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Purpose: Chronic obstructive pulmonary disease (COPD) and asthma are associated with chronic inflammation of the respiratory
tract; despite some overlap of symptoms, they are considered separate disorders. Triple therapy is recommended for patients with
COPD and asthma whose symptoms remain uncontrolled despite dual therapy. There are limited real-world studies evaluating
outcomes among patients with COPD and asthma who are receiving inhaled triple therapy. This United States (US)-based real-
world study aimed to evaluate clinical and economic outcomes among patients with COPD and asthma receiving single-inhaler triple
therapy (fluticasone furoate/umeclidinium/vilanterol [FF/UMEC/VI]).

Patients and Methods: Retrospective pre-post study using claims data from the Optum Clinformatics® database. Patients with COPD and
asthma were indexed on the first date of FF/UMEC/VI prescription (1 October 2017-31 March 2019). Each patient acted as their own control.
Patients were required to have continuous health plan enrollment for 12 months prior to (pre-treatment) and following (post-treatment) index.
Exacerbations, all-cause and COPD-related healthcare resource utilization, and costs were compared before and after FF/UMEC/VI initiation.
Results: Overall, 2743 patients were included (mean age: 71 years; 64% female). Cardiovascular disease was the most prevalent
comorbidity during both the pre- and post-treatment periods (90% for both periods). There was a lower proportion of patients
with >1 COPD exacerbation or >1 asthma exacerbation post-treatment versus pre-treatment (51% vs 57%, p<0.0001, and 22% vs
32%, p<0.0001, respectively). Fewer patients had >1 all-cause office visit post-treatment versus pre-treatment (99.3% vs 99.7%,
p=0.0329); more patients had >1 COPD-related office visit post-treatment versus pre-treatment (89.6% vs 87.5%, p=0.0035).
Total all-cause healthcare costs were significantly higher post-treatment versus pre-treatment ($72,809 vs $63,734, p<0.0001).
The driver of increased costs appeared to be primarily non-COPD-related (COPD-related costs: post-treatment $27,779 vs pre-
treatment $25,081, p=0.0062).

Conclusion: FF/UMEC/VI reduced exacerbations among patients with COPD and asthma in a real-world setting in the US.

Plain Language Summary: Chronic obstructive pulmonary disease (COPD) and asthma are different respiratory conditions that
have similar symptoms. Patients can be diagnosed with both conditions at the same time. A flare-up of COPD or asthma symptoms can
lead to a lung attack, which can result in hospitalization and a considerable decline in patient health as well as being associated with
high healthcare resource use and costs.

An inhaler with three different medicines (fluticasone furoate, umeclidinium, and vilanterol; shortened to FF/UMEC/VI) can be
prescribed for patients with COPD or asthma. This study was done to assess how FF/UMEC/VI (taken using a single inhaler) affected
lung attacks as well as healthcare resource use and costs among patients who have been diagnosed with both COPD and asthma.

This study found that fewer patients experienced a lung attack in the first 12 months after starting FF/UMEC/VI compared with
the 12 months before starting FF/UMEC/VI. A lower proportion of patients had >1 medical office visit, >1 hospital admission, or
>1 emergency room visit after starting FF/UMEC/VI compared with before FF/UMEC/VI. Many patients in this study had other
medical conditions such as heart and kidney disease as well as their asthma and COPD. Although total healthcare costs were higher
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for patients after they had started FF/UMEC/VI compared with before, this appeared to be mainly due to patients’ other medical
conditions, besides from COPD.

FF/UMEC/VI may be able to reduce future symptom flare-ups and lung attacks in patients who have been diagnosed with both
COPD and asthma.

Keywords: asthma, chronic obstructive pulmonary disease, exacerbation, HCRU, real-world, triple therapy

Introduction

Chronic obstructive pulmonary disease (COPD) is one of the leading causes of mortality in the United States (US),' and
is associated with a substantial economic burden.? Exacerbations of COPD, defined as an acute worsening of respiratory
symptoms, can result in prolonged illness and hospitalization.> Following a severe exacerbation, patients are likely to
experience a significant decrease in quality of life and an increase in healthcare resource utilization (HCRU) and costs.”*
Hospitalization due to severe exacerbation is also associated with poor long-term prognosis and higher mortality risk.’
Preventing exacerbations among patients with COPD using appropriate treatment is therefore crucial.

Global Initiative for Chronic Obstructive Lung Disease (GOLD) recommendations state that for patients with
a history of >2 moderate exacerbations or >1 severe exacerbations (leading to hospitalization) in the last year and
elevated blood eosinophil counts (=300 cells/uL), triple therapy (long-acting B,-agonist [LABA] + long-acting muscari-
nic antagonist [LAMA] + inhaled corticosteroid [ICS]) should be considered as initial maintenance therapy.® For patients
who experience recurrent exacerbations whilst receiving mono or dual bronchodilator therapy an escalation to triple
therapy is recommended. The GOLD strategy suggests that if there is any indication for ICS, triple therapy should be the
preferred treatment choice (dual therapy with an ICS is no longer recommended for patients with COPD).°

Historically, triple therapy required the use of multiple devices. Fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI)
is a single-inhaler triple therapy (SITT), approved by the US Food and Drug Administration in September 2017 for the long-term
maintenance of COPD.” FE/UMEC/VI has been shown to reduce exacerbations and improve lung function and health status
compared with dual therapy.® In addition, the cost-effectiveness of FE/UMEC/VI versus dual therapy and multiple-inhaler triple
therapy (MITT) among patients with COPD has previously been demonstrated.” "

Patients with COPD who are receiving triple inhaled therapy were often symptomatic prior to initiation of triple
therapy and may be vulnerable to further pulmonary complications.® Additionally, patients with COPD frequently
experience concurrent comorbid diseases, such as cardiovascular disease, metabolic syndrome, osteoporosis, depression,
anxiety, lung cancer, and asthma, which can contribute significantly to morbidity and mortality.*'* Asthma is considered
a risk factor for the development of COPD. Adults with asthma have a 12.5 times higher risk of acquiring COPD over
time compared with those without asthma.'> A 2018 international review examining the epidemiology of COPD and
asthma overlap, estimated that among patients with a COPD diagnosis, between 4.2% and 66.0% of patients also display
features commonly associated with asthma, and among patients with an asthma diagnosis, between 11.1% and 61.0% of
patients also display features commonly associated with COPD.'® Patients displaying features of both COPD and asthma
have been shown to have a greater symptom burden, more frequent exacerbations, a more rapid decline in lung function,
higher mortality, and higher HCRU compared with patients with COPD or asthma alone.'” ' Although both COPD and
asthma are associated with chronic inflammation of the respiratory tract, and display some overlap of symptoms, they are
now considered separate disorders.® GOLD recommendations suggest that if concurrent COPD and asthma diagnoses are
suspected, pharmacotherapy should primarily follow asthma guidelines.® Global Initiative for Asthma (GINA) recom-
mendations state that triple therapy should be considered for patients if their asthma remains uncontrolled with medium
or high dose ICS + LABA.?° In September 2020, FF/UMEC/VI was approved for the maintenance treatment of asthma in
patients aged >18 years; FF/UMEC/VI is the only SITT to be approved for both COPD and asthma.”

There is a lack of real-world evidence studies evaluating exacerbations and HCRU among patients with COPD and
asthma who are receiving FF/UMEC/VI therapy. This US-based real-world study was designed to understand the
exacerbation reduction potential of FF/UMEC/VI (taken using a single inhaler) in relation to HCRU and related costs
among patients with COPD and asthma.
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Materials and Methods
Study Design and Objectives

This was a retrospective pre-post cohort study using claims data from the Optum Clinformatics® database, which
contains data on patient prescription drug history, medical history, and HCRU. The population covered by the database
is predominantly in the South and North Central (Midwest) census regions of the US, although there are members in all
50 states. Pharmacy claims data are a profile of all outpatient prescription pharmacy services provided and covered by the
health plan. Medical claims or encounter data are collected from all available health care sites (inpatient hospital,
outpatient hospital, emergency department, physician’s office, surgery center, etc.) for virtually all types of provided
services, including specialty, preventive, and office-based treatments. Medical claims data include multiple diagnosis
codes recorded with International Classification of Diseases (ICD) 9th/10th revision diagnoses codes.

Data were obtained for the period from 1 October 2016 to 31 March 2020 (study period); 1 October 2017 to
31 March 2019 was defined as the identification period (Figure 1). The index date was the date of the first claim
for FF/UMEC/VI. The 12-month period immediately prior to index was defined as the pre-treatment period and
the 12-month period immediately following index was defined as the post-treatment period.

The primary objective of this study was to compare the rate of any, moderate, and severe COPD exacerbations before
and after the initiation of FF/UMEC/VI for patients with COPD and asthma. The secondary objectives were to compare
all-cause and COPD-related HCRU and costs among patients with COPD and asthma receiving FF/UMEC/VI before and
after treatment initiation, and to compare the rate of any, moderate, and severe asthma exacerbations before and after
initiation of FF/UMEC/VI for patients with COPD and asthma.

Study Population

Patients with concurrent COPD and asthma diagnoses, who initiated triple therapy with FF/UMEC/VI were identified.
Eligible patients were required to have >2 pharmacy or administration claims for FF/UMEC/VI during the identification
period; have >2 diagnosis claims for COPD (ICD-10-clinical modification [CM]: J41-J44) anytime during the study period
on different dates; have >2 diagnosis claims for asthma (ICD-10-CM: J45) anytime during the study period on different
dates; be >40 years of age at index; and have continuous health plan enrollment with medical and pharmacy benefits for
>12 months prior to index and for >12 months following index. Patients were excluded if they had >1 diagnosis claim for
cystic fibrosis (ICD-10-CM: E84) or lung cancer (ICD-10-CM: C34.x) during the 12-month pre-treatment period, or if they
had >1 prescription claim for any triple-therapy, including FF/UMEC/VI or MITT, prior to index.

Data Analysis
In this pre-post study, each patient acted as their own control. A description of the sociodemographic and clinical characteristics
examined as of the index date/during the baseline period is shown in Supplementary Table 1. Dichotomous variables are reported

using frequencies and percentages; continuous variables are reported using mean and standard deviation (SD). P-values
comparing pre- and post-treatment initiation were calculated using paired #-tests for continuous variables and McNemar tests
for dichotomous or categorical variables. For variables that deviated from the normal distribution assumption, generalized linear

1 Oct 2016 31 Mar 2020
Study period

1 Oct 2017 31 Mar 2019
Identification period

+——Index date? ——

12-month 12-month
pre-treatment post-treatment
period® period®

Figure | Study design.

Notes: “First prescription for FF/JUMEC/VI during the identification period; ®Continuous health plan enroliment. Patients were required to have 22 COPD medical claims
and 22 asthma medical claims during the study period.

Abbreviations: COPD, chronic obstructive pulmonary disease; FF/UMEC/VI, fluticasone furoate/umeclidinium/vilanterol.
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models, using a generalized estimating equation, were used to account for repeated measures as follows: for healthcare costs,
a gamma distribution was used; for the number of exacerbations, a negative binomial distribution was used; and for the proportion
of patients with exacerbations, a binomial distribution and logit link was used.

Multivariable Modeling

To model the proportion of patients with exacerbations in the pre-treatment period versus the post-treatment period, a generalized
linear model with binomial distribution and logit link using general estimating equations was used. For each model, the odds ratios
(ORs) for comparison of pre- and post-treatment proportions was calculated, including 95% confidence intervals (Cls), and
p-values. Models for the proportion of patients with exacerbations and the number of exacerbations per patient were adjusted for
the following variables: age on index date; COPD severity score on index date; sex; payer type; baseline medication use; the
proportion of patients with baseline exacerbations/number of baseline exacerbations.

Results

Overall, 2743 patients were included in the final study sample (Figure 2). Patient demographics at baseline are reported
in Table 1. The mean (SD) age was 71 (9.7) years and there were more female patients (n=1759; 64%) than male patients.
Geographic regions represented in the US included the South (56%), the West (19%), and the Midwest (16%). In total,
86% of patients were Medicare enrollees and 14% of patients were commercially insured.

Clinical Characteristics: Pre-Treatment versus Post-Treatment
The mean Charlson Comorbidity Index score was higher post-treatment compared with pre-treatment (4.53 vs 4.23,
p<0.0001; Table 2). Cardiovascular disease was the most prevalent comorbidity during both the pre- and post-treatment

21 pharmacy or administration claim for FF/UMEC/VI between 1 October 2017 and 31 March 20192
(n=20,216)

!

22 diagnosis claims for COPDP on different dates during the study period
(n=18,553)

|

Aged 240 years on the index date
(n=18,507)

|

Continuous medical and pharmacy benefits for 212 months before and =212 months following the index
date
(n=10,893)

}

22 diagnosis claims for asthmac during the study period
(n=3185)

}

No diagnosis claim for cystic fibrosis? or lung cancere during the 12 months prior to (and including) the
index date
(n=3071)

I

No pharmacy or administration claim for FF/UMEC/VI or overlapping claims for multiple inhalers
containing the active ingredients of FF/UMEC/VI in the 12 months prior to index
(n=2743)

|

Final study sample
(n=2743)

Figure 2 Patient attrition.

Notes: *The first medication claim date was classified as the index date; °lCD-9-CM: 491, 492, or 496; ICD-10-CM: J41-J44; ICD-9-CM: 493; ICD-10-CM: J45; 4ICD-9-CM:
277.0x; ICD-10-CM: E84; °ICD-9-CM: 162.x; ICD-10-CM: C34.x.

Abbreviations: COPD, chronic obstructive pulmonary disease; FF/UMEC/VI, fluticasone furoate/umeclidinium/vilanterol; ICD-(CM), International Classification of
Diseases-(Clinical Modification).
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Table | Patient Demographics at Baseline

Characteristic N=2743
Age, years, mean (SD) 71 (9.7)
Female, n (%) 1759 (64)

Geographic region, n (%)

South 1532 (56)
West 516 (19)
Midwest 432 (l6)
Northeast 259 (9)

Unknown 4 (0)

Payer type, n (%)

Medicare 2358 (86)
Commercial 385 (14)
Both 0

Healthcare plan type, n (%)

Health maintenance organization 782 (29)
Non-capitated point of service 262 (10)
Preferred provider organization 215 (8)
Exclusive provider organization 55 (2)
Indemnity 19 (1)
Other® 1410 (51)

Note: *Other includes patients with multiple health plan types, such

as a patient who changes insurance or goes into Medicare.

Abbreviations: n, number of patients; SD, standard deviation.
periods (90% for both periods). During the post-treatment period, there was a significantly lower proportion of patients
with pneumonia compared with the pre-treatment period (20% vs 23%, p=0.0032). Conversely, there was a significantly
higher proportion of patients with chronic renal failure, depression, gastroesophageal reflux disease (GERD), and
pulmonary vascular diseases during the post-treatment period compared with the pre-treatment period.

During the post-treatment period, there was a significant reduction in COPD severity score compared with the pre-
treatment period (30.2 vs 32.7, p<0.0001). There was also a significant reduction in the number of claims for spirometry
tests, oral corticosteroids, short-acting bronchodilators, and long-acting bronchodilators during the post-treatment period
compared with the pre-treatment period (Table 2). There was a significant increase in the proportion of patients with
evidence of oxygen therapy and emphysema during the post-treatment period compared with the pre-treatment period.

Treatment Characteristics
The mean (SD) duration that each patient was on the index therapy was 118.2 (110.0) days in the 12-month post-index period.
Mean (SD) proportion of days covered (PDC) was 0.4 (0.3) during the 6-month post-index period and 0.3 (0.3) during the 12-
month post-index period. Overall, 18% of patients were adherent (PDC >80%) during the first 6 months following index;
during the 12-month post-treatment period, 11% of patients were adherent (PDC >80%) to the index therapy.

During the post-treatment period, there was a significant reduction in the use of short-acting f3,-agonist (SABA) and
SABA + short-acting muscarinic antagonist (SAMA) combination rescue therapies (Table 2).
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Table 2 Clinical Characteristics and Exacerbation Outcomes Post-FF/UMEC/VI Treatment versus Pre-Treatment

Pre-treatment Post-treatment p-value
Period (N=2743) Period (N=2743)
CCI score, mean (SD) 4.23 (2.65) 4.53 (2.89) <0.0001
COPD-related comorbidities, n (%)
Cardiovascular disease 2444 (90) 2461 (90) 0.1966
Gastroesophageal reflux 1196 (44) 1296 (48) 0.0001
Respiratory infection or distress 1067 (39) 1003 (37) 0.0528
Diabetes 990 (36) 1016 (37) 0.0822
Asphyxia and respiratory arrest 980 (36) 932 (34) 0.1123
Obesity 840 (31) 839 (31) 0.9973
Anxiety 825 (30) 868 (32) 0.0561
Depression 796 (29) 852 (31) 0.0086
Pneumonia 623 (23) 545 (20) 0.0032
Chronic renal failure 589 (22) 677 (25) <0.0001
Cataracts 517 (19) 533 (20) 0.4687
Smoking 393 (14) 366 (13) 0.1445
Pulmonary vascular disease 329 (12) 397 (15) 0.0002
Pulmonary fibrosis 176 (6) 190 (7) 0.3272
Glaucoma 157 (6) 167 (6) 0.2493
COPD severity score, mean (SD) 32.7 (10.9) 30.2 (10.5) <0.0001
Evidence of emphysema, n (%) 774 (28) 854 (31) 0.0008
Number of claims for spirometry tests, mean (SD) 1.1 (1.6) 0.9 (1.7) <0.0001
Number of claims for OCS, mean (SD) 3.2 (49) 2.8 (6.1) 0.0011
Number of claims for ICS, mean (SD) 1.3 (3.3) 1.1 34) 0.0876
Number of claims for SABAs (including SABA/SAMA combinations), mean (SD) 5.5 (6.9) 4.7 (6.4) <0.0001
Number of claims for LABDs, mean (SD) 2.7 (4.5) 0.8 (2.9) <0.0001
Evidence of oxygen therapy, n (%) 882 (32) 978 (36) <0.0001
Use of COPD treatments, n (%)
ICS/LABA 2151 (78) 1470 (54) <0.0001
SABA 2071 (76) 1948 (71) <0.0001
LAMA 1054 (38) 331 (12) <0.0001
ICS 842 (31) 829 (30) 0.5770
SABA/SAMA? 659 (24) 603 (22) 0.0133
ICS/LABA® 567 (21) 190 (7) <0.0001
LAMA/LABA® 326 (12) 145 (5) <0.0001
SAMA 123 (4) 104 (4) 0.1081
LABA 21 (1) 34 (1) 0.0587
(Continued)
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Table 2 (Continued).

Pre-treatment Post-treatment p-value
Period (N=2743) Period (N=2743)
COPD exacerbations

2| COPD exacerbation, n (%) 1567 (57) 1399 (51) <0.0001
2| moderate exacerbation, n (%) 1394 (89) 1230 (88) <0.0001
2| severe exacerbation, n (%) 604 (39) 522 (37) 0.0012
Total moderate exacerbation events, mean (SD) 2.48 (2.77) 244 (2.21) 0.0925
Total severe exacerbation events, mean (SD) 1.58 (1.39) 1.70 (1.22) 0.5983

Asthma exacerbations
2| asthma exacerbation, n (%) 866 (32) 617 (22) <0.0001
Total asthma exacerbation events, mean (SD) 1.93 (1.47) 1.94 (1.60) 0.1412

Note: *Fixed-dose combination dual therapies.

Abbreviations: CCl, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; FF/JUMEC/VI, fluticasone furoate/umeclidinium/vilanterol; ICS, inhaled
corticosteroid; LABA, long-acting f3,-agonist; LABD, long-acting bronchodilator; LAMA, long-acting muscarinic antagonist; n, number of patients; OCS, oral corticosteroid;
SABA, short-acting B,-agonist; SAMA, short-acting muscarinic antagonist; SD, standard deviation.

COPD Exacerbations: Pre-Treatment versus Post-Treatment

There was a lower proportion of patients with >1 COPD exacerbation (moderate and/or severe) during the post-
treatment period compared with the pre-treatment period (51% vs 57%, p<0.0001; Table 2). The proportion of patients
with >1 moderate COPD exacerbation and >1 severe COPD exacerbation were both significantly lower during the
post-treatment period versus the pre-treatment period.

Patients were 2.6 times more likely to have an exacerbation in the pre-treatment period versus the post-treatment
period (OR: 2.63 [95% CI2.21 to 3.13, p<0.0001]) (Table 3). With an increase in age, patients were less likely to have an
exacerbation in the post-treatment period versus the pre-treatment period (OR: 0.98 [95% CI 0.97 to 0.99, p<0.0001]).
Patients who were commercially insured were 0.27 times less likely to have an exacerbation post-treatment versus pre-
treatment compared with Medicare enrolled patients (OR: 0.73 [95% CI 0.56 to 0.95, p=0.0170]). For every one unit
increase in COPD severity score, patients were 0.05 times more likely to have an exacerbation post-treatment versus pre-
treatment (OR: 1.05 [95% CI 1.04 to 1.06, p<0.0001]).

Incidence of overall COPD exacerbations was 20% higher during the pre-treatment period versus the post-treatment
period (incident rate [IR] 1.20 [95% CI 1.18 to 1.23, p<0.0001]) (Table 4). For each unit increase in patient age, there

Table 3 Proportion of Patients with COPD or Asthma Exacerbations —
Multivariable Modeling

Odds Ratio (95% CI) p-value
COPD exacerbations
Baseline exacerbation (Y/N) 2.63 (2.21 to 3.13) <0.0001
Age 0.98 (0.97 to 0.99) <0.0001
Gender, female (ref: male) 1.01 (0.85 to 1.19) 0.9414
Payer type, commercial (ref: Medicare) 0.73 (0.56 to 0.95) 0.0170
(Continued)
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Table 3 (Continued).

Odds Ratio (95% CI) p-value

Baseline COPD severity score 1.05 (1.04 to 1.06) <0.0001

Baseline medications

ICS 0.94 (0.77 to 1.16) 0.5836
LABA 0.95 (0.36 to 2.53) 0.9145
LAMA 0.85 (0.69 to 1.05) 0.1226
FDC LAMA/LABA 0.93 (0.70 to 1.24) 0.6264
FDC ICS/LABA I.11 (0.89 to 1.39) 0.3466
All ICS/LABA 0.97 (0.73 to 1.29) 0.8314
SABA 1.07 (0.88 to 1.31) 0.4982
SAMA 0.83 (0.55 to 1.24) 0.3672
FDC SABA/SAMA 1.21 (0.97 to 1.51) 0.0932

Asthma exacerbations

Baseline exacerbation (Y/N) 2.6l (2.15to 3.17) <0.0001
Age 0.98 (0.97 to 0.99) 0.0003
Gender, female (ref: male) 0.99 (0.81 to 1.20) 0.9075
Payer type, commercial (ref: Medicare) 1.30 (0.99 to 1.72) 0.0629
Baseline COPD severity score 1.01 (1.00 to 1.02) 0.0140

Baseline medications

ICS 1.27 (1.0l to 1.60) 0.0374
LABA 0.28 (0.06 to 1.25) 0.0956
LAMA 1.08 (0.86 to 1.37) 0.4944
FDC LAMA/LABA 0.86 (0.61 to 1.21) 0.3801
FDC ICS/LABA 1.14 (0.89 to 1.47) 0.2964
All ICS/LABA 0.82 (0.59 to 1.14) 0.2412
SABA 1.07 (0.85 to 1.36) 0.5625
SAMA 1.24 (0.81 to 1.89) 0.3160
FDC SABA/SAMA 1.23 (0.97 to 1.57) 0.0918

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FDC, fixed-dose
combination; ICS, inhaled corticosteroid; LABA, long-acting 3,-agonist; LAMA, long-acting muscarinic antagonist;
N, no; ref, reference; SABA, short-acting ,-agonist; SAMA, short-acting muscarinic antagonist; Y, yes.

was a 1% decrease in the IR of exacerbation during the post-treatment period. For each unit increase in COPD severity
score, there was a 2% increase in the IR of exacerbation during the post-treatment period.

Incidence of moderate COPD exacerbations was 27% higher during the pre-treatment period versus the post-
treatment period (IR: 1.27 [95% CI 1.23 to 1.31, p<0.0001]) (Table 4). For each unit increase in age, there was a 2%
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Table 4 Number of COPD or Asthma Exacerbations per Patient — Multivariable

Modeling®
Estimate (95% CI) p-value
COPD exacerbations
Total COPD exacerbations
Number of baseline exacerbations 1.20 (1.18 to 1.23) <0.0001
Age 0.99 (0.98 to 0.99) <0.0001
Gender, female (ref: male) 0.97 (0.87 to 1.08) 0.5916
Payer type, commercial (ref: Medicare) 0.80 (0.68 to 0.95) 0.0106
Baseline COPD severity score 1.02 (1.01 to 1.02) <0.0001
Baseline medications
ICS 0.92 (0.81 to 1.05) 0.1999
LABA 0.92 (0.53 to 1.61) 0.7733
LAMA 0.99 (0.87 to 1.13) 0.8765
FDC LAMA/LABA 1.01 (0.84 to 1.20) 0.9368
FDC ICS/LABA 1.03 (0.90 to I.19) 0.6643
All ICS/LABA 1.01 (0.84 to 1.23) 0.8874
SABA 1.23 (1.07 to 1.40) 0.0032
SAMA 1.00 (0.79 to 1.27) 0.9852
FDC SABA/SAMA 1.23 (1.07 to 1.40) 0.0035
Moderate COPD exacerbations
Number of baseline exacerbations 1.27 (1.23 to 1.31) <0.0001
Age 0.98 (0.97 to 0.99) <0.0001
Gender, female (ref: male) 0.96 (0.85 to 1.08) 0.4447
Payer type, commercial (ref: Medicare) 0.85 (0.71 to 1.07) 0.0758
Baseline COPD severity score 1.02 (1.01 to 1.02) <0.0001
Baseline medications
ICS 0.94 (0.81 to 1.07) 0.339
LABA 0.91 (0.50 to 1.66) 0.7636
LAMA 1.00 (0.87 to I.15) 0.9794
FDC LAMA/LABA 0.89 (0.73 to 1.08) 0.2258
FDC ICS/LABA 1.04 (0.89 to 1.21) 0.6045
All ICS/LABA 1.03 (0.84 to 1.26) 0.7797
SABA 1.17 (1.01 to 1.35) 0.0324
SAMA 1.02 (0.79 to 1.31) 0.8688
FDC SABA/SAMA 1.20 (1.04 to 1.39) 0.0115
(Continued)
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Table 4 (Continued).

Estimate (95% CI) p-value

Severe COPD exacerbations

Number of baseline exacerbations 1.48 (1.35 to 1.62) <0.0001
Age 1.00 (0.98 to 1.01) 0.3997
Gender, female (ref: male) 1.03 (0.85 to 1.25) 0.7467
Payer type, commercial (ref: Medicare) 0.50 (0.36 to 0.71) 0.0001
Baseline COPD severity score 1.02 (1.01 to 1.03) 0.0016

Baseline medications

ICS 0.87 (0.69 to 1.09) 0.2244
LABA 124 (0.50 to 3.03) 0.6451
LAMA 0.95 (0.75 to 1.19) 0.6614
FDC LAMA/LABA 133 (0.9 to 1.79) 0.0611
FDC ICS/LABA 0.95 (0.73 to 1.22) 0.6746
All ICS/LABA 102 (0.73 to 1.43) 0.895
SABA 138 (1.08 to 1.76) 0.0099
SAMA 0.99 (0.65 to 1.49) 0.948|
FDC SABA/SAMA 145 (1.15 to 1.83) 0.0019

Asthma exacerbations

Number of baseline exacerbations 1.49 (1.39 to 1.59) <0.0001
Age 0.98 (0.97 to 0.99) 0.0005
Gender, female (ref: male) 1.04 (0.87 to 1.24) 0.6912
Payer type, commercial (ref: Medicare) 1.29 (0.99 to 1.67) 0.0585
Baseline COPD severity score 1.01 (1.00 to 1.02) 0.0320

Baseline medications

ICS 122 (0.9 to 1.50) 0.0606
LABA 0.31 (0.09 to 1.10) 0.0694
LAMA 0.95 (0.76 to 1.17) 0.6087
FDC LAMA/LABA 0.88 (0.65 to 1.19) 04160
FDC ICS/LABA 111 (0.88 to 1.40) 03695
All ICS/LABA 1,02 (0.75 to 1.38) 0.9227
SABA 1,06 (0.85 to 1.32) 06120
SAMA 091 (061 to 1.37) 0.6662
FDC SABA/SAMA 122 (0.97 to 1.52) 0.0889

Note: *Generalized linear model with negative binomial distribution.

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FDC, fixed-dose
combination; ICS, inhaled corticosteroid; LABA, long-acting B,-agonist; LAMA, long-acting muscarinic
antagonist; ref, reference; SABA, short-acting [3,-agonist; SAMA, short-acting muscarinic antagonist.

290 https: International Journal of Chronic Obstructive Pulmonary Disease 2024:19
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Igboekwe et al

decrease in the IR of moderate exacerbation post-treatment. For each unit increase in COPD severity score, there was
a 2% increase in the IR of moderate exacerbation post-treatment.

Incidence of severe COPD exacerbations was 48% higher during the pre-treatment period versus the post-treatment
period (IR: 1.48 [95% CI 1.35 to 1.62, p<0.0001]) (Table 4). For each unit increase in COPD severity score, there was
a 2% increase in the IR of severe exacerbation post-treatment.

There was a 20% decrease in the IR for overall COPD exacerbations during the post-treatment period for commer-
cially insured patients versus Medicare enrolled patients (IR: 0.80 [95% CI 0.68 to 0.95, p=0.0106]). The use of SABA or
fixed-dose SABA + SAMA dual therapy during the pre-treatment period significantly increased the IR of overall COPD
exacerbations during the post-treatment period by 23% (IR for SABA: 1.23 [95% CI 1.07 to 1.40], p=0.0032; IR for
SABA + SAMA: 1.23 [95% CI 1.07 to 1.40], p=0.0035, respectively).

Asthma Exacerbations: Pre-Treatment versus Post-Treatment
There was a lower proportion of patients with >1 asthma exacerbation during the post-treatment period compared with
the pre-treatment period (22% vs 32%, p<0.0001; Table 2).

Patients were 2.6 times more likely to have an exacerbation in the pre-treatment period versus the post-treatment period
(OR: 2.61 [95% CI 2.15 to 3.17, p<0.0001]) (Table 3). With an increase in age, patients were less likely to have an
exacerbation in the post-treatment period versus the pre-treatment period (OR: 0.98 [95% CI 0.97 to 0.99, p<0.0003]). For
every one unit increase in COPD severity score, patients were 0.01 times more likely to have an exacerbation post-
treatment versus pre-treatment (OR 1.01 [95% CI 1.00 to 1.02], p=0.0140). Patients who used ICS during the pre-treatment
period were 0.27 times more likely to have an exacerbation in the post-treatment period versus patients with no ICS use
pre-treatment (OR 1.27 [95% CI 1.01 to 1.60], p=0.0374).

Incidence of asthma exacerbations was 49% higher during the pre-treatment versus the post-treatment period
(IR: 1.49 [95% CI 1.39 to 1.59, p<0.0001]) (Table 4). For each unit increase in patient age, there was a 2%
decrease in the IR of exacerbation during the post-treatment period. For each unit increase in COPD severity
score, there was a 1% increase in the IR of exacerbation during the post-treatment period.

HCRU and Costs: Pre-Treatment versus Post-Treatment
There were fewer patients with >1 all-cause office visit during the post-treatment period compared with the pre-treatment
period (99.3% vs 99.7%; Table 5). Although there were numerically fewer patients with >1 inpatient admission and >1

Table 5 HCRU and Healthcare Costs Post-FF/UMEC/VI Treatment versus Pre-Treatment

Pre-Treatment Post-Treatment p-value
Period (N=2743) | Period (N=2743)
HCRU (PPPY)
All-cause
2| inpatient admission, n (%) 961 (35.0) 931 (33.9) 0.3220
Length of stay, days, mean (SD) 22 (44) 2.3 (47) 0.3100
2| outpatient visit, n (%) 2737 (99.8) 2737 (99.8) 1.0000
2| office visit, n (%) 2734 (99.7) 2724 (99.3) 0.0329
2| ER visit, n (%) 1497 (54.6) 1443 (52.6) 0.0812
2| pharmacy claim, n (%) 2737 (99.8) 2743 (100.0) NA
2| other outpatient visits, n (%)? 2734 (99.7) 2732 (99.6) 0.6171
(Continued)
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Table 5 (Continued).

Pre-Treatment Post-Treatment p-value
Period (N=2743) | Period (N=2743)

COPD-related

2| inpatient admission, n (%) 831 (30.3) 820 (29.9) 0.7064

Length of stay, days, mean (SD) 1.8 (4.2) 2.0 (4.5) 0.1622
2| outpatient visit, n (%) 2545 (92.8) 2605 (95.0) 0.0002
2| office visit, n (%) 2399 (87.5) 2458 (89.6) 0.0035
2| ER visit, n (%) 1011 (36.9) 1000 (36.5) 0.7021
2| pharmacy claim, n (%) 2638 (96.2) 2488 (90.7) <0.0001
2| other outpatient visits, n (%) 2378 (86.7) 2472 (90.1) <0.0001

Healthcare costs, mean (SD), $ (PPPY)

All-cause
Inpatient admission 12,765 (34,569) 14,702 (34,743) 0.0173
Outpatient 19,932 (29,138) 22,477 (33,971) <0.0001
ER 3932 (8230) 3913 (8228) 0.8954
Other outpatient® 14,234 (26,197) 16,770 (31,041) <0.0001
Prescription 11,105 (24,812) 13,154 (26,440) <0.0001
Total costs 63,734 (81,130) 72,809 (90,420) <0.0001

COPD-related
Inpatient admission 8566 (24,175) 10,752 (27,726) 0.0003
Outpatient 6924 (14,354) 7981 (15,299) 0.0018
ER 2374 (5871) 2451 (6436) 0.4834
Other outpatient 4030 (11,966) 4992 (12,557) 0.0018
Prescription 2667 (3433) 1066 (2085) <0.0001
Total costs 25,081 (43,817) 27,779 (48,152) 0.0062

Notes: “Including telehealth, school, homeless shelter, home, assisted living facility, group home, mobile unit, temporary lodging,
walk-in retail health clinic, ambulance, independent clinic, and non-residential substance abuse treatment facility.
Abbreviations: $, US dollars; COPD, chronic obstructive pulmonary disease; ER, emergency room; FF/UMEC/VI, fluticasone
furoate/umeclidinium/vilanterol; HCRU, healthcare resource utilization; n, number of patients; NA, not available; PPPY, per person
per year; SD, standard deviation.

emergency room visit during the post-treatment period versus the pre-treatment period, this did not reach statistical
significance. There was a significant reduction in the proportion of patients with >1 COPD-related pharmacy claims during
the post-treatment period versus pre-treatment (90.7% vs 96.2%, p<0.0001; Table 5). Conversely, there was a significant
increase in the proportion of patients with >1 COPD-related outpatient visit, COPD-related office visit, and other outpatient
visit during the post-treatment period compared with the pre-treatment period.

Total all-cause healthcare costs were significantly higher during the post-treatment period versus the pre-treatment
period ($72,809 vs $63,734, p<0.0001; Table 5). All-cause inpatient admission costs, outpatient costs, and prescription

costs were higher post-treatment compared with pre-treatment (Table 5).
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Similar results were seen for COPD-related costs (Table 5). Total COPD-related costs were significantly higher
during the post-treatment period versus the pre-treatment period ($27,779 vs $25,081, p=0.0062). COPD-related
prescription costs were significantly lower post-treatment versus pre-treatment ($1066 vs $2667, p<0.0001).

Discussion
The findings of this retrospective study provide important insights into the real-world clinical and economic burden and
outcomes of patients with COPD and asthma using FF/UMEC/VI triple therapy in the US.

The proportion of patients with COPD exacerbations (including total, moderate, and severe) was significantly reduced
during the 12-month period following the first FF/UMEC/VI prescription date. As demonstrated by the multivariate
results, patients had higher odds for COPD-related exacerbation events prior to treatment with FF/UMEC/VI compared
with after the first FF/UMEC/VI prescription. The observed reductions in exacerbations following FF/UMEC/VI are
supportive of prior clinical data in which patients with COPD receiving FF/UMEC/VI via a single device demonstrated
a lower rate of moderate or severe exacerbations compared with patients receiving dual therapy (FE/VI or UMEC/VI).®

To date, there have been a lack of real-world studies evaluating exacerbations and HCRU among patients with
concurrent COPD and asthma. In this study, significantly fewer patients had >1 asthma exacerbation in the 12 months
following FF/UMEC/VT initiation versus the 12 months prior to FF/UMEC/VI initiation, and patients had higher odds for
asthma exacerbations prior to treatment with FF/UMEC/VI compared with after the first FF/UMEC/VI prescription.

The GOLD strategy document® suggests that for patients with COPD and asthma, pharmacotherapy should primarily follow
asthma guidelines (GINA).° For these patients, the use of ICS is mandatory to lower the risk of future exacerbations.”’ FF/
UMEC/VI provides ICS and maximal bronchodilation (LABA + LAMA).” ICS-containing regimens have previously been
shown to be associated with an increased risk of pneumonia in patients with COPD.?' However, in the current study there was
a significantly lower proportion of patients with pneumonia during the post-treatment period versus the pre-treatment period
(20% vs 23%, p=0.0032). Although there was a significant increase in Charlson Comorbidity Index score post-treatment versus
pre-treatment, we observed a significant decrease in COPD severity score, along with significant reductions in the number of
claims for both short-acting and long-acting bronchodilators. The reduced number of claims for oral corticosteroids and SABA
during the post-treatment period is indicative of improved symptom control and/or lung function following FF/UMEC/VI
initiation. The results observed in this study are supportive of the use of triple therapy as per the GOLD and GINA guidelines.**°

Importantly, improvements in exacerbation rates were seen even at the levels of adherence observed during this study.
During the 12-month post-treatment period of the current study, 11% of patients were adherent (PDC >80%) to the index
therapy. Adherence to COPD therapy is critical for achieving optimal clinical outcomes;** however, observed adherence
rates to inhaled therapies among patients with COPD are generally low. Non-adherence rates to COPD therapies between
22% and 93% were reported across 37 studies in a recent systematic review.>> The current GOLD strategy document
includes recommendation that single inhalers may be more convenient and effective than multiple inhalers,® and prior
studies have demonstrated that patients receiving single-inhaler triple therapy have significantly better adherence and
persistence compared with patients receiving triple therapy via multiple inhalers.”**

While there were significant reductions in office visits for all-cause HCRU, and in pharmacy claims for COPD-related HCRU,
during the 12-month period following the first FF/UMEC/VI prescription, the proportion of patients with >1 COPD-related
outpatient visit or office visit increased during the same period. As patients were escalated to triple therapy, indicative of disease
progression and/or an increase in symptoms, or the patient receiving an asthma diagnosis, which resulted in addition of an ICS,
arise in COPD-related HCRU may be expected. Patients may also have been referred to a specialist. Further to this, when a patient
is prescribed a new medication, it is likely that their healthcare provider would like to monitor them to assess how they are
responding to the therapy, which would result in further visits. Therefore, this increase in HCRU may not necessarily be due to
worsening disease, but could be due to closer/more regular monitoring of patients. The observed decrease in exacerbations but
increase in HCRU could also be due to the vulnerability of the patient population receiving FF/UMEC/VI (ie, moderate-to-severe
COPD and high prevalence of cardiovascular disease, pulmonary complications, and other comorbidities).

All-cause and COPD-related healthcare costs increased during the 12-month period following the first FE/UMEC/VI
prescription date, consistent with the increased HCRU observed during this time. As COPD is a progressive disease, it is
possible that FF/UMEC/VI could lead to cost avoidance among patients with COPD and asthma (via reduction in the rate of
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moderate and severe exacerbations). Prior exacerbation is among the most prominent predictors of future COPD

2627 which is a key driver of the economic burden of the disease.” It should be noted that the driver of all-cause

exacerbation,
healthcare cost appeared to be non-COPD-related, indicating that comorbidities, such as cardiovascular disease, chronic renal
failure, and diabetes, are likely the cause of the significant increase in healthcare costs among this patient population. In the pre-
treatment period, non-COPD-related costs were approximately $38,700 versus approximately $25,100 for COPD-related costs.
Post-treatment, non-COPD-related costs were approximately $45,000 versus approximately $27,800 for COPD-related costs.
The increase in COPD-related costs was much smaller than the increase in all-cause costs, likely due to improved clinical
outcomes for COPD. Patients who were identified as needing further treatment for their COPD (ie, an escalation to triple therapy)
may have also been identified for needing further care for other comorbid conditions, leading to an increase in all-cause
healthcare costs. Significantly more patients had record of other comorbidities such as chronic renal failure, pulmonary vascular
disease, and GERD during the post-treatment period compared with the pre-treatment period, which may have contributed to the
increase in all-cause costs. Of note, specific asthma-related HCRU and costs were not captured in this study; however, this would
be useful to examine in future studies. Also, although the cost-effectiveness of FF/UMEC/VI among patients with COPD has
previously been demonstrated,” '* given the more recent approval for FF/UMEC/VI in asthma, there are currently no relevant
studies examining the cost-effectiveness of FF/UMEC/VI among patients with asthma. Future studies investigating the cost-
benefit ratio of FF/UMEC/VI among patients with asthma and among patients with both COPD and asthma would be of value.

Limitations of this study include those often associated with database studies, including potential incorrect coding of
diagnosis codes and missing information. Also, a pharmacy claim for a medication does not necessarily mean that the medication
was taken by the patient as prescribed. In addition, the pre-post study design does not account for time-varying confounding
factors, which could potentially change during the study period as the patients are acting as their own controls. The study design
did not account for the fact that patients” COPD would likely become more severe over time. Indicators of disease severity, eg,
results from clinical/laboratory tests conducted by physicians to monitor patients’ COPD and/or asthma, were not available
within the claims data. Finally, patients switching to alternate medication during the study period was not captured in the analysis.

Conclusion

The current study demonstrated that FF/UMEC/VI is able to reduce exacerbations among patients with COPD and asthma in
areal-world setting. Significantly fewer patients experienced >1 exacerbation (COPD or asthma) in the 12 months following first
FF/UMEC/VI prescription versus the 12 months prior to FF/UMEC/ VI initiation. Although fewer patients had >1 all-cause office
visit and >1 COPD-related pharmacy claim following FF/UMEC/VI initiation compared with before FF/UMEC/VI initiation,
there were significantly more patients with >1 COPD-related office visit following FF/UMEC/ VT initiation. All-cause and COPD-
related healthcare costs were both significantly higher during the 12 months following FF/UMEC/VT initiation compared with the
12 months prior to initiation. The patients with COPD in this study have a high disease burden and high medical costs, resulting
from their asthma, as well as other debilitating comorbidities, such as cardiovascular disease, chronic renal failure, GERD, and
diabetes. These non-COPD conditions appear to be the driver of the increased healthcare costs observed following FF/UMEC/VI
initiation, rather than the management of COPD exacerbations. Future studies examining the cost-benefit ratio of FF/UMEC/VI
specifically among patients with both COPD and asthma would be of value. In addition, further real-world analysis is required to
better understand current COPD management among patients with asthma and how it may be improved to reduce the ongoing
economic burden and improve clinical outcomes.
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