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Introduction

Approximately 60% to 80% of patients with severe asthma have eosinophilic asthma, which is characterized by worse
lung function, more severe disease, and increased exacerbation rates relative to the non-eosinophilic phenotype.'~
Chronic obstructive pulmonary disease (COPD) is a common concomitant condition among patients with asthma. The
overlap of COPD and asthma in clinical practice is not well defined as patients may present clinically in a heterogeneous
manner and may present with overlapping characteristics with patients with COPD (eg, history of smoking, etc).® The
estimated prevalence of this overlap is 27-33%.” These patients with both asthma and COPD tend to experience worse
outcomes than those with either disease alone.® For instance, patients with asthma and COPD have more respiratory
symptoms, higher risk of exacerbations and comorbidities, and worse quality of life than patients with asthma or COPD
alone.” These patients are also more likely to have persistent airflow obstruction and elevated eosinophil levels.

Management of asthma and concomitant COPD involves treating both underlying conditions and aims to prevent
asthma and COPD exacerbations.> However, there are no clear treatment recommendations for patients with both
conditions because of a lack of consensus on how the overlap of these heterogeneous diseases should be defined.
Additionally, this patient population has historically been excluded from clinical trials of either asthma or COPD,
resulting in limited high-quality clinical evidence to guide treatment decisions.’

Benralizumab is a monoclonal antibody that targets the IL-5 receptor and promotes eosinophil depletion.’
Benralizumab has proven to be effective in significantly reducing the rate of asthma exacerbations among patients
with asthma in both clinical trials and real-world studies.'* However, there is limited evidence regarding the real-world
outcomes of benralizumab among patients with asthma and concomitant COPD. Therefore, this study was conducted to
describe the real-world effectiveness of benralizumab in reducing asthma exacerbations and COPD exacerbations among
patients with asthma and concomitant COPD.

Methods

Data Source

Laboratory data and insurance claims data from November 2016 to June 2020 were supplied by the PatientSource®
database of Source Healthcare Analytics, LLC, a Symphony Health Solutions Corporation, which covers over 80% of the
US population and includes commercial, Medicare, and Medicaid claims. Data were de-identified and comply with the
patient requirements of the Health Insurance Portability and Accountability Act of 1996; therefore, no reviews by an

Institutional Review Board were required.
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Study Design and Population
In this retrospective cohort study, the day after benralizumab initiation was defined as the index date. A pre-post design
was implemented to descriptively analyze and compare asthma and COPD exacerbations between the 12-month pre-
index and 12-month post-index periods.

Asthma and COPD exacerbations were defined using a claims-based algorithm. An asthma exacerbation was defined
as follows based on the healthcare setting in which it occurred:

e Inpatient: An asthma diagnosis code as the primary diagnosis for an inpatient stay.

e Emergency department (ED): An asthma diagnosis code, >1 claim for a systemic corticosteroid (as a single
injection or with 3 to <30 days of supply) within +5 days of the visit, and no diagnosis codes for COPD,
autoimmune disease, acute myocardial infarction, or congestive heart failure during the visit.

e QOutpatient: An asthma diagnosis code, >1 claim for a systemic corticosteroid (as a single injection or with 3 to <30
days of supply) within +5 days of the visit, and no diagnosis codes for COPD or autoimmune disease during the visit.

A COPD exacerbation was defined as follows based on the healthcare setting in which it occurred:
e Inpatient: A COPD diagnosis code as the primary diagnosis for an inpatient stay.
e ED or outpatient: A COPD diagnosis code and either >1 claim for a systemic corticosteroid (as a single injection or
with 3 to <30 days of supply) within +5 days of the visit, and/or >1 claim for an antibiotic within +5 days of the visit.

Exacerbations occurring >14 days apart were defined as separate episodes.

As a sensitivity analysis, an alternative definition for COPD exacerbations in the inpatient setting was created to
additionally include a diagnosis code for respiratory failure or infection as the primary diagnosis with a COPD diagnosis
code as a secondary diagnosis.

Patients were included in the study if they were aged >12 years, had >2 records of benralizumab, were biologic-naive
during the 12-month pre-index period, and had >1 asthma diagnosis and >1 COPD diagnosis in the pre-index period. The
following two cohorts were identified based on number of COPD exacerbations in the pre-index period: (1) patients with
>1 COPD exacerbation, and (2) patients with >2 COPD exacerbations. Patients with >1 COPD exacerbation and blood
eosinophil laboratory values available pre-benralizumab initiation were additionally stratified by eosinophil level (<150
cells/uL, >150 cells/uL, <300 cells/uL, >300 cells/uL).

Study Measures and Statistical Analysis

Patient characteristics were summarized descriptively with means and standard deviations (SDs) for continuous variables
and counts and proportions for categorical variables. Within each cohort, the rate of asthma and COPD exacerbations per
person-year (PPY) was compared between the pre-index and post-index periods using generalized estimating equations
(GEE). No comparisons between cohorts were conducted.

Results

Patient Characteristics
The initial data set included 7276 patients with >1 benralizumab record and an asthma diagnosis. After applying
inclusion and exclusion criteria (ie, aged >12 years, >2 benralizumab records, biologic-naive, >1 asthma diagnosis,
and >1 COPD diagnosis pre-index), a total of 1406 patients with >1 COPD diagnosis were included in the overall
sample, of which 797 had >1 COPD exacerbation and 379 had >2 COPD exacerbations. Patients were classified based on
peripheral blood eosinophil counts and included 62 patients with <150 cells/uL, 142 patients with >150 cells/uL, 108
patients with <300 cells/uL, and 96 patients with >300 cells/uL.

Across cohorts, the mean age by cohort ranged from 60.8 to 62.1 years, and the majority were female (60.2% to
62.5%). Most patients were from the South (37.5% to 53.2%), followed by the Northeast (11.5% to 31.0%) and Midwest
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(9.7% to 24.8%). Common comorbidities included hypertension (62.2% to 71.8%), hyperlipidemia (45.9% to 56.7%),
mental disorders (44.2% to 63.1%), and allergic rhinitis (41.2% to 42.5%).

Rate of Asthma Exacerbations

Across all cohorts and healthcare settings, the rate of asthma exacerbations decreased significantly after benralizumab
initiation (all p<0.001; Figure 1). In the overall sample, there was a 40% reduction in the rate of asthma exacerbations
in any setting from the pre-index period to the post-index period (1.09 to 0.66 PPY, respectively; Figure 1A). From the
pre-index period to the post-index period, there was a 40% reduction in the rate of asthma exacerbations in any setting
among patients with >1 COPD exacerbation (1.30 to 0.78 PPY, respectively; Figure 1B) and a 42% reduction among
patients with >2 COPD exacerbations (1.37 to 0.79 PPY, respectively; Figure 1C). Consistent decreases were observed
in all eosinophil subgroups of the >1 COPD exacerbation cohort, with rate reductions ranging from 46% to 54%
(Figure 1D).

Rate of COPD Exacerbations

Across all cohorts and healthcare settings, the rate of COPD exacerbations decreased significantly after benralizumab
initiation (all p<0.001; Figure 2). In the overall sample, there was a 51% reduction in the rate of COPD exacerbations in
any setting from the pre-index period to the post-index period (1.21 to 0.59 PPY, respectively; Figure 2A). Based on the
sensitivity definition, there was also a 51% reduction in the rate of COPD exacerbations in any setting from the pre-index
period to the post-index period (any setting: 1.26 to 0.62 PPY; inpatient: 0.34 to 0.20 PPY; ED: 0.21 to 0.10 PPY;
outpatient: 0.70 to 0.32 PPY; all p<0.001). From the pre-index period to the post-index period, there was a 60% reduction
in the rate of COPD exacerbations in any setting among patients with >1 COPD exacerbation (2.13 to 0.86 PPY,
respectively; Figure 2B) and a 62% reduction among patients with >2 COPD exacerbations (3.37 to 1.28 PPY,
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Figure | Rate reductions of asthma exacerbations after benralizumab initiation across healthcare settings in the (A) overall sample, (B) 21 COPD exacerbation cohort, (C)
22 COPD exacerbations cohort, and (D) eosinophil subgroups of the 21 COPD exacerbation cohort.
Abbreviations: COPD, chronic obstructive pulmonary disease; ED, emergency department.
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Figure 2 Rate reductions of COPD exacerbations after benralizumab initiation across healthcare settings in the (A) overall sample, (B) 21 COPD exacerbation cohort, (C)
22 COPD exacerbations cohort, and (D) eosinophil subgroups of the 2I COPD exacerbation cohort.
Abbreviations: COPD, chronic obstructive pulmonary disease; ED, emergency department.

respectively; Figure 2C). Consistent decreases were observed in all eosinophil subgroups of the >1 COPD exacerbation
cohort, with rate reductions ranging from 47% to 68% (Figure 2D).

Discussion

In this real-world, pre-post study of patients with asthma and concomitant COPD, benralizumab initiation was associated
with significantly reduced rates of both asthma and COPD exacerbations across all healthcare settings. Consistent
decreases were observed among patients with prior COPD exacerbations and across all baseline eosinophil levels.

To our knowledge, this is the first study to evaluate the effect of benralizumab on asthma and COPD exacerbations
among patients who have coexistent coding for both conditions, thus contributing important insight to the limited breadth
of literature involving this patient population. This population continues to pose a challenge in clinical practice as it is not
as well defined, partially due to differing definitions of patients who have both asthma and COPD.? The population with
severe asthma may present clinically in a heterogenous manner and may have overlapping characteristics with patients
with COPD, such as those with a smoking history or persistent airflow obstruction on spirometry (FEV/FVC <70%).?
However, patients with asthma and concomitant COPD, when compared to patients with either disease, are known to
have worse outcomes, and understanding the impact of treatment for these patients is of particular importance.®
Benralizumab has previously been evaluated in clinical trials of patients with either asthma or COPD.'” The benefits
of benralizumab in severe eosinophilic asthma have been well characterized and treatment resulted in significantly lower
annual asthma exacerbation rates, decreased need for systemic corticosteroids, and improvements in asthma symptom
scores compared to placebo.' With regards to COPD, a post hoc analysis of the randomized, double-blind, placebo-
controlled, Phase 3 clinical trials GALATHEA and TERRANOVA demonstrated that benralizumab significantly reduced
the risk of moderate or severe COPD exacerbations by 60% or 42% compared with placebo during the 30-day or 90-day
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periods, respectively, following an initial exacerbation among a responder population of patients with high eosinophil
counts and frequent COPD exacerbations (p<0.01).> However, the aforementioned clinical trials, and other clinical trials,
exclude patients with both asthma and COPD.

The few studies evaluating biologics in patients with asthma and concomitant COPD are largely in the real-world
setting.” Shim et al recently used data from the prospective, observational PRISM study to identify a cohort of 94 patients
with severe asthma (81 with asthma only, 13 with asthma and concomitant COPD) who were treated with biologics
(omalizumab, mepolizumab, reslizumab, benralizumab, and dupilumab) in clinical practice.® Both the asthma and asthma
plus concomitant COPD groups experienced improvements in asthma symptom scores and exacerbation frequency after
6 months of biologic treatment, with no significant differences between the two patient groups, suggesting that patients
with both diseases have similar treatment response patterns to those with asthma only.® In a small claims-based study of
221 patients with asthma and COPD, significant reductions in the mean rate of asthma exacerbations and oral
corticosteroid use were observed after 12 months of treatment with mepolizumab (p<0.001).” While the use of different
biologics in these prior studies limits comparability, they are nonetheless aligned with the current study findings in
supporting the use of biologics in patients with asthma and concomitant COPD. Further research is warranted to provide
evidence-based treatment guidance for this especially vulnerable population of patients with both conditions.

A major strength of this study is the inclusion of a large sample size from a data source that covers 80% of the US
population; therefore, this study sample is likely representative of patients with asthma and concomitant COPD in the
US. Despite this strength, the study findings should be interpreted within the context of some limitations. A claims-based
algorithm was used to identify asthma and COPD exacerbations, which may be subject to misclassification. Further, there
may also be misclassification due to the incorrect recording of ICD codes by physicians. This study evaluated the
treatment effect of benralizumab using a pre-post study design and did not include a control arm to adjust for potential
temporal changes. While any free doses of benralizumab obtained by patients would not have been visible in the claims
data, this would have been rare and unlikely to affect the results that were observed. Future studies including more
variables of interest (eg, immunoglobulin E levels, exhaled nitric oxide, smoking history, and lung function) for
additional patients would be valuable.

Conclusion

In this real-world study, significant and consistent reductions in both asthma and COPD exacerbations were observed
after benralizumab initiation among patients with asthma and concomitant COPD, including those with prior COPD
exacerbations and across all baseline eosinophil levels. These findings provide new insights into the benefits of
benralizumab in reducing both asthma and COPD exacerbations in patients with asthma and concomitant COPD.
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