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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 mg/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 (FEV1), total CRQ, or sputum characteristics.
After stratification into tertiles by baseline eosinophil count, the net improvement in post-bronchodilator
FEV1 increased with mometasone compared with placebo progressively from the least to the most
eosinophilic tertile. The mean change in post-bronchodilator FEV1 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
FEV1 following treatment with inhaled mometasone in COPD, but the improvement is not associated with a
reduction in the sputum eosinophil count.

T
he use of inhaled corticosteroids in stable chronic
obstructive pulmonary disease (COPD) remains contro-
versial.1 The Global initiative for chronic obstructive lung

disease (GOLD) and National Institute for Clinical Excellence
(NICE) guidelines suggest that they should be reserved for
patients with severe COPD and frequent exacerbations.2 3

Corticosteroids are very effective in modifying eosinophilic
airway inflammation in asthma,4 5 but there is less evidence
that they reduce neutrophilic inflammation which predomi-
nates in COPD.6 One possibility is that corticosteroids are
most effective in COPD patients who have eosinophilic
airway inflammation. We7 and others8 have shown that
subjects with a sputum eosinophilia (.3% non-squamous
cells) had a greater improvement in forced expiratory volume
in 1 second (FEV1) and health status with a short course of
oral prednisolone than with placebo. Whether the response to
inhaled corticosteroids is similarly related to the presence of
eosinophilic inflammation is unclear. Identification of a
biomarker that can distinguish which patients with COPD
may benefit the most from inhaled corticosteroid therapy
would be a useful guide in the management of this disease.
We have performed a double blind, placebo controlled,

crossover study to investigate the relationship between the
sputum eosinophil count and the response to 6 weeks of
treatment with the inhaled corticosteroid mometasone
furoate.

METHODS
Subjects with symptoms of chronic airflow obstruction and a
post-bronchodilator FEV1 of ,70% predicted and ratio of
FEV1 to forced vital capacity (FVC) of ,70% were recruited
from respiratory clinics. All had no significant improvement
in FEV1 after 200 mg inhaled salbutamol (,15% or, if FEV1

,1.2 l, ,200 ml improvement). Subjects were excluded if
they had a clinical diagnosis of asthma, a history of childhood
respiratory problems, variability in symptoms not associated
with infections, a history of acute wheeze, breathlessness or
deterioration associated with allergens, or an exacerbation
within 6 weeks of trial entry. Subjects taking regular oral
corticosteroids were excluded. Inhaled or oral corticosteroids
were discontinued for at least 1 month prior to randomisa-
tion. Subjects were withdrawn from the study if they had a
moderate exacerbation requiring inhaled corticosteroids or
antibiotics, a severe exacerbation needing oral corticosteroids,
or a severe intercurrent illness.
The study was approved by the local research ethics

committee and all subjects gave written informed consent.

Study design
The study was of a randomised, double blind, placebo
controlled, crossover design. Subjects were randomised to
receive mometasone furoate 800 mg once daily and placebo
administered via a Twisthaler in random order for 6 weeks
each (Schering-Plough, UK). The treatment periods were
preceded by a 4 week run-in period and separated by a
4 week washout period. Subjects attended on four occasions
before and 12 hours after the last dose of study medication.
They were seen at the same time of day at least 6 hours after
their last dose of bronchodilator and 24 hours after the last
dose of long acting b2 agonists. At the initial visit details of
the subject’s smoking, treatment, atopic and childhood

Abbreviations: COPD, chronic obstructive pulmonary disease; CRQ,
Chronic Respiratory Disease Questionnaire; ECP, eosinophilic cationic
protein; FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; IL-8, interleukin 8; SOB, shortness of breath; TCC, total cell
count; VAS, visual analogue score
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respiratory history were obtained and blood was taken to
assess peripheral blood eosinophil count, total immunoglo-
bulin (Ig)E and RAST tests to Dermatophagoides pteronyssinus,
cat fur, and grass pollen. At each visit the following were
performed: (1) symptom scores using a 100 mm visual
analogue scale from no symptom to the worst symptom ever
for dyspnoea, cough, sputum production and wheeze; (2)
spirometry before and after inhaled salbutamol 200 mg; (3)
the Chronic Respiratory Disease Questionnaire (CRQ);9 and
(4) sputum induction. Sputum was induced and processed as
previously described.10

Mediator measurements
Sputum interleukin (IL)-8 was measured using an ELISA
(Pharmingen, UK), eosinophilic cationic protein (ECP) was
measured using a fluoroimmunoassay (Pharmacia, Milton
Keynes, UK), and histamine was measured using a radio-
enzymic assay. We have validated these assays for the
analysis of sputum supernatants.8 11

Analysis of data
The primary outcomes were change in the post-bronchodi-
lator FEV1 and total CRQ after mometasone compared with
placebo. The secondary outcome measures were the indivi-
dual CRQ domains, symptom scores, and sputum character-
istics. Period and order effects were assessed by comparing
the primary outcomes before each treatment phase (visit 1
versus visit 3) and before each treatment (mometasone
versus placebo) by paired t tests. To assess the association
between sputum eosinophil count and primary outcomes,
subjects were divided into tertiles by their baseline sputum
eosinophil count. The study was powered to have a .80%
chance at the 5% level of detecting a 100 ml difference in the
change in FEV1 within tertiles, assuming a within subject
standard deviation of 100 ml.12 Subjects who were rando-
mised but did not complete the study were included on an
intention to treat basis. Subjects who withdrew in the
washout phase were assigned a net change of zero for the
second treatment phase, and subjects who withdrew during a
treatment phase were assigned a change two standard
deviations below the group mean change for that treatment
phase for each of the outcome variables. All data were
analysed using Minitab version 13. Improvement in the
outcome variables after mometasone compared with placebo
was assessed using paired t tests and differences in the
subject characteristics between tertiles were compared by
analysis of variance or the Kruskal-Wallis test for parametric
and non-parametric data, respectively.
The following post hoc analyses were performed: (1) the

association between total IgE, peripheral blood eosinophil
count and sputum ECP concentration with the primary
outcomes by similarly stratifying the subjects into tertiles for
each of these three parameters; (2) the association between
smoking status and previous corticosteroid usage with the
primary outcomes; and (3) the study was re-analysed to
include only those subjects who completed the study. All
reported p values are two tailed.

RESULTS
Ninety five subjects were recruited of which 60 were
randomised. Twelve of the 56 subjects taking inhaled
corticosteroids at the time of recruitment developed moderate
exacerbations in the run-in period following corticosteroid
withdrawal and 15 developed bronchodilator reversibility at
randomisation. Three subjects withdrew from the study
during the washout period following mometasone treatment
and five after placebo. Three withdrew during the second
treatment phase, two while receiving mometasone and one
while receiving placebo (fig 1).

Treatment period or order did not influence pre-treatment
values or the changes in the sputum eosinophil count or
primary outcome variables. The mean difference (95% CI)
between the post-bronchodilator FEV1 and total CRQ before
each treatment phase (visit 1 v visit 3) were: 0.01 (20.04 to
0.05; p=0.8) and 0.01 (20.16 to 0.18; p=0.9), and before
each treatment (mometasone v placebo) were: 0.04 (20.01 to
0.09; p=0.12) and 0.12 (20.18 to 0.31; p=0.36), respec-
tively. Similarly, the sputum eosinophil count was not
significantly different before each treatment phase
(p=0.24) or treatment (p=0.8).
The group geometric mean sputum eosinophil count

decreased after mometasone from 2.20% to 1.58%, but this
change was not significantly different from the change after
placebo (2.32% to 1.96%; 1.17-fold decrease after mometa-
sone compared with placebo (95% CI 0.7 to 1.4), p=0.38,
table 1). There were no other significant changes in sputum
cell counts or sputum mediator concentrations (table 1).
The mean paired difference between mometasone and

placebo treatment for the change in primary outcomes for the
whole group were: post-bronchodilator FEV1 0.04 l (95% CI
20.03 to 0.11; p=0.24) and CRQ total20.025 (95% CI20.23
to 0.18; p=0.8).
Stratified in tertiles by the baseline eosinophil differential

cell count, the subjects were well matched for age, sex,
smoking history, atopy and there was no significant
difference in baseline spirometry or total CRQ (table 2). The
peripheral blood eosinophil count and total IgE concentration
was higher in the most eosinophilic tertile (p,0.05). There
was a progressive increase in the mean difference between
mometasone and placebo from the least to the most
eosinophilic tertiles for change in post-bronchodilator FEV1

and total CRQ (fig 2). The mean change in post-bronchodi-
lator FEV1 with mometasone compared with placebo in the
highest tertile was 0.11 l (95% CI 0.03 to 0.19; p=0.02).
Similarly, an improvement in pre-bronchodilator FEV1 was
only observed in those subjects in the highest tertile (0.096 l
(95% CI 0.00 to 0.19); p=0.05). There was no significant
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Figure 1 Study pathway from recruitment to completion.
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improvement in total CRQ or in the other secondary outcome
measures in any of the tertiles (fig 2, table 3). There was no
significant reduction in the sputum eosinophil count in the
two tertiles with the highest baseline eosinophil count and in
the lowest tertile the sputum eosinophilic count increased
after mometasone compared with placebo, although this
represented a very small change in the absolute sputum
eosinophil count in this group (table 3).
The following post hoc analyses were performed. (1) We

re-analysed the study stratifying the subjects into tertiles
defined by their baseline total IgE, peripheral blood
eosinophil count, and sputum ECP. The improvement in
post-bronchodilator FEV1 after mometasone compared with
placebo was highest in those subjects in the highest tertile for
all of these measures, but this improvement did not reach
statistical significance (table 4). There was no significant

change in total CRQ in any of the tertiles (data not shown).
(2) The mean improvement in post-bronchodilator FEV1 was
not significantly increased in those subjects who were ex- or
never current smokers (0.06 l (95% CI 20.21 to 0.14);
p=0.15) or current smokers (20.03 l (95% CI 20.16 to
0.11); p=0.7), and there was no significant difference
between ex- or never smokers and current smokers (mean
difference 0.08 l (95% CI 20.08 to 0.24); p=0.3). There was
no relationship between smoking status and total CRQ or
previous corticosteroid usage and any of the primary
outcomes (data not shown). (3) We re-analysed the data
including only those 49 subjects who completed the study.
These subjects were again stratified into tertiles based on
their baseline sputum eosinophil count. The findings were
very similar to the intention-to-treat analysis with a mean
improvement in post-bronchodilator FEV1 after mometasone
compared with placebo of 0.11 l (95% CI 0.002 to 0.21;
p=0.046).

DISCUSSION
We have shown that, in subjects with stable moderate and
severe COPD, there is a small but significant improvement in
post-bronchodilator FEV1 in subjects with higher baseline
sputum eosinophil count. This improvement was not
associated with a fall in the sputum eosinophil count or a
change in any other sputum marker of eosinophilic or
neutrophilic inflammation.
Our findings suggest that systemic and inhaled cortico-

steroids have differential effects on airway inflammation in
COPD. In this study inhaled corticosteroid treatment did not
modify eosinophilic airway inflammation in the whole group
compared with placebo whereas, in our previous report in a
similar group of patients with COPD, prednisolone caused a
marked reduction in the sputum eosinophil count.8 This
suggests that the airway inflammation in COPD is relatively
insensitive to inhaled corticosteroid therapy.
Indeed, there was a significant (albeit small) increase in

the sputum eosinophil count in the tertile with the least
eosinophilic inflammation at baseline after mometasone
compared with placebo. The differences between the effects
of oral versus inhaled corticosteroids may reflect differences
in dose or perhaps the site of action. Systemic corticosteroids
are likely to exert more of an effect on small airway
inflammation, which is less accessible to inhaled therapy,
and systemic corticosteroids also suppress eosinophil produc-
tion by the bone marrow.
Our study supports a role for the sputum eosinophil count

in identifying subjects who may benefit from inhaled

Table 1 Primary outcomes: post-bronchodilator FEV1 and total CRQ and sputum characteristics before and after mometasone
and placebo for the whole group (n = 60)

Pre-ICS Post-ICS

p value
(pre v post
ICS) Pre-placebo Post-placebo

p value
(pre v post
placebo)

p value
(net
improvement)

FEV1 (l) 1.25 (0.07) 1.25 (0.07) 0.4 1.17 (0.07) 1.15 (0.07) 0.6 0.35
FEV1 (l) post-bronchodilator 1.34 (0.08) 1.37 (0.08) 0.31 1.25 (0.07) 1.24 (0.08) 0.77 0.36
CRQ total 4.15 (0.15) 4.4 (0.16) 0.015 4.15 (0.17) 4.54 (0.17) 0.018 0.8
Total cell count 106/g sputum 2.8 (0.4) 3.7 (1.1) 0.5 3.7 (0.6) 4.9 (1.4) 0.27 0.66
Eosinophils (%)� 2.20 (0.07) 1.58 (0.08) 0.014 2.32 (0.09) 1.96 (0.09) 0.25 0.38
Neutrophils (%)` 77.9 (61–89) 80.3 (62–90) 0.21 77.9 (63–89) 75.1 (67–87) 0.63 0.22
Macrophages (%)` 14.5 (7–31) 11.8 (8–30) 0.12 14.2 (5–25) 14.9 (7–20) 0.53 0.42
Bronchial epithelial cells (%)` 1.3 (0.5–2.6) 1.6 (0.4–3.7) 0.15 1.4 (0.2–1.9) 1.1 (0.4–3.1) 0.08 0.56
Lymphocytes (%)` 0.4 (0.18–1.0) 0.4 (0–0.8) 0.5 0.4 (0.70.1–0.8) 0.5 (0.2–0.9) 0.69 0.85
Histamine (ng/g) � 49 (0.09) 50 (0.09) 0.6 59 (0.08) 51 (0.09) 0.79 0.35
IL-8 (ng/g)� 109 (0.06) 95 (0.05) 0.21 118 (0.06) 123 (0.06) 0.13 0.13
ECP (ng/g)� 1115 (0.07) 1021 (0.08) 0.4 982 (0.09) 1060 (0.09) 0.12 0.09

FEV1, forced expiratory volume in 1 second; CRQ, Chronic Respiratory Disease Questionnaire; ICS, inhaled corticosteroid; IL-8, interleukin 8; ECP, eosinophilic
cationic protein.
Values are mean (SE) except �geometric mean (log SE), `median (IQR).
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Figure 2 Mean (SE) absolute increase in post-bronchodilator forced
expiratory volume in 1 second (FEV1) and total Chronic Respiratory
Disease Questionnaire (CRQ) score after mometasone compared with
placebo for each tertile. *p,0.05 (paired t test). There was improvement
after mometasone compared with placebo in each group.
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Table 2 Baseline characteristics of subjects stratified in tertiles defined by the baseline
eosinophil differential cell count

Eosinophil count

,1 (n = 20) 1–3.9 (n = 20) .3.9 (n = 20)

Male 10 15 15
Age (years)� 66 (2) 68 (2) 68 (2)
Current smoker 5 9 5
Ex-smokers 14 11 14
Pack years� 40 (5) 41 (6) 39 (5)
Treated with long acting
b2 agonists (n)

4 3 4

Atopic (subjects with +ve RAST) 7 6 9
IgE (kU/l)� 77 (21) 63 (13) 197 (53)*
Blood eosinophil count (6109/l)` 0.15 (0.02) 0.25 (0.04) 0.37 (0.06)*
Total CRQ� 4.0 (0.3) 3.9 (0.2) 4.5 (0.3)
FEV1 (l)� 1.35 (0.13) 1.29 (0.1) 1.03 (0.09)
FEV1 BD (l)� 1.47 (0.14) 1.42 (0.11) 1.09 (0.1)
FEV1 (% predicted)� 47 (3) 47 (3) 38 (3)
FVC (l)� 2.5 (0.2) 2.3 (0.2) 2.2 (0.2)
Sputum characteristics
Eosinophils (%)� 0.4 (0.1) 2 (0.04) 7.5 (0.05)
Neutrophils (%)� 67 (41–89) 81 (68–84) 80 (65–89)
Macrophages (%)� 29 (10–53) 14 (9–27) 10 (4–24)
Lymphocytes (%)� 0.5 (0.16–0.9) 0.8 (0.05–1.25) 0.2 (0–0.7)
Epithelial cells (%)� 0.8 (10.2–2.2) 0.9 (0.2, 2.4) 0.9 (0.2–2.5)
TCC (6106 cells/g sputum)� 4.8 (1.4) 2.9 (0.5) 3.7 (1.0)
Histamine (ng/g)` 45 (0.17) 84 (0.16) 48 (0.1)
IL-8 (ng/g)` 135 (0.9) 100 (0.08) 142 (0.1)
ECP (ng/g)` 687 (0.09) 998 (0.1) 1769 (0.2)

CRQ domain scores
Dyspnoea� 3.3 (0.3) 3.1 (0.3) 3.7 (0.3)
Fatigue� 3.6 (0.3) 3.5 (0.2) 4.0 (0.3)
Emotion� 4.4 (0.3) 4.5 (0.2) 4.9 (0.3)
Mastery� 4.5 (0.3) 4.5 (0.3) 5.3 (0.3)

Symptom scores (VAS)
Cough (mm)� 35 (7) 34 (6) 43 (7)
Sputum (mm)� 25 (6) 38 (6) 26 (5)
SOB (mm)� 51 (7) 48 (5) 45 (7)
Wheeze (mm)� 27 (6) 25 (5) 32 (6)

FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; BD, bronchodilator; CRQ, Chronic
Respiratory Disease Questionnaire; TCC, total cell count; IL-8, interleukin 8; ECP, eosinophilic cationic protein;
SOB, shortness of breath; VAS, visual analogue score.
�Mean (SE), `geometric mean (log SE), �median (IQR).
*p,0.05 comparison across groups (ANOVA or Kruskal-Wallis test).

Table 3 Mean (95% CI) change in secondary outcomes: CRQ domains, symptoms and
sputum characteristics after mometasone compared with placebo for each tertile

Eosinophil count

,1 (n = 20) 1–3.9 (n = 20) .3.9 (n = 20)

CRQ domains`
SOB 20.31 (20.9 to 0.3) 20.2 (20.9 to 0.5) 0.35 (20.3 to 1.0)
Fatigue 20.16 (20.67 to 0.35) 20.19 (21.05 to 0.67) 0.15 (20.41 to 0.71)
Emotion 20.23 (20.63 to 0.17) 20.44 (20.89 to 0.003) 20.09 (20.69 to 0.51)
Mastery 20.32 (20.79 to 0.13) 20.08 (20.78 to 0.60) 0.31 (20.40 to 1.02)

Symptom scores (VAS)�
Cough 2 (28 to 13) 10 (21 to 21) 3 (23 to 8)
Sputum 215 (230 to 0) 3 (28 to 14) 25 (217 to 7)
SOB 212 (230 to 7) 5 (24 to 13) 23 (216 to 10)
Wheeze 28 (217 to 2) 3 (24 to 10) 27 (217 to 4)

Sputum indices
TCC` 20.3 (23.2 to 2.7) 1.9 (25.7 to 9.4) 0.1 (21.7 to 2.0)
Eosinophils� 0.44 (0.27 to 0.73)* 0.9 (0.42 to 1.96) 1.37 (0.74 to 2.54)
Neutrophils` 27.9 (223 to 8) 2.3 (27 to 12) 27.2 (218 to 4)
Histamine (ng/g)� 1.1 (0.5 to 1.4) 0.8 (0.5 to 1.2) 0.9 (0.7 to 1.1)
IL-8 (ng/g)� 1.2 (0.9 to 1.6) 1 (0.7 to 1.5) 1.3 (0.9 to 1.8)
ECP (ng/g)� 1.2 (0.96 to 1.5) 0.9 (0.58 to 1.48) 1.15 (0.9 to 1.45)

CRQ, Chronic Respiratory Disease Questionnaire; SOB, shortness of breath; VAS, visual analogue score; TCC,
total cell count; IL-8, interleukin 8; ECP, eosinophilic cationic protein.
*p,0.05.
�Fold decrease; `absolute increase, �absolute decrease (mm).
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corticosteroids. However, the inability of inhaled corticoster-
oids to modulate eosinophilic inflammation questions the
importance of the eosinophil in the pathogenesis of stable
COPD. The lack of effect on eosinophilic inflammation in
COPD by inhaled corticosteroids is a consistent finding.5 13–16

Two studies have shown a small reduction in the sputum
neutrophil count13 17 and one a reduction in submucoasl mast
cell numbers.14 Louis et al reported increased mast cell
activation in a subset of patients with COPD who have a
sputum eosinophilia,18 but we found no association between
histamine concentration and baseline sputum eosinophilia.
Thus, the role of the mast cell in the inflammatory response
in COPD remains unclear.
There is a great deal of interest in the role of long term

inhaled corticosteroid treatment in COPD. Regular treatment
with inhaled corticosteroids in stable COPD does not alter the
long term decline in lung function19–22 and there is conflicting
evidence whether inhaled corticosteroids alter mortality.23 24

However, they do reduce the number of exacerbations and
improve health status in subjects with severe COPD.21 25–27

One important question is whether these relatively minor
long term benefits are confined to a definable subgroup of
patients. Intriguingly, the exacerbation frequency in patients
treated with inhaled fluticasone was less in those who
responded to short term treatment with prednisolone than in
non-responders.28 29 It is therefore of interest that, while
mometasone did not modify sputum eosinophils, there was
nevertheless a small but significant increase in post-
bronchodilator FEV1 in the most eosinophilic tertile. Since
sputum eosinophilia was also associated with an improve-
ment in lung function after a short course of prednisolone, it
is possible that the identification of eosinophilic airway
inflammation might still allow corticosteroid therapy to be
targeted to a population who would particularly benefit in
the long term. This approach has been applied to asthma
where, in a management strategy aimed at normalising the
sputum eosinophil count, there was a striking reduction in
severe exacerbations.30 Whether a similar approach would be
equally successful in COPD needs to be addressed.
One criticism of sputum induction in the assessment of

airway inflammation is that it requires skilled technical
support. It is therefore attractive to consider alternative non-
invasive measures. Importantly, we found that the total
serum IgE and peripheral blood eosinophil count were
increased in those subjects in the tertile with the highest
baseline sputum eosinophil count. We therefore re-analysed
our data to assess whether these measures and sputum ECP
concentration could also identify subjects who respond to
inhaled corticosteroids. Although improvement in lung
function was best in those subjects in the highest tertile for
all of these measures, this improvement was not significant
and was not as good as those subjects with a high baseline
sputum eosinopil count. This study therefore further supports
the role of the sputum eosinophil count in the management
of patients with COPD, but we have not identified an
alternative marker in the peripheral blood.
One shortcoming of our study is that we may have

recruited a group of patients with COPD who would be

predicted to have a poor response to corticosteroids and
therefore we may have underestimated the beneficial effect
of mometasone. In particular, our subjects had no history
suggestive of asthma and no significant bronchodilator
response to short acting bronchodilators on two occasions.
Furthermore, we excluded subjects who had an exacerbation
during the run-in period after inhaled corticosteroid with-
drawal. This group is likely to include those patients with
COPD who have more corticosteroid responsive disease.
Interestingly, the response to inhaled corticosteroids was
not significantly associated with smoking status.
In conclusion, we found that a high sputum eosinophil

count did identify a subgroup of patients with COPD who
respond to inhaled corticosteroids in terms of lung function.
This benefit was small and was not associated with a
modification in eosinophilic airway inflammation, in striking
contrast to our earlier findings with oral prednisolone,
suggesting a degree of resistance to inhaled corticosteroid
in COPD. Further studies are required to investigate the role
of induced sputum as a predictor of the long term response to
inhaled corticosteroids and, in particular, its value in guiding
the use of corticosteroid therapy to reduce exacerbations in
COPD.
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