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BACKGROUND
Patients with mild asthma often rely on inhaled short-acting β2-agonists for symptom 
relief and have poor adherence to maintenance therapy. Another approach might be 
for patients to receive a fast-acting reliever plus an inhaled glucocorticoid component 
on an as-needed basis to address symptoms and exacerbation risk.

METHODS
We conducted a 52-week, double-blind, multicenter trial involving patients 12 years 
of age or older who had mild asthma and were eligible for treatment with regular 
inhaled glucocorticoids. Patients were randomly assigned to receive twice-daily place-
bo plus budesonide–formoterol (200 μg of budesonide and 6 μg of formoterol) used 
as needed or budesonide maintenance therapy with twice-daily budesonide (200 μg) 
plus terbutaline (0.5 mg) used as needed. The primary analysis compared budesonide–
formoterol used as needed with budesonide maintenance therapy with regard to the 
annualized rate of severe exacerbations, with a prespecified noninferiority limit of 
1.2. Symptoms were assessed according to scores on the Asthma Control Question-
naire–5 (ACQ-5) on a scale from 0 (no impairment) to 6 (maximum impairment).

RESULTS
A total of 4215 patients underwent randomization, and 4176 (2089 in the budesonide–
formoterol group and 2087 in the budesonide maintenance group) were included 
in the full analysis set. Budesonide–formoterol used as needed was noninferior to 
budesonide maintenance therapy for severe exacerbations; the annualized rate of 
severe exacerbations was 0.11 (95% confidence interval [CI], 0.10 to 0.13) and 0.12 
(95% CI, 0.10 to 0.14), respectively (rate ratio, 0.97; upper one-sided 95% confi-
dence limit, 1.16). The median daily metered dose of inhaled glucocorticoid was 
lower in the budesonide–formoterol group (66 μg) than in the budesonide main-
tenance group (267 μg). The time to the first exacerbation was similar in the two 
groups (hazard ratio, 0.96; 95% CI, 0.78 to 1.17). The change in ACQ-5 score showed 
a difference of 0.11 units (95% CI, 0.07 to 0.15) in favor of budesonide maintenance 
therapy.

CONCLUSIONS
In patients with mild asthma, budesonide–formoterol used as needed was noninferior 
to twice-daily budesonide with respect to the rate of severe asthma exacerbations dur-
ing 52 weeks of treatment but was inferior in controlling symptoms. Patients in the 
budesonide–formoterol group had approximately one quarter of the inhaled gluco-
corticoid exposure of those in the budesonide maintenance group. (Funded by 
AstraZeneca; SYGMA 2 ClinicalTrials.gov number, NCT02224157.)
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Mild asthma often remains poor-
ly controlled despite the availability of 
effective treatments.1,2 Current guide-

lines recommend that most patients with mild 
asthma be treated with regular, low-dose inhaled 
glucocorticoids as controller medication to re-
duce the risk of exacerbations, with short-acting 
β2-agonists (SABAs) used as needed for symp-
tom relief.2 Despite the relatively low burden of 
symptoms in these patients, airway inflammation, 
although variable in intensity, is usually present.1 
The underuse of inhaled glucocorticoids, even in 
patients with mild asthma, is associated with se-
vere asthma exacerbations3 and death.1 However, 
adherence to regular controller therapy, particu-
larly inhaled glucocorticoids, is poor.4,5 Instead, 
patients rely on SABAs to relieve symptoms, and 
overuse is common. This behavior is also associ-
ated with a risk of severe exacerbations6 and 
death.7

The use of a combination of a fast-acting β2-
agonist and inhaled glucocorticoid on an as-need-
ed basis — an antiinflammatory reliever approach 
— is a potential alternative strategy.8-10 In the 
Symbicort Given as Needed in Mild Asthma 
(SYGMA) 1 trial (the results of which are published 
in this issue of the Journal11), among closely 
monitored patients for whom Global Initiative for 
Asthma (GINA) step 2 treatment2 was indicated, 
budesonide–formoterol used as needed was su-
perior to the SABA terbutaline used as needed but 
was inferior to budesonide maintenance therapy 
in controlling asthma symptoms. The rate of 
severe exacerbations was lower among patients 
treated with budesonide–formoterol as needed 
than among those who used terbutaline as needed 
and was similar to the rate observed with regular 
low-dose budesonide maintenance therapy. The 
SYGMA 2 trial was designed in parallel with the 
SYGMA 1 trial to examine whether, in a more 
pragmatic study design without daily reminders 
to use maintenance medication, budesonide–
formoterol used as needed would be noninferior 
to regular budesonide maintenance treatment in 
preventing severe exacerbations in patients with 
mild asthma.

Me thods

Trial Design

In this double-blind, randomized, international, 
parallel-group, 52-week, phase 3 trial, we evalu-

ated the efficacy and safety of budesonide–for-
moterol (200 μg of budesonide and 6 μg of for-
moterol; Symbicort Turbuhaler, AstraZeneca) used 
as needed, as compared with twice-daily mainte-
nance therapy with budesonide at a dose of 200 μg 
(Pulmicort Turbuhaler, AstraZeneca) plus terbu-
taline at a dose of 0.5 mg (Turbuhaler, AstraZeneca) 
used as needed. The trial took place at 354 sites 
in 25 countries (see the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org). The trial protocol, with the statisti-
cal analysis plan, is available at NEJM.org. The 
trial design has been published previously.12

Patients

Outpatients 12 years of age or older who had re-
ceived a clinical diagnosis of asthma (according 
to GINA 2012 criteria13) at least 6 months previ-
ously were eligible if they were assessed by the 
investigator as needing GINA step 2 treatment 
(regular, low-dose inhaled glucocorticoid).13 This 
was defined as asthma being uncontrolled while 
the patient was using inhaled short-acting bron-
chodilators as needed or as asthma that was well 
controlled while the patient was using low-dose 
inhaled glucocorticoid or leukotriene-receptor an-
tagonist maintenance therapy plus a SABA as 
needed during the 30 days before visit 2.

Recruitment was stratified according to trial 
site. Key exclusion criteria were asthma worsen-
ing that involved a change in asthma treatment or 
the use of systemic glucocorticoids in the previ-
ous 30 days, current or former smoking with a 
history of 10 or more pack-years, and a history 
of life-threatening asthma. Details of the inclu-
sion and exclusion criteria are provided in the 
Supplementary Appendix.

The trial was performed in accordance with 
the Declaration of Helsinki and with Good Clinical 
Practice guidelines. The protocol was approved by 
the relevant oversight authorities (see the Supple-
mentary Appendix). Written informed consent 
was obtained from all patients and from parents 
or guardians of patients who were younger than 
18 years of age.

Trial Treatment

Before randomization, patients entered a run-in 
period lasting 2 to 4 weeks during which they used 
only terbutaline at a dose of 0.5 mg as needed for 
symptoms (Fig. S1 in the Supplementary Appen-
dix). To progress to randomization, patients must 
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have had an indication for step 2 treatment by 
using terbutaline as needed on at least 3 days 
during the last week of the run-in period and by 
not having used at least six inhalations per day 
of terbutaline as needed for 2 or more days of 14 
days in the run-in period (or for ≥3 days of 15 to 
21 days or for ≥4 days of ≥22 days in the run-in 
period).

Eligible patients were randomly assigned to 
receive either twice-daily placebo plus budesonide–
formoterol used as needed (budesonide–formoter-
ol group) or twice-daily budesonide plus terbuta-
line used as needed (budesonide maintenance 
group). The use of all trial inhalers was electroni-
cally recorded with the use of Turbuhaler usage 
monitors (Adherium),14 but these data were not 
available to sites during the trial.

End Points and Assessments

The primary objective was to evaluate whether 
budesonide–formoterol used as needed was non-
inferior to budesonide maintenance therapy in 
terms of the annualized rate of severe exacerba-
tions. Initially, the trial had aimed to show su-
periority. However, a prespecified sample-size 
review of results of the blinded monitoring of 
exacerbations and rates of adherence to mainte-
nance treatment, performed before the enrollment 
of the last patient, confirmed an overall exacerba-
tion rate that was lower than anticipated (0.10 
exacerbations per year vs. the value of 0.14 that 
was used in the power calculations) and a high-
er rate of adherence to maintenance treatment 
than had been seen in other studies that used 
electronically recorded adherence monitoring.15 
These data suggested that superiority would not 
be shown with the current sample size. Further-
more, it was recognized that noninferiority to an 
effective standard of care in mild asthma 
(budesonide maintenance therapy), with the use 
of an alternative treatment approach that would 
not depend on good adherence, could be clini-
cally relevant. Consequently, the protocol was 
amended, and a noninferiority margin of 1.2 for 
the upper boundary of the 95% confidence limit 
of the rate ratio comparing the exacerbation rate 
in the budesonide–formoterol group with that in 
the budesonide maintenance group was pre-
specified on the basis of advice from an expert 
panel convened by the investigators.

Secondary end points included the between-
group differences in efficacy in terms of the 

time to the first severe exacerbation (worsening 
asthma leading to systemic glucocorticoid treat-
ment for ≥3 days, hospitalization, or an emer-
gency department visit leading to systemic gluco-
corticoid treatment), use of inhaled and systemic 
glucocorticoids, the forced expiratory volume in 
1 second (FEV1) before bronchodilator use, trial-
specific asthma-related discontinuation, use of 
maintenance therapy and as-needed reliever thera-
py, the percentage of reliever-free days, score on 
the Asthma Control Questionnaire–5 (ACQ-5), 
and score on the standardized Asthma Quality 
of Life Questionnaire (AQLQ). The ACQ-5 con-
sists of 5 questions about asthma symptoms dur-
ing the previous week, each of which is scored on 
a range from 0 (no impairment) to 6 (maximum 
impairment); the minimal clinically important 
difference is 0.5 units. The AQLQ contains 32 
questions about asthma-related symptoms and 
limitations during the preceding 2 weeks. Each 
item is scored on a scale of 1 (severely impaired) 
to 7 (no impairment); the minimal clinically im-
portant difference is 0.5 units. Safety was evalu-
ated in a standardized fashion.

Trial Oversight

Trial data were collected by the clinical investi-
gators and analyzed by employees of the spon-
sor, AstraZeneca. The first and third authors 
vouch for the accuracy and completeness of the 
data and analyses and for the fidelity of the trial 
to the protocol. All the authors helped draft each 
stage of the manuscript and read and approved 
the final version at the time of submission. Writ-
ing and editing assistance, including preparation 
of a draft manuscript under the direction and 
guidance of the authors, and manuscript sub-
mission was provided by inScience Communica-
tions, Springer Healthcare, with funding by the 
sponsor.

Statistical Analysis

Details of the sample-size calculation and statis-
tical analyses have been published previously12 
and are provided in the protocol and statistical 
analysis plan. As noted above, the protocol was 
amended to include a noninferiority test as the 
primary analysis, with the use of a prespecified 
noninferiority limit of 1.2 (upper one-sided 95% 
confidence limit of the rate ratio). The primary 
variable of the rate of severe exacerbations was 
analyzed by a negative binomial regression model 
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with treatment, pretrial treatment, and geograph-
ic region as factors and with the logarithm of 
duration of treatment as an offset variable. The 
time to the first severe exacerbation and the time 
to discontinuation due to trial-specific asthma-
related events were analyzed by a Cox propor-
tional-hazards model that included the same 
adjustment factors. Changes from baseline in 
the FEV1 before bronchodilator use, the ACQ-5 
score, and the AQLQ score were analyzed with 
the use of a mixed model for repeated measures 
that included treatment, pretrial treatment, geo-
graphic region, visit, and the treatment-by-visit 
interaction as factors and with baseline values as 
covariates with an unstructured variance–covari-
ance matrix. The change from baseline in “as-
needed” use was analyzed with an analysis of co-
variance. No adjustments for multiple comparisons 
for secondary efficacy variables were made. Ad-
ditional details of the sample-size calculation and 
analyses of primary and secondary end points 
are provided in the Supplementary Appendix.

R esult s

Patients

The trial was conducted from November 2014 
through August 2017. Of 6634 patients screened, 
4215 underwent randomization (Fig. S2 in the 
Supplementary Appendix). Overall, 4176 patients 
with data that could be evaluated were included 
in the full analysis set: 2089 patients were in the 
budesonide–formoterol group and 2087 in the 
budesonide maintenance group. On the basis of 
physician assessment before enrollment, 2242 
patients (53.7%) had asthma that was well con-
trolled while they were using an inhaled gluco-
corticoid (48.1%) or leukotriene-receptor antago-
nist (5.6%), and 1934 (46.3%) had uncontrolled 
asthma while they were using only a SABA (or a 
short-acting anticholinergic agent). A total of 
3968 of 4215 patients (94.1%) completed the 
trial, and 3827 (90.8%) completed treatment.

The demographic and clinical characteristics 
of the patients at baseline are shown in Table 1, 
and in Table S1 in the Supplementary Appendix. 
The mean age of the patients was 41 years, 62.2% 
of the patients were female, and the median time 
since the diagnosis of asthma was 7.6 years 
(range, 0.4 to 71.2). Only 2.6% of the patients 
were current smokers. The baseline characteris-
tics were consistent with mild asthma, with 

mildly uncontrolled symptoms (mean [±SD] ACQ-5 
score, 1.51±0.90) and well-preserved lung func-
tion (mean FEV1 before bronchodilator use, 
84.3±13.9% of the predicted value). The mean 
bronchodilator reversibility was 15.2±12.7%. A 
total of 22% of the patients in each group had 
had severe exacerbations previously. The treat-
ment groups were well balanced with regard to 
asthma characteristics.

Primary Efficacy End Point

Budesonide–formoterol used as needed was non-
inferior to budesonide maintenance therapy with 
regard to the annualized rate of severe asthma 
exacerbations; the rate was 0.11 (95% confidence 
interval [CI], 0.10 to 0.13) in the budesonide–
formoterol group and 0.12 (95% CI, 0.10 to 0.14) 
in the budesonide maintenance group. The rate 
ratio between the budesonide–formoterol group 
and the budesonide maintenance group was 0.97 
(one-sided 95% upper confidence limit, 1.16) 
(Fig. 1A).

Secondary Efficacy End Points
Exacerbations

A similar number of patients in each treatment 
group had severe exacerbations that led to an 
emergency department visit or hospitalization 
(Table  2). There was no significant difference 
between the two treatment groups in the time to 
the first severe asthma exacerbation (Fig. 1B), nor 
was there a significant difference in the rate of 
severe exacerbations according to pretrial treat-
ment (Fig. S3 in the Supplementary Appendix).

Adherence and Treatment Exposure
The electronically recorded adherence to the blind-
ed maintenance regimen did not differ substan-
tially between the two groups; the mean percent-
age of daily doses was 64.0±30.0% of placebo 
doses in the budesonide–formoterol group and 
62.8±29.4% of budesonide maintenance doses. 
The median daily dose of inhaled glucocorticoid 
was 75% lower in the budesonide–formoterol 
group than in the budesonide maintenance group 
(metered dose, 66 μg and 267 μg, respectively) 
(Table S2 in the Supplementary Appendix). The 
percentage of days with inhaled glucocorticoid 
use was lower in the budesonide–formoterol group 
than in the budesonide maintenance group (30.5% 
vs. 67.9%; difference, −37.5 percentage points; 
95% CI, −39.2 to −35.8). The median number of 
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days with systemic glucocorticoid treatment was 
the same in each group (6 days).

As-Needed Medication
A mean of 0.52±0.55 inhalations per day of 
budesonide–formoterol was used as needed, as 
compared with 0.49±0.70 inhalations per day of 
terbutaline used as needed in the budesonide 

maintenance group. Patients who had been ran-
domly assigned to the budesonide–formoterol 
group had fewer days with no use of an as-needed 
agent than those who had been randomly assigned 
to the budesonide maintenance group (69.0% vs. 
75.9% of days) (Fig. S4 in the Supplementary Ap-
pendix). The mean change from baseline in the 
percentage of reliever-free days was lower in the 

Characteristic

Budesonide–Formoterol 
as Needed 
(N = 2089)

Budesonide Maintenance 
Therapy 

(N = 2087)
Total 

(N = 4176)

Age — yr

Mean 41.3±16.8 40.7±17.1 41.0±17.0

Range 12–82 12–83 12–83

Female sex — no. (%) 1308 (62.6) 1289 (61.8) 2597 (62.2)

Current smoking — no. (%) 53 (2.5) 54 (2.6) 107 (2.6)

Time since asthma diagnosis — yr

Median 7.9 7.3 7.6

Range 0.5–62.4 0.4–71.2 0.4–71.2

ACQ-5 score†

Mean 1.49±0.89 1.53±0.90 1.51±0.90

Score ≥1.5 — no./total no. (%) 943/2043 (46.2) 1000/2037 (49.1) 1943/4080 (47.6)

FEV1 — % of predicted value

Before bronchodilator use 84.4±13.9 84.1±13.9 84.3±13.9

After bronchodilator use 96.3±13.8 96.0±13.5 96.1±13.6

Bronchodilator reversibility — %‡ 15.1±12.4 15.2±13.0 15.2±12.7

Asthma control according to pretrial treatment — no. (%)§

Uncontrolled with short-acting bronchodilator 959 (45.9) 975 (46.7) 1934 (46.3)

Controlled with inhaled glucocorticoid or leukotriene-
receptor antagonist

1130 (54.1) 1112 (53.3) 2242 (53.7)

No. of severe exacerbations in previous 12 mo — no. (%)

0 1630 (78.0) 1627 (78.0) 3257 (78.0)

1 365 (17.5) 362 (17.3) 727 (17.4)

≥2 94 (4.5) 98 (4.7) 192 (4.6)

*	�Plus–minus values are means ±SD. There were no significant between-group differences in the demographic or clinical characteristics at 
baseline. Baseline was defined as the assessment at visit 3 (i.e., the point at which randomization took place), after a run-in period of 2 to  
4 weeks during which patients used a short-acting bronchodilator alone. Unless otherwise stated, values were obtained at the baseline visit. 
Complete demographic and clinical characteristics at baseline are shown in Table S1 in the Supplementary Appendix. Data on the forced 
expiratory volume in 1 second (FEV1) before bronchodilator use were missing for 10 patients in the budesonide–formoterol group and for 
12 in the budesonide maintenance group, and data on bronchodilator reversibility were missing for 20 and 29, respectively.

†	�Shown are the scores on the Asthma Control Questionnaire–5 (ACQ-5) after a run-in period of 2 to 4 weeks during which patients used 
terbutaline alone on an as-needed basis, regardless of previous treatment. The ACQ-5 consists of five questions about asthma symptoms in 
the previous week, each of which is scored on a range from 0 (no impairment) to 6 (maximum impairment). Data were missing for 46 
patients in the budesonide–formoterol group and for 50 in the budesonide maintenance group.

‡	�The data for bronchodilator reversibility were measured at trial entry (visit 1 or 2). If the results were not confirmed, reversibility could also 
be measured at the baseline visit (visit 3). Alternatively, a documented positive reversibility test within the 12 months before randomization 
was acceptable to meet the inclusion criterion for reversibility.

§	� Control of asthma by the pretrial treatment was assessed by the physician.

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline, According to Treatment Group.*
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budesonide–formoterol group than in the 
budesonide maintenance group, but the mean 
change from baseline in the as-needed use of 
reliever treatment did not differ significantly 
between groups (Tables S3 and S4 in the Supple-
mentary Appendix).

Lung Function and Patient-Reported Outcomes
The change from baseline in the FEV1 both be-
fore and after bronchodilator use was less in the 
budesonide–formoterol group than in the 

budesonide maintenance group (mean differ-
ence in FEV1 before bronchodilator use, −32.6 ml 
[95% CI, −53.7 to −11.4]; mean difference in 
FEV1 after bronchodilator use, −23.1 ml [95% CI, 
−41.9 to −4.2]) (Fig. 2A). The ACQ-5 score de-
creased (indicating less impairment) over time 
in each group. The decrease in the budesonide–
formoterol group was less than in the budesonide 
maintenance group (mean difference, 0.11 units; 
95% CI, 0.07 to 0.15) (Fig.  2B), and fewer pa-
tients in the budesonide–formoterol group than 

Figure 1. Annualized Rate of Severe Asthma Exacerbations and Time to First Severe Exacerbation.

Panel A shows the rate ratios for the annualized rate of severe asthma exacerbations, which were tested for the non-
inferiority and superiority of budesonide–formoterol used as needed versus budesonide maintenance therapy. The 
solid line at 1.2 indicates the noninferiority margin, and the dashed line at 1.0 the superiority margin. All nine pa-
tients from France (five patients in the budesonide–formoterol group and four in the budesonide maintenance 
group) were excluded from the noninferiority test, because the protocol amendment introducing the noninferiority 
test was not approved by the ethics review board. The 95% confidence interval (CI) is one-sided for the noninferiori-
ty test and two-sided for the superiority test. NA denotes not applicable. Panel B shows the time to the first severe 
exacerbation in the full analysis set. The inset shows the same data on an enlarged y axis. P values were not con-
trolled for multiple comparisons.
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in the budesonide maintenance group had a 
decrease from baseline in the ACQ-5 score of at 
least 0.5 units (40.3% vs. 44.3%; odds ratio, 0.86; 
95% CI, 0.75 to 0.99). The change in the AQLQ 
overall score was less in the budesonide–formoter-
ol group than in the budesonide maintenance 
group (mean difference, −0.10; 95% CI, −0.14 to 
−0.05). Details are provided in Figures S5 through 
S7 in the Supplementary Appendix.

High Use of Reliever Therapy
Fewer patients had high use of as-needed 
budesonide–formoterol than as-needed terbuta-
line. Fewer patients in the budesonide–formoterol 
group than in the budesonide maintenance group 
used more than 8 inhalations of the as-needed 
agent per day (10.4% vs. 15.0%) or more than 12 
inhalations per day (4.1% vs. 7.4%) at least once 
(Table S5 in the Supplementary Appendix).

Adverse Events and Asthma-Related Discontinuation
Details of adverse events, which were similar in 
the two treatment groups, and trial-specific 

asthma-related discontinuations are provided in 
Tables S6 and S7 in the Supplementary Appendix. 
There was one death in each group. Deaths were 
adjudicated by an external independent adjudication 
committee. The death in the budesonide mainte
nance group was deemed to be asthma-related, 
and the death in the budesonide–formoterol group 
was deemed to be a cardiorespiratory arrest and 
not asthma-related (Table S8 in the Supplementary 
Appendix).

Discussion

This comparison of two approaches to antiinflam-
matory treatment in patients with mild asthma 
showed that budesonide–formoterol used as need-
ed was noninferior to low-dose budesonide main-
tenance treatment in terms of the annualized 
rate of severe asthma exacerbations and the time 
to the first severe exacerbation. The rate of se-
vere exacerbations in the budesonide–formoterol 
group was achieved with less than one quarter 
of the total exposure to inhaled glucocorticoid 

Variable

Budesonide–Formoterol 
as Needed 
(N = 2089)

Budesonide Maintenance 
Therapy 

(N = 2087)

Total no. of patient-yr 1998 1981

All severe exacerbations

Patients with ≥1 exacerbation — no. (%) 177 (8.5) 184 (8.8)

Total no. of exacerbations 217 221

Total no. of exacerbations per patient-yr 0.11 0.11

Severe exacerbation leading to systemic glucocorticoid use 
for ≥3 days

Patients with ≥1 exacerbation — no. (%) 171 (8.2) 173 (8.3)

Total no. of exacerbations 209 207

Total no. of exacerbations per patient-yr 0.10 0.10

Severe exacerbation leading to emergency department visit 
and systemic glucocorticoid use

Patients with ≥1 exacerbation — no. (%) 25 (1.2) 36 (1.7)

Total no. of exacerbations 26 40

Total no. of exacerbations per patient-yr 0.01 0.02

Severe exacerbation leading to hospitalization

Patients with ≥1 exacerbation — no. (%) 17 (0.8) 17 (0.8)

Total no. of exacerbations 20 17

Total no. of exacerbations per patient-yr 0.01 0.01

*	�Patient-years were assessed only during the trial period (i.e., during exposure to the trial medications and placebo).

Table 2. Severe Asthma Exacerbations and Exacerbation Rate, According to Treatment Group.*
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received with budesonide maintenance therapy. 
Improvements in secondary end points reflecting 
control of asthma symptoms (according to the 
ACQ-5) and quality of life (according to the AQLQ) 
and the FEV1 before bronchodilator use were larger 
with budesonide maintenance therapy than with 

budesonide–formoterol used as needed. The dif-
ferences in these treatment outcomes were small-
er than the accepted minimal clinically important 
differences for these end points. Similar findings 
were observed in the companion SYGMA 1 trial.11

The trial enrolled patients who had contrast-

Figure 2. Forced Expiratory Volume in 1 Second (FEV1) before Bronchodilator Use and Asthma Control Question-
naire–5 (ACQ-5) Scores.

Panel A shows the least-squares mean FEV1 before bronchodilator use over time. The approximate minimal clinical-
ly important difference is not well established but is likely to be 100 to 200 ml.16 I bars indicate 95% confidence in-
tervals in both panels. Panel B shows the least-squares mean scores on the ACQ-5 over time in the full analysis set 
(the dashed line at 0.0 indicates baseline). The ACQ-5 consists of five questions about asthma symptoms in the pre-
vious week, each of which is scored on a range from 0 (no impairment) to 6 (maximum impairment); the minimal 
clinically important difference is 0.5 units.17 P values were not controlled for multiple comparisons.
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ing previous treatment; almost half the patients 
had asthma that was uncontrolled while they 
were using short-acting bronchodilators on an 
as-needed basis, whereas the others had asthma 
that had been previously well controlled while 
they were using regular maintenance treatment. 
However, at baseline, all the patients were re-
quired to fulfill clinical criteria for mild asthma. 
Previous treatment did not appear to influence 
the results; the effect of the trial medications on 
exacerbations was similar. There were no safety 
concerns in terms of adverse events, a finding 
that is consistent with the well-established safe-
ty profile of the trial medications.

Although budesonide–formoterol used as 
needed met our prespecified noninferiority mar-
gin for the exacerbation rate, as compared with 
budesonide maintenance therapy, there are dif-
ferences that might influence the choice of one 
treatment regimen over the other, and several 
uncertainties remain. A first consideration is the 
reason for treating mild asthma — whether for 
symptom control or for reduction in the risk of 
asthma exacerbations. Budesonide maintenance 
therapy, the current standard of care, is more 
effective in addressing symptoms, at least when 
adherence is at the level seen in this trial (63%); 
however, with regard to the prevention of risk, 
the treatments are similar.

Symptoms in mild asthma are highly vari-
able, are often intermittent and tolerated by pa-
tients, and may be overlooked by clinicians.18 In 
cases in which relief of symptoms is the concern 
and adherence is likely to be good, regular use 
of budesonide may be preferred. However, the 
potential role of an antiinflammatory reliever 
used as needed is to address the more common 
scenario of reliance on and overuse of SABAs, 
which is associated with worsening asthma, ex-
acerbations,6,19,20 and potentially death, which 
are often closely associated with poor adherence 
to the use of inhaled glucocorticoids.21 Although 
exacerbations are less frequent in mild asthma 
than in more severe asthma (22% of the patients 
in this trial reported having had a severe exacer-
bation in the previous 12 months), they may have 
important consequences.1,7,9 Severe exacerbations 
in patients who had been classified as having 
mild asthma represent 30 to 40% of the asthma 
exacerbations leading to emergency consultations.1

A second consideration involves patients’ be-
havior and preference. Patients with asthma, par-

ticularly those with mild or infrequent symptoms, 
prefer as-needed treatment and favor a medica-
tion that provides immediate relief.6,7,10,19,22-25 The 
risk of infrequent exacerbations may appear to 
be remote, so patients may not believe that tak-
ing daily treatment year-round is warranted. A 
further common reason for this behavior in-
volves a concern about potential adverse effects 
of regular inhaled glucocorticoids, regardless of 
the veracity of the risk.15,26,27 The addition of a 
controller with an antiinflammatory reliever le-
verages the patient’s tendency to prefer a reliever 
agent, and only one inhalation device is required. 
In this way, the as-needed regimen may be con-
sidered to be tailored to the needs of individual 
patients and to the natural variation in their 
asthma symptoms.10,23

Strengths of the trial include the 1-year dura-
tion, large population, electronic monitoring of 
medication use, and relatively nonintrusive prag-
matic design, which involved only two midtrial 
visits, no daily diary, no monitoring of the peak 
expiratory flow, and no medication reminders. A 
limitation of this trial is the double-blind de-
sign, such that patients who had been randomly 
assigned to the budesonide–formoterol group still 
had to take placebo twice daily, which would not 
apply in clinical practice. A likely consequence of 
this limitation is that the overall rate of adher-
ence to a maintenance regimen (budesonide or 
placebo) of approximately 60% was substantially 
higher than the rate observed in real-world stud-
ies of regular maintenance treatment measured 
electronically, in which values below 35% are more 
usual.28,29 In the SYGMA trials, this situation would 
have favored the group that received budesonide 
maintenance therapy.

A further limitation is the absence of pheno-
typing with measurement of markers of inflam-
mation, such as the fraction of exhaled nitric 
oxide (Feno), which might have revealed differ-
ences in responsiveness to the two treatment ap-
proaches. Such studies might also clarify whether 
there are differences in airway inflammation 
when budesonide is used on a regular or an as-
needed basis.

In patients with mild asthma, the SYGMA 1 
trial showed the superiority of budesonide–for-
moterol over terbutaline as a reliever agent used 
as needed,11 both for symptom control and the 
prevention of exacerbations, with no evidence of 
overuse of budesonide–formoterol. The SYGMA 
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2 trial, which was conducted in a less inten
sively monitored context, confirmed the finding 
of the SYGMA 1 trial that, as compared with 
budesonide maintenance therapy, budesonide–
formoterol used as needed was inferior with re
gard to symptom control but similar with regard 
to exacerbation reduction, without overuse of 
budesonide–formoterol.

This antiinflammatory reliever approach has 
been examined in previous studies. Budesonide–
formoterol used as needed has been shown to be 
effective in patients with intermittent asthma 
and an elevated Feno,30 as well as when each drug 
is used with separate glucocorticoid and SABA 
inhalers in adults and children with mild asth
ma31,32 and with combination glucocorticoid–SABA 
inhalers in adults with mild-to-moderate asthma.33 
Unanswered questions include how as-needed and 
regular treatments with antiinflammatory agents 
compare during open-label treatment and wheth
er biomarkers of airway inflammation could be 
used to select treatment in patients with mild 
asthma. These and other questions, such as those 
regarding patients’ experiences, attitudes, and 
preferences, are under investigation in ongoing 
pragmatic trials (Australian New Zealand Clinical 
Trials Registry numbers, ACTRN12615000999538 
and ACTRN12616000377437).34,35

In conclusion, among patients with mild 
asthma, although budesonide–formoterol used 
as needed provided less symptom control than 
budesonide maintenance therapy, it resulted in a 
similar (noninferior) reduction in the risk of 
asthma exacerbations, at a substantially lower 
dose of daily inhaled glucocorticoid and without 
the need for twice-daily maintenance therapy.
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