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Background: Chronic obstructive pulmonary disease (COPD) is a growing public health problem that has
increased in recent years. It similarly affects men and women, especially those who smoke. The goals of
COPD pharmacotherapy are to improve lung function, reduce symptoms, prevent exacerbations, and
improve patients’ health status. Bronchodilators are the foundation of treatment for COPD, and the long-
acting b2-agonists formoterol and salmeterol are both indicated for regular use by patients with stable
COPD.

Objective: A clinical study was conducted to compare the onset of bronchodilator effects following
treatment with formoterol 12 mg administered twice-daily (BID) or salmeterol 50 mg BID. The trial also
assessed whether the bronchodilator effects of treatment resulted in significant differences in clinical
response.

Methods: This was a randomized, multicenter, open-label, parallel-group study of formoterol 12 mg BID
versus salmeterol 50 mg BID, both administered for 28 days. Patients were current or previous smokers
aged �40 years, with a diagnosis of stable COPD. The primary efficacy variable was change from baseline
in forced expiratory volume in 1 s (FEV1) 5 min after drug administration on day 28. Secondary efficacy
variables included changes from baseline in the 6-min walk test (6MWT) and rescue medication use. The
primary variable was assessed by analysis of covariance, with baseline FEV1 as the covariate.

Results: A total of 270 patients were randomized to formoterol 12 mg BID (n¼ 137) or salmeterol 50 mg
BID (n¼ 133). In the intent-to-treat population the least square (LS) mean change from baseline in FEV1

at 5 min postdose on day 28 was 0.13 L in the formoterol group compared with 0.07 L in the salmeterol
group (P¼ 0.022). At 30 min postdose on day 28, the LS mean change from baseline in FEV1 was 0.17 L in
the formoterol group compared with 0.07 L in the salmeterol group (P< 0.001). Similar changes were
reported at 60 min postdose (0.19 L for the formoterol group versus 0.13 L for the salmeterol group,
P¼ 0.069). Patients in the formoterol group walked longer distances in the 6MWT and used less rescue
medication compared with patients in the salmeterol group, although the differences were not statis-
tically significant.

Conclusions: Significantly greater improvements from baseline in FEV1 were observed at 5 and 30 min
postdose with formoterol 12 mg compared with salmeterol 50 mg after 28 days of treatment. Numeric
improvements in the 6MWT and rescue medication use were also observed with formoterol.

Published by Elsevier Ltd.
1. Introduction

Chronic obstructive pulmonary disease (COPD) is a common
condition that equally affects men and women globally, with a high
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and continually increasing mortality [1,2]. The disease is thought to
be relatively underdiagnosed, with a prevalence of approximately
8%. This includes approximately 10% of individuals older than 40
years [1,2]. COPD is characterized by progressive development of
airflow limitation that is not fully reversible [1,2].

Bronchodilators of the b2-adrenergic agonist and anticholin-
ergic classes are the foundation of pharmacologic therapy in the
management of COPD [3–8]. These drugs treat the reversible
component of airway obstruction by reducing the smooth muscle
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tone in the walls of airways. This decreases airway resistance,
subsequently improving ventilation and reducing hyperinflation,
making it easier for patients to breathe [3–8]. Clinically, broncho-
dilators induce long-term improvements in symptoms, exercise
capacity, and airflow limitation. Patients often experience symptom
improvements with a single test dose of a bronchodilator even
without demonstrable spirometric improvement.

During the past few years, numerous COPD treatment guide-
lines have been developed by a joint task force of the American
Thoracic Society (ATS) and the European Respiratory Society (ERS)
[9], the National Center for Clinical Excellence (NICE) [10], and the
Global Initiative for Chronic Obstructive Lung Disease (GOLD) [11].
The GOLD guidelines recommend the use of long-acting b2-
adrenergic agonists (LABAs) and anticholinergic agents, either
alone or in combination, for the treatment of moderate to very
severe COPD [11].

Two currently available LABAs for the treatment of COPD are for-
moterol and salmeterol, which have demonstrated efficacy in patients
with COPD when administered twice-daily (BID) [4,7,8,12–24]. In
clinical studies, formoterol has demonstrated a more rapid onset of
action than salmeterol, as measured by forced expiratory volume in
1 s (FEV1) [19,22,23]. This rapid onset of action may represent
a significant benefit for subjects with COPD, especially those with
nighttime or early morning symptoms due to reversible broncho-
spasm. Most of the previous studies that compared formoterol and
salmeterol in patients with COPD [12,16,18,19,21,24] either were
single-dose studies or involved relatively small study populations.
Moreover, the reported relationship between improvements in
FEV1 and clinical improvements with LABA therapy in patients with
COPD is not well characterized.

The present study was designed to compare the onset of action
of formoterol versus salmeterol in patients with COPD and examine
the relationship between onset of action and clinical response over
28 days of treatment. Safety and tolerability profiles of treatments
were also reviewed.

2. Methods

We conducted a randomized, multicenter, open-label, parallel-
group trial. This study was conducted in compliance with the
human experimentation guidelines of the United States Depart-
ment of Health and Human Services and the Helsinki Declaration.
Written informed consent was obtained from each patient before
any study-related procedures were performed.

3. Study design

This was a 28-day study that compared the onset of action and
clinical effects of formoterol and salmeterol. At the first visit
(screening), information on patients’ disease characteristics, COPD
history, previous therapy, and concomitant medications was
collected. At the second visit (baseline), assessments of lung func-
tion were performed and patients were randomized in a 1:1 ratio to
receive either formoterol 12 mg BID administered via a dry powder
inhaler or salmeterol 50 mg BID administered via a metered-dose
inhaler. The planned study period was the time between baseline
and the last follow-up visit, which was conducted 28 days after the
first dose of study treatment. Adherence to treatment was assessed
by reviewing medication counts.

4. Patients

Patients enrolled in the study were �40 years of age; were
current or previous smokers (>10 pack-years); and had a diagnosis
of COPD according to the ATS guidelines, with a prebronchodilator
FEV1>35% of predicted normal, an FEV1�70% of forced vital
capacity within the last 6 months, and use of salmeterol 50 mg BID
for at least 4 weeks before screening. Patients were also physically
able to perform the 6-min walk test (6MWT). Patients included in
the study had to demonstrate proper inhaler technique.

Patients were excluded if they were diagnosed with a respira-
tory tract infection within 1 month of their second visit; required
hospitalization or emergency department treatment for COPD
exacerbation; were currently on oxygen therapy; presented with
clinically significant abnormal electrocardiogram; or were being
treated with oral steroids, theophylline, or b-blockers 1 month
before enrollment. Patients were also ineligible if they had been
diagnosed with significant renal or hepatic disease, acute sinusitis,
or sleep apnea; had known sensitivity to either of the study drug(s)
or the class of study drug(s); had severe medical condition(s)
prohibiting participation; had used any other investigational
medications in the 30 days before enrollment; were diagnosed with
asthma, unless secondary to COPD; or were currently prescribed
formoterol. Also excluded were women of childbearing potential
who were not using adequate contraception and women who were
breast-feeding.

5. Efficacy assessments

Efficacy analysis was based on the intent-to-treat (ITT) pop-
ulation, which included all subjects who used at least 1 dose of
study treatment and had at least 1 postbaseline efficacy measure-
ment. The primary efficacy variable was the change from baseline
in FEV1 5 min postdose on day 28. Secondary efficacy measure-
ments included change from baseline in FEV1 at 30 and 60 min
postdose on day 28, changes from baseline in distance walked in
the 6MWT on day 28, and changes in Borg scores for perception of
breathlessness (10-point scale, in which 0¼ nothing at all and
10¼maximal) after the 6MWT. Two 6MWTs were done at both the
baseline and final visits, with at least 1 h between the 2 tests. In
addition, mean change in morning peak expiratory flow (PEF)
predose over the last 7 days before day 28 and mean daily number
of puffs of rescue medication over the last 7 days before day 28
were also measured.

6. Safety assessments

The safety population included all subjects who received at least
1 dose of study treatment. Safety assessments included monitoring
of vital signs and recording of adverse events (AEs). Treatment-
emergent AEs were defined as either a new illness with onset on or
after day 1 or exacerbation of a preexisting condition after the start
of treatment. Vital signs were assessed at screening, baseline, and
the last study visit.

7. Statistical methods

Primary and secondary efficacy variables were analyzed using
analysis of covariance. In addition, 95% confidence intervals for the
difference in least squares (LS) means between the 2 treatments
were reported. If the assumption of normality was not satisfied,
a Wilcoxon Rank-sum test was used to compare the 2 treatment
groups. A correlation coefficient was computed to examine the
relationship between treatment effects on FEV1 5 min postdose and
distance walked in the 6MWT. Adverse events were summarized
for each treatment group. All statistical analyses were performed
using SAS procedures version 8.1. Statistical significance was
declared when P� 0.05. It was determined that a total of 300
patients, with an overall dropout rate of approximately 10%, would
provide 90% power to detect a significant difference between
treatments of 0.12 L (�0.3 L) at a 2-sided significance level of
P� 0.05.



Table 1
Demographics and disease characteristics (intent-to-treat population).

Formoterol 12 mg
(n¼ 135)

Salmeterol 50 mg
(n¼ 131)

Race, n (%)
White 127 (94.1) 123 (93.9)
Nonwhite 8 (5.9) 8 (6.1)

Sex, n (%)
Women 48 (35.6) 46 (35.1)
Men 87 (64.4) 85 (64.9)

Mean (SD) age, y 65.8 (9.0) 65.4 (9.1)
Mean (SD) weight, kg 82.7 (18.1) 81.2 (18.4)
Mean (SD) disease duration, y 17.74 (12.3) 18.79 (12.9)
Mean (SD) baseline FEV1, L/min 1.5 (0.5) 1.5 (0.6)
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8. Results

8.1. Patient disposition and demographics

A total of 270 patients were randomized, 137 to formoterol and
133 to salmeterol. The majority of randomized patients, 131 (96%)
in the formoterol group and 122 (92%) in the salmeterol group,
completed the study (Fig. 1). The ITT population consisted of 135
patients in the formoterol group and 131 patients in the salmeterol
group. Baseline demographics were similar between the 2 treat-
ment groups (Table 1). The majority of patients took the study
treatment as scheduled, with a mean compliance rate of 99.8% for
the formoterol group and 99.1% for the salmeterol group.
FEV1¼ forced expiratory volume in 1 s; SD¼ standard deviation.
8.2. Efficacy

Changes from baseline in FEV1 at 5 min postdose on day 28
favored treatment with formoterol over treatment with salmeterol
(P¼ 0.022; Fig. 2). Changes from baseline in FEV1 on day 28 showed
a greater response to formoterol than to salmeterol at 30 and
60 min postdose (P< 0.001, P¼ 0.069; Fig. 2).

Other treatment effects were numerically superior in patients
treated with formoterol versus salmeterol. Patients in the for-
moterol group walked longer distances in the 6MWT (Table 2) and
used less rescue medication compared with patients in the sal-
meterol group, although the differences were not statistically
significant. The weekly average of PEF at predose and 5 min post-
dose, as well as, the Borg dyspnea scale after the 6MWT showed no
significant treatment differences in the ITT population. In addition,
no strong correlations were observed between treatment effects on
FEV1 5 min postdose and in distance walked in the 6MWT.
8.3. Safety

The mean number of treatment days was similar between the
formoterol and salmeterol groups (28.0 and 27.7, respectively).
Treatment-emergent AEs were generally mild-to-moderate in both
Fig. 1. Patient disposition. FOR¼ f
groups, with 25.5% reported in the formoterol group and 17.3%
reported in the salmeterol group (P¼ 0.105). AEs reported in �1%
of the safety population for either treatment group are shown in
Table 3. Overall, the reported AEs caused few discontinuations (4
patients in the formoterol group and 3 patients in the salmeterol
group). Treatment-associated treatment-emergent AEs were
observed in 5.8% of patients in the formoterol group and 1.5% of
patients in the salmeterol group (P¼ 0.103).

One patient in the formoterol group reported severe pneu-
monia, and there were 3 reports of severe AEs (chest pain, malig-
nant lung neoplasm, and exacerbated dyspnea) in the salmeterol
group. None of these severe AEs were considered by investigators
to be treatment related. Headache was the most common AE (3.6%)
in the formoterol group. Bronchitis and upper respiratory tract
infection were the most commonly experienced AEs (2.3% each) in
the salmeterol group.
9. Discussion

This study was designed to evaluate the onset of action of for-
moterol versus salmeterol in patients with COPD and examine the
relationship between onset of action and clinical response over 28
ormoterol; SAL¼ salmeterol.



Fig. 2. Changes from baseline in mean FEV1 (�SE) 5, 30 and 60 min postdose on day
28. FEV1¼ forced expiratory volume in 1 s. *P¼ 0.022, yP< 0.001.

Table 3
Adverse events in �1% of study population.

Adverse eventa Formoterol 12 mg
(n¼ 137)

Salmeterol 50 mg
(n¼ 133)

Bronchitis 2 (1.5) 3 (2.3)
Upper respiratory tract infection 0 (0) 3 (2.3)
Pain 0 (0) 2 (1.5)
Fall 0 (0) 2 (1.5)
Increase in blood pressure 2 (1.5) 0 (0.0)
Diarrhea 2 (1.5) 0 (0.0)
Arthralgia 2 (1.5) 0 (0.0)

a n (%).
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days of treatment. Findings from this study indicate that formoterol
has a significantly faster onset of action than salmeterol, with
differences between treatment effects observed as early as 5 min
postinhalation (the earliest performed measurement). This is
important because patients with COPD experience progressive and
debilitating symptoms, and a rapid onset of action allows patients
to feel that their medication is working, which may influence
medication adherence. Patients randomized to formoterol
demonstrated favorable results in change in FEV1 from baseline at 5
and 30 min postdose on day 28 (P¼ 0.022, P< 0.001). This rapid
onset of action is similar to findings in a previous study by Kottakis
et al. in which patients treated with formoterol 12 mg demonstrated
a faster onset of effect with respect to FEV1 compared with patients
treated with salmeterol 50 mg. In that study of 47 patients aged 42–
80 years, the absolute change from baseline (P¼ 0.0044) and
percentage change from baseline line in FEV1 (P¼ 0.0021) for
patients taking formoterol 12 mg were found to be superior to
changes in FEV1 for patients taking salmeterol 50 mg [16]. An
additional small study (n¼ 22) also reported a faster onset of action
when formoterol was compared with salmeterol [21], and similar
onset of action was observed when compared with salbutamol
(albuterol) [25]. Similar studies have also documented an onset of
action of less than 5 min when formoterol was compared with
ipratropium in patients with COPD [6]. In addition, changes in FEV1

from baseline at 30 min postdose on day 28 were also greater with
formoterol than with salmeterol, although this change was not
statistically significant. This study is significant in that it confirms
the findings of Kottakis et al. which used a larger patient pop-
ulation, and also included the 6MWT.

The rapid onset of formoterol may be a result of its chemical
structure. Formoterol is a moderately lipophilic drug that is
absorbed into the lipid bilayer of the cell membrane where it is
retained. Upon coalescing with the cell membrane, a portion of the
drug is released into the extracellular aqueous phase. This released
portion interacts with the b2-adrenergic receptor on contact,
Table 2
Effects of treatment distance walked (feet) during 6MWT.

Form

Baseline (visit 2)a 1217
Change from baseline at predose (visit 4), LS mean (SE) 20
Change from second predose (visit 2) at 10 min postdose (visit 4), LS mean (SE) 59
Change from baseline at 10 min postdose (visit 4), LS mean (SE) 65

LS¼ least squares; SE¼ standard error; 6MWT¼ 6-min walk test.
a Baseline is the mean of two 6MWTs at visit 2.
allowing for rapid bronchodilation after inhalation [13]. The rapid
bronchodilator effect results in faster enhancement of exertion
tolerance [26], which invariably leads to easier breathing and rapid
relief of symptoms [15]. This sequence of events is likely to improve
user compliance with treatment in real life conditions, although in
the present controlled study the compliance rate was similar
between treatment groups.

Distance walked in the 6MWT (10 min postdose on day 28) was
longer for patients taking formoterol than patients taking salme-
terol (Table 2); however, the difference was not statistically
significant. Similarly, numerical differences favoring patients taking
formoterol suggest that patients on formoterol used less rescue
medication than patients taking salmeterol, but the differences did
not reach statistical significance. Because patients with COPD tend
to live relatively sedentary lifestyles with low activity levels in
order to avoid symptoms, the 6MWT was a useful test in evaluating
the relevance of the faster action of formoterol in this study. In
addition, it is apparent that changes in FEV1 do not reflect accurate
symptomatic improvement in COPD; therefore, in future studies it
might be useful to measure the inspiratory capacity (IC). This is
thought to correlate more closely with improvements in exercise
endurance and dyspnea after bronchodilator therapy [27,28].

The results from this large study focusing solely on the 12-mg
dose of formoterol substantiate findings from previous clinical
studies demonstrating a more rapid onset of action for formoterol
compared with salmeterol [19,22,23].

In conclusion, the onset of action of formoterol was significantly
faster than that of salmeterol with differences reaching statistical
significance as early as 5 min postdose, the earliest scheduled
measurement. In addition, patients administered formoterol
consistently experienced significantly greater improvements in
FEV1 postdose than patients taking salmeterol. Numeric differences
favoring formoterol treatment were also observed in the 6MWT
(total distance walked), as well as in the need to use rescue medi-
cation; however, these numerical differences did not reach statis-
tical significance. Both treatments showed good safety and
tolerability profiles; there were no significant differences between
treatment groups. The most common AEs reported were headache
in the formoterol group and bronchitis and upper respiratory tract
infection in the salmeterol group.
oterol 12 mg (n¼ 135) Salmeterol 50 mg (n¼ 131) 95% CI P-value

.8 (30.7) 1169.0 (30.9) �21.9 to 119.6 0.175

.6 (18.4) 20.2 (19.0) �42.0 to 42.8 0.985

.8 (18.4) 50.4 (19.1) �32.8 to 51.7 0.660

.2 (17.9) 48.1 (18.6) �24.0 to 58.3 0.412
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