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Systematic literature review and meta-analysis of US-approved
LAMA/LABA therapies versus tiotropium in moderate-to-

severe COPD

MeilLan K. Han', Riju Ray?, Jason Foo® Chaienna Morel® and Beth Hahn?

Dual bronchodilator maintenance therapy may benefit patients with moderate-to-severe chronic obstructive pulmonary disease
(COPD) versus long-acting muscarinic antagonist (LAMA) monotherapy. The efficacy and safety of US-approved LAMA/long-acting
beta-agonist (LABA) combinations versus tiotropium (TIO), a LAMA, were assessed. This systematic review and meta-analysis (GSK:
206938), conducted in MEDLINE, MEDLINE In-process, and EMBASE following Preferred Reporting Items for Systematic reviews and
Meta-Analyses guidelines, identified randomized clinical trials (>8 weeks) in moderate-to-severe COPD (per Global Initiative for
Chronic Obstructive Lung Disease guidelines), receiving LAMA/LABA or TIO. Endpoints: difference in change from baseline in lung
function (forced expiratory volume in 1s [FEV,]; trough, peak, area under the curve 0-3 h post-dose (AUC,_3), St George's
Respiratory Questionnaire (SGRQ) responder rate (=4-unit improvement), SGRQ total score, and rescue medication use at 12 and
24 weeks. Safety was also assessed. From 5683 citations, the meta-analysis included eight clinical trials. LAMA/LABA significantly
improved FEV, trough (Week 12: 63.0 mL, 95% confidence intervals [CI]: 39.2, 86.8; Week 24: 66.1 mL, 95% Cl: 40.0, 92.3), peak (Week
12: 91.5 mL, 95% Cl: 70.5, 112.4; Week 24: 92.4 mL, 95% Cl: 72.9, 111.9), AUCy_3 (Week 12: 126.8 mL, 95% Cl: 108.1, 145.4), SGRQ
responder rate at Week 12 (risk ratio: 1.19; 95% Cl: 1.09, 1.28), mean SGRQ total score (Week 12: —1.87, 95% Cl: —2.72, —1.02; Week
24: —1.05, 95% Cl: —2.02, —0.09), and rescue medication use (Week 24: —0.47 puffs/day, 95% Cl: —0.64, —0.30) versus TIO (all p <
0.03). The SGRQ responder rate at 24 weeks and adverse events were not significantly different between treatments. US-approved

LAMA/LABA therapies improved lung function, SGR,Q and rescue medication use versus TIO, without compromising safety.
npj Primary Care Respiratory Medicine (2018) 28:32 ; doi:10.1038/541533-018-0099-1

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is associated with
chronic morbidity and mortality’ and accounted for 39.1 deaths
per 100,000 people in the USA in 2014, according to the Centers
for Disease Control and Prevention (https://www.cdc.gov/copd/
data.html, accessed Aug 2017). As patients with COPD often
experience a poor quality of life (QoL)?> and incur substantial
healthcare costs®, determining the optimum maintenance therapy
to improve their lung function, reduce the number and severity of
exacerbations, improve QoL and reduce the overall costs is of
primary importance.” Maintenance therapy that includes a long-
acting muscarinic antagonist (LAMA)/long-acting beta-agonist
(LABA) combination has been recommended by Global Initiative
for Chronic Obstructive Lung Disease (GOLD) 2017 as an
appropriate starting treatment regimen for patients with COPD
who are symptomatic and are at risk for exacerbations.’

The GOLD guidance has led to the increasing use of fixed-dose
dual bronchodilators (LAMA/LABA) in the USA.> Several network
meta-analyses have demonstrated increased efficacy in terms of
lung function for individual LAMA/LABA combination therapies
compared with LAMA alone, with no significant difference in the
number of adverse events (AEs),” but these prior reports did not
focus on the efficacy and safety of doses and formulations
approved for use in the USA. Following on from these studies, the
goal of this systematic review and meta-analysis is to assess the

relative efficacy, as measured by lung function, heath-related QoL
and rescue medication use, and the relative safety of LAMA/LABA
at US-approved dosages as a class compared with TIO, as the
leading LAMA monotherapy, in patients with moderate-to-severe
COPD.

RESULTS

Systematic literature review

Of the 5683 citations identified, 15 publications reporting on
seven clinical trials were identified for data extraction (Figure S1).
Two additional trials (DB2116960 and PINNACLE 1), not identified
in the original search as they were published after the search date,
were also included. The search of the clinical trial registries
identified nine trials for inclusion. Of these nine trials, eight were
matched to trials identified in the literature search and one was an
ongoing trial (DB204990; NCT02799784). All trials included in this
meta-analysis compared TIO 5 or 18 ug with LAMA/LABA; there
were no trials identified that compared GLY/IND 15.6/27.5 ug BID
with TIO (Fig. 1). Inhaled corticosteroids (ICS) therapy was allowed
in all trials, with ICS use at baseline ranging from 33.7% (PINNACLE
1) to 54.4% (ZEP117115) of patients.
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Critical appraisal and feasibility assessment

Overall, the risk-of-bias assessment demonstrated that most trials
included a low risk of bias as they used randomization generation,
allocation concealment, and blinding for both trial participants
and caregivers (Table 1). However, PINNACLE 1, which included an
open-label TIO arm, was assigned a high risk of bias due to
inadequate blinding of participants, personnel, and outcome
assessors. In addition, the blinding of the outcome assessors and
handling of missing data were not described in half of the trials.

Following a feasibility assessment, one trial (DB2116960) was
excluded as an outlier based on differences in trial design and
patient characteristics (milder COPD population not receiving ICS
therapy; Table 2 and supplementary materials [Table S3]). There-
fore, eight trials were included in the analysis. The excluded trial
was included in a scenario analysis which demonstrated results
consistent with the base case (data not shown).

Meta-analysis: efficacy and safety

FEV, trough at 12 and 24 weeks were the most heterogeneous
endpoints (% 71-74%, p<0.01) and were analyzed using a
random effects meta-analysis model. The remaining endpoints
were analyzed using a fixed effect meta-analysis model (Table S4).

FEV; trough

At 12 weeks, the meta-analysis demonstrated that LAMA/LABA
treatment significantly improved FEV; trough by 63.0 mL (95%

LAMA/LABA DB2113360 Tiotropium
DB2113374
EeR ZEP117115
DB2116960*
TIO 18
(62.5/25) 2
M
GLY/FOR |
(18/9.6 BID) TONADO 1
TONADO 2
TIO/OLO OTEMTO 2
TIO 5
(5/5)

Fig. 1 Global network of trials. *Based on the results of the
feasibility assessment, the DB2116960 trial was excluded from the
meta-analysis due to differences in trial design and patient
characteristics. BID twice daily, FOR formoterol, GLY glycopyrrolate,
LABA long-acting beta agonist, LAMA long-acting muscarinic
antagonist, OLO olodaterol, TIO tiotropium, UMEC umeclidinium, V/
vilanterol

confidence intervals [Cl]: 39.2, 86.8) compared with TIO (p <0.01).
At 24 weeks, the improvement remained significant (66.1 mL; 95%
Cl: 40.0, 92.3; p < 0.01) (Table 3, Figs. 2 and 3).

FEV, peak

Compared with TIO, the meta-analysis demonstrated that LAMA/
LABA treatment was associated with significant improvements in
FEV, peak at both 12 and 24 weeks, with a pooled effect size of
91.5mL (95% ClI: 70.5, 112.4) and 924 mL (95% Cl: 72.9, 111.9),
respectively (p < 0.01; Table 3, Figs. 2 and 3).

FEV; AUGCy_3

For FEV; AUCy_3 the meta-analysis demonstrated that dual
bronchodilation with LAMA/LABA provided a significant improve-
ment of 126.8 mL (95% Cl: 108.1, 145.4) at 12 weeks versus TIO (p
<0.01; Table 3, Fig. 2). No meta-analysis was conducted for FEV,
AUC at Week 24 as data were only reported in TONADO 1 and 2.
However, published pooled results showed a significant improve-
ment of 110 mL for LAMA/LABA versus TIO.®

SGRQ responder rate

At 12 weeks, LAMA/LABA demonstrated a 19% greater SGRQ
responder rate than TIO (risk ratio [RR]: 1.19, 95% Cl: 1.09, 1.28; p <
0.01). The SGRQ responder rates at 12 weeks ranged from 51.8%
to 58.7% for LAMA/LABA combinations and from 41.1% to 53.2%
for TIO across all trials (Table S5). At 24 weeks, LAMA/LABA was
associated with a 5% greater responder rate than TIO (RR: 1.05,
95% Cl: 0.97, 1.14); however, the effect was not significant (p =
0.24; Table 3, Figs. 2 and 3). The SGRQ responder rates at 24 weeks
ranged from 37.6% to 54.2% for LAMA/LABA combinations and
from 38.4% to 54.7% for TIO across all trials (Table S5).

SGRQ total score

The meta-analysis demonstrated that LAMA/LABA significantly
improved SGRQ total score at 12 weeks compared with TIO
(improvement of 1.87 points, 95% Cl: —2.72, —1.02; p <0.01).
Similar results were observed at 24 weeks (improvement of 1.05
points, 95% Cl: —2.02, —0.09; p = 0.03; Table 3, Figs. 2 and 3).

Rescue medication use

There were no trials that reported rescue medication use at
12 weeks, so no meta-analysis was performed for this time point.
At 24 weeks, rescue medication use was significantly reduced by
0.47 puffs/day (95% Cl: —0.64, —0.30; p<0.01) in patients
receiving LAMA/LABA compared with those receiving TIO (Table 3,
Fig. 3).

Table 1. Level of bias of included studies

Random sequence Allocation Blinding of participants Blinding of Incomplete Selective Other bias

generation concealment and personnel outcome outcome data reporting

assessors

DB2113360 Low Low Low Low Low Low Low
DB2113374 Low Low Low Low Low Low Low
ZEP117115 Low Low Low Low Low Low Low
DB2116960 Low Low Low Low Low Low Low
PINNACLE 1 Low Low High High Unclear Low Low
TONADO 1 Low Low Low Unclear Unclear Low Unclear
TONADO 2 Low Low Low Unclear Unclear Low Unclear
OTEMTO 1 Unclear Unclear Low Unclear Unclear Low Low
OTEMTO 2 Unclear Unclear Low Unclear Unclear Low Low

npj Primary Care Respiratory Medicine (2018) 32

Published in partnership with Primary Care Respiratory Society UK



Systematic literature review and meta-analysis of...

MK Han et al.
Table 2. Study design and patient characteristics identified from the systematic literature review (arms of interest only)
Study Treatments (ITT) Trial duration Male Age, y Current Severe or very ICS use Pack years Mean FEV1® FEV, % predicted
(weeks) (%) (SD) smoker severe? (%) (SD) (L) (SD)
(%) (%)

DB2113360'? UMEC/VI; 62.5/ 24 69.8 63 (8.7) 46.2 50.5 43.9 448 (27.7) 1.31 (0.487) 48 (12.9)
25 pg;
OD (n=212)
TIO; 18 pg; 673 626 (94) 476 529 44.7 419 (244) 1.30(0.502) 47.8 (13.4)
OD (n=208)

DB2113374'2 UMEC/VI; 62.5/ 24 645 65.0 (8.6) 424 50.7 47.5 47.8 (26.1) 1.17 (0.466) 47.7 (13.5)
25 pg;
OD (n=217)
TIO; 18 pug; 712 652 (83) 474 51.6 53.5 54.0 (31.6) 1.18 (0.429) 47.4 (13.1)
OD (n=215)

ZEP117115"3 UMEC/VI; 62.5/ 24 683 619 (84) 595 59.3 54.4 441 (244) 1.26 (0.460) 46.2 (13.0)
25 pg;
OD (n=454)
TIO; 18 ng; 67.2 627 (85) 537 579 525 44.4 (25.0) 1.26 (0.477) 46.5(12.8)
OD (n=451)

DB2116960'° UMEC/VI; 62.5/ 12 66.0 64.5(8.7) 522 1.3 NR 38.6 (20.5) NR 59.8 (5.5)
25 pg;
OD (n=247)
TIO; 18 ug; 648 643 (8.7) 478 13.8 NR 404 (20.2) NR 594 (5.3)
OD (n=247)

PINNACLE 1?°  GLY/FOR; 18/9 ng; 24 55.1 626 (84) 534 46.0 337 509 (26.8) NR 51.4 (13.6)
BID (n=526)
TIO; 18 ng; 596 63.0(86) 528 47.2 36.4 53.0 (27.5) NR 51.4 (13.8)
OD (n=451)

TONADO 18 TIO/OLO; 5/5 pg; 52 736 648(8.2) 36.2 50.6 51.7 NR 1.17 (0.47) 49.5 (15.2)
OD (n=522)
TIO; 5 pug; 727 642 (85) 357 50.1 45.0 NR 1.20 (0.50) 49.7 (15.3)
OD (n=527)

TONADO 28 TIO/OLO; 5/5 pug; 52 68.8 62.7 (84) 416 51.8 46.5 NR 1.19 (0.51) 49.1 (15.4)
OD (n=507)
TIO; 5 pg; 735 635 (87) 36.0 49.6 453 NR 1.20 (0.51) 49.7 (16.1)
OD (n = 506)

OTEMTO 17 TIO/OLO; 5/5 pg; 12 56.2 64.7 (8.9) 547 36.0 419 NR 1.32 (0.491) 54.9 (12.0)
OD (n=203)
TIO; 5 pg; 61.1 649 (82) 483 37.0 379 NR 1.31 (0.458) 54.7 (12.8)
OD (n=203)

OTEMTO 27 TIO/OLO; 5/5 pg; 12 658 65.2(85) 455 38.1 356 NR 1.36 (0.467) 54.8 (12.8)
OD (n=202)
TIO; 5 pg; 640 64.7 (84) 448 325 35.0 NR 1.40 (0.511) 559 (12.2)
OD (n=203)

BID twice daily, FEV; forced expiratory volume in 1s, FOR formoterol, GLY glycopyrrolate, ICS inhaled corticosteroids, /TT intent-to treat population, NR not

reported, OD once daily, OLO olodaterol, SD standard deviation, TIO tiotropium, UMEC umeclidinium

2 Calculated severe and very severe patients °Pre-bronchodilator

Safety
At 24 weeks, treatment with LAMA/LABAs did not significantly
affect the proportion of patients experiencing AEs (RR: 1.05, 95%
Cl: 0.98, 1.13, p=0.17) or SAEs (RR: 1.10, 95% Cl: 0.81, 147, p=
0.55) compared with TIO (Table 3, Fig. 3). In addition, an
exploratory analysis, which also included 52-week data from the
TONADO 1 and 2 trials with the 24-week data, also demonstrated
that there was no significant difference between the two
treatments in the proportion of patients experiencing AEs (RR:
1.03, 95% Cl: 0.99, 1.07, p=0.19) or SAEs (RR: 1.02, 95% CI: 0.87,
1.20, p = 0.81) (Table 3, Figure S2).

The results of the meta-analyses for each endpoint were
broadly consistent with the individual trial results (Table S5).

DISCUSSION

The results presented here demonstrate that 12 weeks of
treatment with LAMA/LABA significantly improves lung function
(FEV; trough, FEV, peak) and QoL (SGRQ responder rate and total
score) compared with TIO. Data from studies examining 24 weeks
of treatment demonstrated similar improvements in FEV; trough,

Published in partnership with Primary Care Respiratory Society UK

FEV, peak, and SGRQ total score in addition to improvements in
rescue medication use, although significant improvements in
SGRQ responder rates with LAMA/LABA versus TIO were not
maintained at 24 weeks. The present analysis also demonstrates
that dual bronchodilation with LAMA/LABA therapy was not
associated with any additional safety concerns compared with
LAMA treatment alone, as there were similar proportions of
patients with AEs who were receiving LAMA/LABA or TIO.

GOLD 2017 currently recommends that symptomatic patients
with COPD can be initially treated with a LAMA, and then stepped
up to receive a LAMA/LABA combination if they remain
symptomatic.' In addition, patients with COPD experiencing
severe breathlessness may also be recommended a LAMA/LABA
combination as the first line of treatment.! Our meta-analysis
demonstrated improvements in lung function, reduced rescue
medication use, and a similar safety profile with dual bronchodi-
lator therapy as compared with LAMA monotherapy with TIO. Our
results are consistent with two previous meta-analyses showing
that LAMA/LABA treatment significantly improved lung function
and QoL without significantly affecting the safety profile versus
LAMA in patients with stable or moderate-to-severe COPD.>”’
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FEV, trough; ACFB (mL)

FEV; peak; ACFB (mL)

FEV; AUC; ACFB (mL)

SGRQ responder rate; risk ratio
SGRQ total score; ACFB

Table 3. Overview of all meta-analysis outcomes
Outcome LAMA/LABA versus TIO results
(95% Cnt
12 weeks

62.96 (39.16; 86.75)**
91.45 (70.48; 112.41)**
126.75 (108.13; 145.37)**
1.19 (1.09; 1.28)**

—1.87 (—-2.72; —1.02)**

RMU; ACFB (puffs/day) N/A
AEs; risk ratio N/A
SAEs; risk ratio N/A

24 weeks

FEV, trough; ACFB (mL)

FEV, peak; ACFB (mL)

FEV, AUC; ACFB (mL)

SGRQ responder rate; risk ratio
SGRQ total score; ACFB

RMU; ACFB (puffs/day)

AEs; risk ratio

66.10 (39.95; 92.25)**
92.41 (72.94; 111.88)**
N/A

1.05 (0.97; 1.14)

—1.05 (—2.02; —0.09)*
—0.47 (—0.64; —0.30)**
1.05 (0.98; 1.13
1.03 (0.99; 1.07
1.10 (0.81; 1.47
1.02 (0.87; 1.20)*

Exploratory analyses *

SAEs; risk ratio
Exploratory analyses

)
)
)
)

AE adverse event, AUC area under curve, ACFB difference in change from
baseline; CI confidence interval, FEV; forced expiratory volume in 15, LABA
long-acting beta agonist, LAMA long-acting muscarinic antagonist, N/A not
applicable, RMU rescue medication use, SAE serious adverse event, SGRQ St
Georges Respiratory Questionnaire, TIO tiotropium

*p <0.05 **p < 0.01 TResults are shown for either the fixed effect model (p-
value for heterogeneity test is 20.05) or the random effects model (p-value
for heterogeneity test is <0.05) *Exploratory analysis including TONADO 1
and TONADO 2 at 52 weeks

These studies included similar LAMA/LABA combinations to this
meta-analysis and included 3-4 of the same studies, which may
explain some of the consistency between the findings. One of
these previous meta-analyses showed that LAMA/LABA combina-
tions (UMEC/VI 62.5/25 and 125/25 pg, IND/GLY 110/50 pg, TIO/
IND 18/150 pg, and TIO/OLO 5/5, 18/5, and 2.5/5 pg) improved
lung function and SGRQ scores from 3 to 12 months versus
LAMA.” The second meta-analysis demonstrated that LAMA/LABA
combinations of UMEC/VI 62.5/25 pg, IND/GLY 27.5/15.6 and 110/
50 ug, and TIO/OLO 5/5 ug also improved FEV, trough (12, 24-26,
and 52 weeks), FEV, peak (12 and 24-26 weeks), SGRQ total scores
(12 and 24 but not 52 weeks), and rescue medication use
(12-64 weeks) versus LAMA in patients with moderate-to very
severe COPD.? In the present study, the reason why the significant
improvements in SGRQ responder rates observed at 12 weeks
were not maintained at 24 weeks is unclear. Likewise, our findings
are in-keeping with a 2015 Cochrane review which addressed the
relative effects on markers of QoL, lung function, symptoms, and
SAEs in patients with moderate-to severe COPD randomized to
LABA + TIO versus either TIO or LABA alone.” Like our study, this
review demonstrated that compared with TIO alone, LABA + TIO
resulted in improvements in FEV; as well as in SGRQ score,
although between-treatment differences did not always reach the
MCID (100 mL for FEV; and 4 units for SGRQ). However, similar to
the present study, a SGRQ responder analysis indicated that 7%
more participants receiving LABA 4+ TIO had a clinically mean-
ingful benefit compared with TIO therapy alone.

npj Primary Care Respiratory Medicine (2018) 32

The main strength of this study is that it provides important
information about the use of LAMA/LABA combination therapies
at US-approved doses, a topic which to date has had limited
attention. However, our study is not without limitations. One of
the limitations is that TIO was the only LAMA monotherapy
considered as a comparator to the dual bronchodilators, of which
only one contains TIO as a component. TIO was selected as it was
the most commonly used LAMA monotherapy in the USA,
representing over 70% of the entire bronchodilator market at
the time the literature search was conducted,'® and was therefore
considered to be the most appropriate choice of comparator in
this study. An additional limitation of this study was that no trials
were identified that compared GLY/IND 15.6/27.5 ug BID, one of
the four US-approved LAMA/LABA therapies, with TIO, which may
limit the generalizability of the conclusions to all LAMA/LABA
therapies approved for COPD in the US. However, as previous
studies have demonstrated that GLY/IND 15.6/27.5 ug BID may
provide significant improvements in lung function versus GLY or
IND,"" it is likely that that GLY/IND 15.6/27.5 ug BID would perform
better than TIO at improving lung function. Finally, additional
patient-important outcomes such as exacerbation events and
hospitalizations were not evaluated in this meta-analysis. These
may have been interesting outcomes to highlight the potential
clinical implications of treatment with LAMA/LABA therapy
compared with TIO and would benefit from further study.

As the majority of published studies, including the studies
mentioned above, use non-US-approved doses of LAMA/LABA
(IND/GLY 110/50 ug” and TIO/IND 18/150 ug’), it is difficult to
assess the efficacy of LAMA/LABA combinations versus LAMA in
patients with COPD in the USA. Based on the limited studies
conducted using LAMA/LABA at US-approved doses, future
treatment strategies in COPD would benefit from further studies
comparing the number of exacerbations between US-approved
LAMA/LABA therapies and LAMA monotherapy in patients with
moderate-to very severe COPD. Previous studies conducted using
US-approved doses of UMEC/VI 62.5/25 pg have demonstrated
that the time to first exacerbation was similar compared with
LAMA or TIO in patients with moderate-to-severe COPD.'?
However, the percentage of exacerbations were lower with
UMEC/VI 62.5/25 ug treatment versus TIO."

Although our study has demonstrated the benefits of LAMA/
LABA dual bronchodilation versus TIO, another meta-analysis has
indicated that LAMA/LABA treatment may also provide improve-
ments in lung function and rescue medication use but not SGRQ
score over LABA/ICS.” Further research is needed to examine why
the improvements in lung function did not translate into
sustained improvements in SGRQ response.

Overall, this meta-analysis demonstrates that treatment with
LAMA/LABA improves lung function, reduces symptoms, and
improves QoL compared with TIO, without significantly increasing
the risk of AEs in patients with moderate-to-severe COPD. These
results support the current objectives of GOLD 2017 and COPD
foundation 2017 guidelines, which are to reduce the impact of
symptoms"'* and reduce the risk of AEs in patients with COPD."

MATERIALS AND METHODS

Systematic literature review

This was a systematic literature review (GSK protocol: 206938) following
Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines, to identify randomized clinical trials of >8 weeks
duration in patients with moderate-to-severe COPD. The primary search
was conducted in MEDLINE, MEDLINE In-process, and EMBASE, with
additional searches of the Cochrane Central Register of Controlled Trials
(Cochrane CENTRAL), Cochrane Database of Systematic Reviews (Cochrane
CDSR), and Database of Abstracts of Reviews of Effects (DARE). The search
strategies combined ‘disease terms’ with ‘trial design terms’ and were
restricted to the English language with no time restrictions up until the

Published in partnership with Primary Care Respiratory Society UK



Trough FEV, at 12 weeks

Study name

DB2113360
DB2113374
ZEP117115
PINNACLE 1
TONADO 1
TONADO 2
OTEMTO 1
OTEMTO 2

Fixed effect model
=) Random effects model

MD (95% Cl)

80.00 (31.98, 128.02)
95.00 (52.08, 137.92)
109.00 (78.03, 139.97)
24.00 (—4.42, 52.42)
76.00 (39.15, 112.85)
59.30 (22.45, 96.15)
28.00 (-9.24, 65.24)
39.00 (1.76, 76.24)

61.17 (48.45, 73.90)
62.96 (39.16, 86.75)

Heterogeneity: 12=71%, t>=818.9, p < 0.01
Test for overall effect (random effects): z=5.19, p < 0.01

Peak FEV, at 12 weeks

Study name

DB2113360
DB2113374
ZEP117115
PINNACLE 1

mm) Fixed effect model
Random effects model
Heterogeneity: ’=0%, t?=0, p = 0.67

MD (95% Cl)

63.00 (12.04, 113.96)
104.00 (57.94, 150.06)
95.00 (61.48, 128.52)
95.00 (51.49, 138.51)

91.45(70.48, 112.41)
91.45(70.48, 112.41)

Test for overall effect (fixed effect): z=8.55, p < 0.01

FEV, AUC at 12 weeks

Study name

TONADO 1
TONADO 2
OTEMTO 1
OTEMTO 2

=) Fixed effect model
Random effects model

MD (95% Cl)

156.00 (118.76, 193.24)
135.00 (97.76, 172.24)
111.00 (73.76, 148.24)
105.00 (67.76, 142.24)

126.75 (108.13, 145.37)
126.75 (103.80, 149.70)

Heterogeneity: =34%, 1?=187.2, p = 0.21
Test for overall effect (fixed effect): z=13.34, p < 0.01

SGRAQ responder rate at 12 weeks

Study name

DB2113360
DB2113374
ZEP117115
OTEMTO 1
OTEMTO 2

=) Fixed effect model
Random effects model
Heterogeneity: #=0%, 1*=0, p = 0.60

RR (95% Cl)

1.06 (0.88, 1.28)
1.11(0.93, 1.33)
1.22 (1.06, 1.39)
1.27 (1.03, 1.58)
1.26 (1.01, 1.56)

1.19 (1.09, 1.28)
1.18 (1.09, 1.28)

Test for overall effect (fixed effect): z=4.17, p < 0.01

SGRAQ total score at 12 weeks

Study name

DB2113360
DB2113374
ZEP117115
OTEMTO 1
OTEMTO 2

=) Fixed effect model
Random effects model
Heterogeneity: ’=0%, ©*=0, p = 0.71

MD (95% Cl)

-0.23 (-2.76, 2.30)
-2.01 (-4.48, 0.46)
—2.08 (-3.45,-0.71)
—2.49 (-4.47,-0.51)
-1.72 (-3.62, 0.18)

-1.87 (-2.72, -1.02)
-1.87 (-2.72, -1.02)

Test for overall effect (fixed effect): z=4.30, p < 0.01
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7.0% 10.4% <
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16.9% 13.8% <
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11.9% 12.6% <
1.9%  12.6% <
1.7% 12.5% =
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- 100.0% ——
Weight Weight
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Trough FEV, at 24 weeks

Study name MD (95% Cl) Weight  Weight [Favors LAMALLABA |
(fixed) (random)
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Fig. 3 Forest plots of LAMA/LABA versus TIO at 24 weeks. AE adverse event, CFB change from baseline, C/ confidence interval, FEV; forced
expiratory volume in 1s, I? proportion of variability across trials due to heterogeneity, LABA long-acting beta agonist, LAMA long-acting
muscarinic antagonist, MD mean difference, RMU rescue medication use, RR risk ratio, SAE serious adverse event, SGRQ St Georges Respiratory
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search date (November 29, 2016). The search strategies used for the
systematic literature review are included in Table S1. Each trial was
screened for relevance by a researcher and confirmed by another, based
on the eligibility criteria described in Table S2.

Additionally, two clinical trial registries were searched to identify
planned or ongoing studies: clinicaltrials.gov (National Institute of Health)
from the USA and the Clinical Trials Registry Platform Search Portal (ICTRP)
from the World Health Organization (WHO). No time restrictions were used
for the searches. Studies identified through the search of clinical trial
registries were cross-checked against those identified from the systematic
literature review.

After trials had been identified, the key trial design details, patient
characteristics, and outcomes were extracted from tables, text, and figures.
Digitizelt software was used to extract data from figures. Data extraction
was performed by one researcher and checked by another. Inconsistencies
were discussed between the researchers or with a third, independent
researcher.

Endpoints

Endpoints included difference in change from baseline (ACFB) in forced
expiratory volume in 1s (FEV,) trough, peak, and area under the curve at
0-3 h post-dose (AUCy_3) at 12 and 24 weeks. FEV,; was chosen as an
endpoint as it assesses lung function by measuring the volume of air,
usually in mL or L, expelled by the lungs within 1s after the lungs have
been filled by taking a deep breath. Lower FEV,; values are associated with
more airway obstruction or bronchoconstriction. FEV, trough refers to the
FEV, calculated at the end of a 24-h dosing interval, whereas peak FEV; is
the maximum value observed after drug administration. The AUC is
calculated from the FEV,-time curve, which is plotted using measurements
taken pre- and post-dose.

St George’s Respiratory Questionnaire (SGRQ) responder rate and the
ACFB in SGRQ total score was also evaluated at 12 and 24 weeks. The SGRQ
is a respiratory-specific QoL patient-reported outcome (PRO) tool that
assesses the domains of symptoms, activity, and impact on health status in
COPD, with lower total scores indicating improved health status.”” The
SGRQ responder rate describes the percentage of patients with at least a
minimal clinically important difference (MCID) of a 4-unit reduction from
baseline in SGRQ total score.'®

Additional endpoints included ACFB in rescue medication use, as
measured by the number of puffs per day at 12 and 24 weeks, the
proportion of patients reporting AEs and serious AEs (SAEs) at 24 weeks.
No meta-analysis was conducted for AEs or SAEs at 12 weeks, as we
considered this too short a time point to provide the most clinically
meaningful results for safety. For each time point, trials were included if
they reported these endpoints within a margin of 4 weeks (8-16 and
20-28 weeks, respectively).

Treatments

Trials that were identified were used to compare TIO 5 pg once daily (OD)
(Respimat) or TIO 18 ug OD (Handihaler) with umeclidinium (UMEC)/
vilanterol (VI) 62.5/25ug OD (Anoro), olodaterol (OLO)/TIO 5/5ug OD
(Stiolto), glycopyrrolate (GLY)/formoterol (FOR) 18/9.6 ug twice daily (BID)
(Bevespi), and GLY/indacaterol (IND) 15.6/27.5 ug BID (Utibron).

Critical appraisal and feasibility assessment

The trial design and methodology of all identified trials were critically
appraised using the Cochrane risk-of-bias assessment questionnaire.'” This
questionnaire assessed whether trials were at risk of bias based on the
level of blinding, allocation concealment, randomization methods,
selective reporting, and completeness of outcome data.

A feasibility analysis was performed to evaluate the possibility of
performing a meta-analysis of LAMA/LABA versus TIO in patients with
moderate-to-severe COPD. Across the trials, the analysis assessed
differences in trial design and patient characteristics which would affect
the comparative treatment effects, the availability and comparability of
data reported, and the specificities of the evidence base identified. The
assessment allowed for the selection of trials with similar treatment
duration and dosages for analysis.

Statistical analysis

Risk ratios of LAMA/LABA over TIO were calculated for SGRQ responder
rates, AEs, and SAEs. Values of >1 (SGRQ responder rate) or <1 (AEs and
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SAEs) indicated more favorable results for LAMA/LABA treatment versus
TIO.

The statistical approach was prospectively planned and both fixed and
random effects models were employed for the meta-analysis; model
selection was data-driven. The fixed effect model assumed that each trial
measured the same parameter with no variation in the source population,
whereas the random effects model allowed trial outcomes to vary in a
normal distribution between trials. Clinical and methodological hetero-
geneity was determined using /%, which is a statistic that expresses the
inconsistency of results between studies. Depending on the outcome type,
different statistical methods were used to analyze the meta-analysis
results. These included the inverse variance method (T2 for continuous
outcomes and the Mantel-Haenszel methods for dichotomous outcomes.
The Mantel-Haenszel method is generally preferable to the inverse
variance for dichotomous outcomes; however, it often results in similar
estimates to the inverse variance method.'” Further analysis details are
included in the supplementary materials. Analyses were conducted using R
software® version 1.0.44 (RStudio, Inc,, Boston, MA, USA) and meta and
metafor meta-analysis packages.'®

DATA AVAILABILITY

All data generated or analyzed during this study are included in this published article
(and its supplementary information files). Information on GSK's data sharing
commitments and  requesting access can be found at www.
clinicalstudydatarequest.com. GSK (Study number: 206938)

ACKNOWLEDGEMENTS

We gratefully acknowledge the editorial support of Fishawack Indicia Ltd. Editorial
support in the form of initial preparation of the outline based on input from all
authors, and collation and incorporation of author feedback to develop subsequent
drafts, assembling tables and figures, copyediting, and referencing was provided by
Rachael Baylie, PhD, of Fishawack Indicia Ltd, UK, and was funded by GSK. The work
presented here, including the conduct of the study, data analysis, and interpretation,
was funded by GSK (GSK study number: 206938 [HO-17-17522]). The funders of the
study had a role in study design, data analysis, data interpretation, and writing of the
report. The corresponding author had full access to all the data and the final
responsibility to submit for publication. Study conduct and data analyses were
performed by MAPI and funded by GSK. No funding was provided to MAPI
employees for manuscript development.

AUTHOR CONTRIBUTIONS

RR., MKKH, B.H., JF, and C.M. were involved with the conception or design of the
study. J.F. and C.M. contributed to the acquisition of data and all authors contributed
to data analysis and interpretation. All authors were involved in the preparation and
review of the manuscript and approved the final version to be submitted. B.H. is the
guarantor and accepts full responsibility for the work and/or the conduct of the
study, had access to the data, and controlled the decision to publish.

ADDITIONAL INFORMATION

Supplementary information accompanies the paper on the npj Primary Care
Respiratory Medicine website (https://doi.org/10.1038/541533-018-0099-1).

Competing interests: The authors met the criteria for authorship as recommended
by the International Committee of Medical Journal Editors. RR. and B.H. are
employees of GSK and hold stocks/shares in GSK, but received no direct
compensation related to the development of this manuscript. M.K.H. is an employee
of University of Michigan, and reports consulting fees from Boehringer Ingelheim,
GSK and AstraZeneca. She also reports research support from Novartis and Sunovion.
JF. and CM. are employees of MAPI, a healthcare consulting company contracted
by GSK for the conduct of this study. Anoro is owned by or licensed to the GSK
group of companies. Respimat, Handihaler, and Stiolto are registered trademarks of
Boehringer Ingelheim. Bevespi is a registered trademark of the AstraZeneca group
of companies and Utibron is a trademark of Novartis AG, used under license. GSK also
supported publication of this article.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

npj Primary Care Respiratory Medicine (2018) 32


https://doi.org/10.1038/s41533-018-0099-1

np)

Systematic literature review and meta-analysis of...
MK Han et al.

8

REFERENCES

1.

10.
11.

Global Strategy for the Diagnosis, Management and Prevention of Chronic
Obstructive Pulmonary Disease (GOLD). http://www.goldcopd.org/ (2017).

. Seemungal, T. A. et al. Effect of exacerbation on quality of life in patients with

chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 157,
1418-1422 (1998).

. Punekar, Y. S., Shukla, A. & Miillerova, H. COPD management costs according to

the frequency of COPD exacerbations in UK primary care. Int. J. Chron. Obstruct.
Pulmon. Dis. 9, 65-73 (2014).

. Blanchette, C. M., Gross, N. J. & Altman, P. Rising costs of COPD and the potential

for maintenance therapy to slow the trend. Am. Health Drug Benefits 7, 98-106
(2014).

. Rodrigo, G. J. et al. LABA/LAMA combinations versus LAMA monotherapy or

LABA/ICS in COPD: a systematic review and meta-analysis. Int. J. Chron. Obstruct.
Pulmon. Dis. 12, 907-922 (2017).

. Huisman, E. L., Cockle, S. M., Ismaila, A. S., Karabis, A. & Punekar, Y. S. Comparative

efficacy of combination bronchodilator therapies in COPD: a network meta-
analysis. Int. J. Chron. Obstruct. Pulmon. Dis. 10, 1863-1881 (2015).

. Oba, Y, Sarva, S. T. & Dias, S. Efficacy and safety of long-acting beta-agonist/long-

acting muscarinic antagonist combinations in COPD: a network meta-analysis.
Thorax 71, 15-25 (2016).

. Buhl, R. et al. Tiotropium and olodaterol fixed-dose combination versus mono-

components in COPD (GOLD 2-4). Eur. Respir. J. 45, 969-979 (2015).

. Farne, H. A. & Cates, C. J. Long-acting beta2-agonist in addition to tiotropium

versus either tiotropium or long-acting beta2-agonist alone for chronic
obstructive pulmonary disease. Cochrane Database Syst. Rev. Cd008989, https://
doi.org/10.1002/14651858.CD008989.pub3 (2015).

IMS Database. Available from https://www.iqvia.com/ Accessed March 2018.
Mahler, D. A. et al. FLIGHT1 and FLIGHT2: efficacy and safety of QVA149 (Inda-
caterol/Glycopyrrolate) versus its monocomponents and placebo in patients with
chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 192,
1068-1079 (2015).

. Decramer, M. et al. Efficacy and safety of umeclidinium plus vilanterol versus

tiotropium, vilanterol, or umeclidinium monotherapies over 24 weeks in patients
with chronic obstructive pulmonary disease: results from two multicentre, blin-
ded, randomised controlled trials. Lancet Respir. Med. 2, 472-486 (2014).

. Maleki-Yazdi, M. R,, Kaelin, T., Richard, N., Zvarich, M. & Church, A. Efficacy and

safety of umeclidinium/vilanterol 62.5/25 mcg and tiotropium 18 mcg in chronic

npj Primary Care Respiratory Medicine (2018) 32

20.

21.

obstructive pulmonary disease: results of a 24-week, randomized, controlled trial.
Respir. Med. 108, 1752-1760 (2014).

. Yawn, B. et al. A statement of the COPD Foundation: The 2017 update to the

COPD Foundation COPD Pocket Consultant Guide. Chronic Obstr. Pulm. Dis. 4,
177-185 (2017).

. Jones, P. W, Quirk, F. H,, Baveystock, C. M. & Littlejohns, P. A self-complete

measure of health status for chronic airflow limitation: the St. George’s respira-
tory questionnaire. Am. Rev. Respir. Dis. 145, 1321-1327 (1992).

. Jones, P. W. St. George’s Respiratory Questionnaire: MCID. COPD 2, 75-79 (2005).
. Higgins, JP.T. & Green, S. (eds). Cochrane Handbook for Systematic Reviews of

Interventions Version 5.1.0 [updated March 2011]. www.handbook.cochrane.org

. Viechtbauer, W. Meta-Analysis Package for R—Package ‘metafor’ (version 1.9-9)
(2016).
. Kerwin, E. M. et al. Umeclidinium/vilanterol as step-up therapy from tiotropium in

patients with moderate COPD: a randomized, parallel-group, 12-week study. Int J
Chron Obstruct Pulmon Dis 12, 745-755 (2017).

Martinez, F. J. et al. Efficacy and Safety of Glycopyrrolate/Formoterol Metered
Dose Inhaler Formulated Using Co-Suspension Delivery Technology in Patients
With COPD. Chest 151, 340-357 (2017).

Singh, D. et al. Tiotropium + olodaterol shows clinically meaningful improve-
ments in quality of life. Respiratory medicine 109, 1312-1319 (2015).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2018, corrected publication 2021

Published in partnership with Primary Care Respiratory Society UK


http://www.goldcopd.org/
https://doi.org/10.1002/14651858.CD008989.pub3
https://doi.org/10.1002/14651858.CD008989.pub3
https://www.iqvia.com/
http://www.handbook.cochrane.org
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Systematic literature review and meta-analysis of US-approved LAMA/LABA therapies versus tiotropium in moderate-to-severe COPD
	Introduction
	Results
	Systematic literature review
	Critical appraisal and feasibility assessment
	Meta-analysis: efficacy and safety
	FEV1 trough
	FEV1 peak
	FEV1 AUC0&#x02013;nobreak3
	SGRQ responder rate
	SGRQ total score
	Rescue medication use
	Safety

	Discussion
	Materials and methods
	Systematic literature review
	Endpoints
	Treatments
	Critical appraisal and feasibility assessment
	Statistical analysis

	Electronic supplementary material
	Acknowledgements
	Author contributions
	Competing interests
	ACKNOWLEDGMENTS




