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Quantitative analysis of efficacy and safety
of LABA/LAMA fixed-dose combinations in
the treatment of stable COPD
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Abstract

, Yinghua Lv, Hongxia Liu, Qingshan Zheng and Lujin Li

Objective: This study aimed to quantitatively compare the efficacy and safety of long-acting
B2-agonist (LABA)/long-acting muscarinic antagonist (LAMA] fixed-dose combinations (FDCs)
for the treatment of stable chronic obstructive pulmonary disease (COPD), especially in terms

of their loss of efficacy in lung function.

Methods: Randomized controlled clinical trials of LABA/LAMA FDCs for the treatment of
stable COPD were comprehensively searched for in public databases. Pharmacodynamic
models were established to describe the time course of the primary outcome [trough forced
expiratory volume in the first second (FEV,]]. Secondary outcomes [COPD exacerbations,

St. George's Respiratory Questionnaire (SGRQ), Transition Dyspnoea Index (TDI), and

rescue medication use] and safety outcomes [mortality, serious adverse events (SAEs), and
withdrawals due to adverse events (AEs]] were also compared via a meta-analysis.

Results: A total of 22 studies involving 16,486 participants were included in this study. The
results showed that in terms of primary outcome (change from baseline in trough FEV,), the
efficacy of vilanterol/umeclidinium was the highest, while the efficacy of formoterol/aclidinium
was the lowest, with a maximum effect value (E,,,,) of 0.185 L [95% confidence interval (CI):
0.173-0.197 L1 and 0.119 L (95% CI: 0.103-0.135 L), respectively. The efficacy of other drugs,
such as formoterol/glycopyrronium, indacaterol/glycopyrronium, and olodaterol/tiotropium,
were comparable, and their E__, values were 0.150-0.177 L. Except for vilanterol/umeclidinium,
the other four LABA/LAMA FDCs showed a certain degree of loss of efficacy. Compared with
the efficacy at 2days, the trough FEV, (L] relative to baseline at 24 weeks decreased by 0.029-
0.041 L. In terms of secondary outcomes, the efficacy of different LABA/LAMA FDCs was similar
in TDI and rescue medication use. However, formoterol/aclidinium was better in preventing the
COPD exacerbations, while vilanterol/umeclidinium was the best in terms of SGRQ. In addition,
different LABA/LAMA FDCs and placebo had similar safety outcomes.

Conclusion: The present findings may provide necessary quantitative information for COPD

medication guidelines.
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Introduction

Chronic obstructive pulmonary disease (COPD) is
one of the most common respiratory diseases
worldwide. According to a prediction by the World
Health Organization (WHO), the prevalence of
COPD will continue to rise in the next 40years,
and the annual number of deaths caused by this
disease and associated diseases will exceed 5.4

million by 2060.1:2 The goals in the management
of COPD are to prevent deterioration of lung
function and to reduce symptoms as well as the
frequency and severity of exacerbations.?

The current guidelines recommend the use of long-
acting bigeminal therapy, mainly LABA/LAMA
fixed-dose combinations (FDCs) and LABA/ICS

Ther Adv Respir Dis
2022, Vol. 16: 1-14
DOI: 10.1177/

17534666211066068
© The Authorl(s), 2022.

Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Lujin Li

Center for Drug Clinical
Evaluation, Shanghai
University of Traditional
Chinese Medicine,

No. 1200 Cailun Road,
Shanghai 201203, China.
lilujin666M@163.com

Qingshan Zheng

Center for Drug Clinical
Evaluation, Shanghai
University of Traditional
Chinese Medicine,

No. 1200 Cailun Road,
Shanghai 201203, China.
gingshan.zhengf@
drugchina.net

Yiwen Gong

Yinghua Lv

Hongxia Liu

Center for Drug Clinical
Evaluation, Shanghai
University of Traditional
Chinese Medicine,
Shanghai, China

journals.sagepub.com/home/tar

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



Therapeutic Advances in Respiratory Disease 16

FDCs, for the treatment of COPD. Long-acting
bronchodilator = combinations (LAMA/LABA
FDCs) have been identified as the initial drugs of
choice for patients with more severe dyspnea, air-
flow obstruction, and hyperinflation.% Compared
with monotherapy, the combination of two inhaled
drugs with different pharmacological categories in
the same device provides greater treatment benefits
and has the additional advantage of improving
patient compliance.*

A published network meta-analysis conducted by
Calzetta er al.” indirectly compared the efficacy of
five types of LABA/LAMA FDCs for the treat-
ment of COPD. However, uncorrected heteroge-
neities between trials, such as different treatment
durations (6-52weeks) and patient demographics
(such as baseline prebronchodilator forced expira-
tory volume in the first second (FEV,), proportion
of male patients, and age), resulted in ambiguous
conclusions.

Through analysis of preliminary data, we found
that improvement of lung function (trough FEV,)
in patients with COPD exhibited a declining
trend after a period of LABA/LAMA FDCs treat-
ment.812 However, previous studies have not
analyzed this trend.

Model-based meta-analysis (MBMA) is a method
that combines quantitative pharmacology with
meta-analysis. Through modeling, MBMA can
combine and analyze the heterogeneity data of
different treatment durations and different popu-
lations as well as quantify the time effects and
influencing factors of drugs to predict their effi-
cacy or safety characteristics at different treat-
ment durations and levels of covariates.!®14 In
this study, MBMA was used to establish a phar-
macodynamic model to quantitatively analyze the
efficacy characteristics of different LABA/LAMA
FDCs and placebo in improving lung function
(trough FEV)) in stable COPD patients. In addi-
tion, indicators such as COPD exacerbations and
adverse events were also comprehensively ana-
lyzed, so as to provide necessary quantitative
information for guidelines of COPD treatment.

Methods

Search strategy
The Cochrane Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)

guideline for meta-analysis was used to collate data
and report results accordingly.!’> A comprehensive
search was conducted wusing PubMed and
EMBASE from the inception dates of the data-
bases to 11 November 2019. The search keywords
included drug names (arformoterol, formoterol,
indacaterol, olodaterol, and salmeterol) and indi-
cations (chronic obstructive pulmonary disease).
The terms in the same category were connected by
‘or’, while the terms in different categories were
connected by ‘and’. Clinical trials were searched
accordingly, and the language was limited to
English. The details of the search strategies are
presented in Supplementary Table S1.

The inclusion criteria were as follows: (1) rand-
omized, controlled, and double-blind clinical tri-
als; (2) adults =40years of age with a diagnosis of
stable COPD; (3) if the change from baseline in
trough FEV, (L) was reported; (4) and sample
size was = 50 patients to avoid sampling errors.

Data extraction

Microsoft Excel software (version 2019) was used
for data collection. The following information was
extracted from the included studies: literature char-
acteristics (author, year of publication, and coun-
try), study design (treatment drugs, dosage, sample
size, and treatment duration), patient characteristics
[baseline prebronchodilator FEV,, age, proportion
of male patients, proportion of current smokers,
proportion of ICS users, and postbronchodilator
FEV, (% predicted)], the primary outcome (change
from baseline in trough FEV,), secondary outcomes
[COPD exacerbations, St. George’s Respiratory
Questionnaire (SGRQ) total score, Transition
Dyspnoea Index (TDI), and rescue medication
use], and the safety outcome [mortality, serious
adverse events (SAEs) and withdrawals due to
adverse events (AEs)]. If data were presented as a
graph, the digitizing software Engauge Digitizer
(Mark Mitchell, USA) was used to extract data. All
data were independently extracted by two research-
ers, and any discrepancies were resolved by a third
researcher. We ensured that data extraction errors
between the two researchers did not exceed 2%;
otherwise, the graph was reread, and the mean val-
ues were used for the final results.

Risk of bias assessment
Two investigators independently extracted the
relevant information and assessed the risk of bias
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using the Cochrane risk of bias tool. Any disa-
greements were resolved through discussion with
a third investigator. The evaluation items included
random sequence generation, allocation conceal-
ment, blinding of participants and personnel,
blinding in the outcome assessment, incomplete
outcome data, selective reporting, and other
biases.! Other biases were defined as trials in
which baseline characteristics were not compara-
ble between the different treatment groups.

Modeling and simulation of primary outcome

The trough FEV, is most commonly used in clini-
cal trials that evaluate the efficacy of bronchodila-
tors.17 In this study, the change from baseline in
trough FEV, (L) was used as the primary out-
come to establish a pharmacodynamic model.
Exploratory analysis of the data showed that the
change in trough FEV, (L) could reach maximum
efficacy value at the beginning of drug treatment.
However, the efficacy of some drugs gradually
decreased over time, thus resulting in a loss of
efficacy in lung function. This pharmacodynamic
characteristic can be described using the follow-
ing equation:!8

-txTime iJ
Ei,j = Emax,i xe™ + == (1
Ni;
Emax,i = Emax,typicul +T’1,i (2)
T = Tppicar % €XP(M5;) 3)

In equation (1), E, ; is the observed change from
baseline in pre-dose (trough) FEV, (L) at the
time point j in the ith arm, and E,,, ; represents
the maximal change from baseline in trough FEV,
(L) in the ith arm. 7, is the loss of efficacy rate in
the ith arm, while ¢, ; is the residual error at the
time point j in the 7th arm, which is weighted by
the inverse of the square root of the sample size
(N; ), assumed to be normally distributed, with a
mean of 0 and variance of 6. The residual errors
are smaller in the arm with larger sample sizes. In
equations (2) and (3), E,... ypiw 30d T,y are
typical values for the parameters E,, and 7,
respectively. 1, ; and 7, represent the interstudy
variability of E, . and 7, respectively. E .. and 7
are assumed to be normally distributed, with
means of 0 and variances of ®,? and ,?.

After the pharmacodynamic model was estab-
lished, correlation analyses were performed to
explore the impact of the factors on the model
parameters. Factors such as age, proportion of
male patients, proportion of current smokers,
proportion of ICS users, and postbronchodilator
FEV, (%predicted) were accordingly tested. For
a factor with a missing proportion of <30%, the
missing information was imputed using the
median value of the factor. Factors with a missing
proportion of >30% were not considered during
covariate evaluation (such as baseline prebron-
chodilator FEV)). If the p value of Pearson cor-
relation was <0.05, this factor was considered to
be significantly related to the model parameters
and was selected for subsequent covariate
analyses.!®

The influence of covariates on the parameters of
the selected base model was then tested using the
forward inclusion—backward elimination method.
Upon introduction of a covariate, a decrease in
objective function value (OFV) of 3.84 (%2,
o = 0.05,df = 1) was considered statistically sig-
nificant in the forward inclusion process. During
the backward elimination procedure, a covariate
was removed from the model if the OFV increased
to <6.63 (32, o = 0.01, df = 1) during the exclu-
sion. For the introduction of 2-category covari-
ates, see equation (4), and for the introduction of
continuous covariates, see equations (5) and (6):

Prop = Prypicar + COV %0, @
PP"P = PTypical + (COV -CO Vmedian ) ' 95011 (5)
Py, = Ppypicas X(COV / COV,ign )Bm 6)

In equations (4)—(6), P, is the population value
of the pharmacodynamic parameters correspond-
ing to the different levels of covariates; Pr,,;., is
the typical value of the pharmacodynamic param-
eters when the covariate value is equal to the
median value of the covariate; COV is the covari-
ate value; COV, ;... is the median value of the
covariate; 0. is the correction coefficient of the

cov

covariates of the pharmacodynamic parameters.

The performance of the final model was evaluated
using a diagnostic goodness-of-fit plot. A visual
predictive check was then conducted by compar-
ing the 95% ClIs of the predicted values with the
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observed values to assess the predictive capacity of
the final model. The robustness of the model was
assessed using a nonparametric bootstrap, which
was performed using 1000 NONMEM repetitions
of the final model. The bootstrap median param-
eter values and 95% CIs were compared with the
respective values estimated from the final model.
If these values were close, it indicated that the esti-
mated parameters were stable and less affected by
any individual study.

Based on the final model, the typical efficacies
and 95% CIs of each drug and placebo at differ-
ent time points were obtained using Monte Carlo
simulations (10,000 times).

Meta-analysis for secondary outcomes and

safety outcomes

In this study, COPD exacerbations, TDI, the
change from baseline in SGRQ, and the change
from baseline in rescue medication use (puffs/day)
were evaluated as secondary outcomes. The mor-
tality, SAEs, and withdrawals due to AEs were
analyzed as safety outcomes. Since most of the
included studies only reported these indicators at
the endpoint, we could not establish the time
course models for these indicators. Therefore, a
meta-analysis was conducted to briefly summarize
the characteristics of different LABA/LAMA
FDCs relative to placebo on these indicators.
Specifically, the mean difference (MD) and risk
ratio (RR) with 95% ClIs of each drug group rela-
tive to the placebo group were calculated for con-
tinuous and dichotomous data, respectively.

Software

Model establishment and simulations were per-
formed usingNONMEM 7.3 ICON Development
Solutions, USA). Statistical analysis and genera-
tion of plots were performed using R4.0.1 (The R
Foundation of Statistical Computing). The meta-
analysis and quality assessment of the literature
was performed using Review Manager 5.3.5
(Cochrane Collaboration, London, England).

Results

Characteristics of included studies

A total of 22 studies with 44 arms consisting of
16,486 participants were included in the analysis
(Figure 1).8-12:20-36 Among the included 22 studies,

8 studies focused on vilanterol/umeclidinium
(N=3797), 5 studies focused on formoterol/
glycopyrronium (N=2910), 5 studies focused on
indacaterol/glycopyrronium (IN=2154), 3 studies
focused on formoterol/aclidinium (N=1826), 2
studies focused on olodaterol/tiotropium (N=3192),
and 11 studies focused on placebo (N=2607).

The mean age of the patients ranged from 61.9 to
67.3years, and the mean proportion of male
patients was 49.2%-96.4%. The mean propor-
tion of current smokers was 25%-59%, and the
mean postbronchodilator FEV, (%predicted) was
37%-59.4%. Treatment duration ranged from 12
to 64weeks (Table 1). Detailed information on
the included studies is shown in Supplementary
Table S2.

The risk-of-bias items presented as percentage
and summary for each included study are shown
in Supplementary Figure S1. All the included
studies had a low risk of blinding of participants
and personnel (performance bias), incomplete
outcome data (attrition bias), selective reporting
(reporting bias), and other bias. However, an
unclear risk of random sequence generation
(selection bias) was found in eight studies due to
not mentioning the method used to generate the
allocation sequence, and allocation concealment
(selection bias) may have occurred in 16 studies
due to not stating the method of allocation of sub-
jects. In addition, there was unclear risk of blind-
ing in the outcome assessment (detection bias) in
10 studies, as these studies have not described the
blinding of outcome assessments.

Model establishment and assessment for
primary outcome

Most of the efficacy data in trough FEV, included
in the analysis were measured within 26 weeks.
Thus, to avoid estimation bias in terms of model
parameters, this study only analyzed the efficacy
data in trough FEV, within 26 weeks. The final
model parameters are presented in Table 2. The
diagnostic graphs of the final model showed a
relatively good fit of the observed data
(Supplementary Figure S2). In addition, the indi-
vidual fit graph also showed that the predicted
data were close to the observed data and showed
no obvious bias (Supplementary Figure S3). The
observed change from baseline in trough FEV,
(L) in each drug group and placebo group were
almost within the 95% CI of the predicted data
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PubMed (n=1696)
EMBASE (n=1085)

Records identified through database searching (n=2781)

Identification

A A

(n=1929)

Records after duplicates removed

Titles and abstracts excluded
(n=1630)

\

(n=299)

Eligibility

Full-text articles assessed for eligibility

Full-text articals excluded (n=285)

*No outcomes of interest (n=94)

*No study drugs required (n=165)

*Cross-over study (n=20)

*Open label (n=1)

*Combined with other respiratory diseases (n=3)
*The number of patients participating in the parallel
study <50 (n=1)

*Pooled analysis (n=1)

Manual search from other meta-analysis (n=8)

22 articles with 44 arms included in the analysis

Figure 1. Flow chart for study identification and selection.

(Figure 2). This indicated that the model had
good predictability. The distribution of model
parameters obtained by the bootstrap method
was close to the estimated values of the model
parameters obtained from the original data set,
indicating that the estimation of model parame-
ters was robust and was less affected by individual
studies (Table 2). In the covariate screening pro-
cess, no factors were found to be related to the
model parameters. Therefore, the base model was
used as the final model.

Typical efficacy of drug and placebo for
primary outcome

Based on the final model, we simulated the
typical efficacy distribution of each drug and
placebo at different time points (Table 3). The
results showed that in terms of trough FEV,,
the efficacy of vilanterol/umeclidinium was the

highest and that there was no loss of efficacy; in
other words, the efficacy at 24 weeks was the
same as that at 2 days. However, the efficacy of
formoterol/aclidinium was the lowest, and its
efficacy was approximately 75% as that at
2days; in other words, its efficacy loss was
approximately 25% at 24 weeks. The efficacy of
the other three drugs was between that of
vilanterol/umeclidinium and formoterol/acli-
dinium, and their rates of efficacy loss were
similar. Their efficacy at 24 weeks was approxi-
mately 76%—-81% of that at 2 days.

In addition, we found that the placebo response
of COPD was not obvious and that the placebo
response at 24 weeks was similar to that at 2 days.
The 95% CI of the placebo response at each
time point was 0, indicating that the placebo
could not effectively improve the trough FEV,
(L) (Figure 3).
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Table 2. Parameter estimations of the final model.

Estimate (95% Cl)

Bootstrap
Median (95% Cl)

Pharmacodynamic parameters
E,..x[Formoterol/aclidinium], L
E,..x(Formoterol/glycopyrronium), L
E,..(Indacaterol/glycopyrronium], L
E...«(Vilanterol/umeclidinium], L
E,..(Olodaterol/tiotropium]), L
E,..«(Placebol), L
t(Formoterol/aclidinium), week-'
t(Formoterol/glycopyrronium), week"!
t(Indacaterol/glycopyrronium), week-!
(Vilanterol/umeclidinium], week!
t(Olodaterol/tiotropium), week"'
t(Placebo), week-!

Variability parameters
N(Epayd, L
nlt), %

g L

0.119 (0.103, 0.135)
0.150(0.133, 0.167)

0.177 (0.126, 0.228)
0.185(0.173, 0.197)

0.170 (0.154, 0.186)
-0.0121 (-0.0216, -0.0026)
0.0115(0.0069, 0.0161)
0.0108 (0.0076, 0.0140)
0.00890 (0.00222, 0.01558)
0 FIXED (-)

0.0113 (0.0056, 0.0170)
-0.0163 (-0.0265, -0.0061)

0.0243(0.0148, 0.033]

30.5 (3.9, 57.1)
0.178 (0.154, 0.202)

0.119 (0.101, 0.137)
0.150(0.132, 0.163)
0.180(0.120, 0.236)
0.185(0.172, 0.199)
0.171(0.148, 0.182)
-0.0106 (-0.0205, -0.0013)
0.0117 (0.0064, 0.0151)
0.0101 (0.0075, 0.0143)
0.00853 (0.00292, 0.0179)
- (-

0.0114 (0.0001, 0.0173)
-0.0173 (-0.0306, -0.0055)

0.0220 (0.0130, 0.0310)

19.0 (0.3, 46.4)
0.177 (0.155, 0.197)

Cl, confidence interval; E,.,, theoretical maximal change from baseline in predosel(trough) FEV, (L); FEV,, forced expiratory
volume in the first second; t, rate of loss of efficacy; n, interstudy variability of pharmacodynamic parameter; ¢, residual

error.

Secondary outcomes

Since the secondary outcomes related to olo-
daterol/tiotropium were not reported in the
included literature, this study only analyzed the
secondary outcomes of the other four LLABA/
LAMA FDCs. The results (Table 4 and supple-
mentary Figures S4-S7) showed that the risk of
COPD exacerbations in formoterol/aclidinium
was significantly lower than that in placebo, while
the risk of COPD exacerbations in formoterol/gly-
copyrronium, indacaterol/glycopyrronium, and
vilanterol/umeclidinium was comparable to that
of the placebo. In terms of reducing SGRQ,
vilanterol/umeclidinium was the best, and it was
significantly better than formoterol/aclidinium. In
addition, the efficacy of formoterol/aclidinium,
formoterol/glycopyrronium, indacaterol/glycopyr-
ronium, and vilanterol/umeclidinium on TDI was

comparable, and in terms of rescue medication
use, formoterol/glycopyrronium, indacaterol/gly-
copyrronium, and vilanterol/umeclidinium had
the similar efficacy.

Safety outcomes

Similarly, due to the lack of data on olodaterol/
tiotropium, this study only analyzed the safety
outcomes of the other four LABA/LAMA FDCs.
The results (Table 5 and supplementary Figures
S8-S10) showed that the incidences of formo-
terol/aclidinium, formoterol/glycopyrronium,
indacaterol/glycopyrronium, and vilanterol/ume-
clidinium were similar in mortality, SAEs, and
withdrawals due to AEs, and there was no signifi-
cant difference between those four LABA/LAMA
FDCs and placebo.
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Figure 2. Visual predictive check of the final model of the change from baseline in predose(trough] FEV,
(L). The points represent observed change from baseline in predose(trough) FEV, (L), and symbol size is
proportional to sample size. Points linked by a line are from the same arm. Purple lines are the model-
predicted fifth, 50th, and 95th percentiles of the change from baseline in predose(trough) FEV, (L).

Table 3. Predicted change from baseline in predose(trough) FEV, (L) of each drug and placebo.

Drugs & Placebo Predicted change from baseline in predose(trough) FEV, (L)
2days (95%Cl) 4weeks (95%Cl) 12weeks (95%Cl) 24 weeks (95%Cl)

Formoterol/aclidinium 0.118(0.069, 0.168) 0.113(0.065, 0.162) 0.103 (0.059, 0.149) 0.089 (0.047, 0.134)
Formoterol/glycopyrronium 0.149 (0.098, 0.200) 0.143(0.094, 0.191) 0.131(0.085, 0.179) 0.114(0.071, 0.161)
Indacaterol/glycopyrronium 0.176 (0.126, 0.227) 0.171(0.121, 0.220) 0.158 (0.112, 0.207) 0.142(0.096, 0.188)
Vilanterol/umeclidinium 0.185 (0.133, 0.237) 0.185(0.132, 0.237) 0.185(0.133, 0.237) 0.185 (0.133, 0.238)
Olodaterol/tiotropium 0.170(0.121, 0.220) 0.163(0.117,0.211) 0.148(0.104, 0.194) 0.129(0.087, 0.172)
Placebo -0.0118 (-0.0665, 0.0419) -0.0129 (-0.0708, 0.0439) -0.0144 (-0.0797, 0.0492)  -0.0177 (-0.0980, 0.0587)

Cl, confidence interval; FEV,, forced expiratory volume in the first second.

Discussion E, .. value of 0.185 L (95% CI: 0.173-0.197 L).
In this study, we quantitatively evaluated the effec- However, the efficacy of formoterol/aclidinium
tiveness of five LABA/LAMA FDCs in trough was the lowest, with an E_, value of0.119 L (95%
FEV, by establishing a pharmacodynamic model. CI: 0.103-0.135 L), accounting for only 64% of
The results showed that vilanterol/umeclidinium  that of vilanterol/umeclidinium. The efficiencies of
had the highest efficacy on trough FEV,, with an other drugs, such as formoterol/glycopyrronium,

8 journals.sagepub.com/home/tar



Y Gong, Y Lv et al.

o
)
o

0.05+

0.00+

Change from baseline in predose(trough) FEV1 (L)

0.151 E—

0.101

== Formoterol/aclidinium
Formoterol/glycopyrronium
— == |ndacaterol/glycopyrronium
Olodaterol/tiotropium
Placebo
Vilanterol/umeclidinium

0 2 4 6 8 10 12 14 16
Time (week)

18 20 22 24 26

Figure 3. Predicted typical time course of the change from baseline in predosel(trough) FEV, (L) of each drug

and placebo.

indacaterol/glycopyrronium, and olodaterol/tiotro-
pium were similar, and their E_ _  values were
0.150-0.177 L. Formoterol/aclidinium, formo-
terol/glycopyrronium, indacaterol/glycopyrro-
nium, and olodaterol/tiotropium showed a certain
degree of loss of efficacy on trough FEV,.
Compared with the efficacy at 2days, the trough
FEV, (L) relative to baseline at 24 weeks decreased
by 0.029, 0.035, 0.034, and 0.041 L, respectively.
However, the efficacy of vilanterol/umeclidinium
was not lost, and its efficacy at 24 weeks was the
same as that at 2days. The above results clearly
reflect the differences in the efficacy of different
LABA/LAMA FDCs on trough FEV |, but whether
the difference is of clinical significance or not needs
to be judged by clinicians.

Vilanterol/umeclidinium was approved by the US
Food and Drug Administration in 2013 as a daily
long-term maintenance treatment for COPD
patients with airflow limitation.3” This study
showed that the efficacy of vilanterol/umeclidin-
ium on trough FEV, was significantly better than
that of the other four LABA/LAMA FDCs, and
that its efficacy on long-term use was not lost,
thus showing better efficacy in lung function. A
published network meta-analysis conducted by
Calzetta er al.” also suggested that the efficacy of
vilanterol/umeclidinium on trough FEV, was bet-
ter than that of other LABA/LAMA FDCs. This

study combined and analyzed the efficacy of dif-
ferent treatment durations, thus ignoring the
influence of heterogeneity of treatment durations
on the results. The study also revealed that since
the efficacy of vilanterol/umeclidinium on trough
FEV, was not affected by the treatment duration,
maximum efficacy was achieved as soon as the
drug was used and could be maintained continu-
ously. Therefore, the estimation of the efficacy of
vilanterol/umeclidinium on trough FEV, by the
network meta-analysis was accurate, but the effi-
cacy of the other four LABA/LAMA FDCs
showed an obvious downward trend over time.
The combined analysis of the efficacy of different
treatment durations hence introduced a bias.

In addition to drug effects, this study also quanti-
tatively analyzed for placebo effects on trough
FEV, in COPD clinical trials. The results showed
that the placebo efficacy at 24 weeks was almost
the same as that at 2 days, with no obvious time-
effect relationship observed. The 95% CI of the
typical value of placebo efficacy at different time
points was 0, suggesting that placebo could not
significantly improve trough FEV, (L). Thus, the
effects observed in the drug group were mainly
due to the drugs.

The median duration of clinical trials included in
this study was approximately 24weeks, and the
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Table 4. Results of meta-analysis of secondary outcomes.

Outcome measure No. of No. of patients Effect (95% CI)
studies LABA/LAMA Placebo
COPD exacerbations (%) RR
For/acli versus Placebo 1 766 194 0.34(0.12, 0.96)
For/gly versus Placebo 1 551 235 0.97 (0.41, 2.34)
Ind/gly versus Placebo 2 699 345 0.86 (0.60, 1.24)
Vi/umec versus Placebo 4 1451 997 0.92 (0.47, 1.80)
CFB in SGRQ MD
For/acli versus Placebo 1 766 194 -1.24 (-2.96, 0.48)
For/gly versus Placebo 4 6733 740 -2.96 (-4.20, -1.71)
Ind/gly versus Placebo 1 474 232 -3.01 (-5.05, -0.97)
Vi/umec versus Placebo 3 1064 803 -4.32 (-5.62, -3.02)
TDI MD
For/acli versus Placebo 1 766 194 1.23(0.83, 1.63)
For/gly versus Placebo 2 697 298 0.87 (0.59, 1.16)
Ind/gly versus Placebo 1 474 232 1.09 (0.61, 1.57)
Vi/umec versus Placebo 2 816 555 1.10 (0.75, 1.45)
CFB in rescue medication use (puffs/day] MD
For/gly versus Placebo 4 2098 1189 -1.05 (-1.26, -0.83)
Ind/gly versus Placebo 1 474 232 -0.96 (-1.29, -0.63)
Vi/umec versus Placebo 4 1210 866 -1.02 (-1.47, -0.57)

CFB: change from baseline; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; For/acli, formoterol/
aclidinium; For/gly, formoterol/glycopyrronium bromide; Ind/gly, indacaterol/glycopyrronium bromide; MD: mean
difference; RR: risk ratio; SGRQ: St. George's Respiratory Questionnaire; TDI, Transition Dyspnoea Index; Vi/umec,

vilanterol/umeclidinium.

data showed that the efficacy of LABA/LAMA
FDCs on trough FEV, reached a maximum at the
treatment initiation; thus, the maximum efficacy of
drugs could be evaluated in the early stages of clin-
ical trials (for example, within 1 week). The main
purpose of the later stage of the clinical trial was to
evaluate the efficacy maintenance and safety of
these drugs.3® However, this study showed that the
efficacy of some LABA/LAMA FDCs decreased
linearly over time within 26 weeks; thus, the effi-
cacy loss rate of drugs on trough FEV, could be
predicted in a short treatment duration. The above
results suggest that for COPD clinical trials whose

main purpose was to evaluate the improvement of
airflow limitation as reflected by the lung function
indicator [trough FEV,], the evaluation of the effi-
cacy of LABA/LAMA FDCs could be completed
in a short treatment duration.38

In this study, the change from baseline in trough
FEV, (L) was used as the primary outcome, which
is commonly used to evaluate the efficacy of
COPD maintenance therapy in improvement in
lung function. This indicator has been reported in
most COPD clinical trials, which have large
amounts of data and, thus, are conducive for use
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Table 5. Results of meta-analysis of safety outcomes.

Outcome measure No. of studies

No. of patients Effect (95% Cl)

LABA/LAMA Placebo
Mortality (%) RR
For/acli versus Placebo 1 668 332 1.49 (0.06, 36.41)
For/gly versus Placebo 4 1733 741 0.86 (0.20, 3.69)
Ind/gly versus Placebo 2 699 345 1.82(0.30, 11.02)
Vi/umec versus Placebo 3 1038 717 1.10(0.23, 5.21)
SAEs (%) RR
For/acli versus Placebo 2 1434 526 1.14(0.73, 1.78)
For/gly versus Placebo 4 1733 741 1.11(0.83, 1.48)
Ind/gly versus Placebo 2 699 345 1.15(0.62, 2.12)
Vi/umec versus Placebo 4 1451 997 0.97 (0.61, 1.53)
Withdrawals due to AEs (%) RR
For/acli versus Placebo 2 1434 526 0.94 (0.62, 1.43)
For/gly versus Placebo 4 1733 741 0.87 (0.60, 1.26)
Ind/gly versus Placebo 2 699 345 0.54(0.17, 1.66)
Vi/umec versus Placebo 4 1451 997 0.92 (0.57, 1.46)

AEs, adverse events; Cl, confidence interval; For/acli, formoterol/aclidinium; For/gly, formoterol/glycopyrronium
bromide; Ind/gly, indacaterol/glycopyrronium bromide; RR: risk ratio; SAEs, serious adverse events; Vi/umec, vilanterol/

umeclidinium.

in modeling and analysis.3® However, clinical tri-
als of COPD usually include other efficacy indica-
tors, such as COPD exacerbations, which reflect
the condition of exacerbations; SGRQ and TDI,
which reflect the quality of life and dyspnea,
respectively; and the use of rescue medication
(e.g. B, agonist and reliever inhaler), which reflect
effects on symptoms.3® Since these indicators were
not universally reported in the literature, and most
of them were only reported at the end point, this
study did not perform modeling of these indica-
tors. Therefore, this study only summarized these
indicators through a traditional meta-analysis.
The results showed that the efficacy of different
LABA/LAMA FDCs were similar in terms of TDI
and rescue medication use. However, formoterol/
aclidinium is better in preventing the COPD exac-
erbations, while vilanterol/umeclidinium is the
best in terms of SGRQ. The result suggests that
patients with greater improvements in trough
FEV, had higher decrease in SGRQ score.

However, it should be pointed out that due to the
small amount of data included in the analysis, the
conclusions of the secondary outcomes are not
robust and need to be supported by further data.

A network meta-analysis by Schlueter er al.3° com-
paring the safety of four LABA/LAMA FDCs except
formoterol/glycopyrronium and a randomized con-
trolled trial by Maltais et al.?3 comparing the safety of
formoterol/glycopyrronium with that of vilanterol/
umeclidinium showed that the safety of the five types
of LABA/LAMA FDCs was similar. The results also
showed that different LABA/LAMA FDCs and pla-
cebo had similar safety outcomes.

Because the current study is limited by the included
data, it only included the change from baseline in
trough FEV, (L) within 26 weeks for modeling and
analysis. Although the pharmacodynamic model
established in this study can predict efficacy charac-
teristics during long-term drug treatment, the
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reliability of the extrapolation results after 26 weeks
requires further verification through clinical trials.
Previous studies have shown that age, smoking his-
tory, and frequency of previous exacerbations are
factors that affect the efficacy of drugs.#42 In this
study, age, proportion of male patients, proportion
of current smokers, proportion of ICS users, and
postbronchodilator FEV, (%predicted) did not have
a significant influence on the efficacy of drugs on
trough FEV,. The main reason was that this study
was based on summary level data from the literature
rather than individual data. Since the covariates of
the data at the summary level were usually reported
as mean or median values, the distribution range of
covariates was narrow and the detection power of
covariates was low, which was also a limitation of
this study. In addition, some LABA/LAMA FDCs
have multiple dose combinations; however, due to
the small number of studies included and the large
variation among trials, it was impossible to analyze
the dose-effect relationship of each drug in this
study. Since there was no widely accepted standard
to evaluate the results of modeling analysis, we did
not use a method similar to GRADE methodology
to rate the evidence obtained by the pharmacody-
namic model. In addition to the above limitations,
only English literature was included in this study,
which may have led to publication bias.

Conclusion

This study quantitatively evaluated the features of
the change from baseline in trough FEV, (L) asso-
ciated with five LABA/LAMA FDC:s for the treat-
ment of COPD in improving lung function. The
results showed that in terms of trough FEV,, the
efficacy of vilanterol/umeclidinium was the high-
est, while that of formoterol/aclidinium was the
lowest. Formoterol/aclidinium, formoterol/glyco-
pyrronium, indacaterol/glycopyrronium, and olo-
daterol/tiotropium showed efficacy loss in trough
FEV, after administration. There was no signifi-
cant efficacy loss after administration of vilanterol/
umeclidinium. In addition, the efficacy of differ-
ent LABA/LAMA FDCs was similar in TDI and
rescue medication use. However, formoterol/acli-
dinium was better in preventing the COPD exac-
erbations, while vilanterol/umeclidinium was the
best in terms of SGRQ. In terms of safety, differ-
ent LABA/LAMA FDCs and placebo had similar
mortality, SAEs, and withdrawals due to AEs.
The above information provided the necessary
quantitative supplements for the improvement of
COPD treatment guidelines.
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