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Introduction: Concerns have been raised about the practical use and clinical benefits of 
medications and inhalers in older patients with chronic obstructive pulmonary disease 
(COPD). Here, we report analyses according to age from five clinical trials evaluating 
medications administered using the ELLIPTA dry-powder inhaler (DPI).
Methods: Efficacy and safety according to age groups (<65 and ≥65 years) were assessed 
using data from five clinical trials in patients ≥40 years of age with symptomatic COPD. 
There was a mix of pre-specified and post hoc analyses of two 24-week trials with 
fluticasone furoate (FF)/vilanterol (VI) 100/25 µg; one 24-week trial with umeclidinium 
(UMEC) 62.5 µg; and two 12-week trials with UMEC 62.5 µg + FF/VI 100/25 µg. The 
primary endpoint was trough forced expiratory volume in 1 second (FEV1) obtained 23 and 
24 hours after dosing on the last day of the study.
Results: A total of 2876 patients <65 years of age and 2148 patients ≥65 years of age were 
enrolled across all studies of whom 1333 and 1111 patients, respectively, received treatment 
at the doses presented. Statistically significant and clinically meaningful treatment differ-
ences in improvement from baseline in mean trough FEV1 were reported for active com-
parators versus placebo at study end for both <65 and ≥65 years subgroups (FF/VI vs 
placebo: 143 mL and 111 mL; UMEC vs placebo: 110 mL and 123 mL; UMEC + FF/VI 
vs placebo + FF/VI: 136 mL and 105 mL; p<0.001 for all comparisons). The incidence of 
adverse events reported for active treatments was similar between age groups.
Conclusion: These data provide evidence to support the use of FF/VI, UMEC, or UMEC + 
FF/VI, all delivered via the ELLIPTA DPI, to treat older (≥65 years) and younger (<65 years) 
patients with COPD.
Keywords: COPD, elderly, ELLIPTA dry-powder inhaler, fluticasone furoate/vilanterol, 
multiple-inhaler triple therapy, umeclidinium

Plain Language Summary
Why was the study done?

Chronic obstructive pulmonary disease (COPD) is more common in older adults. Due to 
biological changes that occur as people age, some medications that are commonly used to 
treat COPD may be less effective for older patients than younger patients.
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What did the researchers do and find?
We analyzed the results of five clinical trials for two groups: 

patients younger than 65 years, and patients older than 65 years. 
The study investigated whether three treatments (fluticasone 
furoate/vilanterol, umeclidinium, and umeclidinium + fluticasone 
furoate/vilanterol) improved patients’ lung function for both age 
groups. We also explored whether there were any safety concerns 
in either age group. According to several different measures of 
lung function, all three treatments improved lung function in both 
younger patients (younger than 65 years) and older patients (65 
years or older). The safety profile of all three treatments was 
acceptable in both age groups.
What do these results mean?

The results of this study support the use of fluticasone 
furoate/vilanterol, umeclidinium, and umeclidinium + fluticasone 
furoate/vilanterol to treat patients with COPD who are older than 
65 years as well as those who are younger than 65 years.

Introduction
According to a population-based worldwide study, the 
prevalence of chronic obstructive pulmonary disease 
(COPD) increases steadily with age from approximately 
≤5% in individuals aged 40–49 years to 19–47% for men 
and 6–33% for women aged ≥70.1 In the US (2014─2015), 
6.5%, 9.6%, and 12.5% of adults aged 45–54, 55–64, and 
≥65 years, respectively, had physician-diagnosed COPD.2 

In addition, older patients tend to have a greater disease 
burden compared with younger patients with COPD.3

Inhaled medications are the cornerstone of pharmaco-
logical therapy in the management of COPD. Differences 
may be observed in the pharmacokinetic or pharmacody-
namic profile of medications between older and younger 
individuals due to age-related changes in physiology.4 

Furthermore, older patients may find inhalers more diffi-
cult to use than younger patients due to functional and 
cognitive decline and comorbidities such as poor eyesight, 
arthritis, and impaired dexterity.5–7 Concerns have been 
raised about the use of certain formulations such as dry- 
powder inhalers (DPIs) in older patients, who may have 
a considerably reduced ability to generate adequate 
inspiratory flow.5,8 Therefore, it is important to evaluate 
the efficacy and safety of COPD medications in older 
patients; however, this group is often under-represented 
in clinical trials.9,10

Previous post hoc analyses have evaluated the fixed- 
dose combination long-acting muscarinic antagonist 
(LAMA)/long-acting β2-agonist (LABA) umeclidinium 
(UMEC)/vilanterol (VI) in older patients.11 Consistent 
and significantly improved lung function compared with 

placebo was observed in older patients (≥65 and ≥75 years 
of age) with symptomatic COPD, with no notable diminu-
tion of the effect with advanced age. Furthermore, the 
safety profile for UMEC/VI was comparable in all age 
groups. A post hoc analysis of a study of inhalers contain-
ing placebo demonstrated that correct use and ease of use 
of the ELLIPTA DPI was similar in older patients (≥65 
and ≥75 years of age) compared with younger patients 
(40─64 years of age) with COPD.12

To help address the lack of clinical evidence on the 
efficacy and safety of inhaled medications for older adults 
with COPD, we investigated the effect of age by evaluat-
ing the lung function benefit and safety profile of several 
commonly used classes of inhaled medications for COPD 
in older patients (≥65 years) compared with younger 
patients (<65 years). We report efficacy and safety results 
from subgroup analyses of several clinical trials with the 
fixed-dose combination inhaled corticosteroid (ICS)/ 
LABA fluticasone furoate (FF)/VI, the LAMA UMEC, 
and UMEC + FF/VI multiple-inhaler triple therapy 
(MITT), all administered once daily via the 
ELLIPTA DPI.

Materials and Methods
Study Designs
Lung function benefits and safety according to age 
were analyzed in five multicenter, randomized, double- 
blind, placebo-controlled, parallel-group clinical trials 
in patients with COPD. These included pre-planned 
and post hoc analyses from two 24-week studies with 
FF/VI,13–16 a post hoc analysis from one 24-week 
study with UMEC,17 and a post hoc analysis from 
two 12-week studies with UMEC + FF/VI as MITT.18 

Two age subgroups were evaluated (<65 and ≥65 
years). Additional age groups (such as ≥75 years) 
were not evaluated due to insufficient sample sizes. 
Across all studies, treatments were administered once 
daily via the ELLIPTA DPI. Further details of study 
designs are presented in Table 1. Briefly, patients in all 
five studies had a clinical diagnosis of COPD, were 
≥40 years of age, had a smoking history of ≥10 pack- 
years, and a score of ≥2 on the modified Medical 
Research Council Dyspnea Scale.13,15,17,18 In studies 
with FF/VI and UMEC, patients had a post- 
bronchodilator forced expiratory volume in 1 second 
(FEV1)/forced vital capacity (FVC) ratio of ≤0.70 or 
<0.7 and a post-bronchodilator FEV1 ≤70% 
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predicted.13,15,17,18 Patients were not required to have 
a prior history of exacerbations. Patients were excluded 
if they had a current diagnosis of asthma or other 
known respiratory disease or use of long-term oxygen 

therapy. Full inclusion and exclusion criteria have been 
published previously.13,15,17,18

Data from all treatment arms in each study were 
included in the analyses; however, data for approved 

Table 1 Study Designs

Study Duration Key FEV1 Endpoints and Days of 
Assessment

Randomization and 
Stratification

Treatmentsa N

Studies with FF/VI (ICS/LABA)

HZC112206 
(NCT01053988)13

Run-in 
2 weeks, single-blind placebo 
ELLIPTA

Trough FEV1: 
Days 2, 7, 14, 28, 56, 84, 112, 140, 168, 169 
(co-primary endpoint)

1:1:1:1:1 Stratified by 
smoking status

Placebo 207

FF 100 µg 206

VI 25 µg 205

FF/VI 50/25 µgb 206

Treatment period 
24 weeks, double-blind

WM FEV1 0─4 hours post-dose: 
Days 1, 14, 56, 84, 168 (co-primary 
endpoint)

FF/VI 100/25 µgb 206

HZC112207 
(NCT01054885)15

Run-in 
2 weeks, single-blind placebo 
ELLIPTA

Trough FEV1: 
Days 2, 7, 14, 28, 56, 84, 112, 140, 168, 169 
(co-primary endpoint)

1:1:1:1:1:1 Stratified by 
smoking status

Placebo 205

FF 100 µg 204

FF 200 µg 203

VI 25 µg 203

Treatment period 
24 weeks, double-blind

WM FEV1 0─4 hours post-dose: 
Days 1, 14, 56, 84, 168 (co-primary 
endpoint)

FF/VI 100/25 µgb 204

FF/VI 200/25 µgb 205

Study with UMEC (LAMA)

DB2113373 
(NCT01313650)17

Run-in 
7─14 days, albuterol as needed

Trough FEV1: 
Days 2, 28, 56, 84, 112, 168, 169 (primary 
endpoint)

2:3:3:3 Placebo 280

UMEC 62.5 µg 418

VI 25 µg 421

Treatment period 
24 weeks, double-blind

WM FEV1 0–6 hours post-dose 
Days 1, 28, 84, 168 (secondary endpoint)

UMEC/VI 62.5/25 µg 413

Studies with UMEC + FF/VI (LAMA + ICS/LABA)

200109 
(NCT01957163)18

Run-in 
4 weeks, open-label FF/VI 100/25 µg

Trough FEV1: 
Days 2, 28, 56, 84, 85 (primary endpoint)

1:1:1 Placebo + FF/VI 100/ 
25 µg

206

UMEC 62.5 µg + FF/ 
VI 100/25 µg

206

Treatment period 
12 weeks, double-blind UMEC or 
placebo, open-label FF/VI

WM FEV1 0–6 hours post-dose 
Days 1, 28, 84 (secondary endpoint)

UMEC 125 µgc + FF/ 
VI 100/25 µg

207

200110 
(NCT02119286)18

Run-in 
4 weeks, open-label FF/VI 100/25 µg

Trough FEV1: 
Days 2, 28, 56, 84, 85 (primary endpoint)

1:1:1 Placebo + FF/VI 100/ 
25 µg

206

UMEC 62.5 µg + FF/ 
VI 100/25 µg

206Treatment period 
12 weeks, double-blind UMEC or 
placebo, open-label FF/VI

WM FEV1 0–6 hours post-dose 
Days 1, 28, 84 (secondary endpoint)

UMEC 125 µgc + FF/ 
VI 100/25 µg

207

Notes: aTreatments in all studies were administered once daily via the ELLIPTA DPI. bFF/VI 100/25 µg is the only licensed dose for COPD. cUMEC 62.5 µg is the only 
licensed dose of UMEC. 
Abbreviations: COPD, chronic obstructive pulmonary disease; DPI, dry-powder inhaler; FEV1, forced expiratory volume in 1 second; FF, fluticasone furoate; ICS, inhaled 
corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; UMEC, umeclidinium; VI, vilanterol; WM, weighted mean.
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products and doses are the focus of this manuscript: FF/VI 
100/25 µg versus placebo; UMEC 62.5 µg versus placebo; 
and UMEC 62.5 µg + FF/VI 100/25 µg versus placebo + 
FF/VI 100/25 µg.

All studies were conducted in accordance with the 
Declaration of Helsinki and were approved by the relevant 
local ethics review committees. All patients provided writ-
ten, informed consent before study participation.13,15,17,18

Endpoints
Across all studies, lung function was evaluated via spiro-
metry at each study visit (Table 1).13,15,17,18 The primary 
efficacy endpoint was change from baseline in trough 
FEV1 at study end (Day 169 in studies with UMEC and 
FF/VI and Day 85 in studies with UMEC + FF/ 
VI).13,15,17,18 Baseline FEV1 was defined as the mean of 
the two FEV1 assessments obtained 30 and 5 minutes pre- 
dose on Day 1. Trough FEV1 was defined as the mean 
FEV1 value obtained 23 and 24 hours after dosing on the 
last day of the study. Weighted mean (WM) FEV1 0─4 
hours post-dose on Day 168 was assessed as a co-primary 
endpoint in studies with FF/VI; WM FEV1 0─6 hours 
post-dose on Day 168 in the study with UMEC and on 
Day 84 in studies with UMEC + FF/VI was assessed as 
a secondary endpoint.13,15,17,18

Other efficacy endpoints included trough FEV1 and 
WM FEV1 at other time points; proportion of trough 
FEV1 responders at all time points; ratio of FEV1 to base-
line (ie, percent change in FEV1) at all time points; and 
change from baseline in trough FVC throughout the study. 
Response for FEV1 was defined as ≥100 mL improvement 
from baseline. Ratio of FEV1 to baseline was calculated to 
account for differences in baseline lung function that may 
be associated with aging. Baseline FVC was defined as the 
mean of the two assessments made 30 minutes and either 5 
minutes or immediately pre-dose on Day 1.

Safety was evaluated using summaries of adverse 
events (AEs), common on-treatment AEs and selected 
AEs of interest.

Statistical Analysis
All analyses were conducted on the intent-to-treat (ITT) 
populations, which included all patients randomized to treat-
ment who received ≥1 dose of study medication. All end-
points were analyzed by age subgroups of <65 and ≥65 years.

Pooled data from the two studies evaluating FF/VI and the 
two studies evaluating UMEC + FF/VI as MITT were used. 
For the studies with UMEC and UMEC + FF/VI, all analyses 

by age subgroups were performed post hoc. For studies with 
FF/VI, analyses of trough FEV1, WM FEV1 0─4 hours and 
safety by age subgroup were pre-planned; analyses of trough 
FEV1 responders, ratio of FEV1 to baseline, and change from 
baseline in trough FVC were conducted post hoc.

Analyses of trough FEV1, WM FEV1 and trough FVC 
were performed using a repeated measures model. Analysis 
of trough FEV1 responders was performed using 
a generalized linear mixed model with a logit link function. 
Ratio of FEV1 versus baseline analysis was performed using 
a repeated measures model, with response of log (trough 
FEV1/baseline FEV1); results were back transformed to 
provide point estimates for the ratios. All analyses included 
specific covariates (Supplementary Table 1).

Results
Baseline Characteristics
A total of 5024 patients were included across all studies 
and treatment groups, of whom 2876 (57%) patients 
were <65 years of age (range: 40─64 years) and 2148 
(43%) patients were ≥65 years of age (range: 65─93 
years). The majority of patients in both age groups 
were male, with a slightly higher proportion of males 
in the ≥65 years group (Table 2). Patients in both age 
groups had a substantial smoking history (≥40 pack- 
years). Approximately two-thirds of patients in the <65 
years age group and approximately one-third of patients 
in the ≥65 years group were current smokers. The major-
ity of patients (≥70%) did not have a moderate or severe 
exacerbation in the 12 months prior to screening. Both 
age groups, on average, had severe airflow limitation at 
screening with a mean percent predicted post- 
bronchodilator FEV1 of approximately 47% (range: 
13─87%). Post-bronchodilator FEV1 and FVC at screen-
ing were lower in the ≥65 years of age subgroup com-
pared with the <65 years of age subgroup. A total of 
2444 patients were included in the treatment groups 
presented in this article, of whom 1333 were <65 years 
of age and 1111 were ≥65 years of age.

Trough FEV1
Across all studies, significant and clinically meaningful 
improvements from baseline in trough FEV1 at study end 
were reported for the active comparator compared with 
placebo for both age subgroups (Table 3). Treatment dif-
ferences in mean change from baseline in trough FEV1 for 
FF/VI versus placebo, UMEC versus placebo, and UMEC 
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+ FF/VI versus placebo + FF/VI at study end were 
143 mL, 110 mL, and 136 mL, respectively, for patients 
<65 years of age; and 111 mL, 123 mL, and 105 mL, 
respectively, for patients ≥65 years of age (p<0.001 for all 
comparisons).

Across all studies, significant improvements from base-
line in trough FEV1 were reported for FF/VI, UMEC, or 
UMEC + FF/VI compared with placebo (placebo + FF/VI 
for UMEC + FF/VI treatment arm) at all time points 
(Figure 1).

WM FEV1
Statistically significant improvements from baseline in WM 
FEV1 over 0–4 or 0─6 hours at study end were reported for 
the active comparator compared with placebo for both age 
subgroups (Table 3). Significant improvements from base-
line in WM FEV1 over 0–4 or 0–6 hours were also reported 
for the active comparators versus placebo at all time points 
across all studies (Supplementary Figure 1).

FEV1 Responders
Patients in both age subgroups had significantly greater 
odds of a clinically meaningful improvement from base-
line (≥100 mL) in trough FEV1 with active treatment 
compared with placebo across all studies (p≤0.002 at all 
time points) (Figure 2). The odds of being a responder 
were similar in the <65 and ≥65 years of age subgroups for 
patients treated with FF/VI.

Trough FEV1/Baseline FEV1 Ratio
As post-bronchodilator FEV1 at screening was lower in the 
≥65 years subgroup than in the <65 years subgroup 
(Table 2), the ratio of trough FEV1 to baseline FEV1 was 
compared with account for differences in baseline lung 
function that may be associated with aging. Across the 
active treatment arms of all studies, in both age subgroups, 
the increase in trough FEV1 was approximately 10% 
(Table 3). Significant improvements in the ratio of trough 
FEV1 to baseline FEV1 were reported for active treatment 

Table 2 Demographics and Baseline Characteristics

Demographic and Baseline 
Characteristics

Two 24-Week Studies with FF/VI 
(HZC112206 and HZC112207 

Pooled)

24-Week Study with UMEC 
(DB2113373)

Two 12-Week Studies with UMEC 
+ FF/VI (200109 and 200110 

Pooled)

Age Group <65 Years ≥65 Years <65 Years ≥65 Years <65 years ≥65 Years

N 1339 915 867 665 670 568

Age, years, mean (range) 56.2 (40, 64) 70.8 (65, 85) 56.9 (40, 64) 71.2 (65, 93) 57.6 (42, 64) 70.8 (65, 88)

Male, n (%) 882 (66) 688 (75) 589 (68) 494 (74) 412 (61) 386 (68)

Current smoker, n (%) 882 (66) 340 (37) 551 (64) 208 (31) 418 (62) 195 (34)

Smoking history, pack-years, mean 

(range)

41.2 (10, 200) 48.5 (10, 196) 43.1 (10, 136) 50.2 (10, 225) 45.1 (10, 166) 51.1 (10, 200)

Post-BD FEV1 at screening, mL, mean 

(SD)

1555 (504) 1300 (410) 1502 (541) 1232 (390) 1459 (509) 1211 (394)

Percent predicted post-BD FEV1 at 

screening, mean (range)

48.1 (14, 87) 48.1 (14, 77) 47.4 (13, 74) 47.6 (16, 70) 46.4 (13, 70) 46.0 (17, 76)

Percent FEV1 reversibility, mean (SD) 13.2 (15.3) 14.7 (16.5) 14.7 (15.7) 14.5 (14.6) 13.4 (12.8) 13.1 (12.3)

Post-BD FVC at screening, mL, mean 

(SD)

3236 (911) 2947 (817) 3133 (884) 2700 (716) 2939 (830) 2588 (700)

Exacerbation history in previous 

12 months, n (%)

≥1 moderatea 318 (24) 229 (25) 256 (30) 166 (25) 84 (13) 95 (17)

≥1 severeb 126 (9) 67 (7) 114 (13) 60 (9) 22 (3) 12 (2)

Notes: aRequiring oral/systemic corticosteroids and/or antibiotics; bRequiring hospitalization. 
Abbreviations: BD, bronchodilator; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; SD, standard deviation; FF, fluticasone furoate; UMEC, 
umeclidinium; VI, vilanterol.
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arms compared with placebo arms at all time points across 
all studies (p<0.001 for all comparisons) (Figure 3).

Trough FVC
Across all studies, mean post-bronchodilator FVC at 
screening was approximately 300─400 mL lower in the 
≥65 years age subgroup compared with the <65 years age 
subgroup (Table 2). Statistically significant improvements 
from baseline in trough FVC were observed with FF/VI 
versus placebo in the <65 years subgroup at study end 
(107 mL; p=0.017) (Table 4) and at all other time points 
(Supplementary Figure 2A). In the ≥65 years subgroup, 
statistically significant improvements from baseline in 
trough FVC were observed with FF/VI versus placebo at 

Days 2, 7, 14, 28, and 56, with a numerical trend in favor 
of FF/VI at Days 84, 112, 140, and 168 (Supplementary 
Figure 2B), and the end of the study (45 mL; p=0.334) 
(Table 4). There were statistically significant improve-
ments from baseline in trough FVC for UMEC and 
UMEC +FF/VI compared with placebo (placebo + FF/VI 
for UMEC + FF/VI treatment arm) for both age subgroups 
at study end (Table 4) and at all other time points 
(Supplementary Figure 2C─F).

Safety
Nasopharyngitis, headache, and upper respiratory tract 
infection were the most common AEs reported for patients 
in the active treatment and placebo arms across all studies 

Figure 1 Change from baseline in trough FEV1 over the course of the studies comparing FF/VI versus placebo (A and B), UMEC versus placebo (C and D), and UMEC + FF/ 
VI versus placebo + FF/VI (E and F). n=number of patients with data available for at least 1 time point; ***p≤0.001 vs placebo. 
Abbreviations: FEV1, forced expiratory volume in 1 second; FF, fluticasone furoate; LS, least squares; SE, standard error; UMEC, umeclidinium; VI, vilanterol.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                                https://doi.org/10.2147/COPD.S302864                                                                                                                                                                                                                       

DovePress                                                                                                                       
1931

Dovepress                                                                                                                                                         Hanania et al

A  <65 years of age B  ≥65 years of age

C <65 years of age D  ≥65 years of age

E  <65 years of age F  ≥65 years of age

Day

UMEC + FF/VI (n=222) Placebo + FF/VI (n=224) UMEC + FF/VI (n=189) Placebo + FF/VI (n=186)

2 28 56 84
85

LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e 

in
 

tro
ug

h 
FE

V 1, 
m

L 
(S

E)

250

200

150

100

50

0

-50

-100
Day

2 28 56 84
85

250

200

150

100

50

0

-50

-100LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e 

in
 

tro
ug

h 
FE

V 1, 
m

L 
(S

E)
Day

UMEC (n=216) Placebo (n=173)

2 28 56 84 112 168
169

LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e 

in
 

tro
ug

h 
FE

V 1, 
m

L 
(S

E)

250

200

150

100

50

0

-50

-100

Day

FF/VI (n=239)
Placebo (n=249)

FF/VI (n=167)
Placebo (n=158)

2 7 14 7 1428 56 84 112 140 140168
169

LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e 

in
 

tro
ug

h 
FE

V 1, 
m

L 
(S

E)
250

200

150

100

50

0

-50

-100
Day

2 28 56 84 112 168
169

LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e 

in
 

tro
ug

h 
FE

V 1, 
m

L 
(S

E)

250

200

150

100

50

0

-50

-100

Day

UMEC (n=201) Placebo (n=106)

2 28 56 84 112 168
169

LS
 m

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e 

in
 

tro
ug

h 
FE

V 1, 
m

L 
(S

E)

250

200

150

100

50

0

-50

-100

*** ***
*** ***

*** ***
***

***
***

***

*** *** *** ***
*********

*** ***
*** *** ** ***

***
*********

*** *** *** *** ***
***

***

*** ***
***

*** *** *** ******
*** ***

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=302864.docx
https://www.dovepress.com/get_supplementary_file.php?f=302864.docx
https://www.dovepress.com/get_supplementary_file.php?f=302864.docx
https://www.dovepress.com/get_supplementary_file.php?f=302864.docx
https://www.dovepress.com
https://www.dovepress.com


(Table 5). Overall, the incidences of other AEs of interest 
(including oral/oropharyngeal candidiasis, pneumonia, car-
diac/vascular events, renal/urinary, and eye events) were 
similar between age subgroups for all studies. For both age 
subgroups, pneumonia was reported for ≤2% patients in 
the active comparator arms and ≤1% of patients in the 
placebo arms across all studies. Cardiac events were 
reported for ≤6% of patients in the active treatment arms 
and ≤11% of patients in the placebo arms; vascular events 
were reported for ≤3% of patients in the placebo and 
active treatment arms across both age groups.

Discussion
These analyses of five 12- and 24-week clinical studies 
demonstrate improvement in lung function and safety of 
several commonly used classes of inhaled medications 
delivered once daily via the ELLIPTA DPI compared 
with placebo in younger (<65 years) and older (≥65 
years) patients with COPD.

Each FEV1 endpoint analyzed highlighted distinct 
aspects of lung function improvement with FF/VI, 
UMEC, and UMEC + FF/VI as MITT. First, consistent 
and statistically significant improvements from baseline in 
WM FEV1 at 0–4 hours or 0–6 hours post-dose compared 
with placebo in both age subgroups confirmed the effect of 
treatment within the first few hours after dosing. Second, 
consistent and statistically significant improvements from 
baseline in trough FEV1 compared with placebo in both 
age subgroups demonstrated that the effect of treatment 
was sustained over 24 hours. Furthermore, a significantly 
greater proportion of patients achieved a clinically relevant 
improvement in trough FEV1 (≥100 mL increase from 
baseline) with FF/VI, UMEC, and UMEC + FF/VI com-
pared with placebo for both age subgroups.

The greater odds of a FEV1 response with UMEC versus 
placebo in the ≥65 years of age subgroup compared with the 
<65 years of age subgroup suggest that older patients may be 
more responsive to UMEC monotherapy than younger patients. 

Figure 2 FEV1 responders (≥100 mL improvement from baseline in trough FEV1) at study end in studies comparing FF/VI versus placebo (A), UMEC versus placebo (B), and 
UMEC + FF/VI versus placebo + FF/VI (C). 
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 second; FF, fluticasone furoate; OR, odds ratio; UMEC, umeclidinium; VI, vilanterol.
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It is noteworthy that a similar trend was observed in previous 
analyses of UMEC/VI versus placebo in older patients with 
COPD.11 However, the lower odds of a FEV1 response with 
UMEC + FF/VI versus placebo + FF/VI in the ≥65 years of age 
subgroup compared with the <65 years of age subgroup do not 
support this finding. This raises the possibility that bronchodi-
lator monotherapy (LAMA) or dual therapy (LAMA/LABA) 
may be more appropriate treatment options than ICS/LABA in 
elderly symptomatic patients at low exacerbation risk, where 
the goal of treatment is to improve lung function and reduce 
symptoms; however, further studies are required to confirm this 
observation and further investigate the effect of age on the 
efficacy of MITT and single-inhaler triple therapy.

In this analysis, UMEC demonstrated statistically sig-
nificant improvements from baseline in trough FVC versus 
placebo that were sustained throughout the entire treat-
ment period for both age groups. Statistically significant 
improvements from baseline in trough FVC for FF/VI 
versus placebo were also observed in the <65 years sub-
group throughout the entire study period. In the ≥65 years 
subgroup, numerical improvements from baseline in 
trough FVC for FF/VI versus placebo were observed 
throughout the entire treatment period, although these 
differences were only statistically significant until Day 
56. This evidence further suggests that bronchodilator 
therapy may be a more appropriate treatment option than 

Figure 3 Ratio of trough FEV1/baseline FEV1 over the course of the studies comparing FF/VI versus placebo (A and B), UMEC versus placebo (C and D), and UMEC + FF/VI 
versus placebo + FF/VI (E and F). n=number of patients with data available for at least 1 time point; ***p≤0.001 vs placebo. 
Abbreviations: FEV1, forced expiratory volume in 1 second; FF, fluticasone furoate; LS, least squares; SE, standard error; UMEC, umeclidinium; VI, vilanterol.
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ICS/LABA in elderly patients where the goal of treatment 
is to improve lung function.

Across these analyses, as expected, lung function at screen-
ing was lower in the ≥65 years subgroup compared with the 
<65 years subgroup.5,19,20 To account for differences in base-
line lung function, we calculated the ratio of each FEV1 mea-
surement to baseline FEV1. Across all studies at all time points, 
FEV1 ratios for FF/VI, UMEC, and UMEC + FF/VI were 
similar between age subgroups and statistically significant 
compared with placebo. This further supports a consistent 
FEV1 improvement in both age subgroups, despite the lower 
mean FEV1 at baseline in older patients. Concerns have been 
raised about the use of DPIs in older patients because the ability 
to generate adequate inspiratory flow may be reduced in these 
patients.6,11 In this study, all treatments were delivered using 
the ELLIPTA DPI, a device that has demonstrated consistency 
of delivered dose and fine particle mass fraction at flows of 
between 30 L/min and 90 L/min.21,22 Patients with COPD and 
a FEV1 <30% predicted have demonstrated the ability to gen-
erate peak inspiratory flows of at least 41.6─52 L/min.23,24 The 
consistency of findings across our analyses suggests that there 
is no apparent reduction in the benefit of inhaled treatments 
delivered via the ELLIPTA DPI for FEV1 outcomes in patients 
≥65 years of age; however, patients’ inspiratory flow was not 
measured in our studies. Our findings are in line with 
a previous study that demonstrated no diminution of effect of 
UMEC/VI delivered via ELLIPTA DPI on lung function in 
older patients with COPD (≥65 or ≥75 years of age).11 

Furthermore, a recent analysis of the IMPACT trial also 
demonstrated that the safety and efficacy of FF/UMEC/VI 
delivered by a single inhaler (ELLIPTA DPI) across three 
age subgroups (≤64, 65–74 and ≥75 years) were generally 
consistent with those reported in the overall ITT 
population.25 Together these results suggest that the 
ELLIPTA DPI is suitable for older patients; however, further 
studies are required to assess other DPIs.

It is also important to consider the safety of medica-
tions prescribed in older patients.4 The AE profiles and 
incidence of AEs of interest were similar between age 
subgroups across all studies; however, small differences 
between treatments, low incidence of AEs, and different 
duration of the studies preclude us from making any 
conclusions.

Our analyses are not without limitations. First, many of 
the analyses were post hoc; therefore, comparisons within 
groups were not adequately powered therefore statistical 
analyses should be interpreted with caution. Second, since 
studies included in these analyses were all randomized Ta
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controlled trials, selection bias may have resulted in 
enrollment of patients with COPD who were healthier 
and had fewer comorbidities than the general COPD popu-
lation, particularly in the older subgroup, potentially limit-
ing the generalizability of our results. Detailed 
comorbidity data were not available in the studies ana-
lyzed so it has not been possible to investigate the impact 
of comorbidities on treatment response. The majority of 
patients in this analysis did not have an exacerbation in the 
past year and patients with other respiratory disease were 
excluded, therefore the results may not be generalizable to 
patients with frequent COPD exacerbations nor patients 
with other respiratory diseases. Also, longer-term studies 
are required to investigate the effect of age on the longer- 
term efficacy and safety of FF/VI, UMEC and UMEC + 
FF/VI. Furthermore, there were insufficient numbers of 
patients to analyze older subgroups (ie, ≥75 years), who 
may be further impacted by comorbidities such as sarco-
penia. Future studies should also consider including ana-
lyses by clinical phenotypes to facilitate personalized 
COPD treatment.26 Finally, our analyses did not consider 
other clinically meaningful outcomes for older popula-
tions, such as symptoms, quality of life, or exacerbations.

Conclusions
These data provide evidence of improved lung function with 
FF/VI, UMEC, and UMEC + FF/VI, all delivered via the 
ELLIPTA DPI, compared with placebo in both older (≥65 
years) and younger (<65 years) patients. As expected, the 
lung function benefit of the ICS/LABA FF/VI in older patients 
appeared to be primarily driven by the LABA, VI. The safety 
profile of each regimen, including the incidence of AEs of 
interest (such as cardiovascular events, renal/urinary events 
and pneumonia) was similar across age groups.

Abbreviations
AE, adverse event; BD, bronchodilator; CI, confidence 
interval; COPD, chronic obstructive pulmonary disease; 
DPI, dry-powder inhaler; FEV1, forced expiratory volume 
in 1 second; FF, fluticasone furoate; FVC, forced vital 
capacity; ICS, inhaled corticosteroid; ITT, intent-to-treat; 
LABA, long-acting β2-agonist; LAMA, long-acting mus-
carinic antagonist; LS, least squares; MITT, multiple- 
inhaler triple therapy; OR, odds ratio; PBO, placebo; SD, 
standard deviation; SE, standard error; UMEC, umeclidi-
nium; VI, vilanterol; WM, weighted mean.
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