Role of Biologics in COPD
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Table 1 . iologi corp
al imary endpor ¥ afarsn
Tarist Soont Tral(phese) 1oy inclusion criteria) rate) findings Rafasonips
4R Dupiumab  BOREAS (Ph3) BEC =300 celle/uL Met (-30%ve. placebo]  Improved FEV, (mean difference, 83 mL) (Z
2nd SGRQ
NOTUS (Ph3) BEC 2300 calls/jL Mot (-34% ve. placebo)  Confirmed efficacy in FEV, (mean b
difference, 82mL) and SGRQ:
L6 Mepolizumab  METREX (Ph3) Al comers (stratified by N i Met in subgroup with BEC
BEC) (-18%)
METREO (Pha) BEC 2150 calls/ L Not met Dose-response relationship observed
‘with higher BEC
MATINEE (Ph3} BEC 2300 calls/uL Met (-21%ve. placebo)  No significant improvement in lung
function or SGRQ
I-5Re  Benralizumab  GALATHEA& BEC 2220 calls/yL Notmet Failed 10 consistently reduce =
TERRANGVA (Ph3) exacerbations
RESOLUTE (Ph3) BEC =300 cells/pL Not met (Confirmed lack of prophylactic efficacy =i
even in high eosinophil subgroup
163 hiepekimab  Phase 2a i Met 7 =
{0 BEC cutoff) ‘exacerbations, 30 mL FEV,)
8Tz Astegolimab  COPD-ST20P (Ph2a)  Mod-severe COPD ions in low BEC “
(IL-33R) o BEC cutoff) (<300 cells/uL) subgroup (-37%)
ALIENTO (Ph2b) Mod-severe COPD Mt (~15.4% vs. placebo) Trend towards benefitin nan-easinophllic
subgroup, but not statistically
significant
TSLP Tezepelumab  COURSE (Phza) Mod-severe COPD N i anificant benefit in BEC 2
o BEC cutoff) 2150 celis/ul and FeNO 225 ppb
coPD; ;L phase; BEC: biopd FEY n1
Questionraire; Mod-severe: moderate-to-savere; i of . TSLP: exhalod it oride.

Tuberc Respir Dis (Seoul). 2026 Apr;89(2):121-132
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Eosinophils as a Treatable Trait in COPD
@ &0

Eosinophilic inflammation in COPD:
prevalence and clinical characteristics

» ECLIPSE study
« Eosinophil - baseline, 1, 24, 31 0f HH2 =7

« FH 7|2t 52 Al 22%0|H persistently eosinophilic, 2% <2%0| H persistently non-
eosinophilic, RtCF 2Lt S intermittent2 &F

N T

Subjects n 554 728 201

37.4% 49.0% 13.6%

Eur Respir J. 2014 Dec;44(6):1697-700



Eosinophilia is common in COPD

C . ., COPDGene : 24%, 366/1553 | C = -~ ECLIPSE : 22%, 418/1895
Eosinophil Cutoff n n IRR 95% CI Eosinophil Cutoff n n IRR 95% Cl|

cell/ul continuous NA 1540 224 1.35-3.68 _— continuous cells/ul NA 1895 146 1.09-1.83 —_—
100 cells/ul 223 1330 1.16 0.90-1.52 e — 100 cells/ul. 368 1527 11 0.96-1.26 —

200 cells/ul 814 739 1.24 1.04-1.48 —-— 200 cellsiul 1032 863 11 0.99-1.23 ——

300 cells/uL 1187 366 1.32 1.08-1.61 — 300 celisiul 1477 418 1.2 1.05-1.36 ——

340 cells/ul. 1350 203 1.5 1.18-1.91 — 340 cellsiul 1584 311 122 1.06-1.40 ——

400 cells/ul. 1398 155 1.6 1.24-2.08 —_—— 400 cells/ul 1668 227 127 1.08-1.48 i

% continuous NA 1540 1.07 1.02-1.11 [ ] continuous % NA 1895 1.03 1.01-1.06 [ ]

2% 408 1145 1.22 0.99-1.50 2% 720 175 1.12 1.00-1.25 =

3% 859 694 1.18 0.99-1.40 —-— 3% 1178 7 1.11 0.99-1.24 ——

4% 1166 387 1.35 1.11-1.63 — 4% 1476 419 1.15 1.01-1.31 [t

5% 1334 219 1.63 1.30-2.05 — 5% 1660 235 1.21 1.03-1.42 el

* Blood eosinophils predict exacerbation risk in COPD

J Allergy Clin Immunol. 2018 June ; 141(6): 2037-2047



Eosinophilia independently predicts exacerbation risk

COPDGene: Year Prior to Visit 2 (Cross sectional)

Exacerbation Frequency” (n=1553)

Frequent Exacerbations” (n=1281)

Lyear | averall study period

Factors IRR (95% C1) pvalue ORT (95% C1) pvalue Factors associated with Exacerbation Rate | IRR (95% C1) | pvatue | IRR @5% €0 | p value
Age 0.98 (0.97-1.00) 0.007 0.96 (0.94-0.99) 0.003 A 101 (100-1.02) | o008 | 101 o010z | om
Female 143 (1.20-1.71) <0.001 1.83(1.30-2.58) <0.001 Female 123 (110-1.38) | <0001 | 131(L15-1.49) | <0001
Non White Race 073 (0.57-0.92) 0.008 0.63(0.40-0.99) 0.05 Hod Whitsnich 082056-118) | 029 | O7HOAS-L08) | 012
3 SGRQ total e’ 101 (LO1-1.01 <0.001 L1 (LO1-1.1 <0.001
SGRQ total score/ 1.02 (102-1.03) <0.001 104(1.03-1.05) <0001 QL acnr ' ) ( )
¢ Post-bronchodilator FEV, % predicted” | 0.99 (0.98-0.99) | <0001 | 0.98(0.97-0.98) | <0.001
t-bronchodilator FEV; % predicted &
post-bronchodilator FEV; % predic 0.98 (0.98-0.99) <0.001 0.97(0.96-0.98) <0001 - vanitacis | <omn | 1secumnse | <anm
GERD 133 (L11-1.59) 0.002 1.35(0.95-1.91) 0.09 Current smoking L10(0.98-124) | 0.1 L21(1.06-1.30) | 0.005
Current smoking 0.71{0.57-0.89) 0.002 0.56(0.37-0.84) 0,006 previous exacerhations 245 (208-2.74) | <0001 | 2.87(2.51-3.29) | <0.001
Previous Exacerbations NA NA NA NA WRC Lot (001 06) | 0,08 L Y04{1:02-2,07) L <8001
3 05-1. 005 | 122(1.06-1.42) | 0.
WBC 1.00 (0.96-1.04) 0.97 1.02(0.94-1.10) 0.66 Eosinophil 2300 at screening 1.20 (1.05-1.36) 0.00: 122 (1.06-1.42) 0.006
Eosinophil 2300 1.32 (LO8-1.61) 0.006 1.58(1.07-2.30) 0.019

J Allergy Clin Immunol. 2018 June ; 141(6): 2037-2047



Airway eosinophilia reflects type 2 airway biology

EUROPEAN RESPIRATORY JOURNAL
ORIGINAL RESEARCH ARTICLE

C. LEUNG ET AL

Transcriptomic profiling of the airway epithelium in COPD links
airway eosinophilia to type 2 inflammation and corticosteroid
response

Clarus Leung ©, Hye Yun Park, Xuan Li ©, Graeme J. Koelwyn, Josie Tuong, Seyed Milad Vahedi,
Fernando Sergio Leitao Filho ©, Julia S. Yang, Rachel L. Eddy ©, Stephen Milne ©, Min Hyung Ryu,
Hiroto Takiguchi, Kentaro Akata, Seung Won Ra, Ji-Yong Moon ©, Hyun Kuk Kim, Yuji Cho ©,

Kei Yamasaki, Stephan F. van Eeden, Tawimas Shaipanich, Stephen Lam &, Janice M. Leung and
Don D. Sin

e @ @ Clinical features
- . e a MR ® | | .o severeairfiow
= ® @ Airway =] obstruction
B8 88 \ cosinophilia \“_‘ » More radiographic
No airway eosinophilia (38%) emphysema
(62%)

Eur Respir J 2025; 65: 2401875



Airway eosinophilia reflects selective type 2 biology

a) 64 . b) 104 o] 5
8 g 4
5| ¢ -
5 E3
T, S = 3 |
44 i o 2
b R J
34 - =
2 1
2 o o
d 10+ e 8+
8+ @
H
= €
= S =
5 g 4 irway eosinophilial
o 4 3 = = Airway eosinoph
o L g = ==
= Pl :
A . s 2
0 0
FIGURE 2 COPD patients with airway eosinophilia have higher expression of type 2 aiway inflammation.

« Airway eosinophilia was linked to higher type 2, IL-13, and mast cell gene signatures —
but not type 1 or type 17 signatures.

Eur Respir J 2025; 65: 2401875



Blood eosinophils: a practical, but imperfect, marker of type 2 COPD
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FIGURE 5 Relationship between eosinophil levels in the blood and in the airways and characterisation of type 2 airway inflammation in COPD

Eur Respir J 2025; 65: 2401875



Predictors of exacerbation risk and response to budesonide
in patients with chronic obstructive pulmonary disease:

a post-hoc analysis of three randomised trials

Mona Bafadhel, Stefan Peterson, Miguel A De Blas. Peter M Calverley. Stephen| Rennard, Kai Richter, Malin Fagerds
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Why Biologics Matter in COPD

» Eosinophilic COPD is not merely a biomarker-defined subgroup
; it represents a treatable biology.
* Eosinophilia in COPD suggests that:

» Asizable subgroup of COPD patients has elevated blood or airway eosinophils
» Eosinophilia is associated with increased exacerbation risk

» Airway eosinophilia reflects type 2 epithelial biology

» Higher eosinophils predict greater corticosteroid responsiveness

* Targeting type 2 inflammation may provide additional benefit beyond
conventional inhaled therapy in selected COPD patients.



Biologics Targeting Type 2 cytokiness_ |+

Dupilumab |
+ Exacerbator
+EOS 2300
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Eur Respir J. 2024 May 28;63(5):2400150.
Tuberc Respir Dis (Seoul). 2026 Apr;89(2):121-132



Anti-IL4R (Dupilumab)

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JULY 20, 2023 VOL. 389 NO.3

Dupilumab for COPD with Type 2 Inflammation Indicated
by Eosinophil COLII]tb

5.P. Bhatt, ICF. Rabe, NA. Hanani
E. Laws, L.P. Mannent, N. P: H—\'\
X. Lu, D. Baver, A. Bansal, LB

“ ORIGINAL ARTICLE ”

Dupilumab for COPD with Blood Eosinophil
Evidence of Type 2 Inflammation

+ dupilumab 300 mg every 2 weeks

+ Eosinophils: >300 cells/yL during

screening

N Engl J Med. 2023;389(3):205-214.
N Enal J Med 2024:390(24):2274-2283



A Cumulative Moderate or Severs COPD Exacerbations Table 2. End Points Corrected for Multiplicity {Intention-to-Treat Population).#
10
Placebo Dupilumab
g o Placebo - (Nea71) (N=458) P Value
2 os
5 o7
$ [Annualized rate of moderate or severe exacerbations of
2 o0 ;
§ o5 -
] s T Adiusied amnuslzed ate of moderateor severe sacerbar 110093 10130) 0.7 (0.64 t0 0.93)
= ions — events peryr (95% CI)
2
5 Rate ratio vs. placebo (35% CI) — I 0.70 (0.58 to 0.86) <0.001
2 o2
E
3 ol
=777 1T T T 11
0 4 8 12 16 20 24 28 32 36 40 44 48 52
Week
No. at Risk
Placsbo 471 470 466 461 457 457 455 451 4SI 449 445 442 441 437
Dupilumab 468 467 465 464 462 460 453 457 456 454 451 450 4438 437
A Moderate or Severe COPD Exacerbations Table 2. Summary of End Points Included in the Hierarchical Testing Procedure.
Ly Placebo Dupilumab
g os End Point= (N=465) (N=470) P value
& 0 Primary end point
T o Annualized rate of moderate or severe exacerbations of COPD
% 08 ‘Adjusted annualized rate of moderate or severe exacerbations— 130 (1.05 to 1.60) 0.86 {0.70t0 1.06)
§ os no. of events/yr (95% C1)
= os Rate ratio vs. placebo (35% C1) = I 066 (0540 0.82) <0.001 I
£ o
K]
3 oz . . . .
H
% » Consistent efficacy in reducing AE
.0- T T T T T T T T T T T T . . H
al_:'m 4 8 12 16 20 24 28 32 36 40 44 48 %2 * BOREAS: 30% reduction in AE
ine
Wesk . aA0 Lo
N * NOTUS: 34% reduction in AE
Placsbo 465 464 458 453 453 448 430 415 403 394 384 368 351 303

Dupilumab 469 464 464 464 450 455 438 424 408 395 385 370 354 344

N Engl J Med. 2023;389(3):205-214.
N Enal J Med 2024:390(24):2274-2283



Dupilumab improved pre-bronchodilator FEV1, with early and sustained

o
2
g
g
95
2
E

0.28
024
0.20.
016
o A

LS Mean Change from Baseline
(Iters)

Dupilumab

oos A I I

0,004 Placebo
70,04{
008 1—— T U T T 1
Base-2 4 g 12 24 36 44 52
line Week
No. of Patients
with Data
Placebo 471 455 459 439 439 435 415 404 420
Dupilumab 467 457 454 446 449 443 415 410 426

LS Mean Change from Ba:
in Prabronchodilator FEV, (liters)

0324
0.234
0.244
0.204
0.164
0.124
0.084

o) /1

[

Dupilumab T 4

Flacebo

-0.04

_0.08

ad

T
Base- 2
line

No. of Patients
with Data
Dupilumab 361 353 352

Flacebo

359 344 351

47
343

343
342

341
342

Week

135 317 32
334 326 324

N Engl J Med. 2023;389(3):205-214.
N Enal J Med 2024:390(24):2274-2283



Pooled analysis of BOREAS and NOTUS

Dupilumab for chronic obstructive pulmonary disease with
type 2 inflammation: a pooled analysis of two phase 3,
randomised, double-blind, placebo-controlled trials

Surya P Bhatt”, Klaus F Rabe*. Nicola A Hanania, Claus F Vogel meier. Mona Bafadhel, Stephanie A Christenson, Alberto Papi, Dave Singh,
Elizabeth Laws, Paula Dakin, Jennifer Maloney, Xin Lu, Deberah Bauer, Ashish Bansal, Raolat M Abdulai, Lacey B Robinson

Placebo Dupilumab Difference vs Nominal
(n=936)" {n=938)* placebo (95% CI)T | pvalvet
Primary outcome
Annvalised rate of moderate or 1156 0794 0-687 <0:0001
severe COPD exacerbation (059510 0:793)
during the 52-week treatment
periods§

- 31.3% reduction in mod/severe AE |

Lancet Respir Med. 2025 Mar;13(3):234-243



Dupilumab improved FEV1 and health-related quality of life

A
—a— Placebo o
-&-Dopiiumab i phielio
Dupilumab
-
B
£
T MR
2
3 -84
B+t :
E 0
El
124
0087 T T T T T T -1 T T T T T
& 24 8 1 4 36 44 52 & 4 12 b1 36 52
i’a: ’F%
@ &
et Number of participants
with observed change -
P with observed change
Placebo 630799 810 782  7E1 7 48 0 748 from baseline . ~
Oupilumab 828 810 806 752 797 784 50 [ 758 Placebo 808 764 748 20 73 710
Dupilwmab 813 770 763 765 729 732

SGRQ

Lancet Respir Med. 2025 Mar;13(3):




Placeba (n} Dupilumab (n) Incidence rate ratio Prteraction
(95% Ci)

Age group 050
<E5 years 414 388 - ©.651(0-525-0-808)
=65 years 512 550 - 0716 (0-590-0-870)
Age group 070
40-64 years 414 388 - 0.651{0-525-0-208)
65-74 years 304 434 - 0741 (0504-0.025)
75-85 years 128 16 R ©-681(0-453-1022)
Sex. 096
Male 634 618 - 0.687 (0.575-0-821)
Femnale 302 320 —m— 0690 (0 538-0-883)
Smoking status at screening 085
Cumrent 282 276 —-— 0-683 (0-528-0-884)
Former 654 662 - 0-685 (0.576-0-815)
Number of erate or severe COPD exacerbations in previous year before visit 1 063
=2 751 752 - 0-713 {0-589-0-849)
3 140 114 —a— Q565 (0-401-0795)
=4 45 72 —— 0616 (0-417-0:911)
Number of severe COPD exacerbations in previous year before visit 1 094
@ 722 655 - 0-686 (0579-0-812)
L 131 198 —— 0-720(0-532-0-976)
22 E:] 44 P 0.585 {0-313-1.094)
Number of severe COPD exacerbations in previous year before visit 1 086
o m 695 B 0:686 (0:579-0-812)
=1 214 42 —-— ©.684 (0.530-0-901)

line predicted post-bronchodilator FEV, 064
=50% 468 477 - 0705 (0-584-0-852)
=50% 467 458 - 0.658(0526-0-823)

Lancet Respir Med. 2025 Mar;13(3):234-243



Comorbid ongoing history of emphysema 066
Yes 301 282 —a— 0-658 (0.526-0-823)
Ne: 635 649 - 0703 (0-584-0.848)
Baseline BODE score 087
<4 602 561 - 0.678 (0.558-0-824)
=4 329 367 —a— 0.673{0.543-0833)
Baseline fractional exhaled nitric oxide 0010
<20 ppb 494 405 - 0.824 (0-680-1.000)
220 ppb Ergd 367 —n— 0-552 {0-434-0701)

ine serum total Igl U-28
<100 Iu/mL 416 350 - 0761(0-613-0843)
=100 Ifml 469 507 - 0-632 (0-517-0773)
Baseline eosinephil count 076
<300 cells per pl. 374 364 —— 0-655 (0-517-0-829)
=300 cells perul 562 573 —— 0.700{0.583-0-840)
Race A
Black* 14 12 - 0:461(0-113-2.125)
Not Black 922 926 - 0.689 (0-596-07596)

o1 10 10

e
Favours dupilumab  Favours placebo

Lancet Respir Med. 2025 Mar;13(3):234-243



Original Research

Dupilumab reduces exacerbations and improves lung function in patients
with chronic obstructive pulmonary disease and emphysema: Phase 3
randomized trial (BOREAS)

Swya P. Bhatt™ :!, Klaus F. Rabe® ', Nicola A. Hanania , Claus F. Vogelmeier ",
Mona Bafadhel *, Stephanie A. Christenson’, Alberto Papi?, Dave Singh b Elizabeth Laws’,
Paula Dakin’, Jennifer Maloney', Xin Lu’, Deborah Bauer’, Ashish Bansal', Lacey B. Robinson ",

Raolat M. Abdulai*

Placebo, D LS mean di P-value for
n n vs placebo (95% Cl) interaction®
Emphysema at baseline
Emphysema 151 1585 0.071 (0.002 to 0.141) 0.6438
No emphysema 320 312 0.088 (0.036 to 0.140) —a—
T T T T 1
-0.4 -0.2 0 0.2 0.4

«— ——
Placebo better Dupilumab better

» Dupilumab benefit was consistent regardless of baseline emphysema.

Respir Med. 2025 Jan:236:107846.



Original Research )

Dupilumab reduces acute exacerbations and improves lung function in i
patients with COPD with type 2 inflammation irrespective of body mass
index, airflow obstruction, dyspnea, and exercise capacity index scores

Claus F. Vogelmeier * (0, Klaus F. Rabe '@, Surya P. Bhatt ", Nicola A. Hanania ",

Mona Bafadhel ', Stephanie A. Christenson ', Alberto Papi ~, Dave Singh". Elizabeth Laws ',
Jennifer Maloney”, Paula Dakin , Xin Lu ', Deborah Bauer ', Ashish Bansal ',

Lacey B. Robinson ", Raolat M. Abdulai’

» Question: Is dupilumab effective in patients with higher COPD burden, as reflected by BODE index?

» Finding: Dupilumab reduced exacerbations and improved FEV1 regardless of baseline BODE index.

18 Placeboq2w M Dupilumab 300 mg g2w Baseline Placebo, Dupilumab, LS mean difference in FEV,, L
Overallp value for interaction = 0.5226 BODE score n n (95% CI)
Week 12
8% Ssaan <4 points 299 277 0.101 (0.053,0.150) —_—
15 1464 X
(1.172-1.82) >4 points 169 185 0,084 (-0.013,0.141) — N

p value for
interaction = 0.4677

p value for
interaction = 0.3944

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

Baseline BODE ! B-seine BODE !
score 54 Placebo better  Dupilumab better

14
- Week 52
1ol osm o7tz
(06841129 <4 points 209 217 0.104 (0.051,0.157) ——

08 0631
ool (452-0827) >4 points 169 185 0.058 (0.024,0.139) —_—
04|
02 -005 0 005 0.1 .

0 e— =—p

0.2

Respir Med. 2025 Jan:236:107846.



Continuation of Dupilumab Sustains Treatment-Associated Benefits in Patients with
Chronic Obstructive Pulmonary Disease: Pooled Data from BOREAS and NOTUS

Yangchang Sun?, Yuaniin Song?, Surya P. Bhatt?, Klaus F. Rabe**, Jessica Bon®, Mel Zhang?, Mena Soliman?, Danen M. Cunoosamy?, Lydia Finney'®

*Peki kit T gt Ses, Ci a1 4o, ol Untjersn, Shenic Tesc i of Sk s, I, . UISJe 1 Mol ol i C s o Lo Wi T,
oy Cords North (420 rmany; 4 ungenCiinic Grosshansdarf (membar o the Ga:  for Lung Research [0ZL[), Akway Resecrch Canfer North (ARCN), Grosshansdars, Germany; “Wika Forest University School af Medicine,
Wit 5ot NG UEA: Sl Moyl N, s “eganirar Pharoasrccs e, Trrhear, NV, USh: "avcl Camirlge, WA, IS STl Hour ol L i, Imgiril Colege, Lo, UK

Figure 1. Following 52 weeks of freatment, discontinuation of dupilumak during the 12-week follow up period resulted in an attenuation of
treatment-associated improvement of pre-bronchodilator FEV

-8 Placebo —¢- Dupilumab - Dupilumab discontinued

=£ 0.20 7 Change from baseline t§ Week 64, mean (SD), L
g Dupilumab: 0.07 (0.35)
&2 rrl Placebo: 0.03(0.32)
2k
B \i 2
g ] 012 4
&3
P 0.08
22 E b _i
-Re) - 4}_ =
£
e 0.04 4 [/
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Figure 3. Greater reductions in SGRQ fotal score were observed ilumab di

the freatment efect during the 12-week follow-up period

the

period, with an atfenuation in

e~ Placebo ~#-Dupilumab —&-Dupilumab disconfinued

Change from baseline f

- ‘eek 64, mean (SD), points
E Dupilumab: -10.0 (23.5)
o Placebo: -9.4 (22.4)
i
33
28
e
83
3 _— N S
£s T +— 1-
£5
2 b
§ 3. -
& o b
T T |
ES s2 64
Week
Table. Serum i while FeNO llowing of aftor Week 52
during the BOREAS and NOTUS friafs
Placebo Dupilumab
N=934 =
Change from baseline in FeNO, mean (SD), ppb
Wesk 12 -22(19.4) -8.9(23.7)
Week 24 17 (20.9) -9.8 (23.0)
Week 52 -2.0(217) -97(24.2)
Wesk 64 -1.3(23.9) -1.2(20.4)

Absolute serum dupilumab eoncentration, median (min:max), ng/mL
Week 12
Week 24
Week 52

Week 84

45,000 (39:237,000)
50,800 (39:235,000)
49,050 (39:234,000)

39 (39:121,000)




Dupilumab benefits attenuate after treatment
discontinuation

* After 52 weeks of dupilumab treatment, discontinuation led to attenuation
of improvements in FEV,; and SGRQ.

* FeNO increased again after discontinuation, while serum dupilumab
concentrations decreased markedly.

» These findings suggest that continued treatment may be needed to sustain
clinical and type 2 inflammatory benefits.



Mepolizumab (anti-IL-5)

e NEW ENGLAND
* METREX JOURNAL of MEDICINE

* METREO
ESTABLISHED IN 1832 OCTOBER 26, 2017 VOL 377 NOL17

b MATl N EE Mepolizumab for Eosinophilic Chronic Obstructive Pulmonary
Disease

m, N. Lugogo, ]

“ ORIGINAL ARTICLE ||

Mepolizumab to Prevent Exacerbations
an Eosinophilic Phenotyp

COPD with

\. Christensan,* F ), Martinez,* A. Papi* N
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Mepolizumab for Eosinophilic Chronic Obstructive Pulmonary
Disease

Harris. B

» Two phase 3, double-blind, RCT (METREX & METREO)

+ Comparing mepolizumab with placebo
* 100 mg in METREX
* 100 or 300 mg in METREO

» COPD patients with

+ history of moderate-to-severe exacerbations Eosinophilic COPD :
+ triple maintenance therapy. blood eosinophil count
. . e . . >150 at screening or
* METREX ; non-eosinophilic & eosinophilic COPD >300 during the previous year
* METREO ; only eosinophilic COPD

* The primary endpoint : the annual rate of moderate-to-severe
exacerbations

N Engl J Med. 2017 Oct 26;377(17):1613-1629



Table 2. Primary and Secondary Efficacy End Points.*

METREX METREX Overall
Modified Intention-to-Treat Population Modified Intention-to-Treat. METREQ
End Point with an Eosinophilic Phenotype Population Maodified Intention-to-Treat Population
Mepolizumab, Mepolizumab, Mepalizumab,  Mepolizumab,
mg Placebo mg Placeba mg 300 mg Placebo
(N=233) (N =229) (N=417) (N=419) (N=223) (N=225) (N=226)
Primary end point: moderate or severe exacer-
ations
Mean annual rate — events/yr{ 140 in 1.49 152 119 17 149
Rate ratio vs. placeba (35% CT) 0.82 (0.68 10 0.98) = 0.98 (0.5 to 1.12) = 0.80 (0,65 10 0.98) 0.36 (0.70t0 1.05) =
Adjusted P value 004 - >0,99 — 0.07 014 -
Secondary end points
Time to first moderate or severe exacerba-
tion
Kaplan-Meier median time to first mod- 192 141 194 176 267 258 166

erate or severe exacerbation — days
Estimated risk of a moderate orsevere  64.6 (58.3t0 70.8) 75.2 (69.3 to 80.8)
exacerbation by wk 52 — % (95%

655 (60.7 to 70.1) 71.2 (6.6 t0 75.6)

57.9 (51510 64.5) 58.8 (524t065.3) 66.7 (60.2ta73.1)

(<}
Hazard ratio vs. placebe {95% CI) 0.75 (0.60 to 0.94) - 089 (0.75 to 1.05) - 0.82 (0.64 t0 1.04) 0.77 (0.60100.97) —
Adjusted P value 0.04 - >099 - 0.14§ 014§ —
Exacerbations leading to emergency depart-
ment visit or hospitalization
Mean annual rate — events/yrj: 030 026 029 026 017 023 028
Rate ratio v, placebo (95% Cl) 116 (0.77 ta L.75) - 110 (0.81 ta 1.49) - 0.59 {0.35 t0 0.98) 0.83 (0.51t0 1.34) -
Adjusted P value 0.60 - >0.99 - 014§ 0.45§ -
SGRQ total score at wk 52
Change from baseline -2.8411 -3.0£1.1 -3.2+08 -4.0:0.8 -5.0:1.0 33210 -3.1210
Difference vs. placebo (95% CI) 02(-28t03.2) - 07 (-L5t029) - -18(-45t008) -01(-281t026) -
Adjusted P value >0.99 - >0.99 — 0.45§ .93§ -
CAT score at wk 52
Change from baseline -0.8:0.5 0.0:0.5 -10:03 04204 -16:0.42 -0.8:0.42 -0.4:0.42
Difference vs. placebo (95% CI) -0.8 (-20t00.5) - 0.6 (-1.5to 0.4) - -11(-231000) -04(-1.5t008) —
Adjusted P value >099 - >0.99 — 093§ 093§ —
N-Engt-Med-2017-Oct-26;

77(17):1613-1629



Greater blood eosinophil counts were associated with
greater exacerbation reduction with mepolizumab.

Mepolizumab Placebo
Blood Eosinophil Count Group Group Rate Ratio (95% Cl)
cellsfmm? no. of patients meeting criterion ftotal no. of patients
<150 with no historical count =300 184/184 190/190 1.23 (0.99-1.51)
<150 regardless of historical count 236/640 230/645 1.10 (0.91-1.34)
=150 to <300 237/456 2357455 0.92 {0.76-1.11)
=300 to <500 1127456 1104455 0.75 (0.55-1.00)
=500 53 /456 67/455 0.72 (0.43-1.09)
<150 with historical count 2300 53/456 42455 0.64 (0.40-1.03)
0. ES 2.00
Mepolizumab Better Placebo Better

Figure 5. Moderate or Severe Exacerbations According to Blood Eosinophil Count Category at Screening.

N Engl J Med. 2017 Oct 26;377(17):1613-1629



“ ORIGINAL ARTICLE

Mepolizumab to Prevent Exacerbations
of COPD with an Eosinophilic Phenotype

F hr som,

FJ

Phase 3, double-blind, RCT

COPD patients
« with a history of exacerbations
» BEC 2300
« On triple therapy

1:1 ratio, to receive mepolizumab or
pIacho every 4 weeks for 52 to 104
weeks.

Primary end point : the annualized
rate of moderate or severe
exacerbations.

Table 2. Primary and Secondary Efficacy End Points.*

Mepohizumab
End Point (N=403)

Primary end point

(Annualized rate of moderate or severe exacerbations
(95% CI) — eventsfyr

Rate ratio vs. placebo (95% C) 0.79 (0.66-0.94)
P value 0.01

0.80 (0.70-0.91)

N Engl J Med. 2025 May 1;392(17):1710-1720

Placebo
(N=401)

1.01 (0.89-1.15)

* No improvement in secondary endpoints
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Mepolizumab for COPD with Eosinophilic
Phenotype following Hospitalization

Cara A. Flynn, M.B.Ch.B.,' Hamish |.C. McAuley, Ph.D.,' Omer Elneima, Ph.D." Hnin W.W. Aung, M.B.B.S.,

Wadah |brahim, Ph.D.,' Thomas J.C. Ward, Ph.D.," Michelle Bourne, R.N., THC@Y D. Thornton,' Vijay M stry, B.Sc.,'
Hannah R. Gilbert, M.Sc? Ghazala Waheed, M.Sc.’ Adam KA. Wright, Ph achel A Evans Ph.D.

Michael C. Steiner, M.D.," Cassandra L Brookes, Ph.D..” Christopher E Brightling, FMed Sci.' and Neil |. Greening, Ph.D.

Question: Can mepolizumab started around discharge reduce readmission or death

after AECOPD hospitalization?

Design: Phase 2b, single-center, randomized, double-blind, placebo-controlled trial

Population: COPD patients hospitalized for AECOPD

Eligibility: Historical blood eosinophil count >300/uL within the previous 12 months

Treatment: Mepolizumab 100 mg vs placebo every 4 weeks
Timing: Before discharge or within 7 days after discharge
Duration: Up to 48 weeks
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Proportion of Participants without Event
#
|

Time from Random Assignment to Hospital Readmission or Death (All Cause)

Mepolizimab
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Eosinophils were reduced, but clinical outcomes were not improved.
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Disease Stability Is Achievable in a Wide Spectrum of

Patients with Chronic Obstructive Pulmonary Disease
Receiving Mepolizumab: Pooled Results from Phase lll
Randomized Controlled Trials

Dave Singh'?, Claus F Vogelmeier3, Fernando J Martinez?, Nicolas Roche®, Henrik Watz®, Arunangshu Biswas’, Rianne Stacey®,
Stefanie Kolterer?, MeiLan K Han'®

v
Iniversity of

QOutcomes assessed

Disease stability at Week 52, defined
by 3-component composite endpoint:

%Exacerbaticns
No moderate/severe exacerbationstt

i::—j Health status OJQ Lung function
No worsening in health status No worsening in lung function
(change from boseline in CAT scores <0 {change from baseline in FEV, 20 mL)
OrR

change from baseline in SGRG scores <0)



Disease stability at Week 52 defined)

-~
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Proportion of patients achieving disease stability at Week 52* (%)

Disease stability at Week 52 (SGRQ-defined)

I Mepolizumab 100 mg + SoCHt Likelihood of achieving disease stability at Week 521
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Benralizumab (anti-IL-5Ra)

| ORIGINAL ARTICLE H

Benralizumab for the Prevention
of COPD Exacerbations

GALATHEA + TERRANOVA : Negative study

* COPD patients

« EOS 2220

 40-85 years of age

» moderate to very severe COPD
+ Frequent exacerbator

* Primary endpoint not met

N Engl J Med. 2019 Sep 12;381(11):1023-1034.



RESOLUTE

phase 3, randomized, double-blind, placebo-controlled trial

Moderate to very severe COPD

Frequent exacerbators

Blood eosinophils >300 cells/pL

On background triple therapy: ICS/LABA/LAMA
Current or former smokers

Benralizumab 100 mg vs placebo
Every 4 weeks for first 3 doses, then every 8 weeks



Update on the RESOLUTE Phase III trial for Fasenra in chronic
obstructive pulmonary disease

PUBLISHED

eptember 2025

* The RESOLUTE Phase lll trial of AstraZeneca’s Fasenra (benralizumab),
despite showing numerical improvement, did not achieve statistical
significance in the primary endpoint in patients with chronic obstructive
pulmonary disease (COPD).



Benralizumab as a exacerbation

Treating eosinophilic exacerbations of asthma and COPD
with benralizumab (ABRA): a double-blind, double-dummy,
active placebo-controlled randomised trial

rescuer

Sanjay Romuk
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287 individuals recruited

129 excluded
Ly 108 did not have exacerbation captured
21 exacerbations did not meet eosinophil
criteria of 2300 cells per L

v

158 randomised

'

v

v

53 allocated to prednisolone
only group (PRED)

53 allocated to benralizumab
only group (BENRA)

52 allocated to benralizumab
plus prednisolone group
(BENRA plus PRED)

i

i

!

53 completed 30-day follow-up
53 completed 90-day follow-up
0 withdrew

53 completed 30-day follow-up
53 completed 90-day follow-up
0 withdrew

52 completed 30-day follow-up
52 completed 90-day follow-up
0 withdrew
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Lancet Respir Med. 2025 Jan;13(1):59-68.



PRED group Pooled-BENRA group  p value
(n=53) (n=105)

Number of patients with treatment failure at

90 days

Odds ratio (95%Cl) vs PRED group

39 (74%) 47 (45%)

0-26 (0-13 to 0-56) 0-0005

100 -@- Pooled -BENRA group
-l;k - PRED group
90+
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107 HR0:39(95% €1 0:25-0.61); log-rank p=0.0003
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Number at risk T ()
Pooled-BENRA group 105 98 B6 79 79 72 68 66 65 61 50 55 49
PREDgroup 53 46 41 33 28 24 2 20 1B 15 4 12 11

Lancet Respir Med. 2025 Jan;13(1):59-68.



* Biologics Targeting Alarmins



Alarmein / Alararm signal

* Alarmins are innate immune cytokines released by airway
epithelial cells in response to various external stimuli, such as
smoking, pollutants, viruses, and bacteria.

Smoke Pollutants Bacteria Viruses Nanoparticles Oxidative stress Diesel exhaust
— = 000 oa
= == / ad »* V4 .

., 4 . .~ Goblet cells
2 Al
ltepekimab Fibroblasts
1 ST
A L33 e
TSLPR Kaca / l; sT2 Astegolimab
Dendritic cells JH 4 ILC2s t

~

Eur J Intern Med. 2024 Jul:125:28-31.



Tezepelumab

= Exacerbator

Itepekimab

- Exacerbator
=CB{+)

Tozorakimab

« Exacerbator
-EOS =300

Astegolimab

- Exacerbator

«Exacetbation ()
+FEV, (-). SGRQ (-)
+T2-high — (+)

Only in former smoker

*Exacerbation §
“FEV, ¢

FRONTIER4
Only in exacerbators
+ Exacerbation §
+FEV, 1/ Mucus +

COPD-ST20P
Only in EOS <300
- Exacerbation 4
-SGRO 4/ FEV ()



Tezepelumab (anti-TSLP)

Efficacy and safety of tezepelumab versus placebo in adults
with moderate to very severe chronic obstructive pulmonary
disease (COURSE): a randomised, placebo-controlled,

phase 2a trial

* Double-blind, RCT, phase 2a trial across 90 sites in ten countries in Asia, Europe, and North America.

« Eligible participants
« aged 40-80 years,
« moderate to very severe airflow limitation,
« receiving triple therapy
« atleast two moderate to severe COPD exacerbations in the 12 months before enroliment.

« tezepelumab 420 mg or placebo every 4 weeks for up to 52 weeks.
* The primary endpoint the annualized rate of moderate or severe COPD exacerbations

« A prespecified subgroup analysis assessed the primary endpoint in patients grouped by baseline BECs
Lancet Respir Med. 2025 Jan;13(1):47-58



Patientsfrate

Tezepelumab group Placebo group

Rate ratio (95% CI)

Favours tezepelumab  Favours placebo

(na165) (n=168)
Mod: severe COPD exac |
erall 165/1.75 168/2.11 —— 0-83 (0-61-1-11)

BEC, cells perpul

<150 73/2-04 644171 — 1-19{0:75-1.90)

150 to <300 68/1.64 721247 —e— 066 (0-42-1.04)
| =300 24/120 32/224 e —— 0:54 (025-1.15) |

Smoking status

Former 110/1.51 117/1.93 —— 078(0-54-113)

Current 55/2:23 51/257 —_— 087 (0:52-1.45)

Median smoking duration,

<47 84214 —_—— 075 (0:49-1:16)

=47 86/1.87 84/2.09 . & 0.90(0.59-1:36)
[FeNO level, ppb

<25 117/1-93 109/1.94 —— 099 (0-68-1.43)

225 26/1.15 33249 . —— 0-46 (0:22-0-98)

BEC and FeNO level

<150 cells per pl.and <25 ppb 56/2.06 39/134 —_t 1:54 (0-87-272)

<150 cells per L and 225 pph 10/1-98 13/1.43 R 139(045-433)

=150 cells per pL and <25 ppb 61/1.78 70/2:30 —_—— 077 (0-49-1-23)

2150 cells per pL and =25 ppb 16/0 56 20/325 ———e& ———— 017 (0.06-0-49)

o1 05 10 50
Pr—

Carcer KespTeu: ZU.

an;13(1):47-58



Change from baseline to week 52 in pre-
bronchodilator FEV, and SGRQ total score

group lacebo group L i a
n LS mean (E) n LS mean (SE)
Pre-bronchodilator FEV,, L
Overall 163 0:026 (0-015) 166 ~0-029(0:015)  0:055 (0:014 to 0-096)
Baseline BEC, cells per ul.
<150 73 -0:002 (0-022) 63 -0-053 (0-023) 0-051 (-0-012 to 0-114)
150t0<300 66 0010 (0-023) 72 -0-025(0022) 0034 (-0-028 10 0:097)
>300 24 0-160 (0-038’ 31 0-013 (0-035) 0146 (0-044 to 0-248)
Baseline FeNO level, ppb
<25 17 0-009 (0-018) 107 -0:022 (0:019) 0-031 (-0-020 to 0-082)
>25 25 0118 (0-038] 33 0-000 (0-035) 0-118 (DDIG(UQZZEL
SGRQ total score
Overall 157 -4-80(118) 156 -1-86 (1-19) -2:93(-6-23t0 0:36)
Baseline BEC, cells per pL
<150 69 -1:91(175) 60 -030(1-89) -162(-6-6910345)
150t0<300 66 -6:05(1-81) 69 ~364 (175) -2:41(-736t0 2:55)
2300 22 -1022(314) 27 -068(301)  -953(-1811to-096)
Baseline FeNO level, ppb
<25 12 -4-46 (1.43) 102 -2:28(1-49) -218(-624101.88)
=25 24 723(308) 29 -190(287)  -533(-1356t0291)
BEC=blood eosinophil count. FeNO=fractional exhaled nitric oxide. LS=least-squares. ppb=parts per billion
SGRQ=St George's Respiratory Questionnaire.
Table 2: Change from baseline to week 52 inp ilator FEV, and SGRQ total score in th il
i ipoint) and in i i oups by baseline BEC and FeNO level
(ol analysiset) Lancet Respir Med. 2025 Jan;13(1):47-58




COURSE post hoc : Number of days of SCS
use and total number of days of SCS use

Tezepelumab W Placebo

>

B
1800

1600
1400

1200

16.8
b

Number of days of SCS use, mean per patient (SD)

Baseline BEC Baseline BEC
<150 cells/uL 2150 cells/uL

* In patients with a baseline BEC

> 150 cells/pL, tezepelumab
recipients experienced
numerically lower mean
numbers of days per patient (A)
and total number of days (B) of
SCS treatment associated with
COPD exacerbations than
placebo recipients.



COURSE post hoc : Among patients with a baseline BEC > 150 cells/uL,
tezepelumab recipients had numerically lower annualized rates of COPD-related
HCRU over 52 weeks than placebo recipients.
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ltepekimab (anti-IL-33)

Safety and efficacy of itepekimab in patients with moderate-
to-severe COPD: a genetic association study and
randomised, double-blind, phase 2a trial

* Moderate-to-severe COPD, Current or former smokers
» On triple or double inhaled maintenance therapy
« ltepekimab 300 mg SC every 2 weeks vs placebo
« Main result - Overall population
: Annualized moderate-to-severe exacerbation rate
: Placebo: 1.61, ltepekimab: 1.30, RR 0.81, p=0.13
: primary endpoint not met
. Key subgroup finding
Former smokers showed benefit
« Exacerbation reduction: RR 0.58, p=0.0061
« Pre-BD FEV1 improvement: +90 mL, p=0.0076
« Current smokers: no benefit
« Exacerbation RR 1.09, p=0.65

Lancet Respir Med. 2021 Nov;9(11):1288-1298.



To investigate the efficacy and safety of itepekimab in
former smokers with COPD in two phase 3 pivotal trials

Methods: trial design

Randomized, double-blind, placebo-controlled,

international, phase 3 trials testing efficacy and
safety of 2 dosing regimens of itepekimab
Inclusion criteria:

+ Physician-diagnosed COPD for 21 year

* 40 to 85 years

* Moderate-to-severe airflow limitation
(post-bronchodilator ppFEV, 30% to 80%)

* 22 moderate or =1 severe exacerbations
in the previous year

+ On stable inhaled triple or dual therapy

+ Former smokers (smoking cessation
=6 months before screening)

« Current smokers (secondary population,
AERIFY-2 only)
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Methods: endpoints

Primary endpoint:

« Annualized rate of moderate or severe exacerbations in former smokers

Secondary and other endpoints:

*+ Severe exacerbation rate in former smokers (prespecified pooled AERIFY-1 and AERIFY-2 analysis first,
then individual studies)

+ Change from baseline to Week 24 in pre-bronchodilator FEV, in former smokers (key secondary
endpoint)

+ Adverse events



Primary endpoint: annualized moderate or severe exacerbation
rates (former smokers)

0.6
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Exacerbation rate, estimate (95% Cl)

Patients, n

0.2

0

W Placebo W ltepekimab gdw
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=20.5% 1.0
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0.891 P=0.021 0.8
(0.76, 1.04) P=0.002
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M Itepekimab q2w
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P=0.88

Annualized moderate or
severe exacerbation rate

was reduced by 7.1%
(P = 0.66) In current
smokers




Cumulative mean number of moderate or severe exacerbations
(former smokers)

= Placebo w=ltepekimab gdw  «Itepekimab q2w
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Annualized severe exacerbation rates (former smokers)
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Change from baseline in
pre-bronchodilator FEV,, LS mean (SE). mL

Secondary endpoint: change in pre-bronchodilator FEV,
(former smokers)

@ Placebo M ltepekimab qdw @ Itepekimab q2w

AERIFY-1 " AERIFY:-2 )

Woek 24 Week 24
120 LS mean difference (95% Cl) vs placebo: 120 LS mean difference (95% Cl) vs placebo:
qdw: 10 mL (-26, 45); P=0.60 qdw: 75 mL(39,110); P< 0.001*

q2w: 6 mL(-30,41); P=0.75 q2w: 38 mL(3,73); P=0.031*
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Conclusions

* In former smokers with COPD, itepekimab vs placebo significantly reduced
moderate or severe exacerbation rates in AERIFY-1, but not AERIFY-2

* Itepekimab showed clinically meaningful reductions in severe exacerbation
rates in AERIFY-1, but not in the AERIFY-2 or pooled populations

* ltepekimab had an acceptable safety profile in both trials

Full presentation download e
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Tozorakimab (Anti-IL-33)

A phase 2a trial of the IL-33 monoclonal antibody tozorakimab
in patients with COPD: FRONTIER-4

Dave Singh, Patricia Guller, Fred Reid, Sarah Doffman, Ulla Seppald, loannis Psallidas, Rachel Moate,
Rebecca Smith, Joanna Kiraga, Eulalia Jimenez, Dennis Brooks, Aoife Kelly, Lars H. Nordenmark,
Muhammad Waqas Sadiq, Luis Mateos Caballero, Chris Kell, Maria G. Belvisi © and Hitesh Pandya

A phase 2a trial of the IL-33 monoclonal antibody tozorakimab in patients with COPD: FRONTIER-4

Secondary outcome @

Study design 1 Primary outcome
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Eur Respir J. 2025 Jul 14;66(1):2402231.



Primary end-point EOT
Week 12 Lastdose Week 28
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FIGURE 2 Change in pre-bronchodilator (BD) forced expiratory volume in 1s (FEV,) in the intent-to-treat
population. CI: confidence interval; EOT: end of treatment; LS: least-squares.

Eur Respir J. 2025 Jul 14;66(1):2402231.



FRONTIER-4 post hoc: Tozorakimab reduces quantitative mucus
plugging metrics in patients with moderate-to-severe COPD

Figure 3. Changes from baseline to week 28 in mucus plug metrics

CT sub-study population
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Change from baseline to week 28

Relative change from baseline* (%)
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Tozorakimab met primary endpoint in both OBERON and
TITANIA Phase I trials in patients with COPD

PUBLISHED
27 March 2026

This announcement contains inside information

First-ever IL-33-targeting biologic to demonstrate statistically significant and highly clinically
meaningful reductions in COPD exacerbations in two replicate Phase III clinical trials



First-ever IL-33-targeting biologic to demonstrate statistically significant and highly clinically
meaningful reductions in COPD exacerbations in twao replicate Phase Il clinical trials

Pesitive high-level resulis from the Phase |l OBERON and TITANIA trials in patients with chronic ebstructive pulmanary
disease (COPD) showed that tozorakimab reduced the annualised rate of moderate-to-severe COPD exacerbations compared
with placebo, in the primary population of former smokers, and in the overall population, which included former and current
smokers, and patients across all blood ecsinophil™ counts and all stages of lung function severity. Tozorakimab was generally
well tolerated with a favourable safety profile




Tozorakimab met primary endpoint in Phase III MIRANDA trial
in patients with COPD

PUBLISHED
20 April 2026

Third positive pivotal Phase III clinical trial of AstraZeneca's IL-33-targeting biologic further
demonstrates its benefits in COPD

Positive high-level resulis from the pivotal Phase Ill MIRANDA trial showed potential first-in-class fozorakimab demonstrated a
statistically significant and clinically meaningful reduction in the annualised rate of moderate-to-severe COPD exacerbations

in the primary population of former smokers and in the overall population, which included fermer and current smokers, and

patients across all blood eosinophil® counts and all stages of lung function severity.




Astegolimab (anti-ST2)

Astegolimab decreases exacerbation risk in
patients with COPD with frequent
exacerbations, irrespective of blood

| eosinophil count: Pooled analysis of the
pivotal randomized trials ALIENTO and
ARNASA
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Simultaneously published in AJRCCM

AJRCCM

American Journal of Respirstory
and Critical Care Medicine

Astegolimab for COPD With Frequent Exacerbations: Pooled Analysis of the

ALIENTO and ARNASA Trials

Jadwiga Anna Wedzicha, MDD, FMedSci.’ Alvar Agusti, MD. PhD.** Christopher Edward Brightling.
FMedSci,* Peter Calverley, DSe,” James Duncan Chalmers, MBChE, PhDD, FRCPE. FERS,* Neil James
Greening, PHD.* Meil.an King Han, MD. MS.” Divya Moban, MDD, PhD.' Julic Ng. MD," Alberto Papi,

MD. " Nicolas Rache. MD, PAD." Rebecea Saenz. MD. PhD.* Katerina Samarn, MDD, MSe. PhD. ' Ruth

TalSinger, PhD." Clatis Franz

agelmeier, MD,'* Xiaoying Yang, PAD. " Batolome Romulo Celli, MD

Safety and efficacy of astegolimab for COPD with frequent @+\ ®
exacerbations regardless of baseline blood eosinophil counts )
(ALIENTO and ARNASA): randomised, double-blind, placebo-
controlled, phase 2b and 3 trials

Alberto Papi®, Neil Greening*, Surya P Bhatt, Nicolas Roche, Bartolome Cell, Jadwiga A Wedzicha, Alvar Agust( Ruth Tal-Singer, MeiLan K Han,

Wim anssens, Nicola A Hanania, Parameswaran Nair, Peter Bremner, rpodis, Yoko Shibata, TingYang,

Oliver Gordon, Rebecca Saenz, Julie Ng, Dorothy S Cheung, Jacab Devine, Michele A Grimbaldeston, Wenhui Zhang, Xiaoying Yang, Divya Mohan,
ClausF Vogelmeert, Christopher  Brightlingt, on behalf of the AUENTO and ARNASA investigatorst

Summa

Background Interleukin-33 and its receptor, ST2, are implicated in ilic and eosil ilic ion duri Lancer 2026; 407

chronic obstructive p disease (COPD) ions. We aimed to assess the efficacy and safety of puished oniine
s,

astegolimab, an anti-ST2 human IgG2 monoclonal antibody, which were evaluated in two COPD pivotal trials.

Am J Respir Crit Care Med. 2026 May 18:aamag226
Lancet. 2026 May 23;407(10543):2027-2039



ALIENTO and ARNASA: impact of astegolimab on exacerbation
rates

Astegolimab is a human anti-ST2 1gG2
monoclonal antibody that blocks IL-33
activity and subsequent inflammatory

Adjusted rate reductions for astegolimab Q2W vs placebo*

ALIENTO™* (N = 1301)  ARNASA*(N = 1375)

responses!:2 Primary endpoint: =
» The efficacy and safety of astegolimab Annualized rate of 15%
in patients with COPD with frequent moderate or reduction
exacerbations were evaluated in two severe COPD R CEs o
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controlled trials: i 5
ey secondal
+ Phase lib ALIENTO (NCT05037929)  endpoint: 29% 33%
= Phase Ill ARNASA (NCT05595642) Annualized rate of m&u&tg?a re&ugtgn
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i cirtations {95%.C1 0,49, 1.05) (95% €1 0.47, 0.95)
P <0.05

Am J Respir Crit Care Med. 2026 May 18:aamag226
Lancet. 2026 May 23;407(10543):2027-2039



Astegolimab Q2W and Q4W significantly reduced the adjusted
annualized rate of moderate or severe exacerbations vs placebo

o "
A rate of or severe COPD Cumulative mean rate of moderate or severe COPD exacerbations
exacerbations over 52 weeks
RR = 0.85 (95% C10.76, 0.96) P = 0.0077
. Adjusted rate reduction = 14.7% iis — Astegolimab Q2W — Astegolimab Q4w Placebo
E 204 1
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Am J Respir Crit Care Med. 2026 May 18:aamag226
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Astegolimab Q2W reduced exacerbation frequency across key
prespecified subgroups, including current/former smokers and
baseline blood eosinophil count

—

Astegolimab Q2W Placebo
Baseline characteristic N N RR cl P-value
All patients 892 888 0.85 (0.76-0.96) 0,0077 -G
Baseline cosmopi level
<150 cells/uL 459 427 082 (0.70-097) 00190 ——
=150 cells/uL 429 461 088 (0.74-1.04) 01258 —o—
<300 cells/uL 765 787 087 (0.77-0.99) 00312 -
22300 colslul 122 101 0z3 40522103 00703
Age category
40-64 years 325 301 076 (062-0.94) 00106 —e—
=65 years 567 587 089 (0.77-1.03) 0.109% —@
Sex
Female 354 352 083 (0.70-099) 00346 —o—]
Male 538 536 0.86 (074-101) 00738 —0
'Smoking status.
Current smoker 302 303 0.84 (0.68-1.02) 0.0845 —0—
Former smoker 590 585 086 (075-099) 00397 8-
‘Number of COPD exacerbations
2 612 649 088 (0.75-1.03) 0.1138 a
>2 279 237 079 (0.66-0.93) 00085 ——
Hospitalization for COPD'
Yes 221 197 078 (0.63-097) 00228 —e
No 671 691 0.88 (0.77-1.01) 0.0861 @
Baseline COPD triple therapy
Yes 695 672 085 (0.75-0.96) 00117 -
No 196 215 0.86 (064-1.16) 0.3202
| Baseline chronic bronchitis
Yes 420 427 094 (0.79-1.11) 04314 —®
No 472 461 078 (0.66-0.92 00034 ——
Baseline GOLD Stage
Moderate 333 303 073 (0.57-0.92) 0.0080 ——
Severe 392 408 0.88 (0.75-1.04) 0.1223 —
Very severe 155 162 1.00 (081-123) 0.9808 —4
—
05 1

Favor astegolimab Q2W
—

1

2
Favor placebo
e L

Subgroups which suggested an enhanced
treatment benefit of astegolimab

Q2W vs placebo in both individual trials and
the pooled analysis were:

« Moderate airflow obstruction > 27% reduction
« History of »2 exacerbations + 21% reduction
= No chronic bronchitis » 22% reduction

Am J Respir Crit Care Med. 2026 May 18:aamag226
Lancet. 2026 May 23;407(10543):2027-2039



Nominally significant reduction in the annualized rate of severe
COPD exacerbations was observed with astegolimab Q2W vs

placebo

Adjusted annualized exacerbation rate

Annualized rate of severe COPD exacerbations® over 52 weeks

0.25

0.20

0.05

0.00 -

RR = 0,68 (95% Cl 0.52, 0.87); nominal P = 0.0028%
Adjusted rate reduction = 32%

Astegolimab Q2w Placebo
{n = 892) (n = 888) ~

Am J Respir Crit Care Med. 2026 May 18:aamag226
Lancet. 2026 May 23;407(10543):2027-2039



Conclusions

In this pooled analysis of ALIENTO and ARNASA, treatment with astegolimab Q2W resulted in:

+ Significant reduction in the annualized rate of moderate and severe exacerbations by 14.7% (and
by 12.3% in the Q4W arm)

« Reduced exacerbation frequency across key prespecified subgroups, including current/former
smokers and baseline blood eosinophil count

» Suggested enhanced treatment benefit in participants with history of >2 exacerbations, no
chronic bronchitis, and moderate airflow obstruction

+ Nominally significant 32% reduction in severe COPD exacerbation rate, and nominally significant
increase in the proportion of participants with clinically meaningful improvement in SGRQ-C

+ Astegolimab was well tolerated

The results of this pooled analysis further suggest a favorable benefit-risk profile for

astegolimab 476 mg Q2W in patients with COPD and frequent exacerbations
¥

Am J Respir Crit Care Med. 2026 May 18:aamag226
Lancet. 2026 May 23;407(10543):2027-2039
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Biologics in COPD: Type 2 and Alarmin Pathways

Where we stand in 2025-2026

TYPE 2-TARGETED BIOLOGICS
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