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EvOOTUMOC: UTTOTUTIOC TNC VOOOU TTOU opLlETaL AELITOUPYLKAL
Kot TTalOoAoyLKA Ao £VaV UTTOKELUEVO HOPLAKO LNXOVIOMO
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B Lung function
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E Inflammopathology
E Immune effector pathways
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I Perception of dyspnoea

.
]
‘ ..""‘..._f
,.

Mutrition
In utero

Symptoms/control

Perception

2xeti{ovtol HE SLaKPLTA KAWVIKA XOPOKTNPLOTLKA
kot StaupopeTIKN avtanokplon otn Oeparneia

Anderson G. LANCET 2008



T-helﬁer Type 2-driven Inflammation Defines Major
Subphenotypes of Asthma

Prescott G. Woodruff'2, Barmak Modrek?, David F. Choy*, Guiquan Jia*, Alexander R. Abbas?, Almut Ellwanger’,
Joseph R. Arron**, Laura L. Koth'®, and John V. Fahy'?*

“Th2 high - Th2 low” acbna
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Woodruff, AJRCCM 2009; 180: 388-395



Baseline Methacholine )

Th2-high asthma: increased markers of allergy,
eosinophilic inflammation and airway remodelling
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Only asthmatics with “Th2 high” profile
responded to anti-inflammatory therapy with ICS

A
0.50 — Placepo (combined)
0‘40_ : $:§ ::;arh]Fluticasune
0.30- After 8 weeks of FP 2x
- 500 mcg BID,
- 0.201 increased FEV1 was
w2 5101 found only in TH2-high
< asthmatics
0.001
0.10-
0.20
0 4 8 9
[ weeks T
ICS ICS
initiated stopped

Woodruff, AJRCCM 2009; 180: 388-395
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Sputum eosinophil levels in asthma
according to the severity

Eosinophils (X 10%g)
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T2 high — T2 low asthma:

Two different pathways (TH2 and ILC2) produce
Type-2 cytokines and result in eosinophilia
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f Allergic eosinophilic airway inflammation ] Enallergic eosinophilic airway inflammation

Brusselle GG, Nat Med 2013; 19: 977-9



Mechanisms of eosinophil migration into the lungs
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Sputum and blood eosinophils are both associated
with the T2-high asthma endotype
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Blood eosinophils as surrogates
for sputum eosinophils in severe asthma

Table 2 Sensitivity, specificity, PPV and NPV of different surrogate
markers using alternative cut-points to diagnose eosinophilic airway
inflammation (less than, more than or equal to 3% sputum

Severe asthma cohort

eosinophils)
Threshold  Sensitivity Specificity PPV NPV

Blood eosinophils >0.22x10°L 86 19 60 93
_Blood eosinophils >025x10% 79 84 6d 91
Blood eosinophils =0.27x10%L 78 91 79 9
FEyq level >20 ppb 74 57 40 87
FEyq level =24 ppb 74 63 42 87
FEno level >42 ppb 63 92 4 89
FEyq level >50 ppb 56 92 67 84
Serum periostin (in-house) =26ng/mL 54 57 29 71

Sensitivity

0.4

1.0

0.8

0.6

0.2

0.0

— blood eos AUC=0.85
< periostin  AUC=0.54

I I I | I ]
0.0 0.2 0.4 0.6 0.8 1.0
1 — Specificity

NPV, negative predictive value; PPV, positive predictive value.

The diagnostic accuracy described as ROC
AUC was 85% (p<0.001, 95% Cl 0.81-0.96)

Wagener, Thorax 2015; 70: 115-120



Blood eosinophil count and prospective annual asthma
disease burden: a UK cohort study

Bl-eos >400 cells/pL are associated
with severe asthma exacerbations and poor asthma control
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Price DB, Lancet Respir Med. 2015; 3: 849-58



The severe asthma eosinophilic phenotype

\ Lungs

0 )
\/ ) \/‘#—Eosmophllcells

Sputum and peripheral blood
eosinophilia

Adult onset and equal
distribution between sexes
Lack of atopy

Chronis sinusitis with nasal
polyposis

Aspirin sensitivity

Low FEV1 and persistent airflow
limitation

Distal inflammation with air
trapping and dynamic
hyperinflation

Frequent, severe exacerbations
Severe impact on quality of life

De Groot JC. ERJ Open Res. 2015 Sep 23;1(1)



Severe eosinophilic asthma: a roadmap
to consensus

Roland Buhl', Marc Humbert?, Leif Bjermer>, Pascal Chanez?,

Liam G. Heaney”, lan Pavord®, Santiago Quirce’, Johann C. Virchow?®,
Stephen Holgate? and the expert group of the European Consensus
Meeting for Severe Eosinophilic Asthma'®

TABLE 1 Possible diagnostic scheme for severe eosinophilic asthma (SEA)

Major criteria Minor criteria
Diagnosis of severe asthma Late onset of disease
Evidence of high-load eosinophilic disease (persistent blood or sputum Upper airway disease [i.e. chronic rhinosinusitis, often
eosinophilia detected on 2 occasions] with nasal polyposis)
Frequent exacerbations (2 per year] Role of other biomarkers (e.g. FeNo, periostin and DPP-4)
Dependence (continuous or intermittent] on oral corticosteroids to achieve Fixed airflow obstruction
asthma control Air trapping/presence of mucus plugs

DPP-4: dipeptidyl peptidase-4; FeNo: exhaled nitric oxide fraction.

Buhl R, Eur Respir J 2017; 49: 1700634



O turikog aoBevinc pe ZEA €xeL Alyol GXETIKA CUMITTWHOTO
TAPA TNV EVEPYO PAEYHOVI TWV ALEPOLYWYWV
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t>U~ 00000‘
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Haldar , AJRCCM 2008;178:218-24



Treatment directed at normalization of sputum Eos
reduces asthma exacerbations and admissions

Sputum Eos<1%: | anti-inflammatory therapy
Sputum Eos 1-3%: no changes in anti-inflammatory therapy
120+

Sputum Eo0s>3%: tanti-inflammatory therapy —— BTS management group
= = = Sputurn management group

1004

80

2 BTS management group
10-0— ® Sputum management group

WIFEEE B S A A
%§ S I e :
TUEERER: { ;o i

Severe exacerbations
(%3]
=]
1

Induced sputum eosinophil count (%)

| | | [ | 1
0.3 J 63% (p=0.002) 5 6 7 8 9 10 11 12
A Time (months)
T Number of exacerbations
a- BTS group 0 12 19 26 35 59 Fi=] 93 109

Sputum group & 1 4 7 12 17 i i 30 35

" 63% reduction in the sputum eosinophil count (p=0.002)
= Fewer severe asthma exacerbations (35 vs 109; p=0-01)

= Reduced ED admissions (1 vs 6, p=0.047)
Green, Lancet 2002; 360:1715-21



GINA Guidelines
Anti-IL5 therapies for severe eosinophilic asthma

educe treatment

\NTIAT,/
‘b//"'\\é*
’
\‘“'l { Severe
"”H“‘ . asthma
When the diagnosis of asthma |
. ] = o o Moderate
is confirmed and comorbidities addressed
asthma STEP5
Refer for
add-on
treatment
e.g.
PREFERRED Med/high fiotropium
CONTROLLER oiitoas ICS/ILABA
CHOICE Low dose ICS |ICS/LABA*
B
controller
options
RELIEVER 4

Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention, 2018



Ta CUGTNUOTIKA KOPTLKOOTEPOELSN HIOpPOUV va appAvvouv
TNV ewowvodAikn pAsypovwodn dradikaocia

“Refractory” Eosinophilic Airway Inflammation
in Severe Asthma
Effect of Parenteral Corticosteroids

m Patients using corticosteroids daily

o Patients not using corticosteroids daily .
Figure 1. Effect of treat-
p<0.001

| | ment with intramuscular
p=0.49 p<0.001 triamcinolone (circles) or
placebo (squares) on spu-

tum eosinophil percent-
ages in 22 patients with
severe asthma. (Open sym-

bols) Patients using oral
corticosteroids on a daily
basis. (Closed symbols)
257 - Patients not using oral cor-

75+

50+

Sputum eosinophils %

ticosteroids on a daily ba-
sis. Lines represent median
values.

]
u
[ [ L

Pre Post Pre Post

Placebo Triamcinolone

Ten Brinke A, AJRCCM 2004; 170: 601-605



Consequences of long-term oral
corticosteroid therapy and its side-effects
in severe asthma in adults: a focused
review of the impact data in the literature

B OCS dose >10 mg-day ' [high] ® OCS dose 5-10 mg-day™ ' [medium] 4 OCS dose <5 mg-day ' [low) - No OCS

]
Acute complications | |
| |
——
Chronic complications I |
—
Any complications | |

0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0 5.5
Odds ratio

FIGURE 1 Risk of developing oral corticosteroid (OCS|-related complications by OCS dose exposures. OCS
doses <5 mg-day”' are considered low, 5-10 mg-day~' medium and >10 mg-day~' high. OR >1 describes a
higher risk for developing OCS-related side-effects. Reproduced and modified from [23] with permission.

Volmer T, Eur Respir J 2018; 52: 1800703



H IL-5 anoteAei Evav EAKUGTIKO OEpPATEVTIKO GTOXO

010 oo a0 EWoLVOPLALKO acOua

I Blood [ Bone Marrow
I |
. Blocks IL-5 affecting \ Z
| | eosinophil development, Benralizumab
l survival and activation *(

\ Effoctor
: Mepolizumab »

Reslizumab l’ ‘

Benralizumab
ADCC 1 T,
b
\ e ,'
@‘ T * CCL-11 '*anti-Siglec—8Ab
\ '; Inhibits activation,
| Blocks migration| Bertilimumab induces apoptosis
Endothelium
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Legrand, J Allergy Clin Immunol Pract 2015



AlopopEC LeTOéL TWV EYKEKPLUEVWYV Yo TO ZEA
anti-IL5 Ospaneiwv

Mepolizumab Reslizumab Benralizumab

Date of apbroval 04 November 2015 (FDA)?! 23 March 2016 (FDA)3 14 November 2017 (FDA)?
PP 03 December 2015 (EMA)? 16 August 2016 (EMA)4 08 January 2018 (EMA)®
Mechanism of action Anti-IL-5 mAb'2 Anti-IL-5 mAb34 Anti-IL-5R mAb>*©

30mg Q4W (x3) & peta

AocoAoyko oxfipa 100 mg Q4W 3 mg/kg 30mg Q8W
066¢ xopriynong SC vV SC
Ddappakoloyikr popdn ZKovn VLZV(?(LS;\: HALTEpos AldAupa tpog €yxuon MpoyeuLopEVn cuplyya
>150 cells/ul >400 cells/ul >300 cells/pl

Hwowddha aipatog

EMA 2018

1. FDA. Drugs@FDA: FDA Approved Drug Products. Mepolizumab. Available from: www.accessdata.fda.gov/scripts/cder/daf/ [accessed September 2018]; 2. EMA. Human medicines. Mepolizumab. Available from: www.ema.europa.eu/ema/ [accessed
September 2018]; 3. FDA. Drugs@FDA: FDA Approved Drug Products. Reslizumab. Available from: www.accessdata.fda.gov/scripts/cder/daf/ [accessed September 2018];

4. EMA. Human medicines. Reslizumab. Available from: www.ema.europa.eu/ema/ [accessed September 2018]; 5. FDA. Drugs@FDA: FDA Approved Drug Products. Benralizumab. Available from: www.accessdata.fda.gov/scripts/cder/daf/ [accessed
September 2018]; 2. EMA. Human medicines. Benralizumab. Available from: www.ema.europa.eu/ema/ [accessed September 2018].



Anti-IL5/IL5-R Oepamneicec oto ZEA:
Mepolizumab, Reslizumab, Benralizumab (IL5-R)

Mepolizumab Mepolizumab
I/ Reslizumab * Humanized Mab against IL-5
* Indicated for add-on maintenance in severe eosinophilic
".'5 asthma in pts 2 12 years of age

— Subcutaneous administration

Reslizumab

* Humanized Mab against IL-5

* Indicated for maintenance add-on for severe
eosinophilic asthma, > 18 years of age
— Administered via IV infusion

Eosinophil

Benralizumab

* Humanized Mab against the IL-5 receptor-a
* Indicated for maintenance add-on for severe
eosinophilic asthma in patients > 12 years of agel?!
— Subcutaneous injection

Basophil Mast cell



Benralizumab induces direct, rapid and near complete
depletion of eosinophils
via antibody-dependent cell-mediated cytotoxicity

Anti-IL-5 MOA1-4
indirect

Other local eosinophil
activating factors may
render clearance by

1 |_ anti-IL-5 incomplete3*

PASSIVE
Eosinophil Apoptosis

Benralizumab MOA5-7

Enhanced Antibody-Dependent Cell-mediated
Cytotoxicity (ADCC)

Afucosylated Fc
region

/

—

Anti-IL-5Ra
FcyRllla

DIRECT
NK Recruitment

Benralizumab induces direct, rapid®, and near complete
depletion of eosinophils via its enhanced ADCC MOA

—

ACTIVE
ADCC Eosinophil Apoptosis

*Benralizumab induces eosinophil apoptosis within 6 hours in vitro’; blood eosinophils were
depleted within 24 hours in a clinical study®

1. Patterson MF, et al. J Asthma Allergy. 2015;8:125-134; 3. Flood-Page P, et al. Am J Respir Crit Care Med. 2003.167:199-204; 4. Sehmi R et al. Clin Exper
Allergy. 2016;793-802; 5. Kolbeck R et al. JACI 2010;125:1344-1353; 6. Laviolette M et al. J Allergy Clin Immunol. 2013;132:1086-1096;



Anti-IL5 Oepaneiec:Enidpaon otov aptOuo twv Bl-Eos

Benralizumab: oxedov nAnpnc e€adavion

Blood EOS Count Over Time

700 = ==Benralizumab QG4W --Benralizumab Q8W --Placebo
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o .
o al .
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gz. |
< 300 4
c 2 .
5 :
% -
100 - Median blood percent changes in EOS counts were reduced from baseline by 100% in
- - patients treated with benralizumab Q4W and Q8W compared to 6% for patients in the
“ ® placebo group
-100 EOS = eosinophil; Q4W = every 4 weeks; Q8W = every 8 weeks. Error bars represent upper
! ! ! ! and lower quartiles.
Weeks Baseline 12 24 28

Nair P et al. Supplementary appendix. N EnglJ Med. 2017
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Mepolizumab for severe eosinophilic asthma (DREAM):
a multicentre, double-blind, placebo-controlled trial

DREAM: Clinically Significant Exacerbations Over 13 Months
300 -
- Placebo
— 75 mg mepolizumab
- 250 | — 250 mg mepolizumab
% c — 750 mg mepolizumab
R - 39% reduced vs PEQ
‘.'E e 200 (P = .0005)
o -2 48% reduced vs PBO
i (P < .0001)
v T 150 2% radare U PR
E\E ¥ y regiuce ..xl'.;.-
©
2 & 100-
£3
™
50 -
0 I ! I I I I I | I I ! I !
o 1 2 3 4 5 6 7 8 9 10 11 12 13
Time From Start of Treatment, mo
621 patients with =2 exacerbations in previous year, sputum eosinophils > 3%, FeNO > 50 ppb,
and blood eosinophils >300/cc were randomised to mepolizumab 75 mg, 250 mg, 750 mg or placebo.

Pavord Lancet 2012;380:651-59



Mepolizumab Treatment in Patients
with Severe Eosinophilic Asthma

MENSA STUDY

= 576 patients with recurrent (22) asthma exacerbations and >150 cells/uL at baseline or >300 cells/pL
during the 12-month period before screening, despite high doses of ICS

Table 2. Summary of Efficacy Outcomes.*

Placebo

Outcome (N=191)

Mean rate of clinically significant  1.75
exacerbations

Mean rate of exacerbations re- 0.20
quiring hospitalization or
emergency department
visit

Mean rate of exacerbations re- 0.10
quiring hospitalization

Change from baseline in FEV, — ml
Before bronchodilation
After bronchodilation

2631
30:34

Change from baseline in score  -0.50+0.07
on Asthma Control
Questionnaire

Change from baseline in scoreon  -9.0+1.2
5t. George's Respiratory

Questionnaire

Intravenous Difference
Mepolizumab from Placebo P

(N=181) (953 CI) Value
0.93 47 (2910 61)7 <0.001
0.14 32 (41 to 67)F 0.30
0.06 39 (-66t0 77T 0.33
186232 100 (13 to 187) Q.02
176=34 146 (5010 242) 0.003
-0.92+0.07 -0.42 (-0.61to-0.23) =0.001
-15.4+1.2 -6.4 [-9.7 to -3.2) =0.001

Subcutaneous Difference
Mepolizumab from Placebo P
(N=194) {9534 Cl) Value
0.81 53 (37 to 65)F <0.001
0.08 61 (17 to 82) 0.02
0.03 69 (910 89)T 0.03
183+31 98 (11 to 184) 0.03
167+33 135 (43 to 232) 0004
-0.94+0.07 -0.44 (-0.63 to-0.25) =0.001
-16.0+1.1 -1.0 102 10-3.8) =0.001

Ortega, N Engl J Med 2014;371:1198-207




Oral Glucocorticoid-Sparing Effect of Mepolizumab
in Eosinophilic Asthma (SIRUS investigation)

= Blood eosinophil level of 2300 cells/uL during the 12-month period before screening

or 2150 cells/uL during the optimization phase

Cutcome

Reduction in oral glucocorticoid dose at 20 to 24 wi:
primary outcome — no. (%) 7

90 to 100%
75 to <90%
50to <75%
=0 to <50%

Mo decrease in oral glucocorticoid dose, a lack
of asthma control, or withdrawal from
treatment

Secondary outcomes

Reduction in daily oral glucocorticoid dose
of 250% — no. (%) 1

Reduction in daily oral glucocorticoid dose
to a level =5 mg— no. (%) 1

Reduction of 100% in oral glucocorticoid dose
— no. (%)

Median percent reduction from baseline in daily
oral glucocorticoid dose (95% CI)|

Placebo
(N =66)

7 (11)
5 (8)
10 (15)
7 (11)
37 (56)

22 (33)

21 (32)

5 (8)

0.0

(-20.0 to 33.3)

Mepolizumab
(N=69)

16 (23)
12 (17)
9 (13)
7 (10)
25 (36)

37 (54)

37 (54)

10 (14)

30.0

(20.0 to 75.0)

Odds Ratio
[95% CI)* P Value
2.39 (1.25-4.58) 0.008
2.26 {1.10-4.65) 0.03
2.45 (1.12-5.37) 0.02
1.67 (0.49-5.75) 0.41
MA 0.007

Bel, N Engl ) Med 2014.371:1189-97



Reslizumab for inadequately controlled asthma with
elevated blood eosinophil counts: results from two
multicentre, parallel, double-blind, randomised,
placebo-controlled, phase 3 trials

= 953 Patients with =1 asthma exacerbations during the previous year and >400/uLB-Eos at baseline

B
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= Significant reduction in the
frequency of asthma exacerbations
compared with PBO

Study 1: RR 0.50 [95% Cl 0.37-0.67];
Study 2: 0.41 [0.28-0.59];
both p<0.0001

= Grater benefit in the OCS-treated
subset of patients

Castro, Lancet Respir Med. 2015; 3:355-66



Reslizumab for Inadequately Controlled

@ CrossMark

Asthma With Elevated Blood Eosinophil Levels

A Randomized Phase 3 Study

= 315 patients, inadequately controlled (ACQ21.5) by at least a medium dose of ICS and at least one Bl-Eos count of 2400 cells/pL during the screening period

= Reslizumab 0.3 mg/Kg i.v., 3.0mg/Kg i.v. or PBO, once every 4 wks for 16 wks

Change in baseline FEV1

Change in baseline symptoms
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Bjermer L, CHEST. 2016; 150: 789-798




Efficacy and safety of henralizumab for patients with severe

asthma uncontrolled with high-dosage inhaled
corticosteroids and long-acting f,-agonists (SIROCCO):

arandomised, multicentre, placebo-controlled phase 3 trial

Bleecker ER, Lancet. 2016; doi: 10.1016/5S0140-6736(16)31324-1

= 1205 patients with 22 exacerbations during the previous year,

while on high doses ICS + LABA were randomized to receive
Benralizumab 30mg s.c. Q4W, Benralizumab Q8W or placebo
(1:1:1) for 48 wks as add on to their standard Tx

SIROCCO
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Benralizumab, an anti-interleukin-5 receptor o monoclonal
antibody, as add-on treatment for patients with severe,
uncontrolled, eosinophilic asthma (CALIMA): a randomised,
double-blind, placebo-controlled phase 3 trial

FitzGerald JM, Lancet. 2016; doi: 10.1016/50140-6736(16)31322-8

. 1306 patients with 22 exacerbations during the previous year, while
on both high and medium doses ICS + LABA were randomized to
receive Benralizumab 30mg s.c. Q4W, Benralizumab Q8W or
placebo (1:1:1) for 56 wks as add on to their standard Tx

CALIMA

Annud asthma exacemation

Annual asthma exacebation
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Oral Glucocorticoid—Sparing Effect
of Benralizumab in Severe Asthma

A Change from Baseline in Oral Glucocorticoid Dose
907 = Placebo =m=Benralizumab 30 mg, every 4 wk === Benralizumab 30 mg, every 8 wk
25+
<)
S 0 - T - -
& H H H ‘
£ 254 - : : — 1
v s | i < 4 4
= i
S ~50- : —= P<0.001 for both comparisons
= . 1 T T ~T T
-75- 4
i* i} if
-100 T T I T I T T T
02 4 8 12 16 20 24 28
Week
No. at Risk
Benralizumab 30 mg, every 4 wk 72 70 70 69 69 68 66 68
Benralizumab 30 mg, every 8 wk 70 72 67 69 69 66 69 68
Placebo 74 75 73 74 74 73 73 72

Nair P, N Engl J Med 2017;376:2448-58




Library

Cochrane Database of Systematic Reviews

Anti-IL5 therapies for asthma (Review) (_% Cochrane

Farne HA, Wilson A, Powell C, Bax L, Milan SJ

Authors’ conclusions

Overall our study supports the use of anti-IL-5 treatments as an adjunct to standard of care in people with severe eosinophilic asthma
and poor control. These treatments roughly halve the rate of asthma exacerbations in this population. There is limited evidence for
improved HRQoL scores and lung function, which may not meet clinically detectable levels. There were no safety concerns regarding
mepolizumab or reslizumab, and no excess serious adverse events with benralizumab, although there remains a question over adverse
events significant enough to prompt discontinuation.

Further research is needed on biomarkers for assessing rreatment response, optimal duration and long-term effects of trearment, risk of
relapse on withdrawal, non-eosinophilic patients, children (particularly under 12 years), and comparing anti-1L-5 treatments to each
other and, in people eligible for both, to anu-immunoglobulin E. For benralizumab, future studies should closely monitor rates of
adverse events prompting discontinuation.

Cochrane Database of Systematic Reviews 2017, 1ssue 9. Art. No.: CDOL0834.
COl: 10.1002,/14651858.CD010834. pub3.




Baseline eosinophil counts are predictive
of anti-IL5 treatment benefit

SIROCCO?
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1. Chupp et al Lancet Respir Med 2017, 2. FitzGerald JM, Lancet. 2016




A sustained therapeutic benefit of anti-IL5 therapy
requires continued dosing

Outcomes after cessation of mepolizumab
therapy in severe eosinophilic asthma:

A 1Z2-month follow-up analysis

Sp-Eos and BI-Eos Exacerbation frequency
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Haldar, JACI 2014; 133:921-923



NapakoAouOnon acBsvwv nov
Aappavouv anti-IL5 Beparmeiec

* Mwc yivetal n mapakoAouBnon tTwv acBevwv
rniov AapBavouv anti-IL5 Bepamnelec;

* [wWC UmopoUE vaL TtpooOLOPLOOUE TTOLOL
aoBeveic avranokplOnkav otn Bepaneia;

* YTO mOLEC KALVLKEC OUVONKEC TIPETIEL OL
acBeveic va otapatnoouv N va aAAaéouv
Oepaneia;



MNapayovtec mov aéLloAOYOUE

Melwon Twv napofuvoewv 4 months e

Stop
treatment
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Intermediate
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Buhl R, Eur Respir J 2017; 49: 1700634



2€ OPLOMEVOUC acBeveic dev mapatnpeitotl MARPNG
eéadavion twv Eos otouc Lotouc pe Tic anti-IL5 Ospamneiec

Bone marrow Airway mucosa/submucosa

Eosinophils (%)

T
Day 84

eening
t 1) 1)
m Placebo

Dosing
< Benralizumab I mg/kg IV

® Benralizamab 100 mg SC

Laviolette M, Allergy Clin Immunol. 2013; 132: 1086—-1096.e5



Potential targets
for severe eosinophilic asthma

A
Allergens g, (“,}0 ¢ Viruses

= Epithelial cells
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Barnes PJ, J Allergy Clin Immunol. 2015; 136: 531-545



AnoteAeopatikotnta tov Omalizumab otn peiwon

TWV NaPoEUVOEWV OE OXEON TOL ETUMESA TWV

£WOoLVOPiIAwV 0To MEPLPEPLKO aipa

Response to omalizumab using patient enrichment criteria
from trials of novel biologics in asthma

1.8, Casale") | B.E Chipos? | K Rosén” | B. Trzaskoma” | T. Hasellom |
T. A Omachi® | S, Greenberg® | N. A Hanania”
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FIGURE 2 Relative percentage change in exacerbation rate by
blood eosinophil levels

Casale TB. Allergy. 2018;73:490-497.




Effects of Treatment with Anti-immunoglobulin E
Antibody Omalizumab on Airway Inflammation

Omalizumab attenuates airways and systemic
eosinophilia

in Allergic Asthma

Eosinophils (% of inflammatory cels)
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Djukanovic, AJRCCM 2004;170:583-593

Effect of omalizumab on peripheral blood
eosinophilia in allergic asthma

Eosinophils in peripheral blood
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Massanari, Respir Med 2010; 104: 188-96



Dupilumab (anti-IL13/IL4-Ra) significantly reduced
exacerbations irrespective of baseline eosinophil count

. 769 patients were randomly assigned (1:1:1:1:1) to receive subcutaneous dupilumab 200 mg or 300 mg every 2 weeks or every 4 weeks, or
placebo, over a 24-week period

Eos 2 300 cells/pL Eos < 300 cells/pL Overall Population

Adjusted Annualized Severe
Exacerbation Rate, Estimate

Placebo 200 mg 300 mg 200 mg 300 mg F’tsce_bo 200mg 300mg 200mg 300mg Placebo 200 mg 300 mg 200mg 300 mg
(n=68) Q4w Q4w Q2w Q2w =90 Qaw Q4w Q2W Q2W (n=158) QAW QAW Q2W Q2W
(n=58) (n=66) (n=64) (n=64) (n=91) (n=91) (n=84) (n=92) {n=150%n =157)(n = 148) (n = 156)

The effects may be greater in patients with peripheral blood eosinophilia,
particularly at the 300mg dosing every 2 weeks
Wenzel S, Lancet. 2016;388:31-44



An algorithmic approach for the
treatment of severe uncontrolled asthma

T2-high asthma
(Atopy+, IgE =100 IU-mL-*, Feno =30 ppb, blood EQS =300 pL!, sputum EOQS = 2%)

—3  Allergic predominance [table 2) —b-l_l]malizurrn;b 0CS

—p»{ Eosinophilic predominance [table 2] Anti-IL-5 OCS || Anti-IL-4Ra

Aspirin intolerance
mremrre e s ] LTRAs
Severe allergic rhinitis

: [ Omalizumab or anti-IL-5 | [ OCS
—pul Allergic/eosinophilic overlap [table 2) i

Anti-IL-4Rc? CRTh2 antagonist?

 Allergic bronchopulmonary mycosis |
[fungus-specific IgE or SPT+, ! - -
_.'E bronchiectasis, blood eosinophilia, ;' » OCS Anufung_;als Omslizumab?

markedly elevated IgE] !

----------------------------------------------------

Zervas E, ERJ Open Res 2018; 4: 00125-2017





https://www.facebook.com/photo.php?fbid=10213450173993627&set=a.3590821014037&type=3&size=1223,1631

Exploring the Effects of Omalizumab in Allergic Asthma
An Analysis of Biomarkers in the EXTRA Study

B 100
. Asthma exacerbation rate
¥ 804
= =
S5 .8 60- -
L9 3
S --- :
8 83 40- _
E "'é o Eosinophils < 260/uL Eosinophils = 260/ulL
g = E 0.95 (0.68-1.3) 0.64 (0.48-0.86)
o 20+ Placebo (n = 197) Placebo (n = 200)
— Omalizumab (n = 186) ---0Omalizumab (n = 214)
{] L] L

0 - g8 12 16 20 24 28 32 36 40 44 48
Time since Day 0 (week)

Higher exacerbation rates in the placebo group:
Bl-Eos predictive of exacerbations

> 260 cells/pL Greater benefit from omalizumab:

predictive of treatment response
Hanania. AJRCCM 2013;187:804-811.



Blood Eosinophil Count Is a Useful Biomarker to Identify Patients
with Severe Eosinophilic Asthma

10 000+

1000

100

Geometric mean of eosinophils week 0 to week 56 (cells/pL)

Screening Bl-Eos versus the
geometric mean after screening

150 identity

- oz S L& 150
+>_/,:T ¥ +

10{"

10 100 1000 10 000

Eosinophils at screening (cells/uL)

Katz, Ann Am Thorac Soc. 2014; 11: 531-536

85% of the subjects with a screening
Bl-Eos count of >150 cells/ml
remained at 150 cells/ml or greater
in the following year

67% of the subjects with a screening
Bl-Eos count of <150 cells/ml
remained below the proposed cut-
off of 150 cells/ml or greater in the
following year.



Anti-IL-5 treatments in patients with severe
asthma by blood eosinophil thresholds:
Indirect treatment comparison

William Busse, MD,* Geoffrey Chupp, MD,? Hiroyuki Nagase, PhD.® Frank C. Albers, PhD,? Scott Doyle, DPhil (Cand),®
Qin Shen, PhD,! Daniel J. Bratton, PhD,® and Necdet B. Gunsoy, PhD*® Madison, Wis, New Haven, Conn, Tokvo, Japan,
Research Triangle Fark, NC, Brentford and Uxbridge, United Kingdom, and Upper Providence, Fa
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/Blood Eos AN E Favours Drug A ! Favours Drug B R \
- | »
MEPO vs BENRA [ 1 Lo 0.55 (0.35, 0.87)*
1
MEPO vs RESLI [ 3 | ! 0.55 (0.36, 0.85)"
1
RESLI vs BENRA | - , 1.00 (0.71, 1.40)
|
|
1
MEPO vs BENRA : L ! 0.61(0.37,0.99)*
1
1
1
1
1
1
|
1
MEPO vs BENRA [ 3 o 0.66 (0.49, 0.89)"
1
1
|
1
MEPO vs BENRA ! 2 | 0.75 (0.56, 1.00)
H 1
Unadjusted MEPO vs RESLI : I — 0.89 (0.66, 1.20)
comparison |
RESLI vs BENRA ' I L 0.84 (0.63, 1.13)
|
0,25 0,5 1 2 4
k M verovs BENRA [l mepovsresu ] RESLIvs BENRA Rate Ratio (95% Cl) /

*p <0.05, T p <0.01; ¥ Raw data have not been adjusted for ACQ, exacerbations or blood eosinophil threshold. Note: No comparisons with RESLI were possible below 400 cells/uL due to the inclusion criteria. Only data from patients with
2450 cells/uL were available from BENRA studies and used in the 2400 cells/uL comparison.
BENRA, benralizumab; MEPO, mepolizumab; RESLI, reslizumab.

Busse W, et al. J Allergy Clin Immunol. 2018. doi: https://doi.org/10.1016/].jaci.2018.08.031.



Efficacy of mepolizumab add-on therapy on health-related
quality of life and markers of asthma control in severe
eosinophilic asthma (MUSCA): a randomised, double-blind,
placebo-controlled, parallel-group, multicentre, phase 3b trial

= 576 patients with recurrent (22) asthma exacerbations and >150 cells/uL at baseline or >300 cells/pL during

the 12-month period before screening, despite high doses of ICS plus additional controller medication(s)

Mean change in total
SGRQ score

Mean change in activity
domain SGRO score
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Chupp GL, Lancet Respir Med. 2017;5:390-400
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Severe eosinophilic asthma treated with mepolizumab
stratified by baseline eosinophil thresholds: a secondary

analysis of the DREAM and MENSA studies

DREAM (n=616)

MENSA (n=569)

Combined* (n=1185)

Placebo Mepolizumab Placebo Mepolizumab Placebo Mepolizumab
(n=155}) (n=461) (n=189) (n=380) (n=344) (n=841)
=150 cells per pL
n (%) 121 (78%) 346 (75%) 157 (83%) 296 (78%) 278 (81%) 642 (76%)
Exacerbation rate per year 2-47 113 1-65 078 194 0-92
Rate ratio vs placebo (95% Cl) 0-46 (0-35-0-60) 0-47 (0-35-0-63) 0-48 (0-35-0-58)
=300 cells per pL
n (%) 86 (55%) 216 (47%) 106 (56%) 202 (53%) 192 (56%) 418 (50%)
Exacerbation rate per year 2-66 111 1.98 078 219 0-89
Rate ratio vs placebo (95% CI) 0-42 (0-31-0-56) 0-39 (0-28-0.55) 0-41 (0-33-0-51)
=400 cells per pL
n (%) 64 (41%) 149 (32%) 87 (46%) 161 (42%) 151 (44%) 310 (37%)
Exacerbation rate per year 312 103 206 0-66 236 0-81
Rate ratio vs placebo (95% Cl) 0-32 (0-23-0-46) 0-32 (0-22-0-46) 0-34 (0-27-0-44)
=500 cells per pL
n (%) 50 (32%) 114 (25%) 66 (35%) 124 (33%) 116 (34%) 238 (28%)
Exacerbation rate per year 3.34 0-92 211 0-58 2.49 0-75

Rate ratio vs placebo (95% Cl)

0-27 (0-15-0-39)

0-27 (0-18-0-41)

0-30(0-23-0-40)

Data are from the intention-to-treat populations from the DREAM and MENSA studies. All mepolizumab doses were combined for the analysis. *Seven patients had missing
baseline ecsinophil values in MEMSA and were excluded from this analysis.

Table 2: Reduction in exacerbation rate stratified by baseline blood eosinophil count

Ortega HG, Lancet Respir Med. 2016;4:549-556




The Nasal Polyp Endotype
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Reslizumab IV 3.0 mg/kg is licensed in the United States and in the European Union for the treatment of severe
eosinophilic asthma in adults 18 years and older
Castro M, et al. Am J Respir Crit Care Med. 2011;184:1125-1132.



Effect of Mepolizumab on Total Polyps Score

Mean CFB in TPS Based on LOCF for the Treated and Placebo Groups
Starting at Moment of First Administration
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The primary endpoint was the difference in TPS at week 8 (visit 5) vs baseline (visit 2). By using LOCF, the CFB
with mepolizumab was -1.30 (SD 1.72), and with placebo was 0.00 (SD 0.94), resulting in a treatment difference
of 1.20 (SD 1.51; P = .28, Mann-Whitney U Test)

Gevaert P, et al. J Allergy Clinical Immunol. 2011;128:989-995.



Mean L/min (SD)

Effect of SC Dupilumab on Nasal Polyp Burden in
Patients With Chronic Sinusitis and Nasal Polyposis

250 -
Peak Nasal Inspiratory Flow in Morning  m Placebo + MFNS (n = 30)
200 - W Dupilumab + MFNS (n = 30)
o SNOT-22 Total Score
150 A e |
— 50
=
100 - 2 10
=
§ 30 -
50 A 50 -
10 -
- 0

Baseline Week 16 Baseline Week 16

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




Exploring the Effects of Omalizumab in Allergic Asthma
An Analysis of Biomarkers in the EXTRA Study

I FeNO Eosinophils Periostin
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—80-  p_p4s* P=0001" P-054 P =0005" P=094" P=007
Exacerbation rates
Low High Low High
Low FeNO High FeNO eosinophils  eosinophils periostin periostin
at baseline at baseline at baseline at baseline at baseline at baseline
Omalizumabk 0.60 0.50 0.65 0.70 0.73 0.66
Placebo 0.71 1.07 0.72 1.03 0.72 0.93

Hanania. AJRCCM 2013;187:804-811.
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Jantina C. de Groot?, Junfeng Wangz, Els J. Weersink', Anneke ten Brinke®,
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TABLE & Distribution of marker thresholds at 95% sensitmty and specificity in different asthma
Phﬂ"utﬂ]ﬂs ASTHMA | GA WESTERHOF ET AL
Lower threshold sensitivity 95% Upper threshold specificity 95% -

Feo ppb B.6-15.1 £85-695

Blood eosinophils x10" cells-L ™ 0,060,095 0.34-0.73 089

Total IgE kU-L™" 85-255 389-2181

Fedo + blood eosinophils 0.084-0.136" 0.656-0.75" Z 064

lata are presented as ranges. Fehd: exhaled mitnc oxde fraction; lg: immunoglobulin, LML test & 04 £

combinalions were log translormed; these values correspond Lo an individual's probability of sputum - ——— Baseline prediction model

eosinophilia, as determined by the formula provided in online supplementary figure E3. 0.2 ¢ Fenn + blood cosinaphils

P — E_tl:gd eosinophils

FIGURE 1 Receiver  operating = e lgE
characteristic curves for exhaled nitric 0.o4 "

oxide fraction {Faxo), blood eosinophils, T T T T T T
total immunoglobulin (IE and a 1.0 08 0.6 3 .[I.J'i 0.2 0.0
combined model, n=336, Specilicity




Determining asthma treatment by
monitoring sputum cell counts: effect on
exacerbations

CS: clinical strategy, based on symptoms and spirometry

SS: sputum strategy, sputum cell counts guiding CS to keep Eos<2%
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