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ABSTRACT: This randomized, double-blind, placebo-controlled, crossover study was
designed to investigate the effects of the long-acting ,-adrenoreceptor agonist for-
moterol fumarate in 12 current or exsmokers having chronic obstructive pulmonary
disease, with a mean forced expiratory volume in one second (FEV1) 47% of pre-
dicted, poorly reversible (5.1% pred) after terbutaline sulphate inhalation.

After inhaling a single dose of formoterol (6 or 24 Lg), or placebo via Turbuhaler®),
FEV1 and pulmonary function parameters measured during quiet breathing (work of
breathing (WoB) and airway resistance (Raw)) were recorded over 12 h on three test
days.

Immediate changes in FEV1 were modest, although each dose of formoterol caused
a response >12% pred within 10 min in one subject. Compared to placebo, both doses
of formoterol induced a clinically and statistically relevant improvement in WoB
(>25%) and Raw (>20%), which occurred within 10 min and lasted over a period of 12
h (p=0.02, analysis of variance).

Thus, inhaled formoterol causes long-lasting lung functional improvements in
apparently poorly reversible chronic obstructive pulmonary disease. Additional lung
function measurements during quiet breathing after forced expiration tests may be
useful in such patients to assess beneficial effects of bronchodilators.
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Formoterol is a potent and selective P,-adrenoceptor
agonist causing immediate symptom relief with a duration
of action of 12 h in adult asthmatic subjects [1]. Long-term
efficacy is confirmed without signs of clinically relevant
tachyphylaxis [2]. In patients with chronic obstructive
pulmonary disease (COPD), treatment with long-acting
[B,-agonists is less well investigated. The few studies
performed have been mainly in patients with airways ob-
struction reversible to short-acting B,-agonists and have
shown comparable beneficial short-term effects with the
long-acting drugs [3, 4]. Long-term evaluation of these
effects, however, is lacking. Studies with long-acting [3,-
agonists in patients who poorly respond to routine air-
ways obstruction reversibility tests with forced expiratory
manoeuvres, such as forced expiratory volume in one
second (FEV1), are scarce. Such studies, however, seem
to show favourable effects on clinical and functional para-
meters [5] that include work of breathing (WoB) [6]. This
may explain the subjective improvements and changes in
quality of life with long-acting [,-agonists in patients
with COPD [7]. The lack of effect on forced expiration
tests may be due to early airway collapse and subsequent
airflow decline causing underestimation of the exist-
ing bronchodilatory effects located more peripherally in
the respiratory tract [8], where the major site of resistance
is located in obstructive lung disease [9]. Because of the
reduced expiratory transpulmonary pressures in non-
forced pulmonary function tests, dynamic airway com-

pression is smaller and airflow can be measured more
sensitively [10, 11].

The present study was designed to investigate the ef-
fects of two doses (6 and 24 ug) of formoterol fumar-
ate (Oxis®); Astra Draco, Lund, Sweden) inhaled by
Turbuhaler® (Astra) in patients with poorly reversible,
moderate-to-severe COPD. During a period of 12 h after
inhalation, effects on airflow limitation were evaluated.
The effects measured with methods using quiet breathing
were compared with the changes induced in FEV1, which
is the parameter used to test bronchodilatory effects ac-
cording to the European Respiratory Society (ERS) con-
sensus statements [12, 13].

Methods
Subjects

Twelve ex- or current smokers, aged 4070 yrs, with a
clinical diagnosis of moderate-to-severe COPD (FEV1 30—
60% of the predicted value, but >1,000 mL) were recruited
if they showed only poor reversibility. The diagnosis of
COPD and reversibility was made according to ERS cri-
teria [12, 13]. "Poor reversibility" was defined as an in-
crease in FEV1 of <9% pred following inhalation of 1 mg
terbutaline sulphate via a Turbuhaler. Patients with a
history suggesting respiratory diseases other than COPD,
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or diseases likely to interfere with the conduct or results
of the study, were excluded. No pregnant or breast-feed-
ing females, or those with child-bearing potential were
included. Patients were of both sexes and had a smoking
history of >10 pack-yrs. All subjects gave written inform-
ed consent to be included in the study, which was ap-
proved by the local Medical Ethics Committee.

Study design

The study was of a randomized, double-blind, placebo-
controlled, crossover design. Initially, baseline lung func-
tion was assessed and reversibility in FEV1 was measured
15 min after administration of a single dose of 1 mg
terbutaline.

Thereafter, on three test days (separated by 1-7 days), a
Latin square was used to randomize the patients to the
three treatments: a single dose of formoterol, 6 or 24 ug
metered dose, or placebo inhaled via a Turbuhaler. Correct
inhalation technique was checked on each test day using a
placebo Turbuhaler, connected to a Turbuhaler Usage
Trainer. All Turbuhalers were primed before use. Subjects
were not allowed to use other bronchodilatory drugs con-
tinuously or for symptom relief during the study periods.
Oral and systemic theophylline and [,-agonists were
withheld throughout the study. Prior to the test days, short-
acting [,-agonists and anticholinergics were withheld for
at least 8 h, long-acting [,-agonists for 72 h and anti-
histamines for 24 h. The use of a stable steroid dose during
the study period was allowed. Smoking was not permitted
from 2 h before and during the assessments.

On the test days, investigations started at 08:00 h.
During a 12-h period, WoB, airway resistance (Raw) and
spirometry values were measured at 10 min before, and 10,
30, 60, 120, 180, 360, 540 and 720 min after inhalation of
the study medication.

Study measurements

At the first visit, spirometry was performed in triplicate
and the highest FEV1 value, at body temperature and
ambient pressure, and saturated with water vapour (BTPS),
was recorded both before and 15 min after inhaling ter-
butaline.

At least 30 min before inhalation of the test dose, a
disposable oesophageal balloon (according to the guide-
lines of the European Community for Coal and Steel [14])
was inserted through the nose under local anaesthesia.
The balloon was positioned at 40 cm from the nares and
calibrated, after which the oesophageal pressure was re-
corded with a pressure transducer. The dynamic com-
pliance was calculated from functional residual capacity
(FRC), which was measured during inhalation and ex-
piration, as the mean slope (of three curves) between FRC
and FRC + 0.5 L. Oesophageal pressure and lung volume
were measured in triplicate and plotted using an X-Y-
recorder. Volume-corrected viscous WoB was defined by
the area enclosed by the volume—oesophageal pressure
curve and expressed per unit of tidal volume.

Raw was assessed at FRC using a pressure-compensated
integrated flow plethysmograph (SensorMedics 6200; Sen-
sorMedics Corporation, Yorba Linda, CA, USA). The rate

of airflow measured at the mouth and plethysmograph
pressures were simultaneously plotted by an X—Y-recorder
during gentle panting. The Raw values were obtained at 0.5
L-s™' of inspiratory and expiratory flows at a respiratory
rate of 0.5 Hz. Means of three measurements are reported.
The specific airway conductance (sGaw) was calculated on
the basis of these values.

Data evaluation

WoB and Raw were analysed as change from baseline
(10 min prior to administration) values. Over the 12-h
study period, the area under the time curve (AUC) was
calculated by a trapezoidal method. FEV1 was assessed as
percentage change of the predicted value, because the
severity and change of this parameter is best expressed in
relation to the reference values in moderate-to-severe
COPD [12, 13, 15]. WoB and Raw were expressed as per-
centage change from baseline, because reliable reference
values do not exist. On the basis of several studies a 10%
increase in FEV1, 25% decrease in WoB, and 20% de-
crease in Raw was considered to be of clinical relevance
[6, 16, 17]. No formal power calculation was performed
before the study, but pilot experiments indicated that 12
patients would be needed for statistical significance. Ab-
solute changes in parameters at 10 min and the AUC
values were analysed by two-way analysis of variance
(ANOVA). When significant overall treatment effects
were found in ANOVA, the Student’s t-test for paired
variables was performed for the three comparisons, cor-
recting for multiplicity in the manner of Bonferroni; a
significant difference was stated as p<0.017. The effects
at 12 h were not formally assessed.

Results

The 12 patients enrolled all completed the study. The
treatments and assessments were well tolerated, although
in one patient codeine was given to prevent irritation and
displacement of the oesophagus balloon. Half of the pa-
tients were current smokers. The group displayed clinical,
radiological and physiological signs of emphysema (data
not shown). There was clear-cut exertional dyspnoea and
little sputum production. The anthropometric characteris-
tics of all individual patients are shown in table 1. The
mean baseline FEV1 value was 1.39 L, or 46.9% pred,
and the reversibility in FEV1 after inhalation of terbuta-
line was 5.1% pred.

Baseline lung function data were comparable on the
three test days. Inhalation of 6 or 24 ug of formoterol
induced a rapid, though modest increase in FEV1. After 10
min, the mean increase was comparable to the response
after reversibility testing with terbutaline inhalation (meas-
ured 15 min post dose). This increase in FEV1 was below
the margin of reversibility (3.4 and 6.8% pred for 6 and 24
lg, respectively; table 2), although the highest dose of
formoterol caused a statistically significant improvement
compared to both the 6 g dose and placebo (p=0.002).
On the individual basis, the presumed clinically relevant
response (>10% pred in FEV1) was observed in one pa-
tient after a dose of 6 g formoterol and in two patients
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Table 1. — Patient characteristics

Patient Sex Age Height Weight : FEVI/FVC T

No. M/F yrs o ke M % Reversibility

mL % pred mL % pred % baseline

1 F 48 1.65 80 1580 58.1 54 220 8.1 13.9
2 F 66 1.59 64 1150 56.6 42 150 7.4 13.0
3 M 69 1.71 73 1380 48.2 56 20 0.7 1.4
4 M 63 1.72 69 1150 373 41 200 6.5 17.4
5 M 50 1.79 87 1640 43.7 45 100 2.7 6.1
6 M 61 1.81 94 1430 40.6 32 300 8.5 21.0
7 F 59 1.67 55 1050 41.6 50 40 1.6 3.8
8 F 54 1.59 48 1000 429 40 80 3.4 8.0
9 M 70 1.85 69 2000 58.2 46 220 6.4 11.0
10 M 53 1.68 63 1200 37.5 32 70 22 5.8
11 M 70 1.72 63 1000 38.2 41 250 8.7 22.7
12 M 66 1.82 80 2050 59.9 53 160 4.7 7.8

Mean 61 1.74 70 1386 46.9 44 151 5.1 11.0

M: male; F: female; FEV1: forced expiratory volume in one second; VC: vital capacity. *: change in FEV1, expressed as absolute value,
as % predicted and as % of baseline, 15 min after 1.0 mg terbutaline inhaled via Turbuhaler®.

after inhaling the highest test dose (table 3). Improve-
ments reached a maximum of 7.4% (220 mL) and 10.0%
(290 mL) after 2 h with a relevant response in two and
four subjects for formoterol, 6 and 24 pg, respectively. In
contrast, the change after placebo did not exceed 3.6%
pred (fig. 1). Compared to placebo, the FEV1 remained
(nonsignificantly) higher during the 12 h after formoterol.
From the AUC values, a mean increase in FEV1 of 50 mL
was calculated for placebo, 120 mL for 6 pg, and 230 mL
for 24 ug formoterol over the 12-h interval.

Following placebo administration, WoB steadily in-
creased to 129.2% of the baseline value after 12 h (fig. 2).
Formoterol, 6 ig and 24 ug, caused a highly significant
reduction in mean WoB 10 min after administration:
29.6% and 27.6% of the initial value, respectively, com-
pared with a 0.6% reduction after placebo (p=0.0007,
ANOVA, for the absolute changes, table 2). An improve-
ment of at least 25% in WoB occurred in eight (6 pg) and
seven (24 Lg) patients at this time point. The maximum
reduction was recorded after 60 min (35.1% and 28.0% of
baseline values for 6 g and 24 ug, respectively). Mean

WoB remained below the morning values and below pla-
cebo values until the last measurement at 12 h. The AUC
values for WoB after formoterol were significantly lower
than after placebo (p=0.03), but there were no significant
differences between the two doses of formoterol.

In addition, both doses of formoterol caused a prompt
and highly significant decrease in Raw. The reduction was
21.4+13.9% (6 ng) and 25.3£14.5% (24 ug) (table 2) 10
min after inhalation, compared with a 0.4+17.0% change
after placebo (p=0.003). By this stage, the presumed
clinically important reduction (below the margin of 80%
initial value) was recorded in eight (6 Lg) and nine (24
ug) of the patients studied. Peak improvement in mean
Raw was seen after 2 h and reached 25.5% (6 ug) and
30.2% (24 ug) compared with baseline (fig. 3). The dif-
ferences in AUC values were statistically significant
(p=0.01). The FRC levels at which Raw was assessed
were comparable on the different test days and did not
change significantly during the test periods. For this
reason, formoterol caused similar changes in Raw and
sGaw within 10 min and for the AUC values.

Table 2. — Changes in parameters 10 min after inhalation of the test medication, and the 12-h average by area under the

time curves (AUC) of these parameters

Placebo Formoterol 6 ng Formoterol 24 pug p-value
Effects after 10 min
FEVI L 0.025+0.099 0.100+0.126 0.208+0.138* 0.002
% pred 0.943.4 3.444.9 6.843.9 NA
WoB  kPa-L! -0.019+0.066 -0.207+0.131 -0.214+0.180 0.0007
% baseline 0.6£11.7 29.6+13.3 27.6£16.6 NA
Raw  kPaL's -0.009+0.106 20.132+0.124 -0.145+0.105 0.003
% baseline -0.4+17.0 -21.4+13.9 -25.3+14.5 NA
sGaw s 'kPa’ -0.01+0.08 0.14+0.11 0.18+0.12 0.0004
% baseline 0.1£19.4 33.3+21.2 47.3+33.1 NA
AUC values
FEV1 L-h 0.6+2.51 1.5+1.02 2.68+2.08 NS
WoB kPa-L'-h 1.21£1.70 -1.33%1.90 -1.3442.21 0.03
Raw kPa-L''-s-h 0.17+1.26 -1.14+1.53 -1.18+1.18 0.01
sGaw s kPal-h -0.15+1.28 1.15+1.18 1.5241.45 0.02

Data are presented as means+sp. FEV1: forced expiratory volume in one second; WoB: work of breathing; Raw: airway resistance; sGaw:
specific airway conductance; NA: not analysed; Ns: not significant. AUC measured as change from baseline versus time (in h). *:
p=0.002, significantly different from both placebo and 6 pg formoterol.
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Table 3. — Individual changes in forced expiratory volume in one second (FEV1) during the reversibility test (measured 15
min after inhalation of terbutaline 1,000 ng) and at 10 min after inhalation of the test medication

Patient Terbutaline Placebo Formoterol 6 ug Formoterol 24 g
No.
% pred mL % pred mL % pred mL % pred mL
1 8.1 220 5.5 150 -3.7 -100 11.0 300
2 7.4 150 49 100 14.8 300 49 100
3 0.7 20 -5.2 -150 -1.7 -50 35 100
4 6.5 200 -3.2 -100 49 150 6.5 200
5 2.7 100 0.0 0 4.0 150 4.0 150
6 8.5 300 4.3 150 1.4 50 15.6 550
7 1.6 40 -2.0 -50 0.0 0 7.9 200
8 3.4 80 0.0 0 2.1 50 2.1 50
9 6.4 220 29 100 8.7 300 8.7 300
10 2.2 70 -1.6 -50 1.6 50 3.1 100
11 8.7 250 5.2 150 35 100 5.2 150
12 4.7 160 2.9 100 5.8 200 8.8 300
Mean 5.1 150 0.9 30 34 100 6.8 210
Discussion ponse measurement after 15 min is generally accepted

About one-third of all patients with COPD show no
positive "reversibility" in airflow obstruction by spiro-
metry, with FEV1 measured before and after inhaling a
bronchodilator. The observed response is dependent upon
several variables, such as the way in which the change in
FEV1 is expressed, the time of assessment after inhalation
and the dose and type of bronchodilator used.

The 1995 consensus statement on COPD defined a
positive response to medication to be =10% of predicted
FEV1 [12]. The 1993 working party additionally des-
cribed "poorly reversible" COPD as having an increase in
FEV1 of <10% pred after a single high-dose of terbutaline
[13]. For the patients included in this study, poorly rev-
ersible COPD was defined as a maximal improvement in
FEV1 of 9% pred.

Some patients with COPD and apparently irreversible
airway obstruction after acute inhalation of a P,-agonist
will respond over a longer period of time ("period pre-
valence") [18]. Unfortunately, the ERS statements do not
mention a standard time point to test reversibility. In
clinical practice, a procedure with a one-time adminis-
tration of short-acting [B,-sympatheticomimetic with res-
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0
Fig. 1. — Changes in forced expiratory volume in one second (FEV1) as

% predicted after inhalation of 6 ug (———)or24 ug(--- - ) formoterol or
placebo ( ).

[19, 20].

Although all patients included in the study could be de-
fined as poorly reversible, inhalation of formoterol caused
an increase of >12% pred in FEV1 in one of 12 patients
within 10 min. This shows that a small number of ap-
parently poorly responsive patients do not have fixed for-
ced airflows, and fast reversibility can occur when another
bronchodilating agent is used. The differences in FEV1
changes between formoterol and terbutaline are probably
due to the higher efficacy of formoterol, in combination
with an earlier onset of action [21].

The 1993 guidelines stated that when FEV1 fails to
show an unambiguous bronchodilator response, measure-
ment of Raw may establish a clinical benefit. In contrast,
the 1995 COPD statement reported resistance measure-
ments to have no clinical advantage over spirometry. The
present study demonstrates immediate, clinically relevant
and statistically significant improvements in WoB and Raw
in the selected patients with moderate-to-severe airways
obstruction. These function tests have an important ad-
vantage when compared to forced expiratory reversibility
testing in these patients, because it lacks the period prev-
alence seen in FEV1.

50
40
301
207

Change from baseline in WoB %

100 200 300 400 500 600 700 800
Time after administration min

0

Fig. 2. — Changes in work of breathing (WoB) as % change from
baseline after inhalation of 6 ug (———-) or 24 ug (---- - ) formoterol or
placebo (——).
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Fig. 3. — Changes in airway resistance (Raw) as % change from baseline

after inhalation of 6 ug (———) or 24 pug (----- ) formoterol or placebo
—)

A retrospective analysis performed in the author’s hos-
pital showed that changes in forced and nonforced tests are
correlated [11]. In 505 patients with COPD and loss of
lung elasticity, those who tend to have a large reduction in
WoB and Raw were likely to have more pronounced bron-
chodilating effects measured by improvement in FEV1.
However, 52% of these patients showed a lack of res-
ponse in FEV1, despite a significant reduction in Raw.
Several factors can explain the documented changes in
Raw and WoB, despite only limited improvement in
FEV1. Compared to the manoeuvres of forced ventilatory
flows, unforced parameters are less effort dependent, and
are thus more reliable in subjects who are unable to
consistently produce maximal efforts. In addition, dyna-
mic airways collapse or compression pattern due to loss
of lung elastic recoil or severe obstruction may mask a
beneficial response in Raw to a bronchodilator during
forced function testing [22]. Better lung emptying affects
small airways calibre, which might reduce the degree of
hyperinflation, reducing the inspiratory threshold load
imposed by positive end-expiratory pressure, and hence
diminish WoB and the perception of breathlessness [23].
The present study could not support this hypothesis in
respect to hyperinflation; no significant changes in FRC
levels occurred. However, the perception of breathless-
ness develops particularly during exercise, and while
measurements during resting conditions may not detect
differences in residual capacities, dynamic hyperinflation
can be reduced during exercise after inhaling broncho-
dilators [24].

Subjective improvements in symptoms and quality of
life occur after inhalation of bronchodilators [7]. Although
it was not an objective of this study to measure breathless-
ness, immediate changes in perception of breathlessness
were indicated by the patients during pilot-investigations.
This is in agreement with the results of an open study by
DEL TorrE ef al. [6] who demonstrated that nonforced
pulmonary function tests were far better correlated with
subjective improvement than forced expiration tests.

Bronchodilating drugs are the keystone of pharmaco-
logical therapy in dyspnoeic patients with COPD [25].
Documenting reversibility in airway obstruction has im-
portant clinical implications, because it can help to pre-
dict the prognosis of the disease and is often used as an

objective rationale to justify the prescription of broncho-
dilators [26]. In future, it may also be useful in pre-
dicting the response to antiinflammatory medication [27].
Therefore, sensitive methods for assessing response are
required to prevent undertreatment of patients. To date,
there has been no agreement on which a test or combina-
tions of tests may best identify patients with a reversible
component in their COPD. Because of its simplicity and
reproducibility, FEV1 is considered the "gold standard"
for assessing the presence of reversible obstruction in the
diagnosis of asthma and COPD [28]. However, standar-
dized reversibility tests have limitations in detecting a
clinically relevant benefit in a subset of patients with
COPD and loss of lung elasticity, and the absence of a
response during a single test never justifies withhold-
ing bronchodilator therapy. Function tests during normal
breathing in addition to forced conditions improve the
prediction of reversibility [16]. On the basis of the pre-
set margins (FEV1 improvement >10%, WoB reduction
>25% and Raw reduction >20%) a clinical improvement
could be detected 10 min after inhaling 6 ug formoterol in
only one patient for FEV1, while WoB and Raw each
showed clinical benefit in eight patients. The high-dose of
formoterol (24 pg) had an effect on FEV1 in two patients
when the presumed criteria were applied. Response num-
bers were nine and seven subjects for WoB and Raw
respectively after this dose. Although nonforced tests can
detect a considerably larger response to inhalation of
bronchodilator drugs, these tests also have a wider var-
iability due to a high within-subject variation. The ob-
served dispersion limits the value of reference values
[14]. Because no reliable predicted values exist, it was
necessary to express differences in percentage change
from baseline. Although this influences the reproduci-
bility, it seems to be the best method to detect changes in
nonforced dynamic function tests [16]. For these reasons,
margins of reversibility are widened to determine sen-
sitivity to bronchodilators. Several studies concerning
this problem confirmed the detection range of 20% and
25% for Raw and WoB respectively, as used in the present
study [6, 16, 17].

When the two methods of nonforced measurement stud-
ied are available for use in clinical practice, plethys-
mography is preferred. An obvious advantage of this
technique over the volume—oesophageal pressure method
is the possibility to measure lung volumes and FRC sim-
ultaneously. In this way, spirometry and resistance
measurement can be incorporated and information about
bronchodilator responses can be gathered without much
additional effort and within a reasonable period of time.
The plethysmographic tests can be performed even in
patients with severe airways obstruction, although it is
more difficult to carry out and makes use of more soph-
isticated equipment than spirometry. The oesophageal
balloon method has few clinical indications and cannot be
considered a routine test for reversibility due to ethical and
technical reasons.

Both doses of formoterol inhaled via a Turbuhaler were
well tolerated and caused similar maximal changes in WoB
and Raw almost instantaneously. With nonforced pulmon-
ary function tests, formoterol was effective within 10 min
of administration, and remained below placebo values until
the end of the observation period, 12 h after inhalation. For
FEV1, there was a dose-response relationship, although
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significant changes could only be shown for the highest
dose and the mean changes were below the preset margins
of reversibility and clinical relevance. The effectiveness of
formoterol administration via a Turbuhaler even after a low
dose of 6 g is probably due to the efficient pulmonary
deposition of the dry powder inhalation device [29].
Because of the effectiveness and duration of action,
long-acting B,-agonists should be considered an alterna-
tive to short-acting bronchodilators in the management of
chronic obstructive pulmonary disease [25]. This study
provides further evidence that formoterol could have a
prominent place in chronic obstructive pulmonary dis-

ease,

even when reversibility of the airways obstruction

seems to be limited or nonexistent.

10.
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