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A B S T R A C T

Despite several long-acting β2-adrenoceptor agonist (LABA)/long-acting muscarinic antagonist (LAMA) fixed-dose combinations (FDCs) are currently approved for
the treatment of chronic obstructive pulmonary disease (COPD), there are limited findings concerning the direct comparison across the different LABA/LAMA FDCs.
The aim of this study was to compare the efficacy/safety profile of approved LABA/LAMA FDCs in COPD. A network meta-analysis was performed by linking the
efficacy (forced expiratory volume in 1 s, St’ George Respiratory Questionnaire, transitional dyspnea index) and safety (cardiovascular serious adverse events)
outcomes resulting from randomized controlled trials that directly compared LABA/LAMA FDCs with placebo and/or each other. The Surface Under the Cumulative
Ranking Curve Analysis (SUCRA) was performed for each single outcome (SUCRA: 1=best, 0=worst). The combined efficacy/safety profile was reported via the
novel Improved Bidimensional SUCRA score (IBiS: the higher the value the better the treatment). Data obtained from 12,136 COPD patients (79.50% LABA/LAMA
FDCs vs. placebo; 20.50% direct comparison between different LABA/LAMA FDCs) were extracted from 22 studies published between 2013 and 2019. The IBiS score
showed the following rank of efficacy/safety profile: tiotropium/olodaterol 5/5 μg (area 66.83%) » glycopyrronium/indacaterol 15.6/27.5 μg (area 40.43%) >
umeclidinium/vilanterol 62.5/25 μg (area 30.48%) ≈ aclidinium/formoterol 400/12 μg (area 28.44%) > glycopyrronium/indacaterol 50/110 μg (area
19.95%) > glycopyrronium/formoterol 14.4/9.6 μg (area 11.50%). Each available LABA/LAMA FDC has a specific efficacy/safety profile that needs to be con-
sidered for personalized therapy in COPD. Head-to-head studies aimed to assess the impact of different LABA/LAMA FDCs on the risk of COPD exacerbation are
needed to further improve the information provided by this quantitative synthesis.

1. Introduction

Despite dual bronchodilation therapy still represents the corner-
stone therapy for most patients with chronic obstructive pulmonary
disease (COPD) [1], to date only few randomized controlled trials
(RCTs) [2–4] have directly compared two different long-acting β2-
adrenoceptor agonist (LABA)/long-acting muscarinic antagonist
(LAMA) fixed-dose combinations (FDCs). Considering the change from
baseline in trough forced expiratory volume in 1 s (FEV1), umeclidi-
nium/vilanterol 62.5/25 μg (U/V 62.5/25) resulted superior to both
glycopyrronium/indacaterol 50/110 μg (G/I 50/110) and tiotropium/
olodaterol 5/5 μg (T/O 5/5), whereas no difference was found between
U/V 62.5/25 and G/I 50/110 [2–4].

However, there is the possibility that the primary outcomes re-
sulting from some of these studies were affected by certain limitations,
such as the short duration of treatment [3,4], the number of enrolled
patients that did not permit to detect differences between the treat-
ments [4], the potential differences in severity of the disease and

baseline characteristics of COPD patients [2–4]. Further bias could have
been introduced in the results also by the study design, as two RCTs
[3,4] were designed as cross-over studies.

Therefore, to date there is the need of bridging the gap of knowledge
regarding the unbiased comparison across the currently approved
LABA/LAMA FDCs in COPD with respect to their efficacy and cardio-
vascular safety profile.

As recently reported by Gershon et al. [5], a well conducted meta-
analysis of RCTs provides the highest level of evidence, even greater
than that obtained by single RCTs. Moreover, along with the effect
estimates, network meta-analyses may produce supporting information
of considerable interest for clinicians in the form of treatment rankings,
generally summarized by a parameter called the surface under the cu-
mulative ranking curve (SUCRA) [6]. Indeed SUCRA facilitates the in-
terpretation of the results from multiple comparisons, but the resulting
rankings are specific for each single outcome.

Therefore, the aim of this study was to perform a high-quality sys-
tematic review with meta-analysis by including in the network the RCTs

https://doi.org/10.1016/j.pupt.2019.101841
Received 2 July 2019; Received in revised form 21 July 2019; Accepted 10 September 2019

∗ Corresponding author. Department of Experimental Medicine, Via Montpellier 1, 00133, Rome, Italy.
E-mail address: paola.rogliani@uniroma2.it (P. Rogliani).

Pulmonary Pharmacology & Therapeutics 59 (2019) 101841

Available online 11 September 2019
1094-5539/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/10945539
https://www.elsevier.com/locate/ypupt
https://doi.org/10.1016/j.pupt.2019.101841
https://doi.org/10.1016/j.pupt.2019.101841
mailto:paola.rogliani@uniroma2.it
https://doi.org/10.1016/j.pupt.2019.101841
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pupt.2019.101841&domain=pdf


that directly compared the currently approved LABA/LAMA FDCs with
placebo, along with the RCTs that have directly compared at least two
different LABA/LAMA FDCs. The primary outcome of this study was the
IBiS score, an Implemented Bidimensional SUCRA score that permits to
assess in a single outcome measure the overall efficacy and cardiovas-
cular safety profile of the investigated medications.

2. Materials and methods

2.1. Search strategy

This network meta-analysis has been registered in PROSPERO (re-
gistration number: CRD42017070100; available at https://www.crd.
york.ac.uk/PROSPERO/display_record.asp?ID=CRD42017070100),
and performed in agreement with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) [7]. The
PRISMA-P flow diagram and network nodes are shown in Fig. 1. This
quantitative synthesis satisfied all the recommended items reported by
the PRISMA-P checklist [7].

Two reviewers (PR and LC) performed a comprehensive literature
search from May 25th 2019 to May 30th 2019 for RCTs evaluating the
impact of dual bronchodilation therapy in COPD patients. The PICO
(Patient problem, Intervention, Comparison, and Outcome) framework
was used to develop the literature search strategy, as previously de-
scribed [8]. Namely, the “Patient problem” included subjects affected
by COPD; the “Intervention” regarded the administration of LABA/
LAMA FDC therapy; the “Comparison” was performed with regard to
other LABA/LAMA FDCs or placebo; the “Outcomes” were lung func-
tion via the assessment of the change in FEV1, dyspnea via the assess-
ment of the change in transitional dyspnea index (TDI), health-related
quality of life (HRQoL) via the assessment of the change in St’ George
Respiratory Questionnaire (SGRQ), and cardiovascular safety profile
via the assessment of the risk of cardiovascular serious adverse events
(SAEs).

RCTs on LABA/LAMA FDCs currently approved in COPD by the
European Medicines Agency (EMA) and/or US Food and Drug
Administration (FDA) were searched. Specifically, aclidinium/for-
moterol 400/12 μg (A/F 400/12) AND/OR glycopyrronium/formoterol
14.9/9.6 μg (G/F 14.4/9.6) AND/OR glycopyrronium/indacaterol

15.6/27.5 μg (G/I 15.6/27.5) AND/OR G/I 50/110 AND/OR T/O 5/5
AND/OR U/V 62.5/25 were searched for the FDCs, and the terms
“chronic obstructive pulmonary disease” AND/OR “COPD” were sear-
ched for the disease in Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE, Embase, Scopus, Web of Science, ClinicalTrials.
gov and EU Clinical Trials Register databases in order to provide for
relevant studies lasting ≥2 weeks reported in English and published up
to May 30th 2019. Citations of recently published meta-analyses and
reviews were checked to select further pertinent studies, if any [9–11].

Literature search results were uploaded to Eppi-Reviewer 4 (EPPI-
Centre Software. London, UK), a web-based software program for
managing and analysing data in literature reviews that facilitates col-
laboration among reviewers during the study selection process [12].

Two reviewers (PR and LC) independently checked the relevant
RCTs identified from literature searches and databases. RCTs were se-
lected in agreement with the previously mentioned criteria, and any
difference in opinion about eligibility was resolved by consensus.

2.2. Study selection

The criteria to include the studies in the network meta-analysis were
high-quality RCTs with a Jadad score ≥3 that lasted ≥2 weeks in
which moderate-to-very severe COPD patients were enrolled, that
compared LABA/LAMA FDCs vs. placebo or that compared different
LABA/LAMA FDCs each other.

Exclusion criteria were: Jadad score< 3, study duration<2 weeks,
mild COPD patients, no comparison between LABA/LAMA FDCs and
placebo, no comparison between different LABA/LAMA FDCs each
other. RCTs that compared LABA/LAMA FDCs exclusively vs. mono-
components included or not included in the FDC, that compared LABA/
LAMA FDCs vs. open LABA/LAMA combinations, or that compared
LABA/LAMA FDCs exclusively vs. FDCs including inhaled corticoster-
oids (ICSs) were also excluded from the network meta-analysis.

Two reviewers (PR and LC) independently checked the relevant
studies identified from literature searches obtained from the already
mentioned databases. The studies were selected in agreement with the
above-mentioned criteria, and any difference in opinion about elig-
ibility was resolved by consensus.

Fig. 1. PRISMA flow diagram for the identification of studies included in the network meta-analysis (A) and diagram displaying the network across the treatments
(B): the links between nodes indicate the direct comparisons between pairs of treatments, the thickness of lines is proportional with the number of patients comparing
pairs of treatments head-to-head. °Equivalent to glycopyrrolate 18 μg.

P. Rogliani, et al. Pulmonary Pharmacology & Therapeutics 59 (2019) 101841

2

https://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42017070100
https://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42017070100
http://ClinicalTrials.gov
http://ClinicalTrials.gov


Ta
bl
e
1

Pa
tie

nt
de

m
og

ra
ph

ic
s,
ba

se
lin

e
an

d
st
ud

y
ch

ar
ac
te
ri
st
ic
s
as

re
po

rt
ed

by
th
e
RC

Ts
in
cl
ud

ed
in

th
e
ne

tw
or
k
m
et
a-
an

al
ys
is
.

A
ut
ho

r,
st
ud

y
an

d
ye

ar
Cl
in
ic
al
Tr
ia
ls
.g
-

ov
Id
en

tifi
er

St
ud

y
de

si
gn

D
ur
at
io
n
of

tr
ea
tm

en
t

(w
ee
ks
)

N
um

be
r
of

an
al
yz
ed

pa
tie

nt
s

D
ru
gs

(d
os
es
)

Co
m
pa

ra
to
r

In
ha

le
r
de

vi
ce

A
ER

IS
TO

,2
01

9
[2
],

N
CT

03
16

20
55

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

do
ub

le
-d
um

m
y,

pa
ra
lle

l
gr
ou

p,
ac
tiv

e-
co
nt
ro
lle

d

24
10

16
G
ly
co
py

rr
on

iu
m
°/
fo
rm

ot
er
ol

14
.4
/9

.6
μg

U
m
ec
lid

in
iu
m
/v
ila

nt
er
ol

62
.5
/2

5
μg

PM
D
I(

Co
-S
us
pe

ns
io
n™

D
el
iv
er
y

Te
ch

no
lo
gy

);
um

ec
lid

in
iu
m
/

vi
la
nt
er
ol

62
.5
/2

5
μg

:D
PI

(E
lli
pt
a®
)

Fe
ld
m
an

et
al
.,
20

17
[3
]

N
CT

02
79

97
84

Ra
nd

om
iz
ed

,o
pe

n-
la
be

l,
cr
os
s-

ov
er

8
23

6
U
m
ec
lid

in
iu
m
/v
ila

nt
er
ol

62
.5
/2

5
μg

Ti
ot
ro
pi
um

/o
lo
da

te
ro
l5

/5
μg

U
m
ec
lid

in
iu
m
/v
ila

nt
er
ol

62
.5
/

25
μg

:D
PI

(E
lli
pt
a®
);
tio

tr
op

iu
m
/

ol
od

at
er
ol

5/
5
μg

:S
M
I

(R
es
pi
m
at
®)

Ke
rw

in
et

al
.,
20

17
[4
]

N
CT

02
48

74
46

,
N
CT

02
48

74
98

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

ac
tiv

e-
co
nt
ro
lle

d,
cr
os
s-

ov
er
,d

ou
bl
e-
du

m
m
y

12
71

2
G
ly
co
py

rr
on

iu
m
/i
nd

ac
at
er
ol

15
.6
/2

7.
5
μg

U
m
ec
lid

in
iu
m
/v
ila

nt
er
ol

62
.5
/2

5
μg

N
A

D
'U
rz
o
et

al
.,
20

17
[2
8]

N
CT

01
57

27
92

Ra
nd

om
iz
ed

,d
ou

bl
e-
bl
in
d,

pa
ra
lle

l-g
ro
up

,p
la
ce
bo

-a
nd

ac
tiv

e-
co
nt
ro
lle

d

28
32

8
A
cl
id
in
iu
m
/f
or
m
ot
er
ol

40
0/

12
μg

Pl
ac
eb

o
D
PI

(G
en

ua
ir
®/
Pr
es
sa
ir
®)

D
'U
rz
o
et

al
.,
A
U
G
M
EN

T-
CO

PD
,

20
14

[2
9]

N
CT

01
43

73
97

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d
24

66
7

A
cl
id
in
iu
m
/f
or
m
ot
er
ol

40
0/

12
μg

Pl
ac
eb

o
D
PI

(G
en

ua
ir
®/
Pr
es
sa
ir
®)

Si
ng

h
et

al
.,
A
CL

IF
O
RM

-C
O
PD

,
20

14
[3
0]

N
CT

01
46

29
42

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pa
ra
lle

l-g
ro
up

,a
ct
iv
e-

an
d

pl
ac
eb

o-
co
nt
ro
lle

d

24
57

9
A
cl
id
in
iu
m
/f
or
m
ot
er
ol

40
0/

12
μg

Pl
ac
eb

o
D
PI

(G
en

ua
ir
®/
Pr
es
sa
ir
®)

Li
pw

or
th

et
al
.,
PI
N
N
A
CL

E
4,

20
18

[3
1]

N
CT

02
34

34
58

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d,
pa

ra
lle

l-g
ro
up

24
78

6
G
ly
co
py

rr
on

iu
m
°/
fo
rm

ot
er
ol

14
.4
/9

.6
μg

Pl
ac
eb

o
PM

D
I(

Co
-S
us
pe

ns
io
n™

D
el
iv
er
y

Te
ch

no
lo
gy

)

M
ar
tin

ez
et

al
.,
PI
N
N
A
CL

E
1

an
d
2,

20
17

[3
2]

N
CT

01
85

46
45

,
N
CT

01
85

46
58

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d,
pa

ra
lle

l-g
ro
up

24
14

78
G
ly
co
py

rr
on

iu
m
°/
fo
rm

ot
er
ol

14
.4
/9

.6
μg

Pl
ac
eb

o
PM

D
I(

Co
-S
us
pe

ns
io
n™

D
el
iv
er
y

Te
ch

no
lo
gy

)

M
ah

le
r
et

al
.,
FL

IG
H
T,

20
15

[3
3]

N
CT

01
72

71
41

,
N
CT

01
71

25
16

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pa
ra
lle

l-g
ro
up

,p
la
ce
bo

-
an

d
ac
tiv

e-
co
nt
ro
lle

d

12
10

16
G
ly
co
py

rr
on

iu
m
/i
nd

ac
at
er
ol

15
.6
/2

7.
5
μg

Pl
ac
eb

o
D
PI

(N
eo

ha
le
r®
)

W
at
z
et

al
.,
M
O
VE

,2
01

6
[3
4]

N
CT

01
99

63
19

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d,
cr
os
so
ve
r

3
19

4
G
ly
co
py

rr
on

iu
m
/i
nd

ac
at
er
ol

50
/1

10
μg

Pl
ac
eb

o
N
A

Be
eh

et
al
.,
BR

IG
H
T,

20
14

[3
5]

N
CT

01
29

47
87

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d,
th
re
e-

pe
ri
od

cr
os
so
ve
r,
do

ub
le
-d
um

m
y

3
84

G
ly
co
py

rr
on

iu
m
/i
nd

ac
at
er
ol

50
/1

10
μg

Pl
ac
eb

o
D
PI

(B
re
ez
ha

le
r®
)

M
ah

le
re

ta
l.,

BL
A
ZE

,2
01

4
[3
6]

N
CT

01
49

01
25

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,
bl
in
de

d,
pl
ac
eb

o-
co
nt
ro
lle

d,
th
re
e-
pe

ri
od

cr
os
so
ve
r,
do

ub
le
-

du
m
m
y

6
24

6
G
ly
co
py

rr
on

iu
m
/i
nd

ac
at
er
ol

50
/1

10
μg

Pl
ac
eb

o
D
PI

(B
re
ez
ha

le
r®
)

Ba
te
m
an

et
al
.,
SH

IN
E,

20
13

[3
7]

N
CT

01
20

21
88

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pa
ra
lle

l-g
ro
up

,p
la
ce
bo

-
an

d
ac
tiv

e-
co
nt
ro
lle

d

26
70

6
G
ly
co
py

rr
on

iu
m
/i
nd

ac
at
er
ol

50
/1

10
μg

Pl
ac
eb

o
D
PI

(B
re
ez
ha

le
r®
)

D
ah

le
t
al
.,
EN

LI
G
H
TE

N
,2

01
3

[3
8]

N
CT

01
12

07
17

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d,
pa

ra
lle

l-g
ro
up

,d
um

m
y

52
33

8
G
ly
co
py

rr
on

iu
m
/i
nd

ac
at
er
ol

50
/1

10
μg

Pl
ac
eb

o
D
PI

(N
A
)

O
′D

on
ne

ll
et

al
.,
M
O
RA

CT
O
,

20
17

[3
9]

N
CT

01
53

39
22

,
N
CT

01
53

39
35

Re
pl
ic
at
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d,
in
co
m
pl
et
e-
cr
os
so
ve
r

6
45

0
Ti
ot
ro
pi
um

/o
lo
da

te
ro
l5

/5
μg

Pl
ac
eb

o
SM

I(
Re

sp
im

at
®)

Tr
oo

st
er
s
et

al
.,
PH

YS
A
CT

O
,

20
16

[4
0]

N
CT

02
08

51
61

Ra
nd

om
iz
ed

,p
ar
tia

lly
do

ub
le
-

bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d,
pa

ra
lle

l-g
ro
up

12
15

1
Ti
ot
ro
pi
um

/o
lo
da

te
ro
l5

/5
μg

Pl
ac
eb

o
SM

I(
Re

sp
im

at
®)

(c
on
tin
ue
d
on

ne
xt
pa
ge
)

P. Rogliani, et al. Pulmonary Pharmacology & Therapeutics 59 (2019) 101841

3

http://clinicaltrials.gov/show/NCT03162055
http://clinicaltrials.gov/show/NCT02799784
http://clinicaltrials.gov/show/NCT02487446
http://clinicaltrials.gov/show/NCT02487498
http://clinicaltrials.gov/show/NCT01572792
http://clinicaltrials.gov/show/NCT01437397
http://clinicaltrials.gov/show/NCT01462942
http://clinicaltrials.gov/show/NCT02343458
http://clinicaltrials.gov/show/NCT01854645
http://clinicaltrials.gov/show/NCT01854658
http://clinicaltrials.gov/show/NCT01727141
http://clinicaltrials.gov/show/NCT01712516
http://clinicaltrials.gov/show/NCT01996319
http://clinicaltrials.gov/show/NCT01294787
http://clinicaltrials.gov/show/NCT01490125
http://clinicaltrials.gov/show/NCT01202188
http://clinicaltrials.gov/show/NCT01120717
http://clinicaltrials.gov/show/NCT01533922
http://clinicaltrials.gov/show/NCT01533935
http://clinicaltrials.gov/show/NCT02085161


Ta
bl
e
1
(c
on
tin
ue
d)

A
ut
ho

r,
st
ud

y
an

d
ye

ar
Cl
in
ic
al
Tr
ia
ls
.g
-

ov
Id
en

tifi
er

St
ud

y
de

si
gn

D
ur
at
io
n
of

tr
ea
tm

en
t

(w
ee
ks
)

N
um

be
r
of

an
al
yz
ed

pa
tie

nt
s

D
ru
gs

(d
os
es
)

Co
m
pa

ra
to
r

In
ha

le
r
de

vi
ce

Be
eh

et
al
.,
20

15
[4
1]

N
CT

01
55

91
16

M
ul
tic

en
tr
e
ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d,
in
co
m
pl
et
e-
cr
os
so
ve
r

6
13

9
Ti
ot
ro
pi
um

/o
lo
da

te
ro
l5

/5
μg

Pl
ac
eb

o
SM

I(
Re

sp
im

at
®)

Si
ng

h
et

al
.,
O
TE

M
TO

,2
01

5
[4
2]

N
CT

01
96

43
52

,
N
CT

02
00

67
32

M
ul
tin

at
io
na

l,
re
pl
ic
at
e,

ra
nd

om
iz
ed

,d
ou

bl
e-
bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d,
pa

ra
lle

lg
ro
up

12
81

1
Ti
ot
ro
pi
um

/o
lo
da

te
ro
l5

/5
μg

Pl
ac
eb

o
SM

I(
Re

sp
im

at
®)

Si
le
r
et

al
.,
20

16
[4
3]

N
CT

02
15

26
05

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d,
pa

ra
lle

l-g
ro
up

12
49

6
U
m
ec
lid

in
iu
m
/v
ila

nt
er
ol

62
.5
/2

5
μg

Pl
ac
eb

o
D
PI

(E
lli
pt
a®
)

Zh
en

g
et

al
.,
20

15
[4
4]

N
CT

01
63

67
13

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pl
ac
eb

o-
co
nt
ro
lle

d,
pa

ra
lle

l-g
ro
up

24
38

7
U
m
ec
lid

in
iu
m
/v
ila

nt
er
ol

62
.5
/2

5
μg

Pl
ac
eb

o
D
PI

(N
A
)

M
al
ta
is

et
al
.,
20

14
[4
5]

N
CT

01
32

36
60

,
N
CT

01
32

84
44

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,
pl
ac
eb

o-
co
nt
ro
lle

d,
pa

ra
lle

l-
gr
ou

p

12
60

3
U
m
ec
lid

in
iu
m
/v
ila

nt
er
ol

62
.5
/2

5
μg

Pl
ac
eb

o
D
PI

(E
lli
pt
a®
)

D
on

oh
ue

et
al
.,
20

13
[4
6]

N
CT

01
31

36
50

M
ul
tic

en
tr
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pa
ra
lle

l-g
ro
up

,p
la
ce
bo

-
co
nt
ro
lle

d

24
69

3
U
m
ec
lid

in
iu
m
/v
ila

nt
er
ol

62
.5
/2

5
μg

Pl
ac
eb

o
D
PI

(N
A
)

A
ut
ho

r,
st
ud

y
an

d
ye

ar
Re

gi
m
en

of
ad

m
in
is
tr
at
io
n

M
ai
n
in
cl
us
io
n
cr
ite

ri
a

A
ge

(y
ea
rs
)

M
al
e
(%

)
Cu

rr
en

t
sm

ok
er
s

(%
)

Sm
ok

in
g
hi
st
or
y

(p
ac
k-
ye

ar
s)

Po
st

br
on

ch
od

ila
to
r

FE
V 1

(%
pr
ed

ic
te
d)

Ja
da

d
sc
or
e

A
ER

IS
TO

,2
01

9
[2
],

G
ly
co
py

rr
on

iu
m
°/
fo
rm

ot
er
ol

14
.4
/9

.6
μg

:t
w
ic
e-
da

ily
;

um
ec
lid

in
iu
m
/v
ila

nt
er
ol

62
.5
/

25
μg

:o
nc

e
da

ily

CO
PD

(p
re
-a

nd
po

st
-

br
on

ch
od

ila
to
r
FE

V
1/
FV

C
<

0.
7;

po
st
-b
ro
nc

ho
di
la
to
r
FE

V 1
<

80
%

pr
ed

ic
te
d)

40
–9

5
N
A

N
A

>
10

N
A

4

Fe
ld
m
an

et
al
.,
20

17
[3
]

U
m
ec
lid

in
iu
m
/v
ila

nt
er
ol

62
.5
/

25
μg

:o
nc

e
da

ily
;t
io
tr
op

iu
m
/

ol
od

at
er
ol

5/
5
μg

:o
nc

e
da

ily

CO
PD

(p
re
-a

nd
po

st
-

br
on

ch
od

ila
to
r
FE

V
1/
FV

C
<

0.
7;

po
st
-b
ro
nc

ho
di
la
to
r
FE

V
1

⩾
50

%
an

d
≤
70

%
pr
ed

ic
te
d)

64
.4

60
53

50
.2

59
.6

3

Ke
rw

in
et

al
.,
20

17
[4
]

G
ly
co
py

rr
on

iu
m
/i
nd

ac
at
er
ol

15
.6
/2

7.
5
μg

:o
nc

e
da

ily
;

um
ec
lid

in
iu
m
/v
ila

nt
er
ol

62
.5
/

25
μg

:t
w
ic
e
da

ily

M
od

er
at
e
to

ve
ry

se
ve
re

CO
PD

(p
os
t-b

ro
nc

ho
di
la
to
r
FE

V 1
/F

VC
<

70
%
;p

os
t-b

ro
nc

ho
di
la
to
r

FE
V 1

≥
30

%
an

d
<

80
%

pr
ed

ic
te
d;

m
od

ifi
ed

M
ed

ic
al

Re
se
ar
ch

Co
un

ci
lD

ys
pn

ea
Sc
al
e

of
gr
ad

e
≥
2)

64
53

.1
57

.1
53

.3
54

.3
5

D
'U
rz
o
et

al
.,
20

17
[2
8]

Tw
ic
e-
da

ily
M
od

er
at
e
to

se
ve
re

CO
PD

(p
os
t-

br
on

ch
od

ila
to
r
FE

V
1/
FV

C
<

0.
7;

FE
V 1

≥
30

%
an

d
<

80
%

pr
ed

ic
te
d)

63
.5

52
53

.3
53

.9
52

.7
5

D
'U
rz
o
et

al
.,
A
U
G
M
EN

T-
CO

PD
,

20
14

[2
9]

Tw
ic
e-
da

ily
M
od

er
at
e
to

se
ve
re

st
ab

le
CO

PD
(p
os
t-b

ro
nc

ho
di
la
to
r
FE

V 1
/F

VC
<

0.
7;

FE
V 1

≥
30

%
an

d
<

80
%

pr
ed

ic
te
d)

63
.9

51
.4

51
.3

53
.3

52
.9

3

Si
ng

h
et

al
.,
A
CL

IF
O
RM

-C
O
PD

,
20

14
[3
0]

Tw
ic
e-
da

ily
M
od

er
at
e
to

se
ve
re

CO
PD

(p
os
t-

br
on

ch
od

ila
to
r
FE

V
1/
FV

C
<

0.
7;

FE
V 1

≥
30

%
an

d
<

80
%

pr
ed

ic
te
d)

63
.5

69
.5

47
.8

>
10

54
.8

4

(c
on
tin
ue
d
on

ne
xt
pa
ge
)

P. Rogliani, et al. Pulmonary Pharmacology & Therapeutics 59 (2019) 101841

4

http://clinicaltrials.gov/show/NCT01559116
http://clinicaltrials.gov/show/NCT01964352
http://clinicaltrials.gov/show/NCT02006732
http://clinicaltrials.gov/show/NCT02152605
http://clinicaltrials.gov/show/NCT01636713
http://clinicaltrials.gov/show/NCT01323660
http://clinicaltrials.gov/show/NCT01328444
http://clinicaltrials.gov/show/NCT01313650


Ta
bl
e
1
(c
on
tin
ue
d)

A
ut
ho

r,
st
ud

y
an

d
ye

ar
Re

gi
m
en

of
ad

m
in
is
tr
at
io
n

M
ai
n
in
cl
us
io
n
cr
ite

ri
a

A
ge

(y
ea
rs
)

M
al
e
(%

)
Cu

rr
en

t
sm

ok
er
s

(%
)

Sm
ok

in
g
hi
st
or
y

(p
ac
k-
ye

ar
s)

Po
st

br
on

ch
od

ila
to
r

FE
V 1

(%
pr
ed

ic
te
d)

Ja
da

d
sc
or
e

Li
pw

or
th

et
al
.,
PI
N
N
A
CL

E
4,

20
18

[3
1]

Tw
ic
e-
da

ily
M
od

er
at
e
to

ve
ry

se
ve
re

CO
PD

(p
os
t-b

ro
nc

ho
di
la
to
r
FE

V 1
/F

VC
<

0.
7;

<
80

%
pr
ed

ic
te
d
an

d
≥
75

0
m
li
fF

EV
1
<

30
%

of
pr
ed

ic
te
d
no

rm
al

va
lu
e)

64
.3

73
.4

46
.9

45
.8

54
.2

4

M
ar
tin

ez
et

al
.,
PI
N
N
A
CL

E
1

an
d
2,

20
17

[3
2]

Tw
ic
e-
da

ily
M
od

er
at
e
to

ve
ry

se
ve
re

CO
PD

(p
os
t-b

ro
nc

ho
di
la
to
r
FE

V 1
/F

VC
<

0.
7;

<
80

%
pr
ed

ic
te
d
an

d
≥
75

0
m
li
fF

EV
1
<

30
%

of
pr
ed

ic
te
d
no

rm
al

va
lu
e)

63
.0

55
.1

53
.2

51
.4

51
.7

4

M
ah

le
r
et

al
.,
FL

IG
H
T,

20
15

[3
3]

Tw
ic
e-
da

ily
St
ab

le
CO

PD
(p
os
t-b

ro
nc

ho
di
la
to
r

FE
V 1

/F
VC

<
0.
7;

FE
V 1

≥
30

%
an

d
<

80
%

pr
ed

ic
te
d)

63
.3

61
.8

51
.0

>
10

54
.7

5

W
at
z
et

al
.,
M
O
VE

,2
01

6
[3
4]

O
nc

e-
da

ily
M
od

er
at
e
to

se
ve
re

st
ab

le
CO

PD
(p
os
t-b

ro
nc

ho
di
la
to
r
FE

V 1
/F

VC
<

0.
7;

FE
V 1

40
–8

0%
pr
ed

ic
te
d)

62
.8

65
.5

56
.7

47
.5

61
.6

4

Be
eh

et
al
.,
BR

IG
H
T,

20
14

[3
5]

O
nc

e-
da

ily
M
od

er
at
e
to

se
ve
re

CO
PD

(p
os
t-

br
on

ch
od

ila
to
r
FE

V
1/
FV

C
<

0.
7;

FE
V 1

≥
40

%
an

d
<

80
%

pr
ed

ic
te
d)

62
.1

63
.1

53
.6

≥
10

55
.9

4

M
ah

le
re

ta
l.,

BL
A
ZE

,2
01

4
[3
6]

O
nc

e-
da

ily
M
od

er
at
e
to

se
ve
re

CO
PD

(p
os
t-

br
on

ch
od

ila
to
r
FE

V
1/
FV

C
<

0.
7;

FE
V 1

≥
30

%
an

d
<

80
%

pr
ed

ic
te
d)

<
65

ye
ar
s:

57
.7
%
;≥

65
:

42
.2
3

70
.3

56
.1

45
.5

46
.0

3

Ba
te
m
an

et
al
.,
SH

IN
E,

20
13

[3
7]

O
nc

e-
da

ily
M
od

er
at
e
to

se
ve
re

st
ab

le
CO

PD
(p
os
t-b

ro
nc

ho
di
la
to
r
FE

V 1
/F

VC
<

0.
7;

FE
V 1

≥
30

%
an

d
<

80
%

pr
ed

ic
te
d)

64
.2

74
.6

40
.3

>
10

55
.5

4

D
ah

le
t
al
.,
EN

LI
G
H
TE

N
,2

01
3

[3
8]

O
nc

e-
da

ily
M
od

er
at
e
to

se
ve
re

CO
PD

(p
os
t-

br
on

ch
od

ila
to
r
FE

V
1/
FV

C
<

0.
7;

FE
V 1

≥
30

%
an

d
<

80
%

pr
ed

ic
te
d)

62
.7

76
.7

45
.2

37
.2

57
.9

5

O
′D

on
ne

ll
et

al
.,
M
O
RA

CT
O
,

20
17

[3
9]

O
nc

e-
da

ily
CO

PD
(p
os
t-b

ro
nc

ho
di
la
to
rF

EV
1/

FV
C

<
0.
7;

FE
V 1

≥
30

%
an

d
<

80
%

pr
ed

ic
te
d)

61
.7

71
.2

39
.1

45
.8

52
.0

3

Tr
oo

st
er
s
et

al
.,
PH

YS
A
CT

O
,

20
16

[4
0]

O
nc

e-
da

ily
CO

PD
(p
os
t-b

ro
nc

ho
di
la
to
rF

EV
1/

FV
C

<
0.
7;

FE
V 1

≥
30

%
an

d
<

80
%

pr
ed

ic
te
d)

64
.7

66
.3

N
A

>
10

N
A

4

Be
eh

et
al
.,
20

15
[4
1]

O
nc

e-
da

ily
CO

PD
(p
os
t-b

ro
nc

ho
di
la
to
rF

EV
1/

FV
C

<
0.
7;

FE
V 1

<
80

%
pr
ed

ic
te
d)

a

61
.1

58
.9

62
.6

N
A

54
.0

3

Si
ng

h
et

al
.,
O
TE

M
TO

,2
01

5
[4
2]

O
nc

e-
da

ily
M
od

er
at
e
to

se
ve
re

CO
PD

(p
os
t-

br
on

ch
od

ila
to
r
FE

V
1/
FV

C
<

0.
7;

FE
V 1

≥
30

%
an

d
<

80
%

pr
ed

ic
te
d)

64
.8

60
.6

47
.6

>
10

55
.1

3

Si
le
r
et

al
.,
20

16
[4
3]

O
nc

e-
da

ily
CO

PD
(p
re
-a

nd
po

st
-a
lb
ut
er
ol

(s
al
bu

ta
m
ol
)
FE

V
1/
FV

C
<

0.
7;

po
st
-a
lb
ut
er
ol

FE
V
1
≤
70

%
pr
ed

ic
te
d)

63
.4

59
53

.5
38

.6
47

.5
4

Zh
en

g
et

al
.,
20

15
[4
4]

O
nc

e-
da

ily
CO

PD
(p
os
ta
lb
ut
er
ol

FE
V
1/
FV

C
<

0.
7;

po
st
al
bu

te
ro
lF

EV
1
≤
70

%
pr
ed

ic
te
d;

dy
sp
ne

a
sc
or
e

⩾
2)

64
.2

93
31

.5
37

.4
N
A

4

(c
on
tin
ue
d
on

ne
xt
pa
ge
)

P. Rogliani, et al. Pulmonary Pharmacology & Therapeutics 59 (2019) 101841

5



2.3. Quality score, risk of bias and evidence profile

The Jadad score, with a scale of 1–5 (score of 5 being the best
quality), was used to assess the quality of the RCTs concerning the
likelihood of bias related to randomization, double blinding, with-
drawals and dropouts [13]. A Jadad score ≥3 was defined to identify
high-quality studies. Two reviewers (PR and LC) independently as-
sessed the quality of individual studies, and any difference in opinion
about the quality score was resolved by consensus.

The risk of bias was assessed via the normalized consistency/in-
consistency analysis to check whether the outcomes resulting from the
consistency and inconsistency models fit adequately with the line of
equality, as previously described [14]. The inconsistency of evidence
was also assessed by quantifying the inconsistency factor, indicating
whether one of the treatments had a different effect when it was
compared with the others directly or indirectly in the loop [15].

Meta-regression analysis was performed to identify potential effect
modifiers (i.e. duration of treatment, inhaler device, regimen of ad-
ministration, age, sex, smoking habit, pack-years, post-bronchodilation
FEV1, Jadad score) that could have altered the comparison across
LABA/LAMA FDCs with respect to the investigated outcomes. Meta-
regression coefficient (slope) values ≤ 0.02 were considered very small
and, thus, not relevant also in the presence of statistical significance
[16].

The quality of the evidence was assessed in agreement with the
Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) system [17].

2.4. Data extraction

Data from included RCTs were extracted and checked for study
design and duration, doses of medications, main inclusion criteria of
each RCT, age, gender, smoking habits, FEV1, TDI, SGRQ, cardiovas-
cular SAEs, and Jadad score. Two reviewers (PR and LC) independently
extracted the data, and then checked for accuracy; any inconsistency
was resolved by consensus. Due to the complexity of this meta-analysis,
data were extracted in agreement with DECiMAL recommendations
[18].

2.5. Endpoints

The primary endpoint of this network meta-analysis was a novel
index, the IBiS score, based on the change from baseline in trough FEV1,
TDI, SGRQ, and risk of cardiocascular SAEs, aimed to concomitantly
rank the efficacy/safety profile of LABA/LAMA FDCs.

2.6. Data analysis

A network meta-analysis was performed to quantify and compare
the efficacy/safety profile of LABA/LAMA FDCs included in the study.

A full Bayesian evidence network was used in the network meta-
analysis (chains: 4; initial values scaling: 2.5; tuning iterations: 20.000;
simulation iterations: 50.000; tuning interval: 10). The convergence
diagnostics for consistency and inconsistency was assessed via the
Brooks-Gelman-Rubin method, as previously described [19].

Due to the characteristics of parameters besides the available data,
the just proper non-informative distributions specified the prior den-
sities, in agreement with the Bayesian Approaches to Clinical Trials and
Health-Care Evaluation [20,21]. Since the distributions were suffi-
ciently vague, the reference treatment, study baseline effects, and het-
erogeneity variance were unlikely to have a noticeable impact on model
results. In this condition, GeMTC software automatically generates and
runs the required Bayesian hierarchical model and selects the prior
distributions and starting values as well, via heuristically determining a
value for the outcome scale parameter (i.e. outcome scale S) [22,23].
The posterior mean deviance of data points in the unrelated meanTa
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effects model were plotted against their posterior mean deviance in the
consistency model in order to provide information for identifying the
loops in the treatment network where evidence was inconsistent [24].

Results of the network meta-analysis were expressed as relative ef-
fect (RE) and 95% credible interval (95%CrI). The probability that each
intervention arm was the most effective was calculated by counting the
proportion of iterations of the chain in which each intervention arm had
the highest mean difference, and the SUCRA, representing the summary
of these probabilities, was also calculated [25]. The SUCRA is 1 when a
treatment is certain to be the best, and 0 when a treatment is certain to
be the worst [26].

In this study the rank resulting from SUCRA with respect to the
efficacy variables (change from baseline in FEV1, TDI, and SGRQ) and
safety variable (risk of cardiovascular SAEs) were combined and plotted
on different axes to produce radar charts [27], thus providing the IBiS
score, in which the greater the percentage of area covered by the radar
chart the greater the efficacy/safety profile of each LABA/LAMA FDC.

GeMTC [22] software was used for performing the meta-analysis,
Microsoft Excel (Washington US) and GraphPad Prism (CA, US) soft-
ware to graph the data, and GRADEpro GDT software to assess the

quality of evidence [17]. The statistical significance was assessed for
P < 0.05.

3. Results

3.1. Studies characteristics

Results obtained from 12,136 COPD patients (A/F 400/12: 6.33%;
G/F 14.4/9.6: 14.73%; G/I 15.6/27.5: 3.58%; G/I 50/110: 13.76%; U/
V 62.5/25: 18.27%; T/O 5/5: 9.20%; placebo: 34.13%) were selected
from 22 studies including 28 RCTs [2–4,28–46] and published between
2013 and 2019. All the RCTs included in the network meta-analysis
were randomized and blinded, with a period of treatment between 3
and 52 weeks. Patient demographics, baseline and study characteristics
(Table 1) were homogeneous across the studies included in this meta-
analysis and did not influence the effect of specific LABA/LAMA FDCs
(meta-regression analysis: P > 0.05).

3.2. Network meta-analysis

Data resulting from the network meta-analysis across LABA/LAMA
FDCs with respect to the main functional, clinical, and cardiovascular
safety outcomes in COPD patients indicated that T/O 5/5 was sig-
nificantly (P < 0.05) more effective than both A/F 400/12 (97.5 ml,
95%CrI 10.9–190.0) and G/F 14.4/9.6 (101.0ml, 95%CrI 24.0–180.5)
in improving trough FEV1, and significantly (P < 0.05) more effective
than G/F 14.4/9.6 in improving TDI (0.91 points, 95%CrI 0.02–1.78).
Also U/V 62.5/25 significantly improved FEV1 when compared to G/F
14.4/9.6 (71.5ml, 95%CrI 0.5–142.2). The risk of cardiocascular SAEs
was significantly (P < 0.05) greater in patients treated with G/I 50/
110 than in those treated with A/F 400/12. Further effect estimates and
95%CrI resulting from the network meta-analysis are reported in
Table 2.

The SUCRA indicated a specific rank of effectiveness with respect to
the improvement in trough FEV1 (T/O 5/5 > U/V 62.5/25 ≈ G/I 50/
110 ≈ G/I 15.6/27.5 > A/F 400/12 ≈ G/F 14.4/9.6), TDI (T/O 5/5
≈ G/I 15.6/27.5 > A/F 400/12 ≈ G/I 50/110 > U/V 62.5/25
> G/F 14.4/9.6), and SGRQ (G/I 15.6/27.5 ≈ T/O 5/5 > U/V 62.5/
25 > G/I 50/110 > G/F 14.4/9.6 > A/F 400/12). Concerning the
cardiovascular safety profile, the rank resulting from SUCRA was: A/F
400/12 > T/O 5/5 > U/V 62.5/25 ≈ G/F 14.4/9.6 > G/I 15.6/
27.5 » G/I 50/110. Detailed SUCRA values are reported in Table 3.

Table 2
Relative effects with 95%CrI and overall GRADE score resulting from the network meta-analysis across LABA/LAMA FDCs on the main functional, clinical, and
cardiovascular safety outcomes in COPD patients.

FEV1 TDI SGRQ Cardiovascular SAEs GRADE

A/F 400/12 vs. G/F 14.4/9.6 3.37 (−95.31–102.45) 0.57 (−0.25–1.37) 0.44 (−2.70–3.74) 0.29 (0.05–1.76) ++
A/F 400/12 vs. G/I 15.6/27.5 −64.73 (−171.53–42.21) −0.29 (−1.16–0.53) 2.57 (−0.80–6.26) 0.20 (0.01–2.89) +++
A/F 400/12 vs. G/I 50/110 −66.57 (−167.24–37.04) 0.07 (−0.82–0.85) 0.61 (−3.91–5.24) 0.08 (0.01–0.61) * ++++
A/F 400/12 vs. T/O 5/5 −97.47 (−189.96 −10.93) * −0.31 (−1.13–0.45) 2.55 (−1.87–6.95) 0.53 (0.08–3.60) +++
A/F 400/12 vs. U/V 62.5/25 −68.04 (−157.19–19.26) 0.25 (−0.56–1.04) 1.37 (−2.09–4.57) 0.29 (0.06–1.97) ++
G/F 14.4/9.6 vs. G/I 15.6/27.5 −68.07 (−166.07–31.00) −0.89 (−1.80–0.02) 2.10 (−1.28–5.69) 0.67 (0.06–7.90) +++
G/F 14.4/9.6 vs. G/I 50/110 −69.61 (−161.05–22.87) −0.54 (−1.41–0.39) 0.14 (−4.26–4.59) 0.27 (0.03–1.84) +++
G/F 14.4/9.6 vs. T/O 5/5 −101.04 (−180.49 −23.95) * −0.91 (−1.78 −0.02) * 2.11 (−2.36–6.42) 1.76 (0.35–10.91) +++
G/F 14.4/9.6 vs. U/V 62.5/25 −71.48 (−142.15 −0.39) * −0.33 (−0.91–0.31) 0.91 (−2.49–3.99) 1.00 (0.31–4.53) ++++
G/I 15.6/27.5 vs. G/I 50/110 −2.16 (−102.35–100.55) 0.33 (−0.54–1.26) −1.94 (−6.68–2.63) 0.43 (0.02–5.97) +++
G/I 15.6/27.5 vs. T/O 5/5 −33.34 (−121.19–54.41) −0.07 (−0.91–0.86) −0.01 (−4.85–4.57) 2.65 (0.20–40.89) +++
G/I 15.6/27.5 vs. U/V 62.5/25 −3.35 (−84.13–75.34) 0.58 (−0.36–1.46) −1.21 (−5.01–2.35) 1.53 (0.14–18.36) +++
G/I 50/110 vs. T/O 5/5 −31.13 (−117.57–49.32) −0.39 (−1.23–0.46) 1.99 (−3.54–7.33) 6.65 (0.93–61.41) ++++
G/I 50/110 vs. U/V 62.5/25 −2.24 (−85.99–77.38) 0.22 (−0.70–1.08) 0.78 (−3.92–5.15) 3.59 (0.58–38.43) ++++
T/O 5/5 vs. U/V 62.5/25 29.57 (−26.83–87.16) 0.59 (−0.25–1.45) −1.20 (−5.76–3.22) 0.57 (0.11–2.88) ++++

A/F 400/12: aclidinium/formoterol 400/12 μg; CrI: credible interval; FDCs: fixed-dose combinations; FEV1: forced expiratory volume in 1 s; G/F 14.4/9.6; glyco-
pyrronium/formoterol 14.9/9.6 μg; G/I 15.6/27.5: glycopyrronium/indacaterol 15.6/27.5 μg; G/I 50/110: glycopyrronium/indacaterol 50/110 μg; GRADE: Grading
of Recommendations Assessment, Development, and Evaluation; LABA: β2-adrenoceptors agonist; LAMA: long-acting muscarinic antagonist; SAEs: serious adverse
events; SGRQ: St’ George Respiratory Questionnaire; TDI: transitional dyspnea index; T/O 5/5: tiotropium/olodaterol 5/5 μg; U/V 62.5/25: umeclidinium/vilanterol
62.5/25 μg *P < 0.05; ++: low quality of evidence; +++: moderate quality of evidence; ++++: high quality of evidence.

Table 3
Probability of best therapy in agreement with SUCRA values for LABA/LAMA
FDCs in COPD patients with respect to efficacy and cardiovascular safety out-
comes.

LABA/LAMA FDC Specific SUCRA values

FEV1 TDI SGRQ Cardiovascular SAEs

A/F 400/12 0.31 0.60 0.34 0.90
G/F 14.4/9.6 0.28 0.20 0.43 0.45
G/I 15.6/27.5 0.66 0.82 0.83 0.32
G/I 50/110 0.67 0.57 0.48 0.09
T/O 5/5 0.90 0.85 0.79 0.73
U/V 62.5/25 0.69 0.43 0.63 0.46

COPD chronic obstructive pulmonary disease; FDC: fixed-dose combination;
FEV1: forced expiratory volume in 1 s; LABA: long-acting β2-adrenoceptor
agonist; LAMA: long-acting muscarinic antagonist; SAEs: serious adverse
events; SGRQ: St’ George Respiratory Questionnaire; SUCRA: surface under the
cumulative ranking curve; TDI: transitional dyspnea index.

P. Rogliani, et al. Pulmonary Pharmacology & Therapeutics 59 (2019) 101841

7



The combined efficacy/safety profile resulting from the IBiS score
provided the following rank: T/O 5/5 (area 66.83%) » G/I 15.6/27.5
(area 40.43%) > U/V 62.5/25 (area 30.48%) ≈ A/F 400/12 (area
28.44%) > G/I 50/110 (area 19.95%) > G/F 14.4/9.6 (area
11.50%). Detailed data resulting from IBiS analysis are shown in Fig. 2.

3.3. Quality score, risk of bias and evidence profile

All the RCTs included in the network meta-analysis where high-
quality studies (Jadad score ≥3).

The normalized consistency/inconsistency analysis showed that all
the points fit adequately with the line of equality (overall goodness of
fit: R2 0.99; slope 0.96, 95%CI 0.95–1.00), indicating that this network
meta-analysis was not affected by significant bias (Fig. 3A–D).

The lack of bias in the Bayesian network was further confirmed by
the absence of significant (P > 0.05) inconsistency factor when the
investigated FDCs were compared directly or indirectly. The meta-re-
gression analysis indicated that no effect modifiers altered the com-
parison across the LABA/LAMA FDCs with respect to the investigated
outcomes.

The GRADE system showed that the overall quality of evidence was
moderate-to-high for most the FDCs comparisons, excluding A/F 400/
12 vs. G/F 14.4/9.6 and A/F 400/12 vs. U/V 62.5/25 for which the
quality of evidence was low.

4. Discussion

The results of this network meta-analysis demonstrate that T/O 5/5

was significantly more effective than A/F 400/12 and G/F 14.4/9.6 in
improving trough FEV1 ≈95ml in COPD patients, and that U/V 62.5/
25 significantly improved FEV1 when compared to G/F 14.4/9.6, with
effect estimate values that overcame the minimal clinically important
difference (MCID) calculated vs. active comparators (MCID:> 60ml)
[47]. T/O 5/5 was also significantly more effective than G/F 14.4/9.6
in improving TDI, showing effect estimate values that were borderline
the MCID (1 unit) [48]. Moreover, G/I 50/110 was significantly less
safe than A/F 400/12 with respect to the risk of cardiovascular SAEs,
with a relative risk of ≈11 that extensively exceeded the MCID when
compared with active treatments (MCID: relative risk ≈1.2) [48–51].

Although no further significant differences were found across
LABA/LAMA FDCs with respect to the investigated outcomes, the
SUCRA analysis indicates that the currently available LABA/LAMA
FDCs may have a different impact on FEV1, TDI, SGRQ, and risk of
cardiovascular SAEs. Specifically, T/O 5/5 was generally the most ef-
fective FDC characterized by a good safety profile, and A/F 400/12 was
the safest FDC.

Thus, considering the combined analysis of the efficacy and cardi-
ovascular safety profile of each FDC, the IBiS score provides the fol-
lowing rank: T/O 5/5 » G/I 15.6/27.5 > U/V 62.5/25 ≈ A/F 400/
12 > G/I 50/110 > G/F 14.4/9.6. Indeed the IBiS analysis re-
presents a simple graphical summary to display the combined efficacy/
safety profile of the different LABA/LAMA FDCs investigated in this
meta-analysis.

Paradoxically, in this quantitative sinthesys we have found that G/I
15.6/27.5 reached an IBiS score greater than G/I 50/110. This finding
confirms previous evidence that administering G/I twice daily at lower

Fig. 2. Graphical representation of combined efficacy/safety profile of LABA/LAMA FDCs in COPD patients in agreement with the IBiS score: the greater the area, the
better the efficacy/safety profile. COPD chronic obstructive pulmonary disease; CV: cardiovascular; FDC: fixed-dose combination; FEV1: forced expiratory volume in
1 s; IBiS: Implemented Bidimensional SUCRA; LABA: long-acting β2-agonist; LAMA: long-acting muscarinic antagonist; SAEs: serious adverse events; SGRQ: St’
George Respiratory Questionnaire; SUCRA: surface under the cumulative ranking curve; TDI: transitional dyspnea index. Red: first quartile; orange: second quartile;
yellow: third quartile; green: fourth quartile. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this
article.)
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dose works better than administering G/I once daily at higher dose
[13].

The results of this network meta-analysis seem to be not affected by
significant publication bias and, interestingly, no effect modifiers in-
fluenced the comparison across the investigated LABA/LAMA FDCs.
The main inclusion criteria of the studies included in the network meta-
analysis were heterogeneous, however the characteristics of patients
(i.e. age, sex, smoking habit, pack-years, post-bronchodilation FEV1)
that were enrolled in each study were generally homogeneous across
the RCTs. This finding may explain why no significant effect modifiers
resulted from the meta-regression analysis.

The overall quality of evidence of this meta-analysis is moderate-to-
high for most the LABA/LAMA FDCs comparisons, excluding A/F 400/
12 vs. G/F 14.4/9.6 or U/V 62.5/25 for which the quality of evidence
was low. In particular, the GRADE analysis of T/O 5/5 vs. G/I 50/110
or U/V 62.5/25, G/I 50/110 vs. U/V 62.5/25 or A/F 400/12, and U/V
62.5/25 vs. G/F 14.4/9.6 indicates that we can be very confident that
the true effect lies close to the results of this meta-analysis, and that
further research is very unlikely to change our confidence in the

obtained findings [52].
IBiS may help clinicians in interpreting the data obtained from

complex multiple-treatment meta-analysis, as it simplifies the in-
formation about the efficacy and safety of each FDC. Another advantage
of IBiS is that the radar charts can be divided into quartiles. This per-
mits to assess whether difference in preference between successive
ranks remains the same across the entire ranking scale [53], thus pro-
viding suitable clinical information to identify the specific character-
istics of each LABA/LAMA FDC. Although few statistical differences
were found in this network meta-analysis, the ranking provided by IBiS
score allows identifying what is the best LABA/LAMA FDC in agreement
with the multifaceted functional, clinical, and cardiovascular safety
needs of each COPD patient.

IBiS derives from SUCRA, and thus it could be affected by the same
limitations of SUCRA itself, such as the level of accuracy that is related
with the robustness of Bayesian network. Considering that in this meta-
analysis the structure of network can be considered strong as it included
four RCTs [2–4] that directly compared different LABA/LAMA FDCs,
the studies were well-powered, and no risk of bias was detected, the

Fig. 3. Publication bias assessment via the normalized consistency/inconsistency plot (linear regression and 95% confidence bands) of the combined efficacy/safety
profile of LABA/LAMA FDCs in COPD patients with respect to the change from baseline in FEV1 (A), TDI (B), SGRQ (C), and cardiovascular SAEs (D). COPD chronic
obstructive pulmonary disease; FEV1: forced expiratory volume in 1 s; FDC: fixed-dose combination; LABA: long-acting β2-adrenoceptor agonist; LAMA: long-acting
muscarinic antagonist; SAEs: serious adverse events; SGRQ: St’ George Respiratory Questionnaire; TDI: transitional dyspnea index.
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data resulting from IBiS can be considered reliable.
The main limitation of this study is that no comparison has been

performed with respect to the risk of COPD exacerbation. In fact, across
the 10 out of the 22 RCTs included in the network meta-analysis that
lasted ≥6 months [2,28–32,37,38,44,46], only three studies reported
the frequency of exacerbation as an efficacy endpoint [28,44,46]. The
remaining RCTs did not report the frequency of exacerbation [2,31,32],
or reported the events of exacerbation as safety endpoint [37,38]. In
further studies the impact on exacerbations of LABA/LAMA FDCs was
indirectly investigated via the EXAcerbations of Chronic obstructive
pulmonary disease Tool Respiratory Symptoms (EXACT-RS) score
[29,30]. Certainly this background does not permit to close the loop in
the Bayesian network to include in the IBiS score the impact of the
investigated LABA/LAMA FDCs on the risk of COPD exacerbation.

Concluding, this network meta-analysis suggests that each currently
available LABA/LAMA FDC has a specific efficacy/safety profile that
needs to be considered for personalized therapy in COPD. Future head-
to-head RCTs focused on the impact of different LABA/LAMA FDCs on
the risk of COPD exacerbation are needed to further improve the in-
formation provided by the IBiS score.
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