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Abstract

� Current evidence suggests that the addition of the
long acting inhaled β2-agonist formoterol to low or
moderate doses of the inhaled corticosteroid bu-
desonide is effective in improving lung function and
reducing the incidence of asthma exacerbations.

� Concurrent use of budesonide with formoterol does
not result in any untoward interaction that affects
the pharmacodynamic or pharmacokinetic profiles
of the individual drugs, or their adverse effect pro-
files.

� The administration of combined budesonide/
formoterol is effective in improving morning and
evening peak expiratory flow rates in adults with
persistent asthma. Control of asthma symptoms is
also significantly improved.

� In children aged 4 to 17 years, combined budesonide/
formoterol is effective in increasing both morning
and evening peak expiratory flow rates and signif-
icantly improving forced expiratory volume in 1
second (FEV1).

� The most commonly encountered adverse effects
in clinical trials with combination budesonide/
formoterol therapy have been respiratory infection,
pharyngitis and coughing. No adverse effects on
pulse rate, blood pressure or serum potassium have
been reported with combination therapy.
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Features and properties of budesonide/formoterol

Indications

Regular treatment of persistent asthma where use of a
combination of inhaled corticosteroid therapy plus a
bronchodilator is appropriate (focus of this review).
Launched in Sweden.

Mechanism of action

Antiasthmatic Combination of a long acting inhaled
β2-agonist bronchodilator and an inhaled
corticosteroid

Dosage and administration

Available strengths
(budesonide/
formoterol;=µg)

80/4.5 or 160/4.5 per inhalation

Route of
administration

Inhalation (via Turbuhaler® dry powder
inhaler)

Frequency of
administration

Once or twice daily

Pharmacokinetic profile

Time to peak
plasma
concentration

First peak 0.25 hours, then a second
peak at 1.58 hours (formoterol); ≈30
minutes (budesonide)

Elimination 24% excreted in the urine (formoterol);
70% via the kidneys as metabolites
(budesonide)

Elimination half-life 1.7 to 2.3 hours (formoterol); 1.5 to 3
hours (budesonide)

Adverse events

Most frequent Respiratory infection, pharyngitis,
coughing, aggravated asthma, viral
infection and rhinitis.



A fixed combination of the corticosteroid
budesonide and the long acting inhaled β2-agonist
formoterol has recently become available in 2 dif-
ferent strengths (80/4.5µg and 160/4.5µg per inha-
lation), delivered via Turbuhaler® dry powder in-
haler.

Several studies have investigated the addition of
a long acting inhaled β2-agonist to low or moderate
doses of inhaled corticosteroid as an alternative to
increasing the dose of inhaled corticosteroid in
patients with poorly controlled asthma. Patients
treated with formoterol or salmeterol in addition to
low or moderate doses of inhaled corticosteroids
showed fewer symptoms and better lung function
than patients whose inhaled corticosteroid dosage
was increased.[1-3]

The use of such a combination is included in
current guidelines for the management of asthma.
These recommend the use of a long acting inhaled
β2-agonist as an adjunct to inhaled corticosteroid
therapy for long term control of moderate to severe

persistent asthma.[4,5] The rationale for this is 2-fold.
Firstly, systemic adverse effects of inhaled cortico-
steroids are dose-related, and so a strategy that allows
for the use of lower dosages of these agents is de-
sirable. Secondly, noncompliance with inhaled
drugs (particularly corticosteroids) is a major prob-
lem in asthma treatment, therefore a combination
of budesonide/formoterol offering the option of a
long acting β2-agonist and a corticosteroid in 1 device
would be expected to improve compliance.[6]

This review focuses on studies of the combina-
tion of budesonide plus formoterol administered
via Turbuhaler® in patients with asthma. Studies
which have examined concurrent treatment with
budesonide plus formoterol will also be presented.
For the purpose of this review, combination ther-
apy refers to the administration of both budesonide
and formoterol via a single Turbuhaler®, and con-
current therapy refers to budesonide and formoterol
administered via separate devices.

1. Pharmacodynamic Profile

The pharmacodynamic properties of both bu-
desonide and formoterol have previously been re-
viewed.[7-9] Few data have been published on the
pharmacodynamic nature of budesonide and for-
moterol when administered in combination. How-
ever, as clinical trial results show little difference
in efficacy between combination and concurrent
therapies, it is expected that significant differences
would not exist between the 2 therapies.
• Both budesonide and formoterol are moderately
lipophilic with rapid onset of action and long dura-
tion of effect in the lung. Budesonide uptake is
rapid because of a high affinity for the glucocor-
ticoid receptor, leading to high initial saturation of
the glucocorticoid receptors.[8] Reversible esterifi-
cation of budesonide on inhalation prolongs the du-
ration of action in airways and lung tissue, while
the moderate lipophilicity of unesterified budeson-
ide limits peripheral tissue retention.[8,10] The onset
of bronchodilation with inhalation of formoterol is
more rapid than that of salmeterol (another long
acting inhaled β2-agonist), with a similar duration
of effect (up to 24 hours).[11,12]
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• In patients with asthma, inhaled budesonide re-
duces the number of inflammatory cells and medi-
ators in the airways, inhibits the synthesis and release
of cytokines, reduces bronchial hyperresponsiveness
to a variety of substances and attenuates both the early
and late asthmatic response.[13]

• Formoterol elicits dose-dependent bronchodi-
lation in patients with asthma, as measured by
forced expiratory volume in 1 second (FEV1),
forced vital capacity (FVC), peak expiratory
flow rate (PEF) and specific airways conductance
(sGaw).[7] Additionally, formoterol protects against
methacholine, histamine and allergen challenges,
reduces cold air sensitivity, and has exhibited
modest anti-inflammatory effects in vivo.

• Formoterol induces β2-adrenoceptor down-
regulation and subsensitivity.[14,15] In patients tak-
ing regular twice daily formoterol with concurrent
inhaled corticosteroids, the bronchoprotector or
bronchodilator tolerance can be overcome within
2 hours by administration of a bolus of high dose
inhaled corticosteroid.[16,17] Sensitisation is in-
fluenced by a genetic polymorphism of the β2-
adrenoceptor; therefore considerable interindividual
variability is seen.[16] Moreover, long term broncho-
dilator action is maintained and rebound bronchial
hyperresponsiveness has not been observed with
cessation of treatment.[15,18]

• Sputum markers of airway inflammation re-
mained suppressed over 12 months in patients re-
ceiving twice daily treatment with budesonide
(100µg) and formoterol (12µg), after 4 weeks’pre-
treatment with high dose budesonide (800µg twice
daily).[19] An increase in upper limb tremor com-
pared with baseline values was reported in a group
of 10 patients with asthma receiving 400µg bu-
desonide in combination with 12µg formoterol
twice daily.[20]

• Comparison of effect of 2 different combination
products on FEV1 was evaluated in a randomised,
double-blind, placebo-controlled, crossover study
in 30 patients with asthma [mean baseline FEV1 =
78% predicted (12% reversibility)].[21] One or 2
inhalations of budesonide/formoterol (160/4.5µg

per inhalation) showed a more rapid onset of action
than a single inhalation of salmeterol/fluticasone
(50/250µg), significantly improving mean FEV1 3
minutes after baseline and during the 3-hour period
thereafter (all p < 0.001). Similar increases in FEV1

were seen in patients receiving 1 and 2 doses of
budesonide/formoterol.[21]

• The effect of 10 inhalations of either budesonide/
formoterol (1600/45µg), formoterol (45µg) or pla-
cebo over 1 hour and in addition to maintenance
therapy with budesonide/formoterol (320/9µg
twice daily) was evaluated in 14 patients in a
randomised double-blind, crossover trial. No adverse
effects or safety concerns were reported either indi-
vidually or for the group with respect to mean change
in pulse rate (+5.4 beats/min), systolic/diastolic
blood pressure (+2.5/−3.3mm Hg), or serum potas-
sium (−0.16 mmol/L).[22]

2. Pharmacokinetic Profile

Previously published evaluations have reviewed
the available information on the 2 drugs following
administration via inhaler.[7,9] No pharmacokinetic
data concerning combination budesonide/formot-
erol have been published.

• Single dose inhalation of formoterol results in
an initial peak in serum concentration at 0.25
hours, followed by a second peak at 1.58 hours.
The mean plasma elimination half-life (t1⁄2β) has
been calculated as 1.7 to 2.3 hours following inha-
lation, with 24% excreted in the urine within 12
hours.[7]

• Peak plasma concentrations of budesonide are
reached ≈30 minutes after inhalation via Turbu-
haler®.[23] Systemic availability of budesonide ad-
ministered via Turbuhaler® was 38%, and pulmonary
availability was 32%.[24] The drug has a t1⁄2β of ap-
proximately 1.5 to 3 hours and is rapidly and ex-
tensively metabolised by cytochrome P450 in the
liver, with approximately 70% eliminated via the
kidneys as metabolites.[9,10] Pharmacokinetic pa-
rameters observed in children (age 10 to 14 years)
following inhalation are similar to those observed
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in adults. However, a shorter plasma half-life has
been noted after intravenous dosing.[23]

Effect of Delivery Device 

• Budesonide/formoterol (160/4.5µg) adminis-
tered in combination via the Turbuhaler® dry pow-
der inhaler was associated with a higher percentage
of fine particle deposition in vitro than salmeterol/
fluticasone propionate (250/50µg) via the Diskus®

dry powder inhaler. Approximately 50% of the
budesonide/formoterol dose was delivered as
particles ≤5µm, compared with approximately 20%
of the salmeterol/fluticasone propionate dose.[25]

Percentages of fine particle doses delivered were
similar for both the combination budesonide/
formoterol Turbuhaler®, and for budesonide plus
formoterol administered concurrently via separate
Turbuhaler® devices.[26]

3. Therapeutic Trials

Most studies reviewed in this section refer to
combination budesonide/formoterol administered
via Turbuhaler® inhaler. Combined budesonide/
formoterol has been evaluated in three 12-week
randomised, double-blind clinical trials in both adults
and children whose asthma was inadequately
controlled on inhaled corticosteroids alone.[27-31]

Metered doses of budesonide used as a comparator
in these studies were equivalent to the delivered
dosage of budesonide from the combination.

The rationale for using a combination was pro-
vided from evidence suggesting that addition of a
long acting β2-agonist to an inhaled corticosteroid,
in patients with asthma reduced symptoms and
improved lung function to a greater extent than in
those whose inhaled corticosteroid dose was in-
creased.[1-3].

The Formoterol and Corticosteroids Estab-
lishing Therapy (FACET) study, a large multi-
centre, randomised, double-blind clinical trial, in-
vestigated the effect of high (800 µg/day) and low
(200 µg/day) dosages of budesonide plus for-
moterol (24 µg/day) administered concurrently via
separate Turbuhaler® devices. The results of this
study are also described.[3]

Adults with Persistent Asthma

• Significant differences in both mean morning
(the primary efficacy variable) and evening PEF
were noted over 12 weeks in patients receiving
twice daily combination budesonide/formoterol
therapy (320/9µg) in comparison with those re-
ceiving budesonide (400µg metered dose twice
daily) alone (fig. 1). This study included 362 pa-
tients with moderate to severe persistent asthma
[mean baseline FEV1 74% predicted (22.5% re-
versibility)] inadequately controlled with inhaled
corticosteroids alone (mean dosage = 960 µg/day)
who received either combination budesonide/
formoterol, concurrent budesonide plus formoterol
in the same dosages, or budesonide alone. No dif-
ferences were observed in lung function in patients
treated with budesonide/formoterol administered
via a single device, or separately via 2 devices.
Both combined and concurrent administration
demonstrated similar improved efficacy on morn-
ing and evening PEF (all p < 0.001) compared with
budesonide alone.[27]
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Fig. 1. Difference in morning and evening peak expiratory flow
rates (amPEF and pmPEF, respectively) between combined
budesonide/formoterol (B/F; 320/9µg twice daily) or concur-
rent B+F (320/9µg twice daily) and B (400µg metered dose
twice daily) alone.[27] Results of a multicentre, randomised,
double-blind study in 362 patients with moderate to severe
persistent asthma (mean forced expiratory volume in 1
second = 74% predicted [22.5% reversibility]). * p < 0.001 vs
comparator.
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• In the same study, combination budesonide/
formoterol significantly increased the time to first
mild exacerbation, corresponding to a 40% decrease
in risk compared with budesonide alone (p = 0.01).
Additionally, the number of asthma-control days
(defined as days with no symptoms, rescue medi-
cation use or night-time awakenings) increased by
16% (p < 0.001) in the combination group com-
pared with budesonide alone. Again, no significant
differences were detected between the groups re-
ceiving combined or concurrent budesonide and
formoterol.[27]

• Average morning and evening PEF were both
significantly increased over 12 weeks in adults
receiving twice daily treatment with combination
budesonide/formoterol compared with those treated
with budesonide alone (p = 0.002 and p < 0.001,
respectively). 467 adult patients with mild asthma
[mean baseline FEV1 ≈82% predicted (22% revers-
ibility)] who remained symptomatic on low dose
corticosteroids alone (mean dosage = 390 µg/day)
were randomised to receive either budesonide/
formoterol (80/4.5µg) or budesonide alone (200µg
metered dose) twice daily. Treatment with the com-

bination also resulted in significantly more asthma
control days (p = 0.02) and significantly less rescue
medication use (p = 0.025) than treatment with
budesonide monotherapy.[30,31]

• A 12-week double-blind, placebo-controlled
clinical trial comparing twice daily concurrent
budesonide (800µg) plus formoterol (12µg) treat-
ment with combination salmeterol/fluticasone
(50/250µg twice daily) in 428 patients with asthma
[FEV1 = 50-85% predicted (≥15% reversibility)]
showed identical mean improvements in morning
PEF from baseline in the 2 groups [difference =
−0.6 (95% CI −9.3,8.1)].[32]

The FACET Study

• Briefly, 852 adult patients with moderate per-
sistent asthma (mean baseline FEV1 75.8% pre-
dicted) that remained stable after high dosage
budesonide (800µg twice daily) during a 4-week
run-in period, were randomised to receive twice
daily budesonide 100µg or 400µg, alone or concur-
rently with 12µg formoterol, for 12 months (fig.
2). Compared with budesonide monotherapy, the
addition of formoterol to budesonide significantly
reduced the mean incidence of mild (p ≤ 0.01, fig.

Design: multicentre, randomised, double-blind, parallel-group

Patients: aged 18 to 70 years with moderate (FEV1 ≥ 50%) asthma 
who had been receiving inhaled corticosteroids for ≥3 months

1114 patients received inhaled budesonide 800µg twice daily for 4 weeks.
Patients with stable asthma at the end of the run-in period were

randomised to 1 of 4 treatments:

Study design

Run-in period

Budesonide 100µg
plus formoterol 12µg

twice daily
(n = 210)

Budesonide 400µg
plus placebo 
twice daily 
(n = 214)

Budesonide 100µg
plus placebo 
twice daily 
(n = 213)

Budesonide 400µg
plus formoterol 24µg

twice daily
(n = 215)

Treatment

Fig. 2. Schematic representation of the design of the Formoterol and Corticosteroids Establishing Therapy (FACET) study.[3]
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3a) and severe exacerbations (p ≤ 0.01, fig. 3b), the
primary efficacy variables in the study. However,
an increased dose of budesonide alone was more
effective in decreasing severe exacerbations than
the addition of formoterol to a low dose of bu-
desonide (p = 0.03).[3]

• The addition of formoterol was more effective
in increasing PEF than increasing the dose of bu-

desonide, with improvements in morning PEF
greatest during the first 3 days of treatment. Abso-
lute values ranged from ≈24 to ≈36.5 L/min (es-
timated from graphs) in patients treated with the
combination, but failed to exceed baseline in recip-
ients of budesonide monotherapy throughout the
first 2 weeks of the trial.[3] PEF in patients receiv-
ing concurrent budesonide plus formoterol was
considerably (i.e. ≥10.9 L/min) greater than base-
line throughout the 12-month study while in pa-
tients randomised to monotherapy was minimal
(i.e. ≤3 L/min).[3]

• Quality of life was assessed via the Asthma
Quality of Life Questionnaire in a subset of pa-
tients (n = 470) in the FACET study. Overall scores,
and those for symptoms, activities, emotions and
environment individually improved both clinically
(≤ 0.5 units) and statistically significantly during
the run-in period (p < 0.0001 vs baseline) when
patients received 1600µg budesonide daily. Further
statistically significant improvements over 12
months were seen in the group receiving concurrent
budesonide (400µg) plus formoterol (12µg) twice
daily (p = 0.028); however, scores were maintained
in the other 3 groups.[33]

Children and Adolescents with 
Persistent Asthma

• The efficacy of twice daily combination
budesonide/formoterol (160/9µg) was compared
with that of twice daily budesonide alone (160µg)
in 286 children aged 4 to 17 years [mean baseline
FEV1 75.0% predicted (21.5% reversibility)],
whose asthma was inadequately controlled on in-
haled corticosteroids alone (mean dosage = 550
µg/day). The increase in morning PEF from base-
line was significantly greater in the group receiving
the combination (23 L/min) than in those receiving
budesonide alone (11 L/min; p < 0.001).[28]

• Significantly greater improvements in FEV1

were noted at week 12 in a subgroup of 81 patients
from the same study. The increase in FEV1 after 10
minutes was 6% higher (p = 0.01), and the 12-hour
average FEV1 was 5% higher (p = 0.04), in those
receiving combined budesonide/formoterol than in
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Fig. 3. Effect of inhaled concurrent budesonide plus formoterol
on (a) mild or (b) severe exacerbations of asthma. 852 patients
with moderate persistent asthma [forced expiratory volume in
1 second ≥50% predicted despite ongoing inhaled cortico-
steroid treatment (mean dose = 830 µg/day)] received 12
months’ treatment with 200 µg/day budesonide (200B), 200
µg/day budesonide + 24 µg/day formoterol (200B+F), 800
µg/day budesonide (800B), or 800 µg/day budesonide + 24
µg/day formoterol (800B+F) in a double-blind, placebo-control-
led randomised trial (see fig. 2.).[3] Mild exacerbation = morn-
ing peak expiratory flow rate (amPEF) >20% below baseline
value, >3 additional inhalations of terbutaline needed over 24
hours compared with baseline, or awakening at night due to
asthma; severe exacerbation = requiring oral glucocorticoid
treatment, or amPEF >30% below baseline on 2 consecutive
days; * p ≤ 0.01 vs 200B, † p <=0.05=vs 200B+F, †† p < 0.001
vs 800B.
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those receiving budesonide alone. Additionally,
the peak FEV1 was 6% higher (p = 0.01) in those
receiving combined budesonide/formoterol than in
patients given budesonide only.[29]

 4. Tolerability

• The most commonly reported adverse effects
with combination budesonide/formoterol in dou-
ble-blind randomised trials in both adults and chil-
dren with persistent asthma were respiratory
infection (16%), pharyngitis (6%), coughing (5%),
worsening asthma (4%), viral infection (4%) and
rhinitis (4%).[27,30,31,34]

• 29 patients withdrew from the FACET study
due to adverse effects, 7 of which were due to a
pharmacologically predictable event. The propor-
tion of patients reporting adverse effects was sim-
ilar among the 4 groups. Adverse effects reported
were: headache, tremor, tachycardia and oral can-
didiasis.[3]

5. Budesonide/Formoterol: 
Current Status

In clinical trials in both children and adults with
moderate persistent asthma, combined budesonide/
formoterol administered in a combination formu-
lation via the Turbuhaler® dry powder inhaler has
proven to be more effective in improving lung
function than the same dose of budesonide given
alone. The time to mild exacerbations was reduced
and the number of asthma control days was in-
creased in adults.

In addition, studies in adults given combined
budesonide/formoterol 320/9 µg/day and 160/9 µg/
day, respectively, have demonstrated similar effi-
cacy to concurrent therapy with the same dosages
of the 2 agents given via separate inhalers.
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