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Inflammatory mechanisms in COPD

Pharmacol Rev. 2004 Dec;56(4):515-48.



Targeting non-type 2 immunity in airway disease

Nat Rev Immunol. 2018 Jul;18(7):454-466.



J Allergy Clin Immunol Pract. 2019 May-Jun;7(5):1405-1416.

Failure in biologics targeting neutrophilic inflammation in COPD



Eosinophilia is common in COPD

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

ECLIPSE study

Persistently ≥ 2% Intermittent Persistently <2%

554 (37.4%) 728 (49%) 201 (13.6%)



Am J Respir Crit Care Med. 2011 Sep 15;184(6):662-71

Eosinophilia is common in COPD

35%

30%

24%

11%



J Allergy Clin Immunol. 2018 Jun;141(6):2037-2047.e10. 

Eosinophilia is associated with exacerbation↑



Lancet Respir Med. 2015 Jun;3(6):435-42

Eosinophil is a predictor of ICS response

Annual Exacerbation rate



Biologics targeting Th2 inflammation



Targeting type 2 immunity in airway disease

Nat Rev Immunol. 2018 Jul;18(7):454-466.



Biologics in Asthma : Revolutionary

Allergy. 2022 Dec;77(12):3538-3552. 



Allergy. 2020 

Feb;75(2):370-380. 

Regression analysis: Blood eosinophil and gene expression

Mechanisms of eosinophilic inflammation may be different between 
asthma and COPD

COPD Cohort 

(EvA)

Asthma Cohort 

(U-BIOPRED)



Allergy. 2020 

Feb;75(2):370-380. COPD Cohort (EvA)

Upregulated genes

Downregulated genes

Asthma Cohort (U-BIOPRED)

Mechanisms of eosinophilic inflammation may be different between 
asthma and COPD



Biologics targeting Th2 inflammation

1) Anti-IL4R (Dupilumab)



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

BOREAS trial

NOTUS trial 

• Age: 40 to 85 years

• Treatment history:

• On stable triple inhaler therapy ≥3 months

• Exacerbation history (past 12 months):

• ≥2 moderate or ≥1 severe exacerbation

• ≥1 moderate event treated with systemic 

corticosteroids

• Symptoms:

• MRC dyspnea score ≥2

• Chronic bronchitis symptoms

• Eosinophils: ≥300 cells/μL during screening



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

BOREAS trial

NOTUS trial 



Lancet Respir Med. 2025;13(3):234-43.

Pooled analysis of NOCTUS and BOREAS



Lancet Respir Med. 2025;13(3):234-43.

Pooled analysis of NOCTUS and BOREAS



Lancet Respir Med. 2025;13(3):234-43.

Pooled analysis of NOCTUS and BOREAS

PostBD FEV1



Lancet Respir Med. 2025;13(3):234-43.

Pooled analysis of NOCTUS and BOREAS

SGRQ



Real-world evidence of dupilumab in COPD

• Population-based cohort study 

• Multiple centers in the US 

• April 2017-August 2024. 

• Dupilumab vs LABA therapy. 

Sun et al. J Allergy Clin Immunol. 2025



Biologics targeting Th2 inflammation

2) Anti-IL-5 (mepolizumab)



• 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 

• triple maintenance therapy. 

• METREX ; non-eosinophilic & eosinophilic COPD

• 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. 

Eosinophilic COPD : 

blood eosinophil count 

• ≥150 at screening or

• ≥300 during the previous year



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



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

Pre-specified meta-analysis of METREX & METREO



N Engl J Med. 2025;392(17):1710-20.

• Phase 3, double-blind, RCT

• COPD patients 

• with a history of exacerbations

• BEC ≥300 

• On triple therapy

• 1:1 ratio, to receive mepolizumab or 

placebo every 4 weeks for 52 to 104 

weeks. 

• Primary end point : the annualized 

rate of moderate or severe 

exacerbations.



N Engl J Med. 2025;392(17):1710-20.



Adverse events of mepolizumab

N Engl J Med. 2025;392(17):1710-20.



• Phase 2b, single-center, double-blind, RCT
• Conducted at Glenfield Hospital, Leicester, UK. 
• BEC≥300
• Hospitalized for exacerbation

NEJM Evid. 2025;4(6):EVIDoa2500012.



NEJM Evid. 2025;4(6):EVIDoa2500012.



NEJM Evid. 2025;4(6):EVIDoa2500012.



NEJM Evid. 2025;4(6):EVIDoa2500012.



Biologics targeting Th2 inflammation

3) Anti-IL-5R (benralizumab)



Benralizumab

Lancet Respir Med. 2014 Nov;2(11):891-901



• GALATHEA + TERRANOVA trials (Phase III trials)

• COPD patients

• EOS ≥220 

• 40-85 years of age 

• moderate to very severe COPD

• Frequent exacerbators

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



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



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



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





Benralizumab as a exacerbation rescuer

Ramakrishnan et al. Lancet Respir Med. 2025

BEC≥ 300



Ramakrishnan et al. Lancet Respir Med. 2025



Meta-analysis of biologics in eosinophilic COPD

Ann Am Thorac Soc. 2025;22(5):768-75.



Efficacy outcomes

Ann Am Thorac Soc. 2025;22(5):768-75.

AE



Ann Am Thorac Soc. 2025;22(5):768-75.

FEV1

SGRQ



Safety profiles

Ann Am Thorac Soc. 2025;22(5):768-75.



Targeting alarmins



Role of type 2 inflammatory pathways and epithelial-derived alarmins 
in COPD

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



Targeting alarmins

1) Anti-TSLP (Tezepelumab)



Tezepelumab (anti-TSLP)

• 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

• at least two moderate to severe COPD exacerbations in the 12 months before enrollment. 

• tezepelumab 420 mg or placebo every 4 weeks for up to 52 weeks.

• The primary endpoint 

• the annualised rate of moderate or severe COPD exacerbations 

• A prespecified subgroup analysis assessed the primary endpoint in patients grouped by baseline BECs. 

Singh et al. Lancet Respir Med. 2025;13(1):47-58.



The annualised rate of moderate or severe COPD 
exacerbations

Singh et al. Lancet Respir Med. 2025;13(1):47-58.



Post-hoc analysis of the annualised exacerbation rates in 
patients grouped by baseline BEC and other variables

Singh et al. Lancet Respir Med. 2025;13(1):47-58.



Change from baseline to week 52 in pre-bronchodilator 
FEV1 and SGRQ total score 

Singh et al. Lancet Respir Med. 2025;13(1):47-58.



Safety profiles

Singh et al. Lancet Respir Med. 2025;13(1):47-58.



Targeting alarmins

2) Anti-IL33 (Itepekimab and Tozorakimab)



Nat Rev Drug Discov. 2008 Oct;7(10):827-40., N Engl J Med. 2017 Sep 7;377(10):965-976



Itepekimab (Anti-IL-33)

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



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



Overall

Former 

smoker

Current 

smoker

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



Phase 3 study protocol of Itepekimab

Rabe et al. ERJ Open Res. 2024



Tozorakimab (Anti-IL-33)

Eur Respir J. 2025.



Eur Respir J. 2025.

Pre-BD FEV1

Post-BD FEV1



Eur Respir J. 2025.

Time to first exacerbation



Eur Respir J. 2025.

Time to first exacerbation –Subgroup analysis



Eur Respir J. 2025.

SGRQ Mucus plug



Targeting alarmins

3) Anti-ST2 (Astegolimab)



• Single-center, phase 2a RCT

• Aged ≥ 40

• Moderate-to-very severe COPD

• ≥ two acute exacerbations of COPD

• ≥ 10PY of smoking Hx.

• mMRC ≥ 2

• Randomly assigned (1:1) to receive astegolimab or  placebo s.c.

• The primary endpoint : exacerbation rate assessed for 48 weeks 

• Prespecified subgroup analysis by baseline blood eosinophil count

• Secondary endpoints : SGRQ-C, FEV1, blood and sputum cell counts

• Safety was assessed

Lancet Respir Med. 2022 May;10(5):469-477.



Lancet Respir Med. 2022 May;10(5):469-477.



P=0.039

P=0.094

P<0.001

P<0.001

SGRQ-C

FEV1

Blood 

eosinophil

Sputum 

eosinophil

Lancet Respir Med. 2022 May;10(5):469-477.





Phase I Phase IIa Phase III

• Exacerbation ↓

• FEV1↑

• SGRQ↓

BOREAS/NOCTUSDupilumab

• Exacerbator

• EOS≥ 300

• CB (+)

Mepolizumab

• Exacerbator

• EOS≥ 300

Benralizumab

• Exacerbator

• EOS≥ 220

Tezepelumab

• Exacerbator

Itepekimab

• Exacerbator

• CB (+)

Tozorakimab

• Exacerbator

• EOS≥ 300

Astegolimab

• Exacerbator

• Exacerbation ↓

• FEV1 (-)

• SGRQ (-)

MATINEE

• Negative study

GALATHEA+TERRANOVA

Exacerbation 

rescuer

• Exacerbation (-)

• FEV1 (-), SGRQ (-)

• T2-high → (+)

COURSE

❖ Only in former smoker

• Exacerbation ↓

• FEV1 ↑

❖ Only in exacerbators

• Exacerbation ↓

• FEV1 ↑ / Mucus ↓

FRONTIER-4

❖ Only in EOS <300

• Exacerbation ↓

• SGRQ ↓ / FEV1 (-)

COPD-ST2OP



Take home messages

• Failure of biologics targeting neutrophilic inflammations
• Anti-IL-8/ Anti-CXCR2/ Anti-TNF-α/ Anti-IL-1/ Anti-17A

• Dupilumab : Significant effect in AE, FEV1 and SGRQ

• Mepolizumab : Significant effect in AE (controversial)

• Benralizumab : AE. Shown potential as an AE rescuer

• Tezepelumab, Itepekimab, Tozorakimab, Astegolimab
: Further studies needed



Dransfield MT, Stolz D.. NEJM Evid. 2025;4(6):EVIDe2500080.

So, what are we to conclude? There is work to do to better 

define the target population, so let’s try, try, and try again.


	슬라이드 1: Biologics in COPD: Current Status and Future Prospects
	슬라이드 2: Index
	슬라이드 3: Inflammatory mechanisms in COPD
	슬라이드 4
	슬라이드 5: Failure in biologics targeting neutrophilic inflammation in COPD
	슬라이드 6: Eosinophilia is common in COPD
	슬라이드 7: Eosinophilia is common in COPD
	슬라이드 8: Eosinophilia is associated with exacerbation↑
	슬라이드 9: Eosinophil is a predictor of ICS response
	슬라이드 10: Biologics targeting Th2 inflammation
	슬라이드 11
	슬라이드 12: Biologics in Asthma : Revolutionary
	슬라이드 13: Mechanisms of eosinophilic inflammation may be different between asthma and COPD
	슬라이드 14: Mechanisms of eosinophilic inflammation may be different between asthma and COPD
	슬라이드 15: Biologics targeting Th2 inflammation  1) Anti-IL4R (Dupilumab)
	슬라이드 16
	슬라이드 17
	슬라이드 18: Pooled analysis of NOCTUS and BOREAS
	슬라이드 19: Pooled analysis of NOCTUS and BOREAS
	슬라이드 20: Pooled analysis of NOCTUS and BOREAS
	슬라이드 21: Pooled analysis of NOCTUS and BOREAS
	슬라이드 22: Real-world evidence of dupilumab in COPD
	슬라이드 23
	슬라이드 24
	슬라이드 25
	슬라이드 26
	슬라이드 27
	슬라이드 28
	슬라이드 29: Adverse events of mepolizumab
	슬라이드 30
	슬라이드 31
	슬라이드 32
	슬라이드 33
	슬라이드 34
	슬라이드 35: Benralizumab
	슬라이드 36
	슬라이드 37
	슬라이드 38
	슬라이드 39
	슬라이드 40
	슬라이드 41: Benralizumab as a exacerbation rescuer
	슬라이드 42
	슬라이드 43: Meta-analysis of biologics in eosinophilic COPD
	슬라이드 44: Efficacy outcomes
	슬라이드 45
	슬라이드 46: Safety profiles
	슬라이드 47: Targeting alarmins  
	슬라이드 48: Role of type 2 inflammatory pathways and epithelial-derived alarmins in COPD
	슬라이드 49: Targeting alarmins  1) Anti-TSLP (Tezepelumab)
	슬라이드 50: Tezepelumab (anti-TSLP)
	슬라이드 51: The annualised rate of moderate or severe COPD exacerbations
	슬라이드 52: Post-hoc analysis of the annualised exacerbation rates in patients grouped by baseline BEC and other variables
	슬라이드 53: Change from baseline to week 52 in pre-bronchodilator FEV1 and SGRQ total score 
	슬라이드 54: Safety profiles
	슬라이드 55: Targeting alarmins  2) Anti-IL33 (Itepekimab and Tozorakimab)
	슬라이드 56
	슬라이드 57: Itepekimab (Anti-IL-33)
	슬라이드 58
	슬라이드 59
	슬라이드 60: Phase 3 study protocol of Itepekimab 
	슬라이드 61: Tozorakimab (Anti-IL-33)
	슬라이드 62
	슬라이드 63
	슬라이드 64
	슬라이드 65
	슬라이드 66: Targeting alarmins  3) Anti-ST2 (Astegolimab)
	슬라이드 67
	슬라이드 68
	슬라이드 69
	슬라이드 70
	슬라이드 71
	슬라이드 72: Take home messages
	슬라이드 73

