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The Understanding of Asthma and Phenotyping Has Evolved Over the Years'?
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IgE=immunoglobulin E; Th2=T helper type 2 cell.

*Due to allergens from outside the body and associated with environmental exposures, atopy, and other allergic diseases. tDue to factors intrinsic to the body, present regardless
of season/environment, and lacking atopy. fAssociated with consistent clinical and inflammatory characteristics (increased blood and airway eosinophilia, airway
hyperresponsiveness, thickened subepithelial basement membrane, higher IgE levels, and higher tissue expression of IL-5 and IL-13).

1. Gauthier M, et al. Am J Respir Crit Care Med. 2015;192(6):660-668. 2. Fahy JV. Nat Rev Immunol. 2015;15(1):57-65.



Personalized Medicine in Allergy Review
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Fig. 1. Bvolution of treatment in asthma, from a therapy applicable to any pa-
tients to a precision medicine.
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Fig.1. Future scenario in allergy and asthma treatment.
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Precision Medicine Has Been Proposed for the Management

of Patients With Severe Asthma

Due to the heterogenous nature of severe asthma,* there may be a need
for precision medicine to aid in the selection of a more targeted treatment option

“One size fits all” Precision medicine
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*Severe asthma characterized by the inability to achieve adequate control with high-dose inhaled corticosteroids (ICS)
and additional controllers or by oral corticosteroid (OCS) treatment, or is lost when treatment is reduced.

1. Papaioannou Al, et al. Respir Med. 2018;142:15-22.
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Asthma: a complex syndrome of many diseases?

DEFINITION OF ASTHMA

Asthma is a_heterogeneous disease,_usually characterized by chronic airway inflammation. It is defined by the history

of respiratory symptoms such as wheeze, shortness of breath, chest tightness and cough that vary over time and in
intensity, together with variable expiratory airflow limitation.

Asthma phenotypes

Asthma is a heterogenacus dizease, with different underlying disesse processses. Racognizakble clusters of
demographic, clinical andfor pathophysiclogical characteristics are often called ‘asthma phenotypes'.”” in patients with
more severa asthma, some phenctype-guided treatments are availzble. Howewer, to date, no strong relationship has

been found between specific pathological features and particular clinical patierns or treatment responses.” More
research is needed to understand the clinical utility of phenotypic classification in asthma.

YESTERDAY TODAY TOMORROW
. . Stratified Medicine creeile Lo bos e
Traditional Medicine Groups of relativel Single individuals (not
All patients with a — > homo pn e ezts P groups) with a disease
given disease {Biomarﬁ:&rs- Phgnaoty as) (patient) or risk of a
: P disease (person)
(GINA 2018)




Phenotypes according to GINA

Allergic asthma

Non-allergic asthma

Late-onset asthma

Asthma with fixed airflow limitation

Asthma with obesity

Global Inttative for Asthma. Global Strategy for Asthma Management and Prevention. 2016. Available from: hittps:hwew.ginasthma.on



Management of severe asthma: Step 5 GINA

ICS are the therapeutic mainstay for the treatment of severe asthma

= Phenotype-guided add-on treatment: patients with severe asthma, uncontrolled on Step 4 trestment, may benafit
from phenotyping into categories such =s savara allengic, aspirin-axacerbated or ecsinophilic 2sthma "5 —
Patierts =5 years with severs allergic asthma with S1evaien 1= 18vEIE May Denett ram aoo-on omalizumsah {anti- ASTHMA MANAGEMENT AND PREVENTION
Ig=) therapy™™ ™ [Evidence &), those with severe ensinophilic asthma may banefit from add-on anti-IL5 tharapsy
{subcutanacus mapoclizumab =12 yaars; intravenous reslizumakb =18 years) or anti-IL5 recaptor therapy
[subcutanecus benralizumab =12 years)™ [Evidence A}, and add-on LTRAs may be helpéul for patients found to be
aspirin sensitive™ {Evidence A).

( \( \( \(

Optimisin
g dose of Low-dose on- pharmacological
ICS/LABA maintenance Add-on Sputum-guided Phenotype-guided add- tl’eatm:rl;tnsmlir:lzludmg
treatment with treatment on treatment thermoplastyT
treatments - . .
monitoring of sputum e.g. anti-IL-5 and anti-IgE
e.g. tiotropium eosinophils has
been used to adjust
corticosteroid dose

TEvidence is limited and in selected patients. High-altitude treatment or psychological interventions may be helpful in patients with severe asthma; however, the place of these
therapies and strategies in severe asthma has not been established.

ICS, inhaled corticosteroid; IgE, immunoglobulin E; IL, interleukin; LABA, long-acting B-agonist; OCS, oral corticosteroids

Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention. 2016. Available from: https://www.ginasthma.org.




Cluster analyses (Identifying severe asthma phenotypes)

Phenotype directed treatment in severe asthma
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Potential phenotypes and endotype in asthma

Clinically defined and Defined by triggers and Inflammatory

responsiveness to inducers and by endotype
therapy association

— Defined by severity: mild, — Exercise induced — Eosinophilic
moderate, severe — Aspirin or nonsteroidal — Neutrophilic

— Characterized by induced
exacerbations — Allergen induced

— Early-onset extrinsic asthma — Occupational asthma

— Late-onset intrinsic asthma — QObesity associated

— Corticosteroid-resistant — Cigarette-smoking
asthma asthmatic

— Viral induced

Chung KF, &t al. Ann Am Thorae Soc. 2013; 10: S108-5117.




Story of severe asthma phenotypes




Asthma Phenotypes: Severe asthma

Studies: SARP, ENFUMOSA,

BIOAIR, U BIOPRED, ADEPT

Identification of Asthma Phenotypes Using Cluster
Analysis in the Severe Asthma Research Program

Wendy C. Moore'?, Deborah A. Meyers'?, Sally E. Wenzel?, W. Gerald Teague?, Huashi Li', Xingnan Li',

Ralph D’Agostino, |r.%, Mario Castro?, Douglas Curran-Everett?, Anne M. Fitzpatrick?, Benjamin Gaston?,

Nizar N. Jarjour?, Ronald Sorkness?, William ]. Calhoun?, Kian Fan Chung? Suzy A. A. Comhair?, Raed A. Dweik?,
Elliot Israel?, Stephen P. Peters'?, William W. Busse?, Serpil C. Erzurum?, and Eugene R. Bleecker'?,

for the National Heart, Lung, and Blood Institute’s Severe Asthma Research Program?*

'Wake Forest University School of Medicine, Center for Human Genomics; “The Severe Asthma Research Program, Bethesda, Maryland;
and *Wake Forest University School of Medicine, Public Health Sciences, Winston-Salem, North Carolina

Copyright CERS Jourmals Lid 2003
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IBEN 09031236

The ENFUMOSA cross-sectional European multicentre study of the
clinical phenotype of chronic severe asthma

The ENFUMOSA Study Group*

TRANSATLANTIC AIRWAY CONFERENCE

Clinical Heterogeneity in the Severe Asthma Research Program

Wendy C. Moore', Anne M. Fitzpatrick®, Xingnan Li', Annette T. Hastie’, Huashi Li', Deborah A. Meyers’,
and Eugene R. Bleacker’

"Wake Forest University School of Medicine, Canter for Human Genomics, Winston Salem, North Carolina; and “Emory University
School of Medicine, Atlanta, Georgia

Silkoff ef ol Respiratory Research (2015]16:142
DOI 10.1186/¢12931015-0290-y

RESPIRATORY
RESEARCH

Asthma characteristics and biomarkers
from the Airways Disease Endotyping for
Personalized Therapeutics (ADEPT)
longitudinal profiling study

P.E Silkoff'", |, Strambu?, M. Laviolette?, D. Singh®, ). M. FitzGerald™, 5, Lam™, S, Kelsen, A, Eich®,

A Ludwig-Sengpiel®, G. C hupp'®, V. Backer'", C. Porsbjerg'", P. 0. Girodet'?, P. Berger'”, R. Leigh'®, J. N, Kline',
M Dransfield'®, W. Calhoun'®, A, Hussaini"’, 5. Khatri'®, P. Chanez'®, V. S, Susulic', E. 5. Barnathan', M, Cuman’,
A M. Das', C. Brodmerkel', F. Baribaud' and M. J. Loza'

RESEARCH

Open Access

® CrossMask

Clinical and inflammatory characteristics
of the European U-BIOPRED adult severe
asthma cohort

Dominick E Shaw' . Ana R. Seusa®™, Stephen J. Fowler®, Louise J. Fleming®, Graham Roberts®47,
Julie Cortietd™ ", loannis Pandis'?, Aruna T. Bansal'', Elisabeth H. Bel'?, Charles Auftray',

Chris H. Compton®, Hans Bisgasrd"®, Enrica Bucchioni'®, Massimo Caruso', Pascal Chanez'”,

Barbro Dahlén™, Sven-Erik Dahlen'”, Kerry Dyson™, Urs Frey®', Thamas Geiser™,

Maria Gerhardssan de Verdier®, David Gibeon®, Yi-ke Guo'”, Simone Hashimoto'?, Gunilla Hedlin™,
Elizabeth Jeyasingham™, Pieter-Paul W. Hekking'?, Tim Higenbottam™, lldike Horvath™, Alan J. Knox',
Norbert Krug®, Veit J. Erpenbeck®, Lars X. Larsson®. Nikos Lazarinis'®, John G. Matthews™,

Roelinde Middelveld™, Paclo Montuschi®®, Jacek Musial”’, David Myles™, Lauric Pahus™
Thomas Sandstrom ™, Wollgang Seibold™, Flarian Singer™®, Karin Strandberg'®, Jorgen Vestba™,

Nadja Vissing™, Christophe von Garnier™2%, Lan M, Adcock™*?, Scott Wagers™', Anthony Rowe'?,

Peter Howarth*, Ariane H. Wagener'”. Ratko Djukanavic?, Peter J. Sterk ™" and Kian Fan Chung®*"4*
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Table 6| Clinical characteristics of the severe asthma cohorts as
compared with mild-to-moderate asthmatics in SARP, ENFU-
MOSA and BIOATR netuworks

m & Journal of INTERNAL MEDICINE

Click here for more articles from the symposium doi: 10.1111/§.1365-2796.2012.02558.x

US and European severe asthma cohorts: what can they teach

us about severe asthma?

® M.Kupczyk'® & S. Wenzel?
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Cluster analyses

Identifying severe asthma phenotypes

What is a cluster analysis?

A mathematical method for exploring data with a view to discovering sub-
groups or clusters of homogeneous observations

Principal Components plot of K-means clusters Cluster Dendrogram
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1 ) I |
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These Wwo componenis cxpiain /825 9 of the pant varibilty ] I ~

1. Everitt BS et al. 2011. Cluster Analysis, 5th Edition doi: 10.1002/9780470977811.fmatter; 2. Haldar P et al. Am J Respir Crit Care Med. 2008;178:218-224; 3. Moore WC et al. Am
J Respir Crit Care Med. 2010;181:315-23; 4. Siroux V et al. Eur Respir J 2011;38:310-317; 5. Shaw DJ et al. Eur Respir J. 2015;46:1308-1321.




Q Cluster analyses

Identifying severe asthma phenotypes

These studies support the concept of disease heterogeneity in asthma
and suggest differences in pathophysiologic mechanisms between
clusters

v' Haldar et al. This study was the first to apply the principles of cluster
analysis to distinguishing asthma phenotypes
Moore et al. the Severe Asthma Research Program
Siroux et al. an adult asthma population-based study

Shaw et al. from the Unbiased Biomarkers for the Prediction of Respiratory
Disease outcomes project

ENEANERN

1. Everitt BS et al. 2011. Cluster Analysis, 5th Edition doi: 10.1002/9780470977811.fmatter; 2. Haldar P et al. Am J Respir Crit Care Med. 2008;178:218-224; 3. Moore WC et al. Am
J Respir Crit Care Med. 2010;181:315-23; 4. Siroux V et al. Eur Respir J 2011;38:310-317; 5. Shaw DJ et al. Eur Respir J. 2015;46:1308—-1321.
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Author Manuscript
Am J Respir Crit Care Med. Author manuscript; available in PMC 2014 April 21.

Published in final edited form as:
Am J Respir Crit Care Med. 2008 August 1; 178(3): 218-224. doi:10.1164/rccm.200711-17540C.

Cluster Analysis and Clinical Asthma Phenotypes

Pranab Haldar®', lan D. Pavord?!, Dominic E. Shaw', Michael A. Berry', Michael ThomasZ,
Christopher E. Brightling!, Andrew J. Wardlaw', and Ruth H. Green*!
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Cluster analysis was parformed on population of mild-moderate asthma patients in prmary care compared with 2 more sevars rafractory population
managed in secondary care



Identification of Asthma Phenotypes Using Cluster P
Analysis in the Severe Asthma Research Program ATS. . ourna

Wendy C. Moore'?, Deborah A. Meyers'?, Sally E. Wenzel2, W. Gerald Teague? Huashi Li', Xingnan Li',

Ralph D'Agostino, |r.®, Mario Castro?, Douglas Curran-Everett?, Anne M. Fitzpatrick?, Benjamin Gaston?,

Nizar N. Jarjour?, Ronald Sorkness?, William ]. Calhoun?, Kian Fan Chung?, Suzy A.A. Comhair? Raed A. Dweik?
Elliot Israel?, Stephen P. Peters’-?, William W. Busse? Serpil C. Erzurum?, and Eugene R. Bleecker'?,

for the National Heart, Lung, and Blood Institute’s Severe Asthma Research Program®*
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Eur Respir 4 2011; 38: 310-317
DOk 10.1183/09031936.00120810
Copyright@ERS 2011

ldentifying adult asthma phenotypes using
a clustering approach

V. Siroux**, X. Basagafia“ "/, A. Boudier*®, L. Pin****, J. Garcia-Aymerich™"*/,
A. Vesin™*¥, R. Slama*¥, D. Jarvis"", J.M. Anto™ %/,
F. Kauffmann™*® and J. Sunyer”-5f

Two clinically relevant phenotypes were identified: latent class analysis

* Younger subjects * Older subjects

+ Early disease onset *+ Predominantly female Two phenotypes of

* Allergy « Late disease onset 3 3

+ Active disease at time of « Ackive disaase at ima of + . SUb.!eCtS qul
examination examination inactive or mild

* Highly symptomatic untreated asthma
» Frequent exacerbations

Active-treated allergic Active-treated
childhood-onset asthma adult-onset asthma

Siroux ¥ et al. Eur Raspir J. 2011;38:310-317.
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ASTHMA

P DL ARTIOLE Eur Respir J 2015; 46: 1308-1321 | DOI: 10.1183/13993003.00779-2015 @

Clinical and inflammatory characteristics @
of the European U-BIOPRED adult severe
asthma cohort

Dominick E. Shaw'***, Ana R. Sousa®“®, Stephen J. Fowler?, Louise J. Fleming®, Graham Roberts

(. )

* The U-BIOPRED study aimed to improve the understanding of asthma using a
systems biclogy approach

CrossMark

5,47

* |t was a prospective multicentre study that included patients with severe asthma,
patients with mild-to-moderate asthma and healthy controls

» Patients grouped according to asthma severity and smoking status versus healthy

\ non-smoking controls (N=611) j
The Predefined adult asthma group cluster end characteristics were:
Smoking and /i Mild-to-
ayve (5 )
nons-sm;ﬁi - ex-smoking with _/ moderate
ng severe asthma non-smoking
* Predominantly female, = Late-onset, high BMI, nasal = High positive allergy testing,
higher ICU admissicn rates polyp and GERD prevalent, asthma generally well
versus other groups, high low SABA and antihistamine controlled while receiving
BM|I, nasal polyps and usage low-dose ICS, with low ICU
GERD prevalent, low admission rates and low
mucolytic usage comorbidity prevalence

Patienis grouped according to asthma severity and smoking status versus healthy; Analysed by symptoms, guality of life, asthma conirol, allergic
status and genotype over 12-14 months

Shaw DJ et al, Eur Respir J. 2015;46:1308-1321.



Original Article

Cluster Analysis on Longitudinal Data of Patients ®
with Adult-Onset Asthma

A psthma-related visits to health care B >1 Hospitalization due to asthma ~ © 22 Oral steroid bursts/
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e This cohort included smokers and patients with comorbidities phenotypes based
on 12-year follow-up data.

e The adult onset asthma is more heterogeneous with compared with childhood-
onset asthma

Illmarinen P J Allergy Clin Immunol Pract 2017




Asthma phenotypes




ORIGINAL ARTICLE

ASTHMA

Genetic heterogeneity of asthma pheno-
types identified by a clustering approach

Valérie Siroux"2%, Juan R. Gonzalez®**%, Emmanuelle Bouzigon®’,

lvan Curjuric®®, Anne Boudier'?, Medea Imboden®’, Josep Maria Anto®%'%",
lvo Gut'?'®, Deborah Jarvis', Mark Lathrop”'?, Ernst Reidar Omenaas'*'®,
Isabelle Pin'2'", Mathias Wjst'®", Florence Demenais®’, Nicole
Probst-Hensch®?, Manolis Kogevinas®®''?® and Francine Kauffmann?'??

Eur Respir J 2014; 43: 439-452 | DOI: 10.1183/09031936.00032713
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@

T-helper cell type 2 [Th2) and non-Th2
molecular phenotypes of asthma using
sputum transcriptomics in U-BIOPRED

CrossMark
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What happens in our clinical practice?




Current understanding of phenotypes in asthma

Based on age at onset and
inflammatory pathway

e
4
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G“‘[dh nod‘oﬂset

Air pollution-
induced asthma

Cigarette smoke-
induced asthma

Infection-related
asthma

Non-eos inophili®

I childhood-onset, eosinophilic asthma
Il Aduit-onset, eosinophilic asthma

Il Aduit-onset, non-ecsinophilic asthma
B childhood-onset, non-eosinophilic asthma

Hekking PP, et al. J Allergy Clin Immunol Pract. 2014;



Transition from Phenotype to Endotype

Clinical physiologic
characteristics
Bio-clinical phenotypes

Add pathobiologic processes at
molecular level to clinical phenotype

Endotypes

|dentifiable molecular pathway
contributes to clinical
characteristics
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Early View

Review

Defining severe obstructive lung disease in the
biologic era: an endotype-based approach

Richard J. Martin, Elisabeth H. Bel, Ian D. Pavord, David Price, Helen K. Reddel




ENDOTIPI
1) Th2 non Th2 (2005)
2) Type 2 high Type 2 low (2015)
3) Tipo 2 Non Tipo 2 (2019)



Evolving Concepts of Asthma

Asthma
Symptoms (wheezing, chest tightness, shortness of breath), Reversible airway obstruction

Type 2 High
IL-4, IL-5, IL-13, GM-CSF

Early Age of Onset ' Later Age of Onset

Eosinophil
= - Neutrophilia Pauci-
Granulocytic
CS Responsive
(generally mild/moderate) - Type 1 High Smoking
Asthmatic related
Granulomatosis Type 1/Th17 High?

Severe Asthma

Gauthier, Wenzel AJRCCM 2015



2019 GINA Guidelines Recognize Type 2 Inflammation

WiTliz,
s

in the Assessment of Severe Asthma?

AT
r Y 4 Y ' 4
. Charact.erlzgtlon of type 2 Characterlz_atlon Consideration of add-on
inflammation in the assessment of patients by biomarkers tvoe 2 targeted biologics
of the severe asthma phenotype of type 2 inflammation ypP 8 8
\ J \ J \

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

' 4 N
GINA: What Is Type 2 Inflammation?
“Type 2 inflammation is found in ~50% of people with severe asthma. Typ. 2 Inﬁammltion

It is characterized by cytokines such as interleukin (1L)-4, IL-5, and IL-13,
which are often produced by the adaptive immune system on recognition " = 5
of allergens. It may also be activated by viruses, bacteria, and irritants that Could patlent have Blood eosinophils 2150“1[ and/or - e |
stimulate the innate immune system via production of IL-33, 1L-25, and thymic Ty'ra 2 airway «  FeNO 220 ppb and/or : | == _
inflammation? +  Sputum eosinophils 22%, and/or | =T AW ]

stromal lymphopoietin (TSLP) by epithelial cells. Type 2 inflammation is often
characterized by eosinophils or increased FeNO, and may be accompanied s N

+  Asthma is clinically allergen- i
driven and/or o)

by atopy, whereas non-Type 2 inflammation is often characterized by
Need for maintenance OCS R

neutrophils. In many patients with asthma, Type 2 inflammation rapidly

improves when ICS are taken regularly and correctly; this is classified as mild .
or moderate asthma. In severe asthma, Type 2 inflammation may be relatively E :
refractory to high dose ICS. It may respond to OCS but their serious adverse Note: These are not the (Repeat blood eosinophils and FeNO
effects mean that alternative treatments should be sought.” criteria for add-on biologic up to 3x, on lowest possible OCS
e Yy therapy (see 6b) dose)

©2019 Global Initiative for Asthma, all rights reserved. Use is by express license from the owner.

1. Global Initiative for Asthma (GINA). Difficult-to-treat & severe asthma in adolescent and adult patients: diagnosis and management. A GINA

pocket guide for health professionals, V2.0 April 2019. https://ginasthma.org/severeasthma. Accessed December 26, 2019.



2019 GINA Guidelines Recognize Type 2 Inflammation
in the Assessment of Severe Asthma’

What is type 2 inflammation? )

® Driven by key cytokines IL-4, IL-5, and IL-13, which result in the AsTiwd
inflammatory process

nod

* round in ~50%-70% of people with severe
asthmat-

o S22  often characterized by eosinophils or
= increased FeNO, and may be accompanied
by atopy

+ ©2019 Global Initiative for Asthma, all rights reserved. Use is by express license from the owner.

* 1. Global Initiative for Asthma (GINA). Difficult-to-treat & severe asthma in adolescent and adult patients: diagnosis and management. A
GINA pocket guide for health professionals, V2.0 April 2019. https://ginasthma.org/severeasthma. Accessed December 26, 2019. 2. Seys
SF, et al. Respir Res. 2017;18:39. 3. Peters MC, et al. J Allergy Clin Immunol. 2014;133(2):388-394.



2019 GINA Guidelines Recommend Characterization
of Patients by Biomarkers of Type 2 Inflammation
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Assess the severe asthma phenotype during high-dose ICS treatment (or lowest possible dose of OCS) :
ASTHMD

2019 GINA Pocket Guide Assessment of Type 2 Inflammation

Could patient have type 2 « Blood eosinophils 2150/ul and/or
airway inflammation? « FeNO 220 ppb and/or

» Sputum eosinophils 22% and/or
» Asthma is clinically allergen-driven and/or
Note: These are not the criteria for * Need for maintenance OCS

add-on biologic therapy (see 6b) (Repeat blood eosinophils and FeNO up to 3x,
on lowest possible OCS dose)

+ ©2019 Global Initiative for Asthma, all rights reserved. Use is by express license from the owner.

* 1. Global Initiative for Asthma (GINA). Difficult-to-treat & severe asthma in adolescent and adult patients: diagnosis and
management. A GINA pocket guide for health professionals, V2.0 April 2019. https://ginasthma.org/severeasthma. Accessed
December 26, 2019.



Biologic Therapies Target Key Cytokines
and Mediators of Type 2 Inflammation'#

Type 2 ' ﬁf “

cytokines
-4 1L-13 L5

é & "
Z}’g:\:rkers ﬂr '
IgE

FeNO EOS

Asthma patient

populations T 2
SE—Type _J

Type 2-targeted A

biologics

Anti-IL-4/IL-13

* 1. Gandhi NA, et al. Nat Rev Drug Discov. 2016;15:35-50. 2. Katial RK, et al. J Allergy Clin Immunol Pract. 2017;5:S1-S14. 3. Robinson D, et
al. Clin Exp Allergy. 2017;47(2):161-175. 4. Global Initiative for Asthma (GINA). Difficult-to-treat & severe asthma in adolescent and adult
patients: diagnosis and management. A GINA pocket guide for health professionals, V2.0 April 2019. https://ginasthma.org/severeasthma.
Accessed December 26, 2019.




T2 endotype
Early-onset allergic (TH,) asthma

Allergen

(*)

o0
;:;:m;T

Early childhood

Associated with other atopic diseases

Family history

Mild to severe (progression?)

Severity related to the number of IgE sensitivities
Genes associated are epithelial genes rather than
allergy genes

Higher numbers of TH2 genes products

Childhood associated with severity

Age al
Ray et al. Am J Physiol Lung Cell Mol Physiol 2075; Biomarkers: FeNO, eosinophils, periostin, IgE:




T2 endotype
Late-onset persistent eosinophilic asthma

Exhaled NO g .nollul.ams. microbes, ghycolipids

b ‘
Environment D~
—n._.

~-awwrr

Mucus epithedium B@EEE‘ ?t;j‘ . =

-,—_w S 2] “,_.— &'F o Y17 cell

Submucosa lEmin—? : k. g \»a
|L1m1esT< 1" 13 P i R
v ™ WE Q.

" = - S 1 ‘5{ £ o N ™

y S 4
CRTH2 Lfa %S .

o] %

Mast cell or macrophage Row
T2

Anti-IL-5

Anti-IL-
4/1L-13

Late onset
Severe from the onset

= Allergic I|

g "‘/’"\L No clinical allergy
W No family history

Association with AERD
Refractoriness to CS
Biomarkers: IL-5; IL-13;FeNO; periostin,

X eosinophils (>2% IS, >220/uL blood)
_ Ray et al. Am J Physiol Lung Cell Mol Physiol 2015;




Biologics for the Treatment of Uncontrolled

Persistent Asthma Are Evolving?-®

r A
Dupilumab
(anti-IL-4Ra) for asthma
with type 2 inflammation |
r T g
Benralizumab
(anti-IL-5Ra) 1
for eosinophilic asthma
r N\ J 2018

Mepolizumab
(anti-IL-5)
for eosinophilic

r N\ J

Reslizumab

anti—IL-5]
for eosgnophilic )us\lhmu 2016
frf | 4 J

Omalizumab

for allergit 2015
asthma
y _‘ )\

2005

EMA approval

1. Xolair (omalizumab) [summary of product characteristics]. Camberly, UK: Novartis Europharm Ltd.; 2019. 2. Nucala (mepolizumab) [summary of product
characteristics]. Cork, Ireland: GlaxoSmithKline; 2018. 3. Cinqaero (reslizumab) [summary of product characteristics]. Castleford, UK: Teva Pharmaceuticals Ltd.;
2019. 4. Fasenra (benralizumab) [summary of product characteristics]. Sddertalje, Sweden: AstraZeneca AB; 2019. 5. Dupixent (dupilumab) [summary of product
characteristics]. Paris, France: sanofi-aventis group; 2019. 6. Regeneron Pharmaceuticals, Inc. Dupixent (dupilumab) approved

for severe asthma by European Commission. https://newsroom.regeneron.com/news-releases/news-release-details/dupixentr-dupilumab-approved-severe-asthma-

european-commission.

Accessed December 30, 2019.



CrossMark REVIEW
& clickfor updstes ASTHMA

Management of the patient with
eosinophilic asthma: a new era begins

ERJ

open
resear(:h Jantina C. de Groot', Anneke ten Brinke' and Elisabeth H.D. Bel?

TABLE 1 Clinical profile of late-onset eosinophilic asthma patients

Adult onset of asthma

Equal distribution between sexes

Few or no allergies to common allergens
Elevated eosinophils in peripheral blood
At risk of severe exacerbations

Normal or moderately elevated IgE level
Low FEV1 and often persistent airflow limitation
Air trapping and dynamic hyperinflation
Chronic rhinosinusitis with nasal polyposis
Aspirin sensitivity

Good response to systemic corticosteroids
Good response to anti IL-5 treatment




Add-On Type 2-Targeted Biologic Therapy May Be
Considered for Treatment of Patients With Type 2 Asthma'

Witlagz,
I
o

™
)
3

ok

1§ m\\(

Anti-lgE Anti-IL-5/5R
for severe allergic asthma for severe eosinophilic asthma
Eligibility - Sensitization on skin prick  « Exacerbations in lastyear ~ + Exacerbations in last year
criteria tealing or spactiic lg& - Blood eosinophils 2300/l + Blood eosinophils 2150/pl
Total serum IgE and weight or FeNO 225 ppb

Wi dasage Targe OR need for maintenance OCS

Exacerbations in last year
Predictors + Blood eosinophils 2260/pl
++

.

Higher blood eosinophils + Higher blood eosinophils +++

of good A +  Higher FeNO +++
response + FeNO 220 ppb + * More exacerbations in
; previous
Allergen-driven symptoms + year +++

Childhood-onset asthma+ .  Aduit-onset asthma ++

+ Nasal polyposis ++
May also be + Moderate/severe AD

used to treat +  Nasal polyposis

+  ©2019 Global Initiative for Asthma, all rights reserved. Use is by express license from the owner.

« 1. Global Initiative for Asthma (GINA). Difficult-to-treat & severe asthma in adolescent and adult patients: diagnosis and management. A GINA
pocket guide for health professionals, V2.0 April 2019. https://ginasthma.org/severeasthma. Accessed December 26, 2019.



BIOMARKERS and SEVERE ASTHMA

Biomarkers and biologics for severe asthma

iL-5

Sputumn
eosinophlls
Blood
sosinophils

Type 2 asthma

IgE

:

Non-type 2 asthma

= = = =) pOSSible link

eriostin

IL-4/13

iy M pOlicurnal
Reslizumab
ety BNl ZUMAL
—g Favipiprant
w— LBDrIKiZUMabh
iy Tralokinumats
e Dupilumab
ety OMalizumab

Right therapy

R For the Right patient
(responder)

R At the Right time



2019 GINA Guidelines Recognize Type 2 Inflammation
in the Assessment of Severe Asthma’

*

Characterization of type 2 inflammation in the
assessment
of the severe asthma phenotype

_

GINA: What Is Type 2 inflameration?

“Tope 1 iwhamemasion u beand o BTN 6 pesgre whth revarse saibrma
i RarmcterEed By cysbines seeh m mcwetsn (4, L4, snd 13,
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B e e L PPl
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Characterization
of patients by biomarkers
of type 2 inflammation

—

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

Could patient have Blood eosinophils 2150/ul and/or

Type 2 airway FeNO 220 ppb and/or

inflammation? Sputum eosinophils 22%, and/or
Asthma is clinically allergen-
driven and/or

. Need for maintenance OCS

(Repeat blood eosinophils and FeNO

up to 3x, on lowest possible OCS dose)

Note: These are not the
criteria for add-on
biologic therapy (see 6b)

*

Consideration of add-on
type 2 targeted biologics

©2019 Global Initiative for Asthma, all rights reserved. Use is by express license from the owner.

1. Global Initiative for Asthma (GINA). Difficult-to-treat & severe asthma in adolescent and adult patients: diagnosis and management. A
GINA pocket guide for health professionals, V2.0 April 2019. https://ginasthma.org/severeasthma. Accessed December 26, 2019.
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Asthma Endotypes and an Overview
of Targeted Therapy for Asthma

Therapeutic strategy in severe asthma guided by inflammatory endotype and severity of
airway hyper-responsiveness

Respir edicine 142 (2018) 15-22

VM

Assess airway hyper-responsiveness
(bronchoditator reversibiity, PCyo)

Contents lists available at ScienceDirect

v
Assess bronchitis
(sputum quantitative cytometry)

Respiratory Medicine

v
Paucigranulocytic Eosinophilic Neutrophilic Mixed-granulocytic journal homapage: www.slsavier.com/locate/rmod
is, <64% neutrophils >3% cosinophis, <64% neutrophils, 53% eosinophis, 264% neutrophils, >3% eosinophils, 264% neutrophils,

TCC<8.7x10%celisig TCC<9.7x10°calisig TCC20.7x10¢celllg TCC29.7x10%celis/g

= Increase bronchodilators = Increase ICS or OCS dose - Antibiotics - Novel therapies required Revil rtic)
- I PC3<0.25 consider 8T - Anti-igE. anti-IL5, anti-IL4 View article

Reassess bronchitis

o optimize dose and Towards precision medicine in severe asthma: Treatment algorithms based M)
erapy .
| on treatable traits

ke
ey

Andriana 1. Papaioannou’, Zuzana Diamant™, Petros Bakakos”, Stelios Loukides™*

Reassess alrway Nyper-responsiveness
I PC<0.25 consider BT

Blood eosinophils >300-400 cells/uL
Eosinophilic
v v Eosinophils: Sputum>3%, blood >300 & FeNO>25pph Less eosinophilic
P inophils:
Clinical history of Prednisone requirement & ",‘dmz‘d:';":“:muf‘;‘ High FeNO, Eosinophils: Sputum <3%, blood <300 or FeNO<25pp
severe allergies <10 mg/day sputum cosinophils low sputum eosinophils
« Omalizumab « Mepolizumab « IV Reslizumab or Benralizumab = Dupiumab
Early onset Late onset atopic & non-atopic
X L / \ Early or Late onset atopic  Early or Late onset non-atopic
» | Reassess ifinadequate asthma control < ‘ / pe =iy P
Atopic  Non-Atopic /
Anti-IgE l Target IL-5 .
Target L5 Mepo Anti-lgE
Svenningsen S and Nair P. Front. Med 2017 Mepo Resli LAMA (Tiotropium]
Resli Benra Macrolides
Benra Bronchial thermoplasty



Personalized Respiratory Medicine: Exploring the Horizon, Addressing the Issues

Summary of a BRN-AJRCCM Workshop Held in Barcelona on June 12, 2014

Alvar Agusti'?, Josep Maria Anté®, Charles Auffray®, Ferran Barbé®®, Esther Barreiro®°, Jordi Dorca®’,

Joan Escarrabill', Rosa Faner'+2, Laura I. Furlong®, Judith Garcia-Aymerich®, Joaquim Gea?®, Bertil Lindmark®,
Eduard Monsé?'°, Vicente Plaza'?, Milo A. Puhan'?, Josep Roca'-2, Juan Ruiz-Manzano?'3, Laura Sampietro-Colom’,
Ferran Sanz®, Luis Serrano'*'®, James Sharpe'*'®, Oriol Sibila’", Edwin K. Silverman'®, Peter J. Sterk'”,

and Jacob 1. Sznajder'®

YESTERDAY TODAY TOMORROW

Personalized Medicine
Single individuals (not
groups) with a disease

(patient) or risk of a
disease (person)

Stratified Medicine

Groups of relatively
homogeneous patients
(Biomarkers; Phenotypes)

Traditional Medicine

All patients with a —>
given disease

Agusti et al. AJRCCM 2015



Paucigranulocytic
severe asthma

Steroid-insensitive

LAMA
LAMA+LABA
TRIPLE THERAPY?

Bronchial
Thermoplasty

ROS

ARMOS N
Viruses @D@pﬂac(el ‘

(CXCR2 antaganist

Non T2 endotype

el
W’ H{mw ‘W

e, g
CXCLo 60
l and CXCL1L

{navarixin and = .

IL-6

Approved

Under development

(tocilizumab)

CXCR3

Neutrophilic
severe asthma

Steroid-insensitive
ANTI-NEUTROPHILIC

None

Macrolide

CXCR2 ant (navarixin)
Anti-IL17RA (brodalumab)
Anti-TNF (infliximab,
golimumab, etanercept)
Anti-IL-1B8 (anakinra)

Anti- IL-6R (tocilizumab)

PJ Barnes .Nature reviews 2018




LA CENERENTOLA
Non T2 endotype

GRAZIE PER L'ATTENZIONE




