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Image of small
molecule (aspirin)




Diagnosis

Symptom control & risk factors
(including lung function)

Inhaler technique & adherence

~Mru“§

Patient preference

Symptoms Asthma medications
Exacerbations Non-pharmacological strategies
Side-effects Treat modifiable risk factors

Patient satisfaction

Lung function 7

STEP 5

Oral
STEP 4 glucocorti
STEP 3 costeroid

: (lowest
Low dose ICS/ILABA
Low dose ICS ICS/LABA®
T e L e R R U T ' s :

congct)rl]lg rapid Leukotriene receptor antagonists (LTRA) Ll\g\idégg I((j:OSSfLEIFR’SA ﬁ?gdhtg);;%p:gg* Anti IgE

options acting 82 Low dose theophylline* (or + theoph) + LTRA treatment
agonist or + theoph?*)
B - B . As-needed SABA or
RELIEVER As-needed short-acting beta,-agonist (SABA) low dose 1CS/formoterol#
REMEMBER Provide guided self-management education (self-monitoring + written action plan + regular review)
TO... . Treat modifiable risk factors and comorbidities, e.g. smoking, obesity, anxiety

SLIT added as
an option

. Advise about non-pharmacological therapies and strategies, e.g. physical activity, weight loss, avoidance of

sensitizers where appropriate

. Consider stepping up if ... uncontrolled symptoms, exacerbations or risks, but check diagnosis, inhaler

technique and adherence first

. Consider adding SLIT in adult HDM-sensitive patients with allergic rhinitis who have exacerbations despite

ICS treatment, provided FEV1 is >70% predicted

. Consider stepping down if ... symptoms controlled for 3 months + low risk for exacerbations.

Ceasing ICS is not advised.

© Global Initiative
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Ta povotraTtia TTou odnyouv oTo ocof3apo aocOua

HwowodAiké acOpo

(nwowodiha mtuéAwv >3%) :

55%

OudetepodALko dcOpo

(oudetepodida mtuéAwv 76%) :

22 %

Paucigranulocytic asthma :

17%
Brusselle et al. Ann Am Thorac Soc 2014
Schleich F, Brusselle G. Respir Med 2014




T2 Low Asthma
Endotype Phenotype Endotype
Neutrophils
Proteases
IL-4
ROS ¢ — @ » IL5
Epithelium| Epithelium o
CRTH2/PGD2
IL-8 RN TRRT Lt
l.a s . .. RN Y _,w
s e IL-33
ILC13
™2 IL5
"‘ »IL-13
IL-9
CRTH2/PGD2

NKT
L4
® —5
IL-4
LC2 IL-13
—> IL5
\ L9
I Areg

Viswanathan RK et al. Semin Respir Crit Care Med 2018
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Target Treatment Stage of development
IgE Omalizumab Marketed

IL-5 Mepolizumab and reslizumab Marketed

IL-5R Benralizumab Phase lll

IL-4Ra (IL-4/1L-13)

Dupilumab and pitrakinra

Phase lll, phase |l

IL-13

Lebrikizumab and tralokinumab

Phase llI

IL-17

Secukinumab and brodalumab

Phase I
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Avti - IgE (Omalizumab) (Xolair - Novartis)

Blocking the Allergic Cascade by
Omalizumab

Allergen-driven B-cell
secretes IgE

%

Omalizumab

\’ Sy

Busse W, et al. J Allergy Chin immunod. 2001;108:184-190.
Presta \G, et al Jimmunol. 1993:151.2621.2632
Humbert M, et al. J Allergy Clin Immunol Proct. 2014;2:525-536

Mast cell

e




Avti - IgE (Omalizumab) (Xolair - Novartis)
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'y Novas
Ster Sor bjumiecs
. ) 4 -
O novartis ¥ Nk s
Xolair” 150 mg 2mil
D D B "
s Mor s 40 Imctes - g S
wr B2 o gy e
e LA g e
3 we

Xopnynon unodopiwg
Aoon: ava 2 N 4 Béopadec
Méyiotn IgE: 1500 iu/ml
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Meiwon nrapoévvoewv

Tuxatomotnpevec KAWLIKEC peAetec (RCTs) MeA€tecg KaBnpepvng KAWLIKAC paktikng (RWE)
Risk ratio e
Study or subgroup M.H, random, 95% CI
Busse 2001 ——| L
Holgte 200 —| 2 B Clinically significant
Humbert 2005 S = i
Lanier 2009 — = I exacerbations
Milgrom 2001 = Severe clinically
Ohta 2009 g 6 - 22 significant
Soler 2001 2 exacerbations
Vignola 2004 2 4 -
; . g 1.0
otal (95%Cl) 2 oG
\ | N Y | o 2 o0 o
o0 02 05 12 5 o 2 L
Favours omalizumab Favours placeho 0 - . =
Pre-treatment® Month 12 Month 24
n=847 n=842 n=686 n=691 n=620 n=625

Rodrigo GJ. Chest 2011 Braunstahl G-J. Biol Ther 2014



BeAtiwon cuuntwpdtwy doduorog

Tuxatomotnpevec KAWLIKEC peAetec (RCTs) MeA€tecg KaBnpepvnig KAWLIKAC paktikng (RWE)
8 - . Daytime symptoms
Changes in mean AQLQ score = Omalizumab (n=224) 7 [] Nocturnal symptoms/awakenings
from baseline to Week 31 ¥ OAT (n=97)
o 1.08* 1.08* 1.06*
1.00 =

0.75 =

0.50 o

0.25

Number of days/week, mean (SD)

0.00
0.25 -0.07 -0.07 -0.07 -0.01 -0.07
Symptoms Activities Emotions Environmental Overall
exposure** score
Baseline Month 12 Month 24
(n=916) (n=734) (n=643)

Bousquet J. Allergy 2011 Braunstahl G-J. Respir Med 2013



PEF

FEV, % predicted
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Month 24

Month 12

Month 24

Month 12

(n=643)

(n=734)

(n=643)

(n=734)

Braunstahl G-J. Respir Med 2013



Mean total daily OCS dose
(mg)

Omalizumab kot peiwon cvoTnpatikwy koptikostepoedwv (OCS)

18
16
14
12
10

©O N ~ O ©®

s

RR: -69.0%
vs. baseline

RR: -50.3%
vs. baseline

Week 16 Month 8 Month 12 Month 18 Month 24

Braunstahl G-J. Respir Med 2013
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Meiwomn ypnoewc ICS

Tuxatomotnpevec KAWLIKEC peAetec (RCTs) MeA€tecg KaBnpepvnig KAWLIKAC paktikng (RWE)
Percent
= Stopped/reduced ™ No change MIncrease
© Omalizumab (n=268) W Placebo (n=257) 80 -
80 - 75 * Lk = 70,2
: *p<0.001 vs. placebo 63,5

50 - 5419
50 -
50 -
40 -
40 -
30 -
30 -
20 - 20 -
10 - 10 -
0 - 0 -
Median dose reduction Patients (%) with >50% Patients (%) with Month 12 Month 24
(%%) dose reduction complete ICS
withdrawal

Busse W. JACI 2001



Tuxatomotnpevec KAWLIKEC peAetec (RCTs)

Change in AQLQ score!
139

B Omalizumaby @ Control

MHOVATE ETOPA SOLAR B et 11 o 0o Shudy 011 Ol

n=419 n=294 n=364 n=523  n=537 n=315  n=2452

Chipps B. Curr Med Res Opin 2006

e s

BeAtiwon molotntog Zun']é (QolL)

MeA€tec KaONUeEPLVACS KAWVIKAC TtpakTkAC (RWE)

2 - Month 12
1,8 ® Month 24
1,6 -

1,62

1.4 - 1.3

1,2
0,97

o5 0,75

0,6 -
04 -
0,2 -

Mean (SD) change from baseline

AQLQ Mini-AQLQ

Braunstahl G-J. Respir Med 2013
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0.96 -

0.94

0.92 +
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Incidence of malignancy in patients with moderate-to-
severe asthma treated with or without omalizumab

Aidan Long, MD,® Abdelkader Rahmaoui, MD,” Kenneth J. Rothman, DrPH,° Eva Guinan, MD,® Mark Eisner, MD,”
Mary S. Bradley, MS.,® Carlos Iribarren, MD, MPH, PhD,® Hubert Chen, MD, MPH,® Gillis Carrigan, PhD, MSec,®
Karin Rosén, MD, PhD.® and Stanley J. Szefler, MD* Boston and Cambridge, Mass, Sourh San Francisco and Oakland, Calif,

Research Triangle Park, NC, and Denver, Colo
Mexétn EXCELS Jaci 2014

The Xolair Pregnancy Registry (EXPECT): The safety
of omalizumal use during pregnancy

= Placebo (n=2,829)

Omalizumab (n=5,007) Jennie Namazy, D, Miche! D, Cabana, D, Py Angela . Scheuere, MO, John M. horp W
Hubr Chen, M. il g, PAD* Yan Wang, PO Jochi Veith, MO, and Eleth . Acres, PO

o S

6 12 18 24 30 36 42 48 54 60 66 72 78 [g gl om Froncio, Calf Dl e, and Chaped 1 and Reseanch Trigle Pk, NC

JACI 2014
Time from enrolment (months)



" Brief Communication

Allergy Asthma Immunel Res. 2017 July;9(4):368-372

AQLQ score

CrosMark htps//doi.org/10.4168/aair.2017.9.4.368
famm= 0|SSN 2092-7355 * eISSN 20927363

Real-life Efficacy of Omalizumab After 9 Years of Follow-up

Francesco Menzella,"™ Carla Galeone,' Debora Formisano,? Claudia Castagnetti,' Patrizia Ruggiero,' Anna Simonazzi,'

Luigi Zucchi'

'Department of Cardio-Thoracic-Vesculor and Intensive Care Medicine, Pneumology Unit, Arcispedale Santa Maria Nuova-IRCCS, Reggio Emilia, Italy
“Scientific Directorate, Arcispedale Santa Maria Nuova-IRCCS, Reggio Emilio, Italy

58%

42

0 | | | |
Baseline 32weeks 4years 9years Q

FEVI (%)

85.5'.

i 820

Baseline 32weeks 4years 9years e

Annual mean (£SD)

B — Severe exacerbations
5.00 — Mild+moderate exacerbations
1.00
L O'fL%ss/I\o'fs
o3t 13 7036

Baseline 32weeks 4years 9years G

Menzella F. et al. Allergy Asthma Immunol Res 2017



Anti-IL-5 Therapy in Eosinophilic Asthma

Mepolizumab
'-/ Reslizumab
IL-5 : . IL-5-targeted agents decrease asthma

* Differentiation arbati tient S chare aathin
o Mstinaticn exacerbations in patients with severe asthma
« Activation who have high blood eosinophil levels. !

* Survival

IL- SRa Benrallzumab‘

Eosinophil

Basophil Mast cell

“Benralizumab is not approved for use by the FDA
2. Ortega M, et al. N Engl ) Med. 2014;371:1198-1207; b. Castro M, et al. Lancet Respir Med. 2015;3:355-366
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Adon: 100 mg ava 4 eBéouddeg




__— Mepolizumab: Meiwon twv napofivoewv os oxeon ue to

ELKOVIKO papuako (evéopAeBia yopnynon)

(nwowodha > 150 3 >300 tov TeAeuTOLO XPOVO)

The DREAM study

Total number of clinically
significant exacerbations

300 7

250 1

200 1

150 -

100

50 1

== Placebo (n=155)

——— Mepolizumab 75 mg (n=153)
= Mepolizumab 250 mg (n=152)
= 750 mg mepolizumab (n=156)

P<0.001
P<0.001
! P<0.001

1 1 | 1 I | | | | |
-, SRS PATATS. AT A A R
Time from start of treatment (months)

11

12

Pavord ID et al. Lancet 2012
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- Mepolizumab: Meiwon Twv napo§iveswv os axéon ue to ewoviké
papuako (urtodopta xopnynon ota 100mg)

The MENSA study

Meiwan g ouyvoTnTac Twv MapofUvaewy, o€ GUYKPION HE TO EIKOVIKO PapUaKo
(Mpwrevov katahnkTikd onicio T MENSA - Xpovog pehéng 32 ERSopiadeq)”

20
18

v

2 16

: 0

1 53% MEIO2H

¥ O

3

S 12

3 (p<0,001)

9 10

Q

£ 08

£

2 06

0 l EwoveD pApUOKD TPOaTREIED

8 04— T o v fn=191)

100 mg Nucaia npogrétyen

02— amobopin o owin vyt n=194)
0

Ortega HG et al. N Engl J Med 2014



- : : ; .\— = i R —
__—  Mepolizumab: Msiwon twv napo§iveswv nou odfiyncav ce

vOoOonAeia ] 0€ EMLOKEYPELC OTO TR ETLELYOVIWV OE OXE0N UE TO
ELKOVIKO (PAPUAKO

The MENSA study
0.30 - Difference from Difference from
: placebo (95% placebo (95%
Cl) 32% (-41, Cl)
67)t 61% (17, 82)t
8 0,20
2
o
®
a
8 0,10
2 1)
0,00
Placebo Mepolizumab Mepolizumab
n=191 75 mg IV 100 mg SC
n=191 n=194

Ortega HG et al. N Engl J Med 2014



Mepolizumab: BeAtiwon tn¢ avanvevotikig Asttoupyiag

> —

The MENSA study

4= @@9® Placebo

0 B8 Mepolizumab 100 mg SC
367 A4&A Mepolizumab 75 mg IV

N W
OO0 10 OO
1 1

o

Adjusted change in FEV,
from baseline (mL)
% N

e
o wio O
1 1

@)

Time (weeks)



// |

Mepolizumab: Msiwon otnv nuepfioia 86on OCS

Median OCS dose change
from baseline (%)

Placebo (n=66)
Mepolizumab 100 mg SC (n=69)

Maintenance

— phase

0 - e I O ‘o' 9
Iy T At 24 weeks,

,\/‘5. l mepolizumab 50%
dose 5 : P=0.007
—60 -
—-80 -
1 1 1 1 1 1 1
0 4 8 12 16 20 24

Weeks

Bel EH et al. N Engl ] Med 2014
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Mepolizumab: Bskticm ¢ ToldTnToC {wng

Mepolizumab Mepolizumab
Placebo 75 Mg 100 Mg

5 (n=191) IV (n=194) SC (n=194)

oyl
)
g 4 -
A
R
A=
S -8 -
s
S
gin o
2
1o
ob
g
e '14 =
o

-16 - | 6.4-point

i T
e difference 7.0-point
differencet

Ortega HG et al. N Engl J Med 2014



Mepolizumab: AsSopéva Acddeiag

The MENSA study

[ H mo ouyvi} AE 1tav o movokédadog kot 1) prvodapuyyitida ]

Number of subjects (%)

Mepolizumab Mepolizumab

Placebo 75 mg IV 100 mg SC
(1‘1=191) (1‘1=191) (n=194)
Systemic/local
reactions 1 (6) 10 (5) 19 (10)
Systemic
(hypersensitivity) 4(2) 4 (2) 3 (2)
Injection-site reaction 6 (3) 5(3) 17 (9)
Anaphylaxis 0 0 .

Ortega HG et al. N Engl J Med 2014



Mepolizumab: napatetapévn anoteAecpatikotnta & acpaleia

Exacerbations per year

g
3.5-

3-
254
2.0
15+
1.0
0.5-

3.49

0

Pre-treatment*

On-treatment

during DREAM
{Weeks 0-52)

M No treatment
B Placebo
B Mepolizumab

071 °l83 0.71

Off-treatment
between DREAM
and COLUMBA

O treatment duning COLUMEBA
Weeks Weeks Wacks
0-52 >52-104 > 04-156

Khatri S et al. JAC/ 2018



Mepolizumab: napatetapévn anoteAecpatikotnta & acpaleia

0.2 ==g== (Change from baseline in ACQ-5 score 60 & 1
=1 : o Q e
> ==g==_ Proportion of ACQ-5 responders == &
S—
0.1 EYS » =
s Z s
0 3 = -
0.1 = = 0.5
. o) =4
o
3 S5
- = o
" [So7] 0.25 1
& gl
= 8
— 25
= 2 0125
= 2
2 /Q
=
2 0'0625 L] L} L) L) Ll L} L] L] 1
. 1 = 0 12 24 48 () 9% 124 148 176 200 28
l E (n=337) (n=326) (0n=323) (n=288) (n=286) (n=282) (n=280) (n=252) (n=20M) (n=161) (n=44)
= 55 4 1 1 1 1 1 1 1 1 1 1 0 ay
0 12 24 48 72 % 124 148 176 200 28 Weeks
(1=346) (1=341) (n=335) (1=324) (=311) (=301) (1=293) (n=286) (n=211) (u=171) (1=37)
Weeks

Khatri S et al. JACI 2018



Avti - IL-5 (Reslizumab) (Cinqaero EU /Cingair USA — Teva)

—— Placebo
—— Reslzumab

Placebo; n=244
Reslizumab 3-0 mg/kg; n=245
HR 0.575 (95% Cl 0-440-0750)

A
’ o IOO—K‘
Xopnynon evéodAeBiwg < s X
o I3 = 804
Aoon: 3mg/Kg ava 2 2 5
geBdopadeg £ o
’ ’ 2 -
Hwowodha aipatog: 5 40+
= 304
> 400/mm? X
= 10+
0
{ 0
HaPOEUVGE l’C Number at risk
(mG(xvon]t,(x VoL pnv i 24
gpbovioTovV)
B
100 —_4
— S0 —
Z 80
S, 704
g 60—
% 5o-
5 40
£ 30+
g 20
0
0

158

p<0.0001
———
T T T 1
—
-_ﬁaf_“_‘k*_‘—ﬂ-t1ﬁ
1 T T T T
40 50 60 70 80
107 97 (4] 0 o
146 136 1 0 o

Placebo; n=232

Reslizumab 3-0 mg/kg; n=232
HR 0-486 (95% Cl 0-353-0-670)
p<0-0001

o TR

40 50 60 70 80

Castro M et al. Lancet Res Med 2015



Ivu IL-5 (Reslizumab) I

A B
040~ 8- Reslizumab 3.0 mg/kg -
= —&— Placebo
Metaforn =
otov FEV1 £ a0
3
g 0.204
i
H
& 010
£
i
0 | | I | I I I | I I I | 1 | | | I I I I I 1 I I I 1 I I
0 4 8 12 16 20 24 28 32 36 40 44 48 52 End- 0 4 8 12 16 20 24 28 32 36 40 44 48 52 End-
point point
Visit (week) Visit (week)

Castro M et al. Lancet Res Med 2015



Meiwon
nwowodbiiwv
aipotog

<6y
% 800 - ® Placebo (n = 105)
= A Reslizumab 0.3 mg/kg (n = 103)
§ 700 + ® Reslizumab 3.0 mg/kg (n = 103)
t
3 600 -
(&)
E 500 -
e
.g 400 A
uw
- 300
3
m 200 -
w
“ 100 -
+
&
8 0 T T T T T
= & ® Q& o
N ¥
Ggp N F & Ny

Bjermer L et al. Chest 2016



BeAtiwon
oTnVv
TOLOTN T
Gwng

=
A
1

:

050+

LS mean change from baseline in AQLQ total score

[=]

——
=i

o

16

2
Visit (week)

16 32 52 End-
Visit (week)

Castro M et al. Lancet Res Med 2015
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Pulmonary Pharmacology & Therapeutics 43 (2017) 39-45

Contents lists available at ScienceDiract |

PULMIONARY
ARMAC CL O
& THIK AFUITICS

Pulmonary Pharmacology & Therapeutics

journal homepage: www.elsevier.com/locate/ypupt

Reslizumab in patients with inadequately controlled late-onset (!)Cmmark
asthma and elevated blood eosinophils

Guy Brusselle *°, Matthew Germinaro °, Sivan Weiss ¢, James Zangrilli °
* Department of Respiratory Medicine. Ghent University Hospital, Ghent, Belgium

® Teva Pharmaceuticals, Frazer, PA. USA
“Teva Pharmaceutical Industries Ltd., Netanya, Israel

mm Placebo

= Reslizumab (3 mg/kg IV Q4W) RR 0.25
2.5 (0.16-0.40)
. RR 0.46 RR 0.58 ~ — -~

(0.37-0.58) (0.44-0.76)

2.0

1.5+

g k18 B

0.5

Nn=336 n= 322 Nn=130 n = 143

Adjusted CAE rate (events/year)

Overall Age of asthma Age of asthma
onset < 40 years onset = 40 years



[ Original Research Asthma } % CHEST

Phase 3 Study of Reslizumab in Patients ) coco
With Poorly Controlled Asthma

Effects Across a Broad Range of Eosinophil Counts

Jonathan Corren, MD; Steven Weinstein, MD; Lindsay Janka, MS; James Zangrilli, MD, and Margaret Garin, MD

«Reslizumab

did not meaningfully improve asthma outcomes,
including both lung function and measures of
symptom control, in patients with blood
eosinophil counts 400 < cells/mL»



Teva’s subcutaneous
asthma drug fails in PhIII

23rd January 2018

=

by Teva's quest to expand approval of its respiratory drug
Cinquair/Cingaero with a new mode of delivery has hit
a snag, after two late-stage studies failed to hit their
tarnets

Selina McKee
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vtl - IL-5Ra (Benralizumab) (Fasenra — AstraZeneca)

Xopnynon vnodopiwg
Aoon: 30 mg ava 4 eBOopAdEC yLa TIC TPELC MPWTEC SOCELC
& otn cuvéxela ava 8 eBSonAdEC
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Benralizumab - pnxavmp()q-ﬁpdwswq

*  H MnevpaAillovpdpmnn vt avOpwmomoinpévo avtiowo €vavTL TG o XAVcidog

ToU umodoyea tn¢ IL-5, 0 omoiog Ppioketal oty emidbdvel NWSIVOPIAwWY Kol
Baoeodpirwv

IL<oRg Anti-eosinophil

57

Eosinophil

Afucosylated
Fc region

y y
I 4
"/ 4/ NK Cell  pelease of cytotoxic

mediators from NK cells
to induce eosinophil

Enhanced ADCC
depletes eosinophils in
blood and airways

« Amovoia poukdlng oto Fe tpnpa tng MmevpaAlovpdpmnng oavéavet tn ovvdeon pe NK
KUTTOpX

- Emotpdrevon ko evepyomoinon NK kuttdpwyv mévw ota nwotvopIAa, €mayovtog Tnv
QUTOTITWOT] HECW KUTTAPOTOEIKOTNTHC ECHUPTWHEVIC OUTO AVTICW AT

(antibody-dependent cell-mediated cytotoxicity - ADCC)
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SIROCCO and CALIMA: Mgiwon TrTapoluvoewy

SIROCCO (48 weeks)

_5196***

I _4596***
I

1,33

1,6 -
14
1,2 A

0,8 o
0,6 -
0,4 -+
0,2 -

CALIMA (56 weeks)

-28%*

0,93

-36%**

0,66

Placebo

. Benralizumab Q4W

Bleecker ER et al. Lancet 2016
FitzGerald JM et al. Lancet 2016

Benralizumab Q8W
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SIROCCO and CALIMA: tmrapouvoeic oc aoBeveic pe 23
TTPONYOUNEVEG TTAPOLUVOEIS (NWOoIVOPIAa 2300/uL)

2,5

1,5

0,5

_57%**
| -46%* 2,5

[
2.15 2
1,5

Placebo

0,84 0,5

0

. Benralizumab Q4W

-51%**

-45%™*
|

1,71

0,75

Benralizumab Q8W

Bleecker ER et al. Lancet 2016
FitzGerald JM et al. Lancet 2016
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SIROCCO and CALIMA: 1rpo BpoyxodiacTtoAng FEV1

SIROCCO (48 weeks) CALIMA (56 weeks)
+159 mL** 500 . +116 IIIL*
500 ]
+106 mL* | +125 mL** |
400
o 398
390 340  BeEl)
300 T
00 [ =1 .
100 |
100 1
(0)
(0) 1
Placebo . Benralizumab Q4W Benralizumab Q8W

Bleecker ER et al. Lancet 2016
FitzGerald JM et al. Lancet 2016
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_— SIROCCO and CALIMA: rapateTapévn BeATiwon Tou
FEV1 yetd TnVv rpwTtn 660N

SIROCCO (48 weeks) CALIMA (56 weeks)
Placebo B Benra Q4w Benra Q8W
500
500 7
400 T /} a P‘/’\H/&ﬂ
A 30071 ¥
300 hi
200 1 200 |
e e 8 * * * * * 1o /,/* * * * * * * *
15 s T T A T T
9 1 I I I I I 0 R | I I T I I 1
o 4 8 16 24 32 40 48 o 4 8 16 24 32 40 48 56

Time (weeks)

Time (weeks)

Bleecker ER et al. Lancet 2016
FitzGerald JM et al. Lancet 2016



SIROCCO and CALIMA: au¢non mrpwivng PEF

o—o Placebo WMl Benra Q4W Benra Q8W
SIROCCO (48 weeks) CALIMA (56 weeks)
607 RN, 1% 2 20 g |
55° N e
50" TTTTTIT::I:III : :
0 ] ,/H’*‘*"""\f-w
£ 249 L AL L AN TN N
2 940 N W T
8 £35° | Y :
£ £30°
& S5
0 “207
o -
g%w-
5—10'
1 205 239 194
01 254 189 234 1493
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0246 8101214161820222426283032 3436 3840 42 444648 0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 45 48 50 52 54 56

Bleecker ER et al. Lancet 2016
FitzGerald JM et al. Lancet 2016



_— SIROCCO and CALIMA: BeATiwon oTov £€AeyX0 TOU
AcOuatog kKal oTnVv TToIoTNTA (WG

SIROCCO (48 Weeks)?! CALIMAZ2 (56 Weeks)?

Q4W Q8W Q4w Q8W

ACQ-6 score 0.15 _0.29 -0.19 -0.25
(P=0.111) (P=0.003) \ (P=0.043) / (P=0.008)

AR 0.18 0.30 0.16 0.24
(P=0.081) (P=0.004) (P=0.119) (P=0.019)

Bleecker ER et al. Lancet 2016
FitzGerald JM et al. Lancet 2016



_—  Avem@upnTec evépyelec (>5% o€ KABe opdda)

Benra Benra  Place
AvemO0pnteg evépyaieg | Q4W  Q8W bo

Benra Benra Place
Q4W Q8w bo

n(%) N=403 N=394 N=407 | N=438 N=428 N=440
(Pvopapuryinde ) (g) (4112) (411;) (32) (Ig) (gi)
Roome @ B g @y YO g
Bpoyxitida 24(6) 19(5) 30(7) 40(9) (‘1‘8‘) (i;)
e s e 4411) 32(8) 360 2970 366 41(9)

\Ked)akalvioc / 30(7) 37(9 21(5 33(8) 34(8 32(7

MapapprvokoAmitidu 17(4) 22(6) 28(7) 21(5) 20(5 37(8)
Ipirn 17(4) 19(5) 23(6) 22(5) 14(3) 24(5)
AAAgpyixr) prvitida 11 (3) 12 (3) 8 (2) 20 (5) 16 (4) 23 (5)

Dapuyyitido @236 e Pied 100 10




ZONDA: onuavTikn Meiwan Twv 000EWV TwV OCS
dlaTNPWVTAC ToV EAeyXo Vs Placebo

N= 75 n 3 Elenill'lcotgg g‘ose Placebo Benra 30 mg Benra 30 mg
0 n (%) ' N=75 Q4W, N=72 Q8W, N=73

T 290% o (12) 24 () 27 (37

— >75% 15 (20) 38 (53) 37 (51

-30 1 250% 28 (37) 48 (67) 48 (66)

S >0% 40 (53) 55 (76) 58 (79)
No change or any

-50 - increase in OCS 35 (47) 17 (24) 15 (21)
dose

-60

-70 + -75 -75 OR (95 %CI) £ 4.09 (2.22 - 7.57) 412 (2.22 - 7.63)

-80 p<0.001 p-value — <0.001 <0.001

-90 o p<0.001

-100

* H peiwon otn 860n Twv pP.0. OTEPOEIdWYV ATAV 4 POPEG
MEYOAUTEPN OE OXEON ME TO EIKOVIKO (PAPMAKO

Nair P et al. N Engl J Med 2017



ZONDA: €111 TOIC €KOTO PMETARBOAN 0T dO0N TwV OCS
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First allowed treatment period
dose reduction (First OCS dose reduction)
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Long-term safety and efficacy of benralizumab in patients @+k ®™
with severe, uncontrolled asthma: 1-year results from the
BORA phase 3 extension trial

William W Busse, Eugene R Bleecker, | Mark FitzGerald, Gary T Ferguson, Peter Barker, Stephanie Sproule, Richard F Olsson, Ubaldo ] Martin,
Mitchell Goldman, on behalf of the BORA study investigators*

Interpretation The 2 years of safety results validate that observations observed in the first year of benralizumab
continued through a second year of treatment. No new consequences of long-term eosinophil depletion occurred, and
the incidence of other adverse events, including opportunistic infections, were similar during the second year,

Busse W et al. Lancet 2018
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IL-4Ra IL-13Ra1

Type |l Receptor



Avti-I1L-4/1L-13 (Dupilumab)
(Dupixent —Sanofi/Regeneron)

Before Use After Use

Xopnynon vnodopiwg
Aoon: 300 mg ava 2
EBSOMAOEC

‘EyKpLon yLol oTomikn
deppartitida

‘Eykpion FDA (ywa acOpa)

*t Body
Needle
Needle
Cap

Plunger
Rod

Needle

Needle

Shield



Adjustedannualised severe exacesha tion ra te estimate (95%C1)

Adjusted annualised severe accerbation rate, estimate (95% Cl)

129
11—
1.0+

09+

0.8
07

06
05

04
03
024

01+

12~
11
1.0
0.9—
084
07+

06

0.4
034
02+

014

(0-572-1-904)

(0-493-1231)

(n=90)

Percentage reduction relative to placebo
-66% -35% 7% -81%
(0-356-1-290)
' > 300 nwowodha
(0-158-.0809) 3
(0-133-0-678)

(=50) = (n=66)  (n=64) (n=64)
Percentage reduction relative to placebo
-43% 7% -68% —60%
(0-286-0837)
(0252-0-786)

< 300 nwowoodA\a

(0-124-0-516)

I

200mg  300mg Wenzel S et al. Lancet 2016

every Every
4weeks 4weeks

(n=01) (n=01) (n=84) (n=92)



Dupilumab - FEV1 (L) (dpaon llb — 24 eBéopadec)

changein FEV (L)

Least-squares mean

Lesast-squares mean
dhangein FEV (L)

> 300 nwowodlAa

| < 300 nwowoodlAa

Wenzel S et al. Lancet 2016




/ Dupilumab — napoéUvoeig (52 eBdopndde()

B Dupilumab, 300 mg Every 2 Wk, vs. Matched Placebo

Subgroup No. of Patients Relative Risk vs. Placebo (95% Cl)
Placebo Dupilumab
Overall 321 633 —&— 0.54 (0.43-0.68)
Eosinophil count
>300 cells/mm? 142 277 —&— 0.33 (0.23-0.45)
=150 to <300 cells/mm? 95 175 —— 0.56 (0.35-0.89)
<150 cells/mm? 83 181 —®— 1.15 (0.75-1.77)
FEno
=50 ppb 75 124 —— 0.31 (0.19-0.49)
=25 to <50 ppb 97 186 —— 0.44 (0.28-0.69)
<25 ppb 144 317 —o- 0.79 (0.57-1.10)
0!1 0.I25 O.IS 0.115 1 l.IS I2
-t -
Dupilumab Placebo
Better Better

Castro M et al. NEJM 2018



Percentage Reduction in Oral Glucocorticoid Dose

Percentage Reduction in Oral

p

/A

ilumab — peiwon OCS (24 sBéopadec)

Glucocorticoid Dose

0-

—20-

Primary

end point

Placebo

Dupilumab

(=

o —

% P<0.001
1
24

12 16 20
Week

Rabe K et al. NEJM 2018



/Avr‘ — TSLP (Tezepelumab - AstraZeneca)

Class Il MHC
K oxaoL

Virus or
allergen

Epithedial cells

TSLPR M?e DC

>

Fibroblast celis Immature DC

Mast cell

-
|

Mast cell
A 4
IL-5, IL-13, IL-B, Eotaxin-2 IL-4, IL-5, IL-13, =
GM-CSF, and IL-6 TARC and MDC and TNF-a, No IL-10

Innate allergic responses Adaptive allergic responses

vl




B e—

(events per patient-yr)

Annualized Rate of Asthma Exacerbations

- Placebo [l Low-dose tezepelumab ] Medium-dose tezepelumab [l High-dose tezepelumab

(70 mg every 4 wk) (210 mg every 4 wk) (280 mg every 2 wk)
P=0.03 P=0.001 P<0.001 P=0.008 P=0.005
| - | | | | [ |
P=0.001 P=0.006 P=0.03 P<0.001 P<0.001 P=0.02
P=0.02 P=0.006 P<0.001 P=0.004
[ M1 [ 1

<250 =250 <24 =24 Low High

Blood Eosinophil Count Feno Th2 Status
(cells/ul) (ppb)

CorrenJ et al. NEJM 2017



AJRCCM Articles i Press. Published on 11-July-2018 as 10.1164/rcem 201807-1205ED

Biological treatments for eosinophilic asthma
enter the airways

Fernando Holguin MD MPH
University of Colorado, Department of Medicine
Aurora, Colorado

“Although done in non-human primates, it clearly demonstrates that nebulized IL-13
mAbs Fab fragments can effectively lower airway eosinophilia by ~30%, while reducing
T2-related cytokines by ~78% and preventing increased airway resistance”
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Biologic therapy  Target Approval date/status
Omalizumab IgE 2003
Mepolizumab IL-5 2015
Reslizumab IL-5 2016
[ Benralizumab IL-5Rat 201 7]
Dupilumab I-4Ra (I-4/1L-13)  Under review
TSLP Phase 2B

Tezepelumab



Severe asthma uncontrolled despite cptimal therapy according to guidelines
and severe exacerbation|s]




A:
allergic-predominant asthma

B:
eosinophilic-predominant asthma

[

o~ o B LD

Early onset
SPT/RAST+ with clinically significant
allergies”
lgF »100 [U-mL”™
Allergic rhinitis
High Feno (30-50 ppbl
Blood eosinophils <300 cellspL™

Late onset
SPT/RAST- or + with no clinically significant
allergies
lgE <100 UL
Nasal polyps
Very high Feno (>50 ppb)
Blood eosinophils >300 cellspL ™"

Zervas E. ERJ Open Res 2018



IIpoyvwoTtikoi Plodeixteg ;

// /

Biomarker Treatment expected to Associations Comments
produce a response (point of care, variability)
Blood
Eosinophils Anti-L-5 Exacerbations Easily available
Anti-IgE Reduced lung function Significant fluctuation
Anti-Il-4/1L-13 Fixed airway obstruction

Corticosteroids
CRTH2 antagonists

Specific IgE Anti-lgE Exacerbations
AIT Airway hyperresponsiveness (For AIT)
Periostin Anti-IL-13 Reduced lung function Research type
Dipeptidyl Exacerbations Assay-dependent
peptidase-4
Induced sputum
Eosinophils Anti-IL-5 Exacerbations Currently available only in
ICSs specialized centers
Not point of care
I-13 Anti-IL-13 ? Research type
Exhaled breath
FeNO Anti-IL-5 Exacerbations Easily available
Anti-lgE Reduced lung function Point of care
Anti-IL-13 Significant fluctuation
ICSs
[ Metabnlomiﬁ] ICSs ? Research type
(VOCs)

Viswanathan RK et al. Semin Respir Crit Care Med 2018



A — Responders based on physician’s global evaluation

(GETE)
100%
= 90% -
S
& 8% 6500% 67.90%
s 70%
g 60%
B so%
GETE &
g 40%
€ 0w
E 20%
10% -
0%
Responders
(EOS 150)
[ <150 cells/pL, n=163

66.80%067.60%

d

Responders
(EOS 300)

<= 300 cells/pl., n=346

B =150 cels/uL, n=560 | [l =300 cells/pL, n=377

Juvduoouog GETE kat mapofUvoswy

B ~ Responders based on 40% decrease
in the annual exacerbation rate

100%

90%

70%

60%

50%

30%

Proportion of patients (%, = 95 C1)

20%
10%

0%

[ <150 cells/uL, n=163
B = 150 cells/uL. n=560

80%

40% -

73.60%
70.40%

Responders
(EOS 150)

72 30%.’0.00%

Meiwon mapofuvoewv
katd 40%

Responders
(EOS 300)

<300 cells/pL, n=346
B =300 cells/uL, n=377

C — Combined Responders (GETE + exacerbarions)

100%. -
0%,

BO%. -

57.70% 58 40%

Propotionof ptens (4, <95 C)

0% +—r
Responders
(EOS 150)

[ < 150 cells/pul, n=163
- = 150 cells/pl., n=560

Responders
(EOS 300)

58.10%58 40%

1

= 300 cells/pl., n=346
Bl = 300 cells/pl.. n=377

the STELLAIR study ERJ Express 2018



Characteristic

Baseline blood
eosinophils

Mepolizumab
100 mg SC

2150 cells/uL or
2300 cells/pL in past year

Reslizumab
3 mg/kg IV

2400 cells/uL

Benralizumab
30 mg SC

2300 cells/pL*

Exacerbation
history

=2 exacerbations in past
year

21 exacerbation in past
yeart

=2 exacerbations in past
year

ICS dose

High

Medium-high

High

Maintenance OCS
use

Allowed, any dose

Allowed, <10 mg
prednisolone/day

Allowed, any dose

% predicted FEV,

<80% (<90% for age <18
years)

Not required

<80% (<90% for age <18)

ACQ score

Not required

ACQ-7 21.5

ACQ-6 1.5
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ORIGINAL RESEARCH W) Chock for updatos

The association between blood eosinophil count and benralizumab efficacy
for patients with severe, uncontrolled asthma: subanalyses of the
Phase Il SIROCCO and CALIMA studies

Mitchell Goldman?, lan Hirsch?, James G. Zangrilli®, Paul Newbold® and Xiao Xu®

Conclusion: These results support the efficacy and safety of benralizumab for patients with severe
asthma and blood eosinophil counts >150 cells/pL.

Estimate {95% CI)

FAS @ 0.64 10.55-0.75)
0Ccs — { 0.42 (0.29-0.60)
No OCS . 0.6910,58-0.82)
Nasal polyps —— 0.50 ({0.35-0.72)
No nasal polyps . 0.68 (0.57-0.81]
Pre-BD FVC <65% of predicted e 0.5310.39-0.71)
Pre-BD FVC 265% of predicted — 0.69 (0.58-0.83)
»3 exacerbations —@— 0.54 (0.43-0.67)
2 exacerbations — @ 0.74 (0.60-D.90)
Age at diagnosis 218 yearﬂ — 0.59 (0.49-0.71)
Age at diagnosis <18 years e 0.79 (0.61-1.02]
Either OCS use, nasal polyps, pre-BD FVC — 0.60 (0.51-0.71)
<65% of predicted or age at diagnosis 2 18 years

No OCS use, no nasal polyps, pre-BD FVC — 0.846 (0.59-1.25)
265% of predicted and age at diagnosis <18 years

Favours treatment | Favours placebo

0.1 1 10
Rate ratio [benralizumab Q8W/placebo)

Bleecker ER et al. Eur Respir ] 2018



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, Tokyo, Japan,
Research Triangle Park, NC, Brentford and Uxbridge, United Kingdom, and Upper Providence, Pa

J Allergy Clin Immunol 2018

Lung
https//doiorg/10.1007/s00408-018-0151-5

ASTHMA

Comparative Efficacy of Anti IL-4, IL-5 and IL-13 Drugs for Treatment
of Eosinophilic Asthma: A Network Meta-analysis

Imran H. Iftikhar’ - Mathew Schimmel' - William Bender' - Colin Swenson' - David Amrol?

Matching-Adjusted Indirect Comparison of
Benralizumab versus Interleukin-5 Inhibitors:
Systematic Review

Amand Bourdin Don Huserean, Nicolas Molinan, Sarowar Golam Mohd Kashuf Siddiqui. Leandro
Lindner, Xiac Xu

ERJ Express. Published on October 11, 2018 as doi: 10.1183/13993003.01393-2018
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YUUTEPACUATO

e O1 Broroyikoi Tap&yovteg ivor To TAPOV KL TO MEAAOV
ot Ogpameio tov coBapov pn eAeyyopevou doOpatog

o To peypL otiypng dedopeva tpokpivouv tnv avti- IgE Oeparreia
YO TO QLY WG XAAEPYIKO AoOp, evw Tig vt — IL-5 yia To apiyw¢ nwotvodpitiko

e Q)otO060 1) £mAOYT] HETAEV TV arvTL - IL-5 dev dpaiveron eUkoAn oty Tapovca pdon

e EvxoAototn xpnon Prodeikteg eivou amapaitntot
Yyl TN owoth) eéatopikevon g Oeparmreiog



