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Purpose: Triple therapy to prevent exacerbations from chronic obstructive pulmonary disease (COPD) is associated with improved 
health compared to single and dual-agent therapy in some populations. This study assessed the benefits of prompt administration of 
budesonide/glycopyrrolate/formoterol fumarate (BGF) following a COPD exacerbation.
Patients and methods: EROS was a retrospective analysis of people with COPD using the MORE2 Registry®. Inclusion required 
≥1 severe, ≥2 moderate, or ≥1 moderate exacerbation while on other maintenance treatment. Within 12 months following the index 
exacerbation, ≥1 pharmacy claim for BGF was required. Primary outcomes were the rate of COPD exacerbations and healthcare costs 
for those that received BGF promptly (within 30 days of index exacerbation) versus delayed (31–180 days) and very delayed (181–365 
days). The effect of each 30-day delay in initiation of BGF was estimated using a multivariable negative binomial regression model.
Results: 2409 patients were identified: 434 prompt, 1187 delayed, and 788 very delayed. The rate (95% CI) of total exacerbations post- 
index increased as time to BGF initiation increased: prompt 1.52 (1.39–1.66); delayed 2.00 (1.92–2.09); and very delayed 2.30 (2.20–2.40). 
Adjusting for patient characteristics, each 30-day delay in receiving BGF was associated with a 5% increase in the average number of 
subsequent exacerbations (rate ratio, 95% CI: 1.05, 1.01–1.08; p<0.05). Prompt initiation of BGF was also associated with lower post-index 
annualized COPD-related costs ($5002 for prompt vs $7639 and $8724 for the delayed and very delayed groups, respectively).
Conclusion: Following a COPD exacerbation, promptly initiating BGF was associated with a reduction in subsequent exacerbations 
and reduced healthcare utilization and costs.
Keywords: COPD, triple therapy, exacerbations, delayed therapy, budesonide/glycopyrrolate/formoterol fumarate

Introduction
Chronic obstructive pulmonary disease (COPD) is common and costly, disproportionately affecting those with lower income 
and public insurance.1–4 It has been estimated that the national annual COPD-attributable medical expenditure was 
$31.3 billion in 2019, and projections have estimated that US national medical costs could approach $50 billion by 2026.2–4

People living with COPD often have periods of acute worsening of symptoms, known as exacerbations.5 Moderate 
exacerbations require treatment with antibiotics and/or systemic corticosteroids, whereas severe exacerbations require 
hospitalization, which account for an estimated 50–70% of COPD-related medical expenditures.3,6–8
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Current guidelines for the treatment of COPD recommend initial therapy aimed at controlling symptoms and reducing 
exacerbations, based on symptom severity and exacerbation history.9,10 Among COPD patients who have experienced COPD 
exacerbations, the recent (2023) Global Initiative for Chronic Obstructive Lung Disease (GOLD) report recommends 
considering initial treatment with or escalation to triple therapy, consisting of inhaled corticosteroids/long-acting 
β2-agonists/long-acting muscarinic antagonists (ICS/LABA/LAMA).9,10 Compared to both single agent and dual-therapy 
combinations, triple therapy has been demonstrated to reduce the rate of exacerbations and improve lung function among 
COPD patients, in addition to demonstrating potential benefits related reducing all-cause mortality as acknowledged recently 
by GOLD.11–14 In July 2020, the US Food and Drug Administration (FDA) approved the fixed-dose single-inhaler combina-
tion therapy of budesonide/glycopyrrolate/formoterol fumarate (BGF), as a maintenance treatment for COPD. The BGF 
registrational study, called ETHOS, demonstrated statistically significant reductions in the rate of moderate or severe 
exacerbations among COPD patients randomized to BGF compared to dual-combination therapies.15 In addition to reductions 
in exacerbations, analyses from the final retrieved data set of ETHOS demonstrated a 49% (hazard ratio, 0.51; 95% confidence 
interval, 0.33–0.80) reduction in all-cause mortality with BGF compared to LAMA-LABA over 52 weeks.14

Over the past decade, several real-world studies have assessed the relationship between COPD maintenance treatment 
initiation and health outcomes. Results indicate that prompt initiation of maintenance therapy after an exacerbation is 
associated with reduced healthcare utilization and expenditures, in addition to lower risk for subsequent exacerbations.16–22 

Emerging evidence indicates that promptly initiating triple therapy following an exacerbation is associated with decreased 
morbidity and healthcare costs relative to delayed initiation.23–25 Because there is limited real-world evidence assessing the 
relationship between the timing of BGF following an exacerbation and the appearance of subsequent exacerbations, the aim 
of this study was to assess patient characteristics, health outcomes, and costs associated with prompt, delayed, and very 
delayed use following a COPD exacerbation.

Methods
Study Population
This study was a retrospective analysis of de-identified claims data of COPD patients experiencing a disease exacerbation 
followed by treatment with BGF. This analysis utilized the MORE2 Registry (data spanning July 2019 to March 2022), 
a real-world closed claims database that is inclusive of medical and pharmacy claims, representing all 50 states and includes 
major US payer lines of business, including commercial, Medicare Advantage, and managed Medicaid. All patient records 
were de-identified and certified to be in full compliance with the confidentiality requirements outlined in the Health 
Insurance Portability and Accountability Act of 1996 in the United States. Per Title 45 of CFR, Part 46, the administrative 
claims data analysis of our study was exempt from the IRB review as it was a retrospective analysis of existing data (hence 
no patient intervention or interaction), and no patient-identifiable information was included in the claims dataset.

All patients had at least one claim for BGF and at least one of the three categories of exacerbation events in the 12- 
month period preceding initiation of BGF. To be included in the study, patients must have presented at least one moderate 
exacerbation while being treated with COPD inhaled maintenance, two moderate exacerbations, or one severe exacer-
bation. Exacerbations were categorized as follows: one moderate exacerbation with prior COPD maintenance therapy, 
two moderate exacerbations, or one severe exacerbation. The index date was the earliest exacerbation event occurring 
prior to BGF initiation but after the approval of BGF (July 24, 2020). In addition, the included patients were required to 
be age ≥40 at the index date, have ≥12 months of continuous enrolment preceding the index date, and have ≥90 days of 
continuous enrollment following the index date. Individuals were followed from their index to the end of the study. 
Individuals using closed triple therapy during the baseline period or had a severe exacerbation prior to BGF approval 
were excluded.

Three study cohorts were created based on the timing of BGF initiation following the index exacerbation event 
(Figure 1). Patients initiating within 30 days of the index date were included in the prompt initiation group. Those 
initiating between 31 and 180 days and 181 and 365 days after index were included in the delayed and very delayed 
groups, respectively.
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Study Outcomes
Patient demographics and clinical characteristics were collected for each cohort at baseline. The Elixhauser Comorbidity Index 
(ECI) was calculated.26,27 Outcomes of interest included COPD exacerbations, COPD-related healthcare resource utilization 
(HCRU), and COPD-related healthcare costs, each measured during the follow-up period. COPD exacerbations were measured 
by calculating the rates of moderate and severe exacerbations during the post-index follow-up. As individual follow-up time 
varied by patient, rates were annualized and reported as per-patient-per-year (PPPY), along with 95% confidence interval (CI).

The operational definitions of moderate and severe exacerbations were adapted from analyses previously conducted by 
the study teams.24 Moderate exacerbations were defined as an outpatient visit with a COPD diagnosis followed by a filled 
prescription for a short-course of oral corticosteroids (OCS) or antibiotic (≤14 days) within (±) 7 days of the outpatient visit, 
or any outpatient visit with a diagnosis of COPD and a corticosteroid injection. Severe exacerbations were defined as an 
inpatient hospitalization with a primary diagnosis of COPD or a primary diagnosis of respiratory failure with a secondary 
diagnosis of COPD. Additional exploratory analyses were conducted that examined sub-groups by type of maintenance 
therapy used in the 30 days prior to BGF initiation and in the 30-day period following the index exacerbation.

COPD-related HCRU and expenditures were collected during the 12-month baseline and during the variable- 
length follow-up period. During the post-index period, HCRU and costs were reported as average PPPY. HCRU 
included the average number of emergency department (ED), urgent care (UC) visits, and inpatient stays, while 
costs included total medical costs, pharmacy costs, inpatient costs, ED costs, and UC costs. COPD-related HCRU 
and costs were based on inpatient claims with a COPD diagnosis in the primary position, and outpatient claims 
with a COPD diagnosis in any position. All costs were adjusted for inflation using the medical care component of 
the Consumer Price Index obtained from the US Bureau of Labor Statistics and standardized to 2022 USD.28

Statistical Analysis
Demographics and clinical characteristics were presented via means, medians, and standard deviations (SD) for 
continuous variables, and frequencies and proportions for categorical variables. Statistically significant differences across 
study groups were determined via analysis of variance (ANOVA) for normally distributed continuous variables, Kruskal- 
Wallis test for skewed variables, and chi-square tests of equality of proportions for categorical variables. A multivariable 
negative binomial regression model was constructed to estimate the effect of each 30-day delay in initiation of BGF on 
the average number of subsequent disease exacerbations (either moderate or severe) during the follow-up period, while 
a gamma model with a log-link was constructed to estimate the effect of each 30-day delay in initiation of BGF on the 
incremental increase in COPD-related costs. The critical alpha level was set at 0.05 for all analyses.

Figure 1 Study design for Exacerbations and Real-World Outcomes (EROS) Among Chronic Obstructive Pulmonary Disease patients receiving BGF. 
Abbreviations: BGF, budesonide/glycopyrrolate/formoterol fumarate; COPD, chronic obstructive pulmonary disease.
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Results
Characteristics of Study Sample
A total of 2409 COPD patients met all sample selection criteria: 434 prompt, 1187 delayed, and 788 very delayed 
(Figure 2). A total of 835 (34.7%) patients indexed with one moderate exacerbation with prior COPD maintenance 
therapy, 1337 (55.5%) indexed with two moderate exacerbations and 237 (9.8%) indexed with a severe exacerbation. The 
overall study cohort was 63.4% female. There were no differences in patient demographics by group, and baseline 
comorbidities were similar with a few exceptions (Table 1, see Table S1 for the full set of demographics collected). 
Notably, there were no differences in reported rates of allergic rhinitis, asthma, or smoking between groups. Managed 
Medicaid was the most common insurance type (42.6–47.7% within groups). Patients had an average follow-up of 331 
days, with each cohort consisting of over 70% of individuals with at least 180 days of follow-up time.

Compared with patients who promptly started BGF, patients who delayed BGF trended toward higher ECI scores 4.7 ± 
6.3 (prompt), 5.6 ± 7.2 (delayed) and 5.8 ± 7.6 (very delayed) and were more likely to have pulmonary/respiratory failure: 
6.5% (prompt), 9.9% (delayed) and 12.0% (very delayed). Most patients were indexed on a moderate exacerbation (90.2%), 
and patients among the delayed and very delayed cohort were about twice as likely to index from a severe exacerbation 
(5.8% for the prompt group vs 9.3% and 12.9% for the delayed and very delayed groups, respectively). During the baseline 
period, 97.7% had some maintenance medication of any type, with 85.1% having some long-acting inhaled medication, and 
overall 62.7% had fixed combination of ICS/LABA and 19.1% had fixed LABA/LAMA combination.

Baseline and Follow-Up Exacerbation Rates
The rates of post-index exacerbation events were compared among the cohorts (Figure 3). The rate (95% CI) of total exacerbations 
increased as the time from index exacerbation to BGF administration increased: prompt 1.52 (1.39–1.66); delayed 2.00 (1.92– 
2.09); and very delayed 2.30 (2.20–2.40), p<0.01. Relative rates of total exacerbations for prompt were 0.76, 95% CI: (0.72 – 0.79) 
and 0.66, 95% CI: (0.63 – 0.69) versus delayed and very delayed. The trend persisted for severe exacerbations: prompt 0.06 (0.04– 
0.09); delayed 0.08 (0.06–0.10); and very delayed 0.16 (0.14–0.19), p<0.01. Relative rates of severe exacerbations for prompt 
were 0.75 (95% CI: 0.67-0.90) and 0.38 (95% CI: 0.29-0.47) versus delayed and very delayed. Additional exploratory analyses 
revealed that the rate of exacerbation remained higher for all maintenance COPD therapy classes prescribed compared to the 

Figure 2 Sample selection of COPD patients, initiating BGF following a COPD exacerbation. 
Abbreviations: BGF, budesonide/glycopyrrolate/formoterol fumarate; COPD, chronic obstructive pulmonary disease.
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prompt BGF group, including annualized rates of 2.14 (LAMA/LABA) and 2.20 (ICS/LABA) based on treatment received 30 
days post index (Table 2). A similar trend was observed when examining the 30-day period preceding BGF initiation, with the 
highest rate observed in the group receiving short acting only or no maintenance (Table S2)

Results of a multivariable negative binomial regression model adjusting for patient characteristics and baseline 
exacerbation history revealed that each 30-day delay in receiving BGF was associated with a 5% increase in average 
number of subsequent exacerbations during the follow-up period, compared to individuals who initiated BGF < 30 days 
after the post-index exacerbation, rate ratio (95% CI): 1.05 (1.01–1.08), p<0.05 (Figure 4). Other statistically significant 
factors associated with post-index exacerbations were severe index exacerbation (1.45 (1.04–2.01), p<0.05; ref. moderate 
index exacerbation), presence of any short-acting treatment during baseline (1.06 (1.02–2.12), p<0.05), number of 

Table 1 Demographic and Clinical Characteristics, Among COPD Patients Initiating Budesonide/Glycopyrrolate/Formoterol Fumarate 
(BGF) Following a COPD Exacerbation, by Delay in BGF Initiation

Prompt 
Initiation

Delayed 
Initiation

Very Delayed 
Initiation

Total Sample p-valuea

n = 434 n = 1187 n = 788 n = 2409

Mean/ 
n

SD/ 
%

Mean/ 
n

SD/ 
%

Mean/ 
n

SD/ 
%

Mean/ 
n

SD/ 
%

Age (Mean, SD) 61.6 9.0 61.9 9.7 61.6 9.4 61.8 9.4 0.85

Sex (n, %) 0.21

Male 149 34.3% 455 38.3% 278 35.3% 882 36.6%
Female 285 65.7% 732 61.7% 510 64.7% 1527 63.4%

Race/Ethnicity (n, %) 0.12

White 252 58.1% 666 56.1% 431 54.7% 1349 56.0%
Black or African American 34 7.8% 118 9.9% 90 11.4% 242 10.0%

Asian 3 0.7% 28 2.4% 23 2.9% 54 2.2%

Hispanic or Latino 15 3.5% 43 3.6% 35 4.4% 93 3.9%
Unknown 130 30.0% 332 28.0% 209 26.5% 671 27.9%

Elixhauser Comorbidity Index (ECI) score 
(Mean, SD)b

4.68 6.29 5.60 7.17 5.82 7.56 5.51 7.16 0.065

Median 3.00 3.00 3.00 3.00

COPD Disease Proxies
Spirometry Claimsc

Total claims (Mean, SD) 0.11 0.36 0.14 0.43 0.29 1.04 0.17 0.65 <0.01

Patients with at least one claim (n,%) 29 9.4% 73 11.3% 66 18.8% 168 12.9% <0.01

Pulmonary/Respiratory Failure Diagnosis (n,%) 20 6.5% 64 9.9% 42 12.0% 126 9.6% 0.06
Comorbidities (n,%)d

Anxiety 183 42.2% 449 37.8% 366 46.4% 998 41.4% <0.01

Cardiovascular disease 183 42.2% 550 46.3% 390 49.5% 1123 46.6% 0.05
Dyspnea 248 57.1% 713 60.1% 502 63.7% 1463 60.7% 0.06

Gastroesophageal reflux disease 176 40.6% 510 43.0% 356 45.2% 1042 43.3% 0.28

Smoking status/tobacco dependence 220 50.7% 610 51.4% 431 54.7% 1261 52.3% 0.27
Total Baseline Exacerbationse

Presence of ≥ 1 exacerbation (n,%) 232 53.5% 727 61.2% 438 55.6% 1397 58.0% <0.01

Number of exacerbations (Mean, SD) 0.54 0.51 0.62 0.53 0.56 0.50 0.59 0.00 <0.01
Median 1.00 1.00 1.00 1.00

Index Exacerbation Type (n, %)
Moderate Exacerbation 409 94.2% 1077 90.7% 686 87.1% 2172 90.2% <0.01
Severe Exacerbation 25 5.8% 110 9.3% 102 12.9% 237 9.8%

Notes: aP <0.05 is considered statistically significant; bThe ECI score is an aggregate measure of comorbidity expressed as a numeric score based on the presence of select 
diagnoses; cPresence of spirometry tests and pulmonary/respiratory failure diagnoses were used as COPD disease proxies; dTop 5 most prevalent comorbidities overall are 
presented here. The full list of comorbidities is presented in Table S1; eIndex exacerbation is not included as a baseline exacerbation. 
Abbreviations: ECI, Elixhauser Comorbidity Index; SD, standard deviation.
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pulmonologist visits during baseline (0.72 (0.54–0.96), p<0.05), number of baseline COPD visits during baseline (1.02 
(1.00–1.03), p<0.05), and number of baseline exacerbations (2.27 (1.88–2.73), p<0.05). Figure 5 displays the estimated 
increase in post-index COPD exacerbations for each 90-day delay in BGF initiation, by lower-bound, average, and upper- 

Figure 3 Comparison of annualized rates of subsequent COPD exacerbations, following index COPD exacerbation, by delay of BGF initiation. 
Abbreviations: BGF, budesonide/glycopyrrolate/formoterol fumarate; CI, confidence interval.

Table 2 Annualized Rates of COPD Exacerbations, Following Initiation of BGF, Among Patients Initiating BGF 
Following a COPD Exacerbation, by Category of Maintenance Therapy Used in the 30-Day Post-Index Period

Ratea 95% Confidence Interval

Lower Upper

Treatment Group
Prompt BGF initiation patients (n = 434) 1.52 1.39 1.66
Combined delayed and very delayed BGF initiation patients (n = 1975) 2.14 2.07 2.21

Therapies in the 30-day post-index exacerbation periodb,c

Any long-acting maintenance (n=1349) 2.16 2.08 2.24
Any ICS (mono or open dual) (n=357) 2.33 2.18 2.50

ICS mono (n=109) 1.90 1.65 2.19

LABA mono (n=33) 1.95 1.53 2.47
LAMA mono (n=338) 2.25 2.10 2.42

Any fixed dual (n=1139) 2.17 2.09 2.26

ICS/LABA (n=929)d 2.20 2.10 2.29
LABA/LAMA (n=249)d 2.14 1.96 2.34

Short-acting only/No maintenance therapy (n=391) 2.25 2.10 2.42

Notes: aRate per 365 days; bTherapy categories listed are not mutually exclusive, and do not include the full sample of patients in the delayed 
and very delayed cohorts. Data was not reported for methylxanthine, mucolytic agent, and PDE-4 inhibitors, resulting in rates higher than the 
combined average of 2.14; cIncludes medications that started in 30-day pre-period that continued into 30-day post-index period; dFixed 
combinations only. 
Abbreviations: BGF, budesonide/glycopyrrolate/formoterol fumarate; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long- 
acting muscarinic antagonist.
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bound adjusted rate ratios, which provides a visualization of the cumulative exacerbation risk from delay of BGF 
initiation. After 12-months delay, those that initiated BGF were estimated to have a 60% increase in exacerbations, on 
average. Similarly, among who had a severe index exacerbation, the multivariable negative binomial regression model 

Figure 4 Adjusted rate ratios (95% confidence intervals) for average number of subsequent COPD exacerbations (per-patient-per-year) following the index exacerbation. 
Results for negative binomial regression model, modeling for number of post-index exacerbations, controlling for Elixhauser Comorbidity Index Score, number of baseline 
exacerbations, presence of short-acting treatment during baseline, presence of long-acting treatment during baseline, number of baseline COPD physician visits, number of 
baseline pulmonologist visits, sex, payer group (commercial, Medicare Advantage, or unknown), index exacerbation type (moderate exacerbation, moderate telehealth 
exacerbation, or severe exacerbation), index year (2020 or 2021), presence of baseline nebulizer use, presence of baseline oxygen therapy use, presence of baseline 
comorbidities, including abnormal sputum, acute bronchitis, acute respiratory failure, allergic rhinitis, anxiety, asthma, cancer diagnoses other than basal or squamous cell 
skin cancer, cardiovascular disease, chronic cough, COVID-19, severe COVID-19, cystic fibrosis, osteoarthritis, depression, diabetes, dyspnea, fatigue, gastroesophageal 
reflux disease, interstitial fibrosis, osteoporosis, pneumonia, pulmonary embolism, sarcoidosis, smoking status/tobacco, and tuberculosis. All statistically significant predictors 
are displayed in the figure, p < 0.05 was considered significant. 
Abbreviations: BGF, budesonide/glycopyrrolate/formoterol fumarate; CI, confidence interval; COPD, chronic obstructive pulmonary disease.

Figure 5 Estimated increase in post-index COPD exacerbations for each 3-month delay in BGF initiation, by average, (lower-bound-upper-bound) adjusted rate ratios. 
These estimates are extrapolated from the negative binomial regression model presented in Figure 4. 
Abbreviations: BGF, budesonide/glycopyrrolate/formoterol fumarate; COPD, chronic obstructive pulmonary disease.
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indicated that every 30-day delay in initiation was associated with a 10% increase in subsequent exacerbations during 
follow-up, rate ratio (95% CI): 1.10 (1.00–1.20), p<0.05.

Healthcare Utilization and Cost Outcomes
Full HCRU and costs results are shown in Table S3 which displays annualized (PPPY) follow-up COPD-related HCRU 
and COPD-related costs. Follow-up average COPD-related inpatient hospitalization visits increased as time to BGF 
initiation increased (mean (SD)): 0.17 (0.55), 0.26 (0.82), and 0.31 (0.80) for the three groups, p<0.05. Figure 6 
visualizes the primary expenditure outcomes. Similarly to post-index hospitalizations, post-index COPD-related health-
care costs increased as time to BGF increased for each of the three groups: $5002, $7639, and $8724 for the prompt, 
delayed, and very delayed groups, p<0.01 (Figure 6), an increase of 74% for the very delayed group, compared to the 
prompt group. Results of a gamma regression model with a log link adjusting for patient characteristics and baseline 
exacerbation history revealed that each 30-day delay in receiving BGF was associated with an increase in average 
COPD-related costs of $256 PPPY during the follow-up period, compared to individuals who initiated BGF < 30 days 
after the post-index exacerbation (estimate = 1.03 (95% CI): 1.02–1.05, p<0.05). On average, the delayed group delayed 
BGF by 100 days, resulting in an estimated increased cost of $853, while the very delayed group delayed BGF by 256 
days, resulting in an estimated increased cost of $2185.

Discussion
This retrospective, observational database study was conducted to describe patient characteristics, outcomes, healthcare 
resource utilization, and costs of COPD patients initiating BGF following a COPD exacerbation. The patient character-
istics were very similar to the study population of the PRIMUS study, which utilized data from the MarketScan research 
databases to examine COPD patients initiating triple therapy following a COPD exacerbation.24 Despite a similar 
demographic profile, the distribution of individuals among the prompt, delayed, and very delayed cohorts differed 
from PRIMUS. There were fewer individuals initiating BGF promptly, possibly due to the uptake of the newly available 
medication, BGF. Additionally, patients in the PRIMUS study had index years ranging from 2010 to 2019, before the 
start of the 2020 COVID-19 pandemic. Conversely, patients in the current study were indexed after the beginning of the 
pandemic which may have had a significant impact on healthcare utilization and access to care in the US.29

Figure 6 Average post-index COPD-related healthcare expenditure by time to BGF initiation after COPD exacerbation. Total healthcare costs include total pharmacy, 
physician office / clinic, emergency department, urgent care, telehealth, other outpatient, skilled nursing facility, and inpatient hospital costs. COPD-related healthcare costs 
are based on inpatient claims with a COPD diagnosis in the primary position, and outpatient claims with a COPD diagnosis in any position. Costs reported as per-patient-per 
-year (PPPY) in Q1 2022 USD. 
Abbreviations: BGF, budesonide/glycopyrrolate/formoterol fumarate; COPD, chronic obstructive pulmonary disease; USD, United States Dollar.
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The present sample demonstrated particularly high ECI scores. As co-morbidities are common in COPD and 
frequently lead to mortality from non-COPD causes, it is important to further understand why escalation to triple therapy 
was often delayed in patients with greater presence of comorbidities. It is possible that providers and patients are 
prioritizing the management of other conditions at the expense of COPD, which is associated with the higher exacer-
bation rates observed here and elsewhere.24 The current study suggests that patients with comorbidities, who are more 
prone to severe exacerbations, are those in which triple therapy should be promptly initiated, rather than delayed. 
A hesitancy or delay in BGF uptake within hospitals likely adds to the disease and economic burden.

The primary finding of the present study is that delay in BGF initiation was associated with increased rates of COPD 
exacerbations, as the prompt group presented an average of 1.5 subsequent exacerbations compared to 2.0 for the delayed 
group and 2.3 for the very delayed group. Promptly initiating BGF following a moderate or severe exacerbation was 
associated with a 24.0% and 33.9% reduction in subsequent exacerbations among COPD patients appearing in the 
delayed and very delayed BGF initiation groups, respectively. This reduction in subsequent exacerbations for the prompt 
initiation group shows a similar trend to the same set of measures in the PRIMUS study.24 These benefits were present 
regardless of the type of maintenance therapy that patients remained on beyond the initial 30-days period following the 
index exacerbation.

The trend of increased exacerbation rates with increased delayed initiation of BGF persisted when controlling for 
patient characteristics and baseline exacerbations. For every 30-day delay in BGF, the average number of post-index 
exacerbations in the year following the initial exacerbation increased by 5%. Compared to those that initiated BGF within 
the first 30 days, a patient who delays initiation by a full year could face approximately 60% increase in average number 
of subsequent exacerbations. Similar to the trend observed in post-index exacerbations, delay in initiation of BGF was 
also associated with increases in post-index HCRU and costs. Patients within the prompt cohort, compared to the very 
delayed cohort, had less COPD-related HCRU in most places of service, including ED visits, urgent care visits, and 
inpatient hospitalizations.

When examining post-index costs, compared to the prompt group, the very delayed group incurred greater post-index 
COPD-related healthcare expenditure in each metric assessed, including hospital costs, total healthcare costs, and 
pharmacy costs.

Implications of Study Results and Future Research Direction
Taken together, the results indicate a strong pattern of increased exacerbations, healthcare utilization, and expenditure 
associated with delays in BGF initiation and remaining on existing standard of care beyond 30-days following a moderate 
or severe COPD exacerbation. Promptly initiating BGF following an exacerbation was associated with a reduction in 
subsequent exacerbations, healthcare utilization, and costs. Ultimately, as time to BGF administration increased, COPD- 
related healthcare costs increased, and every 30-day delay in BGF initiation was shown to increase exacerbation risk. 
Recently, Mannino et al published results of a retrospective analysis in the US of delayed treatment for another fixed 
triple and arrived at similar conclusions that prompt initiation of triple following a moderate or severe COPD exacer-
bation was associated with significant reductions in exacerbations and healthcare costs relative to delayed initiation.23 

The results from these studies, EROS and Mannino, further support that proactive COPD management is both clinically 
and economically effective for patients, providers, and payers.

Study Limitations
As with all real-world data-based studies, there are a few limitations that should be considered when interpreting results. 
First, despite quality assurance processes, administrative claims data are subject to data coding limitations and data entry 
errors by providers, which may result in missing or erroneous data and may result in misclassification bias. It is also 
important to note that medication usage was based on filled outpatient prescriptions, and patients were assumed to take the 
medications as prescribed, though this cannot be confirmed. In addition, medications received as samples from physicians, 
inpatient medications, and prescriptions paid for exclusively out-of-pocket by patients are not captured, which could result in 
an underestimation of pharmacy and medical expenditure. Although multivariable modeling was used to control for baseline 
differences between cohorts, residual misbalancing may remain, and this adjustment was limited to variables that are able to 
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be measured within administrative claims. It is also important to note that immortal time bias is built into the design, as only 
those patients who present continuous enrollment and an absence of death following the index exacerbation are eligible for 
inclusion of the study. Lastly, while the sample size is robust for this analysis, there may be populations (eg, uninsured, 
Medicare FFS) where these results may not be generalizable and require additional analyses.

Conclusion
Promptly initiating BGF following a moderate or severe exacerbation was associated with a reduction in subsequent 
exacerbations and costs among COPD patients compared to “delayed” and “very delayed” BGF initiation groups. Patients 
with a greater number of comorbidities were associated with higher rates of delayed initiation of BGF, suggesting those who 
are in the poorest overall health are those who are most delayed in receiving triple therapies. Proactive disease management, 
including the use of triple therapies, may be warranted to prevent future exacerbations among patients with COPD.
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