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Abstract

Objective: To evaluate the efficacy and safety of fluticasone propionate/formoterol (FP/FORM)

versus fluticasone propionate/salmeterol (FP/SAL) in treating pediatric asthma during a 12-week

treatment cycle.

Methods: Randomized controlled trials of FP/FORM compared with FP/SAL in treating pediatric

asthma were searched systematically using Medline, Embase, and the Cochrane Controlled

Trials Register.

Results: Two articles including 546 patients were evaluated. The FP/SAL group showed obvious

improvements in pre-dose forced expiratory volume in 1 s (FEV1) from day 0 to 84, asthma

symptom scores, and sleep disturbance scores compared with the FP/FORM group; however, the

FP/FORM group had improved peak expiratory flow rate (PEFR). In terms of 2-hour post-dose

FEV1 from day 0 to 84, 2-hour forced expiratory flow at 25%, 50%, and 75%, and 2-hour forced

vital capacity, we observed no significant differences between the two groups. For safety, including

patients with at least one adverse event, bronchitis, cough, or pharyngitis, both groups had similar

incidences, differing only in incidence of nasopharyngitis.
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Conclusion: Compared with FP/FORM, FP/SAL showed a clear improvement in pre-dose FEV1,

asthma symptom scores, and sleep disturbance scores. However, FP/FORM resulted in improved

PEFR with a lower incidence of nasopharyngitis.
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Introduction

Pediatric asthma is a significant public health

disease worldwide. About 300 million people

suffer from asthma worldwide according to
the World Health Organization; at the cur-

rent rate of growth, asthma is estimated to
affect 400 million people by 2025.1 Nearly a

quarter of a million people die prematurely

of asthma each year, and most of these
deaths are preventable.2 Asthma is the most

common chronic disease among children and
is ranked in the top 20 in children’s

disability-adjusted life years.3

In the Global Initiative for Asthma
(GINA) guidelines, the combination of

low-dose inhaled corticosteroid (ICS) and

long-acting b2-agonist (LABA) is proposed
as a third-step optional scheme for children

in whom asthma is hard to control by ICS
alone, although the preferred intensive

treatment for this age group is an interme-

diate dose of ICS.4 The single inhaler com-
bination therapy of ICS and LABA has

been proven to boost treatment compliance
and enhance the effectiveness of treatment

compared with random combinations of

two drugs because it guarantees simulta-
neous management of ICS.5,6

Multiple ICS/LABA proposals are avail-

able for treating asthma in teenagers and
adults, but few are approved for children

aged 4 to 12 years. In Europe, fluticasone
propionate/salmeterol (FP/SAL) 100/50mg

b.i.d. is used as a dry powder inhaler or as

a pressurized metered-dose inhaler in

patients aged 4 years.7 Currently, formo-

terol fumarate, as a rapid-acting LABA,

shows similar speed to the short-acting b2-
agonist (SABA). Fluticasone propionate/

formoterol (FP/FORM) combination ther-

apy was tested in some studies among

adults with mild-severe asthma and demon-

strated good therapeutic effects for asthma;

this combination might provide an alterna-

tive choice for pediatric asthma.8–11

We performed a meta-analysis to evaluate

the efficacy and safety of FP/FORM com-

pared with FP/SAL in treating pediatric

asthma during a 12-week treatment cycle.

Materials and methods

Study protocol

The Preferred Reporting Items for

Systematic Reviews and Meta-Analyses

(PRISMA) checklist was used for this sys-

tematic review of randomized controlled

trials (RCTs).12

Search strategy

We searched Medline, Embase, and

Cochrane Controlled Trials Register data-

bases (before 3 March 2019) to investigate

the efficacy of FP/FORM in treating pedi-

atric asthma compared with FP/SAL.
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The search term was “fluticasone, formo-

terol, salmeterol, pediatric asthma and

RCT”. The study was restricted to research

published in English. If necessary, authors

were contacted to provide further informa-

tion from their study. The references of

related articles were also searched.

Inclusion criteria and trial selection

Inclusion criteria were as follows: (1) FP/

FORM versus FP/SAL in treating pediatric

asthma was studied; (2) full-text content

could be obtained; (3) accurate data were

provided and could be analyzed (including

values of parameters and total number of

subjects); (4) the trial was a randomized

controlled study; and (5) the duration of

treatment was 12 weeks. If two articles

described the same experiment, we included

the later study. When the same group of

researchers investigated a certain subject

group in multiple experiments, each study

was included. A PRISMA diagram of selec-

tion is shown in Figure 1.

Quality assessment

The Jadad scale was used to assess the qual-

ity of each RCT,13 and RCTs were graded

in line with principles derived from the

Cochrane Handbook for Systematic

Reviews of Interventions (v5.10).14 Every

article was evaluated and classified based

on quality assessment criteria: “A” if the

study satisfied all quality criteria; “B” if

the study had one or more ambiguous qual-

ity criteria and the study had a moderate

Figure 1. Flowchart of the study selection process. RCT, randomized controlled trial.
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risk of bias; and “C” if the study had a high

risk of bias and met few of the quality cri-

teria. All authors assessed the quality of the

RCTs and agreed with the final assess-

ments. Differences regarding the quality

assessment were resolved through discus-

sion among authors.

Data extraction

Two authors independently collected data

from articles based on predetermined crite-

ria. The following information was collect-

ed: (1) year of publication; (2) abbreviations

of authors’ first names; (3) intervention

method; (4) sample size; (5) data on the

change in pre-dose forced expiratory

volume in 1 s (FEV1) from day 0 to 84;

2-hour post-dose FEV1 from day 0 to 84,

peak expiratory flow rate (PEFR), 2-hour

forced expiratory flow at 25%, 50%, and

75% (2-hour FEF25, FEF50, FEF75),

2-hour forced vital capacity (FVC), asthma

symptom scores, sleep disturbance scores,

patients with at least one adverse event

(AE), bronchitis, cough, nasopharyngitis,

and pharyngitis. No ethical approval was

required for this systematic review.

Statistical analyses and meta-analysis

RevMan version 5.3.0 (Cochrane

Collaboration, Oxford, UK) was used to

analyze the difference between the two

groups.15 We analyzed the data of the

change in pre-dose FEV1 from day 0 to

84, 2-hour post-dose FEV1 from day 0 to

84, PEFR, 2-hour FEF25, 2-hour FEF50,

2-hour FEF75, 2-hour FVC, asthma symp-

tom scores, and sleep disturbance scores.

We also studied the difference of patients

with at least one AE, bronchitis, cough,

nasopharyngitis, and pharyngitis. We used

mean difference (MD) as an evaluation

factor for continuous data, and the effects

of the odds ratio (OR) to evaluate dichoto-

mous data. We analyzed comparable data

by using 95% confidence intervals (CI).15

A fixed model was suitable for studies
if P> 0.05; otherwise, a random-effects
model was chosen. Inconsistent results
were analyzed using the I2 statistic, which
represents the proportion of heterogeneity
across trials. We considered P< 0.05 to
indicate statistical significance.

Results

Characteristics of individual studies

Our study found 65 articles in the data-
bases; 53 of these were excluded after scru-
tiny of their abstracts and titles. Of the
remaining 12 articles, 8 were excluded due
to lack of effective data and 1 because drug
management was not clear. Two articles
described the same data set, one of which
was excluded. Thus, two articles containing
two RCTs16,17 were used to analyze
FP/FORM versus FP/SAL in treating pedi-
atric asthma during a 12-week treatment
cycle. The data of each RCT are given in
Table 1, and baseline data are shown in
Table 2.

Quality of the individual studies

Both studies were RCTs, and each specified
the randomization process. Each RCT had
an appropriate calculation of sample size
and an intention-to-treat analysis (Table 3).
The funnel plot was highly symmetrical and
the two circles were contained in the large
triangle; thus, no evidence of bias was
found (Figure 2).

Efficacy

Change in pre-dose FEV1 and 2-hour post-dose

FEV1 from day 0 to 84. Both studies (273
patients in the FP/FORM group and 273
in the FP/SAL group) had data on pre-
dose FEV1 and 2-hour post-dose FEV1

from day 0 to 84 (Figure 3). For the
change in pre-dose FEV1 from day 0 to 84,
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Table 2. Baseline characteristics of individual study.

Study Group

Age

(years)

Sex

(Male/female)

Race

(Caucasian

/Asian)

Duration

of asthma

(years)

Asthma characteristics

FEV1

(presalbutamol; L)

FEV1

(% predicted)

FEV1

reversibility

(%)

Emeryk

et al.

(2016)

Fluticasone

/formoterol

8.8� 2.10 72/34 106/0 >6 months 1.53� 0.34 82.0� 9.50 23.7� 9.40

Fluticasone

/salmeterol

8.5� 2.20 73/32 105/0 1.54� 0.44 82.5� 9.50 25.5� 9.90

Ploszczuk

et al.

(2018)

Fluticasone

/formoterol

8.4� 1.81 109/58 164/3 3.5� 2.36 1.48� 0.36 73.8� 6.76 24.1� 10.49

Fluticasone

/salmeterol

8.6� 1.80 113/55 165/3 3.5� 2.43 1.50� 0.36 73.5� 7.63 24.9� 9.75

Data presented as mean� SD; FEV1, forced expiratory volume in 1 second.

Table 3. Quality assessment of individual studies.

Study

Allocation

sequence

generation

Allocation

concealment Blinding

Loss to

follow-up

Calculation

of sample

size

Statistical

analysis

Level of

quality

ITT

analysis

Emeryk

et al.

(2016)

A C C 1 Yes ANCOVA C Yes

Ploszczuk

et al.

(2018)

A A A 0 Yes ANCOVA A Yes

A, almost all quality criteria met; low risk of bias; B, one or more quality criteria met; moderate risk of bias; C, one or

more criteria not met; high risk of bias.

ANCOVA, analysis of covariance; ITT, intention-to-treat.

Figure 2. Funnel plot of the studies included in our meta-analysis. OR, odds ratio; SE, standard error.
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a fixed-effects model was used. The estimat-

ed MD was �0.03 and 95% CI was �0.03

to �0.03 (P< 0.00001). This result showed

that FP/SAL was better than FP/FORM in

change of pre-dose FEV1 from day 0 to 84.

For the change in 2-hour post-dose FEV1

from day 0 to 84, a random-effects model

showed that MD was �0.01 and 95% CI

was �0.02 to �0.01 (P¼ 0.34), indicating

that the FP/SAL and FP/FORM groups

did not differ significantly in change of 2-

hour post-dose FEV1 from day 0 to 84.

PEFR. Both studies (273 patients in the

FP/FORM group and 273 in the FP/SAL

group) had data on PEFR (Figure 3).

A random-effects model showed that MD

was 1.62 and 95% CI was 0.20 to 3.04

(P¼ 0.03). The FP/FORM group was sig-

nificantly different from the FP/SAL group

in improving PEFR.

Two-hour FEF25, FEF50, and FEF75. Both studies

(273 patients in the FP/FORM group

and 273 in the FP/SAL group) were used

to analyze the change in 2-hour FEF25,

2-hour FEF50, and 2-hour FEF75. The

fixed-effects model showed that the two

groups did not differ in terms of 2-hour

FEF25 (MD 0.05, 95% CI �0.09 to 0.19;

P¼ 0.47), 2-hour FEF50 (MD 0.04, 95%

CI �0.06 to 0.15; P¼ 0.41), or 2-hour

FEF75 (MD �0.03, 95% CI �0.10 to 0.04;

P¼ 0.40) (Figure 4).

Two-hour FVC. Both studies included data on

2-hour FVC. A fixed-effects model showed

that MD was �0.00 and 95% CI was �0.01

to 0.01 (P¼ 0.43) (Figure 5). We found no

difference between the FP/FORM and FP/

SAL groups for the change in 2-hour FVC.

Asthma symptom scores and sleep disturbance

scores. Both studies (273 patients in the

FP/FORM group and 273 in the FP/SAL

Figure 3. Forest plots showing changes in (a) pre-dose forced expiratory volume in 1 second; (b) 2-hour
post-dose forced expiratory volume in 1 s; and (c) peak expiratory flow rate. FP/FORM, fluticasone pro-
pionate/formoterol; FP/SAL, fluticasone propionate/salmeterol; SD, standard deviation; IV, inverse variance;
CI, confidence interval; df, degrees of freedom.
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Figure 4. Forest plots showing changes in (a) 2-hour forced expiratory flow at 25%; (b) 2-hour forced
expiratory flow at 50%; and (c) 2-hour forced expiratory flow at 75%. FP/FORM, fluticasone propionate/
formoterol; FP/SAL, fluticasone propionate/salmeterol; SD, standard deviation; IV, inverse variance;
CI, confidence interval; df, degrees of freedom.

Figure 5. Forest plots showing changes in (a) 2-hour forced vital capacity; (b) asthma symptom score; and
(c) sleep disturbance score. FP/FORM, fluticasone propionate/formoterol; FP/SAL, fluticasone propionate/
salmeterol; SD, standard deviation; IV, inverse variance; CI, confidence interval; df, degrees of freedom.
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group) included data on asthma symptom

scores and sleep disturbance scores

(Figure 5). The FP/SAL group had a signifi-

cant reduction in asthma symptom score (MD

0.03, 95% CI 0.02 to 0.04; P< 0.00001) and

sleep disturbance score (MD 0.06, 95% CI

0.05 to 0.07; P< 0.00001) compared with

the FP/FORM group (Figure 5).

Safety

Patients with at least one AE, bronchitis, or

cough. Both studies (546 patients) were

involved in the analysis (Figure 6). The

FP/FORM group did not differ from the

FP/SAL group in the prevalence of patients

with at least one AE (OR 1.13, 95% CI 0.76

to 1.67; P¼ 0.55), bronchitis (OR 1.00,

95% CI 0.35 to 2.89; P¼ 1.00), or cough

(OR 1.68, 95% CI 0.40 to 7.08; P¼ 0.48).

Nasopharyngitis and pharyngitis. Both studies

(546 patients) were involved in the analysis

(Figure 7). For nasopharyngitis, a fixed-

effects model had an OR of 0.37 and 95%

CI of 0.15 to 0.91 (P¼ 0.03), showing a

higher incidence in the FP/SAL group.

For pharyngitis, the two groups did not

differ (OR 1.00, 95% CI 0.37 to 2.70,

P¼ 1.00).

Discussion

ICS is the cornerstone of asthma manage-

ment in pediatric patients; however, asthma

is often not adequately controlled by ICS

alone.18 The LABA represent an available

treatment option but their application has

rarely been studied in children.19

Formoterol and salmeterol, as two types

of LABA, have been evaluated in several

Figure 6. Forest plots showing numbers of patients with (a) at least one adverse event; (b) bronchitis; and
(c) cough. FP/FORM, fluticasone propionate/formoterol; FP/SAL, fluticasone propionate/salmeterol; M-H,
Mantel-Haenszel; CI, confidence interval; df, degrees of freedom.

Guan et al. 9



studies and are approved for use in adults
and adolescents with mild to severe asthma
in Europe, Asia, and more than 30 other
countries.20,21

We compared the efficacy and safety of
FP/FORM and FP/SAL in treating pediat-
ric asthma during a 12-week treatment
cycle. We found that the FP/SAL group
showed clear improvements in change in
pre-dose FEV1 from day 0 to 84, asthma
symptom scores, and sleep disturbance
scores compared with the FP/FORM
group; however, the FP/FORM group
showed a greater improvement in PEFR.
For 2-hour post-dose FEV1 from day 0 to
84, 2-hour FEF25, 2-hour FEF50, 2-hour
FEF75, and 2-hour FVC, we observed no
significant differences between the two
groups. One RCT16 found that preliminary
efficacy analysis of changes in 2-hour post-
dose FEV1 from day 0 to 84 showed that
FP/FORM was not inferior to FP/SAL.
Płoszczuk et al.17 demonstrated that
during the 12-week treatment period,
scores of asthma symptoms, percentage of
asymptomatic days, percentage of sleep dis-
orders, percentage of days without arousal,
and percentage of days with asthma control

were significantly improved in all treatment
groups, and there was no difference
between the groups.

All LABA have pharmacological and
clinical characteristics with some basic dif-
ferences.22,23 The occurrence and duration
of bronchodilation are affected by the time
required for inhaled LABA to reach and
maintain an effective concentration at the
receptor site, both of which are related to
the physical and chemical characteristics of
the LABA.24 The difference in physical and
chemical properties between formoterol
and salmeterol may explain the acceleration
of formoterol.25 Relatively high water
solubility and mild oleophilicity ensure
rapid access of the inhaled formoterol b-2-
adrenoceptor to bronchial smooth muscle
cells and fast bronchodilation. In contrast,
salmeterol has low water solubility and high
lipophilic activity and thus its action is
slower.25 In addition, the absorption of for-
moterol by airway smooth muscle cells is
dependent on the organic cation transport-
er 3 (OCT3), whereas the absorption of the
non-charged lipophilic salmeterol depends
on the OCT transporter. Importantly, glu-
cocorticoids inhibit OCT3 and may increase

Figure 7. Forest plots showing numbers of patients with (a) nasopharyngitis; and (b) pharyngitis. FP/FORM,
fluticasone propionate/formoterol; FP/SAL, fluticasone propionate/salmeterol; M-H, Mantel-Haenszel;
CI, confidence interval; df, degrees of freedom.
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the presence of formoterol b-2-adrenocep-
tor in the membrane, thereby increasing the
effect of formoterol.26,27 The lipophilic
properties of salmeterol and formoterol
also explain why these drugs prolong bron-
chodilation.25 In vitro, formoterol has a
slightly shorter duration of action than sal-
meterol in small airways;25 however, there
was no difference in duration of effect in
clinical studies of patients with asthma.28

The lipophilicity of formoterol and salme-
terol is sufficient to allow them to easily
enter and be stored in the cell membrane,
making a “warehouse” from which drugs
are available for use in the b-2-adrenocep-
tor bronchial smooth muscle cells for a long
time.24 This is in contrast to SABA, such as
salbutamol, which is removed from tissues
more quickly after inhalation because of its
high water solubility.

In terms of safety, including patients
with at least one AE, bronchitis, cough,
or pharyngitis, the FP/FORM group had
similar incidences to the FP/SAL group
with the exception of nasopharyngitis
(P¼ 0.03). Emeryk et al.16 showed that
29.2% of patients in the FP/FORM group
and 26.7% in the FP/SAL group experi-
enced at least one AE and that the most
commonly recorded AEs were nasophar-
yngitis (in 2.8% and 4.8% of patients,
respectively), pharyngitis (3.8% in both
groups), and bronchitis (3.8% and 2.9%
of patients respectively). During the
24-week extension phase in the study of
Emeryk et al.16, the incidence of AEs was
similar to that of the 12-week trial: naso-
pharyngitis, pharyngitis, and bronchitis
were the most frequent, but no patients
were discontinued due to AEs and no
deaths occurred during the study, suggest-
ing that long-term treatment with FP/
FORM was well tolerated. However, some
studies have found no significant difference
between the drugs in terms of outcomes or
cost, and physicians were advised to use the
drug with a lower price in their country.29,30

Compared with FP/FORM, FP/SAL
showed an obvious improvement in pre-dose
FEV1, asthma symptom scores, and sleep dis-
turbance scores; however, FP/FORM had a
greater effect in improving PEFR and had a
lower incidence of nasopharyngitis.

Currently, the sustained improvement
in pre-dose FEV1 with FP/SAL versus
FP/FORM is consistent with the known
pharmacology of the 2 LABAs and with
the greater improvement in asthma control
for the former, particularly with respect to
the decrease in nocturnal awakenings.
These results for FP/SAL would seem to
outweigh the better PEFR with FP/
FORM and the unexplained difference in
occurrence of nasopharyngitis. More high-
quality RCTs are needed to confirm these
findings.

The quality of the included RCTs in
our meta-analysis was high. We could
not assess the long-term efficacy, safety, or
tolerance of FP/FORM and FP/SAL, and
our analysis may have been affected by
selection bias due to differences in charac-
teristics between selected and unselected
subjects. However, meta-analysis can
guide head-to-head comparisons in some
ways. To determine the safety and tolerabil-
ity of FP/FORM and FP/SAL treatments
for childhood asthma, more high-quality
RCTs and appropriate subjects are needed.

Conclusion

Compared with FP/FORM, treatment with
FP/SAL resulted in an obvious improve-
ment in pre-dose FEV1, asthma symptom
scores, and sleep disturbance scores.
However, FP/FORM had a better effect on
improving PEFR, with a lower incidence of
nasopharyngitis.
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