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Pharmacologic options in COPD
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Cytokine targeted therapies

Brightling, Christopher; Greening, Neil. ERJ, 2019, 54.2.
Schleich, Florence, et al. ERR, 2023, 32.168.



Cytokine targeted therapies

Schleich, Florence, et al. ERR, 2023, 32.168.



Type 2 inflammation and Epithelial alarmins

Rabe, Klaus F., et al. AJRCCM, 2023.



Anti-IL-5/5R

Rabe, Klaus F., et al. AJRCCM, 2023.



Mepolizumab for eosinophilic COPD

• Two phase 3, randomized, placebo-controlled, double-blind, parallel-group trials

• 100 mg in METREX; 100 or 300 mg in METREO, every 4 weeks for 52 weeks

• Lower annual rate of moderate or severe exacerbations in eosinophilic COPD 

(BEC ≥ 150 at screening, ≥ 300 in the previous year)

Pavord ID, et al. NEJM, 2017; 377: 1613–1629.



Benralizumab in eosinophilic COPD

• Two phase 3, parallel-group, randomized clinical trials

• 30, 100 mg in GALATHEA; 10, 30, 100 mg in TERRANOVA, every 8 weeks for 56 weeks

• No significant reduction in exacerbations in hyper-eosinophilic COPD (BEC ≥ 220)1

• Post hoc: triple therapy + BEC ≥ 220 + ≥ 3 exacerbations (ERR = 30%)2

1 Criner GJ, et al. NEJM, 2019; 381: 1023–1034
2 Criner, GJ., et Lancet Respir Med, 2020, 8.2: 158-170.



Epithelium-derived alarmins

Rabe, Klaus F., et al. AJRCCM, 2023.



Itepekimab in former smoked COPD

• Phase 2a, randomized, double-blind, placebo-controlled, parallel-group trials

• 300mg every 2 weeks for 24-52 weeks

• No reduction in annualized rate of moderate-to-severe exacerbation

• Former smokers: 42% exacerbation reduction, FEV1 90mL improvement 

Rabe KF, et al. Lancet Respir Med 2021; 9: 1288–1298.



Astegolimab for IL33/ST2 axis

• Phase 2a, single-centre, randomised, double-blinded, placebo-controlled trial 

• 490 mg, every 4 weeks for 44 weeks

• No reduction exacerbation rate, but improve health status compared with placebo

Yousuf, Ahmed J., et al. Lancet Respir Med, 2022, 10.5: 469-477.



Anti-IL-4/13

Rabe, Klaus F., et al. AJRCCM, 2023.





BOREAS Clinical Trial Design

A Randomized, Double-Blind, Placebo-Controlled, Parallel-Group, Multicenter, Phase 3 study
to Evaluate the Efficacy and Safety of Dupilumab Administered Every 2 Weeks

in Patients with Moderate or Severe COPD with Type 2 Inflammation

Bhatt, Surya P., et al. NEJM, 2023.

background inhaled triple therapy for ≥3 months

absolute blood eosinophil count of ≥300 cells/mL

chronic bronchitis for ≥3 months



Primary endpoint: exacerbations

Bhatt, Surya P., et al. NEJM, 2023.

Rate ratio 0.70 (0.58-0.86); p<0.01



Lung function change

• LS mean difference (95% CI)

Week 12: 83ml (42-125); p<0.001

Week 52: 83ml (38-128); p<0.001

• FeNO ≥ 20 ppb

• FEV1 (week 52) 127mL

Bhatt, Surya P., et al. NEJM, 2023.



Health status and symptoms

Symptoms (E-RS)SGRQ

LS mean difference (95% CI)

–3.4 (– 5.5 to –1.3); p=0.002

Better 
QoL

Lesser
respiratory 
symptoms

LS mean difference (95% CI)

–1.1 (–1.8  to –0.4); p=0.001

Bhatt, Surya P., et al. NEJM, 2023.



Adverse events

Bhatt, Surya P., et al. NEJM, 2023.



Study summary

• Patients with COPD and type 2 inflammation despite standard inhaled 
triple therapy

• Dupilumab in type 2 high COPD as indicated by elevated EOS
• Reduced moderate or severe exacerbations

• Better lung function and quality of life

• Less severe symptoms

Bhatt, Surya P., et al. NEJM, 2023.





PDE inhibition in COPD

Donohue, James F., et al. IJCOPD, 2023, 1611-1622.



PDE inhibitors

REACT

RE2SPOND

Martinez, Fernando J., et al. Lancet, 2015, 385.9971: 857-866. Martinez, Fernando J., et al. AJRCCM. 2016, 194.5: 559-567.

Roflumilast vs. Placebo + ICS/LABA ± LAMA

Rate ratio 0.858 (0.740-0.995); p=0.0424



ENHANCE Trial Design

Primary Endpoint
• FEV1 (AUC over 12hours) at 

week 12

Secondary Endpoints
• Symptoms (E-RS: COPD)

• Quality of Life (SGRQ)

• Other FEV1 (Trough, peak)

Other Endpoints

• Exacerbations in pooled analysisPatient population:
• LAMA or LABA background allowed

• Symptomatic (mMRC ≥ 2)

• 30-70% predicted FEV1

Additional information:
• Long-term safety established in ENHANCE-1

24wk 48wk

Anzueto, Antonio, et al. AJRCCM, 2023, 208.4: 406.



Efficacy of Ensifentrine

Anzueto, Antonio, et al. AJRCCM, 2023, 208.4: 406.



Moderate-to-Severe Exacerbations

Hazard ratio versus placebo (95% CI)

0.62 (0.39, 0.97); p = 0.038

Hazard ratio versus placebo (95% CI)

0.58 (0.38, 0.87); p = 0.009

Anzueto, Antonio, et al. AJRCCM, 2023, 208.4: 406.



Adverse events

Anzueto, Antonio, et al. AJRCCM, 2023, 208.4: 406.



Study summary

• Ensifentrine
• Substantial efficacy with reduction in exacerbations 

• Improvement in lung function 

• Not associated gastrointestinal tolerability issues related to oral PDE inhibitor

• Symptomatic patients with moderate to severe COPD in addition to 
other classes of maintenance therapies.

Anzueto, Antonio, et al. AJRCCM, 2023, 208.4: 406.





Pathological features of COPD

Dransfield, Mark, et al. AJRCCM, 2022, 205.6: 631-640.



Correction of CFTR dysfunction

Dransfield, Mark, et al. AJRCCM, 2022, 205.6: 631-640.



Study design

Primary Endpoint
• Change of FEV1 at week 12

Secondary Endpoints
• Symptoms (E-RS: COPD)

• Quality of Life (SGRQ)

• Trough FEV1

• CASA-Q

Post hoc analyses

• Fibrinogen

• CRP

Martinez, Fernando J., et al. AJRCCM, 2023, 208.4: 417-427.

• Randomized, multicenter, parallel-group, double-blind, placebo-controlled, 24-week, exploratory, 

phase II, dose range–finding study 

• Symptomatic moderate to severe COPD and CB with histories of exacerbations despite triple inhaled therapy



Dose-response analysis

Martinez, Fernando J., et al. AJRCCM, 2023, 208.4: 417-427.



FEV1 changes

Martinez, Fernando J., et al. AJRCCM, 2023, 208.4: 417-427.

LS mean TD 0.010; p=0.503 LS mean TD 0.035; p=0.033



Symptom scores

Martinez, Fernando J., et al. AJRCCM, 2023, 208.4: 417-427.



Responder analyses

Martinez, Fernando J., et al. AJRCCM, 2023, 208.4: 417-427.



Adverse events

Martinez, Fernando J., et al. AJRCCM, 2023, 208.4: 417-427.



Study summary

• CFTR potentiator: not improved trough FEV1 over 12 weeks

• Clinically relevant benefits
• Lung function, symptoms, QoL outcomes, and fibrinogen

• 300 mg twice daily: a potential dose for its future development

• Well tolerated across icenticaftor doses

Martinez, Fernando J., et al. AJRCCM, 2023, 208.4: 417-427.





RCTs comparing different LAMA/LABA

• Notable paucity of large scale head-to-head comparison studies of the various FDCs

• A network meta-analysis (74 RCTs) 1

No significant differences of FEV1 among the different LAMA/LABA combinations

• RCTs directly comparing different LAMA/ LABA FDCs 2,3

No significant differences in effect on FEV1 

1. Aziz, Mohamed Ismail Abdul, et al. IJCOPD, 2018, 3203-3231.
2. Kerwin, Edward, et al. Lung, 2017, 195: 739-747.
3. Muraki, Masato, et al. BMC Pulm Med, 2021, 21: 1-8.



Study design

Weng, Ching-Fu, et al. Chest, 2023, 163.4: 799-814.

1      :      1 1      :      2 1      :      2

• Retrospective cohort study used claims data in Taiwan

• ≥ 40y of age who received dual bronchodilator

• Three LAMA/LABA FDCs

• UMEC/VI, GLY/IND, TIO/OLO

• Outcomes

• Severe acute exacerbations

• Cardiovascular events



Severe exacerbation

Weng, Ching-Fu, et al. Chest, 2023, 163.4: 799-814.

UMEC/VI vs TIO/OLO

17.85 vs 29.32 / 100PY
HR 0.76 (0.68-0.84)

GLY/IND vs TIO/OLO

15.54 vs 25.53 / 100PY
HR 0.77 (0.67-0.88)

UMEC/VI vs GLY/IND

16.34 vs 16.39 / 100PY
HR 1.00 (0.94-1.07)



Cardiovascular event

Weng, Ching-Fu, et al. Chest, 2023, 163.4: 799-814.

GLY/IND vs TIO/OLO

2.49 vs 4.28 / 100PY
HR 0.70 (0.51-0.95)

UMEC/VI vs TIO/OLO

2.93 vs 4.54 / 100PY
HR 0.81 (0.62-1.04)

UMEC/VI vs GLY/IND

2.65 vs 2.46 / 100PY
HR 1.08 (0.92-1.27)



Restricting follow-up duration

Weng, Ching-Fu, et al. Chest, 2023, 163.4: 799-814.



Study summary

• Incidence of severe AE: similar between UMEC/VI and GLY/IND.

• Risk of severe AE: UMEC/VI or GLY/IND < TIO/OLO

• Incidence of CV events: GLY/IND < TIO/OLO

Weng, Ching-Fu, et al. Chest, 2023, 163.4: 799-814.





IMPACT, ETHOS and exacerbation

ETHOSIMPACT

Lipson DA, et al. NEJM, 2018; 378: 1671–1680
Rabe KF, et al. NEJM, 2020; 383: 35–48. 



Triple therapy and mortality

Suissa S. Lancet Resp Med, 2021 Jul 1;9(7):684-5.
Suissa, S. ERJ Open Research, 2023, 9.1.

All Cause Mortality

(No prior ICS)

Mortality over time



ICSs and 
All-Cause Mortality 
Risk

• 60 RCTs enrolling 103,034 patients

• Inhaled therapy containing ICSs

vs. without ICSs

• Peto OR, 0.90; 95% CI, 0.84-0.97

Chen, Hong, et al. Chest, 2023, 163.1: 100-114.



Chen, Hong, et al. Chest, 2023, 163.1: 100-114.

ICS/LABA vs. without ICSs

• Peto OR, 0.88; 95% CI, 0.81-0.97

ICSs and 
All-Cause Mortality 
Risk



ICSs and All-Cause Mortality Risk

Chen, Hong, et al. Chest, 2023, 163.1: 100-114.

ICS/LABA vs. LABA/LAMA

Peto OR 0.75 [0.61, 0.92]



ICSs and All-Cause Mortality Risk

Chen, Hong, et al. Chest, 2023, 163.1: 100-114.

Triple vs. without ICSs

Peto OR 0.73 [0.60, 0.90]

Triple vs. LABA/LAMA

Peto OR 0.72 [0.57, 0.89]



Subgroups: medication, exacerbation

Chen, Hong, et al. Chest, 2023, 163.1: 100-114.



Patient subgroups

Chen, Hong, et al. Chest, 2023, 163.1: 100-114.



Study summary

• Inhaled therapy containing ICSs: reduction in all-cause mortality risk

• Subgroup analyses: treatment duration > 6 months, medium- and 
low-dose ICS, budesonide

• Strongest predictor: BEC ≥ 200/μL

Chen, Hong, et al. Chest, 2023, 163.1: 100-114.





MART in asthma

*Exacerbations Requiring Systemic Corticosteroids, Hospitalization, or ED Visits

MART vs. Higher Dose ICS/LABA

MART vs. Same Dose ICS/LABA MART vs. fixed dose ICS

Sobieraj, Diana M., et al. JAMA, 2018, 319.14: 1485-1496. Cates, Christopher J.; Karner, Charlotta. CDSR, 2013, 4.



Study design

An  open-label, randomized, parallel-group, multicenter study
to  compare the efficacy and safety of budesonide/formoterol MART versus fixed-dose 

fluticasone/salmeterol in patients with moderate to severe COPD

Visit 1:  0 months

Visit 2:  6 months

Visit 3: 12 months

≥10 PY ever-smoker COPD

≥1 COPD exacerbation in previous 2 years

2015.5 ~ 2019.6

Muiser, Susan, et al. Thorax, 2023, 78.5: 451-458.

160/4.5

500/50



Primary outcome: exacerbation

MART Bud/Form vs Fixed-dose FSC

Primary Endpoint:

Moderate/Severe exacerbation rate

1.32 vs 1.32/year

Rate ratio 1.05 (95% CI 0.79 to 1.39)

P=0.741

Muiser, Susan, et al. Thorax, 2023, 78.5: 451-458.



ICS exposure
and as-needed medication use

MART Bud/Form vs Fixed-dose FSC

Total ICS per day

928µg/day vs 1747µg/day, P<0.001

As-needed inhalation use; P=0.829

Muiser, Susan, et al. Thorax, 2023, 78.5: 451-458.

160/4.5 500/50



Lung function and health status

Post-BD spirometry IOS Questionnaires Induced sputum

Muiser, Susan, et al. Thorax, 2023, 78.5: 451-458.



Adverse events

Muiser, Susan, et al. Thorax, 2023, 78.5: 451-458.



Study summary

• Budesonide/formoterol MART

• Similarly effective and safe to fluticasone/salmeterol fixed-dose therapy

• Much lower total daily standardised ICS dose with MART compared with 
fixed-dose therapy

• The potential successful treatment strategy, not only in asthma but also in 
patients with moderate to severe COPD

Muiser, Susan, et al. Thorax, 2023, 78.5: 451-458.





Inhaler errors and uncontrolled asthma

DPIs MDIs

Price, David B., et al. JACI: In Practice, 2017, 5.4: 1071-1081. e9.

Multicenter cross-sectional study of adult asthma (CRITIKAL Study)

>5,000 patients receiving ICS/LABA



Inhaler errors and rate of exacerbations

DPIs MDIs

Price, David B., et al. JACI: In Practice, 2017, 5.4: 1071-1081. e9.

Multicenter cross-sectional study of adult asthma (CRITIKAL Study)

>5,000 patients receiving ICS/LABA



Inhaler handling and COPD exacerbation

Molimard, Mathieu, et al. ERJ, 2017, 49.2.

2,935 patients with COPD visiting GPs and pulmonologists

Inhalation technique was rated by physicians

<40% of patients: perfect inhalation according instruction leaflet



Methods

• Post hoc of PIFotal study
• Association of peak inspiratory flow (PIF), inhalation technique and adherence with COPD outcomes

• Cross-sectional multi-country observational study in a primary care setting

• 1,434 COPD patients aged ≥ 40 years using a DPI for their maintenance therapy

• Inhalation technique: video recording and scoring by two independent researchers

• Outcome 
• Health status assessment; CCQ, CAT

• The number of moderate and severe exacerbations in the past 12 months

Kocks, Janwillem, et al. BMC pulm med, 2023, 23.1: 302.



Inhalation technique errors

Kocks, Janwillem, et al. BMC pulm med, 2023, 23.1: 302.

‘Sit up/stand straight & tilt head’ 

‘Breathe out completely before inhalation’ 

‘Hold breath (for at least 6 s)’ 



Inhalation error and health status

Kocks, Janwillem, et al. BMC pulm med, 2023, 23.1: 302.

• Breathe in

• Hold breath

• Breathe out calmly after inhalation



Inhalation error and exacerbations

Kocks, Janwillem, et al. BMC pulm med, 2023, 23.1: 302.

• Preparation

• Hold inhaler in correct position during inhalation

• Breath in



Number of inhalation errors
and health status, exacerbation

Kocks, Janwillem, et al. BMC pulm med, 2023, 23.1: 302.
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When was the last inhalation instruction?

Kocks, Janwillem, et al. BMC pulm med, 2023, 23.1: 302.



Study summary

Kocks, Janwillem, et al. BMC pulm med, 2023, 23.1: 302.



Summary

• Anti-inflammatory agents in COPD
• Previous studies: mixed results

• Dupilumab in T2 high COPD: ↓Exacerbations, ↑FEV1, ↓ Sx, ↑ QoL

• Nebulized PDE3/4 inhibitor: ↑FEV1

• CFTR potentiator in COPD: ↔ trough FEV1 (12 wk), ↑ trough FEV1 (24 wk)

• Severe AE risk: UMEC/VI, GLY/IND < TIO/OLO, CV event:  GLY/IND < TIO/OLO

• ICSs containing inhaler, triple therapy: ↓ all-cause mortality 

• MART in COPD: similarly effective fixed-dose FSC, lower daily ICS dosage

• Multiple critical inhalation technique error using DPIs: poorer outcomes
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