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The hype around blood EOS and the need for biomarkers in COPD 
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Time 

http://www.gartner.com/technology/research/methodologies/hype-cycle.jsp 

The Gartner Hype Cycle 

http://www.gartner.com/technology/research/methodologies/hype-cycle.jsp
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Blood EOS in COPD studies in PubMed in the past 20 years 
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Systemic Biomarkers in the Evaluation and Management of COPD 

Kostikas K et al,  Current Drug Targets, 2013, 14, 177-191 



Airway inflammation in COPD: the role of eosinophils 

Kostikas K, et al.,  Curr Drug Targets 2018;19(16):1882-96; Barnes PJ, Chest 2008;134(6):1278–1286 



Potentially relevant pulmonary treatable traits in patients with COPD 

Pavord ID, J Allergy Clin Immunol 2018;141:1983-91 



The GOLD journey in time 

Pauwels RA et al., Respir Care 2001; 46: 798-825; Rabe KF et al., Am J Respir Crit Care Med. 2007;176:532-555  
Vestbo J et al., Am J Respir Crit Care Med.2013;187:347-365; Vogelmeier CFet al., Am J Respir Crit Care Med. 2017;195:557-582 

2001 
FEV1 

2007 
FEV1 + exacerbations 

2011 
FEV1 + exacerbations + symptoms 

2017 
exacerbations + symptoms 

 



GOLD 2020: symptoms + exacerbations + eosinophils 

© 2020 Global Initiative for Chronic Obstructive Lung Disease 
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Management by sputum EOS and COPD hospitalizations RCT 

Bafadhel M, et al., Eur Respir J. 2007;29(5):906–913  



Stratification of COPD exacerbations by biomarkers 

 Observational, 1-year study of 182 exacerbations in 86 patients identified four distinct biologic COPD exacerbation phenotypes 

 Eosinophil-predominant phenotype was most responsive to corticosteroid treatment 

Th 2 

Th 1 

Pro-inflammatory 

Bacteria-predominant  

(sputum IL-1β) 

Eosinophil-predominant 

(% peripheral EOS) 

Viral-predominant  

(CXCL10) 

Pauci-inflammatory 

Biologic phenotype  

(clinical biomarker) 

  Bafadhel M, et al. AJRCCM 2011;184:662–71 



Stratification of COPD exacerbations by biomarkers 

% blood eosinophils 

Serum IL-5 

Serum CCL17 

Serum VCAM1 

Serum TNF-1B 

Serum C reactive protein 

Serum IL-6 

Serum TNF-1B 

Serum amyloid A1 

Reference Line 

 Sputum eosinophilia (>3%) was observed in 28% of exacerbations 

 Percent peripheral blood EOS count was the best predictor of sputum eosinophilia during exacerbation 

  Bafadhel M, et al. AJRCCM 2011;184:662–71 

Prediction of sputum EOS >3% 

 % blood eosinophils AUC=0.85 

 2% cut off = 90% sensitivity, 60% specificity 



Blood EOS-driven management of outpatient COPD exacerbations 

  Bafadhel M, et al. AJRCCM 2012;186(1):48–55 



Eosinopenia and in-hospital mortality in COPD exacerbations 

  Steer J, et al. Thorax 2012;67:970–976 



Blood eosinophilia on admission and shorter hospital stay 

  Bafadhel M, et al. Chest 2016; 150(2):320-328 

Post-hoc analysis of a two-center acute rehabilitation study in the UK (n=243 patients) 

Eosinophilia was defined as blood eosinophil level on admission was ≥200 cells/mL and/or ≥2% 



Blood eosinophilia on admission and increased readmission risk 

  Couillard S, et al. Chest 2017; 151(2):366-373 

Observational study in Sherbrooke, Quebec, Canada 

167 patients with a corticosteroid-free CBC count on admission available 

Eosinophilia was defined as blood eosinophil level on admission was ≥200 cells/mL and/or ≥2% 

HR 2.74 [95%CI 1.56-4.83] 



Blood eosinophilia on admission and better 1-year survival 

  MacDonald MI, et al. Chest 2019; 156(1):92-100 

Two derivation (n=242) and validation (n=99) cohort studies of patients hospitalized for AECOPD 



Blood Eosinophils as Predictor of Outcomes in hospitalized  

COPD Exacerbations: Results from a Prospective Study 

P<0.001 (log rank test) p=0.402 (log rank test) p=0.811 (log rank test)

  Kostikas K, et al. ERS 2019 (OA2147) 

↓ Mortality ~ Exacerbations ~ Hospitalizations 
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Blood EOS and increased exacerbation risk in COPD (Copenhagen) 

  Vedel-Krogh S, et al. AJRCCM 2015;193(9):965-74.  

 7225 COPD individuals in the Copenhagen General Population Study  

 EOS ≥340 cells/μL (or 3.3%) was associated with increased risk of severe exacerbations both in the overall population and in those with a diagnosis of ‘clinical COPD’ (smoking history 

≥ 10 pack years, FEV1 < 70% of predicted and ≥ 1 moderate/severe exacerbation in previous year) 



ECLIPSE COPDGene 

Blood eosinophil thresholds and increased COPD exacerbation risk 

Yun JH et al., J All Clin Immunol 2018;141:2037-47 



Blood eosinophilia vs. ACO - not interchangeable 

Yun JH et al., J All Clin Immunol 2018;141:2037-47 

Both ACO and blood EOS ≥300 cells/μL were independent predictors of exacerbation risk 
 

ACO defined by self-report of asthma diagnosis by a doctor before the age of 40 years 

COPD patients with blood EOS ≥300 cells/μL were more likely to have ACO 

(OR 1.51 in COPDGene and 1.69 in ECLIPSE) 



Persistent blood eosinophilia in stable COPD and reduced mortality 

Casanova C, et al, Eur Respir J 2017; 50: 1701162 

424 COPD patients and 67 smokers without COPD from the CHAIN cohort and 308 

COPD patients from the BODE cohort with 3 eosinophil measurements over 2 years 

 

Persistent eosinophilia was not a risk factor for exacerbations (!) 



Sputum (but not blood) EOS and COPD exacerbations (SPIROMICS) 

Hastie AT, et al. Lancet Respir Med 2-17;5(12):956-967 



Blood EOS not related to exacerbations (Initiatives BPCO - France) 

high EOS = less diabetes and lower SGRQ 

Zysman M et al.,  Int J COPD 2017:12 1819–1824 



Blood EOS predict exacerbation risk in ex-smokers (UK) 

  Kerkhof M, et al. Eur Respir J 2017; 50: 1700761 
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Risk assessment based on symptoms and blood EOS? 

Pavord ID and Agusti A,  Eur Respir J 2016; 47: 1299–1303 



The first post-hoc analysis to show the way: FF/VI vs. VI 

  Pascoe S, et al. Lancet Respir Med 2015;3(6):435-42.  

n=795 n=1583 n=500 n=299 



Blood EOS cut points: BUD/FORM vs. FORM  

Bafadhel M et al., Lancet Respir Med 2018; 6: 117–26 



ICS vs. placebo and FEV1 decline by blood EOS 

 Post-hoc analysis on data from ISOLDE study (N=751): FP vs PBO for 3 years 

 Lower exacerbation rates observed with FP vs placebo in both the high and low EOS groups 

blood EOS ≥2%  blood EOS <2%  

Barnes N, et al. Eur Respir J 2016;47(5):1374-82 



ICS/LABA vs. TIO or mono-components and PBO on exacerbations 

 Re-analysis of data from INSPIRE (FP/SAL vs. TIO) and TRISTAN (FP/SAL vs. mono-components and placebo) 

 Stratification by % baseline EOS (<200 vs. ≥200 cells/μL)  

 

Favours PBO Favours TIO Favours FP/SAL Favours FP or FP/SAL 

Pavord ID, et al. Thorax 2016;71:118–125 



FLAME: IND/GLY vs. SFC by blood EOS 

  Roche N, et al, Am J Respir Crit Care Med 2017;195(9):1189-97 



FLAME: exacerbation history and blood eosinophils 

Papi A, Kostikas K, et al. AJRCCM 2018 May 1;197(9):1223-1226 

Rate ratios (95% CI) of moderate/severe chronic obstructive pulmonary disease exacerbations 

b.i.d., twice daily; CI, confidence interval; IND/GLY, indacaterol/glycopyrronium; 

o.d., once daily; RR, rate ratio; SFC, salmeterol/fluticasone 



FLAME: minor changes in blood EOS from baseline to weeks 26 & 52 

  Roche N, et al, Am J Respir Crit Care Med 2017;195(9):1189-97 

CFB = change from baseline; CI = confidence interval; GLY = glycopyrronium; IND = indacaterol;  

LSM = least-squares mean; SFC = salmeterol/fluticasone propionate combination. 



TRIBUTE: rates and time to 1st moderate/severe exacerbation 

Papi A et al. Lancet 2018; 391:1076–1084 



TRIBUTE: responders in subgroup analyses 

Modified from Papi A et al. Lancet 2018; 391:1076–1084 (Supplement) 
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Model-estimated rate Time-to-first-event analysis 

1,301 
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1,516 

3,133 

3,408 

1,721 

3,554 

3,758 

2,070 
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IMPACT: FF/UMEC/VI significantly reduced rate/risk  

of moderate-to-severe exacerbations versus FF/VI and UMEC/VI 

Lipson DA, et al. N Engl J Med 2018; 378:1671–1680 

FF/UMEC/VI vs. FF/VI 

HR 0.85 (95% CI, 0.80 to 0.91; 15% difference) 

FF/UMEC/VI vs. UMEC/VI 

HR 0.84 (95% CI, 0.78 to 0.91; 16% difference) 



IMPACT: exacerbations by blood eosinophil counts 

Lipson DA, et al. N Engl J Med 2018; 378:1671–1680 (Supplementary data) 



IMPACT: Blood EOS and ICS responsiveness - cut-points 

Pascoe S, et al. Lancet Respir Med 2019;7(9):745-756 



SUNSET: Rate of moderate or severe exacerbations 

Rate of moderate or severe exacerbations  

(overall population) 

IND/GLY, indacaterol/glycopyrronium 110/50 μg once daily; SFC, salmeterol/fluticasone propionate 50/500 μg twice daily; TIO, tiotropium 18 μg once daily 

Rate of moderate or severe exacerbations  

by baseline eosinophil counts 

Chapman K,…, Kostikas K, and Wedzicha JA, Am J Respir Crit Care Med 2018; 198:329–339 
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Real-life effectiveness of triple vs. LABA/LAMA (UK CPRD & OPCRD) 

Voorham J et al.,  ERJ Open Res 2019; 5: 00106-2019 

Patients with COPD aged ⩾40 years with a history of smoking were included if they initiated triple therapy or LABA/LAMA from no 

maintenance/LAMA therapy and had 2 or more exacerbations in the preceding year (matched 3:1) 

             ≥3 exacerbations 

               ≥350 EOS 



Real-life effectiveness of triple vs. LABA/LAMA (UK CPRD) 

≥2 exacerbations 

≥6% EOS 

Suissa S et al.,  Chest 2019 (in press) 

Patients with COPD aged ⩾40 years with a history of smoking were included if they initiated triple therapy or LABA/LAMA from no 

maintenance/LAMA therapy and had 2 or more exacerbations in the preceding year (matched 3:1) 



ICS use by blood EOS and exacerbation history in real life (Adelphi) 

Vestbo J, Vogelmeier CF,…, and Kostikas K, Int J COPD 2019; 14: 853-861 
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Blood EOS (or FeNO) to predict sputum eosinophilia 

 Retrospective analysis of 155 COPD patients 

 EOS >162/μL (or 2.6%) identified patients with sputum EOS ≥3% with 71% (53%) sensitivity and 67% (83%) specificity 

 

Schleich F, et al. Eur Respir J. 2016;47(5):1562-4 



Stability of blood eosinophils over time (UK CPRD) 

Oshagbemi OA et al., Am J Respir Crit Care Med 2017;195(10):1402-1404 



Stability of blood eosinophilia in stable and exacerbated COPD 

Schumann D, Tamm M, Kostikas K, and Stolz D, Chest 2019; 156(3):456-465 



Stability of blood eosinophilia in stable and exacerbated COPD 

Schumann D, Tamm M, Kostikas K, and Stolz D, Chest 2019; 156(3):456-465 



SUNSET: consistent eosinophilia and exacerbations 

Chapman K,…, Kostikas K, and Wedzicha JA, Am J Respir Crit Care Med 2018; 198:329–339 

 

Do we need 2 or more blood EOS counts to decide long term ICS use? 
 



Eosinophils in COPD: how many swallows make a summer? 

In conclusion, we would recommend that a 

minimum of 2 or more eosinophil counts should 

be taken into account to determine the eosinophilic 

status of COPD patients. 

 

However, the eosinophil count should be considered 

in context, and not used as an absolute arbiter for 

decision making. 

 

Biomarkers, however good, are no replacements 

for clinical judgement. 

Hamad GA et al. Eur Respir J 2018; 51: 1702177 
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Mepolizumab for Eosinophilic COPD 

Pavord ID et al.,  N Engl J Med 2017;377(17):1613-29 



Benralizumab for the prevention of COPD exacerbations 

Criner GJ et al.,  N Engl J Med 2019;381:1023-34 



Responders to benralizumab and the future of anti-IL5/IL5Rα in COPD 

Criner GJ et al., Lancet 2019 Sep 27 [Online ahead of print]; https://clinicaltrials.gov/ct2/show/NCT04053634; https://clinicaltrials.gov/ct2/show/NCT04133909 

RESOLUTE 

(NCT04053634) 

MATINEE 
(NCT04133909) 

https://clinicaltrials.gov/ct2/show/NCT04053634
https://clinicaltrials.gov/ct2/show/NCT04133909


Risk-benefit of ICS use by blood EOS in COPD 

Brusselle G, et al. Lancet Respir Med 2015;3(6):435-42.  



Factors to consider when initiating ICS treatment 

(in combination with one or two long-acting bronchodilators) 

STRONG SUPPORT  CONSIDER USE  AVOID USE  

History of hospitalization(s) for ECOPD*  Repeated pneumonia events  

≥2 moderate ECOPD/year*  1 moderate ECOPD/year*  

Blood eosinophils >300 cells/μL  Blood eosinophils 100–300 cells/μL Blood eosinophils <100 cells/μ 

History of, or concomitant, asthma History of mycobacterial infection  

ICS, inhaled corticosteroid; COPD, chronic obstructive pulmonary disease; ECOPD, COPD exacerbation 

Agusti A, et al., Eur Respir J. 2018 Sep 6. pii: 1801219; GOLD 2020 

GOLD 2020 
A number of recent studies have shown that blood eosinophil counts predict the magnitude of the effect of 

ICS (added on top of regular maintenance bronchodilator treatment) in preventing future exacerbations. 

*despite appropriate long-acting bronchodilator maintenance therapy 



A TRIBUTE to the IMPACT of blood EOS in COPD: 

the SUNSET of a biomarker or some elements of WISDOM? 

Modest predictor of 

AECOPD risk - 

Better in non smokers?  

May guide treatment 

decisions on AECOPD? 

May identify 

responders to ICS 

among exacerbators 

Cut-point for 

effectiveness signal? 

Repeatability poor – 

two measurements 

needed? 

A potentially valid target 

for biologics in COPD 





R.I.P. Gun-Marie Fredriksson (30 May 1958 – 9 December 2019)  

https://en.wikipedia.org/wiki/File:Sv-Marie_Fredriksson.ogg


What is New in Respiratory Medicine 

#WiNRespMed 

https://www.facebook.com/groups/winrespmed/ 


