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To the Editor,

The latest Global Initiative for Chronic Obstructive Lung Disease (GOLD) document
recommends new treatment algorithms, with inhaled corticosteroids (ICS) use only in
moderate-to-severely symptomatic COPD patients with repeated exacerbations, where
the emphasis is to review ICS use and to reduce ICS dosing (1). Indeed, safety
concerns of pneumonia (2) with high-dose ICS has further concerted focus upon using
appropriate doses of ICS. It is well-established that ICS in combination with long-acting
Bo-adrenoceptor agonist (LABA) can decrease exacerbations, improve symptoms and
increase quality of life in patients with COPD (3-4), but nonetheless, the rationale to
consider step-down of ICS is supported by several clinical studies (5). The Withdrawal of
Inhaled Steroids during Optimized Bronchodilator Management (WISDOM) trial studied
severe COPD patients on therapy with ICS, LAMA and LABA, where stepwise
withdrawal of ICS did not lead to an increase in exacerbations compared to continued
ICS use (6). Determining the optimal dose of ICS and LABA combination therapy is of
great biological and clinical importance in order to address safety concerns associated
with high-dose ICS use. There is in vitro evidence to support the clinical practice of using
low-dose ICS. Low-dose ICS in combination with LABA enhances corticosteroid function
by enhancing glucocorticoid receptor (GR) activity (7) and suppresses the release of
inflammatory mediators (8). However, it is unknown whether this observation of
enhanced corticosteroid function with low-dose ICS/LABA has a direct effect on airways
inflammation and lung function. Our study investigated the cellular function that may be
relevant and underpin the clinical approach to lowering the dose of ICS therapy in COPD
patients. We compared the single administration of low-dose ICS/LABA combination to

high-dose ICS alone and high-dose ICS/LABA on GR activation, molecular markers of



airway inflammation and lung function in COPD patients 2 hours post-treatment. Some

of the results of these studies have been previously reported in the form of an abstract

(9).

Methods: Thirty-five patients clinically diagnosed with mild-to-moderate COPD, with
<15% reversibility in FEV4, participated in a 4-way cross-over, randomized study, with a
minimum washout period of 7 days. Patients refrained from using short-acting B.-
adrenoceptor agonist and short-acting muscarinic-antagonist for 6 hours before each
study visit and at least 12 hours for LABA and LAMA. Each patient attended a screening
visit to establish baseline data. Patients inhaled clinically relevant single doses of
budesonide/formoterol 400/12 ug, budesonide/formoterol 800/24 ug, budesonide
800 ug, or formoterol 24 ug. Induced sputum was collected 2 hours post inhalation and
GR activation and inflammatory marker levels were analyzed. Lung function pre- and
2 hours post-treatment was measured. All treatments (AstraZeneca, Cambridge, UK)
were delivered via a dry powder inhaler device (Turbuhaler® (AstraZeneca, Cambridge,
UK)). The study was approved by the UK Ethics Committee (10/H0713/43) and
registered on ClinicalTrials.gov (NCT01787097). Data are expressed as median
(interquartile ranges). Comparison of groups was determined by the Wilcoxon matched-

pairs signed rank test and the Friedman test.

Results: Of the 35 enrolled patients, 5 discontinued either due to consent withdrawal or
non-attendance. The median age of the 30 patients was 67 (60-71) years and the
median pre-bronchodilator FEV, was 62 (55-70) % of predicted (Table 1). The median
pre-bronchodilator FVC was 93 (83-103) % of predicted. Median blood eosinophil count

was 0.10 (0.10-0.28) x 10°%/L. Sputum eosinophil, macrophage and neutrophil levels at



baseline were 1.0 (0.0-2.8), 19 (14-25) and 71 (60-74) % of the total cell count,
respectively.

Budesonide/formoterol 400/12 ug was as effective as high-dose budesonide 800 pug and
budesonide/formoterol 800/24 ug in enhancing GR activity by 1.8 (1.7-2.0) vs. 2.1 (2.0-
2.2) vs. 2.3 (1.9-2.3) fold, respectively, compared to baseline levels (p<0.05), whereas
formoterol 24 ug had no effect (Table 2). Similarly, the lower dose combination of
budesonide/formoterol (400/12 pg) was as effective as the higher dose budesonide
800 pg and higher dose 800/24 ug combination in reducing sputum CXCLS8 levels by 2.0
(0.025-4.2) vs. 1.4 (0.20-2.7) vs. 2.3 (0.25-3.8) ng/mL, respectively, compared to
baseline levels (p<0.05). There were no significant effects of any treatment investigated
on sputum IL-6 and TNF-a concentrations, or sputum neutrophils and macrophages,
compared to baseline levels.

In addition, all treatments were equally effective in improving FEV4, but not high-dose
budesonide 800 pg. Formoterol 24 ug significantly improved FEV, by 120 mL (58-220,
p<0.05) and FVC by 85 mL (-30-370, p<0.05), whereas, budesonide 800 ug had no
statistically significant effect on FEV, (10 (-50-75) mL) or FVC (30 (-100-180) mL),
compared to baseline levels. However, the combination of budesonide/formoterol
400/12 pyg and budesonide/formoterol 800/24 ug both significantly improved FEV, by
100 mL (30-230, p<0.05) and 170 mL (48-300, p<0.05), respectively, compared to
baseline levels. Budesonide/formoterol 400/12 ug was as effective as formoterol 24 ug
and budesonide/formoterol 800/24 pg in improving FEV,. Budesonide/formoterol
800/24 ug significantly improved FVC by 280 mL (120-470, p<0.05), compared to
baseline levels, and was as effective as formoterol 24 ug. No treatment had a significant

effect on FEF5.75.



Conclusions: Our data show for the first time in low-risk COPD patients that a single
low-dose of inhaled budesonide/formoterol 400/12 ug is as effective as a high-dose of
budesonide 800 pg or budesonide/formoterol 800/24 ug in suppressing protein levels of
a molecular marker of airway inflammation in sputum two hours after inhalation.
Furthermore, this is associated with significant increase of glucocorticoid receptor
activity and improvement in lung function that is as effective or superior to double the
dose of inhaled budesonide. Thus, lowering a single dose of ICS and LABA in low-risk
COPD patients, does not risk the loss of valuable cellular and biological anti-
inflammatory activity, and preserves lung function improvement. Importantly, our study
provides biological and clinical evidence that in patients with mild-to-moderate airflow
limitation, a single low-dose of ICS may be equally effective than the higher dose. Our
data may help with strategies for future drug development in COPD (10). Future studies
should assess whether this beneficial effect after a single treatment in low-risk COPD
patients is maintained during long-term treatment in both low- and high-risk COPD

patients
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TABLES

Table 1. Demographic and baseline characteristics of patients

Participants (n)

Gender, (M/F)

Age, years, median (IQR)

Pre-bronchodilator FEV,, % of predicted, median (IQR)
Pre-bronchodilator FVC, % of predicted, median (IQR)
Blood eosinophils, x10%L, median (IQR)

Sputum macrophages, % of cell count, median (IQR)
Sputum neutrophils, % of cell count, median (IQR)
Sputum eosinophils, % of cell count, median (IQR)

Sputum CXCL8, ng/mL, median (IQR)

30
10/20

67 (60-71)

62 (55-70)

93 (83-103)
0.10 (0.10-0.28)
19 (14-25)

71 (60-74)

1.0 (0.0-2.8)

2.3 (1.4-4.0)

FEV, = forced expiratory volume in one-second; FVC = forced vital capacity; IQR =

interquartile range.



Table 2. Effects of inhaled drugs on glucocorticoid receptor activation,

suppression of sputum CXCL8 and lung function, relative to baseline and formoterol

24 ug levels

Outcome FORM BUD BUD/FORM BUD/FORM
24 800 800/24 400/12

GR activation 1.1(1.0-1.2)  2.1(2.0-2.2)%* 23(1.9-2.3)** 1.8 (1.7-2.0)*

GR-GRE binding
Median (IQR)

Sputum CXCLS8, ng/mL, 0.0 (0.0-1.0) 1.4 (0.20-2.7)* 2.3 (0.25-3.8)* 2.0 (0.025-4.2)**

median (IQR)
FEV,, mL, 120 (58-220)* 10 (-50-75) 170 (48-300)* 100 (30-230)*
median (IQR)
FVC, mL, 85 (-30-370)* 30 (-100-180) 280 (120-470)* 100 (-95-290)
median (IQR)

GR = glucocorticoid receptor; FEV, = forced expiratory volume in one-second; FVC =
forced vital capacity; IQR = interquartile range. Formoterol (FORM, 24 pg), budesonide
(BUD, 800 ug), or budesonide/formoterol combinations (BUD/FORM, 400/12 ug or
800/24 pg). Data expressed as median (IQR). *p<0.05 vs. baseline. #p<0.05 vs. FORM

24 ug.



