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Abstract: The CORTICO-COP trial showed that eosinophil-guided corticosteroid-sparing treatment
for acute exacerbation of chronic obstructive pulmonary disease was non-inferior to standard of care
and decreased the accumulated dose of systemic corticosteroids that patients were exposed to by
approximately 60%. Smoking status has been shown to affect corticosteroid responsiveness. This
post hoc analysis investigated whether eosinophil-guided treatment is non-inferior to conventional
treatment in current smokers. The main analysis of current smokers showed no significant difference
in the primary endpoint, days alive, and out of hospital within 14 days between the control group
(mean, 9.8 days; 95% confidence interval (CI), 8.7-10.8) and the eosinophil-guided group (mean,
8.7 days; 95% CI, 7.5-9.9; p = 0.34). Secondary analyses of the number of exacerbations or deaths,
the number of intensive care unit admissions or deaths, lung function improvement, and change in
health-related quality of life also showed no significant differences between the two groups. The
results of a sensitivity analysis of ex-smokers are consistent with the main analysis. Our results
suggest that eosinophil-guided treatment is non-inferior to standard of care in current smokers and
ex-smokers. Because data on the impact of smoking status on eosinophil-guided treatments are

sparse, more randomised trials are needed to confirm our results.

Keywords: chronic obstructive pulmonary disease; corticosteroid resistance; smoking; airway in-
flammation; blood eosinophils

1. Introduction

Systemic corticosteroids have anti-inflammatory effects and can alleviate symptoms
in patients with moderate-to-severe chronic obstructive pulmonary disease (COPD) ex-
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acerbations [1-4]. However, corticosteroid treatment also leads to harmful side effects,
including increased risk of infections, osteoporosis, venous thromboembolisms, and hy-
perglycaemia [5-10]. Therefore, several corticosteroid studies have investigated treatment
regimens that may reduce the risk of harmful side effects while retaining the beneficial
effects [11-13].

Blood eosinophils are surrogate markers for predicting the response to steroid treat-
ment in patients with COPD [14]. The CORTICO-COP trial investigated a biomarker-
guided approach to corticosteroid treatment based on daily blood eosinophil count [12]. In
the trial, patients with blood eosinophil levels equal or above a threshold of 0.3 x 107 cells/L
received corticosteroid treatment, while treatment was withheld on treatment days when
blood eosinophil levels were below that threshold. The main finding was that the eosinophil-
guided strategy was non-inferior to standard treatment in terms of endpoints, and de-
creased the accumulated dose of systemic corticosteroids that patients were exposed to by
approximately 60%.

Smoking status was shown to precipitate corticosteroid responsiveness [15]. Smoking
can increase oxidative stress in tissues, thereby suppressing the expression and activity of
histone deacetylase-2, which is necessary for corticosteroids to exert their anti-inflammatory
effects [15]. In addition, inhaled corticosteroids (ICS) are less effective in patients with
asthma who are also active smokers. In these patients, ICS treatment stimulates fewer
short-term lung function improvements and anti-inflammatory effects compared to ex-
smokers [16,17]. Thus, smoking can contribute to a reduced effect of systemic corticos-
teroids in COPD patients with acute exacerbations.

The smoking status of participants in the CORTICO-COP trial was carefully docu-
mented. Therefore, the influence of smoking status on the effects of systemic corticosteroids
in patients with severe COPD exacerbations could be analysed in this dataset while pre-
serving the random allocation to corticosteroid-sparing regimen vs. a 5-day corticosteroid
regimen. This post hoc subgroup analysis thus investigated whether eosinophil-guided
corticosteroid-sparing treatment for acute exacerbations of COPD was non-inferior to
conventional treatment in the two randomly allocated treatment arms, in current smokers
and ex-smokers.

2. Materials and Methods
2.1. Study Design

This was a post hoc, subgroup analysis of the CORTICO-COP trial, which recruited
participants from 3 August 2016 until 8 January 2019. The primary endpoint was days alive
and out of hospital within 14 days (DAOH14). The secondary endpoints were: (i) time to
COPD exacerbation within 6 months, (ii) admission to intensive care unit (ICU) or death
within 6 months, (iii) increase in lung function within 3 months, and (iv) health-related
quality of life assessed by COPD Assessment Test (CAT) within 3 months. Data on time to
COPD exacerbation within 6 months and admission to intensive care unit (ICU) or death
within 6 months were obtained from the patient medical records and have not previously
been reported in the CORTICO-COP trial.

2.2. Study Population

The study population consisted of patients from the CORTICO-COP trial, a nationwide
multicentre prospective trial (N = 318), investigating eosinophil-guided corticosteroid
treatment for hospitalisation-requiring acute exacerbation of COPD [12]. All consecutive
patients admitted to the wards of the participating sites were eligible if they were included
within 24 h of admission, were aged at least 40 years old, had known airflow limitation
(defined as post-bronchodilator forced expiratory volume in 1 s (FEV;)/forced vital capacity
ratio < 0.70), and a specialist-verified diagnosis of COPD based on stable disease-state
data. Exacerbations were defined according to the consensus definition described by
the Global Initiative for Chronic Obstructive Lung Disease (GOLD) committee: acute
worsening of respiratory symptoms that result in additional therapy. Exclusion criteria
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included self-reported or physician-diagnosed asthma, life expectancy of less than 30 days,
severe COPD exacerbation requiring invasive ventilation or ICU admission, allergy to
systemic corticosteroids, inability to provide written informed consent, pregnancy or
lactation, systemic fungal infections, or patients receiving more than 10 mg of maintenance
systemic corticosteroids daily. Written informed consent was obtained from patients before
randomisation. Patients could only participate in the trial once.

2.3. Statistical Analysis

Patients included in the present main analysis were smokers from the eosinophil-
guided group or the control group, as assessed at baseline. A sensitivity analysis was
performed on ex-smokers from the eosinophil-guided and control groups. Smoking status
was defined as smokers (minimum 10 pack-years) and ex-smokers (former smokers with
smoking cessation for more than 6 months prior to study inclusion). The baseline variables
included age, sex, body mass index, cigarette pack-years, blood eosinophil count at baseline,
FEV1, Medical Research Council Dyspnoea Scale, CAT, treatment at baseline (long-acting
beta-2 agonists (LABAs), long-acting muscarinic antagonists, ICS, and LABA/ICS), and
COPD exacerbation history. Categorical data were analysed using chi-square and Fisher’s
exact tests. The primary outcome was evaluated using t-tests. The Cox proportional hazards
model was used to determine the time to COPD exacerbation within 6 months. Admission
to ICU or death within 6 months was calculated using logistic regression analysis. The
changes from baseline in FEV; at 3 months were analysed using ¢-tests. Statistical analyses
were carried out using SAS software (ver. 9.4; SAS Institute, Inc., Cary, NC, USA) and R
software (ver. 3.4.3; R Development Core Team, Vienna, Austria).

2.4. Sample Size

The sample size was fixed because 104 current smokers participated in the CORTICO-
COP trial. Thus, we performed a power calculation for the t-test (assuming a normal
distribution). The standard deviation for DAOH14 was approximately 3.8 days. We
hypothesised that in the population of daily smokers randomised in the CORTICO-COP
trial, the eosinophil-guided reduction in systemic corticosteroids of approximately 60%,
published in the main analysis, would decrease DAOH14 by 2 days or more, as smokers
may be less responsive to corticosteroids. Therefore, the power of the analysis (two-sided)
was 0.75.

3. Results

Patients included in the CORTICO-COP trial were screened for eligibility and subse-
quently recruited for participation in the trial. Of these patients, 104 were active smokers,
208 were ex-smokers, and 6 were non-smokers. Data from these patients were included in
the post hoc analyses (Figure 1).
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Corticosteroid resistance in smokers — a post hoc analysis of the CORTICO-COP trial
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Figure 1. Study flowchart.

Of the 104 active smokers, 50 patients had been randomised to the control arm of

the study, whereas 54 patients were assigned to the eosinophil-guided study arm. The
median ages of these groups were 73 and 70 years, respectively, and the median number
of pack-years for both groups was 50. Of the 208 ex-smokers, 105 were assigned to the
control arm and 103 were assigned to the eosinophil-guided study arm. The median ages
of these groups were 76 and 77 years, respectively, and the median number of pack-years
was 45 and 40, respectively. Further baseline data describing the patients included in this
analysis are shown in Table 1. The proportion of patients receiving systemic corticosteroid
treatment was markedly reduced in the eosinophil-guided treatment regimen on days 2-5
in comparison to day 1 in both smokers and ex-smokers (Figure 2).

Table 1. Baseline characteristics of current and ex-smokers in the CORTICO-COP trial.

Current Smokers

Ex-Smokers

All Current Current Smokers Eosinophil- All Ex-Smokers Eosinophil-
Smokers Control Group Guided Ex-Smokers Control Group Guided
Group Group
Number, 1 (%) 104 (100) 50 (100) 54 (100) 208 (100) 105 (100) 103 (100)
Age, m;g;ié‘ (IQR), 72 (66-78) 73 (66-78) 70 (66-77) 76 (71-83) 76 (71-83) 77 (72-83)
Male sex, 1 (%) 47 (45) 20 (40) 27 (50) 94 (45) 48 (46) 46 (45)

BMI, median (IQR),
kg/ m?
Pack-years history
of current or prior

23.2 (20.0-27.7)

smoker 50 (40-60)
(median, IQR),
years
Blood eosinophil
count,
median (IQR), x10° 0.09 (0.01-0.20)
cells/L
FEV1, median
(IQR), % 32 (23-40)
CAT scores 23 (18-27)
MRC, median (IQR) 4 (3-5)
MRC 1, 1 (%) 3(3)
MRC 2, 11 (%) 909
MRC 3, 1 (%) 26 (25)
MRC 4, n (%) 30 (29)
MRC 5, 12 (%) 34 (33)

21.9 (19.3-27.5)

50 (40-60)

0.07 (0.01-0.15)

23.7 (20.6-27.5)

50 (40-60)

0.10 (0.01-0.29)

30 (22-40) 32 (25-39)
21 (18-27) 23 (18-28)
4(3-5) 4(3-5)
0(0) 3(6)
4(8) 5(10)
16 (32) 10 (19)
11 (22) 19 (37)
19 (38) 15 (29)

24.2 (20,8-27.4)

40 (30-50)

0.07 (0.01-0.27)

30 (23-39)

21 (16-25)
4(3-5)
5(2)
14 (7)
64 (31)
69 (34)
52 (25)

24.4 (20.8-27.9)

45 (30-50)

0.06 (0.01-0.23)

30 (24-40)

21 (14-25)
4(3-4)
3(3)

5 (5)
34 (33)
39 (38)
23 (22)

24.2 (20.8-26.3)

40 (28-50)

0.10 (0.01-0.30)

30 (23-38)

21 (17-25)
4(3-5)
2(2)

9 (9)
30 (30)
30 (30)
29 (29)
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Table 1. Cont.

Current Smokers Ex-Smokers
All Current Current Smokers Eosinophil- All Ex-Smokers Eosinophil-
Smokers Control Group Guided Ex-Smokers Control Group Guided
Group Group
Treatment with
LABA alone, 7 (%) 19 (18) 7 (14) 12 (22) 65 (31) 26 (25) 39 (38)
Treatment with
LAMA alone, 1 (%) 9(9) 4(8) 5(9) 20 (10) 15 (14) 5 (5)
Treatment with ICS
alone, 1 (%) 5(5) 2(4) 3(6) 4(2) 1) 30)
Treatment with
ICS/LABA, 1 (%) 58 (56) 31 (62) 27 (50) 106 (51) 60 (57) 46 (45)
None °nf (“/‘e) above, 13 (12) 6 (12) 7 (13) 13 (6) 3(3) 10 (10)
0 severe
exacerbations 12
months prior fo 72 (69) 35 (70) 37 (69) 136 (65) 68 (65) 68 (66)
baseline, 1 (%)
1 severe
exacerbation 12
months prior to 17 (16) 8 (16) 9(17) 41 (20) 20 (19) 21 (20)
baseline, 1 (%)
>2 severe
exacerbations 12
months prior to 15 (14) 7 (14) 8 (15) 31 (15) 17 (16) 14 (14)
baseline, 1 (%)
Ischaemic heart
disease, 7 (%) 15 (14) 8 (16) 7 (13) 21 (10) 6 (6) 15 (15)
Hypertension, n (%) 39 (38) 18 (36) 21 (39) 82 (39) 41 (39) 41 (40)
HYPerCL“z};jter"lemla' 15 (14) 10 (20) 5(9) 22 (11) 9(9) 13 (13)
Chronic renal
failure, 1 (%) 2(2) 2 (4) 0 (0) 19 (9) 7(7) 12 (12)
Heart failure, 1 (%) 6 (6) 4(8) 2 (4) 24 (12) 9(9) 15 (15)
Osteoporosis, 1 (%) 18 (17) 9 (18) 9 (17) 39 (19) 15 (14) 24 (23)

Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 s; ICS, inhaled corticosteroids; IQR, interquartile range; LABAs,
long-acting beta-2 agonists; LAMAs, long-acting muscarinic antagonists; MRC, Medical Research Council Dyspnoea Scale.

. DI= 0.090;‘3 DI= <0.00?1 P |= <0.00ﬁl1 p|= <0.00(|J1 P I= <0,00(|]1 p = 1.0000 p = <0.0001 p = <0.0001 p = <0.0001 p = <0.0001
é\o/ 100% 4 ;\E 100% T 1 T 1 T 1 T 1 I 1
.'g o
2 ]
o o
17} o 7]

75% 75% -
s g o

T
3 8
L ©
£ 50%- £ 50%-
2 L
1 7]
> >
0 [
c c
O 25%4 O 25% -
2 8
= c
Q o
® ©
& 0%+ T -
Day 1 Day 2 Day 3 Day 4 Day 5 Day 1 Day 2 Day 3 Day 4 Day 5
Treatment group . Control Group . Eosinophil-guided group Treatment group . Control Group . Eosinophil-guided group
(A) (B)

Figure 2. (A) Percentage of smokers in the control group and the eosinophil-guided group receiving systemic corticosteroids
from days 1-5. (B) Percentage of ex-smokers in the control group and the eosinophil-guided group receiving systemic
corticosteroids from days 1-5.
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3.1. Primary Outcome

Assessment of the primary outcome showed no significant difference in the number
of DAOH14 between the two study arms in smokers. The mean DAOH14 was 9.8 days
(95% confidence interval (CI), 8.7-10.8) for the control group and 8.7 days (95% CI, 7.5-9.9)
for the eosinophil-guided group (p = 0.34; Table 2).

Table 2. Main analysis on current smokers.

All Control Group Eosinophil-Guided

=104 n =54 Group p-Value
n=>50
DAOH14, mean (95% CI) 9.2 (4.1) 9.8 (8.7-10.8) 8.7 (7.5-9.9) 0.34
Exacerbation or death within 6 months, 1 (%) 61 (59) 30 (60) 31 (57)
HR (95% CI) Reference 0.99 (0.60-1.64) 0.98
ICU or death within 6 months, 1 (%) 38 (37) 18 (36) 20 (37)
OR (95% CI) Reference 1.05 (0.47-2.33) 0.91
FEV; pct
Baseline, mean (SD) 33.3(13,1) 31.7 (12.3) 34.7 (13.7)
Day 90, mean (SD) 42.2(15.7) 40.0 (15.6) 443 (15.7)
Difference, mean (SD) 9.1 (11.3) 8.0 (9.3) 10.1 (13.0) 0.46
CAT score
Baseline, mean (SD) 22.3(7.6) 22.2(7.3) 22.5(7.9)
Day 90, mean (SD) 18.0 (7.8) 19.2 (7.0) 16.8 (8.4)
Difference, mean (SD) —4.0 (8.0) —3.4(94) —4.5 (6.4) 0.56

Abbreviations: DAOH14, days alive and out of hospital within 14 days; CI, confidence interval; CAT, COPD Assessment Test; FEV, forced
expiratory volume in 1 s; HR, hazard ratio; OR, odds ratio; ICU, intensive care unit; SD, standard deviation.

3.2. Secondary Outcomes

When examining the two study groups in terms of the secondary outcomes, we
found no significant differences in the number of exacerbations or death within 6 months
(n =30 vs. n = 31; hazard ratio, 0.99 (95% CI, 0.60-1.64); p = 0.98), the frequency of ICU
admissions or deaths within 6 months (n = 18 vs. n = 20; odds ratio, 1.05 (95% (I,
0.47-2.33); p = 0.91), lung function (FEV;) improvement within 3 months (mean difference
8.0 (9.3) vs. 10.1 (13.0); p = 0.46), or change in health-related quality of life (CAT) within
3 months (mean difference —3.4 (9.4) vs. —4.5 (6.4); p = 0.56) Table 2).

3.3. Sensitivity Analysis in Ex-Smokers

Of the 208 ex-smokers, 105 patients were randomised to the control arm of the study
and 103 patients were assigned to the eosinophil-guided study arm. Among patients in
the eosinophil-guided groups, the proportion of patients receiving systemic corticosteroid
treatment was slightly higher for ex-smokers than for smokers (Figure 2).

The ex-smokers in the two study arms exhibited no significant difference in DAOH14.
The mean DAOH14 was 9.3 days (95% CI, 8.5-10.0) for the control group and 9.0 days
(95% CI, 8.2-9.8) for the eosinophil-guided group (p = 0.61; Table 3).
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Table 3. Sensitivity analysis of ex-smokers.

All Control Group

Eosinophil-Guided

n =208 n =105 f:’l‘g; p-Value
DAOH14, mean (95% CI) 9.1 (8.6-9.7) 9.3 (8.5-10.0) 9.0 (8.2-9.8) 0.61
Exacerbation or death within 6 months, n (%) 104 (50) 51 (49) 53 (51)
HR (95% CI) Reference 1.17 (0.80-1.72) 0.43
ICU or death within 6 months, 1 (%) 85 (41) 41 (39) 44 (43)
OR (95% CI) Reference 1.16 (0.62-1.64) 0.59
FEV; pct.
Baseline, mean (SD) 32.5(13.2) 32.3 (12.9) 32.7 (13.5)
Day 90, mean (SD) 41.5(17.5) 41.2 (15.9) 41.8 (19.3)
Difference, mean (SD) 6.0 (12.1) 6.7 (12.4) 5.1 (11.9) 0.48
CAT score
Baseline, mean (SD) 20.6 (7.2) 20.3 (7.6) 20.9 (6.7)
Day 90, mean (SD) 17.5(7.1) 17.1 (8.0) 18.0 (5.6)
Difference, mean (SD) —-3.2(6.7) —3.4(7.0) —3.0 (6.4) 0.75

Abbreviations: CI, confidence interval; DAOH14, days alive and out of hospital within 14 days; CAT, COPD Assessment Test; FEV, forced
expiratory volume in 1 s; HR, hazard ratio; OR, odds ratio; ICU, intensive care unit; SD, standard deviation.

Probability of event free survival

Analysis of secondary outcomes also showed no significant differences in the num-
ber of exacerbations or death within 6 months (n = 51 vs. n = 53; hazard ratio, 1.17
(95% ClI, 0.8-1.72); p = 0.43), the number of ICU admissions or deaths within 6 months
(n =41 vs. n =44; odds ratio, 1.16 [95% CI, 0.62-1.64]; p = 0.59), lung function (FEV;)
improvement within 3 months (mean difference (SD) 6.7 (12.4) vs. 5.1 (11.9); p = 0.48),
or change in health-related quality of life (CAT) within 3 months (mean difference (SD)
—3.4(7.0) vs. —3.0 (6.4); p = 0.75; Table 3). Figure 3 shows time to exacerbation or death in
the two study arms.

100% A
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Figure 3. Time to exacerbation or death (unadjusted). (A) Kaplan-Meier curve of time to exacerbation or death in control
group and eosinophil-guided group in current smokers, HR = 0.99 (95% CI, 0.60-1.64), p = 0.98 (log-rank test) and (B) in
ex-smokers, HR =1.17 (95% CI, 0.8-1.72); p = 0.43.
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4. Discussion

Among smokers, we found that there was no significant difference in the primary
outcome (DAOH14) between the control group and the eosinophil-guided corticosteroid-
sparing treatment group in our study. Assessment of secondary outcomes also revealed
no significant differences between the two study arms. Similar results were observed
in our sensitivity analysis for ex-smokers. Our results indicate that eosinophil-guided
corticosteroid treatment is equally non-inferior to the standard of care in current smokers
and ex-smokers with regard to the primary and secondary outcomes. However, we noted
a slightly higher exposure to systemic corticosteroids in ex-smokers.

Not only do inflammation and oxidative stress from cigarette smoking contribute
to the pathogenesis of COPD, but smoking also contributes to [18] and perpetuates [19]
corticosteroid resistance in patients with COPD. In particular, ICS are significantly less
effective in suppressing airway inflammation in current smokers than in ex-smokers [20,21].
Moreover, current smoking status influences the long-term effects of ICS on lung function
decline [22]. Inhaled budesonide has no effect on lung function decline [23] or progression
of emphysema [24] compared to the placebo in current smokers with COPD. Furthermore,
ICS are less effective in reducing COPD exacerbations in current smokers than in ex-
smokers [21]. A previous study found that smoking status was not associated with the
effectiveness of systemic corticosteroids in reducing COPD exacerbations [25].

Several mechanisms have been proposed to explain the reduction in corticosteroid
response identified in patients with COPD, including upregulation of pro-inflammatory
cytokines as a result of increased lung inflammation, reduced activity of corticosteroid
receptor (GR), reduced expression of histone deacetylase-2, altered expression of surfactant
protein D, and loss of Mucin 1 cytoplasmic tail expression [26-28]. However, relevant
research in this field is lacking, which creates a major barrier to effective management of
COPD in patients with reduced responsiveness to the anti-inflammatory effects of corti-
costeroids. This emphasises the need for further research into the molecular mechanisms
responsible for corticosteroid resistance and highlights the importance of personalisation
and optimisation of corticosteroid treatment for patients with COPD to control symptoms.

Measuring blood eosinophils has clinical potential for tailoring systemic corticosteroid
treatment for COPD acute exacerbations [14]. Previous trials have shown that eosinophil-
guided systemic corticosteroid treatment for acute exacerbation of COPD was non-inferior
to standard of care [12,13]. However, the impact of smoking status on the efficacy of
this treatment has not been well-characterised. A meta-analysis of eosinophil-guided
prednisolone therapy by Bafadhel et al. concluded that smoking history did not affect
the overall results, but current smoking status was been analysed [29]. Furthermore,
most studies investigating the relationship between smoking/lung inflammation and
corticosteroid resistance focused on ICS and not systemic corticosteroids.

Previous analyses on the ECLIPSE study showed that the proportion of current smok-
ers was lower among patients with non-exacerbated COPD and high eosinophil counts
(>2%) than among those who did not have eosinophilia [30]. However, as suggested by
previous studies [31,32], current smoking was not associated with lower blood eosinophil
counts on the first day of hospitalisation. These results suggest that smoking status does
not determine whether exacerbations are associated with eosinophilia. Moreover, cor-
ticosteroid treatment significantly reduced blood eosinophil counts in both current and
ex-smokers, suggesting that smoking status does not influence the role of eosinophils as a
biomarker for treating COPD exacerbations.

The proportion of patients exhibiting exacerbations or mortality at 6 months was
higher among current smokers (59%) than among ex-smokers (50%). This observation is
consistent with results from a previous study, which showed that current smoking status
was a better predictor of a shorter time to the next exacerbation than the eosinophil number
at the index event [31]. One previous study found that smoking status was not associated
with a higher risk of readmission; however, this conclusion may be attributable to the low
number of subjects included [33]. We did not investigate this aspect in detail, but smoking
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may hamper the maintenance treatment that is designed to prevent COPD exacerbation.
Notably, these analyses were been adjusted for potential confounders, such as age, lung
function, medications, or comorbidities.

The strengths of this study include the randomised study population and complete
follow-up of the primary and secondary outcomes. In addition, all patients in the study had
a COPD diagnosis that was confirmed by a respiratory medicine specialist and validated at
least once a year, as well as a smoking status that was registered at every outpatient visit,
reducing the risk of misclassification bias.

This study also had some limitations. First, this post hoc analysis was limited by
the retrospective nature of data collection. Second, the small sample size may have been
insufficient to power the statistical analysis. Third, our analyses were not adjusted to
account for known confounders, which is a potential source of error.

5. Conclusions

Our results suggest that eosinophil-guided corticosteroid-sparing treatment is equally
non-inferior to the standard of care in current smokers and ex-smokers (sensitivity analysis)
with regard to primary and secondary outcomes. Because little is known about the impact
of smoking status on eosinophil-guided corticosteroid-sparing treatment, more randomised
trials are needed to confirm our results. Although smoking status did not influence the
role of eosinophils as a biomarker in guiding corticosteroid treatment, current smokers are
at higher risk of readmission; therefore, smoking cessation should be considered for all
patients admitted with COPD exacerbations.

Author Contributions: Conceptualisation, P.S., A.B. and ].-U.S.J.; methodology, P.S., A.B., C.S.U.,
TSL., AGM,MCHL,KG.S,TB-S,].V,].-US]J,; validation, all authors; formal analysis, P.S.;
investigation, P.S., A.B., and J.-U.S.J.; data curation, P.S.; writing—original draft preparation, P.S.,
A.B., and J.-U.SJ; writing—review and editing, all authors; visualisation, P.S.; supervision, ].-U.S.J.;
project administration, J.-U.S.J.; funding acquisition, P.S. and J.-U.S.J. All authors have read and
agreed to the published version of the manuscript.

Funding: The CORTICO-COP trial was funded by The Danish Regions Medical Fund and the Danish
Council for Independent Research. The research salary for P.S. was provided by Herlev-Gentofte
University Hospital.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committees of all participating sites (H-15012207),
the Danish Medicines Agency (EudraCT no. 2015-003441-26) and the Danish Data Protection Agency
(HGH-2015-038 and I-Suite number 04014). The study was monitored for Good Clinical Practice
(GCP) by the GCP unit of the Capital Region of Denmark. Written informed consent was obtained
from patients before randomisation.

Informed Consent Statement: Written informed consent was obtained from patients before partic-
ipation in the CORTICO-COP trial. The CORTICO-COP trial was approved by the Danish Data
Protection Agency and Danish Committee of Ethics.

Data Availability Statement: We think that knowledge sharing increases the quantity and qual-
ity of scientific results. Sharing of relevant data will be discussed within the study group upon
reasonable request.

Acknowledgments: We would like to thank all the relevant departments in the Capital Region
of Denmark for allowing us to recruit patients. We thank the COP: TRIN (coptrin.dk) Steering
Committee for providing input and advice during meetings. A.B., AM., and J.V. are supported by
the NIHR Manchester BRC.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.



J. Clin. Med. 2021, 10, 2734 10 of 11

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Singh, D.; Agusti, A.; Anzueto, A.; Barnes, PJ.; Bourbeau, J.; Celli, B.R.; Criner, G.J.; Frith, P; Halpin, D.M.G.; Han, M.; et al. Global
Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease: The GOLD science committee
report 2019. Eur. Respir. ]. 2019, 53, 1900164. [CrossRef]

Pavord, L.D,; Jones, PW.; Burgel, P.R.; Rabe, K.F. Exacerbations of COPD. Int. |. Chron. Obstruct. Pulmon. Dis. 2016, 11, 21-30.
Global Initiative for Chronic Obstructive Lung Disease. 2021 GOLD Report. 2020. Available online: https://goldcopd.org/wp-
content/uploads/2019/12/GOLD-2020-FINAL-ver1.2-03Dec19_WMV.pdf (accessed on 9 April 2021).

Woods, J.A.; Wheeler, ].S.; Finch, C.K.; Pinner, N.A. Corticosteroids in the treatment of acute exacerbations of chronic obstructive
pulmonary disease. Int. . Chron. Obstruct. Pulmon. Dis. 2014, 9, 421-430. [CrossRef]

Saeed, M.L; Eklof, ].; Achir, I.; Sivapalan, P.; Meteran, H.; Lokke, A.; Biering-Sorensen, T.; Knop, EK.; Jensen, ].S. Use of inhaled
corticosteroids and the risk of developing type 2 diabetes in patients with chronic obstructive pulmonary disease. Diabetes Obes.
Metab. 2020, 22, 1348-1356. [CrossRef]

Waljee, A K.; Rogers, M.A; Lin, P; Singal, A.G.; Stein, ].D.; Marks, R.M.; Ayanian, ]J.Z.; Nallamothu, B.K. Short term use of
oral corticosteroids and related harms among adults in the United States: Population based cohort study. BMJ 2017, 357, j1415.
[CrossRef]

Broersen, L.H.; Pereira, A.M.; Jorgensen, ].O.; Dekkers, O.M. Adrenal Insufficiency in Corticosteroids Use: Systematic Review
and Meta-Analysis. J. Clin. Endocrinol. Metab. 2015, 100, 2171-2180. [CrossRef] [PubMed]

Walsh, L.J.; Wong, C.A.; Oborne, J.; Cooper, S.; Lewis, S.A.; Pringle, M.; Hubbard, R.; Tattersfield, A.E. Adverse effects of oral
corticosteroids in relation to dose in patients with lung disease. Thorax 2001, 56, 279-284. [CrossRef] [PubMed]

Baker, ].M.; Pace, H.A.; Ladesich, J.B.; Simon, S.D. Evaluation of the Impact of Corticosteroid Dose on the Incidence of Hyper-
glycemia in Hospitalized Patients with an Acute Exacerbation of Chronic Obstructive Pulmonary Disease. Hosp. Pharm. 2016, 51,
296-304. [CrossRef] [PubMed]

van Staa, T.P,; Leufkens, H.G.; Cooper, C. The epidemiology of corticosteroid-induced osteoporosis: A meta-analysis. Osteoporos.
Int. 2002, 13, 777-787. [CrossRef] [PubMed]

Leuppi, J.D.; Schuetz, P; Bingisser, R.; Bodmer, M.; Briel, M.; Drescher, T.; Duerring, U.; Henzen, C.; Leibbrandt, Y.; Maier, S.;
et al. Short-term vs. conventional glucocorticoid therapy in acute exacerbations of chronic obstructive pulmonary disease: The
REDUCE randomized clinical trial. JAMA 2013, 309, 2223-2231. [CrossRef] [PubMed]

Sivapalan, P; Lapperre, T.S.; Janner, J.; Laub, R.R.; Moberg, M.; Bech, C.S.; Eklof, J.; Holm, F.S.; Armbruster, K.; Sivapalan, P.;
et al. Eosinophil-guided corticosteroid therapy in patients admitted to hospital with COPD exacerbation (CORTICO-COP): A
multicentre, randomised, controlled, open-label, non-inferiority trial. Lancet Respir. Med. 2019, 7, 699-709. [CrossRef]

Bafadhel, M.; McKenna, S.; Terry, S.; Mistry, V.; Pancholi, M.; Venge, P.; Lomas, D.A.; Barer, M.R.; Johnston, S.L.; Pavord, I.D.; et al.
Blood eosinophils to direct corticosteroid treatment of exacerbations of chronic obstructive pulmonary disease: A randomized
placebo-controlled trial. Am. J. Respir. Crit. Care. Med. 2012, 186, 48-55. [CrossRef]

Sivapalan, P; Bikov, A.; Jensen, J.U. Using Blood Eosinophil Count as a Biomarker to Guide Corticosteroid Treatment for Chronic
Obstructive Pulmonary Disease. Diagnostics 2021, 11, 236. [CrossRef]

Barnes, P.J. Oxidative stress-based therapeutics in COPD. Redox. Biol. 2020, 33, 101544. [CrossRef] [PubMed]

Roche, N.; Postma, D.S.; Colice, G.; Burden, A.; Guilbert, T.W.,; Israel, E.; Martin, R.J.; van Aalderen, WM.; Grigg, J.; Hillyer, E.V,;
et al. Differential effects of inhaled corticosteroids in smokers/ex-smokers and nonsmokers with asthma. Am. J. Respir. Crit. Care
Med. 2015, 191, 960-964. [CrossRef]

Chalmers, G.W.; Macleod, K.J.; Little, S.A.; Thomson, L.J.; McSharry, C.P.; Thomson, N.C. Influence of cigarette smoking on
inhaled corticosteroid treatment in mild asthma. Thorax 2002, 57, 226-230. [CrossRef] [PubMed]

Tamimi, A.; Serdarevic, D.; Hanania, N.A. The effects of cigarette smoke on airway inflammation in asthma and COPD:
Therapeutic implications. Respir. Med. 2012, 106, 319-328. [CrossRef]

Sohal, S.S.; Reid, D.; Soltani, A.; Weston, S.; Muller, H.K.; Wood-Baker, R.; Walters, E.H. Changes in airway histone deacetylase2
in smokers and COPD with inhaled corticosteroids: A randomized controlled trial. PLoS ONE 2013, 8, €64833. [CrossRef]

Van Overveld, EJ.; Demkow, U.; Gorecka, D.; De Backer, W.A.; Zielinski, J. Differences in responses upon corticosteroid therapy
between smoking and non-smoking patients with COPD. J. Physiol. Pharmacol. 2006, 57 (Suppl. 4), 273-282. [PubMed]

Sonnex, K.; Alleemudder, H.; Knaggs, R. Impact of smoking status on the efficacy of inhaled corticosteroids in chronic obstructive
pulmonary disease: A systematic review. BM] Open 2020, 10, e037509. [CrossRef]

Whittaker, H.R.; Jarvis, D.; Sheikh, M.R.; Kiddle, S.J.; Quint, J.K. Inhaled corticosteroids and FEV1 decline in chronic obstructive
pulmonary disease: A systematic review. Respir. Res. 2019, 20, 277. [CrossRef]

Pauwels, R.A.; Lofdahl, C.G.; Laitinen, L.A.; Schouten, ].P; Postma, D.S.; Pride, N.B.; Ohlsson, S.V. Long-term treatment with
inhaled budesonide in persons with mild chronic obstructive pulmonary disease who continue smoking. European Respiratory
Society Study on Chronic Obstructive Pulmonary Disease. N. Engl. J. Med. 1999, 340, 1948-1953. [CrossRef]

Shaker, S.B.; Dirksen, A.; Ulrik, C.S.; Hestad, M.; Stavngaard, T.; Laursen, L.C.; Maltbaek, N.; Clementsen, P.; Skjaerbaek, N.;
Nielsen, L.; et al. The effect of inhaled corticosteroids on the development of emphysema in smokers assessed by annual
computed tomography. COPD 2009, 6, 104-111. [CrossRef]

Thompson, W.H.; Nielson, C.P.; Carvalho, P.; Charan, N.B.; Crowley, J.J. Controlled trial of oral prednisone in outpatients with
acute COPD exacerbation. Am. . Respir. Crit. Care Med. 1996, 154, 407-412. [CrossRef] [PubMed]


http://doi.org/10.1183/13993003.00164-2019
https://goldcopd.org/wp-content/uploads/2019/12/GOLD-2020-FINAL-ver1.2-03Dec19_WMV.pdf
https://goldcopd.org/wp-content/uploads/2019/12/GOLD-2020-FINAL-ver1.2-03Dec19_WMV.pdf
http://doi.org/10.2147/COPD.S51012
http://doi.org/10.1111/dom.14040
http://doi.org/10.1136/bmj.j1415
http://doi.org/10.1210/jc.2015-1218
http://www.ncbi.nlm.nih.gov/pubmed/25844620
http://doi.org/10.1136/thorax.56.4.279
http://www.ncbi.nlm.nih.gov/pubmed/11254818
http://doi.org/10.1310/hpj5104-296
http://www.ncbi.nlm.nih.gov/pubmed/27303077
http://doi.org/10.1007/s001980200108
http://www.ncbi.nlm.nih.gov/pubmed/12378366
http://doi.org/10.1001/jama.2013.5023
http://www.ncbi.nlm.nih.gov/pubmed/23695200
http://doi.org/10.1016/S2213-2600(19)30176-6
http://doi.org/10.1164/rccm.201108-1553OC
http://doi.org/10.3390/diagnostics11020236
http://doi.org/10.1016/j.redox.2020.101544
http://www.ncbi.nlm.nih.gov/pubmed/32336666
http://doi.org/10.1164/rccm.201411-2116LE
http://doi.org/10.1136/thorax.57.3.226
http://www.ncbi.nlm.nih.gov/pubmed/11867826
http://doi.org/10.1016/j.rmed.2011.11.003
http://doi.org/10.1371/journal.pone.0064833
http://www.ncbi.nlm.nih.gov/pubmed/17072055
http://doi.org/10.1136/bmjopen-2020-037509
http://doi.org/10.1186/s12931-019-1249-x
http://doi.org/10.1056/NEJM199906243402503
http://doi.org/10.1080/15412550902772593
http://doi.org/10.1164/ajrccm.154.2.8756814
http://www.ncbi.nlm.nih.gov/pubmed/8756814

J. Clin. Med. 2021, 10, 2734 11 of 11

26.

27.

28.

29.

30.

31.

32.

33.

Jiang, Z.; Zhu, L. Update on molecular mechanisms of corticosteroid resistance in chronic obstructive pulmonary disease. Pulm.
Pharmacol. Ther. 2016, 37, 1-8. [CrossRef] [PubMed]

Milara, J.; Diaz-Platas, L.; Contreras, S.; Ribera, P.; Roger, I.; Ballester, B.; Montero, P.; Cogolludo, A.; Morcillo, E.; Cortijo, ]. MUC1
deficiency mediates corticosteroid resistance in chronic obstructive pulmonary disease. Respir. Res. 2018, 19, 226. [CrossRef]
[PubMed]

Barnes, PJ. Corticosteroid resistance in patients with asthma and chronic obstructive pulmonary disease. J. Allergy Clin. Immunol.
2013, 131, 636-645. [CrossRef] [PubMed]

Bafadhel, M.; Davies, L.; Calverley, PM.; Aaron, S.D.; Brightling, C.E.; Pavord, I.D. Blood eosinophil guided prednisolone therapy
for exacerbations of COPD: A further analysis. Eur. Respir. ]. 2014, 44, 789-791. [CrossRef] [PubMed]

Singh, D.; Kolsum, U.; Brightling, C.E.; Locantore, N.; Agusti, A.; Tal-Singer, R.; ECLIPSE investigators. Eosinophilic inflammation
in COPD: Prevalence and clinical characteristics. Eur. Respir. . 2014, 44, 1697-1700. [CrossRef]

Csoma, B.; Bikov, A.; Toth, E; Losonczy, G.; Muller, V,; Lazar, Z. Blood eosinophils on hospital admission for COPD exacerbation
do not predict the recurrence of moderate and severe relapses. ERJ] Open Res. 2021, 7, 00543-2020. [CrossRef]

Kostikas, K.; Papathanasiou, E.; Papaioannou, A.IL; Bartziokas, K.; Papanikolaou, I.C.; Antonakis, E.; Makou, I; Hillas, G;
Karampitsakos, T.; Papaioannou, O.; et al. Blood eosinophils as predictor of outcomes in patients hospitalized for COPD
exacerbations: A prospective observational study. Biomarkers 2021, 26, 1-9. [CrossRef] [PubMed]

Davies, L.; Angus, R.M.; Calverley, PM. Oral corticosteroids in patients admitted to hospital with exacerbations of chronic
obstructive pulmonary disease: A prospective randomised controlled trial. Lancet 1999, 354, 456-460. [CrossRef]


http://doi.org/10.1016/j.pupt.2016.01.002
http://www.ncbi.nlm.nih.gov/pubmed/26805715
http://doi.org/10.1186/s12931-018-0927-4
http://www.ncbi.nlm.nih.gov/pubmed/30458870
http://doi.org/10.1016/j.jaci.2012.12.1564
http://www.ncbi.nlm.nih.gov/pubmed/23360759
http://doi.org/10.1183/09031936.00062614
http://www.ncbi.nlm.nih.gov/pubmed/24925917
http://doi.org/10.1183/09031936.00162414
http://doi.org/10.1183/23120541.00543-2020
http://doi.org/10.1080/1354750X.2021.1903998
http://www.ncbi.nlm.nih.gov/pubmed/33724121
http://doi.org/10.1016/S0140-6736(98)11326-0

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population 
	Statistical Analysis 
	Sample Size 

	Results 
	Primary Outcome 
	Secondary Outcomes 
	Sensitivity Analysis in Ex-Smokers 

	Discussion 
	Conclusions 
	References

