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ABSTRACT

The use of combination therapy in mild asthma is debated. We evaluated the
effects of formoterol alone and formoterol/budesonide combination inhaler on
asthma deterioration induced by repeated low-dose allergen exposure.

Fifteen subjects with intermittent allergic asthma inhaled low doses of allergen on
7 consecutive weekdays in a three-period, cross-over, double-blind, double
dummy, comparison between formoterol Turbuhaler 4.5ug, budesonide 160ug
/formoterol 4.5ug Turbuhaler, and placebo, each taken as two puffs 30 minutes
after allergen dosing. Outcome variables were: provocative dose of methacholine
causing a 20% fall in FEV(PD,y), exhaled nitric oxide (FENO), sputum
eosinophils and prostaglandin D,, and diary card recordings of symptoms (0-10),
short-acting beta,-agonist use and evening FEV.

With placebo treatment, allergen exposure caused significant increases in airway
hyperresponsiveness (geom mean(CV) PD,j: 397(98) ng before vs 168(82) after),
FeNO (mean(SD): 46(31) ppb before vs 73(46) after) and asthma symptom score
(mean(SD): 0.39(0.55) before vs 0.68(0.67) after). Budesonide/formoterol
abolished these changes and significantly improved baseline FEV,. Formoterol
alone, while providing symptom relief, was no better than placebo in protecting
against the allergen-induced increase in airway inflammation.

Signs of deteriorating asthma, provoked by low dose allergen, are prevented by
short-term use of budesonide/formoterol but not by temporary use of formoterol
alone.
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List of abbreviations:

ICS : Inhaled corticosteroid

LABA : long-acting beta,-agonist

FgNO : Exhaled nitric oxide

FEV, : forced expiratory volume in one second

PDyFEV, : provocative dose causing a fall in FEV, of approximately 20%

PDsFEV; : provocative dose causing a fall in FEV, of approximately 5%



INTRODUCTION

The goal for successful management of asthma is to achieve and maintain
symptom control and to prevent exacerbations [1]. Subjects with intermittent
asthma that is in good control may experience periodic worsening after exposure
to trigger factors such as allergens, viral infections and pollutants. The
deterioration is caused by progressive airway inflammation and associated with
enhanced airway hyperresponsiveness [2]. Requirement of increased use of as-
needed reliever medication should then prompt the patient to initiate anti-
inflammatory treatment with inhaled corticosteroids (ICS) to prevent further and
potentially long-lasting deterioration [1]. In practice, timely introduction of ICS
often fails due to poor perception of symptoms, lack of patient education and
unavailability of medical advice. Thus over-reliance on rapid-acting
bronchodilators, may put patients at risk by delaying proper intervention with
anti-inflammatory treatment. There is also a concern that use of long-acting beta,-
agonists (LABAS), salmeterol or formoterol, particularly as monotherapy, may
render the airway inflammation progressively worse [3,4,5]. It has, therefore,
been suggested that early use of LABAs should only occur as combination
therapy with inhaled corticosteroids [6,7,8,9]. More recently, it has also been
established that combination inhalers containing both an ICS and a rapid-onset
long-acting [10,11] or short-acting [12] beta,-agonist, can enable patients with
persistent asthma to continuously adapt their need for anti-inflammatory treatment
according to fluctuations in their disease. So far, only one study has addressed the
use of as needed combination therapy in intermittent asthma [13]. The rationale

for this strategy in patients whose asthma is mostly well controlled, thus merits



further consideration since airway inflammation has been shown to be a
characteristic feature even in very mild disease [14,15].

Repeated low-dose allergen inhalation challenge has been introduced as a
method to mimic and standardize natural exposure to environmental allergens
[16,17]. In this challenge setting, patients with allergic asthma inhale fixed doses
of allergen which are titrated to cause minimal bronchoconstriction and
administered once daily on 4-10 consecutive weekdays [17,18]. The procedure
generates increased airway hyperresponsiveness to direct bronchoconstrictors, and
elevations in exhaled nitric oxide (NO) levels and in inflammatory markers in
sputum [17,18]. This occurs despite only few symptoms of asthma being reported
by the subjects. Hence the challenge model is particularly suitable to investigate
early events in the development of more symptomatic asthma.

The present study is the first to employ the repeated low-dose allergen
challenge setting to investigate the effects of either formoterol alone or its fixed
combination with budesonide on indices of asthma deterioration that are
associated with very mild or no symptoms. The study was conducted as a cross-
over, double-blind, double-dummy, three-period comparison between formoterol,
budesonide/formoterol in a combination inhaler and placebo in subjects with
intermittent asthma. All treatments were administered throughout the course of
allergen exposure and their effects on airway responsiveness to methacholine,
pulmonary function, symptoms, levels of exhaled NO, sputum eosinophils and

prostaglandin D, in sputum as mast cell marker, were investigated.



METHODS
The extended version of the methods is available in the on-line supplement.
Subjects
Fifteen nonsmoking subjects with intermittent [1] allergic asthma treated only
with a short-acting beta,-agonist prn participated. All had a post-bronchodilator
FEV, greater than 80 per cent of predicted normal value and airway
hyperresponsiveness to methacholine (Table 1). Exclusion criteria were
significant allergen exposure, COPD or any significant respiratory disease other
than asthma, a respiratory tract infection within four weeks and use of
glucocorticosteroids within two months prior to the study.

The Ethics Committee at The Karolinska University Hospital approved the
study (Dnr 04-470/1-4) and the subjects gave written informed consent.
Study design
The study (NCT00288379) was a three-period, cross-over, double-blind, double
dummy comparison (in random order) between formoterol Turbuhaler™ 4.5ug,
budesonide 160ug /formoterol 4.5ug Turbuhaler™, and placebo (AstraZeneca,
Lund, Sweden) on airway functional and inflammatory changes and symptoms,
induced by repeated low-dose allergen exposure (Figure 1). The study medication
was taken as two puffs 30 minutes after allergen inhalation on every low-dose
challenge day.

The subjects participated in two screening visits prior to randomization,
including skin prick test, pre-study spirometry, a methacholine challenge, and a
cumulative, high-dose allergen inhalation challenge to establish current

sensitivity, expressed as allergen PDyFEV/.[19] See on-line supplement.



Each period consisted of nine clinic visits, always in the morning, with
methacholine challenges and induced sputum collection (see on-line depository)
on visit days 1 and 9, i.e. pre- and post-repeated allergen exposure period.
Exhaled NO (NIOX™, Aerocrine AB, Stockholm, Sweden) and FEV,; (Jaeger
MasterScope, IntraMedic Inc, Sweden) were measured daily according to current
recommendations [20,21] and the values obtained before methacholine challenge
on visit day 1 were taken as pre-allergen exposure, pre-treatment baseline in the
respective period.

Allergen (Aquagen™, ALK Laboratories, Copenhagen, Denmark) was
inhaled as a single dose on seven consecutive week days, i.e Monday-Friday one
week and Mon/Tues next week (visit days 2-8, Figure 1). The allergen dose
selected as the low dose, was calculated from the screening allergen challenge as
the cumulative dose causing a fall in FEV, of approximately 5% (PDsFEV,) from
post-diluent value (Table I). Spirometry was obtained before and 10, 20 and 30
minutes after allergen inhalation on each occasion. The randomized study
treatment was then inhaled under observation before the subject was allowed to
leave the clinic.

Diary cards were administered on day 1 in each period and the subjects were
asked to record their symptom score on a visual analogue scale (0-10) and their
use of short-acting beta-agonist every evening covering the previous 24 hours. In
addition, evening measurements of FEV; were recorded at home using a pocket
spirometer (Spirobank™, IntraMedic Inc, Sweden).

The three periods were separated by a 15 day wash-out, which was extended

to a maximum eight weeks in the case of remaining asthma deterioration after the



previous exposure period, or an interfering respiratory tract infection. All study
visits were scheduled outside season in pollen-sensitized subjects.

Statistical analysis

Within period changes and treatment differences in log-transformed PD;y,
FEV,and FgNO values, and diary card data were analyzed using a repeated
measures analysis of covariance (ANCOVA) model, with subject, period and
treatment as factors, and with baseline pre-allergen, pre-treatment values in each
period as covariate. Data are presented as adjusted least square (LS) means (or
geometric means for PDyy) and 95% CI. Period and carry-over effects of the drug
treatments were analyzed by substituting treatment with period and calculating
trends throughout the study. The sample size was calculated to be 12 completed
patients assuming a standard deviation of log;o-transformed PD, to be 0.23, a
significance level of 5%, a 80% power, a two-sided alternative hypothesis, and a
between-treatment difference (increase) of 83% in PDyy. nQuery and SAS
Version 8.02 were used for statistical calculations. Differences were considered

significant if p<0.05.



RESULTS
There were no period or carry over effects of the treatments (on-line supplement).

Airway responsiveness to methacholine

During placebo treatment, repeated low-dose allergen exposure produced an
increase in airway hyperresponsiveness to methacholine, with a significant
reduction in geometric mean PDyy (397ug before versus 168 ng after the exposure
period). The reduction corresponded to -1.28 doubling doses (95% CI, -2.1 to -
0.49; p=0.01 as least squared mean change) (Figure 2). In contrast,
budesonide/formoterol completely prevented allergen-induced deterioration in
airway hyperresponsiveness, with a higher post-allergen methacholine PDy (383
ug before versus 660 pg after) corresponding to 0.72 doubling doses (95% CI, -
0.07 to 1.51; p=0.07). There was no significant change in airway
hyperresponsiveness during formoterol treatment, with a geometric mean PD;
483 ng before and 401 pg after allergen exposure (-0.17 doubling dose; 95% CI, -
0.95 to 0.63; p=0.67).

While there was no variability in pre-exposure methacholine responsiveness
between the three periods, comparison between treatments demonstrated
significant protection by budesonide/formoterol corresponding to 2.7 doubling
doses versus placebo (95% CI, 1.3 to 5.5; p=0.01), whereas treatment with
formoterol was not statistically significant different from placebo (formoterol
versus placebo 1.75 doubling dose; 95% CI, 0.9 to 3.5; p=0.11).
Formoterol/budesonide was numerically better than formoterol (1.55 doubling
dose) but the difference did not reach statistical significance (95% CI, 0.7 to 3.2;

p=0.22).



Correction for drug effects on baseline FEV, (see below) in the statistical
analysis did not alter the results of the airway hyperresponsiveness assessments
(not shown). Furthermore, the change in methacholine PD;( did not correlate with
initial airway responsiveness to methacholine, allergen sensitivity, baseline

symptom score or FgNO.

Exhaled NO

There was a progressive rise in the concentrations of NO in exhaled air during the
placebo-treated allergen exposure (Figure 3), with an adjusted LSmean (95% CI)
increase over the exposure period amounting to 25.7 ppb (8.8 to 42.6 ppb;
p=0.006). Notably, the levels fell after the weekend pause in exposure, but were
raised again when the patients were re-exposed for an additional two days (Figure
3). The allergen-induced rise in FgNO levels was not inhibited during treatment
with formoterol (adjusted LSmean change 22.1 ppb (95% CI, 5.2 to 39.0 ppb;
p=0.014)), and the response was closely similar to that of the placebo treatment
(Figure 3). In contrast, budesonide/formoterol abolished the allergen-induced rise
in FENO concentrations (adjusted LSmean change 7.6 ppb (95% CI, -9.3 to 24.6
ppb; p=0.35)).

When comparing budesonide/formoterol with placebo and formoterol, the
differences were highly significant with the adjusted LSmean (95% CI) being -18
ppb (-26 to -10 ppb; p=0.0002) and -14.4 ppb (-22 to -6.4 ppb; p=0.0017),
respectively. As displayed in Figure 3, there was no difference between
treatment with placebo and formoterol alone (adjusted LSmean 3.6 (-4 to 11.2)

ppb; p=0.33) on the allergen-induced rise in FgNO.



Sputum measurements

Eosinophilic granulocytes in induced sputum increased post allergen challenge
following formoterol treatment, but not after placebo or budesonide/formoterol
treatment (Figure 4). There was a statistically significant difference between
budesonide/formoterol and formoterol alone (p= 0.016), while other group

comparisons did not show significant differences.

Levels of prostaglandin D, likewise increased following formoterol treatment but

not significantly after placebo nor budesonide/formoterol (Figure 4).

Lung function

The effect of repeated low-dose allergen exposure on morning baseline FEV,
measurements is displayed in figure 5. The adjusted LSmean (95% CI) change of
FEV |, including all measurements in the treatment period (Friday before versus
mean of Tuesday through Wednesday after), was -0.08 (-0.18 to 0.02) L for
placebo (p=0.10), -0.02 (-0.12 to 0.08) L for formoterol (p=0.64) and 0.14 (0.04 to
0.25) L for budesonide/formoterol (p=0.01). Thus, baseline FEV; (prior to a
repeat allergen dose) improved with budesonide/formoterol during the challenge
period, but not with formoterol or placebo.

As a corollary, budesonide/formoterol was significantly superior to
treatment with placebo or formoterol on changes in baseline lung function
measurements, the adjusted LSmean (95% CI) differences being 0.23 (0.1 to 0.35)
L; p=0.002 and 0.17 (0.04 to 0.3)L, p=0.015, respectively (Figure 4). Comparison
between placebo and formoterol showed no significant difference (-0.06 (-0.18 to
0.07) L; p=0.33).

The mean (+ SD) immediate fall in FEV,; within 30 minutes after low-dose

allergen inhalation (before intake of study medication) was 7.79 (£1.19) %, 7.20



(£1.60) and 6.93 (£1.62) during the respective treatment period with placebo,
budesonide/formoterol and formoterol. There was no difference between
treatments and no progressiveness over time in the magnitude of immediate

responses.

Asthma symptoms, beta,-agonist usage and evening FEV

Diary card recordings revealed an increase of the average symptom score during
placebo-treatment (adjusted LSmean (95% CI) change: 0.31 (0.12 to 0.49);
p=0.003) as opposed to treatment with budesonide/formoterol (0.1 (-0.1 to 0.28);
p=0.27) and formoterol (0.1 (-0.1 to 0.28); p=0.29) (Figure 6). Accordingly,
between-treatment comparisons showed significant protection from symptoms by
budesonide/formoterol and formoterol alone (adjusted LSmean difference
(95%CI): -0.21(-0.38 to -0.03); p=0.024 for budesonide/formoterol versus
placebo, and -0.21 (-0.38 to -0.04); p=0.021 for formoterol versus placebo) with
no difference between the two active treatments.

As needed use of betay-agonist was infrequent, with no difference between
treatments and a total number over each exposure period of 24, 14 and 11 puffs
for placebo, budesonide/formoterol and formoterol, respectively. There were also
no significant changes or between-treatment differences in evening recordings of
FEV, at home (not shown), although a trend for protection by

budesonide/formoterol versus placebo (p=0.09) was observed.



DISCUSSION

In this three-period, cross-over treatment study in 15 subjects with intermittent
asthma, repeated low-dose allergen exposure in the presence of placebo produced
significant increases in airway hyperresponsiveness, exhaled NO and symptom
score. Treatment with formoterol alone inhibited the rise in symptoms, but
provided no protection against allergen-induced airway inflammation. In contrast,
budesonide/formoterol abolished all of these components of asthma deterioration
and, moreover, improved baseline pulmonary function.

This is the largest three-period, double-blind, cross-over treatment study
performed in the repeated low-dose allergen challenge setting. Our protocol using
allergen PDs as the target dose administered for seven consecutive week-days was
successfully employed. The placebo treated challenge elicited a mean immediate
fall in FEV, of less than 8% and generated significant increases in the main
outcome variables, airway hyperresponsiveness, symptom score and FENO. The
exquisite sensitivity of exhaled NO measurements as a surrogate marker of the
allergen-induced airway inflammation was particularly evident (Figure 3) [17,20].
On the other hand, there was no significant deterioration in morning FEV}, in
patient recorded beta,-agonist usage or evening lung function measurements at
home. Analyses of period and carry over effects confirmed that the 15-day
washout periods were long enough (on-line repository). Accordingly, the pre-
period baselines were very similar for all outcome variables, and statistical
calculations yielded the same final results irrespective of adjustments for baseline
differences. With a three-period design and four days of allergen PDs exposure,

Gauvreau et al demonstrated sufficient washout with one week [18].



The drop out rate in the study was less than expected with all 15 subjects
who managed the first period, completing the study. Out of the 17 subjects who
entered the treatment phase, one was withdrawn early in the first period due to
unacceptable increase in allergen sensitivity compared with screening and another
because of disc hernia. Of the completing patients, only three subjects had
prolongations of wash-out periods due to common colds or in one case markedly
increased methacholine responsiveness after the placebo-treated period. It is,
thus, felt that our protocol for repeated low-dose allergen exposure is robust and
appropriate for use in future intervention studies.

The study medication was always administered under observation 30
minutes after inhalation of the allergen dose. This particular time-point was
selected with the intention to mimic the situation of temporary exposure to
allergen when patients start to perceive mild symptoms or become aware of the
presence of allergen in the environment. Moreover, the supervised administration
of study treatment provided full compliance, and the possibly confounding effect
of acute bronchodilation before allergen inhalation was avoided.

Budesonide/formoterol combination therapy provided effective protection
against the increase in airway hyperresponsiveness, airway inflammation assessed
as FgNO, and symptom score, i.e. the elemental components of asthma, despite
being administered after allergen exposure. These protective effects of
budesonide/formoterol against allergen exposure were observed despite the fact
that the study subjects were judged to not require regular treatment with inhaled
glucocorticosteroids. The improvement in lung function by

budesonide/formoterol did, however, not contribute to the reduction in airway



hyperresponsiveness, since correction for baseline FEV| in the statistical analysis
did not alter the result.

Formoterol alone, provided relief of symptoms and was numerically better
than placebo in protecting against allergen-induced increase in bronchial
hyperresponsiveness but produced no improvement in morning baseline lung
function. In addition, an increase in sputum eosinophils was seen during
formoterol treatment and the rise in FENO was identical to that with placebo.
Moreover, the marker of mast cell activation, PGD; also increased significantly in
sputum following treatment with formoterol alone. By providing symptom relief
but allowing the underlying inflammation to persist or even worsen, formoterol
thereby masked the signs of asthma deterioration.

The budesonide component of budesonide/formoterol has been studied in
the repeated low-dose model previously [18,22]. Budesonide 400 pg
administered once daily before allergen inhalation prevented the rise in allergen-
induced airway hyperresponsiveness [18], sputum eosinophilia [18,22], and FENO
[22]. However, in previous studies no comparison with a beta,-agonist was done.
Since in real life the patients’ first treatment is their beta,-agonist, and because of
the mounting use of the rapid-acting long-lasting formulation, formoterol, as well
as the budesonide/formoterol combination therapy, this provided the rationale for
selecting these particular two drugs for investigation.

From a general perspective, the present study was designed to address more
in depth two treatment options at the crossing point between the first two steps in
the current guidelines for asthma management [1]. This is where patients with
intermittent asthma are told to add on regular use of an inhaled corticosteroid on

the basis of increasing asthma symptoms, or conversely, if they are well



controlled with no symptoms and normal lung function they may step back from
the daily use of inhaled corticosteroids. The number of possibilities for a
personalized treatment in patients with mild persistent asthma were recently
highlighted [23,24]. Large treatment studies are needed to address at which stage
the combination inhalers, containing ICSs and beta,-agonists with various
duration and onset of action, are to be introduced in the evolution of asthma.
Current guidelines emphasize that frequent use of beta,-agonist on demand should
always be accompanied with regular use of an ICS. For the large group of
patients who are to be found in the interface between intermittent and mild
persistent asthma, this caveat may, however, very well be forgotten.

The present study provides support for the use of the combination inhaler
budesonide/formoterol to gain control when intermittent asthma starts to get
worse. In contrast, while providing symptom relief but no protection against
underlying features of asthma deterioration, the results with formoterol alone are
indicative of a risk for masking of inflammation and potential asthma worsening if

incorrectly used as monotherapy.
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Figure legends

Figure 1
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Design of study.
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Individual and geometric mean shift in airway responsivenss to methacholine
expressed as PD,g before vs after 7 days of allergen exposure, in a three-period,
crossover, double-blind, randomized treatment study with placebo (open circle),
formoterol (filled circle) and budesonide/formoterol (filled triangle), respectively.
During placebo, there was an increase in airway hyperresponsiveness (p=0.01) which
was inhibited with budesonide/formoterol (p=0.01) but not with formoterol alone when

compared to placebo.

Figure 3
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Mean concentrations of NO (ppb) in exhaled air during 7 days of allergen exposure
(Monday-Friday plus Monday-Tuesday) in a three-period, crossover, double-blind,
randomized treatment study with placebo (open circle), formoterol (filled circle) and
budesonide/formoterol (filled triangle), respectively. In the presence of placebo and
formoterol, the levels of exhaled NO increased progressively, whereas

budesonide/formoterol offered significant protection (p=0.0002 vs placebo).

Figure 4
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Individual and mean changes of per cent eosinophilic granulocytes (Figure 4 a) and
concentrations of prostaglandin D, (Figure 4 b) in induced sputum pre vs post 7 days

of allergen exposure and concomitant treatment with placebo (open circle), formoterol



(filled circle) and budesonide/formoterol (filled triangle), respectively. With
formoterol, significant increases of sputum eosinophilic granulocytes (p=0.048) as
well as of prostaglandin D, concentrations (p=0.005) were seen. With placebo or
budesonide/formoterol, there were no statistically significant increases of either
inflammatory biomarker. However, with placebo, the prostaglandin D, concentrations

were close to significance (p=0.060).

Figure 5
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Change from pre-period baseline in FEV| during 7 days of allergen exposure
(Monday-Friday plus Monday-Tuesday) and concomitant treatment with placebo
(open circle), formoterol (filled circle) and budesonide/formoterol (filled triangle),

respectively. Solid lines depict the mean change for each treatment. Daily baseline



FEV, values (prior to a repeat allergen dose) improved with budesonide/formoterol

(p=0.002 vs placebo), but not with formoterol, during allergen challenge.

Figure 6
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Mean asthma symptom score (0-10) recorded every evening during 7 days of allergen
exposure (Monday-Friday plus Monday-Tuesday). While in the presence of placebo
(open circle) there was an increase in symptom score (p=0.003), both
budesonide/formoterol (filled triangle) (p=0.024) and formoterol alone (filled circle)

(p=0.021) provided protection.



