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TASK FORCE REPORT
ERS/ATS GUIDELINES ON SEVERE ASTHMA

Oplauéq GOBGPO(J dceuatoq International ERS/ATS guidelines on

definition, evaluation and treatment of
severe asthma

Otav n dtayvwon tou docBpuatog xet emBeBatwOel katL ol cuvvoonpoOTNTEC £xouv eAeyxBel, cofapo acbua
opiletal w¢ To dcOua

» Tou amnattel Bepamneia pe vhnAég dooelg ICS + eva 2° pubulotikd pappako (ka/n OCS), wote va sival
eAEYXOUEVO N

A\

TIOU TIAPAUEVEL “Un eAeyyopeVo” Tapd TNV wWE avw Beparmeia

A\

TO eAeyXOUEVO AoOua TTou amopuBuiletal pe tnv peiwon twv vnAwv 6ocewv ICS ) twv OCS (A A AWV
BLoAoylKwV mapayoviwy)

Tionpaivel “uncontrolled” — pun eAeyxopevo aocBua? Omolodnmote amnod ta mapakatw 4 KpLtipLa:

» Kokog EAey)0oC CUUMTWHATWY: otaBepa Tipeg ACQ >1.5 1 ACT <20

» JUXVEC TTOPOEVVOELC: 2 1) TIEPLOCOTEPEC Woelg OCS TO MPONYOUEVO £TOG
» JoPapéc mapofuvoelc: = 1 voonAeia yla mapo&uvon to mponyoUUEVO ETOC
» Moviun anodpaén twv agpaywywv: FEV,<80% mpoBAenopevng.

ERS/ATS Guidelines Severe Asthma Eur Respir J. 2014
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Box 3-5A
Adults & adolescents 12+ years

Personalized asthma management:
Assess, Adjust, Review response

Symptoms
Exacerbations
Side-effects
Lung function

Confirmation of diagnosis if necessary
Symptom control & modifiable

risk factors (including lung function)
Comorbidities

Inhaler technique & adherence

Patient goals

Patient satisfaction

Asthma medication options:
Adjust treatment up and down for
individual patient needs

Treatment of modifiable risk
factors & comorbidities
Non-pharmacological strategies
Education & skills training
Asthma medications

—_—— e e STEP 2
PREFERRED STEP 1
CONTROLLER : Daily low dose inhaled corticosteroid (ICS),
to prevent exacerbations : As-needed or as-needed low dose ICS-formoterol *
and confrol symptoms  : Jow dose
Other : Low dose ICS Leukotriene receptor antagonist (LTRA), or
controlleroptions : taken whenever | low dose ICS taken whenever SABA taken t
: SABA is taken t
PREFERRED As-needed low dose ICS-formoterol * As-needed low dose ICS-formoterol T
RELIEVER o : ¢ - H
er : 5 ;
relieveroption } As-needed short-acting - -agonist (SABA)

Off-label; data only with budesonide-formoterol (bud-form)
1 Off-label; separate or combination ICS and SABA inhalers

© Global Initiative for Asthma, www.ginasthma.org

1 Low-dose ICS-form is the reliever for patients prescribed
bud-form or BDP-form maintenance and reliever therapy

# Consideradding HDM SLIT for sensitized patients with
allergic rhinitisand FEV =70% predicted




Ao tov ¢awvoturmno kat tov Brodeiktn atov evéotumo & T oToXEVUEVN Depaneia

N PHENOTYPE
BIOMARKER
DETECTABLE ASTHMA
CHARACTERISTICS
MEASURE TO IDENTIFY THE
PHENOTYPE AND ASTHMA
CONTROL

DESIGNED FOR EACH
PHENOTYPE, BIOMARKER AND
ENDOTYPE




ZOBAPO AZOMA: AwaAéyovtag tov KataAAnAo ¢awvotumno/svéatumno

T2-HIGH ASTHMA T2-LOW ASTHMA

Samitas K, Zervas E, Gaga M. Curr Opin Pulm Med 2017
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.. 5 Inhaled & oral mucolytic
.‘Alle ~(Mucous hypersecretion)
rgen Bronchial Thermoplasty ?

0 A A A AL A A0 L A A A

%%
< |8 =|=)

SRPV/AV RN

Airway /
Epithelium 2

Subepithelial Goblet cell
mucosa ® ea R I IL-13 monoclonal antibodies I
o s * Tralokinumab Anti-IL-13
ARC(Rendeiic ol I * Dupilumab Anti-IL-4/IL-13

® L33 TSLPR

Tezepelumab Anti-TSLP
Phase 2 targets 572, IL-33

-

W YYJY

Data Efﬁcacy IL-5/1L-5Ra monoclonal antibodies IgE spedflc monoclonal antlbodiesl
registries trials Mepolizumab Anti- IL-5 * Omalizumab Anti-IgE
) Reslizumab Anti- IL-5 IL-5
T2-H lgh Benralizumab Anti-IL-5Ra
\Asth ma
Tyrosine kinase receptor
Pra gm atic JAK/STAT inhibitors ‘. . KIT Receptor
trials X « Imatinib KIT inhibitor
Proteins
. Leukotrienes S <
Cytokines © 5O 030
O%OO E o5
osinophil o
Dexpramipexole Histamine

Bone Marrow

Non-IL-5R induced ; - Leukotrienes
eosinophil maturation 0 B 2, Prostaglandins
- Cytokines
- Bronchial h activ
vess Airway Smooth muscle i ny

Siddiqui et al. 2019 AJRCCM in press
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TI YNAPXEL... TI EPXETAL...
* Omalizumab * Dupilumab
 Mepolizumab * Fevipiprant
* Reslizumab * Tezepelumab

e Benralizumab
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TI Y"APXEI... r J ;. :J//rh rf/,
otnV Sk pag kadnuepivi rnpaén

* Omalizumab
 Mepolizumab

e Benralizumab
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[ Severe uncontrolled asthma ]

Eleftherios Zervas', Konstantinos Samitas', Andriana I. Papamanncuz‘
Petros Bakakos®, Stelios Loukides? and Mina Gaga'

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

T2-high asthma T2-low asthma
Atopy +, IgE > 100 1U/mL, FeNQ > 30ppb, blood EQS > 300/, sputum EOS > 2% Atopy -, IgE < 100 1U/mlL, FeNO < 30ppb, blood EQS < 300/uL, sputum EQS < 2%
—*[ Allergic predominance (Table 1) — [ Omalizumab ] [OCS] _’[ Neutrophilic asthma ] Blood EOS<200/pL [ Macrolides? ] [ CXCR2? ]

sputum NEUTR > 60%

S

—— . ————— e ———

]
—b[ Eosinophilic predominance (Table 1) ] — [Anti-ILS ] [OCS] [Anti-IL4Ra]
1
1
1

1
1
1
1
1
Aspirin intolerance ! f 4 BHR?
Asthma associated | :
—————————————— LTRAs It R EE e | |
1 Severe allergic rhinitis : I_ with remodeling changes Bronchial thermoplasty
: | Fixed airway obstruction
————————— »
! ACOS
[Dmalizumab or Anti-ILS] [DCS] . iainininiaieininieieiefefeie i
—"‘[ Allergic/Eosinophilic Overlap (Table 1) ] — E :— - Il Obesity related asthma : ————————— > [Weightloss] [ Bariatric surgery? ]
[Anti'IL4Ra?] [ antagonist? ] | T mmmm s ===-

Allergic BronchoPulmonary Mycosis (ABPM) | Pauci-granulocy‘tic asthma
L. p 1 Fungus specific IgE or SPT+, bronchiectasis, | — [0(:5] [Antifungals] [Dmalizumab?] — Sputum NEUTR <40%, EOS< 2%

\ _ _ blood eosinophilia, markedly elevatedlgE _ _, Zervas E. et al ERJ OR 2017
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T2-high asthma
Atopy +, IgkE > 100 IU/mL, FeNO > 30ppb, blood EOQS > 300/pL, sputum EOS > 2%

—P[ Allergic predominance (Table 1) ] — [ Omalizumab ] [OCS]
| —

—r[ Eosinophilic predominance (Table 1) [Anti-ILS] [DCS] [Anti-lL4Ra]

Aspirin intolerance

I > I.TRAS

Severe allergic rhinitis

[Dmalizumab or Anti-lLS] [DCS

—'[ Allergic/Eosinophilic Overlap (Table 1) ]—* s 7

|Anti-ILaRa?| | Lnacemsr |

Allergic BronchoPulmonary Mycosis (ABPM)
L . e Fungus specific IgE or SPT+, bronchiectasis, | — [0[:5] [Antifungals] [Omalizumab?]
l blood eosinophilia, markedly elevated IgE

.

Zervas E. et al ERJ OR 2017
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TZ'high asthma —_— Consic_ler add_—on Type 2-ta_rge1ed biologic
Atopy +, IgE > 100 1U/mL, FeNO > 30ppb, blood EOS > 300/uL, sputum EQS > 2% llongic/aceinophills blomarkers o high

dose ICS-LABA, with/without daily OCS ©

and predictors of response when

H = - A i i i Is the patient eligible for anti-IgE
Allergic predominance (Table 1 ] > [ Omalizumab ] [ ocs ] Shoceinglbeivesplavailabiclheiapies ! >
[ g p ( J * Also consider cost, dosing frequency, route ifon se\{e.re .allerg.rc a.sthm.a) =
(SC or IV), patient preference » Sensitization on skin prick
testing or specific IgE
. ags . - = = Total serum IgE and weight
—-[ Eosinophilic predominance (Table 1) ] — [ Anti-IL5 ] [DCS ] [Antl-lmRa ] within dosagfrangeo o
| -_Exacerbations in last year©
|
| Aspirinintolerance o
| === === —_—————b LTRAs ) ) )
| Severe allergic rhinitis Which biologic
| is appropriate to no
| start first?

Anti-IL5/ Anti-IL5R
[Dmalizumab or Anti-ILS] [ 0oCs Is the patient eligible for

anti-IL5/ anti-IL5R (for severe

—'[ Allergic/Eosinophilic Overlap (Table 1) ]—*

CRTh2 eosinophilic asthma)?
[Anti-".‘;RE? | [ antagnnis‘t? I « Exacerbations in last yeare
- Blood eosinaphils 2300/l ®

_J

r Allergic BronchoPulmonary Mycosis (ABPM)

L . e Fungus specific IgE or SPT+, bronchiectasis, | — [0[:5] [Antifungals] [Omalizumab?]
l blood eosinophilia, markedly elevated IgE

________________________ s Return to section 6a

© check iocal eligibility criteria for specific biologic
therapies as these may vary from those listed

Eligible for neither?

Zervas E. et al ERJ OR 2017 Difficult to treat and Severe Asthma- GINA 2018
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TZ'high asthma —_— Consic_ler add_—on Type 2-ta_rge1ed biologic
Atopy +, IgE > 100 1U/mL, FeNO > 30ppb, blood EOS > 300/uL, sputum EQS > 2% llongic/aceinophills blomarkers o high

dose ICS-LABA, with/without daily OCS ©

and predictors of response when

H H i choosing between available therapies Is the patient eligible for anti-IgE
_"[ A"EYEIC PrEdomma“CE {Tab"e -'” ] — [ Omalizumab ] [DCS ] . . (for severe allergic asthma)?
* Also consider cost, dosing frequency, route
(SC or IV), patient preference « Sensitization on skin prick
testing or specific IgE
. T M M = « Total serum IgE and weight
[ Eosinophilic predominance (Table 1) ] > [Antl-ILS ]l [DCS] [Antl-IL4Ra] within dosagegrangeo °
1 * Exacerbations in last yearo
I
| Aspirinintolerance o
| == —————— —_—————b LTRAs ) ) )
1 Severe allergic rhinitis Which biologic
| is appropriate to no
| start first?

Anti-IL5/ Anti-ILSR

[Dmalizumab or Anti-ILS] [ ocs Is the patient eligible for
J anti-IL5/ anti-IL5R (for severe

—'[ Allergic/Eosinophilic Overlap (Table 1) ]—*

« Exacerbations in last yeare
- Blood eosinaphils 2300/l ®

[Anti-llaRa?| | Lnvorese |

r Allergic BronchoPulmenary Mycosis (ABPM) ‘| J

L . e Fungus specific IgE or SPT+, bronchiectasis, | — [DCS ] [Antifungals] [Omalizumab?] Eligible for neither?
l blood eosinophilia, markedly elevated IgE

) Return to section 6a

© check iocal eligibility criteria for specific biologic
therapies as these may vary from those listed

Zervas E. et al ERJ OR 2017 Difficult to treat and Severe Asthma- GINA 2018
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TZ'high asthma —_— Consic_ler add_—on Type 2-ta_rge1ed biologic
Atopy +, IgE > 100 IU/mL, FeNO > 30ppb, blood EOS > 300/uL, sputum EQS > 2% e oD o o,

allergic/eosinophilic biomarkers on high
dose ICS-LABA, with/without daily OCS ©

and predictors of response when
N . N i i i Is the patient eligible for anti-IgE
—I-[ Allergic predominance (Table 1 ] — [ Omalizumab ] [OCS] choosing between available therapies ;
g p ( J * Also consider cost, dosing frequency, route (fralr S e G
(SC or IV), patient preference « Sensitization on skin prick
testing or specific IgE
. ape M M i « Total serum IgE and weight
—-[ Eosinophilic predominance (Table 1) ] — [ Anti-IL5 ] [DCS ] [Antl-lmRa ] within dosagfrangeo o
| * Exacerbations in last yearo
| v
| Aspirinintolerance o
| === === —_—————b LTRAs ) ) )
1 Severe allergic rhinitis Which biologic
| is appropriate to no
| start first?
Anti-IL5/ Anti-IL5R
[Dmalizumab or Anti-lLS] [ 0Cs Is the patient eligible for

anti-IL5/ anti-IL5R (for severe
eosinophilic asthma)?

« Exacerbations in last yeare
- Blood eosinaphils 2300/l ®

antagonist?

[Anti-laRa?| | Loz, |

r Allergic BronchoPulmonary Mycosis (ABPM)

L . e Fungus specific IgE or SPT+, bronchiectasis, | — [0[:5] [Antifungals] [Omalizumab?] J

Eligible for neither?
l blood eosinophilia, markedly elevated IgE p

Return to section 6a
© check iocal eligibility criteria for specific biologic
therapies as these may vary from those listed

Zervas E. et al ERJ OR 2017 Difficult to treat and Severe Asthma- GINA 2018
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» 'HwowodlAko kot aAAepyLko acOpa: ouyvotnta epdavionc aAAnAosrmkaAvpng

A. EU1 omalizumab eligibility criteria B. EU2 omalizumab eligibility criteria

To 35-71% twv

Patients with severe Patients with severe a0Bevwy HE TNV
Not eligible for asthma not currently Not eligible for asthma not currently , ,
any biologic treated with OMA any biologic treated with OMA evdelgn Bepamnelag
148/233 (64%) N=233 1641233 (70%)

N=233 yto To omalizumab

e VEPO glxe TNV €vdeLln ywa
only only [
2623 [ T2 28233 m e'pol izumab,
(11%) (12%) avaloya pE Ta
MEPO OMA VEPO oa KpLTtpla ETAOYNC
eligible - ..
eligible eligible - . o/.
56/233 (24%) 501233 (22%)  56/233 (24%) eligible (AUS/CAN/USA: 35%;
291233 (12%) EUT: 42%
* 14
RESLI 2% 4/2033 . 0
eligible s _— Y 1 EU2: 73%)
161233 (7%) (1%) eligible (0%)
16/233 (70/0) %EZ;%EFE;}E}%&%NS201]’.1322611 e ISZL?LH&(EErinCiS

@ OPEN ACCESS | Greck forupcstes |

Biologic treatment eligibility for real-world patients with severe asthma: The
IDEAL study

Frank C. Albers, MD, PhD?, Hana Miillerov4, PhoP, Necdet B. Gunsoy, PhDS, Ji-Yeon Shin, Bscd, Linda M. Nelsen, MHs®,
Eric S. Bradford, Mp?, Sarah M. Cockle, phof, and Robert Y. Suruki, sco%"
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» 'HwowodlAko kot aAAepyLko acOpa: ouyvotnta epdavionc aAAnAosrmkaAvpng

Table 1  Demographic, functional, clinical and inflamma-

tory characteristics of severe asthmatics in Belgium.

Patient characteristics

N.
Female (%)
Age
Age at onset
<12 years
12—40 years
=40 years
Height, m
Weight, kg
BMI
Smoking status
Never
Ex-smoker
(pack-years median IQR)
Current smokers
(pack-years median IQR)
Atopy, %
Current house environment (%)
Country side
Suburban area
City
Unknown
FEV,, % pred
FVC, % pred
FEV,/FVC, %
FEV, reversibility (% from baseline)
FRC (%) (n = 271)
RV (%) (n = 311)
TLC (%) (n = 305)
DLCO (%) (n = 273)
KCO (%) (n = 273)
Airway inflammatory indices
FENOsp (ppb) (n = 271)
Sputum eosinophil count

(%) (n = 86)
Sputum neutrophil count
(%) (n = 86)

Sputum inflammatory
subphenotype (n = 86)
Paucigranulocytic
Eosinophilic (>3%)
Neutrophilic (>76%)
Mixed granulocytic
Serum IgE (kU/l) (n = 295)
Blood eosinophils (%) (n = 272)
Blood eosinophils (.'mm3) (n = 272)

350
57%
55 + 0.8

32%
36%

31%

167 + 0.5
75 + 0.9
26 (16—43)

200 (57%)
108 (31%)
(15 (11—-24))
40 (12%)

(11 (10—15))
70

68 + 1.2
89 + 1.1

63 + 0.7
11 £0.8
120+ 2

140 £ 2.8
102 + 1.1
78 £ 1.2
97 + 1.3

26 (4—250)
7 (0-92)

51 (0-99)

17%
55%

22%

6%

207 (2—10,000)
3 (0-50)

240 (0—3144)

Table 1 (continued)

Patient characteristics

Specific immunotherapy, %
Comorbidities (%)
Rhinosinusitis % (Y/N/Ukn)

0.6

49% (167/151/32)

Gastrooesophageal reflux (Y/N/Ukn) 36% (124/205/21)

Nasal polyps (Y/N/Ukn)
Overweight (Y/N/Ukn)
Psychopathology (Y/N/Ukn)
Catamenial asthma (Y/N/Ukn)
Aspirin sensitive asthma (Y/N/Ukn)
Occupational asthma (Y/N/Ukn)
Churg Strauss syndrom (Y/N/Ukn)
ABPA (Y/N/Ukn)
Bronchiectasis (Y/N/Ukn)
Emphysema (Y/N/Ukn)
Treatment of comorbidities
Proton pump inhibitors
Anti-depressive/anxiolytics
Intranasal steroids
Oral steroids courses during
previous yr
Number of hospitalisations
during previous yr
Number of hospitalization
during the last three years

19% (167/151/32)
47% (162/173/15)
19% (65/266/19)
0.9% (3/340/7)
8% (28/315/7)

4% (15/328/7)

3% (10/333/7)

3% (11/332/7)
16% (54/289/7)
7% (24/319/7)

39%

17%/14%

39%

2.03 (0-7)

0.95 (0=7) (n = 113)

1.7 (0—8) (n = 103)

Inflammatory Phenotypes

® Neutrophilic

B Eosinophilic
Paucigranulocytic

® Mixed Granulocytic

2T0 BeAyLKO SA registry mepinov 50% twv a.oBsvwv
e ooBapo acOpa sixav Evoeln yla Beparmeia
1000 e omalizumab 6c0 kat pe mepolizumab

Respiratory Medicine (2014) 108, 1723—1732
Heterogeneity of phenotypes in severe
asthmatics. The Belgian Severe Asthma
Registry (BSAR)

F. Schleich **, G. Brusselle ®, R. Louis ?, 0. Vandenplas ¢,
A. Michils ¢, C. Pilette ©, R. Peche ’, M. Manise ?, G. Joos °
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» 'HwowodAko kot aAAepYLKO acBua: ouxvotnta epdavions aAAnAoemikaAvPng

NHANES survey: Overlap between Eosinophilic and atopic or T2 high phenotypes

70% Children Adults
70%
60% 56%
60%
50% 48% 47% 47%
. 0, (o]
0% | Atopic 20%
40% 40% 37%
29% . T2 High 31%
30% 25% 30% 25%
20% 20% 16% 149
0%

0%
EOS 150/ul EOS 300/uL EOS 400/ul EOS 150/uL EOS 300/uL EOS 400/uL

~45% of children and one-third of adults can be classified with all three phenotypes simultaneously?

Adapted from Tran TN et al. 2016.
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i A. Allergic predominant asthma B. Eosinophilic predominant asthma
T2-high asthma
Atopy +, IgkE > 100 IU/mL, FeNO > 30ppb, blood EOQS > 300/pL, sputum EOS > 2% 1. Early onset 1. Late onset
2. SPT/RAST (+) with clinically significant | 2. SPT/RAST (-) or (+) with no clinically
—P[ Allergic predominance (Table 1) ] — [ Omalizumab ] [OCS] allergies* significant allergies
3. IgE > 100 IU/ml 3. IgE < 100 IU/ml
—r[ Eosinophilic predominance (Table 1) ] — [ Anti-IL5 ] [OCS] [Anti-lL4Ra]
I 4. Allergic rhinitis 4. Nasal Polyps
: Aspirin intolerance
: - _F._e\:e:e_all_er_g;: r_hl_nEI; -> LTRAs 5. ngh FeNO (30-50 ppb) 5. Very hlgh FeNO = 50 Ppb
I
I . 6. Blood eosinophils < 300 cells/ul 6. Blood eosinophiis > 300 cells/ul *
[Omalizumah or Anti-lLE] [OCS
[ Allergic/Eosinophilic Overlap (Table 1) ] — . . . .
lAnti-IL4Ra?| I CRThZ I TABLE 2. Clinical features and biomarkers that can be used to differentiate

antagonist?

between allergic and eosinophilic severe asthma. Check the number of relevant

Allergic BronchoPulmonary Mycosis (ABPM)

L . e Fungus specific IgE or SPT+, bronchiectasis, | — [0(:5] [Antifungals] [Dmalizumab?]
l blood eosinophilia, markedly elevated IgE

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.

Zervas E. et al ERJ OR 2017
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» Otgpanevutikoi aAyoplOuol... Sev eival 6Aa pavpa - acnpa

OMALIZUMAB (ANTI-IGE) MAY HAVE AN ENHANCED AFFECT IN T2-HIGH ASTHMA SUBGRQUPS

Mean % reduction in exacerbation rate in low- and high-biomarker subgroups’

FeNO Eosinophils
407 <195ppb  >19.5ppb <260/uL >260/pL.

Bz
£ 20 A
ik
i
S0
gE 7
<)
21
£ c -20
]
58
2% -40
]
=3
o]
g g 601
o £
oy
© n=193 n=201 n=2383 n=414
=80~ p_oss  P=-0001° P=054" P=0005

Adapted from Hanania NA et al. 2013

Periostin

<50 ng/mL

n=279
P=094"

250 ng/mL.

n=255
P=0.07"

Post-hoc analysis of a double-blind RCT of 850
patients receiving omalizumab or placebo for 48
weeks:’

After 48 weeks, reductions in exacerbations were
greater in high vs. low subgroups for all three
biomarkers:1

* FENO (53% vs. 16%)

+ Eosinophils (32% vs. 9%)

* Periostin (30% vs. 3%, p=NS for both)

Omalizumab effectiveness in patients
with severe allergic asthma according to
blood eosinophil count: the STELLAIR
study

Marc Humbert'**, Camille Taillé*, Laurence Mala®, Vincent Le Gros®,
Jocelyne Just® and Mathieu Molimard” on behalf of the STELLAIR investigators®

EOS 300

-104

-204

-304

_4D04

-504

Reduction in exacerbation rate %

-52.5
_404

-70-

-44.9

EOS 300
and IgE <75 IU-mL-1

n=64

-44.2

-97.4

EOS 300
and IgE =75 IU-mL-

n=263

-44.8

-51.2

[ <300 cells-pL-1
B =300 cells-pL-!

TABLE 4 Primary end-points at T4-& [time of first effectiveness assessment after 4-6 months of treatment] by blood eosinophil
count measured in the year prior to omalizumab initiation [T-12) in minors [6-17 years) and adults (=18 years)

<300 |:ells-|JL'1 =300 cells-pL~’ Total
Minors Adults Minors Adults Minors Adults
Subjects 39 346 110 377 149 723
GETE score®
Responder 25 [64.1) 231 [46.8) 90 81.8] 255 (87.6) 15 1(77.2 486 (67.2)
47.2-78.8] [61.5-71.7) [73.3-88.5] 62.7-72.3) 69.6-83.7] [63.7-70.4)
Reduction in annual exacerbation rate
Exacerbations between To and T¢-& n 1.6£1.3 1.7£11 2.1£1.46 1.8£1.3 1.9£1.5 1.8£1.2
Annual rate change % —64.7£67.5 -52.5:89.4 —58.6+95.4 —44.9£97 —60.2+88.8 —48.5:93.5
Responder with a 240% reduction 31 [79.5) 250 (72.3) 84 (78.21 264 (70.0] 117 (78.5] 514 (71.1)
in the annual exacerbation rate (63.5-90.7] [67.2-76.9] [69.3-85.5] 165.1-74.6] 71.1-84.8] 167.6-74.4]
Combination®
Combined responder 23 [59.0) 201 [58.1] 78 (70.9] 220 (58.4) 101 (67.8] 421 (98.2)
[42.1-74.4) (52.7-63.4) [61.5-79.2] [53.2-63.4) 159.7-75.2) [54.5-61.8]
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BENRALIZUMAB

PuBuég peiwong Mapofuvoswyv

Meiwon TTapogUvoewy Kal
BeATiwon TTVEUHOVIKNG AgITOUpYyiag

/4 r V4
Atopic Nonatopic OaAAEPYIKOU TTPO@IA TWV aoOeEVWYV
- 100 Allergic status + Allergic status -
S 90
& 80
= . .
S 70 46% Atopic Nonatopic
T 0, - _
g 607 37% 26% 37% 39% 31% 300 Allergic status + Allergic status -
P .
& 50 -3 +125 +152
g 40 o 250 +121
c Eo — +74
S 30 - E 200
=
] => + -
g 20 e 150 55 7
o w >
g 10 =0 100
< (=]
X 0 w <
w T 5§ 50
210 'g @ 0
Al patients 2300 <300 All patients 2300 <300 2E 1 -
n=297¢ cells/uL cells/uL n=4654 cells/uL cells/uL g =] 50
n=185¢ n=112 n=3219 n=144¢ 2] g
5 -100
8=
[
, . . Y , , |
Kpimpia ANAepyikoU TTpo@iA?: AtotriaP and ouykévipworn IgE opou 30-700 kU/L o » -150
2Adapted from criteria for omalizumab treatment. "By Pl?adialup test. Nominal cp=0.0002. %p<0.0001. ep=0.0257 ) _200 - A” patients 2300 <300 A” patients 2300 <300
Data are from the pooled aduft intention-to-treat population from the high-dosage ICS/LABA treatment cohorts of the SIROCCO and CALIMA studies. Estimates were calculated by using a negative binomial model, _ - c
with adjustment for study code, treatment, region, oral corticosteraid use at time of randomization, and prior exacerbations. The log of each patient’s corresponding follow-up time was used as an offset variable in n=294 cells/p L cells/p L n=458 Ce”S/HL Ce”S/lJL
the model to adjust for patients’ having different exposure times during which the events occurred. Error bars are 95% confidence interval n=1 849 n=1 1 O n=31 80 n=1 40
EOS =eosinophil; ICS = inhaled corticosteroids; IgE = immunoglobulin E; LABA =long-acting 2-agonists; Q8W = first 3 doses every 4 weeks, then every 8 weeks
Chipps BE et al. Article and supplementary data. Ann Allergy Asthma Immunol. 2018;120:504-511.

Kpitipia AMepyIkoU TTpo@iAd: Atotria® and ouykévipwon IgE opou 30-700 kU/L

sAdapted from criteria for omalizumab treatment tby Phadiatop test “Nominal p<0 05

Data are from the pooled adult intention-to-treat population from the high-desage ICS/LABA treatment cohorts of the SIROCCO and CALIMA studies. Prebronchodilator FEV1 change is fram baseline to EOT (SIROCCO: Week48; CALIMA: Week 56). Estimates were calculated by using
a mixed-effects model for repeated measures analysis with adjustment for study code, treatment, baseline value, region, oral corticosteroid use attime of randomization, visit, and visit x treatment. Error bars are 95% CI

EOS = eosinophils: EQT = end of treatment: FEV1 =forced expiratory volume in 1 second: ICS = inhaled corticosteroids; IgE = immunoglobulin E; LABA = long-acting f-agonists; LS = least squaras; Q8W =first 3 doses every 4 weeks, then every 8 weeks.
Chipps BE et al. Article and supplementary data. Ann Allergy Asthma Immurniol. 2018,120:504-5611.
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MEPOLIZUMAB

Respiratory Medicine 154 (2019) 69-75
Effect of mepolizumab in severe eosinophilic asthma according to
omalizumab eligibility

Marc Humbert®, Frank C. Albers®, Daniel J. Bratton®, Steven W. Yancey?, Mark C. Liu®,
Soichiro Hozawa', Jean-Pierre Llanos?, Namhee Kwon™"

Favors mepolizumab Favors placebo
P

MNo. of patients

Rate ratio (35% Cl)  Placebo Mepelizumab
Total IgE quartile

IgE 60 IUimL — 0.51[0.34,0.76) 115 15
IE =60-170 I/mL | 0.35[0.24, 0.59] 109 10%
IgE >170-450 IU/mL —— 0.40 [0.25, 0.62] 119 114
I9E =450 IU/mL —— 0.43[0.27, 0.68) 114 114

Atepic status’

Posilive —— 0.44 [0.28, 0.68] 146 128

MNegative —— D.43[0.34, 0.55] 310 323

Number of allergens with
2 RAST score 23

0 —[J— 043034, 0.55] 310 323
1 — 1 — 0.33[0.18, 0.60] a7 75
22 s T | 039[0.18,0.82] 59 52
r T g T d
01 02 04 a8 10 16

Rate ratio [35% CI)

Data from two Phase 3 studies (MENSA [MEA115588/NCT01691521]; MUSCA [200862/ NCT02281318])
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Respiratory Medicine 154 (2019) 69-75
Effect of mepolizumab in severe eosinophilic asthma according to
omalizumab eligibility

Marc Humbert®, Frank C. Albers®, Daniel J. Bratton®, Steven W. Yancey?, Mark C. Liu®,
Soichiro Hozawa', Jean-Pierre Llanos?, Namhee Kwon™"

= Favors mepolizumab Favors placebo

<

v

No. of patients

- s Rate ratio (85% €l)  Placebo Mepolizumab
Clinically significant

exacerbations
Omalizumab eligible —1— 0.43[0.28, 0.66] 123 130
Omalizumab ineligible —l— 0.45[0.36, 0.58] 345 338

Exacerbations
requiring ED visit/
hespitalization

Omalizumab eligible * ! 0.32(0.10,0.98) 123 130
Omalizumab ineligible R 042020, 0.88] 345 328
J T T T T 1
0.05 0.1 0.2 04 0810 16

Rate ratio (95% Cl)

Data from two Phase 3 studies (MENSA [MEA115588/NCT01691521]; MUSCA [200862/ NCT02281318])
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Resplatory Medicine 154 (2019) 6975 A multi-centre, open-label, single arm, 32-week treatment study

. . . . . in subjects with severe eosinophilic asthma not optimally
Effect of mepolizumab in severe eosinophilic asthma according to controlled with current Omalizumab treatment who are Switched

omalizumab eligibility from omalizumab to MepOlizumab 100 mg subcutaneous

Marc Humbert®, Frank C. Albers®, Daniel J. Bratton®, Steven W. Yancey®, Mark C. Liu®, (study number 204471-the OSMO study)
Soichiro Hozawa', Jean-Pierre Llanos?, Namhee Kwon™"

OSMO study: Exacerbations (ITT population)

& 100%
£ Exacerbations requiring ER
< Favors mepolizumab Favors placebo . g Exacerbations erk > q r g
£ 110 (76%) visit/hospitalization
E. 80% 1 o 108 (74%) 106 (73%)
@ 103 (71%)
3 111 (77%) 3.5 1
No. of patients & Rate Ratio: 0.36
© 83 (57% 9 99 (68% ( ): (0.28, 0.47)
. e Rate ratio (95% €I}  Placebo Mepolizumab £ 60% - (57%) 98 (68%) (68%) 30 4 p-value: <0.001
Clinically significant = ’
exacerbations o
&
o 40% A § 25 1 § 25
> 2 690
Omalizumab eligible —— 043(0.28, 0.66] 123 130 g g 0
c 20 4 £ 20
20% S S
Omalizumab mneligible —l— 045 [0.36,0.58] 45 333 8 8
815 8 154
] ©
0% = . - Fipre e . . ‘ - i i
Baseline 4 8 12 16 20 24 28 32 10 10
Exacerbations ~&= Mepolizumab 100 mg SC ' '
requiring ED visit/ 0.63
hespitalization 05 05
0,19
Omalizumab eligible + i 0.32[0.10, 0.98] 123 130 0,0 A 0,0 A
Pre-treatment* On + Pre-treatment* On +
off treatment™™ off treatment™
Omalizumab ineligible R 042020, 0.88] 345 328
T T T T T 1
005 0.1 0.2 04 0.8 1.0 16

Rate ratio (95% Cl)

Data from two Phase 3 studies (MENSA [MEA115588/NCT01691521]; MUSCA [200862/ NCT02281318]) Chapman et al, Allergy 2019, Doi: 10.1111/all.13850
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T2-high asthma
Atopy +, IgkE > 100 IU/mL, FeNO > 30ppb, blood EOQS > 300/pL, sputum EOS > 2%

—P[ Allergic predominance (Table 1) ] — [ Omalizumab ] [OCS]
| —

—r[ Eosinophilic predominance (Table 1) [Anti-ILS] [DCS] [Anti-lL4Ra]

Aspirin intolerance

I > I.TRAS

Severe allergic rhinitis

[Dmalizumab or Anti-lLS] [DCS

—'[ Allergic/Eosinophilic Overlap (Table 1) ]—* s 7

|Anti-ILaRa?| | Lnacemsr |

Allergic BronchoPulmonary Mycosis (ABPM)
L . e Fungus specific IgE or SPT+, bronchiectasis, | — [0[:5] [Antifungals] [Omalizumab?]
l blood eosinophilia, markedly elevated IgE

.

Zervas E. et al ERJ OR 2017



EMNIAOIH BIOAOIKHZ OEPANEIAZ 2TO ZOBAPO AZOMA

T2-high asthma
Atopy +, IgkE > 100 IU/mL, FeNO > 30ppb, blood EOQS > 300/pL, sputum EOS > 2%

[ Omalizumab ]l[DCS]

e

—{[ Allergic predominance (Table 1)

— [ Anti-is | (ocs | [Anti-it4Ra

S

—-[ Eosinophilic predominance (Table 1)

| Aspirin intolerance

I > I.TRAS

Severe allergic rhinitis

Omalizumab or Anti-lLS] [DCS 1

—'[ Allergic/Eosinophilic Overlap (Table 1) ]—* s 7

[Anti-llaRa?| | Lnvorese |

Allergic BronchoPulmonary Mycosis (ABPM)
L . e Fungus specific IgE or SPT+, bronchiectasis, | — [0[:5] [Antifungals] [Omalizumab?]
l blood eosinophilia, markedly elevated IgE

.

Zervas E. et al ERJ OR 2017
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Melwon mapofuopwy Kal EMELYOUCWY ETILOKE P EWV

| Clinical Evidence (INNOVATE) ‘ Real-World Evidence (eXpeRience Registry)
. >oBopég Tapouvoelg*
T2-high asthma 06 - RR-50.0%
Atopy +, IgE > 100 IU/mL, FeNO > 30ppb, blood EOS > 300/uL, sputum EOQS > 2% p=0.002 | 12 4 Khwviscs OnpavKES HepOEOVOELS
0.5 - 0.48 KAWKE oNUavTikég coBapeg mapofuvoEeLg
é 10 o
—{[ Allergic predominance (Table 1) ] [ Omalizumab ]l[OCS] 0.4 1 T
0.3 4 s
_ 0.24 5° ho
—-[ Eosinophilic predominance (Table 1) ] — [ Anti-IL5 ] [DCS] [Antl-IL4Ra] 02 5
. 24
! F
g 2.2 Tro
I i L
| Aspirin intolerance 0.1 =2 I)
== === ——— ——————k LTRAs Jo2 € 0.1
| Severe allergic rhinitis 0 r ) 0 PT—— r ot 12 r ot 22
H re-treatment* on on
' Omalizumab Placebo n=847 n=842 n=686 n=691 n=620 n=625
I (n=209) (n=210)
[Dmalizumab or Anti-lLS] [DCS 1 , , “ . _ ”
—'[ Allergic/Eosinophilic Overlap (Table 1) ] — T ’ Melwon xprong OCS — “steroid sparing effect
[Antl-IL4Ra?| [ antagonist? I ‘ Clinical Evidence’ ‘ Real-World Evidence?
e - - --TT A RR ~43.0% g 3
Allergic BronchoPulmonary Mycosis (ABPM) | 087 S0 5 30
L .| Fungus specific IgE or SPT+, bronchiectasis, | — [DCS ] [Antifungals] [Omalizumab?] 06 0 3 2 JRR . I
l blood eosinophilia, markedly elevated IgE p : 8% 50 v5 baseline s baseline
041 - ’=§§15 16.1
2710
021 £
H 5
%
0 Omalizumab ' Control ' 0 Baseline Mivag 12 Mivag 24
(n=2,511) (n=1.797) S n=ot6 n=734 =643

Mé . . 56 n = number of evaluable patients at each time-point.
£00C OPOC XPNONG OTEPOEIOWY OCS = oral corticosteroids; RR = relative reduction.

24-52 weeks

RR = relative reduction.
Ze rvaS E o et a I E RJ O R 2017 1. Maykut R, et al. J Allergy Clin Immunol 2006;117:510,39 (abstract). 2. Braunstahl GJ, et al. Respir Med 2013;107:1141-51.
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T2-high asthma
Atopy +, IgkE > 100 IU/mL, FeNO > 30ppb, blood EOQS > 300/pL, sputum EOS > 2%

—I-[ Allergic predominance (Table 1) — [ Omalizumab ] [OCS]

J
[ Eosinophilic predominance (Table 1) ] — [ Anti-IL5 ] [DCS] [Anti-lMRa]
1
|
|

Aspirin intolerance

| = = e o e e e = = > I.TRAS

Severe allergic rhinitis

[Dmalizumab or Anti-lLS] [DCS

[ Allergic/Eosinophilic Overlap (Table 1) ]—* E

[Anti-llaRa?| | Lnvorese |

Allergic BronchoPulmonary Mycosis (ABPM)
L . e Fungus specific IgE or SPT+, bronchiectasis, | — [0[:5] [Antifungals] [Omalizumab?]
l blood eosinophilia, markedly elevated IgE

.

Zervas E. et al ERJ OR 2017
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» Mg emAéyw TtV «owotA» anti-IL5 Ogpansia?

Ol AIAPOPEY XTO MHXANIXMO APAYH> MIIOPOYN NA MAY BOHOGHXOYN XTHN EIIINOI'H

UeréliZomag 7

BENRALIZUMAB

Benralizumab - ZtoxeUovrag Tov utrodoxéa tng IL-5 (IL-5Ra)

NUCALA, a humanized
monoclonal antibody,
targets IL-5 and binds to it.

IL-5Ra Kottapo
\ Anti-IL-5Ra ;
) (benralizumab)"\ ~ poveag(NK Cell) ’-\

Perforins and

IL-5 is the major cytokine NUCALA blocks IL-5 binding Granzymes

responsible for eosinophil to the alpha chain of the IL-6 Hwowoégiho
development. IL-§ binds receptor complex. This
to the IL-5 receptor inhibits IL-6 signaling,
S
the eosinophil surface. O survival of eosinophils. S \
Afucosylated
Fc region

Downstream signaling by , Z _—

IL-5 promotes the growth AUEI]}AE\) n ADCC s€adeipet Ta AmnteAevBépwon

and differentiation, ADGC < urapo-secefoien urapoTaLd nwowoéea oto “(l‘fx kat oToug KUTTOPOTOEIKWY OUCLWY oo

recrgrtn:erfvt, ac}lvat;c?‘n, and : EE”E’:;;’;:%?;‘:‘&?":‘“‘°“:“ QEPAYWYOLS Ta KOTTOPA POVEIC IOV

~5Ra = e in-5 receptor au ’ I3
survival of eosinophils. Prefieration : SR < bk EMéyOLV TV MOTTWON TwV
Maturation | Sl . Roherbers M S e ) NWowWoYiAwv
Survival | e b a1
Malfn Gos=a kR et ol O

ek R et o, C
Busze WW. Mokino Na. Kolbeck R In: Lee 1) Roserbera HF. eds. Lo X Aademic Press: 2013:367-381

|
|
|
|
|
|
|
|
|
|
|
|
|
|
t ) |
complex expressed on reducing the production and |
|
|
|
|
|
|
|
|
|
|
|
|
|
1
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» Mg emAéyw TtV «owotA» anti-IL5 Ogpansia?

Ol AIAPOPEY XTI¥ KAINIKEX MEAETE> MIIOPOYN NA MA@ BOHOGHXOYN XTHN EIIIAOI'H
OEPAIIETIAY?

MEPOLIZUMAB

BENRALIZUMAB

Moderate and
severe asthma

Haldar et al.

N EnglJ Med. 2009
Proof-of-concept
exacerbation study
N=61, 52 weeks
placebo vs
mepolizumab
750 mg IV

Nair et al.

N EnglJ Med. 2009
Proof-of-concept OCS
reduction study
N=20, 16 weeks
placebo vs mepolizumab
750 mg IV

Phase lla ISS

Severe eosinophilic asthma

DREAM study
Pavord et al.
Lancet. 2012

Dose-ranging and
exacerbation study
N=616, 52 weeks
placebo vs mepolizumab 75
mg, 250 mg, 750 mg IV

Exacerbation programme

OCS reduction programme

Phase IIb/Ill

Severe eosinophilic asthma by

blood eosinophil levels*

COLUMBA
(MEA115666)
MENSA study Open-label
Ortega et al. extension
N EnglJ Med. 2014 (ongoing)
Exacerbation study N=347
N=576, 32 weeks ~3.5 years
placebo vs mepolizumab mepolizumab
75 mg IV or 100 mg SC 100 mg SC

COSMOS

SIRIUS study Lugogo et al. Clin

Bel et al. Ther. 2016

N EnglJ Med. 2014 ]
0OCS reduction study S

N=135, 24 weeks =L

placebo vs 3 ‘“{E'Eks

mepolizumab mepolizumab
100 mg SC 100 mg SC

Phase Il

.

Six Phase 3 trials in
~3068 patients and at
798 sites across 26
countries’

The largest Phase 3
development program
for a biologic in
respiratory disease’

WINDWARD
PROGRAM
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MEPQLIZUMAB

Randomization

8
18 Pl
Misso
030 “‘“‘*‘&4}———?""‘—4
N\
210- \
an of \
ey \; .. 3
ans T T T
45 & 7 19 ¥
Mepolizumab
ped) 02
Plackdo -{

100
g »
g 0
2
g 7
g w
d 5
3
2 w0
3 30
2
§ 20-
& 1w 1
2
No, at Risk
Mepolizumab 9
Placebo 10
A Asthma Exacerbations
2504
Placebo
2004
1504
Mepolizumab 75 mg,
intravenously -
100 i
504
Mepolizumab 100 mg,
subcutaneously
”
T T T T T T T T
0 4 8 12 16 20 24 28 32

Mwolicumob

——rr—TTrTT
4 5 6 713

& 10 12 14 16 18 20 22 24 26
Weeks
P03
$ 8 772 7 7
9 7 75 4 3 2 Mepolicimob
| T -
w > il T
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3 584
[
a5
asel
Bate O
108 Pall 20
=r 04 Maco T
£ Shsammoen=) |
= I |
T I SESSE—— i
4 L B FEV,
o =
£ gp svarof 759 placebo
"’““’“" - Mepolizumab 75 mg,
03—t . T ]
BaeO 1 2 3 4 5 T —=— Mepolizumab 100 mg,
[ ""‘E 70 subcutaneously N
3
‘s
3
E

JASQ Scom

Visus Andlogue Seor

Fiyo ook

Fhaor FEV, (%]

Pt 10

line

- : -
Bass- 0 1 2 3 4 5 & 72 F 9% 10112
line:

100+

BENRALIZUMAB

Blood eosinophils 2300 cells/pL?
1.8 4
® 1.6 1
o - 14 1 (11210 158)
89 12
g8
£8 10
5
S2 08 (0.60 to 0.89)
Cwm
SE 06
=
2 8 04 .
c
< 02
0.0
Placebo Benralizumab  Benralizumab
Q4w
Primary Analysis
N= 75 72 73
0
-10
e
g -30
£
=
2§
38 s
g8
-0 B0
L]
T i
= w0 p<0.001
80 <0.001
-0 Placebo Qaw

SIROCCO

Annual exacerbation
rate ratio vs. placebo®

Q4w
0.55(0.42 10 0.71)

p<0.0001

Qsw
0.49 (0.37 to 0.64)
p<0.0001

Categorical Analysis

Reduction in

haloC Do, | PiEsie| Samatoms | Esmaiams
9(12) 24 (33) 27 (37)
275% 15 (20) 38 (53) 37 (51)
250% 28 (37) 48 (67) 48 (66)
>0% 40 (53) 55 (76) 58 (79)
No change or any
increase inOCS 35 (47) 17 (24) 15 (21)
dose
OR (95 %Cl) - 4.09(2.22-7.57) 4.12(2.22-17.63)
p-vakue - <0.001 <0.001

» Reduction in final OCS daily dose was 4X greater with
benra vs. placebo (median baseline OCS dose was
10 mg/d in all groups)

High-dosage ICS/LABA + eosinophils 2300 cells/uL?
1.4
© 1.2 4
.
SC 101 @Erwuig
g8
£8 081 (054 100.82)
82 o6 (04810 0.74) S
3 E
g ] 0.4 4
£ o0z
N=248 =,
N - n=239

Placebo Benralizumab  Benralizumab
Qaw Q8w

EIITNOTH

CALIMA

Annual Asthma Exacerbation Rates

16 1.53

Crude Annual Rate

PBO Q4w asw PBO Q4w asw

SIROCCO'a CALIMAza

“Crude rates are presented here from the post-hoc analysis; which differs from the adjusted rate
endpaint and beara= PBO = place! =ev
1 Bleecker ER et al. Supplementary appendix. Lancet 2015,383:2128-2141, 2 FitzGerald JM el
Presentation at: ERS Intemational Congress: September 15-18, 2018; Paris. France.

Annual exacerbation
rate ratio vs. placebo®

Qaw
0.64 (0.49 to 0.85)

p=0.0018

Qsw
0.72 (0.54 to 0.95)
p=0.0188
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» Mg emAéyw TtV «owotA» anti-IL5 Ogpansia?

OI META=-ANAAYXETY TON KAINIKON MEAETQN MIIOPOYN NA MAY BOHOGHXOYN XTHN
EINIINOT'H OEPAIIEIAY?

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

Bourdin A, Husereau D, Molinari N, Golam S, Siddiqui MK, Lindner L, Xu X.

Eur Respir J. 2018 Oct 11. pii: 1801393. doi: 10.1183/13993003.01393-2018. [Epub ahead of print]

PMID: 30309978
Similar articles

-

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

Iftikhar IH, Schimmel M, Bender W, Swenson C, Amrol D.

Lung. 2018 Oct;196(5):517-530. doi: 10.1007/s00408-018-0151-5. Epub 2018 Aug 23.

PMID: 30167841

Similar articles

~ 0

[J Reslizumab Compared with Benralizumab in Patients with Eosinophilic Asthma: A Systematic
Literature Review and Network Meta-Analysis

Casale TB, Pacou M, Mesana L, Farge G, Sun SX, Castro M.

J Allergy Clin Immunol Pract. 2018 Sep 11. pii: $2213-2198(18)30576-2. doi: 10.1016/j.jaip.2018.08.036. [Epub
ahead of print]

PMID: 30217529

Similar articles

g

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

4. ‘comparison.;
Busse W, Chupp G, Nagase H, Albers FC, Doyle S, Shen Q, Bratton DJ, Gunsoy NB.
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Iftikhar IH*, Schimmel M2, Bender W2, Swenson ©2, Amrol D2,

# Author information

Abstract
BACKGROUND: Several new biologics have been studied in patients with eosinophilic asthma with varying degrees of response on
clinical outcomes. No head-to-head trial has directly compared the efficacy of these drugs.

OBJECTIVE: To synthesize data on the relative efficacy of benralizumab, dupilumab, lebrikizumab, mepolizumab, reslizumab, and
tralokinumab using network meta-analysis.

DATA SOURCES: We searched PubMed from inception to December 15th, 2017

DATA EXTRACTION AND SYNTHESIS: We used the 'frequentist’ methodology with random effect models using primarily 'netmeta’
function in R to generate network meta-analysis results. Qutcomes assessed included changes in forced expiratory volume-in 1 s
(FEV,), asthma control questionnaire (ACQ), and asthma quality of life questionnaire (AQLQ). We also separately analyzed the
annualized rate ratios for asthma exacerbations for each drug and compared to placebo. For all outcomes assessed, all drugs were
superior to placebo except tralokinumab. In terms of magnitude of effect, dupilumab, followed by reslizumab and benralizumab showed
the greatest increase in FEV4, 0.16L (95% Cls: 0.08-0.24), 0.13L (0.10-0.17), and 0.12L (0.08-0.17), compared to placebo. While
mepolizumab, followed by dupliumab, benralizumab, and reslizumab showed reductions in ACQ scores, in order of magnitude of effect,
dupilumab, followed by mepolizumab, benralizumab, and reslizumab showed the greatest increase in AQLQ scores. All drugs
decreased asthma exacerbations but the resulis were only significant for reslizumab and dupilumab.

P
CONCLUSIONS: All drugs except for tralokinumab showed improvements in FEV,, ACQ, and AQLQ. Only reslizumab and dupilumab
| were associated with statistically significant reductions in asthma exacerbation rates.
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J Allergy Clin Immunol Pract. 2018 Sep 11. pii: $S2213-2198(18)30576-2. doi: 10.1016/}.jaip.2018.08.036. [Epub ahead of print]

Reslizumab Compared with Benralizumab in Patients with Eosinophilic Asthma: A Systematic
Literature Review and Network Meta-Analysis.

Casale TB', Pacou M2, Mesana L3, Farge G2, Sun SX*, Castro M5.

Lung. 2018 Oct;196(5):517-530. doi: 10.1007/300408-018-0151-5. Epub 2018} _ L =
. i #® Author information
Comparative Efficacy of Anti IL-4, IL-5 and

Network Meta-analysis. Abstract

ﬁ ﬁ T T BACKGROUND: The interaction of IL-5 with its receptor on eosinophils increases the activation and maintenance of eosinophils;
# Author intformation & . - - % x —_ . . .

blocking this interaction reduces asthma symptoms in patients with the eosinophilic phenotype. Reslizumab, which binds to IL-5, and
g:;‘;;;‘wm: Several new biologics have been studied in] PENFAlIZUMAD, which targets the IL-5 receptor a subunit, have not been compared in head-to-head trials.
cinical outcomes. fo head-to-head ral has directly comb3) g JE CTIVE: To indirectly compare reslizumab with benralizumab in similar patient populations using a network meta-analysis.
OBJECTIVE: To synthesize data on the relative efficacy of by
tralokinumab using network meta-analysis. METHODS: A systematic literature review was conducted and a network meta-analysis was performed on eligible studies using the

DATA SOURCES: We searched PubMed from inception to DY p1arkov Chain Monte-Carlo simulation method and a Bayesian statistical framework.
DATA EXTRACTION AND SYNTHESIS: We used the ‘frequen

function in R to generate network meta-anaysis results. Ol RESULT S: Eleven studies were identified, 4 of which evaluated clinically relevant doses and had outcomes at similar time points. To

(FEV4), asthma control questionnaire (ACQ), and asthma g : " e " A
AnnUsized rate ratios for asthma exacerbations for each o CONITOl for population differences, subgroups were selected for the base-case efficacy analysis: a benralizumab subgroup with blood

superior to placebo except tralokinumab. In terms of magnit) €0Sinophil levels of greater than or equal to 300 cells/pL (n = 1537) and a reslizumab subgroup in Global Initiative for Asthma step 4/5
ine greatest increase n FEVs, 0.161 (35% Cis. 0.98-924) | it 5 or more previous exacerbations and greater than or equal to 400 eosinophils/uL (n = 318). Safety was analyzed in the full
mepolizumab, followed by dupliumab, benralizumab, and re p g q p p ( o ) ty yz

dupilumab, followed by mepolizumab, benraiizumab, and ref population (N = 3462). Reslizumab significantly improved Asthma Control Questionnaire (ACQ) and Asthma Quality of Life
e e e e = o Questionnaire (AQLQ) scores compared with benralizumab once every 4 weeks and there were reasonably high posterior probabilities

CONCLUSIONS: All drugs except for tralokinumab showed ir
were associated with istically significant reductions in as|

that reslizumab is superior to benralizumab once every 4 weeks and once every 8 weeks for ACQ score, AQLQ score, FEV4, and

clinical asthma exacerbations.

CONCLUSIONS: This indirect comparison suggests that reslizumab may be more efficacious than benralizumab in patients with
eosinophilic asthma in Global Initiative for Asthma step 4/5 with elevated blood eosinophil levels (benralizumab, 2300/pL; reslizumab,
>400/uL) and 2 or more exacerbations in the previous year.
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Reslizumab Compared with Benr:

J Allergy Clin Immunol Pract. 2018 Sep 11. pii: 82213-2198(‘3
Literature Review and Network Mq

Casale TB', Pacou M2, Mesana L3, Farge G2, Sun SX|

® Author information

Abstract
BACKGROUND: The interaction of IL-5 with its rf
blocking this interaction reduces asthma symp
benralizumab, which targets the IL-5 receptor g

OBJECTIVE: To indirectly compare reslizumab

METHODS: A systematic literature review was ¢j
Markov Chain Monte-Carlo simulation method

RESULTS: Eleven studies were identified, 4 of
control for population differences, subgroups W
eosinophil levels of greater than or equal to 30
with 2 or more previous exacerbations and gre
population (N = 3462). Reslizumab significantly
Questionnaire (AQLQ) scores compared with H
that reslizumab is superior to benralizumab onq
clinical asthma exacerbations.

were

CONCLUSIONS: This indirect comparison sugg
eosinophilic asthma in Global Initiative for Asth|
>400/pL) and 2 or more exacerbations in the

J Allergy Clin Immunol. 2018 Sep 8. pii: S0091-6749(18)31278-8. doi: 10.1016/j.jaci.2018.08.031. [Epub ahead of print]

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

Busse W', Chupp G2, Nagase H3, Albers FC#, Doyle S5, Shen Q®, Bratton DJ7, Gunsoy NB.

® Author information

Abstract
BACKGROUND: Three anti-IL-5 pathway-directed therapies are approved for use in patients with severe eosinophilic asthma (SEA),
however, no head-to-head comparison data are available.

OBJECTIVE: We sought to compare the efficacy of licensed doses of mepolizumab, benralizumab, and reslizumab in patients with SEA,

according to baseline blood eosinophil counts.

METHODS: This indirect treatment comparison (ITC) used data from a Cochrane review and independent searches. Eligible studies
were randomized controlled trials in patients aged 12 years or greater with SEA. End points included annualized rate of clinically
significant exacerbations and change from baseline in Asthma Control Questionnaire score and FEV4. An ITC was performed in
patients with Asthma Control Questionnaire scores of 1.5 or greater and stratified by baseline blood eosinophil count.

RESULTS: Eleven studies were included. All treatments significantly reduced the rate of clinically significant exacerbations and
improved asthma control versus placebo in all blood eosinophil count subgroups. Mepolizumab reduced clinically significant
exacerbations by 34% to 45% versus benralizumab across subgroups (rate ratio 2400 cells/pL: 0.55 [95% CI, 0.35-0.87];

2300 cells/pL: 0.61 [95% CI, 0.37-0.99]; and 2150 cells/pL: 0.66 [95% CI, 0.49-0.89]; all P < .05) and by 45% versus reslizumab in the
400 cells/pL or greater subgroup (rate ratio, 0.55 [95% CI, 0.36-0.85]; P = .007). Asthma control was significantly improved with
mepolizumab versus benralizumab (all subgroups: P < .05) and versus reslizumab in the 400 cells/pL or greater subgroup (P = .004).
Benralizumab significantly improved lung function versus reslizumab in the 400 cells/uL or greater subgroup (P = .025).

CONCLUSIONS: This ITC of the licensed doses suggests that mepolizumab was associated with significantly greater improvements in
clinically significant exacerbations and asthma control compared with reslizumab or benralizumab in patients with similar blood
eosinophil counts.

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

Bourdin A2, Husereau D%, Molinari N®. Golam S® Siddiqui MK, Lindner L8, Xu X®.
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sack(piock """ "] The relative efficacy of benralizumab, an interleukin-5 receptor alpha-directed cytolytic monoclonal antibody that directly depletes

clinica OBJECTIVE] X : : i i i
onued Z:; accoraingtd  €0SINOPNils versus other IL-5-targeted treatments for patients with severe, uncontrolled asthma, is not yet fully characterised. We

'[;:'T":‘ weri METHops: 1 Performed a matching-adjusted indirect comparison (MAIC) of benralizumab versus mepolizumab and reslizumab. Trials were selected
para § Mark :’i:;fﬁfcaa“'ﬂ"; through systematic review and evaluation of trial methods. Benralizumab patient-level data were weighted to match treatment effect-
IFE—JCRf:t patients witt) - Modifying patient characteristics of comparator trials before indirect efficacy comparisons After matching adjustment, benralizumab

apen cos RESULTS:E}  and mepolizumab reduced exacerbations versus placebo by 52% and 49%, respectively (rate ratio [RR]: 0.94; 95% confidence interval

e grd VN § improved ag

mepo{PoPY exacerbatiop [Cl]: 0.78-1.13; N=1524) and reduced the rate of exacerbations requiring hospitalisation/emergency department visit by 52% and 52%,
aupi Bus1 2300celsit regpectively (RR: 1.00; 95% Cl: 0.57-1.75; N=1524). Benralizumab and mepolizumab similarly improved prebronchodilator forced

>
o
"
=

conci clinick

400 cells/py
expiratory volume in 1 second at 32 weeks (difference=0.03 L, 95% CI: -0.06-0.12; N=1443). Benralizumab and reslizumab patient

were
CON{  Benralizum

populations were too dissimilar to generate a sufficient effective sample size to produce a reliable estimate for MAIC_MAIC is a robust
way to indirectly compare efficacies of treatments from trials with heterogeneous patient populations. When baseline patient
characteristics were matched across asthma trials, benralizumab and mepolizumab yielded similar efficacy.
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TATT T SOMTTINANNT T TZITT ATNNTMASITTNASCTA
m) U.S. National Library of Medicine

ClinicalTrials.gov

Find Studies v About Studies v Submit Studies v Resources v

Home >  Search Results >  Study Record Detail [
Trial record 1 of 1 for:  predictumab
Previous Study | Return to List | Next Study

Study of Magnitude and Prediction of Response to Omalizumab and Mepolizumab in Adult Severe Asthma. (PREDICTUMAB)

ClinicalTrials.gov Identifier: NCT03476109

Study Design Goto | «

Study Type @ : Interventional (Clinical Trial)
Estimated Enrollment @ : 100 participants
Allocation: Randomized
Intervention Model:  Factorial Assignment
P R E D I CTU M A B STU DY Intervention Model Description: Severe asthma patients who are eligible to both anti-IgE (omalizumab) and anti-IL-5 (mepolizumab) therapies, will be randomized to

gsponse. There will be
5 possibilities: oma(lizumab) group, mepo(lizumab) group, oma-mepo switch, mepo-oma switch, and oma/mepo failure.

Masking: — Single (Ouicomes Assessor)
Be I g| an severe ast h ma netwo rk Masking Description: The analysis of the response rate and magnitude, as well as of biomakers predicting the response, will be performed by an independent
assessor and a biostatistician.
Primary Purpose: Treatment
Official Title: Predictive Factors and Magnitude of Response to Omalizumab and Mepolizumab in Allergic and Eosinophilic Severe Asthma: a
Pragmatic Multicenter Trial in Belgium.
Actual Study Start Date @: May 10, 2019
Estimated Primary Completion Date @ : December 31, 2020
Estimated Study Completion Date @ : December 31, 2020
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BID) u.s. National Library of Medicine

ClinicalTrials.gov

Find Studies v  About Studiesv  Su Detailed Description:

PreclSE is a clinical study sponsored by the U.S. National Heart, Lung, and Blood Institute (NHLBI) to investigate several treatments for severe asthma.
PreclSE will enroll 800 adults and teenagers (ages 12 years and older) with severe asthma who have symptoms that are not well-controlled on high dose of

Home >  Search Results >  Study Record Detall inhaled corticosteroids including those who have frequent asthma attacks. Each person who agrees to enroll in the PreclSE study will receive several
treatments for research purposes based on their type of severe asthma.
PreclSE (Precision Interventions for Severe and/or Exacerbation-Prone Asthma) Network Study The goal of PreclSE is to understand how to treat different types of severe asthma, by using precision medicine. Precision medicine is an approach that

targets treatments to defined subgroups of patients who share similar characteristics, for example, patients with a certain genetic variation or patients with
high number of blood eosinophils.

Researchers from over 30 locations across the US, as well as sites in Canada and the United Kingdom, are involved in PrecISE.

Study Design Goto | «

Study Type @ : Interventional (Clinical Trial)
Estimated Enrollment €@ : 800 participants
P re C I S E ST U DY Allocation: Randomized
Intervention Model: Crossover Assignment
Intervention Model Description: Treatment sequence will be randomly assigned as either test treatment followed by matching placebo or vice-versa.
Masking: Quadruple (Participant, Care Provider, Investigator, Qutcomes Assessor)
Primary Purpose: Treatment
Official Title: PrecISE (Precision Interventions for Severe and/or Exacerbation-Prone Asthma) Network Study

Estimated Study Start Date @ : November 2019
Estimated Primary Completion Date @ : June 2023
Estimated Study Completion Date @ : June 2023
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2YMNEPAZMATA

H otoxeupevn Beparmeia pe LOVOKAWVLKA OVTIOWHATO ATtoTEAEL TO PLEAAOV TNC Bepareiog Tou
ocofapol acOpatog — eldikotepa tou T2-high evdoturmnou

O KALVLIKEG LEAETEC TWV AVTL-NWOLVOPLALKWY Beparelwy mapoucta{ouVv opoLlOTNTEC aAAd Kot
ONUOVTLKEC SLaPopPEC (KALVIKA XapOoKTNPLOTIKA TwV tcBeVwY, OpLOUOC TOU «NWOLVOPLALKOU
dovotumou» K.T.A.) S€V EMLTPEMOUV APECEC CUYKPLOELC

H €upeon oluyKkpLon Twv avtl-nwolvopAlkwy Beparmelwy eivot SUCKOAN Kol LE AVTIKPOUOUEVA
arnoteAéopata. Tuxov dLadopeC Tou UTIAPYXOLUV HEVOULV va arodelyBoUv otnv KAWVLIKA Ttpagn...

Avarmavtnta EpWTAMATO TIPAUEVOUV...

a) Blodeikteg yia tnv emhoyn kataAAnAotepng Bepameiag Kal EKTILNONG TNG OVTATIOKPLONG
b) Awdpkela Bepamneiac?

c) Ploko umotpomnng oe dtakomn? Blodeiktec?

d)  JUYKPLTIKEC LeAETEC peTalL BloAoyikwy Beparmeiwv — Real World Registries
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