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4 The Guidelines for Asthma

the Global Initiative for Asthma (GINA, revised annually)

¢ are targeted toward primary care providers and available as management guidance for
countries to use in designing their own guidelines, taking socioeconomic issues in
consideration

the National Institute for Health and Care Excellence

(NICE; United Kingdom, last updated in 2017)

¢ are focused on mild-to-moderate asthma and primary care providers

the Expert Panel Report of the National Asthma Education and Prevention
Program (NAEPP)

¢ the Expert Panel Report 3 (ERP-3 in 2007)

Ballas ZK. J Allergy Clin Immunol 2018;142:787.



Mild Asthma

® Definition in the GINA document
¢ "Asthma that is well controlled with Step 1 or Step 2 treatment (Box
3-5, p.44), i.e. with as-needed reliever medication alone, or with low-
intensity controller treatment such as low dose ICS, leukotriene

receptor antagonists or chromones”

® GINA Step 2 in the SYGMA study

¢ uncontrolled while the patient was using inhaled short-acting
bronchodilators (SABA) as needed OR

¢ well controlled while the patient was using low-dose inhaled
glucocorticoid (ICS) or leukotriene-receptor antagonist maintenance

therapy plus a SABA as needed

GINA 2018
O'Byrne PM, et al. N Engl J Med 2018;378:1865-76



Exacerbation risk and characterisation of the UK's
asthma population from infants to old age

Chloe | Bloom,' Francis Nissen,” lan J Douglas,’ Liam Smeeth,? Paul Cullinan,’
Jennifer K Quint"

Asthma diagnosis in
CPRD
932,735

Asthma patients
eligible for cohort
selection
471,322

Exclude if:
Not linked with HES/ONS
Not have 1 complete year of data
pre-study start

Total cohort

Exclude if asthma not active:
Last asthma event must be within 2
years of study start if <18 years, or 3
years if age 218 years at study start

424,326
|
‘Under 5s’ ‘5to 17s’ 18 to 54s’ '55+
(0-4.9 years) (5=17.9 years) (18 - 54.9 years) (255 years)
17,320 82,707 210,724 113,575
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Bloom ClI, Thorax 2018;73:313-20.



in Exacerbation Rates by BTS step |

Adjusted
BTS IRR (95% Cl) Patients
0 -5 years
Step 1 ® 1.0 (1.0, 1.0) 4889
Step 2 ® 2.3(2.0,2.6) 6856
Step 3 - 45(3.7,5.5) 979
Step 4 o= 40(35,47) 2227
Step 5 e e— 47 (2.7, 8.1) 97
5-17 years
Step 1 [ 1.0 (1.0, 1.0) 26313
Step 2 [ 1.9(1.8, 2.0) 21556
Step 3 * 34(31,3.7) 3522
Step 4 » 34(32 36) 9546
Step 5 == 658(58, 79) 988
ep 1.0 (1.0, 1.0) 86144
2 L 14141
Step 3 ® 1.9(1.8, 2.0) 18652
Step 4 * 24(23,25) 32807
Step 5 ® 34(33,35) 14660
‘ 1.0 (1.0, 1.0) 24963
) 2% B
® 1.6 (1.5, 1.6)
® 2.0(1.9,2.0)
® 23(22,23)
| | |

Bloom CI, Thorax 2018;



Clinical predictors of remission and persistence
of adult-onset asthma

Guus A. Westerhof, MD, Hanneke Coumou, MD, Selma B. de Nijs, PhD, Els J. Weersink, MD, PhD, and
Elizabeth H. Bel, MD, PhD  Amsterdam, The Netherlands

200 new-onset adult asthma

patients included ¥ to determine which factors

v predict remission or persistence
BASELINE MEASUREMENTS:

Medical history

ACQ, AQLQ, SNOT of the disease
Spirometry, DLCO
Body plethysmography
Metacholine challenge ‘ the ADONIS (AdU|t'Onset
FeNQ, Blood (WBC, IgE)
Sputuminduction Asthma and Inflammatory
Nasal endoscopy/Sinus CT scan

l Subphenotypes) study.
INTERVAL ASSESSMENT: € adult patients with recently
ACQ, SNOT
Spirometry .
FeNO, Blood (WBC) 05T TO FOLLOW-UP: diagnosed (<1 year) asthma

‘ No contact (n=13)

. Cormobidity (n=6) € Asthma remission
Refused to participate(n=6)

l Excluded (n=4)
RE-ASSESSMENT AFTER 5 YEARS: Moved abroad (n=1) no Symptoms & medlcatlon
Medical history (n=170)
ACQ, AQLQ, SNOT for 21 year
Spirometry, DLCO
Body plethysmography

Metacholine challenge
FeNO, Blood (WBC, IgE)
Sputuminduction

Westerhof GA, J Allergy Clin Immunol 2018;141:104-9 e3.



Persistent Clinical

asthma remission P

(n = 143) (n = 27) value
Female 57 44 243
Age (y) 50 = 14 44 + 15 039
BMI (kg/mz) 282 £ 52 26.5 £ 5.0 132
Ex- or current smoker 58 48 342
Pack-years 4 (0-15) 1(0-12) 266
ACQ-6 score 1.34 = 0.92 0.89 = 0.67 026
ICS use 81 70 212
ICS and second controlller 64 52 248
Oral corticosteroid use 3 0 389
ICS dose, fluticasone equivalent 313 (250-500) 250 (0-250) 007
Asthma medication use 92 89 561
Pre-FEV,, % predicted 93 £ 17 95 £ 16 709
Pre-FVC, % predicted 106 = 16 102 £ 16 291
Post-FEV, % predicted 100 = 17 99 + 14 185
Post FVC, % predicted 108 = 16 103 = 17 107
FEV,, % reversibility 5(2-9) 4 (2-6) 134
Post-FEV/FVC, % predicted 95 = 11 98 = 10 .158
Post-DLCOc/VA, % predicted 98 = 15 96 £ 17 562
Post-RV/TLC ratio, % predicted 88 = 20 86 = 13 527
PC,y methacholine (mg/mL) 2.7 (0.8-6.6) 5.8 (2.9-32) 003
Nasal polyps 25 0 004
GERD 39 42 .763
Atopy e 46 667
Obesity 33 19 138
Total IgE (kU/L) 68 (26-236) 59 (30-115) 497
FeNO (parts/billion) 21 (13-45) 29 (12-44) .698
Blood neutrophils (109IL) 3.7 (3.0-4.6) 3.0 (2.7-4.0) .038
Blood eosinophils (10°/L) 0.17 (0.1-0.28) 0.15 (0.08-0.26) .601
Sputum eosinophils (%) 0.5 (0.1-3.8) 0.6 (0.2-1.5) .688
Sputum neutrophils (%) 71 (50-84) 82 (71-87) 143

Westerhof GA, J Allergy Clin Immunol 2018;141:104-9 e3.



| Probability of Asthma Persistence

Probability of asthma persistence

- = $’.
100%

95%
«={ «NP + and severe BHR

90% == pe= NP + and mild BHR
= 4ll= NP - and severe BHR
soedeo NP -and mild BHR

85% === Clinical observed remission

80%

75%

0 1 2 3 4 5
Years of follow-up NP: nasal polyps

BHR: bronchial*hyperresponsiveness

Westerhof GA, J Allergy Clin Immunol 2018;141:104-9 e3.



PREFERRED
CONTROLLER
CHOICE

Other
controller
options

RELIEVER

} Step 2 - low-dose controller ‘(&)

+ as-needed inhaled SABA

§STEP5

STEP 4

STEP3 | : Refer for

STEP 2 s

- Med/high  totropitm,**

i : i-IgE,
Low dose | CS/LABA 5af?tT|'L5%5R*

Low dose ICS oL ABA

Consider low Leukotriene receptor antagonists (LTRA) L'(\)Av(\a/dég?eh|(cj:ossf|_l'|(':RS A Q‘l‘é};}?gﬁ p(;i(t;sr'r;*l':: g‘ggel%\’\és

ose ICS Lowd theophylline* :
OWIGoSE EEOpIYEINe (or + theoph?*) iS +LTRA
: (or + theoph*)

As-needed SABA or
low dose ICS/formoterol-

As-needed short-acting beta,-agonist (SABA)

*Not for children <12 years

**For children 6-11 years, the preferred Step 3 treatment is medium dose ICS

#For patients prescribed BDP/formoterol or BUD/ formoterol maintenance and reliever therapy

T Tiotropium by mist inhaler is an add-on treatment for patients 212 years with a history of exacerbations

GINA 2018, Box 3-5



€ 12 years of age or older (n=3836), 52 weeks

200 ug of budesonide and 6 ug of formoterol (Symbicort Turbuhaler) as needed

200 ug of budesonide (Pulmicort Turbuhaler) as twice-daily maintenance therapy

plus terbutaline at a dose of 0.5 mg (Turbuhaler) used as needed

Terbutaline at a dose of 0.5 mg (Turbuhaler) used as needed.

Randomization

Three Terbutaline
Regimens as needed

Period Enrollment Run-in

Placebo twice per day+terbutaline as needed
Placebo twice per day+budesonide—formoterol as needed

Budesonide twice per day+terbutaline as needed

Treatment
| T T T T T T 1
Visit 1 2 3 4 5 6 7 8 Follow-
Trial entry Baseline up
Week -4 to -2 0 4 16 28 40 (52} 54

Electronic diary
and inhaler
monitor

Electronic diary and inhaler monitor

O'Byrne PM, et al. N Engl J Med 2018;378:1865-76.



Characteristics |

Characteristic

Age —yr
Female sex — no. (%)
Time since asthma diagnosis — yr
Median
Range
ACQ-5 scoret
Mean score
At trial entry
At baseline
Score =1.5 — no./total no. (%)
At trial entry:
At baseline
AQLQ scoref
FEV; — % of predicted value
Before bronchodilator use
After bronchodilator use

Peak expiratory flow =80% of the predicted value every morning
— no./total no. (%)

Bronchodilator reversibility — %
Asthma control according to pretrial treatment — no. (%) ||
Uncontrolled with short-acting bronchodilator alone

Controlled with inhaled glucocorticoid or leukotriene-receptor
antagonist

Severe exacerbation in previous 12 mo — no. (%)

Terbutaline
as Needed
(N=1277)

40.0£16.3
771 (60.4)

6.3
0.5-62.4

1.52+0.96
1.54+0.95

549/1160 (47.3)
602/1256 (47.9)
5.25+0.99

84.13+14.08
95.27+13.53
362/1276 (28.4)

14.4+11.5

565 (44.2)
712 (55.8)

256 (20.0)

Budesonide-Formoterol

as Needed
(N=1277)

39.8+16.9
777 (60.8)

6.5
0.4-65.7

1.57+0.97
1.61+0.97

601/1174 (51.2)
649/1257 (51.6)
5.20+1.01

84.18+14.24
95.86+14.02
340/1277 (26.6)

14.9+11.3

565 (44.2)
712 (55.8)

257 (20.1)

Budesonide Maintenance
Therapy
(N=1282)

39.0+16.7
797 (62.2)

6.3
0.5-57.1

1.53+0.97
1.55+0.96

568/1177 (48.3)
596/1257 (47.4)
5.27+1.01

84.23+13.91
95.67+13.43
376/1282 (29.3)

14.6+11.6

576 (44.9)
706 (55.1)

241 (18.8)

Total
(N=3836)

39.6+16.6
2345 (61.1)

6.4
0.4-65.7

1.54+0.97
1.57+0.96

1718/3511 (48.9)
1847/3770 (49.0)
5.24+1.00

84.18+14.07
95.60+13.66
1078/3835 (28.1)

14.6+11.5

1706 (44.5)
2130 (55.5)

754 (19.7)

O'Byrne PM, et al. N Engl J Med 2018;378:1865-76.




Primary Outcome: eWCAW

eDiary-Derived Well-Controlled Asthma Weeks

OR=0.65,
OR=0.64, 95% C10.55-0.77
. 95% C10.57-0.73
- ’ OR=0.63, |
I 95% C10.52—-0.77
OR=1.17,
W) - OR=1.14, | 95% C10.99-1.39 47.7
95% C11.00-1.30 44 .4 OR=1.10 (P=0.071)
P=0.046 il —
( ) 95% C10.90-1.35 40.4
40 - (P=0.338) 375

34.4

30.4

W As-needed terbutaline

m As-needed BUD/FORM

N
o

B Budesonide maintenance

Mean % of WCAW per patient
w
o

10 -
0 - vOO O 5 A ® O
3 2 s &P L
e// \S’ e-':: & < <" o] < <
Uncontrolled in Step 1 Controlled in Step 2
Overall Subgroup 1 Subgroup 2

O'Byrne PM, et al. N Engl J Med 2018;378:1865-76.



Annualized Exacerbation Rate

Severe Moderate or severe
RR=0.40
95% Cl (0.32-0.49

0.40 - bl )
S
©
4 0.35 S
)
3
= 0.30 -
- RR=0.36
a O0.25 - 95% Cl (0.27-0.49)
o
S ' RR=0.95
c 0.20 - 95% Cl (0.74-1.21)
S RR=0.83 —
& 0.15 - Ll 95% Cl (0.59-1.16)
.
S 0.10 -
©
x
wi

U005 =

0.00 - ] —

M As-needed terbutaline (n=1277) M As-needed BUD/FORM (n=1277) M Budesonide maintenance (n=1282)

O'Byrne PM, et al. N Engl J Med 2018;378:1865-76.



0.25- Budesonide—formoterol vs. terbutaline, P<0.001 —— Terbutaline as needed

Budesonide—formoterol vs. budesonide, P=0.52 (N=1277)
“ Severe AE —— Budesonide—formoterol as needed
0.20~ (N=1277)
\ —— Budesonide maintenance
0.15- (N=1282)
0.10-
0.05+
0.004 T I T T T T T T T T T T T

0 4 8 12 16 20 24 28 32 36 40 44 48 52

‘ Moderate or Severe AE |

0.25— Budesonide—formoterol vs. terbutaline, P<0.001
Budesonide—formoterol vs. budesonide, P=0.44

0.20

0.15-

0.10-

0.05-

0.00— | | I I I ! | | I I I I |

O'Byrne PM, et al. N Engl J Med 2018;378:1865-76.



€ A more pragmatic study design without daily reminders to use maintenance med.

© Noninferiority in preventing severe exacerbation in patients with mild asthma

Randomization

Terbutaline | Placebo bid +|budesonide/formotero| 200/6 ugt as neededl n=2189
T (Turbuhaler®)
wo
Regimens 0.5 mg*
as needed || Budesonide 200 pg bid|+terbutaline 0.5 mg as needed | n=2187
Period E Run-in Treatment FU

I I
Visit 1 2 3 T 4 T 5 T 6 FU
Study entry Baseline

Week 4t0-2 0 8 17 25 34 42 [52]

phone contact phone contact phone contact

Bateman ED, et al. N Engl J Med 2018;378

54

:1877-87.



Baseline Characteristics

Characteristic
) Age —yr
Mean
Range
Female sex — no. (%)
Current smoking — no. (%)
Time since asthma diagnosis — yr
Median
Range
ACQ-5 score
Mean
Score =1.5 — no./total no. (%)
FEV; — % of predicted value
Before bronchodilator use
After bronchodilator use

Bronchodilator reversibility — %i:

Asthma control according to pretrial treatment — no. (%)
Uncontrolled with short-acting bronchodilator

Controlled with inhaled glucocorticoid or leukotriene-

receptor antagonist

No. of severe exacerbations in previous 12 mo — no. (%)

Budesonide—Formoterol
as Needed
(N=2089)

41.316.8
12-82
1308 (62.6)
53 (2.5)

7.9
0.5-62.4

1.49+0.89
943/2043 (46.2)

84.4+13.9
96.3+13.8
15.1+12.4

959 (45.9)
1130 (54.1)

1630 (78.0)
365 (17.5)
94 (4.5)

Budesonide Maintenance
Therapy
(N=2087)

40.7+17.1
12-83

1289 (61.8)
54 (2.6)

7.3
0.4-71.2

1.53:£0.90
1000/2037 (49.1)

84.1+13.9
96.0+13.5
15.2+13.0

975 (46.7)
1112 (53.3)

1627 (78.0)
362 (17.3)
98 (4.7)

Total
(N=4176)

41.0+17.0
12-83
2597 (62.2)
107 (2.6)

7.6
0.4-71.2

1.51+0.90
1943 /4080 (47.6)

84.3+£13.9
96.1+13.6
15.2+12.7

1934 (46.3)
2242 (53.7)

3257 (78.0)
727 (17.4)
192 (4.6)

Bateman ED, et al. N Engl J Med 2018;378:1877-87.




Annualized Rate of Severe Exacerbations |

Budesonide—

Formoterol Budesonide
Test as Needed  Maintenance Rate Ratio (95% ClI) P Value
Noninferiority test 2084 2083  — ‘ 0.97 (NA-1.16) —
Superiority test 2089 2087 | a E | 0.97 (0.78-1.20) 0.75
[ I I I 1
0.6 0.8 1.0 1.2 1.4
- -

Budesonide—Formoterol = Budesonide Maintenance
as Needed Better Better

Time to First Severe Exacerbation

0.10- Patients with Event
0.09 no. (%)
0.08-] Budesonide—formoterol as needed 177 (8.5)
0.07 Budesonide maintenance 184 (8.8)
" | Hazard ratio, 0.96 (95% Cl, 0.78-1.17)
0067 p_0.66
0.05+
0.04+ Budesonide maintenance
0.031
0.024 Budesonide—formoterol as needed
0.01-
000 | | | | | | | | | | | | I
0 4 8 12 17 20 24 28 3436 40 44 48 52

Bateman ED, et al. N Engl J Med 2018;378:1877-87.



Change in Prebronchodilator FEV1 from Baseline

180
160
140
120

100+

Change in Prebronchodilator FEV,
(ml)

Budesonide maintenance

I

f Budesonide—formoterol
as needed

Change from baseline in prebronchodilator FEV,
Budesonide—formoterol as needed, 104.0 ml
Budesonide maintenance, 136.6 ml

Difference, -32.6 ml (95% Cl, -53.7 to -11.4)

P=0.003

No. of Patients
Budesonide—formoterol as needed
Budesonide maintenance

16

1984
1953

20

24 28 32 36 40 44 48 52
Weeks

1932 1914
1908 1880

Bateman ED, et al. N Engl J Med 2018;378:1877-87.



0.2+

0.1+

Change in ACQ-5 Score

Change from baseline in ACQ-5 score
Budesonide—formoterol as needed, -0.35
Budesonide maintenance, -0.46

Difference, 0.11 (95% Cl, 0.07 to 0.15)

Budesonide—formoterol as needed

+ 3

T Budesonide maintenance
—4 ;

No. of Patients
Budesonide—formoterol as needed
Budesonide maintenance

1941
1919

20

I I I I I I I I

24 28 32 36 40 44 48 52
Weeks

1898 1862
1887 1840

Bateman ED, et al. N Engl J Med 2018;378:1877-87.



Risk of a Severe Exacerbation

Following Higher Reliever Use:
Post-hoc Analysis of SYGMA 1 in Mild Asthma

Number of ‘as-needed’ inhalations >2 Number of ‘as-needed’ inhalations >4
Patients with >2 Patients with severe Patients with >4 Patients with severe
reliever inhalations exacerbation within Hazard ratio li inhalats exacerbation within Hazard ratio
Treatment on 21 day, n (%) 21 days, n (%) (85% CI) Treatment on 21 day, n (%) 21 days, n (%) (95% C1)
107 “asrceced BUDFORM 850 668) 10012) Reference group 10+ As-needed BUDFORM  303(237) 5(1.7} Reference group
Budesorvde maintenance 758 (59.1) 1nas 124(0853 291 Budesonkde maintenance 311 (24.3) 929 173(058,520)
+ as-neaded terbutaine p=0.63 + as-needed terbutaline p=0328
As.necded terbutaine 936 (733 3740 333165 869 As-needed terbutaline 526(41.2) 40(786) 424 (167, 1075)
p=0.001 p=0002

Patients having a severe exacerbation (%)
Patients having a severe exacerbation (%)

T T T 1 T T T L
0 7 14 21 0 7 14 21

Days from first use of >2 'as-needed’ inhalations Days from first use of >4 'as-needed’ inhalations

European Respiratory Journal 2018 52: Suppl. 62, OA1680.



Number of ‘as-needed’ inhalations >6 Number of ‘as-needed’ inhalations >8

Patients with >6 Patients with severe Patients with >8 Patients with severe
reliever inhalations exacerbation within Hazard ratio® reliever inhalations exacerbation within Hazard ratio®
Treatment on 21 day, n (%) 21 days, n (%) (85% CI) Treatment on 21 day, n (%) 21 days, n (%) (95% C1)
10 As-recded BUDFORM 102 (8.0) 1(1.0) % 107 Asnceded BUDFORM 43 (38) 0(00) -
Budesonide maintenance 142 (11.1) 6(42) - Budesonide maintenance 67 (52) 230 -
+ as-needed ferbutaine + as-needed terbutaline
o As-roeded forbutaine 281 (220) 2078 - o As-nceded terbutaline  170(13.3) 15(8.8) - l—*
£ . £ . . -
5 ; ™ 5
2 ' g
x g o
@
: :
> >
8 a4 ® 8 4-
(M) o
2 2 =
8 8
% 2 % 2
% |—* B
o Q
0 0 T X
| I 1 I I 1 I |
0 7 14 21 0 7 14 21
Days from first use of >6 ‘as-needed’ inhalations Days from first use of >8 ‘as-needed’ inhalations
- As-needed BUD/IFORM - Budesonide maintenance + as-needed terbutaline —— As-needed terbutaline
*Hazard ratios were not calculated for the >6 and >8 as-needed inhalations subgroups, in view of the low event rate in the reference group
(as-needed BUD/FORM; n=1 and n=0 exacerbations, respectively)
Fig. Kaplan-Meier plots showing time to first severe exacerbation in the 21 days following first day with >2, >4, >6 and >8 reliever inhalations

European Respiratory Journal 2018 52: Suppl. 6



. STICS -

ep Up Yzllow Zonz ICS to Prevent Exacerbations Trial

@ 5 to 11 years of age, n=254, mild-to-moderate persistent asthma,
® at least one exacerbation leading to systemic steroid treatment in the previous year
¢ fluticasone propionate at a dose of 44 ug per inhalation, two inhalations twice daily

1x ICS Green Zone*
*Discontinued when receiving blinded yellow zone therapy

4 week
Run-in Period <

—
1xICS

5x ICS % 5x ICS

v

Randomization

N

| | | | | | | | | I | I | |
Vi V2 PC \'E PC v4 PC V5 PC Vé PC v7 PC V8
Wk 0 Wk 4 Wk 12 Wk 20 Wk 28 Wk 36 Wk 44 Wk 52
Consent Brief PE Brief PE Brief PE Brief PE Brief PE Brief PE Brief PE
History c-ACT c-ACT c-ACT c-ACT c-ACT c-ACT c-ACT
c-ACT Diary Diary Diary Diary Diary Diary Diary
PI.E Adherence Adherence Adherence Adherence Adherence Adherence Adherence
Diary FeNO FeNO FeNO FeNO FeNO FeNO FeNO
Spiro Spiro & 10S Spiro & 10S Spiro & 10S Spiro & 105 Spiro & 10S Spiro & 10S Spiro & 105
Max-BD Methacholine Dispense drug Dispense drug Dispense drug Dispense drug Dispense drug Future Care
Blood draw Exit Interview
Dispense drug

Jackson DJ, N Engl J Med 2018;378:891-901.



utcomes & Growth |

Low-Dose Group

High-Dose Group

Treatment Effect

Outcomes (N=127) (N=127) (95% CI)f P Value
Primary outcome
‘No. of exacerbations per year (95% Cl) I 0.37 (0.25 t0 0.55) 0.48 (0.33t0 0.70) 1.3 (0.8 to 2.1) 0.30 I
Secondary outcomes
No. of emergency department or urgent care 0.47 (0.31t0 0.72) 0.64 (0.42 to 0.96) 1.3 (0.8 to 2.4) 0.30
visits per year (95% Cl)
No. of hospitalizations 0 4 — 0.12

Equivalent of hydrocortisone exposure
—g/yr (95% ClI)

Fluticasone only 10.6 (10.4 to 10.9)

Fluticasone and prednisone 11.1 (10.6 to 11.4)
Growth — ecm/yr (95% Cl)

Mean 5.65 (5.48 to 5.81)

Effect per 7-day exposure to high-dose
regimen

Overall —
According to age groupi:
5-7yr —
8—11yr —

12.2 (11.9 to 12.4)
12.8 (12.4 to 13.2)

5.43 (5.26 to 5.60)

~0.07 (~0.17 to 0.03)

1.14 (1.10 to 1.19)
1.16 (1.10 to 1.22)

-0.12 (-0.22 t0 -0.02)

0.02 (-0.21 to 0.26)

~0.23 (-0.47 t0 0.01) 0.06

~0.07 (-0.17 to 0.03) 0.20

~0.12 (-0.22 to -0.02) 0.02 |
0.02 (-0.21 to 0.26) 0.80

Jackson DJ, N Engl J Med 2018;378:891-901.



Al Yellow-Zone Episodes I
. M Low-dose group M High-dose group

P=0.90
40-
g 307
£
a
w20
S
z
10
0_
0 1 2 3 4 5 6 7
No. of Yellow-Zone Episodes
A | Symptom Score|
5_
AUC (95% Cl)
& ) High dose: 23 (19-27)
a Low dose: 20 (17-24)
5 P=0.30
a 37
£
50 5] High-dose group
3
3]
-
& 1-
§ Low-dose
group
0 | | | |

5 0 5 10
Day Relative to Onset of Yellow-Zone Alert

BI Prednisone Use I

1.0+

o
o0
|

g
o
1

Probability of Not Receiving
Prednisone
o
T

H Low-dose group
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INIINTOHN3

Primary Care
Participants identified
from database search

Suitable participants
sent an invitation letter
and PIS.

Secondary Care
Participants identified from Out-
Patient appointments and/or from a
Volunteer Database/Registry.
Suitable participants sent an
invitation letter and PIS

‘ 2300 participants randomised |

i

NOILYOOTIV

Zone 2 Modified Group
Asthma management plan
provided incorporating
instructions to quadruple the
dose of inhaled
corticosteroid at zone 2 (n=
1150)

N,

4

AdNLS NI

Participants reminded
monthly by text to activate
zone 2 if necessary. Study

visit arranged if zone 2

criteria reached no less
than 14 days post

activation & at 6 & 12

months

y

Zone 2 Usual Care Group
Asthma management
provided incorporating

instructions to use
bronchodilator medication for
symptoms at zone 2
(n=1150)

l

Participants reminded
monthly by text to activate
zone 2 if necessary. Study

visit arranged if zone 2 criteria
reached no less than 14 days
post activation & at 6 &12
months.

Primary Endpoint measure
(Time to first asthma
exacerbation, defined as: the
need for systemic
corticosteroids and/or
unscheduled health care
consultation for asthma (i.e.
reaching zone 3 or 4 of the
Asthma UK self-management
plan).) assessed.

A

Primary Endpoint measure
(Time to first asthma
exacerbation, defined as: the
need for systemic
corticosteroids and/or
unscheduled health care
consultation for asthma (i.e.
reaching zone 3 or 4 of the
Asthma UK self-management
plan).) assessed.

Quadrupling Inhaled Glucocorticoid Dose
4~ to Abort Asthma Exacerbations

® 16 years of age or older

¥ at least one exacerbation
leading to systemic steroid

treatment in the previous year

@ The primary outcome: the time

to a first severe exacerbation
systemic corticosteroid

unscheduled health.care visit

McKeever T, N Engl J Med 2018;378:902-10.



Baseline Characteristics |

.Ld

Non-Quadrupling Group  Quadrupling Group

\y Characteristic (N=965) (N=957)

Age —yr

Mean 56.7£15.2 56.2+15.5

Range 19-94 16-91
Sex — no. (%)

Male 316 (33) 301 (31)

Fermale 649 (67) 656 (69)
Source of recruitment — no. (%)

Primary care 774 (80) 785 (82)

Secondary care 191 (20) 172 (18)
Mean peak expiratory flow at screening — liters/min 381.1+112.2 386.9+110.8
Type of inhaler — no. (%)

Glucocorticoid 303 (31) 275 (29)

Combination 662 (69) 682 (71)
Type of inhaled glucocorticoid — no. (%)

Beclomethasone 388 (40) 325 (34)

Budesonide 220 (23) 225 (24)

Fluticasone 350 (36) 401 (42)

Ciclesonide 7(1) 6(1)
Maintenance dose of inhaled glucocorticoids

Median (IQR) — pig/day of beclomethasone or equivalent 800 (400-1000) 800 (400-1000)

Range — pig/day of beclomethasone or equivalent 100-4000 80-4000

Low: <1000 yig/day of beclomethasone or equivalent — no. (%) 752 (78) 743 (78)

High: >1000 g /day of beclomethasone or equivalent — no. (%) 213 (22) 214 (22)
Smoking status — no. (%)

Never smoked 552 (57) 564 (59)

Current smoker 66 (7) 59 (6)

Former smoker 347 (36) 334 (35)
Pack-years among current or former smokers

No. of participants 413 393

Mean pack-yr 13.9+16.1 12.3+14.5
Mini-AQLQ overall score}

No. of participants 959 944

Mean score 5.0£1.2 5.1£1.2

McKeever T, N Engl J Med 2018;3



/Asthma Self-management Plan

Your asthma is getting worse if you have
ONE or MORE of the following:

¢ You need your reliever inhaler more than
usual

¢ You have more difficulty sleeping because
of your asthma

e Your peak flow is below 80

Use your reliever inhaler to relieve your
symptoms and increase your preventer
medication as described below:

Write the plan here:
Reliever inhaler
*+ Quadruple ICS

Once your symptoms or peak flow have
returned to normal or after a maximum of 14
days return to your normal treatment.

If your symptoms get worse follow Zone
3 instructions

Start to record your morning peak flow,
symptoms and medication in the study
diary.

Phone you research nurse to arrange a

Zone 2 or above : 562/957 in the quadrupling group,
552/965 in the non-quadrupling group

McKeever T, N Engl J Med 2018;378:902-10.



e
100-
80-
60-

Participants with Exacerbation (%)

Time to the First Severe Asthma Exacerbation

an adjusted hazard ratio: 0.81
(95% CI, 0.71 to 0.92; P=0.002)

Non-quadrupling group

Y

0_
0
No. at Risk
Non-quadrupling 938
group
Quadrupling 933
group

T | T |
30 60 90 120 1

791

806

50 180

T | | T | |
210 240 270 300 330 365

Days since Randomization

671

727

592

644

521 463 349

558 508 366

McKeever T, N Engl J Med 2018;378:902-10.



Continuum of Care
Patient-adjusted Plus Physician-directed Step-wedge

Approach to Pharmacotherapy in Asthma

Continuum of care model:
patient-adjusted pharmacotherapy of asthma

Doctor-directed
maintenance treatment

Additional maintenance treatment options

Patient-adjusted Intermittent  Low-dose
symptom-driven low-dose ICS/LABA
reliever/controller [IOYiW:\:Y. maintenance
(single inhaler) for relief + for relief

_ _ Higher-dose
Medium/high-dose i ICS/LABA
|CS_/LABA ! maintenance
maintenance '+ for reljef
+ for relief :

O'Byrne PM, Eur Respir J 2017;50.



irritants

Allergens, viruses, and
Os

IL-33 IL-25
[cRTh2 vl '-C2
‘ cell

Eosinophil #“

Eosinophil
-~ activation in
bone marrow

Inflammatory cell
IL-4 ‘ " IL-13 traffic!dng to the

tiss
i CRTh2 »i&
DP-1p ¥
R
l’ I

Dendritic
cell

Th2
cell

IL-5

Upregulation
of
chemokines

IgE

L S Bexy
* 4 % 4 .. * .
B cell class B cell

switching and
IgE production

Basophil Mast cell

# <«CRTh2

vt

Tight
junction

cell Th2
differentiation ’ IL-4

< DP-1

LA

4

L-4 IL-13

. M2 macrophage
. polarization

Fibrosis

Epithelial
damage/shedding

Y
i

McGregor MC, et al. Am J Respir Crit Care Med 2019;199:433-45.

Goblet
cell

Immunopathobiology of Asthma

Airway
epithelium

Approved drug
target

Investigational drug

target

l! IL-13

Bronchial
enlargement

Basement membrane
thickening

Goblet cell
hyperplasia/
mucus production

SM contractility



and then maintained at a stable dose for 4 weeks.

¢ Dupilumab (at a dose of 300 mg) or placebo every 2 weeks for 24 weeks

@ adjusting glucocorticoid in a downward trend from week 4 to week 20

@ the primary end point: the percentage reduction in the glucocorticoid dose at week 24

" Dupilumab 300 mg q2wt (n = 90)

Screening
period

A

©,

Post-treatment

. Placebo g2wt (n = 90)

Glucocorticoid
reduction phase

Oral glucocorticoid:  Induction
- optimization phase: phase

| | |

Week -8f to -3 Week 0 Week 4
(Visit 1) (Day 1, Visit 3) (Visit 5)

Maintenance

|

Week 20
(Visit 10)

phase
Week 24 Week 36
(End of treatment, (End of study,
Visit 11) Visit 14)

Rabe KF, N Engl J Med 2018;378:2475-85.




Characteristic
Age —yr
Male sex — no. (%)
No. of severe asthma exacerbations in previous year
Time since first oral glucocorticoid prescription — yr
Daily oral glucocorticoid dose — mg/day
Dose before adjustment phase
Adjusted dose
Prebronchodilator FEV; — liters
Prebronchodilator FEV; — % of predicted value
FEV, reversibility — liters
Any relevant medical history — no. (%)
Nasal polyposis
Food allergy
Former smoker — no. (%)
Time since cessation of smoking — yr
ACQ-5 scoref

Blood eosinophil count — cells/mm3

Feno — ppb

| Baseline Characteristics |

Placebo Group

(N = 107)
50.7+12.8
42 (39)
2.17+2.24
1.64:£3.54

11.83+6.02
11.75+6.31
1.63+0.61
52.69+15.14
0.28+0.32
36 (80)
38 (36)
10 (9)

17 (16)
16.98+11.01
2.58+1.09
325298
39.62+34.12

Dupilumab Group

(N = 103)
51.9+12.5
41 (40)
2.01:2.08
1.77+3.52

11.79+6.40
10.75+5.90
1.53+0.53
51.64+15.28
0.29+0.31
76 (74)
33 (32)
10 (10)
24 (23)
13.99:+10.96
2.42+1.24
3702316
35.55+28.34

Total
(N = 210)

51.3+12.6
83 (40)

2.09+2.16

1.70+3.52

11.81+6.20
11.266.12
1.58+0.57
52.18+15.18
0.28+0.31
162 (77)
71 (34)
20 (10)
41 (20)
15.23+10.94
2.50+1.16
347+307
37.61+31.38

Rabe KF, N Engl J Med 2018;378:2475-85.




Percentage Reduction in Oral
Glucocorticoid Dose

204

—40-

—60-

Dupilumab

Primary

end point

!

% P<0.001

Placebo Dupilumab
(N=107) (N=103)

Subgroup

no. of patients

=300 or <300 cells/mm?

=300 41

<300 66
=150 or <150 cells/mm?

=150 69

<150 38

48
55

81
22

10

percentage points

Placebo
Better

12 16

Least-Squares Mean Difference P Value for

Interaction

0.24
-36.8 (-54.7 to -18.9)
-21.3 (-38.8 to -3.9)

0.71
-29.4 (-43.1 to -15.7)
-26.9 (-54.5 t0 0.7)

Rabe KF, N Engl J Med 2018;378
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0.25+

Higher by a mean value of 0207

0.22 liters (95% Cl, 0.09 to 0.34)

0.15+

0.10+
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@ Overview of Adverse Events

Event

Placebo Group Dupilumab Group
(N = 107) (N = 103)

number (percent)

Any adverse event 69 (64) 64 (62)
Any serious adverse event 6 (6) 9 (9)
Any adverse event leading to death 0 0
Any adverse event leading to permanent discontinuation of trial 4 (4) 1(1)
regimen
Adverse event occurring in =5% of patients in either groupy
Viral upper respiratory tract infection 19 (18) 9(9)
Bronchitis 6 (6) 7 (7)
Sinusitis 4 (4) 7 (7)
Influenza 6 (6) 3 (3)
Eosinophiliaz: 1(1) 14 (14)
Injection-site reaction§ 4 (4) 9 (9)
=1 measurement of blood eosinophil count >3000 cells/mm? 1(1) 13 (13)

_(

Rabe KF, N Engl J Med 2018;37



LIBERTY ASTHMA QUEST

€ 1902 patients 12 years of age or older with uncontrolled asthma

@ The primary end points: the annualized rate of severe asthma exacerbations

the absolute change from baseline to week 12 in the FEV1

Screening +( Study treatment period (52 weeks) PR P
- - >
Primary
Randomization (2 2:1 :1) Endpo|nt
Dupilumab 300 mg sc q2w with 600 mg loading dose
Dupilumab 200 mg sc q2w with 400 mg loading dose
' Placebo sc q2w with placebo loading dose
(Placebo 2 mL match with dupilumab 300 mg/2 mL)
Placebo sc q2w with placebo loading dose
(Placebo 1.14 mL match with dupilumab 200 mg/1.14 mL)
T T ¢ Background therapy T T
e \Igi,resill(lfa(grl)inistration (loading dose) Medium to high dose of 1CS Week 52 visit Week 64 Visit
9 + controllers (LABA/LTRA) End-of-Treatment (EOT) End-of-Study (EOS)

Castro M, N Engl J Med 2018;378:2486-96.



Baseline Characteristics

Characteristic

Age —yr

Female sex — no. (%)

Prebronchodilator FEV; — liters
Percent of predicted normal value

FEV, reversibility — %

No. of exacerbations in past year

Use of high-dose inhaled glucocorticoid
— no. (%)

ACQ-5 score

Ongoing atopic or allergic condition —
no. (%)

Nasal polyposis or chronic rhinosinusitis
— no. (%)

Former smoker — no. (%)
No. of pack-yr
Biomarker levels
Blood eosinophil count — cells/mm?
Mean
Median (range)
Feno — ppb
Total Igk — IU/ml

Placebo,
1.14 ml
(N=317)

48.2+15.6
198 (62.5)
1.76+0.61

58.43+13.22

25.06+18.76
2.07+1.58
172 (54.3)

2.71:0.73
266 (83.9)

73 (23.0)

59 (18.6)
3.96+2.81

370+338

270 (0-2200)

34.47+28.54
394625

Dupilumab,
200 mg
(N=631)

47.9+15.3
387 (61.3)
1.78+0.62

58.38+13.52

27.39+22.79
2.07+2.66
317 (50.2)

2.76+0.80
509 (80.7)

141 (22.3)

126 (20.0)
3.89+2.69

349+345
250 (0-3610)
34.45+34.91

461+818

Placebo,
2.00 ml
(N=321)

48.2+14.7
218 (67.9)
1.75+0.57

58.35+13.87

26.45+17.65
2.31+2.07
167 (52.0)

2.77+0.77
266 (82.9)

80 (24.9)

67 (20.9)
4.07+3.12

391+419
265 (0-3580)
38.39+38.00

448+797

Castro M, N Engl J Med 2018;378:2486-96.

Dupilumab,
300 mg
(N=633)

47.7+15.6
394 (62.2)
1.78::0.60

58.51+13.52

25.73+23.79
2.02+1.86
323 (51.0)

2.77+0.76
524 (82.8)

145 (22.9)

116 (18.3)
4.15+3.04

351+369

250 (0-4330)

34.01+29.74
4154701

Overall
Population
(N=1902)

47.9+15.3
1197 (62.9)
1.78+0.60
58.43+13.52
26.29+21.73
2.09+2.15
979 (51.5)

2.76+0.77
1565 (82.3)

439 (23.1)

368 (19.3)
4.02+2.89

360+366

255 (0-4330)

34.97+32.85
4324747




| Annualized Rate of Severe Asthma Exacerbations

HRelative Risk. 0.52 Helative Risk, 0.54
P<0.001 P<0.001

0.97

0.87

N=631 N=317 N=633 N=321

Dupilumab Placebo Dupilumab Placebo
200 mg 1.14 ml 300 mg 2.00 mi

Castro M, N Engl J Med 2018;378:2486-96.



\Subgroup No. of Patients Relative Risk vs. Placebo (95% Cl)

Placebo Dupilumab

Overall 317 631 200 mg o 0.52 (0.41-0.66)
Eosinophil count

>300 cells/mm3 148 264 —— 0.34 (0.24-0.48)

>150 to <300 cells/mm? 84 173 —— 0.64 (0.41-1.02)

<150 cells/mm? 85 193 —e— 0.93 (0.58-1.47)
FEno

=50 ppb 71 119 —— 0.31 (0.18-0.52)

=25 to <50 ppb 91 180 —— 0.39 (0.24-0.62)

<25 ppb 149 325 —o— 0.75 (0.54—1.05)
Overall 321 633 300 mg @ 0.54 (0.43-0.68)
Eosinophil count

=300 cells/mm3 142 277 —o— 0.33 (0.23-0.45)

>150 to <300 cells/mm?3 95 175 —— 0.56 (0.35-0.89)

<150 cells/mm3 83 181 —eo— 1.15 (0.75-1.77)
FEno

=50 ppb 75 124 —o— 0.31 (0.19-0.49)

=25 to <50 ppb 97 186 —— 0.44 (0.28-0.69)

<25 ppb 144 317 — Q- 0.79 (0.57-1.10)

01 025 050751 152
-¢ _—
Dupilumab Placebo
Better Better

Castro M, N Engl J Med 2018;378:2486-96.



7. %7 \\

Severe Exacerbation by Baseline FENO & Blood Eosinophil Subgroups |

N

Fe,, <25 ppb and eosinophils <150 cells/pL
(19.9% of ITT population)

Percent reduction vs placsbo

.

1.0 4

(0.638-1.115)
0.8

(0.402-0.976)
0.6 | O3710910 5400 5754

0.4

Adjusted annualized severe
exacerbation rate, estimate (95% CI)

0.2 4

| Change of FEV,

FE,, 225 ppb and eosinophils <150 cells/pL
(8.5% of ITT population)

Percent reduction vs placebo

4 4

(0.365-1.471)

06
10.264-0.824)

0.4 4 (0.151-0.823)

(0.105-0.437)
02

Adjusted annualized severe
exacerbation rate, estimate (95% CI)

FE,, <25 ppb and eosinophils 2150 cells/pL
(29.9% of ITT population)

Percent reduction vs placebo

12 ' '

(0.605-1.236)
0.8 | ©847-1.112)

0.6 10.382-0.697)
10.340-0.613)

04

0.2

Adjusted annualized severe
exacerbation rate, estimate (95% CI)

FE,, 225 ppb and eosinophils 2150 cells/uL
(41.7% of ITT population)

Percent reduction vs placebo

1.2 4 (0.883-1.530) ‘ 0.921-1.559) '

0.8

0.6

(0.322-0.537)

0.4 (0.283-0.482)

0.2

Adjusted annualized severe
exacerbation rate, estimate (95% Cl)

N=134 N=248 N=142 N=258

by Baseline FENO & Blood Eosinophil Subgroups |
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0.34 vs. 0.21 L (Dupilumab 300 mg vs. Placebo, 2.00 ml)
0.32 vs. 0.18 L (Dupilumab, 200 mg vs. Placebo, 1.14 ml)

0.4+

0.3

"] \H_}/%—W}\\{{

—s— Dupilumab, 300 mg

Least-Squares Mean Change from
Baseline in FEV, (liters)

0.1+ —— Dupilumab, 200 mg
—e— Placebo, 2.00 ml
—o— Placebo, 1.14 ml
0.0_ | | | | | | | | | | |
0 2 4 6 8 10 12 16 20 24 28 32 36
Week

Castro M, N Engl J Med 2018;378



Overview of Adverse Events

Placebo, Dupilumab, Placebo, Dupilumab, Combined Combined
1.14 ml 200 mg 2.00 ml 300 mg Placebo Dupilumab
Event (N=313) (N=631) (N=321) (N=632) (N=634) (N=1263)
number of patients (percent)
Any adverse event 257 (82.1) 508 (80.5) 270 (84.1) 515 (81.5) 527 (83.1) 1023 (81.0)
Any serious adverse event 26 (8.3) 49 (7.8) 27 (8.4) 55 (8.7) 53 (8.4) 104 (8.2)
Any adverse event leading to death 3 (1.0) 1(0.2) 0 4 (0.6) 3 (0.5) 5 (0.4)
Any adverse event leading to per- 19 (6.1) 19 (3.0) 10 (3.1) 44 (7.0) 29 (4.6) 63 (5.0)
manent discontinuation
of the intervention
Adverse events occurring in 5%
of patients in any groupi:
Viral upper respiratory tract 60 (19.2) 119 (18.9) 64 (19.9) 111 (17.6) 124 (19.6) 230 (18.2)
infection
Upper respiratory tract infection 37 (11.8) 69 (10.9) 49 (15.3) 77 (12.2) 86 (13.6) 146 (11.6)
Bronchitis 47 (15.0) 73 (11.6) 42 (13.1) 71 (11.2) 89 (14.0) 144 (11.4)
Influenza 29 (9.3) 36 (5.7) 22 (6.9) 38 (6.0) 51 (8.0) 74 (5.9)
Sinusitis 27 (8.6) 36 (5.7) 29 (9.0) 26 (4.1) 56 (8.8) 62 (4.9)
Urinary tract infection 17 (5.4) 17 (2.7) 12 (3.7) 19 (3.0) 29 (4.6) 36 (2.9)
Headache 26 (8.3) 46 (7.3) 25 (7.8) 40 (6.3) 51 (8.0) 86 (6.8)
Rhinitis allergic 16 (5.1) 21 (3.3) 15 (4.7) 18 (2.8) 31 (4.9) 39 (3.1)
Back pain 16 (5.1) 30 (4.8) 7(2.2) 25 (4.0 23 (3.6) 55 (4.4)
Accidental overdosef 16 (5.1) 33 (5.2) 16 (5.0) 33 (5.2) 32 (5.0 66 (5.2)
Injection-site reaction| 17 (5.4) 96 (15.2) 33 (10.3) 116 (18.4) 50 (7.9) 212 (16.8)

Castro M, N Engl J Med 2018;378:2486-96.




- MESOS -

Ii*aloklnumab on Eosinophilic Airway Inflammation
in Uncontrolled Moderate-to-severe Asthma

¢ Tralokinumab: a human monoclonal antibody that neutralizes interleukin 13
©® MESOS: a multicentre, double-blind, randomised, placebo-controlled phase 2 trial
€ aged 18-75 years with uncontrolled moderate-to-severe asthma for 12 months or more

@ Primary outcome: change from baseline to week 12 in bronchial biopsy eosinophil count

n=39

.§ Subcutaneous injections of tralokinumab (300 mg) once every 2 weeks —{ Follow-up assessments

48]

Screening | Enrolment and run-in ] g g

e

o':% Subcutaneous injections of placebo once every 2 weeks —| Follow-up assessments
n=40

Week Week Week Week
-4 0 12 26
Run-in period Treatment period Follow-up period

Russell RJ, Lancet Respir Med 2018;6:499-510.



Mean change in blood eosinophil count

(x10°/L)

0-10

0-08

-0-02-

~0-04

—o-Tralokinumab
—e—Placebo

p=0-055

-0-06

o

12

Mean lamina propria eosinophil count

(cells per mm?)

400-

300-

N
o
T

100

—o-Tralokinumab
—e—Placebo

p=039

[ |

Baseline

T
Week 12 Baseline

1
Week 12

Participants treated with tralokinumab showed an
increase in blood eosinophil count

Mean change in sputum eosinophil count

(x 106/9)

D
1.5

1.0-
0-5-
0
-0-5-

-1-0

Russell RJ, Lancet Respir Med 2018;



=) - STRATOS 1 & 2 -

“Tralokinumab for severe, uncontrolled asthma

¢ STRATOS 1: randomized, double-blind, Primary endpoint
parallel-group, placebo-controlled, We‘;"‘-‘z
p h ase 3 Cl Inica l tria l S —»{ Tralokinumab 300 mg subcutaneously every 2 weeks |————
) o — Placebo subcutaneously every 2 weeks ————>
aged 12-75 years with severe £ Roncin— ||
(7]
asthma that was uncontrolled B oz
despite use Of ICS (> 500 Ilg/d v —»{ Tralokinumab 300 mg subcutaneously every 4 weeks |——
fluticasone or equivalent)
and LABA (b ut not OCS) —p Placebo subcutaneously every 4 weeks >
& STRATOS 2 : :
Primary endpoint
Week 52
A
o Tralokinumab 300 mg subcutaneously every 2 weeks ————p
= - Run-in
g "1 (4-6 weeks)
o Placebo subcutaneously every 2 weeks >
Screening/run-in Treatment period Follow-up
(4-6 weeks) Week 0 (day 1) to week 52 Week 52 to week 72
r T 1
-6 0 52 72

f

Randomisation and stratification

Panettieri RA, Jr, Lancet Respir Med 2018;6:511-25.



Annualized Asthma Exacerbation Rate (AAER)

4

n AAER (95% Cl) Rateratio (95%Cl) Treatment effect p value
on AAER (95% Cl)

STRATOS 1 E

All-comers 0-93 (0-72t0 1-21) 7.0% (~20-8 t0 28-4) L o 059
Combined placebo* 400 0-6(0-5t007) -
Tralokinumab every 2 weeks 398 0-6 (0-5t007) i

FENO-high (237 ppb) 0-56 (034t00-94)  44-0% (6-0to 66-0) i . 0-0287
Combined placebo* 102  0-9(0-6to1-2) .
Tralokinumab every 2 weeks 97 0.5 (0-3t0 0-7)

FENO-low (<37 ppb) 114 (0-84t01.56)  -14-0% (-56-0 to 16-0) . 039t
Combined placebo* 296 0.5(0:4t00:6) '

Tralokinumab every 2 weeks 298 0.6 (0-5t00-7)

STRATOS 2 :

All-comers 1.03(0-81t01-31) -31% (-31-5t0 19-1) o 0-80%
Placebo 417 0.:8(0-7t01.0)
Tralokinumab every 2 weeks 420  0-8 (0-7to 1-0)

FENO-high (=37 ppb) 0-84(053t0134)  15-8% (-33-7t0 47-0) P 0-47%
Placebo 121 1.0(0-7to1-3) .
Tralokinumab every 2 weeks 108  0-8 (0-6to1-1)

FENO-low (<37 ppb) 113(0-85t01:50)  -13-0% (-50-0 to 15-0) . 0-41§
Placebo 290  0.8(0-6t01.0)
Tralokinumab every 2 weeks 308 0.9 (0-7to 1-1)

—1I00 —SIO (I) 5I0 1(I)0

<+“— —>
Favours placebo Favours tralokinumab

Panettieri RA, Jr, Lancet Respir Med 2018;6:511-25.



\| Mean Absolute Change in FEV, |

LS mean (95% Cl) absolute change
from baseline, mL

315

270

225+

180 -

135+

90

45+

—=— Combined placebo* (n=400)
—e— Tralokinomab every 2 weeks (n=398)

Combined placebo*
Tralokinumab every
2 weeks

382386378 379
384388379 374

40 52 week
357 363
349 357

Panettieri RA, Jr, Lancet Respir Med 2018;6:511-25.



TROPOS

Tralokinumab Did Not Demonstrate
Oral Corticosteroid-sparing Effects in Severe Asthma

¢ 40-week, randomized, double-blind trial

® severe, uncontrolled asthma requiring maintenance OCS treatment plus ICS/LABA

@ primary end-point: % change from baseline in average OCS dose at week 40

Primary end-point

(week 40)
A
2 —» Tralokinumab 300 mg Q2W s.c. >
c : Run-in \
o (weeks -2-10)
3 —p Placebo Q2W s.c. >
Week -10 0 40
Enrolment/ Dose Treatment period week 0 (day 1) to week 40 54
run-in# optimisation#
(2 weeks) (8 weeks) 0cS
Induction ducti Maintenance Follow-up
. phase reduction phase (14 weeks)
Enrolment/run-inf (12 weeks] phase (8 weeks)
(2 weeks]) (20 weeks]

f

Randomisation (1:1) Busse WW, et al. Eur Respir J 2019;53.



Baseline Characteristics

Busse WW, et al. Eur Respir J 2019;53.

Tralokinumab Placebo Total

Patients 70 70 140
Age years 94.0£11.05 55.4%10.26 54.7+10.65
Female 48 (68.6) 39 (55.7) 87 (62.1)
BMI kg-m~2 28.1+£5.07 30.8+6.84 29.4+6.15
Race

Caucasian b6 (94.3) 63 (90.0) 129 (92.1)

Other 4 (5.7) 7 (10.0) 11 (7.8
Smoking history

Never-smokers 57 (81.4) 50 (71.4]) 107 (76.4)

Ex-smokers' 13 (18.6) 20 (28.6) 33 (23.6)

Pack-years” 4.5+2.37 4.7+£3.10 4.6x2.79
Time since asthma diagnosis® years 21.5 (3-52) 25.5 (1.6-55.0) 24.0 (1.6-55.0)

~Exacerbations In the past 1 year

0 9(12.9) 11 (15.7) 20 (14.3)

1 19 (27.1) 24 (34.3) 43 (30.7)

2 21 (30.0) 17 (24.3) 38 (27.1)

>3 21 (30.0) 18 (25.7) 39 (27.8)
Asthma medications at baseline

IcSf 69 (98.4) 70 (100) 139 (99.3)

LABA 70 (100] 70 (100] 140 (100)

OCS dose at trial entry mg 14.14+6.03 13.50+5.18 13.82+5.61

Optimised total daily OCS dose™* mg 13.21+£6.17 12.82+4.96 13.02+5.58
Prebronchodilator FEV1

Volume L 1.69+0.59 1.65+0.68 1.67+0.63

% predicted 56.67+15.58 54.74+17.67 55.71+16.63
Prebronchodilator FVC L 2.87+0.84 2.81+0.98 2.84+0.91

“Percentage reversibility of FEVITT T7.22+14. 19%19. ¥

Total asthma symptom score 2.3+1.14 2.3+1.25 Not done
ACQ-6 score 24112 2.5+1.26 Not done
AQLQ score 4.4+1.15 4.4+1.29 Not done
FeNo ppb 28.3 (6.4-175.2) 23.9 (4.2-134.9) 27.55 [4.1-175.2)
FeNo distribution

High =37 ppb 23 (32.9) 21 (30.0) 44, (31.4)

Mid =30 and <37 ppb 11 (15.7] 11 (15.7) 22 (15.7)

Low <30 ppb 36 (51.4) 36 (51.4) 72 (51.4)

No baseline assessment 0 2(2.9) 2 (1.4])




Tralokinumab Placebo

Patients 70 70
Primary end-point
Percentage change in final daily average OCS dose from baseline

Percentage reduction in LS mean —37.62+4.98 —29.85+4.98
Difference in LS mean (95% Cl) -7.78 (-21.70-6.15)
p-value 0.271

econdary end-points
Proportion of patients with final daily average OCS dose <5 mg

Patients with OCS dose <5 mg 32 (45.7) 28 (40.0)
OR (95% Cl) 1.33 (0.65-2.73)
p-value 0.442

Proportion of patients with =50% reduction from baseline in final daily average OCS dose
Patients with =50% reduction in OCS dose 31 [44.3) 26 (37.1)
OR (95% CI) 1.38 (0.70-2.74)
p-value 0.356

Asthma exacerbations
AAER (95% Cl) 1.84 (1.43-2.36) 2.31(1.83-2.92)
Rate ratio (95% Cl] 0.80 (0.57-1.12)
p-value 0.186

‘ Percentage Change of OCS

—m— Tralokinumab
—&— Placebo

Change from baseline %
P
ik

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54
| Treatment period } Follow-up period —
Week Busse WW, et al. Eur Respir




Mechanism
of Action

Formulation

Dosage

FDA-approv
ed age

Cost

=5 Anti-Interleukin-5 Antibodies

for Eosinophilic Asthma

Benralizumab | Mepolizumab | Reslizumab Dupilumab
(Fasenra) (Nucala) (Cingair) (Dupixent)

IL-5 receptor
antagonist

30 mg/mL soln

in single-dose
prefilled syringes
30 mg SC g4 wks
x 3, then g8 wks

>12 years

$4752

IL-5 antagonist

100 mg lyophilized
powder
in single-dose vials

100 mg SC g4 wks

>12 years

$2868

IL-5 antagonist

100 mg/10 mL soln
in single-use vials

3 mg/kg IV g4 wks

>18 years

$2588

IL-4 receptor alpha
subunit antagonist
(inhibits IL-4 and
IL-13 signaling)

200 mg/1.14 mL,
300 mg/2 mL soln
in single-dose
prefilled syringes
400 mg SC then
200 mg g2 wks or
600 mg SC then
300 mg g2 wks

>12 years

$1466

JAMA 2019;321:1000-1.



- Reduces by
Omalizumab 259

. Reduces by
Mepolizumab o,
- Reduces by
Reslizumab ~50-60%
. Reduces by
Benralizumab ;. .o,
- Reduces by
Dupilumab ~50-70%

Minimal or
equivocal
improvement

Inconsistent
effect

Improved

Improved

Improved

Decreases use of ICS, but no
data that it helps with OCS
weaning

Decreases total use of OCS
and has been shown to
facilitate complete weaning
from chronic OCS (14%)

Has not been specifically
evaluated for this indication

Decreases total use of OCS
and has been shown to
facilitate complete weaning
from chronic OCS (50%)

Decreases total use of OCS
and has been shown to
facilitate complete weaning
from chronic OCS (50%)

McGregor MC, et al. Am J Respir Crit Care Med 2019;199:433-45.

Only s.c. biologic approved
for children 6-11 yr old

Standard s.c. dosing has
not been shown to
decrease sputum
eosinophilia; approved

at higher dosing for EGPA

Only weight-based dosing
i.v. biologic approved for
asthma

Only s.c. biologic that
offers every-8-wk dosing

Only biologic that can

be self-administered s.c;
showed benefit with
FENO > 25 ppb
regardless of eosinophil
count



- BORA -

Long-term Safety and Efficacy of Benralizumab

@ Eligible patients: completed the SIROCCO or CALIMA trials and remained
on subcutaneous benralizumab 30 mg every 4 weeks (Q4W) or every 8 weeks (Q8W) (no placebo)

@ The primary endpoint: the safety and tolerability of the two dosing regimens of benralizumab

breviously receivefL

Patients
completing
SIROCCO,
CALIMA, or

ZONDA

[Previously received

benralizumab

IVRS-
No randomisation

Benralizumab
30 mg SC Q4W

30 mg SC Q4W

Benralizumab
30 mg SC Q8W

v

benralizumab

(placebo at

4-week interim)

30 mg SC Q8W

Benralizumab

Previously received

v

placebo

30 mg SC Q4W

Benralizumab

30 mg SC Q8W
(placebo at
4-week interim)

Adults who
completed
16—40 weeks in
BORAt

MELTEMI

Benralizumab

dosage in BORA

Percentage of

patients who
entered MELTEMI
ZONDA:

50% (99/197)
SIROCCO/CALIMA:
18% (348/1926)

Busse WW, Lancet Respir Med 2019;7:46-59.



Adverse Events

Benralizumab 30 mg Q4W Benralizumab 30 mg Q8W
Q4W/Q4W Placebo/Q4W Total (n=783)  Q8W/Q8W Placebo/Q8W Total (n=793)
group (n=518)  group (n=265) group (n=512) group (n=281)
Any AE 364 (70%) 181 (68%) 545 (70%) 361 (71%) 183 (65%) 544 (69%)
Any AE leading to treatment discontinuation 10 (2%) 8 (3%) 18 (2%) 8 (2%) 5(2%) 13 (2%)
AEs in 25% of patients*®
Viral upper respiratory tract infection 78 (15%) 36 (14%) 114 (15%) 80 (16%) 41 (15%) 121 (15%)
Asthma 49 (9%) 27 (10%) 76 (10%) 41 (8%) 19 (7%) 60 (8%)
Upper respiratory tract infection 30 (6%) 21 (8%) 51 (7%) 31 (6%) 20 (7%) 51(6%)
Bronchitis 26 (5%) 18 (7%) 44 (6%) 33 (6%) 15 (5%) 48 (6%)
Headache 25 (5%) 13 (5%) 38 (5%) 31(6%) 9 (3%) 40 (5%)
Acute sinusitis 18 (3%) 9 (3%) 27 (3%) 27 (5%) 13 (5%) 40 (5%)
Any SAE 58 (11%) 29 (11%) 87 (11%) 53 (10%) 30 (11%) 83 (10%)
SAEs in 21% of patients
Worsening asthma 19 (4%) 10 (4%) 29 (4%) 16 (3%) 9 (3%) 25 (3%)
Pneumonia 1(<1%) 1(<1%) 2 (<1%) 1(<1%) 2 (1%) 3 (<1%)
Pneumonia caused by bacterial infection 1(<1%) 0 1(<1%) 2 (<1%) 2 (1%) 4 (1%)
Influenza 1(<1%) 1(<1%) 2 (<1%) 0 2 (1%) 2 (<1%)
Ischaemic stroke 0 0 0 0 2 (1%) 2 (<1%)
SAEs associated with infections 7 (1%) 4 (2%) 11 (1%) 9 (2%) 8 (3%) 17 (2%)
Deaths 1(<1%) 3 (1%) 4 (1%) 2 (<1%) 1(<1%) 3 (<1%)
Injection-site reactions 8 (2%) 6 (2%) 14 (2%) 10 (2%) 3 (1%) 13 (2%)
Hypersensitivity AEsT 12 (2%) 7 3%) 19 (2%) 6 (1%) 7 (2%) 13 (2%)
Causally related$ 1(<1%) 0 1 (<1%) 1 (<1%) 1(<1%) 2 (<1%)
Urticaria 0 0 0 1(<1%) 1(<1%) 2 (<1%)
Anaphylactic reaction 1(<1%) 0 1 (<1%) 0 0 0

Busse WW, Lancet Respir Med 2019;7:46-59.



Cumulative number of asthma exacerbations

0-757 — Q4W/Q4W

—— Placebo/Q4W
— Q8W/Q8wW
—— Placebo/Q8W

@ 0-50—

o

o

&

3

b}

2 0-25—

0— T T | I I I |

T T | | | T I | | 1
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
Week

37 (4%) of 1046 patients who received benralizumab in BORA had exacerbations that led to hospital admission,
which is similar to the percentages in SIROCCO and CALIMA (4-6%)

Busse WW, Lancet Respir Med 2019;7:46-59.



- COLUMBA -

’g term Safety and Durability of Mepolizumab
Response in Patients with Severe Eosinophilic Asthma

@ Open label, single arm, multi-center, extension study

@ 347 patients treated for up to 4.5 years by Mepolizumab 100 mg SC every 4 weeks

DREAM ITT population; N=616
acebo; n=
Mepolizumab 75 mg IV; n=153
Mepolizumab 250 mg IV; n=152
Mepolizumab 750 mg IV; n=156

|12—28 month break without clinical trial participation I

=
I Patients enrolled in COLUMBA; N=362 I

Excluded from AT population; N=15
Screening failure; n=4
Run-in failure; n=11

A4

COLUMBA AT population; N=347

Mepolizumab 100 mg SC Withdrew from trial; N=76 (22%)
Withdrew consent; n=31 (9%)
Adverse event; n=19 (5%)

> Lack of efficacy; n=11 (3%)
Physician decision; n=6 (2%)
Lost to follow-up; n=5 (1%)
Protocol deviation; n=4 (1%)

A4 A4

Patients remained in study at closure®, Patients switched to commercially
N=50 (14%) available mepolizumab*, N=221 (64%)

Khatri S, et al. J Allergy Clin Immunol 2018 (ePub)



Exacerbation rates per year across DREAM* and COLUMBA'

. 3~
Exacerbat|0n Eli o5 B No treatment W Placebo Mepolizumab
Rates 2 0] pun
2 204 1.67 Overall 56% reduction during
2 15 Weeks 0-156 vs off treatmentt
3 1.07
g 197 0.71 0.82 0.71
X 0.5
0
1 21 1 2 3
DREAM (Year) —— Off treatment (Year) ————— On treatment during

. ) ) : , COLUMBA (Years)
*Dose Ranging Efficacy And safety with Mepolizumab in severe asthma trial

TBased on 286 patients with 2156 weeks of open-label data in COLUMBA

o) ) Exposure-adjusted rates (events per 1000 patient-years)
‘ Adverse Events (> 1 0 /O ‘ 0 100 200 300 400 500 600 700

Respiratory tract infection™® 608
Headache
Bronchitis
Frequency, n (%)

Asthma worsening 136 Respiratory tract infection* 231 (67)

Back pain Headache 99 (29)

Bronchitis 73 (21)

Injection site reaction Asthma worsening 94 (27)

Sinusitis Back pain 63 (18)

Injection site reaction 42 (12)

Arthralgia Sinusitis 57 (16)

Influenza Arthralgia 58 (17)

Influenza 44 (13)

Pain in extremity Pain in extremity 40(12)

Khatri S, et al. J Allergy Clin Immunol 2018 (ePub)



Anti-IL-5 in Mild Asthma Alters Rhinovirus-induced Macrophage,
B-Cell, and Neutrophil Responses (MATERIAL)

A Placebo-controlled, Double-Blind Study - MATERIAL

Yanaika S. Sabogal Pifieros'?, Suzanne M. Bal'?, Marianne A. van de Pol?, Barbara S. Dierdorp?, Tamara Dekker?,
Annemiek Dijkhuis?, Paul Brinkman', Koen F. van der Sluijs?, Aeilko H. Zwinderman®, Christof J. Majoor,
Peter I. Bonta', Lara Ravanetti'?, Peter J. Sterk', and René Lutter'?

€ Mild steroid-naive patients with asthma: (irrespective of the blood eosinophil levels)
either 750 mg intravenous mepolizumab or placebo
experimentally infected with rhinovirus 16 after 2 weeks

@ Primary outcomes: The prebronchodilator FEV1 before and after RV16 challenge

d-14/v1 do/v2 d11/v3 d14/v4 d14/v5 d19/v6 d21/v7
( ( FeNO + ) ( Spirometry + ] ( ) ( FeNO + ) ( Spirometry + )
Blood + . .
Meboli b spirometry + blood + RV16 spirometry + blood +
epolizuma sputum bronchoscopy sputum bronchoscopy
FeNO + . J . J . . S S J
spirometry +
sputum ) ( ) )
Blood FeNO + Spirometry + FeNO + Spirometry +
loo b+ spirometry + blood + RV16 spirometry + blood +
placebo sputum bronchoscopy sputum bronchoscopy

Sabogal Pineros YS, Am J Respir Crit Care Med 2019;199:508-17.



e T

) Lung Function Parameters |

FEV1 [% pred]

FEV1 [% pred]

*%x*

120 ; l . 120 4 | i .
*
— —_—
100 A 3 100 -
o
oS
80 - G 80 -
>
o
60 - 60 -
| | 1 [ | | | 1 ] 1 |
baseline treatment RV16 baseline treatment RV16
@ Placebo B Mepolizumab
* *
120 . L . ' 120 - ) * '
100 - B 100 -
o
X
80 - G‘ 80 -
T
60 - 60 -
I Iy I [y A e
<3% =3% <3% >3% <3%>3% <3% =>3% <3% >3% <3% =>3%
| | |1 | | | | |
baseline treatment RV16 baseline treatment RV16
P n=13, M n=7, P n=13, M n=7,
<38% P n=6, >3% P n=7, <38% P n=6, =3% P n=7,
<3% M n=2, 3% M n=5; <3% M n=2, 3% M n=5;

Sabogal Pineros YS, Am J Respir Crit Care Med 2019;199:508-17.



3x10 5+

2x10 5+

RV 16 titer

1x10 54

N

N

slgA [ng/ml]

tryptase [ug/L]

di4 d21 di4 d21

P n=17, M n=11

<3% P n=8, 3% P n=9
<3% M n=6, >3% M n=5

Total <3% >3%
I I I I [ R I I

] Placebo

Mepolizumab

di4 d21

1.5 4 —

* %
*
1.0
T
0.5 I ﬂ
L | | | | |
Total <3% >3%

L L L 1 L
di4 d21 di14 d21 di4 d21
P n=17, M n=9
<3% P n=8, 23% P n=9
<3% M n=4, 23% M n=5

B Mepolizumab

i ‘ Viral Titer in Nasal Swab ’

Sabogal Pineros YS, Am J Respir Crit Care Med 2019;199:508-17.



Predicting Responders to Reslizumab after 16 Weeks of Treatment
Using an Algorithm Derived from Clinical Studies of Patients with
Severe Eosinophilic Asthma

Eric D. Bateman', Ratko Djukanovié?, Mario Castro®, Janice Canvin®, Matthew Germinaro®, Robert Noble®,
Margaret Garin®, and Roland Buhl®

@ To predict response and nonresponse to intravenous reslizumab at 52 weeks
at 16 weeks of treatment

Study 3082 Study 3083
v v
489 patients randomised 464 patients randomised
Placebo (n = 244) Reslizumab (n = 245) Reslizumab (n =232) Placebo (n =232)
! !
Received reslizumab
(n=477)
| > Without GINA 4/5
y asthma (n = 94)

Patients with GINA step
4/5 asthma (n = 383)

¢—’ Aged <18 years or

Adult patients with data missing data for =1
available at all timepoint (n = 62)

timepoints (n =321)

Bateman ED, Am J Respir Crit Care Med 2019;199:489-95.



Definitions of Responders, Nonresponders, and Indeterminate

——

Nonresponders Responders Indeterminate

Two or more CAEs at 52 wk unless at least At least one CAE at 52 wk and at least one of Criteria not met for either responders or

one of the following criteria are met™*: the following criteria are met: nonresponders
® >10% |mprovement in FEV, and ACQ-6 * >10% |mprovement in FEV, at 52 wk
improvement! at 52 wk e ACQ-6 improvement' at 52 wk
° 0 ®
I>m1 ;?r g‘:, ér:ln%ﬁveg%gt \:\?kFEV1 and AQLQ AQLQ improvement at 52 wk ACQ = Asthma Control Questionnaire
® 50% reduction from historical® number of AQLQ = Asthma Quality of Life Questionnaire
CAEs at 52 wk CAE = clinical asthma exacerbation

Comparison of Actual Week 52 Responses

versus Those Predicted from Week 16 Data

Predicted
Non-responder Indeterminate Responder Total
Actual
NR 13 8 11 32 (10%)
I 8 4 17 29 (9%)
R 3] 7 248 260 (81%)
Total 26 (8%) 19 (6%) 276 (86%) 321 (100%)

Bateman ED, Am J Respir Crit Care Med 2019;199:489-95.



Remotely Monitored Therapy and Nitric Oxide Suppression Identifies
'Nonadherence in Severe Asthma

Liam G. Heaney', John Busby', Peter Bradding®, Rekha Chaudhuri®, Adel H. Mansur®, Robert Niven®, lan D. Pavord®,
John T. Lindsay7, and Richard W. Costello®; on behalf of the Medical Research Council UK Refractory Asthma
Stratification Programme (RASP-UK)

from refractory asthma

@ To distinguishing patients with difficult-to-control asthma who respond to ICS

Study population

GINA Step 4/5 severe
asthma

attending UK Specialist
Severe Asthma Service

clinical and demographic
details

serum prednisolone /
cortisol (subjects on
maintenance
prednisolone)

instructed in use of INCA
enabled Accuhaler

INCA™
Device

Diskus™
DPI

FeNO suppression test

FeNO 2 45ppb
Baseline
Day 0 Day 7 1 month monitoring ;
> -
I A ICS/LABA with INCA 4
FeNO 245ppb

FeNO< 45ppb

Baseline
Day 0

1 month monitoring v
ICS/LABA with INCA

v

Heaney LG, Am J Respir Crit Care Med 2019;199:454-64.
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Relationship Between FENO after 7-day Suppression
Testing and FEBO after 1-month Monitoring for

Subject with Good Adherence

120 1207
100 100 -
— 80

o 80+ l\ '8_
3 \ g
> 60- y S 604 LN l_‘]» } l
pd RN Z 4
L 40 - \\\‘] L 40 -

20 - ‘{4}4 { 20 -

04 27 (19,40) 26 (16,36) 0 47 (35,60) 43 (38,73)

FeNO suppression Postmonitoring FeNO suppression Postmonitoring
test period test period

< Remote FENO suppression testing is an effective means of identifyin

ICS in subjects with difficult-tocontrol asthma

Heaney LG, Am J Respir Crit Care Med 2019;1



‘Assessment Protocol in Consideration
of Biologic Therapy

30-day evaluation of patient
on ICS/LABA
with adherence monitoring

Adherence < 70% Adherence > 70% Adherence > 70%
Poor Control Poor Control Good Control

Initiate education Consider biologic Continue with ICS/LABA
or other adherence drug with follow-up with follow-up
intervention as appropriate as appropriate

Bender BG, Am J Respir Crit Care Med 2019;199:400-2.



Severe Asthma Algorithm Approach:
A Simple Approach

Eosinophilic
Eosinophils: Sputum>3%, blood >300 & FeNO>25ppb

/ \ Less eosinophilic

. - o
Early onset Late onset atopic & non-atopic Eosinophils: Sputum <3%, blood <300 or FeNO<25ppb

AT N

Atopic Non-Atopic

v l Early or Late onset atopic  Early or Late onset non-atopic
Anti-IgE Target IL-5
TargetIL-5  Mepo /
Mepo Resli j
Resli Benra Anti—IgE
Benra

LAMA [Tiotropium]
Macrolides
Bronchial thermoplasty

Papaioannou Al, et al. Respir Med 2018;142:15-22.



