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Purpose: To examine the impact of initiating fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) in a single device on
chronic obstructive pulmonary disease (COPD) exacerbations, COPD exacerbation-related costs, and all-cause and COPD-related
healthcare resource utilization (HCRU) and costs in patients with COPD.

Methods: Retrospective database analysis of patients with COPD aged >40 years who initiated FF/UMEC/VI between September 1,
2017, and December 31, 2018 (index date: first pharmacy claim for FF/UMEC/VI), following evidence of multiple-inhaler triple
therapy (MITT) (=30 consecutive days) in the year prior to index. COPD exacerbations, COPD exacerbation-related costs, and all-
cause and COPD-related HCRU and costs were compared between the baseline period (12 months prior to and including index) and
follow-up period (12 months following index).

Results: Data from 912 patients (mean [SD] age: 71.2 [8.1], 51.2% female) were included in the analyses. Among the overall cohort,
mean count of total COPD exacerbations (moderate or severe) per patient was statistically significantly lower in the follow-up period
compared to baseline (1.2 vs 1.4, p=0.001). The proportion of patients with >1 COPD exacerbation (moderate or severe) was also
statistically significantly lower in the follow-up period compared to baseline (56.4% vs 62.4%, p=0.001). All-cause and COPD-related
HCRU were similar during follow-up compared to baseline, although the proportion of patients with COPD-related ambulatory visits
was lower during follow-up (p<0.001). COPD-related office visit costs, emergency room visit costs, and pharmacy costs were
statistically significantly lower during follow-up compared to baseline (p<0.001; p=0.019; p<0.001, respectively).

Conclusion: In a real-world setting, patients on MITT who subsequently initiated FE/UMEC/VT in a single device had significant reductions in
the rate of COPD exacerbations (moderate or severe). Switching to FF/UMEC/VI also resulted in improvements in some HCRU and cost
outcomes. These data support the use of FF/UMEC/VI among patients at high risk of exacerbation to reduce future risk and improve outcomes.
Keywords: chronic obstructive pulmonary disease, exacerbations, healthcare utilization, multiple-inhaler triple therapy, FF/UMEC/VI,
single-inhaler triple therapy

Plain Language Summary

Chronic obstructive pulmonary disease (COPD) treatments can be hard for patients on triple therapy to take consistently as they involve using
multiple inhalers every day. By combining inhalers, treatment can be simplified. This study investigated the effect of switching from using
multiple inhalers to deliver triple therapy regimens to a single inhaler of fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI).
Specifically, we looked at the rate of COPD exacerbations, how often patients accessed healthcare services, and the costs of both. To do so,
we searched for health claims from patients who started taking FF/UMEC/VI between September 1, 2017 and December 31, 2018 in the Optum
Research Database, which contains information from over 73 million patients. COPD exacerbation rates, healthcare service use, and costs were
then compared before and after switching to FF/UMEC/VI. Among 912 patients included in the study, we found that patients experienced fewer
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exacerbations after switching. COPD-related ambulatory visits (ie outpatient care where the patient is not admitted to hospital) were also lower,
alongside COPD-related costs associated with visiting the doctor’s office, emergency room, and pharmacy. Our results show that switching to
FF/UMEC/VI is beneficial for patients who are at high risk of exacerbation, to reduce this risk and improve outcomes.

Introduction

Chronic obstructive pulmonary disease (COPD) resulted in 3.23 million deaths worldwide in 2019." The Global Initiative
for Chronic Obstructive Lung Disease (GOLD) strategy document recommends inhaled triple therapy (an inhaled
corticosteroid [ICS], a long-acting B,-agonist [LABA], and a long-acting muscarinic antagonist [LAMAY]) for patients
with advanced COPD with persistent symptoms and risk of exacerbation.?

Previous evidence suggests significant improvement in lung function and health-related quality of life, alongside reduced
exacerbation frequency, among patients with COPD who utilize once-daily single-inhaler triple therapy (SITT) with fluticasone
furoate/umeclidinium/vilanterol (FE/UMEC/VI) compared with twice-daily budesonide/formoterol combination therapy.® Real-
world data have also shown that compared to non-Ellipta multiple-inhaler triple therapy (MITT), single-inhaler FF/UMEC/VI
resulted in a significantly greater proportion of patients gaining health status improvement, alongside larger improvements in lung
function.” In addition, patients with COPD initiating single-inhaler FF/UMEC/VI in the real world have demonstrated improved
adherence and persistence compared to MITT.” In September 2017, the United States (US) Food and Drug Administration (FDA)
approved FF/UMEC/VI 100/62.5/25 ng for once-daily maintenance treatment of COPD and to reduce COPD exacerbations in
patients with a history of exacerbation.®

There is a lack of real-world evidence of the effectiveness of FF/UMEC/VI 100/62.5/25 pg on COPD exacerbations, and
whether the improved adherence translates to improved patient outcomes. In this retrospective analysis, we examine the
impact of initiating FF/UMEC/VI on COPD exacerbations, COPD exacerbation-related costs, and all-cause and COPD-
related healthcare resource utilization (HCRU) and costs experienced by patients with COPD in the real-world setting.

Methods
Study Design
This was a retrospective database analysis conducted using the Optum Research Database (ORD). Commercial and
Medicare Advantage with Part D (MAPD) enrollees with COPD who initiated FF/UMEC/VI during the patient
identification period (September 1, 2017 to December 31, 2018) following evidence of MITT (=30 consecutive days)
in the year prior to FF/UMEC/VI initiation were included (Supplementary Figure 1).

The index date was the date of the first pharmacy claim for FF/UMEC/VI during the patient identification period. COPD
exacerbations, COPD exacerbation-related costs, and all-cause and COPD-related HCRU and costs in the 12 months prior

to and including the index (baseline period) were compared to those in the 12 months following index (follow-up period).

Data Collection

The ORD is a fully de-identified and Health Insurance Portability and Accountability Act (HIPAA) compliant research
database that contains commercial and Medicare Advantage claims. It contains both medical and pharmacy information
from 1993 to the present on more than 73 million individuals.

Study Population
Eligible patients met the following inclusion criteria: >1 pharmacy claim for FF/UMEC/VI during the patient identification
period; >2 medical claims with a diagnosis code for COPD in any position on separate dates of service during the study period
(baseline or follow-up period); >30 consecutive days of MITT during the 12 months prior to the index date; >40 years of age as
of the year of the index date; continuous enrollment with medical and pharmacy coverage for 12 months prior to and including
the index date (baseline period), and 12 months following the index date (follow-up period).

Patients were excluded from the study population if they met one or more of the following criteria: >1 medical claim with
a diagnosis code for asthma, cystic fibrosis, or lung cancer during the study period; >1 pharmacy claim for FF/UMEC/VI
during the baseline period; unknown or missing patient demographics (as detailed in Supplementary Table 1).
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Outcomes

Primary Objectives

The primary objectives were to compare the following outcomes before and after initiation of FF/UMEC/VI: proportion
of patients with >1 COPD exacerbation (any [moderate or severe], moderate, severe); COPD exacerbation rate (any
[moderate or severe], moderate, severe); and COPD exacerbation-related costs.

COPD exacerbations were identified and categorized as moderate or severe. Severe exacerbations were defined as an
inpatient hospitalization with a primary diagnosis of COPD. Moderate exacerbations were defined as an outpatient or ER
visit with a primary diagnosis of COPD, and a systemic oral corticosteroid or guideline-recommended antibiotic within
seven days of the medical visit. Both the rate and count of all, severe, and moderate exacerbations were reported.

Episode-level exacerbation costs were calculated for all COPD exacerbations as well as separately by severity. Costs
were calculated for each exacerbation episode as the sum of COPD-related medical and pharmacy costs within the time
period of the exacerbation, excluding maintenance medication costs. Mean cost of an exacerbation (any [moderate or
severe], severe, moderate) was presented. Costs were adjusted to 2019 US dollars using the annual medical care
component of the Consumer Price Index (CPI).

Secondary Objectives
Secondary objectives were to compare all-cause and COPD-related HCRU, and all-cause and COPD-related costs before
and after initiation of FF/UMEC/VI.

HCRU was calculated for ambulatory visits (physician office and hospital outpatient), ER visits, inpatient admissions,
and pharmacy fills. HCRU was defined as COPD-related if the medical claim had a diagnosis code for COPD in the
primary position or was a pharmacy claim for a medication used to treat COPD.

Health care costs were CPI-adjusted and computed as the combined health plan and patient paid amounts in the
baseline and follow-up period. Total costs were calculated and categorized as pharmacy costs and medical costs. Medical
costs were further categorized into ambulatory costs (physician office and hospital outpatient), emergency services costs,
inpatient costs, and other medical costs. Costs were defined as COPD-related if the medical claim had a diagnosis code
for COPD in the primary position or was a pharmacy claim for a medication used to treat COPD.

Data Analysis

Bivariate comparisons of primary and secondary outcomes in the baseline and follow-up periods were performed.
McNemar tests for categorical/binary variables (such as comparing frequency proportions), and paired t-tests for
continuous variables (such as comparisons between mean values) were used based on the distribution of the measure.
A statistical significance level of alpha = 0.05 was used (p<0.05).

We estimated that after applying the inclusion/exclusion criteria, approximately 900 patients would be included in the final
sample. The proportion of patients with COPD exacerbations was used to estimate the minimum effect sizes that can be detected
using the study design and sample identified above. Previous literature noted that 59.8% of patients with COPD in a similar cohort
experienced >1 moderate-severe exacerbation in the 12 months prior to initiation of MITT.” Using an estimated COPD
exacerbation rate of 50% in the 12 months prior to FF/UMEC/VI initiation, correlation of 0.44 between pairs, and a sample
size of 900, we had 80% power to detect a COPD exacerbation rate effect size reduction of —4.4% after initiation of FE/UMEC/VI
using a one-sided test.

Results
Study Population

A total of 912 patients were eligible for inclusion in the study and were included in the analysis. Patients had a mean
(standard deviation [SD]) age of 71.2 (8.1) years, with 34.5% in the 75+ age group. In addition, 51.2% of patients were
female and 88.1% had Medicare coverage. Patients had a mean (SD) baseline Charlson comorbidity score of 2.2 (1.6)
and mean (SD) COPD severity score was 36.2 (10.1) (severe COPD indicated by a score >51.75).® Most common
comorbidities were other lower respiratory disease (83.2%), hypertension (76.2%), and lipid metabolism disorders
(71.3%). Patient demographic and baseline clinical characteristics are reported in Table 1.
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The most common baseline medications were ICS/LABA (90.7% with >1 fill), LAMA (88.8% with >1 fill), and short-acting
beta agonists (SABA; 75.9% with >1 fill) (Table 2). During follow-up, patients had FF/UMEC/VI for an average of 274 days.

COPD Exacerbations

The mean count of total COPD exacerbations (moderate or severe) per patient was statistically significantly lower in the follow-
up period compared to the baseline period (1.2 vs 1.4, p=0.001) (Table 3, Figure 1). The proportion of patients with >1 COPD
exacerbation was also statistically significantly lower in the follow-up period compared to baseline (56.4% vs 62.4%, p=0.001).

These differences were mainly driven by moderate COPD exacerbations, with both the mean count of moderate
COPD exacerbations and the proportion of patients with >1 moderate COPD exacerbation being statistically significantly
lower in the follow-up period compared to baseline (mean count: 0.9 vs 1.1, p<0.001; proportion: 47.8% vs 54.4%,
p<0.001). Among the entire study cohort, there was no statistically significant difference in either the mean count of
severe COPD exacerbation or the proportion of patients with >1 severe COPD exacerbation (mean count: 0.3 vs 0.3,

p=0.415; proportion: 22.2% vs 22.9%, p=0.331).

Table | Patient Demographic and Baseline Clinical Characteristics

Total Population (N=912)

Age, mean (SD) 71.2 (8.1)
Age group, years, n (%)
40-49 8(0.9)
50-59 65 (7.1)
60-64 120 (13.2)
65-69 172 (18.9)
70-74 232 (25.4)
75+ 315 (34.5)
Gender, n (%)
Female 467 (51.2)
Male 445 (48.8)
Insurance type, n (%)
Commercial 109 (12.0)
Medicare 803 (88.1)
Baseline Charlson comorbidity score, mean (SD) 2.2 (l.6)
COPD severity score 36.2 (10.1)
Comorbidity incidence, n (%)
Other low respiratory disease 759 (83.2)
Hypertension 695 (76.2)
Lipid metabolism disorders 650 (71.3)
Heart diseases 602 (66.0)
Immunizations and screening for infectious disease 545 (59.8)

Abbreviations: COPD, chronic obstructive pulmonary disease; SD, standard deviation.
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Table 2 Baseline Medications

Total Population (N=912)
Controller medications
ICS
With 21 fill, n (%) 121 (13.3)
Baseline medication fills, mean (SD) 0.6 (2.1)
Baseline medication days supply, mean (SD) 23.8 (74.0)
LAMA
With 21 fill, n (%) 810 (88.8)
Baseline medication fills, mean (SD) 5.1 3.7)
Baseline medication days supply, mean (SD) 203.8 (125.8)
LABA
With 21 fill, n (%) 13 (1.4)
Baseline medication fills, mean (SD) 1.0 (0.7)
Baseline medication days supply, mean (SD) 2.3 (24.9)
LAMA/LABA
With 21 fill, n (%) 174 (19.1)
Baseline medication fills, mean (SD) 1.0 (2.6)
Baseline medication days supply, mean (SD) 36.3 (90.2)
ICS/LABA
With 21 fill, n (%) 827 (90.7)
Baseline medication fills, mean (SD) 54 (3.8)
Baseline medication days supply, mean (SD) 210.8 (123.7)
Methylxanthine combination
With =1 fill, n (%) 22 (2.4)
Baseline medication fills, mean (SD) 0.1 (1.0)
Baseline medication days supply, mean (SD) 6.3 (44.9)
Methylxanthine PD4 inhibitor
With 21 fill, n (%) 46 (5.0)
Baseline medication fills, mean (SD) 0.2 (1.3)
Baseline medication days supply, mean (SD) 10.4 (55.1)
Rescue medications
Systemic corticosteroids
With 21 fill, n (%) 580 (63.6)
Baseline medication fills, mean (SD) 2.1 (2.8)
Baseline medication days supply, mean (SD) 322 (71.3)
(Continued)
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Table 2 (Continued).

Total Population (N=912)

SABA
With 21 fill, n (%) 692 (75.9)
Baseline medication fills, mean (SD) 3.8 (44)
Baseline medication days supply, mean (SD) 109.0 (125.3)

Inhaled anticholinergic

With 21 fill, n (%) 30 (3.3)
Baseline medication fills, mean (SD) 0.1 (0.7)
Baseline medication days supply, mean (SD) 2.7 (20.0)

SABA/anticholinergic

With 21 fill, n (%) 205 (22.5)
Baseline medication fills, mean (SD) 0.8 (2.2)
Baseline medication days supply, mean (SD) 25.7 (69.0)

Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting ,-agonist; LAMA, long-acting muscarinic
antagonist; PD4, phosphodiesterase-4; SABA, short-acting beta agonist; SD, standard deviation.

Table 3 COPD Exacerbations in the Follow-Up versus Baseline Period

Baseline Follow-Up p-value
(N=912) (N=912)
Any COPD exacerbation
Count of exacerbations n 912 912
Mean 1.4 1.2 0.001
SD 1.6 1.5
2| COPD exacerbation n 569 514
% 624 56.4 0.001
Count of exacerbations among patients with any baseline exacerbation n 569 569
Mean 22 1.6 <0.001
SD 1.5 1.7
Severe exacerbation
Count of severe exacerbations n 912 912
Mean 03 0.3 0415
sD 0.6 0.6
2| severe exacerbation n 209 202
% 229 222 0.331
Count of severe exacerbations among patients with any baseline n 569 569
exacerbation
Mean 0.5 0.4 <0.001
sD 0.8 0.7
(Continued)
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Table 3 (Continued).

Baseline Follow-Up p-value
(N=912) (N=912)
Count of severe exacerbations among patients with a severe baseline n 209 209
exacerbation
Mean 1.3 0.5 <0.001
SD 0.7 0.9
Moderate exacerbation
Count of moderate exacerbations n 912 912
Mean 1.1 0.9 <0.001
SD 1.4 1.3
2| moderate exacerbation n 496 436
% 544 47.8 <0.001
Count of moderate exacerbations among patients with any baseline n 569 569
exacerbation
Mean 1.7 1.2 <0.001
SD 1.4 1.5
Count of moderate exacerbations among patients with a moderate n 496 496
baseline exacerbation
Mean 2.0 1.3 <0.001
sD 1.3 1.5

Notes: Paired t-test, one-tailed, was used for continuous measures. McNemar test, one-tailed, was used for binary measures.
Abbreviations: COPD, chronic obstructive pulmonary disease; SD, standard deviation.

Among patients who had any baseline COPD exacerbation (n=569), the mean count (per patient) of any, moderate, and
severe COPD exacerbations was statistically significantly lower in the follow-up period compared to baseline (any: 1.6 vs 2.2,
p<0.001; moderate: 1.2 vs 1.7, p<0.001; severe: 0.4 vs 0.5, p<0.001) (Figure 2). In addition, rates of severe exacerbation were
significantly reduced among patients with a severe baseline exacerbation (n=209) after initiating FF/UMEC/VI (1.3 vs 0.5,
p<0.001). Rates of moderate exacerbation were also significantly reduced among those with a moderate baseline exacerbation
(n=496) in the follow-up versus baseline period (2.0 vs 1.3, p<0.001).

COPD Exacerbation-Related Costs

Mean average costs per moderate COPD-related exacerbation episode were statistically significantly lower during the
follow-up period than the baseline period ($175.59 vs $217.69, p=0.018) (Table 4). Mean total costs of all moderate
COPD-related exacerbation episodes per patient were also lower during follow-up but this difference did not reach
statistical significance ($380.43 vs $445.12, p=0.066).

Mean total cost of all COPD exacerbation episodes per patient was higher during follow-up compared to baseline
($5279.04 vs $4411.62, p=0.806), as were mean average costs of episode-level COPD-related exacerbations ($2345.16 vs
$2073.21, p=0.757).

Mean total and mean average costs of severe COPD-related exacerbations were also higher in the follow-up period
compared to baseline ($4898.61 vs $3966.50, p=0.824 and $3846.56 vs $2961.99, p=0.826, respectively).

All-Cause and COPD-Related HCRU

The proportion of patients with all-cause utilization in all categories (ambulatory visit [including office visit and
outpatient visit], ER wvisit, inpatient stay, and pharmacy use) were similar between follow-up and baseline
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Figure | Mean Exacerbations Among Entire Cohort (n=912) in the Baseline versus Follow-Up Period.
Note: Any exacerbation includes both moderate and severe exacerbations.
Abbreviations: FF, fluticasone furoate; MITT, multiple-inhaler triple therapy; UMEC, umeclidinium; VI, vilanterol.
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Figure 2 Mean Exacerbations Among Patients with Any Pre-Index Exacerbation (n=569) in the Baseline versus Follow-Up Period.
Note: Any exacerbation includes both moderate and severe exacerbations.
Abbreviations: FF, fluticasone furoate; MITT, multiple-inhaler triple therapy; UMEC, umeclidinium; VI, vilanterol.

(Supplementary Table 2). The mean count of utilization among most categories was also not statistically sig-

nificantly different during follow-up compared to baseline, with the exception of pharmacy fills (60.2 vs 65.5,
p<0.001).
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Table 4 COPD Exacerbation-Related Costs in the Follow-Up versus Baseline Period

Baseline (N=912) | Follow-Up (N=912) | p-value
Any COPD exacerbation
Total cost of episode-level COPD-related exacerbations Mean 4411.62 5279.04 0.806
SD 11,925.50 28,903.84
p25 0.00 0.00
Median 192.26 103.97
p75 1499.84 1004.65
Average cost of episode-level COPD-related exacerbations | Mean 2073.21 2345.16 0.757
SD 5886.24 10,568.38
p25 0.00 0.00
Median 143.74 83.85
p75 692.97 512.80
Moderate exacerbations
Total cost of moderate COPD-related exacerbations Mean 445.12 380.43 0.066
SD 1127.32 1008.85
p25 0.00 0.00
Median 80.71 0.00
p75 387.39 292.62
Average cost of moderate COPD-related exacerbations Mean 217.69 175.59 0.018
SD 511.00 395.52
p25 0.00 0.00
Median 76.49 0.00
p75 238.51 195.80
Severe exacerbations
Total cost of severe COPD-related exacerbations Mean 3966.50 4898.61 0.824
SD 11,707.50 28,798.63
p25 0.00 0.00
Median 0.00 0.00
p75 0.00 0.00
Average cost of severe COPD-related exacerbations Mean 2961.99 3846.56 0.826
SD 8269.00 27,440.51
p25 0.00 0.00
Median 0.00 0.00
p75 0.00 0.00

Notes: Cost of episode-level COPD-related exacerbations were calculated for each exacerbation episode as the sum of COPD-related medical and pharmacy

costs within the exacerbation time period minus maintenance costs. Paired t-test, one-tailed, was used for continuous measures.
Abbreviations: COPD, chronic obstructive pulmonary disease; p, percentile; SD, standard deviation.
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For COPD-related HCRU, a statistically significantly lower proportion of patients had COPD-related ambulatory
visits during the follow-up period compared to baseline (85.6% vs 90.7%, p<0.001), which was mainly driven by office
visits (79.9% vs 85.1%, p<0.001) (Supplementary Table 3). The proportions of patients with COPD-related utilization in
other categories were not statistically significantly different between baseline and follow-up.

The mean count of COPD-related utilization was also not statistically significantly different amongst categories,
except for office visit and pharmacy fills. Mean count of office visits and pharmacy visits were statistically significantly
lower in the follow-up period compared to baseline (office visit: 2.7 vs 3.1, p<0.001; pharmacy fills: 17.8 vs 23.0,
p<0.001).

All-Cause and COPD-Related Health Care Costs

All-cause mean pharmacy costs were statistically significantly lower during follow-up compared to baseline ($11,410.24
vs $12,274.11, p=0.005) (Supplementary Table 4). There were no statistically significant differences in all-cause costs in

other categories. Mean medical costs, and mean costs of individual components of the medical costs (eg ambulatory, ER,
or inpatient costs) were higher in the follow-up period compared to baseline. Median costs were either lower or very
similar in the follow-up period compared to baseline.

For COPD-related health care costs, mean office visit costs, ER visit costs, and pharmacy costs were statistically
significantly lower during follow-up compared to baseline (office visit: $289.90 vs $361.59, p<0.001; ER visit: $140.71
vs $195.05, p=0.019; pharmacy costs: $5538.59 vs $6703.94, p<0.001) (Supplementary Table 5). Mean total COPD-
related costs were slightly lower in the follow-up period compared to baseline ($11,803.13 vs $11,955.26, p=0.440)

whereas mean COPD-related medical costs and inpatient costs were higher in the follow-up period (medical costs:
$6264.53 vs $5251.31, p=0.844; inpatient costs: $4745.15 vs $3712.50, p=0.851). Median costs were either lower or very
similar in the follow-up period compared to baseline.

Discussion

In this real-world, retrospective analysis of patients who initiated FF/UMEC/VI in a single device, patients had a statistically
significant reduction in total COPD exacerbations (moderate or severe) after (vs before) initiation of FF/UMEC/VI. The
proportion of patients with >1 COPD exacerbation was also statistically significantly lower in the follow-up period compared
to baseline. These data support the use of FF/UMEC/VI among patients at risk of exacerbation.

These results are consistent with clinical studies comparing FF/UMEC/VI to either dual therapy, or to MITT.*® For
example, results from the INTREPID trial, a randomized, open-label, phase IV effectiveness study, showed that in usual
clinical care, treatment with FF/UMEC/VI resulted in significantly more patients with health status improvements, and
greater lung function benefit, versus MITT.* Two additional studies comparing FF/UMEC/VI with MITT found that
SITT with FF/UMEC/VI was non-inferior to MITT with no differences observed in health status outcomes, suggesting
that once-daily SITT is a viable option for simplification of treatment regimens for patients with COPD.'® Future studies
should seek to better understand the impact of adherence to FF/UMEC/VI on exacerbation outcomes.

In addition, patients had statistically significantly lower counts of all-cause and COPD-related pharmacy fills. All-
cause pharmacy costs were also statistically significantly lower in the follow-up period compared to baseline, alongside
COPD-related office visit costs, ER visit costs, and pharmacy costs. Results from this study provided evidence that,
alongside decreasing incidence of COPD exacerbations, switching from MITT to FF/UMEC/VI also resulted in
improvements in some HCRU and cost outcomes.

This study had several strengths. Firstly, the ORD used as the data source is generally representative of
a geographically diverse sample of the US commercial and Medicare Advantage insured population. In addition, the
study design filled an important gap in the literature by comparing outcomes among patients who were on MITT
(although users were likely non-adherent) and switched to FF/UMEC/VI, rather than comparing patients on either
treatment. By doing so, this study added to the growing evidence base of the efficacy and effectiveness of FF/UMEC/VI
in patients with COPD in clinical and real-world settings.

There are several limitations which should be considered. Variable definitions were based on the presence of codes
on administrative claims; however, the presence of a code does not guarantee that the patient has the diagnosis,
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underwent the procedure, or took the medication. Results may also not be generalizable to the overall population. The
algorithm used to identify COPD exacerbations may result in non-differential misclassification of exacerbation events,
although the algorithm is based on a validation study.'' As there was no comparison cohort, these findings may be due
to reasons other than the initiation of FF/UMEC/VI. Patients who switched from MITT to FF/UMEC/VI may have had
other reasons for this switch beyond exacerbations, such as symptoms, cost, or ease of use. Unfortunately, claims-
based analyses preclude detailed examination of the rationale for medication discontinuation or initiation (eg, patient
preferences). In addition, we did not adjust for multiple comparisons. Finally, this was an observational study, and
causation cannot therefore be proven.

Conclusions

In a real-world setting, patients who were treated with MITT and subsequently initiated FF/UMEC/VI had significant
reductions in the rate of total COPD exacerbations (moderate or severe). Patients who had an exacerbation prior to
initiating FF/UMEC/VI had significant reductions in the rates of any, moderate, or severe COPD exacerbations after
initiation. In addition, some HCRU and cost outcomes were improved following a switch to FF/UMEC/VI. Future studies
should examine patient adherence to determine the impact of adherence on exacerbation outcomes.
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