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ABSTRACT

BACKGROUND
In patients with mild asthma, as-needed use of an inhaled glucocorticoid plus a fast-
acting B,-agonist may be an alternative to conventional treatment strategies.

METHODS
We conducted a 52-week, double-blind trial involving patients 12 years of age or older
with mild asthma. Patients were randomly assigned to one of three regimens: twice-
daily placebo plus terbutaline (0.5 mg) used as needed (terbutaline group), twice-daily
placebo plus budesonide—formoterol (200 ug of budesonide and 6 ug of formoterol)
used as needed (budesonide—formoterol group), or twice-daily budesonide (200 ug) plus
terbutaline used as needed (budesonide maintenance group). The primary objective
was to investigate the superiority of as-needed budesonide—formoterol to as-needed
terbutaline with regard to electronically recorded weeks with well-controlled asthma.

RESULTS

A total of 3849 patients underwent randomization, and 3836 (1277 in the
terbutaline group, 1277 in the budesonide—formoterol group, and 1282 in the
budesonide maintenance group) were included in the full analysis and safety data
sets. With respect to the mean percentage of weeks with well-controlled asthma
per patient, budesonide—formoterol was superior to terbutaline (34.4% vs. 31.1%
of weeks; odds ratio, 1.14; 95% confidence interval [CI], 1.00 to 1.30; P=0.046)
but inferior to budesonide maintenance therapy (34.4% and 44.4%, respectively;
odds ratio, 0.64; 95% CI, 0.57 to 0.73). The annual rate of severe exacerbations was
0.20 with terbutaline, 0.07 with budesonide—formoterol, and 0.09 with budesonide
maintenance therapy; the rate ratio was 0.36 (95% CI, 0.27 to 0.49) for budesonide—
formoterol versus terbutaline and 0.83 (95% CI, 0.59 to 1.16) for budesonide—
formoterol versus budesonide maintenance therapy. The rate of adherence in the
budesonide maintenance group was 78.9%. The median metered daily dose of inhaled
glucocorticoid in the budesonide—formoterol group (57 ug) was 17% of the dose in
the budesonide maintenance group (340 ug).

CONCLUSIONS
In patients with mild asthma, as-needed budesonide—formoterol provided superior
asthma-symptom control to as-needed terbutaline, assessed according to electronically
recorded weeks with well-controlled asthma, but was inferior to budesonide maintenance
therapy. Exacerbation rates with the two budesonide-containing regimens were similar
and were lower than the rate with terbutaline. Budesonide—formoterol used as needed
resulted in substantially lower glucocorticoid exposure than budesonide maintenance
therapy. (Funded by AstraZeneca; SYGMA 1 ClinicalTrials.gov number, NCT02149199.)
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ILD ASTHMA, WHICH CAN BE WELL

controlled either with reliever medica-

tion (short-acting 3.-agonists [SABAs])
used alone as needed or with low-dose inhaled
glucocorticoid or leukotriene-receptor antagonist
used as maintenance controller medication,! oc-
curs in approximately 50 to 75% of patients with
asthma.? Symptoms may not necessarily be bur-
densome, but airway inflammation is usually
present,® and patients with mild asthma remain
at risk for severe exacerbations (which account
for 30 to 40% of asthma exacerbations leading
to emergency care?) and asthma-related death.?

Guidelines recommend that most adults and
adolescents with asthma use regular daily low-
dose inhaled glucocorticoids as maintenance
treatment to reduce airway inflammation, symp-
toms, and the risk of exacerbations.* However,
in clinical practice, poor adherence to asthma
medications, particularly inhaled glucocorticoids
as maintenance therapy, is a major problem
across all severities of asthma,*” leading to under-
treatment of underlying inflammation and to an
increased risk of exacerbations.®™ In parallel, pa-
tients rely on SABAs for symptom relief. However,
SABAs do not address the underlying inflamma-
tory process or protect against exacerbations;
indeed, increased use of SABAs is associated
with a higher exacerbation risk.'!?
One potential strategy to address these issues

is the use of a combination of a fast-acting 3,-
agonist and an inhaled glucocorticoid taken only
on an as-needed basis. This approach has proved
effective with beclomethasone and SABAs in
patients with mild asthma®® and those with
mild-to-moderate asthma.™ The objectives of the
Symbicort Given as Needed in Mild Asthma
(SYGMA) 1 trial were to assess, among patients
with mild asthma, the long-term efficacy and
safety of budesonide—formoterol used as needed,
measured according to electronically recorded
weeks with well-controlled asthma and the rate
of severe exacerbations, as compared with terbu-
taline used as needed or budesonide maintenance
therapy.

METHODS

TRIAL DESIGN

We conducted a double-blind, randomized, parallel-
group, 52-week, phase 3 trial that evaluated the
efficacy and safety of budesonide—formoterol
(200 ug of budesonide and 6 ug of formoterol;

Symbicort Turbuhaler, AstraZeneca) used as need-
ed, as compared with terbutaline (0.5 mg; terbu-
taline Turbuhaler, AstraZeneca) used as needed
and with twice-daily budesonide (200 ug; Pul-
micort Turbuhaler, AstraZeneca) plus terbutaline
(0.5 mg) used as needed (Fig. 1). The trial sites
are listed in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org.
The trial protocol, with the statistical analysis
plan, is available at NEJM.org. The trial design
has been published previously.”®

PATIENTS

Patients, 12 years of age or older, who had re-
ceived a clinical diagnosis of asthma (Global
Initiative for Asthma [GINA] 2012 criteria’®) at
least 6 months previously were eligible if they
had been assessed by the investigator as needing
GINA step 2 treatment!® for the 30 days before
visit 2. Step 2 treatment is considered to be ap-
propriate in patients with asthma that is uncon-
trolled while the patient is taking inhaled short-
acting bronchodilators on an as-needed basis
(subgroup 1 in our trial) or asthma that is well
controlled while the patient is taking mainte-
nance therapy with a low-dose inhaled glucocorti-
coid or leukotriene-receptor antagonist plus short-
acting bronchodilators used as needed (subgroup
2). Recruited patients were stratified according
to pretrial treatment. Confirmation of the asthma
diagnosis was required, either by a documented
history of reversible airway obstruction or by
means of a bronchodilator reversibility test con-
ducted at visit 2 or 3 with an increase in the
forced expiratory volume in 1 second (FEV,) of at
least 12% and 200 ml from the value obtained
before bronchodilator use. Details of the inclu-
sion and exclusion criteria and stratification
technique are provided in the Supplementary
Appendix.

The trial was performed in accordance with
the Declaration of Helsinki and Good Clinical
Practice guidelines, and the protocol was approved
by relevant authorities (Table S1 in the Supple-
mentary Appendix). All the patients provided
written informed consent (for patients younger
than 18 years of age, written informed consent
was also obtained from a parent or guardian).

TRIAL TREATMENT

Before randomization, to confirm the appropri-
ateness of GINA step 2 treatment,'® eligible pa-
tients entered a run-in period lasting 2 to 4 weeks
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Randomization

Placebo twice per day+terbutaline as needed
UisElli Placebo twice per day+budesonide—formoterol as needed
as needed
Budesonide twice per day+terbutaline as needed
Period Enrollment  Run-in Treatment
T T T T T T T 1
Visit 1 2 3 4 5 6 7 8 Follow-
Trial entry Baseline up

Week -4to-2 0 4 16 28 40 52 54

Electronic diary
and inhaler
monitor

Electronic diary and inhaler monitor

Figure 1. Trial Design.

of a telephone call.

The terbutaline dose used during the run-in period (0.5 mg) corresponded to a delivered dose of 0.4 mg of terbutaline, delivered by a
Turbuhaler during the double-blind phase for blinding purposes. Pretrial asthma treatments were discontinued at visit 2. In order for
patients to be eligible to undergo randomization, morning and evening data must have been recorded for at least 8 days (any 8) of the
previous 10 days of the run-in period. The dose of budesonide—formoterol during the treatment period corresponded to a delivered
dose of 160 pg of budesonide and 4.5 pg of formoterol. An inhaler monitor recorded terbutaline use during the run-in period as well
as the use of each blinded trial inhaler. An electronic diary recorded the morning and evening peak expiratory flow, asthma symptoms,
and nighttime awakenings due to asthma and prompted the use of the blinded maintenance inhaler. Follow-up was conducted by means

during which they received only terbutaline on an
as-needed basis (Fig. 1). To progress to random-
ization (visit 3), patients must have used terbuta-
line on an as-needed basis on at least 3 days
during the last week of the run-in period but
could not have used six or more inhalations of
terbutaline per day 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). Patients were also required to use the
trial-medication inhaler device and the electronic
diary correctly.

Patients were randomly assigned to one of
three regimens: twice-daily placebo plus terbuta-
line (0.5 mg, used on an as-needed basis; terbu-
taline group); twice-daily placebo plus budesonide—
formoterol (200 wg of budesonide and 6 ug
of formoterol, used on an as-needed basis;
budesonide—formoterol group); or twice-daily
budesonide (200 wg) plus terbutaline (0.5 mg,
used on an as-needed basis; budesonide mainte-
nance group). During the trial, patients who had
asthma exacerbations or long-term poor asthma
control were permitted to receive additional treat-
ment with open-label budesonide at a dose of
200 g twice daily for 2 to 4 weeks or longer,
at the investigator’s discretion. The prescription

N ENGL J MED 378;20

of additional inhaled glucocorticoids was re-
corded.

Use of all trial medications or placebo during
the double-blind period and of terbutaline dur-
ing the run-in period was recorded electroni-
cally with the use of an inhaler monitor (Turbu-
haler usage monitor, Adherium).”” An electronic
diary was used to record the morning and eve-
ning peak expiratory flow, asthma symptoms,
and nighttime awakenings due to asthma, and
prompted use of the blinded maintenance inhaler.

END POINTS AND ASSESSMENTS

The primary objective was to show that
budesonide—formoterol used as needed was su-
perior to terbutaline used as needed in terms of
asthma symptom control, measured according
to the electronically recorded weeks with well-
controlled asthma (see the Supplementary Appen-
dix). This measurement was based on as-needed
use (according to the inhaler-monitor data),
electronic-diary data for asthma symptom scores
(scores were assessed on a 4-point scale ranging
from O to 3, with higher values indicating more
severe asthma symptoms), nighttime awakenings,
and morning peak expiratory flow, and data
from an electronic case-report form for the ad-
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ditional use of inhaled or systemic glucocorti-
coids. A week could not be classified with well-
controlled asthma unless the electronic diary
was completed for at least 5 days, but a week
could be classified with asthma being not well
controlled with as little as 1 day of data.

Secondary objectives included showing the
noninferiority of budesonide—formoterol used as
needed to budesonide maintenance therapy with
regard to electronically recorded weeks with
well-controlled asthma and comparing the rates
and time to the first severe exacerbation (de-
fined as worsening asthma leading to the use of
systemic glucocorticoids for >3 days, inpatient
hospitalization, or an emergency department
visit leading to the use of systemic glucocorti-
coids) and the rates and time to the first moder-
ate-to-severe exacerbation (including worsen-
ing asthma requiring the addition of inhaled
budesonide at a dose of 200 ug twice daily to
avoid progression to a severe exacerbation) in
the budesonide—formoterol group versus the
terbutaline group and versus the budesonide
maintenance group. The descriptions of other
secondary efficacy end points, including Asthma
Control Questionnaire-5 (ACQ-5) scores, lung-
function variables, and quality of life (according
to the Asthma Quality of Life Questionnaire
[AQLQ] score), have been published previously.®
The ACQ-5 consists of 5 questions about asthma
symptoms during the previous week, each scored
on a range from 0 (no impairment) to 6 (maxi-
mum impairment); the minimal clinically impor-
tant 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 im-
paired) to 7 (no impairment); the minimal clini-
cally important difference is 0.5 units. Safety
was evaluated according to the type, incidence,
and severity of adverse events and by monitoring
of vital signs.

TRIAL OVERSIGHT

Trial data were collected by the clinical investi-
gators and were analyzed by employees of the
sponsor, AstraZeneca. The first and third au-
thors 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 submis-

sion. Writing and editing assistance, including
preparation of a draft manuscript under the di-
rection and guidance of the authors, the incor-
poration of author feedback, and manuscript
submission, was provided by inScience Commu-
nications, Springer Healthcare (funded by the
sponsor), and by the sponsor.

STATISTICAL ANALYSIS

The sample size was estimated at 3750 patients
(see the Supplementary Appendix). We estimated
that 625 patients per treatment group and per
subgroup according to pretrial treatment would
provide the trial with at least 95% power to com-
pare budesonide—formoterol used as needed with
terbutaline used as needed, assuming an odds
ratio of 1.39 between twice-daily budesonide
plus as-needed terbutaline and terbutaline used
as needed with regard to the electronically re-
corded weeks with well-controlled asthma and
assuming that budesonide—formoterol used as
needed would have the same level of efficacy as
twice-daily budesonide. Testing was carried out
at a two-sided alpha level of 0.05. In addition,
the sample size allowed for 90% power to estab-
lish noninferiority with regard to the electroni-
cally recorded weeks of well-controlled asthma
with budesonide—formoterol used as needed
as compared with twice-daily budesonide plus
as-needed terbutaline, with a prespecified non-
inferiority limit of 0.8 (i.e., noninferiority was
concluded if the lower limit of the two-sided
95% confidence interval of the odds ratio for
budesonide—formoterol used as needed, as com-
pared with twice daily budesonide plus terbuta-
line, was >0.8).

The primary variable, electronically recorded
weeks with well-controlled asthma, was analyzed
by a repeated measures logistic-regression model
with treatment, pretrial treatment, and geograph-
ic region as fixed effects, and with trial week as
a categorical time variable. The model used an
exchangeable correlation structure. Odds ratios
averaged over the 52-week period and their cor-
responding 95% confidence intervals were de-
rived from the model. The primary treatment
comparison was budesonide—formoterol used as
needed versus terbutaline used as needed (supe-
riority test; the primary objective), and the sec-
ondary comparison was budesonide—formoterol
used as needed versus budesonide maintenance
therapy (noninferiority test; the secondary ob-
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jective). A hierarchical testing procedure was
performed, testing first the comparison of
budesonide—formoterol used as needed versus
terbutaline used as needed and then moving to
test budesonide—formoterol used as needed ver-
sus twice-daily budesonide plus as-needed terbu-
taline if the result of the preceding test was
significant. Details of the analyses of the pri-
mary outcome, secondary outcomes, and superi-
ority and noninferiority testing are provided in
the Supplementary Appendix. There was no ad-
justment for multiplicity testing of secondary
variables.

RESULTS

PATIENTS

The trial was conducted from July 2014 through
August 2017. Of the 5721 patients who were
enrolled, 3849 underwent randomization: 1280
patients were assigned to the terbutaline group,
1279 to the budesonide—formoterol group, and
1290 to the budesonide maintenance group (Fig.
S1 in the Supplementary Appendix). Overall,
3836 patients had data that could be evaluated
for the full analysis and safety data sets, and
3363 patients (87.4%) completed the trial.

The demographic and clinical characteristics
of the patients at baseline are shown in Table 1,
and in Table S2 in the Supplementary Appendix.
At trial entry, participants had uncontrolled
asthma symptoms (mean ACQ-5 score, 1.54) and
a mean bronchodilator reversibility of 15.4%.
Airflow limitation was mild (mean baseline FEV,
before bronchodilator use, 84% of the predicted
value). In the year preceding enrollment, 19.7%
of the patients had had a severe exacerbation.
The treatment groups were well balanced, with
no clinically relevant differences in the baseline
characteristics. The subgroups according to pre-
trial treatment had similar characteristics at
baseline, except that patients in subgroup 2 had
slightly higher lung function than those in sub-
group 1.

PRIMARY EFFICACY OUTCOME

Budesonide—formoterol used as needed was su-
perior to terbutaline used as needed with regard
to the primary outcome of the mean percentage
of electronically recorded weeks with well-con-
trolled asthma per patient (34.4% vs. 31.1% of
weeks; odds ratio, 1.14; 95% confidence interval

[CI], 1.00 to 1.30; P=0.046). Thus, the odds of
having a week with well-controlled asthma dur-
ing the 52-week trial period were 14% higher in
the budesonide—formoterol group than in the
terbutaline group.

SECONDARY EFFICACY OUTCOMES

Electronically Recorded Weeks with Well-Controlled
Asthma

Budesonide—formoterol used as needed was in-
ferior to budesonide maintenance therapy with
regard to the percentage of electronically record-
ed weeks with well-controlled asthma per pa-
tient (34.4% vs. 44.4%; odds ratio, 0.64; 95% CI,
0.57 to 0.73). The treatment effect was similar in
subgroup 1 and subgroup 2 (Fig. S2 in the Sup-
plementary Appendix). Time-course results for
the electronically recorded weeks with well-
controlled asthma overall are shown in Figure 2,
and the individual components are shown in
Figure S3 and Table S3 in the Supplementary
Appendix. A prespecified analysis of the elec-
tronically recorded weeks with well-controlled
asthma, with removal of the “as-needed” com-
ponent, showed a decreased difference in the
treatment effect of budesonide maintenance ther-
apy versus budesonide—formoterol used as need-
ed, from 36% to 22% (Table S4 in the Supple-
mentary Appendix). Post hoc analysis of a
modified end point of the electronically recorded
weeks with well-controlled asthma, in which the
first two inhalations used as needed per day
were not counted (i.e., were included as if they
had been taken as maintenance doses), showed
no difference between the budesonide—formoterol
group and the budesonide maintenance group
(Table S5 in the Supplementary Appendix).

Exacerbations and Asthma-Related Discontinuations
Budesonide—formoterol used as needed resulted
in a 64% lower rate of severe exacerbations than
terbutaline used as needed (annualized exacer-
bation rate, 0.07 vs. 0.20; rate ratio, 0.36; 95%
CI, 0.27 to 0.49) (Table 2, and Fig. S4 in the
Supplementary Appendix). The rates of severe
exacerbations in the budesonide—formoterol group
and the budesonide maintenance group did not
differ significantly (annualized exacerbation rate,
0.07 and 0.09, respectively; rate ratio, 0.83; 95%
CI, 0.59 to 1.16). Budesonide—formoterol used
as needed also resulted in a 60% lower rate of
moderate-to-severe exacerbations than terbuta-
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line used as needed (0.14 vs. 0.36), but the rate
in the budesonide—formoterol group did not dif-
fer significantly from that in the budesonide
maintenance group (rate ratio, 0.95; 95% CI,
0.74 to 1.21) (Table 2, and Fig. S4 in the Supple-
mentary Appendix).

Budesonide—formoterol used as needed pro-
longed the time to the first severe exacerbation,
as compared with terbutaline used as needed
(hazard ratio, 0.44; 95% CI, 0.33 to 0.58). The
results in the budesonide—formoterol group did
not differ significantly from those in the
budesonide maintenance group (hazard ratio,
0.90; 95% CI, 0.65 to 1.24) (Fig. 3). More patients
in the terbutaline group had asthma-related dis-
continuations than did those in the budesonide—
formoterol group or the budesonide maintenance
group (1.6% vs. 0.3% and 0.5%, respectively).
The hazard ratio for the risk of asthma-related
discontinuation in the trial was 0.18 (95% ClI,
0.06 to 0.52) in the budesonide—formoterol group
versus the terbutaline group and 0.66 (95% CI,
0.19 to 2.35) in the budesonide—formoterol group
versus the budesonide maintenance group (Fig.
S5 in the Supplementary Appendix).

Adherence and Glucocorticoid Dose

Adherence to the twice-daily, blinded mainte-
nance regimen did not differ significantly across
the trial groups: the mean (£SD) percentage of
doses taken was 79.0+23.3% in the terbutaline
group, 79.1+23.0% in the budesonide—formoterol
group, and 78.9+22.4% in the budesonide main-
tenance group. Similar rates of adherence were
seen with the electronic diary.

Additional inhaled or systemic glucocorticoids
for asthma were prescribed in fewer patients re-
ceiving budesonide—formoterol as needed (12.8%)
than in those receiving terbutaline as needed
(27.0%) or budesonide maintenance therapy
(14.6%). The time to the use of additional gluco-
corticoids for asthma was shorter in the terbuta-
line group than in the budesonide—formoterol
group (hazard ratio in the terbutaline group,
0.41; 95% CI, 0.34 to 0.50); the time did not dif-
fer significantly between the budesonide main-
tenance group and the budesonide—formoterol
group (hazard ratio in the budesonide mainte-
nance group, 0.87; 95% CI, 0.70 to 1.07) (Fig. S6
in the Supplementary Appendix).

The median daily dose of inhaled glucocorti-
coid in the budesonide—formoterol group was

100+ ~o—~ Budesonide maintenance

9 909 s~ Budesonideformoterol as needed
s E 809  —e— Terbutaline as needed
-
3_5 70
ig 601
.‘53 50
>3 40_#MW"’M
t g
£ 5 30| 2Uersaistteettiiivteststerielyityttsaetelizrinetty
&= 201

2 104
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Trial Treatment Week

in the Electronic Diary.

Figure 2. Overall Weeks of Well-Controlled Asthma, According to Data

17% of that in the budesonide maintenance
group (metered dose, 57 ug and 340 ug, respec-
tively) (Table S6 in the Supplementary Appen-
dix). The total number of days with systemic
glucocorticoid treatment for asthma was 465 days
in the budesonide—formoterol group, 500 days
in the budesonide maintenance group, and 1237
days in the terbutaline group.

Asthma-Control Questionnaire and Lung Function
There were differences in the change from base-
line in the ACQ-5 score in favor of the budeso-
nide—formoterol group versus the terbutaline
group (mean difference, —0.15; 95% CI, —0.20 to
—0.11) and in favor of the budesonide mainte-
nance group versus the budesonide—formoterol
group (mean difference, 0.15; 95% CI, 0.10 to
0.20) (Table S7 in the Supplementary Appendix).
Similarly, there were differences between the
budesonide—formoterol group and the other two
groups with regard to the average change from
baseline in the FEV, before bronchodilator use
(mean change from baseline, 65.0 ml [95% CI,
47.6 to 82.4] in the budesonide—formoterol group
vs. 11.2 ml [95% CI, —6.4 to 28.9] in the terbu-
taline group and 119.3 ml [95% CI, 101.9 to
136.7] in the budesonide maintenance group)
(Table S8 in the Supplementary Appendix).

ADVERSE EVENTS

Adverse events were more frequent in the terbu-
taline group (in 545 of 1277 patients [42.7%])
than in the budesonide—formoterol group (485
0f 1277 [38.0%]) or the budesonide maintenance
group (512 of 1282 [39.9%]) (Table S9 in the
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Table 2. Summary of Asthma Exacerbations, According to Treatment Group.

Terbutaline
as Needed
Variable (N=1277)
All severe exacerbations
Patients with =1 exacerbation — no. (%) 152 (11.9)
Total no. of exacerbations 188
Annualized exacerbation rate 0.20
Comparison between as-needed budesonide—
formoterol and other regimen
Rate ratio 0.36
95% Cl 0.27-0.49
P value <0.001
Severe exacerbation leading to hospitalization
Patients with =1 exacerbation — no. (%) 15 (1.2)
Total no. of exacerbations 21
Severe exacerbation leading to emergency department
visit and systemic glucocorticoid use
Patients with =1 exacerbation — no. (%) 29 (2.3)
Total no. of exacerbations 29
Severe exacerbation leading to systemic glucocorticoid
use for =3 days
Patients with =1 exacerbation — no. (%) 141 (11.0)
Total no. of exacerbations 173
All moderate or severe exacerbations
Patients with =1 exacerbation — no. (%) 274 (21.5)
Total no. of exacerbations 372
Annualized exacerbation rate 0.36
Comparison between as-needed budesonide—
formoterol and other regimen
Rate ratio 0.40
95% ClI 0.32-0.49
P value <0.001

Budesonide—Formoterol Budesonide Maintenance
as Needed Therapy
(N=1277) (N=1282)

71 (5.6) 78 (6.1)
77 89
0.07 0.09
— 0.83
— 0.59-1.16
— 0.28
6 (0.5) 8 (0.6)
6 8
7 (0.5) 10 (0.8)
8 10
70 (5.5) 74 (5.8)
76 84
131 (10.3) 143 (11.2)
164 170
0.14 0.15
— 0.95
— 0.74-1.21
— 0.66
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Supplementary Appendix). There were no nota-
ble differences in the adverse-event profile be-
tween treatments, except that more adverse events
led to discontinuation in the terbutaline group
(37 patients [2.9%]) than in the budesonide—
formoterol group (10 patients [0.8%]) or the
budesonide maintenance group (15 patients
[1.2%]). The number of patients with at least one
severe exacerbation leading to hospitalization
was greater in the terbutaline group (15 patients
[1.2%]) than in the budesonide—formoterol group
(6 patients [0.5%]) or the budesonide mainte-
nance group (8 patients [0.6%]) (Table 2). There
were two deaths in the budesonide maintenance

group (upper gastrointestinal hemorrhage and
brain neoplasm, in 1 patient each) (Table S10 in
the Supplementary Appendix).

OTHER SECONDARY END POINTS

The results for the other secondary end points,
including peak expiratory flow values, symptom
and control scores, nighttime awakenings due
to asthma, and medication use, are reported in
Tables S11 through S19 and Figures S7 and S8
in the Supplementary Appendix. The numbers of
patients with high use (>8 and >12 inhalations
in 1 day) of as-needed medication are reported
in Table S20 in the Supplementary Appendix.
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Figure 3. Time to First Exacerbation.

P values were not controlled for multiple comparisons. Insets show the same data on an enlarged y axis.

DISCUSSION

budesonide—formoterol used as needed was su-

perior to terbutaline used as needed for both

This trial showed that budesonide—formoterol
used as needed was a more effective treatment
than a SABA alone in patients with mild asthma;
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symptom control, measured according to the
percentage of electronically recorded weeks with
well-controlled asthma per patient, and the pre-
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vention of moderate-to-severe and severe exacer-
bations. Although budesonide—formoterol used
as needed was equally effective as budesonide
maintenance therapy in preventing moderate-
to-severe exacerbations, budesonide—formoterol
used as needed was inferior to budesonide main-
tenance therapy in achieving electronically re-
corded weeks with well-controlled asthma but
exposed the patients to less than one fifth of the
amount of inhaled glucocorticoid.

In interpretation of the comparisons of budeso-
nide—formoterol used as needed with budesonide
maintenance therapy, an important consideration
is the extent to which the primary end point of
the percentage of electronically recorded weeks
with well-controlled asthma per patient was
driven by the as-needed medication component.
Conventionally, symptoms and reliever use are
both included in guideline-assessed symptom
control® because, independent of symptoms, a
higher use of SABAs is associated with an in-
creased exacerbation risk, which indicates a
greater need for preventive therapy. When the
reliever is a combined inhaled glucocorticoid
plus 3,-agonist, the amount used also represents
the amount of preventive therapy that has been
delivered. Prespecified removal of the “as-needed”
component from the definition of electronically
recorded weeks with well-controlled asthma im-
proved the treatment effect of budesonide—for-
moterol used as needed versus both terbutaline
used as needed and budesonide maintenance
therapy; however, the results still favored budeso-
nide maintenance therapy.

In addition to day-to-day symptom control,
overall asthma control also includes the minimi-
zation of the risk of adverse outcomes, including
exacerbations and adverse effects of medica-
tions.! The exacerbation rates in the terbutaline
group in this trial showed that patients with
mild asthma were at risk for exacerbations. The
facts that severe exacerbations and even death
occur in patients with mild asthma,?> who repre-
sent approximately 50 to 75% of patients with
asthma,’? and that 19.7% of the patients who
underwent randomization in our trial reported
having had a severe exacerbation in the previous
year, provide clinical relevance to the substantial
reduction in exacerbations achieved with budeso-
nide—formoterol used as needed as compared
with terbutaline used as needed. We think that
this finding is explained by the antiinflamma-

tory reliever approach that leverages patients’
inherent relief-seeking behavior to also deliver
inhaled glucocorticoids as soon as symptoms ap-
pear, which provides a window of opportunity*®2
that reduces the likelihood of progression to an
exacerbation. Previous trials involving patients
with moderate-to-severe asthma using mainte-
nance and reliever therapy,?'* involving patients
with mild asthma using separate regimens,'* and
involving patients with moderate asthma using
combination™ as-needed inhaled glucocorticoid
plus a SABA have also shown the advantages of
this approach in reducing exacerbations and
maintaining symptom control at a lower total
dose of glucocorticoid.?**

The results of this trial also suggest that the
as-needed use of budesonide—formoterol in mild
asthma could address patients’ concerns about
the risks of treatment, another issue that causes
overreliance on SABAs and poor adherence to
maintenance treatment with an inhaled gluco-
corticoid."! Patients are often more concerned
about adverse effects of inhaled glucocorticoids,”*
even when low inhaled doses are used, than
their health care providers, and conversely they
are less concerned about their level of symptom
control.’®* Since budesonide—formoterol used as
needed was as effective as budesonide mainte-
nance therapy in reducing exacerbation risk,
without the need for regular, twice-daily treat-
ment, and resulted in only 17% of the inhaled
glucocorticoid load, it would probably be accept-
able to patients who have this concern and fits
with patients’ behavior.

The strengths of this trial include the 1-year
duration; the electronic monitoring of medica-
tion use, symptoms, and lung function; and the
freedom to add open-label inhaled glucocorticoid
to avoid imbalance of withdrawals. The trial was
designed to satisfy regulatory requirements for
efficacy studies, and the high observed rate of ad-
herence, approaching 80% with twice-daily re-
minders, means that budesonide maintenance
therapy was being evaluated under appropriate
conditions. Whether the results will be more favor-
able with budesonide—formoterol used as needed in
real-world populations in which adherence rates are
considerably lower® is currently being explored in
ongoing studies (Australian New Zealand Clinical
Trials Registry numbers, ACTRN12615000999538
and ACTRN12616000377437).32%

One feature of this trial is the derivation of
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the weeks with well-controlled asthma from the
twice-daily electronically recorded diary, reliever
use, and peak expiratory flow; this approach
avoided retrospective data entry by patients and
may have resulted in a higher rate of reporting
of symptoms, awakenings, and reliever use than
has occurred in earlier studies in which patients
used paper-based diaries,?**® thereby reducing
the overall percentage of electronically recorded
weeks with well-controlled asthma. The double-
blind, double-dummy design, although essential
for showing the efficacy of a new regimen,
meant that patients who had been randomly as-
signed to the budesonide—formoterol group still
had to use a twice-daily (placebo) inhaler, which
would not apply in clinical practice. These fac-
tors, together with the high rate of adherence
to the maintenance regimen, may explain why
budesonide—formoterol used as needed was infe-
rior to twice-daily budesonide maintenance ther-
apy with regard to the electronically recorded
weeks with well-controlled asthma. Neverthe-
less, the findings indicate that, in patients with
mild asthma who were able to maintain high
adherence to twice-daily medication, regular low-
dose inhaled glucocorticoid remained more effec-
tive in achieving daily asthma control and equally
effective with respect to severe exacerbations,
albeit with greater glucocorticoid exposure, than

budesonide—formoterol used as needed. This
relationship has been explored in the SYGMA 2
trial (the results of which are reported in this
issue of the Journal®”), which used a more prag-
matic design to compare budesonide—formoterol
used as needed with budesonide maintenance
therapy.

In conclusion, this trial showed that budeso-
nide—formoterol used as needed was superior to
the SABA terbutaline used as needed both for
asthma symptom control and for reducing the
risk of asthma exacerbations among patients
with physician-assessed mild asthma. Further-
more, budesonide—formoterol used as needed
was inferior to budesonide maintenance therapy
with regard to electronically recorded weeks with
well-controlled asthma but was similar to budeso-
nide maintenance therapy in reducing the risk of
asthma exacerbations, at a substantially lower
total glucocorticoid load and without the need
for adherence to a twice-daily maintenance-
therapy schedule.
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ABSTRACT

BACKGROUND
Patients with mild asthma often rely on inhaled short-acting 3,-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 wg of budesonide and 6 ug of formoterol) used
as needed or budesonide maintenance therapy with twice-daily budesonide (200 ug)
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 wg) than in the budesonide main-
tenance group (267 ug). 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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ILD ASTHMA OFTEN REMAINS POOR-

ly controlled despite the availability of

effective treatments.”> 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
B,-agonists (SABAs) used as needed for symp-
tom relief.> Despite the relatively low burden of
symptoms in these patients, airway inflammation,
although variable in intensity, is usually present.!
The underuse of inhaled glucocorticoids, even in
patients with mild asthma, is associated with se-
vere asthma exacerbations® and death.! However,
adherence to regular controller therapy, particu-
larly inhaled glucocorticoids, is poor.** Instead,
patients rely on SABAs to relieve symptoms, and
overuse is common. This behavior is also associ-
ated with a risk of severe exacerbations® and
death.”

The use of a combination of a fast-acting (.-
agonist and inhaled glucocorticoid on an as-need-
ed basis — an antiinflammatory reliever approach
— is a potential alternative strategy.®' In the
Symbicort Given as Needed in Mild Asthma
(SYGMA) 1 trial (the results of which are published
in this issue of the Journal'), among closely
monitored patients for whom Global Initiative for
Asthma (GINA) step 2 treatment? 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.

METHODS

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 pg of budesonide and 6 ug of for-
moterol; Symbicort Turbuhaler, AstraZeneca) used
as needed, as compared with twice-daily mainte-
nance therapy with budesonide at a dose of 200 ug
(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.*?

PATIENTS

Outpatients 12 years of age or older who had re-
ceived a clinical diagnosis of asthma (according
to GINA 2012 criteria®) 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).?® 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), 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."s
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

N ENGL J MED 378;20

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 (FEV)) 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 previously'?
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 FEV, 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.

RESULTS

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 FEV, 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 wg and 267 ug, 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

N ENGLJ MED 378;20 NEJM.ORG MAY 17, 2018

The New England Journal of Medicine

Copyright © 2018 Massachusetts Medical Society. All rights reserved.



BUDESONIDE—FORMOTEROL VS. MAINTENANCE BUDESONIDE IN ASTHMA

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline, According to Treatment Group.*

Score =1.5 — no./total no. (%)

FEV; — % of predicted value

Budesonide—Formoterol

943/2043 (46.2)

Budesonide Maintenance

as Needed Therapy Total

Characteristic (N=2089) (N=2087) (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 73 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

1000/2037 (49.1)

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- 1130 (54.1) 1112 (53.3) 2242 (53.7)
receptor antagonist
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)
) 94 (4.5) 98 (4.7) 192 (4.6)

1943/4080 (47.6)

* 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 (FEV;) 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.

7 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.

i 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.

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 0.4940.70 inhalations per day of
terbutaline used as needed in the budesonide

N ENGL J MED 378;20

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
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A Annualized Rate of Severe Asthma Exacerbations
Budesonide-

Formoterol Budesonide
Test as Needed  Maintenance Rate Ratio (95% Cl) P Value
Noninferiority test 2084 2083 e 0.97 (NA-1.16) =
Superiority test 2089 2087 E 0.97 (0.78-1.20) 0.75
T T t T 1
0.6 0.8 1.0 1.2 1.4

Budesonide—Formoterol
as Needed Better

Budesonide Maintenance
Better

B Time to First Severe Exacerbation

c 1.0+ 0.10+ Patients with Event
£ oo 009 no. (%)
E) 0.08- Budesonide—formoterol as needed 177 (8.5)
§ 0.8 007 Budesonide maintenance 184 (8.8)
o 0.74 i Hazard ratio, 0.96 (95% Cl, 0.78-1.17)
o 0067 p-0.66
Y o
3 -0 0.05
S 054 0.04+ Budesonide maintenance
c -
E 0.4 0.03
EE 03 0.02+ Budesonide—formoterol as needed
5 .
0.01+
Z
3 02_ 000 T T T T T T T T T T T T T
s 0 4 8 12 17 20 24 28 34 36 40 44 48 52
S 014
a
0'0 T T T T T T T T T T T

0 4 8 12 17

No. at Risk
Budesonide—formoterol
as needed

Budesonide maintenance

2089 2065 2039 2012

2087 2060 2027 1987

1982 1944 1926 1904

19571929 1909 1883

T
20 24 28 34 36 40 44 48 52

Weeks

1862 1840 1821 1799 1782 1208

18481826 1811 1786 1760 1222

trolled for multiple comparisons.

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 (Cl) 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-

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 FEV, both be-
fore and after bronchodilator use was less in the
budesonide—formoterol group than in the

budesonide maintenance group (mean differ-
ence in FEV, before bronchodilator use, —32.6 ml
[95% CI, —53.7 to —11.4]; mean difference in
FEV, 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
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Table 2. Severe Asthma Exacerbations and Exacerbation Rate, According to Treatment Group.*

Variable

Total no. of patient-yr

All severe exacerbations
Patients with =1 exacerbation — no. (%)
Total no. of exacerbations
Total no. of exacerbations per patient-yr

Severe exacerbation leading to systemic glucocorticoid use
for =3 days

Patients with =1 exacerbation — no. (%)
Total no. of exacerbations
Total no. of exacerbations per patient-yr

Severe exacerbation leading to emergency department visit
and systemic glucocorticoid use

Patients with =1 exacerbation — no. (%)

Total no. of exacerbations

Total no. of exacerbations per patient-yr
Severe exacerbation leading to hospitalization

Patients with =1 exacerbation — no. (%)

Total no. of exacerbations

Total no. of exacerbations per patient-yr

Budesonide—Formoterol Budesonide Maintenance
as Needed Therapy
(N=2089) (N=2087)

1998 1981
177 (8.5) 184 (3.8)
217 221
0.11 0.11
171 (8.2) 173 (8.3)
209 207
0.10 0.10
25 (1.2) 36 (1.7)
26 40
0.01 0.02
17 (0.8) 17 (0.8)
20 17
0.01 0.01

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

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

Panel A shows the least-squares mean FEV; 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.’* 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."” P values were not controlled for multiple comparisons.

received with budesonide maintenance therapy. budesonide—formoterol used as needed. The dif-
Improvements in secondary end points reflecting ferences in these treatment outcomes were small-
control of asthma symptoms (according to the er than the accepted minimal clinically important
ACQ-5) and quality of life (according to the AQLQ) differences for these end points. Similar findings
and the FEV, before bronchodilator use were larger were observed in the companion SYGMA 1 trial."
with budesonide maintenance therapy than with The trial enrolled patients who had contrast-
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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.’® 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,®?° and potentially death, which
are often closely associated with poor adherence
to the use of inhaled glucocorticoids.” 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.”’® Severe exacerbations
in patients who had been classified as having
mild asthma represent 30 to 40% of the asthma
exacerbations leading to emergency consultations.!

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

N ENGL J MED 378;20

ticularly those with mild or infrequent symptoms,
prefer as-needed treatment and favor a medica-
tion that provides immediate relief.>”1%1%%22 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.’>?*? 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.'**

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.’®? 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,” 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,*® as well as when each drug
is used with separate glucocorticoid and SABA
inhalers in adults and children with mild asth-
ma®*? and with combination glucocorticoid-SABA
inhalers in adults with mild-to-moderate asthma.*®
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%

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.

Supported by AstraZeneca.

Dr. Bateman reports receiving grant support paid to his
institution, fees for serving on a speakers bureau, and fees for
serving on an advisory board from Novartis, fees for serving on
an advisory board and lecture fees from Cipla, ALK, and
AstraZeneca, consulting fees from Vectura Group, grant support

paid to his institution, fees for serving on an advisory board,
and lecture fees from Boehringer Ingelheim, grant support paid
to his institution from Merck, Takeda, GlaxoSmithKline, F.
Hoffmann-La Roche, Actelion, Chiesi, Sanofi—Aventis,
Cephalon, and Teva Pharmaceutical Industries, lecture fees
from Menarini, fees for serving on a steering committee from
ICON, and fees for serving on an advisory board from Sanofi-
Regeneron and serving as a member of the Board and Science
Committee of the Global Initiative for Asthma (GINA); Dr.
Reddel, receiving grant support, fees for serving on a data and
safety monitoring board, fees for serving on an advisory board,
fees for providing independent medical education, and fees for
serving on an advisory board and for serving on steering
committees paid to her institution from AstraZeneca, grant
support paid to her institution, fees for serving on a data and
safety monitoring board, fees for serving on an advisory board,
fees for providing independent medical education, fees for
serving on an advisory board paid to her institution, and study
medication from GlaxoSmithKline, fees for serving on a data
and safety monitoring board from Merck, fees for serving on a
data and safety monitoring board, fees for serving on an
advisory board, and fees for serving as symposium chair paid to
her institution from Novartis, honoraria and fees for serving on
an advisory board from Boehringer Ingelheim, and honoraria
from Mundipharma and Teva Pharmaceutical Industries and
serving as chair of the GINA Scientific Committee; Dr. O’Byrne,
receiving grant support and fees for serving on an advisory
board from AstraZeneca, grant support from Novartis,
MedImmune, and Genentech, and fees for serving on an
advisory board from GlaxoSmithKline; Dr. Barnes, receiving
grant support and fees for serving on an advisory board from
AstraZeneca; Dr. Keen, being employed by and holding shares in
AstraZeneca; Dr. Jorup, being employed by and holding shares
in AstraZeneca; Dr. Lamarca, being employed by AstraZeneca,
holding European patents (EP2100598A1 and EP2100599A1),
licensed to Almirall, on an inhalation composition containing
aclidinium for the treatment of asthma and chronic obstructive
pulmonary disease, and holding a European patent (EP2666465),
licensed to Almirall, on a pharmaceutical composition for
inhalation comprising aclidinium in the form of a dry powder;
Dr. Siwek-Posluszna, being employed by AstraZeneca; and Dr.
FitzGerald, receiving grant support paid to his institution, fees
for serving on an advisory board, and fees for serving on a
speakers bureau from AstraZeneca, Boehringer Ingelheim, and
Novartis and grant support paid to his institution and fees for
serving on an advisory board from GlaxoSmithKline and
Sanofi-Regeneron. No other potential conflict of interest
relevant to this article was reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank the health care providers, research staff, patients,
and caregivers who participated in this trial; and David Candlish,
Vicky Hinstridge, and Sophieanne Wastling of inScience
Communications, Springer Healthcare, for medical writing
support with an earlier version of the manuscript.

REFERENCES

1. Dusser D, Montani D, Chanez P, et al.
Mild asthma: an expert review on
epidemiology, clinical characteristics and
treatment recommendations. Allergy 2007;
62:591-604.

2. Global Initiative for Asthma (GINA).
2018 GINA report, global strategy for
asthma management and prevention
(http://ginasthma.org/2018-gina-report
-global-strategy-for-asthma
-management-and-prevention/).

3. DPauwels RA, Pedersen S, Busse WW,
et al. Early intervention with budesonide
in mild persistent asthma: a randomised,
double-blind trial. Lancet 2003;361:1071-6.
4. Rand C, Bilderback A, Schiller K,
Edelman JM, Hustad CM, Zeiger RS. Ad-
herence with montelukast or fluticasone
in a long-term clinical trial: results from
the mild asthma montelukast versus in-
haled corticosteroid trial. J Allergy Clin
Immunol 2007;119:916-23.

5. Jénasson G, Carlsen KH, Mowinckel
P. Asthma drug adherence in a long term
clinical trial. Arch Dis Child 2000;83:330-
3.

6. Stanford RH, Shah MB, D’Souza AO,
Dhamane AD, Schatz M. Short-acting
B-agonist use and its ability to predict
future asthma-related outcomes. Ann
Allergy Asthma Immunol 2012;109:403-7.
7. Suissa S, Ernst P, Boivin J-F, et al. A
cohort analysis of excess mortality in

N ENGLJ MED 378;20 NEJM.ORG MAY 17, 2018

The New England Journal of Medicine
Downloaded from nejm.org at The University Of Illinois at Chicago on September 15, 2019. For personal use only. No other uses without permission.
Copyright © 2018 Massachusetts Medical Society. All rights reserved.



BUDESONIDE—FORMOTEROL VS. MAINTENANCE BUDESONIDE IN ASTHMA

asthma and the use of inhaled beta-
agonists. Am J Respir Crit Care Med 1994;
149:604-10.

8. Papi A, Caramori G, Adcock IM,
Barnes PJ. Rescue treatment in asthma:
more than as-needed bronchodilation.
Chest 2009;135:1628-33.

9. Beasley R, Weatherall M, Shirtcliffe P,
Hancox R, Reddel HK. Combination
corticosteroid/B-agonist ~ inhaler  as
reliever therapy: a solution for intermittent
and mild asthma? J Allergy Clin Immunol
2014;133:39-41.

10. O’Byrne PM, Jenkins C, Bateman ED.
The paradoxes of asthma management:
time for a new approach? Eur Respir J
2017;50(3):1701103.

11. O’Byrne PM, FitzGerald JM, Bateman
ED, et al. Inhaled combined budesonide—
formoterol as needed in mild asthma.
N Engl J Med 2018;378:1865-76.

12. O’Byrne PM, FitzGerald JM, Zhong N,
et al. The SYGMA programme of phase 3
trials to evaluate the efficacy and safety of
budesonide/formoterol given ‘as needed’
in mild asthma: study protocols for two
randomised controlled trials. Trials 2017;
18:12.

13. Global Initiative for Asthma (GINA).
Global strategy for asthma management and
prevention, 2012 (http://ginasthma.org/).

14. Dilcher J, Shirtcliffe D, Patel M, et al.
Three-month validation of a turbuhaler
electronic monitoring device: implications
for asthma clinical trial use. BMJ Open
Respir Res 2015;2(1):e000097.

15. Desager K, Vermeulen F, Bodart E.
Adherence to asthma treatment in
childhood and adolescence — a narrative
literature review. Acta Clin Belg 2017;11:
1-8.

16. Tepper RS, Wise RS, Covar R, et al.
Asthma outcomes: pulmonary physiology.
J Allergy Clin Immunol 2012;129:Suppl:
S65-S87.

17. Juniper EF, Svensson K, Mork AC,
Stahl E. Measurement properties and

N ENGL J MED 378;20

interpretation of three shortened versions
of the Asthma Control Questionnaire.
Respir Med 2005;99:553-8.

18. O’Byrne P, Cuddy L, Taylor DW, Birch
S, Morris J, Syrotuik J. Efficacy and cost
benefit of inhaled corticosteroids in
patients considered to have mild asthma
in primary care practice. Can Respir J
1996;3:169-75.

19. Patel M, Pilcher J, Hancox RJ, et al.
The use of B2-agonist therapy before
hospital attendance for severe asthma
exacerbations: a post-hoc analysis. NPJ
Prim Care Respir Med 2015;25:14099.

20. Taylor DR, Sears MR, Herbison GP, et
al. Regular inhaled beta agonist in
asthma: effects on exacerbations and
lung function. Thorax 1993;48:134-8.

21. Williams LK, Peterson EL, Wells K, et
al. Quantifying the proportion of severe
asthma exacerbations attributable to
inhaled corticosteroid nonadherence. J
Allergy Clin Immunol 2011;128(6):1185-
1191.e2.

22. Bender BG, Long A, Parasuraman B,
Tran ZV. Factors influencing patient deci-
sions about the use of asthma controller
medication. Ann Allergy Asthma Immu-
nol 2007;98:322-8.

23. Partridge MR, van der Molen T,
Myrseth SE, Busse WW. Attitudes and
actions of asthma patients on regular
maintenance therapy: the INSPIRE study.
BMC Pulm Med 2006;6:13.

24. Barnes CB, Ulrik CS. Asthma and
adherence to inhaled corticosteroids:
current status and future perspectives.
Respir Care 2015;60:455-68.

25. Suissa S, Ernst P, Benayoun S, Baltzan
M, CaiB. Low-doseinhaled corticosteroids
and the prevention of death from asthma.
N Engl J Med 2000;343:332-6.

26. Boulet LP. Perception of the role and
potential side effects of inhaled cortico-
steroids among asthmatic patients. Chest
1998;113:587-92.

27. Horne R. Compliance, adherence, and

concordance: implications for asthma
treatment. Chest 2006;130:Suppl:65S-72S.
28. Foster JM, Usherwood T, Smith L, et
al. Inhaler reminders improve adherence
with controller treatment in primary care
patients with asthma. J Allergy Clin
Immunol 2014;134(6):1260-1268.e3.

29. Bender BG, Pedan A, Varasteh LT. Ad-
herence and persistence with fluticasone
propionate/salmeterol combination ther-
apy. J Allergy Clin Immunol 2006;118:
899-904.

30. Haahtela T, Tamminen K, Malmberg
LP, et al. Formoterol as needed with or
without budesonide in patients with in-
termittent asthma and raised NO levels in
exhaled air: a SOMA study. Eur Respir J
20006;28:748-55.

31. Calhoun WJ, Ameredes BT, King TS,
et al. Comparison of physician-, biomark-
er-, and symptom-based strategies for ad-
justment of inhaled corticosteroid therapy
in adults with asthma: the BASALT ran-
domized controlled trial. JAMA 2012;308:
987-97.

32. Martinez FD, Chinchilli VM, Morgan
W]J, et al. Use of beclomethasone dipro-
pionate as rescue treatment for children
with mild persistent asthma (TREXA): a
randomised, double-blind, placebo-con-
trolled trial. Lancet 2011;377:650-7.

33. Papi A, Canonica GW, Maestrelli D, et
al. Rescue use of beclomethasone and al-
buterol in a single inhaler for mild asth-
ma. N Engl ] Med 2007;356:2040-52.

34. Beasley R, Pavord I, Papi A, et al. De-
scription of a randomised controlled trial
of inhaled corticosteroid/fast-onset LABA
reliever therapy in mild asthma. Eur
Respir J 2016;47:981-4.

35. Fingleton J, Hardy J, Baggott C, et al.
Description of the protocol for the
PRACTICAL study: a randomised con-
trolled trial of the efficacy and safety of
ICS/LABA reliever therapy in asthma. BMJ
Open Respir Res 2017;4(1):e000217.
Copyright © 2018 Massachusetts Medical Society.

NEJM.ORG MAY 17, 2018

1887

The New England Journal of Medicine
Downloaded from nejm.org at The University Of Illinois at Chicago on September 15, 2019. For personal use only. No other uses without permission.
Copyright © 2018 Massachusetts Medical Society. All rights reserved.



