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I Asthma: Year in Review 2016-2017

1 Development and Progression
2 Treatment

3 GINA 2017 update



Asthma Progression to ACOS
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COPD: Different Lung Function Pathway

Normal lung function

Decline in lung
function associated
with smoking

[Severe childhood }

asthma
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ORIGINAL ARTICLE

Patterns of Growth and Decline in Lung
Function in Persistent Childhood Asthma

» 684 participants from CAMP childhood asthma cohort

» Spirometry results at 23-30 years old

 Longitudinal Lung-Function Trajectories
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JAMA | Original Investigation

Reevaluation of Diagnosis in Adults
With Physician-Diagnosed Asthma

Shawn D. Aaron, MD; Katherine L. Vandemheen, MScN; J. Mark FitzGerald, MD; Martha Ainslie, MD; Samir Gupta, MD; Catherine Lemiére, MD;
Stephen K. Field, MD; R. Andrew Mclvor, MD; Paul Hernandez, MD; Irvin Mayers, MD; Sunita Mulpuru, MD; Gonzalo G. Alvarez, MD;
Smita Pakhale, MD; Ranjeeta Mallick, PhD; Louis-Philippe Boulet, MD; for the Canadian Respiratory Research Network

« Spontaneous remission of asthma? Stability of asthma diagnosis?
 Subjects: 701 physician-diagnosed asthma within past 5 years

« Confirmation of asthma by objective testing

613 Completed all study assessments and
could be conclusively evaluated for
a diagnosis of asthma

Y Y

410 Current asthma confirmed 203 Current asthma ruled out
86 Reversible airflow obstruction
at first study visit
287 Bronchial hyperresponsiveness
atvisit 2, 3, or4
9 Acute worsening of asthma during
medication tapering period

28 Asthma diagnosed by study
pulmonologist

Aaron SD et al. JAMA 2017; 317:266-79






n—3 long-chain polyunsaturated fatty acids (LCPUFAs)

More Inflammatory Less Inflammatory
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AA = Arachidonic acid; AT = Aspirin-triggered; COX = Cyclooxygenase; DHA =
Docosahexaenoic acid, EPA = Eicosapentaenoic acid; LO = Lipoxygenase; LX = Lipoxins; PD =
DHA-derived protectin; PUFA = Polyunsaturated fatty acids; Rv= Resolvins




n—3 LCPUFA (fish oil) on Prevention of Asthma (1)

« Copenhagen Prospective Studies on Asthma in Childhood 2010 (COPSAC,440)
« 736 pregnant women at 24 weeks of gestation
« 2.4 g of n—3 LCPUFA (fish oil) or placebo (olive oil)

100+

Hazard ratio, 0.68 (95% Cl, 0.49-0.95)
P=0.02
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Bisgaard H et al. N Engl J Med 2016; 375:2530-9



n—3 LCPUFA (fish oil) on Prevention of Asthma (2)

« 533 pregnant women at 3 trimester in Denmark
« 2.7 g of n—3 LCPUFA (fish oil) or placebo (olive oil)
« 24 years follow up with prescription records

TABLE I. HRs and 95% Cls of register outcomes of asthma and
allergic rhinitis up to 24 years of age in the fish oil group
relative to the olive oil group

Registry-based No. of
outcomes (n = 396) cases (%) Crude HRs (95% CIl)
Asthma discharge diagnosis
Fish oil 8 (3) 0.31 (0.13-0.75)
Olive oil 13 (10) 1.00
P = .01
Asthma medication
Fish oil 31 (12) 0.54 (0.32-0.90)
Olive oil 28 (21) 1.00
P =.02
Allergic rhinitis medication
Fish oil 57 (22 0.70 (0.47-1.05)
Olive oil 40 (30) 1.00
P =.09

HRs were calculated by using Cox regression analysis.

Hansen S et al. J Allergy Clin Immunol 2017; 139:104-11



Potential Effects of Vitamin D in Asthma and Allergy

Adequate vitamin D3 status

/\

Lung growth and development Promoting antimicrobial mechanisms Immune system effects
(defensins, cathelicidins)

1 |

- - - : - o Immune modulation
-Decreased airway responsiveness Risk for respiratory infection -Dendritic, T, B, NK & T reg cells
-Improved lung function AIL10 AN IL4 W, 1L13 W, IL17 W
-Enhanced glucocorticoid induction of IL10
l ? and MPK1
Risk of asthma W l

Inflammatory responses W

1?

Risk of allergy W

Risk of asthma exacerbation rates W

Mirzakhani H et al., Clin Exp Allergy 2015; 45:114-25



Prenatal Vitamin D and Asthma Prevention (1)

» Copenhagen Prospective Studies on Asthma in Childhood 2010 (COSPAC,10)
« 624 women and 581 children followed up to age 3

« Vitamin D3 (2800 IU/d; n = 315) or matching placebo tablets (400 IU/d, n = 308) at 3"

trimester 1004
HR, 0.76 (95% Cl, 0.52-1.12), P=.16
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U I T T T T T
0 0.5 1.0 1.5 2.0 2.5 3.0
Age at Onset of Persistent Wheeze, y
No. at risk
Vitamin D3 295 287 253 198
Control 286 275 231 184

Chawes BL et al. JAMA 2016; 315:353-61



Prenatal Vitamin D and Asthma Prevention (2)

+ 881 pregnant women at high risk of having child with asthma in VDAART study in US
e Vitamin D3 (4400 IU/d) or control (400 1U/d)
» QOutcome: physician-diagnosed asthma or recurrent wheezing through 3 years of age
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No Effect of Vitamin D on Asthma Exacerbation

» VIDA Randomized Clinical Trial by AsthmaNet
« ICS tapering with oral Vit D3 (100 000 IU once, then 4000 IU/d for 28 weeks) or placebo

» Qutcome: time to first asthma treatment failure (lung function, B-agonists, OCS and health

care). 104

0.8+

0.6+

0.4+

Event-Free Probability

0.2+

0 T T T T T T T T
0 - 8 12 16 20 24 28 32

Treatment Period, wk
Mo. at risk
Vitamin D; 201 195 185 179 171 163 149 95
Placebo ~ 207 194 183 177 166 154 139 101

Vertical bars represent censored events. The adjusted hazard ratio for time from
randomization to first treatment failure was 0.9 (95% Cl, 0.6-1.3) for the
vitamin D5 vs placebo treatment groups (P = .54).

Castro M et al. JAMA 2014; 311:2083-91



No Effect of Vitamin D on Cold in Asthma

 Analysis of VIDA study by AsthmaNet

» Outcome: cold symptom severity (daily scores on the 21-item Wisconsin Upper Respiratory

Symptom Survey)
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Denlinger LC et al. Am J Respir Crit Care Med 2016; 193:634-41



Severe Asthma: Definition
(International ERS/ATS qguideline 2014)

« Asthma requiring GINA step 4-5 medication for the previous year or systemic CS for

>50% of the previous year to prevent uncontrolled asthma

1. Uncontrolled asthma (one or more)

« Poor symptom control: ACT<20
 Frequent severe exacerbation: OCS burst >2/yr
« Serious exacerbation: hospitalization >1/yr

o Airflow limitation: post-BD FEV1 <80% predicted

2. Controlled asthma

« Worsens on tapering of high ICS or systemic CS

Chung KF et al., Eur Respir J 2014; 43:343-73




Asthma is Heterogeneous, also is Severe Asthma

Asthma

Symptoms (wheezing, chest tightness, shortness of breath), Reversible airway obstruction

Type 2 High
IL-4, IL-5, IL-13, GM-CSF

Type 2 Low

Atopy/Allergy

Early Age of Onset ' Later Age of Onset

Eosinophilia
Neutrophilia Pauci-

Granulocytic

CS Responsive .
(generally mild/moderate) - Type 1 High Smoking
related

Asthmatic
Granulomatosis Type 1/Th17 High?

Severe Asthma

Obesity
Related

Gauthier M et al., Am J Respir Crit Care Med 2015; 192:660-8




I Cluster Analysis: SARP

Early onset; atopic; normal lung function
=2 controller medications; minimal health care utilization
% minimal sputum eosinophilia

Most common cluster; early onset; atopic; borderline FEV1 h
but reverse to normal; s 2 controller medications; low health
care utilization, infrequent need for oral corticosteroids
minimal sputum eosinophilia

S

Cluster 3 Older; very late onset; higher BMI (obese); less atopic;
More Severe Older Onset Asthma  slightly decreased FEV1 with some reversibility;
frequent need for oral corticosteroids despite = 3 controller
medications including high doses of inhaled corticosteroids
sputum eosinophilia

Early onset; atopic; severely decreased FEV1, but very
reversible to near normal; high frequency of symptoms and
albuterol use; “variable” with need for frequent oral
corticosteroids; high health care utilization

sputum eosinophilia

Older; longest duration; less atopic; severely decreased
FEV1 with less reversibilty (COPD similarities); high
frequency of symptoms and albuterol use despite oral
corticosteroids; high health care utilization; co-morbidities
Both sputum eosinophilia and neutrophilia

Moore WC et al. Am J Respir Crit Care Med 2010;181:315-323



Exacerbation-Prone Asthma (EPA) from SARP

 EPA definition: 3 or more OCS burst in the past year

* Risk factors: Blood eosinophils, BDR, BMI, chronic sinusitis, and GERD

Table 5. Multivariable Negative Binomial Model of Exacerbation Rates

Annual Rate of Exacerbations

Factor Factor Present Factor Absent Unit Rate Ratio P Value
Categorical

White 2 (1.7-2.5) 1.6 (1.3-2) 1.2 (0.9-1.5) 0.156

Female sex 3.4 (2.4-4.8) 3.3 (2.3-4.7) 1.0 (0.8-1.3) 0.717

Sinusitis 4.4 (3.1-6.3) 2.5 (1.8-3.6) 1.7 (1.4-2.1) <0.001

GERD 4.2 (3.0-6.0) 2.6 (1.9-3.8) 1.6 (1.3-2.0) <0.001
Continuous

Age, yr 10 1(0.9-1.1) 0.586

Maximum postalbuterol reversibility, % FEV; 10 1.2 (1.1-1.4) <0.001

predicted

BMI (adults), kgfm2 10 1.3(1.1-1.4) <0.001

BMI percentile (children <18) 10 1.1 (1.1-1.2)

IgE, IU/mL (log) 1 0.8 (0.7-1.0) 0.009

Blood eosinophils, cells/pL (log) 1 1.6 (1.2-2.1) 0.004

Definition of abbreviations: BMI =body mass index; GERD = gastroesophageal reflux disease.
Point estimates are shown with the 95% confidence intervals in parentheses. In addition to the factors listed in the table, this model is also adjusted for

clinical center and Medication Adherence Report score (not significant).

Denlinger LC et al. Am J Respir Crit Care Med 2017; 195:302-13
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Lung Microbiome: dysbiosis in asthma

LUNG MICROBIAL DYSBIOSIS IN ASTHMA

Air pollution
Antibiotics
Corticosteroid thera, Poor clearance
Infections ? > Environment ——— Ciliary damage
Cigatette smoke Sedation
Allergens "‘ ; P Reduced cough reflex
Breast feeding Microsspiration 4 Laryngeal dysfunction
Exposure to animals Gastroesophageal reflux
Living on a farm Impaired innate immunity
tTemperature tProteobacteria:
t Nutrients - Haemophilus, Klebsiella, Neisseria, Moraxella
Selective bacterial growth tFirmicutes: Pathogen-associated molecular
Selective clearance Streptococcus —lp pattern (PAMPS)
tActinobacter Structural components
(Flagellin, Lipoteichoic acid)
Bacterial products
(Peptidoglycan,
Polysaccharide A)

R l

] Lung inflammation

Asthma exacerbation ] ell ! mas
Dendritic cell Neutrophil Bell Dendritic cell activation

Chronic airflow obstruction

: Innate lymphoid cell (ILC3) activation
Corticosteroid insensitivity TMucus production V! pEpitheIial o
tVascular permeability 1Th2 function

tCytokines
tinflammatory cell recruitment
tTh17 recruitment

Llnltiating allergic asthma l

Chung KF. J Allergy Clin Immunol 2017; 139:1071-81




Microbiome in Asthma
. association with Th2 type and ICS response

* Bronchial brushing from 40 patients with atopic asthma

« Significantly lower bacterial burden was observed among subjects with T2-high

asthma
B
p =0.04 p=0.001
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Durack J et al. J Allergy Clin Immunol 2016; 195:302-13




Targeted Therapy (or Precision Medicine)

Prognostic Markers ..+

Markers predictive of drug ¢.«
sensitivity/resistance 3

Markers predictive of €.«
adverse events




Understanding of Asthma Phenotyping

2000: Mepolizumab ineffective in
allergen challenges

[ 1698: Floyer describes ]

asthma 1958: Brown shows
sputum eosinophils 1988-1990s 2009: Mepolizumab effective in
1808: Stedman’s Modern |_Predict CS responsiveness Trials show eosinophilic asthma
Description of asthma _ Th2 '
inflammation 2011: Lebrikizumab )
[ 1947: FEV1 Introduced ] regardless of more effective in type-

L atopy 2 patients based on

1947: Rackemann: periostin biomarker
1847: extrinsic and intrinsic ~ 1999 W .

i asthma 1970s : Wenzel shows severe . ~
Spirometry asthma has eosinophilic and 2013: Dupilumab
invented | Inhaled i onhili for eosinophilic

CS trials non-eosinophilic groups P
[ 1948: CS Introduced ] ) asthma
I [
T T I T T T T
1700 1900 1950 1970 1990 2000 2010 2015
VAN

'Extrinsic/Intrinsic Asthma>

' Th2 High Asthma>

Th2 Low N

Asthma /

Gauthier M et al., Am J Respir Crit Care Med 2015; 192:660-8

Interest in Phenotyping




Th2-high and Th2-low asthma

* More severe asthma

* Airway and systemic eosinophilia

| » Responsiveness to glucocorticoids

* Responsiveness to inhibitors of
type 2 inflammation

T,,2-high
asthma

T,,2 cellcytokine R - - - - - - EEEEE
gene expression * Less severe asthma
in the airways | * Absence of airway and systemic
Healthy T.24 eosinophilia
reference a:thrg;v * Lack of responsiveness to
group glucocortucouds.
* Lack of responsiveness to
‘ inhibitors of type 2 inflammation

Fahy JV et al. Nat Rev Immunol 2015; 15:57-65



Type 2 Biomarkers

FeNO . Sputum eosinophils
Antigen Antigen

Periostin

Cys-leukotrienes ‘
cytokines

o
o
%

Activated B cell

Periostin

Blood
eosinophils

Parulekar AD et al. Curr Opin Pulm Med 2016; 22:59-68
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Therapeutic Targets in Severe Asthma
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Fajt ML, Wenzel SE. Allergy Asthma Immunol Res 2017; 9:3-14




Anti-IL-5

[ Reslizumab ]

[ Mepolizumab ]

: N

Mepolizumab FDA
(Nucala®) 2015
Reslizumab Teva [L-5 \Y FDA
(Cinquair®) 2016

Eosinophil

Benralizumab Medlmmune IL-5R SC Phase 3
AstraZeneka

Pelaia G et al. Ther Clin Risk Manag 2016; 12:1075-82




FDA approved Mepolizumab (Nucala®, GSK) in 2015

« add-on maintenance treatment of patients with severe asthma aged 12 years

and older, and with an eosinophilic phenotype (2150 initial or 2300 in 12 mo)

« 100 mg SC every 4 weeks

PROLIFERATION!
MATURATION
SURVIVAL :




Clinical Trials of Mepolizumab in Asthma

Phase IIb Phase llI \ Phase lll open-label
extension

COLUMBA
Open-label extension (ongoing)
N=347
~3.5 years
MENSA study mepolizumab 100 mg SC
Ortega et al.

N Engl J Med. 2014
Exacerbation study
N=576, 32 weeks
placebo vs mepolizumab
75 mg IV or 100 mg SC

DREAM study

Pavord et al. COSMOS

Lancet. 2012 Lugogo et al.
Dose-ranging and Clin Ther. 2016
exacerbation study Open-label extension
N=616, 52 weeks SIRIUS study N=651
placebo vs mepolizumab Bel et al. 52 weeks
75 mg, 250 mg, 750 mg IV N Engl J Med. 2014 mepolizumab 100 mg SC

OCS reduction study
N=135, 24 weeks

placebo vs mepolizumab
100 mg SC

IV, intravenous; OCS, oral corticosteroids; SC, subcutaneous.



Mepolizumab on Hospitalization: Meta-analysis

A study

Placebo

DREAM 11.0
MENSA 6.8
SIRIUS 10.6
Haldar 2009 15.6
Combined 9.5

Patients with 21 exacerbation requiring hospitalization/ER visit!

DREAM 17.4
MENSA 12.6
SIRIUS 10.6
Combined 14.1

Subjects with event (%)
Mepo
Patients with 21 exacerbation requiring hospitalization™

8.0
3.6
0
8.9
5.6

12.1
7.3
43
9.5

Relative risk
(95% CI)

0.73 (0.42, 1.26)
0.53 (0.26, 1.11)
0
0.44 (0.09, 2.10)
0.55 (0.36, 0.83)

0.70 (0.46, 1.06)
0.58 (0.35, 0.97)
0.41(0.11, 1.52)
0.62 (0.45, 0.86)
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Yancey SW et al. J Allergy Clin Immunol 2016



FDA approved Reslizumab (Cingair®, Teva) in 2016

« add-on maintenance treatment of patients with severe asthma aged 18 years

and older, and with an eosinophilic phenotype (2400 PB eosinophils)

* 3 mg/kg IV every 4 weeks

CRTERINE

(10 mg/mL)

For Intravenous Infusion Only
Dilute Prior to Administration
One Single-Use Vial

Discard Unused Portion




Reslizumab on lung function

* 12 to 75 years with asthma inadequately controlled by at least a medium ICS and with a

blood eosinophil count >400 cells/mL.
« 0.3 or 3.0 mg/kg or placebo administered once every 4 weeks for 16 weeks

+ Reslizumab improved lung function, asthma control and symptoms, and quality of life

B Placebo (n = 105)
0.4 4 A Reslizumab 0.3 mg/kg (n = 103)
Reslizumab 3.0 mg/kg (n = 103)

LS Mean + SE Change in FEV, (L)

Bjermer L et al., Chest 2016; 150:789-98



Phase 3: SIROCCO & CALIMA

E Benralizumab 30 mg Benralizumab 30 mg
n SC every 4 weeks SC every 4 weeks .
r Primary
[e] ; -
i Benralizumab 30 mg endpoint:
' — R_un- =% Randomization =1~ Benralizumab 30 mg SC every 8 weeks with placebo SC AER in
I in 1:1:1 SC every 4 weeks at 4 week interim
m eosinophils
e
n Placebo SC Placebo SC 2300/uL2
L —
t every 4 weeks every 4 weeks
V2, V3: . V4-V7 (weeks 0-8) V8-V 16 (weeks 12—44) V17 (week 48) (\I;ge:;%) SIROCCO
Visit 1 Run-in from
N (week 0) VAT FU V20
-7 (weeks 0-8) V8-V18 (weeks 12-52) V19 (week 56) (week 60) CALIMA

12-75 years with history of 2 or more exacerbations
Planned 2:1 randomization ratio by eos (>300/uL vs <300/uL)

Stratified by ICS dose (high- and medium-dosage ICS, CALIMA only), region, age group, and

baseline eosinophils

Outcome: annual exacerbation rate

Bleecker ER et al. Lancet 2016; 388:2115-27
FitzGerald JM et al. Lancet 2016; 388:2128-41



Benralizumab on Exacerbation

eos >300

eos <300

Annual asthmaexacerbation

Annualasthma exacerbation

rate ratio (95% CI)

rate ratio (95%CI)

SIROCCO

A Eosinophils =300 cells perpL

Percentage reduction relative to placebo
149 (112-158) —45% 51%
. v v
1.0
p<0-0001
08 (0-60-0-89) p<0-0001
(0-53-0-80)
0-6-
0-4-|
0-24
0
Placebo Benralizumab ' Benralizumab |
(n=267) 30 mg Q4w 30 mg Q8W
(n=275) (n=267)
B Eosinophils <300 cells perpL
Percentage reduction relative to placebo
1-44 —30% -17%
(096-152) v v
124 p=0-269
(0-78-1-28)
1.0 p=0-047
(0-65-1-11)

0-8-
0-6-{
0-4-
0-24

Placebo Benralizumab I Benmalizumab I

(n=140) 30 mg Q4W 30mgQaw

(n-124) (n=131)

Annual asthma exacerbation

Annual asthma exacerbation

rate ratio (95% CI)

rate ratio (95% C1)

CALIMA

A Eosinophils =300 cells per pL

Percentage reduction relative to placebo
141 -36% -28%
12 ! !
104  (077-112)
0-8 p=0-0188
p=0-0018 (054-0-82)
(0-48-074)
0-6-
0-4-
0-24
Placebo Benralizumab Benralizumab I
(n=248) 30 mg Q4W 30 mg Q8W
(n=241) (n=239)
B Eosinophils <300 cells per pL
Percentage reduction relative to placebo
144 36% _40%
(0-96-1-52)
124
107 00150
(g-_sg;-nsn) p=0-0048
08+ (055-095)
0-6-
0-4
0-2
0 1
Placebo Benralizumab Benralizumab
(n=122) 30 mg Q4W 30mg Q8W
(n=116) (n=125)

Bleecker ER et al. Lancet 2016; 388:2115-27
FitzGerald JM et al. Lancet 2016; 388:2128-41



Benralizumab on Lun

SIROCCO

A Eosinophils =300 cells per pL.

g Function

A Eosinophils =300 cells per pL

CALIMA

0.50— . 0504
I 0454 = 0-45- N
3 0404 I 040+ .
E E . M
g 035 s 035 T
E
= g’
7 0304 7 0304
E 0-25- 2 o254
eos 2 2 E
- =z 020 S 0204
4 a2
£ 2
E 015+ § 0-15+
£ E
£ 010 % 010+
z &=
S 005+ S 0054 _
- @ Placebo —fl-Benralizumab 30 mg Q4W —&—Benralizumab 30 mg Q8W ——Placebo —-Berralizumab 30 mg Q4W  —&—Benralizumab 30 mg Q8W
1}
S8 S S 16 2 = 20 P 4 8 16 1 B 40 48 %
Number at risk Number at risk
Benralizumab Q4W 275 261 259 251 253 13 245 236 Benralizumab Q4w 241 233 231 232 234 228 222 224 216
Benralizumab Q8W 267 251 258 250 251 240 736 235 Benralizumab Q8W 239 232 230 223 222 225 218 217 211
Placebo 267 249 253 246 247 738 PEY] 33 Placebo 248 236 240 240 235 31 124 224 21

B Eosinophils <300 cells per pL.

B Eosinophils <300 cells per pL

050+ 050
% 0-45+ = 0454
z =
g 040 2 040
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& 035 % _
§ % 0-35:
7 030 =
: < 030
= = 0254
- =4
E] 0-20+ T 0204
k- z
eos <300 2 ou] S
5
T 0104 -
g 010 n&"“ 0-10-]
S 005+ 5 0.05-
o T T T T T T i} T T
o 4 & 16 24 £ 40 48 & &%
. Week
Number at risk Number at risk Week
Benmlizumab Q4W 124 117 116 114 111 107 107 105 Benralizumab Q4w 116 112 111 108 106 106 105 101 101
Benralizumab Q8W 131 125 123 13 121 117 116 119 Benralizumab Q8W 125 120 115 116 110 105 105 102 08
Placebo 140 133 135 125 128 128 122 125 Placebo 122 107 112 110 100 105 102 102 99

Bleecker ER et al. Lancet 2016; 388:2115-27
FitzGerald JM et al. Lancet 2016; 388:2128-41




Anti-IL-13

- _“

Lebrikizumab  Genentech lgG4 humanized monoclonal antibody that Phase 3
Roche blocks binding of IL-13 to IL-4Ra

Tralokinumab  Medlmmune  IL-13-neutralising IgG4 monoclonal antibody that Phase 3
AstraZeneka  blocks the binding of IL-13 to IL-13Ral and IL-
13Ra2

GSK679586 GSK blocks the binding of IL-13 to IL-13Ra Phase 2



Lebrikizumab Phase 3: LAVOLTA | & I

* Lebrikizumab 37-5 mg or 125 mg or placebo SC every 4 weeks for 52 weeks
» biomarker-high (periostin >50 ng/mL or blood eosinophils >300 cells per uL)

« Qutcome: exacerbation rate

n Adjusted Rate difference Rate Rate ratio p value Rate ratio (95% Cl)
exacerbation (lebrikizumab- reduction (lebrikizumab vs
rate (per patient  placebo) (%) placebo, 95% Cl)
peryear)
LAVOLTA | ' '
Biomarker high |
Placebo 256 094 : :
Lebrikizumab375mg 251 046 -0-48 51% 0-49(034-0-69)  =0-0001 _._'
Lebrikizumab 125 mg 255 066 -0-28 30% 070 (0-51-0-95) 0-0232 —i—
Biomarker low ;
Placebo 106 060 , E
Lebrikizumab375mg 109 033 -0-7 45% 0-55(0-32-0-95) 0-0318 —'_'_
Lebrikizumab125mg 104 0-44 -0.17 28% 072(0-44-119) 02013 —
LAVOLTA Il I
Biomarker high '
Placebo 247 072 '
Lebrikizumab37-5mg 257 054 -0-19 26% 074(054-1.01)  0-0609 —
Lebrikizumab125mg 251 054 -0-19 26% 074(054-1.02) 00626 —
Biomarker low .
Placebo 107 034
Lebrikizumab 37-5 mg 99 050 0-16 -46% 1.46 (0-87-2-45) 01519 [ S S
Lebrikizumab125mg 106 036 0-02 6% 106 (0-61-1.83) 08346 .
O-ﬁS 0!5 0!8 1!0 1-I25 I!D 2!5
+—— Sa—
Favours lebrikizumab Favours placebo

Hanania NA et al., Lancet Respir Med 2016; 4:781-96
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dupilumab Regeneron  human monoclonal antibody that binds to IL-4Rac Phase 3
Sanofi

Pitrakinra Aerovance  mutated form of human interleukin 4 with a high Phase 2

(Aerovant) affinity for interleukin 4Ra

AMG317 Amgen human monoclonal antibody against interleukin Phase 2

4Ra that blocks both IL-4 and IL-13

Chung KF. Lancet 2015; 386:1086-96
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Dupilumab (anti-IL4Ra) in Persistent Asthma with Elevated
Eosinophil Levels

« persistent, moderate-to-severe asthma
— High eosinophils: blood eosinophil >300/ul or sputum eosinophil >3%
— Using medium to high-dose ICS/LABA

 dupilumab showed fewer asthma exacerbations with improved lung function
when LABAs and ICS were withdrawn

B Time to Exacerbation C FEV,
_ = . . = Tapering Dupilumab
53 % Ta.perlng Dupilumab 85 Stable background = g of inhaled or placebo 3.00
504 Stable background z of |nha|.edl or placebo 1 therapy <= glucocorticoid  monotherapy 3
<3 therapy £ glucocorticoid monotherapy S F
&y z . $--$--4 I
g 40 E: 75+ o RERE S -4 I
= 5 Placebo - g }_-} "E F
g 35 2 70 275
3 304 - :
g T 65 P -
& 25 Hazard ratio, 0.10 = ﬂ;-'
d (95% Cl, 0.03-0.34) g cof | M &
-g P<0.001 % // - &
¥ 154 55 F2s0 o
E e f
104 50
Iy Dupilumab E
5 | - 45
0 - ! . : : 10 FEV, (% ofprediqed value) FEV, (Iitgrs) r .
9 10 11 12 1 --#-- Dupilumab — 4 — Dupilumab 2.
—— Placebo ——& —- Placebo
Week 0 T T T T T T T T T T T T T 0
o] 1 2 3 4 5 6 7 8 9 10 11 12
No. at Risk
. Week
Dupilumab 52 51 51 51 50 50 50 50 47 45 44 43 42
Placebo 52 52 50 50 48 44 43 41 37 35 32 28 24 No. of Patients
FEV, (% of predicted
value)
Dupilumab 52 51 52 52 50 49 52 52 47 46 46 45 45
Placebo 52 52 51 51 50 49 47 46 45 43 41 40 36
FEV, (liters)
Dupilumab 52 51 52 52 50 49 52 52 47 46 46 45 45
Placebo 52 52 51 51 50 49 47 46 45 43 41 40 36

Wenzel S et al. N Engl J Med 2013; 368:2455-66
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Dupilumab (anti-IL-4Ra): Phase 2b

 uncontrolled persistent asthma on medium-to-high ICS + LABA

dupilumab 200 mg or 300 mg or placebo SC every 2 or 4 weeks for 24 weeks

FEVT Annual rate of
A . exacerbation

—— Placebo —i— Dupilemab 200 mg 5™
050 —8— Dupilemab 200mg every 2 weeks 5: b
0.45-] every 4weeks —s— Dupilumab 300 mg g”' D300 Perrstage bt on ey Lo placet
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D404 £ oal = £ g s
5 Z o3 every dweeks E
= 0354 o1
§E 030+ i) s0s
all g £ 025 = o) o
E’ B o2~ § o :
& 015 o3 5D MHSFO-ME
25 gaoq _I_ i
0 T T T T T g mam | mag) s 56
B
C 1
g
) £ 1 ewriome e —
g 1 ¥y ™ 1% EY
F 234
5o i HE
z = £ ord D561 700
eos >300 ig i
= g .s =
- B oq prshoion X
t 5 E [ .
= i
i i sl BapkusT
E o]
s oms | e e

[
1aq
°
FET
2
10+
-
= § oa] memaam [ ND————
3=
E E'.l_ E o7 AT% 1Y s .
3= I B o4
eos < g T = -~
T & : i AT )
is i mimeTa
5% T =1 pigeni;
& paq
E o1
I 2
24 Pacatn wm ' mm | mm | wom
nam oy e -, -
o w—in Ay 7 ey T ke
e ety ) i

Wenzel S et al., Lancet 2016; 388:31-44




Salmeterol Multicenter Asthma Research Trial (SMART)

« Salmeterol Multicenter Asthma Research Trial (SMART)
» Postmarketing surveillance study in US
» 1996-2003 (early termination), age >12

Usual Care + blinded salmeterol MDI (42 ug) BID

No LABA Phone contacts every 4
' R weeks
>12 years of age l ;
No [-blockers Usual Care + blinded placebo MDI BID
A A
Study Visit 1 28
DayO weeks
Serevent MDI Placebo Relative Risk
(n=13,176) (n=13,179) (95% CI)
Primary Endpoint: Respiratory-related deaths or life-threatening experiences
Total 50 (<1%) 36 (<1%) 1.40 (091, 2.14)
Caucasians 29 (<1%) 28 (<1%) 1.05 (0.62, 1.76)
African Americans 20 (<1%) 5(<1%) 4.10 (1.54, 10.90)
Secondary Endpoint: Asthma-related death }
Total 13 (<1%) 3 (<1%) 4.37 (1.25. 15.34)
Caucasians 6 (<1%) 1 (<1%) 5.82 (0.70., 48.37)
African Americans 7 (<1%) 1 (<1%) 7.26 (0.89, 58.94)

modified from Chest 2006; 129:15-26
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FDA: Updated Recommendation on the Use of LABA

1. Use of a LABA alone without use of a long-term asthma control medication, such as an inhaled
corticosteroid, is contraindicated (absolutely advised against) in the treatment of asthma.

2. LABAs should not be used in patients whose asthma is adequately controlled on low or medi
um dose ICS.

3. LABAs should only be used as additional therapy for patients with asthma who are currently t

aking but are not adequately controlled on a long-term asthma control medication, such as
an ICS.

4. Once asthma control is achieved and maintained, patients should be assessed at regular inter
vals and step down therapy should begin (e.g., discontinue LABA), if possible without loss of
asthma control, and the patient should continue to be treated with a long-term asthma contr
ol medication, such as an ICS.

5. Pediatric and adolescent patients who require the addition of a LABA to ICS should use a co
mbination product containing both an ICS and a LABA, to ensure adherence with both medic
ations.

US FDA Drug Safety Communication. 2 June 2010
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetylinformationforPatientsandProviders/ucm213836.htm



Serious Asthma Events with Fluticasone
plus Salmeterol vs. Fluticasone Alone

26-week, randomized, double-blind, multicenter study (2011-2015)

11,679 patients (212 years) with history of a severe asthma exacerbation

Exclusion of history of life-threatening or unstable asthma

primary safety end point: the first serious asthma-related event (death, endotracheal
intubation, and hospitalization)

Table 2. Summary of Safety End Points.*
Fluticasone- Fluticasone
Salmeterol Alone
Safety End Point (N=5834) (N=5845)
Composite safety end point — no. (%) 34 (<1) 33 (<1)
Asthma-related death 0 0
Asthma-related intubation 0 2 (<1)
Asthma-related hospitalization 34 (<1) 33 (<1)
Total no. of asthma-related hospitaliza- 36 36
tions
Death from any cause — no. (%) T 3 (<1) 6 (<1)

Stempel DA et al, N Engl J Med 2016; 374:1822-3
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Serious Asthma Events with Budesonide
plus Formoterol vs. Budesonide Alone

« 26-week, randomized, double-blind, multicenter study (2011-2015)

« 11,693 patients (>12 years) from 25 countries one to four asthma exacerbations in the
previous year

« Patients with a history of life- threatening asthma were excluded.

« primary end point: the first serious asthma-related event (a composite of adjudicated death,
intubation, and hospitalization)

Table 2. Patients with Serious Asthma-Related Events.*

End Point or Event Low Dose High Dose Total
Budesonide— Budesonide—
Formoterol Budesonide Formoterol Budesonide Budesonide—
80 ug+4.5ug 80 pg 160 g +4.5 pg 160 pg Formoterol Budesonide
(N=1645) (N=1646) (N=4201) (N=4201) (N =5846) (N=5847)
number (percent)
Composite end point 6 (0.4) 8 (0.5) 37 (0.9) 32 (0.8) 43 (0.7) 40 (0.7)
Asthma-related hospitalization 6 (0.4) 8 (0.5) 36 (0.9) 32 (0.8) 42 (0.7) 40 (0.7)
Asthma-related intubation 0 0 1(<0.1) 0 1(<0.1) 0
Asthma-related death 0 0 2 (<0.1) 0 2 (<0.1) 0

Peters SP et al, N Engl J Med 2016; 375:850-60
[



Immunotherapy (GINA 2017)

« Allergen-specific immunotherapy may be an option

if allergy plays a prominent role.

« 2 major approaches

— Subcutaneous immunotherapy (SCIT)

— Sublingual immunotherapy (SLIT)



HDM Sublingual Immunotherapy (SLIT)

834 HDM sensitized asthma (FEV,>70%, not well controlled by ICS) and allergic rhinitis in

109 European sites

ICS reduced during the last 6 months

Figure 2. Probability of Having the First Moderate or Severe Asthma
Exacerbation in the Full Analysis Set

50% ICS Reduction 100% ICS Reduction

354
- 30+
254
204
154

10+ Lo ——— Placebo

6 SQ-HDM tablet
12 5Q-HDM tablet

Probability of First Moderate or
Severe Asthma Exacerbation, %

O'FJ T T | T T T
Beginning 30 60 Q0 120 150 180
of Period 3

Time During ICS Reduction, d

No. at risk
Placebo 257 228 200 188 171 163 109
6 SQ-HDM tablet 237 224 207 201 187 171 122
12 SQ-HDM tablet 248 228 214 207 189 180 121

Virchow JC et al., JAMA 2016; 315:1715-25



SLIT: Practice Parameter 2017

Practice Parameter

Sublingual immunotherapy ®Cmﬂm
A focused allergen immunotherapy practice parameter update

Matthew Greenhawt, MD, MBA, MSc; John Oppenheimer, MD; Michael Nelson, MD, PhD; Hal Nelson, MD;
Richard Lockey, MD; Phil Lieberman, MD; Anna Nowak-Wegrzyn, MD; Anju Peters, MD; Charlotte Collins, |D;
David I. Bernstein, MD; Joann Blessing-Moore, MD; David Khan, MD; David Lang, MD; Richard A. Nicklas, MD;
Jay M. Portnoy, MD; Christopher R. Randolph, MD; Diane E. Schuller, MD; Sheldon L. Spector, MD;

Stephen A. Tilles, MD; Dana Wallace, MD

— SLIT in Asthma N

« SLIT is currently not approved for patients with severe, unstable, or uncontrolled asthma.

 Patients with controlled mild to moderate asthma may be given SLIT when the patient and

physician have determined that the benefits of treatment outweigh the potential risks.

Ann Allergy Asthma Immunol 2017; 118:276-82
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GINA 2017: "ACO" is preferred to ACOS

« The word ‘syndrome’ has been removed from the previous term ‘asthma-

COPD overlap syndrome (ACOS)’ because:

— This term was being commonly used in the respiratory community as if it was a single disease (‘'the

asthma-COPD overlap syndrome’)

— There are two medically-accepted definitions of ‘syndrome’

« The descriptive term asthma-COPD overlap (ACO) is useful to maintain

awareness by clinicians, researchers and regulators of the needs of these

patients, since most guidelines and clinical trials are about asthma alone or

COPD alone.



GINA 2017: anti-IL-5 In step 5

PREFERED STEP 1 : STEP 2 Refer for
CONTROLLER
CHOICE _
Med/high
ICS/LABA
: Low dose anti-lgE
: ICS/LABA* .
Low dose ICS anti-1L5
oo A fey S Niedigh dose 105, JAd oo | Add tovon
controller oselICS Low dose theophylline* i Low dose ICS+LTRAQHigh dose ICS e
options (or + theoph*) + LTRA
: 3 (or + theoph?*)
RELIEVER As-needed short-acting beta,-agonist (SABA) As-needed SABA or
: low dose ICS/formoterol**

The Global Initiative for Asthma 2017, www.ginasthma.org
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GINA 2017: SLIT for HDM-sensitive asthma

GLO&
403

* Provide guided self-management education

REMEMBER
TO...

» Treat modifiable risk factors and comorbidities
* Advise about non-pharmacological therapies and strategies

e 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 FEV, is 70% predicted

* Consider stepping down if ... symptoms controlled for 3 months
+ low risk for exacerbations. Ceasing ICS is not advised.

SLIT: sublingual immunotherapy

The Global Initiative for Asthma 2017, www.ginasthma.org
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GINA 2017: Monitoring of Asthma

« Spirometry

— should be assessed at diagnosis or start of treatment
— after 3-6 months of controller treatment to assess the patient's personal best FEV,

— periodically thereafter: at least every 1-2 years, more frequently in higher risk

* FeNO

— not helpful in ruling in or ruling out asthma
— cannot be recommended for deciding against treatment with ICS

— High FeNO is independent predictor of exacerbations in allergic patients



