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Association of Inhaled Corticosteroids and Long-Acting
Muscarinic Antagonists With Asthma Control

in Patients With Uncontrolled, Persistent Asthma

A Systematic Review and Meta-analysis
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IMPORTANCE Long-acting muscarinic antagonists (LAMAs) are a potential adjunct therapy
to inhaled corticosteroids in the management of persistent asthma.

OBJECTIVE To conduct a systematic review and meta-analysis of the effects associated with
LAMA vs placebo or vs other controllers as an add-on therapy to inhaled corticosteroids and
the use of a LAMA as add-on therapy to inhaled corticosteroids and long-acting B-agonists
(LABAs; hereafter referred to as triple therapy) vs inhaled corticosteroids and LABA

in patients with uncontrolled, persistent asthma.

DATA SOURCES MEDLINE, EMBASE, Cochrane databases, and clinical trial registries (earliest
date through November 28, 2017).

STUDY SELECTION Two reviewers selected randomized clinical trials or observational studies
evaluating a LAMA vs placebo or vs another controller as an add-on therapy to inhaled
corticosteroids or triple therapy vs inhaled corticosteroids and LABA in patients with
uncontrolled, persistent asthma reporting on an outcome of interest.

DATA EXTRACTION AND SYNTHESIS Meta-analyses using a random-effects model was
conducted to calculate risk ratios (RRs), risk differences (RDs), and mean differences (MDs)
with corresponding 95% Cls. Citation screening, data abstraction, risk assessment, and
strength-of-evidence grading were completed by 2 independent reviewers.

MAIN OUTCOMES AND MEASURES Asthma exacerbations.

RESULTS Of 1326 records identified, 15 randomized clinical trials (N = 7122 patients) were
included. Most trials assessed adding LAMA vs placebo or LAMA vs LABA to inhaled
corticosteroids. Adding LAMA vs placebo to inhaled corticosteroids was associated with

a significantly reduced risk of exacerbation requiring systemic corticosteroids (RR, 0.67 [95%
Cl, 0.48 t0 0.92]; RD, -0.02 [95% Cl, -0.04 to 0.00]). Compared with adding LABA, adding
LAMA to inhaled corticosteroids was not associated with significant improvements in
exacerbation risk (RR, 0.87 [95% Cl, 0.53 to 1.42]; RD, 0.00 [95% Cl, -0.02 to 0.02]), or any
other outcomes of interest. Triple therapy was not significantly associated with improved
exacerbation risk vs inhaled corticosteroids and LABA (RR, 0.84 [95% Cl, 0.57 to 1.22];

RD, -0.01[95% Cl, -0.08 to 0.07]).

CONCLUSIONS AND RELEVANCE In this systematic review and meta-analysis, the use of
LAMA compared with placebo as add-on therapy to inhaled corticosteroids was associated
with a lower risk of asthma exacerbations; however, the association of LAMA with benefit
may not be greater than that with LABA. Triple therapy was not associated with a lower
risk of exacerbations.
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aily use of inhaled corticosteroids is the cornerstone

of the management of persistent asthma.! As disease

severity increases or control is determined to be sub-
optimal, current guidance suggests a stepwise approach in es-
calating therapy including increasing the inhaled corticoste-
roids dose, adding adjunctive therapies, or both. In patients
12 years and older, long-acting B-agonists (LABAs) are cur-
rently the preferred adjunctive therapy to inhaled corticoste-
roids. If control remains suboptimal, options include further
increasing the inhaled corticosteroids dose and adding ad-
juncts such as biologics or oral corticosteroids. Such thera-
pies expose patients to systemic effects of drugs and thus carry

a risk of more significant adverse effects.

In 2014, the tiotropium soft mist inhaler was the first
long-acting muscarinic antagonist (LAMA) approved for the
maintenance of asthma.? Several clinical trials have evalu-
ated LAMAs in the management of persistent asthma, a topic
identified as a key area for which current guidelines will be
updated.® The objective of this systematic review and meta-
analysis was to identify and analyze data comparing LAMA
with placebo or with other controllers as an add-on therapy
to inhaled corticosteroids and the use of a LAMA, inhaled
corticosteroids, and LABA (hereafter referred to as triple
therapy) vs inhaled corticosteroids and LABA in patients 12
years or older with uncontrolled, persistent asthma.

Methods

We developed and followed a standard protocol that was reg-
istered (PROSPERO 2016:CRD42016047985) and can be
found online.* This systematic review and meta-analysis
includes 3 of 6 research questions in the protocol. The other 3
questions examined the effect of intermittent inhaled corti-
costeroids in children with recurrent wheezing and children
or adults with persistent asthma. The final full report
addressing all 6 research questions is available on the Agency

for Healthcare Research and Quality website.>

Data Sources and Searches

We searched MEDLINE (Ovid MEDLINE, Ovid MEDLINE
In-Process and Other Nonindexed Citations), EMBASE, the
Cochrane Central Register of Controlled Trials, and the
Cochrane Database of Systematic Reviews via OVID from
inception through August 2016, updated through November
28, 2017 (eAppendix A in the Supplement). We supplemented
the bibliographic database searches with backward citation
tracking of relevant publications. We searched http://www
.clinicaltrials.gov and the World Health Organization Interna-
tional Controlled Trials Registry platform for ongoing studies
and those completed with reported results. In addition, the
Scientific Resource Center of the Agency for Healthcare
Research and Quality requested data from manufacturers.

Study Selection

We included studies that evaluated patients 12 years and older
with uncontrolled, persistent asthma! that compared LAMA
vs placebo or vs another controller as an add-on therapy to
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Key Points

Question What is the efficacy associated with long-acting
muscarinic antagonists (LAMAs) as add-on therapy to inhaled
corticosteroids in patients with uncontrolled, persistent asthma?

Findings In this meta-analysis that included 15 randomized clinical
trials with 7122 participants 12 years or older with uncontrolled,
persistent asthma, LAMA vs placebo as an add-on therapy to inhaled
corticosteroids was associated with a lower risk of exacerbations
requiring systemic corticosteroids (risk difference, -1.8).

Meaning LAMA use was associated with better clinical outcomes
than placebo in patients with uncontrolled, persistent asthma.

inhaled corticosteroids or that compared triple therapy vs in-
haled corticosteroids and LABA. We required that studies as-
sess 1 of the following outcomes: asthma exacerbations (sys-
temic corticosteroid use, hospitalization, emergency
department visits, intensive care or intubation, or as defined
by the study), mortality (all cause or asthma-specific), spirom-
etry (measured as peak, trough, and area under the curve [AUC]
values for forced expiratory volume in the first second [FEV,],
forced vital capacity [FVC], and FEV,/FVC); asthma control
(Asthma Control Test [ACT] or Asthma Control Question-
naires [ACQs; 5-,6-, or 7-item]), asthma-related quality of life
(Asthma Quality of Life Questionnaire [AQLQ], Mini AQLQ, and
AQLQ for 12 y and older [AQLQ +12]), and health care utiliza-
tion (additional medication use, additional health resource use
related to the intervention).

Asthma worsening was defined by studies as a progres-
sive increase in asthma symptoms compared with day-to-
day symptoms or a decrease in morning peak expiratory flow
(PEF) of 30% or more for 2 or more days. A responder was de-
fined as having a decrease in ACQ score by 0.5 points or more®
or increase in AQLQ score by 0.5 points or more.” A mini-
mally important change in FEV; was defined as an increase or
decrease of 0.2 L or more.® We considered for inclusion ran-
domized clinical trials (RCTs; parallel group or crossover trials),
prospective or retrospective observational cohort studies, and
case-control studies. We included crossover trials if out-
comes after the first treatment period were available or if the
washout period was a minimum of 6 weeks for inhaled corti-
costeroids and 4 weeks for LAMA and LABA. We did not ap-
ply restrictions in publication language or date.

We screened titles and abstracts using 2 independent in-
vestigators to determine if the citation met eligibility criteria.
We reviewed full-text publications when both reviewers agreed
a citation met eligibility criteria and resolved disagreements
through consensus in consultation with a third reviewer. We
contacted corresponding authors for clarification, when
needed, to assess the inclusion criteria. We matched ab-
stracts and meeting presentations to their corresponding full-
text publication and reviewed them for supplemental data.

Data Extraction and Risk of Bias Assessment

One investigator abstracted data into standardized collection
forms, evidence, and outcomes tables, and a second investi-
gator verified entries. We abstracted data from period 1 of
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crossover trials when available, otherwise we contacted au-
thors for period 1 outcomes. Two independent reviewers as-
sessed risk of bias using the Cochrane Collaboration’s Risk of
Bias Tool for RCTs.® The following individual domains were as-
sessed by 2 investigators as either low, unclear, or high risk of
bias: (1) random sequence generation, (2) allocation sequence
concealment, (3) blinding of participants and personnel,
(4) blinding of outcome assessment, (5) completeness of out-
come data, (6) selective reporting, and (7) other sources of bias.

Data Synthesis and Analysis

We based data synthesis on pharmacologic class (eg, LAMA,
LABA, inhaled corticosteroids) rather than an individual drug.
When a trial included more than 1 intervention group for the
same drug but with different doses (eg, tiotropium 2.5 g
and 5 pg), we combined the groups into a single intervention
group using recommended formulas.'® Synthesis was also
based on the age category of 12 years or older, consistent with

the Expert Panel Report-3.!

We conducted meta-analysis of RCTs using the
Hartung-Knapp''? random-effects model to estimate risk ra-
tios (RRs) and risk differences (RDs) with corresponding 95%
CIs for binary outcomes and mean differences (MDs) with cor-
responding 95% CIs for continuous outcomes when data from
3 or more studies were available. We calculated the Peto odds
ratio and 95% CIs for binary outcomes with rare events (<5%)
in place of an RR.'® We performed sensitivity analyses remov-
ing studies that had a high risk of bias in at least 1 of the 7 do-
mains (eg, a lack of participant or personnel blinding). We as-
sessed presence of statistical heterogeneity using the Cochrane
Pvalue (P < .10 for significance) and the degree of heteroge-
neity using the I statistic with a value more than 50% con-
We planned to assess publication bias
using funnel plot inspection and tests of plot asymmetry when
10 or more trials were pooled.!> However, none of the pooled

sidered substantial.'*

analysis reached this threshold.

To explore sources of heterogeneity, we performed sub-
group analysis when 3 or more trials per subgroup were avail-
able for a given outcome. We qualitatively summarized in-
cluded studies when they were not amenable to pooling.

All analyses were performed using the meta package in R
(version 3.4.3; the R Project for Statistical Computing).

Strength of Evidence

We evaluated the strength of evidence as high, moderate, low,
or insufficient based on established guidance.'® Two senior in-
vestigators assessed strength of evidence independently and
then, through discussion, arrived at the final grading based on
5required domains: risk of bias, consistency, directness, pre-
cision, and publication bias. A more thorough discussion of this
process can be found in eAppendix B in the Supplement.

Results

Fifty-eight citations that represented 15 unique RCTs!”2° and
7122 participants (of which 789 were adolescents) were in-
cluded in the analysis (Figure 1). No observational studies met
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Figure 1. Flow Diagram of the Literature Search

1326 Records identified through
database and manual search
385 MEDLINE
628 EMBASE
297 Cochrane databases
16 Manual search

|

1095 Records screened after
duplicates removed

942 Records excluded
511 Not a human study
76 Ineligible study design
—> 232 Not in target population
47 Not an intervention of interest
39 Non-English language abstract
37 Duplicate citation

153 Full-text articles reviewed

95 Excluded
35 Not a human study
5 Ineligible study design
19 Not in target population
14 Not an intervention of interest
17 No outcomes of interest
4 Abstract without full text
1 Duplicate

58 Citations included (15 unique
randomized clinical trials)

our inclusion criteria. Two trials'®-2° used a crossover design.
Two publications'®2® reported replicate trials that provided
both outcomes unique to each study as well as aggregated data.

Characteristics of the included studies are in eTables 1 to
3in the Supplement. All trials enrolled adults 18 years or older
with the exception of 2 trials*>*2® that were exclusively fo-
cused on children and adolescents aged 12 to 17 years. Sample
sizes for individual studies ranged from 210%° to 1071
participants.'® Eight RCTs compared LAMA vs placebo as
add-on therapy to inhaled corticosteroids.'”2%2° Five of these
trials!”19:2° also included a LABA group and were also used to
evaluate the effect of LAMA vs LABA as add-on therapy to in-
haled corticosteroids. An additional 3 trials?>-2> compared
LAMA with another controller, including LABA, doxofylline,
and montelukast. Four RCTs evaluated triple therapy vs in-
haled corticosteroids and LABA. Trials ranged from 15 days'®
to 18 months?? in duration.

Risk of Bias

The risk of bias assessment for each included study as well as
a summative assessment by domain are shown in eFigures 1
and 2 in the Supplement. Most RCTs had a low risk of bias for
random sequence generation (13 [86.7%]), allocation conceal-
ment (12 [80%]), incomplete data reporting (14 [93.3%]),
selective reporting (12 [80%]), and other types of bias
(15 [100%]). Three studies (20%) had a high risk of bias for
blinding of participants and personnel and 2 studies (13.3%)
for blinding of study outcomes.
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LAMA vs Placebo as Add-on Therapy
to Inhaled Corticosteroids

Adding LAMA toinhaled corticosteroids vs adding placebo when
the inhaled corticosteroids dose remained the same was asso-
ciated with a significantly reduced risk of asthma exacerba-
tion requiring systemic corticosteroids (RR, 0.67 [95% CI, 0.48
to 0.92]; RD, -0.02 [95% CI, -0.04 to 0.00]) (Table 1,57:30-34
Figure 2A) and asthma worsening (RR, 0.81 [95% CI, 0.68 to
0.97]; RD, -0.05[95% CI, -0.10 to 0.01]) (eFigure 3in the Supple-
ment). No deaths occurred in the 6 trials reporting this
outcome.'®22 No statistically significant associations were found
for the Asthma Control Questionnaire (ACQ-7) scores (Figure 2B)
or ACQ-7 responder analysis (eFigure 4 in the Supplement).
LAMA was associated with improvements in peak, trough, and
AUC for both FEV, (MD, 0.18 [95% CI, 0.13 to 0.24]; MD, 0.13
[95% CI, 0.10 to 0.16]; MD, 0.18 [95% CI, 0.13 to 0.23], respec-
tively) and FVC (MD, 0.11[95% CI, 0.05 to 0.18]; MD, 0.08 [95%
CI, 0.04 to 0.13]; MD, 0.11 [95% CI, 0.05 to 0.17], respectively)
vs placebo, as was FEV,% predicted (MD, 3.5 [95% CI, 1.58 to
5.42]) (Figure 3A, eFigures 5-10 in the Supplement). LAMA was
not associated with significant improvements in either rescue

medication use (Figure 3B) or QOL vs placebo.

A single crossover trial?® compared adding LAMA to in-
haled corticosteroids vs adding placebo with doubling the
inhaled corticosteroids dose. There was no significant associa-
tion with exacerbation risk, ACQ-6 score, FEV, trough, or AQLQ
score when data from the first treatment period was analyzed.

LAMA vs Other Controllers as Add-on Therapy
to Inhaled Corticosteroids

The majority of identified data compared adding LAMA vs
LABA to inhaled corticosteroids (Table 2). Comparing LAMA
with LABA as add-on therapy to inhaled corticosteroids, there
was no statistically significant association of LAMA with the
risk of exacerbation requiring systemic corticosteroid (RR, 0.87
[95% CI, 0.53 to 1.42]; RD, 0.00 [95% CI, -0.02 to 0.02])
(Figure 2A), in asthma worsening (RR, 1.00 [95% CI, 0.84 to
1.20]; RD, 0.00 [95% CI, —0.05 to 0.04]), or in the composite
outcome including oral steroid use or increase in asthma medi-
cation (RR, 0.60[95% CI, 0.15 t0 2.42]; RD, —0.03 [95% CI, -0.12
to 0.06]). No deaths occurred in 3 RCTs and in the fourth trial
3 of 532 participants (0.6%) died in the LAMA group, 2 of these
deaths were considered asthma-related (0.4%) whereas no
deaths occurred in the LABA group. LAMA had no significant
associations with ACQ scores with 1trial reporting ACQ-6 score,
2 trials reporting ACQ-7 scores, and 2 trials reporting ACQ-7 re-
sponder analysis. No significant associations were found in
measures of spirometry including the most frequently re-
ported lung function measures of FEV, trough, FEV,% pre-
dicted, and FVC trough with LAMA use (Figure 3A, eFigures
5-10in the Supplement). No significant associations were found
for AQLQ score (eFigure 11 in the Supplement), Mini AQLQ

score, or rescue medication use (Figure 3B).

Two trials compared LAMA vs other controllers, including
montelukast and doxofylline.?*?* LAMA was associated with
a significant decrease in FEV,% predicted (MD, -2.14 [95% CI,
-2.93 to -1.35]) vs montelukast in a single trial whereas in a sub-
sequent trial LAMA was associated with increased rescue medi-
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cation use (MD, 1.19 [95% CI, 0.88 to 1.50]) vs montelukast. A
significantly reduced mean difference in FEV,% predicted was
associated with LAMA use vs doxofylline in 2 trials (MD, -3.87
[95% CI, -4.6 to -3.14] and MD, -2.69 [95% CI, -4.79 to -0.59]),
whereas 1 trial found a significant association with more res-
cue medication use with LAMA (MD, 1.21[95% CI, 0.89 t0 1.53])
and the second found no significant association (Table 2).

Triple Therapy vs Inhaled Corticosteroids and LABA

Triple therapy was not significantly associated with the risk
of exacerbation requiring systemic corticosteroids vs inhaled
corticosteroids and LABA when the inhaled corticosteroid dose
remained the same (RR, 0.84 [95% CI, 0.57t0 1.22]; RD, -0.01
[95% CI, -0.08 to 0.07]) (Figure 2A) although it was signifi-
cantly associated with a lower risk of asthma worsening (RR,
0.78[95% CI, 0.72t0 0.86]; RD, -0.01[95% CI, -0.22 t0 0.01])
(eFigure 3in the Supplement) (Table 3). Two studies reported
exacerbations requiring hospitalization and neither found a sig-
nificant association at 48 weeks. No deaths occurred in the 3
trials included in this analysis, 2 of which were 48 weeks in
duration and the third being 12 weeks in duration. No signifi-
cant associations with ACQ-7 scores were found with triple
therapy vs inhaled corticosteroids and LABA (Figure 2B). No
consistent association for triple therapy on ACQ response was
seen across studies (Table 3). Triple therapy was associated with
improvements in some measures of spirometry, including FEV,
trough (MD, 0.07 [95% CI, 0.01 to 0.14]) and measures of FVC
(peak MD, 0.11 [95% CI, 0.05 to 0.17]; trough MD, 0.09 [95%
CI, 0.03 to 0.15]; AUC MD, 0.10 [95% CI, 0.04 to 0.17])
(Figure 3A, eFigures 6-10 in the Supplement). No significant
associations with FEV, peak were seen (eFigure 6 in the Supple-
ment). No significant association with AQLQ score or AQLQ
score response was seen with triple therapy. Triple therapy was
not significantly associated with improvements in rescue medi-
cation use vs combined inhaled corticosteroids and LABA
therapy (Figure 3B). A single trial compared triple therapy vs
increasing the inhaled corticosteroids dose administered with
aLABA and found no significant association with ACT scores.

Subgroup and Sensitivity Analysis

Preplanned subgroup analysis based on tiotropium dose did not
suggest any substantial associations with either dose com-
pared with placebo or with each other (eTable 4 in the Supple-
ment). When we removed studies with components of high risk
of bias, the overall findings remained consistent (eTable 5in the
Supplement). Because the duration of follow-up was shorter in
the study by Lee et al'® (15 days), we conducted post hoc meta-
regression analyses for outcomes including this study. No sig-
nificant association between any outcomes and study dura-
tion was seen (P > .05 for all) (eFigures 12-17 in the Supplement).

|
Discussion

In this systematic review and meta-analysis, the addition of
LAMA toinhaled corticosteroids maintenance therapy for the
management of persistent uncontrolled asthma in patients
12 years and older taking inhaled corticosteroids alone was
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Table 1. Summary of Findings and Strength of Evidence for Long-Acting Muscarinic Antagonist (LAMA) vs Placebo as Add-on Therapy
to Inhaled Corticosteroids(ICS) and for LAMA Add-on Therapy vs Doubling ICS Dose

LAMA Add-on Therapy Control Results®
Included  No. of Outcome No. of Outcome Absolute Risk Strength of
Outcome Studies Participants Data® Participants Data Difference (95% CI)¢ Effect Size (95% CI) Evidence?
ICS + LAMA vs ICS
+ Placebo (Control)
Exacerbations
Requiring systemic D 21220 030 86 1006 74 -1.8 (-3.8t00.3) RR, 0.67 (0.48 to 0.92) High
corticosteroids
Asthma worsening® ~ 18:21.22 1604 356 846 223 -4.8(-10.4t00.8) RR,0.81 (0.68 to 0.97) High
Death
All-cause 2222 2114 0 951 0 No deaths occurred Insufficient
Asthma-specific W22 2114 0 951 0 No deaths occurred Insufficient
Asthma control
ACQ-7 scoref V52,22 1527 NR 777 NR MD, -0.10 (-0.28 to 0.07) Moderate
ACQ-7 responder® p820g22 1816 1217 864 527 5.2(-2.2t012.6) RR, 1.08 (0.96 to 1.21) Moderate
Spirometry
FEV, peak, L g 2R 22 1527 NR 783 NR MD, 0.18 (0.13 to 0.24) High
FEV, trough, L 17-22 2154 NR 1019 NR MD, 0.13 (0.10to 0.16)  High
FEV; AUC, L 82122 1527 NR 783 NR MD, 0.18 (0.13 to 0.23) High
FEV,% predicted 21 303 3.9(9.9) 154 0.4 (9.9) MD, 3.5 (1.58 to 5.42) Low
FVC peak, L 2522 1224 NR 629 NR MD, 0.11 (0.05 to 0.18) High
FVC trough, L 17.18,20.22 15g( NR 810 NR MD, 0.08 (0.04 to 0.13) High
FVC AUG, L 522 1230 NR 629 NR MD, 0.11 (0.05 t0 0.17)  High
Asthma-related QOL
Asthma-related QOL
AQLQ score*9 Trial1'® 488 0.69 (0.86) 247 0.62 (0.85) MD, 0.07 (-0.06 to 0.20) .
Trial2'® 485 0.79(0.91) 240 0.68 (0.84) MD, 0.11 (-0.03 to 0.25) High
Mini AQLQ score? & 128 NR 125 NR MD, -0.09 (-0.27 to 0.08) Low
AQLQ +12 22 259 149 138 70 6.8 (-3.4t0 16.9) RR, 1.12 (0.92 to 1.37) Low
responder?
Health resource
utilization
Rescue medication V722 2110 NR 994 NR MD, -0.12 (-0.29 to 0.05) Moderate
use, puffs/24h
ICS + LAMA vs Doubling
1CS Dose (Control)
Exacerbations
Requiring systemic 2 71 3 68 6 -4.6 (-14.1t04.2) RR,0.48(0.12 to 1.84) Low
corticosteroids
Requiring oral 2 71 3 68 9 -9.0(-19.4t00.7) RR,0.32 (0.09 to 1.13) Low
corticosteroid
or increase in inhaled
corticosteroids
or other medication
Asthma control
ACQ-6 score’ 29 67 -0.31(0.88) 60 -0.16 (0.84) MD, -0.15 (-0.45 to 0.15) Low
Spirometry
FEV, trough, L ) 64 0.18 (0.8) 54 0.09 (0.79) MD, 0.09 (-0.20 t0 0.38)  Low
Asthma-related QOL
AQLQ score? 22 64 0.28(0.99) 58 0.24 (1.03) MD, 0.04 (-0.32 t0 0.40)  Low

Abbreviations: ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of
Life Questionnaire; AUC, area under the curve; FEV,, forced expiratory volume
in the first second; FVC, forced vital capacity; MD, mean difference; NR, not

reported, QOL, quality of life; RR, relative risk.

@ Meta-analyses were performed when =3 studies reported the same outcome.
When data were available for =2 studies, the results from each study are
individually shown. For continuous outcomes, the mean value represents the
mean change from baseline (change score) for each study group and the MD
represents the difference in change scores (change from baseline) between

the LAMA and control groups.

b Data are presented as either number of participants with an event (for
dichotomous end points) or mean (SD) value (for continuous end points).

< Absolute risk differences (LAMA group minus control group).

dBased on 5 domains (risk of bias, consistency, directness, precision, and
publication bias) and categorized as high, moderate, low, or insufficient

(eAppendix B in the Supplement).

© Progressive increase in asthma symptoms compared with day-to-day symptoms

or a decrease in morning peak expiratory flow of =30% for =2 days.

f ACQ (range, O [worse] to 6 [better control]) is a patient self-administered tool
for assessing overall asthma control. The minimal important difference is
a 0.5-point change.®3°-3" ACQ responder was defined as an individual who

had their score improve by =0.5.°

8 AQLQ (range, 1[severe impairment] to 7 [no impairment]) is an
asthma-specific quality-of-life tool. The minimal important difference is
a 0.5-point change.”323* AQLQ responder was defined as an individual who

had their score improve by =0.5.”
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Figure 2. Association of LAMA Add-on Therapy With Exacerbations Requiring Systemic Corticosteroid and With ACQ-7 Score

E Excerbations requiring systemic corticosteroid

LAMA Add-on Therapy Control Absolute Risk

Total No. of No.With Total No.of No.With Difference, % Favors i Favors Weight,

Source Participants Events  Participants Events  (95% Cl) Risk Ratio (95% CI) LAMA : Control %

ICS + LAMA vs ICS + placebo (control)
Bateman et al,}7 2011 16 128 17 126 -1.0(-9.3t07.3)  0.93(0.49 to 1.75) —a— 223
Paggiaro et al,21 2016 7 309 4 155 -0.3(-3.3t02.7) 0.88(0.26 t0 2.95) R — 6.1
Kerstjens Trial 1 and 2,18 2015 53 1036 43 523 -3.1(-5.8t0-0.4) 0.62(0.42t00.92) - 60.0
Lee et al,192015 3 298 1 64 -0.6 (-3.8t02.7)  0.64(0.07 to 6.09) 1.8
Hamelmann et al,22 2016 7 259 9 138 -3.8(-8.4t00.7)  0.41(0.16 to 1.09) —_— 9.7
Overall (random-effects model) 86 2030 74 1006 -1.7(-3.7t00.3)  0.67 (0.48 t0 0.92) o 100.0
Heterogeneity: 12=0%; 12=0; P=.69

ICS + LAMA vs ICS + LABA (control)
Peters et al,29 2010 3 71 5 71 -2.8(-10.4t04.8) 0.60(0.15t02.42) e 5.8
Bateman et al,17 2011 16 128 17 134 -0.2(-8.2t07.8) 0.99(0.52t01.87) —a— 27.9
Kerstjens Trial 1 and 2,18 2015 53 1036 341 541 -1.2(-3.6t01.3) 0.81(0.54t01.24) —— 65.0
Leeetal,192015 3 298 0 295 1.0(-0.3t02.3)  6.93(0.36t0133.57) > 1.3
Overall (random-effects model) 75 1533 56 1041 0.1(-2.1t02.3) 0.87(0.53t01.42) > 100.0
Heterogeneity: 12=0%; 12=0; P=.49

1CS and LABA + LAMA vs ICS and LABA (control)
Kerstjens Trial 1,26 2012 53 237 68 222 -8.3(-16.3t0-0.2) 0.73 (0.54 t0 0.99) - 41.5
Kerstjens Trial 2,26 2012 69 216 81 232 -3.0(-11.7t05.8) 0.91(0.70t0 1.19) E & 57.7
Hamelmann et al,28 2017 3 257 1 135 0.4(-1.5t02.4) 1.58(0.17 to 15.00) 0.8
Overall (random-effects model) 125 710 150 589 -0.5(-8.1t07.0) 0.84(0.57t01.22) g 100.0
Heterogeneity: 12=0%; 12=0; P=.47

01 T o
Risk Ratio (95% Cl)
ACQ-7 score
LAMA Add-on Therapy Control
Change From Change From Difference in Change
Total Baseline, Total Baseline, From Baseline, Mean Favors | Favors

Source Participants Mean (SD) Participants Mean (SD) (95% Cl) LAMA | Control Weight,

ICS + LAMA vs ICS + placebo (control) %
Paggiaro et al,21 2016 301 -0.68(0.53) 154 -0.72(0.53) 0.03 (-0.07 to 0.14) — 25.2
Kerstjens Trial 1,18 2015 489 -0.81(0.60) 247 -0.60 (0.60) -0.21(-0.30t0-0.12) —— 26.8
Kerstjens Trial 2,18 2015 485 -0.84 (0.56) 240 -0.77 (0.62) -0.07 (-0.16 t0 0.02) —l— 26.7
Hamelmann et al,22 2016 252 -0.96 (0.65) 136 -0.79(0.62) -0.17(-0.30t0-0.04) —W— 213
Overall (random-effects model) 1527 777 -0.10(-0.28 t0 0.07) —— e — 100.0
Heterogeneity: 12=78%; 12=.0083; P=.003

ICS and LABA + LAMA vs ICS and LABA (control)
Kerstjens Trial 1,26 2012 237 1.99 (0.80) 222 2.11(0.80) -0.12(-0.27 t0 0.03) | 33.7
Kerstjens Trial 2,26 2012 216 2.03(0.78) 232 2.16 (0.78) -0.13(-0.27 t0 0.01) —— 34.3
Hamelmann et al,28 2017 258 1.28(0.74) 136 1.23(0.75) 0.05 (-0.11 t0 0.20) —i— 32.1
Overall (random-effects model) 711 590 100.0

Heterogeneity: 12=39%; 12=.0083; P=.19

-0.07 (-0.31t0 0.18) <:?

i T T i T T !
-0.3 -02 -0.1 O 0.1 02 03
Difference in Change
From Baseline, Mean (95% Cl)

ACQ-7 indicates 7-Item Asthma Control Questionnaire; ICS, inhaled
corticosteroid; LABA, long-acting 3-agonist; LAMA, long-acting muscarinic
antagonist; MD, mean difference; RR, risk ratio. Size of the data markers
indicates the weight of the study. For continuous outcomes, the mean value

represents the mean change from baseline (change score) for each study group

and the MD value represents the difference in change scores (change from
baseline) between the LAMA and control groups. The /2 value indicates the

percentage of variability across the pooled estimates attributable to statistical

heterogeneity (range, 0%-100%), and the P value is a test of heterogeneity
across all studies (P <.10 indicates likely variation across pooled estimates
related to statistical heterogeneity). “Events” indicates the number of
participants in each group who experienced an event. ACQ-7 (range, O [worse]
to 6 [better control]) is a patient self-administered tool for assessing overall
asthma control. The minimal important difference was 0.5 for the ACQ7 and
0.2 L for the FEV,.

associated with lower exacerbation risk and improved spirom-
etry measures. This systematic review did not find sufficient
evidence that adding LAMA to inhaled corticosteroids in this
population was associated with improvements in clinical out-
comes vs adding LABA and the wide 95% CIs around the rela-

E6 JAMA Published online March 19, 2018

tive risk does not exclude the possibility that one of these treat-
ments could be superior to the other. Triple therapy was
associated with some improved outcomes, including spirom-
etry, vs LABA and inhaled corticosteroids although no asso-
ciation with improved exacerbation risk was seen.
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Figure 3. Association of LAMA Add-on Therapy With FEV, Trough and Rescue Medication Use

@ FEV, Trough

LAMA Add-on Therapy Control
Change From Change From  Difference in Change
Total No. of Baseline, Total No. of Baseline, From Baseline, Mean Favors | Favors Weight,
Source Participants Mean (SD), L Participants Mean (SD),L  (95%Cl), L LAMA | Control %
ICS + LAMA vs ICS + placebo (control)
Bateman et al,17 2011 128 0.04 (0.34) 125 -0.11 (0.34) 0.15 (0.07 t0 0.23) —— 13.8
Lee et al,19 2015 271 0.31(0.35) 55 0.20(0.34) 0.11 (0.01 t0 0.20) —— 113
Ohtaetal,202015 228 0.14 (0.29) 56 0.08 (0.28) 0.06 (-0.02 to 0.14) —— 13.8
Paggiaro et al,21 2016 303 0.13(0.33) 154 0.01(0.32) 0.12(0.06 t0 0.17) —— 16.6
Kerstjens Trial 1,18 2015 488 0.13 (0.35) 250 -0.04 (0.35) 0.17 (0.11t0 0.23) —— 16.6
Kerstjens Trial 2,18 2015 485 0.14 (0.33) 242 -0.02 (0.33) 0.16 (0.10t0 0.21) —i— 16.6
Hamelmann et al,22 2016 251 0.38(0.48) 137 0.28(0.47) 0.10 (0.00 to 0.20) — 11.3
Overall (random-effects model) 2154 1019 0.13(0.10t0 0.16) o 100.0
Heterogeneity: 12=3%; 12=0.0001; P=.40
ICS + LAMA vs ICS + LABA (control)
Peters et al,29 2010 64 0.18 (0.80) 55 0.06 (0.69) 0.12 (-0.15t0 0.39) 3.5
Bateman et al,17 2011 128 0.04 (-0.34) 134 0.06 (0.34) -0.02 (-0.10 to 0.06) —— 17.7
Leeetal, 192015 271 0.31(0.35) 56 0.36 (0.36) -0.05 (-0.16 to 0.06) —— 13.8
Kerstjens Trial 1,8 2015 488 0.13(0.35) 259 0.08 (0.35) 0.05(-0.01t00.11) —l— 223
Kerstjens Trial 2,18 2015 485 0.14 (0.33) 251 0.09 (0.33) 0.05 (0.00 to 0.10) —l— 233
Wechsler et al,2> 2015 83 NR (NR) 103 NR (NR) -0.02 (-0.09 to 0.05) —— 19.5
Overall (random-effects model) 1519 858 0.02 (-0.02 t0 0.07) RS 100.0
Heterogeneity: 12=28%; 12=0.0001; P=.22
ICS and LABA + LAMA vs ICS and LABA (control)
Kerstjens Trial 1,26 2012 237 0.13(0.39) 222 0.09 (0.37) 0.04 (-0.04t00.12) 717 34.8
Kerstjens Trial 2,26 2012 216 0.15(0.34) 232 0.06 (0.35) 0.09 (0.03t0 0.15) + 41.8
Hamelmann et al,28 2017 256 0.31(0.54) 132 0.23 (0.55) 0.08 (-0.03 t0 0.20) ——— 235
Overall (random-effects model) 709 586 0.07 (0.01t0 0.14) i 100.0
Heterogeneity: 12=0%; 12=0.0001; P=.60 ! i i i ,
-0.2 -0.1 0 0.1 0.2 0.3
Difference in Change
From Baseline, Mean (95% ClI), L
Rescue medication use
LAMA Add-on Therapy Control
Change From Change From
Baseline, Mean Baseline, Mean Difference in Change
Total No. of  (SD), Puffs Total No. of  (SD), Puffs From Baseline, Mean Favors | Favors Weight,
Source Participants per24h Participants per24h (95% Cl), Puffs per 24 h LAMA | Control %
ICS + LAMA vs ICS + placebo (control)
Bateman et al,17 2011 128 -0.07 (2.18) 125 0.29(2.14) -0.37(-0.90t0 0.16) 12.4
Ohta et al,202015 208 -0.26 (0.98) 50 -0.25(0.77) -0.01(-0.26t0 0.25) 14.7
Paggiaro et al,21 2016 302 -0.72(1.15) 153 -0.82(1.15)  0.09(-0.13t00.32) 14.9
Kerstjens Trial 1,18 2015 483 -0.97 (1.60) 239 -0.96 (1.58) -0.01(-0.26t00.23) 14.7
Kerstjens Trial 2,18 2015 474 -0.98 (1.43) 237 -0.95(1.43) -0.03(-0.25t00.19) 14.9
Lee etal,192015 284 -0.67 (1.61) 64 -0.38(1.41) -0.29(-0.69 t0 0.10) — 13.6
Hamelmann et al,22 2016 231 -0.66 (1.11) 126 -0.37(1.11)  -0.29(-0.53 to -0.05) - 14.8
Overall (random-effects model) 2110 994 -0.12(-0.29 t0 0.05) 100.0
Heterogeneity: 12=28%; 12=0.2111; P=.22
ICS + LAMA vs ICS + LABA (control)
Bateman et al,17 2011 128 -0.07 (2.18) 134 -0.27 (2.13) 0.20 (-0.32t00.72) —— 133
Rajanandh et al,23 2014 31 -0.66 (1.00) 32 -2.04 (1.00) 1.38(0.89 t0 1.87) —— 13.5
Rajanandh et al,24 2015 72 -1.13(0.98) 68 -3.16 (0.88) 2.03(1.72t02.34) —— 15.2
Wechsler et al,25 2015 83 -1.08 (2.21) 103 -1.03(2.37) -0.05(-0.71t00.61) 11.9
Kerstjens Trial 1,18 2015 483 -0.97 (1.60) 254 -1.42 (1.59) 0.44 (0.20 t0 0.68) - 15.7
Kerstjens Trial 2,18 2015 474 -0.98 (1.43) 247 -1.08 (1.43) 0.09 (-0.13t0 0.31) 15.9
Lee et al,19 2015 284 -0.70(1.58) 57 -0.84 (1.34) 0.14 (-0.25t0 0.53) 14.5
Overall (random-effects model) 1555 895 0.63(-0.11t0 1.36) —— 100.0
Heterogeneity: 12=95%; 12=0.2111; P<.01
1CS and LABA + LAMA vs ICS and LABA (control)
Kerstjens Trial 1,26 2012 237 -0.81(2.08) 222 -0.71(2.09) -0.09 (-0.47 t0 0.29) 32.2
Kerstjens Trial 2,26 2012 216 -1.14 (2.40) 232 -0.88(2.41) -0.26(-0.71t00.18) 31.8
Hamelmann et al,28 2017 254 -0.51(1.36) 131 -0.48(1.35) -0.03(-0.32t00.26) 35.0
Overall (random-effects model) 707 585 -0.12(-0.42t00.17) 100.0
Heterogeneity: 12=0%; 12=0.2111; P=.69 I T 1 T T !
-2 -1 0 1 2 3
Difference in Change From
Baseline, Mean (95% Cl), Puffs per 24 h
FEV; indicates forced expiratory volume in the first second; ICS, inhaled antagonist; MD, mean difference. Size of the data markers indicate the weight
corticosteroid; LABA, long-acting B-agonist; LAMA, long-acting muscarinic of the study. For more information, see Figure 2 footnotes.
jama.com JAMA Published online March 19, 2018 E7

© 2018 American Medical Association. All rights reserved.

Downloaded From: by a University of Liverpool User on 03/22/2018


http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.2757

Research Original Investigation

Inhaled Corticosteroids and Long-Acting Muscarinic Antagonists for Uncontrolled Asthma

Table 2. Summary of Findings and Strength of Evidence for Long-Acting Muscarinic Antagonist (LAMA) vs Active Control as Add-on Therapy
to Inhaled Corticosteroids (ICS)

LAMA Add-on Therapy Control Results®
Included  No. of Outcome No. of Outcome Absolute Risk Strength
Outcome Studies Participants Data® Participants Data® Difference (95% CI)¢ Effect Size (95% Cl) of Evidence?
ICS + LAMA vs ICS
+ LABA (Control)
Exacerbations
Requiring systemic 1771929 1533 75 1041 56 0.1 (-2.1t02.3) RR, 0.87 (0.53 to 1.42) Low
corticosteroids
Asthma worsening® '8 1036 258 541 135 -0.1 (-4.6 to 4.4) RR, 1.00 (0.84 to0 1.20) Moderate
Requiring oral eb) 71 3 71 5 -2.8(-11.7t05.7) RR,0.60 (0.15 to 2.42) Low
corticosteroid
or increase in inhaled
corticosteroids
or other asthma
medication
Death
All-cause L2 1835 3 1135 0 0.1 (-0.3t0 0.6) OR, 7.50 (0.78 t0 72.27) Low
Asthma-specific e L0.22 1835 2 1135 0 0.1(-0.2t0 0.4) OR,7.49 (0.47 t0 119.86)  Low
Asthma control
ACQ-6 score’ 22 67 -0.31(0.88) 59 -0.61 (0.82) MD, 0.30 (0.00 0 0.60) Low
ACQ-7 score®f Trial 1'% 489 -9.81(0.61) 259 -0.85 (0.61) MD, 0.04 (-0.05 to 0.13)
High
Trial2'® 485 -8.84 (0.56) 250 -0.84 (0.59) MD, 0.00 (-0.09 to 0.09)
ACQ-7 responder™® Trial1'® 520 336 271 186 -4.0 (-10.7 t0 3.0)  RR, 0.94 (0.85 to 1.04)
High
Trial 218 508 326 264 170 -0.2(-7.2t0 7.0) RR, 1.00 (0.90 to 1.12)
Spirometry
FEV, peak, L® Trial1'® 488 0.27 (0.33) 259 0.27 (0.32) MD, 0.004 (-0.05 to 0.05)
High
Trial2'® 485 0.27 (0.31) 251 0.25 (0.30) MD, 0.01 (-0.03 to 0.06)
FEV, trough, L 17-19,23-25 1968 1293 MD, 0.02 (-0.02 to 0.07) High
FEV, AUC, L® Trial1'® 488 0.18 (0.31) 259 0.18 (0.32) MD, -0.004 (-0.05 to 0.04)
High
Trial 218 485 0.18 (0.30) 251 0.17 (0.30) MD, 0.004 (-0.04 to 0.05)
FEV,% predicted ~ 23-2° 265 277 MD, -4.54 (-12.69 t0 3.61) Low
FVC peak, L* Trial1'® 488 0.18 (0.36) 259 0.17 (0.35) MD, 0.02 (-0.04 to 0.07)
High
Trial2'® 485 0.17 (0.34) 251 0.19 (0.33) MD, -0.02 (-0.07 to 0.03)
FVCtrough, L1 SLLS 1101 644 MD, 0.02 (0.00 to 0.05) High
FVCAUC, L® Trial1'® 488 0.07 (0.37) 259 0.06 (0.37) MD, 0.005 (-0.05 to 0.06)
High
Trial2'® 485 0.03(0.39) 251 0.07 (0.38) MD, -0.03 (-0.09 to 0.03)
Asthma-related QOL
AQLQ score? U252 1217 765 MD, -0.06 (-0.15 to 0.03)  High
Mini AQLQ score? & 128 0.13(0.77) 134 0.28 (0.74) MD, -0.15 (-0.32 t0 0.02)  Low
Health resource
utilization
Rescue medication  17-19:23-25 1555 895 MD, 0.63 (-0.11 to 1.36) Low
use, puffs/24h
ICS + LAMA vs ICS
+ Montelukast (Control)
Spirometry
FEV,% predicted® 23 31 4.06 (1.54) 30 6.20 (1.53) MD, -2.14 (-2.93 to -1.35)
Moderate
2 72 4.51 (5.54) 81 5.38 (6.28) MD, -0.87 (-2.77 to 1.03)
Health resource
utilization
Rescue medication 23 31 -0.66 (1.0) 30 -0.92 (1.01) MD, 0.26 (-0.25 to 0.77)
use, puffs/24h? Low
72 -1.13(0.98) 81 -2.32(0.98) MD, 1.19 (0.88 to 1.50)
(continued)
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Table 2. Summary of Findings and Strength of Evidence for Long-Acting Muscarinic Antagonist (LAMA) vs Active Control as Add-on Therapy

to Inhaled Corticosteroids (ICS) (continued)

LAMA Add-on Therapy Control Results®
Included  No. of Outcome No. of Outcome Absolute Risk Strength
Outcome Studies Participants Data” Participants Data® Difference (95% Cl)¢ Effect Size (95% CI) of Evidence?
ICS + LAMA vs ICS
+ Doxofylline (Control)
Spirometry
FEV,% predicted® 22 31 4.06 (1.54) 30 7.93 (1.31) MD, -3.87 (-4.6 to -3.14)
Moderate
28 72 4.51(5.54) 76 7.20 (7.21) MD, -2.69 (-4.79 to -0.59)
Health resource
utilization
Rescue medication 23 31 -0.66 (1.0) 30 -0.96 (0.99) MD, 0.30 (-0.21 to 0.81)
use, puffs/24h? Low
& 72 -1.13(0.98) 76 -2.34(0.99) MD, 1.21 (0.89 to 1.53)

Abbreviations: ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of
Life Questionnaire; AUC, area under the curve; FEV,, forced expiratory volume
in the first second; FVC, forced vital capacity; MD, mean difference; NR, not
reported, OR, odds ratio; QOL, quality of life; RR, relative risk.

@ Meta-analyses were performed when =3 studies reported the same outcome.
When data were available for =2 studies, the results from each study are
individually shown. For continuous outcomes, the mean value represents the
mean change from baseline (change score) for each study group and the MD
represents the difference in change scores (change from baseline) between
the LAMA and control groups.

b Data are presented as either number of participants with an (for dichotomous
end points) or mean (SD) value (for continuous end points).

¢ Data are presented as absolute risk differences (risk in LAMA group minus risk
in control group) between groups.

9The strength of evidence for each study was based on 5 domains (risk of bias,
consistency, directness, precision, and publication bias) and categorized as
high, moderate, low, or insufficient (eAppendix B in the Supplement).

© Defined by studies as a progressive increase in asthma symptoms compared
with day-to-day symptoms or a decrease in morning peak expiratory flow of
=30% for =2 days

f ACQ (range, O [worse] to 6 [better control]) is a patient self-administered tool
for assessing overall asthma control. The minimal important difference is a
0.5-point change.®3°3' ACQ responder was defined as an individual who had
their score improve by =0.5 points.®

8 AQLQ (range, 1[severe impairment] to 7 [no impairment]) is an
asthma-specific quality-of-life tool. The minimal important difference is
a 0.5-point change.”32-34

Final health outcomes important in the management of
asthma include the reduction of exacerbation and mortality
risk. Exacerbations were almost exclusively reported as
those that require systemic corticosteroids and LAMA was
associated with a significant 47% reduction in risk when
added to inhaled corticosteroids vs adding placebo, when
the inhaled corticosteroids dose was held constant. LAMA
was not significantly associated with the risk of exacerbation
compared with doubling the dose of inhaled corticosteroids,
with LABA as an add-on therapy to inhaled corticosteroids,
or with triple therapy with the inhaled corticosteroids dose
remaining the same in a population of patients that had
severe persistent asthma considered of highest risk of exac-
erbations. In the trials evaluating triple therapy, patients
were also permitted to continue use of stable doses of other
controllers; thus, results are most applicable to a similar
patient group. Other definitions of exacerbations were rare
and did not suggest difference in association for any of the
comparisons made. Deaths did not occur in the trials that
reported this outcome, with the exception of 1 trial that com-
pared LAMA vs LABA as add-on therapy to inhaled cortico-
steroids in which asthma-related deaths were infrequent
over 18 months. However, most other trials did not exceed 6
months of duration and thus were limited in the reporting of
such final health outcomes.

Spirometry is considered a core outcome to measure
asthma severity, control, and response to therapy and both
FEV, and FVC are responsive to bronchodilators.>> When
LAMA was added to inhaled corticosteroids vs placebo with
the inhaled corticosteroids dose remaining the same, signifi-

jama.com

cant associations with improved measures of FEV, and FVC
were seen. Similarly, significant improvements in FVC mea-
sures were associated with triple therapy whereas measures
of FEV, trended in the same direction. Despite these positive
associations, none of the results for FEV, reached the mini-
mally important difference of 0.2 L.8 There were no signifi-
cant associations with improvements in spirometry between
LAMA and LABA as an add-on therapy to inhaled corticoste-
roids, suggesting that bronchodilation is not significantly dif-
ferent between these 2 therapies.

Given the association with small numerical improve-
ments in spirometry with LAMA, it is reasonable to expect
similar improvements in other measures of asthma control.
Rescue medication use (measured as puffs per 24 hours) was
not significantly associated with LAMA regardless of the
comparator. Moreover, the mean difference in ACQ-7 score,
which is a preferred tool to measure asthma control,>® was
also not significantly associated with LAMA vs any other
comparator. Prior research suggests the lack of improvement
in ACQ score is consistent in trials studying the effect of
another controller added on to inhaled corticosteroids
therapy and further suggests the need for investigators to
conduct responder analysis.3” In this systematic review,
improvements in ACQ responder analysis was not signifi-
cantly associated with LAMA added to inhaled corticoste-
roids vs placebo, nor was there an association when compar-
ing LAMA with LABA as an add-on therapy to inhaled
corticosteroids. However, a consistently positive association
was seen with triple therapy for ACQ score response, and a
similar pattern found for asthma-related quality of life.
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Table 3. Summary of Findings and Strength of Evidence for LAMA as Add-on Therapy to Inhaled Corticosteroids (ICS)

and LABA vs ICS and LABA (Control)

ICS and LABA + LAMA Control Results®

Included No. of Outcome No. of Outcome Absolute Risk Strength
Outcome Studies  Participants Data® Participants Data® Difference (95% Cl)¢  Effect Size (95% Cl) of Evidence?
Exacerbations
Requiring systemic U522 710 125 589 150 -0.5 (-8.1to 7.0) RR, 0.84 (0.57 to 1.22) Moderate
corticosteroids
Requiring hospitalization® Trial 1'® 237 8 222 10 -1.1(-5.1t02.6) RR, 0.75 (0.30 to 1.86)

Trial 218 216 8 232 10 -0.6 (-4.510 3.3) RR, 0.86 (0.35 to 2.14) Moderate
Asthma worsening® ez 710 259 589 312 -10.2 (-21.5t0 1.2) RR,0.78 (0.72 to 0.86) High
Death
All-cause 522 710 0 589 0 No deaths occurred Insufficient
Asthma-specific g8 710 0 589 0 No deaths occurred Insufficient
Asthma Control
ACQ-5 responderf 28 453 NR 454 NR OR, 1.42 (1.08 to 1.86) Low
ACQ-6 score 28 256 1.23(0.80) 132 1.14 (0.79) MD, 0.09 (-0.08 to 0.25)  Low
ACQ-6 responder 28 257 191 135 100 0.2 (-8.5t09.6) RR, 1.00 (0.88 to 1.12) Low
ACQ-7 score’ AgA3 711 590 MD, -0.07 (-0.31 t0 0.18) Moderate
ACQ-7 responder™* 26 453 263 454 205 12.9(6.4t019.3)  RR,1.28 (1.13 to 1.46)

28 257 190 135 99 0.6 (-8.2 t0 10.1) RR, 1.01 (0.89 to 1.14) Moderate
Spirometry
FEV, peak, L 2623 709 586 MD, 0.11 (0.00 to 0.22) Moderate
FEV, trough, L o285 709 586 MD, 0.07 (0.01 to 0.14) Moderate
FEV, AUC, L Aa23 709 586 MD, 0.10 (0.01 to 0.19) High
FVC peak, L Aa 709 586 MD, 0.11 (0.05 to 0.17) High
FVC trough, L A3 709 586 MD, 0.09 (0.03 to 0.15) High
FVCAUC, L 26,28 709 586 MD, 0.10 (0.04 to 0.17) High
Asthma-Related Quality of Life
AQLQ score™9 Trial 126 237 5.15(0.89) 222 5.11 (0.89) MD, 0.04 (-0.13 t0 0.20)  High

Trial 22° 216 5.09 (0.91) 232 4.95 (0.91) MD, 0.14 (-0.03 to 0.31)
AQLQ responder? 28 453 212 454 192 4.5 (-2.0t0 10.9) RR, 1.11 (0.96 to 1.28) Moderate
Health Resource Utilization
Rescue medication 2a7 707 585 MD, -0.12 (-0.42 t0 0.17) Moderate

use, puffs/24h

Abbreviations: ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of Life
Questionnaire; AUC, area under the curve; FEV;, forced expiratory volume in the
first second:; FVC, forced vital capacity; LAMA, long-acting muscarinic antagonist;
MD, mean difference; NR, not reported, OR, odds ratio; RR, relative risk.

2 Meta-analyses were performed when =3 studies reported the same outcome.
When data were available for <2 studies, the results from each study are
individually shown. For continuous outcomes, the mean value represents the
mean change from baseline (change score) for each study group and the MD
represents the difference in change scores (change from baseline) between
the LAMA and control groups.

b Data are presented as either number of participants with an (for dichotomous
end points) or mean (SD) value (for continuous end points).

¢ Data are presented as absolute risk differences (risk in LAMA group minus risk
in control group) between groups.

9The strength of evidence for each study was based on 5 domains (risk of bias,
consistency, directness, precision, and publication bias) and categorized as
high, moderate, low, or insufficient (eAppendix B in the Supplement).

© Defined by studies as a progressive increase in asthma symptoms compared
with day-to-day symptoms or a decrease in morning peak expiratory flow of
=30% for =2 days.

f ACQ responder was defined as an individual who had their score improve by
=0.5 points.® ACQ (range, O [worse] to 6 [better control]) is a patient
self-administered tool for assessing overall asthma control. The minimal
important difference is a 0.5-point change.®-30>'

8 AQLQ (range, 1 [severe impairment] to 7 [no impairment]) is an
asthma-specific quality of life tool. The minimal important difference is a
0.5-point change.”32-3* AQLQ responder was defined as an individual who had
their score improve by =0.5 points .”

Thus, although triple therapy was not associated with a
reduced exacerbation risk in this systematic review, patient-
important outcomes such as symptom control and quality of
life were favorable.

Applicability

The target population for this review included an age group
of 12 years and older, with uncontrolled, persistent asthma.
This age category was chosen to be consistent with the cur-

JAMA Published online March 19, 2018

rent Expert Panel Report-3.! All but 2 studies included in this
review enrolled adults 18 years and older, and the mean age
was generally in the fourth decade; most studies excluded pa-
tients older than the sixth to seventh decade. The 2 included
trials22-28 specific to adolescents were in general agreement
with the findings of this systematic review suggesting LAMA
vs placebo as add-on therapy to inhaled corticosteroids is as-
sociated with numerically improved lung function although
statistical significance was not achieved in the 1 trial of 12 weeks
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duration. Both trials cite profound placebo effects that may be
explained by improved inhaled corticosteroids adherence due
to the trial environment.3” Although statistical heterogeneity
was low in all of the analyses within this review, the applica-
bility of results in this systematic review may not fully reflect
the breadth of ages that require asthma management, includ-
ing adolescents and elderly persons.

The literature base included in this systematic review is
almost exclusive to 1 LAMA—tiotropium. Other LAMAs, such
as aclidinium and glycopyrronium, are approved for other in-
dications. One study in this systematic review evaluated gly-
copyrronium, but the trial was a crossover and thus contrib-
uted period 1, which was only 15 days. In the future, if additional
LAMASs come to the market for asthma management, there may
be value in having their efficacy individually assessed and com-
pared with findings of this review. Several clinical trials are on-
going (NCT02676089, NCT02676076, NCT02433834,
NCT02382510) related to other LAMASs in asthma management
and will provide future evidence in this area.

Of the various subgroups of interest defined a priori, data
was only sufficient for the analyses based on tiotropium dose.
Analysis in this systematic review did not show significant as-
sociations for tiotropium doses of 2.5 pg and 5 pg for any out-
come. Multigroup trials have compared both doses of tiotro-
pium with placebo and have assessed if the change is greater
numerically with 5 pug vs placebo or 2.5 pg vs placebo without
formal statistical testing. Studies have found inconsistent ef-
fects with some data suggesting a numerically greater im-
provement with 5 g vs placebo whereas others suggest 2.5 ug
produces a numerically greater improvement vs placebo.!8-20-22
In the absence of formal indirect statistical comparison, sub-
group analysis in the current systematic review suggests a lack
of association between these 2 doses. Future trials should con-
sider reporting data on other subgroups of interest as well, in-
cluding those determined by expert panelists to be of most im-
portance within this review, and routinely report such results
numerically to help decision makers reach more individual-
ized treatment decisions.

Trials included in this systematic review defined uncon-
trolled asthma based on the ACQ score. However, this is only
1 of many criteria recommended for assessment.! Likewise,
although all patients were considered to have persistent asthma
given their use of inhaled corticosteroids maintenance therapy,
whether patients had mild, moderate, or severe persistent
asthma was left to the reporting of the study authors. Future
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studies would benefit from consistently defining the severity
and control of asthma in the recruited population to facilitate
evaluation of various degrees of severity. There are many po-
tential reasons a patient may be considered to have uncon-
trolled asthma and these may provide insight into preference
for a particular treatment. Future studies should focus on these
various causes of uncontrolled asthma as part of investiga-
tion for alternative treatments. Knowing more about the se-
verity and control of enrolled participants would also en-
hance applicability of evidence.

Limitations

This study has several limitations. First, this systematic re-
view did not address harms or costs associated with LAMA or
the other pharmacotherapies of interest because they were not
within the scope of the review. However, when selecting ap-
propriate therapy for patients, decision makers should con-
sider known harms and costs of these drug therapies. Sec-
ond, at the time that this review was designed and conducted,
tiotropium was approved for patients 12 years and older. Re-
cently, tiotropium has been approved in patients as young as
6 years; thus, this younger age group is not reflected in the cur-
rent findings. Third, although there were many subgroups of
interest, analyses could not be conducted on most of them due
to the lack of reported data or relatively few trials with re-
ported data. This limits the ability of decision makers to fur-
ther individualize recommendations. Fourth, conclusions re-
garding the comparison of LAMA with controllers other than
LABA as add-on therapy to inhaled corticosteroids could not
be made given a relatively small amount of data that was also
limited in outcomes. Fifth, due to the number of outcomes that
were evaluated, type I error cannot be ruled out for statisti-
cally significant associations. Sixth, the included trials used
efficacy designs; it is unclear whether evidence from real-
world settings would provide similar results.

. |
Conclusions

In this systematic review and meta-analysis, the use of LAMA
compared with placebo as add-on therapy to inhaled cortico-
steroids was associated with a lower risk of asthma exacerba-
tions; however, the association of LAMA with benefit may not
be greater than that with LABA. Triple therapy was not asso-
ciated with a lower risk of exacerbations.
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