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Abstract: The small-particle inhaled corticosteroid might be a new available way to treat uncontrolled asthma. To
evaluate the efficacy and safety of extrafine hydrofluoroalkane-beclomethasone dipropionate (HFA-BDP) versus
budesonide (BUD) in patients with asthma, a meta-analysis was performed. A systematic search was made of
PubMed, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), Clinicaltrials.gov and Ovid, and a hand
search of leading respiratory journals. Randomised controlled trials (RCTs) on treatment of asthma for 4 or more
weeks with extrafine HFA-BDP, compared with BUD, were reviewed. Five studies involving 949 asthmatic patients
met the inclusion criteria. There was no significant difference in FEV, (SMD=-0.03L, 95% Cl -0.15 to 0.10L, I*>=0%,
P=0.70), morning PEF (WMD=0.88 L/min, 95% CI -5.96 to 7.72 L/min, 1°=0%, P=0.80), evening PEF (WMD=6.32
L/min, 95% CI -1.17 to 13.81 L/min, 1°>=33%, P=0.10) and use of rescue medication (WMD=-0.13, 95% CI -0.31
to 0.06, I°=41%, P=0.18) between extrafine HFA-BDP at half of the daily dose and BUD group. Individual studies
reported no significant differences in asthma exacerbations and 7-point Asthma Control Questionnaire score (ACQ-
7). There were no significant difference in total number of adverse events (OR=1.04, 95% ClI 0.78 to 1.38, 1>=0%,
P=0.81) between the two groups. Our meta-analysis demonstrated that extrafine HFA-BDP at half of daily dose is
equivalent to BUD in improving lung function and use of rescue medication, without increasing adverse events in
patients with asthma. Long-term trials are required to assess the efficacy and safety of extrafine HFA-BDP.
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Introduction

Asthma is a common chronic respiratory dis-
ease characterized by airway obstruction and
inflammation [1]. Inhaled corticosteroids (ICSs)
are recommended by various guidelines as
first-line treatment for asthma for their broad
anti-inflammatory effects [2, 3]. However, a
great proportion of patients with asthma are
suffering recurring symptoms and exacerba-
tions, even after administration of high doses
of ICSs combined with long-acting 2 agonists
(LABAs), antileukotrienes, theophyllines, anti-
ISE and immunosuppressants [4, 5]. Further-
more, high-dose ICSs has been associated with
a variety of systemic and upper airway side
effects [6, 7]. In recent years, increasing evi-
dence shows that the airway inflammation
occurs throughout the entire respiratory tract,

including the large, intermediate, and small air-
ways [8]. The small airways (<2 mm) contribute
significantly to the clinical expression and
severity of asthma [9]. Current devices gener-
ate drug aerosols in particles <5 ym and it is
shown that particles of 4-5 ym deposit primari-
ly in the large airways [10]. Unfortunately, the
conventional ICSs were unable to reach the
small airways due to their large particle sizes
[11]. The small-particle ICS might be a new
available way to treat uncontrolled asthma.

In 1987, the Montreal Protocol required the
eventual banning of all chlorofluorocarbons
(CFC), including those used in metered-dose
inhalers (MDlIs) [12]. The traditional MDlIs had to
be reformulated with the new hydrofluoroal-
kane-134a (HFA) propellants. This new technol-
ogy presented the opportunity to produce
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98 potential relevant articles identified

The aim of the pres-
ent meta-analysis
was to evaluate the
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efficacy and safety
of extrafine HFA-
BDP versus BUD in
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Materials and

7 RCTs accessed for more detailed

methods
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types of ICSs in treatment

We searched Pub-
Med,CochraneCen-
tral Register of Co-

5 RCTs included in this meta-analysis

Figure 1. Flow chart showing strategy for identification of relevant studies.

small-particle ICSs. By now, three such ICSs,
beclomethasone dipropionate (BDP), cicle-
sonide (CIC) and flunisolide have been devel-
oped to treat asthma [13]. Among them, HFA-
BDP is the only available small-particle ICS in
China. Compared with larger particles, extrafine
HFA-BDP with a mass median aerodynamic
diameters (MMAD) of 1~2 um have a lower oro-
pharyngeal deposition (20-30% vs >80%) and a
higher lung deposition (50-60% vs 10-20%)
[12, 14]. It will be very important to establish
relative benefits and risks between extrafine
HFA-BDP and conventional ICSs. Previous stud-
ies demonstrated that extrafine HFA-BDP
achieved equivalent asthma control at half of
the daily dose, when compared with the CFC-
BDP [15-17]. Fluticasone (FP), which is a more
potent corticosteroid than BDP, was considered
equally effective as extrafine HFA-BDP at the
same doses [18]. Budesonide (BUD) is recom-
mended as first-line treatment of asthma by
many international guidelines [2, 3]. However,
little has been known about its relative efficacy
and risk when compared with extrafine HFA-
BDP. Recently, an real-world study showed that
a new fixed combination of beclomethasone
and formoterol in hydrofluoroalkane Modulite
pressurised metered-dose inhaler achieved
better asthma control and quality of life com-
pared to budesonide/formoterol [19].
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ntrolled Trials (CE-
NTRAL), Clinicaltri-
als.gov and Ovid for
relevant trials pub-
lished from January
1980 to October
2014. The struc-
tured search strategies used the following
search terms: (“beclomethasone OR beclo-
metasone OR BDP”) AND (“budesonide OR
BUD”) AND (“extrafine or ultrafine or small par-
ticle or small molecule or HFA or hydrofluoroal-
kane”) AND (“asthma”). These searches were
supplemented by hand searching of leading
respiratory journals and conference abstracts.

Study selection

Studies included in the meta-analysis met the
following criteria: (1) RCTs comparing extrafine
HFA-BDP with BUD (administered via dry pow-
der inhaler or MDI with or without spacers) in
patients with asthma; (2) more than 12 years of
age; (3) duration of at least 4 weeks; (4) a diag-
nosis of asthma without other lung diseases;
(5) human studies; and (6) English language.

Quality and risk of bias assessment

The methodological quality of each study was
assessed by the Jadad Scale (5 points), which
scores trials according to randomization, dou-
ble blinding, and withdrawals [20]. The studies
were considered of high quality with a Jadad
score =3 points.

The risk of bias was assessed according to
guidelines outlined in the Cochrane Handbook
for Systematic Reviews of Interventions.

Int J Clin Exp Med 2015;8(1):212-221
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Table 1. Characteristics of participants of included studies

. Participants, Age, year, Treatment . o . I
Study/year/region n/male, % mean + SD duration Inclusion criteria Exclusion criteria
Papi et al. [23]/ 219/42.1% 43.4+12.3 12 wk 18-65 years; moderate to severe persistent asthma;  COPD or smokers; severe exacerbation or RTI <8 weeks;
2007/Europe VS 46.0£11.1 FEV, 50-80% of predicted normal values; had asthma three or more courses of oral corticosteroids or hospitali-
symptoms not adequately controlled at a daily dose sation due to asthma <6 months; treatment with LABAs,
<1000 pg of BDP-equivalent anticholinergics or antihistamines <2 weeks, and/or with
topical or intra-nasal corticosteroids or leukotriene antago-
nists or change of ICS dose <4 weeks
Hauber et al. [24]/ 17/41.2% 36.842.9VS 4 wk mildly asthmatic patients who were only using SABA  Patients with respiratory infection in the previous three
2006/Canada 34.9+2.9 months
Molimard et al. [25]/ 311/50.2%  42.4+14.1VS 12 wk 18-60 years; moderate to severe asthma; not con- COPD; upper or lower RTI <4 weeks; exacerbation of
2005/France 42.9+13.8 trolled on BDP <1000 pg/d; nocturnal discomfort asthma leading to hospitalisation or systemic steroids
during previous 5 days or asthma requiring 2 puffs/d treatment in 4 weeks prior to inclusion
beta-agonist in last 7 days
Worth et al. [26]/ 209/44.5% 49.2+14.3 8 wk 18-75 years; moderate to severe asthma (PEF Significant diseases other than asthma; acute upper or
2001/Europe VS 47.8+13.8 50-80%); inhaled corticosteroid at an equivalent lower RTI <2 weeks; systemic steroids treatment <8 weeks;
dosage to BUD 500-1000 pg/d and a SABA on an “as current use of nasal steroid >400 pg BDP or equivalent, or
needed” basis in the previous 4 weeks varying doses of nasal steroid
Reichel et al. [27]/ 193/52.3% 46.2+14.0 6 wk 18-75 years; had asthma for at least four weeks be-  Significant respiratory diseases other than asthma or oral
2001/Europe VS fore study (PEF 50-90%); not controlled on BUD 400 candidiasis; RTI £2 weeks; systemic steroids treatment <4
46.4+13.5 pg/d and “as required” SABA therapy weeks; alcohol or substance abuse <2 years; current use

of nasal steroid 2400 pg BDP or equivalent

SABA, short acting B agonist; COPD, chronic obstructive pulmonary disease; RTI, respiratory tract infection; LABA, long acting B agonist.

Table 2. Studies included in the present analysis

) . ) ; . Jadad
Study/year/region  Study design End Point Treatment Groups; inhaler Control groups; inhaler Score
Papi et al. [23]/ Multicenter, double-bind parallel  Lung function; symptoms; exacerbations; safety and toler- HFA-BDP 400 pg/d, formoterol 24  Budesonide 800 pg/d, formoterol 4
2007/Europe group RCT ability yg/d; MDI 24 ug/d; DPI
Hauber et al. [24]/ Double-bind, crossover group Lung function; Inflammatory cell changes; Changes of inflam- ~ HFA-BDP 400 pg/d; MDI Budesonide 800 pg/d; DPI 3
2006/Canada RCT matory gene expression
Molimard et al. [25]/  Multicenter, open-label, parallel ~ FEV,; ACQ; rescue medication usage; adverse events HFA-BDP 800 pg/d; MDI Budesonide 1600 pg/d; DPI 2
2005/France group RCT
Worth et al. [26]/ Multicenter, open-label, parallel  Lung function; symptoms; rescue medication usage; Eosino- HFA-BDP 800 pg/d; MDI Budesonide 1600 pg/d; DPI 2
2001/Europe group RCT phil Count and Serum ECP Levels; safety and tolerability
Reichel et al. [27]/ Multicenter, open-label, parallel Lung function; symptoms; rescue medication usage; safety HFA-BDP 400 pg/d; MDI Budesonide 800 pg/d; DPI 2
2001/Europe group RCT and tolerability
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treat population. Two au-
thors (Xin Chen and Yi-
ngbo Kang) indepen-
dently extracted data
from the selected stud-
ies. If disagreement ar-
ose, all the authors con-
ferred till a consensus
was arrived at. Authors
of a publication were
contacted if only its
abstract was available or
data were missing. Pri-
mary outcomes were
changes from baseline in
forced expiratory volume
in 1 second (FEV,), morn-
ing and evening peak
expiratory flow (PEF).
Secondary outcomes in-
cluded rescue broncho-
dilator use, acute exacer-
bations, symptoms, 7-
point Asthma Control
Questionnaire  (ACQ-7)

Hauber et al, 2006

score and adverse ev-
ents.

Molimard et al, 2005

Statistical analysis

Papi et al, 2007

All statistical analyses
were conducted by us-

Reichel et al, 2001

ing Review Manager 5.2
(The Cochrane Collabo-
ration, Software Upda-
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. . . . « | Incomplete outcome data (aftrition bias)
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Figure 2. Summary of the risk of bias in the included studies.

Randomization sequence generation, alloca-
tion concealment, blinding, incomplete out-
come data, selective reporting, and other bias
for included RCTs were assessed. Each poten-
tial source of bias was graded low, high or
unclear risk. Potential publication bias was
evaluated by visual examination of funnel plot.

Data extraction

Data extraction was based on reported statis-
tics (means, SD and SE) for the intention to
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? Unclear

we combined data as
odd ratios (OR) with 95%
confidence interval (Cl).
For  continuous out-
comes, we combined
data as weighted mean
difference (WMD) if outcome data were report-
ed on the same scale or standardized mean dif-
ference (SMD) for different scales with 95%
Cls. Heterogeneity across RCTs was tested by
using the Chi-square-based Q-statistic test and
I? test, with p-value <0.10 indicating significant
heterogeneity and thresholds of I value for low
(0%~49%), moderate (50%~74%) and high
(>75%) degree of heterogeneity. Data with low
heterogeneity (P>0.1, 1°<50%) were processed
by fixed effect model. Otherwise random effect
models were used.

@ Highrisk
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HFA-BDP BUD Std. Mean Difference Std. Mean Difference
Study or Subgrou, Mean SD Total Mean SD _Total Weight IV, Fixed, 95% CI [\"A Fixgl',QS% Cl
Hauber et al, 2006 018 028 8 017 0.24 3 1.8% 0.04 [-0.92, 0.99] |
Molimard et al, 2005 022 043 145 021 044 153 32.0% 0.02 [-0.20, 0.25)
Papi et al, 2007 028 047 107 033 044 109 23.2% -0.11 [-0.38,0.16] T
Reichel et al, 2001 011 053 111 014 041 98 22.3% -0.06 [-0.33, 0.21] T
Worth et al, 2001 4.2 1039 98 38 1043 95 20.7% 0.03 [-0.25, 0.31] R
Total (95% Cl) 469 464 100.0% -0.03 [-0.15, 0.10] *
Heterogeneity. Chi*= 0.78, df= 4 (P = 0.94); F= 0% 1 ,u: s 0 015 1

Test for overall effect: Z= 039 (P = 0.70)

Favours [BUD] Favours [HFA-BDP]

Figure 3. Effects of HFA-BDP versus BUD on FEV,. HFA-BDP, hydrofluoroalkane-beclomethasone dipropionate; BUD,

budesonide; FEV,, forced expiratory volume in 1 second.

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

HFA-BDP BUD
Study or Subgroup  Mean SD Total Mean SD Total Weight
1.1.1 Change in morning PEF
Papi et al, 2007 2943 528 107 2863 434 108 281%
Reichel et al, 2001 15.9 38.39 98 142 3282 95 46.2%
Worth et al, 2001 2395 56.32 111 2446 428 98 25.8%
Subtotal (95% CI) 316 302 100.0%
Heterogeneity: Chi*= 0.07, df= 2 (P=0.97); F=0%
Test for overall effect: Z= 0.25 (P = 0.80)
1.1.2 Change in evening PEF
Papi et al, 2007 275 5335 107 2743 3939 109 358%
Reichel et al, 2001 1561 31.31 98 581 3481 95 64.2%
Subtotal (95% CI) 205 204 100.0%

Heterogeneity: Chi*=1.49, df=1 (P=0.22); F=33%
Testfor overall eflect: Z=1.65 (P =0.10)

Test for subaroup differences: Chi*=110.df=1{P=029.F=95%

0.80[-12.10,13.70)
1.70[-8.37,11.77]
-0.51[-13.99,12.97]
0.88 [-5.96, 7.72]

0.07 [12.45,12.59]
9.80 [0.45, 19.15)
6.32[-1.17, 13.81]

-100  -50 0 50 100
Favours [BUD] Favours [HFA-BDP)

Figure 4. Effects of HFA-BDP versus BUD on morning and evening PEF. HFA-BDP, hydrofluoroalkane-beclomethasone

dipropionate; BUD, budesonide; PEF, peak inspiratory flow.

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

HFA-BDP BUD
Study or Subgrou Mean _SD Total Mean SD Total Weight
Molimard et al, 2005 -06 1.2 145 -05 1 153 529%
Papi et al, 2007 -1.4 105 107 -1.41 133 108 328%
Reichel et al, 2001 -0.83 1.73 98 -03 1.7 95 14.3%
Total (95% CI) 350 357 100.0%

Heterogeneity: Chi*= 3.42, df=2 (P=0.18), F= 41%

-0.10[-0.35,0.15]
0.01 [-0.31,0.33]
-0.53 [-1.01,-0.09]

-0.13[-0.31, 0.06]

2 1 0 1 2

Testfor overall effect Z=1.34 (P=0.18)

Favours [BUD] Favours [HFA-BDP]

Figure 5. Effects of HFA-BDP versus BUD on rescue medication use. HFA-BDP, hydrofluoroalkane-beclomethasone

dipropionate; BUD, budesonide.

Results
Search results

The progress of searching and selecting trials is
presented in Figure 1. Of the 98 potentially eli-
gible articles that were screened, we excluded
91 that were either not relevant or had dupli-
cate data. Seven full-text articles were reviewed
for detail evaluation. Two trials were further
excluded because the types of ICSs in treat-
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ment groups were variable [21, 22]. Five arti-
cles involving 949 participants with asthma,
including 5 RCTs (4 parallel RCTs and 1 cross-
over RCT) that met our inclusion criteria were
selected for the present meta-analysis [23-27].
Characteristics of the trials we included are
shown in Tables 1, 2. In all included trails, BUD
was delivered via dry powder inhaler (DPI), and
the relative effects of extrafine HFA-BDP versus
BUD were compared at a dose ratio of 1:2.

Int J Clin Exp Med 2015;8(1):212-221
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HFA-BDP BUD Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
3.1.1 Total adverse events
Molimard et al, 2005 57 149 56 162 36.4% 1.17(0.74,1.86)
Papi et al, 2007 15 108 18 109 17.1% 0.81[0.38,1.70]
Reichel et al, 2001 39 98 35 95 235% 1.13[0.63, 2.03]
Worth et al, 2001 27 11 26 98 23.0% 0.89[0.48, 1.66)
Subtotal (95% Cl) 467 464 100.0%  1.04[0.78, 1.38]
Total events 138 135
Heterogeneity: Chi*=1.03,df=3(P=0.79), F=0%
Test for overall effect: Z=0.24 (P =0.81)
3.1.2 Dysphonia
Molimard et al, 2005 20 148 26 162 84.3% 0.81[0.43,1.52)
Warth et al, 2001 6 111 4 98 157% 1.34[0.37, 4.90]
Subtotal (95% CI) 260 260 100.0%  0.89[0.51, 1.57]
Total events 26 30
Heterogeneity: Chi*= 047, df=1 (P =0.49), F=0%
Test for overall effect: Z=0.33(P=0.70)
3.1.3 Respiratory tract infection
Papi et al, 2007 6 108 7 108 420% 0.85(0.28, 2.61) ?
Reichel et al, 2001 10 98 10 95 58.0% 0.97 [0.38, 2.44]
Subtotal (95% CI) 207 204 100.0%  0.92[0.45, 1.87]
Total events 16 17
Heterogeneity: Chi*= 0.03, df=1 (P =0.86), F=0%
Testfor overall effect: Z=0.24 (P=0.81)
3.1.4 Bronchitis
Papi et al, 2007 7 109 5 100 747%  1.43[0.44, 4.64] —F—
Warth et al, 2001 o 1M 1 98 253% 0.29[0.01, 7.24] "
Subtotal (95% CI) 220 207 100.0%  1.14[0.39, 3.33]
Total events 7 6
Heterogeneity: Chi*= 0.83, df=1 (P =0.36); F= 0%
Test for overall effect. Z=0.24 (P = 0.81)
3.1.5 Worsening of asthma
Papi et al, 2007 16 109 12 109 64.8% 1.39(0.62,3.10] ——
Reichel et al, 2001 4 98 3 95 18.5% 1.30(0.28, 5.99)] e
Worth et al, 2001 0 11 2 98 16.7% 0.17[0.01,3.65) * .
Subtotal (95% CI) 318 302 100.0%  1.17[0.60, 2.29] -
Total events 20 17
Heterogeneity: Chi*=1.71,df=2(P=0.43), F=0%
Test for overall effect: Z= 0.46 (P = 0.64)

001 01 1 10 100

Test for subaroun differences: Chi*=0.51. df= 4 (P=097.F=0%

Favours [BUD] Favours [HFA-BDP]

Figure 6. Effects of HFA-BDP versus BUD on adverse events. HFA-BDP, hydrofluoroalkane-beclomethasone dipropio-

nate; BUD, budesonide.

Study quality and bias assessment

The methodological quality of all included stud-
ies was shown in Table 2. A summary of our
judgments for risk of bias is given in Figure 2.
Three studies had a low score of 2 points, and
two studies scored 3 and 4 points, respectively.
Among 5 studies, two studies used double-
blind designs, no study described the randomi-
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sation methods, and only one study described
allocation concealment. Publication bias was
not estimated for limited studies.

Primary outcomes
Change in FEV.: All five studies reported FEV,.

Four studies reported FEV, in absolute, and
only one reported FEV,% pred. The pooled anal-

Int J Clin Exp Med 2015;8(1):212-221
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ysis showed that there was no significant differ-
ence in FEV, in absolute between HFA-BDP and
BUD groups (SMD=-0.03 L, 95% CI -0.15 to
0.10 L, I>=0%, P=0.70) (Figure 3).

Change in morning and evening PEF

Three included studies took changes in morn-
ing PEF values as end points. The results of
each study showed no significant difference in
morning PEF between patients treated with
HFA-BDP and BUD. The overall analysis showed
no significant difference between HFA-BDP and
BUD groups (WMD=0.88 L/min, 95% CI -5.96
to 7.72 L/min, 1?>=0%, P=0.80) (Figure 4). Two
studies reported evening PEF. No significant dif-
ferences were observed in evening PEF
between the two groups (WMD=6.32 L/min,
95% Cl -1.17 to 13.81 L/min, 1°>=33%, P=0.10)
(Figure 4).

Secondary outcomes

Rescue medication usage: The mean number
of puffs of rescue medication during the whole
day were reported in four studies. No signifi-
cant differences in rescue medication usage
were noticed between extrafine HFA-BDP and
BUD groups (WMD=-0.13, 95% CI -0.31 to
0.06, 1>=41%, P=0.18) (Figure 5).

Acute exacerbations

Only one study by Papi et al reported data about
acute exacerbations [23]. The results showed
that there were no significant differences in
rate of acute exacerbations (17/107 vs 12/109)
and the time to the first exacerbation (P=0.342)
between the two groups. There were no obvi-
ous difference in the numbers of requiring oral
steroid therapy between the two groups (2/107
vs 2/109).

Symptoms

Of the trials included, three studies reported
the symptoms of asthma. However, there was
insufficient data of symptoms to perform the
cumulative analysis. One trial by Reichel et al
reported no significant difference in the per-
cent of days free from symptoms between the
two groups [27]. Another trial by Papi et al
reported no significant difference in both day-
time (WMD=-0.07, 95% CI -0.29 to 0.15,
P=0.53) and nighttime symptom score (WMD=

218

-0.07, 95% CI -0.28 to 0.14, P=0.52) between
the two groups [23]. An RCT by Worth et al
showed that the HFA-BDP group had a signifi-
cantly greater improvements in wheeze (26.48
vs 8.29%, P=0.01), shortness of breath (22.68
vs 11.25%, P=0.02), chest tightness (20.71 vs
6.25%, P<0.01), and daily symptoms (25.36 vs
12.22%, P=0.03) than those of BUD group [26].

Asthma control

Only one study by Molimard et al reported the
ACQ score (ACQ-7). Although there was a trend
in favor of HFA-BDP, there was no significant
difference in the ACQ-7 scales between the two
groups (MD=-0.20, 95% Cl -0.42 to 0.02,
P=0.07) [25].

Adverse events

The incidence of adverse events was evaluated
in four included studies. The overall cumulative
incidence of adverse events was 29.6% in the
HFA-BDP group and 29.1% in the BUD group.
The overall analysis showed no significant dif-
ference in the total number of adverse events
between extrafine HFA-BDP and BUD groups
(OR=1.04,95% CI 0.78 t0 1.38, I>=0%, P=0.81).
No serious adverse events was observed in
both the two groups. The subgroup analysis
showed that there was no statistical significant
difference in dysphonia (OR=0.89, 95% CI 0.51
to 1.57, I’=0%, P=0.70), respiratory tract infec-
tions (OR=0.92, 95% CI 0.45 to 1.87, I°=0%,
P=0.81), bronchitis (OR=1.14, 95% CI 0.39 to
3.33, I’=0%, P=0.81) and worsening of asthma
(OR=1.17, 95% CI 0.60 to 2.29, I1>’=0%, P=0.64)
between the two groups (Figure 6).

Discussion

To our knowledge, this is the first meta-analysis
to evaluate the relative efficacy and safety of
extrafine HFA-BDP versus BUD in patients with
asthma. This meta-analysis has assembled
data from 5 clinical trials recruiting 949 adults
largely with moderate to severe asthma. The
relative efficacy of extrafine HFA-BDP versus
BUD was evaluated by its impact on lung func-
tion and other clinical outcomes, including res-
cue medication use, acute exacerbations,
symptoms and asthma control.

Overall the relative efficiency of these two drugs
were similar on results where data were avail-
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able. Lung function evaluation indicated that
no significant difference was shown between
groups for the change in FEV, and am PEF.
Change in pm PEF was similar, but did not
exclude the possibility of a meaningful benefit
for extrafine HFA-BDP (upper CI limit 13.81 L/
min). No significant differences were observed
between groups in terms of the use of rescue
medications. However, Data on other outcomes
that could be pooled were sparse. Exacerbation
rate, an important feature of asthma control,
was monitored only in Papi et al [23]. because
of the short treatment duration of most stud-
ies. Though Papi et al concluded that no differ-
ence was found in the rate of asthma exacerba-
tions and in time to first exacerbation between
groups, equivalence could not conclusively
determined by one outcome alone. This meta-
analysis shows that extrafine HFA-BDP at half
of daily dose is equivalent to BUD in improving
lung function and use of rescue medication in
patients with asthma.

There was no obvious difference in the total
numbers of adverse events between the two
groups in this analysis. Oropharyngeal candidi-
asis, dysphonia, cough and perioral dermatitis
were most concerning local adverse events of
ICS. These adverse events were reported in a
very small part of the included patients, which
were of mild to moderate severity according to
the statements in the relevant articles.
Subgroup analysis did not found any difference
either. Previous studies showed that small-par-
ticle ICS deposit less amounts in the orophar-
ynx than large-particle ICS, it results in lower
incidence of inhalation route disorders such as
cough and dysphonia [28]. However, the local
oropharyngeal adverse effects in these two
groups were equally low, possibly being related
to the absence of studies over 3 months in
duration. With regard to systemic safety, there
is concern that improved pulmonary deposition
would increase systemic exposure of HFA-BDP,
although administered at lower daily doses. So
far, few studies investigated the effect of HFA-
BDP versus BUD on growth and hypothalamic
pituitary adrenal axis (HPA) function for patients
with asthma. In one of these included studies,
Worth et al found an obvious decrease of cor-
rected urine cortisol/creatinine (UCC) ratio in
BUD group versus HFA-BDP group (-4.88 vs
-0.36, P<0.05), it indicated less effect of
extrafine HFA-BDP on the HPA axis function
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[26]. Further studies are required to answer the
questions.

We are very interested in the efficacy of
extrafine HFA-BDP versus BUD on small airway
function in patients with asthma, because a
major advantage of small particle ICSs is that
they are able to reach the small airways [13].So
far, there is no golden standard test to assess
small airway function [29-31]. Several methods
had been reported available to reflect small air-
way function more accurately than spirometry,
such as late-phase sputum, residual volume
(RV), peripheral airway resistance, alveolar
nitric oxide (NO) concentrations and air trap-
ping et al [32-35]. However, we didn’t perform
cumulative analysis of small airway function,
because the small airway function were not
directly measured in most of included studies.
Even so, we can still get some information from
individual studies. A trial by Hauber et al dem-
onstrated extrafine HFA-BDP, instead of BUD,
significantly reduced the percentage of eosino-
philic and expression of IL-4 and IL-5 mRNA in
late-phase sputum [24]. Another trial by
Molimard et al reported that extrafine HFA-BDP
(-440 ml) decreased RV more significantly than
those of BUD (-90 ml) [25]. The results of such
trials indicated that extrafine HFA-BDP has
more benefits than BUD in small airways inflam-
mation and air trapping. Further investigations
aimed at the effects of extrafine HFA-BDP ver-
sus BUD on small airways funtions are required.

The main strength of our study was the inclu-
sion of a large pool of patients with mild to
severe asthma, allowing us to perform robust
analysis of clinically relevant outcomes follow-
ing the treatment of HFA-BDP versus BUD. The
trials included in this analysis used almost
identical designs with regard to inclusion crite-
ria. And the clinical characteristics of study
populations were quite homogeneous. However,
the results should be interpreted with caution
because they might have been influenced by
other factors. First, only two included studies
addressed blinding methods, and few trials
addressed the randomisation methods and
allocation concealment. It inevitably induce
performance bias and detection bias in this
meta-analysis. Second, because some of the
data currently available are insufficient for a
systematic analysis, further investigation into
the effects of extrafine HFA-BDP versus BUD on
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exacerbations, symptoms, quality of life and
asthma control are required. Third, publication
bias was not estimated for limited studies.
Fourth, BUD was delivered via DPI in all includ-
ed trails. The results of this analysis cannot be
applied to BUD delivered via other inhalers.

Conclusion

This meta-analysis suggests that extrafine HFA-
BDP at half of equivalent dosage, is non-inferior
to BUD in improving lung function, use of res-
cue medication, and no increase in the number
of adverse events. Because of the limitations of
this meta-analysis, we suggest that further
work should be required to compare extrafine
HFA-BDP with that of BUD. Larger, longer, multi-
center, well-designed RCTs are expected to vali-
date the efficacy and safety of extrafine HFA-
BDP for asthma.
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