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Background: Comorbidities in patients with chronic obstructive pulmonary disease (COPD) are
associated with increased medical costs and risk of exacerbations. This study compared COPD-
related medical costs and exacerbations in high-cost, high-comorbidity patients with COPD
receiving initial maintenance treatment (IMT) with umeclidinium/vilanterol (UMEC/VI) versus
fluticasone propionate/salmeterol (FP/SAL), budesonide/formoterol (B/F), or tiotropium (TIO).
Methods: This retrospective, matched cohort study identified patients from Optum’s de-identified
Clinformatics Data Mart database who initiated UMEC/VI, FP/SAL, B/E, or TIO between January 1, 2014
and December 31, 2018 (index date defined as date of the first fill). Eligibility criteria included age >40 years at
index, >1 pre-index COPD diagnosis, no pre-index asthma diagnosis, 12 months of continuous insurance
coverage pre-index, and high pre-index costs (>80th percentile of IMT population) and comorbidities (Quan-
Charlson comorbidity index >3). Propensity score matching was used to control for potential confounders. On-
treatment COPD-related medical costs (primary endpoint) and exacerbations were evaluated.

Results: Matched cohorts were well balanced on baseline characteristics (UMEC/VI vs FP/SAL:
n=1194 each; UMEC/VI vs B/F: n=1441 each; UMEC/VI vs TIO: n=1277 each). Patients receiving
UMEC/VI had significantly lower COPD-related medical costs versus FP/SAL (difference:
$6587 per patient per year; P=0.048), and numerically lower costs versus B/F and TIO. Patients
initiating UMEC/VI had significantly lower risk of COPD-related severe exacerbation versus FP/SAL
(hazard ratio [95% CIJ: 0.78 [0.62, 0.98]; P=0.032), B/F (0.77 [0.63, 0.95]; P=0.016), and TIO (0.79
[0.64, 0.98]; P=0.028). The rate of COPD-related severe exacerbations was significantly lower with
UMEC/VI versus FP/SAL (rate ratio [95% CI]: 0.73 [0.59, 0.91]; P=0.008) and B/F (0.73 [0.59,
0.93]; P=0.012), and numerically lower versus TIO (0.83 [0.68, 1.04]; P=0.080).

Conclusion: These findings suggest that high-cost, high-comorbidity patients with COPD receiving
UMEC/VI compared with FP/SAL, B/F, and TIO as IMT may have lower medical costs and
exacerbation risk.
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Plain Language Summary
Why Was the Study Done?

Patients with chronic obstructive pulmonary disease (COPD) who also have other med-
ical conditions have higher COPD-related medical costs and more COPD exacerbations
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on average than patients who do not have other medical con-
ditions. More evidence is needed to find out which medicines
are most effective at reducing costs and exacerbations in
patients with COPD and other medical conditions when pre-

scribed as initial treatment.

What Did the Researchers Do and Find?

We used information from a US healthcare claims database to
compare umeclidinium/vilanterol (UMEC/VI) with three other
medicines for COPD. These three medicines were fluticasone
propionate/salmeterol (FP/SAL), budesonide/formoterol (B/F),
and tiotropium (TIO). We specifically looked at patients who
had high medical costs and other medical conditions in addition
to their COPD. The patients were not receiving regular treat-
ment for their COPD before the start of the study. We found
that patients starting treatment with UMEC/VI had lower med-
ical costs related to their COPD than patients starting treatment
with FP/SAL, B/F, or TIO. Patients starting treatment with
UMEC/VI also had fewer COPD-related exacerbations that led
to hospitalization than patients receiving the other medicines.

What Do These Results Mean?

Hospital admissions contribute to high medical costs. UMEC/VI
might reduce COPD-related medical costs by reducing the num-
ber of exacerbations leading to hospitalization compared with
FP/SAL, B/F, or TIO. Our results suggest that starting treatment
with UMEC/VI may help reduce medical costs and exacerbations
for patients with COPD who also have other medical conditions,
compared with FP/SAL, B/F, or TIO.

Introduction
Comorbidities in patients with chronic obstructive pul-
monary disease (COPD) are associated with increased
healthcare resource use (HCRU), medical costs, and risk
of exacerbations.'> A correlation has been observed
between the number of comorbidities and HCRU, such
that patients with greater numbers of comorbidities have
been shown to have a higher number of emergency room
(ER) visits leading to hospitalizations.” Furthermore,
comorbidities such as congestive heart failure, myocardial
infarction, and cerebrovascular disease predict higher
HCRU and costs in patients with COPD.?> Patients with
COPD who have comorbidities therefore represent
a vulnerable patient population with considerable unmet
needs and high medical costs.

The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) strategy report recommends initial
maintenance treatment (IMT) with long-acting muscari-
(LAMA) or

nic antagonist long-acting [,-agonist

(LABA) monotherapy for most symptomatic patients
with COPD, or LAMA/LABA combination therapy as
IMT for patients with severe symptoms.® Clinical trials
in patients with COPD have demonstrated greater
improvements in lung function, symptoms, and exacer-
bation rates with LAMA/LABA combination therapy
compared with inhaled corticosteroid (ICS)/LABA com-
binations and LAMA or LABA monotherapy.” '” As
a result, the American Thoracic Society (ATS) clinical
practice guidelines for the pharmacological management
of COPD include a strong recommendation for the use
of LAMA/LABA combination therapy over LAMA or
LABA monotherapies in patients with COPD and dys-
pnea or exercise intolerance.'® However, clinical trial
data do not consistently show improvements in exacer-
bation risk with LAMA/LABA versus ICS/LABA,10 and
real-world evidence in this area is currently lacking.

Exacerbations contribute to the overall disease burden
experienced by patients with COPD and are also asso-
ciated with increased medical costs and HCRU.'” Severe
exacerbations, which require hospitalization, are asso-
ciated with the greatest increase in economic burden,
incurring higher medical costs than moderate exacerba-
tions that do not require inpatient care.’**' Additionally,
the onset of exacerbations, particularly those leading to
hospitalization, is associated with a substantial increase in
the risk of adverse cardiovascular events and death.”**
Identifying first-line maintenance therapies that can reduce
the risk of exacerbations in patients with high medical
costs, HCRU, and comorbidities is therefore an important
goal in improving quality of life and reducing overall cost
of treatment.

This study used real-world administrative claims data to
evaluate the on-treatment COPD-related medical costs, and
time-to-first and rate of on-treatment COPD-related exacer-
bations among patients with COPD with high costs and
comorbidities. These outcomes were compared between
patients initiating treatment with the LAMA/LABA ume-
clidinium/vilanterol (UMEC/VI) and those initiating fluti-
casone propionate/salmeterol (FP/SAL; ICS/LABA),
budesonide/formoterol (B/F; ICS/LABA), or tiotropium
(TIO; LAMA).

Materials and Methods
Study Design

Three retrospective matched cohort studies were conducted
using medical and pharmacy claims data between January 1,
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2013 and December 31, 2018, which were obtained from
Optum’s de-identified Clinformatics Data Mart database.
The each compared UMEC/VI with
a different COPD maintenance medication, but were other-

three studies
wise identical. Patients diagnosed with COPD who had
a pharmacy claim for fixed-dose UMEC/VI, FP/SAL, B/F,
or TIO as IMT (ie, no other ICS-, LABA-, or LAMA-
containing maintenance medications in the 12 months before
initiation) between January 1, 2014 and December 31, 2018
were identified (Figure 1). Patients were classified into
mutually exclusive cohorts based on their index medication
(UMEC/VI, FP/SAL, B/F, or TIO). For each eligible patient,
the index date was defined as the date of the first prescription
fill and the pre-index period was defined as the 12 months
prior to the index date. The on-treatment period spanned
from the index date to the first of: a pharmacy fill for a non-
index ICS-, LABA-, or LAMA-containing COPD mainte-
nance medication; discontinuation of the index medication;
end of continuous enrollment; end of data availability; or
death. Discontinuation was defined as a >45-day gap in days
of supply between the end of a dispensation and the next fill,
or between the end of the last dispensation and the end of the
on-treatment period. For mail order fills, the discontinuation
gap was extended to 115 days. Patient characteristics were
assessed during the pre-index period and study outcomes

were evaluated during the on-treatment period.

Patients
In addition to the index pharmacy claim, eligible patients
had >1 medical claim with an International Classification of

Index date:
First pharmacy claim for
UMEC/VI, FP/SAL, B/F, or TIO
(ie, index medication)

Data start date:
January 1, 2013

Identification period:
January 1, 2014 — December 31, 2018

Diseases 9th Edition Clinical Modification (ICD-9-CM) or
10th Edition Clinical Modification (ICD-10-CM) diagnosis
code for COPD (ICD-9-CM: 491.x, 492 x, 496.x; ICD-10-
CM: J41-J44; Table S1) in any position during the pre-
index period or on the index date, were >40 years of age on
the index date; and had continuous medical and pharmacy
coverage throughout the pre-index period. Patients were
also required to have high medical costs and a high number
of comorbidities in the pre-index period. High-cost patients
were defined as those with pre-index all-cause medical costs
exceeding the 80th percentile of the cost distribution in the
overall IMT COPD population. The overall IMT COPD
population included the UMEC/VI, FP/SAL, B/F, and TIO
IMT COPD cohorts, as well as patients initiated on other
types of COPD IMT during the identification period with no
ICS-, LABA- or LAMA-containing maintenance medica-
tions within 12 months prior to treatment initiation. High-
comorbidity patients were defined as having a pre-index
Quan-Charlson comorbidity index (CCI) score >3; higher
Quan-CCI scores indicate an increased risk of mortality
based on the presence of specific comorbidities.>**
Patients were excluded from the analysis if they had any
pre-index pharmacy claim for ICS-, LABA-, or LAMA-
containing maintenance medications; any pharmacy claim
for non-index maintenance medication on the index date
(including patients with claims for both UMEC/VI and
FP/SAL, UMEC/VI and B/F, or UMEC/VI and TIO on
the index date); any claim for single- or multiple-inhaler
triple therapy (ICS+LAMA+LABA) on the index date; or
a medical claim with an ICD-9-CM or ICD-10-CM

Data end date:
December 31, 2018

A

|
>

—_—%

On-treatment period

L J

Y

12-month pre-index period

Figure | Study design.

Abbreviations: B/F, budesonide/formoterol; FP/SAL, fluticasone propionate/salmeterol; TIO, tiotropium; UMEC/VI, umeclidinium/vilanterol.
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diagnosis code for asthma (ICD-9-CM: 493.xx; ICD-10-
CM: J45.3, J45.4, J45.5, J45.9) at any time before or after
the index date (Figure 2).

Outcomes

The primary outcome was on-treatment COPD-related
medical costs, which were reported per patient per year
(PPPY) and defined as costs for medical claims with

a primary or secondary diagnosis of COPD. Total COPD-
related medical costs included costs incurred due to hos-
pitalizations, ER visits, outpatient visits, and other visits
(such as home services and hospices). Costs were infla-
tion-adjusted to 2019 US dollars based on the medical care
component of the Consumer Price Index.

Secondary outcomes included time-to-first and rates
per 100 person-days of moderate, severe, and overall

Patients treated with COPD maintenance therapy
January 1, 2014 — December 31, 2018
(n=684 191)

Patients with 212 months continuous
enrolment for pre-index period
(n=365 866)

Patients with 21 medical claim with an
ICD diagnosis code for COPD?
during pre-index period
(n=280 996)

Excluded (n= 164 838)

« 21 medical claim with an ICD diagnosis code for
asthma® during pre-index period (n=122 427)

* Prior use of ICS, LABA, or LAMA containing controller
during pre-index period, excluding index date (n=87 268)

<40 years of age in the year of the index date (n=3364)

Overall IMT COPD population used to assess
all-cause medical costs distribution
(n=116 158)

v

Patients with 21 dispensing for
fixed-dose UMEC/VI as IMT
(n=10 261)

v

v

Patients with 21 dispensing for
fixed-dose FP/SAL as IMT
(n=22 931)

v

v

Patients with 21 dispensing for
fixed-dose B/F as IMT
(n=23 164)

v

v

Patients with 21 dispensing for
fixed-dose TIO as IMT
(n=30510)

v

Excluded (n=95)
« 21 pharmacy claim for non-index
controller on index date (n=95)
« 21 pharmacy claim for SITT or
MITT on the index date (n=88)

Excluded (n=2542)
« 21 pharmacy claim for non-index
controller on index date (n=2542)
« 21 pharmacy claim for UMEC/VI
and FP/SAL on index date (n=3)
« 21 pharmacy claim for SITT or
MITT on the index date (n=2483)

Excluded (n=2177)
« 21 pharmacy claim for non-index
controller on index date (n=2177)
« 21 pharmacy claim for UMEC/VI
and B/F on index date (n=12)
« 21 pharmacy claim for SITT or
MITT on the index date (n=2115)

Excluded (n=5409)
« 21 pharmacy claim for non-index
controller on index date (n=5409)
« 21 pharmacy claim for UMEC/VI
and TIO on index date (n=12)
« 21 pharmacy claim for SITT or
MITT on the index date (n=4974)

v

Patients initiating IMT with UMEC/VI
after exclusions (n=10 166)
« High-comorbidityc COPD cohort
initiated on UMEC/VI (n=5598)
« High-cost? COPD cohort initiated
on UMEC/VI (n=1730)
« High-cost and high-comorbidity
cohort initiated on UMEC/VI
(n=1505)

v

Patients initiating IMT with FP/SAL
after exclusions (n=20 389)
« High-comorbidityc COPD cohort
initiated on FP/SAL (n=11 423)
« High-cost! COPD cohort initiated
on FP/SAL (n=3889)
« High-cost and high-comorbidity
cohort initiated on FP/SAL
(n=3385)

v

Patients initiating IMT with B/F after
exclusions (n=20 987)
« High-comorbidityc COPD cohort
initiated on B/F (n=11 669)
« High-cost! COPD cohort initiated
on B/F (n=3985)

« High-cost and high-comorbidity

cohort initiated on B/F
(n=3470)

v

Patients initiating IMT with TIO after
exclusions (n=25 101)
« High-comorbidityc COPD cohort
initiated on TIO (n=13 894)
« High-cost? COPD cohort initiated
on TIO (n=4690)
« High-cost and high-comorbidity
cohort initiated on TIO
(n=4089)

Figure 2 Patient disposition. 2ICD codes for COPD are shown in Table SI. ’ICD codes for asthma included ICD-9-CM: 493.xx; ICD-10-CM: J45.3, 45 4, J45.5, J45.9. “High-
comorbidity patients were defined as having a pre-index Quan-CCl score 23. ®High-cost patients were defined as those with pre-index all-cause medical costs exceeding the

80th percentile of the cost distribution in the overall IMT COPD population.

Abbreviations: B/F, budesonide/formoterol; CCl, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; ICD, International Classification of Diseases;
FP/SAL, fluticasone propionate/salmeterol; ICS, inhaled corticosteroid; IMT, initial maintenance treatment; LABA, long-acting B,-agonist; LAMA, long-acting muscarinic
antagonist; MITT, multiple-inhaler triple therapy; SITT, single-inhaler triple therapy; TIO, tiotropium; UMEC/VI, umeclidinium/vilanterol.
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COPD-related exacerbations during the on-treatment per-
iod. Moderate COPD-related exacerbations were defined
as an outpatient or ER visit with a primary COPD-related
exacerbation diagnosis code (Table S1), and >1 dispensing
or administration of a systemic corticosteroid or guideline-
recommended antibiotic within 5 days before or after the
visit. Severe COPD-related exacerbations were defined as
a hospitalization with a primary COPD-related exacerba-
tion diagnosis code. Exacerbations within 14 days or each
other were considered as one exacerbation and classified
according to the highest severity of the contributing
Overall COPD-related exacerbations
both moderate and severe exacerbations. Exacerbations

events. included
with a start date on or before the index date were not

included in the outcome measures.

Statistical Analysis

Patients treated with UMEC/VI were matched (1:1) with
patients treated with FP/SAL, B/F, or TIO using propen-
sity score (PS) matching with the following baseline
covariates: age; sex; region; insurance type; year and
quarter of index date; Quan-CCI; respiratory medica-
tions; COPD-related HCRU and medical costs; all-cause
HCRU and total
Diagnostic and Statistical Manual of Mental Disorders,
S5th Edition (DSM-V), and COPD-specific comorbidity
test (COTE) comorbidities (with a prevalence >5%).
Each treatment comparison used a different PS model

medical costs; and Elixhauser,

for matching.

Patient characteristics during the pre-index period
were compared between unmatched and matched cohorts,
and those with standardized differences <10% were con-
sidered to be balanced between cohorts. COPD-related
medical costs were compared between matched cohorts
using cost differences and non-parametric bootstrap pro-
cedures. Time-to-first on-treatment moderate, severe, and
overall COPD-related exacerbation was evaluated using
Kaplan—-Meier (KM) survival analysis and compared
between matched cohorts using hazard ratios (HR) calcu-
lated from Cox proportional hazards regression models.
Rates of COPD-related severe exacerbations (number of
events per 100 person-days in the on-treatment period)
were compared between matched cohorts using rate ratios
(RR) estimated from Poisson regression models with
95% confidence intervals (CI) and P-values generated
from non-parametric bootstrap procedures.

Results
Study Population

In total, 684 191 patients who initiated maintenance ther-
apy for COPD between January 1, 2014 and December 31,
2018 were identified. The overall IMT COPD population
comprised 116 158 patients and the 80th percentile of the
all-cause medical cost distribution (evaluated over the 12-
month pre-index period) in this population, which was
used to identify high-cost patients, was $41,254. Of the
overall IMT population, 10,261 received UMEC/VI,
22,931 received FP/SAL, 23,164 received B/F, and
30,510 received TIO. Patients who met the high-cost and
high-comorbidity eligibility criteria included 1505 receiv-
ing UMEC/VI, 3385 receiving FP/SAL, 3470 receiving B/
F, and 4089 receiving TIO (Figure 2).

Following PS matching, the UMEC/VI versus FP/SAL
cohorts each included 1194 patients, the UMEC/VI versus B/
F cohorts each included 1441 patients, and the UMEC/VI
versus TIO cohorts each included 1277 patients. In the
matched cohorts, mean on-treatment time was longer for
the UMEC/VI versus FP/SAL cohort (144.9 vs 107.5
days), UMEC/VI versus B/F cohort (139.5 vs 102.5 days),
and UMEC/VI versus TIO cohort (143.2 vs 130.3 days). All
matched cohorts were well balanced on other pre-index
patient characteristics (standardized differences <10%).
Mean age was similar for the UMEC/VI and FP/SAL cohorts
(72.2 vs 72.1 years), the UMEC/VI and B/F cohorts (72.0 vs
71.9 years), and the UMEC/VI and TIO cohorts (72.1 for
both cohorts). The proportion of female patients was also
comparable for the UMEC/VI and FP/SAL cohorts (46.2%
vs 46.3%), the UMEC/VI and B/F cohorts (45.5% vs 44.1%),
and the UMEC/VI and TIO cohorts (44.6% vs 43.9%).
Similar mean Quan-CCI scores were observed for the
UMEC/VI and FP/SAL cohorts (6.2 vs 6.3), the UMEC/VI
and B/F cohorts (both 6.1), and the UMEC/VI and TIO
cohorts (6.1 vs 6.2; Table 1). Pre-index characteristics for
the unmatched cohorts are shown in Table S2.

Pre-index comorbidities were well balanced between
matched cohorts; the most common comorbidities were
hypertension, coronary artery disease, and cardiac arrhyth-
(Table S3). for the
unmatched cohorts are shown in Table S4.

mias Pre-index comorbidities

COPD-Related Medical Costs

Patients in the UMEC/VI cohort incurred significantly
lower on-treatment COPD-related medical costs PPPY
compared with the FP/SAL cohort (mean cost difference:
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Table | Pre-Index Patient Characteristics for UMEC/VI versus FP/SAL, B/F, and TIO Matched Cohorts

Characteristics UMEC/VI vs FP/SAL UMEC/VI vs B/F UMEC/VI vs TIO
UMEC/VI FP/SAL Std UMEC/VI B/F Std UMEC/VI TIO Std
(n=1194) | (n=1194) Diff (n=1441) | (n=1441) Diff (n=1277) | (n=1277) Diff
(%) (%) (%)
Post-index eligibility period, 389.7 369.7 6.7 364.0 355.7 2.8 379.1 372.8 2.1
days, mean (SD) (303.5) (291.6) (292.2) (296.6) (301.0) (305.2)
On-treatment follow-up 144.9 107.5 220 139.5 102.5 23.2 143.2 130.3 7.3
period, days, mean (SD) (185.3) (153.0) (176.9) (139.9) (183.3) (167.5)
Age, years, mean (SD) 722 (94) | 72.1 (10.0) 1.3 72.0 (94) 71.9 (9.9) 0.9 72.1 (9.4) 72.1 (9.3) 0.9
Female, n (%) 552 (46.2) | 553 (46.3) 0.2 656 (45.5) | 636 (44.1) 2.8 570 (44.6) | 561 (43.9) 1.4
Region, n (%)
South 638 (53.4) | 642 (53.8) 0.7 812 (56.3) | 831 (57.7) 27 689 (54.0) | 667 (52.2) 35
West 162 (13.6) 163 (13.7) 0.2 168 (11.7) 160 (11.1) 1.7 169 (13.2) 178 (13.9) 2.1
Midwest 285 (23.9) | 280 (23.5) 1.0 331 (23.0) | 324 (225) 1.2 298 (23.3) | 300 (23.5) 0.4
Northeast 108 (9.0) 106 (8.9) 0.6 129 (9.0) 123 (8.5) 1.5 120 (9.4) 131 (10.3) 29
Unknown 1 (0.1) 3(03) 4.1 I (0.1) 3(0.2) 37 1 (0.1) I (0.1) 0.0
Insurance plan type, n (%)
Medicare 1032 (86.4) | 1020 (85.4) 29 1209 (83.9) | 1206 (83.7) 0.6 1075 (84.2) | 1083 (84.8) 1.7
Commercial 162 (13.6) 174 (14.6) 29 232 (l6.1) | 235 (l6.3) 0.6 202 (15.8) 194 (15.2) 1.7
Quan-CCl, mean (SD) 6.2 (2.5) 6.3 (2.5) 36 6.1 (2.5) 6.1 (2.5) 0.9 6.1 (2.5) 6.2 (2.5) 1.6
Number of COPD-related
exacerbations, mean (SD)
Overall 0.88 (1.02) | 0.90 (1.02) I.6 0.87 (1.00) | 0.87 (0.98) 0.3 0.88 (1.01) | 0.89 (1.04) 1.4
Moderate 0.34 (0.66) | 0.36 (0.74) 35 0.36 (0.68) | 0.37 (0.73) 1.6 0.35 (0.69) | 0.37 (0.75) 1.7
Severe 0.55 (0.75) | 0.54 (0.72) I.1 0.51 (0.72) | 0.50 (0.68) 1.2 0.52 (0.73) | 0.53 (0.68) 0.2
Patients with COPD-related
exacerbations, n (%)
Overall 677 (56.7) | 696 (58.3) 32 821 (57.0) | 833 (57.8) 1.7 725 (56.8) | 744 (58.3) 3.0
Moderate 165 (13.8) 182 (15.2) 4.0 234 (16.2) | 241 (l6.7) 1.3 193 (I5.1) 186 (14.6) 1.5
Severe 512 (42.9) | 514 (43.0) 0.3 587 (40.7) | 592 (41.1) 0.7 532 (41.7) | 558 (43.7) 4.1
Respiratory medications,
n (%)
Systemic corticosteroids 719 (60.2) | 733 (61.4) 24 893 (62.0) | 909 (63.1) 23 778 (60.9) | 78l (61.2) 0.5
SABA 494 (41.4) | 488 (40.9) 1.0 618 (42.9) | 622 (43.2) 0.6 519 (40.6) | 532 (41.7) 2.1
SAMA/SABA 186 (15.6) 198 (16.6) 27 221 (15.3) | 213 (14.8) 1.6 186 (14.6) 180 (14.1) 1.3
Montelukast 58 (4.9) 56 (4.7) 0.8 68 (4.7) 82 (5.7) 4.4 60 (4.7) 52 (4.1) 3.1
SAMA 38 (3.2) 32 (27) 3.0 46 (3.2) 31 (22) 6.5 40 (3.1) 21 (1.6) 9.7
Methylxanthines 4 (0.3) 5(04) 1.4 4 (0.3) 2 (0.1) 3.0 3(0.2) 7 (0.5) 5.0
Chronic antibiotic (26 6 (0.5) 15 (1.3) 8.1 5(0.3) 14 (1.0 77 7 (0.5) 9 (0.7) 20
months of continuous use)
N-acetylcysteine 2 (0.2) 6 (0.5) 5.8 2 (0.1) 5(0.3) 42 2 (0.2) 5(0.4) 4.5
PDE-4 inhibitor 1 (0.1) 1 (0.1) 0.0 I (0.1) 2 (0.1) 22 1 (0.1) 3(0.2) 4.0
(Continued)
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Table | (Continued).

Characteristics UMEC/VI vs FP/SAL UMEC/VI vs B/F UMEC/VI vs TIO
UMEC/VI FP/SAL Std UMEC/VI B/F Std UMEC/VI TIO Std
(n=1194) (n=1194) Diff (n=1441) (n=1441) Diff (n=1277) (n=1277) Diff
(%) (%) (%)
COPD-related HCRU?, mean
(SD)
Hospitalizations 0.95 (1.19) | 0.94 (0.96) 1.3 0.87 (1.13) | 0.88 (1.01) 0.3 0.92 (1.16) | 0.92 (0.94) 0.7
ER visits 0.69 (1.72) | 0.74 (1.64) 3.1 0.64 (1.62) | 0.71 (1.67) 4.6 0.66 (1.67) | 0.72 (1.76) 3.4
Outpatient visits 6.4 (11.6) 5.9 (13.5) 3.7 6.5 (12.8) 6.2 (13.4) 2.3 6.5 (13.3) 5.8 (13.2) 5.1
Other visits® 2.0 (5.0 2.0 (6.6) 1.5 1.9 (5.1) 1.5 (3.8) 9.3 2.0 (5.2) 1.7 (5.1) 43
Medical costs®, $, mean (SD)
COPD-related total 43,731 43,498 0.4 42,350 42,733 0.7 43911 45,124 2.2
(55,663) (49,066) (54,206) (54,732) (55,865) (52,941)
Hospitalizations 31,602 30,902 1.5 29,716 30,175 1.0 31,249 32,170 1.9
(50,470) (42,715) (48,467) (46,161) (50,157) (47,696)
ER visits 449| 4678 1.2 4129 4469 2.3 4330 3932 2.9
(15,154) (17,315) (14,129) (14,830) (14,764) (12,291)
Outpatient visits 7084 7434 1.8 8002 7692 1.2 7798 8444 2.9
(17,655) (21,726) (20,452) (28,620) (20,584) (23,415)
Other visits® 554 (5577) | 483 (2754) 1.6 503 (5183) | 396 (3354) 2.4 534 (5400) | 578 (5001) 0.9
All-cause total 113,558 113,968 0.4 113,440 112,781 0.6 111,970 110,769 .1
(112,537) (106,298) (113,914) (107,329) (106,109) (104,920)

Notes: *COPD-related HCRU and costs were defined as claims with a primary or secondary diagnosis of COPD. ®Included visits such as home services and hospice.
“Medical costs are inflated to 2019 US dollars using the US Medical Care consumer price index from the Bureau of Labor Statistics, US Department of Labor.
Abbreviations: B/F, budesonide/formoterol; COPD, chronic obstructive pulmonary disease; ER, emergency room; FP/SAL, fluticasone propionate/salmeterol; HCRU,
healthcare resource use; PDE-4, phosphodiesterase-4; Quan-CCl, Quan-Charlson comorbidity index; SABA, short-acting P,-agonist; SAMA, short-acting muscarinic
antagonist; SD, standard deviation; Std diff, standardized difference; TIO, tiotropium; UMEC/VI, umeclidinium/vilanterol.

$6587; P=0.048). This difference was mainly driven by
numerically lower hospitalization costs (UMEC/VI:
$14,961 vs FP/SAL: $18,793) and ER visit costs
(UMEC/VI: $3719 vs FP/SAL: $6580). COPD-related
medical costs were lower for patients receiving UMEC/
VI compared with those receiving B/F (mean cost differ-
ence: $4633) and TIO (mean cost difference: $5559),
although the differences were not statistically significant
(Table 2). Differences between treatment groups in all-
cause medical costs were directionally similar to those
observed for COPD-related costs, with patients in the
UMEC/VI cohorts incurring numerically lower all-cause
medical costs compared with the FP/SAL, B/F and TIO
cohorts, but did not reach statistical significance (Table 2).

COPD-Related Exacerbations

The risk of on-treatment COPD-related severe exacerba-
tion was significantly lower with UMEC/VI compared
with FP/SAL (25.3% vs 32.6%; HR [95% CI]: 0.78
[0.62, 0.98]; P=0.032), B/F (26.7% vs 31.8%; HR [95%

CI]: 0.77 [0.63, 0.95]; P=0.016), and TIO (27.0% vs
30.8%; HR [95% CI]: 0.79 [0.64, 0.98]; P=0.028)
(Figure 3; Table S5). Risk of COPD-related moderate
exacerbation was similar in patients receiving UMEC/VI
versus FP/SAL (33.2% vs 38.9%; HR [95% CI]: 0.94
[0.76, 1.17]), B/F (32.0% vs 37.4%; HR [95% CI]: 0.94
[0.77, 1.15]), and TIO (33.0% vs 31.2%; HR [95% CI]:
1.05 [0.85, 1.29]) (Table S6). Patients initiating treatment
with UMEC/VI had a numerically lower risk of overall
COPD-related exacerbations compared with FP/SAL
(46.2% vs 55.7%; HR [95% CI]: 0.86 [0.73, 1.02]), B/F
(46.8% vs 54.8%; HR [95% CI]: 0.87 [0.75, 1.01]), and
TIO (47.2% vs 53.0%; HR [95% CI]: 0.90 [0.77, 1.05]),
although these differences were not statistically significant
(Table S7).

The rate of COPD-related severe exacerbations was
significantly lower with UMEC/VI compared with
FP/SAL (UMEC/VI: 0.10, FP/SAL: 0.13; RR [95% CI]:
0.73 [0.59, 0.91]; P=0.008) and B/F (UMEC/VI: 0.10, B/
F: 0.14; RR [95% CIJ: 0.73 [0.59, 0.93]; P=0.012).
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Table 2 On-Treatment Medical Costs PPPY for UMEC/VI versus FP/SAL, B/F, and TIO Matched Cohorts
Medical Costs, $° PPPY, Mean (SD) Cost Difference (95% CI) | P-value

UMEC/VI (N=1194) FP/ISAL (N=1194) - -
Total COPD-related® medical costs 28,823 (65,220) 35,411 (92,590) —6587 (—13,661, —21) 0.048
Hospitalizations 14,961 (47,032) 18,793 (54,422) ~3832 (-8183, 613) 0.072
ER visits 3719 (30,675) 6580 (62,666) ~2862 (—6775, 387) 0.100
Outpatient visits 9360 (28,210) 9254 (35,078) 106 (-3181, 2759) 0.942
Other visits 784 (2849) 784 (2916) 0 (-342, 314) 0.998
Total all-cause medical costs 79,603 (127 705) 94,312 (166 284) —14,709 (—29,239, 724) 0.060

UMEC/VI (N=1441) B/F (N=1441) - -
Total COPD-related® medical costs 30,104 (66,821) 34,737 (80,979) —4633 (—11,354, 1554) 0.156
Hospitalizations 15,745 (47,196) 18,631 (55,724) —2887 (-7361, 1685) 0.188
ER visits 3466 (28,689) 4077 (29,383) —610 (-2106, 1130) 0.401
Outpatient visits 10,141 (31,466) 10,242 (38,813) ~102 (-4191, 3122) 0.906
Other visits 752 (2769) 1787 (28,994) —1035 (-3148, 167) 0.216
Total all-cause medical costs 87,463 (144 600) 102 158 (186 293) —14,695 (34,688, 3098) 0.128

UMEC/VI (N=1277) TIO (N=1277) - -
Total COPD-related® medical costs 30,022 (66,372) 35,581 (73,944) —5559 (—11,541, 670) 0.080
Hospitalizations 15,750 (48,130) 20,890 (59,541) —5140 (—9838, 35) 0.052
ER visits 3619 (29,892) 4411 (17,246) =793 (-2314, 857) 0.301
Outpatient visits 9866 (28,961) 9598 (33,649) 268 (—2351, 2663) 0.878
Other visits 787 (2879) 681 (3043) 106 (201, 407) 0.481
All-cause total 85,819 (138,079) 91,161 (156,275) —5342 (-20,926, 8996) 0.501

Notes: *COPD-related costs were defined as claims with a primary or secondary diagnosis of COPD. "Medical costs are inflated to US dollars 2019 using the US Medical
Care consumer price index from the Bureau of Labor Statistics from the US Department of Labor.

Abbreviations: B/F, budesonide/formoterol; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; ER, emergency room; FP/SAL, fluticasone propionate/
salmeterol; PPPY, per patient per year; SD, standard deviation; TIO, tiotropium; UMEC/VI, umeclidinium/vilanterol.

Patients initiating treatment with UMEC/VI experienced
lower rates of COPD-related severe exacerbations com-
pared with patients receiving TIO, although this difference
did not reach statistical significance (UMEC/VI: 0.10,
TIO: 0.12; RR [95% CI]: 0.83 [0.68, 1.04]; Table 3).
The rate of COPD-related moderate exacerbations was
numerically lower with UMEC/VI compared with FP/
SAL (UMEC/VI: 0.13, FP/SAL: 0.14; RR [95% CI]:
0.89 [0.73, 1.08]) and B/F (UMEC/VI: 0.13, B/F: 0.16;
RR [95% CIJ: 0.84 [0.69, 1.04]). Similar rates of COPD-
related moderate exacerbations were experienced by
patients receiving UMEC/VI versus TIO (UMEC/VI:
0.13, TIO: 0.14; RR [95% CI]: 0.99 [0.81, 1.22]; Table
S8). Patients initiating treatment with UMEC/VI experi-
enced significantly lower rates of overall COPD-related
exacerbations compared with patients receiving FP/SAL
(UMEC/VI: 0.22, FP/SAL: 0.28; RR [95% CI]: 0.81 [0.70,
0.95]; P=0.004) and B/F (UMEC/VI: 0.23, B/F: 0.30; RR

[95% CI]: 0.79 [0.68, 0.93]; P<0.001). The rate of overall
COPD-related exacerbations was similar for patients
receiving UMEC/VI compared with TIO (UMEC/VI:
0.24, TIO: 0.26; RR [95% CI]: 0.91 [0.79, 1.06];
Table S8).

Discussion

This study compared on-treatment COPD-related medical
costs and exacerbations in patients with COPD who had
high costs and comorbidities. Patients initiating therapy
with UMEC/VI had significantly lower COPD-related
and all-cause medical costs compared with patients initiat-
ing FP/SAL, and numerically lower costs compared with
B/F and TIO, which were primarily driven by reductions
in hospitalization costs. This is consistent with previous
studies, which have shown hospitalizations to be a key

D,20’26

driver of costs in patients with COP and may be

related to reductions in severe exacerbations.
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No. of TIO patients
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Figure 3 Kaplan—Meier curves for time-to-first severe exacerbation during the on-treatment period for (A) UMEC/VI versus FP/SAL, (B) UMEC/VI versus B/F, and (C)
UMEC/VI versus TIO matched cohorts. *Number of patients still observed at the specific point in time. “Severe COPD-related exacerbation defined as an inpatient
hospitalization with a diagnosis code for COPD in the primary position.

Abbreviations: B/F, budesonide/formoterol; Cl, confidence interval; FP/SAL, fluticasone propionate/salmeterol; TIO, tiotropium; UMEC/VI, umeclidinium/vilanterol.
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Table 3 Rate of on-Treatment COPD-Related Severe Exacerbations for UMEC/VI versus FP/SAL, B/F, and TIO and Matched Cohorts

Number of Events Rate (per 100 Person Days) Rate Ratio P-value
(95% CI)
UMEC/VI FP/SAL UMEC/VI FP/SAL - -
(N=1194) (N=1194) (N=1194) (N=1194)
On-treatment period, mean 144.9 (185.3) 107.5 (153.0) - - - -
(SD)
Total person-days 173,045 128,367 - - - -
Severe exacerbations 170 172 0.10 0.13 0.73 (0.59, 0.91) 0.008
UMEC/VI B/F (N=1441) UMEC/VI B/F (N=1441) - -
(N=1441) (N=1441)
On-treatment period, mean 139.5 (176.9) 102.5 (139.9) - - - -
(SD)
Total person-days 201,019 147,676 - - - -
Severe exacerbations 203 203 0.10 0.14 0.73 (0.59, 0.93) 0.012
UMEC/VI TIO (N=1277) UMEC/VI TIO (N=1277) - -
(N=1277) (N=1277)
On-treatment period, mean 143.2 (183.3) 130.3 (167.5) - - - -
(SD)
Total person-days 182,822 166,413 - - - -
Severe exacerbations 186 205 0.10 0.12 0.83 (0.68, 1.04) 0.080

Abbreviations: B/F, budesonide/formoterol; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FP/SAL, fluticasone propionate/salmeterol; TIO,

tiotropium; UMEC/VI, umeclidinium/vilanterol.

In this study, IMT with UMEC/VI was associated with
a significantly lower risk and rate of COPD-related severe
exacerbations compared with FP/SAL, B/F, or TIO. This
is consistent with the results of a previous claims-based
study, which also demonstrated a reduced risk of moder-
ate/severe exacerbation with UMEC/VI versus FP/SAL.?’
Interestingly, the rate of on-treatment COPD-related
severe exacerbations among patients receiving UMEC/VI
was significantly lower compared with those receiving
FP/SAL and B/F, while the difference compared with
TIO did not reach statistical significance. There is evi-
dence to suggest that LAMA-containing maintenance
treatments are more effective at reducing exacerbations
than other maintenance medication classes; a network
meta-analysis of 21 studies found that LAMA and
LABA/LAMA therapies were ranked higher than
ICS/LABA and LABA for reducing moderate/severe
exacerbations in patients with COPD.*® Other studies
have also found evidence that LAMA/LABA combina-
tions modestly reduce exacerbations compared with

LAMA monotherapy.'®*~° This difference between
treatment classes could explain the larger differences in
the rate of on-treatment COPD exacerbations observed
with  UMEC/VI versus FP/SAL and B/F than with
UMEC/VI versus TIO.

The reductions in severe exacerbations observed in the
present study among patients treated with UMEC/VI com-
pared with FP/SAL, B/F, and TIO may have contributed to
the reductions in COPD-related medical costs, since pre-
vious studies have shown that patients with frequent exacer-
bations have higher average medical costs than patients

less 19,20

who experience exacerbations frequently.
Furthermore, severe exacerbations have been associated
with greater increases in medical costs than exacerbations
that do not necessitate hospitalization.”’ The high-cost,
high-comorbidity patients included within this study have
a higher average rate of hospitalizations compared with the
overall patient population,z‘4 and as such reducing their risk
of severe exacerbations is likely to have a large impact on

COPD-related medical costs.
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In this study, the mean on-treatment time was longer in
the UMEC/VI cohort compared with the FP/SAL, B/F, and
TIO cohorts. Improvements in adherence with UMEC/VI
versus FP/SAL, B/F, and TIO, which have been demon-

strated in previous studies,?’"

may have contributed to
this difference and to the reduced medical costs and
exacerbation risk observed in the current study.

Some limitations of this investigation should be con-
sidered. For instance, although PS matching on observed
pre-index variables was used to account for potential
differences between the UMEC/VI and FP/SAL, B/F,
and TIO cohorts, the possibility of unmeasured con-
founding cannot be excluded. As a result, physicians
prescribing IMT for patients with COPD may consider
factors in their decision-making process that are not
accounted for by the PS matching approach used in this
study. The results may also have limited generalizability
to the uninsured US population, patients with other types
of public insurance such as Medicaid, or patients outside
of the US. It should also be noted that the analysis was
vulnerable to coding inaccuracies; the presence of
a diagnosis code may not demonstrate presence of the
disease. Finally, this study did not compare UMEC/VI
with other LAMA/LABA combinations. Nevertheless,
key strengths of this study should also be highlighted.
To our knowledge this is the first study using real-world
data to evaluate the on-treatment costs and outcomes with
UMEC/VI, FP/SAL, B/F, and TIO in patients with COPD
(and without asthma) who have high costs and comorbid-
ities. Data were extracted from the Optum Clinformatics
Data Mart database, a large database representing
a geographically diverse sample of the US population,
enabling a comprehensive evaluation of patient demo-
graphics, clinical characteristics, medical costs, and
COPD-related exacerbations.

Conclusion

In this retrospective claims-based study, patients with
COPD who had high costs and comorbidities incurred
significantly lower COPD-related medical costs after initi-
ating maintenance therapy with UMEC/VI compared with
FP/SAL, and numerically lower costs compared with B/F
and TIO. Furthermore, the rate of severe exacerbations
was significantly lower among patients receiving
UMEC/VI compared with FP/SAL and B/F, and was
numerically lower versus TIO. These findings highlight
the potential benefits of UMEC/VI compared with three
alternative maintenance medications as IMT in patients

with COPD who have high costs and comorbidities, and
could provide information for physicians considering treat-
ment options for patients newly diagnosed with COPD.
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