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Purpose: Oral corticosteroids (OCS) play a role in the treatment of acute chronic obstructive pulmonary disease (COPD) exacerbations;
however, chronic use is not recommended due to the high rate of systemic complications, development of comorbidities, and increased
mortality. Data assessing the real-world impact of fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) on OCS utilization rates are
limited. This study assessed the impact of FF/UMEC/VI on OCS use among patients with COPD previously treated with OCS.

Patients and Methods: A retrospective database study of patients with COPD aged >40 years who initiated FF/UMEC/VI from
1 November 2017 to 31 December 2018, identified through the MarketScan®™ Commercial and Medicare Supplemental databases.
Patients were required to have >1 dispensing of an OCS prior to initiation of FF/UMEC/VI (index) and were followed up for 12 months
post-index. OCS utilization patterns, potential OCS-related adverse events, healthcare resource utilization (HCRU), and costs were
compared between the 12-month pre- and post-index periods.

Results: A total of 2013 patients were identified (mean age 63.5 years, 55.7% female). The proportion of patients with >1 OCS claim
decreased by 32.2% between the pre- and post-index period (67.8% vs 100%; p < 0.001). Comparing the post-index period to the pre-
index period, mean number of OCS pharmacy claims per patient decreased from 3.3 to 2.5 (p < 0.001) and mean daily dose was
reduced from 3.1 to 2.6 mg/day (p = 0.004); 30.0% of patients reduced their daily dose by 90-100%. Reductions were also seen in
COPD-related HCRU. The proportion of patients with an inpatient admission for COPD decreased from 11.4% to 7.1% (p < 0.001),
emergency room visits decreased from 23.1% to 17.4% (p < 0.001), and office visits from 97.5% to 90.1% (p < 0.001). Similar results
were seen for all-cause HCRU.

Conclusion: Among patients with COPD with prior OCS use, FF/UMEC/VI initiation resulted in significant reductions in OCS
utilization, COPD-related HCRU (including hospitalization), and all-cause HCRU.

Plain Language Summary: Oral corticosteroids (OCS) are drugs that are often used in the short term to treat chronic obstructive
pulmonary disease (COPD) exacerbations. Long-term use of OCS is not recommended as this can increase the risk of pneumonia and
death. Fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) is a maintenance treatment for COPD, which combines three drugs
into one inhaler. In this study, we investigated OCS use before and after starting FF/UMEC/VI. We found that there were 32.2% less
patients with an OCS claim in the year after starting FF/UMEC/VI compared with the year before. In addition, 30.0% of patients
reduced their daily OCS dose by 90-100%. We also looked at how often patients were using healthcare services because of their
COPD after starting FF/UMEC/VI, and how much this cost. We found that there were fewer inpatient stays, emergency room visits,
and doctor’s office visits due to COPD in the year after starting FF/UMEC/VI treatment compared with the year before. Overall, these
results show that patients who use OCS every day may be able to reduce their dose after starting FF/UMEC/VI treatment, which may
avoid some of the potential side effects of OCS.
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Introduction

Oral corticosteroids (OCS) are used to treat acute chronic obstructive pulmonary disease (COPD) exacerbations, although
use should be limited to 5 days.! Chronic OCS use is not recommended due to the high rate of systemic complications
associated with their use, including respiratory muscle deterioration, immunosuppression, increased blood glucose,
increased blood pressure, and adrenal suppression.”> Prolonged use of high dose OCS has been shown to contribute
to the development of comorbidities such as diabetes, osteoporosis, and hypertension.>*® Studies have also reported that
long term use of high-dose OCS may increase mortality in patients with stable severe and very severe COPD.*"#

A large population-based study of non-elderly (<64 years) adults in the US with a wide range of conditions
demonstrated that even short-term use of OCS is associated with an increased risk of pneumonia, sepsis, and death.”
These results are supported by Global Initiative for Chronic Obstructive Lung Disease recommendations, which state that
due to these associations, use should be confined to patients with significant exacerbations.'

Despite their association with cumulative issues, the prevalence of OCS use remains high and widespread.
A retrospective database analysis of healthcare claims data from 2007 to 2008 found that 17,457 (31.5%) patients
with COPD had used OCS in 2008.'° Another study using Medicare claims data from 2013 to 2019 found that 36% of
patients newly diagnosed with COPD received OCS in the 48 months following diagnosis, lasting longer than 5-7 days
for 38% of episodes.'’

Once-daily single-inhaler triple therapy (SITT) with fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) was
approved by the US Food and Drug Administration in September 2017."2 Compared to dual therapy, FF/UMEC/VI has
been shown to reduce the risk of COPD exacerbations and improve lung function and health-related quality of life.'?
SITT with FF/UMEC/VI delivered via the Ellipta inhaler has also been shown to improve lung function and result in
significantly more patients achieving health status improvement compared to non-Ellipta multiple-inhaler triple
therapy.'* However, data assessing the real-world impact of FF/UMEC/VI on rates of OCS utilization are limited.

This study was therefore designed to assess the relationship between initiation of FF/UMEC/VI and OCS utilization,
and describe all-cause and COPD-related healthcare resource utilization (HCRU), potential OCS-related adverse events
(AEs), and costs among patients with COPD previously treated with OCS.

Materials and Methods
Study Design
This was a retrospective study conducted using medical and pharmacy claims data from the MarketScan® Commercial
and Medicare Supplemental databases. Patients aged >40 years who were diagnosed with COPD during the patient
selection period (1 November 2017 to 31 December 2018) were identified (Supplementary Figure 1).

The index date was the date of the first FF/UMEC/VI pharmacy claim following the first COPD diagnosis during the
patient selection period. The index date was considered part of the pre-index period. OCS use, potential OCS-related

AEs, and all-cause and COPD-related HCRU and costs were compared between the 12-month pre- and post-index
periods.

Data Collection

The MarketScan®™ Research databases used for this study provided access to healthcare data for patients insured
commercially. Both the Commercial and Medicare Supplemental databases provide detailed cost, use, and outcomes
data for healthcare services performed in both inpatient and outpatient settings. Medical claims are linked to outpatient
prescription drug claims and person-level enrollment data via unique enrollee identifiers.

Study Population

Eligible patients met the following inclusion criteria: >1 inpatient claim with a diagnosis of COPD in the primary
position, or >2 non-diagnostic outpatient claims with a diagnosis of COPD with different service dates from
1 November 2017 to 31 December 2018 in the MarketScan® Commercial or Medicare Supplemental databases; >40
years of age at COPD diagnosis; >12 months of continuous enrollment prior to and following COPD diagnosis; >1
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pharmacy claim for FF/UMEC/VI following COPD diagnosis; >12 months of continuous enrollment prior to and
following index; and >1 OCS pharmacy claim in the 12 months prior to index. No exclusion criteria were applied.

Outcomes
Primary Objective: OCS Use
Two primary OCS outcome measures were assessed in the post-index period relative to the pre-index period. Any OCS
use was assessed as a binary indicator to determine the percentage of patients who had any pharmacy claims for OCS.
Mean number of OCS pharmacy claims per patient was described as a continuous variable for the pre- and post-index
periods.

OCS bursts were also assessed and defined by an average daily dose >20 mg prednisone equivalents (Supplementary Table 1)

for 3-28 days, and an outpatient/emergency room (ER) claim with a diagnosis of COPD in any position within —7/6+ days of the
pharmacy claim.

Chronic OCS use was defined as an OCS mean daily dose >5 mg prednisone equivalents over the pre- or post-index
period.

Proportion of days covered (PDC) was calculated as the sum of days’ supply divided by 365. PDC was calculated
among all patients and separately among patients with >1 OCS claim during the pre- and post-index periods.

Mean daily dose in prednisone equivalents per 12 months was calculated among all patients over the pre- and post-
index periods. Reduction in mean daily dose was calculated as the difference in mean daily dose between the pre- and
post-index periods in mg/day. The magnitude of reduction in mean daily dose in the post-index period compared to the
pre-index period was summarized as follows: 90-100%, 75 to <90%, 50 to <75%, 0 to <50%, no reduction, and no use.
Magnitude of reduction in mg/day was also categorized after examining the distribution of the difference in mean mg/day
as <l mg/day, 1-4 mg/day, 5-9 mg/day, and >10 mg/day.

Secondary Objectives: Potential OCS-Related AEs, HCRU, and Costs

Patients with each potential OCS-related AE were identified using the presence of a diagnosis code or a non-diagnostic
medical claim during the post-index period. As we compared overall AE incidence before and after initiation of FF/UMEC/VI,
potential OCS-related AEs reported during the post-index period were not necessarily new.

The number and proportion of patients with each of the following potential OCS-related AEs during the post-index
period was described: bone and muscle-related (acute [bursitis], chronic [fractures, avascular necrosis, osteoporosis]);
cardiovascular (acute [myocardial infarction], chronic [atrial fibrillation/flutter, congestive heart failure, stroke]); central
nervous system-related (chronic [steroid psychosis]); dermatologic (chronic [hirsutism, erythemal]); gastrointestinal
(acute [gastrointestinal ulcers or bleeds, acute pancreatitis]); immune system-related (acute [urinary tract infection,
sepsis]); metabolic and endocrinologic (chronic [metabolic syndrome, Cushing syndrome, drug-induced adrenocortical
insufficiency]); ophthalmologic (chronic [cataracts, glaucomal).

A post-hoc sensitivity analysis was conducted for potential OCS-related AEs among: (1) patients with no OCS during
follow-up; (2) patients with a reduction in OCS dose during follow-up; and (3) patients with no reduction in OCS dose
during follow-up.

All-cause and COPD-related healthcare costs were reported during the post-index period. COPD-related utilization
and costs were calculated using inpatient claims with a COPD diagnosis in the primary position or outpatient claims with
a COPD diagnosis in any position, or medical or pharmacy claims for COPD treatments. Costs were based on paid
amounts of adjudicated claims, including insurer and health plan payments, as well as patient cost-sharing in the form of
co-payment, deductible, and coinsurance. All costs were adjusted using the Consumer Price Index and standardized to
2019 US dollars. Total costs, inpatient resource use and costs, outpatient resource use and costs, and outpatient pharmacy
resource use and costs were reported. Outpatient resource use and costs were itemized by ER resource use and costs,
outpatient office visit resource use and costs, and other outpatient HCRU and costs (including any outpatient services not
specifically reported separately, such as laboratory and radiology services).
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Data Analysis

Means, standard deviations (SDs), and medians were reported for continuous variables, and counts and percentages were
reported for dichotomous or categorical variables. McNemar’s chi-squared test was used to evaluate the statistical

significance of differences for dichotomous or categorical variables; paired z-tests were used for comparison of

continuous variables. A p-value of 0.05 was the maximum p-value for which differences between treatment groups

were considered statistically significant.

Results
Study Population

A total of 2013 patients were included in the analyses (Supplementary Table 2). Patients had a mean (SD) age of 63.5
(10.2) years and 55.7% were female. Mean (SD) Deyo-Charlson Comorbidity Index score was 2.4 (1.9), and the most

Table | Patient Baseline Demographic and Clinical Characteristics

Baseline Characteristics

Patients on FF/JUMEC/VI (N=2013)

Age, years, mean (SD) 63.5 (10.2)
Female, % 55.7
DCI score, mean (SD) 24 (1.9)
Comorbidities, n (%)
Infections 1576 (78.3)
Hypertension 1368 (68.0)
Hyperlipidemia 1114 (55.3)
Asthma 673 (33.4)
Depression 668 (33.2)
Coronary heart disease 504 (25.0)
Diabetes 485 (24.1)

COPD medications (2| claim during pre-index period), n (%)

SABA 1677 (83.3)
ICS/LABA 898 (44.6)
LAMA 793 (39.4)
MITT 541 (26.9)
LABA/LAMA 452 (22.5)
SABA/SAMA 425 (21.1)
ICS 313 (15.5)
SAMA 138 (6.9)

LABA 56 (2.8)

Abbreviations: DCI, Deyo-Charlson Comorbidity Index; FF/UMEC/VI, fluticasone furoate/ume-
clidinium/vilanterol; ICS, inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-acting
muscarinic antagonist; SABA, short-acting beta agonist; SAMA, short-acting muscarinic antagonist;

SD, standard deviation.
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Figure | Proportion of patients with 2| OCS claim (A) and mean number of OCS claims per patient (B).
Abbreviation: OCS, oral corticosteroids.

common pre-index comorbidities were infections (78.3%), hypertension (68.0%), hyperlipidemia (55.3%), asthma
(33.4%), and depression (33.2%). In the pre-index period, 44.6% had >1 claim for inhaled corticosteroid/long-acting
beta agonist, and 39.4% had >1 claim for long-acting muscarinic antagonist. Patient demographic and clinical character-
istics are reported in Table 1.
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OCS Use

The proportion of patients with >1 OCS claim was reduced by 32.2% in the post-index period (100.0% in the pre-index
period vs 67.8% in the post-index period; p < 0.001) (Figure 1A). The mean number of OCS pharmacy claims per patient
also decreased significantly in the post-index period (3.3 [SD 3.0] vs 2.5 [SD 3.4]; p < 0.001) (Figure 1B).

There was a significant reduction in the proportion of patients with an OCS burst (60.4% in the pre-index period vs 38.6%
in the post-index period; p < 0.001). Statistically significant reductions were also observed for the mean number of OCS bursts
per patient (1.2 [SD 1.5] in the pre-index period vs 0.8 [SD 1.5] in the post-index period; p < 0.001) (Figure 2).

Compared to during the pre-index period, there was a slight non-significant decrease in chronic OCS use in the post-
index period (n =276, 13.7% vs n =266, 13.2%; p = 0.515). Across the entire population, mean daily OCS dose dropped
significantly during the post-index period compared with the pre-index period (2.6 mg/day vs 3.1 mg/day; p = 0.004).
Among all patients, 64.7% (n = 1302) patients had a reduction in OCS use (Figure 3A). Of the total sample (N = 2013),
48.1% patients had a reduction >50%, and 30% had a reduction of 90-100%. Most patients (69.4%) had a decrease of
<1 mg/day averaged over the post-index period (Figure 3B). However, around 5% of patients were able to reduce their
mean daily OCS dose by >5 mg/day.

Potential OCS-Related AEs
Among the entire cohort, the three most common potential OCS-related AEs during the post-index period were congestive
heart failure (16.5%), atrial fibrillation/flutter (14.5%), and urinary tract infection (8.7%) (Figure 4). The proportion of patients
experiencing these AEs was significantly increased in the post-index period compared with the pre-index period (congestive
heart failure: p < 0.01; atrial fibrillation/flutter: p < 0.001; urinary tract infection: p < 0.05).

In the post-hoc sensitivity analyses, results for the cohort with no reduction in OCS dose during follow-up were
similar to the overall cohort (Supplementary Figure 2).

HCRU and Costs

Utilization of all-cause inpatient admissions, ER visits, and outpatient office visits was lower during the post-index period
compared with the pre-index period (Table 2). Likewise, fewer patients had COPD-related inpatient admissions or any type of
outpatient service during the post-index period compared with the pre-index period (Table 3). In addition, with the exception of
other outpatient services, there were fewer COPD-related admissions, outpatient visits, or services during the post-index-period.

12-month pre-index 1.2

33.3% relative

12-month post-index 0.8

reduction (p < 0.001)

0 0.5 1 1.5
Mean number of OCS bursts per patient

Figure 2 Mean number of OCS bursts per patient.
Abbreviation: OCS, oral corticosteroids.
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Figure 4 Incidence of potential OCS-related AEs.
Notes: *p < 0.05; **p < 0.01; ***p < 0.001, comparing pre- and post-index periods.
Abbreviations: AE, adverse event; OCS, oral corticosteroids.

All-cause costs were higher in the post-index period in all categories compared with the pre-index period (Figure 5).
COPD-related total outpatient and outpatient drug costs were higher in the post-index period, although COPD-related
inpatient costs were lower than pre-index period costs (Figure 6).

Discussion
This retrospective database analysis found that use of OCS decreased in patients with COPD following initiation of
FF/UMEC/VI. Mean number of OCS claims, annual frequency of OCS bursts, and mean OCS dose were significantly

Table 2 All-Cause HCRU

Pre-Index Period | Post-Index Period p-value

Inpatient
Patients with an admission, n (%) 669 (33.2) 545 (27.1) <0.001
Number of inpatient admissions, mean (SD) 0.5 (0.9) 0.4 (1.0 0.015
Outpatient
ER visits

Patients with ER visit, n (%) 875 (43.5) 771 (38.3) <0.001

Number of ER visits, mean (SD) 0.9 (1.5) 0.8 (1.7) 0.083
Outpatient office visits

Patients with an office visit, n (%) 2003 (99.5) 1985 (98.6) <0.001

Number of office visits, mean (SD) 15.1 (9.7) 14.5 (10.5) <0.001

(Continued)
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Table 2 (Continued).

Pre-Index Period | Post-Index Period p-value

Other outpatient services

Patients with other outpatient services, n (%) 2009 (99.8) 2000 (99.4) 0.013

Number of other outpatient services, mean (SD) 68.6 (58.9) 72.8 (69.5) 0.002
Outpatient pharmacy
Patients with a prescription, n (%) 2013 (100.0) 2013 (100.0) -
Number of prescriptions, mean (SD) 54.9 (324) 54.2 (33.2) 0.075

Abbreviations: ER, emergency room; HCRU, healthcare resource utilization; SD, standard deviation.
Table 3 COPD-Related HCRU
Pre-Index Period | Post-Index Period p-value

Inpatient
Patients with an admission, n (%) 230 (11.4) 142 (7.1) <0.001
Number of inpatient admissions, mean (SD) 0.1 (0.4) 0.1 (0.4) <0.001
Outpatient
ER visits

Patients with ER visit, n (%) 465 (23.1) 350 (17.4) <0.001

Number of ER visits, mean (SD) 0.4 (0.9) 0.3 (0.8) 0.002
Outpatient office visits

Patients with an office visit, n (%) 1962 (97.5) 1814 (90.1) <0.001

Number of office visits, mean (SD) 4.8 (3.6) 4.2 (3.8) <0.001
Other outpatient services

Patients with other outpatient services, n (%) 1854 (92.1) 1733 (86.1) <0.001

Number of other outpatient services, mean (SD) 16.1 (20.7) 16.5 (24.1) 0.530
Outpatient drug®
Patients with a prescription/administration, n (%) 2013 (100.0) 1997 (99.2) <0.001
Number of prescriptions/administrations, mean (SD) 17.6 (11.5) 15.9 (11.0) <0.001

Note: *COPD-related outpatient drug utilization and expenditures included outpatient pharmacy prescriptions billed with a National Drug
Code and a Healthcare Common Procedure Coding System code.

Abbreviations: COPD, chronic obstructive pulmonary disease; ER, emergency room; HCRU, healthcare resource utilization; SD, standard
deviation.

lower during the post-index period compared with the pre-index period. However, decreases in the proportion of
patients with chronic OCS use were small and not statistically significant; and further, approximately two thirds of
patients were still exposed to OCS in the post-index period, despite a reduction in the magnitude of exposure.
Despite the observed decrease in OCS use (with the exception of chronic OCS use), the incidence of potential
OCS-related AEs in the exploratory analysis was higher during the post-index period. As all patients were on OCS
in the pre-index period, it may have taken time for potential OCS-related AEs to occur, and for the impact of
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a medication change on AEs to be observed. In addition, many of the AEs investigated are time-confounded and
may be unrelated to OCS use, with aging increasing the risk of their development (eg, hip fracture). Further,
a recent literature review reported short-term use of OCS was associated with risk from serious AEs, including
osteoporosis, hyperglycemia, and muscle weakness.'> As the results of the sensitivity analysis for patients with no
reduction in OCS dose were similar to the overall cohort, it is likely that the pre- versus post-index changes in
potential OCS-related AEs were attributable to continued use of OCS, rather than another factor.

Fewer patients had an all-cause or COPD-related inpatient admission, ER visit, or outpatient office visit during the
post-index period than the pre-index period. However, mean all-cause and COPD-related post-index costs were similar or
higher in the post-index than pre-index period, with the exception of COPD-related inpatient costs. This may reflect the
high comorbidity profile of these patients, alongside increased pharmacy costs associated with initiating FF/UMEC/VI.
In addition, this is a cohort of older patients (mean age: 63.5 years) who will be older in the post-index period and may
therefore naturally incur more costs due to this increase in age.

After a COPD exacerbation, a large proportion of patients continue to use the same medication. In a retrospective
database analysis, Bogart et al found that 64.3% of the 307,727 included patients remained on the same medication after
an exacerbation, rather than escalating their treatment.'® These results suggest a benefit of switching to FE/UMEC/VI to
reduce OCS bursts and COPD exacerbations, reiterating the importance of correct treatment escalation.

There are several limitations which should be considered. This study was unable to capture medications
administered during an inpatient admission and may therefore underestimate the total number of patients receiving
COPD treatments. Patients who died during the 12 months following their COPD diagnosis were not included in the
study population, and many patients with COPD included in the study were employed. This may lead to selection of
a “healthier” patient population. Potential OCS-related AEs may take longer to develop than the 12-month post-
index period and may therefore not be recorded in this study. The source population only included individuals with
24 months of continuous private insurance enrollment. Results may therefore not be generalizable to patients with
COPD who do not have health insurance, or who have different types of insurance. Comorbid conditions were
measured during the pre-index period and so time-varying covariates which may be important risk factors for OCS
use, potential OCS-related AEs, or HCRU and costs were not accounted for during the post-index period. It should
also be noted that approximately one third of patients included in this study had concomitant asthma, which may

have impacted our results. Finally, patients were assumed to be compliant with their medication.

Conclusion

Among patients with COPD who have prior OCS use, the initiation of FF/UMEC/VI resulted in significant reductions in
OCS utilization, COPD-related HCRU (including hospitalization), and all-cause HCRU. As long-term OCS use is
associated with systemic complications, physicians should consider changing maintenance COPD therapy in patients
with a history of OCS use to reduce incidence of potential OCS-related AEs. This study suggests that OCS use can be
reduced in patients on daily OCS who initiate (or switch to) FF/UMEC/VI from their previous maintenance regimen.
Further research is needed to assess the impact of OCS reduction on potential OCS-related AEs.
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