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ABSTRACT
Although recently introduced in the pharmacological treatment algorithm of chronic obstructive
pulmonary disease (COPD), there is a need for more data supporting the use of blood eosinophil
counts as a biomarker to guide inhaled corticosteroids (ICS) therapy. The aim of this study was to
evaluate the risk of moderate and/or severe exacerbations and all-cause mortality in a large pri-
mary care population after withdrawal of ICS compared to continued users stratified by elevated
blood eosinophil counts. In this population based cohort study, we used data from the Clinical
Practice Research Datalink (CPRD) in the United Kingdom. We included subjects’ aged 40 years or
more who had a diagnosis of COPD. We excluded subjects with a history of asthma, pulmonary
fibrosis, cardiac arrhythmia and bronchiectasis, COPD exacerbations occurring within 6 weeks prior
to index date, or with a myocardial infarction within 3 months prior to index date. Continuous
users were subjects who received their most recent ICS prescription within 3 months before the
start of an interval. ICS withdrawals were those who discontinued ICS for more than 3 months. We
evaluated the risk of moderate and/or severe exacerbations and all-cause mortality among subjects
with various blood eosinophil thresholds who withdrew from ICS compared to continuous ICS
users with elevated blood eosinophil levels using Cox regression analysis adjusted for potential
confounders. We identified 48,157 subjects diagnosed with COPD between 1 January 2005 to 31
January 2014. Withdrawal of ICS was not associated with an increased risk of moderate-to-severe
exacerbations among subjects with absolute blood eosinophil counts �0.34� 109 cells/L [adjusted
hazard ratio (adj. HR) 0.72; 95% confidence interval (CI) 0.63–0.81] or relative counts � 4.0% (adj.
HR 0.72; 95% CI: 0.66–0.78). Similarly, withdrawal of ICS was not associated with an increased risk
of severe exacerbations among subjects with absolute blood eosinophil �0.34� 109 cells/L (adj.
HR 0.82; 95% CI: 0.61–1.10) or relative blood eosinophil counts �4.0% (adj. HR 0.80; 95% CI:
0.61–1.04). No increased risk of all-cause mortality was observed among subjects who withdrew
from ICS irrespective of elevated absolute or relative blood eosinophil counts. In a real-world pri-
mary care population, we did not observe an increased risk of moderate and/or severe COPD exac-
erbations or all-cause mortality among subjects with eosinophilia who withdrew their use of ICS.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major
cause of morbidity and mortality worldwide and is defined
by the presence of chronic respiratory symptoms and per-
sistent airflow limitation (1). Exacerbations play a central
role in the pathophysiology of COPD as they are related to
lung function decline, poor health status and increased mor-
tality (2). While bronchodilators are the cornerstone of

pharmacological management of COPD, patients with fre-
quent exacerbations are often additionally treated with
inhaled corticosteroids (ICS) (3). While non-response to ICS
therapy is common (4), potential side effects of ICS include
fractures and pneumonia (3).

Clinical data have suggested that elevated blood eosino-
phil counts, which is present in up to 40% of COPD
patients (5), is a promising biomarker of response to ICS
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(6–9). Eosinophilic airway inflammation has been associated
with an increased risk of exacerbations, and patients with
eosinophilic inflammation responded better to ICS therapy
than non-eosinophilic patients (6, 10). The role of eosino-
phils in guiding ICS therapy is a growing area of research.
Pascoe et al. (6) performed a post hoc analysis of data and
found that across all doses of ICS, fluticasone furoate and
vilanterol reduced exacerbations by 29% compared with
vilanterol alone in patients with eosinophil counts �2%, and
by 10% in patients with eosinophil counts <2%. Analysis of
data from the Withdrawal of Inhaled Steroids during
Optimized Bronchodilator Management (WISDOM) trial
showed a reduction of the rate of moderate and severe exac-
erbations in patients with relative eosinophil counts of 4%
or more, or absolute eosinophil counts of 300 cells/mL or
higher when ICS was continued compared to patients with
the same eosinophil counts who tapered off ICS use.
Therefore, it has been suggested that withdrawal of ICS in
patients with eosinophil counts �4% and a history of exac-
erbations may increase the risk of COPD exacerbations (7).
Although the Global initiative for Obstructive Lung Disease
(GOLD) recently introduced blood eosinophils in the
pharmacological treatment algorithm of the disease (11),
long-term effects of blood eosinophil-guided ICS withdrawal
are currently unexplored and data in patients treated in
real-life clinical setting are scarce (12). In this study, we use
the word “eosinophilia” to refer to elevated blood eosinophil
count based on our defined thresholds.

Therefore, aim of this study was to evaluate the risk of
moderate and/or severe exacerbations and all-cause mortal-
ity in a large primary care population in UK after with-
drawal of ICS compared to continued use of ICS among
COPD subjects stratified by elevated relative or absolute
eosinophil counts. A priori, we hypothesised that ICS with-
drawal is associated with increased risk of exacerbations and
mortality in subjects with blood eosinophilia.

Methods

Data source

This study was conducted with data obtained from the
Clinical Practice Research Datalink (CPRD), providing
detailed information on drug prescriptions, clinical events,
demographics, specialist referrals, hospital admissions, and
electronic lab link data of subjects from 674 general practi-
ces, who are representative for 7% of the total British popu-
lation (13, 14). Data collection started on 1 January 2005,
corresponding to the introduction of the Quality and
Outcomes Framework (QOF) in April 2004, which improved
routine recording of various diseases, including COPD (15).
Routinely collected historical data was available, dating back
to 1987. Previous studies with the CPRD have shown a high
level of validity of recording of COPD (13) and COPD exac-
erbations (16). The independent scientific advisory commit-
tee (ISAC) for Medicines and Healthcare products
Regulatory Authority (MHRA) database research approved
the study protocol (number18_036R).

Study population

We selected subjects aged 40 years and older with a diagnosis
of COPD recorded by a read code during valid data collection
(1 January 2005 to 31 January 2014). Subjects were followed
from the date of COPD diagnosis (index date) until their
dates of transfer out of database, the end of the study period
(31 January 2014), death, or until the outcome of interest
occurred, whichever occurred first. Only subjects with at least
one blood eosinophil measurement were included. We
excluded subjects with a history of asthma, pulmonary fibro-
sis, cardiac arrhythmia and bronchiectasis, COPD exacerba-
tions occurring within 6 weeks prior to index date, or with a
myocardial infarction within 3 months prior to index date.
We did not exclude patients with prior exposure to ICSs.

Outcomes and exposure

The primary outcome of interest was the first moderate-to-
severe exacerbation of COPD. The secondary outcomes
included first severe exacerbation and all-cause mortality.
We used validated definitions of moderate-to-severe exacer-
bations and severe exacerbations of COPD using the clinical
and referral files (17) as listed in Supplementary material.
Exposure to ICS was determined time-dependently during
follow-up. Each patient’s follow-up time was divided into
fixed intervals of 90 days, starting at index date. Prior to the
start of each interval, ICS exposure was determined based
on the most recent date ICS prescription, and classified as
current, past or never use (subjects without ICS prescrip-
tions). For this study, current ICS users were defined as
continuous users; these were subjects who received their
most recent ICS prescription within 3 months before the
start of an interval. Past users were those who withdrew
from ICS for more than 3 months. While in the Study to
Understand the Safety and Efficacy of ICS Withdrawal from
Triple Therapy in COPD (SUNSET) trial ICS withdrawal
effects were seen after 4 weeks, the early effects were com-
parable with the longer-term effects, suggesting that a differ-
ent time interval, for example 1 month versus the current
3 months, would not result in different results regarding
these outcomes (18). Moreover, as exacerbations and mortal-
ity were the primary outcomes in our study, we believe that
a discontinuation of ICS beyond 3 months is more appro-
priate. Also in SUNSET trial, exacerbations were evaluated
after 26 weeks. This threshold (3 months) have be found to
be robust in evaluating the risk of exacerbations in patients
withdrawn from ICS use (7, 9). During follow-up subjects
could move between different exposure categories.
Continuous ICS users and those who had withdrawn ICS
use were stratified by absolute eosinophil count (using 0.
34� 109 cells/L as a cut-off value) or relative eosinophil
counts (using 4% as a cut-off value) (7).

Covariates

Potential confounders were assessed time-dependently with the
exception of gender, smoking status, alcohol use and body
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mass index, which were determined at baseline. The following
covariates were considered as potential confounders, and iden-
tified at the start of each interval: a history of congestive heart
failure, ischemic heart disease, anxiety, chronic liver disease,
cancer excluding non-melanoma skin cancer, stroke, rheuma-
toid arthritis, diabetes mellitus, hypertension, inflammatory
bowel disease, solid organ transplant, atopic dermatitis, renal
dialysis, human immunodeficiency virus or osteoporosis. In
addition, the use of the following drugs within 6 months prior
to the start of an interval were considered as potential con-
founders: antihistamines, proton pump inhibitors, antipsy-
chotics, or antidepressants (19–22). We statistically adjusted
our analyses for proxy indicators of the severity of obstructive
airway disease, as previously defined as use of short- and long-
acting b-agonists, short- and long-acting anti-muscarinic
agents, xanthine derivatives or oral corticosteroids (23, 24)

Statistical analysis

We evaluated the risk of moderate-to-severe exacerbations,
severe exacerbations and all-cause mortality among subjects
with elevated eosinophil counts who withdrew from ICS versus
continuous ICS users with elevated eosinophil counts using
Cox regression analysis (SAS 9.4) (SAS Inc., Cary, NC). The
difference between each eosinophil count stratum was tested
using Wald’s test. To avoid immortal time bias, never ICS users
were incorporated into the statistical model. We assessed the
presence of risk factors by reviewing subjects’ records prior to
each 90-day interval. Our initial analysis was adjusted for age
and sex. All potential confounders were tested and adjusted for
in the final model if they changed the b-coefficient for continu-
ous ICS exposure by at least 5% or when consensus about
inclusion existed within the team of researchers, supported by
clinical evidence from literature, or both.

Sensitivity analyses

Two sensitivity analyses were conducted. In the first analyses
we stratified ICS users (continuous use and withdrawal groups)
by absolute eosinophil count cuff-off (0.15� 109 cells/L,
0.40� 109 cells/L) and relative eosinophil cut-off (2.0 or 6.0%)
(7) (see Supplementary material). Secondly, for moderate-to-
severe exacerbations as an outcome we censored subjects on
any hospitalisations/A&E visit unrelated to COPD for absolute
eosinophil count or relative eosinophil counts cut-off defined
in our primary analysis (Table 5).

Results

Of subjects, 213,561 were identified with COPD, of whom
48,157 met the inclusion criteria (Figure 1). Table 1 shows the
baseline characteristics of the COPD cohort, which consisted
of 46% females, with a mean age of 68.4 ± 10.9 years. Most
subjects were current (43%) or former smokers (47%). At
baseline, elevated blood eosinophil counts (defined as abso-
lute blood eosinophil counts �0.34� 109 cells/L) were pre-
sent in 18% (n¼ 8671) of all subjects. The overall population
were either overweight (32%) or obese (34%) and 12%

suffered from diabetes mellitus. About 28% had been pre-
scribed any ICS (alone or in fixed combinations) at baseline.

Moderate-to-severe exacerbations

Table 2 shows that among COPD subjects with an elevated
blood eosinophil count, withdrawal of ICS was not associ-
ated with an increased risk of moderate-to-severe exacerba-
tions as compared to continuous ICS users, yielding
adjusted hazard ratios (adj. HR) of 0.72; 95% confidence
interval (CI) 0.63–0.81 (eosinophilia defined by absolute val-
ues) and 0.73; 95% CI: 0.66–0.82 (eosinophilia defined by
relative values). We found a decreased risk of moderate-to-
severe exacerbations with low relative or absolute blood
eosinophil counts among patients withdrawn from ICS.
Supplementary Tables S2 and S5 show that these results
were not considerably different when we used different
absolute or relative threshold values to define eosinophilia
among subjects who withdrew from ICS. Higher absolute
cut-off of �0.40� 109 cells/L yielded a fully adj. HR of 0.70;
95% CI: 0.62–0.80 for the risk of moderate-to-severe exacer-
bations, while a lower cut-off value �0.15� 109 cells/L
showed (adj. HR 0.74; 95% CI: 0.69–0.79). Results were not
substantially different for higher (�6%) or lower (�2%)
thresholds to define relative eosinophilia.

Figure 1. Flow chart showing the selection of eligible patients.
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Severe exacerbations

We found that withdrawal of ICS was not associated with
an increased risk of severe exacerbations among subjects
with absolute blood eosinophil �0.34� 109 cells/L (adj. HR
0.82; 95% CI: 0.61–1.10) compared to continuous ICS users
with elevated absolute blood eosinophil counts (Table 3).
Table 3 shows a decreased risk of severe exacerbations with
low relative or absolute blood eosinophil counts among

patients withdrawn from ICS. For relative blood eosinophil
counts �4.0%, there was no significant difference in the risk
of severe exacerbations (adj. HR 0.80; 95% CI: 0.61–1.04)
compared to continuous ICS users with elevated relative
blood eosinophil counts. We found no increased risk of
severe exacerbations when we used different absolute or
relative threshold values to define eosinophilia. Absolute
cut-off value of �0.40� 109 cells/L resulted in (adj. HR

Table 1. Baseline characteristics of COPD patients by blood eosinophil counts

Baseline characteristics Blood eosinophil counts

Total (n¼ 48,157) <0.34� 109 cells/L (n¼ 39,486) �0.34� 109 cells/L (n¼ 8671)

Females 22,081 (45.9) 19,042 (48.2) 3,039 (35.0)
Mean age (years, SD) 68.4 (10.9) 68.3 (10.9) 68.6 (10.8)
Age category (years)
40–59 10,175 (21.1) 8,406 (21.3) 1,769 (20.4)
60–79 29,942 (62.2) 24,481 (62.0) 5,461 (63.0)
80þ 8,040 (16.7) 6,599 (16.7) 1,441 (16.6)

BMI at index date (kg/m2)
Underweight (BMI < 18.0 kg/m2) 2,418 (5.0) 2,068 (5.2) 350 (4.0)
Normal weight (BMI 18.5–25.0 kg/m2) 16,225 (33.7) 13,414 (34.0) 2,811 (32.4)
Overweight (BMI 25.0–30.0 kg/m2) 15,503 (32.2) 12,583 (31.9) 2,920 (33.7)
Obese (BMI � 30.0 kg/m2) 12,696 (26.4) 10,359 (26.2) 2,337 (27.0)
Missing BMI 1,315 (2.7) 1,062 (2.7) 253 (2.9)
Smoking status
Never 4,998 (10.4) 4,114 (10.4) 884 (10.2)
Current 20,528 (42.6) 16,922 (42.9) 3,606 (41.6)
Former 22,585 (46.9) 18,411 (46.6) 4,174 (48.1)
Missing 46 (0.1) 39 (0.1) 7 (0.1)

Drug use (in the past 6 months)
SABAs 27,091 (56.3) 22,022 (55.8) 5,069 (58.5)
LABAs 4,297 (8.9) 3,459 (8.8) 838 (9.7)
SAMAs 4,004 (8.3) 3,262 (8.3) 742 (8.6)
LAMAs 8,563 (17.8) 7,041 (17.8) 1,522 (17.6)
ICS 13,441 (27.9) 10,972 (27.8) 2,469(28.5)
Xanthine derivatives 359 (0.7) 281 (0.7) 78 (0.9)
Antipsychotics 555 (1.2) 463 (1.2) 92 (1.1)

History of co-morbidities
Cardiovascular disease 10,196 (21.2) 8,253 (20.9) 1,943 (22.4)
Diabetes Mellitus 5,945 (12.3) 4,716 (11.9) 1,229 (14.2)
Anxiety 7,142 (14.8) 5,974 (15.1) 1,150 (13.3)
Osteoporosis 2,951 (6.1) 2,512 (6.4) 439 (5.1)
Any cancer (except non-melanoma skin cancer) 7,196 (14.9) 5,935 (15.0) 1,261 (14.5)
Chronic liver disease 147 (0.3) 118 (0.3) 29 (0.3)

Data are n (%) or mean (SD). SD: standard deviation; COPD: chronic obstructive pulmonary disease; BMI: body mass index; SABAs: short-acting b-2 agonists;
LABAs: long-acting b-2 agonists; SAMAs: short-acting muscarinic antagonists; LAMAs: long-acting muscarinic antagonists; ICS: inhaled corticosteroids.

Table 2. Risk of moderate-to-severe exacerbations with ICS use stratified by absolute and relative eosinophil counts among COPD patients.

Moderate-to-severe (n¼ 6767)� IR (/1000PY) Age and gender adjusted HR (95% CI) Adjusted HR (95% CI)a

Absolute eosinophil counts
Withdrawal from ICS
<0.34� 109 cells/L 1625 49.2 0.55 (0.51–0.60)c 0.72 (0.66–0.78)c

�0.34� 109 cells/L 366 49.5 0.57 (0.50–0.64) 0.72 (0.63–0.81)
Continuous ICS users
<0.34� 109 cells/L 3850 85.4 0.96 (0.89–1.03) 0.97 (0.91–1.05)
�0.34� 109 cells/L 926 87.7 Reference Reference
Relative eosinophil counts
Withdrawal from ICS
<4.0% 1511 49.8 0.60 (0.55–0.65)c 0.74 (0.68–0.80)c

�4.0% 480 47.5 0.58 (0.52–0.64) 0.73 (0.66–0.82)
Continuous ICS users
<4.0% 3652 86.9 1.04 (0.97–1.11) 1.01 (0.94–1.08)
�4.0% 1124 82.2 Reference Reference

ICS: inhaled corticosteroids; IR: incidence rate; HR: hazard ratio; CI: confidence interval; PY: person-years.
aAdjusted for age, gender, smoking status, body mass index, alcohol use, history of heart failure, chronic liver disease, ischemic heart disease, use of anti-
psychotic, antidepressants, atopic dermatitis, use of oxygen, short-acting b-2 agonists, long-acting b-2 agonists, short-acting muscarinic antagonists, long-acting
muscarinic antagonists, xanthine derivatives and oral corticosteroid 6 months prior to the start of an interval.

bWald’s statistics: Withdrawal of ICS with low eosinophil counts statistically significantly different (p<.05) from withdrawal of ICS with high eosinophil count.
cWald’s statistics: Withdrawal of ICS with low eosinophil counts statistically significantly different (p<.05) from continuous ICS use with low eosinophil count.�Numbers of never ICS user with moderate-to-severe exacerbations not included.
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0.65; 95% CI: 0.48–0.89), while a lower cut-off value
�0.15� 109 cells/L showed (adj. HR 0.59; 95% CI:
0.50–0.69) Results were similar for higher (�6%) or lower
(�2%) threshold values to define eosinophilia
(Supplementary Tables S3 and S6).

All-cause mortality

Table 4 shows that withdrawal of ICS was not associated with
an increased risk of all-cause mortality among subjects with
absolute blood eosinophil �0.34� 109 cells/L (adj. HR 1.08;
95% CI: 0.96–1.22), compared to continuous ICS users with
elevated absolute blood eosinophil counts. At relative blood
eosinophil counts �4.0% there no increased risk of all-cause
mortality (adj. HR 1.08; 95% CI: 0.97–1.21) compared to con-
tinuous ICS users with elevated relative blood eosinophil
counts. Results were not significantly different when we
adopted different absolute or relative eosinophil counts
(Supplemetnary Table S4 and S7). Higher absolute cut-off

value of �0.40� 109 cells/L resulted in no increased risk of
all-cause mortality (adj. HR 0.96; 95% CI: 0.85–1.10) .

Sensitivity analysis

Table 5 shows the second sensitivity analyses for moderate-
to-severe exacerbations, following censoring for any hospital-
isations/A&E visit unrelated to COPD for absolute or relative
blood eosinophil counts the results was similar to Table 2.

Discussion

In this study conducted in a real-world primary care popu-
lation, we did not observe an increased risk of moderate
and/or severe COPD exacerbations or all-cause mortality
among patients with relative or absolute peripheral blood
eosinophilia after withdrawal from ICS, in comparison to
continuous users with blood eosinophilia. Opposite to our
hypothesis, risk of exacerbations was significantly lower in

Table 3. Risk of severe exacerbations with ICS use stratified by absolute and relative eosinophil counts among COPD patients.

Severe exacerbations (n¼ 1177)� IR (/1000PY) Age and gender adjusted HR (95% CI) Adjusted HR (95% CI)a

Absolute eosinophil counts
Withdrawal of ICS
<0.34� 109 cells/L 263 6.9 0.57 (0.47–0.70)c 0.79 (0.64–0.97)c

�0.34� 109 cells/L 63 7.4 0.61 (0.46–0.82) 0.82 (0.61–1.10)
Continuous ICS users
<0.34� 109 cells/L 690 12.4 1.02 (0.86–1.21) 1.03 (0.87–1.23)
�0.34� 109 cells/L 161 12.1 Reference Reference
Relative eosinophil counts
Withdrawal of ICS
<4.0% 248 7.1 0.62 (0.52–0.75)c 0.82 (0.67–0.99)c

�4.0% 78 6.7 0.59 (0.45–0.77) 0.80 (0.61–1.04)
Continuous ICS users
<4.0% 656 12.6 1.10 (0.94–1.30) 1.06 (0.91–1.25)
�4.0% 195 11.4 Reference Reference

ICS: inhaled corticosteroids; IR: incidence rate; HR: hazard ratio; CI: confidence interval; PY: person-years.
aAdjusted for age, gender, smoking status, body mass index, alcohol use, history of heart failure, chronic liver disease, diabetes mellitus, ischemic heart disease,
osteoporosis, use of proton-pump inhibitors, antidepressants, oxygen, antipsychotics, statins, short-acting b-2 agonists, long-acting b-2 agonists, short-acting mus-
carinic antagonists, long-acting muscarinic antagonists, xanthine derivatives and oral corticosteroid 6 months prior to the start of an interval.

bWald’s statistics: Withdrawal of ICS with low eosinophil counts statistically significantly different (p<.05) from withdrawal of ICS with high eosinophil count.
cWald’s statistics: Withdrawal of ICS with low eosinophil counts statistically significantly different (p<.05) from continuous ICS use with low eosinophil count.�Numbers of never ICS user with severe exacerbations not included.

Table 4. Risk of all-cause mortality with ICS use stratified by absolute and relative eosinophil counts among COPD patients.

All-cause mortality (n¼ 6008)� IR (/1000PY) Age and gender adjusted HR (95% CI) Adjusted HR (95% CI)a

Absolute eosinophil counts
Withdrawal from ICS
<0.34� 109 cells/L 1763 45.5 0.94 (0.86–1.03)c 1.14 (1.04–1.25)b,c

�0.34� 109 cells/L 415 47.4 0.93 (0.82–1.05) 1.08 (0.96–1.22)
Continuous ICS users
<0.34� 109 cells/L 3125 54.3 1.13 (1.04–1.23) 1.14 (1.05–1.23)
�0.34� 109 cells/L 705 51.3 Reference Reference
Relative eosinophil counts
Withdrawal of ICS
<4.0% 1676 47.0 1.08 (0.99–1.17)b,c 1.25 (1.15–1.36)b

�4.0% 502 42.4 0.91 (0.81–1.01) 1.08 (0.97–1.21)
Continuous ICS users
<4.0% 2997 55.8 1.30 (1.20–1.40) 1.25 (1.15–1.35)
�4.0% 833 47.3 Reference Reference

ICS: inhaled corticosteroids; IR: incidence rate; HR: hazard ratio; CI: confidence interval; PY: person-years.
aAdjusted for age, gender, smoking status, body mass index, alcohol use, history of heart failure, chronic liver disease, ischemic heart disease, atopic dermatitis,
diabetes mellitus, cancer, use of oxygen, statins, short-acting b-2 agonists, long-acting b-2 agonists, short-acting muscarinic antagonists, long-acting muscarinic
antagonists, xanthine derivatives and oral corticosteroid use 6 months prior to the start of an interval.

bWald’s statistics: Withdrawal of ICS with low eosinophil counts statistically significantly different (p<.05) from withdrawal of ICS with high eosinophil count.
cWald’s statistics: Withdrawal of ICS low eosinophil counts statistically significantly different (p<.05) from continuous ICS use with low eosinophil count.�Numbers of never ICS user who died not included.
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patients withdrawn from ICS compared to those with con-
tinued use with blood eosinophilia. In addition, no increased
mortality risk was observed in patients with blood eosino-
philia withdrawn from ICS compared to continuous ICS
users with blood eosinophilia.

Our results are consistent with the WISDOM trial which
found no difference in the risk of exacerbations among
COPD patients withdrawn from ICS therapy (25). However,
a decreased risk of severe exacerbations was seen in some
sub-groups in our study. More recently, in a Study to
Understand Mortality and Morbidity (SUMMIT) trial, which
enrolled more than 16,000 COPD patients with heightened
cardiovascular risk, over 3-years also found that withdrawal
from ICS had no effect on the risk of exacerbations in all
groups compared (26). Similarly, a meta-analysis of various
clinical trials exploring the effects of ICS withdrawal among
COPD patients without a history of asthma, found that
overall the withdrawal of ICS did not significantly affect the
risk of moderate-to-severe exacerbations, although they
found that the withdrawal of ICS significantly impaired both
forced expiratory volume in 1 s (FEV1) and St George
Respiratory Questionnaire (SGRQ) score (27).

Only few studies have evaluated the withdrawal of ICS
and the risk of exacerbations stratified by absolute or rela-
tive blood eosinophil counts (7, 18). In the post-hoc analysis
of data from the WISDOM trial, Watz et al. (7) reported
that blood eosinophil count �4% or �300 cells/mL might
help identify patients with greater risk of exacerbations fol-
lowing ICS withdrawal. Nevertheless, they found no
increased risk of exacerbations following withdrawal of ICS
at eosinophil counts >6.0% consistent with our findings(7).
Furthermore, it is important to note that they only enrolled
patients with severe to very severe COPD, a history of exac-
erbations and over 70% of patients used ICS before study
entry (7). COPD patients in CPRD are derived from pri-
mary practice, a population not enriched for exacerbation
risk in which use of bronchodilators and ICS use are lower
compared to the clinical trials. A recent UK population-

based cohort study reported that ICS-LABA therapy was
more effective than LAMA in patients with blood eosinophil
counts >4% or >300 cells/mL (28). In our previous work
using COPD patients from the same data source, we found
similar results for moderate-to-severe and severe exacerba-
tions. However, an important difference is the fact that in
our previous study only patients with prior history of ICS
use were included (29). Analyses of data from the FLAME
trial reported that LABA/LAMA combination was superior
to LABA/ICS combination in exacerbation reduction for
relative or absolute blood eosinophil threshold (2%, �2%,
3%, <5% and <150 cells/ml subgroups), and at no threshold
was LABA/ICS superior to LABA/LAMA (8). However, the
SUNSET trial found that ICS withdrawal led to an increased
risk of exacerbations among COPD patients with
�300 cells/mL (18). It is important to note, that unlike our
study all patients included in the SUNSET trial were on
long-term ICS regimens and were non-frequent exacerbators
(i.e. patients with 0 to 1 exacerbation in the previous year).
With approximately 29% of COPD patients reported to have
two or more exacerbations 1 year prior in UK general prac-
tice (30), it raises questions on the generalisability of their
findings in a general practice setting. Furthermore, the
researchers were not convinced that their study could be
referred to as a “pure ICS” withdrawal study given that
patients withdrew to a LABA/LAMA combination, which
may not be applicable with other therapies (18).

All-cause mortality is an important end-point, which is
seldom assessed among COPD patients partly due to short
duration of patient follow-up in most studies. We did not
find an increased risk of all-cause mortality among patients
who withdrew from ICS treatment with elevated absolute or
relative blood eosinophil counts in our study. There is con-
flicting evidence on ICS treatments and reduced mortality in
COPD. Two large trials among patients exposed to combin-
ation of a long-acting b-agonist (LABA) and an ICS the
reduction in mortality was not statistical significant (3, 31).
However, the INSPIRE trial which included severe and very

Table 5. Risk of moderate-to-severe exacerbations with ICS use stratified by absolute and relative eosinophil counts among COPD patients censoring at any
hospitalisation/A&E visit.

Moderate-to-severe exacerbations (n¼ 6027)� IR (/1000PY) Age and gender adjusted HR (95% CI) Adjusted HR (95% CI)a

Absolute eosinophil counts
Withdrawal of ICS
<0.34� 109 cells/L 1429 47.8 0.55 (0.51–0.60)c 0.71(0.65–0.78)c

�0.34� 109 cells/L 328 49.0 0.57 (0.50–0.65) 0.73(0.64-0.83)
Continuous ICS users
<0.34� 109 cells/L 3440 83.4 1.09 (0.30–0.96) 0.98(0.91-1.06)
�0.34� 109 cells/L 830 85.7 Reference Reference
Relative eosinophil counts
Withdrawal of ICS
<4.0% 1334 48.7 0.60 (0.56–0.66)c 0.75(0.69-0.81)c

�4.0% 423 46.1 0.58 (0.52–0.65) 0.73(0.65-0.82)
Continuous ICS users
<4.0% 3270 85.3 1.06 (0.98–1.13) 1.02(0.95-1.10)
�4.0% 1000 79.6 Reference Reference

ICS: inhaled corticosteroids; IR: incidence rate; HR: hazard ratio; CI: confidence interval; PY: person-years; A/E: accident and emergency.
aAdjusted for age, gender, smoking status, body mass index, alcohol use, history of heart failure, chronic liver disease, ischemic heart disease, use of
antipsychotic, antidepressants, atopic dermatitis, oxygen, short-acting b-2 agonists, long-acting b-2 agonists, short-acting muscarinic antagonists, long-acting
muscarinic antagonists, xanthine derivatives and oral corticosteroid 6 months prior to the start of an interval.

bWald’s statistics: Withdrawal of ICS with low eosinophil counts statistically significantly different (p<.05) from withdrawal of ICS with high eosinophil count.
cWald’s statistics: Withdrawal of ICS with low eosinophil counts statistically significantly different (p<.05) from continuous ICS use with low eosinophil count.�Numbers of never ICS user not included in table.

COPD: JOURNAL OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 157



severe COPD patients receiving LABA/ICS experienced
fewer deaths than those receiving LAMA (32). Furthermore,
Vestbo et al. (33) performed a stratified pooled analysis of
all fatal adverse events comparing ICS-containing versus
ICS-free treatments in three recent 52-week studies among
patients with severe to very severe COPD at increased risk
for exacerbations. They found no statistically significant
reduction in the risk of developing a fatal event.
Furthermore, they found a reduced risk of non-respiratory
fatal events suggesting that therapy containing an ICS may
have a direct or indirect effect on chronic diseases that is
almost consistently associated with mostly severe symptom-
atic COPD This might be due to cardiovascular events,
being less likely if the underlying COPD is more stable (33).

A major strength of this study was the inclusion of
patients from one of the world’s largest primary care data-
bases, thereby providing a large population-based cohort of
COPD patients with eosinophil measurements followed over
time. Second, in our study we used validated definitions for
moderate and/or severe exacerbations of COPD, using read
codes reported to have a 96% positive predictive value of
identifying an acute exacerbation within the CPRD (16).
Nevertheless, we may have missed considerable numbers of
exacerbations, which may be miscoded e.g. as respiratory
tract infections such as pneumonia. Third, time-varying clas-
sification of exposure to ICS and covariates allowed us to
conduct an “on treatment analysis”, which results in less
non-differential misclassification of exposure than in an
�intention to treat analysis�which ignores ICS exposure dur-
ing follow-up as in other studies. Lastly, data on confound-
ing factors such as smoking status, BMI, comorbidities and
drugs prescribed were available and as such these covariates
were adjusted for in our models.

Despite numerous strengths, this study also had limita-
tions. In addition to those already mentioned, there is a
potential for residual confounding as we lacked information
on the disease severity and exacerbation history. While we
excluded asthma patients, it was impossible to rule out the
inclusion of patients with reversible airflow limitations.
Eosinophil counts are not routinely collected as part of diag-
nosis of COPD patients, they are most likely requested by
the GP for a purpose and might have introduced an infor-
mation bias in our study. We expect this bias to be non-dif-
ferential among COPD patients who withdrew from ICS
and those who continued ICS therapy leading to bias esti-
mate towards the null. While this might have masked the
true risk of severe exacerbations among patients with blood
eosinophil counts, we found significant associations irre-
spective of the absolute or relative blood eosinophil counts
for moderate and/or severe exacerbations and mortality, sug-
gesting that our results could not have been affected by this
bias. Also there have been concerns on stability of blood
eosinophil counts overtime, however blood eosinophil
counts among COPD patients have been shown to be rela-
tively stable over time (34, 35). Confounding by indication
is a major concern in observational studies(23), because the
reason for withdrawal or continuation of ICS is often associ-
ated with the outcome of interest. While the hospital

episode statistics (HES) is known to capture most hospital-
isations in the UK, a low positive predictive value of identi-
fying COPD-related hospitalisation using read codes for
hospitalisation within the CPRD linked to hospital episode
statistics (HES) was observed (36). Linkage to HES will fur-
ther limit our overall sample size and subsequently our abil-
ity to detect any risk this is because only 58% of practices
have consented to participating in the CPRD linkage
scheme (14).

In conclusion, this study did not show an increased risk
of moderate and/or severe COPD exacerbations or all-cause
mortality among patients with blood eosinophilia who with-
drew from ICS therapy.
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