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Fig. I. mRNA expression for catalase (plate A), GSTP1 (plate B) and mEPHX (plate C) in lung tissues from those who never smoked, non-COPD
smokers and COPD subjects. Data are shown as mean+SEM. P values compared between two groups (Mann-Whitney U-test).
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Fig. 2. mRNA expression for GSTM]1 (plate A) and TIMP2 (plate B) in lung tissues from those who never smoked, non-COPD smokers and COPD
subjects. Data are shown as mean+ SEM. P values compared between two groups (Mann—-Whitney U-test).
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[25-30]. Our results are consistent with these previous
reports suggesting the involvement of these cytokines in the
disease process of COPD.

Although the present study revealed significant changes
in the mRNA expressions for several molecules in the
whole tissue of the peripheral lungs of COPD subjects, the
exact cellular sites of the altered mRNA expressions for
individual genes are unknown. As for the chemokines, an
analysis of lung tissue using an in situ hybridization
technique has revealed higher mRNA and protein expres-
sion levels for IL-8 and MCP-1 in bronchiolar epithelium
in COPD subjects compared to those in smokers without
COPD [31]. Recently, Fuke et al. [32] have reported that
the expressions of mRNA for IL-8 and MCP-1 are elevated
in bronchiolar epithelial cells but not in alveolar macro-
phages by means of a laser-capture microdissection
technique. These results suggest that the increased expres-
sion levels of IL-8 and MCP-1 in the peripheral lung tissue
found in the present study may be due to the increased
expression in epithelial cells.

The limitations of this study are lack of sex and age
matching among the groups and lack of smoking history
matching between the groups who had cigarette smoking
histories. Cigarette smoking history assessed as pack-years
positively or negatively correlated with the mRNA expres-
sions for some enzymes and cytokines mRNA expressions.
The data suggest that cigarette smoke exposure affects the
disease process of COPD, but do not provide an answer for
the question of why only some smokers develop COPD.
Recently, two studies reported the altered expressions of a
number of genes in epithelial cells from smokers [33] and in
lung tissues from COPD subjects [12]. Including the present
study, three studies have analyzed gene expressions in the
lungs of COPD subjects or smokers, but the profiles of the
subjects differed in terms of the disease severity and
smoking status among the study groups. The collection
of data acquired from a large population having differences
in disease severity and smoking profiles is needed to
further elucidate the mechanisms of disease onset and
progression.
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Fig. 4. Relationships between mRNA expressions for catalase (plate A), GSTP1 (plate B) and mEPHX (plate C) and the degree of airflow limitation.
Relationship was analysed by Spearman’s rank correlation test. A correlation coefficient of Spearman’s rank correlation test (rg) and P-value are indicated.

Table 4
Correlation coefficients of Spearman’s rank correlation test (rs) for relationships between mRNA expression and lung function, smoking history
Catalase GSTPI mEPHX IL-18 IL-8 Gro-a MCP-1
%FVC 0.457** 0.368* 0.495** -0.297 —0.320 ~0.349* —0.262
%FEV, 0.536** 0.419* 0.596** —0.316 —0.329 - —0.342 —0.280
FEV,/FVC% 0.433* 0.411* 0.423* —0.317 -0.398* —-0.392* —0.330
Vso/HT 0.420* 0.368* 0.402* —-0.357* —-0.383* —-0.375* -0.373*
Vas/HT 0.432* 0.354* 0.442* —0.264 —0.328 —0.358* -0.277
Smoking (pack-year) —0.518™** —~0.514** -0.399* 0.567** 0.511** 0.573** 0.561**

rs is a correlation coefficient of Spearman’s rank correlation test.
*P<0.05.
**P<0.01 (Spearman’s rank correlation test).

In summary, we found decreased mRNA expressions for
catalase, GSTP1, GSTMI1, mEPHX and TIMP2 and
increased mRNA expressions for IL-14, IL-8, Gro-o and
MCP-1 in peripheral lung tissues from COPD subjects.
Most of these changes were associated with the degree of
airflow limitation and with cigarette smoking habit. The
impairment of protective mechanisms against oxidants and
xenobiotics as well as upregulation of CXC- and CC-
chemokines seems to be associated with cigarette smoking
and to be involved in the pathogenesis of COPD. Interven-
tions targeting these molecules may provide a possible
strategy for modifying the disease process of COPD.
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Abstract

Background: A combination of bronchodilators may be effective in the treatment of chronic obstructive pulmonary disease (COPD).
We examined the effect of adding a long-acting anti-cholinergic agent (tiotropium) to a transdermal-type B,-agonist (tulobuterol) on
dyspnea as well as pulmonary function. )

Methods: In a multicentre, randomized, parallel design study, 60 COPD patients treated with the transdermal S,-agonist tulobuterol
were divided into a tiotropium added group (Tulo + Tio group, n = 40) or transdermal f},-agonist tulobuterol alone group (Tulo group,
n = 20), and then treated for 4 weeks after a 2 week run-in period. Pulmonary function and a dyspnea (Medical Research Council
(MRC)) scale were assessed before and after the treatment. Daily peak expiratory flow (PEF) monitoring was also performed.
Results:  After 4 weeks, the Tulo+Tio group showed a significant increase in pulmonary function compared with the Tulo group;
AFVC (0.31£0.06 L vs. 0.06+0.05L, p< 0.01), AFEV, (0.15£0.03L vs. —0.024+0.02L, p<0.0001), and APEF (41.04 5.1 L/min vs.
0.543.5L/min, p<0.0001). The MRC dyspnea scale was also significantly improved in Tulo + Tio, but not in Tulo group.
Conclusion: These results suggest that tiotropium caused a significant improvement in both pulmonary function and dyspnea in COPD
patients already treated with the transdermal B,-agonist tulobuterol.

© 2006 Elsevier Ltd. All rights reserved.

Keywords: Transdermal fi;-agonist tulobuterol; Tiotropium; Combination therapy; Pulmoenary function; Dyspnea

1. Introduction

In the management of stable state chronic obstructive
pulmonary disease (COPD), bronchodilators are central to
pharmacologic treatment [1,2]. According to the Global
Initiative for Chronic Obstructive Lung Disease (GOLD),
regular use of long-acting bronchodilators including antic-
holinergics, f,-adrenergic agonists and methylxanthines is
recommended as maintenance therapy for symptomatic
COPD patients [1]. In addition, the combined use of these
bronchodilators results in more potency and fewer adverse

*Corresponding author. Tel.: +81 73 441 0619; fax: +81734472201.
E-mail address: masakazu@wakayama-med.ac.jp (M. Ichinose).

1094-5539/% - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.pupt.2006.08.004

effects and therefore is recommended rather than increas-
ing the dose of a single agent when symptoms are not well
controlled by monotherapy {1]. It has been reported that
the combination of salmeterol and ipratropium {3] or
theophylline [4] showed a greater improvement of pulmon-
ary function and symptoms. It has been also reported
that the combination of theophylline and ipratropium
showed a improvement of pulmonary function and exercise
capacity [5].

Tiotropium is a novel anticholinergic inhaled once daily
that has been shown to improve lung function, symptoms
and health-related quality of life (HRQOL), and to reduce
exacerbations in COPD patients compared with a placebo
or ipratropium [6-9]. It has been recently reported that the
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combination of tiotropium and formoterol is more effective
than either drug used alone [10,11]. However, studies on
the effectiveness of combining long-acting anticholinergics
with other bronchodilators have been relatively few.

A transdermal type B,-agonist, tulobuterol, was recently
developed. Although tulobuterol is pharmacokinetically
categorized as a short-acting f,-agonist, transdermal
B--agonist tulobuterol has a sustained-release system and
its serum concentration is sustained for 24h [12,13].
Accordingly, transdermal fj-agonist tulobuterol exerts
continuous bronchodilatory effects, and therefore can be
categorized as a long-acting f» agonist. Recently, it has
been reported that transdermal pfs-agonist tulobuterol
caused a similar increase in the peak expiratory flow
(PEF) for 12 weeks in COPD patients when compared with
salmeterol [14]. However, the efficacy of tiotropium when
combined with transdermal f,-agonist tulobuterol has not
yet been assessed. Therefore, in the present study, we
investigated the additive effect of tiotropium in COPD
patients treated with transdermal B,-agonist tulobuterol by
evaluating the pulmonary function as well as by using the
Medical Research Council (MRC) dyspnea scale.

2. Methods
2.1. Subjects

The study protocol was approved by the ethics
committee of the hospital and performed after written
informed consent was obtained. Sixty patients with COPD
that satisfied the GOLD criteria were recruited [1]. The
characteristics of the subjects are listed in Table 1. All
subjects had airflow limitation with forced expiratory
volume in 1s (FEV,;) of <80% predicted and a ratio of
FEV,; to forced vital capacity (FVC) of <70% and a

Table 1
Characteristics of subjects

Tulobuterol  Tulobuterol + tiotropium
n (M/F) 17 (17/0) 39 (39/0)
Age? 73.1+1.2 71.6+1.3
BMI (kg/m>)? 19.440.5 21.240.5
Smoking history (ex/current)  13/4 32/7
MRC dyspnea scale? 27402 2.540.1
I 1(5.9%) 3 (7.7%)
I 7 (41.2%) 17 (43.6%)
11 5(29.4%) 13 (33.3%)
v 4(23.5%) 6 (15.4%)
v 0 0
FVC (L)* 2.554+0.14 2.611+0.12
FEV, (L) 1.18+0.12 1.164+0.09
FEV,/FVC (%)? 45.643.00 45.54+1.82
% FEV, (%)? 47.94+4.56 47.6+2.84
BMI = body mass index; MRC = Medical Rescarch Council;

FVC = forced vital capacity; FEV, = forced expiratory volume in 1s.
*Mean+SE. No significant differences were seen between the two

groups.
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smoking history of more than 10 pack years (11 current
smokers). Patients who had a history of asthma, the use of
inhaled or oral steroids, or an exacerbation of COPD in the
previous 4 weeks were excluded. Patients with a known
hypersensitivity to anticholinergic drugs, known sympto-
matic prostatic hypertrophy, and narrow angle glaucoma
were also excluded. Treatment with slow-release theophyl-
line without any change of the dose and rescue use of
salbutamol (200 pug as needed) was allowed. There was no
difference in the percentage of patients treated with
theophylline between two study groups. Treatment with
long acting inhaled f,-agonists (LABA), oral B,-agonists,
and regular use of short-acting f,-agonists or antic-
holinergics were not allowed for at least 4 weeks before
and during the study. No changes of other medications
were allowed during the study.

2.2. Study design

The study was performed at five centres in a randomized,
parallel design (Fig. 1). The study protocol is shown in
Fig. 2. After a 2-week run-in period of treatment with
transdermal f.-agonist tulobuterol alone, patients were
assigned to one of the following two treatment groups: with
tiotropium added (40 patients) (Tulo+Tio group), or
monotherapy with transdermal f,-agonist tulobuterol (20

. patients) (Tulo group). Tiotropium was inhaled using a

HandiHaler, a dry powder inhaler system, at a dose of
18pug once daily in the morning. The transdermal
B»-agonist tulobuterol was applied to the chest at a dose
of 2mg once daily after taking a bath. Spirometry was
performed and the MRC dyspnea scale was measured at
the beginning of the run-in period, the day of randomiza-
tion, and after 2 and 4 weeks treatment. PEF was also
measured three times daily. As shown in Fig. 1, three
patients in the Tulo group were withdrawn because the
patients stopped visiting during the study. One patient in
the Tulo -+ Tio group was withdrawn because of an adverse
event. No other serious adverse events in both subjects’s
groups were seen during the study.

2.3. Pulmonary function testing in the hospital

Pulmonary function was evaluated using a dry rolling-
seal spirometer (System 7; Minato Medical Science, Osaka,
Japan). At the beginning of the run-in period and the day
of randomization, and after 2 and 4 weeks treatment with
transdermal f.-agonist tulobuterol alone or transdermal
Bo-agonist tulobuterol + tiotropium, FEV; and FVC were
measured. On test days, FEV, and FVC were measured 1 h
prior to the dosing of tiotropium. Each subject performed a
minimum of three acceptable FVC maneuvers. The greatest
FEV, and FVC values were used in subsequent analyses
according to the American Thoracic Society’s recommen-
dation [15]. The results were presented as raw data and the
percent change to the initial values.
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20 received transdermal
tulobuterol alone 2 mg,
once daily

40 received transdermal
tulobuterol 2 mg, once daily
and tiotropium 18 pg, once daily
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Failure ta return 3
17 completed

Withdrawals (n=1, 2.5%)

Urinary difficulty 1
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17 assessed for spirogram,
PEF, MRC dyspnea scale

39 assessed for spirogram,
PEF, MRC dyspnea scale

Fig. 1. Trial profile. Three patients in the Tulo group were withdrawn because the patients stopped visiting the hospital during the study. One patient in
the Tulo+Tio group was withdrawn because of an adverse event (abbreviations: Tulo+ Tio = tiotropium + transdermal f,-agonist tulobuterol;
Tulo = transdermal S,-agonist tulobuterol alone; PEF = peak expiratory flow; MRC = Medical Research Council).
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Fig. 2. Study protocol (abbreviations: Ttlo + Tio = tiotropium + transdermal B»-agonist tulobuterol; Tulo = transdermal f>-agonist tulobuterol alone;

PEF = peak expiratory flow; MRC = Medical Research Council).

2.4. PEF monitoring at home

During the run-in and the 4-week treatment period, PEF
was self-measured by the patients three times daily using an
ASSESS Peak Flow Meter (Respironics Inc., Murrysville,
PA, USA). PEF was measured immediately upon arising
and before the inhalation of tiotropium, at noon and at
bedtime. Each time, the best value of three measurements
was adopted. The data for each day were taken as an
average of the PEF values at the three time points, then

presented as an absolute value and the percentage change
from the initial values.

2.5. Evaluation of MRC dyspnea scale

Patients were asked about their perceived breathlessness
at the beginning of the run-in period and the day of
randomization, and after 2 and 4 weeks treatment. Then
the severity of breathlessness was classified into MRC
dyspnea grades according to their perceived disability.
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The MRC dyspnea scale is a questionnaire that consists of
six statements about perceived breathlessness [16,17): grade
0—no breathlessness; grade 1—breathlessness with stren-
uous exercise; grade 2—short of breath when climbing
steps or a slight slope; grade 3—walk slower than people of
the same age on a level surface or stop for breath while
walking at own pace on a level surface; grade 4—stop for
breath after 100 yards or after a few minutes walk on a
level surface; grade 5—too breathless to leave the house.

2.6. Statistical analysis

The results are presented as means+SE. Statistical
analysis of lung function and daily PEF for each day was
performed by using the repeated measure of analysis of
variance (ANOVA), Wilcoxon signed-ranks test and the
Mann—Whitney test. Comparison of the MRC dyspnea
scale between before and after treatment was made using
Wilcoxon signed-ranks test. A value of p<0.05 was
considered to be significant.

3. Results
3.1. Pulmonary function

There were no differences in the absolute values of FEV;
and FVC at the run-in period between the Tulo and
~ Tulo+Tio groups (Table 2). However, after 4 weeks

treatment, the change in both FVC and FEV, were
significantly higher in the Tulo+Tio group than in the
Tulo group (Fig. 3A-D).

3.2. Peak expiratory flow

The values of PEF in the run-in period did not differ
between the two groups (Table 2). In addition, the absolute
values of the daily PEF did not show a difference at any
time point during the run-in period. However, in the
Tulo+ Tio group, the absolute PEF values showed a
marked improvement from the next day after beginning

Table 2
Change of pulmonary function and MRC dyspnea scale

0 week 2 weeks 4 weeks
Tulobuterol
FVC (L) 2.554+0.14 2.50+0.14 2.604+0.12
FEV; (L) 1.1840.12 1.1540.13 1.1540.12
PEF (L/min) 271.9+25.1 279.1427.1 270.24+26.0
MRC scale 2.7+0.2 2.7+0.2 27402
Tulobuterol+tiotropium
FVC (L) 2.61+0.12 2.9140.11* 292+0.11
FEV, (L) 1.16+0.09 1.3440.09 1.3240.09
PEF (L/min) 253.2416.7 290.01+18.6 297.9+18.7
MRC scale 2.5+0.1 2.240.1 22+02

FVC = forced vital capacity; FEV; = forced expiratory volume in s,
PEF = peak expiratory flow, MRC = Medical Research Council.
*Mean+SE.

tiotropium treatment. After 4 weeks of treatment, the
percent change of PEF was significantly higher in the
Tulo + Tio group than in the Tulo group (Fig. 4).

3.3, MRC dyspnea scale

The MRC dyspnea scales were improved from 2.5+0.1
to 2.2+ 0.2 after 4 weeks treatment in the Tulo + Tio group,
but not in the Tulo group. There was a significant
difference between the two groups after 2 and 4 weeks
treatment (Table 2 and Fig. 5).

4. Discussion

In the present study, we have for the first time shown
that tiotropium, when added to the transdermal f,-agonist
tulobuterol, significantly improved the pulmonary function
in terms of FVC, FEV, and PEF, as well as the MRC
dyspnea scale in COPD patients after 2 and 4 weeks
administration. These data suggest that tiotropium would
provide a benefit to COPD patients already treated with
the transdermal f,-agonist tulobuterol.

Bronchodilators are central to the management of
COPD [1,2]. The GOLD guidelines recommend single or
combined use of long-acting bronchodilators in sympto-
matic COPD patients [1]. Tiotropium was recently devel-
oped, and its clinical efficacy in improving pulmonary
function, symptoms and HRQOL has been demonstrated
[6-9]. Like previous bronchodilators, it was considered
likely that tiotropium would have a beneficial additive
effect for COPD treatment when combined with other
bronchodilators. Indeed, it has been recently reported that
the combination of tiotropium and formoterol showed a
greater improvement of FVC, FEV, and PEF than
monotherapy with either drug alone [10]. However, little
is known concerning the efficacy of the combination use of
tiotropium with other bronchodilators.

It has been previously reported that tiotropium im-
proved the pulmonary function in COPD patients. van
Noord et al. [18] have shown that FEV; and FVC increased
by 0.19 L (18% above the initial baseline) and 0.67L (27%
above the initial baseline) after 8 days administration of
tiotropium, respectively. Similarly, it has been reported
that tiotropium administration for 4-13 weeks improved
FEV, by 12-16% and FVC by 12-20% from the baseline
value [6-8]. The long-term efficacy of tiotropium over 6
months to 1 year has also been studied. In those reports,
tiotropium also improved FEV; by 0.10-0.15L (10-18%
from baseline value) and FVC by 0.26-0.32L (10-20%
from baseline value) [9,19-22]. »

The transdermal type p.-agonist tulobuterol has a
sustained drug delivery system containing 2mg of tulobu-
terol in a patch preparation (3.2x 3.2cm). Therefore,
although tulobuterol is pharmacokinetically categorized as
a short-acting B,-agonist, transdermal B,-agonist tulobu-
terol shows sustained drug release and maintains a stable
serum concentration of tulobuterol for 24h [12,13].
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Fig. 3. Effect of tiotropium addition on FVC and FEV. The mean change and percentage change of FVC (A, B) and FEV, (C, D) in the Tulo + Tio group
(®) was significantly higher at 2 and 4 weeks than in the Tulo group (O) (abbreviations: FVC = forced vital capacity; FEV; = forced expiratory volume

in 1s).
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Fig. 4. Effect of tiotropium addition on PEF. In the Tulo + Tio group (@), the percentage change of PEF was significantly improved compared with that
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in the Tulo group (O). This improvement was seen at day 1 and this beneficial effect lasted at least until day 28 in the Tulo + Tio group (abbreviations:

PEF = peak expiratory flow).
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Accordingly, transdermal f;-agonist tulobuterol exerts
continuous bronchodilatory effects, and pharamacodyna-
mically can be categorized as a long-acting f, agonist,
which has been shown a beneficial effect for the treatment
of both asthma and COPD [14,23-25]. It has been also
recently reported that transdermal S,-agonist tulobuterol
showed a beneficial effect similar to that of salmeterol [14].
In the present study, we have demonstrated the effective-
ness of tiotropium when combined with transdermal
Br-agonist tulobuterol in COPD patients. The addition of
tiotropium to transdermal fy-agonist tulobuterol resulted
in a greater improvement in the pulmonary function.
In addition, dyspnea was also significantly improved compared
to transdermal B,-agonist tulobuterol therapy alone.

Recently, van Noord et al. {11] have shown that
tiotropium increased FEV; by 0.23L (22% of baseline)
and that the combination of tiotropium and formoterol
increased FEV, by 0.39 L (37% of baseline), which is larger
than the result found in the present study (0.31L, 15% of
baseline). This difference is probably due to the fact that
the patients in our study were treated with the transdermal
Bo-agonist tulobuterol during a run-in period, which
resulted in some improvement of FEV; prior to the
tiotropium addition. However, in the present study, the
addition of tiotropium showed a further significant
improvement of the pulmonary function. Therefore,
tiotropium showed an additive benefit in COPD patients
using transdermal fB,-agonist tulobuterol.

In the present study, compared to the large improvement
in pulmonary function, a small improvement of dyspnea

was observed after the tiotropium addition. It has been
reported that the MRC dyspnea scale is useful for the
assessment of the basal disability of COPD patients [26].
However, because of its relatively lower sensitivity, it may
be less useful for evaluating the changes of symptoms and
the effects of medications. In previous studies, the effect of
tiotropium on symptoms or daily activities were evaluated
by using the baseline dyspnea index, transitional dyspnea
index {27] and St. George’s Respiratory Questionnaire [28],
etc. According to those reports, tiotropium appeared to
improve dyspnea, daily activities and HRQOL in COPD
patients [9,19-22]. Therefore, the combined use of various
scoring methods may be needed to evaluate more precisely
the effects of the added tiotropium on the symptoms, daily
activities and HRQOL.

When combining tiotropium with the transdermal B-
agonist tulobuterol for COPD, an increase in adverse
events could be a limiting factor. The most common
adverse effect of tiotropium is dry mouth which occurs in
approximately 10% of patients [29,30]. In the present
study, however, only one of 40 patients was withdrawn due
to mild urinary difficuity and no other serious adverse
events including dry mouth were seen throughout the
study. In addition, both transdermal f,-agonist tulobuterol
alone and the combination of tiotropium and transdermal
Br-agonist tulobuterol showed good compliance. There-
fore, the combination therapy of these two drugs appeared
to be quite effective and safe for COPD treatment.

In conclusion, we have shown that the combination of
tiotropium with the transdermal f,-agonist tulobuterol
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improved the pulmonary function and dyspnea compared
with transdermal f,-agonist tulobuterol alone. As shown in
a previous report, transdermal f,-agonist tulobuterol alone
had a significant effect on pulmonary function and QOL.
However, because the addition of tiotropium caused a
much greater improvement in the COPD patients, adding
tiotropium should be considered when patients are treated
with transdermal fS,-agonist tulobuterol or when the
symptoms or pulmonary function are not adequately
improved by monotherapy with other bronchodilators.
Because the present study was short-term and included a
relatively small number of subjects, a long-term study with
a larger number of subjects will be needed to confirm our
present results.
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