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Agache | & Akdis CA Allerg Inter 2016
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Adoption by
physicians and ——
health systems

Heterogeneous disease

New diagnostic test

:

Refined disease classification,
according to prognostic
implications

Subtype A
Subtype B
Subtype C

New targeted treatment

.

Clinical research
Outcomes
Safety
Cost

Clinical guidelines

:

Clinical implementation

Adoption by
payers

—

|

Adoption by
patients

Precision medicine is a complicated process where the focus is on identifying
which approaches will be effective for which patients based on genetic,

environmental, and lifestyle factors.

Unique medical
history

Genetic makeup Informatics

| |

Patient < >  Health system  |«—— Diagnostics
Exposome Systems approach
to population health

Population-based guidelines for screening
and prevention

Specific diagnostic tests that are based
on unique risks of the individual patient

Decision support from health system

Unique interventions that are based on the
results of precision diagnostics

Use of clinical research to inform best
practices

Most effective health care for the individual
patient and the population

JamesonlL, Longo DL. N EnglJ Med 2015;372:2229-2234.




Age at onset
Genetics
environment

Exercise
induced

Early onset

Eosinophilic
atopic/allergic

Th2-related immune
process

—
\-—/ olecular pathwa

exacerbatio ‘E
fesponsiveness
Xinflammatiop_atopy

’/Clinical/staﬁsﬁcal

| clustering
\4

Paucigranulocytic

Non-Th2 related biology

Early onset Late onset Mast cell Late onset Non-Th2 mild poorly
allergic eosinophilic associated obese CS responsive
(IL-4/13) (IL-5, exercise asthma (non-inflammatory)
leukotrienes, induced (ADMA?)
eotaxin2) (IL-9,leuko-
trienes)

Sally E. Wenzel Pulmonary Pharmacology &amp; Therapeutics 2013
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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

*Not for children <12 years
STEP 5 **For children 6-11 years, the
preferred Step 3 treatment is
STEP4 medium dose ICS
Refer for #For patients prescribed
STEP 3 add-on BDP/formoterol or BUD/
PREFERRED STEP 1 STEP 2 treatment formoterol maintenance and
g eras H
CONTRC(|)_|IE)L|(E:I; Low dose Med/high fiotro pigum’,,* reliever therapy
ICS/LABA** ICS/ILABA ::tti'_','f_f; T Tiotropium by mist inhaler is
an add-on treatment for
Low dose ICS patients 212 years with a
soananananznazassssessn st saasER e s taneatasaten s R s e antearussas so e u sy a s e anasanszssas e oot tustraaasaasas s s enrusrassrasees- : . history of exacerbations
Other Consider low Leukotriene receptor antagonists (LTRA) Med/high dose ICS Add t"’tf opium** Add low
controller dose ICS Low dose theophylline* Low dose ICS + LTRA Med/high dose dose OCS
options (or + theoph*) ICS + LTRA
(or + theoph*)
As-needed short-acting betaz-agonist (SABA As-needed SABA or
RELIEVER 2 2 ( ) low dose ICS/formoterol#

GINA 2018, Box 3-5 (2/8) (upper p © Global Initiative for Asthma www.ginasthma.org



2XEOLOLOHOC

* 10 xpovia pv & L0AYyWYLKA OXOALL
* ZEKLVWVTAC OO TN motdikn nAkia



KA€iveL TO KEVO 1] UTTAPXOUV LUCTLKAL?

) - F 1 -
Disease activity S Fie-m_ll'l:lng =y mptoms « Family history of atopy or asthma, genetics, or epigenetics
—— Persistent symptoms . . -
N = AHR, impaired lung function
ew-onset symptoms = Infections, atopic sensitisation, allergic comorbadities
—— Remitbing-relapsing -
= Smoking
sy miptoms -
Symptomatic + Female sex, obesiby ___--——"'___ T
ym - AHR, impaired lung e
function
= Atopic sensitisation [ —
= Allergic comorbidibes e
l'.- ’ - S-rnl:lking ‘ Illl II//F - Smlﬂ:irg
!, ' \# - Male sex / ‘ + Atopic sensitisation
Threshold |l 00 N\ - Middsease | [ M- Allergiccomartudities
Asymptomatic ' ﬂ-".-.x,____ ! ___----_f:-
N -7 = Dormant state?
« Persistently impaired lung function and AHR?
>
Childhood Adulthood
Time

Fuchs O et al Lancet Respiratory 2017




Elval n atontia ota ntawdia o Baockoc pawvotunoc yia SRA

Age of the first hospital admission

for wheeze/asthma (days)

O 4 b OR 93% Cl P-value
Clusters Al white females (1) vs. all male (3) —e— 143 (L1185 004
No latent atopic
vulnerability Highest atopy (2) vs. all male (3) —a— 145 (10-195) 0l
c Atopic vulnerability,
.g 0.3 not dust mite Non-white (4) vs. all male (3) —e— 197 (142274 <0001
0w Atopic vulnerability,
,2 dust mite Aspirin sensitive (3) vs. all male (3) —e— 1% (145273 <0001
E w— Atopic vulnerability,
C multiple late
(141 I T T 1
— w— Atopic vulnerability, Y % i 13
_-g 02 T multiple early Increased risk =t
% QR and 9% Cls
o
L
(P LSM
o difference 95%C1 Pevalue
x 0.1- y
(7)) All white females (1) vs, all male (3) —— 27 (42 to-0IT) <0001
(14
Highest ainpy (2) vs. all male 3) [ ] 020 (04Tto-001)  O0dle
0 0 Non-white (4) vs. all male (3) e 67 (8T w-047) <0001
T r Y Y Y Aspirin sensitive (3) vs. ll male (3) — A6 (0850045 <000
0 1000 2000 3000  4000j ————

09 -7 05 03 41 0l

LEM difference QoL
4= Lower values indieate warse Qol.

Simpson A et al Am J Respir Crit Care Med 2010

Schatz M et al JACI 2014
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Predicted value for FEV1 % predicted

p=0.001

\

Predicted value for FEV1 % predicted

Predicted value for FEV1 % predicted

T

0.14 1 7.40 54.60 403.43

Level of mite sIgE (kUal/l)

p=2.95x10%

0.14 1 740 5460 403.43

Level of dog sIgE (kUal/l)

110.0—

100.0—4

g5 0

p=0.0001

T

0.14 1 7.40 54.60 403.43
Level of cat sigE (kUa/l)

Marinho S et al Clin Transl Allergy. 2011
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(allergens)

Severe asthma

}

Exacerbations

.

Intermittent
or persistent
asthma

No asthma

Relapse

Asthma

Busse WW et al, Lancet 2010
Lemanske RF et al JACI 2005
Wark Pa et al J Exp Med 2010
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Oa aAAagoupe to Spopo tng avrt IgE?

A. Healthy subjects, type 1 environment

* Epithelial Cells
Macrophages * *

N - IgE receptor Anti-viral
> . Type 1 chemokines cells cells . . . e
* S T crosslinking activity
B “te” |
£__> .
12 == Anti-IgE treatment
phagocytosis apoptotic cells \L

Virus clearance
Wound Healing

B. Allergic inflammation, type 2 environment

Macrophages * * *

@ Ly IgE receptor Anti-viral
M2>M1 =3 crosslinking activity
Type 2 chemokines . eosinophil infiltration Asthma
exacerbation l
@ w = =
delayed phagocytosis delayed Videeamnce Reduced exacerbat'ons
MZ>M1 persistent inflammation

Johnston S Rev med Vir 2015 & Lommatzsch M et al Thorax 2014
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Celeste Porsbjerg & Menzies Gow A Respirology 2017
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Anti IgE [omalizumab] yva ABPA
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Pre Post  Pre Post

Onahzumab Placebo

=

—

Pre Pésl P're P(;st

Omalizumab

Placebo

Voskamp AL et al JACI practice 2015



Anti

IL-5-Churg Strauss

A Remission

Table 2. Efficacy End Points in the Intention-to-Treat Population.*

100 inteErr\]/!i:tf;on Odds Ratio or
90 period Mepolizumab Placebo Hazard Ratio
= 804 Odds ratio with mepolizumab, | End Point (N=68) (N=68) (95% Cl) P Value
= 5.91 (95% Cl, 2.68—13.03) :
§ 79 P=omol i no. of participants (%)
E 60 |
& ’ i Primary end points
£ 507 :
= i Mepolizumab : Accrued weeks of remission over 52-wk period 5.91 (2.68-13.03) <0.001
B 0 wk 32 (47) 55 (81)
£ - i >0 to <12 wk 8 (12) 8 (12)
10+ Placebo : 12 to <24 wk 9 (13) 3 (4)
0.— g T T T T T T T T T T T 1
Base- 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 24 to <36 wk 10 (15) 0
line
Week =36 wk 9 (13) 23)
B Relapse Remission at wk 36 and wk 48 22 (32) 23) 16.74 (3.61-77.56) <0.001
100 Hazard ratio with olizumab, .

. BO .32 (95% CI, 0.21-0.50) Blicahis Other end points

& g P00 Remission within the first 24 wk that was sus- 13 (19) 1(1) 19.65 (2.30-167.93) 0.007

j:?- 70 tained until wk 52

& 60— Mepolizumab :

£ 5o First EGPA relapse 38 (56) 56 (82) 0.32 (0.21-0.50) <0.001

=

82 40

§_ 30+ * Odds ratios are shown for the analyses of the two primary end points and for the secondary analysis of remission with-

£ 20- in the first 24 weeks that was sustained until week 52. For the analysis of accrued weeks in remission, the odds ratio is

< 104 for 24 or more weeks of accrued remission. Remission was defined as a BVAS of 0 (on a scale from 0 to 63, with higher

0 . scores indicating greater disease activity) and a prednisolone or prednisone dose of 4.0 mg or less per day. For the
o 4 & 12 16 20 24 25 92 36 40 44 48 52 time-to-event analysis of the first relapse of EPGA, the hazard ratio is shown. Participants with a first EGPA relapse
Weeks to Event were those who had a relapse before the completion of the planned trial period or who withdrew prematurely from the

No. at Risk trial.
Placebo 68 33 16 9
Mepolizumab 68 55 43 25

Wechsler ME et al

The NEW ENGLAND
. N Engl J Med 2017;376:1921-1932

JOURNAL of MEDICINE



Dupilumab o€ moAUnodec- CRS

Mean L/min (SD)

250 -
Peak Nasal Inspiratory Flow in Morning
200 -
70
150 - &0
— 50
O
100 - A a0
=
S 30
A
50 = 20
10
0 0

Baseline Week 16

Bachert C, et al. JAMA. 2016;315:469-479.

Placebo + MFNS (n = 30)
B Dupilumab + MFNS (n = 30)
SNOT-22 Total Score

Baseline Week 16
35 with asthma FEV1, ACQ-5
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The endotyping mechanism

Trigger = Mows
(allergens, pollutants, viruses, etc.) Allergen®y o°pg ’ Eosinophils
? Epithelial injury : ? “
Airway epithelium + _Airway lumen

0 0000000000000 00000000000000000O

ic Nop,
s ok e 1 4
Ooe;,d',mc 133 1L-25 TSLP

Naive CD4+
T cells

Lebrikizumab

| ralokinumab

cells ¢
©

Ptostnglandln
Benralizumat " Periostin  Eosino
Mepolizumab
Anti-IL agents Resilizumab

Anti-IgE agents

+ Omalizumab « Mepolizumab

« Reslizumab

Eosinophil Eosinophil

Neutrophil

Kim H et al Allergy Asthma Clin Immunol 2017 Humbert M et al Cur Opinion Pulm Med 2018
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Prevalence %

80-
p<0.001 p<0.001
A —
60+
40
g
204
-
0 T
>
A
3
©
=

Frequent exacerbations -

p<0.001  p=0.001
— —

e

o

=

Q.

Q.

©

.’<:

Fixed airflow obstruction¥ -

p<0.001 p=0.003
— —
B
=
I 1
o (2]
— (=
~ =
o o
g o
o (g
2 @
O =z
w
0 |
£
w

[ ] Blood eosinophils <0.3x107 L-!
[ Blood eosinophils 20.3x109 L~

De Groot JC et al ERJ open2016



Eosino

philic Biology

Bone marrow

Circulation

1L-s

= -

N

Increased

Increase CCR3
expression

of tissues

——

—

Expression of ligands on
endothelial cell surface

Tissue injury
and cytokine release

Eotaxins
other chemokines

= n-s
— -

L -4, 1L-13 %

l I l Th2 cell
\ P

Pro-inflammatory effects via cell
activation and tissue injury

Mast cell

|

secretory proteins

—
-
L Eotaxins
other chemokines
\\‘
—
IL-5 release out

T

—_—_—— - >

-3, GM—CSF\‘

Cell surface receptor expression
during eosinopoiesis

Eosinophil precursors

!

Maturation

N

Terminal differentiation
and bone marrow egress

Blood
eosinophil

Chemotaxis to
inflammed tissue

Tethering, firm
arrest and
transmigration

N2

Passage
into tissue

Chemotaxis — migration
to site of injury
Resident tissue
—

=z = — - — -
eosinophil

Survival and
activation signals

e

Persistence of activated
tissue eosinophils

EC matrix
proteins

Granule, other

Haldar P Biologics target & Therapy 2017



Eosinophil: A key regulatory cell

Eosinophil activation pathways
Chemoattractant: CCR1, CCR3, C5aR, PAFR, PGDR2, CysLT1R, CysLT2R
Cytokine and growth factors: IL-2R, IL-3R, IL-4R, IL-5R, GM-CSFR, TGFBR, TSLPR, ST2 (IL-33R)
Other: SIGLEC-8/F, ILT2/PIR-A, ILT5/PIR-B, EMR1, Fc receptors, TLRs

|[Host protective

Defense against mucosal pathogens
cytotoxicity by granule proteins
mitochondrial DNA traps

respiratory burst

nitric oxide release

Proinflammatory

Tissue damage and remodeling
epithelial cell damage

fibrosis

Airway hyperreactivity

Granule protein
cytotoxicity
® o

Mast cells
Activation "

survival ‘3 v
Immunoregulatory
T cells B cells Dendritic cells
Antigen presentation T IgM production Activation
Co-stimulation secretory IgA production maturation

Th2 polarization plasma cell survival

D >

Niucosa/Inmmunology

TraversJ et al Mucosal Immunology (2015) 8, 464-475;



E RJ An algorithmic approach for the

treatment of severe uncontrolled asthma
open

research Eleftherios Zervas', Konstantinos Samitas', Andriana |. Papaioannou?,
Petros Bakakos®, Stelios Loukides” and Mina Gaga'

TABLE 2 Clinical features and biomarkers that can be used to differentiate between allergic

and eosinophilic T2-high severe asthma

A: B:
allergic-predominant asthma eosinophilic-predominant asthma
1 Early onset Late onset
2 SPT/RAST+ with clinically significant SPT/RAST- or + with no clinically significant
allerg ies® allergies
3 IgE =100 IU-mL™" IgE <100 IU-mL™"
4 Allergic rhinitis MNasal polyps
5 High Feno (30-50 ppb] Very high Feno (>50 ppb)
& Blood eosinophils <300 cells-pL ™" Blood eosinophils =300 cells-ul ¥

SPT: skin prick test; RAST: radioallergosorbent test; FEnO: exhaled nitric oxide fraction. Check the number
of relevant patient characteristics per column. If a patient has more features from column A or B it is
more likely that he/she has allergic- or eosinophilic-predominant asthma, respectively. If the patient
shares features from both columns, it is more likely that he/she suffers from eosinophilic/allergic overlap
asthma. #: obligatory characteristics for allergic and/or eosinophilic asthma.
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Baowkec dtapopéc?

ERJ

open
research

AnNn algorithmic approach for the
treatment of severe uncontrolled asthma

Eleftherios Zervas', Konstantinos Samitas!, Andriana 1. Papaiocannou?,
Petros Bakakoss. Stelios Loukides® and Mina Gaga1

Severe uncontrelled asthma

| v Check and try to improve comorbidities; exposure; adherence and proper treatment [Step 4 GINA guidelines] |

| v Consider changing treatment strategy [e. single formoterolf/ICS inhaler usz) or device ([MDI to DPI or vice versal |

Assess phenotype [clinical features)] and endotype [biomarkers]

.

T2-high asthma
Mtopy-, IgE =100 IU-mL"", Feno =30 ppb, blood EOQS =300 pL!, sputum EOS =2%)

—[  Allergic predominance (table 7] |——p] Omalizumab | [OES5 ]

—h-l Eosinophilic predominance [table 2) |—p-| Anti-1L-5 |[ ocs | | Anti-IL- 4R |

Aspirin intolerance

Sewvere allergic rhinitis

Omalizumab or anti-1L-5 | ocs |
—| Allergic/eosinophilic overlap [tahle 2) |—p|
| Anti-IL-4FRc? I I CRThZ antagonist? I

i Aliergic bronchopulmonary mycosis
[fungus-specific IgE or SPT+, '_.‘I_l _ _
®  bronchiectasis, blood eosinophilia, OCS | | Antifungals | [ Omalizumab? |

i markedly elevated IgE]

.

T2-low asthma
Mtopy—, IgE <100 IU-mL"", Feno <30 ppb, blood EOQS <300 pL!, sputum EOS <2%)

»| Macrolides? || CXCR27 |

— Blood EOS <200 pL-1 "1
Meutrophilic asthma

™ [sputum NEU ~60%] || _
: Smoking | LAMA
i | Asthma associatedwith | 4 BHR?
"t remodelling changes f'"""""""""""H Bronchial thermoplasty |
T Fiked airway
| obstruction
i REG o LaMA ]
: -I-;"l'II'I:':‘e-':'v.'l‘t}"Fgféiéa'gé'fﬁ'rﬁé";- cmemesosmeseeocoopel Weight loss || Bariatric surgeny? |

Paucigranulocytic asthma
> [sputurm MEU <40%, EQS <2%]
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Koupdc yioe LABA/LAMA?

ACQ 21.5 and treatment with a

3 months

& Detailed investigation at each 3-month visit:
= FENO

low or medium dose of ICS

Study entry K:

ACQ<1.5
OR
ACQ 21.5 and GINA step 4
treatment with a high dose of ICS

® | j

3 months

> = Spirometry (pre and post-bronchodilator)
= Sputum induction

= ACT, ACQ, Mini-AQLQ

= ICQ-S

= MARS-5 (when ICS treatment)

= Inhalation technique (when ICS treatment)
= Blood sampling

o

6 months

LB

9 months

LB

Faﬁents with a high
ICS dose at baseline 12 st

1 | |

>

Patients with a medium
ICS dose at baseline

ilul UCCESS (

W Study suspended for patients meeting

at least one of the failure criteria:

= ACQ 21.5 and AACQ from baseline >0.5

= No. of severe exacerbations since the
baseline visit > no. during the year prior
to the baseline visit

S Protocol completed with the success |
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Patients with a low
ICS dose at baseline

o
9 months
| | e
o
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Cluster
Size (%)

Features

dawvotunoc SRA?

Cluster 1
56 (32.9%)

Low dose ICS
(100%)

No criteria for SRA
(100%)

No atopy
(100%)

No oral CS
(100%)

No persistent airflow
obstruction
(85.7%)

Cluster 2
53 (31.2%)

High dose ICS
(100%)

Criteria for SRA
(90.6%)

Atopy
(54.7%)

Oral CS
(64.2%)

Persistent airflow
obstruction
(83%)

Cluster 3
61 (35.9%)

Low dose ICS
(100%)

No criteria for SRA
(100%)

Atopy
(100%)

No oral CS
(100%)

No persistent airflow
obstruction
(86.9%)

Konstantellou E et al Resp Med 2015



PFts : IL-4/IL-13

A Percentage Reduction in Oral Glucocorticoid Dose
O — — @B — — — — — — — —
=
o —20 Primary
= 2 d i
=g end point
=
S O
_— T
28 o .
=5
;b‘_:n § i Placebo
55 ki i hd
= —60—
&
Dupilumab
® & P<0.001
u Al
_80 T T T T T T 1
(o] 4 8 12 16 20 24
Week
No. of Patients
Placebo 107 107 107 107 107 107 106
Dupilumab 103 103 102 101 101 101 101
B Change from Baseline in FEV, before Bronchodilator Use
0.30
P T Dupilumab
b 0.25
=
="' 0.20-
g
L
=
D 0.15—
M=
D
<
= 0.10-
=
=
= 0.05 —
D
8o
=
=
S 000 (|--de————f- ==L T
—0.05 T T T T T T T T 1
o 2 4 6 8 12 16 20 24
Week
No. of Patients
Dupilumab 103 101 98 101 100 99 98 100 o7
Placebo 107 104 104 106 107 105 106 107 104

KF Rabeetal.N EnglJ Med 2018. DOI: 10.1056/NEJM0a1804093
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Biological networks [16]

Exposome

Cumulative environmental exposures
an individual encounters throughout

life [14, 15]

\
99 2

= =)

an organism

¥

Endotype
Subtype of a disease defined functionally and
pathologically by a molecular mechanism or by
treatment response [18]

Clinical phenotype -
A single or combination of disease attribute(s) that
describe differences between individuals as they
relate to clinically meaningful outcomes [17]

o
e

Alvar Agusti et al. Eur Respir J 2017;50:1701655
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SABA kart' B,-01EyEPTNG Bpaxeiag dpdong KaT' ETTiKANON
€mikAnon ICS& @opuoTEPOAN
EmiAédre éva EmiAédre éva lpoo6Oéore éva n lpoobBéorte éva n
mEPIOOOTEPA ka1 ra dUo

MéTpia R YynAn ‘Eva MovokAwviko

XapnAn d6on ICS XapnAn &6on ICS
'H ka1 cuvduaopuédg

+ LABA 66on ICS + LABA
+LAMA
LTRA MéTpia iy CS-amdé-T0-0ToHG
YynAR d6on ICS TioTpéTHO (ehéxioTn-5o6on)
i LTRA? AvaoToAéag
ETrI)\OY£§' XaunAR 86on ICS CRTH2
PUBHICTIKWY + LTRA Oeourrivi- SR MakpoAideg o€ low
PaAPHAKWV ‘Eva MovokAwviko Th2?
LAMA& LABA 'H ka1 cuvduaouog ?
X AG_EGORICS



