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Abstract
Introduction Budesonide-formoterol taken as needed is an emerging treatment for mild asthma.
Objective We used data from the SYGMA studies to assess the safety of As-needed budesonide-formoterol compared with 
As-needed terbutaline and compared with maintenance budesonide.
Methods SYGMA 1 and 2 were 52-week, double-blind, parallel-group studies in patients aged ≥ 12 years with physician-
assessed mild asthma. Patients were randomized to As-needed budesonide-formoterol 200/6 μg, twice-daily budesonide 
200 μg as maintenance plus As-needed terbutaline 0.5 mg, and As-needed terbutaline 0.5 mg (SYGMA 1 only). Adverse 
events (AEs), serious AEs (SAEs), discontinuations due to AEs (DAEs), and study-defined asthma-related discontinuations 
from corresponding treatment groups in both studies were pooled. SYGMA 1 data were used for comparisons with As-
needed terbutaline alone.
Results The pooled analysis included 3366 patients in the As-needed budesonide-formoterol group and 3369 in the bude-
sonide maintenance group, with AEs in 40.8% and 42.5% of patients, respectively. Common AEs included viral upper 
respiratory tract infection (viral URTI) and URTI. SAE, DAE, and asthma-related discontinuation rates were similar with 
As-needed budesonide-formoterol and maintenance budesonide. Potential local and systemic corticosteroid class effects 
were reported in ≤ 1% of patients for each budesonide-containing regimen. In SYGMA 1, AEs were more common in the 
As-needed terbutaline (n = 1277) than As-needed budesonide-formoterol (n = 1277) groups (42.7 vs. 38.0%), as were DAEs 
(2.9 vs. 0.8%) and asthma-related discontinuations (1.6 vs. 0.3%).
Conclusions Budesonide-formoterol anti-inflammatory reliever therapy is generally well-tolerated in patients with mild 
asthma and has a safety profile similar to that of daily budesonide. No new safety signals were identified.
ClinicalTrial.gov Identifiers NCT02149199 (SYGMA 1) and NCT02224157 (SYGMA 2).
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Key Points 

As-needed budesonide-formoterol was well-tolerated 
in patients with mild asthma, and no new safety signals 
were identified.

As-needed budesonide-formoterol had a safety profile 
similar to that of twice-daily maintenance budesonide 
but with a lower total exposure to corticosteroid. The 
safety profile of as-needed budesonide-formoterol was 
favorable compared with as-needed terbutaline.

Only a very small proportion of patients receiving as-
needed budesonide-formoterol required sustained high 
use of their treatment.

1 Introduction

The combination of an inhaled corticosteroid and long-act-
ing β2-agonist (ICS-LABA) inhaler therapy is the mainstay 
of treatment for moderate and severe asthma [1, 2]. Cur-
rently, budesonide-formoterol  (Symbicort®  Turbuhaler®), a 
combination ICS-LABA, is approved for use as daily main-
tenance therapy in more than 100 countries worldwide. In 
many of these, it is also approved as both maintenance and 
reliever therapy (MART), a strategy associated with clinical 
outcomes superior to those with conventional approaches 
in patients with persistent asthma, particularly those with a 
history of severe exacerbations [3].

The safety profile of budesonide-formoterol in patients 
with moderate-severe asthma is well-established from 
numerous clinical studies, both for maintenance-only ther-
apy and for MART [4–13]. Adverse events (AEs) reported 
to be common (≥ 1 to < 10%) with budesonide-formoterol 
treatment include candida infections in the oropharynx, 
headache, tremor, palpitations, throat irritation, coughing, 
and hoarseness [14]. Some of these are pharmacologically 
predictable, being related to the class and dose of drug 
(ICS or β2-adrenoceptor agonist), and others to the mode of 
administration, such as drug deposition in the oropharynx 
through the use of inhalers [14, 15]. The majority of these 
AEs are mild, and clinically significant AEs are usually asso-
ciated only with high doses of ICS, which are recommended 
for only a minority of patients [1].

Evidence for the efficacy of budesonide-formoterol as 
anti-inflammatory reliever therapy alone (i.e., without main-
tenance ICS-containing treatment) in mild asthma recently 
became available from two 52-week, double-blind phase III 

SYGMA  (Symbicort® Given as Needed in Mild Asthma) 
studies [5, 7].

On the basis of evidence from these studies, and sup-
ported by two additional open-label 12-month studies [16, 
17], the Global Initiative for Asthma (GINA) strategy now 
recommends As-needed low-dose combination ICS-formo-
terol as a preferred treatment for mild asthma in adults and 
adolescents aged ≥ 12 years (step 1 and 2 treatment) [1, 18]. 
Daily low-dose ICS plus As-needed short-acting β2-agonist 
(SABA) remains an alternative preferred step 2 controller 
option in adult and adolescent patients and the preferred step 
2 controller for children with asthma [1].

SABA-only treatment (without ICS) is no longer recom-
mended by GINA for adults and adolescents for safety rea-
sons [1, 18]: SABAs do not address the airway inflammation 
seen in mild asthma, and regular use or over-use of SABA 
is associated with various adverse outcomes as well as an 
increased risk of severe exacerbations, with potentially fatal 
consequences [18–20], and an increased risk of AEs from 
courses of systemic corticosteroids used to treat severe exac-
erbations [21, 22]. However, patients with mild asthma often 
believe they do not need any treatment other than SABA [23, 
24], and patients and practitioners may be concerned about 
using an ICS-containing product for symptom relief, given 
the lingering widespread aversion to the use of steroids in 
many countries.

Therefore, this analysis examined the safety of budeson-
ide-formoterol as anti-inflammatory reliever therapy com-
pared with As-needed SABA and compared with daily ICS 
in patients with mild asthma enrolled in the two SYGMA 
studies [5, 7].

2  Methods

2.1  Study Design and Participants

SYGMA 1 (NCT022149199) [7] and SYGMA 2 
(NCT02224157) [5] were 52-week, double-blind, rand-
omized, multinational, parallel-group studies. Detailed 
descriptions of the study design, patient inclusion/exclusion 
criteria, and study outcomes are available in the original 
publications [5, 7].

Briefly, both studies included patients aged ≥ 12 years 
with physician-assessed mild asthma, and for whom GINA 
(2012) step 2 treatment (regular low-dose ICS or leukotriene 
receptor antagonist [LTRA]) was indicated. There were two 
pre-specified patient subgroups on the basis of their prior 
treatment: those with asthma uncontrolled on as-needed 
SABA (subgroup 1) and those with asthma controlled on 
low-dose ICS or LTRA plus As-needed SABA (subgroup 2).

In SYGMA 1, patients were randomized to twice-daily 
placebo plus As-needed terbutaline 0.5 mg  (Bricanyl® 
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 Turbuhaler® [AstraZeneca, Sweden]; corresponding to a 
delivered dose of 0.4 mg); twice-daily placebo plus As-
needed budesonide-formoterol 200/6 μg  (Symbicort® 
 Turbuhaler® [AstraZeneca, Sweden]; corresponding to a 
delivered dose of 160/4.5 μg); or twice-daily budesonide 
200 μg  (Pulmicort®  Turbuhaler® [AstraZeneca, Sweden]) as 
maintenance, plus As-needed terbutaline 0.5 mg  (Bricanyl® 
 Turbuhaler® [AstraZeneca, Sweden]) (herein referred to as 
budesonide maintenance). In SYGMA 2, patients were ran-
domized to placebo plus As-needed budesonide-formoterol 
(as for SYGMA 1) or to budesonide maintenance (as for 
SYGMA 1).

2.2  Adverse Event Reporting

Detailed descriptions of the methodology of AE monitoring 
and reporting are provided in the individual study proto-
cols and statistical analysis plans for SYGMA 1 [7] and 2 
[5], which are available online at the site of their publica-
tion. Briefly, AE data were collected from the start of run-in 
(visit 2) and serious AEs (SAEs) from the time of informed 
consent (visit 1), at every clinical visit, and through to the 
last telephone follow-up or last contact. AEs were assigned 
a system organ class and preferred term according to the 
Medical Dictionary for Regulatory Activities  (MedDRA®), 
version 20.0. An AE was considered serious if it met one or 
more of the following International Conference on Harmo-
nisation criteria [25]: resulting in death, immediately life 
threatening, required inpatient hospitalization or prolonga-
tion of existing hospitalization, resulted in significant or per-
sistent disability/incapacity, was a congenital abnormality or 
birth defect, or was an important medical event jeopardizing 
the patient or that required medical intervention to avoid any 
of these outcomes. Asthma symptoms (cough, wheeze, etc.) 
were recorded as AEs only when they met SAE or discon-
tinuation due to AE (DAE) criteria, or the event was new 
to the patient or inconsistent with the pre-existing asthma 
history, as judged by the investigator. Criteria for an asthma-
related discontinuation were defined in the study as follows: 
a severe asthma exacerbation of 3 weeks’ duration (in both 
studies) [5, 7]; two severe exacerbations during the same 
3-month period or a total of three severe exacerbations dur-
ing the study in SYGMA 1 [7]; or three severe exacerbations 
within a 6-month period in SYGMA 2 [5].

Any fatal events were assessed for their relationship 
to asthma by an independent external adjudication com-
mittee and for their relationship to study treatment by the 
investigators.

2.3  Data Analyses

Following a pre-specified statistical analysis plan, data from 
corresponding treatment groups in SYGMA 1 and SYGMA 

2 (As-needed budesonide-formoterol and budesonide main-
tenance treatment) were pooled to assess safety. As patients 
received As-needed terbutaline alone only in SYGMA 1 [7], 
safety comparisons for this treatment group were only made 
with As-needed budesonide-formoterol data from SYGMA 
1 (i.e., non-pooled data). Corticosteroid exposure data were 
also pooled. In addition to the ICS component of the As-
needed combination and maintenance treatments, patients 
were permitted to receive additional systemic corticosteroids 
for the treatment of severe exacerbations in both studies [5, 
7], and open-label inhaled budesonide for moderate exac-
erbations or prolonged poor asthma control in SYGMA 1 
[7]. Such corticosteroid use was included in the exposure 
calculations.

Safety outcomes assessed were AEs, fatal and non-fatal 
SAEs, DAEs, and AEs representing potential corticosteroid 
class effects or β2-agonist class effects (see the electronic 
supplementary material). Drug class effects were not sys-
tematically assessed.

AEs in patients with high use of As-needed budesonide-
formoterol, defined as > 8 or > 12 inhalations/day on at 
least 1 day, and in those with episodes of sustained high 
As-needed use, defined as > 8 or > 12 inhalations for either 
≥ 7 or ≥ 14 consecutive days, were also included in safety 
analyses; in the budesonide maintenance group, ‘high As-
needed’ use refers to the use of terbutaline. The date and 
time of use of all randomized inhalers (maintenance and 
As-needed) was recorded electronically throughout SYGMA 
1 and SYGMA 2.

In both studies, safety was evaluated in the safety analy-
sis set (SAS), defined as all patients receiving any investi-
gational product, classified according to the treatment they 
actually received [5, 7]. The pooled SAS was a combination 
of the individual study SAS. A full analysis set (FAS), which 
was identical to the SAS in both SYGMA studies [5, 7], was 
used where safety parameters had been planned as part of the 
efficacy assessment in these studies and in the current report, 
which includes high As-needed use and corticosteroid expo-
sure data. AEs while on randomized treatment (including the 
first day after stopping treatment), and patient deaths at any 
time during the study, were included in the assessment of 
the pooled safety population.

No formal statistical hypothesis testing was conducted. 
Descriptive statistics were used to summarize AE param-
eters by treatment group. Selected comparisons were made 
for subgroups of sex (male vs. female) and age (≥ 12 to < 
18, ≥ 18 to < 50, ≥ 50 to < 65, and ≥ 65 years).
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3  Results

In SYGMA 1, there were 1277 evaluable patients in the 
As-needed budesonide-formoterol group, 1282 in the bude-
sonide maintenance group, and 1277 in the As-needed 
terbutaline group (FAS and SAS) [7]. In SYGMA 2, there 
were 2089 evaluable patients in the As-needed budesonide-
formoterol group and 2087 in the budesonide maintenance 
group (FAS) [5]. The total number of patients in the pooled 
SAS was 6735, with 3366 in the As-needed budesonide-
formoterol group and 3369 in the budesonide maintenance 
group.

A similar proportion of patients in SYGMA 1 and 
SYGMA 2 were taking low-dose ICS for at least 30 days 
prior to enrolment (47.4 and 48.1%, respectively). The 
respective proportions of patients taking LTRA over this 
period were 8.2 and 5.6%.

3.1  Demographics and Baseline Characteristics

Patient baseline demographic and clinical characteristics 
were well balanced between As-needed terbutaline, As-
needed budesonide-formoterol, and budesonide maintenance 
groups, as previously reported for SYGMA 1 [7]. Treatment 
groups were likewise balanced in SYGMA 2 [5].

Baseline characteristics were similar between As-needed 
budesonide-formoterol and budesonide maintenance groups 
in the pooled safety population (Table 1). Overall, patients 
in the pooled safety population were considered representa-
tive of the target population of patients with mild asthma for 
whom use of low-dose ICS had been appropriate (based on 
clinical recommendations at the time the study protocol was 
finalized, i.e., GINA 2012 step 2).

3.2  Treatment Exposure

Duration of exposure to study treatment was slightly greater 
in the As-needed budesonide-formoterol group than in the 
As-needed terbutaline group in SYGMA 1 (343.5 ± 71.7 
vs. 329.8 ± 91.1 mean treatment days) and similar between 
treatments in SYGMA 2 (349.3 ± 62.1 vs. 346.7 ± 67.9 
mean treatment days). In SYGMA 1, 89.8% of patients in 
the As-needed budesonide-formoterol group versus 85.0% 
of patients in the As-needed terbutaline group had received 
study treatment for > 48 weeks, whereas > 90% of patients 
in both treatment groups received treatment for > 48 weeks 
in SYGMA 2.

For the pooled safety population, duration of exposure to 
study treatment was similar in the As-needed budesonide-
formoterol and budesonide maintenance treatment groups 
(347.1 ± 66.0 vs. 344.5 ± 70.8 mean treatment days). Study 

Table 1  Demographics and baseline characteristics

All data are n (%) or mean ± standard deviation unless specified otherwise
BD bronchodilator, bid twice daily, FEV1 forced expiratory volume in 1 second, ICS inhaled corticosteroid, LTRA  leukotriene receptor antagonist
a FEV1 assessment: n = 3356 (As-needed budesonide-formoterol), n = 3357 (budesonide maintenance) and n = 6713 (total)
b Reversibility assessment: n = 3340 (As-needed budesonide-formoterol), n = 3335 (budesonide maintenance), and n = 6675 (total)

Characteristics SYGMA 1 and SYGMA 2 pooled safety population SYGMA 1

As-needed budesonide-
formoterol 200/6 μg
(n = 3366)

Budesonide mainte-
nance 200 μg bid
(n = 3369)

Total
(n = 6735)

As-needed budesonide-
formoterol 200/6 μg
(n = 1277)

As-needed 
terbutaline 0.5 
mg
(n = 1277)

Age, years 40.7 ± 16.9 40.1 ± 17.0 40.4 ± 16.9 39.8 ± 16.9 40.0 ± 16.3
Female sex 2085 (61.9) 2086 (61.9) 4171 (61.9) 777 (60.8) 771 (60.4)
Years since asthma diagnosis
 Median 7.3 6.9 7.1 6.5 6.3
 Range 0.4–65.7 0.4–71.2 0.4–71.2 0.4–65.7 0.5–62.4

Pre-BD  FEV1, %  predicteda 84.3 ± 14.0 84.2 ± 13.9 84.2 ± 14.0 84.2 ± 14.2 84.1 ± 14.1
Reversibility, %b 15.0 ± 12.0 15.0 ± 12.5 15.0 ± 12.2 14.9 ± 11.3 14.4 ± 11.5
Severe exacerbation in previous 

12 months
716 (21.3) 701 (20.8) 1417 (21.0) 257 (20.1) 256 (20.0)

Pre-study treatment
 Uncontrolled on BD 1524 (45.3) 1551 (46.0) 3075 (45.7) 565 (44.2) 565 (44.2)
 Controlled on ICS or LTRA 1842 (54.7) 1818 (54.0) 3660 (54.3) 712 (55.8) 712 (55.8)
 Controlled on ICS 1626 (48.3) 1584 (47.0) 3210 (47.7) 611 (47.8) 619 (48.5)
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treatment was received for > 48 weeks in ≥ 90% of patients 
in both groups.

3.3  Common Adverse Events

AEs were more frequent in the As-needed terbutaline 
group than in the As-needed budesonide-formoterol group 
(545 [42.7%] vs. 485 [38.0%] patients) in SYGMA 1 [7]. 
A similar proportion of patients using As-needed budes-
onide-formoterol and budesonide maintenance treatment 
experienced an AE in the pooled safety population of 
SYGMA 1 and SYGMA 2 (1372 [40.8%] vs. 1431 [42.5%] 
patients) (Table 2). The most common AEs (occurring in 
≥ 2% of patients) are summarized in Table 3. The three 
most commonly reported AEs in SYGMA 1 were viral 

upper respiratory tract infection (viral URTI), URTI, and 
asthma in both the As-needed terbutaline and As-needed 
budesonide-formoterol groups [7]. Viral URTI and URTI 
occurred in a similar proportion of patients in the As-needed 
terbutaline and As-needed budesonide-formoterol groups, 
whereas asthma was reported as an AE in more patients in 
the As-needed terbutaline group (109 [8.5%] vs. 37 [2.9%] 
patients in the budesonide-formoterol group). The pooled 
analysis also showed similarity in the nature and incidence 
of the three most common AEs between the As-needed 
budesonide-formoterol and budesonide maintenance groups: 
URTI, viral URTI, and asthma. The safety profile of As-
needed budesonide-formoterol compared with As-needed 
terbutaline and with budesonide maintenance treatment did 

Table 2  Summary of adverse events (safety analysis set)

All data are n (%)
AE adverse event, bid twice daily, SAE serious adverse event

AE SYGMA 1 + SYGMA 2 pooled safety population SYGMA 1

As-needed budesonide-
formoterol 200/6 μg
(n = 3366)

Budesonide maintenance 
200 μg bid
(n = 3369)

Total
(n = 6735)

As-needed budesonide-
formoterol 200/6 μg
(n = 1277)

As-needed 
terbutaline 0.5 
mg
(n = 1277)

Any AE 1372 (40.8) 1431 (42.5) 2803 (41.6) 485 (38.0) 545 (42.7)
Any AE with 

an outcome of 
death

1 (< 0.1) 3 (< 0.1) 4 (< 0.1) 0 0

Any SAE 104 (3.1) 110 (3.3) 214 (3.2) 38 (3.0) 50 (3.9)
Any AE leading 

to discontinu-
ation

24 (0.7) 38 (1.1) 62 (0.9) 10 (0.8) 37 (2.9)

Table 3  Treatment-emergent adverse events reported in ≥ 2% of patients (safety analysis set)

All data are presented as n (%)
AE adverse event, bid twice daily, DAE discontinuation due to AE, MedDRA Medical Dictionary for Regulatory Activities, SAE serious AE, 
URTI upper respiratory tract infection
a Asthma symptoms were recorded as an AE only when they met SAE or DAE criteria or the event was new to the patient or inconsistent with the 
pre-existing asthma history, as judged by the investigator

MedDRA preferred term SYGMA 1 + SYGMA 2 pooled safety population SYGMA 1

As-needed budesonide-
formoterol 200/6 μg
(n = 3366)

Budesonide maintenance 200 
μg bid (n = 3369)

As-needed budesonide-
formoterol
200/6 μg (n = 1277)

As-needed terbuta-
line 0.5 mg (n = 
1277)

Viral URTI 230 (6.8) 252 (7.5) 75 (5.9) 79 (6.2)
URTI 152 (4.5) 182 (5.4) 71 (5.6) 76 (6.0)
Asthmaa 133 (4.0) 154 (4.6) 37 (2.9) 109 (8.5)
Pharyngitis 84 (2.5) 111 (3.3) 33 (2.6) 34 (2.7)
Bronchitis 97 (2.9) 115 (3.4) 33 (2.6) 41 (3.2)
Headache 75 (2.2) 80 (2.4) 23 (1.8) 25 (2.0)
Rhinitis allergic 79 (2.3) 63 (1.9) 28 (2.2) 28 (2.2)
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not show any differences between patient subpopulations 
according to sex or age group (data not shown).

3.4  Discontinuations Due to Adverse Events

In SYGMA 1, more patients in the As-needed terbutaline 
group than the As-needed budesonide-formoterol group 
had a DAE (37 [2.9%] vs. 10 [0.8%] patients) or a study-
defined asthma-related discontinuation (21 [1.6%] vs. 4 
[0.3%] patients) [7]. Asthma was the most common DAE 
in SYGMA 1.

In the pooled safety population, the proportion of patients 
with a DAE was similar in the As-needed budesonide-for-
moterol (24 patients [0.7%]) and the budesonide mainte-
nance (38 patients [1.1%]) groups. Asthma-related discon-
tinuations were the most frequent discontinuations, reported 
in seven patients (0.2%) in the As-needed budesonide-for-
moterol group and in 13 patients (0.4%) in the budesonide 
maintenance group.

3.5  Serious Adverse Events and Deaths

A similar proportion of patients had at least one SAE in the 
As-needed budesonide-formoterol and the As-needed terb-
utaline groups (38 [3.0%] vs. 50 [3.9%] patients) in SYGMA 
1 [7]. Asthma was the most frequent SAE in both of these 
treatment groups, occurring in six patients (0.5%) in the As-
needed budesonide-formoterol recipients and in 16 patients 
(1.3%) in the As-needed terbutaline group. In general, there 
were no notable differences in the nature or incidence of 
other individual SAEs between As-needed budesonide-for-
moterol and As-needed terbutaline. The incidence of SAEs 
was similar between the As-needed budesonide-formoterol 
and budesonide maintenance groups (104 [3.1%] vs. 110 
[3.3%] patients) in the pooled safety population. Generally, 
there were no clinically relevant differences between treat-
ment groups in the nature or incidence of individual SAEs. 
The most frequent SAE was asthma, reported in 23 patients 
(0.7%) in the As-needed budesonide-formoterol group and 
in 25 patients (0.7%) in the budesonide maintenance group 
(pooled safety population).

There were two patient deaths in SYGMA 1 (both in 
the budesonide maintenance group) [7] and two deaths in 
SYGMA 2 (one each in the As-needed budesonide-formo-
terol and budesonide maintenance groups) [5]. None of these 
deaths in the pooled safety population was considered treat-
ment related. One patient death, in the budesonide mainte-
nance group in SYGMA 2, was considered asthma related 
(acute asthma exacerbation), as described in detail in the 
original study publication [5].

3.6  Safety in Patients with High Levels 
of As‑needed Use

Use of As-needed medication exceeding 8 or 12 inhalations/
day on at least 1 day during the study was uncommon in the 
As-needed budesonide-formoterol group in both SYGMA 
1 and SYGMA 2 and less frequent than in the As-needed 
terbutaline or budesonide maintenance groups (Fig. 1a and 
b) [5, 7]. Less than 1% of patients in any treatment group 
had one or more periods of sustained high As-needed use, 
defined as > 8 or > 12 inhalations/day for periods of either 
≥ 7 or ≥ 14 consecutive days [5, 7].

In the pooled safety population, fewer patients were using 
more than eight As-needed inhalations/day for periods of ≥ 
7 consecutive days in the As-needed budesonide-formoterol 
group (n = 1) than in the budesonide maintenance group (n 
= 19). Among these patients, AEs were reported in 10 of 
the 19 patients in the budesonide maintenance group; none 
were in the single patient treated with As-needed budeson-
ide-formoterol (Table 4).

3.7  Potential β2‑Agonist Class Effects

Overall, there was a very low incidence of potential β2-
agonist class effects. In each treatment group, the most com-
monly reported AEs considered β2-agonist related included 
headache and cardiac events such as hypertension, increased 
blood pressure, tachycardia, palpitations, and angina pec-
toris (Table 5). There were no notable differences in the 
incidence of these AEs between As-needed terbutaline and 
As-needed budesonide-formoterol in SYGMA 1 or between 
As-needed budesonide-formoterol and budesonide mainte-
nance in the pooled safety population (Table 5).

3.8  Potential Corticosteroid Class Effects

The proportions of patients with AEs considered a corticos-
teroid class effect were low and were similar between As-
needed budesonide-formoterol and As-needed terbutaline 
groups (SYGMA 1) and between As-needed budesonide-
formoterol and budesonide maintenance groups (pooled 
safety analysis; 47 [1.4%] vs. 57 [1.7%] patients) (Table 6).

Local corticosteroid-related AEs were reported in less 
than 1% of patients but were slightly more common in 
the budesonide maintenance group than in the As-needed 
budesonide-formoterol group in the pooled analysis. Dys-
phonia was reported in 17 patients receiving budesonide 
maintenance (0.5%) and eight of those receiving budeson-
ide-formoterol (0.2%), and candidiasis was reported in ten 
patients receiving budesonide maintenance (0.3%) and four 
of those receiving budesonide-formoterol (0.1%). Poten-
tial systemic corticosteroid effects were infrequent and 
occurred in a similar proportion of patients in the As-needed 
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budesonide-formoterol and budesonide maintenance groups 
(35 [1.0%] vs. 31 [0.9%] patients); see Table 6 for further 
detail. Approximately one-third of the patients reporting 
potential systemic corticosteroid effects received systemic 
steroids during the studies. Systemic corticosteroids were 
adjudged as not likely to have contributed in all but one of 
the cases, where contribution of the systemic steroids could 
not be excluded.

Corticosteroid exposure was recorded separately for ICS 
versus systemic administration. In SYGMA 1 and SYGMA 
2, the median daily dose of ICS was 83 and 75% lower in 
the As-needed budesonide-formoterol group than in the 

budesonide maintenance group, respectively [5, 7]. When 
ICS exposure from both randomized treatment and the 
open-label treatment of moderate exacerbations in SYGMA 
1 were included in this calculation, the distinction between 
ICS-containing treatment groups remained: the median 
total daily ICS dose with As-needed budesonide-formo-
terol was again 83% lower than that of budesonide mainte-
nance treatment in SYGMA 1 (60.2 [range 53.7–67.0] vs. 
345.2 μg [338.0–349.6]) [7] and 75% lower in SYGMA 2 
(65.9 [60.9–72.5] vs. 267.6 μg [256.9–273.1]) [5].

In the pooled population, the proportion of patients who 
had at least one systemic corticosteroid prescription because 

Fig. 1  Proportion of patients 
with high As-needed use of 
budesonide-formoterol or 
terbutaline (in the As-needed 
terbutaline group or budesonide 
maintenance group) on at least 
1 day during the study in a 
SYGMA 1 [7] and b SYGMA 
2 [5]. Data are from the full 
analysis sets in both studies. 
The number of inhalations in 
a day is the sum of day- and 
night-time As-needed inhala-
tions
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of asthma was similar between the As-needed budesonide-
formoterol and budesonide maintenance groups (7.4% [250 
patients] vs. 7.8% [264 patients]). In SYGMA 1, this propor-
tion was higher in the As-needed terbutaline group than in 

the As-needed budesonide-formoterol group (12.2% [156 
patients] vs. 5.6% [71 patients]).

The duration of use of systemic corticosteroids was 
broadly similar between the As-needed budesonide-for-
moterol and budesonide maintenance groups in the pooled 
analysis, with 1818 and 1750 total days of use, respectively. 
Of those who received any systemic corticosteroids, the 
median total duration of systemic corticosteroid use was 
6 (interquartile range [IQR] 5–9) days per patient in the 
As-needed budesonide-formoterol group and 6 (IQR 4–8) 
days per patient in the budesonide maintenance group, with 
respective ranges of 1–40 and 1–23 days per patient. In 
SYGMA 1, the total days of systemic corticosteroid use in 
the As-needed terbutaline group was more than double that 
in the As-needed budesonide formoterol group (1237 vs. 465 
days), although the median duration of use was 6 days per 
patient in both groups (IQR 4–10 and range 1–51 vs. IQR 
5–7 and range 2–18, respectively).

4  Discussion

Budesonide-formoterol anti-inflammatory reliever therapy 
is generally well-tolerated in patients with mild asthma. 
No new safety concerns were identified in this analysis of 
data from the SYGMA 1 and SYGMA 2 studies in 8012 
adult and adolescent patients [5, 7], with no safety differ-
ences from the well-established safety profile described in 
the current  Symbicort® summary of product characteristics 

Table 4  All adverse  eventsa reported for patients with ≥ 7 consecu-
tive days of more than eight ‘as needed’ inhalations (n = 20), pooled 
SYGMA 1 and SYGMA 2 populations

AEs are preferred terms from Medical Dictionary for Regulatory 
Activities version 20.0. No patients in any of the other randomized 
treatment groups with an episode of ≥ 7 consecutive days of more 
than eight As-needed inhalations/day experienced an AE
AE adverse event, RTI respiratory tract infection, URTI upper RTI
a Reports of AEs were collected at study visits so did not necessarily 
coincide with episodes of sustained high As-needed use
b These AEs were reported on two separate occasions

Patient AEs per patient Treatment group

1 Viral infection Budesonide maintenance
2 Bacterial pneumonia, asthma Budesonide maintenance
3 Influenza Budesonide maintenance
4 Cataract, viral URTI, asthma Budesonide maintenance
5 Viral RTI Budesonide maintenance
6 Influenzab Budesonide maintenance
7 Headache Budesonide maintenance
8 Headache Budesonide maintenance
9 Dyspnoea Budesonide maintenance
10 Asthmab Budesonide maintenance

Table 5  Treatment-emergent AEs representing potential β2-agonist effects occurring in ≥ 0.1% of patients (safety analysis set)

All data are presented as n (%)
AE adverse event, bid twice daily, BP blood pressure, MedDRA Medical Dictionary for Regulatory Activities
a There was no specific definition of hypokalemia; it was reported as judged by the investigator

MedDRA preferred term SYGMA 1 + SYGMA 2 pooled safety population SYGMA 1

As-needed budesonide-formo-
terol 200/6 μg
(n = 3366)

Budesonide maintenance 
200 μg bid
(n = 3369)

As-needed budesonide-formo-
terol 200/6 μg
(n = 1277)

As-needed 
terbutaline 
0.5 mg
(n = 1277)

Any AE 153 (4.5) 145 (4.3) 50 (3.9) 50 (3.9)
Headache 75 (2.2) 80 (2.4) 23 (1.8) 25 (2.0)
Hypertension 41 (1.2) 28 (0.8) 15 (1.2) 13 (1.0)
BP increased 9 (0.3) 9 (0.3) 2 (0.2) 3 (0.2)
Anxiety 9 (0.3) 3 (< 0.1) 5 (0.4) 1 (< 0.1)
Tachycardia 7 (0.2) 8 (0.2) 1 (< 0.1) 3 (0.2)
Angina pectoris 6 (0.2) 3 (< 0.1) 3 (0.2) 0
Tremor 6 (0.2) 7 (0.2) 4 (0.3) 2 (0.2)
Palpitations 4 (0.1) 7 (0.2) 1 (< 0.1) 1 (< 0.1)
Hypokalemiaa 2 (< 0.1) 0 1 (< 0.1) 2 (0.2)
Muscle spasms 4 (0.1) 2 (< 0.1) 0 0
Insomnia 5 (0.1) 3 (< 0.1) 1 (< 0.1) 0
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(SmPC) [14]. The most common AEs reported were viral 
URTI, URTI, asthma, pharyngitis, bronchitis, headache, and 
allergic rhinitis.

The safety profile of As-needed budesonide-formoterol 
was more favorable than that of As-needed terbutaline, with 
fewer patients in the As-needed budesonide-formoterol 
group reporting AEs or DAEs. These results are consistent 
with the AE rates reported for As-needed albuterol (salbuta-
mol) and budesonide-formoterol anti-inflammatory reliever 
therapy in the open-label Novel START study in patients 
with mild asthma (n = 668) [16]. In the present analysis, As-
needed budesonide-formoterol had a safety profile similar 
to that for budesonide maintenance therapy plus As-needed 
terbutaline in the pooled safety population, with similar 
proportions of patients reporting AEs, SAEs, and DAEs. 
Beasley et al. [16] found a lower AE rate with As-needed 
budesonide-formoterol than with budesonide maintenance 
treatment in patients with mild asthma. Hardy et al. [17] 
also reported generally similar AE rates between these two 
treatments in patients with mild to moderate asthma in the 
PRACTICAL study. Results of the current analysis are 
broadly consistent with those of other studies that included 
a treatment group of budesonide maintenance in terms of 
AE or SAE rates; in these studies, the comparators were 
budesonide-formoterol MART [9, 11] and/or budesonide-
formoterol as maintenance (plus As-needed SABA) [8, 9, 
11]. Further evidence supporting the safety profile of the 
MART regimen has been shown in various studies, where 

safety was similar to that of maintenance budesonide-formo-
terol plus As-needed SABA [4, 6, 10].

In our safety analysis, there were no treatment-related 
deaths, and the overall SAE rate was approximately 3–4%. 
One of the patient deaths in the SYGMA studies was asthma 
related and involved a patient on regular inhaled budeson-
ide. The risk of asthma as an SAE or study-defined asthma-
related discontinuations with As-needed budesonide-formo-
terol was similar to that with budesonide maintenance (0.5 
vs. 0.7%, and 0.3 vs. 0.4%, respectively), and lower than 
with As-needed terbutaline (1.3 and 1.6%, respectively).

The SmPC for Symbicort 200/6 μg for adults and adoles-
cents advises a maximum total daily dose of up to 12 inha-
lations for a limited period of time as part of the approved 
MART regimen [14]. Overall, few patients used high doses 
of As-needed therapy in the two SYGMA studies, and an 
even smaller fraction (< 1%) used As-needed therapy in a 
sustained manner (≥ 7 consecutive days) at least once dur-
ing the study. In SYGMA 1, fewer patients used high As-
needed doses (> 8 or > 12 As-needed inhalations/day on at 
least 1 day) in the budesonide-formoterol group compared 
with the As-needed terbutaline group (3.8 vs. 13.3%, and 1.3 
vs. 5.2%, respectively). Among those with any episodes of 
sustained high use (more than eight As-needed inhalations/
day for ≥ 7 consecutive days), AEs were more common in 
the budesonide maintenance group (in which the As-needed 
inhaler was terbutaline) than in the As-needed budesonide-
formoterol group in the pooled safety population. These data 

Table 6  Treatment-emergent AEs representing potential corticosteroid effects occurring in at least one patient in any group (safety analysis set)

All data are n (%). The MedDRA preferred term ‘contusion’ includes bruising
AE adverse event, bid twice daily, DM diabetes mellitus

Treatment-emergent AEs SYGMA 1 + SYGMA 2 pooled safety population SYGMA 1

As-needed budesonide-
formoterol 200/6 μg
(n = 3366)

Budesonide mainte-
nance 200 μg bid
(n = 3369)

As-needed budesonide-
formoterol 200/6 μg
(n = 1277)

As-needed 
terbutaline 
0.5 mg
(n = 1277)

Potential local steroid effects
Candidiasis 4 (0.1) 10 (0.3) 0 2 (0.2)
 Candida infection 1 (< 0.1) 0 0 1 (< 0.1)
 Oral candidiasis 3 (< 0.1) 4 (0.1) - –
 Oropharyngeal candidiasis 0 6 (0.2) 0 1 (< 0.1)

Dysphonia 8 (0.2) 17 (0.5) 1 (< 0.1) 0
Potential systemic steroid effects
Adrenal insufficiency 0 1 (< 0.1) 0 0
DM/DM inadequately controlled 1 (< 0.1) 6 (0.2) 1 (< 0.1) 1 (< 0.1)
Metabolic bone effects and fractures 14 (0.4) 8 (0.2) 6 (0.5) 4 (0.3)
Cataract or glaucoma 4 (0.1) 3 (< 0.1) 1 (< 0.1) 1 (< 0.1)
Psychiatric disorders 7 (0.2) 6 (0.2) 1 (< 0.1) 1 (< 0.1)
Contusion 9 (0.3) 5 (0.1) 3 (0.2) 4 (0.3)
Dysgeusia 1 (< 0.1) 2 (< 0.1) – –
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further support the safe use of the anti-inflammatory reliever 
approach to mild asthma treatment using low-dose budes-
onide-formoterol and should provide added reassurance to 
clinicians concerned about the safety of this approach in the 
management of mild asthma.

Our analysis did not find any clinically notable differ-
ences in β2-agonist class-related AEs between As-needed 
budesonide-formoterol and As-needed terbutaline in 
SYGMA 1. Budesonide maintenance recipients in SYGMA 
1 and 2 also used terbutaline as needed, and, in the pooled 
safety population from these studies, the β2-agonist class-
related AE profile was similar. Thus, formoterol as a reliever 
does not appear to pose any additional safety concerns when 
taken in combination with budesonide. This conclusion is 
supported by the similar lack of notable differences in β2-
agonist class-related AEs between budesonide-formoterol 
given as MART versus budesonide maintenance [9, 11] or 
budesonide-formoterol as maintenance therapy [6, 9, 10] in 
prior studies.

Large clinical safety studies of budesonide-formoterol 
and other approved ICS-LABA combinations given as 
maintenance therapy, initiated by the US FDA [26], have 
dispelled any lingering safety concerns (or misperceptions) 
relating to serious asthma-related AEs with LABA treat-
ment when taken with an ICS from the same device [27–30]. 
The FDA subsequently removed the boxed warning from all 
approved ICS-LABA combinations [31]. As-needed LABA 
use along with ICS did not reveal any additional concerns.

Dose-related local effects of ICS are well-known [32]. 
Patients in the SYGMA studies were instructed to rinse their 
mouth after morning and evening doses of maintenance 
treatment (budesonide or placebo) but not after doses from 
the As-needed inhaler (terbutaline or budesonide-formo-
terol). This instruction is the same as has been previously 
included in the protocols of a number of other studies with 
budesonide-formoterol as MART [6, 9, 10, 33]. In our analy-
sis, the proportion of patients experiencing local ICS AEs 
was very low overall, with only slight differences between 
those using As-needed budesonide-formoterol and those on 
budesonide maintenance therapy. Local candidiasis (candida 
infection, oral candidiasis, oropharyngeal candidiasis) was 
reported in 0.1% of the As-needed budesonide-formoterol 
group and in 0.3% of the budesonide maintenance group 
(pooled safety population). This supports the clinical advice 
that there is no need for mouth rinsing when patients use 
their budesonide-formoterol inhaler as needed, compared 
with budesonide maintenance.

The broadly similar duration of systemic corticosteroid 
treatment between both ICS-containing treatment groups in 
SYGMA 1 and SYGMA 2 was reflected in a similar inci-
dence of potentially corticosteroid-related systemic effects.

A limitation of this analysis includes the need for caution 
when interpreting the AE data for high As-needed users, 

since AEs were reported during clinical visits rather than 
on the day of occurrence, meaning AEs coinciding with the 
days of high As-needed use are susceptible to recall bias. 
Further limitations from a safety point of view are the 1-year 
duration of the SYGMA studies, which did not allow for 
collection of longer-term safety data, and the observational 
nature of the collection of some AEs.

5  Conclusion

Analysis of safety results from SYGMA 1 and SYGMA 2 
confirms that As-needed budesonide-formoterol was well-
tolerated in the mild asthma population, with no new safety 
concerns. The safety profile of As-needed budesonide-
formoterol was favorable compared with that of As-needed 
terbutaline and similar to that of daily budesonide plus As-
needed terbutaline and offers the advantages of being asso-
ciated with a very low rate of patients requiring high use of 
their anti-inflammatory reliever therapy and a lower total 
exposure to corticosteroids.
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