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Introduction: Fluticasone furoate (FF)/vilanterol (VI) dry powder inhaler (DPI) is the only once-
daily maintenance inhaled corticosteroid (ICS)/long-acting 32 adrenergic agonist (LABA) combi-
nation for asthma. We aimed to compare the clinical effects of once-daily FF/VI and twice-daily
budesonide (BUD)/formoterol (FM) DPI in patients with controlled stable asthma.

Methods: We performed a randomized crossover trial in which stable asthmatic patients
controlled on ICS/LABA received 8 weeks of FF/VI (100/25 ng 1 puff once-daily) or BUD/
FM (160/4.5 ng 2 puffs twice-daily) DPI treatment. After a 4-8-week washout period, patients
received another crossover treatment for 8 weeks. We assessed pulmonary function, the 5-item
version asthma control questionnaire (ACQ5), the asthma control test (ACT), and fractional
exhaled nitric oxide (FeNO) at baseline and after 8 weeks of treatment (week 8). As the primary
outcome was change in force expiratory volume in 1 s (FEV;) between baseline and week 8, we
evaluated the incidence of asthma exacerbation and adherence barrier questionnaire (Ask-12) at
week 8.

Results: Twenty-three patients were initially enrolled in this study; however, one patient had
to be excluded. The FF/VI DPI treatment group showed a similar magnitude of change in
FEV, between baseline and week 8 as the BUD/FM DPI treatment group. In addition, there
were no significant differences in pulmonary function tests, ACQS scores, ACT scores, and
FeNO between baseline and week 8 in both groups. Although the incidence of exacerbation
did not differ between groups, the Ask-12 score in the FF/VI DPI group was significantly
lower than that in the BUD/FM DPI group.

Conclusions: The present study indicates that once-daily FF/VI DPI is not inferior to twice-
daily BUD/FM DPI in clinical effect and more likely to improve inconvenience and
forgetfulness in inhalation adherence barriers for stable asthma control therapy. Once-daily
FF/VI DPI may be an effective alternative for asthma maintenance treatment.

Keywords: fluticasone furoate/vilanterol, budesonide/formoterol, stable asthma, randomized

crossover trial, inhalation adherence barriers

Introduction

Fluticasone furoate (FF) is an inhaled corticosteroid (ICS) that confers both greater
affinity for the glucocorticoid (GC) receptor and longer retention in respiratory tissues
than does fluticasone propionate (FP). Once-daily FF has greater anti-inflammatory
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activity and is more effective than are FP and budesonide
(BUD).! Furthermore, inhaled FF showed longer absorption
time from lung into the systemic circulation than inhaled
FP? In patients with asthma, some randomized clinical
studies have demonstrated FF improved pulmonary func-
tion, rescue inhaler use, and symptom-free compared to
placebo or FP.>® Vilanterol (VI) is a once-daily inhaled
long-acting B2 adrenergic agonist (LABA) shown to pro-
duce prolonged bronchodilation for at least 24 hrs. The
fluticasone furoate/vilanterol (FF/VI) dry powder inhaler
(DPI) combination device, Ellipta® (GlaxoSmithKline,
UK), is an easy-to-use once-daily inhalation device. Most
asthma patients made less errors using Ellipta than those
using other devices.”® Inhaler errors in asthma management
are associated with poor adherence and outcomes,” and as
such, the FF/VI Ellipta device may provide improved
patient adherence and treatment outcomes. Previous clinical
studies of FF/VI DPI delivered from a single inhaler, con-
ducted in patients with asthma, have confirmed efficacy and
safety of the treatment.'®'> These randomized control stu-
dies have compared the effects of FF/VI DPI combination
versus placebo or fluticasone propionate/salmeterol (FP/
SLM) DPI on acute exacerbations, pulmonary function,
health-related quality of life, and adverse effects, in patients
with chronic asthma. In addition, there have been some
reports to compare FF/VI DPI therapy with other ICS/
LABA combinations, such as budesonide/formoterol
(BUD/FM) DPI, and assess patient adherence in asthma
inhaler treatment recently.'>'® Therefore, we conducted
this randomized crossover study to compare the clinical
effects and inhalation adherence barriers of once-daily FF/
VI DPI versus twice-daily BUD/FM DPI in patients with
controlled stable asthma on ICS/LABA treatment. The pri-
mary outcome of this study was changes in force expiratory
volume in 1 s (FEV)). Secondary outcomes were to evalu-
ate changes in other pulmonary function tests, the 5-item
version asthma control questionnaire (ACQS5), the asthma
control test (ACT), and fractional exhaled nitric oxide
(FeNO) at baseline and after 8 weeks of treatment. In
addition, the incidence of asthma exacerbation and adher-
ence barrier questionnaire (Ask-12 survey) were assessed.

Materials and methods

Subjects

Patients aged 18 years or older, who were treated at
Hamamatsu University School of Medicine between April
2014 and April 2015, were enrolled in this study. Patients

with asthma whose disease was classified as “controlled,”
according to the Global Initiative for Asthma (GINA)
criteria'” of asthma control, had undergone treatment of
two actuations of BUD/FM DPI combinations (160/4.5 ng)
2 puffs twice-daily for at least 3 months. All the patients were
treated with GINA step 4 therapy at the registration. The
exclusion criteria were as follows: (1) treatment with oral or
intravenous corticosteroids in the previous 4 weeks, (2) cur-
rent smoker or having a smoking history of >10 pack-years,
or (3) other pulmonary diseases, including chronic obstruc-
tive pulmonary disease (COPD), lung cancer, or pulmonary
fibrosis. Asthma exacerbation was defined as any of the
following events due to asthma symptoms: unexpected or
emergency visit to the hospital, hospitalization, and systemic
corticosteroid administration for more than 3 days.

Study design

This was a prospective, randomized, open-label, two-per-
iod crossover study of the FF/VI DPI versus BUD/FM DPI
therapies, conducted in accordance with the Declaration of
Helsinki (Figure 1). The patients who met the entry criteria
completed over 2-week run-in period for evaluation of
pulmonary function baseline and asthma status. After
run-in period, the patients who met eligibility criteria
were randomly assigned (1:1) to each of the two groups.
The central randomization schedule was generated by
using a computer program in our university. They received
8 weeks of FF/VI DPI treatment (100/25 pg) 1 puff once-
daily or BUD/FM DPI treatment (160/4.5 pg) 2 puffs
twice-daily. After a 4-8-week washout period, these
patients received another crossover treatment for 8§
weeks. During this study, the additional inhaled ICS
other than FF and BUD, LABAs other than VI and FM,
long-acting muscarinic antagonist (LAMA), theophylline,
mucolytic agents, leukotriene receptor antagonist (LTRA)
were withdrawn. A rescue inhaled short-acting B2 adre-
nergic agonist (SABA) was used on demand to control
symptoms throughout the study. We assessed changes in
FEV, as a primary outcome, other pulmonary function
tests, ACQS5, ACT, and FeNO at baseline and after 8
weeks of treatment (week 8). The incidence of asthma
exacerbation and adherence barrier questionnaire (Ask-12
survey) were also evaluated at week 8. The study protocol
was approved by the institutional review board of
Hamamatsu University School of Medicine (HUSM 14—
146). All patients provided written informed consent. The
trial was registered with the University Hospital Medical
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| | ] ] |
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Randomization (8 weeks) (4-8 weeks) (8 weeks)

Figure | Study design. Stable asthmatic patients received 8 weeks of fluticasone furoate/vilanterol (FF/VI) dry powder inhaler (DPI) (100/25 pg | puff once-daily) or
budesonide/formoterol (BUD/FM) DPI (160/4.5 pg 2 puffs twice-daily) treatment. After a 4-8-week washout period, patients received another crossover treatment for 8
weeks. We assessed pulmonary function, the 5-item version asthma control questionnaire (ACQ5), the asthma control test (ACT), and fractional exhaled nitric oxide
(FeNO) at baseline and after 8 weeks of treatment (week 8). The incidence of asthma exacerbation and an adherence barrier questionnaire (Ask-12 survey) were evaluated

at week 8.

Information Network (UMIN) Clinical Trial Registry
(UMIN ID 000015609).

Measurements

Pulmonary function tests

Spirometry was performed at all wvisits using
CHESTAC-8100 (CHEST M.L. Co., Ltd., Tokyo, Japan)
according to the standards of the American Thoracic
Society.'® The forced vital capacity (FVC), FEV,, ratio
of FEV/FVC, maximum mid-expiratory flow rate (MMF),
maximum expiratory flow rate at 50% FVC (Vs), and
25% FVC (V,5) were evaluated.

ACQ5 and ACT scores

The ACQS5 consisted of five items assessing nocturnal
waking, morning symptoms, activity limitation, shortness
of breath, and wheeze during the previous 7 days, exclud-
ing frequency of short-acting B2 agonist (SABA) use and
FEV % predicted. Each item was scored on a scale of 0 to
6, where 0 represents good control and 6 represents poor
control.'” The overall score of the ACQ5 was the mean of
the five responses. The cut-off point for well controlled
asthma was <0.75 whereas a value of >1.50 confirmed
uncontrolled asthma.’® A change of 0.5 in each score
was considered a clinically meaningful difference, ie,
minimum important difference.'” The ACT was a simple
questionnaire, recommended by GINA.'” The ACT score

consisted of five questions assessing asthma symptoms
(daytime and nocturnal), use of rescue medications, and
the effect of asthma on daily functioning. The ACT scores
for each of the five items were summed to yield a score
ranging from 5 to 25 with a higher score indicating better

21,22
asthma control.”>

Fractional exhaled nitric oxide (FeNo)

Fractional exhaled nitric oxide was measured using the
commercially available analyzer NIOX MINO (Aerocrine
AB, Solna, Sweden), according to recommendations from
the American Thoracic Society/European Respiratory
Society.*

Ask-12 adherence barrier survey

The Ask-12 survey is a 12-item, self-administered ques-
tionnaire designed to assess behavior and barriers asso-
ciated with medication adherence (Table S1).** The
Ask-12 survey consisted of 12 items in three subscales,
including inconvenient/forgetfulness, health beliefs, and
behavior items, for adherence barriers assessment. Items
1 to 7, which assess barriers to treatment adherence, were
rated with the following five response options: strongly
agree, agree, neutral, disagree, and strongly disagree.
Items 8 to 12 assessed adherence behavior. For all items,
except items 4 to 7, higher scores suggested greater pro-
blems with adherence. Items 4 to 7 were reverse scored so

Journal of Asthma and Allergy 2019:12

submit your manuscript

255

Dove


https://www.dovepress.com/get_supplementary_file.php?f=223093.doc
http://www.dovepress.com
http://www.dovepress.com

Furuhashi et al

Dove

that their final recoded scores were in the same direction,
with higher scores representing stronger barriers to adher-
ence. The Ask-12 total score range was 12 to 60 points,
with higher scores representing greater barriers to adher-
ence. In this study, patients with good adherence were
defined as 1 point (strongly disagree) or 2 points (dis-
agree), while patients with poor adherence were done as
4 points (agree) or 5 points (strongly agree) on item 1, “I
just forget to take my medicines some of the time.” at
week 8. We assessed all outcomes in the patients with
good adherence between FF/VI DPI and BUD/FM DPI
groups.

Statistical analysis

The target sample size was 22 patients in each group,
which provided 80% power at a two-sided a level of 5%
to detect a difference of 90 mL or over in FEV,, assum-
ing a standard deviation (SD) of 40 mL in both groups,
and the non-inferiority margin was 0.2 L. Data are shown
as the mean + SD. The treatment difference of change in
FEV; as a primary endpoint between FF/VI DPI and
BUD/FM DPI groups was analyzed by Welch’s t-test.
We analyzed the incidence of asthma exacerbation,
ACT scores, and Ask-12 scores and compared these
between the FF/VI DPI and BUD/FM DPI groups with
Pearson’s chi-squared test or Wilcoxon rank sum test. We
compared between the baseline and post-treatment values
in each inhalation device by paired 7-test, and assessed
the difference between both treatment groups by multi-
variate analysis of variance (MANOVA). All statistical
analyses were performed with JMP® 13.2.0 (SAS
Institute Inc., Cary, NC, USA). A p-value of <0.05 was
considered statistically significant.

Results

Patient characteristics

A total of 23 patients were initially enrolled in this study;
however, one patient who dislocated her temporomandib-
ular joint during the study had to be excluded. Patient
characteristics are described in Table 1. Briefly, the mean
age was 62.0 years and 63.6% of patients were female.
The mean body mass index (BMI) was 23.9 kg/m?’.
Fifteen patients had never smoked and seven were former
smokers. The mean duration of treatment with BUD/FM
DPI for asthma was 17.5 months. Eight patients had
already been treated with LTRA. No patient received
tiotropium or theophylline as a controller, while five

Table | Patient characteristics

All subjects
(n=22)
Age (years)* 62.0£12.0
Gender (Male/Female) 8/14
BMI (kg/m?)* 23.9+4.52
Smoking status (Former/Never) 7/15
Smoking amount (pack-years)* 1.19+£2.73
Duration of asthma (years)* 24.5%19.2
Atopic asthma 18 (81.8%)
Comorbid allergic rhinitis 15 (68.2%)
Asthma exacerbation history: number in previous
12 months
0 21 (95.5%)
| | (4.5%)

Note: *Mean * standard deviation (SD).
Abbreviation: BMI, body mass index.

patients had undergone antihistamines therapy (Table 2).
Three patients experienced asthma exacerbation during
this study (Table 3). All of the asthma exacerbation cases
were unexpected visit to the hospital and systemic corti-
costeroid administration for more than 3 days. The inci-
dence of exacerbation was not significantly different
between both groups (FF/VI 9.1% vs BUD/FM 4.6%;
p=0.5498).

Table 2 Patient treatment at the registration

All subjects
(n=22)
Duration of treatment with BUD/FM 17.5%£14.0
(months)*
Concomitant medication
Leukotriene receptor antagonist 8 (36.4%)
Antihistamines 5 (22.7%)

Note: *Mean  standard deviation (SD).
Abbreviation: BUD/FM, budesonide/formoterol.

Table 3 Incidence of asthma exacerbation

BUD/FM 640/18 | FF/VI 100/25 | p-
ng ng value

Asthma 1/22 (4.6%) 2/22 (9.1%) 0.5498

exacerbation

Abbreviations: BUD/FM, budesonide/formoterol; FF/VI, fluticasone furoate/vilanterol.
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Changes in pulmonary function, asthma
control, and fractional exhaled nitric
oxide (FeNO)

There were no significant differences in pulmonary func-
tion parameters, ACQS5 scores, ACT scores, and FeNO
between baseline and after week 8 of treatment in each
treatment group (Table 4). In comparison between FF/VI
DPI and BUD/FM DPI treatment groups, the FF/VI DPI
treatment group showed a similar magnitude of change in
FEV, between baseline and week 8 as the BUD/FM DPI
treatment group (FF/VI 2.15+0.54 to 2.084+0.54 L vs BUD/
FM 2.07+0.53 to 2.10+0.51 L; p=0.203). The treatment
difference of change volume in FEV, in FF/VI DPI treat-
ment was —53 mL (95% CI, 29 mL to —136 mL, p=0.200)
within non-inferiority margin of BUD/FM DPI group. In
addition, we evaluated changes in other pulmonary func-
tion parameters in the FF/VI DPI treatment group and
noted that they were not different to those in the BUD/
FM DPI treatment group. There were no significant
changes in ACQ5 scores (FF/VI 0.29+£0.41 to 0.39+0.54
vs BUD/FM 0.35+0.42 to 0.39+0.51; p=0.4024), ACT
scores (FF/VI 23.8+£1.83 to 23.5£1.96 vs BUD/FM 23.3
+2.10 to 23.6+£2.21; p=0.2185), and FeNO (FF/VI 26.1
+19.5 to 24.3£19.6 ppb vs BUD/FM 23.5£17.4 to 25.7
+17.7 ppb; p=0.2530) between both treatment groups.

Adherence assessment using the Ask-12

survey
We assessed behavior and barriers related to inhaler device
adherence for asthma maintenance treatment using the Ask-
12 survey (Table 5). The Ask-12 total score in the FF/VI
DPI group was significantly lower than that in the BUD/FM
DPI group (FF/VI 19.3+5.71 vs BUD/FM 24.1£8.60;
p=0.0366). In subscale analysis, health beliefs and behavior
scores were not significantly different between both groups;
on the other hand, the inconvenience and forgetfulness
score in the FF/VI DPI group was significantly lower than
that in the BUD/FM DPI group (FF/VI 5.40+2.93 vs BUD/
FM 7.05+2.69; p=0.0425). The results indicate that FF/VI
DPI treatment had significantly less inconvenience and for-
getfulness associated with the therapy as well as better
adherence barriers compared to BUD/FM DPI treatment.

Discussion

This study showed that in patients with stable asthma
controlled with ICS/LABA, the clinical effect of once-
daily FF/VI DPI treatment was not inferior to that of

twice-daily BUD/FM DPI therapy. In addition, FF/VI
DPI significantly reduced inconvenience and forgetfulness
scores in Ask-12 survey and may improve inhaler device
adherence barriers compared with BUD/FM DPI. Recent
studies have reported that FF/VI DPI had better clinical
efficacy in improving asthma symptoms, pulmonary func-
tion, and health-related quality of life, and in reducing
asthma exacerbation compared to placebo or other opti-
mized usual care.'®'> However, the patients analyzed in
these studies had uncontrolled asthma. Additionally, there
are few studies that assess inhaler device adherence bar-
riers for maintenance treatment in controlled asthma
patients. Consequently, we investigated the clinical effects
and inhalation adherence barriers of once-daily FF/VI DPI
compared with twice-daily BUD/FM DPI in patients with
controlled stable asthma on ICS/LABA therapy in a ran-
domized crossover study.

Fluticasone furoate/Vilanterol is an ICS/LABA combi-
nation therapy with inherent 24 hrs activity, currently used
as a once-daily treatment device. Fluticasone furoate has
been shown to have stronger affinity for the GC receptor
and longer activation in respiratory cells compared with
other GCs.! In particular, the drug was several times more
potent than BUD in inhibiting inflammatory cytokine pro-
duction in respiratory.! Furthermore, inhaled FF demon-
strated prolonged absorption from lung into the systemic
circulation compared to inhaled FP.? Actually, some clin-
ical studies have reported that FF DPI improved peak
expiratory flow, pre-dose evening FEV;, and treatment
effect on rescue/symptom-free compared to placebo or
other ICS in patients with asthma.>® Additionally,
Vilanterol is a once-daily inhaled LABA shown to induce
prolonged bronchodilation for at least 24 hrs. VI has a
stronger affinity for B2 adrenergic receptor than FM, and is
faster and longer acting than SLM.*> Accordingly, FF/VI
DPI (100/25 pg) 1 puff once-daily has been expected to
have a clinical effect comparable to BUD/FM DPI (160/
4.5 ng) 2 puffs twice-daily for inhaled asthma treatment.
In this study, we found that there were no differences in
incidence of asthma exacerbation, pulmonary function
parameters, and symptom scores between FF/VI DPI
(100/25 pg) 1 puff once-daily and BUD/FM DPI (160/
4.5 ng) 2 puffs twice-daily. We suggest FF/VI DPI once-
daily therapy as an alternative control in patients with
stable asthma controlled on BUD/FM DPI twice-daily.

The effectiveness of inhaled therapy for asthma is
strongly influenced by the adherence and inhaler technique
of these inhalations, as poor inhaler adherence and
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Table 5 Scoring of Ask-12 adherence barrier survey

Ask-12 scales BUD/FM 640/18 pg (n=21) FF/V1 100/25 pg (n=20) p-value
Adherence-related subscales
Inconvenience/forgetfulness 7.05+2.69 5.40+2.93 0.0425
Health beliefs 8.90+3.02 7.40+2.72 0.0998
Behavior 8.14+4.02 6.40+2.21 0.0630
Total score 24.1+8.60 19.3+5.71 0.0366

Note: All values are presented as mean * standard deviation (SD).

Abbreviations: BUD/FM, budesonide/formoterol; FF/VI, fluticasone furoate/vilanterol.

technique error have led to poor asthma control.”*?
Recently, comparative clinical studies have reported on
errors in handling and wrong technique use for various
inhaler devices.”® On the other hand, patient adherence
has been recently assessed using some different subjective
scales, such as the Morisky medication adherence scale
(MMAS),*® the medication adherence rating scale
(MARS),” and the “Adherence starts with knowledge
20” (Ask-20) questionnaire.***' Clinical studies using
the Ask-20 questionnaire have recently reported correla-
tions between adherence and adherence barriers to inhaled
treatment in patients with asthma.*>** The Ask-20 total
score discriminated between those patients with good and
poor medication adherence as patients with poor adher-
ence to inhaled medicines had significantly higher total
Ask-20 scores.*>** However, the questionnaire is com-
prised of twenty items and a specific part of the question-
naire does not address inhalation technique or education.
Therefore, the Ask-20 questionnaire as adherence barriers
assessment tool is not widely used in the inhaled medica-
tion clinical field.*° In this study, we performed the Ask-12
survey, which is modified from the Ask-20 survey, and can
be used in daily medical practice.”*** Previous studies
reported that the Ask-12 total score correlated with phar-

macy-refill rates****

and that the optimal cut-off value of
the total score was 23 points to discriminate poor adher-
ence with inhalation treatment.>* We found that the
Ask-12 total score associated with the once-daily FF/VI
DPI device was significantly lower than that of the twice-
daily BUD/FM DPI, and that the asthma patients who used
the once-daily inhaler had a reduced adherence barrier
related to inconvenience and forgetfulness than those
using the twice-daily device. An additional reason for
this improvement is likely that the FF/VI DPI device
(Ellipta) was easy to use, had fewer steps, shorter instruc-
tions, and a more intuitive design.” Recent studies have
shown that the Ellipta device caused less errors in inhaler
treatment compared to other inhaler devices,” and asthma

patients were able to learn the correct use of the device
after being instructed only three times.® In this assessment
of the Ask-12 survey, we showed that the inconvenience
and forgetfulness scores of the Ellipta, a simple and once-
daily device with low error rates, were significantly
decreased when compared to that of another twice-daily
device.

The present study had some limitations. The study
involved open-label administration, had a short duration
of treatment, and had a relatively small sample size. In
particular, open-label prospective study has potential
biases and could influence results in some clinical end-
points. Furthermore, we used the subjective measure-
ment of self-reported adherence barriers without the
objective measures of adherence such as dose counter
or monitoring devices in this study. We think that a
much larger and longer study would be required to
confirm comparable clinical effectiveness including
asthma exacerbation and improving adherence barriers
in different inhaled devices for controlled asthma main-
tenance therapy. However, this study is important in
terms of being one of the randomized crossover trials
to compare the pulmonary functions and adherence bar-
riers between once-daily and twice-daily inhaled thera-
pies for stable asthma.

Conclusion

This study indicated that the clinical effect of once-daily
FF/VI DPI was not inferior to that of twice-daily BUD/FM
DPI for asthma maintenance therapy. FF/VI DPI treatment
is more likely to improve inconvenience and forgetfulness
in inhalation adherence barriers compared with BUD/FM
DPI. As such, FF/VI DPI is a useful option for asthma
maintenance treatment.

Abbreviations
ACQS5, 5-item version asthma control questionnaire;
ACT, asthma control test; Ask-12, adherence barrier
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BUD, budesonide; COPD,
obstructive pulmonary disease; DPI, dry powder inhaler;
FeNO, fractional exhaled nitric oxide; FEV,, force
expiratory volume in | s; FF, fluticasone furoate; FM,

questionnaire; chronic

formoterol; FP, fluticasone propionate; FVC, forced vital
capacity; GC, glucocorticoid; ICS, inhaled corticoster-
oid; LABA, long-acting B2 adrenergic agonist; LAMA,
long-acting muscarinic antagonist; LTRA, leukotriene
receptor antagonist; MMF, maximum mid-expiratory
flow rate; SABA, short-acting (2 adrenergic agonist;
SLM, salmeterol; V,s, maximum expiratory flow rate
at 25%; V5o, maximum expiratory flow rate at 50%;
VI, vilanterol.
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