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Abstract

Background: Divergent strategies have emerged for the management of severe asthma. One strategy utilises high
and fixed doses of maintenance treatment, usually inhaled corticosteroid/long-acting β2-agonist (ICS/LABA),
supplemented by a short-acting β2-agonist (SABA) as needed. Alternatively, budesonide/formoterol is used as both
maintenance and reliever therapy. The latter is superior to fixed-dose treatment in reducing severe exacerbations
while achieving similar or better asthma control in other regards. Exacerbations may be reduced by the use of
budesonide/formoterol as reliever medication during periods of unstable asthma. We examined the risk of a severe
exacerbation in the period after a single day with high reliever use.

Methods: Episodes of high reliever use were quantified and exacerbations occurring post-index day with these
episodes were examined post hoc in two double-blind studies comparing the efficacy and safety of budesonide/
formoterol maintenance and reliever therapy (Symbicort SMART™, TurbuhalerW) 160/4.5 μg twice daily plus as
needed with similar or higher maintenance doses of ICS/LABA plus SABA or formoterol.

Results: Budesonide/formoterol maintenance and reliever therapy significantly reduced the risk of episodes of high
reliever use (>6 inhalations/day) vs. all alternative ICS/LABA regimens. With conventional fixed-dose treatment the
need for exacerbation treatment within 21 days ranged from 6.0–10.1% of days post-index for all regimens
compared with 2.5–3.4% of days with budesonide/formoterol maintenance and reliever therapy.

Conclusions: Budesonide/formoterol maintenance and reliever therapy reduces the incidence of high reliever
episodes and the exacerbation burden immediately following these episodes vs. alternative ICS/LABA plus SABA
regimens at up to double the maintenance dose of ICS.

Trial registration: These studies do not have registration numbers as they were conducted before clinical trial
registration was required
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Background
Short-acting β2-agonists (SABAs) are the mainstay of
asthma reliever medication, but patients who over-rely
on SABAs have an increased risk of fatal or near-fatal
asthma [1-3]. In contrast, inhaled corticosteroids (ICS)
used as maintenance therapy reduce this risk [1,2,4].
Regular use of long-acting β2-agonists (LABA) is estab-
lished as the preferred second-line maintenance therapy
in combination with ICS. The beneficial effects of ICS/
LABA on exacerbation rates, lung function, SABA use
and daily symptoms compared with ICS alone are well
documented [5]. However, even in patients using ICS/
LABA, escalating SABA use remains an indicator of the
potential for a severe exacerbation [6,7].
Budesonide/formoterol as maintenance and reliever

therapy is well established and incorporated in guide-
lines [8]. Without compromising any measure of asthma
control, compared with other higher fixed-dose steroid-
containing regimens, its great attractiveness is in redu-
cing severe exacerbations [9-15].The mechanism for this
effect is currently unknown [9,10,15-17].
One explanation is that events initiating unstable

asthma, and potentially an exacerbation, occur less fre-
quently or are promptly aborted and thus not recognis-
ably different from the usual asthma state. Alternatively,
the exacerbation sequence may commence, but, in some
instances, the additional as-needed budesonide/formoterol
modifies the course of the event to prevent an exacerba-
tion. The ‘window of opportunity’ represents the period
during which symptom-driven increases in reliever and
ICS use may act [18].
Study patients were symptomatic, using reliever medi-

cation on most days in the run-in period. If an exacerba-
tion were to develop in this population, further increases
in reliever use should be seen. The utility of high reliever
use events as a marker for an impending exacerbation
could be tested by examining the short-term increase in
the conversion to a severe exacerbation. A preferred
management strategy would reduce the frequency of
periods with high reliever use or lower the conversion
rate into a severe exacerbation.
We examined episodes of high reliever use and the

clinical course in the subsequent 21 days in two large
studies. These studies compared the efficacy and safety
of budesonide/formoterol maintenance and reliever
therapy (160/4.5 μg twice daily [bid] plus as needed)
with:

– the same maintenance dose of ICS/LABA,
budesonide/formoterol, with terbutaline or
formoterol as reliever medication and

– with budesonide/formoterol or salmeterol/
fluticasone at a higher maintenance dose with
terbutaline as needed [10,12].
Methods
Patients came from two double-blind, parallel-group ex-
acerbation prevention studies (SD-039-0734; Study A
[12]; SD-039-0735; Study B [10]). Severe exacerbations
were defined as deteriorations in asthma control result-
ing in hospitalisation, emergency room (ER) treatment
or the need for oral corticosteroids for ≥3 days.
Patients were aged ≥12 years with an asthma diagnosis

for ≥6 months and ≥1 exacerbation in the last year. All
patients used ICS for ≥3 months prior to enrolment and
had a forced expiratory volume in 1 second (FEV1) ≥50%
of predicted normal.
In Study A, [12] patients received budesonide/

formoterol 160/4.5 μg (SymbicortW TurbuhalerW,
AstraZeneca, Lund, Sweden) bid during a 2-week run-in
and throughout the 12-month randomised treatment
period. Terbutaline (BricanylW, AstraZeneca, Lund,
Sweden; 0.4 mg/inhalation) was used as needed during
run-in and either formoterol (OxisW, AstraZeneca, Lund,
Sweden; 4.5 μg/inhalation), terbutaline (0.4 mg/inhalation)
or budesonide/formoterol (160/4.5 μg/inhalation) as
needed during the treatment period (Figure 1).
In Study B, [10] following a 2-week run-in on ICS plus

terbutaline without LABA, patients were randomised to
one of three 6-month regimens: budesonide/formoterol
(160/4.5 μg bid) for maintenance and reliever as needed,
fixed-dose budesonide/formoterol 320/9 μg one inhal-
ation bid plus terbutaline (0.4 mg/inhalation) as needed
or fixed-dose salmeterol/fluticasone 25/125 μg (Seretide™
Evohaler™, GlaxoSmithKline, Uxbridge, UK) two inhala-
tions bid plus terbutaline (0.4 mg/inhalation) as needed
(Figure 1).

Increasing SABA use and exacerbations
Analyses focused on confirming the relationship be-
tween the first (index) day with a defined threshold of
SABA exposure (>2, >4, >6 and >8 inhalations of ter-
butaline/day for at least one day) and the increased ex-
acerbation risk in subsequent days [10,12].

Episodes of >6 inhalations/day of reliever
A pre-specified threshold for high reliever use was
examined for each regimen. This threshold was selected
because maintenance therapy with budesonide/formo-
terol is approved up to a dose of 1,280/36 μg/day
[10,12]. On days when >6 inhalations/day of as-needed
therapy were used this limit would be exceeded. We
determined the use of >6 as-needed inhalations/day in
the intention-to-treat (ITT) populations and the time to
the first (index) day with such episodes.

Exacerbations with >6 inhalations/day of reliever
Exacerbation rates post-index day and the number of
subsequent exacerbation days were assessed after the



Figure 1 Patient flow. *Study A, treatment period = 12 months; Study B, treatment period = 6 months; bid = twice daily; BUD/FORM =
budesonide/formoterol; inh = inhalation; SAL/FLU = salmeterol/fluticasone.
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index to study end and post-index for ≤21 days. The 21-
day window would allow severe exacerbations coinciding
with high reliever use to be captured in reasonable prox-
imity to the index day. The average time in an exacerba-
tion state was defined as the number of days with oral
steroid use initiated by the physician or days of hospital
treatment, without double-counting if this overlapped.
Differences in the annualised exacerbation rate and hos-
pitalisations/ER treatments in these periods were com-
pared between regimens and with reference to analyses
in the ITT populations [10,12].

Tolerability
Descriptive statistics examined patients with an index
day of >6 inhalations/day of reliever, to assess the inci-
dence of serious adverse events (SAEs) and discontinua-
tions due to adverse events (DAEs).

Statistical analysis
The risk profile for patients requiring >6 inhalations/day
of reliever in the ITT population was described by
Kaplan–Meier plots and evaluated using a Cox propor-
tional hazards model with treatment as factor. All ana-
lyses comparing exacerbation rates in the ITT population
and post-index rate ratios used a Poisson regression
model with treatment as factor and study or post-index
time as offset, with confidence intervals adjusted for over-
dispersion. As data on the percentage of exacerbation
days were skewed, post-hoc analyses to compare this out-
come between treatment regimens were conducted using
a bootstrap procedure. This procedure was selected be-
cause it does not make assumptions about different data
distributions and provides a more controlled estimate of
variance.

Results
SABA use and exacerbations
Sensitivity analyses showed that regardless of the ICS/
LABA regimen, the higher the number of as-needed
inhalations (>2, >4, >6 and >8 inhalations/day) of
terbutaline on the index day, the greater the incidence
of exacerbations during the following 21 days. Across
both studies ~15% of patients using fixed-dose main-
tenance therapy with budesonide/formoterol (160/4.5
or 320/9 μg bid) and ~24% using salmeterol/flutica-
sone (50/250 μg bid) experienced severe exacerbations
in the 21 days following an index day with >6 inhala-
tions/day of terbutaline (Figure 2).

>6 inhalations/day of reliever
Patients who used >6 inhalations/day on at least one oc-
casion had a similar baseline demography across treat-
ment regimens (Table 1) and were similar to the ITT
populations, although baseline daily reliever use was
higher in this subgroup (Additional file 1: Table S1, on-
line supplement).



Figure 2 Incidence of asthma exacerbations occurring 21 days after the first episode with high terbutaline use. Kaplan–Meier plots of
time from first use of >2, >4, >6 and >8 as-needed inhalations/day of terbutaline to first exacerbation on alternative fixed-dose ICS/LABA
regimens: A) budesonide/formoterol (BUD/FORM) 160/4.5 μg twice-daily over 12-months (Study A) (N=1,138); B) budesonide/formoterol 320/9 μg
twice-daily over 6-months (Study B) (N=1,099); C) salmeterol/fluticasone (SAL/FLU) 50/250 μg twice-daily over 6-months (Study B) (N=1,119). Day
0 is the first day with the specified level of as-needed inhalations of terbutaline. The number of patients with exposure to each level of
terbutaline and the percentage of the total randomised population this represents is shown in parenthesis above each Kaplan–Meier curve.

Buhl et al. Respiratory Research 2012, 13:59 Page 4 of 11
http://respiratory-research.com/content/13/1/59
In the 12-month Study A, an index day of >6
inhalations/day was observed in 278 (24%) of patients on
terbutaline, 228 (20%) of patients on formoterol and
148 (13%) of patients on budesonide/formoterol reliever
therapy respectively (Figure 1). In the 6-month Study B,
an index day of >6 inhalations/day of reliever was
Table 1 Demographics and asthma control during run-in amo
inhalations/day of as-needed medication use on at least 1 da

Study A (12-month assessment)*

All patients used BUD/FORM maintenance

Terbutaline as
needed
(n = 278)

Formoterol as
needed
(n= 228)

BUD/FORM
needed
(n = 148)

Male, n (%) 108 (39) 95 (42) 58 (39)

Age, years 43 (12–78) 42 (12–81) 42 (12–77)

Smokers, n (%) 20 (7) 18 (8) 17 (12)

ICS at entry, μg�day-1 777 (250–1,600) 789 (400–1,600) 755 (400–1,

FEV1, % predicted 70 (39–100) 70 (50–99) 71 (50–99)

Reversibility, % (range) 23 (11–90) 24 (12–81) 24 (12–132

Control assessed in run-in

Morning PEF, l/min 325 (111–619) 334 (106–689) 328 (123–62

Reliever use, inh./day 2.8 (0.5–9.7) 2.9 (0.5–9.1) 3.1 (0.6–8.9

Symptom-free days, % 7 (0–78) 7 (0–60) 6 (0–100)

*Patients used BUD/FORM maintenance plus terbutaline as needed during run-in.
†Patients used pre-study ICS + terbutaline during run-in (no LABA).
Data are presented as mean (range) unless otherwise stated. BUD/FORM=budeson
in 1 second; inh. = inhalation; ICS = inhaled corticosteroids; LABA= long-acting β2-ag
observed in 156 (14%) patients on salmeterol/fluticasone,
167 (15%) on budesonide/formoterol and 124 (11%)
patients on budesonide/formoterol maintenance and re-
liever treatment, respectively (Figure 1). In both studies
the risk of any episode with >6 inhalations/day of
reliever was reduced with budesonide/formoterol
ng the patient subgroups with episodes of >6
y in Study A and Study B

Study B (6-month assessment)†

SAL/FLU FD BUD/FORM FD BUD/FORM maintenance

as Terbutaline as
needed
(n= 156)

Terbutaline as
needed
(n = 167)

BUD/FORM as
needed
(n = 124)

67 (43) 66 (40) 57 (46)

38 (12–73) 41 (12–81) 39 (12–74)

13 (8) 23 (13) 11 (8)

600) 811 (500–1,600) 796 (300–2,000) 791 (500–1,600)

71 (51–132) 70 (50–117) 72 (50–114)

) 23 (12–79) 23 (11–84) 22 (12–74)

1) 324 (127–885) 326 (113–607) 337 (155–558)

) 3.6 (0.7–10.8) 3.7 (0.8–9.5) 3.8 (0.8–8.8)

6 (0–90) 4 (0–80) 5 (0–60)

ide/formoterol; FD = fixed-dose maintenance; FEV1 = forced expiratory volume
onist; PEF = peak expiratory flow; SAL/FLU = salmeterol/fluticasone.
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maintenance and reliever therapy vs. comparators
(P ≤ 0.014; Table 2 and 3).

Exacerbation conversion rate from episodes of >6
inhalations/day of reliever
In the Study A ITT population, 180/377 (48%) exacerba-
tions in the as-needed terbutaline group and 120/296
(41%) in the as-needed formoterol group occurred post-
index day (Table 2). The corresponding figure for
as-needed budesonide/formoterol was 42/194 (22%).
Similar results were seen in Study B, where 94/208 (45%)
and 80/173 (46%) exacerbations occurred post-index day
in the fixed-dose salmeterol/fluticasone and budesonide/
formoterol groups, respectively, with terbutaline used as
reliever therapy. In contrast, 37/125 (30%) exacerbations
in the budesonide/formoterol maintenance and reliever
therapy group occurred post-index day (Table 3).
Figure 3 shows the time to first exacerbation during
the 21 days post-index with each reliever regimen. The
overall exacerbation rates from the index day to study
end are presented in Tables 2 and 3.

Exacerbations rates in the window of opportunity
The rate of severe exacerbations per patient during the
21-day post-index period was increased at least eight-
fold in all groups from the mean ITT rates in the full
dataset. Rates increased from 0.37 to 3.04 per patient-
year with terbutaline, 0.29 to 2.72 with formoterol and
0.19 to 1.67 with budesonide/formoterol in Study A
(Table 2), and from 0.38 to 4.78 with fixed-dose
salmeterol/fluticasone, 0.32 to 3.02 with fixed-dose
budesonide/formoterol and 0.24 to 2.00 per patient-year
with budesonide/formoterol maintenance and reliever
therapy, in Study B (Table 3). In both studies exacerba-
tion rates favoured budesonide/formoterol maintenance
and reliever therapy vs. each fixed-dose regimen using
SABA. Nevertheless, reliever use remained a robust
marker for deteriorating asthma control irrespective of
reliever regimen.

Exacerbation days in the window of opportunity
In the terbutaline as-needed group (Study A) post-index,
the daily profile of the percentage of patients with ac-
tively treated exacerbations peaked at ~7 days, waning
to a more stable level at ~16 days (Figure 3A). In Study
B, the peak incidence of exacerbation treatment in
patients using budesonide/formoterol with terbutaline as
needed was of similar magnitude and duration as in
Study A. In both studies, patients using budesonide/
formoterol maintenance and reliever therapy had an
attenuated peak (Figures 3A and B). The number and
duration of individual events contributing to the mean
profiles are available online (Additional file 2: Figure S1
and Additional file 3: Figure S2). The average time in an
exacerbation state during the 21-day post-index period
was 7.9% of days with as-needed terbutaline, 6.1% with
as-needed formoterol and 2.5% of days with as-needed
budesonide/formoterol, respectively in Study A (Table 2).
In Study B, the corresponding values were 10.1% of days
with fixed-dose salmeterol/fluticasone plus as-needed
terbutaline, 6.0% with fixed-dose budesonide/formoterol
plus as-needed terbutaline and 3.4% of days with
budesonide/formoterol maintenance and reliever therapy,
respectively (Table 3).

ICS dose in the window of opportunity
Only a minority of patients reported high reliever use;
however, because of the regimen nature, patients receiv-
ing budesonide/formoterol maintenance and reliever
therapy were exposed to increased ICS doses during the
window of opportunity. In Study A, total ICS exposure
based on median average beclomethasone dipropionate
(BDP) equivalents in the 21-day period was 1,363 μg/day
with budesonide/formoterol maintenance and reliever
therapy vs. 500 μg/day for both comparator groups. In
Study B, the corresponding values were 1,357 μg/day
with budesonide/formoterol maintenance and reliever
therapy vs. 1,000 μg/day for both fixed-dose control
groups. Overall, ICS exposure was not excessive: the me-
dian ICS doses for budesonide/formoterol maintenance
and reliever therapy for the ITT population were 657
and 642 μg/day BDP equivalents in Study A and B,
respectively.

Hospitalisations/ER visits
In Study A, the need for hospitalisation/ER visits was
not significantly different between regimens during the
21-day period. This was in contrast to the ITT popula-
tion. Nevertheless, hospitalisation/ER visits were less fre-
quent with budesonide/formoterol vs. terbutaline (8 vs.
18 events; Table 2). The risk of hospitalisation/ER visits
in Study B during the 21-day period was significantly
(P< 0.05) lower for both budesonide/formoterol regi-
mens compared with fixed-dose salmeterol/fluticasone
(Table 3). This mirrored previous findings in the ITT
population.

Tolerability
In both studies, the number of patients with SAEs and
DAEs was lower in the budesonide/formoterol mainten-
ance and reliever therapy arms vs. comparator arms in
patients using >6 inhalations/day of reliever (Table 4).
Asthma was the only common cause of SAEs and DAEs
by event type; all other events occurred with an inci-
dence ≤1%. In Study A, patients were also discontinued
due to pre-specified exacerbation/safety criteria (i.e. ≥3
severe exacerbations during any 3 months, five during
the whole study or any severe exacerbation lasting



Table 2 Annualised exacerbation rates and hospitalisations/ER treatments in the full ITT population and the subgroups with episodes of high as-needed
reliever use (>6 inhalations/day on ≥1 study day) (Study A)

Reliever treatment groups Risk or rate ratios (95% CI), comparing reliever groups

Terbutaline BUD/FORM BUD/FORM vs. terbutaline BUD/FORM vs. formoterol Formoterol vs. terbutaline

Number of patients with episodes with >6 inh./day as needed

All patients, n (%)*† 278 (24.4) 228 (20.1) 148 (13.4) 0.51 (0.42–0.62) 0.66 (0.53–0.81) 0.77 (0.65–0.92)

P< 0.001 P< 0.001 P= 0.004

Exacerbation rate. patient-year-1

All patients, annualised rate
(events)*{

0.37 (377) 0.29 (296) 0.19 (194) 0.52 (0.44–0.62) 0.67 (0.56–0.80) 0.78 (0.67–0.91)

P< 0.0001 P< 0.0001 P= 0.0012

High as-needed group, annualised rate (events)}

Post-index day to study end 0.97 (180) 0.76 (120) 0.41 (42) 0.42 (0.29–0.62) 0.54 (0.36–0.80) 0.79 (0.61–1.03)

≤21 days post-index 3.04 (48) 2.72 (35) 1.67 (14) 0.55 (0.30–1.00) 0.61 (0.33–1.14) 0.90 (0.58–1.38)

Severe exacerbation days

All patients, % rate (total days)*║ 0.8 (3030) 0.6 (2214) 0.4 (1353) 0.45 (0.35–0.58) 0.63 (0.48–0.82) 0.72 (0.57–0.91)

P< 0.0001 P< 0.001 P< 0.001

High as-needed group, % rate (total days)║

Post-index day to study end 2.4 (1616) 1.7 (998) 0.8 (300) 0.34 (0.21–0.50) 0.46 (0.29–0.71) 0.73 (0.52–1.01)

≤21 days post-index 7.9 (458) 6.1 (287) 2.5 (77) 0.32 (0.14–0.57) 0.41 (0.18–0.81) 0.77 (0.44–1.28)

Hospitalisation/ER visit rate, patient-year–1

All patients, rate (events)*{ 0.07 (115) 0.05 (98) 0.04 (70) 0.61 (0.45–0.82) 0.73 (0.54–0.99) 0.83 (0.63–1.08)

P< 0.001 P= 0.046 P= 0.17

High as-needed group, rate (events)}

Post-index day to study end 0.27 (50) 0.24 (37) 0.18 (18) 0.65 (0.38–1.12) 0.75 (0.42–1.31) 0.88 (0.57–1.34)

≤21 days post-index 1.14 (18) 1.09 (14) 0.96 (8) 0.84 (0.36–1.93) 0.88 (0.37–2.09) 0.95 (0.47–1.92)
*All patients (ITT population); †Cox proportional hazard model (post hoc analysis); {Poisson regression (a priori analysis); }Poisson regression (post hoc analysis); ║Bootstrap procedure (post-hoc analysis).
BUD/FORM=budesonide/formoterol; CI = confidence interval; ER = emergency room; inh. = inhalations.
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Table 3 Annualised exacerbation rates and hospitalisations/ER treatments in the full ITT population and the subgroups with episodes of high as-needed
reliever use (>6 inhalations/day on ≥1 study day) (Study B)

Treatment groups Risk or rate ratios (95% CI)

SAL/FLU FD+
terbutaline

BUD/FORM FD+
terbutaline

BUD/FORM maintenance
and reliever therapy

BUD/FORM maintenance
and reliever therapy vs.
SAL/FLU FD+ terbutaline

BUD/FORM maintenance
and reliever therapy vs.
BUD/FORM FD+ terbutaline

BUD/FORM FD+
terbutaline vs. SAL/FLU FD+
terbutaline

Number of patients with episodes with >6 inh./day as needed

All patients, n (%)*† 156 (13.9) 167 (15.1) 124 (11.2) 0.74 (0.59–0.94) 0.65 (0.52–0.83) 1.13 (0.91–1.41)

P= 0.014 P< 0.001 P= 0.26

Exacerbation rate. patient-year-1

All patients, annualised rate (events)*{ 0.38 (208) 0.32 (173) 0.24 (125) 0.61 (0.49–0.76) 0.72 (0.57–0.90) 0.85 (0.69–1.04)

P< 0.001 P= 0.0048 P= 0.10

High as-needed group, annualised rate (events)}

Post-index day to study end 1.92 (94) 1.50 (80) 0.92 (37) 0.48 (0.31–0.75) 0.61 (0.39–0.97) 0.78 (0.55–1.11)

≤21 days post-index 4.78 (41) 3.02 (28) 2.00 (14) 0.42 (0.23–0.77) 0.66 (0.35–1.25) 0.63 (0.39–1.02)

Severe exacerbation days

All patients, % rate (total days)*║ 0.7 (1327) 0.6 (1143) 0.4 (692) 0.53 (0.38–0.73) 0.60 (0.42–0.86) 0.88 (0.64–1.21)

P< 0.001 P< 0.01 NS

High as-needed group, % rate (total days)║

Post-index day to study end 3.7 (667) 2.8 (539) 1.8 (259) 0.47 (0.27–0.78) 0.64 (0.34–1.15) 0.74 (0.44–1.21)

≤21 days post-index 10.1 (315) 6.0 (203) 3.4 (88) 0.34 (0.14–0.66) 0.57 (0.23–1.16) 0.60 (0.35–1.00)

Hospitalisation/ER visit rate, patient-year–1

All patients, rate (events)*{ 0.16 (106) 0.10 (72) 0.10 (64) 0.61 (0.44–0.83) 0.88 (0.63–1.24) 0.68 (0.51–0.92)

P= 0.0015 P= 0.47 P= 0.013

High as-needed group, rate (events) }

Post-index day to study end 0.96 (47) 0.74 (40) 0.40 (16) 0.41 (0.23–0.73) 0.53 (0.30–0.95) 0.78 (0.51–1.19)

≤21 days post-index 2.44 (21) 1.08 (10) 0.86 (6) 0.35 (0.14–0.86) 0.79 (0.29–2.18) 0.44 (0.21–0.94)
*All patients (ITT population); †Cox proportional hazard model (post hoc analysis); {Poisson regression (a priori analysis); }Poisson regression (post hoc analysis); ║Bootstrap procedure (post hoc analysis).
BUD/FORM=budesonide/formoterol; CI = confidence interval; ER = emergency room; FD= fixed-dose maintenance; inh. = inhalations; SAL/FLU = salmeterol/fluticasone.
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Figure 3 Asthma exacerbations associated with episodes of high reliever use (>6 inhalations/day) A) in Study A, B) in Study B. i)
Proportion of all patients (ITT population) with an index day of >6 inhalations/day in the three treatment arms over the study period;
ii) Kaplan–Meier plot of time from first use of >6 as-needed inhalations/day to first exacerbation during the following 21 days; iii) percentage of
patients with ongoing treatment for an exacerbation for each day following the index day. Note in panels ii) and iii) only a minority of the at
risk subgroup of patients having an episode of high reliever use identified in panel i) developed a severe exacerbation requiring additional
treatment. The majority of high reliever episodes resolved spontaneously on all regimens.
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≥20 days). This resulted in an additional 10, 2 and 1 pa-
tient(s) in the terbutaline, formoterol and budesonide/
formoterol as needed groups, respectively, being with-
drawn from the study (Figure 1). In Study A, two deaths
were reported – one in the as-needed terbutaline arm
(cardiac arrest) and one in the as-needed formoterol
arm (brain neoplasm). No deaths were reported in
Study B.

Discussion
We have shown that episodes of high reliever use
(>6 inhalations/day on at least 1 day) predict an
increased risk of near-term and later exacerbations,
and also that most of these episodes do not develop
into severe exacerbations. Our findings suggest that
budesonide/formoterol maintenance and reliever ther-
apy can reduce the incidence of episodes of high re-
liever use and the severe exacerbations that coincide
with many of these events compared with ICS/LABA
and reliever regimens at similar or higher mainten-
ance ICS doses.
We examined the exacerbation risk immediately fol-

lowing an episode with high reliever use. Unlike previous
studies retrospectively examining the association



Table 4 Safety among the subgroups of patients with episodes of >6 inhalations/day of as-needed therapy in Study A
and Study B

Study A (12-month assessment) Study B (6-month assessment)

BUD/FORM+
terbutaline
(n = 278)

BUD/FORM+
formoterol
(n = 228)

BUD/FORM
maintenance and
reliever therapy
(n = 148)

SAL/FLU FD+
terbutaline
(n = 156)

BUD/FORM FD+
terbutaline
(n = 167)

BUD/FORM
maintenance and
reliever therapy
(n= 124)

Deaths, n (%) 1 (<0.5) 1 (<0.5) 0 (0) 0 (0) 0 (0) 0 (0)

Patients with an
SAE, n (%)

26 (9) 25 (11) 21 (14) 13 (8) 18 (11) 6 (5)

Asthma-related
SAE, n (%)

15 (5) 15 (7) 8 (5) 7 (4) 5 (3) 2 (2)

Patients with a
DAE, n (%)

12 (4) 12 (5) 2 (1) 3 (2) 6 (4) 0 (0)

*Asthma-related
DAEs, n (%)

6 (2) 9 (4) 1 (1) 3 (2) 4 (2) 0 (0)

*An additional 10, 2 and 1 patients receiving: terbutaline, formoterol and budesonide/formoterol reliever regimen, respectively in Study A were withdrawn due to
predefined asthma-related treatment failure/safety criteria.
DAE = adverse events leading to discontinuation from the study; BUD/FORM=budesonide/formoterol; FD = fixed-dose maintenance; SAE = serious adverse event;
SAL/FLU = salmeterol/fluticasone.

Buhl et al. Respiratory Research 2012, 13:59 Page 9 of 11
http://respiratory-research.com/content/13/1/59
between SABA use from prescription records and the in-
cidence of severe exacerbations, [7,18,19] this analysis
focused on the temporal association between the first
day with high reliever use and the onset of exacerbation.
All patients used standard maintenance ICS/LABAs.
When as-needed reliever use exceeded 6 inhalations on
at least 1 day, exacerbation rates in the 21 days post-
index increased at least eightfold compared with back-
ground rates in the ITT populations for all regimens.
This suggests that, irrespective of the level of mainten-
ance ICS/LABA treatment and reliever type, a day with
high as-needed use is a robust measure of disease
instability.
On a background of budesonide/formoterol mainten-

ance therapy, it has been reported that both formoterol
and budesonide contribute to decreased severe exacerba-
tions [12] .We have shown that formoterol is superior to
terbutaline and that budesonide/formoterol is superior
to both in reducing the risk of a high reliever use epi-
sode [12]. Budesonide/formoterol is also superior to
both alternative relievers in reducing the conversion rate
of these episodes to severe exacerbations in the 21 days
post-index day. This suggests that both budesonide and
formoterol have airway stabilising effects that explain
the preventative effect observed in this study and in the
ITT analysis.
Budesonide/formoterol as maintenance and reliever

therapy was also compared with budesonide/formoterol
at twice the maintenance dose and to salmeterol/
fluticasone at a similarly higher ICS dose [10]. Not-
withstanding the more intense maintenance treatment,
patients using budesonide/formoterol maintenance and
reliever therapy were less likely than other groups to
have an index high reliever use episode. They were
also less likely than those on salmeterol/fluticasone
fixed maintenance dose to develop a severe exacerba-
tion. There was no significant difference between
budesonide/formoterol maintenance and reliever ther-
apy and fixed-dose budesonide/formoterol in this com-
parison but there was a significant reduction in the
number of severe exacerbation days in the 21-day win-
dow. Therefore, compared with budesonide/formoterol
maintenance and reliever therapy, all tested compara-
tors were associated with an increased risk of events
of concern and a higher risk of conversion to a severe
exacerbation.
A criticism of the budesonide/formoterol maintenance

and reliever studies was that the maintenance dose of
the higher dose comparator arms was not adjusted to
allow even higher doses, which would be possible in or-
dinary clinical care. However, even on the higher fixed-
dose regimes, the majority of events resolve without a
change in treatment. The institution of an even higher
maintenance dose would thus have been unnecessary in
the majority of occasions. Studies have not shown any
advantage of doubling the dose of maintenance ICS dur-
ing an asthma worsening [20,21]. However, quadrupling
or quintupling ICS maintenance doses is reported as ef-
fective, [22,23] but these are based on intensive multi-
modality asthma monitoring that may be possible in
trials but not in ordinary care. In any case, the dose
increases with budesonide/formoterol in the 21 days
after the onset of the event are less than a trebling of the
regular maintenance dose.
The precise mechanism behind this acute protection is

uncertain but may rely on several factors, including
reductions in the late asthmatic response after allergen
inhalation, eosinophilic inflammation, bronchial
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hyperreactivity and/or reducing pulmonary blood flow,
all of which occur within hours of administering higher
ICS doses [24-27].
In the current analysis, patients receiving budesonide/

formoterol maintenance treatment plus formoterol as re-
liever had a lower risk of severe exacerbations compared
with a control subgroup using equally high levels of ter-
butaline. Furthermore, in a smaller group of patients
with episodes of high as-needed budesonide/formoterol
use, there was a further reduced incidence of exacerba-
tions including asthma-related SAEs and DAEs com-
pared with the larger groups using LABA or SABA as
reliever. A meta-analysis of seven studies[9-15] has also
confirmed that the incidence of asthma-related SAEs
and DAEs with budesonide/formoterol maintenance and
reliever therapy is significantly lower than with fixed-
dose regimens using ICS or ICS/LABA combination
therapy plus terbutaline or salbutamol as needed [28].
Thus, budesonide/formoterol maintenance and reliever
therapy appears to be well tolerated and reduces the risk
of severe exacerbations following exposure to high levels
of SABA that could mask worsening inflammation.
The present analysis also provided an insight to the a

priori significant increase in ER visits/hospitalisations
with fixed-dose salmeterol/fluticasone compared with
both budesonide/formoterol regimens independent of
reliever therapy (Table 4) [10]. Patients receiving salme-
terol/fluticasone had a longer peak period with increased
exacerbation treatment and a significant doubling in
ER visits/hospitalisations during the 21 days post-index
vs. both budesonide/formoterol regimens (Figure 3C;
Table 3). This difference occurred without any increase
in the number or duration of episodes of high terbuta-
line use with fixed-dose salmeterol/fluticasone vs. fixed-
dose budesonide/formoterol. Furthermore, there was no
difference in asthma control between the fixed-dose
subgroups at baseline or on treatment outside of the
21-day window. Thus, the current analyses highlight a
difference between fixed-dose ICS/LABAs, not during
stable periods, but impacting outcomes during periods
of instability. The varying pharmacological properties
of the different LABAs, primarily the lower efficacy of
salmeterol vs. formoterol leading to less broncho pro-
tection, [29,30] antagonism of SABA-induced smooth
muscle relaxation [31] and broncho protection [30]
with salmeterol but not formoterol, may provide a ra-
tionale for the differences in exacerbation rates seen
between LABAs when added to ICS in two meta-
analyses [32,33] .Our observations may warrant add-
itional prospective investigation.
This analysis does have limitations. The number of

high reliever use events can be compared between treat-
ment arms. However, subsequent comparisons may be
influenced by the efficacy of randomised treatment and
patients included in further analysis may be dissimilar
between groups if groups are diminished in size due to
differences in the prior efficacy of the regimens. Despite
these difficulties it is an important observation that high
reliever use episodes are more likely to resolve without
severe exacerbation if they occur in a person who is re-
ceiving budesonide/formoterol maintenance and reliever
therapy than in someone who remains on standard re-
liever therapy.
In summary, this study confirms that a window of op-

portunity exists for preventing exacerbations associated
with high reliever use. When compared with alternative
fixed-dose ICS/LABA plus SABA regimens, at similar or
higher maintenance ICS doses, budesonide/formoterol
maintenance and reliever therapy reduces the incidence
of episodes of high reliever use and exacerbations that
frequently coincide with acute periods of asthma in-
stability. Budesonide/formoterol maintenance and re-
liever therapy is a logical evolution from the fixed-dose
maintenance treatment strategy that is more efficient
and effective in patients with moderate or severe
asthma.
Additional files

Additional file 1: Table S1: Patient baseline demography in full ITT
populations).

Additional file 2: Figure S1: Incidence, type and duration of asthma
exacerbations associated with episodes of high reliever use of >6
inhalations/day in Study A.

Additional file 3: Figure S2: P Incidence, type and duration of
asthma exacerbations associated with episodes of high reliever use
of >6 inhalations/day in Study B.
Abbreviations
FEV: Forced Expiratory Volume; ICS: Inhaled CorticoSteroid; LABA: Long-
Acting β2-Agonist; SABA: Short-Acting β2-Agonist.
Competing interests
RB has received reimbursement for attending scientific conferences, and/or
fees for speaking and/or consulting from AstraZeneca, Boehringer Ingelheim,
Chiesi, GlaxoSmithKline, Novartis, Nycomed and Pfizer. The Pulmonary
Department at Mainz University Hospital received financial compensation for
services performed during participation in clinical trials organised by various
pharmaceutical companies. PK has received a fee for speaking at a
company-sponsored symposium from AstraZeneca and travel to an
international congress was funded by AstraZeneca. MJP has received
honoraria from AstraZeneca for CME lectures and has acted on advisory
boards for AstraZeneca, GlaxoSmithKline and Nycomed. TLGA, IPN and SP
are employees of AstraZeneca and hold shares in AstraZeneca. KR has
participated in advisory boards and received lecture fees from AstraZeneca,
Boehringer, Chiesi Pharmaceuticals, Pfizer, Nycomed, MSD and
GlaxoSmithKline. The Department of Pulmonology at Leiden University
Medical Centre has received grants from various pharmaceutical companies.

Author contributions
RB was involved in the study design and the drafting of the manuscript. SP
performed the statistical analysis. All authors read and approved the final
manuscript.

http://www.biomedcentral.com/content/supplementary/1465-9921-13-59_S1.pdf
http://www.biomedcentral.com/content/supplementary/1465-9921-13-59_S2.pdf
http://www.biomedcentral.com/content/supplementary/1465-9921-13-59_S3.pdf


Buhl et al. Respiratory Research 2012, 13:59 Page 11 of 11
http://respiratory-research.com/content/13/1/59
Acknowledgements
AstraZeneca funded the original clinical trials and post hoc analyses. Editorial
assistance was provided by inScience Communications, Springer Healthcare,
funded by AstraZeneca.

Author details
1Mainz University Hospital, Langenbeckstrasse 1, Mainz D-55131, Germany.
2Medical University of Lodz, Lodz, Poland. 3Concord Hospital, Concord,
Australia. 4Former employee of AstraZeneca R&D, Lund, Sweden.
5Department of Medicine and Clinic Grosshansdorf, University Kiel, Kiel,
Germany.

Received: 14 March 2012 Accepted: 25 June 2012
Published: 20 July 2012

References
1. Eisner MD, Lieu TA, Chi F, Capra AM, Mendoza GR, Selby JV, Blanc PD: Beta

agonists, inhaled steroids, and the risk of intensive care unit admission
for asthma. Eur Respir J 2001, 17:233–240.

2. Lanes SF, Garcia Rodriguez LA, Huerta C: Respiratory medications and risk
of asthma death. Thorax 2002, 57:683–686.

3. Spitzer WO, Suissa S, Ernst P, Horwitz RI, Habbick B, Cockcroft D, Boivin JF,
McNutt M, Buist AS, Rebuck AS: The use of beta-agonists and the risk of
death and near death from asthma. N Engl J Med 1992, 326:501–506.

4. Suissa S, Ernst P, Kezouh A: Regular use of inhaled corticosteroids and the
long term prevention of hospitalisation for asthma. Thorax 2002,
57:880–884.

5. Pauwels RA, Lofdahl CG, Postma DS, Tattersfield AE, O'Byrne P, Barnes PJ,
Ullman A: Effect of inhaled formoterol and budesonide on exacerbations
of asthma. Formoterol and Corticosteroids Establishing Therapy (FACET)
International Study Group. N Engl J Med 1997, 337:1405–1411.

6. Matz J, Emmett A, Rickard K, Kalberg C: Addition of salmeterol to low-dose
fluticasone versus higher-dose fluticasone: an analysis of asthma
exacerbations. J Allergy Clin Immunol 2001, 107:783–789.

7. Tattersfield AE, Postma DS, Barnes PJ, Svensson K, Bauer CA, O'Byrne PM,
Lofdahl CG, Pauwels RA, Ullman A: Exacerbations of asthma: a descriptive
study of 425 severe exacerbations. The FACET International Study
Group. Am J Respir Crit Care Med 1999, 160:594–599.

8. Asthma GI: Global strategy for asthma management and prevention -
updated 2008.: ; 2008. http://www.ginaasthma.com (accessed 1 December
2009).

9. Bousquet J, Boulet LP, Peters MJ, Magnussen H, Quiralte J, Martinez-Aguilar
NE, Carlsheimer A: Budesonide/formoterol for maintenance and relief in
uncontrolled asthma vs. high-dose salmeterol/fluticasone. Respir Med
2007, 101:2437–2446.

10. Kuna P, Peters MJ, Manjra AI, Jorup C, Naya IP, Martinez-Jimenez NE, Buhl R:
Effect of budesonide/formoterol maintenance and reliever therapy on
asthma exacerbations. Int J Clin Pract 2007, 61:725–736.

11. O'Byrne PM, Bisgaard H, Godard PP, Pistolesi M, Palmqvist M, Zhu Y, Ekstrom
T, Bateman ED: Budesonide/formoterol combination therapy as both
maintenance and reliever medication in asthma. Am J Respir Crit Care
Med 2005, 171:129–136.

12. Rabe KF, Atienza T, Magyar P, Larsson P, Jorup C, Lalloo UG: Effect of
budesonide in combination with formoterol for reliever therapy in
asthma exacerbations: a randomised controlled, double-blind study.
Lancet 2006, 368:744–753.

13. Rabe KF, Pizzichini E, Stallberg B, Romero S, Balanzat AM, Atienza T, Lier PA,
Jorup C: Budesonide/formoterol in a single inhaler for maintenance and
relief in mild-to-moderate asthma: a randomized, double-blind trial.
Chest 2006, 129:246–256.

14. Scicchitano R, Aalbers R, Ukena D, Manjra A, Fouquert L, Centanni S, Boulet
LP, Naya IP, Hultquist C: Efficacy and safety of budesonide/formoterol
single inhaler therapy versus a higher dose of budesonide in moderate
to severe asthma. Curr Med Res Opin 2004, 20:1403–1418.

15. Vogelmeier C, D'Urzo A, Pauwels R, Merino JM, Jaspal M, Boutet S, Naya I,
Price D: Budesonide/formoterol maintenance and reliever therapy: an
effective asthma treatment option? Eur Respir J 2005, 26:819–828.

16. Bateman ED, Reddel HK, Eriksson G, Peterson S, Ostlund O, Sears MR,
Jenkins C, Humbert M, Buhl R, Harrison TW, et al: Overall asthma control:
the relationship between current control and future risk. J Allergy Clin
Immunol 2010, 125:600–608–608 e601-608 e606.
17. Chapman KR, Barnes NC, Greening AP, Jones PW, Pedersen S: Single
maintenance and reliever therapy (SMART) of asthma: a critical
appraisal. Thorax 2010, 65:747–752.

18. Barnes PJ: Scientific rationale for using a single inhaler for asthma
control. Eur Respir J 2007, 29:587–595.

19. Aalbers R, Backer V, Kava TT, Omenaas ER, Sandstrom T, Jorup C, Welte T:
Adjustable maintenance dosing with budesonide/formoterol compared
with fixed-dose salmeterol/fluticasone in moderate to severe asthma.
Curr Med Res Opin 2004, 20:225–240.

20. FitzGerald JM, Gibson PG: Asthma exacerbations 4. Prevention Thorax 2006,
61:992–999.

21. Harrison TW, Oborne J, Newton S, Tattersfield AE: Doubling the dose of
inhaled corticosteroid to prevent asthma exacerbations: randomised
controlled trial. Lancet 2004, 363:271–275.

22. Foresi A, Morelli MC, Catena E: Low-dose budesonide with the addition of
an increased dose during exacerbations is effective in long-term asthma
control. On behalf of the Italian Study Group. Chest 2000, 117:440–446.

23. Oborne J, Hubbard RB, Tattersfield AE: Can acute exacerbations of asthma
be prevented with a four-fold increase in inhaled corticosteroid dose?
Am J Respir Crit Care Med 2009, 179:A2794.

24. Duong M, Gauvreau G, Watson R, Obminski G, Strinich T, Evans M, Howie K,
Killian K, O'Byrne PM: The effects of inhaled budesonide and formoterol
in combination and alone when given directly after allergen challenge. J
Allergy Clin Immunol 2007, 119:322–327.

25. Gibson PG, Saltos N, Fakes K: Acute anti-inflammatory effects of inhaled
budesonide in asthma: a randomized controlled trial. Am J Respir Crit Care
Med 2001, 163:32–36.

26. Paggiaro PL, Dente FL, Morelli MC, Bancalari L, Di Franco A, Giannini D,
Vagaggini B, Bacci E, Fabbri LM, Giuntini C: Postallergen inhaled
budesonide reduces late asthmatic response and inhibits the associated
increase of airway responsiveness to methacholine in asthmatics. Am J
Respir Crit Care Med 1994, 149:1447–1451.

27. Rodrigo GJ: Rapid effects of inhaled corticosteroids in acute asthma: an
evidence-based evaluation. Chest 2006, 130:1301–1311.

28. Sears MR, Radner F: Safety of budesonide/formoterol maintenance and
reliever therapy in asthma trials. Respir Med 2009, 103:1960–1968.

29. Anderson GP: Interactions between corticosteroids and beta-adrenergic
agonists in asthma disease induction, progression, and exacerbation. Am
J Respir Crit Care Med 2000, 161:S188–196.

30. van Veen A, Weller FR, Wierenga EA, Jansen HM, Jonkers RE: A comparison
of salmeterol and formoterol in attenuating airway responses to short-
acting beta2-agonists. Pulm Pharmacol Ther 2003, 16:153–161.

31. Molimard M, Naline E, Zhang Y, Le Gros V, Begaud B, Advenier C: Long-
and short-acting beta2 adrenoceptor agonists: interactions in human
contracted bronchi. Eur Respir J 1998, 11:583–588.

32. Jaeschke R, O'Byrne PM, Mejza F, Nair P, Lesniak W, Brozek J, Thabane L,
Cheng J, Schunemann HJ, Sears MR, Guyatt G: The safety of long-acting
beta-agonists among patients with asthma using inhaled corticosteroids:
systematic review and metaanalysis. Am J Respir Crit Care Med 2008,
178:1009–1016.

33. Rodrigo GJ, Moral VP, Marcos LG, Castro-Rodriguez JA: Safety of regular use
of long-acting beta agonists as monotherapy or added to inhaled
corticosteroids in asthma, A systematic review. Pulm Pharmacol Ther 2009,
22:9–19.

doi:10.1186/1465-9921-13-59
Cite this article as: Buhl et al.: The effect of budesonide/formoterol
maintenance and reliever therapy on the risk of severe asthma
exacerbations following episodes of high reliever use: an exploratory
analysis of two randomised, controlled studies with comparisons to
standard therapy. Respiratory Research 2012 13:59.

http://www.ginaasthma.com

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Increasing SABA use and exacerbations
	Episodes of >6 inhalations/day of reliever
	Exacerbations with >6 inhalations/day of reliever
	Tolerability
	Statistical analysis

	Results
	SABA use and exacerbations
	>6 inhalations/day of reliever
	Exacerbation conversion rate from episodes of >6 inhalations/day of reliever
	Exacerbations rates in the window of opportunity
	Exacerbation days in the window of opportunity
	ICS dose in the window of opportunity
	Hospitalisations/ER visits
	Tolerability

	Discussion
	Additional files
	Competing interests
	AcknowledgementsAstraZeneca funded the original clinical trials and post hoc analyses. Editorial assistance was provided by inScience Communications, Springer Healthcare, funded by AstraZeneca.
	Author details
	References

