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Abstract 

Background: To evaluate the efficacy of inhaled corticosteroid (ICS) as add-on to long-acting muscarinic 

antagonist (LAMA)/long-acting β2-agonist (LABA) in COPD patients. Methods: Of all COPD patients treated 

with LAMA/LABA (LAMA, Spiriva Respimat® 2.5 µg; LABA, Serevent Rotadisk® 50) therapy for 4 weeks or 

longer in whom LABA therapy was replaced with ICS/LABA therapy (Advair Diskus® 250/50) between April 

2011 and April 2018, eligible patients receiving LAMA/LABA were evaluated for pulmonary function, SF-36, 

St. George’s Respiratory Questionnaire, COPD Assessment Test, modified Medical Research Council scores, and 

airway resistance, from 1 week before the day on which they had been switched from LAMA/LABA to 

LAMA/LABA/ICS until more than 4 but less than 5 weeks after switching, to gain insight into the effect and 

safety of ICS in COPD.Results: In 37 men (mean, 72.46 ± 7.75 years old) analyzed in the study, none of the 

parameters in pulmonary function tests were significant (mean difference in FEV1.0 from baseline, +0.0080, P 

= 0.68; FEV1.0%, +0.13, P = 0.92; and FVC, -0.26, P = 0.42), while the impedance-oscillation system showed 

significant changes in Fres (mean difference from baseline, -2.51, P ≤ 0.0001) as well as in BP scores in SGRQ 

(mean difference from baseline, -7.03, P = 0.031). 

Conclusion: ICS as add-on to LAMA/LABA reduces airway elastic to inertial resistance ratios which may lead 

to structural airway improvements in COPD patients. 
 

Keywords: chronic obstructive pulmonary disease, impedance-oscillation system (ios), airway resistance, 

inhaled corticosteroid (ics), long-acting muscarinic antagonist (lama), long-acting β2-agonist (laba). 
 

Introduction 

According to the Global Strategy for the Diagnosis, Man- 

agement, and Prevention of Chronic Obstructive Pulmonary 

Disease (2018 Report) [1], an international guideline proposed by 

the Global Initiative for Chronic Obstructive Lung Disease 

(GOLD), chronic  obstructive  pulmonary  disease  (COPD)  is  a 

common, preventable and treatable disease characterized by 

persistent respiratory symptoms and airflow limitation that is due 

to airway and/or alveolar abnormalities usually caused by 

significant exposure to noxious particles or gases. The GOLD’s 

guideline describes the chronic airflow limitation characteristic 

of COPD as being caused by a mixture of small airways dis- ease 

(e.g., obstructive bronchiolitis) and parenchymal destruc- tion 

(emphysema), with the relative contribution of each varying from 

person to person. Again, the GOLD’s guideline noted that 

chronic respiratory symptoms may precede the development of 

airflow limitation and may be associated with the development 

 

of acute respiratory events and that chronic respiratory symp- 

toms also exist in individuals with normal spirometry and that   a 

significant number of smokers without airflow limitation have 

structural evidence of lung disease manifested by the varying 

presence of emphysema, airway wall thickening and gas trap- 

ping. 

Again, the GOLD’s global strategy focuses attention not on 

decreases in forced expiratory volume in 1 second (FEV1) but on 

the COPD Assessment Test (CAT) scores to evaluate quali- ty of 

life (QOL) of patients with chronic obstructive pulmonary 

disease (COPD), modified Medical Research Council (mMRC) 

Dyspnea Scale scores to determine their severity of dyspnea, and 

the frequency of exacerbations they have had in the past year, 

recommending long-acting muscarinic antagonist (LAMA) or 

long-acting β2-agonist (LABA) therapy combined with inhaled 

corticosteroid (ICS) in all patients except those with mild disease 
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who have had ≤ 1 exacerbation in the past year [1].In this regard, 

Serevent Rotadisk®, a LABA consisting mainly of salmeterol 

xinafoate, and Advair Diskus ®, a combination of salmeterol 

xinafoate (LABA) and fluticasone propionate (ICS), are both 

indicated for the treatment of COPD.To date, short of improv- 

ing pulmonary function or mortality in COPD, ICS has been 

shown to improve the QOL of patients with COPD [2], while its 

down-titration has been associated with increases in FEV1 [3], 

thus making the role of ICS in COPD rather unclear [4-8]. 

 
Against this background, in this study, of all COPD 

patients who had been treated with LAMA/LABA therapy 

(LAMA, tiotropium bromide hydrate as Spiriva Respimat® 2.5 

µg; LABA, salmeterol xinafoate as Serevent Rotadisk® 50) for 4 

weeks or longer and in whom LABA therapy was replaced with 

ICS/LABA therapy (Advair Diskus® 250/50, fluticasone propi- 

onate 250 µg/salmeterol xinafoate 50 µg), the efficacy of 4-week 

ICS as add-on to LAMA/LABA therapy in COPD, as well as its 

safety, was investigated. 

 
Methods 

Study design. This was a single-center, observational study. 

Subjects 

Of all patients with COPD treated with LAMA/LABA 

(LAMA, tiotropium bromide hydrate as Spiriva Respimat® 2.5 

µg; LABA, salmeterol xinafoate as Serevent Rotadisk® 50) 

therapy for 4 weeks or longer and in whom LABA therapy was 

replaced with ICS/LABA therapy (Advair Diskus® 250/50, flu- 

ticasone propionate 250 µg/salmeterol xinafoate 50 µg) between 

April 2011 and April 2018, those who met all the following in- 

clusion criteria and who did not meet any of the following exclu- 

sion criteria were evaluated. 

Inclusion criteria 

Included in the study were those in whom LABA (Ser- 

event Rotadisk® 50) therapy was replaced with ICS/LABA (Ad- 

vair Diskus® 250/50, fluticasone propionate 250 µg/salmeter- ol 

xinafoate 50 µg) therapy after 4 weeks or more of LAMA/ 

LABA therapy (LAMA, tiotropium bromide hydrate as Spiriva 

Respimat® 2.5 µg; LABA, salmeterol xinafoate as Serevent Ro- 

tadisk® 50); those 40 years old or older diagnosed with COPD; 

past or current smokers with COPD; those with a FEV1/FVC 

ratio of less than 70%; and those in whom any disease associated 

with airflow obstruction other than COPD can be ruled out. 

 
Exclusion criteria 

Excluded from the study were those with a documented 

history of asthma, a bronchodilator response (BDR) to 400 µg 

salbutamol shown as a FEV1 change of ≥ 200 mL or peripheral 

eosinophilia > 150 or 300, presence of typical asthma symptoms 

of atopy or history of IgE>170IU/ml and those confirmed to have 

received LAMA, LABA or ICS other than the study drug or their 

combination. The study was approved by the Medical Ethics 

Committee of Nippon Medical School. All participants gave their 

informed consent in writing. 

 
Study design and measurements 

At the time of diagnosis of COPD, all patients were assessed 

for BDR in terms of changes in FEV1 as well as for a document- 

 

 

Figure 1. Routine laboratory examinations 

a) All patients were instructed to visit without taking their prescribed drugs to 

allow them to be evaluated when the study drug concentration was assumed to 

be at the trough. 

b) All patients who underwent the following assessments were included in the 

study 

The primary endpoints for the study were the change in airway pathology, i.e., 

change in FEV1 at week 4 on spirometry and respiratory resistance (both expi- 

ratory and inspiratory resistance) using a MOST graph on impulse oscillometry 

(IOS). 

The secondary endpoints for the study included COPD Assessment Test (CAT) 

scores, modified Medical Research Council (mMRC) Dyspnea Scale scores, St. 

George’s Respiratory Questionnaire (SGRQ) scores, Short Form (36) Health 

Survey (SF-36) scores, and study drug safety. 

ed history of asthma. The routine COPD management at our hos- 

pital involved assessing relevant parameters in all patients with 

COPD 1 week before or on the day during which they were be- 

ing switched to or given any other drug as add-on and > 4 but < 

5 weeks after change of their regimens when the study drug con- 

centration was assumed to be at the trough (Figure 1, Figure 2). 

 
Endpoints for the study 

The primary endpoint for the study was the change in airway 

pathology, i.e., change in FEV1 at week 4 on spirometry and 

respiratory resistance (both expiratory and inspiratory resistance) 

using a MOST graph on impulse oscillometry (IOS). The sec- 

ondary endpoints for the study included COPD Assessment Test 

(CAT) scores, modified Medical Research Council (mMRC) 

Dyspnea Scale scores, St. George’s Respiratory Questionnaire 

(SGRQ) scores, Short Form (36) Health Survey (SF-36) scores, 

and study drug safety. All eligible patients receiving LAMA/ 

LABA were evaluated for all relevant parameters from 1 week 

before the day on which they had been switched from LAMA/ 

LABA to LAMA/LABA/ICS until more than 4 but less than 5 

weeks after switching (Figures 1, 2). 

 
Statistical analysis 

Data are expressed as mean ± standard deviation (SD). 

Changes from baseline in individual outcome measures were 

compared before and after treatment and analyzed for statistical 

significance. Analysis on paired data was performed using the 
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Table 1. Baseline characteristics of patients 

 

 

 

 

 

 

Figure 2. Routine COPD management flow at our hospital 

Relevant parameters were assessed in all patients with COPD 1 week before, on 

the day during which they were being switched to or given any other drug as add- 

on, and > 4 but < 5 weeks after change of their regimens, when the study drug 

concentration was assumed to be at the trough. All patients were assessed for 

FEV1, FVC, VC as well as for IOS, CAT scores, mMRC Dyspnea Scale scores, 

SGRQ scores, SF-36 scores, and study drug safety. 

Mann-Whitney U test. Changes in trend over time were analyzed 
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Following addition of ICS, IOS parameters, such as R5, 

using the Least Squares Method. All statistical analyses were 

performed using JMP version 11.2.1 (SAS Institute Inc., Cary, 

NC). A two-sided P value of < 0.5 was considered to indicate a 

statistically significant change. 

 
Study drug 

The study drugs included: Spiriva Respimat® 2.5 µg; Ser- 

event Rotadisk® 50 µg; and Advair Diskus® 250/50. 

 
Study drug dosage and administration 

All patients were instructed to inhale: Spiriva Respimat® 

2.5 µg twice per use (equivalent to tiotropium 5 µg) once daily; 

Serevent Rotadisk® 50 µg once per use twice daily; and Advair 

Diskus® 250/50 once per use twice daily. 

 
Subject eligibility for analysis 

Patients were included if they were confirmed on their elec- 

tronic medical records to have received the study drug between 

April 2011 and April 2018. 

 
Results 

Of all COPD patients treated with LAMA/LABA therapy 

for 4 weeks or longer in whom LABA therapy was replaced with 

ICS/LABA therapy between April 2011 and April 2018, those 

who met all the inclusion criteria and who met none of the exclu- 

sion criteria were evaluated. 

 
Clinical characteristics of the patients (Table 1) 

While women had not been excluded from the study, all eli- 

gible patients turned out to be male and pulmonary function tests 

(PFT) performed after bronchodilator administration showed that 

their pulmonary function were within the range consistent with 

the diagnostic criteria for COPD in the GOLD 2018. 

All eligible patients comprised those with COPD who had 

received ICS at the discretion of their attending physicians. Med- 

ical records or patient interviews revealed no medication nonad- 

herence with ICS-containing triple therapy. 

 
PFT 

While the addition of ICS was shown to be associated with 

increases in FEV1 (L), FEV1/FVC (%), and FEV1/pred-FEV1, 

none of these PFT values were shown to be significant, with only 

those for FEV1/FVC showing a weak tendency toward increase. 

R20, and R5-20, all of which reflect respiratory resistance, as 

well as their values measured separately in the inspiratory and 

expiratory phases, were shown to be associated with no signifi- 

cant changes, and these results were shown to be consistent with 

those seen for respiratory reactance at 5 Hz (X5). Again, the 

frequency of resonance (Fres) was shown to be associated with 

significantly decreases, as were the frequency of resonance in the 

expiratory/inspiratory phases (Ex Fres/In Fres). 

 
Symptoms 

The addition of ICS was shown to be associated with im- 

provements in the mMRC Dyspnea Scale scores, which, howev- 

er, were not significant, in contrast to those shown for the CAT 

scores. Again, while the addition of ICS was associated with  no 

significant changes in the SGRQ and SF-36 scores, bodily pain 

(BP) as part of the SF-36 was shown to be significantly im- 

proved. 

 
Discussion 

To date, various studies have demonstrated the beneficial 

effects of LAMA, LABA or LAMA/LABA therapy on pulmo- 

nary function, mainly airway obstruction in COPD (10-24). This 

study investigated whether ICS as add-on to LAMA/LABA may 

confer additional benefits for patients with COPD. In this study, 

none of the PFT parameters demonstrated significant changes, 

suggesting that the addition of ICS led to no direct improvement 

in airflow obstruction or lung volume associated with pulmonary 

hyperinflation in COPD. Again, the IOS parameters, such as R5, 

R20, and R5-20, demonstrated no significant changes, sug- 

gesting that the addition of ICS led to no change in the location 

or extent of pulmonary airflow obstructive lesions involved in 

COPD. Furthermore, as a marker for frequency dependence of 

resistance, X5 demonstrated no significant change, suggesting 

that the addition of ICS had no significant effect on pulmonary 

hyperinflation. Following the addition of ICS, however, there 

was an increase in Fres indicating a higher elastic than inertial 

property, leading to the airway becoming more relaxed. Coupled 

with the observation that no improvement was seen in such fac- 

tors as R5, R20, and R5-20, which are thought to be directly 

linked to respiratory resistance in COPD with the addition of ICS, 

this finding appears to suggest that ICS favorably affected 

respiratory resistance and that, short of improving the organized 

disease, ICS led to an increase in elastic resistance thus favorably 

Age (years) 72.46 ± 7.75 

Male, n (%) 37 (100) 

Height, cm 163. 67 ± 5.25 

Weight, kg 55.96 ± 7.70 

FEV1 (L) 1.22 ± 0.59 

FEV1/FVC (%) 44.07 ± 15.66 

%FEV1/pred FEV1 55.83 ± 23.64 

%VC 92.22 ± 20.70 

CAT scores 15.38± 9.88 

mMRC Dyspnea Scale scores 1.65 ± 1.34 
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Table 2. Changes in relevant parameters before and after addition of ICS 
 

 Pre-ICS Post-ICS Mean difference P value 

Pulmonary function test 

FEV1 (L) 1.22 ± 0.59 1.23 ± 0.61 + 0.0080 0.68 

FEV1/FVC (%) 44.07 ± 15.66 44.20 ± 15.70 + 0.13 0.92 

%FEV1/pred FEV1 55.83 ± 23.64 56.02 ± 24.16 + 0.19 0.81 

%VC 92.22 ± 20.70 92.96 ± 19.33 + 0.75 0.61 

Symptoms 

CAT scores 15.38 ± 9.88 14.84 ± 9.63 - 0.54 0.20 

mMRC scores 1.65 ± 1.34 1.51 ± 1.26 - 0.14 0.23 

SGRQ scores 

Symptoms 38.63 ± 17.76 35.33 ± 18.31 - 3.31 0.23 

Activity 42.32 ± 24.34 41.19 ± 27.42 - 1.12 0.60 

Impact 21.04 ± 17.48 22.23 ± 18.84 + 1.19 0.44 

Total 31.70 ± 18.23 31.48 ± 19.87 - 0.22 0.89 

SF-36 

Physical functioning 70.27 ± 21.50 67.84 ± 21.43 - 2.43 0.26 

Role physical 67.68 ± 26.27 65.94 ± 30.04 - 1.75 0.66 

Bodily pain 78.84 ± 25.99 71.81 ± 27.06 - 7.03 0.031* 

General health 48.97 ± 13.33 48.78 ± 17.97 - 0.19 0.94 

Vitality 58.18 ± 23.71 52.60 ± 24.30 + 4.42 0.12 

Social functioning 76.28 ± 28.58 79.19 ± 27.20 + 2.91 0.33 

Role emotional 68.36 ± 31.13 69.38 ± 32.86 + 0.17 0.96 

Mental health 62.53 ± 21.82 66.89 ± 20.89 + 4.36 0.14 

IOS 

R5 3.31 ± 1.52 3.20 ± 1.39 -0.11 0.14 

Ex-R5 3.81 ± 1.88 3.72 ± 1.75 -0.091 0.20 

In-R5 2.80 ± 1.23 2.68 ± 1.11 -0.13 0.19 

R20 2.47 ± 0.89 2.43 ± 1.04 -0.044 0.58 

Ex-R20 2.63 ± 1.00 2.64 ± 1.20 + 0.0097 0.91 

In-R20 2.31 ± 0.83 2.21 ± 0.93 -0.097 0.23 

R5-20 0.84 ± 0.77 0.77 ± 0.63 - 0.065 0.46 

Ex R5-20 1.18 ± 1.02 1.08 ± 0.87 - 0.10 0.20 

In R5-20 0.49 ± 0.58 0.46 ± 0.53 - 0.030 0.78 

X5 - 1.39 ± 0.95 - 1.25 ± 0.90 + 0.14 0.19 

Ex X5 - 1.91 ± 1.49 - 1.66 ± 1.37 + 0.24 0.13 

In X5 - 0.83 ± 0.56 - 0.84 ± 0.58 - 0.0038 0.96 

Fres 15.78 ± 6.06 13.28 ± 5.88 - 2.51 <0.0001* 

Ex Fres 18.35 ± 8.10 15.39 ± 7.45 - 2.96 <0.0001* 

In Fres 13.22 ± 5.13 11.17 ± 5.30 -2.05 0.0002* 

Data are shown as mean ± SD. 
X5, reactance at 5 Hz; Ex X5, reactance at 5 Hz in the expiratory phase; In X5, reactance at 5 Hz in the inspiratory phase; Fres, frequency of reso- 
nance; Ex Fres, frequency of resonance in the expiratory phase; In Fres, frequency of resonance in the inspiratory phase. 
X5 reflects frequency dependence of resistance; an increase in its absolute value in the negative direction represents an increase in elastic proper- 
ty. 

An increase in Fres indicates a higher elastic than inertial property between two resistances. 

affecting the airflow obstructive lesions thought to be in the pro- 

cess of remodeling leading to an increase in inertial resistance as 

well as a decrease in elastic resistance. In earlier studies, ICS as 

add-on to inhaled bronchodilators, such as LAMA or LABA, are 

variably reported to decrease or increase the frequency of COPD 

exacerbations, so that there is no consensus on the effect of ICS 

on COPD [2-8]. In this observational study, the addition 

of ICS was shown to lead to no significant changes in pulmonary 

function and related parameters but to significant decreases in 

Fres on IOS alone, suggesting that ICS may offer an additive ef- 

fect by interfering with such pathological conditions as are char- 

acterized by greater airway inertial than elastic resistance (e.g., 

remodeling) in COPD. This appears to account for the reason that 

discontinuation of ICS led to no significant increase in acute 
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exacerbations but to increases in velocity of FEV1 in patients 

with COPD receiving ICS in the study of Magnussen et al [3], 

while it remains difficult to determine from this observational 

study involving a small number of patients whether or not ICS as 

add-on to LABA/LAMA may lead to decreases in frequency of 

COPD exacerbations as reported earlier [4,5]. 

Nevertheless, our study results do not appear to rule out the 

possibility that the use of ICS in selected patients with COPD 

whose pathology is characterized by greater airway inertial than 

elastic resistance may effectively decrease acute exacerbations of 

COPD, which is not inconsistent with the observation reported in 

the study of Watz H et al. demonstrating that the effect of ICS 

may be more pronounced in COPD patients with marked airway 

inflammation as suggested by their eosinophil count [9]. 

Numerous reports are available to show the effect of LAMA, 

LABA or LAMA/LABA in improving pulmonary function as 

well as the mechanisms involved [10-26]. In contrast, very few 

reports are available to clarify the effect ICS may have on COPD. 

While this pre-post study treating 37 patients for 4 weeks is 

unlikely to provide additional insights into the efficacy of triple 

therapy in COPD, the changes in Fres in both the inspiratory and 

expiratory phases seen with ICS appear to suggest that ICS may 

have the potential to produce structural, rather than functional, 

changes, in COPD as a disease primarily characterized by expi- 

ratory dysfunction. 

Otherwise, a further study limitation is that while women had 

not been excluded from the study, perhaps reflecting the fact that 

men account for an overwhelming proportion  of smokers in 

Japan, eligible patients turned out to be all male, which did not 

allow the effectiveness of ICS as add-on to LAMA/LABA to be 

evaluated in women with COPD and that this observational study 

involved patients treated with LAMA + LABA who had 

subsequently received ICS at the discretion of their attending 

physicians, suggesting that their pre-ICS clinical characteristics 

may have varied widely. 

Throughout the observation period in this study, no major 

adverse events were seen with ICS-containing triple therapy. 

However, given the short duration of the study involving a very 

small number of patients, there remain concerns over the safety 

of the proposed ICS-containing regimen. 

 
Conclusions 

Thus, study results suggest that, of the pathologies account- 

ing for COPD, not only obstructive respiratory dysfunction may 

be improved with LAMA, LABA or LAMA/LABA but airway 

remodeling responsible for permanent airflow obstruction may 

also be ameliorated with ICS. 

Study results demonstrated the role of ICS as add-on in pa- 

tients already receiving long-acting bronchodilators, as various 

guidelines suggest, and that assessment of IOS in both the inspi- 

ratory and expiratory phases is useful, in that it helped identify  a 

subpopulation of patients with COPD who might benefit from 

add-on ICS therapy. 
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Abbreviations 

COPD: Chronic obstructive Pulmonary Disease; ICS: in- 

haled corticosteroid; LAMA: long-acting muscarinic antagonist; 

LABA: long-acting β2-agonist; FEV1: forced expiratory volume 

in one second; FVC: forced vital capacity; VC: vital capacity; 

X5: reactance at 5 Hz; Ex X5: reactance at 5 Hz in the expi- 

ratory phase; In X5: reactance at 5 Hz in the inspiratory phase; 

Fres: frequency of resonance; Ex Fres: frequency of resonance in 

the expiratory phase 

 
Significance of this study 

What is already known about this subject? 

While, to date, the efficacy of LAMA, LABA or LAMA/ 

LABA in improving pulmonary function in COPD, as well as the 

mechanisms of action of each leading to such beneficial effects, 

has been demonstrated, there is no consensus on the effect of 

inhaled corticosteroid (ICS) on COPD with conflicting results 

shown in the TORCH, WISDOM, IMPACT and FLAME stud- 

ies.what is the questionWhether and how inhaled corticosteroid 

(ICS) can provide additive effect on patients with COPD re- 

ceiving long-acting muscarinic antagonist (LAMA)/long-acting 

β2-agonist (LABA)What are the new findings? 

Add-on ICS was evaluated for its effects on impulse oscil- 

lometry (IOS) . 

IOS demonstrated changes in Fres before and after initiation 

of add-on ICS. 

How might these results change the focus of research or 

clinical practice? 

The change of Fres were deemed structural, rather than 

functional, changes in COPD as a disease primarily character- 

ized by expiratory dysfunction, that is, changes thought likely to 

counteract such conditions as airway remodeling associated with 

high inertial/elastic resistance ratios. Thus, the study results sug- 

gest that, of the pathologies accounting for COPD, not only ob- 

structive respiratory dysfunction may be improved with LAMA, 

LABA or LAMA/LABA but airway remodeling responsible for 

permanent airflow obstruction may also be ameliorated with ICS, 

which is in agreement with earlier studies reporting the ef- ficacy 

of ICS in COPD. 
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