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ABSTRACT

Background: Treatment guidelines for asthma management are derived almost exclusively from
the results of controlled clinical trials undertaken in carefully selected patient populations;
meaning that their outcomes may not reflect the true performance of treatments when used in
general daily medical practice. The aim of this meta-analysis was to combine the results of
observational studies investigating the fluticasone propionate/formoterol (FP/FORM) fixed-dose
combination in real-world asthma patients. Methods: A systemic literature review was completed
in March 2019 using the PubMed database. We identified 394 studies. Five studies, which
included a total of 4756 patients treated with FP/FORM, were judged eligible and included in
the meta-analysis. Results: The estimated severe asthma exacerbation rate was 11.47% (95% Cl,
5.8 to 18.72%), calculated from the random effect model. A sensitivity analysis excluding 2 studies
(one was an outlier, and the exacerbation rate for the studied treatment alone could not be
determined in the other) showed a 7.04% rate of severe asthma exacerbations. The estimated
relative risk of the incidence of severe asthma exacerbations was 0.323 (95% Cl, 0.159 to 0.658).
The estimated asthma control rate was 60.6% (95% Cl, 55.7% to 65.6%). The odds of achieving
asthma control significantly increased by FP/FORM compared with pre-study conditions (esti-
mated odds ratio: 2.214 [95% Cl, 1.292 to 3.795]; p <0.001). Conclusions: The findings of this
meta-analysis confirm the effectiveness of FP/FORM for the treatment of asthma patients in a
real-world setting beyond the limitations of RCTs.
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Introduction observational studies are paramount in determining
the applicability of RCTs’ findings to these patients.
Combination therapy with inhaled corticosteroids
(ICS) and long-acting B2-agonists (LABA) is the main-
stay of asthma therapy in patients with persistent
symptoms [3]. Fixed dose combination (FDC) thera-

pies (which employ a single inhaler) offer potential

Guidelines’ recommendations on asthma treatment are
largely based on data from controlled randomised clin-
ical trials (RCTs) which are undertaken in carefully
selected patient cohorts with minimal comorbidities
and risk factors. These restrictive recruitment criteria

make trials’ outcomes unlikely to reflect the true per-
formance of treatments when used in real-life settings
(where patients may have multiple comorbidities, unre-
liable compliance, erratic therapy administration tech-
niques, or any multitude of other confounding factors).
It is estimated that only 4-5% of asthma patients in the
general population would have been eligible to partici-
pate in the major RCTs that have defined standard
treatment practices [1,2]. Treatment of asthma patients
in the real-world

real world is complex and

benefits in terms of improved compliance and may
also impact outcomes. Currently, numerous FDCs of
ICS/LABA inhalers are available on the market [4].

In a recent study [5], the incidence of asthma
exacerbations, in two open-label trials of fluticasone/
formoterol (FP/FORM) FDC [6,7], was compared to
that reported in three Cochrane meta-analyses of other
FDCs of ICS/LABA [8-10]. Results showed that the
incidence of exacerbations in the two fixed-dose FP/
FORM studies was low and less than in the most
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comparable published studies involving other ICS/
LABA combinations. The authors suggested that this
finding may be due to the favourable pharmacological
profile and inhaler characteristics of the FP/FORM
combination compared to other combinations in the
same therapeutic class [11].

Given the differences between the meticulous con-
ditions of RCTs compared to the heterogeneous patient
populations in real-world clinical practice, the aim of
this systematic review and meta-analysis was to com-
pile data from observational real-world studies on the
effectiveness of the FP/FORM FDC in real-world
asthma patients, and examine whether the outcomes
reported in these studies are consistent with the out-
comes reported in RCTs for the FP/FORM FDC.

Materials and methods

A systematic review of the literature on FP/FORM was
undertaken. We searched PubMed for all articles
indexed using the MeSH terms ‘fluticasone’ AND ‘for-
moterol. In addition, other observational studies,
known to the authors, that had relevant outcomes for
the combination were also included for analysis.

Inclusion and exclusion criteria

Observational studies of the impact of fixed-dose FP/
FORM pressurised metered dose inhaler (pMDI) on
asthma control and severe asthma exacerbation in
real-world asthma patients were included. Exclusion
criteria were [1]: preclinical studies [2], reviews, per-
spectives, editorials or case studies [3], studies investi-
gating respiratory diseases other than asthma [4],
interventional RCTs [5], studies investigating ICS/
LABA combinations apart from FP/FORM, or other
classes of asthma treatment [6], studies investigating
FP/FORM combination in devices other than a pMDI,
and [7] studies that did not have the endpoints of
asthma control and/or severe asthma exacerbations.
Relevant citations retrieved from the PubMed search
were initially screened for potential articles, and irrele-
vant articles were excluded. Abstracts of the remaining
citations were further evaluated in a similar fashion.
Full-text publications were subsequently retrieved for
the remaining articles for a more detailed review to
determine appropriateness for inclusion. Citations with
no abstracts and/or access to the full-text publication in
English language were excluded. Studies for inclusion
were independently selected by two reviewers and the
final studies for inclusion were agreed upon by all
authors prior to undertaking the meta-analysis.

Data collation

Relevant data were selected and collated into a prede-
fined table. These data included, but were not limited
to, baseline characteristics such as duration of follow-
up, use of oral corticosteroids (OCS) and use of short-
acting P2-agonist (SABA), and endpoints including
asthma control test (ACT®) scores, asthma control
questionnaire (ACQ7), overall asthma control (OAC),
risk domain asthma control (RDAC), and severe
asthma exacerbation.

Endpoints

The primary endpoints for the analysis were as follows:

(1) Severe asthma exacerbations:

e The rate of severe asthma exacerbations dur-
ing the observational periods of the studies.
Severe exacerbations were defined according
to the definition provided by the European
Respiratory  Society/American  Thoracic
Society (ERS/ATS) 2015 guidelines (any
asthma-related hospitalization or emergency
hospital attendance or prescription of an
acute course of OCS) [12].

e The relative risk (RR) of severe asthma
exacerbations before and during the study.
RR was calculated as the ratio of the exacer-
bation rate during the study and the rate
before the study.

(2) Asthma control:

e The rate of responders defined by ‘asthma
control’ rate.

e The odds-ratio (OR) of asthma control before
and during the study. OR was calculated as
the proportion of controlled patients before
the study and the proportion of controlled
patients during the study.

Safety data were summarised as reported in the studies.

Statistical methods

The program used for calculation (MedCalc) uses a
Freeman-Tukey transformation (arcsine square root
transformation) [13] to calculate the weighted sum-
mary proportion under the fixed and random effects
model [14]. The assumption of a ‘fixed effects model’
was tested by the ‘Heterogeneity test’. Cochran’s Q and
the I? statistic were used to measure heterogeneity [15].



Risk of bias

We used the ROBINS-I assessment tool (version for
cohort-type studies Sterne 2016 [16]) to assess risk of
bias for each of the included studies.

Study quality assessment

Study quality was assessed, summarised, and presented
according to the modified Quality of Study Rating
Form (QSRF) which comprises 18 questions [17] (see
Supplementary Table S1). The QSRF incorporates prin-
ciples of meta-analysis to rate key features in an eva-
luation study. The maximum original rating score is
100 points. The main purpose of the quality score is to
show comparability of the included studies with respect
to quality.

Since the included studies used well-defined and
accepted endpoints that were also recommended in
the respective guidelines, we calculated the total score
excluding questions 13 and 14, which check for relia-
bility of endpoints. The maximum rating for this score
is 90 points.

Results

The literature search process used to identify the
studies included in the current systematic review and
meta-analysis is illustrated in Figure 1, and the result-
ing PRISMA checklist is shown in Supplementary
Table S2. The literature search was conducted in
March 2019 and identified 394 articles. The articles
were initially screened for eligibility based on the title
and article information, 331 articles were excluded for
the following reasons: preclinical studies (n=28),
review/perspective/case study articles (n=54), not in
the real-world setting (n =14), out-of-scope patient
population (n=100), out-of-scope treatment (n=
116), out-of-scope device investigated for the FP/
FORM combination (n=3), and out-of-scope out-
comes (n=16) for the objective of the current meta-
analysis. The remaining 63 articles underwent a
further abstract review for eligibility based on the
exclusion criteria described previously. Of these, 50
articles were excluded for the following reasons:
review/case study articles (n=10), not in the real-
world setting (n =5), out-of-scope treatment (n = 29)
and out-of-scope outcomes (n = 6). The remaining 13
articles were reviewed, and 9 articles were excluded
for the following reasons: editorial article (n = 1), not
in the real-world setting (n=2), and out-of-scope
treatment (n =2). Four articles were further excluded
due to the lack of online access to the full-text
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publication (n =3) and the lack of access to the pub-
lication in English language (n=1).

The remaining 4 studies met all the inclusion cri-
teria for the meta-analysis. Of these, the study by
Usmani and colleagues was included but only the first
observational phase of the study was analysed, because
this was the phase which included a fixed dose regimen
(given that the aim of our study was to evaluate the
real-world effectiveness of fixed-dose FP/FORM).
Phase 2 of the study was not included because it was
a ‘stepping-down’ treatment phase. In addition, only
‘controlled’ patients were included in phase 2, so
including phase 2 from that study would have intro-
duced bias.

One additional unpublished observational study,
known to the authors to fulfil the inclusion criteria,
was also included for analysis; this study was subse-
quently published at the time of the meta-analysis [18].
The current meta-analysis therefore included the fol-
lowing 5 studies: AFFIRM [19], EFFECTIVENESS [20],
FFAIRNESS [21], TRANSFFORM2 [18] and FFLUX
[22]. The key baseline characteristics of the patients
included in these 5 studies are summarised in
Supplementary Table s3.

Data were extracted from the five published studies
(AFFIRM, EFFECTIVENESS, FFAIRNESS,
TRANSFFORM?2 and FFLUX) with respect to the inci-
dence of severe exacerbations and asthma control.
Table 1 summarizes the data used for the meta-analy-
sis. One of the limitations we encountered was that
asthma control was measured using different instru-
ments. The AFFIRM and FFAIRNESS studies used the
5-item ACT" score, which defines the extent of asthma
control as: controlled (score>20), somewhat controlled
(score 16-19), or poorly controlled (score<15). Asthma
control was defined as an ACT total score>20 [19,21].
The TRANSFFORM2 and EFFECTIVENESS studies
used the risk domain asthma control (RDAC) defined
as the absence of asthma-related hospital admissions
AND asthma-related A&E attendance AND an acute
course of OCS AND asthma-related antibiotics without
upper respiratory diagnosis [18,20]. The FFLUX study
used the GINA definition, which defined asthma con-
trol as having no asthma symptoms in the past four
weeks as determined by four ‘level of asthma symptom
control’ questions [22]. The limitations of the indivi-
dual studies are listed in Supplementary Table 3.

Risk of bias & study quality

When it comes to the risk of bias according to the
ROBINS-I assessment, we found that a low or moder-
ate risk of bias could be evaluated for 4 studies. Only
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Publications identified through
database searching
(N =394)

|

Publications screened using
titte and article information
(n = 394)

A 4

Study/Paper abstracts retrieved
for more detailed evaluation
(n=63)

A 4

Publications excluded (n = 331)
Preclinical studies (n = 28)
Review/Perspective/Case study articles (n = 54)
Not in a real-world setting (n = 14)
Inappropriate population (n = 100)
Inappropriate treatment (n = 116)
Inappropriate device for fluticasone/formoterol (n = 3)
Inappropriate outcomes (n = 16)

A 4

Full-text published articles
retrieved for more details
evaluation
(n=13)

A 4

Publications excluded (n = 50)
Review/Case study articles (n = 10)
Not in a real-world setting (n = 5)
Not appropriate treatment (n = 29)
Not appropriate outcomes (n = 6)

Publications excluded (n = 9)
Editorial article (n= 1)
Not in a real-world setting (n = 2)
Not appropriate treatment (n = 2)
Full-text publication no available online (n = 3)
Article not in English (n =1)

ad

Unpublished studies identified (n= 1)

v Published after initial search (n =1)

Studies included meta-analysis
(n=5)

Figure 1. PRISMA diagram showing the study selection process.

one study - TRANSFFFORM?2 - was classified as hav-
ing a serious risk of bias because the number of severe
exacerbations was reported overall not by treatment.
The number of exacerbations in the sub-group of
patients treated with beclomethasone dipropionate/
FORM did not change after initiation of the study
treatment and it cannot be determined whether this is
in favor of the treatment under investigation. A sum-
mary of the risk-of-bias assessments and results of the
QSRF assessment are provided in Table 2. There was
no major discrepancy in quality among the 5 studies.

Rate of severe asthma exacerbations

The estimated exacerbation rate from the meta-analysis
was 11.47% (95%-confidence interval [CI], 5.8% to
18.72%), calculated from the random effect model
(Table 3). This result was driven by the high rate
(25.89%) in the EFFECTIVENESS study [20].
Heterogeneity among studies was significant (I*:
96.9%) (Figure 2).

A funnel plot, displaying possible bias which might
be introduced by outliers, showed no trend towards
extreme proportions with larger or smaller studies.
The only values which showed a tendency for outliers
were the exacerbation rates from the EFFECTIVENESS
study [20]. A sensitivity analysis, excluding the
EFFECTIVENESS study [20] (because of its detection
as an outlier in the funnel plot) and the
TRANSFFORM?2 study [18] (because the exacerbation
rate could only be determined for the complete cohort
rather than the FP/FORM pMDI treatment alone)
showed slightly lower point estimates for the random
effect model compared to the results of all studies
(7.04% versus 11.47%).

Relative risk of severe asthma exacerbations
before and during the study

The estimated RR from the meta-analysis was 0.323
(95% CI, 0.159 to 0.658), calculated from the random
effect model (Table 4 and Figure 3). The rate of severe
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Table 1. Summary of data used for the meta-analysis.

Asthma control

X Severe exacerbation (N) (N)
Observation
time Before During Available Before During Available
Study ID Number of patients [months] study study (N) study study (N)
AFFIRM N=2539 12 909 248 2539 723 1496° 2220
(Backer 2018) [19]
TRANSFFFORM2 N =85; 12 24 13 85 49 64° 85
(Park 2019) [18] (FP/FORM n = 38)
FFAIRNESS N=1410 12 575 83 1410 421 850° 1363
(Schmidt 2017)
[21]
EFFECTIVENESS N=2472; 12 188 160 618 354 383° 618
(Wan 2017) [20] (FP/FORM n =618)
FFLUX N =225; (FP/FORM N = 3 38 7 151 68 71¢ 126

(Usmani 2017) [22] 151)

Definition of asthma control: >ACT total score=20; "RDAC; GINA.
FP/FORM: fluticasone propionate and formoterol fumarate; n: number of patients.

Table 2. Risk-of-bias (ROBINS-I assessment tool) and total quality scores for individual studies.

Bias domains Overall risk Total reduced score*
Study ID | I n W v Vi Vil of bias Total score (% of max) (% of max)
FFAIRNESS M L M L M M L Moderate 56% 66%
AFFIRM M L M L M M L Moderate 66% 78%
TRANSFFFORM2 N M L L M M L Serious 61% 72%
EFFECTIVENESS L L L L M L L Low 65% 76%
FFLUX M L L L M L L Moderate 75% 88%

Bias domains are as follows: I. Bias due to confounding; Il. Bias in selection of participants into the study; lll. Bias in classification of interventions; IV. Bias due
to deviations from intended interventions; V. Bias due to missing data; VI. Bias in measurement of outcomes; VII. Bias in selection of the reported results. L:
low; M: moderate; S: serious.

*Excluding questions 13 and 14.

Table 3. Results of the meta-analysis of severe exacerbation rates.

Weight (%)

Proportion
Study Sample size (%) 95% Cl Fixed Random
Backer 2018 2539 9.8 8.6-10.9 52.8 21.4
Park 2019 85 15.3 8.4-24.7 1.8 17.5
Schmidt 2017 1410 59 4.7-7.3 29.4 21.2
Wan 2017 618 259 22.5-29.5 129 20.9
Usmani 2017 151 4.6 1.9-9.3 3.2 19.0
Total (fixed effects) 4803 10.1 9.3-10.9 100.0 100.0
Total (random effects) 4803 11.5 5.8-18.7 100.0 100.0

Table 4. Results of the meta-analysis of relative risk of severe asthma exacerbation.

Weight (%)

Study Sample size Relative-Risk 95% Cl Fixed Random
Backer 2018 2539 0.27 0.24-0.31 514 215
Park 2019 85 0.54 0.3-0.99 24 18.7
Schmidt 2017 1410 0.14 0.12-0.18 18.1 21.2
Wan 2017 618 0.85 0.71-1.02 26.8 214
Usmani 2017 151 0.18 0.09-0.40 1.4 17.2
Total (fixed effects) 4803 033 0.30-0.37 100.0 100.0

Total (random effects) 4803 0.32 0.16-0.66 100.0 100.0
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Figure 2. Forest plot of exacerbation rates including estimated combined effect (random effect model).
Studies Events/during Treatment Events/before Treatment '
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Figure 3. Forest plot of relative risk of severe asthma exacerbation including estimated combined effect (random effect model).

asthma exacerbations was significantly lower in
patients treated with FP/FORM compared with pre-
study conditions (p < 0.001). This result was driven by
the values in the EFFECTIVENESS and
TRANSFFORM2  studies [18,20]. Heterogeneity
among studies was significant (I*: 97.7%).

Asthma control rate

The estimated asthma control rate from the meta-ana-
lysis was 60.6% (95% CI, 55.7% to 65.6%), calculated
from the random effect model (Table 5 and Figure 4).
This result was driven by the low rate (45.2%) in the
FFLUX study [22]. Heterogeneity among studies was
significant (1% 87.8%).

Odds-ratio of asthma control rate before and
during the study

The estimated OR from the meta-analysis was 2.214
(95% CI, 1.292 to 3.795) calculated from the random

effect model (Table 6 and Figure 5). The odds of
achieving asthma control during the study was sig-
nificantly increased by FP/FORM compared with
pre-study conditions (p < 0.001). This result was dri-
ven by the values in the EFFECTIVENESS and
FFLUX studies [20,22]. Heterogeneity among the
studies was significant (I%: 96.4%).

Summary of reported safety data

Only three of the five studies included in this meta-
analysis reported safety as part of their evaluation.
Table 7 summarises the treatment-related adverse
events (TRAEs) reported across these three studies
(AFFIRM [19], FFAIRNESS [21] and FFLUX ([22]).
The incidence of oropharyngeal adverse events was
0.6% for oral candidiasis, 0.2% for oral fungal infec-
tions, 0.5% for oropharyngeal pain, 0.2% for dry
mouth, 2.2% for dysphonia and 0.9% for cough.
Bronchopneumonia was reported in 0.1% of patients
who received FP/FORM in the AFFIRM study. The



EUROPEAN CLINICAL RESPIRATORY JOURNAL e 7

Table 5. Results of the meta-analysis of asthma control.

Weight (%)

Sample Proportion

Study size (%) 95% Cl Fixed Random
Backer 2018 2220 67.4 65.4-69.3 52.1 25.5
Park 2019 85 58.8 48.4-69.3 18 12.1
Schmidt 2017 1363 62.4 59.8-64.9 29.9 24.8
Wan 2017 618 60.0 58.1-65.8 13.5 229
Usmani 2017 126 45.2 36.5-53.9 2.6 14.6
Total (fixed effects) 4412 64.4 63.0-65.8 100.0 100.0
Total (random effects) 4412 60.6 55.7-65.6 100.0 100.0
Studies Controlled / Treated -
Backer 2018 1496/2220 IR
Park 2019 50/85 R
Schmidt 2017 850/1363 -
Wan 2017 383/618 ——
Usmani 2017 57/126 —_—
Overall (1*2=87.78 % , P< 0.001) 2836/4412 -.Q'

I T I: T 1

02 04 08 08 1

Proportion' controlled

Figure 4. Forest plot of asthma control rates including estimated combined effect (random effect model).

Table 6. Results of meta-analysis of odds ratio of asthma control rate.

Weight (%)

Sample
Study size Odds-ratio 95% Cl Fixed Random
Backer 2018 2220 4.28 3.77-4.85 493 21.8
Park 2019 85 2.24 1.16-4.31 1.8 16.7
Schmidt 2017 1363 37 3.16-4.35 30.8 21.7
Wan 2017 618 1.22 0.97-1.53 15.0 21.3
Usmani 2017 126 1.10 0.67-1.81 3.2 18.6
Total (fixed effects) 4412 3.21 2.94-3.51 100.0 100.0
Total (random effects) 4412 2.21 1.29-3.80 100.0 100.0
Studies Events/before Treatment Events/during Treatment i
Backer 2018 1496/2220 723/2220 | ——
Park 2019 64/85 49/ -
Schmidt 2017 850/1363 421 ; —B—
Wan 2017 383/618 354/618 4+— . '
Usmani 2017 71/126 68/126 - :
Overall (1"2=96.44 % , P< 0.001) 2864/4412 1615/4412 {'}—
[ ; T 1
0s 1 221 25 5

Odds Ratio - controlled

Figure 5. Forest-plot of odds-ratio of asthma control rate including estimated combined effect (random effect model).
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Table 7. Summary of treatment related adverse events.

First author and year Backer 2018 Schmidt 2017 Usmani 2017
Study ID AFFIRM* FFAIRNESS ** FFLUX ***
Safety population n=2539 n=1563 n=151 (phase 1)
Treatment related adverse events by system organ class n (%)
Cardiac Disorders NR NR 3 (2.0%)
Gastrointestinal disorders NR NR 5 (3.3%)
Infections and infestations NR NR 4 (2.6%)
Respiratory, thoracic and mediastinal disorders NR NR 8 (5.3%)
Treatment related adverse events by preferred term n (%)
Asthma 50 (2.0%) 7 (0.4%) NR
Bronchopneumonia 3 (0.1%) NR NR
Cough 28 (1.1%) 10 (0.6%) NR
Dizziness 3 (0.1%) 7 (0.4%) NR
Dry mouth 4 (0.2%) 6 (0.4%) NR
Dysphonia 46 (1.8%) 44 (2.8%) NR
Dyspepsia 3 (0.1%) NR NR
Dyspnoea 5 (0.2%) NR NR
Headache 10 (0.4%) 6 (0.4%) NR
Lower RTI 7 (0.3%) NR NR
Nasopharyngitis 3 (0.1%) NR NR
Nausea 6 (0.2%) NR NR
Oral candidiasis 17 (0.7%) 8 (0.5%) NR
Oral fungal infection 4 (0.2%) NR NR
Oropharyngeal candidiasis 3 (0.1%) NR NR
Oropharyngeal pain 13 (0.5%) 6 (0.4%) NR
Palpitations 14 (0.6%) NR NR
RTI 3 (0.1%) NR NR
Sleep disorder NR 6 (0.4%) NR
Tachycardia 7 (0.3%) 5 (0.3%) NR
Tremor 16 (0.6%) 11 (0.7%) NR
Upper airway cough syndrome 3 (0.1%) NR NR
Upper RTI 4 (0.2%) NR NR

* TRAEs reported in more than 2 patients.
** TRAEs which occurred at a frequency of=0.3%.

*** TRAEs were reported by system organ class only, preferred term was not reported.
NR: not reported, RTI: respiratory tract infection, TRAEs: treatment-related adverse event.

incidence of heart palpitations was 0.6% (only reported
in the AFFIRM study) [19].

Discussion

Due to the difference in the conditions in which RCTs
are conducted and real-world clinical practice, findings
from RCTs may have limited applicability in everyday
medicine [1,2,23]. Accordingly, information about the
effectiveness of asthma treatments in real-world
asthma patients is necessary. This meta-analysis exam-
ines the effect of the FDC FP/FORM on asthma exacer-
bation and control in patients treated in a real-world
setting, addressing the issues highlighted by Papi and
colleagues [5] to affirm the low incidence of asthma
exacerbations with FP/FORM observed in RCTs.

In the current analysis, the estimated rate of severe
asthma exacerbation (11.47% [or 7.04% with the

exclusion of two studies based on the sensitivity ana-
lysis]) was higher than that reported for FP/FORM in
RCTs (2.9% reported as the pooled respiratory exacer-
bation rate [95% CI, 1.7 to 4.1]) [5] - likely due to the
more diverse study population (as expected for studies
conducted in real-world setting, some patients in the
included studies had concurrent allergic rhinitis, obe-
sity, sleep apnoea syndrome, respiratory tract infec-
tion or chronic obstructive pulmonary disease.
Further, the study cohorts comprised both treat-
ment-naive patients and those who had received
prior treatment for asthma, and there were varying
levels of SABA, ICS and oral corticosteroid use at
baseline. In addition, the included studies were con-
ducted in a wide range of countries [including the
United Kingdom, Czech Republic, Denmark, France,
Ireland, Norway, Slovak Republic, Sweden, Germany
and Korea]).



Given all these factors, the heterogeneity among the
studies included in this meta-analysis was a significant
finding for every outcome assessed, which is why we
conducted a sensitivity analysis and resorted to report-
ing results provided by the random effects model.

Importantly, the meta-analysis shows a significant
reduction in the estimated RR of severe exacerbation
versus pre-study conditions despite the higher esti-
mated rate versus RCT. This was supported by a sig-
nificant increase of more than two times the odds of
achieving asthma control with FP/FORM from baseline
in the current analysis. Furthermore, the results show
an estimated asthma control rate of 60.6% with FP/
FORM, which is higher than that reported in some of
the recent real-world epidemiological studies where
between 17.8% and 20.1% of patients had controlled
disease in accordance with GINA-defined criteria
[24,25]. Along with consideration of the diverse patient
population included in the analysis, the significant
results for RR of severe exacerbation and odds of
achieving asthma control are aligned and further sub-
stantiate the fact that the favourable pharmacological
and inhaler characteristics may potentially account for
the low exacerbation rates reported with FP/FORM in
RCTs [5].

Poor asthma control could be attributed to different
causes, including poor adherence and device usability. An
additional contributing factor could be ascribed to the
lack of drug reaching and targeting inflammation in the
whole respiratory tree and especially the small airways
[26]. Optimal delivery of drugs to the small airways (<2
mm) favours effective asthma management [27]. The
prevalence of small airways dysfunction was shown to
be present in approximating 50% of asthma patients,
irrespective of severity [28]. Factors impacting drug
deposition in the lungs include but are not limited to
inefficient device, sub-optimal particle size of the inhaled
medication and a patient’s poor inhalation capacity [29].

The plume characteristics of an inhaler device — plume
force, velocity, duration, angle of dispersion and tempera-
ture — as well as particle size, affect lung deposition
[30,31]. A gentler, warmer plume results in less drug
impacting the oropharyngeal region, a reduction in the
‘cold-Freon’ effect and an increased opportunity for
inhaled medications to reach the peripheral lungs
[30,32]. Concurrently, a smaller particle size (<5um)
and greater distribution of fine particles, the higher the
resultant fine-particle fraction (FPF) and the increased
likelihood of drug deposition in the peripheral lungs [33].

The potential synergistic activity unique to the FP/
FORM combination was well-discussed by Papi et al
[5]. Of further interest, an in vitro study found that
FORM was more effective than salmeterol in
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suppressing neutrophilic activity [34]. Increased levels
of neutrophils have been associated with severe asthma
and asthma exacerbation [35-37]. FORM may thus
have additional anti-inflammatory activity which
could work synergistically with FP. However, further
studies are warranted to fully understand the synergism
of FP and FORM in asthma management.

It would be of interest to compare the outcomes of
this meta-analysis with those reported for other ICS/
LABAs. However, the varying outcomes explored in
real-world studies makes comparisons challenging.
The study by Price et al is perhaps one of the few
that reported outcomes close to those examined in
the current analysis [38]. Notably, the authors exam-
ined asthma control and severe exacerbation rates in
patients who switched from FP/salmeterol to beclo-
methasone/FORM versus those who remained on FP/
salmeterol [38]. The rate of severe exacerbation
remained relatively unchanged at 12% following the
switch to beclomethasone/FORM - the current study
showed a severe asthma exacerbation rate of 11.47%, or
7.04% following sensitivity analysis, with FP/FORM.

Of the five studies included in the meta-analysis,
only three reported adverse events as part of the
study design. There was notably a low incidence of
oropharyngeal adverse events which aligns with the
gentler plume reported with the FP/FORM pMDI
device [32] and lung deposition study [39]. The high
dose of fluticasone was previously associated with con-
cerns of pneumonia [40,41]. However, the AFFIRM
study reported bronchopneumonia in only 0.1% of
patients who received FP/FORM, and pneumonia was
not reported as an undesirable effect in the summary of
product characteristics [42].

This study was inherently limited by its meta-analy-
sis approach which pooled together results from var-
ious studies with different study designs, patient
populations, outcomes, and baseline characteristics. It
should be noted that real-world, observational studies
come with their own set of limitations as well; they lack
internal validity, there is often little or no control over
the quality of collected data, and unmeasured con-
founding cannot be eliminated [43]. Therefore, assess-
ment of the efficacy and safety of a certain intervention
is best done by considering the totality of real-world
evidence and evidence from RCTs.

In conclusion, findings of this meta-analysis indicate
that the rate of severe asthma exacerbations is higher in
the real world than that reported in RCTs. It also
confirms that FP/FORM reduces the risk of severe
asthma exacerbations and increases the odds of achiev-
ing asthma control in real-world asthmatic patients.
With more than 50% of the cohort previously receiving
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other ICS/LABA combinations, these results may pro-
vide support for the use of FP/FORM in suitable
patients with uncontrolled asthma on previous ICS/
LABA therapy.
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