe asthma exacerbation Healthcare resource use
Physician’s GTE Lung function (FEV,)
Quality of life (AQLQ score) Clinical symptom scores

Safety and tolerability

a0f 482 patients randomized, 419 were included in the efficacy analysis.

AQLQ = Asthma Quality-of-Life Questionnaire; FEV, = forced expiratory volume in 1 second.
Humbert M, et al. Allergy 2005; 60: 309-16



INNOVATE

Omalizumab significantly reduced clinically
significant exacerbations over 28 weeks

A -26.2%
Clinically significant exacerbation rate* p=0.042

1 | 0'91

0.8

0.68

0.6

0.4

0.2

0
Omalizumab (n=209) Placebo (n=210)

*Adjustment due to a pre-study imbalance in exacerbation rate; unadjusted difference
between study group -19.2% (p=0.156).

Humbert M, et al. Allergy 2005; 60: 309-16



INNOVATE

Omalizumab significantly reduces severe
exacerbations and emergency visits at Week 28

Severe exacerbation rate Total emergency visit rate
0.6 A -50.0% 0.6 A -43.9%
' l p=0.002 | | p=0.038 J
0.48 0.5
0.5
50% 43.9% 43
0.3 V4 0.3 MA
0.2 0.2
0.1 0.1
0 0
Omalizumab Placebo (n=210) Omalizumab Placebo
(n=209) (n=209) (n=210)

Humbert M, et al. Allergy 2005; 60: 309-16



SIROCCO and CALIMA (Trials 1 and 2)
Exacerbation Reduction Studies!-?

Randomised, double-blind, parallel-group, placebo-controlled, Phase lll studies

Benralizumab 30 mg Benralizumab 30 mg Primary
SC every 4 weeks SC every 4 weeks endpoint
< endpoint
,‘é’ SN Benralizumab 30 mg Benralizumab 30 mg . .
= — Runin 5 e SC every 4 weeks SC every 8 weeks with placebo AER in patients
c for the 1st 3 doses SC at 4 week interim with b|0r<])_?
L eosinophils
Placebo SC Placebo SC 2300/pL and high-
> = dose ICS/LABA*

every 4 weeks every 4 weeks

Treatment period (48 weeks) Fglvlvoev(\;(usp SIROCCO
Screening/run-in (4 weeks) oll
ollow-u
Treatment period (56 weeks) 2 weeksr)) CALIMA

We will be discussing the results from the Q8 W arm of both studies, consistent
with the indicated dosage and administration of Benralizumab

*Patients were enrolled regardless of eosinophil level and then stratified 2:1 2300 cells/pL and less than 300 cells/pL.
AER=annual exacerbation rate; ICS=inhaled corticosteroids; LABA=long-acting p2-agonist; SC=subcutaneous.
1. Bleecker ER, et al. Lancet. 2016;388:2115-2127. 2. FitzGerald JM, et al. Lancet. 2016;388:2128-2141.



Patient Baseline Characteristics:

All Patients in Placebo and Q8W Arms

All Patients

Regardless of baseline Benralizumab Benralizumab

blood eosinophil count (Q8W) (Q8W)
n=398 n=441

Mean age in years (SD) 48.7 (14.9) 47.6 (14.5) 48.8 (15.1) 49.0 (14.3)

White, N (%) 302 (74) 287 (72) 372(85) 369 (84)

Mean baseline % predicted 56.6 (15.0) 56.1(14.6) 58.0 (14.9) 57.9(14.9)

FEV,(SD)

Mean ACQ-6 score (SD) 2.9(0.9) 2.8(0.9) 2.7(0.9) 2.8(0.9)

Median eosinophil countin 370 360 371 400

cells/pL (range)” (0 to 2690) (0 to 3100) (0 to 4494) (0 to 2600)

Mean exacerbations in previous

12 months (SD) 3.0(1.8) 2.8(1.5) 2.7(1.6) 2.7 (1.4)

*Patients were enrolled regardless of eosinophil level and then stratified 2:1 2300 cells/uL and less than 300 cells/pL.

ACQ-6=Asthma Control Questionnaire, six-question version; FEV,=forced expiratory volume in 1 second; SD=standard deviation.
1. Bleecker ER, et al. Lancet. 2016;388:2115-2127. 2. FitzGerald JM, et al. Lancet. 2016;388:2128-2141.

On average, patients in
SIROCCO and CALIMA

were ~49 years of age
were mostly White

had poorly controlled
symptoms (ACQ-6)




SIROCCO and CALIMA (Trials 1 and 2)
Primary Endpoint: Annual Exacerbation Rate

AER in patients with blood eosinophils 2300 cells/pL3*
2.0 - 51% . Placebo . Benralizumab

Reduction in AER

(P<0.001) 28%

Reduction in AER
(P=0.019)

AER

SIROCCO (Trial 1)

CALIMA (Trial 2)
48 weeks

56 weeks

*An asthma exacerbation was defined as worsening of asthma requiring use of steroids for at least 3 days, and/or emergency department visits requiring use of steroids and/or
hospitalisation. For patients on maintenance OCS, an exacerbation was defined as a temporary increase in stable oral/systemic corticosteroids for at least 3 days or a single depo-

injectable dose of corticosteroids. The AER was defined as the total number of exacerbations multiplied by 365.25, divided by the total duration of follow-up (days) within the treatment
group. AER=annual exacerbation rate; OCS=oral corticosteroids.

1. Benralizumab [summary of product characteristics]. AstraZeneca AB, SE-151 85, Sddertélje, Sweden; 2017.
2. Bleecker ER, et al. Lancet. 2016;388:2115-2127. 3. FitzGerald JM, et al. Lancet. 2016;388:2128-2141.



Decreased exacerbations requiring hospitalization
or ED visit in SIROCCO (EOS =300 cells/uL, high-

dosage ICS)

SIROCCO (at 48 weeks)! CALIMA (at 56 weeks)?2
-63%P
I -3994¢
0.2 -
@ (0.13-0.25)
S 0.18
- 0.15 -
9
©
& o1 (0.07-0.16) +23%
) . - I
@ 0.11 7% I
E (0.04-0.11) [ ' (0.03-0.08)
= 0.05 - 0.06 (0.02-0.07)  (0.02-0.06)
0
N= 267 275 267 N= 248 241 239
Placebo I Benralizumab Q4W Benralizumab Q8W

aData for CALIMA from high-dosage ICS cohort; ®p=0.001; °p=0.0529. Note: Values in parentheses above bars represent 95% CI. Data for exacerbations requiring hospitalization or ED visit are

taken from information collected on eCRF
eCRF = electronic case report form; ED = emergency department; eos = baseline blood eosinophil count; ICS = inhaled corticosteroid; Q4W = every 4 weeks; Q8W = every 8 weeks.

1. Bleecker ER et al. Supplementary appendix. Lancet. 2016;388:2115-2127; 2. FitzGerald JM et al. Supplementary appendix. Lancet. 2016;388:2128-2141.
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SIROCCO and CALIMA (Trials 1 and 2)
Secondary Endpoint: Lung Function

Pre-bronchodilator FEV, in patients with blood eosinophils 2300 cells/pL-4*

450 - SIROCCO?4
400 - \@ 159 mL increase
@ E 350 A in FEV, compared to
8 & 300 A ) placebo (P=0.001) at
S E 250 - P=0.039 \@ treatment end*
oY
< g 200 1 Improvement was seen as
2 7 150 1 early as 4 weeks®
S & 100 -
50 H B Placebo (n=261) B Benralizumab (n=264) CALIMA: FEV, improvement for
1 I A EEE——————————— Benralizumab (330 mL; n=238) was
0 5 10 15 20 25 30 35 40 45 50 116 mL greater than placebo (215
mL; n=244); P=0.010 at end of
Weeks treatment!3

*Statistical significance for FEV, improvement was established at end of treatment.

TThe analysis of this endpoint was not multiplicity protected. Therefore, p value is reported as nominal. Results are descriptive only.

Benralizumab demonstrated greater improvements in change from baseline in pre-bronchodilator FEV; compared with placebo at Week 4 (first measured time point after administration of
treatment dose) that were maintained through end of treatment.

FEV,=forced expiratory volume in 1 second.

1. Benralizumab [summary of product characteristics]. AstraZeneca AB, SE-151 85, Sddertélje, Sweden; 2017.

2. Bleecker ER, et al. Lancet. 2016;388:2115-2127.3. FitzGerald JM, et al. Lancet. 2016;388:2128-2141. 4. Data on File. REF-22898. AZPLP.



IL-4 and IL-13 bind to receptors containing
a shared subunit, IL-4Ral2

Dupilumab

7=
Dupilumab is a human monoclonal antibody that
binds specifically to IL-4Ra, the shared receptor

Type 1 receptor

JAK1 JAK3
component for IL-4 and IL-13, thus inhibiting the
dual signaling pathways of both IL-4 and [L-13%2

Dimerization

IL-13Ra

/2

Type 2 receptor

* B cells
* Monocytes
* Fibroblasts

* Activated B cells
* Monocytes
* Fibroblasts

* T cells
* Eosinophils
* Mast cells

Dupilumab inhibits IL-4 signaling via the Type 1
receptor and both IL-4 and IL-13 signaling through
the Type 2 receptor’?

* Smooth muscle cells
* Epithelial cells

Expression of type 2 cytokines and chemokines and activation
of additional pro-inflammatory signaling pathways

IL, interleukin; IL-4Ra, interleukin-4 receptor alpha. 1. Gandhi NA, et al. Nat Rev Drug Discov. 2016;15(1):35-50. 2. Le Floc’h A, et al. Allergy. 2019;75:1188-1204. 3. Kabesch M, et al. J Allergy Clin Immunol. 2006;117:269-274. 4. Munitz A, et al. Proc Natl Acad Sci USA.

2008;105:7240-45. 5. Zhu J. Cytokine. 2015;75:14-24. 6. Bieber T, et al. Allergy. 2020;75:54-62.
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Phase 3 LIBERTY Asthma QUEST: Study Design?-?

.Loading dose Treatment period
with double dose
N

- ~
3-5 weeks Baseline Week 52 Week 64

Key eligibility criteria
= Treatment with medium- to

high-dose ICS + up to two :
additional controllers Dupilumab SC 200 mg g2w
= Pre-BD FEV, <80% of predicted
for adults (<90% of predicted Dupilumab SC 300 mg g2w Follow-up
for adolescents) Screening OR
- AR ER Placebo SC 200 mg g2w TRAVERSE OLE
= FEV, reversibility 212%
= 21 SCS treatment or a
hospitalization/emergency care
visit fqr worsenlng.a:sthm? " )
requiring SCS administration Y

Background therapy: medium- to high-dose ICS + a second controller medication
(eg, LABA, LTRA, etc.); a third controller is allowed

ACQ-5, 5-item Asthma Control Questionnaire; BD, bronchodilator; FEV,, forced expiratory volume in 1 second; ICS, inhaled corticosteroids; LABA, long-acting 2 agonist; LTRA, leukotriene receptor antagonist; g2w, every 2
weeks; R, randomization; SC, subcutaneous; SCS, systemic corticosteroids.

1. Busse WW, et al. Adv Ther. 2018;35:737-748. 2. https://clinicaltrials.gov/ct2/show/NCT02414854. Accessed January 2018. 29



Phase 3 LIBERTY Asthma QUEST: Efficacy
Endpoints®?

Primary endpoints

= Annualized rate of severe exacerbation events? over 52 weeks
= Absolute change from baseline in pre-BD FEV, at Week 12

Key secondary endpoints:

= Annualized rate of severe exacerbation events over 52 weeks in patients with EOS >150/ulL and >300/uL
= Absolute change from baseline in pre-BD FEV, at Week 12 in patients with EOS 2150/uL and >2300/uL

= Change from baseline in ACQ-5 score at Week 24

= Change from baseline in AQLQ(S) score at Week 24

= Annualized rate of severe asthma exacerbations resulting in hospitalization or ER visit

3A severe exacerbation was defined as a deterioration of asthma leading to treatment for >3 days with systemic glucocorticoids or hospitalization or an ER visit leading to treatment with systemic glucocorticoids.
ACQ-5, 5-item Asthma Control Questionnaire; AQLQ(S), Asthma Quality of Life Questionnaire with Standardized Activities; BD, bronchodilator; EOS, eosinophils; ER, emergency room; FEV,, forced expiratory volume in 1 second.
1. Busse WW, et al. Adv Ther. 2018;35:737-748. 2. Castro M, et al. N Engl J Med. 2018;378:2486-2496. 30



Dupilumab significantly Reduced Severe

Exacerbation Rates in Patients with Baseline

Week 52; Phase 3 (QUEST)!-3

ITT EOS 2150/uL i EOS 2300/pL FeNO 225 ppb i FeNO 250 ppb
56—67% reduction vs placebo 65—-70% reduction vs placebo
1.4 '
% %
12 60" 66" o 61" o B

] A

657y =
1 ks
\ 4

46" H L B

Adjusted annualized severe
exacerbations, estimate (95% CI)

I I
I I
I I
I I
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I I
1 1 1
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N=3178 n=631 § n=321 §§ n=633 N=232'8 n=437 §| n=237 §§ n=452 n=148 1l n=264 § n=142  n=277 n=162 n=299Q n=172§ n=310 n=71 n=119 § n=75 § n=124

B Placebo 200 mg Il Dupilumab 200 mg M Placebo 300 mg [l Dupilumab 300 mg

***p<0.001.
Cl, confidence interval, EOS, eosinophils; FeNO, fractional exhaled nitric oxide; ITT, intention to treat, ppb, parts per billion.
1. Castro M, et al. N Engl J Med. 2018;378(26):2486-2496. 2. Rabe KF. EMJ Allergy Immunol. 2018;3[1]:60-69. 3. Dupixent (dupilumab). Summary of product characteristics.



Study design: double-blind, randomised,

placebo-controlled, parallel-group (twin trials)
Add-on to at least ICS+LABA

Placebo Respimat’® qd, morning

[~ TTTTTTTTTTTTTTo | |
Visit 0 Visit 1 Visit 2 Visit 9 Visit 10
(screening) (randomisation) (end of
freatment)
-4 0 48 52
4-week | | 4-week
screening follow-up

All patients at least on ICS
maintenance therapy
(2800 pg budesonide or
equivalent/day)+LABA

148 centres, 5 continents

Kerstjens et al. NEJM 2012;367:1198-1207.

FEV,, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; LABA, long-
acting B,-agonist; qd, once daily

* Pre-specified dataset of trial 1 + trial 2



Significant lung function improvement in

FEV, peak and trough in trials 1 and 2

.| FEV, peak 0-3 hours at week 24 ~ FEV,trough

400+ p i 160 -
y o f** 1
E 350 ok i __._T € 140
o Kokok T —hpm—_————T -
£ * A - f [
§ 3004 ;’T £
8 i’, S 120
E /% T I T o
g 2501 ,' | 5, 100 -
£ / l l )
< U/ -|- I o
Y o00d*** 4 I — 80 4
¥ *x 4 J[ I | =
o ill | | |
= 150-} | 40 | 1 |

1004 Trial 1; Mean Difference 40 . - 1 I |

I 86+ 34 mL(p=0.01) 1 |
5O'i Trial 2; Mean Difference g A - L
154 + 32 mL (p <0.001) 4
01 T T T T o+—F—F T
0 05 10 20 30 Week 4 Week 8 Week 16 Week24 Week32 Weekd40 Week48
: " Time post-dosing (h) : ;
Tiotropium Respimat®5 ug Trial 1 Placebo Respimat®Trial 1 Tiotropium Respimat® 5 ug Trial 2 Placebo Respimat®Trial 2

FEV, response results from Kerstjens et al. NEJM 2012;367:1198-1207.
FEV,, forced expiratory volume in 1 second; ICS, inhaled corticosteroid;
LABA, long-acting B,-agonist.

*P<0.05; **P<0.01; ***P<0.0001. Error bars represent standard errors



Significant reduction in time to first severe
asthma exacerbation — pooled

HR=0.79; Risk reduction of 21% (P=0.03)

50

o Tiotropium Respimat® n=122 (26.9%), Placebo Respimat® n=149 (32.8%)

©

o & 40 { Tiofropium Respimat®: 282 days; Placebo Respimat®: 226 days (25th percentile)

o c

52 Number needed to treat: 15

29 30 A

°9

o8 Tiotropium

O x

£0 5 Placebo Respimat®

S0 Respimat®

2 E

c %

Qo il

5 10

o J_’-’J’-"

0=
] ] ] ] ] ] ] ] ] ] ] ] ] ]
0 25 50 75 100 125 150 175 200 225 250 275 300 325
Time (days)

Patients at risk
Placebo 454 435 412 388 379 367 356 339 332 319 303 290 282 272
Respimat®
Tiotropium 453 430 409 401 389 378 363 353 348 339 331 319 308 298
Respimat®

Kerstjens et al. NEJM 2012;367:1198-1207.
HR, hazard ratio; ICS, inhaled corticosteroid; LABA, long-acting B,-agonist; OR, odds
ratio



Bronchial
thermoplasty

* Bronchoscopy

e Using thermal energy at 65
degree C into airway

* Reduce airway smooth
muscle

* Reduce airway
hyperresponsivenes

* Approved for treating severe
asthma




GRAPHICAL ABSTRACT

@ O Heat-induced secretion of HSP70/90 by epithelial
cells regulates airway wall tissue remodelling

asthma patient

= gi;}aﬁm ol BT epithelial cells

tgi;;_s;:y PRMT1, C/EBP-B ©
before 1st BT E—.rg:;.chgng:a 1

1 month after | i1 Vi E-cadherin 1
each BT

histology
muscle mass
epithelium structure PRMT1, C/EBP-B §
: HSP secretion roliferation |
patient HSP expression . :
outcome Ki67 level mitochondria !
a-SMA ]

improved: 3{1';1'%“2}5'“8 BALF: broncho avleolar lavage fluid mesenchymal

BT: bronchial thermoplasty

reduced: steroid use C/EBP: CCAAT enhancer binding protein cells
hospitalization HSP: heat shock protein

PRMT1: protein arginin methyltransferase 1 g
SMA: smooth muscle actin '__'




Feasibility/Lobectomy
Miller. CHEST 2005

| Mild Asthma Study |

Cox. AJRCCM 2006
2
¥

| AIR Trial

Cox. NEJM 2007
)

*

Pavard. AJRCCM 2007

%

*

Castro. AJRCCM 2010

w

| AIR2 5 year follow up |

Wechsler. JACI 2013

)

| PAS2 Real world experience |

Chupp. ERJ 2017
‘Thailand Study \




Canine Study

: : : treat trol Ai
300 airways in 11 dogs _ eSS0 T NSy
SSUIrLOOUY

Thermal energy (65-75C) ‘ R o™
Degenerating or absent muscle i GRS SN S
= Early as 1 week < 3
12-weeks
= ASM absent in airway treated
m 65°C
= Parenchyma / epithelium/ mucus glands

normal - Treated Airway (65° C)

Well tolerated

Decreased Methacholine response

Seromucous Gand

Cllaed
Epthelium

= No regeneration

J Appl Physiol 2004;97:1946-1953




Effectiveness and Safety of Bronchial Thermoplasty in

the Treatment of Severe Asthma
A Multicenter, Randomized, Double-Blind, Sham-Controlled Clinical Trial

Mario Castro!, Adalberto S. Rubin?, Michel Laviolette?, Jussara Fiterman®, Marina De Andrade Lima>,
Pallav L. Shah®, Elie Fiss’”, Ronald Olivenstein®, Neil C. Thomson?, Robert M. Niven'?, lan D. Pavord'},
Michael Simoff'?2, David R. Duhamel'?, Charlene McEvoy'4, Richard Barbers's, Nicolaas H.T. ten Hacken'®,
Michael E. Wechsler'”, Mark Holmes'®, Martin ). Phillips'®, Serpil Erzurum?, William Lunn?', Elliot Israel'’,
Nizar )Jarjour??, Monica Kraft?*, Narinder S. Shargill*?, John Quiring?, Scott M. Berry?®, and Gerard Cox?,

for the AIR2 Trial Study Group*

AIR2 Am J Respir Crit Care Med Vol 181. pp 116-124, 2010



» 288 subjects-30 centers
* Bronchial Thermoplasty vs Sham Control
e 2:1 Randomization

e Key inclusions:
* High dose ICS/LABA
* FEV1 > 60%

* Main Outcome: AQLQ
* Secondary Outcome: Exacerbations
* Follow up 1 year

AIR2 Am J Respir Crit Care Med Vol 181. pp 116-124, 2010
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Severe Unscheduled Emergency Room  Hospitalizations
Exacerbations Physician Office Visits
Visits

Improved AQLQ score at 1 yr:
79% treated patients achieved > 0.5 increase, persistent 6, 9, 12 mths

Improved clinical outcomes at 1 yr:

32% decrease in severe exacerbations

847 reduction in ER visits for respiratory symptoms

73% reduction in hospitalization for respiratory symptoms
66 % less days lost from work, school and other daily activities




Long-Term Safety & Effectiveness

Subjects with Severe Exacerbations

m 162/190 AIR 2 BT pts
m 85.3% 5 years of follow-up

m 5 year reduction:

m Severe exacerbations
= 44%

=  Emergency department (ED) visits
m /8%

Subjects with Severe Exacerbations (%)

u COII]pQIed to 12 mos P‘Ie BT 12 Mo Year 1l BT Year 2 BT Year 3 BT Year 4 BT Year 5 BT Average

Before owver s

m RespAEs & resp-admits

Subjects with ED Visits

= Unchanged

m Pre-BD FEV,

m Stable years 1 & 5
m  18% redin avg daily inhaled steroid dose

m HRCT showed no structural
abnormalities

Subjects with ED Visits (%)

« * ¥ + &

12-Mo Year 1 Year 2 Year 3 Year 4 Year 5 Avcrage
Before BT over S

The Journ of All and Clin Immunology; September 2013 e




Safety and effectiveness of bronchial thermoplasty after A
- - - - 1'2 7
10 years in patients with persistent asthma (BT10+): ,
- . 1.0 '
a follow-up of three randomised controlled trials H | t
£ 0.8~ '
Rekha Chaudhuri, Adalberto Rubin, Kaharu Sumino, Jose Roberto Lapa e Silva, Robert Niven, Salman Siddiqui, Karin Klooster, Charlene McEvoy, k= : *
Pallav L Shah, Michael Simoff, Sumita Khatri, Richard Barbers, G Mark Grubb, Edmund A McMullen, Jennifer L Olson, Michel Laviolette, on behalf ?‘ o6 — H
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Figure 3: AQLQ (A) and ACQ (B) scores ower time in participants treated with hefore wisit
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Datapoints represent mean and 95% Cls. thermoplasty Lancet Re5p|r Med 2021' 9 457 66




INTERNATIONAL
CONGRESS 2021

v

;

t

u

a

Effect of bronchial thermoplasty on
histopathological parameters in distinct asthma

endotypes/phenotypes

E. Papakonstantinou®?, T. Koletsa®, L. Zhou,*, L. Fang,t, M. Rotht?,

M. Karakioulakil, S. Savic?, L. Grize®l, M. Tamm?1, D. Stolz?

1Clinic of Respiratory Medicine and Pulmonary Cell Research, University Hospital of Basel,
University of Basel, Switzerland

2Laboratory of Pharmacology, and 3Department of Pathology, Faculty of Medicine, Aristotle
University of Thessaloniki, Greece,

“Department of Pathology, University Hospital of Basel, Switzerland
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30 patients with severe asthma that fulfilled the indication for BT were included in the study

l

Asthma endotypes/phenotypes
’ e (26 ‘
(N"23)
Eosinophils Atopy Allergy Smoke exposure
(2300/ul) (IgE 2100 U/ml) (positive prick test) (215 PY)
I ‘
All patients underwent bronchoscopy with multiple endobronchial biopsies (EBB) (N=450) ‘

1% Bronchial 1 month 2" Bronchial 1 month 3 Bronchial
thermoplasty ————>  thermoplasty > thermoplasty
with 5 EBB with 5 EBB with 5 EBB

M - inflammation
- eosinophilic infiltration

Cell proliferation of ~ 1 GR expression in 1 HSP70, HSP90 expression in
- epithelial cells = - epithelial cells 4 - epithelial cells
- SMC 2 -SMC o -SMC
1 by Ki67 staining 9] by immunohistochemistry I8 by immunohistochemistry

4 - ASM mass
- BM thickness
1 - distance ASMC-BM




Results (1)

Thermoplasty decreases ASMC mass

Inflammation in the stroma**

Absence, n (%)

Mild-Moderate, n (%)

High, n (%)

Tissue lymphocyte infiltration**

Absence, n (%)

Mild-moderate, n (%)

High, n (%)

Tissue eosinophil infiltration**

Absence, n (%)

Mild-moderate, n (%)

High, n (%)

Granulocytes in the stroma**

Absence, n (%)

Mild-moderate, n (%)

High, n (%)
BM thickening **
Normal, n (%)

Mild-moderate, n (%)

High, n (%)

Average ASM mass (%)

Median [IQR]
Mean (SD)
Distance BM-ASM
um, Median [IQR]
Mean (SD)

Before
1% BT
N=30

5(16.7)

15 (50.0)
10(33.3)

N=30

7 (23.3)

12 (40.0)

11 (36.7)

N=30

14 (46.7)
7(23.4)
9(30.0)

N=30

19 (63.3)
11(36.4)

0

N=30

1(3.3)

19 (63.3)
10(33.3)

N=30

13.3 [4.8-31.2]
19.0(17.5)
N=24
73.2[36.7-117.3]
83.9 (56.1)

At 2™ BT

1 month after 1* BT

N=27
5 (18.5)

13 (48.2)
9(33.3)
N=27
5(18.5)

15 (55.5)
7(25.9)
N=27

19 (70.3)
3(11.1)

5 (18.5)
N=27
21(77.8)
6(22.2)

0

N=25

5 (20.0)

15 (60.0)

5 (20.0)
N=26

4.2 [0.0-15.0)
10.8 (14.8)
N=11

56.5 [24.9-161 8]
95.0 (86.0)

At 3BT

1 month after 2"9BT

N=23
4(17.4)

12 (52.2)

7 (30.4)
N=23
4(17.4)

14 (60.9)
5(21.7)
N=23

14 (60.9)

7 (30.4)
2(8.7)

N=23

18 (78.3)
4(17.4)
1(4.3)

N=23

2(8.7)

14 (60.9)

7 (30.4)
N=23
2.5[0.0-18.0]
9.6 (16.4)
N=8

81.6 [35.5-126.4]
95.4 (77.5)

{N=30)

P Value*

0.948

0.814

0.149

0.408

0.148

0.014

0.987

@) ERS
INTERNATIONAL CONGRESS 2021
PO s S R

Decrease in ASM mass after bronchial thermoplasty
in distinct endotypes/phenotypes

high blood eosinophils (p=0.009)

atopy (p=0.012)

allergy (p=0.001)

without smoke exposure (p=0.019)




Chulalongkorn
Hospital

e Start Bronchial
thermoplasty 7/7/2016

* More than 20 patients




Rescuer used ED visit Hospitalization
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Mepolizumab | Reslizumab Dupilumab | Benralizumab Bronchial
Thermoplasty
RCT Yes Yes

Yes Yes Yes
Long term follow  Yes No No Yes Yes
up
Number of 576 953 769 1306 112
patients 135 1902 1205 297
347 210 369 190
Follow up time 4.5 year 52 week 52 week 2 year 10 year
Reduce 53-61% 50-59% 46-59% 28-51% 33-51%
exacerbation
Reference NEJM 2014 Lancet Respir Lancet 2016 Lancet 2016 NEJM 2007
JACI 2019 Med 2015 NEJM 2018 NEJM 2017 AJRCCM 2010
Lancet Respir ERJ 2017
2019 Lancet Respir

Med 2021



Conclusion

* Severe asthma

* Require high dose ICS/LABA and/or LAMA, prednisolone and other therapy to
control symptoms

* Exclude poor adherence, poor inhaler technique, other disease

* Treatment
 Comorbidities
* Tiotropium
* Biologics
* Bronchial thermoplasty






