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The effects of inhaled budesonide and
formoterol in combination and alone when
given directly after allergen challenge

MyLinh Duong, MBBS, FRACP, Gail Gauvreau, PhD, Richard Watson, BSc, RCPT(p),
George Obminski, BSc, Tara Strinich, BSc, Michelle Evans, BSc, Karen Howie, RT,
Kieran Killian, MD, FRCP(C), and Paul M. O'Byrne, MB, FRCP(C) Hamilton, Ontario, Canada

Background: The use of combination inhaled budesonide and
formoterol as maintenance and reliever therapy significantly
improves the risk and the time to exacerbations in asthma.
Objectives: To explore the mechanisms underlying the effect
of the reliever dose on exacerbations by examining the effect
of combination therapy on the allergen challenge model

when given after allergen exposure.

Methods: In a randomized, double-blind crossover study, single
doses of budesonide/formoterol (400/12 p.g), formoterol (12 pg),
budesonide (400 pg), or placebo were administered during the
acute bronchoconstriction response (early airway response)
immediately after allergen inhalation in 15 patients with mild
asthma. Allergen-induced late airway response (LAR), sputum
inflammatory markers, airway hyperresponsiveness, and
exhaled nitric oxide were measured.

Results: All active treatments significantly attenuated the LAR,
with budesonide/formoterol significantly better than its
monocomponents (maximum FEV; fall: placebo, [mean *
SEM] 21.2% = 3.1%; budesonide/formoterol, 4.2% = 1.4%:;
formoterol, 7.5% = 1.7%; budesonide, 10.4% = 1.6%).
Allergen-induced change in methacholine PC,, was
significantly attenuated by budesonide/formoterol, but not by
its monocomponents. Sputum cell counts and exhaled nitric
oxide increased significantly after all allergen challenges, with
no significant attenuation by any of the treatments. Therapy
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with combination and formoterol alone, but not budesonide,
significantly reduced the early airway response.

Conclusion: A single dose of budesonide/formoterol was
superior to its monocomponents in attenuating the allergen-
induced LAR and airway hyperresponsiveness. These effects
may represent the contribution of the reliever dose to the
budesonide/formoterol maintenance and reliever regimen.
Clinical implications: The protective effect against allergic
airway responses with a single reliever dose of budesonide/
formoterol is predominantly related to greater functional
antagonism of airway smooth muscles. (J Allergy Clin
Immunol EEEN;ENN:NNNE-EEN,)
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Maintenance therapy with long-acting [3,-agonists
(LABAs) in combination with inhaled corticosteroids
(ICSs) and short-acting [3,-agonists for as-needed therapy
is currently the recommended treatment for moderate-to-
severe persistent asthma. Recent evidence, however, has
supported a simpler alternative strategy with combination
inhaled budesonide and formoterol in a single inhaler as
maintenance and reliever therapy. Compared with terbuta-
line rescue use with regular high-dose ICS or combination
therapy, this regimen was superior in reducing the risk and
prolonged the time to exacerbations.' ™ This effect was at-
tributed to the early and timely increase in the ICS, which
accompanies the increase in reliever medication use dur-
ing periods of poor asthma control. Furthermore, the com-
bination may have an additive effect on airway function
and inflammation that would otherwise not be achieved
with either drug alone. To date, little is known of the effects
of this combination or its monocomponents on acute airway
inflammation and airway function when given as reliever
therapy during periods of uncontrolled asthma.

In the current study, the allergen inhalation challenge
model was used to investigate the effects of combination
budesonide/formoterol (in a single inhaler) and its mono-
components, as reliever therapies, on the allergic airway
responses. The aim was to explore the mechanisms by
which reliever doses of combination budesonide/formo-
terol might contribute to the management of uncontrolled
asthma and exacerbations. Therefore, in a randomized,
double-blind, placebo-controlled crossover study, the
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TABLE I. Subject characteristics at screening
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Patient Age (y) Sex FEV, (% predicted) Methacholine PC;, (mg/mL) Inhaled allergen Allergen dilution
1 23 F 84 14.2 HDM 1:128
2 22 F 117 6.43 HDM 1:256
3 21 F 100 0.52 HDM 1:1024
4 21 F 98 4.22 Ragweed 1:512
5 42 M 96 12.1 HDM 1:128
6 18 F 96 11.6 Grass 1:1024
7 26 F 95 1.52 HDM 1:256
8 20 M 80 1.07 HDM 1:512
9 25 F 96 0.14 HDM 1:2048

10 21 F 90 3.03 HDM 1.512

11 34 M 78 3.48 Grass 1:256

12 24 F 107 3.32 HDM 1:512

13 21 F 103 1.59 HDM 1:512

14 51 F 83 3.82 HDM 1:512

15 20 F 89 227 Ragweed 1:256

F, Female; HDM, house dust mite; M, male.

Abbreviations used
AHR: Airway hyperresponsiveness
DD: Doubling dose
EAR: Early airway response
ECP: Eosinophil cationic protein
eNO: Exhaled nitric oxide
ICS: Inhaled corticosteroid
LABA: Long-acting [3,-agonist
LAR: Late airway response
MCC: Metachromatic cell
TCC: Total cell count

effects of single doses of budesonide/formoterol, formo-
terol, and budesonide administered directly after allergen
inhalation on allergen-induced airway responses and
airway inflammation were examined.

METHODS

Sixteen atopic adults (>18 years) with stable mild asthma and
FEV; >80% predicted were recruited. All were nonsmokers, taking
only short-acting 3,-agonists as needed, and demonstrated a metha-
choline PC, of <16 mg/mL. Subjects also demonstrated a maximum
fall in FEV; >20% to inhaled allergen within O to 3 hours (early air-
way response; EAR) and >15% between 3 and 7 hours (late airway
response; LAR) at screening challenge. The same dose of allergen
causing the dual response was subsequently used for all allergen chal-
lenges. There were 4 randomized, double-blind crossover treatment
periods, each composed of 3 consecutive visits separated by 2 to 6
weeks of washout. The latter was to allow methacholine PC» to re-
turn within 1 doubling dose (DD) of screening baseline PC, before
crossing over. Exhaled nitric oxide (eNO) measurements, methacho-
line test, and sputum induction were performed on days 1 and 3.
Allergen challenge was performed on day 2 with eNO and sputum in-
duction repeated at 7 hours postallergen. Single doses of budesonide/
formoterol (400/12 ug), formoterol (12 ug), budesonide (400 ug), or
placebo were administered during the EAR via identical Turbuhalers

(AstraZeneca, Sweden). The study was approved by McMaster
Ethics Board, and informed written consent was obtained.

Spirometry was performed with a Collins water-sealed spirometer
(Collins, Braintree, Mass).4 Methacholine test was performed with
doubling concentrations of methacholine inhaled at tidal breathing
for 2 minutes.’ The PCy, was calculated from the dose-response
curve by linear interpolation on a log scale.

Sputum induction and processing was performed as previously
described.® Total cell count was determined by using a Neubauer
hemocytometer chamber (Hausser Scientific, Blue Bell, Pa).
Differential cells were manually counted out of 400 nonsquamous
cells and metachromatic cells out of 1500 cells. Eosinophil cationic
protein (ECP) and tryptase levels were measured by UniCAP fluo-
roenzyme immunoassay (Pharmacia Diagnostics, Uppsala, Sweden;
detection limits >2.0 and >1.0 ug/mL, respectively); and fibrinogen
by ELISA technique using polyclonal rabbit antihuman antibodies
(Dako Canada Inc, Mississauga, Ontario, Canada; detection limit
>194 ng/mL).

Single-flow eNO was measured (Aerocrine, Chicago, 1) at a flow
rate of 0.05 L/s as previously described.”

Modified skin prick test was used to identify the administered
allergen® and the concentration that caused a 2-mm wheal. The latter,
together with screening methacholine PCy, were used to calculate
the PCyo-allergen.” The starting dose of allergen was 3 DD below
the estimated PCyg-allergen delivered by a Wright nebulizer (Roxon
Medi-Tech, Ltd., Montreal, Quebec, Canada) for 2 minutes at tidal
breathing, followed by FEV; at 10-minute intervals until the lowest
FEV, was established.'” If %FEV/ fall was <20%, the next concen-
tration was given, until FEV fell >20%. Then FEV, was measured at
10, 20, 30, 45, and 60 minutes, then hourly to 7 hours. The EAR was
the maximum %FEV, fall between 0 and 3 hours and the LAR be-
tween 3 and 7 hours postallergen inhalation. The area under the curve
was calculated by using the trapezoidal rule and expressed as %
change X minutes.

Analysis

Sputum variables and eNO were log-transformed and metha-
choline PC,y expressed in DD change (log,PC,g[preallergen] —
log,PCyp[postallergen]). Changes from baseline were compared
within and between treatments using repeated-measures ANOVA
with subjects, treatments, time points, and randomization sequence
as factors in the general linear model. A P value (2-sided) <.05
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TABLE Il. Spirometry and methacholine values for each period*

Time Placebo Budesonide/formoterol Budesonide Formoterol
FEV, (%) Baseline 92.8 £ 2.2 91.5 £ 2.6 92.5 = 3.1 925 2.8
Preallergen 93.6 £ 2.3 93.1 £ 29 934 £ 26 923 £ 2.8
Postallergenf 86.3 = 2.6 91.3 = 3.1 894 = 3.8 89.2 + 32
FEV,/vital capacity (% predicted) Baseline 80.6 + 1.8 795 £ 15 803 * 1.9 79.8 £ 1.8
Preallergen 80.9 = 1.6 80.2 = 1.9 80.6 = 1.9 80.5 = 1.7
Postallergen} 713 £ 1.7 80.7 £ 2.3 794 £ 22 804 £ 25
. Baseline 26 £ 14 2114 2114 23+ 13
Methacholine PCyo (mg/mL)f Postallergen 11+ 14 1.8 + 1.3% 12+ 14 14+ 13
*Data are means = SEMs.
TGeometric mean and SEM.
iBefore methacholine test.
#P < .05 vs placebo.
Single doses of 2.0 1
trial medication # p<0.005
| |
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FIG 1. Percent fall in FEV, from baseline after allergen inhalation. 0.0 4 5
Data are means = SEMs. Comparison of the LAR between treat- ’ Placebo BUD F BUD/F

ments was significant (#) at P < .05. O, Placebo; V, formoterol;
+, budesonide; @, budesonide/formoterol.

was accepted as significant. All analyses were performed by using
SPSS 12.0 (SPSS, Inc, Chicago, II).

RESULTS

One subject was withdrawn before randomization
because of an asthma exacerbation. Screening baseline
characteristics for the 15 completed subjects are presented
in Table 1. Baseline values for the 4 randomized periods
were not significantly different, and no carryover effect
was detected. Furthermore, no significant difference in
FEV, and FEV/vital capacity was seen on days 1 to 3 be-
tween the periods (Table II). Serial FEV; measurements af-
ter each allergen challenge (and treatment) up to 7 hours are
shown in Fig 1. As expected, the EAR was not significantly
different between treatments (placebo, —31.3% * 2.1%;
budesonide/formoterol, —29.5% =+ 2.4%; budesonide,
—36.4% * 3.1%; and formoterol, —31.2% = 2.9%).
However, the area under the curve for the fall in FEV, be-
tween O and 3 hours was significantly different for the for-
moterol (758 = 144) and budesonide/formoterol (834 *
156) treatments compared to placebo (2261 = 218) and

FIG 2. Changes in methacholine PC,, at 24 hours postallergen inha-
lation. Data are means * SEMs. BUD, Budesonide; F, formoterol.
Comparison of DD change from baseline within (*) and between
(#) treatments at P < .05.

budesonide (2576 *+ 328) (budesonide/formoterol or for-
moterol vs budesonide or placebo, P < .05).

All active treatments significantly attenuated the LAR
(placebo, —21.2% = 3.1%; budesonide/formoterol,
—4.2% * 1.4%; budesonide, —10.4% = 1.6%; formo-
terol, —7.5% * 1.7%; placebo vs each active treatment,
P < .05), with budesonide/formoterol significantly better
than its monocomponents (budesonide/formoterol vs for-
moterol, P < .05; and vs budesonide, P < .005; Fig 1).
Failure to abolish the LAR (>15% fall in FEV,) was
seen in 1, 2, and 4 subjects after budesonide/formoterol,
formoterol, and budesonide, respectively.

Allergen-induced changes in methacholine PC,, were
significant for placebo (1.2 = 0.3 DD), formoterol (0.8
* 0.2 DD), and budesonide (0.7 = 0.3 DD; compared
with baseline, P < .05), but not for budesonide/formoterol
(0.3 £ 0.2 DD; Fig 2). The change in methacholine PCy
was significantly different for budesonide/formoterol
compared with placebo (P < .005).
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TABLE lll. Sputum counts at baseline and postallergen inhalationt
Time (h) Placebo Budesonide/formoterol Budesonide Formoterol
TCC (10° cells/mL) Baseline 12 +03 0.8 £0.2 0.8 = 0.1 14 £03
7* 1.8 £ 0.5 1.1 £0.2 1.5£03 2.1 *05
24 14 £04 1.3 £0.2 1.1 £03 1.8 £ 04
Eosinophils (%) Baseline 19 £ 04 28 £ 1.2 2.1 £0.7 1.9 09
T* 9.7 £ 3.6 14.0 = 4.8 11.9 = 3.9 11.7 £ 49
24% 11.5 =56 154 =56 9.9 *= 3.1 146 £ 53
Metachromatics (%) Baseline 0.07 = 0.02 0.09 = 0.04 0.04 = 0.007 0.03 = 0.008
7* 0.11 = 0.03 0.25 = 0.08 0.08 = 0.03 0.09 = 0.02
24 0.06 = 0.02 0.20 = 0.08 0.09 = 0.03 0.15 = 0.06#
Macrophages (%) Baseline 50.7 £ 7.8 526 = 84 515 €72 389 £72
T* 254 + 5.6 322 *+6.5 29.2 = 5.1 204 =52
24% 30.5 = 5.7 344 + 64 329 = 6.8 328 +5.38

Changes from baseline within (*) and between (# to placebo) treatments was significant at P < .05.

fData are means = SEMs.

Allergen inhalation induced a significant increase in the
total cell counts (TCCs), eosinophil %, and metachromatic
cells MCCs) % at 7 hours after all treatments, which re-
mained significantly elevated for TCC and eosinophils at
24 hours (Table III). In contrast, the MCC% change from
baseline at 24 hours was not consistently elevated for all
treatments. A significant reduction in the macrophage %
and no significant change for neutrophils and lymphocytes
were seen. Compared with placebo, only the change in
MCC% at 24 hours for formoterol was significant. Analy-
sis of the absolute cell counts demonstrated similar results.

All subjects had measurable sputum ECP levels.
Undetectable baseline levels of sputum fibrinogen and
tryptase were found in 1 and 5 subjects, respectively. For
the purpose of the analysis, these were replaced with the
lower limit of detection values for the respective diag-
nostic kits (ie, 194 ng/mL and 1.0 ug/mL, respectively).
Significant increases in sputum ECP levels were observed
at 7 hours and 24 hours postallergen for all treatments.
Fibrinogen levels were significantly elevated from base-
line only at 7 hours but not at 24 hours, and no significant
change from baseline was seen for sputum tryptase levels
for all treatments. Significant changes from baseline in
eNO at 7 hours and 24 hours were seen for all treatments.
There was no significant difference between treatments for
any of these changes (Fig 3, A-D).

DISCUSSION

This study demonstrated that single doses of bude-
sonide/formoterol, formoterol, and budesonide adminis-
tered after allergen inhalation significantly attenuated
the LAR. Budesonide/formoterol was superior to its
monocomponents in this regard and provided protection
against allergen-induced airway hyperresponsiveness
(AHR), whereas treatment with the monocomponents
did not achieve this benefit. Treatments with formoterol
and budesonide/formoterol were equally effective in
alleviating the EAR. However, when given after inhaled
allergen, none of these therapies provided any apparent

suppressive effect on allergen-induced increases in eNO
levels and in the recruitment and activation of inflam-
matory cells.

Similar to the findings from other allergen challenge
studies,"™"* we found that a single dose of budesonide had
no effect on the EAR but significantly attenuated the LAR,
even when given after an allergen exposure. This lack of
effect on the early-phase response agrees with previous
data demonstrating the failure of corticosteroids to inhibit
human mast cell activation and deg,granulation.14’15 These
cells and their mediators are responsible for the allergic
early bronchoconstrictive response and are implicated in
the processes leading to the late-phase inflammatory re-
sponse and AHR.'® However, pretreatment with cortico-
steroids significantly inhibits the production and release
of Ty2 cytokines by steroid-sensitive cells with conse-
quent reduction in the late-phase inflammatory and phys-
iological response.'” By contrast, we found that single
doses of ICS given after allergen exposure significantly at-
tenuated the LAR, but had no discernible effect on airway
inflammation. This suggests that the immunologic events
important in the generation of the allergic inflammatory
response occur at the time of allergen inhalation, and
that inhaled anti-inflammatory therapies given after aller-
gen exposure are unlikely to attenuate the recruitment and
activation of inflammatory cells. Nonetheless, the benefit
observed on the LAR could still be related to other anti-in-
flammatory mechanisms, such as the effects of corticoste-
roids on airway mucosal vasculature. These effects range
from acute alteration of mucosal vascular tone to the
delayed inhibition of the generation and activity of vaso-
active mediators. All of these effects may contribute to are-
duction in asthma-associated vascular hyperpermeability,
airway edema, and airflow obstruction.'® Although the
response of sputum fibrinogen in the current study was
not significantly different between treatments, a trend for
lower levels with budesonide therapies was noted that
might lend some support to the effect of ICS on microvas-
cular leakage and plasma exudation.

Long acting (3,-agonists exhibit in vitro"® and poten-
tially in vivo mast cell stabilizing effects®® that may
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FIG 3. Changes in ECP (A), tryptase (B), fibrinogen (C), and eNO (D)
levels after allergen inhalation. Data are means = SEMs. Compar-
ison of the changes from baseline within (*) and between treat-
ments. Arrows indicate the effect was seen for all treatments. O,
Placebo; V, formoterol; ¢, budesonide; @, budesonide/formoterol.

contribute to their effects on the EAR and LAR. Single-
dose studies with LABA given before inhaled allergen
have demonstrated complete inhibition of the EAR and
LAR.'>"3?12* When given after allergen exposure, as
in the current study, allergic airway responses were signif-
icantly attenuated but not completely averted. We specu-
late that the effect of LABA in this case was dominated
by its functional antagonism of airway smooth muscle be-
cause mast cells have already undergone activation.
Furthermore, we observed no effect on the late-phase in-
flammatory response with formoterol therapies, consistent
with the expectation that mast cell release of proinflamma-
tory Ty2 cytokines was minimally affected. In contrast,
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the bronchoprotection afforded by single doses of LABA
given before allergen challenge demonstrated by previous
studies suggests that there may be some contribution of an
anti-inflammatory effect,ZI’23 in addition to its bronchodi-
lator activity.

We found no difference between formoterol and
budesonide on the LAR, but their combination provided
a benefit on the LAR that was superior to either drug alone.
This is in agreement with the one other study that has
compared combination therapy to ICS alone in the aller-
gen model. Treatment with a single dose of fluticasone/
salmeterol (100/50 wg) combination given before allergen
inhalation was found to be better than fluticasone (100 pg)
alone in attenuating the EAR and LAR.** Because there
was no comparative LABA arm in the aforementioned
study, it was difficult to determine whether the superiority
observed was a result of the LABA component only or an
additive effect of the combination. Similarly, we found
that neither ICS nor LABA provided protection against
allergen-induced AHR, but the combination did, albeit
this effect was not statistically different when compared
with the monocomponents. In this regard, our study may
have been underpowered to detect a difference between
the active treatments,>* because our sample size was based
on the expected differences in sputum parameters between
treatments.”> However, the nonsignificant treatment effect
of formoterol and budesonide alone against allergen-in-
duced AHR was a somewhat surprising finding. The doses
of formoterol (12 ug) and budesonide (400 ug) may have
been too small in this case to be effective, particularly in
the presence of established inflammation. Previous studies
have used larger single doses of LABA (salmeterol 100
ug, formoterol 24 ug) given before inhaled allergen and
have demonstrated protection against allergen-induced
increase in AHR.'*'?*2% This effect was not consistent
at a lower dose.?’ Indeed, a dose-response effect has
been demonstrated for the bronchodilator action of for-
moterol®® and recently for its anti-inflammatory activity.>
Likewise, higher doses of ICS are more likely to offer
protection' 139 than lower doses'*** even when given
after allergen inhalation.’'*> However, the addition of
LABA to low-dose ICS significantly improves the protec-
tion against allergen-induced AHR.** Furthermore, our
findings indicate that this protection remains evident
even when therapy is administered after allergen expo-
sure. The mechanisms underlying the superior broncho-
protective effect (against LAR and AHR) are as yet
unknown. At least with a single dose of budesonide/for-
moterol reliever therapy, it would seem that this protective
effect is predominantly related to greater functional antag-
onism of airway smooth muscle rather than an additive
anti-inflammatory effect. However, this is unlikely to be
the case in the clinical setting of repeat dosing of add-on
reliever therapy with budesonide/formoterol to mainte-
nance combination treatment. In this scenario, the clinical
evidence supports a greater anti-inflammatory effect de-
rived from this therapeutic approach because better rates
of improvement in asthma exacerbations have been ob-
served.'™
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As expected by the time points measured, no allergen-
induced changes in sputum tryptase levels were found,
consistent with the notion that mast cell activation is
an acute event in the allergic response. Conversely, we
detected a significant increase in MCC with formoterol
therapy after allergen inhalation compared with placebo.
This probably reflects a predominant change in basophils rather
than mast cell numbers, because this was not accompanied by an
increase in tryptase levels. Furthermore, we have previously
shown that allergen-induced increase in basophil numbers
greatly exceeds mast cells by the order of 20-fold to 70-
fold.>> We do not have an obvious explanation for this
observation.

In conclusion, a single dose of budesonide/formoterol
administered after allergen exposure was superior to its
monocomponents by significantly attenuating the aller-
gen-induced EAR and LAR and protecting against AHR.
However, no apparent effects on sputum inflammatory
markers were demonstrated. For future studies, the effects
of repeated and higher dosing may be useful.
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