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Abstract

Background: For asthma strategy, to avoid the aggravation of bronchial inflammation and contraction, the long acting beta
agonist (LABA) addition on inhaled corticosteroids (ICS) has been recommended.

Obijectives: To know whether there is any clinical difference between the additional efficacies of Formoterol (FOR) and
Tulobuterol (TUL) onto Budesonide (BUD) may be useful for the elderly patients’ asthma treatment strategy.

Methods: Eighteen outpatients with mild to moderate bronchial asthma with FEV1.0% < 80% treated by intermediate ICS
dosages visited Respiratory Division of Nagasaki University Hospital or Isahaya General Hospital, Japan Community Health
care Organization were subjected, and were randomly assigned (9 cases per group) to either the FBC group (BUD/FOR 160/
4.5 ng, 2 inhalations twice daily) or BUD + TUL group (BUD 200 mcg: 2 inhalations twice daily + TUL 2 mg daily) and were
compared in parallel with 2 arms for 12 weeks prospectively. Peak expiratory flow, forced expiratory volume in | second,
impulse oscillometry (IOS), fractional exhaled nitric oxide (FeNO), Asthma Control Questionnaire, mini-Asthma Quality of
Life Questionnaire (mini-AQLQ), and occurrence of adverse reactions were compared.

Results: The “Fres” of IOS was improved in FBC group (p=0.03). The “emotion” domain of mini-AQLQ was improved in
BUD + TUL group (p=0.03).

Conclusion: By changing the drug formulation, the patch was superior in terms of satisfaction, but it was thought that the
inhaled combination was superior in improving the respiratory function itself. It is necessary to pay attention to the
characteristics of the patient when selecting treatment.
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contraction. Though ICS and LABA combination inha-
lation therapy has an advantage as these materials goes
to almost same area in the airways,>* of which effects
would be insufficient without adequate inhalation tech-
nique, e.g. elder patients with lower respiratory function.
While suppression of airway inflammation by ICS is
important to prevent the development of remodeling,
which is a major factor in the intractability of asthma,
LABA is also important because mechanical stress due
to airway contraction also causes remodeling.’

Regarding LABA, the Tulobuterol patch
(Hokunalin™ Tape; TUL) with the transdermal deliv-
ery system has been used for control of asthma and
chronic obstructive pulmonary disease (COPD) in
Japan, Korea, and China.® This patch prevents excessive
increase of the concentration in blood that is useful to
reduce the systemic adverse reactions.”®

There are several studies reported the additional effi-
cacies of TUL and salmeterol (SAL) onto fluticasone
propionate (FLU) inhalation,”'! and the results were
inconsistent. There are little studies compared the addi-
tional efficacies of TUL and Formoterol (FOR), an
LABA inhalation onto Budesonide (BUD) inhalation,
an ICS. Because FOR/BUD combination inhalation is
quite popular for asthma control and BUD is known as
an ICS with less side effects,®* to know any clinical dif-
ference between the additional impacts efficacies of FOR
and TUL onto BUD may be useful for the elderly
patients’ asthma treatment strategy. We compared
these strategies by a randomized prospective study
with 2 arms for 12 weeks.

Materials and Methods

Study Design and Population

This is a prospective, randomized, interventional, post-
market feasibility study conducted at two centers in
Japan. The ethics committee of Nagasaki University
Hospital approved this study protocol (Nall042549)
for both centers and all the participants received verbal
and written information and provided the informed con-
sent. The study is registered on UMIN Clinical Trials
Registry (https://www.umin.ac.jp/ctr/index.htm)
(UMINO000006551). All process was conducted accord-
ing to the World Medical Association Declaration of
Helsinki.

Patients

In this study, 18 elderly outpatients 65years of age or
older, with mild to moderate bronchial asthma, with
FEV1.0% < 80% treated by intermediate ICS dosages
visited Respiratory Division of Nagasaki University
Hospital or Isahaya General Hospital, Japan

Community Health care Organization (JCHO) were
recruited (Table 1). All included patients fulfilled the
Global Initiative for Asthma (GINA) criteria,! and had
a history of asthmatic symptoms, including cough,
wheezing, or dyspnea (mean (SD) age was 72.8 (6.2),
female/male = 9/9, Non-smoker/Ex-smoker/Current
smoker =7/11/0). All patients had no findings of COPD
on Chest X ray or high resolution CT. All patients
retained normal diffusion capacity. Anti-asthma drugs
were discontinued for at least 24 h prior to each examina-
tion. The intermediate dosages of ICS were defined as
follows: 1) SAL/FUL combination, 200 to 500 ug/day
or 2) BUD, 400 to 800 ug/day; becromethason, FUL,
cicresonide, or mometasone, 200 to 400 ug/day.

Assessments

Subjects were randomly assigned to either the FBC
group (n=9, BUD/FOR, 160/4.5pg, 2 inhalations
twice daily) or BUD + TUL group (n=9, BUD
200 pg, 2 inhalations twice daily + TUL 2mg daily)
and these groups were compared. The treatment period
was 12 weeks and the BUD dose of both groups were set
as equal. The short-acting inhaled f2-agonists (SABA)
was permitted to be used as needed (Figure 1).

At the start of the study, a full medical interview was
given and a physical examination was performed. No
patients had abnormal electrocardiogram findings.
During a 2week run-in period, they were asked to
keep a daily diary card. This card was for record morn-
ing and evening peak expiratory flow (PEF), symptom
score and the rescue use of SABA inhaler.

Measurements

PEF, forced expiratory volume in 1second (FEV1),
impulse oscillometry (IOS), fractional exhaled nitric
oxide (FeNO), Asthma Control Questionnaire (ACQ)
and mini-Asthma Quality of Life Questionnaire (mini-
AQLQ), and occurrence of adverse reactions were
observed.

Pulmonary Function Test

Spirometry was measured using a Chestac-8900 (Chest
Co., Ltd., Japan). For the predicted values of FEV; and
vital capacity (VC), the reference data developed by the
Japanese Respiratory Society were taken as the standard
value.'?

Forced Oscillation Technique

The factors of 10S were measured using a forced oscil-
lation technique device (MostGraph-01; Chest Co.,
Ltd,)."* During tidal breath about 60 seconds in the sit-
ting position, respiratory impedance were measured.
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Table I. Patient Demographics at Visit |.

FBC Group, BUD+TUL Group,
Parameters, n=18 n=9 n=9 P-Values
Age, years 71.9 (5.3) 73.8 (5.0) 0.42
Female/Male 5/4 4/5 0.64
Stage, I/I/II/IV 0/3/6/0 0/2/710 0.78
Atopic/non-atopic 2/7 3/6 0.72
Treatment before the participating in this study, 1/5/3 1/ 4/ 4 0.88
SAL/FUL, 200 ng/day/SAL/FUL, 400 pig/day/
BUD, 800 Lig/day
ACQ 4.6 (4.7) 2.4 (1.5) 0.69
AQLQ 82.7 (16.8) 89.6 (9.7) 0.46
Symptom 29.4 (4.7) 31.0 (3.3) 0.64
Activity limitation 23.3 3.7) 25.0 (2.5) 0.46
Emotional function 15.7 (6.1) 16.4 (2.8) 0.74
Environmental exposure 14.2 (5.0) 17.2 (3.6) 0.28
FVC, L 2.63 (0.98) 2.82 (0.75) 0.64
FEVI, L 1.72 (0.65) 1.82 (0.46) 0.59
FEVI1%, % 66.9 (13.9) 65.0 (7.2) 0.64
%FEVI, % 81.9 (18.6) 90.0 (16.1) 0.26
V50, L/min I.51 (0.80) 1.35 (0.56) 0.74
V25, L/min 0.43 (0.24) 0.35 (0.11) 0.79
FeNO, ppb 43.1 (28.0) 47.8 (21.4) 0.84
R5, cmH,O/l/s 4.21 (1.06) 4.47 (1.61) 0.99
R20, cmH,O/l/s 3.13 (0.83) 3.36 (1.29) 0.85
R5-R20, cmH,O/I/s 1.08 (0.51) 1.12 (0.45) 0.99
X5, cmH,Oll/s —1.63 (1.98) —1.00 (1.32) 0.72
Fres, Hz 10.0 (4.0) 9.1 (3.5) 0.58

Symptoms (I | items), Activity Limitation (12 items, 5 of which are individualized), Emotion (5 items), and Environmental Exposure (4 items).

FBC group

Patients with
asthma,

Budesonide-formoterol 160/4.5 mcg:

2 inhalations twice daily

>65 years old,
intermediate

BUD + TUL group

dose ICS, and
FEV,% < 80%
Budesonide 200 mcg:
2 inhalations twice daily
+ Tulobuterol patch 2mg daily
| | | | ]
| | | 1
Visit 0 1 2 3 4
Week >-4 0 4 8 12
Measurements Measurements

Figure I. Study protocol.

To reduce upper airway shunting, the subject’s cheeks
and mouth floor were supported by the patient’s both
hands. The levels of Rrs at SHz (R5), Rrs at 20 Hz
(R20), the difference between R5 and R20 (R5-R20),
Xrs at SHz (X95), resonant frequency (Fres), and
also the differences of the mean Rrs and Xrs in the

expiratory phase to those in the inspiratory phase were
evaluated. Whole-breath analysis and within-breath
analysis were performed by programmed software
automatically. These forced oscillation technique meas-
urements were performed prior to other pulmonary
function tests.
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FeNO Measurement

FeNO was measured by portable sensor (NIOX MINO;
Aerocrine AB, Solna, Sweden), according to ATS/ERS
recommendations on measurements of FeNO,'* and the
results were expressed as parts per billion. The partici-
pants were asked to inhale through the device and exhale
steadily for 10 seconds at a flow rate of 50ml/s and at a
pressure of 10cm H,O. The measurements were done in
a sitting position.

ACQ and Mini-AQLQ

ACQ is a survey for asthma control contains seven items
about limitation due to asthma measured on a 7-point
scale, from 0 (no impairment) to 6 (extreme
impairment), using the past 7days recall. The mean
score <= 0.75 was classified as “well controlled”,
>=1.5 as “uncontrolled”, and between these points as
“somewhat controlled”. A Minimal Clinically Important
Difference (MCID) of 0.5 was used.'”

Mini-AQLQ is simplified version with 15 questions
with four domains (symptoms, activities, emotions, and
environment) from original AQLQ with 32 questions,
and ask each question to have “1” if there is a serious
impairment and “7” if there is no problem at all. The
mean score of >1.5 indicates uncontrolled asthma and
<1.5 indicates well controlled asthma. The MCID is a
mean change in this mean score of greater than 0.5.'°

Evaluation of the Treatment Effects

The changes of the each factor (A factor) was defined by
subtracking the value of Visit 1 from that of Visit 4.

Statistical Analysis

Mann-Whitney test was used for comparison of the
background factors and the changes of the factors
(A factor) between the groups. The p-value <0.05 was
considered as significant difference.

Results

Participants

Regarding age, sex, classification of disease (atopic or
non-atopic), severity, ACQ, AQLQ, spirometry, FeNO,
and 10S parameters, there were no significant differen-
ces between the groups (Table 1).

The changes of parameters in ACQ, AQLQ, spirom-
etry, FeNO, and 10S

Three cases (1 of FBC group and 2 of BUD +TUL
group) had to use systemic steroids within 2 weeks after
the commencement of the study and discontinued the
trial. The remaining 15 cases were subjected for
efficacy analysis. The “Fres” of IOS was improved

Table 2. Comparison of the Changes of Each Factor Between the
Groups.

FBC BUD+TUL
Group Group P-Values
AACQ —0.1'1 (2.71) 0.8 (3.63) 0.95
AAQLQ —2.33 (8.20) 1.80 (7.09) 0.42
ASymptom —0.11 (3.52) —0.40 (3.58) 0.84
AActivity limitation —0.11 (3.52) —0.40 (3.58) 0.84
AEmotional function  —1.00 (3.00) 3.20 (2.39) 0.03
AEnvironmental —0.67 (3.32) 0.00 (2.12) 0.50
exposure
AFVC, L —0.00 (0.20) 0.03 (0.22) 0.74
AFEVI, L 0.08 (0.15) —0.01 (0.20) 0.55
AFEVI1%, % 4.77 (6.5) —0.63 (2.81) 0.05
A%FEV, % 2.04 (4.12) —1.98(10.48) 0.79
AV50 0.22 (0.36) —0.11 (0.33) 0.07
AV25 0.16 (0.33) —0.01 (0.10) 0.16
AFeNO —1.3 (12.8) 2.6 (27.0) 0.95
AR5 —51.8 (25.2) —43.5 (21.7) 0.47
A20 —0.95 (1.14)  —0.38 (1.00) 0.31
AR5-R20 —0.47 (0.37)  —0.00 (0.66) 0.20
AX5 1.19 (1.50) 0.30 (0.84) 0.27
AFres —5.58 (4.31) 0.54 (2.90) 0.03

(p=0.03) in FBC group and the “emotion” domain of
AQLQ was improved (p=0.03) in BUD + TUL group
(Table 2, Figure 2). There were no differences between
the groups in the changes of each factor of ACQ, spi-
rometry, or FeNO.

Adverse Events

There were no drug-related adverse reactions reported in
both groups.

Discussion

In this study, FBC group had better improvement on
“Fres” of 10S indicators, and BUD + TUL group had
better improvement on “emotion” domain of mini-
AQLQ; which may suggest the differentiation of the addi-
tional effect characteristics of each drug (FOR and TUL).

By adding FOR to BUD (equal to FBC inhalation),
the “Fres” associated with large and small airway resis-
tance was improved significantly (p=0.03). FOR is a
LABA and provides sustained action for 12hours
which needs to be inhaled twice a day.'” It is reasonable
for most patients who can inhale the medicine properly,
the ICS/LABA combination will be suitable for asthma
control.'®

In contrast, adding TUL to BUD improved
“emotion” domain significantly (p=0.03). Previously,
the improvement of asthma control status of patients
with adult-onset mild to moderate asthma by additional
TUL on FLU inhalation was reported,’ and additional
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Figure 2. The changes of “emotion” domain of AQLQ and “Fres” of IOS in FBC group and BUD + TUL group.

effect of TUL on leukotriene receptor antagonist in chil-
dren with asthma was also reported.'® The efficacy of
TUL addition to BUD inhalation was firstly found by
this study.

Other studies, however, reported that SAL addition
achieved better control after switching from TUL addi-
tion in asthmatic patients with FLU treatment,'® or that
SAL addition on FLU improved morning and evening
PEF rates and AQLQ score but TUL addition did not,
in patients with asthma on ICS therapy in 8 weeks of
observation.!! In our study, we have found the addition
of TUL or FOR on BUD respectively showed charac-
teristic improvements on “Fres” or “mini-AQLQ”.

For the patients with typical asthma, respiratory
functions are most severely suppressed from midnight
to early morning, and it is called as morning dip."”
Suppression of this morning dip may improve the
patient’s QOL. TUL patch prolongs the drug’s action
to 24hours, which may improve the circadian
rhythm.®?® Improvements of QOL or treatment adher-
ence are very important for chronic disease including
asthma.?' It was reported that the therapeutic adherence
of the TUL patch was significantly higher than that of
other inhaled drugs, as the patch was easy to use and was
applied once a day.® Regarding the change in FeNO,
there was no difference between the groups, and the
BUD dose was consistently the same in both groups,
so this is understandable.

In the study, there are some limitations. Firstly, the
patients were recruited from the asthma specialist out-
patient department, which might induce any bias com-
pared with general medical clinics, and the numbers were
very small. Secondly, because the TUL may suppress the
Rhinovirus infection and may be effective on upper
respiratory tract infection symptoms,’>*® the setting
period include the winter season and for at least half
year might be desired.

Conclusion

By changing the drug formulation, the patch was supe-
rior in terms of patients’ satisfaction, but it was thought

that the inhaled combination was superior in improving
the respiratory function itself. It is necessary to pay
attention to the characteristics of the patient when select-
ing treatment.
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