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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.

GINA 2017: Global Initiative for Asthma
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Diagnosis

Symptom control & risk factors
(including lung function)

Inhaler technique & adherence

Patient preference

Symptoms
Exacerbations
Side-effects

Patient satisfaction

Asthma medications
Non-pharmacological strategies

Lung function Treat modifiable risk factors

Mild - moderate asithm

Refer for
add-on
treatment

. e.g.

igh tiotrop?um,*“
omalizumab,
mepoli*zumab

Low dose
Low dose ICS ICS/LABA*

Othe Consider low Leukotriene receptor antagonists (LTRA) Med/high dose IC .A tiotropium*% Add low
controller dose ICS Low dose theophylline*  ow dose ICS+LTRRAAIGh dose ICS : dose OCS
options \ (or + theoph*

eeded short-acting betaz-agonist (SABA)

low dose ICXformoterol*

*Not for children <12 years

**Hor children 6-11 years, the
erred Step 3 treatment is
ium dose ICS

patients prescribed
/formoterol or BUD/
oterol maintenance and
refiever therapy

Tiotropium by mist inhaler is
n add-on treatment for
patients Ola2 year s

Severe asthma

wi t h




ERS/ATS international definition of severe asthma

AA patient is deemed to have uncontrolled asthma if
at least one of the following features Is present:

Poor symptom Frequent severe

control (ACQ) exacerbations
Serious Airflow limitation

exacerbations (FEV1)

!

l Uncontrolled asthma while on high-dose ‘
therapy

OR

(GINA Step 4/5)

l Controlled asthma that becomes uncontrolled on  (GINA Step 5)

tapering of high-dose corticosteroids \

Chung KFetal. EurRespird 2014 ; 43:

343173



Severe asthma
clinical phenotypes

Late onset, non-atopic
Atopic/high IgE, usually early onset
Chronic airflow obstruction

()

pd

Recurrent exacerbations (O
Eosinophilic asthma

Obesity-associated

Steroid-insensitive
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U-BIOPRED

UBIOPRED severe asthma cohort

Severe asthma] Severe asthma
Moderate Non-asthma

non-smoking | smoking & ex Pvalue
. Asthma (98 101
(308) smoking (110) (98)|  (101)

Age(yr) 50.9 54.5 42.4 38.9 2.9E17

Female(%) 65.91 50.91 50.00 38.61 5.16E06
BMI (kg/m?) 29.08 29.56 25.88 25.31 2.02E10
Exacerbationsn pastyr 2.48 2.55 0.37 0 2.51E26
IgE(IU/ml) 119.5 126 89.4 23.45  5.40E15
Atopy (%) 69 58 80 38 6.1E066
Nasal polyps (%) 34.7 33.7 8.3 8.8 1.33E06
FEV (%pred) 67.42 67.25 88.37 101.76 1.81E44
Oral corticosteroids (%) 50.68 46.08 1.06 0 9.73E17
Sputum eosinophils (%) 2.75 4.13 1.05 0.00 2.69E12
Exhaled NO 27 23.5 25.50 19.00 3.00E04

" “.Shaw et al: Clinical and inflammatory characteristics of the European LBIOPRED adult severe asthma cohort. European Respiratoryournal

- RN Ebiopred. eu efpa




U-BIOPRED clinical adult UBIOPRED Training Cohort

, 163 nonsmoking severe asthma

aSth ma CI USte s . 53 smoker/exsmoker severe asthma

50 mildmoderate asthma

]

- Parameters
Clinice
. . , Age of asthma onset . FEV/FVC ratio
physiologic | S
f t , Packyears of smoking , Asthma Control Questionnair®
eatures , Body Mass Index , Exacerbations in past year
, FEV % predicted , Oral Corticosteroid daily dose
¢ Cumulative Distribution Factor

100 —_

Partition-around-medoidsclustering
., Flat middlepart of Cumulative Distribution Factor b ors)
. Well-defined squares within Consensus Matrix
, Deviation from Ideal Stability Test nso]

0.0 o.is 0.5 0.5 100
Consaensus indax
v

Clinical Phenotype T2 Phenotype T3

Phenotype T4

Phenotypes , Moderate-severe . Severe . e , Severe
] A— . Norrsmoker . Female Obese
Or traits , Well-controlled s i i
. Oral corticosteroid e S law
. Medium-to-high , Smoker or Essmoker dependent  bstruction
inhaled corticosteroids s irfl
_ : o = . Moderate-severe Frequent
. Mild-none airflow obstruction airflow obstruction “xacerbations
obstruction . High blood

eosinophil count

Lefaudeux et al JACI 2017



Mechanisms and targets

Allergens, Virus, Bacteria

IN severe asthma p Ilut‘iy & OXi ants
Macrophage Fmthnlmm
el ) y T Tpe 2
Th2: T-helper
MiC® $e72
Non-T2 l (@ Tho

TSLP, IL -33, IL -25 / » Non_ 2
Growth factors { GF a
eg TGFR Ehi-Ces \

Eotaxin

/ RANTES o o
v IN-4 N Thi7
Fibroblast : ) Thi
Airway smooth muscle v - \l,
_ | FNA,
A% - - O . IL-17AEF
ace\\.\\a‘ «© stcell | TNFU
e

_%Histamine > =
. @

|g E Leukotrierjes
Neutrophil

Remodeling/repair Eosinophilic inflammation Neutrophilic inflammation

Poor asthma control High treatment requirements
Chronic airflow obstruction Recurrent exacerbations
Poor response to corticosteroids
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Stepwise approach to control

asthma symptoms and reduce risk SINA 20T

CLINICAL APPROACH Diagnosis |
Symptom control & risk factors
(including lung function)
Inhaler technique & adhererice
Patient preference
Symptoms
Exacerbations Asthma medications
Side-effects Non-pharmacological strategies
Patient satisfaction Treat modifiable ri@k faegors
Lung function /\J/
hf .
n:STEP 5 -
step & . : : :
PHARMACOLOGICAL F Anti-IgE Omalizumab
STEP 1 STEP 2 STEPS m Referfor| ® . .
add-on | | _ .
APPROACH PRErERRED veulh seamen| 3 ANti-IL5:Mepolizumab
CONTROLLER Lowdose: CS/LDA DT m Reslizumab
CHOICE LOW dOSe |CS ICS/LABA* - anti-IL5’ ] i i
o . = Anti-IL5R : Benralizumab
er Consider low Leukotriene receptor antagonists (LTRA) Med/highdose IES Addtiotropilfir¥ Add low dose | gy
controller dose ICS Low dose theophylline* Low dose ICS+LTRAHigh dose Mg ; OCS
options (or +theoptt) Zu;ﬁéopﬂ' .
RELIEVER Asneeded shoracting betg-agonist (SABA) Iow%%gzegg/%fn?o %rol# :
L 3 =
45"
GINA 2017 © Global Initiative for A

© Global Initiative for Asthma



Mepolizumab, an anti-IL5 antibody, in patients
with severe eosinophilicasthma

Anti-IL5 antibody —
st e
random.zation) Study Orug Administared ‘
l |2k 3 5% 2% i, ® > 2 exacerbations
A Mepolaumeb 13 mg
o ® > 1,000 pg FP/day
e W . i s ® Bloodeos > 150/l
V acebe
A Asthma Exacerbations B FEV,
] Exacerbations 1 - placebo FEV,
Placebo —+— Mepolizumab 75 mg,

intravenously

200 g #- Mepolizumab 100 mg, ‘ P<0.05

> r .

" P<0.001 z |

f 150+ ‘g
‘s

i Mepolizumab 75 mg, ®

3 intravenously ot

€ 100 ¢

v

50+

M
Mepolizumab 100 mg,
subcutaneously
0+ 1 I 1 I I Ll 1 1
0 B 3 12 16 20 24 28 32
Week

Ortega et al NEJM 2014; 371: 1198



Ann el asthma exacerbation

Annual asthma exacehation

rate ratio (95% Cl)

rate rtio (95% (1)

A  Eosinophils =300 cells per pL

Percentage reduction relative to placebo
1-4- (1-12-1.58) —45% -51%
12- v v
104
p=<0-0001
0-8 (0-60-0-89) p<0-0001
(0-53-0-80)
0-6 -
0-4—
0.2+
o )
Placebo Benralizumab Benralizumab
(Nn=267) 30 mg Q4W 30 mg Q8W
(n=275) (n=267)

B Eosinophils <300 cells per plL
Percentage reduction relative to placebo

—li%
p=0.269
(0-78-1.28)

4 -30%
(0-96-1.52) -
1-2
1.0 p=0-047
(0-65-1-11)

0-8—

06—

0-4 4

0-2-

8]

Placebo Benralizomab
(n=140) 30 mg Q4W

(n=124)

Benralizuomab
30 mg Q8W
(n=131)

Efficacy and safety of benralizumab for patients with severe
asthma uncontrolled with high-dosage inhaled
corticosteroids and long-acting B,-agonists (SIROCCO):
arandomised, multicentre, placebo-controlled phase 3 trial

At least 2 exacerbations in past year
while on high dose ICS+LABA

Benralizumab= Anti-IL-SRa antibody

Exacerbations

Lancet 2016; 388: 2115-27



Definition of
W{ SOSNBE 92aAy2LIKA

Major criteria:

Severe asthma (ERS/ATS definition)

OEI OSND I A2y FNBIljdSyoOe x
Dependence on OCS for asthma control

High circulating eosinophils

Minor criteria

FeNOevel increase

Late onset disease

Upper airway: nasal polyps
Fixed airflow obstruction
Air trapping/small airways obstruction/mucus plugging

EurRespird. 2017;49(5)ii: 1700634.
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European Consensus Project



T2 current biologic therapies for severe asthma
FDA and EMA-approved

Biologic Patient type Exacer |[FEV,; |Symptoms Oral
& biomarker bations QoL Corticosteroid
dose
Omalizumab IgE High serum IgE C a a Symptom score, AQLQ  (C)
Allergies
Mepolizumab IL-5 Exacer ba8loaln C a a SGRQ, ACQ5 C
eos O1 5eQ /
Reslizumab IL-5 Exacer ba8loan C a g ACQ7,AQLQ Not done
eos O 4 0sQ /
Benralizumab  IL-5RU Exacer ba Bloain C 3 a ACQ6, AQLQ C
eos O3 Ol /
Dupilumab IL-4RU Exacerbation® 1 C a a ACQ5, AQLQ C

Blood eos O 1 5eQ /



Personalised approach to Severe asthma in UK
Severe refractory asthma ERS/ATS definition 2014

Optimise treatment (Step 5)
Adherence
T2 biomarker high / \
Blood eosinophil count :
FeNO T2 biomarker low
_ _ Consider reducing
T2 biomarker high Corticosteroid dosage
Eosinophilic asthma
Recurrent exacerbations {
T2 biomarker remains low
Consideration of antT?2
treatment strategy l
‘ Trial of azithromycin
Anti-IgE,AntHlL5,Anti-IL5R ?Bronchiathermoplasty

Other nonT2 targets




UnbiasedBiomarkers for the Prediction of Respiratory DiseaseOutcomes

T European IMI (Innovative Medicine Initiativieinded private/public collaborative project

The vision: Defining asthma moleculendotypes

The Problem
AAsthmais a heterogeneous disease, usually characterized by chronic airway inflamma:
A Cost of asthma (165 years old) in Europe (2014) = 21 billion Euros
A5-10% suffers from severe asthma, unresponsive to current treatments
AUrgent need to identify the endotypes of asthma

The Vision
Bringing Precision Medicine to asthma  /Precision medicinés an emergin
approach fordisease treatment
., Blomarker identification oéndotypes and preventionthat takes into
Treatment targeted towards disease accountindividual variability in
mechanisms genes, environment, and lifestyl

Leading to improved outcomes \ for each person.




U-BIOPRED Systems Biology approach to molecular phenotypes

Patient recruitment . .
Networks pathways Platform

statistical analysis \
GWAS | Data l'aI'ISMART
Focussedipidomics Q“"_’”“’ \ | /
Unbiasedipidomics Institute
Unbiased proteomics
Somalogic% DSI Molecular phenotypes

Transcriptomics
Metagenomics

storage

220 Biobank:
A Sample M ot
St [ shipping & »

Multiple Biomatrices:
Plasma, Sputum, Urine
Biopsy, Bronchial/nasal brushings

Endotypes

Data Science Institute, Imperial College (Prof Yike Guo)

UnbiasedBiomarkers Translational Bioinformatics
for the Prediction

of Respiratory Disease
Outcomes

mmmwummm-mm-m
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Supervised approach:
How common is a Type 2 €IL3) high in UBIOPRED

severe asthma?

Transcriptomeanalysis of bronchial brushings for Th2 signature from

epithelial cells activated by HL3 in vitro (IL13 IVS definition)

Details Reference
WEiEEGNIEECST, CCR6, PRR, PRB, PRB, POSTNPRA, ITLN, ALOAS5, SFD1B, C2R, NOZ, AlevyYG, Patel AC, Romero AG, Patel

B3GN®B, CDF26, LRRG1, MUCL3, VSI@, CSTAFAMSB, SLOB2, NTRHK, KLB, HPDL Byers DE, Brett TdpltzmanMJ. [E13-
SOCSE TRNR, HSSTL, VWF DUOX®, CISHATFL3A5, ZNB08 RNASE CCBL, SDCBE,  induced airway mucus production is
TMPRSS HYAI, CCDO09B, FAMB3D, TRAK, TPK, SLCA1, CYRCIL8, CD@2EP, attenuated by MAPK13 inhibition. J Cl
KCNS, ADRAA, MRAR, SLQA10, PPARG,FAMRGE, ADC¥, WNT3, SLC@AI, Invest 2012; 122: 4558568.
ALDHA2, C100rf99, WDF'2

Enrichment score for L3 IVS signature

0.8 ._'{
.6 —=
... . e &
C Gene Set Variation Analysis 4 $ o P
@ @ :. gg5th i
02 = centile

C U-BIOPRED Bronchial Brushings o — __ — % _]
C5STAYSmMoOKHWABKe | aj|©2 3 - o=

. -0.4 | ¥PSS @3 B
>95" %ile of Healthy controls 06 A B C D
Non-smoking Smoking Mild- Healthy
Severe Severe Moderate
asthma asthma asthma

37% 17% 25%
(18/49) (3/18) (9/36)

Stelios Pavlidis et al ERJ 2018 In pre



U-BIOPRED
Distribution of neutrophilic and

eosinophilic inflammation in sputum

Sputum cells
A - Severe Asthma B - Severe Smokers ‘
3% 12% 11% f?f ‘
28% B |
- :
m NEU & EQOS
MNeu = 73,6%; Eos>1.49%
)0
m NEU ONLY
53% Neu > 73.6%; Eos<1.49% &
C - Mild/Moderate Asthma D - Health Volunt
2% 14% = 3% _ ?igﬁelﬁ ] EOS {::l""l“.!lllr 9
44% Mew < 73.6%; Eos>1.49% !
] N[}HMAL[mucmmuum{mc} ”
Meu < 73.6%: E0s<1.49%
40%
3% Uruj Hoda

Rossios et al JACI 2017



Systems Biology approach to molecular phenotypes
Bioinformatic analyses

Hierarchical clustering of genes Gene set variation analysis (GSVA)
from sputum transcriptomics




