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ABSTRACT 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 μg 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=456) had a similar rate of post-bronchodilator FEV1 decline with
fluticasone propionate as placebo (–2.9 mL·year−1; p=0.688). 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
compared with the ⩾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.
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Introduction
Chronic obstructive pulmonary disease (COPD) is characterised by persistent airflow limitation and,
although treatable, it is usually progressive [1, 2]. Treatment with inhaled corticosteroids (ICS) and a
long-acting β2-agonist (LABA) bronchodilator improves lung function and quality of life, and reduces the
frequency of exacerbations in patients with moderate/severe COPD [1, 3–5]. However, ICS-containing
regimens are associated with an increased risk of pneumonia in COPD patients [6–8]. The identification
of a biomarker that could help predict response to ICS would help to evaluate the risk/benefit ratio of ICS
in COPD patients and assist clinicians with treatment selection.
Fluticasone propionate is a twice-daily ICS used as maintenance therapy for COPD, in combination with a
LABA bronchodilator [1]. Fluticasone propionate monotherapy was compared with placebo in the 3-year
ISOLDE study, a double-blind, placebo-controlled trial which tested the effect of ICS on disease
progression in moderate/severe COPD [9]. No difference was seen in the rate of decline (mL·year−1) of
post-bronchodilator forced expiratory volume in 1 s (FEV1) for fluticasone propionate versus placebo
( primary end-point: p=0.16) but there was a significant reduction in the secondary end-point of median
yearly exacerbation rate with fluticasone propionate versus placebo (0.99 versus 1.32 year–1, respectively;
reduction of 25%; p=0.026). However, withdrawal rates were high in ISOLDE during both the 8-week
run-in (24% of eligible patients) and double-blind treatment (43% fluticasone propionate; 53% placebo).
Two small studies suggested the risk of severe COPD exacerbations is reduced when corticosteroid
treatment is titrated to normalise sputum eosinophil count [10, 11]. A high sputum eosinophil count has
been associated with an FEV1 response to systemic corticosteroids [12, 13], but sputum eosinophil
assessments are technically more difficult to perform than analysis of blood eosinophils and are not always
successful [14]. Therefore, assessing levels of blood eosinophil numbers may be a practical alternative to
sputum assessments. There is an association between blood and sputum eosinophil counts in COPD, with
a differential count of ⩾2% of the total white blood cell count having a positive predictive value of 90% for
raised induced sputum eosinophils [14]. Blood eosinophil count ⩾2% is associated with increased risk of
moderate/severe exacerbations [15–17], and patients with a high eosinophil count and asthma have an
increased mortality due to COPD in later life [18]. However, the relationship between eosinophils and
decline in lung function (FEV1) in patients receiving ICS has not been reported.
We hypothesised that baseline blood eosinophil count would be related to rate of lung function decline
and that this would be slower if patients with a higher baseline eosinophil count were treated with an ICS.
To test these ideas we undertook a retrospective analysis of data from the ISOLDE study, using a blood
eosinophil cut-off of <2% versus ⩾2% to categorise patients.

Materials and methods
Overview of ISOLDE study
The ISOLDE study design has been described previously [9]. Eligible patients were aged 40–75 years,
current or previous smokers with moderate/severe COPD and post-bronchodilator FEV1 ⩾0.8 L, but ⩽85%
of predicted normal. Patients taking ICS and/or oral corticosteroids had to have stopped these treatments
before entry to the 8-week run-in period. During the study, LABAs were permitted. However, the study
pre-dated the wide use of long-acting inhaled bronchodilators, with only 6% of patients in the placebo and
fluticasone propionate treatment group continuing salmeterol into the randomised treatment period and
none taking tiotriopium; a further 2% and 1% patients, respectively, stopped salmeterol prior to the
treatment period.
Patients were excluded if their FEV1 response to salbutamol 400 μg exceeded 10% of predicted normal,
they had a life expectancy of <5 years from comorbid conditions or if they used β-blockers. The protocol
was approved by each centre’s local ethical committee and patients provided written informed consent.
Eligible patients entered an 8-week run-in and were then randomised to either fluticasone propionate
500 μg twice daily or placebo twice daily. Baseline eosinophil count was taken as the last value obtained
prior to initiating study treatment (online supplementary table S1). Most patients (if they agreed and were
not contraindicated) had an open 2-week oral prednisone trial (0.6 mg·kg−1·day−1) before starting
treatment in the double-blind phase. All patients were given salbutamol 200 μg and ipratropium bromide
80 μg as symptomatic relief. During the 3-year double-blind phase, patients visited a clinic every 3 months
for spirometry, recording of exacerbations and safety assessments.
The primary end-point was the decline (mL·year−1) in FEV1 after bronchodilator using data from
3–36 months (baseline was included as a covariate and was the mean of measurements taken at weeks 4
and 8 of the run-in, pre-prednisone). Secondary end-points included exacerbation rate (defined by
treatment use and/or hospitalisation), change in health status, withdrawals due to respiratory disease and
adverse events. This study was performed before the registration of clinical trial data was introduced.
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Analysis of ISOLDE data according to eosinophil levels
This was a retrospective analysis of data from patients in the primary analysis of ISOLDE. Blood
eosinophil levels were measured at screening, at the end of the 8-week run-in, after each year of study
treatment and on early withdrawal. In keeping with previous reports [14], patients were categorised
according to their last eosinophil count (⩾2% or <2%) prior to the start of the double-blind treatment
period (as stated in the pre-specified analysis plan).
The primary outcome was rate of decline in FEV1 ( pre/post-bronchodilator) in each subgroup using data
from 3 to 36 months (as in the original ISOLDE analysis). Secondary outcomes were time-to-first and
annual rate of moderate and severe exacerbations, pre- and post-bronchodilator FEV1 including weighted
mean over the treatment period, effect of ICS on eosinophil count, change from baseline in St George’s
Respiratory Questionnaire (SGRQ) total scores [19], and adverse events by eosinophil subgroup (including
proportion of patients experiencing pneumonia, reported as an adverse event).
The rate of decline in FEV1 over time was analysed using a random coefficients model for each eosinophil
subgroup separately, with FEV1 as the response variable. Fixed effects included age, sex, baseline FEV1,
treatment group and time. Subject effects were random. The treatment-group-by-time interaction allowed point
estimates and 95% confidence intervals for slope differences between treatments to be generated for the <2%
and ⩾2% eosinophils subgroups. Analysis of FEV1 was performed using a mixed models repeated measures
(MMRM) methodology. Point estimates and 95% CIs for the treatment differences in FEV1 were generated for
each day according to each eosinophil subgroup. This was a separate analysis of FEV1 which provided an
estimate of treatment difference at each clinic visit. Analysis of time-to-first moderate or severe exacerbation was
performed using a Cox proportional hazards model, with covariates including treatment group, sex, FEV1 %
predicted at baseline, eosinophil subgroup and treatment by eosinophil interaction. In light of advances in
statistical analysis [20], the annual rate of moderate and severe exacerbations was analysed using a generalised
linear model assuming a negative binomial distribution, where the response variable was the number of
on-treatment moderate and severe exacerbations experienced per subject using the same covariates as
time-to-first exacerbation analysis. SGRQ total score analysis was performed using a MMRM methodology, and
rate of decline in health status was assessed from 6 months (the first on-treatment time point) using a random
coefficients model. Eosinophils were compared between treatment groups at months 12, 24 and 36 by fitting a
MMRM model. All analyses were performed in a HARP (Harmonisation of Analysis & Reporting Program;
GlaxoSmithKline, Brentford, UK) environment using SAS version 9.1.3 (SAS, Cary, NC, USA) or later release.

Results
Patient disposition and baseline characteristics
Complete patient disposition in the ISOLDE study (n=751) has been reported previously [9]. Patients were
randomised to fluticasone propionate (n=376) or placebo (n=375); baseline eosinophil counts were available
for 370 patients in the fluticasone propionate group and 368 patients in the placebo group (figure 1). The
proportion of patients in each eosinophil group was similar between fluticasone propionate and placebo
(71% versus 66% (<2%) and 29% versus 34% (⩾2%), respectively) (figures 1 and 2). Median percentage
baseline eosinophil count was 1.27 (eosinophils <2% group: median absolute count 100 mm–3) and 3.17
(eosinophils ⩾2% group: median absolute count 200 mm–3). Baseline characteristics were balanced between
groups (table 1). Most participants were male, mean age 63.2–64.1 years, with a mean smoking history of
42.7–47.2 pack-years, and 39–51% were current smokers. No substantial differences were noted between
eosinophil subgroups in terms of demographic or baseline characteristics, including spirometry. In both
treatment groups 6% of patients (21/375 placebo, 23/376 fluticasone propionate) who had been receiving a
LABA (salmeterol) at randomisation continued this during the treatment period. In addition, 7% (25/375) of
patients receiving placebo and 5% (18/376) of patients receiving fluticasone propionate started LABA
treatment during the randomised treatment phase.
FEV1 analysis by eosinophil count
In the primary outcome analysis, no significant difference was seen in the annual rate of FEV1 decline
with fluticasone propionate (50 mL·year−1) compared with placebo (59 mL·year−1, p=0.16); however, mean
FEV1 after bronchodilator remained significantly higher throughout the study with fluticasone propionate
( p<0.001 versus placebo) [9]. There was also a significant reduction in median exacerbation rate with
fluticasone propionate versus placebo ( p=0.026).
When analysed by baseline blood eosinophil threshold, the group with higher eosinophil count had greater
treatment efficacy as measured by FEV1 decline. The rate of decline in post-bronchodilator FEV1
(mL·year−1) was significantly slower with fluticasone propionate versus placebo in the ⩾2% eosinophil
group (33.9 mL·year−1 reduction: –40.6 versus –74.5 mL·year−1; p=0.003), but not in the <2% eosinophil
group (–54.2 versus –51.3 mL·year−1; p=0.688) (table 2). A post hoc analysis of FEV1 decline in those
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Eligible patients in the
8-week run-in period
(n=990)

Withdrawn before randomisation (n=239)
• Not meeting inclusion criteria (n=49)
• Adverse event (n=109)
• Noncompliance (n=7)
• Failure to return (n=30)
• Other (n=44)

Previous use of inhaled and/or
oral corticosteroids (n=466)

Randomised (n=751)

Allocated to FP (n=376)

Received oral
prednisone
(n=326)

Did not receive
oral prednisone
(n=50)

Received FP (n=370)
Baseline eosinophil count available
(n=370)#

Allocated to placebo (n=375)

Received oral
prednisone
(n=322)

Did not receive
oral prednisone
(n=53)

Received placebo (n=372)
Baseline eosinophil count available
(n=368)#

Eosinophil count <2%
(n=263 (72%))

Eosinophil count ≥2%
(n=107 (29%))

Eosinophil count <2%
(n=242 (66%))

Eosinophil count ≥2%
(n=126 (34%))

Follow-up
assessments

Follow-up
assessments

Follow-up
assessments

Follow-up
assessments

FIGURE 1 Patient flow diagram. Eosinophil measurements were performed at scheduled assessments
(screening and before prednisone) or may have been unscheduled. Not all patients received oral prednisone.
#
: baseline eosinophil count refers to the last eosinophil count recorded before receiving fluticasone propionate
(FP) or placebo.

receiving placebo showed that the difference between the ⩾2% and <2% eosinophil groups was significant
( p=0.015). Results for pre-bronchodilator FEV1 were similar to post-bronchodilator findings (figure 3). At
month 3, in placebo-treated subjects there was a reduction in post-bronchodilator FEV1 for <2% and ⩾2%
eosinophils (43.5 and 30 mL, respectively). For the fluticasone propionate-treated subjects there was a
30 mL improvement in FEV1 in the <2% eosinophil group and a 62.5 mL improvement in FEV1 in the
⩾2% eosinophil group.
Using the last eosinophil value prior to inhaled therapy use to define eosinophil category, 43 subjects had
the measurement taken while taking, or after stopping, prednisone. Using the last pre-prednisone
eosinophil value as baseline made no change to the overall conclusions of the study.
Other efficacy analyses
No consistent relationship was seen between eosinophil level and relative treatment efficacy in reducing
exacerbation rates. Hazard ratios (HRs) for fluticasone propionate versus placebo for time-to-first
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Patients %
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0
<2

2–<4

4–<6

≥6

Baseline eosinophil group %

FIGURE 2 Histogram showing
distribution of blood eosinophil
levels
of
patients
receiving
fluticasone propionate 500 μg twice
daily (FP) or placebo twice daily.

moderate/severe exacerbation were not different between the <2% eosinophil group (HR 0.91, 95% CI
0.74–1.11; p=0.330) and the ⩾2% eosinophil group (HR 1.04, 95% CI 0.78–1.40; p=0.774). The annual rate
of moderate/severe exacerbations (table 3) was significantly lower with fluticasone propionate versus
placebo in the <2% eosinophil group (1.32 versus 1.63 year–1, p=0.009). No significant difference was seen
in exacerbation rate among patients receiving fluticasone propionate versus placebo in the ⩾2% eosinophil
group (1.59 versus 1.81 year–1, p=0.281). The reduction in overall exacerbation rate for fluticasone
propionate versus placebo was higher in the <2% eosinophil group compared with the ⩾2% eosinophil
group (online supplementary figure S1).
The decrease in health status from baseline was greater for placebo versus fluticasone propionate in both
eosinophil groups over 3 years of treatment (table 4: at 36 months 6.83 versus 0.91 in the ⩾2% eosinophil
group, p=0.019; 9.69 versus 5.59 in the <2% eosinophil group, p=0.013), with worsening health status in
the <2% eosinophil subgroup with both treatments (figure 4). There was no significant difference in the
rate of decline (assessed using the SGRQ score from 6 months, i.e. the first on-treatment time point)
between fluticasone propionate and placebo for either eosinophil subgroup (fluticasone propionate versus
placebo: <2%: –0.6 year–1, p=0.259; ⩾2%: –0.8 year–1, p=0.397).
Stability of blood eosinophils during the study
Eosinophil counts at years 1–3 were unaffected by the presence of exacerbations in the 2 months before a visit
(online supplementary table S2). The difference in mean percentage change from baseline in blood eosinophil
count did not reach significance for the two treatment groups (fluticasone propionate versus placebo) at any
time point (12 months: –0.12, p=0.388; 24 months: –0.14, p=0.375; 36 months: –0.21, p=0.223).

TABLE 1 Demographics and baseline characteristics of patients receiving fluticasone
propionate 500 μg twice daily (FP) or placebo twice daily according to blood eosinophil level
Eosinophils <2%

Age years
Male
BMI kg·m−2
White
Current smoker
Smoking pack-years
Pre-bronchodilator FEV1 L
Pre-bronchodilator FEV1 % pred
Post-bronchodilator FEV1 L
Post-bronchodilator FEV1 % pred
Reversibility to salbutamol %

Eosinophils ⩾2%

FP

Placebo

FP

Placebo

63.8±6.94#
190 (72)#
24.91±4.92#
260 (99)#
133 (51)#
43.2±29.78ƒ
1.32±0.472§§
47.3±15.31§§
1.45±0.485§§
51.8±15.25§§
4.5±3.5§§

64.1±6.83¶
171 (71)¶
25.17±4.54¶
241 (>99)¶
118 (49)¶
43.6±35.58##
1.25±0.462ƒƒ
45.5±14.90ƒƒ
1.37±0.470ƒƒ
49.9±14.79ƒƒ
4.4±3.35ƒƒ

63.5±7.34+
88 (82)+
23.61±4.28+
106 (>99)+
42 (39)+
47.2±30.11¶¶
1.24±0.444###
42.5±14.09###
1.36±0.440###
46.5±13.79###
4.1±3.46###

63.2±7.74§
102 (81)§
24.50±4.84§
126 (100)§
60 (48)§
42.7±28.65++
1.31±0.496¶¶¶
45.4±15.46¶¶¶
1.44±0.496¶¶¶
49.9±15.24¶¶¶
4.5±3.52¶¶¶

Data are presented as mean±SD or n (%). BMI: body mass index; FEV1: forced expiratory volume in 1 s;
% pred: % predicted. Numbers of patients in each analysis group differed depending on data availability.
#
: n=263; ¶: n=242; +: n=107; §: n=126; ƒ: n=251; ##: n=214; ¶¶: n=104; ++: n=119; §§: n=261; ƒƒ: n=240;
###
: n=106; ¶¶¶: n=124.
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TABLE 2 Rate of decline in post-bronchodilator forced expiratory volume in 1 s (FEV1) in patients receiving fluticasone
propionate 500 μg twice daily (FP) or placebo twice daily according to blood eosinophil level#
Eosinophils ⩾2%

Eosinophils <2%
FP
Patients n
Baseline FEV1 (mean±SD) L
Adjusted rate of decline in FEV1 (mean±SE) mL·year−1
Slope: FP versus placebo (mean±SE) (95% CI)

Placebo

FP

240
216
1.46±0.487
1.39±0.469
–54.2±4.8
–51.3±5.3
–2.9±7.2 (–17.0–11.3), p=0.688

Placebo

97
107
1.32±0.440
1.45±0.525
–40.6±8.0
–74.5±8.0
33.9±11.3 (11.5–56.2), p=0.003

Random coefficients model for each eosinophil subgroup separately, with fixed effects of age, sex, baseline post-bronchodilator FEV1,
treatment group and time, and random subject effects. #: using baseline post-bronchodilator FEV1 as a covariate.

Analysis of adverse events data
The rate of (and time to) patient withdrawal were unaffected by eosinophil subgroup, with more patients
withdrawing when randomised to placebo than fluticasone propionate in both groups (online
supplementary table S3 and figure S3).
Adverse event/serious adverse event incidence was comparable when summarised by eosinophil count and
treatment group (online supplementary table S4). Compared with placebo, more patients reported
pneumonia with fluticasone propionate (15/263 (5.7%)) in the <2% eosinophil group than for placebo (3/
242 (1.2%)); in patients with eosinophils ⩾2%, the incidence of pneumonia was similar in both treatment
groups (5/107 (4.7%) and 6/126 (4.8%) for fluticasone propionate and placebo, respectively). Similar
findings were seen for serious pneumonia, where 4.6% and 0.8% of fluticasone propionate and placebo
patients experienced an event in the <2% eosinophil group, compared with 3.7% and 4.8% in the ⩾2%
eosinophil group. There were seven cases of fatal pneumonia: five in the <2% eosinophil group (one
placebo, four fluticasone propionate) and two in the ⩾2% eosinophil group (both placebo). The incidence
of on-treatment deaths was similar irrespective of treatment in both eosinophil groups (9% and 7% (<2%
eosinophils) and 7% and 7% (⩾2% eosinophils) for placebo and fluticasone propionate, respectively).

Discussion
One of the major aims of COPD management is to slow disease progression. This has most frequently
been studied by trying to reduce the rate of decline of FEV1.

FP
Placebo

b)

100

Change from baseline
pre-bronchodilator FEV1 mL

100

Change from baseline
pre-bronchodilator FEV1 mL

a)

0

–100

FP versus placebo=3.8 mL·year–1, p=0.616

–200
0

3

6

9

12 15 18 21 24 27 30 33 36

0

–100

FP versus placebo=37.7 mL·year–1, p=0.001

–200
0

3

6

9

Study month
Patients n
Placebo 89 201 193 169 158 150 147 138 127 126 116 104 89
FP 113 230 208 198 192 178 172 170 165 157 153 149 113

12 15 18 21 24 27 30 33 36

Study month
Patients n
Placebo 48 101 91 90
FP 54 94 88 80

80 73 71 70 64 65 56 52 48
75 73 70 64 67 61 62 59 54

FIGURE 3 Decline in pre-bronchodilator forced expiratory volume in 1 s (FEV1) in patients receiving fluticasone propionate 500 μg twice daily (FP) or
placebo twice daily according to blood eosinophil level: a) <2% and b) ⩾2%. Data points represent the adjusted means from the mixed models
repeated measures analysis and indicate the change from baseline over time; the slope differences are derived from the random coefficients model.

DOI: 10.1183/13993003.01370-2015

1379

COPD | N.C. BARNES ET AL.

TABLE 3 Analysis of moderate/severe exacerbation rates in patients receiving fluticasone
propionate 500 μg twice daily (FP) or placebo twice daily according to blood eosinophil level
(intent-to-treat population)

Patients n
Exacerbations (adjusted mean) year–1
Ratio: FP versus placebo (95% CI)
Percentage reduction in exacerbations (95% CI)

Eosinophils <2%

Eosinophils ⩾2%

FP

FP

Placebo

263
241
1.32
1.63
0.81 (0.68–0.95), p=0.009
19 (5–32)

Placebo

107
126
1.59
1.81
0.88 (0.69–1.11), p=0.281
12 (–11–31)

Negative binomial model with covariates of sex and forced expiratory volume in 1 s % predicted at baseline.

In this retrospective analysis of data from the 3-year ISOLDE study of fluticasone propionate versus
placebo in patients with moderate/severe COPD we found that the rate of annual decline in
post-bronchodilator FEV1 was significantly reduced with fluticasone propionate compared with placebo
( p=0.003) in patients with blood eosinophil levels ⩾2%, but not in the <2% eosinophil group. The
difference in FEV1 decline between fluticasone propionate and placebo at 3–36 months did not appear to
reflect an immediate improvement following 3 months of fluticasone propionate administration in these
selected groups of patients.
Several studies have considered the effects of ICS on the rate of FEV1 decline, with contrasting results. As
with ISOLDE, they failed to find any significant impact of ICS on FEV1 decline, although in all cases the
ICS arm showed the lower rate of change with time [21–23]. An analysis of the TORCH (TOwards a
Revolution in COPD Health) study found a statistically significant reduction in FEV1 decline with all
active treatments including ICS monotherapy; however, patients were not stratified by their blood
eosinophil count [24]. Our data suggest that these earlier findings may reflect differences in the baseline
eosinophil count with a preponderance of patients less likely to respond to ICS masking a “true-positive”
signal. Regrettably, baseline blood count data are not available in these studies and so this explanation
must remain speculative.
The original analysis of exacerbation rates in the overall population of the ISOLDE study showed a
reduction over 12 months of fluticasone propionate treatment [9]. In this retrospective analysis, we saw
reductions of 12% and 19% in the effect of fluticasone propionate on exacerbation rates in the higher and
lower eosinophil groups, respectively, with fewer events occurring with treatment in both subgroups.
However, reduction was smaller in the higher than lower eosinophil group. This contrasts with large
datasets recently reported by PASCOE et al. [16], and from a similar-sized trial of beclomethasone and
formoterol [17], although their results reflect addition of ICS to concomitant LABAs, which reduce the
exacerbation frequency compared with placebo. Compared with PASCOE et al. [16], the ISOLDE population
contained fewer subjects with a higher eosinophil count (32% versus 66%, respectively) and our patients
were not taking LABAs. We noted an increased incidence of exacerbation and hence withdrawal before
randomisation among patients who stopped ICS [25], and this could have contributed to the lower overall

TABLE 4 Repeated measures of St George’s Respiratory Questionnaire (SGRQ) total score after 3 years of treatment with
fluticasone propionate 500 μg twice daily (FP) or placebo twice daily according to blood eosinophil level
Eosinophils ⩾2%

Eosinophils <2%

Total patients
Patients with one or more SGRQ measurements
included in the repeated measures analysis
Patients with SGRQ at 3 years
SGRQ total score
Change from baseline in SGRQ total score
Difference in total score: FP versus placebo

FP

Placebo

FP

Placebo

376
192

375
172

376
75

375
79

122
98
54.59±1.105
58.69±1.219
5.59±1.105
9.69±1.219
–4.10 (–7.33– –0.87), p=0.013

48
46
49.91±1.764
55.84±1.790
0.91±1.764
6.83±1.790
–5.93 (–10.86– –0.99), p=0.019

Data are presented as n, least squares mean±SE or difference (95% CI), unless otherwise stated. Repeated measures model with covariates of
age, sex and baseline SGRQ total score.
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15

Placebo
FP

b)

10

Change from baseline
SGRQ score

Change from baseline
SGRQ score

a)

5

0

–5

15

10

5

0

–5
FP versus placebo= –0.6 year–1, p=0.259

Patients n
Placebo
FP

6

12

166
185

140
175

18
24
Study month
129
153

110
146

30

36

105
136

98
122

FP versus placebo= –0.8 year–1, p=0.397

Patients n
Placebo
FP

6

12

74
75

67
68

18
24
Study month
58
57

49
56

30

36

50
55

46
48

FIGURE 4 Adjusted least squares mean change (95% CI) from baseline in St George’s Respiratory Questionnaire (SGRQ) total score in patients
receiving fluticasone propionate 500 μg twice daily (FP) or placebo twice daily according to blood eosinophil level: a) <2% and b) ⩾2%. The slope
differences are derived from the random coefficients model.

eosinophil count than seen in more contemporary trials. Moreover, our patients were not selected on the
basis of a prior exacerbation history, a variable highly predictive of subsequent events [26]. Information on
prior exacerbation history in ISOLDE was not recorded, and thus it is possible that by chance there was an
imbalance in the risk of an exacerbation between treatments in the high and low eosinophil groups.
We saw differences in the more immediate effects of fluticasone propionate in terms of a larger change in
FEV1 and greater improvement in health status in the higher eosinophil group, which were sustained
throughout the study. The change in FEV1 was seen in both groups and was similar to that noted recently
when ICS treatment is withdrawn [27]. However, this was not related to the subsequent FEV1 decline and may
represent a different process. The improvement in SGRQ score seen in both eosinophil groups with fluticasone
propionate therapy is likely to reflect the impact on exacerbations. However, neither the subsequent change in
health status nor the risk of study dropout was influenced by eosinophil level. We saw a greater likelihood of
having a pneumonia reported in the low eosinophil subgroup given fluticasone propionate, a finding not
replicated as yet in other studies [16, 17]. Blood eosinophils did not change meaningfully over time with ICS
treatment nor were they influenced by exacerbations prior to clinic visits, suggesting that eosinophil counts are
stable, which increases their potential utility as a marker of treatment response to ICS.
The strengths of the current analysis include the long duration of the primary ISOLDE study (3 years), and
the fact that eosinophil counts were recorded at screening and at the study start, and at intervals throughout
the study. Limitations of our study include the inconclusive findings from the exacerbations analysis and the
high rate of patient withdrawal from the primary ISOLDE study. However, despite the high withdrawal rate
in ISOLDE, there did not seem to be a difference in withdrawal rate between those with eosinophils <2% and
⩾2% at baseline, and in the current analysis withdrawals were comparable between fluticasone propionate
and placebo for both eosinophil groups. Our sample size was relatively small, reducing the robustness of this
analysis, and was insufficient to investigate a range of eosinophil thresholds. Differences observed in small
subsets of patients should also, therefore, be treated with caution. The study’s age (>10 years) may also have
limited the extent to which it reflects modern-day treatment, standard-of-care and levels of COPD control.
Finally, we currently lack a clear mechanistic explanation of how blood eosinophilia relates to airway
inflammation in COPD and through what pathways the beneficial effect on disease progression is mediated.
However, a study by HOSPERS et al. [28] provides support for our findings. In that study of cardiovascular
mortality, higher eosinophil counts were associated with poorer lung function, as measured by FEV1 [28].
Taken together, our findings suggest that a baseline blood eosinophil count of ⩾2% identifies a group of
COPD patients who show slower rate of decline in FEV1 when treated with ICS. However, based on these
findings we are unable to judge whether the results would be similar for treatment with ICS plus LABA.
Prospective testing of this hypothesis is now warranted.
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