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Abstract

Aims: Evaluation of tiotropium efficacy in patients with mild chronic obstructive pulmonatfy-disease (COPD) defined by the 2003 Swedish
Society of Respiratory Medicine guidelines (post-bronchodilator FEV1/FVC <70%; FEV(1->60% predicted).

Methods: In this 12-week, randomised, double-blind, placebo-controlled study of tiotropium 18 mcg once daily versus placebo,
respiratory function was assessed on Days 1, 15 and 85 (baseline: pre-dese-Day 1)

Results: Mean£SD baseline FEV1 (% predicted) was 73.4+12.5 (tiptropium, n=107; placebo, n=117). Tiotropium significantly improved
change from baseline in area under the curve from pre-dose-to 2 hours)post-dose (AUCp-2 h) FEV1 versus placebo, by 166+26 mL
(mean+SE) at study end (p<0.0001). With tiotropium, thefe were significant increases in the change in AUCp-2 h FVC versus baseline,

and trough FEV1 and FVC, versus placebo, on all test\days (p<0(0l). Adverse event rates were similar.

Conclusion: Compared with placebo, tiotropiumjimproyed‘dng function in patients with mild COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
progressive debilitating disease that leads to significant
morbidity. However, it is usually not diagnosed until patients
are symptomatic and the disease is moderately advanced.* An
epidemiological research program in northern Sweden, the
OLIN studies, reported that the prevalence of COPD was
14.3%, with most patients (57%) having mild disease
according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria (post-bronchodilator forced
expiratory volume in one second [FEV3]/forced vital capacity
[FVC] <70%, FEV1 >80% predicted).>®* Although 70% of
these subjects were symptomatic, only 5% had a relevant

prior diagnosis.? Furthermore, all subjects with severe or very
severe COPD (6% of diagnosed cases) were symptomatic, but
only 50% of them reported a physician diagnosis of COPD.
Bronchodilators provide symptomatic management of
COPD, administered as-needed or regularly. However, optimal
timing for initiating maintenance therapy is not clearly
defined. Whilst the decline in FEV1 over time is the standard
measure of COPD disease progression, other outcomes
including breathlessness, activity levels, exacerbations and
health-related quality of life (HRQL) also worsen.* Therefore, it
is imperative that COPD patients receive appropriate
treatment, including preventive interventions, as early as
possible. Tiotropium (Boehringer Ingelheim, Ingelheim am
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Rhein, Germany) is a once-daily anticholinergic agent that
works through prolonged Mas-receptor blockade. Tiotropium
has consistently been shown to have a beneficial effect on
lung function and patient-centred outcomes in COPD
patients.*® Retrospective analysis of earlier studies suggests
that tiotropium may benefit patients with mild COPD (GOLD
criteria).** However, to date, no prospective studies have been
performed specifically in mild COPD.

In Sweden in 2003, mild COPD was defined as FEV1/FVC
<70% and FEV1 >60% predicted according to the Swedish
Society of Respiratory Medicine.** This definition
corresponded to the 1997 British Thoracic Society (BTS)
criteria for mild COPD (FEV1 60-80% predicted)* and was
comparable with the 1995 American Thoracic Society (ATS)
guidelines for stage 1 “mild”” COPD (FEV1 >50% predicted).**
In Sweden, mild COPD is now defined as FEV1/FVC <70%
and FEV1 50-79% predicted.* In 2003, Swedish guidelines
contained no standard treatment recommendations for
patients with mild COPD.*

The aim of this study was to assess the effects of once-
daily tiotropium 18 mcg on lung function, clinical symptoms
and HRQL in patients with mild COPD according to 2003
Swedish guidelines (mild to moderate COPD according to
GOLD guidelines).

Method

Study population

Inclusion criteria were: outpatients aged >40 years.old with\a
COPD diagnosis of mild COPD by 2003 Swedish guidelines
(post-bronchodilator FEV1/FVC <70% ‘“and, FEV1 >60%
predicted); smoking history of >10 pack-years; and a Medical
Research Council (MRC) dyspneea score of >2. Exclusion
criteria were: history of asthma, allergic rhinitis or atopy;
blood eosinophil count >600/mm?; recent lower respiratory
tract infection or any exacerbation (within the previous six
weeks); recent history of myocardial infarction (within the
previous six months); unstable cardiac arrhythmia; regular use
of oxygen therapy; use of oral or inhaled steroids (within the
previous three months); and significant diseases other than
COPD.

Study design

This was a 12-week, randomised, double-blind, parallel-
group, multicentre study (protocol number 205.281). An
Institutional Review Board approved the study protocol and
all participants gave written informed consent. The primary
end-point was change in FEV1 area under the curve from pre-
dose (zero time) to 2 hours post-dose (AUCop-2 h), from
baseline to 12 weeks. Other end-points were FEV1 and FVC
trough responses, use of rescue medication, and adverse
events. Dyspnoea and HRQL were assessed using
questionnaires.
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Study methods

Following a screening visit, patients underwent a 2 week run-in.
After a further assessment on Day 1, eligible patients were
randomised 1:1 to receive tiotropium 18 mcg or placebo once
daily in the morning for 12 weeks, delivered using the
HandiHaler® device (Boehringer Ingelheim). Assessments were
conducted on Days 1, 15 (2 weeks) and 85 (12 weeks). Baseline
was the pre-dose measurement on Day 1. Patients were
permitted salbutamol metered-dose inhaler as rescue
medication, as-needed, for acute symptom relief, with an 8-hour
washout period before spirometry. Use of short-acting
anticholinergics, B2-agonists (other than rescue medication), oral
or inhaled corticosteroids, or theophylline, was not permitted.
However, to treat COPD exacerbations, investigators could
prescribe antibiotics and oral corticosteroids (for <2 weeks) or
theophylline (for <7 days). Spirometry was postponed for 1 to 2
weeks after treatment for an exacerbation.

Spirometry was performegat screening and on Days 1, 15
and 85. FEV1 and FVC were-recorded 10 minutes before, and
0.5, 1 and 2 hours after dosing. FEV1 and FVC trough
responses were-the pre-dose values on Days 15 and 85. All
spirometric-tests were conducted in triplicate, and the highest
measurements .were used for analysis. The equipment and
methodologies used fulfilled ATS (1994) or European
Respiratory Society (1993) standards.*>**

Questionnaires assessing dyspnoea and HRQL were
administered at the start and end of the study. Dyspnoea was
evaluated using the baseline dyspnoea index (BDI)*” and the
MRC dyspnoea scale.*® The BDI has three domains (functional
impairment, magnitude of task and magnitude of effort),
each with scores from O (very severe impairment) to 4 (no
impairment). Scores are summed to determine the BDI focal
score (0-12). Patients also defined their perceived dyspnoea
using the MRC dyspnoea scale (grade 0 [no breathlessness] to
5 [too breathless to leave the house or breathless when
dressing or undressing]). As an exploratory measure, the BDI
was also used for assessment on Day 85 instead of using the
transitional dyspnoea index (TDI).*” HRQL was evaluated using
the generic European Quality of Life Questionnaire, the
EuroQol (EQ-5D),*** consisting of the EQ-5D Visual Analogue
Scale (VAS) and the EQ-5D index. The VAS has a rating scale
of 0 to 10 cm, taken as 0-100% (0%, death/worst possible
health; 100%, best possible health). The EQ-5D index is a 5-
item questionnaire (mobility, self-care, usual activity,
pain/discomfort and anxiety/depression). For each item, the
patient selects one from three descriptive health states (from
good to poor) and the number/percentage of patients
selecting each state is recorded.

Patients recorded the daily number of rescue medication
doses used. Adverse events, including COPD exacerbations,
were recorded.
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Table 1. Patient demographics and baseline

characteristics

Tiotropium Placebo
(n=107) (n=117)
Male, % 58 43
Age, y 60.9+8.3 62.2+8.3
Previous diagnosis of COPD, % 50 50
Duration of known COPD, y 4.6£3.6 4.9+4.8
Smoking history, pack-years 31.4+11.9 31.6+12.2

Current smokers, % 57 63

Baseline spirometry
Pre-bronchodilator

FEV1 L 2.15+0.59 2.01+0.55
FEV1 % predicted 73.6x£12.2 73.2+12.9
FEV1 % predicted, range 44.3-104.2 43.1-105.0
FVC L 3.47+0.90 3.29+0.86
FEV1/FVC % 62.14+6.39 61.31+6.81
Post-bronchodilator
FEV1 L 2.33+0.60 2.15+0.51
Reversibility (change in FEV1 >12%
and >200 mL after 2x4 mg
inhalation of salbutamol), % 20 19
Baseline severity, FEV1 % predicted
Patients, n (%) 105 115
>80%, n (%) 30 (28.6) 32 (27.8)
<80% to >70%, n (%) 30 (28.6) 39 (33.9)
<70% to >60%, n (%) 33 (31.4) 23 (20.0)
<60% to >50%, n (%) 9 (8.6) 17 (14.8)
<50% to >40%, n (%) 3(2.9) 4 (3.5)
<40% to >0%, n (%) 0 (0.0) 0.(0:0)
MRC dyspnoea score, % of patients
Grade 2 82 85
Grade 3 18 15
Pre-study medication for COPD, %
of patients
Any pulmonary medication 1.9 0.0
Anticholinergic, short-acting, inhaled 0.9 0.0
Bo-agonist, short-acting, inhaled 0.9 0.0
Steroids, intravenous/intramuscular 0.0 0.9
Steroids, oral 0.9 0.0

Data are mean=SD unless otherwise stated. Post-bronchodilator lung
function was assessed 20 minutes after the inhalation of salbutamol.

Data analysis

One hundred patients per randomised treatment group were
required to provide 80% power to detect a between-group
difference of 120 mL in the primary end-point (change in
AUCo-2 h FEV1 versus baseline after 12 weeks’ treatment) —
two-sided t-test at a 5% significance level. The sample size
was based on data from a previous tiotropium study with
similar elements.?* Efficacy was measured in all randomised
patients who received study medication and had a baseline
measurement and at least one valid post-treatment
measurement (full analysis population). The safety population
was all randomised patients who received >1 treatment dose.
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Analysis of covariance with terms for treatment and
pooled centre was used for all continuous end-points, with
baseline data as covariates. The number of doses of rescue
medication was summarised as weekly means, expressed as
doses/day. Summary data are presented as adjusted
meanzstandard error (SE) unless stated otherwise. For missing
spirometric data, the last observation was carried forward,
except when patients discontinued due to worsening COPD,
where the least favourable data before discontinuation were
carried forward.

Results

A total of 224 patients were randomised to tiotropium
(n=107) and placebo (n=117). The study was conducted from
March 2004 to July 2005 at 27 centres in Sweden. The two
treatment groups had comparable FEV1 and % predicted
FEV1 values at baseline (Table 1). 20% and 19% of the
patients in the tiotropium and placebo group, respectively,
had significant reversibility\(>12% reversibility and >200ml).
All patients had an MRC dyspnoea score of >2. A total of 62
(28.2%), 151 (68.6%0), 7 (3.2%), and 0 (0.0%0) patients were
defined .as.\having GOLD stage I, I, I, and IV COPD,
respectively.

Spirometry

The change in AUCo-2 h FEV1 from baseline to Day 85 was
significantly improved with tiotropium compared with
placebo (157+19 mL versus —9+18 mL; difference 166+26
mL, p<0.0001) — Figure 1. Significant increases in AUCo-2 h
FEV1 responses were also observed in the tiotropium group
compared with placebo on Day 1 (by 74+15 mL, p<0.0001)
and Day 15 (172422 mL, p<0.0001) - Figure 1.

Compared with placebo, patients had a significant
bronchodilator response (increase in FEV1) within 30 minutes
after the first dose of tiotropium (Day 1 difference in change
from pre-dose: 35+18 mL, p<0.05). FEV1 responses were
significantly improved compared with baseline at all time-
points on all test days with tiotropium versus placebo (all
p<0.05) — see Figure 2. After two weeks, the trough FEV1
response was significantly greater by 109+20 mL with
tiotropium compared with placebo (p<0.0001). At study end,
trough FEV1 was 74+23 mL above baseline for patients
receiving tiotropium, while it was 45+22 mL below baseline
in those receiving placebo (between group difference:
118+31 mL, p<0.001). In addition, significant improvements
in AUCo-2 h and trough FEV1 % predicted were observed in
the tiotropium group (p<0.01, for all time-points).

The pattern of the FEVy results was also seen for the FVC
results. Compared with placebo-treated patients, tiotropium
patients had statistically significant improvements in AUCo-2 h
FVC response on Days 1 (89+27 mL, p<0.01), 15 (182+37
mL, p<0.0001) and 85 (160+43 mL, p<0.001) - see Figure 3.
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Figure 1. Adjusted mean FEV1i AUCp2 h change in
response versus baseline following tiotropium or placebo

Figure 3. Adjusted mean FVC AUCo2 h change from

baseline following tiotropium or placebo on Days 1, 15

on Days 1, 15 and 85.
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Figure 2. Adjusted mean FEV1 change from baseline
before and during the 2 hours following tiotropium or
placebo on Days 1, 15 and 85.
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Figure 4. Adjusted mean FVC change from baseline
before and during the 2 hours following tiotropium or
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Tiotropium versus placebo, p<0.05 for all time-points; data are adjusted means+SE

Statistically significant improvements in trough FVC were
observed in the tiotropium group on Days 15 (178+36 mL,
p<0.0001) and 85 (187450 mL, p<0.001) (Figure 4).

Use of rescue medication

Use of rescue salbutamol was low before randomisation
(tiotropium 0.71£0.05 doses/day; placebo 0.76+0.05
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doses/day) and decreased during the study (Week 12:
tiotropium 0.23+0.05 doses/day; placebo 0.29+0.05
doses/day). Patients receiving tiotropium self-administered
significantly fewer doses per day compared with placebo
during Weeks 1 to 5, and also Week 9 (treatment differences
of 0.17 to 0.23 doses/day; p<0.05).
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Table 2. Summary of adverse events, n (%)

Tiotropium Placebo
(n=107) (n=117)
Any adverse event 50 (46.7) 49 (41.9)
Adverse event leading to
discontinuation 0 2(1.7)

Serious adverse events 3(2.8) 1(0.9)
Erysipelas 1(0.9) 0
Pulmonary embolism 1(0.9) 1(0.9)
Syncope vasovagal 1(0.9) 0

Selected adverse events*

Lower respiratory system disorders 10 (9.3) 11 (9.4)
Bronchitis 1(0.9) 4 (3.4)
COPD exacerbations 2(1.9) 4 (3.4)
Cough 3(2.8) 2 (1.7)
Pneumonia 3(2.8) 0

Upper respiratory system disorders 24 (22.4) 28 (23.9)
Influenza 2 (1.9 3(2.6)
Nasopharyngitis 17 (15.9) 18 (15.4)
Rhinitis 2 (1.9) 0
Sinusitis 1(0.9) 2(1.7)
Upper respiratory tract infection 4 (3.7) 54.3)

*Qccurring in >3% of patients in either group.

Dyspnoea and generic HRQL

In patients with mild COPD, patients in both groups
experienced only minor activity-related dyspnoea and their
generic HRQL was only moderately impaired at baseline and
study end. There was no significant difference-betweenthe
tiotropium and placebo groups for BDI focal/scorecat study
end (8.57+0.11 versus 8.45+0.11). At ‘studyCend, similar
proportions of patients in the“‘two groups had an
improvement, deterioration-of_no change in MRC dyspnoea
score, the EQ-5D VAS scores were the same, and there was
no significant difference between groups for EQ-5D total
score (tiotropium 0.83+0.01; placebo 0.85+0.01). Although
the majority of patients in both groups (tiotropium versus
placebo) had no problems with self-care (99.0% versus
99.1%), walking (82.9% versus 87.0%) or performing usual
activities (89.5% versus 88.7%), in the EQ-5D sub-scale
items, a sizeable proportion of patients experienced moderate
pain/discomfort (47.6% versus 49.6%), or moderate anxiety
or depression (25.7% versus 31.3%) (all tiotropium versus
placebo).

Adverse events

Similar percentages of patients experienced an adverse event
(see Table 2). A serious adverse event was experienced by
2.8% of tiotropium and 0.9% of placebo patients. However,
none was considered to be treatment-related. No tiotropium
patients and two placebo patients (1.7%) discontinued due
to adverse events. Two tiotropium patients (1.9%) and four
placebo patients (3.4%) experienced an exacerbation.
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Discussion

International guidelines recommend the use of long-acting
anticholinergic agents, such as tiotropium, as maintenance
therapy in patients with moderate-to-very severe COPD
(GOLD guidelines).? This study investigated the effects of 12
weeks’ treatment with tiotropium 18 mcg once daily on lung
function in patients with mild COPD as defined by 2003
Swedish guidelines (GOLD definition; mild to moderate
COPD).*** The baseline mean FEV1 was comparable between
groups. Half the patients were undiagnosed with COPD prior
to study entry and <2% were receiving any pre-study
medication for COPD. At study end, tiotropium-treated
patients had significantly improved lung function versus
baseline and versus placebo. These improvements were
apparent 30 minutes after the first dose, were maintained
over 24 hours, and were sustained during the study.

To enable comparison of this trial with others that use
GOLD guidelines, this study population had mild to moderate
COPD as defined by GQLD criteria.® The lower limit of the
2003 Swedish guidelines for mild COPD falls within the GOLD
COPD guidelines “for moderate COPD (FEV1 >50-80%
predicted)y ' while GOLD guidelines for mild COPD require an
FEV1. >80%.* ' Current Swedish guidelines retain a similar
classification) of disease severity for COPD as in 2003 (mild
COPD{ FEV1 50-79% predicted),** which is equivalent to
moderate COPD according to GOLD guidelines. Using the
GOLD categorisation, 28.2%, 68.6%, and 3.2% of patients
had mild, moderate, and severe COPD, respectively. The
severity of the patient group investigated here contrasts with
that of previously-conducted tiotropium trials. A pooled
analysis of the baseline characteristics of the patients from 24
previous tiotropium trials reveals that only 0.2% of patients
from a total of 24 trials were defined as GOLD stage |,
compared with 26.9%, 49.0%, and 23.9% of patients with
moderate, severe, and very severe COPD, respectively, defined
using the GOLD criteria (Boehringer Ingelheim, data on file).
A unique element of this study is that it was specifically
designed to assess the efficacy of tiotropium in this often-
overlooked group of patients with mild COPD.

These findings confirm observations from retrospective
studies that tiotropium is effective in patients with milder
COPD. In 1639 patients with different severities of COPD,* 12
weeks’ treatment with tiotropium significantly improved
trough and 2-hour post-dose FEV1i, with the most
pronounced changes observed in 531 patients with mild
disease (ATS criteria: pre-dose FEV1 >50-70% predicted). A
post hoc analysis of two 1-year trials of maintenance
treatment-naive COPD patients revealed that, in the subset of
20 patients with mild COPD (GOLD guidelines) who received
tiotropium, trough, peak and mean FEV1 and FVC
significantly improved from baseline.*® The magnitude of the
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improvements compared with placebo at Week 12 in this
present trial were similar to those observed by Beeh et al.*

Improving lung function is essential for the relief of COPD
symptoms, especially breathlessness. The BDI and TDI focal
scores evaluate activity-related dyspnoea and change in
dyspnoea, respectively, using ratings of the major items
affecting development of dyspnoea.'” Large-scale trials have
shown that tiotropium improves the TDI focal score compared
with placebo or ipratropium in patients with moderate to
severe disease.*” Since patients in this study were expected to
have only mild activity-related dyspnoea at baseline, a useful
change in TDI after 12 weeks was not expected. While the
BDI score has not been demonstrated to be responsive to
intervention, this study explored its use to assess change in
dyspnoea. Although the tiotropium BDI score did improve
compared with placebo treatment, this was not statistically
significant (the study was not powered to detect such a
change). In this study, patients with milder COPD experienced
only a minor degree of baseline activity-related dyspnoea,
with BDI scores of 8.1 in both groups. The requirement for
rescue medication also provides an indication of the degree of
dyspnoea, with low overall use. However, patients receiving
tiotropium administered fewer doses of rescue salbutamol in
all 12 weeks of the study.

An important goal in COPD therapy is to improve patients’
HRQL. The majority of these patients with mild COPD showed
no impairment in EQ-5D items that may be affected by
physical aspects of respiratory disease. However, many
patients did experience moderate pain/discomfort or
moderate anxiety or depression, which.-may indicate’that mild
COPD does cause impairment. Unlike'previous Studies, there
was no significant differencebetween the tiotropium and
placebo groups in terms of ‘HRQL. This may be because the
study was not powered to investigate such differences or due
to methodological differences. Here, HRQL was assessed
using the generic EQ-5D rather than the disease-specific St
George’s Respiratory Questionnaire (SGRQ).? As some
patients with milder rather than moderate COPD (GOLD
guidelines) may not perceive that their illness impairs their
day-to-day life, it may be difficult to detect a deterioration or
improvement in HRQL using a generic instrument. Perhaps
more sensitive questionnaires such as the SGRQ need to be
used for this patient cohort, or the study duration may have
been too short for any HRQL improvements to reach
significance. Indeed, patients with mild COPD in a post hoc
study® had significant improvements in SGRQ total score (by
—6.1 units) versus baseline after 1 year.

Given the length of the study, and the nature of the
patient population, the absence of significant changes in
dyspnoea and HRQL was not unexpected. Nevertheless, we
have shown that maintenance treatment in patients with mild
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Discussion summary

a) Difficulties

A high proportion of participants in this study were not
diagnosed with COPD until they were evaluated for study
inclusion. Patients with mild COPD who may benefit from
interventions, including pharmacotherapy, may not be
identified until their disease has progressed and caused
further debilitation.

b) Alternative methodologies

It may have been suitable to assess HRQL using the SGRQ
rather than a generic instrument.

¢) New questions arising

Is the beneficial effect of tiotropium on lung function
maintained over a study period longer than 12 weeks?

d) Lessons for clinical practice

Treatment of COPD with tiotropium early in the disease
course (GOLD: mild to moderate COPD) improves lung
function compared with placebo.

COPD proyides tangible benefits in terms of improved lung
function:Ht is_pessible to speculate on the potential benefits
of (improvedy'lung function in such patients, particularly if
these.improvements are maintained over time. For example,
improvements in lung function may help patients to retain
higher levels of activity for longer. This, in turn, may enable
patients to delay entering the vicious cycle of decline whereby
reduced activity levels are associated with reduced tolerance
and increased levels of dyspnoea.

In conclusion, treatment with tiotropium 18 mcg once
daily for 12 weeks improved FEV1 and FVC, compared with
placebo, in patients with mild COPD according to the Swedish
guidelines (mild to moderate COPD according to the GOLD
guidelines). These results suggest that tiotropium is also
beneficial in patients with milder COPD, as well as in those
with moderate to severe disease. Further longitudinal studies
are required to confirm the clinical relevance of these
findings.
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