Research Article

For reprint orders, please contact: reprints@futuremedicine.com

Budesonide/formoterol versus
salmeterol/fluticasone for asthma in

children: an effectiveness and safety Journal of Comparative
] Effectiveness Research
analysis

Ping Jiang""¥, Lanyu Zhao'* & Zezhong Yao*''
Department of Pediatrics, Minhang Hospital, Fudan University, Shanghai 201100, China
*Author for correspondence: Tel.: +86 135 3456 7456; zezhongyao@yahoo.com

Background: The efficacy of budesonide + formoterol therapy compared with high-dose
salmeterol + fluticasone therapy plus short-acting B-agonist (SABA) has not been evaluated specifically in
children. Objectives: To evaluate the efficacy and safety of budesonide + formoterol combination therapy
two times a day plus as needed compared with salmeterol + fluticasone two times a day plus SABA (as
needed) in children in China. Methods: This prospective cohort study included 164 children with persistent
asthma (aged 12-17 years) who had experienced a minimum of one asthma exacerbation in 12 months
prior to the study. The primary outcome was the time to the first severe exacerbation. Results: Eighty-
two children were assigned to each of two groups. The exacerbation rate per 100 patients per year
was not found to be significantly different. The number of patients with hospitalization/emergency
room therapy was lower in budesonide + formoterol group, but the risk difference was not statistically
significant. Asthma control measures showed comparable effects. Both treatments were well-tolerated.
Conclusion: No significant differences were observed in the outcome measures between the groups.
Budesonide + formoterol therapy is a favorable approach in terms of a low load of ICS, steroid exposure,
need for multiple inhalers and cost.
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Asthma is a common and significant chronic disease globally, with a considerable increase in prevalence in the
last 20 years, mainly in children [1]. Such a rise in pediatric asthma has been noted in many studies conducted
in China [2,3]. According to modern guidelines, the asthma management goal is to improve disease control for an
extended time and effectively address asthma worsening, thereby averting severe exacerbations [4,5]. Combination
treatment of inhaled corticosteroid (ICS) with a long-acting B-agonist (LABA) is the recommended maintenance
dose of therapy when asthma control with low-dose ICS alone is not achievable [5-7). Asthma surveys have
indicated that most patients utilizing an ICS alone or ICS 4+ LABA combination nevertheless need short-acting
fB-agonist (SABA) treatment, with higher percentages showing night-time awakening, daytime symptoms and
hospital admissions due to asthma (6,8,9].

There are two options available for the management of residual symptoms in patients utilizing the ICS + LABA
combination. One choice is the increased ICS + LABA fixed-dose combination (budesonide + formoterol or
salmeterol + fluticasone) maintenance dose, aimed at progressive stabilization of the disease process, thereby
minimizing the need for short-acting reliever treatment. Another choice that is more patient-centered is the use of
budesonide + formoterol for maintenance as well as relief (6,10]. Utilization of budesonide 4 formoterol combination
for maintenance and reliever treatment depends on quicker and as-needed ICS + LABA adjustments, in contrast
with SABA treatment, to fine-tune control of asthma. This method demonstrated a substantial reduction in severe
exacerbations when compared with ICS + LABA + SABA therapy [6,11-14]. This new administration approach is Future -
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now supported in updated guidelines by the Global Initiative for Asthma (GINA) as an effective method for the
prevention of asthma exacerbations and improvement in control [5].

In a large, double-blind study by Kuna et 4/ (14], budesonide (160 pg) + formoterol (4.5 pg) combination
therapy two-times a day (b.i.d.) and as needed decreased rates of exacerbation by 28-39% in comparison to
either budesonide (320 pg) + formoterol (9 pg) b.i.d. or salmeterol (50 pg) + fluticasone (250 pg) b.i.d. plus
SABA (terbutaline), as needed. Comparative results were shown in an open-label study by Vogelmeier et al.
[13], with a 22% reduction in the exacerbation rate against salmeterol + fluticasone dose titration therapy. In
the above study, only around 40% of patients receiving salmeterol + fluticasone therapy were titrated to higher
doses (50 pug 4+ 5 00 pg), which might have led to suboptimal control. However, in a double-blind study by
Bousquet ¢z al. (6] budesonide 4 formoterol therapy reduced exacerbation incidence compared with high-dose
salmeterol + fluticasone therapy.

To the best of our knowledge, no study has been conducted specifically in children to evaluate the effect of
budesonide 4 formoterol therapy and high-dose salmeterol + fluticasone therapy. This prospective study aimed to
evaluate the efficacy as well as the safety of budesonide (160 pg) + formoterol (4.5 pg) combination therapy b.i.d.
plus as needed compared with salmeterol (50 pg) + fluticasone (500 pg) b.i.d. plus SABA (as needed) in children
in China.

Methods

Ethical approval & consent

This prospective cohort study was performed in the Department of Pediatrics of the authors’ institute from January
10,2017 to July 20, 2019. The hospital’s ethics review board approved the study and the Helsinki Declaration (2008)
guidelines [15] were followed. Patient confidentiality was strictly maintained. Informed consent was obtained from
all participants and parents/legal guardians, as needed. The study adhered to the research laws of China.

Study cohorts

The study patients included outpatient children with persistent asthma aged 12—17 years, who had received
ICS or ICS + LABA combination therapy for a minimum of three months. Exclusion criteria were the use of
systemic corticosteroids in the 30 days prior to the study, recent respiratory infection, use of p-blocking agents and
smoking history. All participants had forced expiratory volume in 1 second (FEV;) on prebronchodilator testing
>50% of predicted normal values along with >12% reversibility post 1 mg terbutaline, and one or more asthma
exacerbations in the 12 months prior to study inclusion. Patients were also required to have taken an as-needed
reliever (terbutaline) for >4 of the last 7 days, but with not more than 8 inhalations per day. Patients in one group
were given budesonide (160 pg) + formoterol (4.5 pg) combination therapy (Symbicort® Turbuhaler®) b.i.d.
plus as needed; the other group received salmeterol (50 pg) + fluticasone (500 pg; Seretide™ Diskus™) b.i.d. plus
terbutaline (0.4 mg per inhalation for relief of symptoms) for a period of six months.

Data collection
Demographic and clinical data were collected from the review of medical charts.

Outcome measurements
The primary outcome measure was the time to the first severe exacerbation, which was defined as asthma dete-
rioration that lead to hospitalization/emergency room therapy and/or usage of oral corticosteroid therapy for a
minimum of three days. Secondary outcomes were the time to the first hospitalization/emergency room therapy,
the rate of hospitalization/emergency room therapies and the rate of severe exacerbations (as the same composite).
Asthma diary records by patients included measures of daily control such as peak expiratory flow, symptoms of
asthma, use of relievers and nighttime awakenings because of asthma symptoms. From this data, asthma control
days (no asthma symptoms, night awakenings and no as-needed drug usage) were calculated. The Simplified
Asthma Control Questionnaire (ACQ-5), constituting five questions on the control of symptoms, was completed
by patients. Scoring was on a 0-6 scale, with ‘0’ representing good control and ‘6’ representing poor control. The
ACQ-5 overall score is the average of the five responses.
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Table 1. Demographic and clinical characteristics.

Characteristics Budesonide + formoterol therapy (n = 82) Salmeterol + fluticasone + SABA therapy (n = 82)
Age (years) 14 (12-17) 14 (12-17)

Male (n) 52 (63.4%) 49 (59.75%)

Diagnosis time' (years) 8 (0-17) 8 (0-17)

Exacerbations in last year 1.5 (1-9) 1.7 (1-19)

ICS usage at entry (ng/day) dosage 652.4 (250-1000) 683.6 (200-1125)

LABA usage at entry 111 (45.12%) 105 (42.68%)

FEV, (1) 2.12(1.08-3.25) 2.14 (1.12-3.36)

FEV4, % predicted 73.2 (51-108) 75.5 (50-130)

FEV;, reversibility % 24.5 (7-99) 24.4 (7-95)

Values are expressed as mean (range) or n (%).
T Median value with range.
FEV1: Forced expiratory volume in 1 s; ICS: Inhaled corticosteroid; LABA: Long-acting B-agonist; SABA: Short-acting -agonist.

Table 2. Severe exacerbation burden.

Event Budesonide + formoterol Salmeterol + fluticasone + SABA Hazard ratio (95% Cl) p-value
therapy (n = 82) therapy (n = 82)
Severe asthma exacerbation
Number of patients 6 (7.31%) 7 (8.53%) 0.85 (0.29-2.55) 0.779
Rate/100 patients/year 15 18 0.83 (0.43-1.5) 0.602
Number of events 7 9

Hospitalization/ER therapy

Number of patients 2 (2.44%) 4 (4.88%) 0.49 (0.09-2.72) 0.422
Rate/100 patients/year 5 9 0.56 (0.25-1.61) 0.271
Number of events 3 5

Cox proportional hazards model was used for the time to first severe asthma exacerbation for therapy comparison.
Relative rate comparison was conducted using Poisson regression.
ER: Emergency room; SABA: Short-acting B-agonist.

Statistical analysis

Categorical variables are represented in percentages, whereas continuous variables are presented as means with
ranges. Kaplan—Meier curves were used to describe the time to the first severe exacerbation. The Cox model was
used for treatment group comparison. The comparison of the rate of severe exacerbations was performed using
the Poisson regression model. Analysis of variance was used for between-group comparison of other measures
(i.e., spirometry, symptoms of asthma, peak expiratory flows, as-needed drug usage and ACQ-5 scores). Analyses
of all data were performed in IBM SPSS Statistics for Windows software (version 20.0; IBM Corp., NY, USA).
p-values < 0.05 were deemed statistically significant.

Results

A total of 164 patients were enrolled in this study; 82 patients received budesonide + formoterol therapy and
82 patients received high-dose salmeterol + fluticasone + SABA therapy. The demographic and clinical data for
patients were comparable between the groups (Table 1). The maintenance therapy adherence reported by caregivers
or adolescents was found to be high (93% mean use).

The data on severe exacerbation burden are presented in Table 2. The primary outcome (i.e., the time to
the first exacerbation between therapy groups) was not significantly different (hazard ratio [HR]: 0.85; 95% CI:
0.29-2.55; p = 0.779) between groups. Six patients on budesonide + formoterol therapy and seven patients on
salmeterol + fluticasone + SABA therapy experienced a total of 15 and 18 exacerbations, respectively. Although the
Kaplan-Meier plot for the time to the first exacerbation demonstrated a prolonged time to the first exacerbation for
budesonide + formoterol therapy, the exacerbation rate per 100 patients per year was not found to be significantly
different (15 vs 18; p = 0.602; Figure 1). The number of patients receiving hospitalization or emergency room therapy
was lower in the budesonide + formoterol therapy group (2; 2.44%) than in the salmeterol 4 fluticasone + SABA
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Table 3. Asthma control measures.

Outcome

Symptoms of asthma

Total score (0-6 scale)

Baseline

During therapy
Symptom-free days

Baseline

During therapy

Nighttime awakenings

Baseline

During therapy

Asthma control days

Baseline

During therapy

As-needed drug usage

Number of inhalations per day

Baseline

During therapy

As-needed drug-free days

Baseline
During therapy
Number of events
ACQ-5 (0-6 scale)
Baseline
During therapy
PEF (I/min)
Morning
Baseline
During therapy
Evening
Baseline

During therapy

Budesonide + formoterol Salmeterol + fluticasone + SABA Therapy comparison (95% Cl) p-value
therapy (n = 82) therapy (n = 82)

1.95 1.92 -0.04 (-0.32-0.12) 0.326
0.93 0.98

9.8% 10.9% -0.42 (-2.8-1.9) 0.584
45.1% 46.3%

31.7% 32.9% -2.1(-3.3-0.4) 0.276
10.9% 13.4%

6.1% 6.1% -0.6 (-3.4-2.1) 0.521
43.9% 45.1%

2.08 2.14 -0.11 (-0.32-0.04) 0.242
0.75 0.87

10.9% 10.9% -0.5 (-3.2-1.1) 0.266
57.3% 58.5%

1.82 1.86 -0.07 (-0.21-0.06) 0.473
1.06 1.14

345.3 342.2 0.5 (-8.2-9.8) 0.533
378.5 377.7

349.4 350.1 1.1 (-1.8-5.6) 0.664
382.7 381.8

Analysis of variance was used for between group comparison.
ACQ-5: Asthma Control Questionnaire; PEF: Peak expiratory flow; SABA: Short-acting B-agonist.

therapy group (4; 4.88%), but the difference in risk was not statistically significant (HR: 0.49; 95% CI: 0.09-2.72;
p =0.422).

Asthma control measures depicted in Table 3 showed comparable effects between groups. An increase in the
number of asthma control days from baseline (6.1% vs 6.1%) to 43.9% in the budesonide + formoterol group
and 45.1% in salmeterol + fluticasone + SABA group was noted. ACQ-5 scores showed similar improvement
in control of asthma (decreased in both groups from baseline [1.82 vs 1.86] to 1.06 vs 1.14) with no statistically
significant differences found between groups.

Peak expiratory flows in both the morning and evening showed an increase in both groups but with statistically
insignificant differences found between the groups. The as-needed drug-free days were found to be 57.3% of days in
the budesonide + formoterol group and 58.5% of days in the salmeterol + fluticasone + SABA group, with a mean
number of inhalations per day of 0.75 versus 0.87, respectively. The use of oral steroids for exacerbations was seen in
5 (6.1%) of the budesonide + formoterol group patients and in 6 (7.3%) of the salmeterol + fluticasone + SABA
group patients. The difference in mean daily ICS doses (as per beclomethasone dipropionate [BDP]-equivalent
doses) was statistically significant (lower in the budesonide + formoterol group). The fluticasone mean dose was
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1000 pg/day (2000 pg BDP-equivalent dose) whereas the budesonide mean dose was 720 pg/day (1126 pg
BDP-equivalent dose) with a reduction of 44% in the BDP-equivalent dose (p < 0.05).

From medical records, adverse events were found to have occurred in 21 (25.61%) patients receiving budes-
onide + formoterol and in 23 (28.05%) patients taking salmeterol + fluticasone + SABA. Serious adverse events
(1 [1.22%; pharyngitis] in the budesonide + formoterol group; 2 [2.44%; sinusitis and bronchitis] in the salme-
terol + fluticasone + SABA group) were comparable between the groups. There were no discontinuations and
none of the events were fatal in either group. All included patients completed the study (Figure 1).

Discussion
This prospective study comparing patients receiving either budesonide + formoterol or salmeterol 4 fluticas-
one + terbutaline (as needed) demonstrated improvement in symptoms of asthma, as-needed drug usage and
lung function in both groups. However, the differences regarding time to the first severe exacerbation (primary
outcome) and the time to the first hospitalization/emergency room therapy, the rate of hospitalization/emergency
room therapies and the rate of severe exacerbations were not statistically significant. Around 57.3% of days were
as-needed-reliever free in the budesonide + formoterol group patients and 58.5% of days in the salmeterol + fluti-
casone + SABA group patients with an insignificant difference between the groups. The mean usage of relievers was
comparable too, with close to one dose per day (0.75 vs 0.87) in both groups. The general use pattern and lack of
overuse of relievers in the present study were in line with other studies conducted in adults and adolescents [6,14,16].

Even with a lower ICS dose in the budesonide + formoterol group, no significant differences were seen between
the two therapy groups with respect to symptoms of asthma or the ACQ-5 questionnaire. This indicates that the
two groups received effective therapy for asthma. After treatment, nearly half of the days fell into the category of
asthma control days (43.9 vs 45.1%) from the baseline of 6.1% for both groups. Both treatments were found to
be well tolerated with regard to adverse events, thereby showing a favorable safety profile, as demonstrated in prior
studies [6,13,14,16,17].

Though there was no difference in the exacerbation rate reduction between therapy groups, which was inconsistent
with a study in adults and adolescents [6], the convenience factor of utilizing only one inhaler for treatment as well as
maintenance and relief is not to be undervalued. Additional considerations during therapy decision-making are the
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low load of ICS and comparatively lower costs. In a randomized controlled trial, higher doses of inhaled budesonide
demonstrated a reduction in eosinophilic inflammation within a period of 6 h [18]. In a few studies, as-needed usage of
budesonide showed rapid airway vasoconstriction thereby reducing airway edema [19,20]. Budesonide 4 formoterol
showed full protection from late-phase allergen bronchoconstrictor responses compared with either budesonide or
formoterol treatment in one study [21].

In the case of as-needed usage of formoterol, switching from terbutaline to formoterol resulted in effective asthma
exacerbation reduction in adult patients on budesonide + formoterol therapy in one study [12]. A recent systematic
review on children showed a comparable number of exacerbations with budesonide + formoterol therapy and
salmeterol + fluticasone therapy. However, fewer patients receiving budesonide 4 formoterol group experienced
hospitalization/emergency room therapy in comparison to the salmeterol + fluticasone group [171. The present
study on children showed no significant differences in any outcome measures between groups. This might suggest
the avoidance of increased dosage and exposure to steroids when the same efficacy and safety can be achieved with
budesonide + salmetorol as maintenance and reliever.

Limitations of the present study include the possibility of recall bias and the accuracy of reported drug usage.
This was a single-center observational study with a small number of patients, so the generalizability of the present
results is limited. Meaningful statistical analysis was not possible due to the small sample size. In conclusion, no
significant differences were observed in the primary outcome of the time to the first severe exacerbation or other
outcome measures between budesonide + formoterol therapy and salmeterol + fluticasone + terbutaline therapy.
Budesonide + formoterol therapy seems to be a favorable approach in terms of a low load of ICS, steroid exposure,
need for multiple inhalers and costs, respectively.

Summary points

e This is the first prospective study conducted specifically in Chinese children that evaluated the effect of
budesonide + formoterol therapy and high-dose salmeterol + fluticasone therapy.

e No significant differences were observed in the time to the first severe exacerbation or other outcome measures
between the groups.

e Both treatments were found to be well tolerated as measured by adverse events.

e The maintenance therapy adherence was found to be high (93% mean use).
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