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Abstract

Objective The aim of this pooled analysis was to assess the
efficacy and safety of umeclidinium/vilanterol (UMEC/VI)
62.5/25 pg dual bronchodilation versus placebo in elderly
symptomatic patients with chronic obstructive pulmonary
disease (COPD).

Methods We conducted a post hoc pooled analysis of data
from 10 randomized controlled trials (RCTs). Change from
baseline (CFB) in trough forced expiratory volume in 1 s
(FEV,), proportion of FEV; responders (> 100-mL
increase from baseline), and safety were analyzed in
patients aged < 65, > 65, and > 75 years on Days 28, 56,
and 84 (12-week analysis of parallel-group design studies),
Days 28, 56, 84, 112, 140, 168, and 169 (24-week analysis
of parallel-group design studies), and Days 2, 42, and 84
(12-week analysis of crossover design studies).

Results The UMEC/VI intent-to-treat (ITT) populations
comprised 2246, 1296, and 472 patients in the 12-week parallel-
group, 24-week parallel-group, and 12-week crossover analy-
sis, respectively (> 65 years: 36-44%; > 75 years: 7-11%).
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The placebo ITT populations comprised 528, 280, and 505
patients, respectively (> 65 years: 37-41%; > 75 years:
5-11%). Significant improvements in trough FEV; and sig-
nificantly greater proportions of FEV, responders were seen
with UMEC/VI compared with placebo in all analyses
regardless of patient age or timepoint considered (p < 0.023),
except Day 84 trough FEV,; CFB in the 12-week crossover
analysis in patients aged > 75 years (p = 0.064). UMEC/VI
safety profile was similar to placebo in all age groups.
Conclusions In this pooled analysis of RCT data, once-
daily UMEC/VI was well tolerated and provided clinically
significant lung function benefits compared with placebo in
younger and older patients with COPD.

Funding GlaxoSmithKline (study 208125).

Key Points

Compared with placebo, inhaled once-daily
umeclidinium/vilanterol consistently and
significantly improved lung function in elderly
patients (aged > 65 and > 75 years of age) with
symptomatic chronic obstructive pulmonary disease
(COPD).

A significantly greater proportion of patients with
symptomatic COPD experienced a clinically
meaningful improvement in lung function

(= 100-mL improvement in forced expiratory
volume in 1 s) with inhaled umeclidinium/vilanterol
compared with placebo in all age groups, with no
notable diminution of effect with advancing age.

Inhaled umeclidinium/vilanterol therapy was well
tolerated, with a safety profile comparable to that of
placebo.
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1 Introduction

The global prevalence of chronic obstructive pulmonary
disease (COPD) was 11.7% in 2010 [1]. COPD is princi-
pally a disease of older adults, and the prevalence is
increasing due to aging population demographics [1-3]. In
the US, it has been estimated that approximately one in ten
people over the age of 75 years have COPD [4]. In Europe,
the mean age of COPD patients is approximately 68 years
old, with the majority (~ 70%) of patients with COPD
classified as elderly (> 65 years) [5, 6]. Multimorbidity
increases with age [7], and older patients with COPD have
a higher incidence of age-related comorbidities, such as
diabetes mellitus, benign prostatic hyperplasia, cataracts,
cardiovascular disease, hypertension, and dementia, com-
pared with younger patients with COPD [6-10].

There is a paucity of data regarding COPD management
in the elderly population [9]. Patients in randomized con-
trolled trials (RCTs) of COPD medications are generally
younger than the general COPD population seen in clinical
practice [11, 12] and are less likely to have cardiac
comorbidities [13]. Moreover, very few clinical trials
(~ 1%) are conducted exclusively in elderly populations
[14].

Older patients may not be included in clinical trials for a
number of reasons; for example, they may be indirectly
excluded due to increased levels of comorbidities or owing
to the severity of these comorbidities, because of issues
with obtaining reliable spirometry results, or owing to
challenges in compliance with study procedures (e.g.,
inability to attend clinic visits as outpatients) [15, 16].
Therefore, although elderly patients make up the majority
of patients with COPD, the available RCT data may not
fully reflect the efficacy and safety of pharmacological
treatments for COPD in an elderly population.

Bronchodilators are the cornerstone of the pharmaco-
logical treatment of COPD [2]; however, the use of bron-
chodilators in elderly patients with COPD can be
associated with a number of challenges. Elderly patients
may find inhalers more difficult to use than younger
patients and may have more impaired lung function,
making them less able to generate the required inspiratory
flow; these factors need to be taken into consideration
when selecting an appropriate inhaler device for elderly
patients [4, 17]. Comorbidities in elderly patients may also
affect their ability to use their device correctly [18]. Poor
eyesight, impaired dexterity, arthritis in the fingers, and
tremors can all affect a patient’s ability to use an inhaler
correctly [18], and patients with cognitive impairment may
not take their medication as prescribed [19]. Comorbidities,
poor adherence, or incorrect inhaler technique can in turn
affect disease control, resulting in increased use of rescue
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therapies, as well as more frequent exacerbations,
increased hospitalization, and worse outcomes [20-23]. In
addition, age-related changes in physiology can result in a
different pharmacokinetic or pharmacodynamic profile in
older and younger individuals [24], which may lead to
differences in adverse event (AE) profiles between the
populations, further compounded by the potential for
polypharmacy in older patients [25].

It is therefore important to demonstrate that COPD
treatments are effective in elderly patients, and to under-
stand their safety profile in this patient population. The
fixed combinations of an inhaled long-acting muscarinic
antagonist (LAMA) and a long-acting [,-agonist (LABA)
have proven efficacy for the treatment of COPD [26, 27],
and are recommended in the Global initiative for Chronic
Obstructive Lung Disease (GOLD) 2018 report for main-
tenance treatment of stable COPD [2]. The aim of the
current pooled analysis was to compare the efficacy and
safety of one such inhaled fixed LAMA/LABA combina-
tion, umeclidinium/vilanterol (UMEC/VI) 62.5/25 ng, with
placebo in elderly patients with symptomatic COPD. Two
cutoff points for the definition of ‘elderly’ were explored in
this pooled analysis: those at least 65 and those at least
75 years of age.

2 Methods
2.1 Study Design
This study (GSK study number: 208125) was a post hoc

pooled analysis of data from ten randomized studies that
investigated UMEC/VI 62.5/25 pg inhaled once daily and

were of at least 12 weeks’ duration: GSK study
DB2113360  (NCT01316900) [28], DB2113373
(NCTO01313650) [29], DB2113374 (NCT01316913) [28],
ZEP117115 (NCTO01777334) [30], DB2114930
(NCTO01817764) [31], DB2114951 (NCTO01879410) [31],
MID201211 (NCTO02152605) [32], DB2114417

(NCT01328444) [33], DB2114418 (NCTO01323660) [33],
and MID201317 (NCT02275052) [34] (Online Resource 1,
see electronic supplementary material [ESM]). Data from
all treatment arms were included in this analysis; however,
only data for the comparison of UMEC/VI 62.5/25 pg
versus placebo are presented here. Three separate analyses
were undertaken: a 24-week and a 12-week analysis of data
from pooled parallel-group studies, and a 12-week analysis
using data from pooled crossover studies. Four studies
were included in the 24-week parallel-group integration
analysis, seven in the 12-week parallel-group integration
analysis (the four used in the 24-week integration analysis,
plus three 12-week studies), and three in the 12-week
crossover analysis (Online Resource 1, see ESM).
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In all studies, patients were eligible to participate if they
were > 40 years of age with a diagnosis of COPD as per
the American Thoracic Society/European Respiratory
Society (ATS/ERS) definition [35], and were symptomatic
either with or without a recent (< 1 year) history of
exacerbations (Online Resource 1, see ESM).

2.2 Study Endpoints

The primary efficacy endpoints of this pooled analysis
were the change from baseline in trough forced expiratory
volume in 1 s (FEV)) (assessed as absolute change and
ratio of change over baseline value) and the proportion of
trough FEV,; responders (patients achieving an increase
of > 100 mL above baseline in trough FEV ) on Days 28,
56, and 84 for the 12-week integration analysis of parallel
design studies, Days 28, 56, 84, 112, 140, 168, and 169 for
the 24-week integration analysis of parallel-group studies,
and Days 2, 42, and 84 for the 12-week crossover analysis.
Baseline FEV,| was defined as the mean of 30- and 5-min
pre-dose measurements on Day 1. Safety endpoints inclu-
ded the pooled incidence of adverse events (AEs) in the
UMEC/VI groups versus the placebo groups across the
studies. Outcomes in the two pooled datasets (UMEC/VI
and placebo) were analyzed in patients < 65 and > 65
years of age, and those > 75 years of age.

2.3 Statistical Analyses

For the parallel design studies (DB2113360, DB2113373,
DB2113374, DB2114930, DB2114951, MID201211, and
ZEP117115), efficacy analysis was performed for the
combined intent-to-treat (ITT) populations. One investi-
gator site was excluded from the ITT population for study
DB2113360 owing to significant deviations from good
clinical practice. Absolute change in trough FEV, for the
12- and 24-week parallel-group integrations was analyzed
separately using mixed model repeated measures (MMRM)
on each subgroup level with study, treatment, baseline
FEV,, smoking status at screening, visit, visit by baseline
FEV, interaction, and visit by treatment interaction (where
visit is nominal) as covariates. Ratios (% change from
baseline) of trough FEV, change from baseline were ana-
lyzed using an MMRM on each subgroup level, with
response of log (trough FEV /baseline FEV,) and covari-
ates of study, treatment, smoking status at screening, log
(baseline FEV)), visit, visit by log (baseline FEV) inter-
action, and visit by treatment interaction. Results were
back-transformed to provide point estimates for the ratios.
For the 12-week parallel-group integration, the model used
all available trough FEV, values recorded on Days 28, 56,
and 84, and the 24-week parallel-group integration model
used all available trough FEV| values recorded on Days 28,

56, 84, 112, 140, 168, and 169. For these two integration
analyses, the proportion of trough FEV; responders
(> 100-mL increase from baseline) was analyzed sepa-
rately on each subgroup level using an MMRM for binary
data with treatment, study, smoking status at screening,
baseline FEV, visit, visit by baseline FEV, interaction,
and visit by treatment interaction as covariates.

The analysis of the crossover design studies
(DB2114417, DB2114418, and MID201317) was per-
formed on the combined ITT population for all patients
who received at least one dose of randomized study med-
ication in a treatment period. This analysis used MMRM to
assess 12-week trough FEV,, with covariates of period,
period baseline FEV;, mean baseline FEV,, treatment,
study, smoking status, visit, visit by period baseline FEV,
interaction, visit by mean baseline FEV, interaction, and
visit by treatment interaction (where visit is nominal). The
model used all available trough FEV, values recorded on
Days 2, 42, and 84. The proportion of trough FEV,
responders (> 100-mL increase from baseline) in the
crossover studies was analyzed using a separate general-
ized linear mixed model for each subgroup level and visit
with treatment, study, smoking status at screening, period
baseline FEV,, and mean baseline FEV, as covariates. For
all efficacy analyses, an investigation of the study by
treatment interaction was conducted to assess homogeneity
of effect.

Safety analyses were performed using the ITT popula-
tion for all patients who received at least one dose of
randomized study medication in a treatment period, and
separately for the parallel design and crossover design
studies.

All outcomes were reported according to the random-
ized treatment. Baseline FEV| was summarized by treat-
ment. Summary statistics for the absolute trough FEV, and
change from baseline in trough FEV, at each clinic visit
and for each treatment were reported. The least squares
(LS) means and LS mean change from baseline values for
each treatment group were reported with their associated
standard errors (SE) or 95% confidence interval (CI). The
estimated treatment difference along with corresponding
95% CI and p-value for each visit were also presented,
as well as the number (%) of patients who achieved a
> 100-mL increase from baseline in trough FEV; and
corresponding odds ratio (OR), 95% CI, and p-values.

3 Results
3.1 Patient Characteristics

The ITT population for the 12-week analysis of paral-
lel design studies included 2246 patients assigned to
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UMEC/VI and 528 patients assigned to placebo. Of these,
989 (44%) patients in the UMEC/VI group and 214 (41%)
patients in the placebo group were > 65 years of age, and
209 (9%) patients in the UMEC/VI group and 45 (9%)
patients in the placebo group were > 75 years of age.

The ITT population for the 24-week analysis included
1296 patients assigned to UMEC/VI and 280 assigned to
placebo. Of these, 566 (44%) and 106 (38%), respectively,
were > 65 years of age, and 116 (9%) and 30 (11%),
respectively, were > 75 years of age. All patients in the
24-week integration analysis were also included in the
12-week integration analysis.

In the 12-week analysis of crossover trials, the UMEC/
VI ITT population included 472 patients, and the placebo
ITT population 505 patients. Of these, 168 (36%) and 188
(37%), respectively, were > 65 years of age, and 31 (7%)
and 27 (5%), respectively, were > 75 years of age.

The baseline characteristics are summarized in Table 1
and were generally similar between UMEC/VI and placebo
within each age category. Baseline FEV| was highest in
the < 65-years age group (with mean values from each
analysis ranging from 1274 to 1494 mL) and lowest in
the > 75-years age group (with mean values from each
analysis ranging from 980 to 1093 mL; Table 1).

3.2 Trough FEV,

When considering absolute change from baseline, signifi-
cantly greater improvements in trough FEV | were observed
following treatment with UMEC/VI compared with
placebo in patients < 65 or > 65 years of age across all
analyses (12- and 24-week parallel design studies or
12-week crossover studies) and at all timepoints considered
(p < 0.001; Fig. 1 and Online Resource 2, see ESM).
When comparing the effect of UMEC/VI against placebo
in the > 75-year patient group, a statistically significant
difference was observed in both parallel study datasets at
all timepoints (12-week and 24-week groups; p < 0.001).
In the crossover analysis, significant differences in trough
FEV, between placebo and UMEC/VI were also observed
in the > 75-year group at both Day 2 and Day 42
(p < 0.001 and p = 0.023, respectively) but the difference
was not statistically significant at Day 84 (p = 0.064)
(Fig. 1 and Online Resource 2, see ESM).

When expressed as ratio to baseline (i.e., percentage
change from baseline), UMEC/VI was associated with
significantly greater improvements in trough FEV, com-
pared with placebo in all analyses, regardless of timepoint
or age group considered (p < 0.018; Fig. 2 and Online
Resource 3, see ESM). In the 12-week parallel-group
analysis, the adjusted percent increase with UMEC/VI
compared with placebo at Day 84 was 15% (95% CI 12-18),
15% (95% CI 11-18), and 18% (95% CI 10-26) in
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patients < 65, > 65, and > 75 years of age, respectively (all
p < 0.001; Fig. 2). In the 24-week parallel-group analysis, the
adjusted percent increase with UMEC/VI compared with pla-
cebo at Day 169 was 16% (95% CI 12-20), 17% (95% CI
12-22) and 21% (95% CI 11-33) in patients < 65, > 65,
and > 75 years of age, respectively (all p < 0.001; Fig. 2). In
the 12-week crossover analysis, the adjusted percent increase
with UMEC/VI compared with placebo at Day 84 was 17%
(95% CI 15-19), 16% (95% CI 13-19), and 9% (95% CI 2-18)
in patients < 65, > 65, and > 75 years of age, respectively
(p < 0.018; Fig. 2). Trough FEV,| LS mean percent change
from baseline and adjusted differences between treatments for
other timepoints for all three analyses are shown in Online
Resource 3 (see ESM).

3.3 FEV, Responder Analysis

The proportion of FEV, responders (patients with a >
100-mL increase from baseline in trough FEV) was signifi-
cantly greater with UMEC/VI compared with placebo
regardless of age group or analysis (12- and 24-week parallel
design studies or 12-week crossover studies) at all timepoints
considered (p < 0.005; Fig. 3 and Online Resource 4, see
ESM). In the 12-week parallel-group analysis, the proportion
of FEV, responders in the UMEC/VI group at Day 84 was
61%, 58%, and 57% with OR versus placebo of 3.47 (95% CI
2.55-4.72), 542 (95% CI 3.67-8.00), and 5.38 (95% CI
2.31-12.56) in patients < 65, > 65, and > 75 years of age,
respectively (all p < 0.001; Fig. 3). In the 24-week parallel-
group analysis, the proportion of FEV; responders in the
UMEC/VI group at Day 169 was 56%, 55%, and 48%
with OR versus placebo of 4.07 (95% CI 2.65-6.25), 5.07
(95% CI 2.96-8.69), and 4.86 (95% CI 1.61-14.63) in
patients < 65, > 65, and > 75 years of age, respectively
(p < 0.005; Fig. 3). In the 12-week crossover analysis, the
proportion of FEV, responders to UMEC/VI therapy at
Day 84 was 58% and 53% with OR versus placebo of 8.09
(95% CI 5.31-12.32) and 5.79 (95% CI 3.34-10.04) in
patients < 65 and > 65 years of age, respectively
(all p <0.001; Fig. 3). OR for the subgroup of patients
> 75 years of age could not be calculated in this analysis as
the model did not converge due to the low number of patients
in this subgroup (UMEC/VI: n = 31; placebo: n = 27). The
proportion of FEV; responders and corresponding OR
(95% CI) for other timepoints for all three analyses are shown
in Online Resource 4 (see ESM).

3.4 Safety

The incidence of AEs and serious AEs was similar in the
placebo and UMEC/VI groups for all age groups across
all three analyses (Table 2). AEs occurring in five or more
and two or more patients across both treatment arms and
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Table 1 Baseline characteristics by age group and analysis
Parallel design studies Crossover design studies
12-week analysis 24-week analysis 12-week analysis
Placebo UMEC/VI Placebo UMEC/VI Placebo UMEC/VI
(N =528) (N = 2246) (N = 280) (N = 1296) (N =505) (N =472)
Age subgroup < 65 years N =314 N = 1257 N=174 N =730 N =317 N =304
Age (years), mean (SD) 56.7 (5.63) 56.9 (5.62) 56.6 (5.52) 56.9 (5.67) 56.0 (5.61) 56.5 (5.38)
Gender (male), n (%) 200 (64) 838 (67) 115 (66) 491 (67) 159 (50) 153 (50)
BMI (kg/m?), mean (SD) 27.52 (6.077)  27.55 (6.097) 27.52 (6.077)  27.47 (6.357) 27.62 (6.037)  27.50 (5.950)
Current smoker, n (%) 201 (64) 791 (63) 118 (68) 472 (65) 233 (74) 233 (73)
Smoking pack-years, mean  41.1 (24.26) 41.6 (23.06) 44.7 (23.52) 43.5 (24.02) 47.7 (23.30) 46.9 (22.11)
(SD)
Baseline FEV,| (mL), mean 1360 (548) 1372 (528) 1274 (497) 1353 (562) 1494 (469) 1485 (497)
(SD)*
Age subgroup > 65 years N =214 N =989 N =106 N = 566 N =188 N =168
Age (years), mean (SD) 70.7 (4.75) 70.9 (4.68) 71.6 (5.07) 70.8 (4.59) 70.5 (4.52) 70.7 (4.54)
Gender (male), n (%) 144 (67) 726 (73) 80 (75) 412 (73) 119 (63) 105 (63)
BMI (kg/m?), mean (SD) 2590 (5.474)  27.26 (5.513) 25.9 (5.47) 27.30 (5.536) 27.19 (5.010)  27.58 (5.482)
Current smoker, n (%) 78 (36) 347 (35) 32 (30) 191 (34) 80 (43) 70 (42)
Smoking pack-years, mean  45.9 (26.99) 47.4 (26.22) 51.3 (32.08) 48.3 (27.53) 51.8 (26.42) 53.0 (25.15)
(SD)
Baseline FEV| (mL), mean 1111 (447) 1160 (418) 1078 (390) 1131 (426) 1234 (417) 1221 (426)
(SD)*
Age subgroup > 75 years N =45 N =209 N =30 N=116 N =27 N =31
Age (years), mean (SD) 78.1 (2.65) 78.1 (2.93) 78.2 (2.74) 78.0 (2.86) 78.8 (3.41) 78.0 (3.04)
Gender (male), n (%) 32 (71) 154 (74) 22 (73) 85 (73) 14 (52) 15 (48)
BMI (kg/m?), mean (SD) 25.72 (6.244)  25.66 (4.405) 25.72 (6.244)  25.35 (4.252) 27.12 (4.382)  26.34 (4.937)
Current smoker, n (%) 13 (29) 45 (22) 8 (27) 24 (21) 19 (70) 22 (71)
Smoking pack-years, mean  39.9 (21.77) 48.0 (25.3) 43.4 (21.71) 48.0 (26.26) 54.2 (33.50) 49.5 (30.00)
(SD)
Baseline FEV| (mL), mean 1012 (347) 1093 (402) 980 (364) 1077 (431) 996 (316) 1051 (350)

(SD)*

BMI body mass index, FEV; forced expiratory volume in 1 s, SD standard deviation, UMEC umeclidinium, VI vilanterol

“Mean of the two FEV, assessments made 30 and 5 min pre-dose on Day 1

> 3% of patients in either treatment arm are shown in
Table 3 and Online Resource 5 (see ESM), respectively.
Deaths occurred in < 3% of patients in the UMEC/VI
group and < 1% of patients in the placebo group (Table 2).
There was no obvious trend in deaths in relation to age, and
no fatal AEs were considered by investigators to be related
to treatment.

4 Discussion
In the 12- and 24-week analyses of parallel design studies,

UMEC/VI was consistently associated with significantly
greater improvements in trough FEV, in terms of absolute

change (in mL) and percent change from baseline, com-
pared with placebo in all age groups (< 65, > 65, and
> 75 years) and at all timepoints (p < 0.001). In the
crossover analysis, which included studies performed in
hyperinflated patients (resting functional residual capac-
ity > 120% of predicted), differences in improvements in
trough FEV,; between UMEC/VI and placebo were also
significant for all age groups and timepoints except for
the > 75-year age group at Day 84. When expressed as
percentage change from baseline, the improvements in
trough FEV, were significantly greater with UMEC/VI
compared with placebo in all analyses across all age groups
and timepoints. Consistent with these results, a signifi-
cantly greater proportion of patients achieved a clinically

A\ Adis



642

R. Ray et al.

FEV, LS mean CFB (mL) at Day 84 — 12-week parallel design studies

Age Placebo UMEC/VI

N n LSmeanCFB N n LS mean CFB
<65 years 314 277 32 1253 1147 199
265 years 214 183 5 988 892 169
>75 years 45 37 -7 209 183 174
FEV, LS mean CFB (mL) at Day 169 — 24-week parallel design studies
Age Placebo UMEC/VI

N n LSmeanCFB N n LS mean CFB
<65 years 174 125 18 726 610 199
265 years 106 76 11 565 458 196
275 years 30 21 -21 116 86 184
FEV, LS mean CFB (mL) at Day 84 — 12-week crossover design studies
Age Placebo UMEC/VI

N n LS mean CFB N n LS mean CFB
<65 years 317 277 -29 304 273 205
265 years 188 154 -31 168 148 150
275 years 27 21 49 31 25 135

Fig. 1 Absolute change from baseline in trough FEV, by age group
and analysis. p-values given for the adjusted difference (UMEC/VI
minus placebo) in trough FEV; LS mean CFB. CFB change from

Favors

UMEC/VI
Difference (95% CI) p-value
168 (130, 206) <0.001 ——
163 (128, 199) <0.001 ——i
181 (108, 254) <0.001 —_—
Difference (95% CI) p-value
181 (130, 232) <0.001 ——
185 (132, 237) <0.001 —
205 (104, 307) <0.001 —_———————
Difference (95% Cl) p-value
234 (205, 262) <0.001 ——
181 (146, 216) <0.001 ——
86 (-5, 177) 0.064 —

T T T T T T T 1
-50 0 50 100 150 200 250 300 350

Difference (95% Cl)

baseline, CI confidence interval, FEV, forced expiratory volume in 1
s, LS least squares, n number of patients at each timepoint, N total
number of patients in subgroup, UMEC umeclidinium, VI vilanterol

FEV, LS mean ratio to BL at Day 84 — 12-week parallel design studies U’-;\;!I\E’g/?/l
Age Placebo UMEC/VI Ratio (95% Cl) p-value

N n LS meanratioto BL N n LS mean ratio to BL
<65years 314 277 1.01 1253 1147 1.16 15(1.12,1.18)  <0.001 -
265years 214 183 1.01 988 892 1.16 1.15(1.11,1.18)  <0.001 -
>75years 45 37 1.00 209 183 1.18 1.18 (1.10, 1.26)  <0.001 ——
FEV, LS mean ratio to BL at Day 169 — 24-week parallel design studies
Age Placebo UMEC/VI Ratio (95% CI) p-value

N n LS meanratiotoBL N n LS mean ratio to BL
<65years 174 125 1.01 726 610 1.16 1.16 (1.12,1.20)  <0.001 i
265years 106 76 1.01 565 458 1.19 1.17 (1.12,1.22)  <0.001 ——
>75years 30 21 0.98 116 86 1.20 1.21(1.11,1.33) <0.001 ——
FEV, LS mean ratio to BL at Day 84 — 12-week crossover design studies
Age Placebo UMEC/VI Ratio (95% CI) p-value

N n LS meanratiotoBL N n LS mean ratio to BL
<65years 317 277 0.98 304 273 1.14 7(1.15,1.19) <0.001 L2l
265years 188 154 0.97 168 148 1.12 16 (1.13,1.19)  <0.001 gl
>75years 27 21 1.04 31 25 1.13 (1.02,1.18) 0.018 ——

I T 1
0.75 1.00 1.25 1.50

Fig. 2 Trough FEV, percent change from baseline by age group and
analysis. p-values given for the adjusted percent change from baseline
(UMEC/VI vs placebo ratio). BL baseline, CI confidence interval,

important improvement in trough FEV; (> 100-mL
increase from baseline) with UMEC/VI compared with
placebo, in all age groups. While this study did not com-
pare treatment effects between age groups, the overall
results showed no decreasing benefit of UMEC/VI with
advancing age.

The crossover analysis differed from the parallel anal-
yses in that it focused on patients who were hyperinflated.
This population of patients would have more unstable dis-
ease and therefore may have been expected to have a
propensity to deteriorate, particularly on placebo. How-
ever, while a deterioration in trough FEV| was observed in
patients < 65 and > 65 years of age assigned to placebo,
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Ratio (95% CI)

FEV; forced expiratory volume in 1 s, LS least squares, n number of
patients at each timepoint, N total number of patients in subgroup,
UMEC umeclidinium, VI vilanterol

this was not the case in patients > 75 years of age, and
instead an improvement in absolute trough FEV, was seen
in this subgroup of patients at Day 84. This improvement in
trough FEV, in patients who received placebo is likely to
be an artefact of patient dropout in this small patient sub-
group (22% at Day 84), which may have contributed to the
failure to detect a difference between treatments. The
adjusted percent difference between treatments was also
lowest at Day 84 in the 12-week crossover analysis in
patients > 75 years of age, possibly for the same reasons
noted above.

While some of the studies considered in this pooled
analysis included active control groups as well as placebo,
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. . Favors
FEV, responders at Day 84 — 12-week parallel design studies UMEC/VI
Age Placebo UMEC/VI OR (95% CI) p-value
N n % N n %
<65 years 314 312 27 1253 1251 61 3.47 (2.55, 4.72) <0.001 L gl
265 years 214 214 20 988 983 58 5.42 (3.67, 8.00) <0.001 o
275 years 45 45 20 209 209 57 5.38 (2.31, 12.56) <0.001 ——
FEV, responders at Day 169 — 24-week parallel design studies
Age Placebo UMEC/VI OR (95% CI) p-value
N n % N n %
<65 years 174 174 20 726 725 56 4.07 (2.65, 6.25) <0.001 i
265 years 106 106 19 565 565 55 5.07 (2.96, 8.69) <0.001 ——i
>75 years 30 30 17 116 116 48 4.86 (1.61, 14.63) 0.005 ——
FEV, responders at Day 84 — 12-week crossover design studies
Age Placebo UMEC/VI OR (95% CI) p-value
N n % N n %
<65 years 317 316 16 304 303 58 8.09 (5.31, 12.32) <0.001 ——
265 years 188 188 16 168 167 53 5.79 (3.34, 10.04) <0.001 ——
I T T T T T T T 1
0 5 10 15 20 25 30 35 40

Fig. 3 Proportion of trough FEV,; responders by age group and
analysis. In the 12-week crossover analysis, the model does not
converge in the subgroup of patients > 75 years of age due to small
patient numbers (placebo n = 27; UMEC/VI n = 31) and hence the
OR from this group could not be calculated. FEV responders defined

the data presented here focused on the comparison between
UMEC/VI and placebo to assess the consistency of the
magnitude of improvement in lung function with increas-
ing age with UMEC/VI, as well as its safety profile. As
between-treatment differences would be larger for UMEC/
VI compared with placebo rather than with other active
agents, the comparison with placebo presents the greatest
opportunity to detect efficacy differences by age. COPD
diagnosis in the elderly is associated with specific chal-
lenges, owing to the presence of comorbidities and the
difficulty in performing spirometric assessments [36]. This
in turn contributes to a potential under-diagnosis of the
condition and its severity in this population, with as much
as half of patients being undiagnosed, and therefore
untreated [36]. This pooled analysis shows that, compared
with placebo, UMEC/VI therapy is associated with a trend
for larger percentage improvements and greater response
rates in lung function benefits with increasing age, with a
similar safety profile, and could therefore be of significant
benefit in elderly patients with symptomatic COPD.

The aging population is increasing, and this will impact
the total number of individuals with COPD, as well as the
number of elderly people with COPD, which is likely to
have a substantial impact on direct and indirect healthcare
costs in the future [37]. Therefore, it is important that any
new treatment for COPD is demonstrated to be effective
and well tolerated in older individuals. Currently, the way
that we define ‘elderly’ is largely arbitrary and based on
age thresholds of 65 or 75 years, rather than degree of

OR (95% CI)

as increase from baseline in trough FEV; > 100 mL at timepoint
considered. p-values given for the responder analysis OR (UMEC/VI
vs placebo). CI confidence interval, FEV, forced expiratory volume in
1 s, n number of patients at each timepoint, N total number of patients
in subgroup, OR odds ratio, UMEC umeclidinium, VI vilanterol

frailty or other markers of biological aging. However, until
the adoption of a well accepted measure or score for
physiological (rather than chronological) age that is
reported as a baseline demographic characteristic in clini-
cal trials, it is likely that chronological age will continue to
be used to define patients as elderly.

Lung function declines with age, and indeed in this
pooled analysis we observed lower baseline trough FEV,
values in older patient groups. This may explain why
absolute (mL) improvements in trough FEV, from baseline
with UMEC/VI tended to be slightly lower in older patients
compared with their younger counterparts (Fig. 1 and
Online Resource 2, see ESM); however, percentage
increases tended to be larger in patients with advancing
age, as illustrated in Fig. 2 and Online Resource 3 (see
ESM). In addition, previous studies have noted that COPD
management in elderly populations is associated with
specific challenges (e.g., difficulties with inhaler use,
inability to generate the required inspiratory flow, cognitive
impairment, difficulties in diagnosis owing to the presence
of multiple comorbidities) [4, 9, 17, 36]. Although data on
inhaler use were not assessed, the overall findings of this
analysis suggest that, in older patients, UMEC/VI is asso-
ciated with similar or greater absolute (mL) improvements
in trough FEV|, and a trend for higher percent increases,
versus younger patients, and highlight that UMEC/VI can
be used with confidence in elderly patients with greater
lung function impairment. Previous studies have shown
that the ELLIPTA inhaler device used to deliver UMEC/VI

A\ Adis



644

R. Ray et al.

Table 2 Safety endpoints by age group and analysis

Parallel design studies

Crossover design

studies

12-week analysis

24-week analysis

12-week analysis

Placebo UMEC/VI Placebo UMEC/VI Placebo UMEC/VI
(N =528) (N = 2246) (N = 280) (N = 1296) (N = 505) (N =472)

Age subgroup < 65 years N =314 N = 1257 N=174 N =730 N =317 N =304
AEs 122 (39) 506 (40) 89 (51) 348 (48) 96 (30) 91 (30)
Drug-related AEs 12 (4) 42 (3) 11 (6) 35 (5) 6(2) 72)
Non-fatal SAEs 11 (4) 44 (4) 6 (3) 31 4) 7(2) 8(3)
Total deaths 0 (0) 6(<1) 0 (0) 4(<1) 0 (0) 2(<1)
Treatment-related 0 (0) 0 (0) 0 () 0 (0) 0 (0) 0 ()
deaths

Age subgroup > 65 years N =214 N =989 N =106 N =566 N =188 N =168
AEs 86 (40) 425 (43) 44 (42) 306 (54) 66 (35) 56 (33)
Drug-related AEs 14 (7) 47 (5) 8 (8) 36 (6) 9 503)
Non-fatal SAEs 11 (5) 52 (5) 33) 33 (6) 8(4) 503)
Total deaths 0 (0) S5(1 0 (0) 3(<1) 1(<1 1(<1)
Treatment-related 0 (0) 0 (0) 0 (0) 0 (0) 0 () 0 (0)
deaths

Age subgroup > 75 years N =45 N =209 N =30 N =116 N =127 N =31
AEs 21 (47) 95 (45) 15 (50) 72 (62) 9 (33) 12 (39)
Drug-related AEs 3(7) 94 1(3) 7 (6) 3(11) 1(3)
Non-fatal SAEs 1) 18 (9) 1(3) 10 (9) 1(4) 2 (6)
Total deaths 0 (0) 1(<1) 0 () 1(<D 0 (0) 1(3)
Treatment-related 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

deaths

Data expressed as n (%)

AEs adverse events, SAE serious adverse events, UMEC umeclidinium, VI vilanterol

has low-to-moderate resistance and is therefore able to
deliver therapeutic doses of medication across a range of
inspiratory flow rates, including in patients with very sev-
ere COPD [38, 39].

Encouragingly, in this pooled analysis, AE profiles were
similar between the < 65 years, > 65 years, and > 75
years age groups. This suggests that UMEC/VI has an
acceptable safety profile in elderly populations, and that
there are no specific concerns about increased risk of AEs
with UMEC/VI as patients age. This is important because
elderly patients may be particularly susceptible to AEs [9].
For example, antimuscarinic agents can cause dry mouth,
and potentially result in acute urinary retention in elderly
patients [9], while B,-agonists may cause tremor, tachy-
cardia, or hypokalemia [40]. Not only can these AEs cause
considerable harm to the patient, but they also substantially
increase the cost of care for elderly people [41]. The bal-
ance between treatment efficacy and safety in elderly
patients is further complicated by polypharmacy [9, 25]. Data
from the US suggest that about one in five community-
dwelling elderly people are receiving a drug for one chronic

A\ Adis

condition that could adversely affect benefit from another
drug (e.g., a nonselective B-blocker for hypertension that
could counteract a B-agonist for COPD) [42].

Our study is not without limitations. First, the study was
a post hoc analysis of previously published studies. Since
the studies in this analysis were all randomized controlled
trials, selection bias may have focused the patient popu-
lations on healthy, older patients with COPD [11], and not
completely reflect the range of comorbidities seen among
elderly patients with COPD in clinical practice. Indeed, as
previously noted, elderly patients may be poorly repre-
sented in clinical trials as they may be indirectly excluded
owing to increased levels or severity of comorbidities,
difficulties in obtaining reliable spirometry results, or
challenges in achieving compliance with study procedures
[15, 16]. Therefore, external validity remains an issue with
this analysis and the findings of a favorable efficacy/safety
balance of UMEC/VI in older and younger patients in our
study should be confirmed in an observational clinical
practice setting. Second, although the studies had no upper
age limit, the number of patients in the oldest studied age
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Table 3 Adverse events occurring in five or more patients across both treatment arms and > 3% of patients in either treatment arm by age and

analysis
Parallel design studies Crossover design studies
12-week analysis 24-week analysis 12-week analysis
Placebo UMEC/VI Placebo UMEC/VI Placebo UMEC/VI
(N =528) (N = 2246) (N = 280) (N = 1296) (N =505) (N =472)
Age N=314 N = 1257 N =174 N =730 N =317 N =304
subgroup < 65 years
Headache 28 (9) 109 (9) 21 (12) 67 (9) 93 3(<1D)
Viral URTI 21 (7) 74 (6) 11 (6) 55 (8) 14 (4) 52
Back pain - - 3(2) 21 (3) - -
URTI - - 74) 15 (2) - -
Gastroenteritis - - 503) 4(<1) - -
Age N =169 N=1780 N =106 N =566 N=188 N =168
subgroup > 65 years
Headache 14 (7) 70 (7) 5(5) 49 (9) 10 (5) 8 (5)
Viral URTI 10 () 62 (6) 44 46 (8) 9(5) 10 (6)
Back pain 7@3) 28 (3) 4 (4) 20 (4) - -
URTI 11 (5) 18 (2) 9(8) 16 (3) - -
Cough - - 33) 15 (3) - -
Oropharyngeal pain 6 (3) 12 (1) - - - -
Hypertension 73) 11 (1) - - - -
Rhinitis - - 303) 5(<1) - -
Sinusitis - - - - 5@3) 0 ()
Dyspnea - - 4 (4) 3(<1 5@03) 3(2)
Arthralgia - - - - 2(1) 5@3)
Age N=45 N =209 N =30 N=116 N=27 N=3l1
subgroup > 75 years
Headache 3 17 (8) 2(7) 11 .(9) - -
Viral URTI 3(7) 12 (6) 3 (10) 9(8) - -
Back pain 24 84 0 (0) 6 (5) - -
Oropharyngeal pain 24 3(1) - - - -

Data expressed as n (%)

— indicates that the adverse event was not reported, or was reported in less than five patients across both treatment arms or < 3% in either

treatment arm

UMEC umeclidinium, URTI upper respiratory tract infection, VI vilanterol

category (> 75 years) was smaller, which may increase
uncertainty in the precision of the results in this group.
Nevertheless, the age range of the patient population
included in this pooled analysis may provide reassurance
that these results are applicable to elderly populations
irrespective of the age thresholds used to define elderly.
However, studies of longer duration may still be required to
confirm that UMEC/VI efficacy is maintained during long-
term treatment, particularly in hyperinflated elderly
patients with COPD as recruited to the 12-week crossover
studies. Finally, this analysis did not consider other clini-
cally meaningful outcomes for the older population, such
as symptoms and exercise capacity.

5 Conclusions

In this pooled analysis, UMEC/VI was associated with
significant and clinically meaningful improvement in lung
function, and a greater proportion of patients achieving
clinically meaningful improvements in lung function,
compared with placebo in all age groups (< 65, > 65,
and > 75 years), with no diminution of effect with
advancing age. In addition, the safety profile of UMEC/VI
was comparable in all age groups. These results indicate
that dual bronchodilation with UMEC/VI via the ELLIPTA
dry powder inhaler could substantially benefit elderly
patients with COPD.
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