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Abstract: Exacerbations in chronic obstructive pulmonary disease (COPD), which tend to occur in clusters and increase with disease
severity, come with high societal and economic burdens. Prevention and delay of recurrent exacerbations is an unmet and significant
therapeutic need for patients with COPD. GALATHEA (NCT02138916) and TERRANOVA (NCT02155660) were trials assessing
efficacy of benralizumab in patients with frequent COPD exacerbations despite treatment. Although these studies found that
benralizumab given as an add-on treatment did not significantly reduce annual rates of COPD exacerbations after 56 weeks of
treatment, in the following exploratory post hoc analysis of the GALATHEA and TERRANOVA trials we identified a potential
responder population in which treatment with benralizumab prevents recurrent COPD exacerbations during 30- and 90-day periods
following an initial exacerbation, a vulnerable period for an exacerbation to occur. This responder population was characterized by
high blood eosinophil counts and frequent previous exacerbations despite optimized triple therapy. These results highlight the
importance of targeted therapies for high-risk populations and merit further research into the benefits of biologic therapies for
COPD exacerbations.
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Introduction

Preventing and delaying recurrent exacerbations is an unmet need and crucial therapeutic goal in chronic obstructive
'3 with a US study
showing that approximately 20% of patients hospitalized for acute COPD exacerbations are readmitted to hospital within 30

pulmonary disease (COPD). Studies have shown that COPD exacerbations often occur in clusters,

days,* and a European study showing that over a third of patients are readmitted within 90 days.’ Benralizumab is
a humanized afucosylated (IgG1) anti-interleukin-5 (IL-5) receptor o monoclonal antibody that has been shown to rapidly
deplete eosinophils in blood, airway, and sputum by inducing apoptosis following recruitment of natural killer cells.®®

GALATHEA (NCT02138916) and TERRANOVA (NCT02155660) were 2 randomized, double-blind, placebo-
controlled Phase 3 trials assessing the efficacy of benralizumab in patients experiencing frequent COPD exacerbations
despite treatment.’ These trials showed that benralizumab added to inhaled maintenance treatments did not significantly
reduce the annual COPD exacerbation rate after 56 weeks.” However, a post hoc analysis identified a potential responder
subgroup with distinct characteristics, including a history of >3 COPD exacerbations in the previous year despite
receiving triple therapy (inhaled corticosteroid, a long-acting B,-agonist, and a long-acting muscarinic antagonist) and
a baseline blood eosinophil (bEOS) count >300 cells/uL."°
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Methods
In this exploratory post hoc analysis of the GALATHEA and TERRANOVA trials, we examined the effect of
benralizumab 100 mg versus placebo on recurrent COPD exacerbations in the potential responder population (>3

COPD exacerbations in the previous year while receiving triple therapy plus bEOS > 300 cells/uL) who had >1
exacerbation following randomization despite treatment. In this subpopulation, we evaluated recurrent COPD exacerba-
tions within 30 and 90 days following an initial moderate or severe exacerbation (a vulnerable period for another
exacerbation to occur). Moderate COPD exacerbations were defined as increased respiratory symptoms leading to
systemic corticosteroid and/or antibiotic use; severe exacerbations were defined as hospitalizations. Severe exacerbations
resulting in death were excluded from these analyses. Statistical analyses were performed using a negative binomial
model, including the following covariates: treatment, study (GALATHEA or TERRANOVA), geographic region, and the
number of prior exacerbations.

Overall, 145 patients (benralizumab, n = 73; placebo, n = 72) were included in this post hoc analysis, representing
approximately 6.5% of the relevant population from GALATHEA and TERRANOVA (benralizumab, 73/1114; placebo,
72/1118). Baseline demographics and characteristics of the subpopulation included in these analyses are shown in
Table 1. The mean (SD) patient age was 65.3 (8.4) years, most patients were male (n = 92; 63.4%) and white (n =
119; 82.1%), and 30.3% were current smokers. The median bEOS count was 450.0 (range: 300—3860) cells/uL, and the
mean (SD) pre-bronchodilator forced expiratory volume in 1 second (FEV;) was 37.4% (12.3) of predicted. Patient
demographics and clinical characteristics were similar between groups, although there was a higher number of exacer-
bations in the previous year in the placebo group (4.3 [1.9]) compared to the benralizumab group (3.9 [1.3]). By design,
the patients in this analysis had more exacerbations in the past 12 months (4.1 [1.7]) compared to the overall patient
population in the GALATHEA and TERRANOVA trials.’

Table | Baseline Patient Demographics and Characteristics

Benralizumab Placebo All Patients
(n=173) (n=172) (n = 145)
Age, mean (SD), year 64.6 (8.1) 66.1 (8.7) 65.3 (8.4)
Sex, male, n (%) 41 (56.2) 51 (70.8) 92 (63.4)
Race, White, n (%) 59 (80.8) 60 (83.3) 119 (82.1)
Body mass index, mean (SD), kg/m? 27.63 (6.5) 26.63 (4.9) 27.14 (5.8)
Nicotine use status
Current, n (%) 25 (34.2) 19 (26.4) 44 (30.3)
Former, n (%) 48 (65.8) 53 (73.6) 101 (69.7)
Nicotine consumption, mean (SD), pack-year 44.6 (25.6) 47.1 (25.5) 45.9 (25.5)
On maintenance COPD medication (ICS/LABA/LAMA), n (%) | 73 (100.0) 72 (100.0) 145 (100.0)
Baseline bEOS count, mean (SD), cells/mL 589.3 (468.8) 617.4 (460.2) 603.2 (463.2)
Baseline bEOS count, median (range), cells/mL 450 (300-3860) 445 (300-2830) | 450 (300-3860)
Pre-bronchodilator FEV|, mean (SD), %PN 384 (124) 36.3 (12.1) 374 (12.3)
Post-bronchodilator FEV/FVC ratio, mean (SD), % 42 (10) 41 (1) 41 (1)
Exacerbations in the previous year, mean (SD), range 3.93 (1.3), 3-10 4.29 (1.9), 3—-12 | 4.11 (1.6), 3-12
Atopic status by Phadiatop test, n (%) 25 (34.2) 25 (34.7) 50 (34.5)

Abbreviations: bEOS, blood eosinophils; COPD, chronic obstructive pulmonary disease; FEV|, forced expiratory volume in | second; FVC, forced
vital capacity; ICS, inhaled corticosteroids; LABA, long-acting b,-agonist; LAMA, long-acting muscarinic antagonist; PN, predicted normal.
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Exacerbation events Crude rate
Benralizumab  Placebo Benralizumab  Placebo Rate ratio (95% CI) | p values

30 days

Moderate/severe 14 62 1.67 4.55 < = . 0.40 (0.22,0.72) 0.0022
Moderate 11 45 1.31 3.30 < ] 0.46 (0.24, 0.91) 0.0247
Severe 3 17 0.36 1.25 P S—1 : 0.33 (0.08, 1.30) 0.1133
90 days

Moderate/severe 48 127 1.93 3.74 —_— : 0.58 (0.41,0.81) 0.0017
Moderate 40 103 1.61 3.03 S E— : 0.60 (0.41, 0.87) 0.0071
Severe 8 24 0.32 0.71 < = : 0.48 (0.16, 1.43) 0.1862

T T T T T 1
0.50 1.0 1.5 20 25 3.0

Favors benralizumab 100 mg «——— —— Favors placebo

Figure | Risk of recurrent COPD exacerbations within 30* and 90° days.
Notes: *Total follow-up time: benralizumab 100 mg, 8.4 years; placebo, 13.6 years. "Total follow-up time: benralizumab 100 mg, 24.9 years; placebo, 34.0 years.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease.

Results

Within 30 days of an initial exacerbation, 14 moderate or severe exacerbations occurred in the benralizumab group versus
62 in the placebo group. Benralizumab reduced the risk of recurrent moderate or severe COPD exacerbations within 30
days by 60% compared with placebo (rate ratio [RR], 0.40; 95% CI: 0.22-0.72; p=0.0022) (Figure 1).

Within 90 days of an initial exacerbation, 48 moderate or severe exacerbations occurred in the benralizumab group
versus 127 in the placebo group. Benralizumab reduced the risk for recurrent moderate or severe COPD exacerbations
within 90 days by 42% compared to placebo (RR, 0.58; 95% CI: 0.41-0.81; p=0.0017) (Figure 1). Additionally, fewer
recurrent severe exacerbations occurred in the benralizumab group compared to placebo after 30 days (benralizumab = 3,
placebo = 17; RR, 0.33; 95% CI: 0.08-1.30; p=0.1133) and 90 days (benralizumab = 8, placebo = 24; RR, 0.48; 95% CI:
0.16-1.43; p=0.1862), although the differences were not statistically significant.

Discussion

We acknowledge that a potential limitation of this post hoc analysis is the risk of a type I error. Yet, the effects of
benralizumab on this patient population appear clinically significant and merit further investigation; indeed, the ongoing
RESOLUTE (NCT04053634) phase 3 trial is designed to evaluate the efficacy of benralizumab specifically in this patient
population. In addition, the ABRA trial (NCT04098718) will evaluate bEOS-guided benralizumab therapy in COPD
patients with eosinophilic exacerbations in the acute setting. The results from these studies will examine the potential
benefits of benralizumab therapy in COPD patients with an eosinophilic phenotype.

Conclusion

In conclusion, the results of this post hoc analysis support the hypothesis that benralizumab reduces the risk for recurrent
COPD exacerbations within the vulnerable 30-to-90—day period in the previously identified responder population: those
with high bEOS counts and frequent previous exacerbations despite optimized triple therapy. This is a promising finding,
as recurrent COPD exacerbations carry serious risks for patients, including hospital readmittance 30 and 90 days

112 treatment failure,'? inpatient mortality of 10%, and up to 50% all-cause mortality 2 years after

following an event,
an event.'” The results of this post hoc analysis highlight the importance of targeted interventions to reduce the risk for
recurrent COPD exacerbations in high-risk patients, as well as the beneficial impact of biologic therapy on COPD

exacerbations overall.
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