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Abstract

Introduction: Lung physiology and chronic obstructive pulmonary disease (COPD) pathophysiology differ between sexes. This post
hoc analysis investigated the InforMing the Pathway of COPD Treatment (IMPACT) trial outcomes by patient sex.

Methods: IMPACT was a double-blind, 52-week trial. Patients =40 years with symptomatic COPD and a history of exacerbations
were randomized 2:2:1 to fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) 100/62.5/25ug, FE/VI 100/25ug, or UMEC/
VI 62.5/251g. Annual rate and risk of moderate/severe exacerbations, change from baseline in trough forced expiratory volume in
1 second (FEV1) and St George's Respiratory Questionnaire (SGRQ) score, and safety were assessed.

Results: Of 10,355 patients, 66.3% were male. More females reported >2 moderate/severe prior exacerbations (58% versus 53%)
at screening versus males. Additionally, females had worse mean (standard deviation) SGRQ scores (52.4[15.97] versus 49.8[17.24])
at baseline. FF/UMEC/VI improved annual exacerbation rate, lung function, and health status for both sexes versus dual therapy.
The difference in trough FEV1 across time points with FE/UMEC/VI versus FE/VI was 103ml—110mL in males and 70mL-84mL in
females. On-treatment moderate/severe exacerbation rates remained higher for females (FF/UMEC/VI: 0.99; FE/VIL: 1.19; UMEC/ VL
1.35) than males (0.87; 1.01; 1.14). Fewer exacerbations were experienced by females with eosinophil counts <150 cells/uL (0.81[0.68,
0.97], p=0.024) or <2 exacerbations in the past year (0.73[0.57, 0.94], p=0.013) with FE/UMEC/VI versus UMEC/VL

Conclusion: More females with COPD reported exacerbations in the prior year at screening, as well as during the study, versus males,
across all treatments. FE/UMEC/VI improved exacerbation rates versus UMEC/VI in females with eosinophil counts <150 cells/ulL
or <2 exacerbations in the prior year, suggesting inhaled corticosteroids may play an important role in exacerbation reduction for
females in this patient population. Clinical Trial Registration: GSK (CTT116855/NCT02164513).
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Introduction

Globally, chronic obstructive pulmonary disease (COPD) is
estimated to affect 10.3% of the population,! with 11.8% of
males and 8.5% of females living with the disease.2 COPD
is traditionally seen as a disease predominantly affecting
males, with females often experiencing underdiagnosis and
diagnostic delays,3-> potentially contributing to suboptimal
treatment and consequently poorer outcomes.*7 In
patients with COPD, both the physiology of the lung and
pathophysiology of disease are reported to differ according
to patient sex.8 Compared with males, females are reported
to have more severe dyspnea®10 and chronic cough,? as
well as a higher frequency of exacerbations,?11-14 and
more comorbidities including anxiety, depression,®10,15
and os’teoporosis.‘l’11 However, greater sputum production
and more hospitalizations have been reported in males
compared with females.11.16 Smoking is the main risk factor
for developing COPD, and while a greater proportion of
males reportedly use tobacco products, smoking in females
has increased within high-income countries.17 In the United
States and Europe, deaths from COPD among smokers have
risen, with females having an equivalent risk of death as
male smokers.1819 Furthermore, the majority of nonsmoker
patients with COPD are female, with exposure to biomass
fuels reported to be a contributing factor.20.21 Despite these
known differences between males and females, it is not
known whether patient sex affects the response to COPD
inhaled treatment. An understanding of the impact of patient
sex on outcomes may help predict treatment response and
enable a more personalized approach to COPD treatment.

The InforMing the Pathway of COPD Treatment
(IMPACT) trial demonstrated that single-inhaler triple therapy
(SITT) with fluticasone furoate/umeclidinium/vilanterol
(FE/UMEC/VI) reduced exacerbations, improved Ilung
function, reduced all-cause mortality, and improved health
status in patients with COPD when compared with dual
therapy (FF/VI or UMEC/VI).2223 The effect of patient
sex on the efficacy of triple versus dual therapy on clinical
outcomes and safety has yet to be fully reported. Here, we
aim to ascertain if patient sex affects treatment outcomes
by evaluating the efficacy and safety of FF/UMEC/VI versus
FF/VI and UMEC/VI in males and females in a post hoc
analysis of the IMPACT trial.

Methods

Study Design

The IMPACT trial (GSK Study CTT116855/NCT02164513;
N=10,355) was a phase 3, 52-week, randomized, double-
blind, parallel-group, multicenter study that compared the
efficacy and safety of once-daily SITT with FF/UMEC/VI
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100/62.5/25ug with once-daily dual therapy with FF/VI
100/25p1g or UMEC/VI 62.5/251g, administered via the
ELLIPTA dry-powder inhaler; the full study details have been
published previously.22:24 Patients continued their existing
COPD maintenance therapy during a 2-week run-in period
after screening and prior to being randomized (2:2:1) to
reflect routine clinical practice.

Study Population

Study eligibility criteria have been reported previously.22.24
Eligible patients were males and nonpregnant females, aged
>40 years with symptomatic COPD (COPD Assessment Test
[CAT] score >10) and with either a forced expiratory volume
in 1 second (FEV1) <50% of predicted normal values and
>1 moderate or severe exacerbation in the previous year,
or an FEV1 50%—-80% of predicted normal values and >2
moderate or >1 severe exacerbations in the previous year.
All patients were required to have a >10 pack-year smoking
history. Exclusion criteria included a current diagnosis of
asthma; however, patients with a history of asthma were
eligible to increase the generalizability of the trial. All
patients provided written informed consent. The IMPACT
trial was conducted in accordance with Good Clinical
Practice guidelines and the provisions of the Declaration
of Helsinki and received approval from local institutional
review boards or independent ethics committees.

Endpoints

This analysis evaluated the following efficacy endpoints:
(1) the annual rate of on-treatment moderate/severe
exacerbations and risk (time-to-first) of on-treatment
moderate/severe exacerbations; (2) change from baseline
in trough FEV1 at Weeks 4, 28, and 52; and (3) mean St
George’s Respiratory Questionnaire (SGRQ) total and
domain scores and change from bascline in SGRQ total
score at Week 52. Moderate exacerbations were defined
as exacerbations requiring treatment with oral/systemic
corticosteroids and/or antibiotics (not involving
hospitalization or resulting in death). Severe exacerbations
were defined as exacerbations that required hospitalization
or resulted in death. Safety endpoints included exposure-
adjusted incidence rates of adverse events (AEs), serious AEs
(SAEs), and the number of AEs of special interest (AESIs).

All endpoints were stratified post hoc by patient sex
(male/female). Further stratifications by age (<65 years,
=65 years), baseline blood eosinophil count (<150 cells/L,
>150 cells/uL), and moderate/severe COPD exacerbation
history (<2 moderate and no severe exacerbations, =2
moderate or >1 severe exacerbation; both assessed in
the prior year) were also performed. Blood samples for
eosinophil counts were taken at screening and Weeks 16,
28, and 52.
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Statistical Analysis

Efficacy and safety analyses were assessed in the intent-
to-treat population, stratified by sex and treatment arm.
Analysis of the annual rate of on-treatment moderate/severe
exacerbations was performed using a generalized linear model
assuming a negative binomial distribution and covariates
of treatment group, sex, exacerbation history (<1, =2
moderate/severe), smoking status (screening), geographic
region, postbronchodilator — percentage predicted FEV1
(screening), and treatment group by sex interaction. Within
the sex and treatment subpopulations, analysis of the annual
rate of on-treatment moderate/severe exacerbations was
performed, further stratified by age (<65 years, 265 years) and
eosinophil count (baseline; <150 cells/ul, =150 cells/ul — a
threshold supported in a previous systematic review and meta-
analysis)25 using a generalized linear model assuming a negative
binomial distribution and covariates of treatment group,
exacerbation history (<1, =2 moderate/severe), smoking
status (screening), geographic region, postbronchodilator
percentage predicted FEV1 (screening), and exacerbation
history (<2 moderate and O severe in past year, >2 moderate
or >1 severe in past year). Analyses of time to first on-
treatment moderate/severe exacerbations were performed
using a Cox proportional hazards model with covariates
of treatment group, sex, exacerbation history (<1, =2
moderate/severe), smoking status (screening), geographic
region, postbronchodilator percentage predicted FEV1
(screening), and treatment group by sex interaction.
Trough FEV1 and SGRQ data were analyzed using a repeated
measures model (Weeks 4, 28, and 52), with covariates of
treatment group, smoking status (screening), geographic
region, visit, baseline, baseline by visit, and treatment
group by visit interactions for each subgroup separately. All
programming for statistical analyses was performed using
SAS® Version 9.4 (SAS Institute Inc.; Cary, North Carolina).

Results

Patient Population

In total, 10,355 patients were included, comprising 6870
(66.3%) males and 3485 (33.7%) females. Overall, bascline
characteristics were generally consistent between males and
females (Table 1), with the exception that females had numerically
higher baseline CAT and SGRQ scores (imean [standard deviation
(SD)], CAT: 19.1 [7.13]; SGRQ: 52.4 [15.97]) compared with
males (CAT: 17.8 [6.84]; SGRQ: 49.8 [17.24]). In addition, a
greater proportion of females reported prior exacerbations
at screening, including >2 moderate (n=1787 [51%]),
>2 moderate/severe (n=2025 [58%]), and exacerbations
treated with systemic/oral corticosteroids (n=1371 [39%]),
compared with males (n=3090 [45%]; n=3630 [53%];
n=2415 [35%]; respectively). A similar proportion of males
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and females reported >1 severe exacerbation in the past year
n=1619 [23.6%] versus n=681 [19.5%]). The mean (SD)
smoking pack-year history was higher for males (49.0 [28.04]),
compared with females (41.9 [22.92]).

Efficacy Endpoints
COPD Exacerbations

The annual rate (95% confidence interval [CI]) of on-treatment
moderate/severe COPD exacerbation rates for females remained
higher across all treatment arms (FE/UMEC/VIL: 0.99 [0.92,
1.07]; FE/VL: 1.19 [1.11, 1.29]; UMEC/VL: 1.35 [1.22, 1.49)]),
compared with males (FF/UMEC/VI: 0.87 [0.82, 0.91]; FE/VL
1.01 [0.96, 1.07]; UMEC/VI: 1.14 [1.06, 1.23]), though overall
exacerbation rates were significantly reduced for both sexes with
FF/UMEC/VI compared with both dual therapies. In males, the
reduction in the annual exacerbation rate was 14% (95% CI:
8%, 21%) for FE/UMEC/VI versus FE/VI and 24% (17%, 31%)
for FE/UMEC/VI versus UMEC/VI; corresponding values for
females were 17% (7%, 25%) and 26% (16%, 35%) (Figure 1).

The proportion of patients with on-treatment moderate/
severe COPD exacerbations remained higher for females
across all treatments (FF/UMEC/VIL: 51%; FF/VL: 52%;
UMEC/VI: 56%), compared with males (FF/UMEC/VI: 45%;
FF/VI: 48%; UMEC/VI: 47%); however, the reduction in risk
(time-to-first) of a moderate/severe COPD exacerbation was
significantly lower in both males and females with FF/UMEC/VI
versus dual therapy; in males, the risk reduction was 16% (95%
CL: 9%, 22%, p<0.001) for FFE/UMEC/VI versus FF/VI and 13%
(95% CI: 5%, 21%, p=0.003) for FF/UMEC/VI versus UMEC/VI
and corresponding values for females were 13% (4%, 22%, p=0.006)
and 20% (10%, 29%, p<0.001) (Figure 2).

Overall, FF/UMEC/VI reduced the annual rate of on-
treatment moderate/severe COPD exacerbations versus
dual therapy when age, eosinophil count, and exacerbation
history were considered, with greater responses seen in
patients older than age 65 years across both sexes (Figure
3A). However, in patients with blood eosinophil counts
<150 cells/uL, the annual exacerbation rate (95% CI) was
significantly lower in females treated with FF/UMEC/VI
(n=645) versus UMEC/VI (n=357) (0.81, [0.68, 0.97],
p=0.024), but not in males (FF/UMEC/VIL: n=1196, UMEC/
VI: n=512; 0.92, [0.79, 1.08]) (Figure 3B). In patients with
<2 moderate exacerbations and no severe exacerbations in
the past year, the exacerbation rate was also significantly
lower in females treated with FE/UMEC/VI (n=398) versus
UMEC/VI (n=191) (0.73, [0.57, 0.94], p=0.013) but not
in males (FF/UMEC/VIL: n=799, UMEC/VI: n=425; 0.86,
[0.72, 1.03]) (Figure 3C).

Lung Function
For both males and females, the mean improvement from
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Table 1. Patient Demographics and Characteristics in Males and Females

Males Females
FFUMECM | FFMI UMECNVI = Overall FFUMECM  FFVI UMECNI Overall
100/62.525  100/25 62.5/25 (n=6870) | 100/62.525  100/25 62.5/25 (n=3485)
(n=2766) | (n=2748) | (n=1356) (n=1385) | (n=1386) = (n=714)

Age;? years, mean (SD) 66.2(8.11) | 66.1(8.10)  66.2(8.18) | 66.2(8.12) | 63.5(8.22) @ 63.6(845) | 634(8.12) | 63.5(8.29)
BMI,° kg/m?, mean (SD) 26.2(5.80)  26.2(559) | 264(562) | 26.3(5.68) @ 274(6.91) | 275(6.87) | 26.9(6.33) @ 27.3(6.78)
Smokers, n (%)

Current 862(31.1) = 863(31.4) = 419(30.9) | 2144(31.2) 574 (414) | 560 (40.4) 309 (43.3) 1443 (41.4)

Formered 1904 (68.8) = 1885(68.6) = 937 (69.1) | 4726 (68.8) 811(58.6) = 826 (59.6) 405 (56.7) = 2042 (58.6)
Pack Years,® mean (SD) 48.7(28.01) | 48.7(27.34) | 50.4 (29.45) | 49.0(28.04) | 42.6(23.47) 42.0(22.99) | 40.6(21.61) = 419(22.92)
Postbronchodilator FEV; % predicted, mean (SD) = 45.2 (15.06) = 44.8 (15.00) | 44.6 (14.67) | 44.9(14.96) = 46.8 (14.77) 46.8(14.25) | 46.9 (14.59) | 46.8(14.52)
Baseline? Blood Eosinophils (10°1L)," mean (SD) 0.2 (0.26) 0.2 (0.25) 0.2(0.24) 0.2(0.25) 0.2 (0.17) 0.2 (0.21) 0.2(0.20) 0.2 (0.19)
Baseline? CAT Score,' mean (SD) 17.8(6.92) | 17.8(6.79) | 17.7(6.76) = 17.8(6.84) | 18.9(7.05) 19.4(17.24) | 18.8(7.05) 19.1(7.13)
Baseline? SGRQ total score mean (SD) 50.1(17.32) | 49.5(17.27) | 49.7(17.01) = 49.8(17.24) 52.2(15.65) = 53.1(16.24) | 51.3(16.02) = 52.4 (15.97)
Moderate COPD Exacerbations in Previous Yearn (%)

0 548(19.8) = 562(20.5) = 266(19.6) | 1376(20.0) 218 (15.7) | 230(16.6) 112 (15.7) 560 (16.1)

1 944 (341) = 975(355) | 485(35.8) | 2404 (35.0) 474 (342) | 446 (32.2) 218(30.5) = 1138(32.7)

2 1038 (37.5) = 1016 (37.0) = 489(36.1) | 2543 (37.0) 584 (42.2) | 568 (41.0) 306 (42.9) = 1458 (41.8)

>3 236 (8.5) 195 (7.1) 116 (8.6) 547 (8.0) 109 (7.9) 142 (10.2) 78 (10.9) 329 (9.4)
Moderate or Severe COPD Exacerbations in Previous Year,n (%)

0 2(<1) 3(<1) 2(<1) 7(<1) 0 2 (<1) 0 2(<1)

1 1268 (45.8) = 1319 (48.0) | 646 (47.6) = 3233 (47.1) 585(422) | 588 (42.4) 285(39.9) 1458 (41.8)

2 1172 (424) | 1148(41.8) = 557 (41.1) | 2877 (41.9) 657 (47.4) | 620 (44.7) 333(46.6) = 1610(46.2)

>3 324 (11.7) | 278(10.1) 151 (11.1) 753 (11.0) 143 (10.3) 176 (12.7) 96 (13.4) 415(11.9)
Severe COPD Exacerbations in Previous Yearn (%)

0 2007 (72.6) = 1986 (72.3) = 998(73.6) | 4991(72.6) 1057 (76.3) = 1079 (77.8) 557 (78.0) | 2693 (77.3)

1 653(23.6)  660(24.0) | 306 (22.6) 1619 (23.6) 287(20.7) | 261(18.8) 133 (18.6) 681(19.5)

2 78 (2.8) 82 (3.0) 47 (3.5) 207 (3.0) 34 (2.5) 39 (2.8) 19(2.7) 92 (2.6)

23 28 (1.0) 20 (<1) 5(<1) 53 (<1) 7(<1) 7(<1) 5(<1) 19 (<1)
Patients With 22 COPD Exacerbations Treated 997 (36.0) = 947(34.5) = 471(34.7) | 2415(35.2) 518(37.4) | 555(40.0) 298 (41.7) = 1371(39.3)
‘With Systemic/Oral Corticosteroids, n (%)

a0nly birth year was collected. Age was derived at the date of the pre-screening visit. Day and month of birth were imputed as June 30.

bMales: FF/UMEC/VI n=2763, FF/VI n=2748, UMEC/VI n=1356, overall n=6867

CFormer smokers were defined as patients who had not smoked for >6 months prior to the visit.

dData may be subject to recall bias as they relied on accurate participant reporting.

ePack years=(number of cigarettes smoker per day/20) x number of years smoked.

fMales: FF/UMECIVI n=2761, FF/VI n=2747, UMEC/VI n=1355, overall n=6863; Females: FF/JUMEC/VI n=1384, FF/VI n=1386, UMEC/VI n=714, overall n=3484
9Baseline is defined as the score recorded prior to dosing on Day 1.

NMales: FF/UMEC/VI n=2763, FF/VI n=2740, UMEC/VI n=1353, overall n=6856; Females: FF/UMEC/VI n=1380, FF/VI n=1385, UMEC/VI n=712, overall n=3477
iMales: FF/UMEC/VI n=2716, FF/VI n=2694, UMEC/VI n=1330, overall n=6740; Females: FF/UMEC/VI n=1360, FF/V n=1353, UMEC/VI n=704, overall n=3417
IMales: FF/UMECIVI n=2737, FF/VI n=2726, UMEC/VI n=1341, overall n=6804; Females: FF/JUMEC/VI n=1371, FF/VI n=1366, UMEC/VI n=709, overall n=3446
kModerate exacerbations required treatment with oral/systemic corticosteroids and/or antibiotics (not involving hospitalization or resulting in death); severe exacerbations required hospitalization or resulted in death.

FF=fluticasone furoate; UMEC=umeclidinium; VI=vilanterol; SD=standard deviation; BMI=body mass index; FEV{=forced expiratory volume in 1 second; CAT=COPD Assessment Test; SGRQ=St George’s
Respiratory Questionnaire; COPD=chronic obstructive pulmonary disease

baseline in trough FEV1 was significantly greater with
FF/UMEC/VI versus FF/VI and UMEC/VI at all time
points (Figure 4). However, in males, the difference in
improvement across time points with FF/UMEC/VI versus
FF/VI was 103—-110 mL, whereas in females it was 70—84
mlL (Figure 4).

Health Status

Mean SGRQ total and domain scores at Week 52 were similar
in both males and females across treatments (Figure 5A).
In males, improvements in SGRQ total score from baseline

at Week 52 were significantly greater with FF/UMEC/VI
compared with dual therapy (FF/UMEC/VI versus FE/VI: —2.5
[-3.3, —1.7], p<0.001; FF/UMEC/VI versus UMEC/VIL: —2.1,
[-3.1, —1.1], p<0.001) (Figure 5B). At Week 52, mean (SD)
change from baseline in SGRQ domain scores was similar
between males and females for FF/UMEC/VI (Total: —5.7
[14.55] versus —5.6 [13.73]; Symptoms: —9.7 [18.48] versus
—9.1 [17.22]; Activity: —5.4 [17.58] versus —5.4 [16.33];
Impacts: —4.7 [16.83] versus —4.7 [16.22]).
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Figure 1. On-Treatment Moderate/Severe COPD Exacerbation Rates in Males and Females
and the Overall Population (Intent-to-Treat Population)

Model-estimated annual rates (95% CI) Favours Favours

) FF/UMEC/VI dual ther?py Rate ratio

FF/UMEC/VI vs FFIVI FF/IUMEC/VI Dual therapy h " (95% ClI) p-value
Males 0.87 (0.82, 0.91) 1.01 (0.96, 1.07) —— 0.86 (0.79, 0.92) <0.001

Females 0.99 (0.92, 1.07) 1.19 (1.11, 1.29) —— 0.83 (0.75, 0.93) <0.001

Overall 0.91 (0.87, 0.95) 1.07 (1.02, 1.12) = o 0.85 (0.80, 0.90) <0.001

FF/UMEC/VI vs UMEC/VI

Males 0.87 (0.82, 0.91) 1.14 (1.06, 1.23) —— 0.76 (0.69, 0.83) <0.001

Females 0.99 (0.92, 1.07) 1.35(1.22, 1.49) —— 0.74 (0.65, 0.84) <0.001

Overall 0.91 (0.87, 0.95) 1.21 (1.14, 1.29) —o— 0.75 (0.70, 0.81) <0.001

0.50 0.75 1.00 1.25
Rate ratio (95% Cl)

Overall: FF/UMEC/VI, n=4145; FF/VI, n=4133; UMEC/VI, n=2069. Males: FF/JUMEC/VI, n=2761; FF/VI, n=2747; UMEC/VI, n=1355. Females: FF/UMEC/VI, n=1384; FF/VI, n=1386; UMEC/VI, n=714.
Note: Analysis performed using a generalized linear model assuming a negative binomial distribution and covariates of treatment group, sex, exacerbation history (<1, 22 moderate/severe), smoking status (at
screening), geographic region, postbronchodilator percentage predicted FEV4 (at screening), and treatment group by sex interaction. Percentage reduction in annual rate was calculated as (1-rate ratio)x100.

COPD=chronic obstructive pulmonary disease; Cl=confidence interval; FF=fluticasone furoate; UMEC=umeclidinium; VI=vilanterol; FEV1=forced expiratory volume in 1 second

Figure 2. Risk (Time-to-First) of On-Treatment Moderate/Severe COPD Exacerbation in Males
and Females and Overall Population (Intent-to-Treat Population)

Patients with events, n/N (%)

FF/UMEC/VI vs FF/VI FF/UMEC/VI Dual therapy

Males 1246/2766 (45) 1313/2748 (48)
Females 713/1385 (51) 726/1386 (52)
Overall 1959/4151 (47) 2039/4134 (49)

FF/UMEC/VI vs UMEC/VI

Males 1246/2766 (45) 639/1356 (47)
Females 713/1385 (55) 397/714 (56)
Overall 1959/4151 (47) 1036/2070 (50)

Favours Favours
FF/UMEC/VI dual therapy

Hazard ratio

(95% CI) p-value
—o— 0.84 (0.78, 0.91) <0.001
—— 0.87 (0.78, 0.96) 0.006
—— 0.85 (0.80, 0.91) <0.001
—— 0.87 (0.79, 0.95) 0.003
—— 0.80 (0.71, 0.90) <0.001
—— 0.84 (0.78, 0.91) <0.001

0.50 0.75 1.00 1.25
Hazard ratio (95% CI)

Note: Hazard ratio and 95% Cl are from a Cox proportional hazards model with covariates of treatment group, sex, exacerbation history (<1, 22 moderate/severe), geographic region, postbronchodilator percentage

predicted FEV1 (at screening), smoking status (at screening), and treatment group by sex interaction.

COPD=chronic obstructive pulmonary disease; FF=fluticasone furoate; UMEC=umeclidinium; VI=vilanterol; Cl=confidence interval; FEV1=forced expiratory volume in 1 second

Safety Endpoints

Males had a higher proportion of pneumonia events and
higher exposure-adjusted rates of pneumonia per 1000
patient years compared with females across all treatment
arms (FF/UMEC/VL: 8.5%, 106.8 per 1000 patient years
versus 6.0%, 73.5 per 1000 patient years; FF/VI: 8.0%, 107.0
per 1000 patient years versus 5.4%, 74.6 per 1000 patient
years; UMEC/VL: 5.3%, 69.1 per 1000 patient years versus
3.5%, 45.7 per 1000 patient years, respectively) (Table 2).
Differences in the occurrence of local corticosteroid effects

were also observed between males (FF/UMEC/VIL: 7%,
FF/VI: 6%, UMEC/VI: 4%) and females (FF/UMEC/VI:
11%, FF/VI: 10%, UMEC/VI: 7%). Females also had
higher exposure-adjusted rates of local corticosteroid
effects compared with males across all treatment
arms (Table 2). The most common on-treatment AESIs
were cardiovascular effects, occurring with a similar
incidence and rate across all treatment groups among
both males and females (8%—12% and 119.5-190.4 per
1000 patient years) (Table 2).
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Figure 3. On-Treatment Moderate/Severe COPD Exacerbation Rates in Males and Females,
Stratified by A) Age, B) Blood Eosinophil Count, and C) Exacerbation History

A. Favours Favours
<65 years of age

Model-estimated annual rates (95% Cl) FF/UMEC/VI dual therapy Rate ratio
FF/UMEC/VI vs FFIVI FF/UMEC/VI Dual therapy < » (95% Cl) p-value
Male 0.83(0.76,0.91)  0.88(0.81, 0.96) ——1— 0.94 (0.83, 1.06) 0.313
Female 1.10(1.00, 1.21)  1.23 (1.12, 1.36) —— 0.89 (0.78, 1.02) 0.099
FF/UMEC/VI vs UMEC/VI
Male 0.83 (0.76,0.91)  0.99 (0.87,1.12) —— 0.84 (0.72, 0.98) 0.023
Female 1.10(1.00, 1.21)  1.33 (1.17,1.52) —— 0.83 (0.70, 0.97) 0.018
265 years of age
FF/UMEC/VI vs FF/VI
Male 0.86 (0.80,0.93)  1.07 (1.00, 1.15) —— 0.80(0.73, 0.89) <0.001
Female 0.93 (0.84, 1.04)  1.21(1.09, 1.34) —— 0.77 (0.66, 0.90) <0.001
FF/UMEC/VI vs UMEC/VI
Male 0.86 (0.80,0.93)  1.23 (1.11, 1.36) ——1 0.70 (0.62, 0.79) <0.001
Female 0.93 (0.84, 1.04)  1.43(1.23, 1.66) —— 0.65 (0.54, 0.78) <0.001
0.250 O.I75 1.00 1.I25
Rate ratio (95% CI)
B. . Favours Favours
<150 cells/pL Model-estimated annual rates (95% CI) FF/UMEC/VI dual therapy Rate ratio
FF/UMEC/VI vs FFIVI FF/UMEC/VI Dual therapy < (95% ClI) p-value

Male 0.82(0.75,0.90)  0.98 (0.90, 1.07) —— 0.84 (0.74, 0.94) 0.004
Female 0.90 (0.81, 1.00) 1.20 (1.07, 1.34) —— 0.75 (0.64, 0.88) <0.001
FF/UMEC/VI vs UMEC/VI
Male 0.82(0.75,0.90)  0.89(0.78, 1.02) —— 0.92 (0.79, 1.08) 0.331
Female 0.90 (0.81, 1.00) 1.11 (0.96, 1.28) —— 0.81 (0.68, 0.97) 0.024
2150 cells/pL
FF/UMEC/VI vs FF/VI
Male 0.87 (0.81, 0.94) 1.01 (0.94, 1.08) —— 0.86 (0.78, 0.96) 0.006
Female 1.13(1.03, 1.24) 1.23 (1.12,1.35) ——— 0.92 (0.80, 1.05) 0.203
FF/UMEC/VI vs UMEC/VI
Male 0.87 (0.81, 0.94) 1.28 (1.16, 1.41) —— 0.68 (0.60, 0.77) <0.001
Female 1.13(1.03, 1.24) 1.67 (1.46, 1.91) —— 0.68 (0.57, 0.79) <0.001
0.|50 0.I75 1.00 1.I25
Rate ratio (95% CI)
C.
<2 moderate exacerbations and no Model-estimated annual rates (95% CI) Favours Favours
severe exacerbations in the past year FF/UMEC/VI dual therapy Rate ratio
FF/UMEC/VI vs FF/IVI FF/UMEC/VI Dual therapy N " (95% ClI) p-value
Male 0.81(0.73, 0.90) 1.00 (0.90, 1.10) —— 0.81(0.70, 0.94) 0.005
Female 0.93(0.80, 1.07) 1.19 (1.03, 1.37) —— 0.78 (0.64, 0.96) 0.019
FF/UMEC/VI vs UMEC/VI
Male 0.81(0.73,0.90) 0.94 (0.81, 1.09) —e— 0.86 (0.72, 1.03) 0.097
Female 0.93 (0.80, 1.07) 1.28 (1.04, 1.57) —— 0.73 (0.57, 0.94) 0.013
22 moderate exacerbations or
21 severe exacerbations in the past year
FF/UMEC/VI vs FF/VI
Male 0.87 (0.81,0.93)  0.99 (0.92, 1.06) —— 0.88 (0.80, 0.96) 0.006
Female 1.05(0.97, 1.15) 1.23 (1.14, 1.34) —— 0.86 (0.76, 0.96) 0.008
FF/UMEC/VI vs UMEC/VI
Male 0.87 (0.81, 0.93) 1.22 (1.11, 1.34) —— 0.71 (0.63, 0.80) <0.001
Female 1.05(0.97, 1.15) 1.43 (1.28, 1.59) —— 0.74 (0.64, 0.85) <0.001

0.50 0.75 1.00 1.25
Rate ratio (95% CI)

) Figure 3A: Males aged <65 years: FF/JUMEC/VI n=1134, FF/VI n=1148, UMEC/VI n=567; Females aged <65 years: FF/JUMEC/VI n=748, FF/VI n=728, UMEC/V| n=395; Males aged =65 years: FF/UMEC/VI n=1627,
FF/VI n=1599, UMEC/VI n=788; Females aged 265 years: FF/UMEC/VI n=636, FF/VI n=658, UMEC/VI n=319.
Figure 3B: Males eosinophil count <150 cells/uL: FF/JUMEC/VI n=1196, FF/VI n=1127, UMEC/VI n=512; Females <150 cells/uL: FF/UMEC/VI n=645, FF/VI n=642, UMEC/VI n=357; Males eosinophil count 2150
cells/uL: FFJUMEC/VI n=1562, FF/VI n=1612, UMEC/VI n=840; Females 2150 cells/uL: FF/JUMEC/VI n=734, FF/VI n=743, UMEC/VI n=355
Figure 3C: Males <2 moderate/no severe exacerbations: FF/JUMEC/VI n=799, FF/VI n=843, UMEC/VI n=425; Females <2 moderate/no severe exacerbations: FF/UMEC/VI n=398, FF/VI n=398, UMEC/VI n=191;
Males =2 moderate/=1 severe exacerbations: FF/UMEC/VI n=1962, FF/VI n=1904, UMEC/VI n=930; Females =2 moderate/>1 severe exacerbations: FF/JUMEC/VI n=986, FF/VI n=988, UMEC/VI n=523.
Analysis of age and eosinophil data performed using a generalized linear model assuming a negative binomial distribution and covariates of treatment group, exacerbation history (<1, 22 moderate/severe), smoking
status (screening), geographic region, and postbronchodilator percentage predicted FEV1 (screening). Analysis of exacerbation history data performed using a generalized linear model assuming a negative binomial
distribution and covariates of treatment group, smoking status (screening), geographic region, and postbronchodilator percentage predicted FEV1 (screening). Percentage reduction in annual rate is calculated as
(1-rate ratio) x 100.

COPD=chronic obstructive pulmonary disease; Cl=confidence interval; FF=fluticasone furoate; UMEC=umeclidinium; VI=vilanterol; FEV4=forced expiratory volume in 1 second
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Figure 4. Change from Baseline in Trough Forced Expiratory Volume in 1 Second in Males and

Females and Overall Population (Intent-to-Treat Population)

LS mean change from
baseline (95% Cl), mL

Favours Favours

Difference

FE/UMECIVI vs FFIVI FFIUMEC/VI  Dual therapy ~ du@l therapy FF/UMEC/VI (95% Cl), mL p-value
Week 4
Male 114 (105, 123) 11 (3, 20) —— 103 (91, 115) <0.001
Female 110 (99, 120) 26 (15, 37) —— 83 (68, 99) <0.001
Overall 112 (106, 119) 16 (9, 23) —o— 96 (87, 106) <0.001
Week 28
Male 109 (99,119)  -1(-11, 10) — 110 (96, 124) <0.001
Female 103 (91, 115) 19 (6, 31) — 84 (67, 101) <0.001
Overall 107 (99, 115) 6 (-2, 14) — 101 (90, 113) <0.001
Week 52
Male 100 (89, 111) =10 (=21, 1) —_ 110 (94, 125) <0.001
Female 82 (69, 94) 11 (-2, 24) —_— 70 (52, 88) <0.001
Overall 94 (86, 102) -3(-12, 6) —— 97 (85, 109) <0.001
FF/UMEC/VI vs UMEC/VI
Week 4
Male 114 (105,123) 61 (49, 73) — 53 (38, 68) <0.001
Female 110 (99, 120) 57 (42, 72) —— 52 (34, 71) <0.001
Overall 112 (106, 119) 59 (50, 69) — 53 (41, 65) <0.001
Week 28
Male 109 (99, 119) 54 (39, 69) ——— 56 (38, 73) <0.001
Female 103 (91, 115) 44 (26, 61) — 59 (38, 80) <0.001
Overall 107 (99, 115) 50 (39, 62) — 57 (43, 71) <0.001
Week 52
Male 100 (89, 111) 45 (29, 61) — 55 (35, 74) <0.001
Female 82 (69, 94) 32 (14, 50) e 50 (28, 72) <0.001
Overall 94 (86, 102) 40 (28, 52) —— 54 (39, 69) <0.001
-20 0 20 40 60 80 100 120 140

Difference (95% CI), mL

Overall: FFJUMEC/VI, n=3999 (Week 4), n=3609 (Week 28), n=3366 (Week 52); FF/VI, n=3880 (Week 4), n=3322 (Week 28), n=3060 (Week 52); UMEC/VI, n=1946 (Week 4), n=1624 (Week 28), n=1490 (Week 52).
Males: FF/UMEC/VI, n=2666 (Week 4), n=2420 (Week 28), n=2262 (Week 52); FF/VI, n=2615 (Week 4), n=2262 (Week 28), n=2086 (Week 52); UMEC/VI, n=1285 (Week 4), n=1088 (Week 28), n=996 (Week 52).
Females: FF/UMEC/VI, n=1333 (Week 4), n=1189 (Week 28), n=1104 (Week 52); FF/VI, n=1265 (Week 4), n=1060 (Week 28), n=974 (Week 52); UMEC/VI, n=661 (Week 4), n=536 (Week 28), n=494 (Week 52).

Analysis performed using a repeated measures model with covariates of treatment group, smoking status (at screening), geographic region, visit, baseline, baseline by visit, and treatment group by visit interactions.

LS=least squares; Cl=confidence interval; FF=fluticasone furoate; UMEC=umeclidinium; VI=vilanterol

Discussion

This post hoc analysis of the IMPACT study demonstrated
that FF/UMEC/VI treatment was effective at reducing
exacerbations while improving lung function and health
status in both male and female patients with COPD; however,
some notable differences in clinical outcomes were observed
between the sexes.

Female participants had a greater disecase burden at
baseline compared with males. Females reported a greater
exacerbation history at screening compared with males,
which is consistent with previous studies.?11-14 [n females,
COPD exacerbations may be more commonly misinterpreted
as symptoms of anxiety,26 and female patients with COPD
are more likely to present with comorbid anxiety,%15 which
is associated with poorer health outcomes and increased
exacerbation risk.26.27 There also appears to be a cyclical
nature in the relationship between COPD and anxiety,
where COPD increases the likelihood of anxiety, which
in turn worsens COPD outcomes.20 Future studies should

investigate the impact of sex-based differences in anxiety on
treatment outcomes and its implications for clinical practice.
The annual on-treatment rate and risk of exacerbations
remained higher in females compared with males across
treatment arms; however, reductions with FF/UMEC/VI
versus dual therapy were observed among both male and
female patients. In fact, the greatest exacerbation reduction
was observed among females by the addition of FF to
UMEC/VI. These data suggest that at least some of the
increased exacerbation rates observed in females have a
biological basis that is responsive to inhaled corticosteroid
(ICS) therapy, as opposed to alternative explanations.
There is a paucity of data regarding potential biological
mechanisms regarding this, however, greater response to
ICSs in COPD treatment in female over male patients has
been reported previously in lung function improvements
and reduced mortality.28 Though not directly linked to
ICS response, hormonal differences, particularly regarding
estrogen, have been proposed as a physiological mechanism
indirectly affecting treatment outcomes,2? however, further
research in this area is needed.
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Figure 5. A) Summary of St George’s Respiratory Questionnaire Total and Domain Scores

at Week 52 in Males and Females and B) Change from Baseline in St George’s Respiratory
Questionnaire Total Score at Week 52 in Males and Females and Overall Population (Intent-to-
Treat Population)

Male Female
90 90+
80 80
63.3

701 o 577 576 594 59.2 701 576 583 582 (2612.'395)(22.00)(2602_;5)
60 - (21.28)21:39(21.09) (23.81)(22.78)(22.81) 60 (19.55)(20.29)(20.57)

453 444 333 323 458 470 460
509 14;6‘;)(19,43)(19_32) (20’573)(20_96)(2037) 50 - (18.01)(18.44)(18.25)

1 340 3o

401 (19.64)(19-89)20,05)

30
20
10 1

40
30
20
10

Mean (SD) SGRQ Score at Week 52 >
Mean (SD) SGRQ Score at Week 52

Total Symptoms Activity Impacts 0~ Total Symptoms Activity Impacts
® FF/UMEC/VI ®mFF/NVI mUMEC/NVI W FF/UMEC/VI ®mFF/VI  mUMEC/VI
B. LS mean change from baseline (95% CI) Favours Favours
FF/UMEC/VI dual therapy

FF/UMEC/VI vs FF/VI FF/UMEC/VI Dual therapy Difference (95% Cl) p-value
Male -5.5(-6.0, -4.9) -2.9(-3.5,-2.4) —— -2.5(-3.3,-1.7) <0.001
Female -5.4 (6.2, -4.6) -5.2 (-6.0, -4.4) —— -0.2(-1.3,0.9) 0.720
Overall -5.5(-5.9, -5.0) -3.7(-4.2,-3.2) —— -1.8(-2.4,-1.1) <0.001
FF/UMEC/VI vs UMEC/VI
Male -5.5(-6.0, -4.9) -3.4 (-4.2,-2.6) —— -2.1(-3.1,-1.1) <0.001
Female -5.4 (-6.2, -4.6) -4.3 (-5.4,-3.1) —— -1.2(-2.6,0.2) 0.100
Overall -5.5(-5.9, -5.0) -3.7 (-4.4,-3.0) —— -1.8(-2.6,-1.0) <0.001

—5T00 —2T50 0.00 2.:50

Difference (95% CI)

Overall: FF/UMEC/VI, n=3318; FF/VI, n=3026; UMEC/VI, n=1470. Males: FF/JUMEC/VI, n=2227; FF/VI, n=2065; UMEC/VI, n=985. Females: FF/UMEC/VI, n=1091; FF/VI, n=961; UMEC/VI, n=485.
Analysis was performed using a repeated measures model with covariates of treatment group, smoking status (at screening), geographic region, visit, baseline, baseline by visit and, treatment group by visit interactions.

SD=standard deviation; SGRQ=St George’s Respiratory Questionnaire; FF=fluticasone furoate; UMEC=umeclidinium; VI=vilanterol; LS=least squares; Cl=confidence interval

Despite a higher exacerbation rate compared with
males, COPD is underdiagnosed in females,20 with a study
reporting that a diagnosis of COPD was significantly more
likely for the hypothetical male patient compared with
the hypothetical female patient.® Additionally, spirometry
testing and pulmonologist referrals are less common for
females.20 Subsequently, female participation in studies of
COPD is typically lower than males. The greater disease
burden identified in this study, as well as the underdiagnosis
of COPD in females,35 highlights the need for efforts to
increase female participation in future clinical trials of
COPD.

Compared with males, we observed improved
exacerbation rates with FF/UMEC/VI versus UMEC/VI in
females with blood eosinophil counts <150uL and those
with <2 moderate and no severe exacerbations in the
preceding year—patient groups traditionally thought to be
at lower risk of exacerbation. While similar, nonstatistically

significant trends were noted in males, the degree of
exacerbation reduction and statistical significance was more
pronounced in females when examining these subgroups.
While we cannot know with certainty why this difference
was observed, the data suggest that, generally speaking,
females may be particularly sensitive to the benefits of
ICSs, even beyond the subgroups traditionally identified
as benefiting from ICS. Previous research has identified
differences in blood cosinophil levels between males and
females, with males typically having higher eosinophil
counts compared with females, both in COPD and non-
COPD populations.30-32 Thresholds for ‘high’ and ‘low’
eosinophil levels may, therefore, differ between the sexes
when assessing treatment effect, and further research is
needed to validate thresholds for male and female patients.

Treatment with FF/UMEC/VI improved lung function
in both males and females compared with dual therapy at
all time points. These results are consistent with the primary
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Table 2. Incidence of On-Treatment Adverse Events (Intent-to-Treat Population)

Males Females
FFUMECM FFVI UMECVI FFIUMECMI FFVI UMECNVI
(n=2766) (n=2748) (n=1356) (n=1385) (n=1386) (n=714)
Total Duration at Risk (patient years) 24911 23447 11293 12237 11132 5689
n (%) n (%) n (%) n (%) n (%) n (%)
Rate [#° Rate [#° Rate [#° Rate [#f° Rate [#° Rate [#°
AEs
Any 1907 (69) 1842 (67) 915 (67) 990 (71) 958 (69) 514 (72)
2425.8 [6043] 2367.4[5551] = 2389.9[2699] 3041.5[3722] | 3070.4[3418] 2958.2[1683]
Leading to Permanent Discontinuation or Study Withdrawal 177 (6) 229 (8) 118 (9) 75 (5) 98 (7) 69 (10)
93.9[234] 134.8 [316] 139.9 [158] 88.3[108] 115.9[129] 152.9[87]
SAEs
Any 637 (23) 616 (22) 312(23) 258 (19) 234 (17) 158 (22)
448.4 11117 461.0[1081] 461.3 [521] 398.0 [487] 344.9 [384] 407.8 [232]
Fatal 53 (2) 63 (2) 37(3) 15(1) 13 (<1) 12(2)
27.7 [69)] 34.5[81] 46.9 [53] 23.7129] 13.5[15] 211112
AESls
Anticholinergic Syndrome (SMQ) 115 (4) 87 (3) 50 (4) 69 (5) 53 (4) 20 (3)
55.8 [139] 43.9[103] 47.8 [54] 71.1187] 53.9 [60] 47.5[27]
Asthma/Bronchospasm (SMQ) 17 (<1) 19 (<1) 9(<1) 10 (<1) 15 (1) 7(<1)
6.8[17] 8.1[19] 8.0[9] 9.0 [11] 14.4[16] 12.3[7]
Cardiovascular Effects 313 (M) 298 (11) 167 (12) 137 (10) 132 (10) 57 (8)
170.6 [425] 162.9 [382] 190.4 [215] 160.2 [196] 144.6 [161] 119.5 [68]
LRTI Excluding Pneumonia 132 (5) 124 (5) 71(5) 68 (5) 75 (5) 37(5)
62.6 [156] 65.3[153] 77.9[88] 63.7[78] 79.1[88] 72.1[41]
Local Corticosteroid Effects® 181 (7) 156 (6) 57 (4) 156 (11) 145 (10) 51(7)
89.5[223] 80.6 [189] 69.1[78] 165.1[202] 163.5 [182] 101.9 [58]
Pneumonia 234 (8) 217 (8) 72 (5) 83 (6) 75 (5) 25 (4)
106.8 [266] 107.0 [251] 69.1[78] 73.5190] 74.6 83 45.7 [26]
Urinary Retention 5(<1) 1 (<1) 8 (<1) 3(<1) 1(<1) 1(<1)
281[7] 471 7.118] 25[3] 09[1] 18[1]

a#=Number of events. Rate is event rate per 1000 patient years, calculated as the number of events x 1000, divided by the total duration at risk.

bincludes: oral candidiasis, oropharyngeal pain, dysphonia, candida infection, oropharyngeal candidiasis, throat irritation, throat infection, oral fungal infection, dry throat, tongue coated, fungal pharyngitis,

oropharyngeal discomfort, and oropharyngitis fungal

FF=fluticasone furoate; UMEC=umeclidinium; VI=vilanterol; AEs=adverse events; SAEs=serious adverse events; AESIs=adverse events of special interest; SMQ=standardized Medical Dictionary for Regulatory

Activities queries; LRTI=lower respiratory tract infection

results of the IMPACT trial, which showed that the addition
of the bronchodilator UMEC significantly improved lung
function.22 The greater benefit observed in male patients in
this analysis, as well as previously reported clinical trials,33-3%
may indicate that clinicians should consider targeting
treatment for shortness of breath in males because this may
be due to differences in lung physiology between males and
females.8 However, as the IMPACT trial did not collect data
on the relative physiological differences between male and
female patients to account for this observation, a causal
mechanism could not be established. Further investigation
of relative improvements in lung function between males
and females with the addition of a long-acting muscarinic
antagonist (LAMA) is warranted to expand understanding
of sex-specific mechanisms of dyspnea. The addition of FF to
UMEC/VI also improved lung function in patients, though
the level of improvement did not differ between the sexes.

Health status scores were higher in females at baseline
compared with males, indicating worse quality of life.
Previous research has shown that female patients with COPD
often have a worse health status compared with males,35
possibly due to the greater disease burden identified in
females and misdiagnosis of anxiety.26 In males, FE/UMEC/VI
demonstrated greater effects versus dual therapy for health
status (as measured by SGRQ).

Overall, the incidence of AESIs was similar
between males and females; however, males experienced
numerically more pneumonia events whereas females
experienced more local corticosteroid-related effects.
Pneumonia incidence was higher in males compared
with females, particularly in the ICS treatment arms
(8.5% and 7.9% among males versus 6.0% and 5.4%
among females in the FF/UMEC/VI and FF/VI treatment
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arms). A higher incidence of pneumonia is a class effect
of ICS-containing therapies3®; however, the benefit—
risk of treatment with FF/UMEC/VI versus FF/VI or
UMEC/VI has been demonstrated as favorable in a
prespecified analysis of the IMPACT trial, with regards
to the risk of combined pneumonia or moderate/severe
exacerbations.37 Local corticosteroid effects were higher
in females; however, discontinuation of an ICS has been
associated with an increased probability of an adverse
respiratory outcome in patients with COPD, with a
higher risk among females.38

Limitations of this study include that all analyses
were performed post hoc, and therefore, the study was
not powered to assess sex differences. Formal statistical
comparisons between males and females were not
conducted because these differences may confound the
results of any formal comparisons between the groups.
Strengths of the study include a strong study design in
the IMPACT study, which was a large prospective COPD
clinical trial that was designed to be generalizable to
clinical practice and contained a well-characterized
patient population.

Conclusions

FF/UMEC/VI improved the exacerbation rate, lung
function, and health status compared with FF/VI and
UMEC/VI in patients with symptomatic COPD and
a history of exacerbations, regardless of patient sex.
However, sex differences were identified, including
greater disease burden among females, indicated by
greater exacerbation history and worse health status at
baseline compared with males. The on-treatment rate
and risk of moderate/severe COPD exacerbations were
also higher among females compared with males. Males
experienced greater improvements in lung function
with FF/UMEC/VI versus FF/VI compared with females,
suggesting a potential greater benefit of LAMA addition
in males. However, female patients with characteristics
thought to be at lower risk of exacerbations, with
eosinophil counts <150 cells/uL and <2 moderate
and no severe exacerbations in the preceding year,
experienced exacerbation reduction with FF/UMEC/VI
treatment compared with UMEC/VI that was not seen in
males. Because baseline exacerbation rates were higher
in female patients, this suggests a high steroid response
in females across a range of patient characteristics.

This post hoc analysis highlights differences in
the presentation of COPD between males and females.
While FF/UMEC/VI is beneficial in the treatment of
COPD regardless of patient sex, these data do emphasize
the importance of individualized patient discussions.
Furthermore, these data underscore the importance of

600 Effect of Sex on COPD Triple Therapy Outcomes

personalized treatment approaches for both males and
females with regard to safety as well as efficacy.
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