
https://www.heighpubs.org/haard 012https://doi.org/10.29328/journal.aaai.1001020

Research Article

Short-term responses to high-dose 
inhaled corticosteroid treatment in 
patients with chronic obstructive 
pulmonary disease with a fractional 
nitric oxide concentration over 35 
parts per billion: A single-centre 
pre–post study  
Akihiro Shiroshita1*, Yu Tanaka1, Kei Nakashima1, Atsushi 
Shiraishi2, Hiroki Matsui3 and Masahiro Aoshima1

1Department of Pulmonology, Kameda Medical Center, Kamogawa, Japan
2Emergency and Trauma Center, Kameda Medical Center, Kamogawa, Japan
3Clinical Research Support Division, Kameda Institute for Health Science, Kameda College of 
Health Science, Kamogawa, Japan

More Information 
*Address for Correspondence: 
Akihiro Shiroshita, Department of Pulmonology, 
Kameda Medical Center, Kamogawa, Japan,
Tel: 81-80-3807-4960; 
Email: akihirokun8@gmail.com

Submitted: 28 September 2020
Approved: 05 October 2020
Published: 06 October 2020

How to cite this article: Shiroshita A, Tanaka Y,
Nakashima K, Shiraishi A, Matsui H, et al. 
Short-term responses to high-dose inhaled 
corticosteroid treatment in patients with chronic 
obstructive pulmonary disease with a fractional 
nitric oxide concentration over 35 parts per 
billion: A single-centre pre–post study. Arch 
Asthma Allergy Immunol. 2020; 4: 012-017.

DOI: 10.29328/journal.aaai.1001020

ORCiD: orcid.org/0000-0003-0262-459X

Copyright: © 2020 Shiroshita A, et al. This is 
an open access article distributed under the 
Creative Commons Attribution License, which 
permits unrestricted use, distribution, and re-
production in any medium, provided the original 
work is properly cited.

Keywords: Chronic obstructive pulmonary 
disease; Fractional exhaled nitric oxide; Inhaled 
corticosteroid; Pulmonary function test

OPEN ACCESS

Introduction 

Chronic obstructive pulmonary disease (COPD) is a 
common respiratory disease caused by airϐlow limitation 
associate with a chronic inϐlammation [1]. According to the 

Global Initiative for Asthma statement, among patients with 
COPD, a sub-group of patients exhibit symptoms of a chronic 
airways disease that has features of both asthma and COPD, 
deϐined as asthma and COPD overlap (ACO) [2]. A previous 
meta-analysis reported a 27% – 28% ACO prevalence rate in 

Abstract 

Introduction: There is currently no strategy for identifying chronic obstructive pulmonary disease 
(COPD) patients whose pulmonary function could benefi t from inhaled corticosteroids. We investigated 
whether a 28-day regime of inhaled corticosteroids improved pulmonary function test results among 
COPD patients with a fractional exhaled nitric oxide concentration > 35 parts per billion.

Methods: This single-centre one-arm pre–post trial included COPD patients with a fractional 
exhaled nitric oxide concentration > 35 parts per billion treated at our institution from September 2018 
to August 2019. Patients were administered budesonide (200 μg, 8 puff s daily) for 28 days. The primary 
outcome measure was the diff erence between the forced expiratory volume in 1 s (FEV1) at baseline 
and after 28 days of inhaled corticosteroid treatment. Secondary outcomes included diff erences in 
COPD Assessment Test scores, %FEV1, and that between the percent forced vital capacity (%FVC) at 
baseline and after 28 days of treatment.

Results: Twenty patients completed the 28-day inhaled corticosteroid regime. The mean diff erence 
in FEV1 between day 1 and day 28 was 340 mL (95% confi dence interval: −100 to 770 mL; p = 0.122). 
The mean diff erences in secondary outcomes were: %FVC, −0.16% (95% confi dence interval [CI]: 
−2.84 to 2.53%; p = 0.905); %FEV1, 1.63% (95%CI: −4.56 to 7.81%; p = 0.589); COPD Assessment 
Test score, −2.50 (95%CI: −5.72 to 0.72; p = 0.121).

Conclusion: The 28 -day course of inhaled corticosteroids yielded no signifi cant diff erence in FEV1 
for COPD patients with a fractional exhaled nitric oxide concentration > 35 parts per billion.

Trial registration: University Hospital Medical Information Network Center, UMIN000034005. 
Registered 3 September 2018, 
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patients with COPD [3]. Compared to COPD patients, those 
with ACO were characterized by higher exacerbation rates and 
a poorer quality of life [4]. Although inhaled corticosteroids 
(ICSs) are assumed to improve the pulmonary function of 
ACO patients, the ACO diagnostic criteria are not yet clearly 
unestablished [5,6]. 

 Measuring fractional exhaled nitric oxide (FeNO) 
concentration is a non-invasive test related to sputum 
eosinophilia in patients with COPD [7]. According to the 
American Thoracic Society guidelines, an FeNO concentration 
> 50 parts per billion (ppb) is the recommended cut-
off for diagnosing eosinophilic inϐlammation and steroid 
responsiveness for respiratory diseases [8]. However, in the 
Japanese Respiratory Society Guidelines for the Management 
of ACO, the recommended FeNO cut-off is > 35 ppb [9]. Neither 
of these FeNO cut-off values has been validated.

This study aimed to assess the efϐicacy of a 28-day course 
of ICS monotherapy to improve the pulmonary function test 
results, including forced expiratory volume in 1 s (FEV1), 
among COPD patients with FeNO concentrations > 35 ppb, the 
recommended cut-off according to the Japanese Respiratory 
Society Guidelines [8]. This study evaluated whether the cut-
off of 35 ppb could be reasonable in the clinical practice. 

Materials and methods 
Study design and settings

This was a single-centre, pre–post, single-arm study 
conducted at the Department of Pulmonology in Kameda 
Medical Center, a tertiary care general hospital in a rural area 
of Japan. The department has 11 pulmonologists and cares for 
500 patients with COPD annually. In 2017, the department 
began evaluating FeNO concentrations in patients with COPD 
with NIOX VERO® (Circassia Pharmaceuticals Inc., Morrisville, 
NC, USA) to detect eosinophilic inϐlammation. This study 
was conducted according to the Declaration of Helsinki and 
was approved by the Institutional Review Board of Kameda 
Medical Center (registration number: 18-053-181121). 
Before enrolling the ϐirst patient, this trial was registered 
with the University Hospital Medical Information Network 
Center (UMIN000034005). Version 1 of the study protocol 
was amended to correct a minor mistake; in this amendment, 
the secondary outcome was changed from “change of %VC” 
to “change of % forced vital capacity (FVC)”. The modiϐied 
protocol was submitted to the institutional review board 
and the information was updated on the University Hospital 
Medical Information Network. All patients provided written 
informed consent before enrolment. 

Participants

Stable patients with COPD, aged ≥ 40 years, who were 
not receiving ICS and had FeNO concentrations > 35 ppb at 
the time of visiting the Respiratory Department Clinic of the 
study hospital, were recruited for the study from 1 September 

2018 to 31 August 2019. COPD diagnoses were made 
according to the following criteria: current or ex-smokers (≥ 
10 pack-years) and post-bronchodilator FEV1/FVC ratio < 0.7 . 
Exclusion criteria included patients who were receiving oral 
corticosteroids or ICS within 1 month of inclusion in the trial, 
patients who were allergic to ICS, unstable COPD patients who 
experienced exacerbation within 4 weeks of trial enrolment, or 
those who exhibited severe intercurrent diseases or any other 
causes of airϐlow limitation, including asthma, or an untreated 
infection of the respiratory tract, clinically diagnosed by a 
physician. Patients who enrolled in other studies were also 
excluded. 

Baseline variables

On the day of enrolment, the following baseline 
characteristics of study participants were recorded as part 
of routine assessment: age, sex, smoking status, medical 
history, medication for COPD, and the FeNO value. FeNO 
concentration measurements were performed using the 
NIVOX VERO® (Circassia Pharmaceuticals Inc., Morrisville, 
NC, USA) according to the recommendations of the American 
Thoracic Society and European Respiratory Society [10]. In 
addition, the following test results were recorded 2 weeks or 
less before enrolment: peripheral blood eosinophil count, total 
immunoglobulin E (IgE), sputum eosinophil count (low, < 1%; 
1% – 5%, moderate; > 5%, high), and the post-bronchodilator 
reversibility of FEV1. Beca use of the small sample size in this 
trial, we did not examine speciϐic IgE. 

Treatment

Budesonide (Pulmicort Turbuhaler, AstraZeneca, 
Cambridge, UK), a dry powder for oral inhalation (200 μg 
per dose, 200 metered doses), was used for ICS treatment. It 
was stored at room temperature (15–30℃) in the pharmacy 
at the Kameda Medical Center. After enrolment, the patients 
were instructed to revisit the outpatient clinic twice. During 
the ϐirst visit, the COPD Assessment Test (CAT) questionnaire 
was administered by a medical staff member, followed by 
an examination by a physician. A pulmonary function test 
was performed after bronchodilation to obtain the “visit 1 
value”. After completing the pulmonary function test, patients 
received budesonide (200 μg, 8 puffs daily for 28 days). The 
dur ation of ICS was based on the previous trials about ICS 
on patients with high sputum eosinophil counts [11-14]. 
Instructions for using budesonide were provided by both 
a doctor and a pharmacist. An asthma diary (produced by 
the Japan Allergy & Asthma Network Station) was provided 
to participants to ensure compliance with the ICS treatment 
regimen. Compliance and symptoms, including adverse 
events, were assessed using these daily diaries during the trial. 
ICS was discontinued at the participant’s request or due to a 
physician’s clinical judgment. During the trial, concomitant 
use of oral steroids or other types of ICS was prohibited.

At the second visit, 28 days after enrolment, and before 
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the consultation with a physician, the CAT questionnaire was 
again administered by a medical staff member. Subsequently, 
physicians evaluated the patients and ICS use was discontinued. 
Finally, after bronchodilation, a pulmonary function test was 
performed for each patient to assess improvement of FEV1 
from the baseline; this also marked the completion of the trial. 

Outcomes

Pulmonary function tests were performed with 
CHESTAC8800® (Chest M.I., Inc., Tokyo, Japan) according 
to recommendations of the American Thoracic Society [15]. 
FEV1 after bronchodilation was assessed after inhalation of a 
short-acting beta-adrenergic receptor antagonist, salbutamol 
(2 puffs, 100 μg/puff).

The primary outcome was deϐined as the difference 
between the FEV1 values after bronchodilation between visits 1 
and 2. The secondary outcomes were changes in the CAT score, 
%FEV1, and %FVC between visits 1 and 2. Pulmonologists 
checked on the participant at least twice during the trial to 
assess the development of any adverse events. In addition, in 
case of any adverse effects among the trial participants, the 
on-duty pulmonologists were telephoned by the participant 
and the problem was addressed. During the trial, all adverse 
events were recorded on an electronic chart. Attending 
doctors managed the adverse events, and protocol treatment 
discontinuation was decided based on the clinical judgment of 
each doctor.

Data management and statistical analysis

Data were collected by a pulmonologist at Kameda Medical 
Center using the Research Electronic Data Capture [16] 
web-based application on visits 1 and 2. A list of personal 
identiϐication numbers was kept in a depository at the clinic 
of the Kameda Medical Center. 

This study had more than 80% statistical power at the 
5% level to detect a 200-mL difference in FEV1 before and 
after the trial, assuming a standard deviation of 300 mL 
[11]. Considering a 10% dropout rate, a sample size of 23 
patients was calculated to be sufϐicient to obtain statistically 
signiϐicant results. An examination of FeNO concentration was 
recommended for all COPD patients to achieve adequate and 
consecutive participant enrolment. 

All data were analysed using R version 3.5.0 (R Foundation 
for Statistical Computing, Vienna, Austria) [17]. The statistical 
analysis was performed by two physicians independently and 
double checked (Akihiro S and Atsushi S). A paired t-test was 
used to assess improvements in the primary and secondary 
outcome variables. Data from censored patients were not 
included in statistical analyses. Post-hoc subgroup analyses 
were performed in COPD patients with FeNO concentrations 
> 50 ppb, as described in the American Thoracic Society 
guidelines, in those with blood eosinophils > 300 × 104/
μL, and in those with non-speciϐic IgE > 300 IU/mL [9]. All 
comparisons were two-tailed, and a p - value of < 0.05 was 
considered statistically signiϐicant.

Results 

Twenty patients with COPD who had FeNO concentrations 
> 35 ppb were recruited and ICS therapy was initiated between 
September 2018 and May 2019. The recruitment ended after 
an adequate sample size of 20 was attained, without any 
dropouts in August 2019. No participant withdrew from the 
trial. The patient characteristics are summarized in table 1. 
Nineteen of the 20 included patients were male (19; 95%). 
The median age of the patients was 72 years (interquartile 
range, 68–75 years). The number of patients categorized by 
COPD stage, based on %FEV1 values, were as follows: Stage 1, 
14 patients; Stage 2, 2 patients; Stage 3, 2 patients; and Stage 
4, 2 patients. None of the patients had a medical history of 
asthma, atopic dermatitis, or allergic rhinitis. Although sputum 
induction was conducted, good quality sputum could not be 
collected in 50% of the patients. Only 1 patient demonstrated 
bronchodilator reversibility. Although all patients were 
provided with an asthma diary to promote compliance, half of 
the patients had missing data in the diary, either due to losing 
the diary or because they did not make daily entries. During 
the protocol, 5 patients experienced adverse events: 1 patient 
had mild nausea and 4 patients had mild hoarseness. The ICS 
dose was tapered from 8 times/day to 4 times/day in these 
patients.

The mean FEV1 difference between the day of ICS initiation 
and after 28 days of ICS treatment was 340 mL (95% 
conϐidence interval [CI]: −100 to 770 mL; p = 0.122; Figure 1).
The mean differences in the secondary outcomes were as 
follows: %FVC, −16.0% (95% CI: −2.84 to 2.53%; p = 0.905); 
%FEV1, 1.63% (95% CI: −4.56 to 7.81%; p = 0.589); and CAT 
score, −2.50 (95% CI: −5.72 to 0.72; p = 0.121) (Figure 2).

Post-hoc subgroup analyses revealed that, in COPD 
patients with FeNO concentrations > 50 ppb, the mean FEV1 
difference was 160 mL (95% CI: −100 to 1320; p = 0.750). In 
COPD patients with blood eosinophil concentrations > 300 × 
104/μL, the mean FEV1 difference was 250 mL (95% CI: −550 
to 1050; p = 0.469). In COPD patients with IgE concentrations 
> 300 IU/mL, the mean FEV1 difference was 590 mL (95% CI: 
−320 to 1490; p = 0.169).

Figure 1: CONSORT fl owchart. We included 20 patients without any drop-out 
patients.
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study did not reveal any changes in secondary outcomes, 
including FVC, %FEV1, or CAT scores.

Notably, 16.3% of COPD patients had FeNO levels > 35 ppb 
[18]. High FeNO levels have been associated with high sputum 
eosinophil counts and improved responses to bronchodilators, 
such as short-acting beta-adrenergic agonists, in COPD patients 
[19]. In a previous prospective trial, ϐluticasone/salmeterol 
improved FEV1 by more than 200 mL in 4 of 7 (57.1%) COPD 
patients with FeNO concentrations > 35 ppb [20]. Since the 
type of treatment, i.e., ICS or long-acting beta-adrenergic 
agonists, associated with FEV1 improvements could not be 
determined, ICS alone were used. In the current trial, there 
were no signiϐicant differences in FEV1 after bronchodilation 
in both the entire study population (FeNO > 35 ppb) and FeNO 
> 50 ppb groups. According to these results, the standard 
deviation of 435 mL was greater than our hypothesized 200 
mL, and a larger sample size or targeted patients based on 
demographic features such as FEV1 and severity is needed to 
assess improvements in pulmonary function test results after 
ICS administration in COPD patients with FeNO concentrations 
> 35 ppb. We could not make a  conclusion of our hypothesis. 
Nonetheless, the present results could be utilized to calculate 
the sample size in future clinical trials. 

Previous studies have investigated the usefulness of 
biomarkers, including blood eosinophil and sputum eosinophil 

Discussion
This pre–post trial  aimed to assess whether a 28-day ICS 

course changed the pulmonary function test results and the 
quality of life in COPD patients with FeNO concentrations > 35 
ppb. No signiϐicant differences were noted in FEV1 values after 
a 28-day ICS course in these patients. Similarly, the present 

Table 1: Patient characteristics.

Case Age 
(years) Sex Medical 

history
Smoking history 

(pack-years)
FeNO 
(ppb)

Total IgE 
(IU/mL)

Blood 
eosinophil 

count 
(104/μL)

Sputum 
eosinophil 

count

Bronchodilator 
reversibility

Baseline treatment 
for COPD

1 75 Male Oncocytic carcinoma with 
unknown primary origin 52.5 74 418 221 NA - None

2 74 Male Lung cancer 125 55 2010 138 Low - LABA/LAMA
3 73 Male Asbestosis 50 38 281 544 NA - LABA/LAMA

4 72 Male Obstructive sleep apnoea 
syndrome 45 86 820 301 Moderate - None

5 84 Male Diabetes mellitus, hypertension, 
aortic dissection, colon cancer 96 46 NA NA NA - LABA/LAMA

6 63 Male None 40 152 481 190 NA - None
7 75 Male None 36 43 17 302 NA - None
8 76 Male Prostate cancer 53 41 616 120 NA - None

9 78 Female Osteoporosis, hypertension, 
depression 100 36 NA 229 NA - None

10 66 Male Colon cancer 120 37 54 238 NA - None
11 78 Male Lung cancer 60 59 83 173 Low - LABA/LAMA
12 71 Male None 80 83 53 121 High - LAMA
13 74 Male None 45 39 228 495 Low - LABA

14 68 Male
Obstructive sleep apnoea 

syndrome, gastroesophageal 
refl ex

90 62 108 192 Moderate - LAMA

15 74 Male
Epilepsy, hyperlipidaemia,

benign prostatic hyperplasia,
hyperuricemia

23 43 32 120 High - None

16 72 Male Benign prostatic hyperplasia 53 36 2022 388 High - LAMA
17 64 Male None 44 41 48 341 NA - LAMA
18 68 Male Cataract 88 46 140 114 High - LABA
19 63 Male Hyperlipidaemia 32 300 573 1083 High + None
20 59 Male None 25 37 < 1 45.1 NA - None

FeNO, fractional nitric oxide concentration; ICS, inhaled corticosteroid; FEV1, percent predicted forced expiratory volume in 1 s; IgE, immunoglobulin E; LABA, long-acting 
beta-agonist; LAMA, long-acting muscarinic antagonist; NA, not available; COPD, chronic obstructive pulmonary disorder.

Figure 2: Predicted FEV1 pre- and post-therapy (1 month) with an inhaled 
corticosteroid FEV1, forced expiratory volume in 1 s.
Our study revealed heterogenous eff ects of inhaled corticosteroid on patients with 
chronic obstructive pulmonary disease with a fractional nitric oxide concentration 
over 35 parts per billion.
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counts, to detect ICS responsiveness in COPD patients. 
Regarding sputum eosinophil counts, previous studies 
used the post-bronchodilator FEV1 as the primary outcome, 
and the use of oral steroids and ICS yielded improved post-
bronchodilator FEV1 values after approximately 1 month of 
treatment [11-14]. However, in routine clinical settings, it is 
often difϐicult to collect good quality lower respiratory tract 
sputum specimens to calculate eosinophil counts in most 
COPD patients [21]. In this pre–post trial, saline induction was 
used to attempt sputum collection, as described previously; 
however, sputum collection was only successful in 10 patients, 
yielding inconclusive ϐindings [22]. Additionally, although the 
blood eosinophil count is correlated with sputum eosinophil 
counts [12], recent clinical studies indicated that the usefulness 
of blood eosinophils as a biomarker for ICS responsiveness 
remains controversial [23, 24]. The present subgroup analysis 
results among patients with blood eosinophils > 300 × 104/μL 
did not reveal any signiϐicant FEV1 improvements. 

In previous studies, the total IgE level was high among ACO 
patients, and similar to FeNO, this measure was considered as 
a biomarker for detecting eosinophilic inϐlammation in COPD 
patients [18,25]. However, these studies included patients 
with a history of asthma, atopic dermatitis, and allergic rhinitis 
that could have increased the total IgE level, regardless of 
COPD [26]. In this trial, an IgE cut-off value of 300 IU/mL was 
used in accordance with the reference range of our medical 
laboratory, which was higher than that used previously [18]. 
Patients with known confounders, such as asthma, atopic 
dermatitis, or allergic rhinitis, were not included. Our post-hoc 
subgroup analysis did not reveal any signiϐicant differences 
in FEV1 after 28 days of ICS use in patients with total IgE 
levels > 300 IU/mL. Only 1 of the 7 patients demonstrated 
improvements in FEV1 with ICS use. Therefore, currently, ICS 
administration does not conclusively improve FEV1 in COPD 
patients with a high total IgE level. 

This trial had several limitations. First, it targeted only 
a small proportion of the Japanese population, without any 
control participants, in a single centre. Clinical studies with 
different ethnicities and control groups are warranted to 
analyse precise pharmacological responses. Second, only the 
short-term effects of ICS were investigated. Changes in FEV1 

have typically been used as a surrogate endpoint in COPD 
patients; however, this strategy may only assess a single 
aspect of COPD [27]. Therefore, further investigations should 
determine whether an FEV1 improvement is a valid surrogate 
marker for long-term effects, including hospitalization and 
mortality, in ACO patients. Third, patient compliance with ICS 
use could not be accurately assessed. Asthma diaries were 
distributed to all patients, but some patients did not use them. 
The patients were called during the trial and they conϐirmed 
their compliance, but half of the included patients did not 
follow the full protocol. Therefore, compliance-assurance 
measures will be needed in future studies.

Conclusion
This study investigated whether a 28-day ICS regime 

improved pulmonary function test results among COPD 
patients with FeNO concentrations >35 ppb. No signiϐicant 
improvements in FEV1 were demonstrated after 1 month of 
high-dose ICS use in these patients. Further trials with a larger 
population are needed to assess the efϐicacy of ICS in COPD 
patients with FeNO >35 ppb.
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