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Background: Blood eosinophil counts might predict response to inhaled corticosteroids (ICS) in patients 
with chronic obstructive pulmonary disease (COPD) and a history of exacerbations. We used data from the 
WISDOM trial to assess whether patients with COPD with higher blood eosinophil counts would be more 
likely to have exacerbations if ICS treatment was withdrawn. Methods: WISDOM was a 12‐month, 
randomised, parallel‐group trial in which patients received 18 mug tiotropium, 100 mug salmeterol, and 
1000 mug fluticasone propionate daily for 6 weeks and were then randomly assigned (1:1) electronically to 
receive either continued or reduced ICS over 12 weeks. We did a post‐hoc analysis after complete ICS 
withdrawal (months 3‐12) to compare rate of exacerbations and time to exacerbation outcomes on the 
basis of blood eosinophil subgroups of increasing cutoff levels. The WISDOM trial is registered at 
ClinicalTrials.gov, number NCT00975195. Findings: In the 2296 patients receiving treatment after ICS 
withdrawal, moderate or severe exacerbation rate was higher in the ICS‐withdrawal group versus the ICS‐
continuation group in patients with eosinophil counts (out of total white blood cell count) of 2% or greater 
(rate ratio 1.22 95% CI 1.02‐1.48]), 4% or greater (1.63 1.19‐2.24]), and 5% or greater (1.82 1.20‐2.76]). The 
increase in exacerbation rate became more pronounced as the eosinophil cutoff level rose, with significant 
treatment‐by‐subgroup interaction reached for 4% and 5% only. Similar results were seen with eosinophil 
cutoffs of 300 cells per muL and 400 cells per muL, and mutually exclusive subgroups. Interpretation: Blood 
eosinophil counts at screening were related to the exacerbation rate after complete ICS withdrawal in 
patients with severe to very severe COPD and a history of exacerbations. Our data suggest that counts of 
4% or greater or 300 cells per muL or more might identify a deleterious effect of ICS withdrawal, an effect 
not seen in most patients with eosinophil counts below these thresholds. Funding: Boehringer Ingelheim. 
Copyright © 2016 Elsevier Ltd. 
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BACKGROUND: Blood eosinophil counts might predict response to inhaled corticosteroids (ICS) in patients 
with chronic obstructive pulmonary disease (COPD) and a history of exacerbations. We used data from the 
WISDOM trial to assess whether patients with COPD with higher blood eosinophil counts would be more 
likely to have exacerbations if ICS treatment was withdrawn. METHODS: WISDOM was a 12‐month, 
randomised, parallel‐group trial in which patients received 18 mug tiotropium, 100 mug salmeterol, and 
1000 mug fluticasone propionate daily for 6 weeks and were then randomly assigned (1:1) electronically to 
receive either continued or reduced ICS over 12 weeks. We did a post‐hoc analysis after complete ICS 
withdrawal (months 3‐12) to compare rate of exacerbations and time to exacerbation outcomes on the 



basis of blood eosinophil subgroups of increasing cutoff levels. The WISDOM trial is registered at 
ClinicalTrials.gov, number NCT00975195. FINDINGS: In the 2296 patients receiving treatment after ICS 
withdrawal, moderate or severe exacerbation rate was higher in the ICS‐withdrawal group versus the ICS‐
continuation group in patients with eosinophil counts (out of total white blood cell count) of 2% or greater 
(rate ratio 1.22 [95% CI 1.02‐1.48]), 4% or greater (1.63 [1.19‐2.24]), and 5% or greater (1.82 [1.20‐2.76]). 
The increase in exacerbation rate became more pronounced as the eosinophil cutoff level rose, with 
significant treatment‐by‐subgroup interaction reached for 4% and 5% only. Similar results were seen with 
eosinophil cutoffs of 300 cells per muL and 400 cells per muL, and mutually exclusive subgroups. 
INTERPRETATION: Blood eosinophil counts at screening were related to the exacerbation rate after 
complete ICS withdrawal in patients with severe to very severe COPD and a history of exacerbations. Our 
data suggest that counts of 4% or greater or 300 cells per muL or more might identify a deleterious effect of 
ICS withdrawal, an effect not seen in most patients with eosinophil counts below these thresholds. 
FUNDING: Boehringer Ingelheim. Copyright © 2016 Elsevier Ltd. All rights reserved. 
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Blood eosinophils: A biomarker of COPD exacerbation reduction with inhaled 
corticosteroids. 
Siddiqui S.H.; Pavord I.D.; Barnes N.C.; Guasconi A.; Lettis S.; Pascoe S.; Petruzzelli, S. 

2018 

Background: Growing evidence suggests that blood eosinophil count is associated with patient 
responsiveness to inhaled corticosteroids (ICS). We performed post hoc predictive modeling on data from 
the FORWARD study and two replicate studies by Dransfield, to evaluate the relationships between 
baseline eosinophil count and the effect of ICS on exacerbations and lung function in patients with COPD. 
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Single inhaler extrafine triple therapy improves quality of life in COPD patients compared to 
indacaterol/glycopyrronium: Post-hoc analysis of the tribute study. 
Scuri M.; Singh D.; Fabbri L.M.; Valente I.; Guasconi A.; Vezzoli S.; Prunier H.; Cohuet G.; Muraro A.: 
Petruzzelli S.; Papi, A. 

2018 

Rationale: TRIBUTE study was a 52‐week multicentre, randomised, double‐blind, activecontrolled study 
comparing twice daily fixed triple combination of extrafine beclometasone dipropionate, formoterol 
fumarate and glycopyrronium (BDP/FF/G 87/5/9 mug) via pressurized metered dose inhaler (pMDI) to once 
daily indacaterol and glycopyrronium (IND/GLY 85/43 mug) dry powder inhaler (DPI). 1532 COPD patients 
with a history of exacerbation in the previous 12 months and CAT total score >=10 were randomized. 
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Rationale TRIBUTE study was a 52‐week multicentre, randomised, double‐blind, active‐controlled study 
comparing twice daily fixed triple combination of extrafine beclometasone dipropionate, formoterol 
fumarate and glycopyrronium (BDP/FF/G 87/5/9 jg) via pressurized metered dose inhaler (pMDI) to once 
daily indacaterol and glycopyrronium (IND/GLY 85/43 jg) dry powder inhaler (DPI). 1532 COPD patients with 
a history of exacerbation in the previous 12 months and CAT total score > 10 were randomized. Advertorial 
Methods The St George Respiratory questionnaire (SGRQ), a wellrecognized quality of life tool has been 
used to measure the impact on overall health, daily life, and perceived wellbeing in patients with COPD. 
The SGRQ total score was assessed as a secondary endpoint. We conducted post‐hoc analyses considering 
the same stratifying factors used in pre‐planned analyses for moderate/severe exacerbations and FEV. 
Results In the overall population, the difference in the change from baseline in SGRQ total score between 
BDP/FF/G and IND/GLY was ‐1.68 (CI 95%: ‐2.55 to ‐0.81, p < 0.001). This significant difference was 
confirmed also in the majority of the analysed subgroups, including patients with different disease severity 
or different levels of blood eosinophils. Conclusions Twice daily extrafine BDP/FF/G improves quality of life 
of symptomatic patients with a history of exacerbations compared to once daily IND/GLY, independently of 
patient sub‐classification. 
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Bronchodilator reversibility, airway eosinophilia and anti-inflammatory effects of inhaled 
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2008 

BACKGROUND AND OBJECTIVE: Bronchodilator reversibility (BDR) is common in smoking‐related COPD, but 
the airway pathology underlying this has not been described. In particular, it is not known whether BDR is 
associated with underlying airway eosinophilia and whether BDR is predictive of a better response to 
inhaled corticosteroid (ICS) treatment. METHODS: A double‐blind, placebo‐controlled, randomized 2:1 
study of fluticasone propionate (FP), 500 microg twice daily versus placebo over 6 months was performed 
in subjects with mild to moderate COPD. Subjects with a clinical history of asthma were excluded, but not 
on BDR criteria alone. Induced sputum, BAL and endobronchial biopsies (EBB) were performed in 36 
subjects at baseline, and 30 of these provided a second full set of samples (FP, n = 19; placebo, n = 11). 
RESULTS: Baseline BDR was not related to airway eosinophilia and did not predict response to ICS. Post‐
bronchodilator FEV(1) increased in the FP group compared with the placebo group (P = 0.05), and there 
were within‐treatment group reductions in total symptom scores with FP (P < 0.05). Compared with 
placebo, FP reduced macrophage numbers but increased neutrophil numbers in EBB (P = 0.01 and P = 
0.003, respectively). BAL neutrophil and epithelial cell numbers were also reduced with FP (P = 0.03 for 
both). There were within‐treatment group reductions in the numbers of EBB mast cells and CD8+ve 
lymphocytes with FP (P = 0.007). CONCLUSIONS: BDR was not related to any particular inflammatory 
phenotype or any clinical or anti‐inflammatory response to ICS in these subjects with mild to moderate 
COPD. 
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Seasonal variation in COPD exacerbations: A post-hoc analysis from the KRONOS phase III 
study of budesonide/glycopyrrolate/formoterol fumarate metered dose inhaler (BGF MDI). 
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2019 

Rationale: In the pivotal, Phase III KRONOS study, budesonide/glycopyrrolate/formoterol fumarate metered 
dose inhaler (BGF MDI), a fixed‐dose combination triple therapy, significantly reduced the rate of 
moderate/severe chronic obstructive pulmonary disease (COPD) exacerbations versus 
glycopyrrolate/formoterol fumarate (GFF) MDI, with numerical improvements versus 
budesonide/formoterol fumarate (BFF) MDI. Many studies that evaluate exacerbations are 1 year in 
duration, while KRONOS was conducted over 24 weeks. As the frequency of COPD exacerbations varies by 
season, we conducted a post‐hoc analysis examining seasonal variation in exacerbation rates. 
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Anti-inflammatory effects of salmeterol/fluticasone, tiotropium/fluticasone or tiotropium in 
COPD. 
Perng, D‐W;Tao, C‐W; Su, K‐C; Tsai, C‐C; Liu, L‐Y; Lee, Y‐C; 

2009 

The anti‐inflammatory effects of salmeterol/fluticasone (SFP), tiotropium/fluticasone (Tio+FP) and 
tiotropium (Tio) alone were investigated on the inflammatory cells and mediators in sputum induced from 
chronic obstructive pulmonary disease patients. Subjects were either newly diagnosed or had not taken any 
medication for 3 months prior to the study. Subjects (n = 99) were randomised (not double blinded) and 
received either SFP (100/1,000 microg daily), Tio+FP (18/1,000 microg daily) or Tio (18 microg daily) for 12 
weeks. Induced sputum and serum C‐reactive protein (CRP) were analysed prior to and at the end of 
treatment. The results showed that treatment with SFP caused a significant reduction in interleukin (IL)‐8 
and matrix metalloprotease (MMP)‐9 in induced sputum, compared with treatment with Tio alone. There 
were no treatment differences between the SFP and Tio+FP groups in decreasing IL‐8 and MMP‐9 levels. 
The reduction in IL‐8 showed significant association with the reduction in MMP‐9. All treatment groups 
failed to significantly reduce the numbers of total cells, neutrophils, macrophages and eosinophils in 
induced sputum; in addition, there were no treatment differences in terms of improvement of forced 
expiratory volume in one second, forced vital capacity, CRP or quality of life between the three groups. The 
anti‐inflammatory effects of salmeterol/fluticasone probably contribute to the clinical benefits seen in 
chronic obstructive pulmonary disease patients. 
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OBJECTIVE: We performed a review of studies of fluticasone propionate (FP)/salmeterol (SAL) (combination 
inhaled corticosteroid (ICS)/long‐acting beta2‐agonist (LABA)) in patients with COPD, which measured 
baseline (pretreatment) blood eosinophil levels, to test whether blood eosinophil levels >=2% were 
associated with a greater reduction in exacerbation rates with ICS therapy. METHODS: Three studies of >=1‐
year duration met the inclusion criteria. Moderate and severe exacerbation rates were analysed according 
to baseline blood eosinophil levels (=2%). At baseline, 57‐75% of patients had >=2% blood eosinophils. 
Changes in FEV1 and St George's Respiratory Questionnaire (SGRQ) scores were compared by eosinophil 
level. RESULTS: For patients with >=2% eosinophils, FP/SAL was associated with significant reductions in 
exacerbation rates versus tiotropium (INSPIRE: n=719, rate ratio (RR)=0.75, 95% CI 0.60 to 0.92, p=0.006) 
and versus placebo (TRISTAN: n=1049, RR=0.63, 95% CI 0.50 to 0.79, p<0.001). No significant difference was 
seen in the <2% eosinophil subgroup in either study (INSPIRE: n=550, RR=1.18, 95% CI 0.92 to 1.51, 
p=0.186; TRISTAN: n=354, RR=0.99, 95% CI 0.67 to 1.47, p=0.957, respectively). In SCO30002 (n=373), no 
significant effects were observed (FP or FP/SAL vs placebo). No relationship was observed in any study 
between eosinophil subgroup and treatment effect on FEV1 and SGRQ. DISCUSSION: Baseline blood 
eosinophil levels may represent an informative marker for exacerbation reduction with ICS/LABA in 
patients with COPD and a history of moderate/severe exacerbations. Copyright Published by the BMJ 
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Blood eosinophil count and pneumonia risk in patients with chronic obstructive pulmonary 
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2016 

BACKGROUND: Inhaled corticosteroids are important in the management of chronic obstructive pulmonary 
disease (COPD), but can slightly increase the risk of pneumonia in patients with moderate‐to‐severe COPD. 
Patients with circulating eosinophil counts of 2% or more of blood leucocytes respond better to inhaled 
corticosteroids than do those with counts of less than 2% and it was therefore postulated that blood 
eosinophil count might also have an effect on the risk of pneumonia in patients with COPD. In this post‐hoc 
meta‐analysis, we investigate whether a 2% threshold can identify patients who differ in their risk of 
pneumonia, irrespective of inhaled corticosteroid treatment. METHODS: From the GlaxoSmithKline trial 
registry, we selected randomised, double‐blind, clinical trials of patients with COPD that had: inhaled 
corticosteroid arms (fluticasone propionate and salmeterol or fluticasone furoate and vilanterol); a control 
arm (not given inhaled fluticasone); and pre‐randomisation measurements of blood eosinophil counts and 
were of at least 24 weeks in duration. With use of specified terms from the Medical Dictionary for 
Regulatory Activities we identified pneumonia adverse events in patient‐level data. We calculated number 
of patients with pneumonia events, stratified by baseline blood eosinophil count (=2% of blood leucocytes) 
and whether or not patients had received inhaled corticosteroids. FINDINGS: We identified ten trials 
(conducted between 1998 and 2011), with eosinophil count data available for 10 861 patients with COPD. 
4043 patients had baseline blood eosinophil counts of less than 2% and 6818 patients had baseline blood 
eosinophil counts of 2% or more. 149 (3.7%) patients with counts less than 2% had one or more pneumonia 
adverse events compared with 215 (3.2%) with counts of 2% or more (hazard ratio [HR] 1.31; 95% CI 1.06‐
1.62). In patients not treated with inhaled corticosteroids, 40 (3.8%) patients with less than 2% blood 
eosinophil counts had a pneumonia event versus 48 (2.4%) with 2% or more blood eosinophils (HR 1.53; 
95% CI 1.01‐2.31). In patients treated with inhaled corticosteroids, events occurred in 107 (4.5%) versus 
164 (3.9%; HR 1.25; 95% CI 0.98‐1.60), respectively. INTERPRETATION: Using 2% baseline eosinophil count 
as a threshold, patients with COPD with lower blood eosinophil counts had more pneumonia events than 
did those with higher counts. The magnitude of this increased risk was small and should be further explored 
in large, prospective studies. These data should be considered when making treatment decisions, alongside 
existing evidence that patients with COPD and baseline blood eosinophil counts less than 2% have a poorer 
response to inhaled corticosteroids. FUNDING: GlaxoSmithKline. Copyright © 2016 Elsevier Ltd. All rights 
reserved. 
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Blood eosinophil counts, exacerbations, and response to the addition of inhaled fluticasone 
furoate to vilanterol in patients with chronic obstructive pulmonary disease: a secondary 
analysis of data from two parallel randomised controlled trials. 
Pascoe, Steven; Locantore, Nicholas; Dransfield, Mark T.; Barnes, Neil C.; Pavord, Ian D. 

2015 

BACKGROUND: The short‐term benefits of inhaled corticosteroids for patients with chronic obstructive 
pulmonary disease (COPD) are greater in patients with evidence of eosinophilic airway inflammation. We 
investigated whether blood eosinophil count is a useful biomarker of the long‐term effect of the inhaled 
corticosteroid fluticasone furoate on exacerbation frequency. METHODS: We did a post‐hoc analysis of data 
from two replicate, randomised, double‐blind trials of 12 months' duration (Sept 25, 2009 to Oct 21, 2011 
and Oct 17, 2011) in which once a day vilanterol 25 mug was compared with 25 mug vilanterol plus 50 mug, 
100 mug, or 200 mug fluticasone furoate in patients with moderate‐to‐severe COPD and a history of one or 
more exacerbation in the previous year. We compared exacerbation rates according to two baseline 
eosinophil cell count strata (=2%), and according to four baseline percentage groupings. We also assessed 
lung function and incidence of pneumonia per strata in treatment groups. FINDINGS: We included 3177 
patients in the analyses, with 2083 patients (66%) having an eosinophil count of 2% or higher at study 
entry. Across all doses of inhaled corticosteroids, fluticasone furoate and vilanterol reduced exacerbations 
by 29% compared with vilanterol alone (mean 0.91 vs 1.28 exacerbations per patient per year; p=2‐=2‐=6%. 
In patients treated with vilanterol alone, exacerbation rates increased progressively with increasing 
eosinophil count percentage category. Improvement in trough forced expiratory volume in 1 s (FEV1) and 
the increased risk of pneumonia with fluticasone furoate and vilanterol compared with vilanterol alone 
were not associated with eosinophil count. INTERPRETATION: Blood eosinophil count is a promising 
biomarker of response to inhaled corticosteroids in patients with COPD. Blood eosinophil count could 
potentially be used to stratify patients for different exacerbation rate reduction strategies. FUNDING: 
GlaxoSmithKline (study ID 201595). Copyright © 2015 Elsevier Ltd. All rights reserved. 
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BACKGROUND: Previous studies have highlighted a relationship between reduction in rate of exacerbations 
with therapies containing inhaled corticosteroids (ICS) and baseline blood eosinophil count in patients with 
chronic obstructive pulmonary disease (COPD). The IMPACT trial showed that once‐daily single‐inhaler 
triple therapy significantly reduced exacerbations versus dual therapies. Blood eosinophil counts and 
smoking status could be important modifiers of treatment response to ICS. We aimed to model these 
relationships and their interactions, including outcomes other than exacerbations. METHODS: IMPACT was 
a phase 3, randomised, double‐blind, parallel‐group, 52‐week global study comparing once‐daily single‐
inhaler triple therapy (fluticasone furoate‐umeclidinium‐vilanterol) with dual inhaled therapy (fluticasone 



furoate‐vilanterol or umeclidinium‐vilanterol). Eligible patients had moderate‐to‐very‐severe COPD and at 
least one moderate or severe exacerbation in the previous year. We used fractional polynomials to model 
continuous blood eosinophil counts. We used negative binomial regression for numbers of moderate and 
severe exacerbations, severe exacerbations, and pneumonia. We modelled differences at week 52 in 
trough FEV1, St George's Respiratory Questionnaire (SGRQ) total score, and Transition Dyspnoea Index 
using repeated measurements mixed effect models. IMPACT was registered with ClinicalTrials.gov, number 
NCT02164513. FINDINGS: The magnitude of benefit of regimens containing ICS (fluticasone furoate‐
umeclidinium‐vilanterol n=4151 and fluticasone furoate‐vilanterol n=4134) in reducing rates of moderate 
and severe exacerbations increased in proportion with blood eosinophil count, compared with a non‐ICS 
dual long‐acting bronchodilator (umeclidinium‐vilanterol n=2070). The moderate and severe exacerbation 
rate ratio for triple therapy versus umeclidinium‐vilanterol was 0.88 (95% CI 0.74 to 1.04) at blood 
eosinophil count less than 90 cells per muL and 0.56 (0.47 to 0.66) at counts of 310 cells per muL or more; 
the corresponding rate ratio for fluticasone furoate‐vilanterol versus umeclidinium‐vilanterol was 1.09 
(0.91 to 1.29) and 0.56 (0.47 to 0.66), respectively. Similar results were observed for FEV1, Transition 
Dyspnoea Index, and SGRQ total score; however, the relationship with FEV1 was less marked. At blood 
eosinophil counts less than 90 cells per muL and at counts of 310 cells per muL or more, the triple therapy 
versus umeclidinium‐vilanterol treatment difference was 40 mL (95% CI 10 to 70) and 60 mL (20 to 100) for 
trough FEV1, ‐0.01 (‐0.68 to 0.66) and 0.30 (‐0.37 to 0.97) for Transition Dyspnoea Index score, and ‐0.01 (‐
1.81 to 1.78) and ‐2.78 (‐4.64 to ‐0.92) for SGRQ total score, respectively. Smoking status modified the 
relationship between observed efficacy and blood eosinophil count for moderate or severe exacerbations, 
Transition Dyspnoea Index, and FEV1, with former smokers being more corticosteroid responsive at any 
eosinophil count than current smokers. INTERPRETATION: This analysis of the IMPACT trial shows that 
assessment of blood eosinophil count and smoking status has the potential to optimise ICS use in clinical 
practice in patients with COPD and a history of exacerbations. FUNDING: GlaxoSmithKline. Copyright © 
2019 Elsevier Ltd. All rights reserved. 
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The abstract will be presented as an ENCORE by Dr. Marcel Reeh on behalf of the authors with their 
permissions. It was presented at ERS 2018 in Paris. Advertorial Background IMPACT is a landmark > 10,000 
patient study that simplifies patient care in COPD and prospectively identifies phenotypes/endotypes 
associated with preferential response to inhaled maintenance treatments. Previous studies have shown a 
relation between ICS‐associated reduction in the rate of acute exacerbation of COPD (AECOPD) and 
baseline blood eosinophil count (BEC). Methods IMPACT is a randomised, double‐blind, parallel‐group, 52‐
week, global study comparing once‐daily fluticasone furoate(FF)/umeclidinium(UMEC)/vilanterol(VI) to 
components FF/VI and UMEC/VI. Eligible patients had moderate to severe COPD and experienced > 1 
moderate/severe AECOPD in the past 12 months. We used negative binomial regression with fractional 
polynomials for modelling of continuous BEC, to model the number of moderate/severe AECOPD, 
comparing subjects in the 3 treatment groups. Results The magnitude of benefit of ICS containing arms 
(FF/UMEC/VI [N = 4,151] and FF/VI [N = 4,134]) compared to non‐ICS (UMEC/VI [N = 2,070]) in reducing the 
rate of moderate/severe AECOPD increased in proportion to BEC ([Fig. 1]). Modeled data showing 



relationship between BEC and rate of moderate/severe exacerbations by treatment, point estimates show 
data fitted in quintiles. Conclusions In exacerbating COPD patients treated with UMEC/VI but not in those 
receiving FF (ICS), exacerbation rate increases with increasing BEC. Baseline BEC is linked with FF‐associated 
exacerbation reduction on a continuous scale. This analysis prospectively confirms the value of BEC in the 
management of COPD. 
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The abstract will be presented as an ENCORE by Dr. Marcel Reeh on behalf of the authors with their 
permissions. It was presented at ERS 2018 in Paris. Advertorial Background IMPACT is a landmark > 10,000 
patient study that simplifies patient care in COPD and prospectively identifies phenotypes/endotypes 
associated with preferential response to inhaled maintenance treatments. Previous studies have shown a 
relation between ICS‐associated reduction in the rate of acute exacerbation of COPD (AECOPD) and 
baseline blood eosinophil count (BEC). Methods IMPACT is a randomised, double‐blind, parallel‐group, 52‐
week, global study comparing once‐daily fluticasone furoate(FF)/umeclidinium(UMEC)/vilanterol(VI) to 
components FF/VI and UMEC/VI. Eligible patients had moderate to severe COPD and experienced > 1 
moderate/severe AECOPD in the past 12 months. We used negative binomial regression with fractional 
polynomials for modelling of continuous BEC, to model the number of moderate/severe AECOPD, 
comparing subjects in the 3 treatment groups. Results The magnitude of benefit of ICS containing arms 
(FF/UMEC/VI N = 4,151] and FF/VI N = 4,134]) compared to non‐ICS (UMEC/VI N = 2,070]) in reducing the 
rate of moderate/severe AECOPD increased in proportion to BEC (Fig. 1]). Modeled data showing 
relationship between BEC and rate of moderate/severe exacerbations by treatment, point estimates show 
data fitted in quintiles. Conclusions In exacerbating COPD patients treated with UMEC/VI but not in those 
receiving FF (ICS), exacerbation rate increases with increasing BEC. Baseline BEC is linked with FF‐associated 
exacerbation reduction on a continuous scale. This analysis prospectively confirms the value of BEC in the 
management of COPD. 

Pneumologie (Stuttgart, Germany), 73 

DOI  ‐ 10.1055/s‐0039‐1678008 

URL  ‐ https://www.cochranelibrary.com/central/doi/10.1002/central/CN‐01960605/full 

Exclusion reason: dublet data;  

Late-breaking abstract: Blood eosinophil count as a biomarker of ICS effectiveness in 
reducing exacerbation rates in COPD. 
Pascoe S.; Locantore N.; Dransfield M.T.;‐ Pavord, I. D.  

2014 

Background: Fluticasone furoate (FF)/vilanterol (VI) reduces COPD exacerbations when compared with 
treatment with VI alone. There is a need for a simple biomarker to allow targeted treatment. 



JO  ‐ European Respiratory Journal, Munich Germany. Conference Publication: (var.pagings). 44 (SUPPL. 58) 
(no pagination), 2014. Date of Publication: 01 Sep 2014 

Exclusion reason: dublet data 

Late breaking abstract-blood eosinophil counts and treatment response in COPD: Analyses 
of impact. 
Pascoe S.; Barnes N.; Brusselle G.; Compton C.; Criner G.; Dransfield M.; Halpin D.M.G.; Han M.K.; Hartley 
B.; Hilton E.; Lange P.; Lettis S.; Lipson D.A.; Lomas D.; Martinez F.J.; Papi A.; Roche N.; Van Der Valk R.J.P.; 
Wise R.; Singh, D. 

2018 

Background: IMPACT is a landmark >10,000 patient study that simplifies patient care in COPD and 
prospectively identifies phenotypes/endotypes associated with preferential response to inhaled 
maintenance treatments. Previous studies have shown a relation between ICS‐associated reduction in the 
rate of acute exacerbation of COPD (AECOPD) and baseline blood eosinophil count (BEC). 

European Respiratory Journal, France. 52 (Supplement 62) (no pagination), 2018. Date of Publication: 
September 2018 Conference 

Exclusion reason: dublet data  

Fluticasone propionate/formoterol for COPD management: a randomized controlled trial. 
Papi, A.; Dokic, D.; Tzimas, W.; Meszaros, I.; Olech‐Cudzik, A.; Koroknai, Z.; McAulay, K.; Mersmann, S.; 
Dalvi, P. S.; Overend, T. 

2017 

PURPOSE: To evaluate fluticasone propionate/formoterol (FP/FORM) in COPD. PATIENTS AND METHODS: 
COPD patients with forced expiratory volume in 1 s (FEV1) =1 moderate/severe COPD exacerbation in the 
last 12 months were randomized to FP/FORM 500/20 or 250/10 microg bid, or formoterol (FORM) 12 
microg bid for 52 weeks. The primary outcome was the annualized rate of moderate/severe COPD 
exacerbations. RESULTS: In total, 1,765 patients were randomized. There were fewer discontinuations with 
FP/FORM 500/20 microg (20.6%) and 250/10 microg (24.0%) compared with FORM (26.1%). None of the 
two FP/FORM doses reduced the moderate/severe exacerbation rate versus FORM (rate ratios [RR]: 0.93; 
P=2 exacerbations in the preceding year (RR: 0.79; P=0.084). Pre‐ and post‐dose FEV1 and forced vital 
capacity were greater with FP/FORM 500/20 microg versus FORM (P=1.28; P=1.28; P=1.28; P2‐agonist‐
induced effects and 24‐hour Holter findings were similar for all treatments. Mean 24‐hour urinary cortisol 
was similarly reduced with both FP/FORM doses. Radiologically confirmed pneumonia was seen in 2.4%, 
3.2% and 1.5% of FP/FORM 500/20 microg, FP/FORM 250/10 microg and FORM‐treated patients, 
respectively. Adverse events were otherwise similar across treatment groups. CONCLUSION: FP/FORM did 
not reduce exacerbation rates versus FORM. Numerical benefits were observed with FP/FORM 500/20 
microg versus FORM for secondary variables, including lung function, EXACT exacerbations, SGRQ‐C and 
EXACT‐respiratory symptoms total and breathlessness scores. Few efficacy differences were evident 
between FP/FORM 250/10 microg and FORM. Pneumonia was more frequent in FP/FORM‐treated patients, 
although the absolute difference was low. Adverse events were otherwise similar between treatments. 

International Journal of Copd, 12, 1961‐1971 



Exclusion reason: Not analyzed by EOS  

 

Modification Of Disease Outcome In COPD 
Aim The primary aim of this study was to investigate whether short‐term treatment with inhaled 
corticosteroids in COPD results in greater improvements in airway pathology, thereby leading to larger 
clinical benefits, than continuous long‐term treatment. To that end, the outcome variables included 
features of airways inflammation and remodelling as well as clinical symptoms, exacerbations, quality of 
life, decline in FEV1, bronchial responsiveness, and pharmaco‐economics. The secondary aim of the study 
was to examine the histopathological and clinical benefits of the combined treatment with an inhaled 
steroid and a long‐acting ß2‐agonist in COPD. Methods Patients. Patients with COPD (45‐75 yr, >10 pckyr) 
not using inhaled steroids for the past 3 months were recruited. Design. In a prospective, longitudinal, 
double blind, 4‐arm study, the patients were followed during 2.5 years (Figure 1). They were treated with 
high dose inhaled corticosteroids (500 g fluticasone bid), combined inhaled steroids+long‐acting ß2‐
agonist (500 µg fluticasone+50 µg salmeterol) or placebo for 6 months. Half of the patients in the steroid 
group continued their treatment with steroids for another 2 years, whereas the other half received 
placebo. The combination therapy and placebo groups remained unaltered treatment up to 2.5 years. 
Measurements. Symptoms, exacerbations, QOL questionnaires and spirometry were monitored every 3 
months. Peripheral blood eosinophils, IgE, exhaled NO, bodyplethysmography, CO‐diffusion capacity, PC20 
methacholine, sputum induction and bronchoscopy were performed at 0, 6, and 30 months. In BAL and 
induced sputum we are measuring cell differentials and their state of activation. Immunohistochemistry is 
being performed in bronchial biopsy specimens, staining for markers on infiltrative and resident cells, and 
morphometric analysis will allow airway remodelling to be quantified, by using a computerized image 
analysis system. The effects of treatment will be analyzed by relating the observed changes in clinical and 
pathophysiological outcome, to those in cellular and histological outcome by using linear mixed statistical 
models. 

URL  ‐ https://www.cochranelibrary.com/central/doi/10.1002/central/CN‐02013136/full 

Exclusion reason: ICS‐naive patients  

COPD exacerbation phenotypes: The next frontier. 
Moran A.;Pavord, I. D. 

2020 

Respirology, 25, 3, 230‐231 

Exclusion reason: not primary literature;  

Change in blood eosinophils following treatment with inhaled corticosteroids may predict 
long-term clinical response in COPD. 
Mathioudakis, Alexander G.; Bikov, Andras; Foden, Philip; Lahousse, Lies; Brusselle, Guy; Singh, Dave; 
Vestbo, Jorgen 

2020 

There is an emerging role for blood eosinophil count (EOS) as a biomarker to guide inhaled corticosteroid 
(ICS) therapy in COPD. Since ICS administration could influence EOS, we hypothesised that change in EOS 



following treatment with ICS may predict outcomes of long‐term therapy. In a post hoc analysis of ISOLDE, 
a 3‐year, double‐blind trial comparing 500 microg fluticasone propionate twice daily with placebo in 751 
patients with moderate‐to‐severe COPD, we evaluated whether the initial changes in EOS during ICS 
treatment were predictive of ICS treatment response.EOS change within 1 year after the introduction of ICS 
was strongly predictive of treatment response. A suppressed EOS was associated with treatment effect. 
Characteristically, in patients with EOS suppression of >=200 cells.muL‐1, ICS use was associated with a 
decelerated rate of decline of forced expiratory volume in 1 s (FEV1), by 32 mL.year‐1, and a 30% reduction 
in the exacerbation rate. In contrast, in patients experiencing an increase in EOS of >=200 cells.muL‐1, ICS 
use was associated with an accelerated rate of decline of FEV1, by 37 mL.year‐1 and an 80% increase in the 
exacerbation rate (p<0.0001). EOS change was not predictive of clinical response with regards to health 
status evaluated using the St George's Respiratory Questionnaire. These findings suggest that EOS change 
after ICS administration may predict clinical response to ICS therapy in patients with moderate‐to‐severe 
COPD at risk of exacerbations. ICS administration may be associated with more frequent exacerbations and 
an accelerated lung function decline in the 20% of patients in whom EOS increases after the administration 
of ICS. These hypothesis‐generating observations will need validation in prospectively designed studies. The 
ISOLDE trial was conducted before the ICJME recommended a prospective registration of RCT protocols. 
Copyright ©ERS 2020. 

European Respiratory Journal, 55, 5 

Exclusion reason: ICS‐naive patients  

Late breaking abstract-blood eosinophil count (EOS) can accurately predict responsiveness 
to inhaled corticosteroids (ICS) in COPD, but only if measured while patients are not 
receiving steroids. 
Mathioudakis A.; Foden P.; Vestbo, J. 

2018 

It is unclear to what extent EOS can predict responsiveness to ICS in COPD. As steroid administration can 
suppress EOS, we hypothesised that EOS measured while patients are not receiving steroids (EOS off 
steroids), can better predict responsiveness to ICS. We compared EOS off steroids (for at least 8 weeks) 
versus EOS on ICS in a post‐hoc analysis of ISOLDE, a 36‐months, double‐blind trial comparing inhaled 
fluticasone propionate (500mcg twice daily,MDI) versus placebo in 751 patients with moderate or severe 
COPD. We used Wilcoxon signed‐rank test to assess whether ICS administration suppresses EOS and mixed 
methods repeated measures methodology (MMRM) to assess whether EOS can predict responsiveness to 
ICS with regards to pulmonary function. ICS significantly suppressed EOS count (p=0.0012, 77% of those 
with EOS off steroids >= 0.2, had EOS <0.2 while receiving ICS). MMRM modelling demonstrated that EOS 
off steroids can accurately predict responsiveness to ICS (p<0.0001), whereas EOS on ICS was not predictive 
(p=0.95). Our model suggests that increasing EOS (while off steroids) is associated with better ICS response; 
ICS limited the mean annual rate of post‐bronchodilation FEV1 decline by 0, 30, 65 and 80 mLs for patients 
with EOS off steroids of 0, 0.2, 0.4 and 0.5 eosinophils/cubic millimetre, respectively. In conclusion, EOS can 
accurately predict responsiveness to ICS in COPD, provided that it is measured while patients are not 
receiving steroids. Further data is required to identify a clinically relevant cut‐point. We thank 
GlaxoSmithKline and ClinicalStudyDataRequest.com for providing access to ISOLDE data. 

European Respiratory Journal, France. 52 (Supplement 62) (no pagination), 2018. Date of Publication: 
September 2018Conference 



Exclusion reason: Not analyzed by EOS ;  

Single inhaler triple-therapy (ICS/LAMA/LABA) versus dual-therapy (ICS/LABA or 
LAMA/LABA) in patients with COPD at risk of exacerbations: Efficacy and safety results of 
the phase iii impact trial. 
Lipson D.A.; Barnhart F.; Brealey N.; Day N.C.; Brooks J.; Criner G.; Dransfield M.T.; Halpin D.M.; Han M.K.; 
Jones C.; Kilbride S.; Lange P.; Lomas D.A.; Martinez F.J.; Singh D.; Tabberer M.; Wise R.A.; Pascoe, S. J. 

2018 

Rationale: The benefits of triple‐therapy versus dual‐therapy (inhaled corticosteroid/long‐acting beta2 
agonist [ICS/LABA] or LABA/long‐acting muscarinic receptor antagonist [LAMA]) are uncertain in patients 
with COPD. 

American Journal of Respiratory and Critical Care Medicine, United States. 197 (MeetingAbstracts) (no 
pagination), 2018. Date of Publication: 2018 Conference 

Exclusion reason: dublet data  

Effect of fluticasone with and without salmeterol on pulmonary outcomes in chronic 
obstructive pulmonary disease: a randomized trial. 
Lapperre, Therese S.; Snoeck‐Stroband, Jiska B.; Gosman, Margot M. E.; Jansen, Desiree F.; van Schadewijk, 
Annemarie; Thiadens, Henk A.; Vonk, Judith M.; Boezen, H. Marike; Ten Hacken, Nick H. T.; Sont, Jacob K.; 
Rabe, Klaus F.; Kerstjens, Huib A. M.; Hiemstra, Pieter S.; Timens, Wim; Postma, Dirkje S.; Sterk, Peter J.; 
Groningen Leiden Universities Corticosteroids in Obstructive Lung Disease Study Group 

2009 

BACKGROUND: Inhaled corticosteroids (ICSs) and long‐acting beta(2)‐agonists (LABAs) are used to treat 
moderate to severe chronic obstructive pulmonary disease (COPD). OBJECTIVE: To determine whether 
long‐term ICS therapy, with and without LABAs, reduces inflammation and improves pulmonary function in 
COPD. DESIGN: Randomized, placebo‐controlled trial. (ClinicalTrials.gov registration number: 
NCT00158847) SETTING: 2 university medical centers in The Netherlands. PATIENTS: 114 steroid‐naive 
current or former smokers with moderate to severe COPD. MEASUREMENTS: Cell counts in bronchial 
biopsies and sputum (primary outcome); methacholine responsiveness at baseline, 6, and 30 months; and 
clinical outcomes every 3 months. INTERVENTION: Random assignment by minimization method to receive 
fluticasone propionate, 500 microg twice daily, for 6 months (n = 31) or 30 months (n = 26); fluticasone, 500 
microg twice daily, and salmeterol, 50 microg twice daily, for 30 months (single inhaler; n = 28); or placebo 
twice daily (n = 29). RESULTS: 101 patients were greater than 70% adherent to therapy. Fluticasone therapy 
decreased counts of mucosal CD3(+) cells (‐55% [95% CI, ‐74% to ‐22%]; P = 0.004), CD4(+) cells (‐78% [CI, ‐
88% to 60%]; P < 0.001), CD8(+) cells (‐57% [CI, ‐77% to ‐18%]; P = 0.010), and mast cells (‐38% [CI, ‐60% to ‐
2%]; P = 0.039) and reduced hyperresponsiveness (P = 0.036) versus placebo at 6 months, with effects 
maintained after 30 months. Fluticasone therapy for 30 months reduced mast cell count and increased 
eosinophil count and percentage of intact epithelium, with accompanying reductions in sputum neutrophil, 
macrophage, and lymphocyte counts and improvements in FEV(1) decline, dyspnea, and quality of life. 
Reductions in inflammatory cells correlated with clinical improvements. Discontinuing fluticasone therapy 
at 6 months increased counts of CD3(+) cells (120% [CI, 24% to 289%]; P = 0.007), mast cells (218% [CI, 99% 
to 407%]; P < 0.001), and plasma cells (118% [CI, 9% to 336%]; P = 0.028) and worsened clinical outcome. 
Adding salmeterol improved FEV(1) level. LIMITATIONS: The study was not designed to evaluate clinical 



outcomes. Measurement of primary outcome was not available for 24% of patients at 30 months. 
CONCLUSION: ICS therapy decreases inflammation and can attenuate decline in lung function in steroid‐
naive patients with moderate to severe COPD. Adding LABAs does not enhance these effects. . 

Annals of Internal Medicine, 151, 8, 517‐527 

Exclusion reason: Not analyzed by EOS ;  

Effect of inhaled corticosteroids on blood eosinophil count in steroid-naïve patients with 
COPD 
Introduction: Sputum and blood eosinophil counts have attracted attention as potential biomarkers in 
chronic obstructive pulmonary disease (COPD). One question regarding the use of blood eosinophils as a 
biomarker in COPD is whether their levels are affected by the use of inhaled corticosteroids (ICS), which are 
commonly prescribed for COPD. Methods: We performed a retrospective analysis of peripheral blood 
leucocytes from a previously completed clinical trial that examined effects of ICS in steroid‐naïve patients 
with COPD. Results and conclusion: The data show that the ICS‐containing treatment arms (containing 
fluticasone propionate) had a small effect on peripheral blood eosinophils in steroid‐naïve patients with 
COPD. Trial registration number: NCT00358358; Post‐results. 

DOI  ‐ 10.1136/bmjresp‐2016‐000151 

URL  ‐ https://www.cochranelibrary.com/central/doi/10.1002/central/CN‐01932164/full 

Exclusion reason: dublet 

Effect of inhaled corticosteroids on blood eosinophil count in steroid-naive patients with 
COPD. 
Kreindler J.L.; Watkins M.L.; Lettis S.; TalSinger R.; Locantore, N. 

2016 

Introduction: Sputum and blood eosinophil counts have attracted attention as potential 
biomarkers in chronic obstructive pulmonary disease (COPD). One question regarding the 
use of blood eosinophils as a biomarker in COPD is whether their levels are affected by the 
use of inhaled corticosteroids (ICS), which are commonly prescribed for COPD. 
BMJ Open Respiratory Research, 3 

Exclusion reason: Not analyzed by EOS ;  

Minimal effect of inhaled corticosteroids (ICS) on blood eosinophil count in steroidnaive 
COPD patients. 
Kreindler J.; Locantore N.; Watkins M.; Lettis S.; TalSinger, R. 

2015 

Robust biomarkers for COPD may help direct patient‐specific therapy, e.g. sputum eosinophilia in COPD 
patients predicts clinical response to ICS (Brightling C.E. et al. Thorax 2005:60:193‐8). Peripheral blood 
eosinophil count has also been proposed as a biomarker to direct corticosteroid therapy during COPD 
exacerbations. We wished to quantify the extent to which ICS affected peripheral blood eosinophil count 
and conducted posthoc analysis on two randomised, double‐blind, placebo‐controlled intervention studies 



in stable, steroidnaive COPD subjects. RES106087 (NCT00379730) was a 6 wk study comparing placebo 
(n=44) with oral prednisolone (n=45) (Lomas D.A. et al. Eur Respir J 2009:34:95‐102). SCO104925 
(NCT00358358) was a 12 wk study comparing placebo (n=42), fluticasone propionate (FP)/salmeterol (SAL) 
500/50mcg combination (n=39) and its individual components, FP 500mcg (n=42) and SAL 50mcg (n=38). As 
expected, oral prednisolone caused a mean reduction of 71 cells/microliter (SE 21.9) in blood eosinophils at 
4 weeks that returned to baseline following washout. ICS caused a mean 55.3 cells/microliter (26.9) 
reduction at week 6 and a 34.2 cells/microliter (20.7) reduction at week 12. These data suggest there is 
minimal effect of ICS on blood eosinophil levels in COPD and that concurrent medication exclusions in 
phenotyping efforts should focus on oral corticosteroids. (Figure Presented). 

European Respiratory Journal, Amsterdam Netherlands. Conference Publication: (var.pagings). 46 (SUPPL. 
59) (no pagination), 2015. Date of Publication: 01 Sep 2015 Conference 

Exclusion reason: Not analyzed by EOS ;  

Persistent blood eosinophilia and copd exacerbation risk after ICS withdrawal from triple 
therapy in the sunset study. 
Kostikas K.; Hurst J.; Chapman K.; Frent S.; Larbig M.; Fogel R.; Guerin T.; Banerji D.;Patalano F.; Goyal P.; 

Pfister P.; Wedzicha, J. 

2019 

Introduction/Aim: The role of blood eosinophilia as biomarker for the evaluation of exacerbation risk after 
direct inhaled corticosteroid (ICS) withdrawal from triple therapy has not been evaluated in non‐frequently 
exacerbating COPD patients. 

Respirology, Australia and New Zealand Society of Respiratory Science and the Thoracic Society of Australia 
and New Zealand Annual Scientific Meeting, ANZSRS/TSANZ. Australia. 24 (Supplement 1) (pp 51), 2019. 
Date of Publication: March 2019 Conference 

Exclusion reason: dublet data  

Effects of budesonide/formoterol in COPD patients with eosinophilic airway inflammation 
2016 

INTERVENTION: Additive administration of budesonide/formoterol CONDITION: CPOD PRIMARY OUTCOME: 
Change in FEV1 between week 0 and week 8. SECONDARY OUTCOME: Change in FVC between week 0 and 
week 8 ; Change in FEV1/FVC between week 0 and week 8 ; Change in FOT parameters between week 0 
and week 8 ; Change in CAT between week 0 and week 8 ; Change in mMRC between week 0 and week 8; 
Change in FeNO between week 0 and week 8; Change in sputum eosinophils between week 0 and week 8 
INCLUSION CRITERIA: 1) A Patient who is visiting our outpatient clinic, is over 40 years of age, and has 
smoking history 2) A patient who smoke 1 pack per day for 10 years or more 3) A patient who agreed to 
participate in the study with the written informed consent 4) A patients who have FeNO >35 ppb or sputum 
eosinophils >3% 

URL  ‐ https://www.cochranelibrary.com/central/doi/10.1002/central/CN‐01827804/full 

Exclusion reason: data not published  



Safe withdrawal of inhaled steroids in mild or moderate COPD 
ISRCTN65344386, 

2017 

INTERVENTION: This is an unblinded feasibility study of the withdrawal of high‐dose inhaled cortico‐
steroids (ICS) prescribed for patients with COPD. There are two phases to the study. The first phase is a 
qualitative interview study of the views of patients on high‐dose ICS, who were prescribed them against 
guideline advice, of their possible withdrawal. The second phase is a study of the effect of withdrawing 
high‐dose ICS on a number of patient measures including lung function, quality of life, breathlessness, 
blood biomarkers, fractional exhaled nitric oxide, and neural respiratory drive. Patients are randomised to 
ICS withdrawal. ICS are withdrawn over 2 months and the effects of withdrawal reviewed at three months 
and six months. Patients randomised to continue on ICS have the same assessments over six months. At the 
end of six months patients randomised to ICS withdrawal leave the study. Patients randomised to continue 
with ICS have their ICS withdrawn according to the same protocol as those patients randomised to 
withdrawal in the first place. Patients randomised to continue on ICS in the first place remain in the study 
for one year. The principle outcome measure of the feasibility of a trial of withdrawal of high‐dose ICS will 
be the proportion of patients who attend the baseline interview who find the invitation to participate 
acceptable and are willing to submit to randomisation. CONDITION: Specialty: Primary care, Primary sub‐
specialty: Ophthalmology; UKCRC code/ Disease: Respiratory/ Chronic lower respiratory diseases ; 
Respiratory ; COPD PRIMARY OUTCOME: The principle outcome measure of the feasibility of a trial of 
withdrawal of high‐dose ICS will be the proportion of patients who attend the baseline interview who find 
the invitation to participate acceptable and are willing to submit to randomisation. SECONDARY OUTCOME: 
1. Proportion of patients who accept the investigations of the effect of high‐dose ICS withdrawal 
(acceptability of the main trial); 2. Proportion of practices that agreed to participate ; 3. The distribution of 
the change in quality of life (SAS‐CRQ questionnaire), lung function (spirometry), exacerbation frequency, 
cellular and molecular biomarkers (FBC, eosinophils, neutrophils, CRP, fibrinogen, periostin) , and neural 
respiratory drive (experimental assessment of electro‐myelogram of afferent electrical impulses in the 
parasternal muscles), between baseline and six months in patients from whom high‐dose ICS were 
withdrawn (allow the setting of sample sizes for the main trial); 4. Frequency of exacerbations (assessing 
the safety of the main trial); 5. Proportion of participants in whom evidence of the effectiveness of high‐
dose ICS was evident from a deterioration in quality of life, lung function, exacerbation frequency, cellular 
and molecular biomarkers, and neural respiratory drive (assessing sample size for detection of ICS benefits 
for the main trial) INCLUSION CRITERIA: 1. Known diagnosis of mild or moderate COPD (forced expiratory 
volume in first second (FEV1) =50% predicted and FEV1/forced vital capacity (FVC) 400mcg/day or 
beclomethasone dipropionate >400mcg/day on most days for at least 3 months 3. Age = 45 years 4. <2 
exacerbations in the previous year and no admissions to hospital with an exacerbation since the diagnosis 
of COPD was made 5. BMI of less than 35 

URL  ‐ https://www.cochranelibrary.com/central/doi/10.1002/central/CN‐01891750/full 

Exclusion reason: data not published;  

Effect of inhaler corticosteroid in chronic lung disease 
IRCT20181126041758N1, 

2019 



INTERVENTION: Intervention 1: intervention group: Patient with eosinophilia. Intervention 2: Intervention 
group: Patient without eosinophilia. CONDITION: Chronic Obstructive Pulmonary Disease. ; Chronic 
obstructive pulmonary disease, unspecified PRIMARY OUTCOME: Change the distance traveled within 6 
minutes on a 30‐meter interval after 3 months use of inhalation corticosteroids. Timepoint: At first visit and 
after 3 month. Method of measurement: 6 minute walking test. INCLUSION CRITERIA: New patient with 
COPD diagnosis according history and spiromerty data, that was without exacerbation during last 4 week, 

URL  ‐ https://www.cochranelibrary.com/central/doi/10.1002/central/CN‐01948756/full 

Exclusion reason: data not published  

Late-breaking abstract: Is blood eosinophil count a predictor of response to bronchodilators 
in COPD?. 
Iqbal A.; Barnes N.C.; Brooks, J. 

2014 

Background: It has been reported that a blood eosinophil count of >=2% identifies those COPD patients 
who benefit from ICS in terms of reduction of exacerbations (Bafadhel M et al, AJRCCM 2012;186:48‐55). 

European Respiratory Journal,Munich Germany. Conference Publication: (var.pagings). 44 (SUPPL. 58) (no 
pagination), 2014. Date of Publication: 01 Sep 2014 Conference 

Exclusion reason: wrong intervention/comparison  

Persistent blood eosinophilia and COPD exacerbation risk after ICS withdrawal from triple 
therapy in the SUNSET study. 
Hurst J.R.; Kostikas K.; Chapman K.R.; Frent S.M.; Larbig M.; Fogel R.; Guerin T.; Banerji D.; Patalano F.; 
Goyal P.; Pfister P.; Wedzicha, J. A. 

2018 

Rationale: The role of blood eosinophilia as biomarker for the evaluation of exacerbation risk after direct 
ICS withdrawal from triple therapy has not been evaluated in nonfrequently exacerbating COPD patients. 

European Respiratory Journal, France. 52 (Supplement 62) (no pagination), 2018. Date of Publication: 
September 2018 Conference 

Exclusion reason: data dublet  

Identification of responders to inhaled corticosteroids in a chronic obstructive pulmonary 
disease population using cluster analysis 
Hinds, D. R.; DiSantostefano, R. L.; Le, H. V.; Pascoe, S. 

2016 

OBJECTIVES: To identify clusters of patients who may benefit from treatment with an inhaled corticosteroid 
(ICS)/long‐acting β2 agonist (LABA) versus LABA alone, in terms of exacerbation reduction, and to validate 
previously identified clusters of patients with chronic obstructive pulmonary disease (COPD) (based on 
diuretic use and reversibility). DESIGN: Post hoc supervised cluster analysis using a modified recursive 
partitioning algorithm of two 1‐year randomised, controlled trials of fluticasone furoate (FF)/vilanterol (VI) 
versus VI alone, with the primary end points of the annual rate of moderate‐to‐severe exacerbations. 



SETTING: Global. PARTICIPANTS: 3255 patients with COPD (intent‐to‐treat populations) with a history of 
exacerbations in the past year. INTERVENTIONS: FF/VI 50/25 µg, 100/25 µg or 200/25 µg, or VI 25 µg; all 
one time per day. OUTCOME MEASURES: Mean annual COPD exacerbation rate to identify clusters of 
patients who benefit from adding an ICS (FF) to VI bronchodilator therapy. RESULTS: Three clusters were 
identified, including two groups that benefit from FF/VI versus VI: patients with blood eosinophils >2.4% 
(RR=0.68, 95% CI 0.58 to 0.79), or blood eosinophils ≤2.4% and smoking history ≤46 pack‐years, 
experienced a reduced rate of exacerbations with FF/VI versus VI (RR=0.78, 95% CI 0.63 to 0.96), whereas 
those with blood eosinophils ≤2.4% and smoking history >46 pack‐years were identified as non‐responders 
(RR=1.22, 95% CI 0.94 to 1.58). Clusters of patients previously identified in the fluticasone 
propionate/salmeterol (SAL) versus SAL trials of similar design were not validated; all clusters of patients 
tended to benefit from FF/VI versus VI alone irrespective of diuretic use and reversibility. CONCLUSIONS: In 
patients with COPD with a history of exacerbations, those with greater blood eosinophils or a lower 
smoking history may benefit more from ICS/LABA versus LABA alone as measured by a reduced rate of 
exacerbations. In terms of eosinophils, this finding is consistent with findings from other studies; however, 
the validity of the 2.4% cut‐off and the impact of smoking history require further investigation. TRIAL 
REGISTRATION NUMBERS: NCT01009463; NCT01017952; Post‐results. 

DOI  ‐ 10.1136/bmjopen‐2015‐010099 

URL  ‐ https://www.cochranelibrary.com/central/doi/10.1002/central/CN‐01444784/full 

Exclusion reason: Not analyzed by EOS ;  

Copd patient clusters that benefit most from fluticasone furoate added to vilanterol (FF/VI) 
vs vilanterol (VI) 
Hinds, D.; Li, H.; DiSantostefano, R. L.; Pascoe, S. 

2015 

Rationale: Chronic obstructive pulmonary disease (COPD) exacerbations are significant events in the natural 
history of COPD. This analysis aimed to identify patients more likely to benefit from an inhaled 
corticosteroid added to a long‐acting beta2 agonist in a fixed dose combination (ICS/LABA) compared with 
LABA monotherapy in terms of exacerbation reduction. Methods: Two, pooled 1‐year trials (HZC102871, 
HZC102970) of 3,455 COPD patients with prior exacerbations randomized to fluticasone furoate/ vilanterol 
(FF/VI) or vilanterol (VI) were used for this post‐hoc cluster analysis. Recursive partitioning identified 
subgroups of subjects (clusters) using baseline clinical and demographic data to maximize treatment 
differences among clusters on mean annual moderate/severe exacerbation rates (FF/VI vs. VI). Doses of 
FF/VI were combined for the analysis. Generalized linear models using a negative binomial function were 
used to compare the likelihood of having a moderate/severe exacerbation adjusting for investigator region, 
FEV1 % predicted at baseline, number of baseline severe exacerbations (hospitalized), number of baseline 
moderate exacerbations (treated with oral corticosteroids/antibiotics), COPD type (bronchitis, 
emphysema), study ID and smoking status. Rate ratios (RR) and 95% confidence intervals (CI) were used to 
estimate differences in mean annual exacerbations rates within each cluster. Results: Overall, treatment 
with FF/VI reduced the rate of annual exacerbations by 21% (RR=0.79, 95% CI: 0.70‐0.88). Three patient 
clusters were identified based on eosinophils as a percent of white blood cells (Eos) and smoking history: 
subjects with Eos >2.4% (RR=0.65, 95% CI: 0.56‐0.77) and subjects with Eos 46 pack years Figure 1]. Greater 
reduction in exacerbations was observed among subjects with higher Eos (general linear trend). 
Conclusions: In two global clinical trials of subjects with COPD and an exacerbation history, over half of the 



trial population (54.6%) had higher eosinophils (>2.4%) and experienced a significant reduction in 
moderate/severe COPD exacerbations with FF/VI treatment versus VI alone. Further investigation is 
required to identify the role of eosinophils as a potential biomarker for ICS treatment response in COPD. 
(Figure Presented). 
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Predictive value of eosinophils and neutrophils on clinical effects of ICS in COPD 
2018 

Background and objective: Inflammation is present to a variable degree and composition in patients with 
COPD. This study investigates associations between both eosinophils and neutrophils in blood, sputum, 
airway wall biopsies and bronchoalveolar lavage (BAL) and their potential use as biomarkers for clinical 
response to inhaled corticosteroids (ICS). Methods: In total, 114 steroid‐naive COPD patients of the 
Groningen Leiden Universities Corticosteroids in Obstructive Lung Disease (GLUCOLD) study using ICS or 
placebo during 30‐month follow‐up were included. Cell counts in blood, sputum, biopsies and BAL were 
evaluated at baseline. In addition, at baseline, 6 and 30months, forced expiratory flow in 1s (FEV1), residual 
volume/total lung capacity (hyperinflation) and Clinical COPD Questionnaire were evaluated. Results: Cross‐
sectional analyses at baseline showed that higher blood eosinophils were significantly associated with 
higher eosinophil counts in sputum, biopsies and BAL. However, blood neutrophils did not significantly 
correlate with neutrophil counts in the other compartments. Baseline eosinophils and neutrophils, in 
whichever compartment measured, did not predict longitudinal FEV1 changes. Higher baseline biopsy 
eosinophils were associated with an increase in symptoms during 6‐ and 30‐month ICS treatment. In 
addition, higher biopsy neutrophils were associated with a more marked reduction in hyperinflation during 
6‐month ICS treatment compared with placebo. Conclusion: Our findings indicate that blood eosinophils 
reflect eosinophils in other compartments, in contrast to neutrophils, in ICS‐naive COPD patients. Both 
baseline eosinophils and neutrophils do not predict ICS‐induced lung function changes over a period of 6‐
30months. The associations of biopsy eosinophils with worsening respiratory symptoms and biopsy 
neutrophils with improvement in hyperinflation during ICS treatment deserve further investigation. 
Copyright © 2018 Asian Pacific Society of Respirology. 
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Exclusion reason: ICS‐naive patients  

Predictive value of eosinophils and neutrophils on clinical effects of ICS in COPD. 
Hartjes, Floor J.; Vonk, Judith M.; Faiz, Alen; Hiemstra, Pieter S.; Lapperre, Therese S.; Kerstjens, Huib A. M.; 
Postma, Dirkje S.; van den Berge, Maarten; Groningen and Leiden Universities Corticosteroids in 
Obstructive Lung Disease (GLUCOLD) Study Group 

2018 

BACKGROUND AND OBJECTIVE: Inflammation is present to a variable degree and composition in patients 
with COPD. This study investigates associations between both eosinophils and neutrophils in blood, 



sputum, airway wall biopsies and bronchoalveolar lavage (BAL) and their potential use as biomarkers for 
clinical response to inhaled corticosteroids (ICS). METHODS: In total, 114 steroid‐naive COPD patients of the 
Groningen Leiden Universities Corticosteroids in Obstructive Lung Disease (GLUCOLD) study using ICS or 
placebo during 30‐month follow‐up were included. Cell counts in blood, sputum, biopsies and BAL were 
evaluated at baseline. In addition, at baseline, 6 and 30 months, forced expiratory flow in 1 s (FEV1 ), 
residual volume/total lung capacity (hyperinflation) and Clinical COPD Questionnaire were evaluated. 
RESULTS: Cross‐sectional analyses at baseline showed that higher blood eosinophils were significantly 
associated with higher eosinophil counts in sputum, biopsies and BAL. However, blood neutrophils did not 
significantly correlate with neutrophil counts in the other compartments. Baseline eosinophils and 
neutrophils, in whichever compartment measured, did not predict longitudinal FEV1 changes. Higher 
baseline biopsy eosinophils were associated with an increase in symptoms during 6‐ and 30‐month ICS 
treatment. In addition, higher biopsy neutrophils were associated with a more marked reduction in 
hyperinflation during 6‐month ICS treatment compared with placebo. CONCLUSION: Our findings indicate 
that blood eosinophils reflect eosinophils in other compartments, in contrast to neutrophils, in ICS‐naive 
COPD patients. Both baseline eosinophils and neutrophils do not predict ICS‐induced lung function changes 
over a period of 6‐30 months. The associations of biopsy eosinophils with worsening respiratory symptoms 
and biopsy neutrophils with improvement in hyperinflation during ICS treatment deserve further 
investigation. Copyright © 2018 Asian Pacific Society of Respirology. 
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Exclusion reason: ICS‐naive patients;  

The effect of exacerbation history on outcomes in the IMPACT trial. 
Halpin, David M. G.; Dransfield, Mark T.; Han, MeiLan K.; Jones, C. Elaine; Kilbride, Sally; Lange, Peter; 
Lipson, David A.; Lomas, David A.; Martinez, Fernando J.; Pascoe, Steve; Singh, Dave; Wise, Robert; Criner, 
Gerard J. 

2020 

IMPACT, a 52‐week, randomised, double‐blind trial, assessed the efficacy and safety of fluticasone 
furoate/umeclidinium/vilanterol (FF/UMEC/VI) triple therapy versus FF/VI or UMEC/VI in patients with 
symptomatic COPD and a history of exacerbations.Subgroup analyses assessed whether the efficacy of 
FF/UMEC/VI versus FF/VI or UMEC/VI and UMEC/VI versus FF/VI varies according to prior exacerbation 
history, and the combined effects of exacerbation history and blood eosinophil counts. Three subgroups 
were defined: single moderate (1 moderate/no severe; n=3056 (30%)), frequent moderate (>=2 
moderate/no severe; n=4628 (45%)) and severe (>=1 severe/any moderate; n=2671 (26%)). End‐points 
included annual on‐treatment moderate/severe exacerbation rate (pre‐specified), lung function and health 
status (both post‐hoc). Moderate/severe exacerbation rates (reduction % (95% CI)) were reduced in the 
FF/UMEC/VI group versus FF/VI (single moderate 20% (10‐29), frequent moderate 11% (2‐19), severe 17% 
(7‐26)) and versus UMEC/VI (single moderate 18% (5‐29), frequent moderate 29% (21‐37), severe 26% (14‐
35)). Moderate/severe exacerbation rates were reduced in the FF/VI group versus UMEC/VI in the frequent 
moderate subgroup; a numerical reduction was observed in the severe subgroup (single moderate 2% (‐12‐
18), frequent moderate 21% (11‐29), severe 11% (‐3‐22)). Moderate/severe exacerbation rates were lower 
in the FF/VI group compared with UMEC/VI in patients with higher eosinophil counts. FF/UMEC/VI 
improved lung function and health status versus both dual therapies irrespective of exacerbation subgroup. 
UMEC/VI improved lung function versus FF/VI in all subgroups.Triple therapy was more effective than dual 
regardless of exacerbation history, consistent with results in the intent‐to‐treat population. Comparisons 



between dual therapies were influenced by prior exacerbation history and eosinophil counts. Copyright 
©ERS 2020. 
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Exclusion reason: found through review;  

Low-Dose Budesonide/Formoterol Counteracts Airway Inflammation and Improves Lung 
Function in Chronic Obstructive Pulmonary Disease 
Hakim, A.; Khan, Y.; Esteban, I.; Meah, S.; Miller‐Larsson, A.; Barnes, P. J.; Usmani, O. S. 

2019 

199, 5, 662‐664 

DOI  ‐ 10.1164/rccm.201808‐1590LE 
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Exclusion reason: Not analyzed by EOS ;  

A 12 month study to compare FF/UMEC/VI with FF/VI and UMEC/VI in patients with Chronic 
Obstructive Pulmonary Disease(COPD) and a history of COPD exacerbation 
EUCTR2013‐003075‐35‐AT, 

2014 

INTERVENTION: Product Name: Fluticasone Furoate/Umeclidinium/Vilanterol Trifenatate Product Code: 
GSK2834425 (GW685698/GSK573719/GW642444) Pharmaceutical Form: Inhalation powder INN or 
Proposed INN: FLUTICASONE FUROATE CAS Number: 397864‐44‐7 Current Sponsor code: GW685698 Other 
descriptive name: Fluticasone Furoate Concentration unit: µg microgram(s) Concentration type: equal 
Concentration number: 100‐ INN or Proposed INN: Umeclidinium CAS Number: 869113‐09‐7 Current 
Sponsor code: GSK573719 Other descriptive name: GSK573719A Concentration unit: µg microgram(s) 
Concentration type: equal Concentration number: 62.5‐ INN or Proposed INN: Vilanterol Trifenatate CAS 
Number: 503068‐34‐6 Current Sponsor code: GW642444 Other descriptive name: GW642444M 
Concentration unit: µg microgram(s) Concentration type: equal Concentration number: 25‐ Trade Name: 
Relvar Ellipta Product Name: Fluticasone Furoate/Vilanterol Trifenatate Product Code: 
GW685698/GW642444 Pharmaceutical Form: Inhalation powder INN or Proposed INN: Fluticasone Furoate 
CAS Number: 397864‐44‐7 Current Sponsor code: GW685698 Other descriptive name: Fluticasone Furoate 
Concentration unit: µg microgram(s) Concentration type: equal Concentration number: 100‐ INN or 
Proposed INN: Vilanterol Trifenatate CAS Number: 503070‐58‐4 Current Sponsor code: GW642444M Other 
descriptive name: GW642444M Concentration unit: µg microgram(s) Concentration type: equal 
Concentration number: 25‐ Product Name: Umeclidinium/Vilanterol Trifenatate Product Code: 
GSK573719/GW642444 Pharmaceutical Form: Inhalation powder INN or Proposed INN: Umeclidinium CAS 
Number: 869113‐09‐7 Current Sponsor code: GSK573719 Other descriptive name: GSK573719A 
Concentration unit: µg microgram(s) Concentration type: equal Concentration number: 62.5‐ INN or 
Proposed INN: Vilanterol Trifenatate CAS Number: 503068‐34‐6 Current Sponsor code: GW642444 Other 
descriptive name: GW642444M Concentration unit: µg microgram(s) Concentration type: equal 
Concentration number: 25‐ CONDITION: Chronic Obstructive Pulmonary Disease (COPD) ; MedDRA version: 
18.0 Level: LLT Classification code 10010952 Term: COPD System Organ Class: 100000004855 Therapeutic 



area: Diseases C] ‐ Respiratory Tract Diseases C08] PRIMARY OUTCOME: Main Objective: To evaluate the 
efficacy of FF/UMEC/VI to reduce the annual rate of moderate and severe exacerbations compared with 
dual therapy of FF/VI or UMEC/VI in subjects with COPD. Primary end point(s): Annual rate of on‐treatment 
moderate and severe exacerbations comparing FF/UMEC/VI with UMEC/VI ; ; Annual rate of on‐treatment 
moderate and severe exacerbations comparing FF/UMEC/VI with FF/VI; Secondary Objective: ‐To evaluate 
the long term safety and other efficacy assessments of; FF/UMEC/VI compared with dual therapy of FF/VI 
or UMEC/VI.; ; ‐To evaluate the efficacy of FF/UMEC/VI to reduce exacerbations compared with UMEC/VI in 
the subset of subjects with a blood eosinophil count =150 cells/µl Timepoint(s) of evaluation of this end 
point: Over 52 weeks SECONDARY OUTCOME: Secondary end point(s): • Change from baseline trough FEV1 
at Week 52 comparing FF/UMEC/VI with FF/VI; • Change from baseline SGRQ Total Score at Week 52 
comparing FF/UMEC/VI with FF/VI; • Time to first on‐treatment moderate or severe exacerbation 
comparing FF/UMEC/VI with FF/VI and with UMEC/VI; • Annual rate of on‐treatment moderate and severe 
exacerbations comparing FF/UMEC/VI with UMEC/VI in the subset of subjects with a blood eosinophil 
count =150 cells/µl; • Time to first on‐treatment moderate or severe exacerbation comparing FF/UMEC/VI 
with UMEC/VI in the subset of subjects with a blood eosinophil count = 150 cells/µl; • Annual rate of on‐
treatment severe exacerbations comparing FF/UMEC/VI with FF/VI and with UMEC/VI; Timepoint(s) of 
evaluation of this end point: • Change from baseline trough FEV1 at Week 52 comparing FF/UMEC/VI with 
FF/VI; • Change from baseline SGRQ Total Score at Week 52 comparing FF/UMEC/VI with FF/VI; • Time to 
first on‐treatment moderate or severe exacerbation comparing FF/UMEC/VI with FF/VI and with UMEC/VI; 
• Annual rate of on‐treatment moderate and severe exacerbations comparing FF/UMEC/VI with UMEC/VI 
in the subset of subjects with a blood eosinophil count =150 cells/µl at Week 52; • Time to first on‐
treatment moderate or severe exacerbation comparing FF/UMEC/VI with UMEC/VI in the subset of subjects 
with a blood eosinophil count = 150 cells/µl; • Annual rate of on‐treatment severe exacerbations 
comparing FF/UMEC/VI with FF/VI and with UMEC/VI at Week 52; ; INCLUSION CRITERIA: 1. Informed 
Consent: A signed and dated written informed consent prior to study participation. 2. Type of subject: 
Outpatient. 3. Age: Subjects 40 years of age or older at Visit 1. 4. Gender: Male or female subjects. A female 
is eligible to enter and participate in the study if she is of: Non‐child bearing potential (i.e. physiologically 
incapable of becoming pregnant, including any female who is post‐menopausal or surgically sterile). 
Surgically sterile females are defined as those with a documented hysterectomy and/or bilateral 
oophorectomy or tubal ligation. Post‐menopausal females are defined as being amenorrhoeic for greater 
than 1 year with an appropriate clinical profile, e.g. age appropriate, > 45 years, in the absence of hormone 
replacement therapy. OR Child bearing potential, has a negative pregnancy test at screening, and agrees to 
one of the following acceptable contraceptive methods used consistently and correctly (i.e. in accor 

URL  ‐ https://www.cochranelibrary.com/central/doi/10.1002/central/CN‐01806380/full 
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Long-term effects of inhaled corticosteroids on sputum bacterial and viral loads in COPD. 
Contoli M.; Pauletti A.; Rossi M.R.; Spanevello A.; Casolari P.; Marcellini A.; Forini G.; Gnesini G.; Marku B.; 
Barnes N.; Rizzi A.; Curradi G.; Caramori G.; Morelli P.; Papi, A. 

2017 

Inhaled corticosteroid‐containing medications reduce the frequency of COPD exacerbations (mainly 
infectious in origin) while paradoxically increasing the risk of other respiratory infections. The aim was to 
determine the effects of inhaled corticosteroids on airway microbial load in COPD patients and evaluate the 
influence of the underlying inflammatory profile on airway colonisation and microbiome. This is a proof‐of‐



concept prospective, randomised, open‐label, blinded endpoint study. Sixty patients with stable moderate 
COPD were randomised to receive one inhalation twice daily of either a combination of salmeterol 50 mug 
plus fluticasone propionate 500 mug or salmeterol 50 mug for 12 months. The primary outcome was the 
change of sputum bacterial loads over the course of treatment. Compared with salmeterol, 1‐year 
treatment with salmeterol plus fluticasone was associated with a significant increase in sputum bacterial 
load (p=0.005), modification of sputum microbial composition and increased airway load of potentially 
pathogenic bacteria. The increased bacterial load was observed only in inhaled corticosteroid‐treated 
patients with lower baseline sputum or blood eosinophil (2%) levels but not in patients with higher baseline 
eosinophils. Long‐term inhaled corticosteroid treatment affects bacterial load in stable COPD. Lower 
eosinophil counts are associated with increased airway bacterial load. 

European Respiratory Journal, 50 

Exclusion reason: ICS‐naive patients;  

Long-Term Triple Therapy De-escalation to Indacaterol/Glycopyrronium in Patients with 
Chronic Obstructive Pulmonary Disease (SUNSET): A Randomized, Double-Blind, Triple-
Dummy Clinical Trial. 
Chapman, Kenneth R.; Hurst, John R.; Frent, Stefan‐Marian; Larbig, Michael; Fogel, Robert; Guerin, Tadhg; 
Banerji, Donald; Patalano, Francesco; Goyal, Pankaj; Pfister, Pascal; Kostikas, Konstantinos; Wedzicha, 
Jadwiga A. 

2018 

RATIONALE: There are no studies on withdrawal of inhaled corticosteroids in patients on long‐term triple 
therapy in the absence of frequent exacerbations. OBJECTIVES: To evaluate the efficacy and safety of direct 
de‐escalation from long‐term triple therapy to indacaterol/glycopyrronium in nonfrequently exacerbating 
patients with chronic obstructive pulmonary disease (COPD). METHODS: This 26‐week, randomized, 
double‐blind, triple‐dummy study assessed the direct change from long‐term triple therapy to 
indacaterol/glycopyrronium (110/50 mug once daily) or continuation of triple therapy (tiotropium [18 mug] 
once daily plus combination of salmeterol/fluticasone propionate [50/500 mug] twice daily) in 
nonfrequently exacerbating patients with moderate‐to‐severe COPD. Primary endpoint was noninferiority 
on change from baseline in trough FEV1. Moderate or severe exacerbations were predefined secondary 
endpoints. MEASUREMENTS AND MAIN RESULTS: A total of 527 patients were randomized to 
indacaterol/glycopyrronium and 526 to triple therapy. Inhaled corticosteroids withdrawal led to a reduction 
in trough FEV1 of ‐26 ml (95% confidence interval, ‐53 to 1 ml) with confidence limits exceeding the 
noninferiority margin of ‐50 ml. The annualized rate of moderate or severe COPD exacerbations did not 
differ between treatments (rate ratio, 1.08; 95% confidence interval, 0.83 to 1.40). Patients with >=300 
blood eosinophils/mul at baseline presented greater lung function loss and higher exacerbation risk. 
Adverse events were similar in the two groups. CONCLUSIONS: In patients with COPD without frequent 
exacerbations on long‐term triple therapy, the direct de‐escalation to indacaterol/glycopyrronium led to a 
small decrease in lung function, with no difference in exacerbations. The higher exacerbation risk in 
patients with >=300 blood eosinophils/mul suggests that these patients are likely to benefit from triple 
therapy. Clinical trial registered with www.clinicaltrials.gov (NCT 02603393). 
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Withdrawal of inhaled corticosteroids from COPD patients inhaling long-term triple therapy: 
The sunset study. 
Chapman K.R.; Hurst J.; Frent S.; Larbig M.; Fogel R.; Guerin T.; Banerji D.; Patalano F.; Goyal P.; Pfister P.; 
Kostikas K.; Wedzicha, J. A. 

2018 

Rationale: Inhaled corticosteroids (ICS) are recommended for COPD patients who experience frequent 
exacerbations despite long‐acting bronchodilators but are discouraged for those who do not have frequent 
exacerbations. Few studies have examined the effects and safety of ICS withdrawal in COPD patients on 
long‐term triple therapy who are not frequent exacerbators. 

American Journal of Respiratory and Critical Care Medicine, American Thoracic Society, United States. 197 
(MeetingAbstracts) (no pagination), 2018. Date of Publication: 2018, Conference 

Exclusion reason: data dublet  

Screennig eosinophil counts and risk of exacerbations after inhaled corticosteroid 
withdrawal in severe COPD. 
Calverley P.M.A.; Wouters E.F.M.; Finngan H.; Tetzlaff K.; Magnussen, H. 

Introduction: Blood eosinophil counts may predict response to inhaled corticosteroids (ICS) in patients with 
COPD with a history of exacerbations. 
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Screennig eosinophil counts and risk of exacerbations after inhaled corticosteroid 
withdrawal in severe COPD 
Calverley, PMA; Wouters, EFM; Finngan, H.; Tetzlaff, K.; Magnussen, H. 

2017 

Introduction: Blood eosinophil counts may predict response to inhaled corticosteroids (ICS) in patients with 
COPD with a history of exacerbations. Aim: To investigate if higher screening blood eosinophil counts were 
associated with more exacerbations after ICS withdrawal in the WISDOM study. Methods: In WISDOM 
(NCT00975195; 12‐month, randomised, parallel‐group study), patients with severe to very severe COPD 
and a history of exacerbations received 18 μg tiotropium, 100 μg salmeterol and 1000 μg fluticasone 
propionate daily for 6 weeks then continued or reduced ICS over the next 12 weeks. This post hoc analysis 
after complete ICS withdrawal compared exacerbation outcomes based on analysis of mutually exclusive 
blood eosinophil subgroups. Results: 2296 patients were followed post‐ICS withdrawal. Moderate or severe 
exacerbation rate ratios were similar in patients with eosinophil counts < 2%, =2‐< 3%, =3‐< 4%, < 150 
cells/μL or 150‐< 300 cells/μL (Figure). Exacerbation rate increased in the ICS‐withdrawal versus the ICS arm 
for blood eosinophil subgroups =4‐< 5%, =5‐< 6%, =6%, =300‐< 400 cells/μL and =400 cells/μL, reaching 
statistical significance in the =5‐< 6% and =400 cells/μL subgroups. Conclusions: In WISDOM, high screening 
blood eosinophil count (=4% or =300 cells/μL) predicted an increased exacerbation risk in patients with 
severe to very severe COPD after ICS withdrawal. 
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Fluticasone Furoate, Vilanterol, and Lung Function Decline in Patients with Moderate 
Chronic Obstructive Pulmonary Disease and Heightened Cardiovascular Risk 
Calverley, PMA; Anderson, J. A.; Brook, R. D.; Crim, C.; Gallot, N.; Kilbride, S.; Martinez, F. J.; Yates, J.; 
Newby, D. E.; Vestbo, J. 

2018 

RATIONALE: Many patients with chronic obstructive pulmonary disease (COPD) have an accelerated loss of 
lung function. It is unclear whether drug treatment can modify this in patients with moderately severe 
disease. OBJECTIVES: In a prespecified analysis of the key secondary outcome in SUMMIT (Study to 
Understand Mortality and Morbidity), we investigated whether the inhaled corticosteroid fluticasone 
furoate (FF; 100 μg), the long‐acting β‐agonist vilanterol (VI; 25 μg), or their combination (FF/VI) modified 
the rate of decline in FEV1 compared with placebo. We also investigated how baseline covariates affected 
this decline. METHODS: Spirometry was measured every 12 weeks in this event‐driven, randomized, 
placebo‐controlled trial of 16,485 patients with moderate COPD and heightened cardiovascular risk. An 
average of seven spirometric assessments per subject among the 15,457 patients with at least one on‐
treatment measurement were used in the analysis of rate of FEV1 decline. All statistical comparisons are 
considered nominal. MEASUREMENTS AND MAIN RESULTS: The adjusted rates of FEV1 decline were ‐46 
ml/yr (‐3.0% of baseline) with placebo, ‐47 ml/yr (‐3.1%) with VI, ‐38 ml/yr (‐2.5%) with FF, and ‐38 ml/yr (‐
2.3%) with FF/VI. FF‐containing regimens had lower rates of decline than placebo (P < 0.03), and FF/VI had a 
lower rate of decline than VI alone (P < 0.005). The FEV1 decline was faster in current smokers, those with a 
lower body mass index, males, and patients with established cardiovascular disease. CONCLUSIONS: In 
patients with moderate COPD and heightened cardiovascular risk, FF alone or in combination with VI 
appears to reduce the rate of FEV1 decline. Clinical trial registered with www.clinicaltrials.gov 
(NCT01313676). 
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Screening eosinophil counts and risk of exacerbations after inhaled corticosteroid 
withdrawal in severe COPD. 
Calverley P.M.A.; Wouters E.F.M.; Watz H.; Finnigan H.; Tetzlaff K.; Magnussen H.; Soliman, M. 

2017 

Introduction: Blood eosinophil counts may predict response to inhaled corticosteroids (ICS) in patients with 
COPD with a history of exacerbations. 

Canadian Journal of Respiratory Critical Care and Sleep Medicine.Conference: 10th Annual Canadian 
Respiratory Conference, CRC 2017.Canada, 1, 3, 163 
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Screening eosinophil counts and risk of exacerbations after inhaled corticosteroid 
withdrawal in severe COPD. 
Calverley P.M.A.; Wouters E.F.M.; Finnigan H.; Tetzlaff K.; Magnussen, H. 

2016 

Introduction: Blood eosinophil counts may predict response to inhaled corticosteroids (ICS) in patients with 
COPD with a history of exacerbations. 

European Respiratory Journal, United Kingdom. 48 (Supplement 60) (no pagination), 2016. Date of 
Publication: 01 Sep 2016, Conference 
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Eosinophil counts as a predictor of future COPD exacerbations in the DYNAGITO trial. 
Calverley P.M.A.; Jenkins C.; Wedzicha J.A.; De La Hoz A.; Voss F.; Rabe K.F.; Anzueto, A. 

2019 

Background There is conflicting evidence from previous studies as to whether eosinophil counts predict the 
risk of future exacerbations in COPD. Aims In this post hoc analysis, we investigated the link between 
baseline eosinophil count and moderate/severe exacerbation rates during the DYNAGITO trial. Methods 
DYNAGITO was a 52‐week, double‐blind, randomised trial in patients with COPD with FEV1 300 cells/mL, 
and there was no increase in exacerbation rates with increasing baseline eosinophil count in the total 
population, or in patients with low or high exacerbation history. In this population, many of whom were 
receiving ICS, exacerbation history, but not blood eosinophil count, was an important determinant of 
exacerbation risk. 

Thorax, BMJ Publishing Group, United Kingdom. 74 (Supplement 2) (pp A64‐A65), 2019. Date of Publication: 
December 2019Conference 
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2019 

Background: There is conflicting evidence from previous studies as to whether eosinophil counts predict 
the risk of future exacerbations in COPD. 

European Respiratory Journal, European Respiratory Society, Conference: 29th International Congress of 
the European Respiratory Society, ERS. Spain 
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Sputum eosinophilia and the response to inhaled corticosteroid (mometasone) in COPD 
Brightling, C. E.;‐ McKenna, S.; Hargadon, B.; Birring, S.; Green, R.; Siva, R.; Berry, M.; Parker, D.; Monteiro, 
W.; Pavord, I. D. 

2003 

British Thoracic Society Winter Meeting. 3‐5 December 2003, London, United Kingdom. 
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Sputum eosinophilia and the response to inhaled corticosteroid (Mometasone) in COPD 
Brightling, C.; McKenna, S.; Hargadon, B.; Birring, S.; Green, R.; Siva, R.; Berry, M.; ParkerD,; Monteiro, W.; 
Pavord, I. 

2004 
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Sputum eosinophilia and the short term response to inhaled mometasone in chronic 
obstructive pulmonary disease. 
Brightling, C. E.; McKenna, S.; Hargadon, B.; Birring, S.; Green, R.; Siva, R.; Berry, M.; Parker, D.; Monteiro, ; 
Pavord, I. D.; Bradding, P. 

2005 

BACKGROUND: An association between the sputum eosinophil count and the response to a 2 week course 
of prednisolone has previously been reported in patients with chronic obstructive pulmonary disease 
(COPD). Whether the response to inhaled corticosteroids is related to the presence of eosinophilic 
inflammation is unclear. METHODS: A randomised, double blind, crossover trial of placebo and 
mometasone furoate (800 microg/day), each given for 6 weeks with a 4 week washout period, was 
performed in subjects with COPD treated with bronchodilator therapy only. Spirometric tests, symptom 
scores, chronic respiratory disease questionnaire (CRQ), and induced sputum were performed before and 
after each treatment phase. RESULTS: Ninety five patients were recruited of which 60 were randomised. 
Overall there were no treatment associated changes in forced expiratory volume in 1 second (FEV(1)), total 
CRQ, or sputum characteristics. After stratification into tertiles by baseline eosinophil count, the net 
improvement in post‐bronchodilator FEV(1) increased with mometasone compared with placebo 
progressively from the least to the most eosinophilic tertile. The mean change in post‐bronchodilator 
FEV(1) with mometasone compared with placebo in the highest tertile was 0.11 l (95% CI 0.03 to 0.19). This 
improvement was not associated with a fall in the sputum eosinophil count. CONCLUSIONS: An increased 
sputum eosinophil count is related to an improvement in post‐bronchodilator FEV(1) following treatment 
with inhaled mometasone in COPD, but the improvement is not associated with a reduction in the sputum 
eosinophil count. 

Thorax, 60, 3, 193‐198 

Exclusion reason: ICS‐naive patients 

Effect of salmeterol/fluticasone propionate on airway inflammation in COPD: a randomised 
controlled trial. 
Bourbeau, Jean; Christodoulopoulos, Pota; Maltais, Francois; Yamauchi, Yasuhiro; Olivenstein, Ronald; 
Hamid, Qutayba 



2007 

BACKGROUND: Airway inflammation in chronic obstructive pulmonary disease (COPD) is characterised by 
infiltration of CD8+ T cells and CD68+ macrophages and an increased number of neutrophils, whereas few 
studies have described the presence of eosinophils. Although the anti‐inflammatory effects of 
corticosteroids in stable COPD are unclear, recent studies suggest that combination therapy could be 
beneficial. A study was therefore undertaken to evaluate combined salmeterol/fluticasone propionate 
(SFC) and fluticasone propionate (FP) alone on inflammatory cells in the airways of patients with COPD. 
METHODS: Patients were treated in a randomised, double blind, parallel group, placebo‐controlled trial 
with either a combination of 50 microg salmeterol and 500 microg FP twice daily (SFC, n = 19, 19 men, 
mean age 62 years), 500 microg FP twice daily (n = 20, 15 men, mean age 64 years) or placebo (n = 21, 17 
men, mean age 66 years) for 3 months. At the start and end of treatment bronchoscopy with bronchial 
biopsies was performed and the numbers of CD8+ T lymphocytes, CD68+ macrophages, neutrophils and 
eosinophils were measured. RESULTS: CD8+ cells were significantly reduced by SFC compared with placebo 
(difference ‐98.05 cells/mm(2); 95% CI ‐143.14 to ‐52.9; p<0.001). Such a marked effect was not seen with 
FP alone (‐44.67 cells/mm(2); 95% CI ‐90.92 to 1.57; p = 0.06). CD68+ macrophages were also reduced by 
SFC compared with placebo (difference ‐31.68 cells/mm(2); 95% CI ‐61.07 to ‐2.29; p = 0.03) but not by FP. 
SFC did not significantly change neutrophils and eosinophils compared with placebo. CONCLUSIONS: SFC 
has airway anti‐inflammatory effects not seen with inhaled corticosteroids alone. 

Thorax, 62, 11, 938‐943 

Exclusion reason: Not analyzed by EOS ;  

Long-term effects of budesonide on inflammatory status in COPD. 
Boorsma, M.; Lutter, R.; van de Pol, M. A.;‐ Out, T. A.; Jansen, H. M.; Jonkers, R. E. 

2008 

A beneficial effect of long‐term corticosteroid treatment in patients with COPD may be linked to 
suppressing inflammation, in particular neutrophilic inflammation. Effects on neutrophilic and eosinophilic 
inflammation and on lung function of long‐term inhaled budesonide treatment (800 microg daily, 6 months, 
double‐blind, randomised, cross‐over versus placebo) were studied and compared to the effects of 3 weeks 
oral prednisolone (30 mg daily) in 19 patients with COPD (mean age 63 y, FEV(1) 65% of predicted). Neither 
treatment influenced neutrophilic inflammation. Inhaled budesonide compared to placebo significantly 
reduced sputum % eosinophils at 3 months (‐42%, p = 0.036), but not significantly at 6 months (‐31%, p = 
0.78). Eosinophil count per g sputum was decreased with 30% at 3 months (p = 0.09) and with 9% at 6 
months (p = 0.78). FEV(1) was slightly higher after 6 months budesonide (+2.5% predicted, p = 0.09). 
Prednisolone significantly reduced sputum % eosinophils (‐87%, p = 0.007), but did not affect eosinophil 
count per g sputum and did not improve FEV(1) (‐0.6% predicted, p = 0.40). A higher baseline FEV(1) (%) 
correlated with effects of budesonide on FEV(1) (p < 0.001), effects on sputum interleukin‐8 and eosinophil 
cationic protein (both p < 0.05) and tended to correlate with effects on sputum % eosinophils (p = 0.056). 
Baseline inflammatory data and effects of prednisolone did not correlate with effects of budesonide. 
Effects of inhaled budesonide in COPD are not restricted to patients with severe disease and may be linked 
to a suppression of eosinophilic inflammation. Investigating effects of prednisolone has no predictive value 
for long‐term treatment. 

Copd: Journal of Chronic Obstructive Pulmonary Disease, 5, 2, 97‐104 



Exclusion reason: Not analyzed by EOS ;  

Blood eosinophils as a marker of response to inhaled corticosteroids in COPD. 
Barnes, Neil C.; Sharma, Raj; Lettis, Sally; Calverley, Peter M. A. 

2016 

Identification of a biomarker that predicts response to inhaled corticosteroids (ICS) would help evaluate the 
risk/benefit profile of ICS in chronic obstructive pulmonary disease (COPD) and guide treatment. The 
ISOLDE study randomised 751 patients (mean post‐bronchodilator forced expiratory volume in 1 s (FEV1) 
1.4 L: 50% predicted normal) to fluticasone propionate 500 mug twice daily or placebo for 3 years, finding 
no difference in FEV1 rate of decline between treatments (p=0.16) and a significant reduction in median 
exacerbation rate with fluticasone propionate versus placebo (p=0.026). We re‐analysed ISOLDE results by 
baseline blood eosinophil count to investigate whether eosinophil level predicts ICS benefit.Patients with 
eosinophils =2% (n=214), the rate of decline decreased by 33.9 mL.year(‐1) with fluticasone propionate 
versus placebo (p=0.003). Exacerbation rate reduction on ICS for fluticasone propionate versus placebo was 
higher in the eosinophil =2% group; time‐to‐first moderate/severe exacerbation was not different between 
treatments in either group.A baseline blood eosinophil count of >=2% identifies a group of COPD patients 
with slower rates of decline in FEV1 when treated with ICS: prospective testing of this hypothesis is now 
warranted. Copyright ©ERS 2016. 

European Respiratory Journal, 05, 47, 5, 1374‐1382 

Exclusion reason: found through review;  

Do inhaled corticosteroids (ICSs) reduce rate of decline of lung function in COPD patients 
with eosinophil count >=2%?. 
Barnes N.; Sharma R.; Lettis S.; Calverley, P. M. 

2015 

Background: COPD patients with a blood eosinophil count >=2% show a greater reduction in exacerbations 
when given ICS. Whether the same is true for rate of decline of lung function is unknown. 

American Journal of Respiratory and Critical Care Medicine, American Thoracic Society, Denver, CO United 
States. Conference Publication: (var.pagings). 191 (MeetingAbstracts) (no pagination), 2015. Date of 
Publication: 2015 Conference 

Exclusion reason: data dublet.  

Blood eosinophil count as a predictor of response to inhaled corticosteroids (ICS) in COPD. 
Barnes N.; Pavord I.; Jones P.W.; Wedzicha J.A.; Lettis S.; Locantore N.; Pascoe, S. 

2015 

Background: It has been postulated that a blood eosinophil count of >=2% is predictive of response to ICS in 
COPD. 

American Journal of Respiratory and Critical Care Medicine, American Thoracic Society, Denver, CO United 
States. Conference Publication: (var.pagings). 191 (MeetingAbstracts) (no pagination), 2015. Date of 
Publication: 2015 Conference 



Exclusion reason: Not analyzed by EOS ; 

Predictors of exacerbation risk and response to budesonide in patients with chronic 
obstructive pulmonary disease: a post-hoc analysis of three randomised trials. 
Bafadhel, Mona; Peterson, Stefan; De Blas, Miguel A.; Calverley, Peter M.; Rennard, Stephen I.; Richter, Kai; 
Fageras, Malin 

2018 

BACKGROUND: The peripheral blood eosinophil count might help identify those patients with chronic 
obstructive pulmonary disease (COPD) who will experience fewer exacerbations when taking inhaled 
corticosteroids (ICS). Previous post‐hoc analyses have proposed eosinophil cutoffs that are both arbitrary 
and limited in evaluating complex interactions of treatment response. We modelled eosinophil count as a 
continuous variable to determine the characteristics that determine both exacerbation risk and clinical 
response to ICS in patients with COPD. METHODS: We analysed data from three AstraZeneca randomised 
controlled trials of budesonide‐formoterol in patients with COPD with a history of exacerbations and 
available blood eosinophil counts. Patients with any history of asthma were excluded. Negative binomial 
regression analysis was done using splines for modelling of continuous variables to study the primary 
outcome of annual exacerbation rate adjusted for exposure time and study design. The trials are registered 
with ClinicalTrials.gov, NCT00206167, NCT00206154, and NCT00419744. FINDINGS: 4528 patients were 
studied. A non‐linear increase in exacerbations occurred with increasing eosinophil count in patients who 
received formoterol alone. At eosinophil counts of 0.10 x 109 cells per L or more, a significant treatment 
effect was recorded for exacerbation reduction with budesonide‐formoterol compared with formoterol 
alone (rate ratio 0.75, 95% CI 0.57‐0.99; pinteraction=0.015). Interactions were observed between 
eosinophil count and the treatment effects of budesonide‐formoterol over formoterol on St George's 
Respiratory Questionnaire (pinteraction=0.0043) and pre‐bronchodilator FEV1 (linear effect p (linear effect 
pinteraction=0.067). Only eosinophil count and smoking history were independent predictors of response 
to budesonide‐formoterol in reducing exacerbations (eosinophil count, pinteraction=0.013; smoking 
history, pinteraction=0.015). INTERPRETATION: In patients with COPD treated with formoterol, blood 
eosinophil count predicts exacerbation risk and the clinical response to ICS. FUNDING: AstraZeneca. 
Copyright © 2018 Elsevier Ltd. All rights reserved. 

The Lancet Respiratory Medicine, 02, 6, 2, 117‐126 

Exclusion reason: found through review;  

Modelling peripheral blood eosinophils to identify response to budesonide in COPD: A post-
hoc analysis. 
Bafadhel M.; Peterson S.; De Bias M.; Calverley P.; Rennard S.; Richter K.; Fageras, M. 

2017 

Background: Recent post‐hoc analyses investigated if peripheral blood eosinophil (PBE) count can identify 
ICS response in COPD utilising arbitrary pre‐specified cut‐offs. 

European Respiratory Journal, European Respiratory Society, Italy. 50 (Supplement 61) (no pagination), 
2017. Date of Publication: September 2017 Conference 

Exclusion reason: data dublet  



Analysis of IMPACT: Is one blood eosinophil count measurement sufficient to predict ICS 
treatment response in COPD?. 
Bafadhel M.; Barnes N.; Bourke S.; Compton C.; Criner G.; Dransfield M.; Halpin D.; Han M.; Hartley B.; 
Jones C.E.; Lange P.; Lettis S.; Lipson D.; Lomas D.; Martin N.; Martinez F.; Van Der Valk R.; Wise R.; Singh, D. 

2019 

Background: Clinical factors may contribute to blood eosinophil count (BEC) variability, leading to a 
question: is one BEC measurement sufficient to predict ICS response in COPD? Methods: IMPACT is a 
randomised, double‐blind, 52‐week trial comparing fluticasone furoate/umeclidinium/vilanterol 
(FF/UMEC/VI) 100/62.5/25mug with FF/VI 100/25mug and UMEC/VI 62.5/25mug. Using negative binomial 
regression with fractional polynomials, this post hoc analysis modelled FF/UMEC/VI vs UMEC/VI and FF/VI 
vs UMEC/VI effect on moderate/severe exacerbation rates by continuous BEC using: actual screening (2 
weeks prior to D1) and randomisation (D1) values, and mean, minimum and maximum of the two BEC 
values. The best fitting model across the five BEC measurement methods was assessed using Akaike 
information criteria (AIC; estimates the amount of information lost by a model ‐ lowest AIC indicates best 
fitting model) Results: All models had comparable AIC; the best fitting model was the one using actual D1 
data (Figure). Using minimum, maximum or mean BEC values did not provide additional information. Any 
one of the BEC measurements substantially improved the model vs no measurement (p<0.001) 

European Respiratory Journal, European Respiratory Society, Conference: 29th International Congress of 
the European Respiratory Society, ERS. Spain 

Exclusion reason: data dublet  

Late breaking abstract-blood eosinophil count (EOS) can accurately predict responsiveness 
to inhaled corticosteroids (ICS) in COPD, but only if measured while patients are not 
receiving steroids 
2018 

It is unclear to what extent EOS can predict responsiveness to ICS in COPD. As steroid administration can 
suppress EOS, we hypothesised that EOS measured while patients are not receiving steroids (EOS off 
steroids), can better predict responsiveness to ICS. We compared EOS off steroids (for at least 8 weeks) 
versus EOS on ICS in a post‐hoc analysis of ISOLDE, a 36‐months, double‐blind trial comparing inhaled 
fluticasone propionate (500mcg twice daily,MDI) versus placebo in 751 patients with moderate or severe 
COPD. We used Wilcoxon signed‐rank test to assess whether ICS administration suppresses EOS and mixed 
methods repeated measures methodology (MMRM) to assess whether EOS can predict responsiveness to 
ICS with regards to pulmonary function. ICS significantly suppressed EOS count (p=0.0012, 77% of those 
with EOS off steroids ≥ 0.2, had EOS <0.2 while receiving ICS). MMRM modelling demonstrated that EOS off 
steroids can accurately predict responsiveness to ICS (p<0.0001), whereas EOS on ICS was not predictive 
(p=0.95). Our model suggests that increasing EOS (while off steroids) is associated with better ICS response; 
ICS limited the mean annual rate of post‐bronchodilation FEV1 decline by 0, 30, 65 and 80 mLs for patients 
with EOS off steroids of 0, 0.2, 0.4 and 0.5 eosinophils/cubic millimetre, respectively. In conclusion, EOS can 
accurately predict responsiveness to ICS in COPD, provided that it is measured while patients are not 
receiving steroids. Further data is required to identify a clinically relevant cut‐point. We thank 
GlaxoSmithKline and ClinicalStudyDataRequest.com for providing access to ISOLDE data. 
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