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Inflammatory mechanisms in COPD

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



Eosinophilic inflammation 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



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



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



Int J Chron Obstruct Pulmon Dis. 2018 Jan 17;13:335-349.



Biologics targeting neutrophilic inflammation



Targeting non-type 2 immunity in airway disease

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



Anti-IL-8 (ABX-IL8)

Inclusion criteria

• Age > 50 years

• Diagnosis of COPD and a history of CB

• >20PY smoking Hx.

• mMRC≥1

• FEV1 30-70% &  FVC <70%
Chest. 2004 Sep;126(3):926-34



Chest. 2004 Sep;126(3):926-34

ABX-IL8

Placebo

P=0.046
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P<0.05



Chest. 2004 Sep;126(3):926-34

Not significant!



Pulm Pharmacol Ther. 2015 Apr;31:36-41



Am J Respir Crit Care Med. 2015 May 1;191(9):1001-11.

HR for exacerbations

Change in SGRQ total score

FEV1 trajectories



Am J Respir Crit Care Med. 2015 May 1;191(9):1001-11.

Side-effects



Anti-TNFα (Infliximab, Etanercept)

J Allergy Clin Immunol. 2008 Jan;121(1):5-10



• Single-center, double-blind RCT, phase II trial

• 22 current smokers with mild-to-moderate COPD. 

• 14 patients: three infusions of infliximab

• 8 patients : placebo

Am J Respir Crit Care Med. 2005 Aug 15;172(4):465-9



• Multicenter, double-blind RCT

• 234 patients with moderate to severe COPD 

• infliximab (3 mg/kg [n = 78] or 5 mg/kg [n = 79]) 

• placebo (n ⫽ 77) 

• Weeks 0, 2, 6, 12, 18, and 24

• Efficacy, health status, and safety were assessed through Week 44

Am J Respir Crit Care Med. 2007 May 1;175(9):926-34.



Am J Respir Crit Care Med. 2007 May 1;175(9):926-34.



• Multicenter, double-blind RCT

• 81 patients with AE COPD 

• randomly assigned them to treat with

• 40 mg oral prednisone or

• 50 mg etanercept

• Both groups received levofloxacin + inhaled bronchodilators. 

• The primary endpoint : change in FEV1

• Secondary endpoints : 90-day treatment failure rates / dyspnea / QOL

P=0.52

Thorax. 2013 Feb;68(2):142-8. 



Thorax. 2013 Feb;68(2):142-8. 



Anti-IL-1

Respir Res. 2017 Aug 9;18(1):153.

• Phase II, multicenter double-blind RCT, 

52wks trial

• Aged 45–75 years

• ≥2 exacerbations in the past year

• randomised 1:1 to receive placebo or

MEDI8968 300 mg

• Primary endpoint : moderate/severe AE



Anti-IL-17A (CNTO 6785) 

COPD. 2017 Oct;14(5):476-483.

No significant effect on 2ndary outcomes : 

PostBD FEV1, SGRQ, rescue medicine…



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



Biologics targeting Th2 inflammation



Biologics in Asthma : Revolutionary

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



Targeting type 2 immunity in airway disease

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



Allergy. 2020 

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

Upregulated genes

Downregulated genes

Regression analysis: Blood eosinophil and gene expression

Asthma Cohort (U-BIOPRED)



Anti-IL-5 and Anti-IL-5R



Benralizumab

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

• Double-blind RCT, phase 2a study (2010-2013)

• 26 sites in the UK, Poland, Germany, Canada, the USA, Denmark, and Spain. 

• Aged 40–85 

• Moderate-to-severe COPD, 

• ≥ 1 acute exacerbation of COPD

• Sputum eosinophil count ≥ 3.0%

• Primary endpoint : exacerbation rate at week 56 

• Secondary and exploratory endpoints : SGRQ-C, CRQSAS, FEV1 and safety



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

Rate of moderate-to-severe exacerbation  at week 56 



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

Eosinophil count (Blood/sputum)



• GALATHEA + TERRANOVA trials (Phase III trials)

• COPD patients

• 2:1 on the basis of eosinophil count [≥220 vs <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 summary

• Primary outcome
• ↔ Moderate-to-severe AE COPD

• Secondary outcome
• ↔ FEV1 in the intervention group (↑in phase IIa trial)

• ↔ health status

• ↓ Blood and sputum eosinophils

Lancet Respir Med. 2014 Nov;2(11):891-901, N Engl J Med. 2019 Sep 12;381(11):1023-1034.





Mepolizumab

“Proof-of-concept” pilot study

Eur Respir J. 2017 Mar 15;49(3):1602486.

↓ Sputum eosinophil

↔ Lung function, QOL, gas trapping



• 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. 



Cumulative Incidence of Moderate-to-Severe Exacerbations

P=0.04 P>0.05 P>0.05

P=0.04 P>0.05 P>0.05

Time-to-first exacerbation



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

Pre-specified meta-analysis of METREX & METREO



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

Adverse events



IJCOPD 2021 Jun 16;16:1755-1770.

• METREX+METREO

• Primary endpoint : annual rate of moderate/severe exacerbations

• Patients with blood eosinophil counts ≥150 cells/µL at screening or ≥300 cells/µL in the prior year.

• Secondary/other endpoints

• time to first moderate/severe exacerbation, 

• exacerbations leading to emergency department visit/hospitalization

• health-related quality of life (HRQoL). 

• Relationship between blood eosinophil counts and exacerbation rates



IJCOPD 2021 Jun 16;16:1755-1770.

Reduction in annual rate of exacerbations



IJCOPD 2021 Jun 16;16:1755-1770.

Time-to-first exacerbation

Time-to-first exacerbation leading ED visit/hospitalization

Predicted annual rate of exacerbation by blood eosinophil count

Predicted treatment RR of exacerbation by blood eosinophil count



IJCOPD 2021 Jun 16;16:1755-1770.





Mepolizumab summary

• Primary outcome
• ↓ Moderate-to-severe AE COPD (eosinophilic COPD in METREX)

• ↔ Moderate-to-severe AE COPD (overall METREX, METREO)

• Secondary outcome
• ↑ Time-to-first exacerbation (METREX+METREO)

• ↔ FEV1

• ↔ SGRQ

• ↓ CAT (METREX+METREO)

• Eosinophil count  : potential biomarker for good responder

Lancet Respir Med. 2014 Nov;2(11):891-901, N Engl J Med. 2019 Sep 12;381(11):1023-1034.



Front Pharmacol. 2021 Nov 2;12:754268.

Heliyon. 2022 Jun 16;8(6):e09736. 

J Microbiol Immunol Infect. 2022 Feb;55(1):26-35.



Heliyon. 2022 Jun 16;8(6):e09736. 



Heliyon. 2022 Jun 16;8(6):e09736. 



Heliyon. 2022 Jun 16;8(6):e09736. 



Anti-Ig-E (omalizumab)



Omalizumab in asthma

Pharmacol Ther. 2017 Jan;169:57-77. 



Omalizumab in COPD

• A small observational study
• Patients with COPD + elevated IgE
• Omalizumab was given 3 mo

• Symptom score improved (2 -> 1.34, p<0.01)
• Satisfaction score improved (6 → 9.41, p<0.01)

• Total number of patients, exacerbation rates, side effect, type of questionnaire
: not mentioned in the abstract

https://doi.org/10.1378/chest.132.4_MeetingAbstracts.533a



Omalizumab in ACO

J Asthma. 2016 Dec;53(10):1048-50. 



Chest. 2017 Jan;151(1):78-89. 

• Data from the Australian Xolair Registry

• Compare treatment responses in ACO vs severe asthma alone. 

• Assessed at baseline and after 6 months of omalizumab treatment. 

• Several different definitions of asthma-COPD overlap. 

• physician diagnosis of COPD

• FEV1 < 80% 

→ stratified based on smoking history



Chest. 2017 Jan;151(1):78-89. 

Physician diagnosed ACO FEV1 < 80% Ever smoker vs never-smoker



J Allergy Clin Immunol. 2019 Apr;143(4):1629-1633.e2.



Omalizumab summary

• Little evidence in COPD alone.

• Potential benefit in ACO.

• No further clinical studies ongoing.



Anti IL-33/ST2



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, N Engl J Med. 2021 Oct 28;385(18):1656-1668.



Itepekimab (Anti-IL-33)

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



1. Genetic analyses of variants in the IL-33 pathway 

(previously associated with asthma risk)

→ characterized for COPD. 

2. Double-blind, phase 2a RCT comparing itepekimab with placebo

• 83 study sites in ten countries. 

• Moderate-to-severe COPD on triple or dual inhaler

• Aged 40–75 years 

• Current or former smokers

• Primary endpoint : annualized rate of moderate-to-severe acute 
exacerbations of COPD 
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Astegolimab (Anti-ST2)

J Allergy Clin Immunol. 2021 Sep;148(3):790-798.



• 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 
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Future biologics
- Anti-TSLP
-Anti-IL-4R



Tezepelumab (anti-TSLP)

N Engl J Med. 2017 Sep 7;377(10):936-946,
N Engl J Med. 2021 May 13;384(19):1800-1809



Dupilumab (Anti-IL4R)

N Engl J Med. 2018 Jun 28;378(26):2486-2496.



Take home messages

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

• Revolutionary outcomes of biologics targeting Th2 
inflammation in asthma.

• Potential role of biologics targeting Th2 inflammation in COPD.
• Anti-IL-5R (Benralizumab)/anti-IL-5 (Mepolizumab)

• Anti-IgE (Omalizumab)

• Anti-IL-33 (Itepekimab)/anti-ST2 (Astegolimab)

• Future biologics
• Anti-TSLP/ Anti-IL-4R



Benralizumab Mepolizumab Omalizumab Itepekimab Astegolimab

• Primary outcome

↔ Moderate-to-severe AE 

• Secondary outcome

↔ FEV1 in the intervention 

group (↑in phase 2a trial)

↔ health status

↓ Blood and sputum eosinophils

• Primary outcome

↓ Moderate-to-severe AE COPD 

(eosinophilic COPD in METREX)

↔ Moderate-to-severe AE 

COPD (overall METREX, 

METREO)

• Secondary outcome

↑ Time-to-first exacerbation 

(METREX+METREO)

↔ FEV1

↔ SGRQ

↓ CAT (METREX+METREO)

• Eosinophil count  : potential 

biomarker for good responder

• Little evidence in COPD alone.

• Potential benefit in ACO.

• No further clinical studies 

ongoing.

• Primary outcome

↓ Moderate-to-severe AE 

COPD (Former smoker)

• Secondary outcome

↑ FEV1 (Former smoker)

• Primary outcome

↓  Moderate-to-severe AE COPD 

(Blood eosinophil < 300) 

• Secondary outcome

↓  SGRQ

↔ FEV1 

↓ blood/sputum eosinophil count



Take home messages

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

• Revolutionary outcomes of biologics targeting Th2 
inflammation in asthma.

• Potential role of biologics targeting Th2 inflammation in COPD.
• Anti-IL-5R (Benralizumab)/anti-IL-5 (Mepolizumab)

• Anti-IgE (Omalizumab)

• Anti-IL-33 (Itepekimab)/anti-ST2 (Astegolimab)

• Future biologics
• Anti-TSLP/ Anti-IL-4R



Thank you for your attention!
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