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Summary

Background—Chronic obstructive pulmonary disease (COPD) is associated with eosinophilic 

airway inflammation in 10–20% of patients. Benralizumab, an anti-interleukin-5 receptor α 
monoclonal antibody, depletes blood and sputum eosinophils. We aimed to establish whether 

benralizumab reduces acute exacerbations of COPD in patients with eosinophilia and COPD.

Methods—We did this randomised, double-blind, placebo-controlled, phase 2a study between 

Nov 18, 2010, and July 13, 2013, at 26 sites in the UK, Poland, Germany, Canada, the USA, 

Denmark, and Spain. Adults aged 40–85 years, with moderate-to-severe COPD, at least one acute 

exacerbation of COPD, and a sputum eosinophil count of 3·0% or more within the previous year, 

were randomly assigned (1:1) via computer-generated permuted block randomisation (block size 

of four), with an interactive voice or web-response system, to receive placebo or 100 mg 

benralizumab subcutaneously, every 4 weeks (three doses), then every 8 weeks (five doses) over 

48 weeks. Study site personnel included in study assessments, participants, and data analysts, were 

masked to treatment allocation. The primary endpoint was the annualised rate of acute 

exacerbations of COPD at week 56, defined as the number of acute exacerbations divided by total 

duration of person-year follow-up. Secondary and exploratory endpoints included COPD-specific 

Saint George’s Respiratory Questionnaire (SGRQ-C), Chronic Respiratory Questionnaire self-
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administered standardised format (CRQ-SAS), pre-bronchodilator forced expiratory volume in 1 

second (FEV1), and safety. We did a prespecified subgroup analysis by baseline blood eosinophil 

count. Analyses were by intention to treat and per-protocol. This trial is registered with 

ClinicalTrials.gov, number NCT01227278.

Findings—We randomly assigned 101 patients to receive placebo (n=50) or benralizumab 

(n=51), of whom 88 (87%) patients completed the study. Six patients who completed the study 

were excluded from the per-protocol population because of major protocol violations; the per-

protocol population thus included 82 patients. Benralizumab did not reduce the annualised rate of 

acute exacerbations of COPD compared with placebo in the per-protocol population, with rates of 

0·95 (0·68–1·29; n=40) versus 0·92 (0·67–1·25; n=42). Mean pre-bronchodilator FEV1 change 

from baseline to week 56 was −0·06 L (SD 0·24) with placebo, and 0·13 L (0·41) with 

benralizumab (p=0·014). Numerical, albeit non-significant, improvement in acute exacerbations of 

COPD, SGRQ-C, CRQ-SAS, and FEV1 were greater in benralizumab-treated patients with 

baseline blood eosinophil concentrations of 200 cells per µL or more or 300 cells per µL or more. 

Incidence of treatment-emergent adverse events was similar between the two groups, with the 

most common events being respiratory disorders (31 [62%] of 50 patients given placebo vs 32 

[63%] of 51 given benralizumab) and infections (28 [56%] vs 27 [53%]). A higher incidence of 

serious treatment-emergent adverse events were recorded in patients in the benralizumab group 

than in those in the placebo group (14 vs nine patients), although none of these events were 

considered by the investigator to be benralizumab related.

Interpretation—Compared with placebo, benralizumab did not reduce the rate of acute 

exacerbations of COPD. However, the results of prespecified subgroup analysis support further 

investigation of benralizumab in patients with COPD and eosinophilia.

Funding—MedImmune.

Introduction

Chronic obstructive pulmonary disease (COPD) is characterised by partly irreversible 

airflow obstruction through a combination of emphysema and destruction of small 

airways.1,2 Acute exacerbations of COPD are associated with airflow obstruction, a 

substantial reduction in health-related quality of life, and high levels of mortality and 

morbidity.3 Inflammation, predominantly neutrophilic, contributes to the narrowing of small 

airways in patients with COPD1 and is increased during acute exacerbations.4 However, in 

10–20% of patients with COPD, evidence has been reported of eosinophilic airway 

inflammation both during stable periods and during acute exacerbations;4–8 titration of 

corticosteroid treatment to reduce concentrations of airway eosinophils attenuates the 

frequency of severe acute exacerbations of COPD6.

Because of the potential role of eosinophil-mediated inflammation in patients with COPD, 

development of treatment options that reduce eosinophil concentrations is of great interest. 

Interleukin-5 regulates the differentiation, proliferation, survival, and activation of 

eosinophils via the interleukin-5 receptor.9 Antibodies to interleukin-5 greatly reduce severe 

asthma exacerbations in patients with evidence of eosinophilic inflammation.10–12
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Benralizumab, a humanised, afucosylated monoclonal antibody to interleukin-5 receptor α, 

reduces sputum and blood eosinophil counts by enhancement of antibody-dependent cell-

mediated cytotoxic effects.13,14 We did this study to assess the efficacy and safety of 

benralizumab in patients with eosinophilic COPD.

Methods

Study design and participants

We did this phase 2a, randomised, double-blind, placebo-controlled study between 

November, 2010 (the first patient was enrolled on Nov 18, 2010, and the first dose of study 

drug was given on Feb 25, 2011), and July 13, 2013, at 26 sites in the UK, Poland, Germany, 

Canada, the USA, Denmark, and Spain. Patients had to be exacerbation free in the 4-week 

run-in period, hence the delay between screening and delivery of the first dose.

We enrolled adults aged 40–85 years, with moderate-to-severe COPD2 and at least one acute 

exacerbation of COPD requiring oral corticosteroids, antibiotics, or hospital admission in the 

past year. Participants were present or past smokers with a tobacco history of ten or more 

pack-years, a post-bronchodilator forced expiratory volume in 1 second (FEV1) of less than 

80% predicted at screening, airflow obstruction with a post-bronchodilator FEV1-to-forced 

vital capacity ratio of less than 70%, and a sputum eosinophil count of 3·0% or more 12 

months before, or at, screening. We excluded patients who had no historical data showing a 

sputum eosinophil count of at least 3·0% and could not produce sputum at the screening 

visit. Furthermore, we excluded patients with a clinically significant cardiovascular history; 

additional clinically significant pulmonary disease or asthma; parasitic or chronic 

mycobacterial or viral infection; or those who had used oral immunosuppressive drugs, not 

including oral corticosteroids within the past 28 days. The appendix provides full inclusion 

and exclusion criteria.

The study protocol was developed by the chief investigator (CEB) and MedImmune and was 

approved by the institutional review board at each study site. Participants provided written 

informed consent, and the study was done in accordance with the Declaration of Helsinki.

Randomisation and masking

Participants were randomly assigned (1:1), via computer-generated permuted block 

randomisation (block size of four) with a central telephone and web-based system, to receive 

100 mg benralizumab or matched placebo, subcutaneously. Benralizumab and placebo were 

prepared by a site investigational product manager who was unmasked to treatment 

allocation and an independent site investigational product monitor, also unmasked, did 

investigational product accountability. Both investigational product manager and 

investigational product monitor were not included in study assessments. Treatments were 

given to patients by the site staff after reconstitution. All other study site personnel, 

participants, and sponsors, including data analysts, were masked to treatment allocation.
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Procedures

During screening (from week −8 to −4; figure 1), each patient’s FEV1 was measured to 

identify their maintenance treatment. For the duration of the study from week −4, patients 

whose FEV1 was at least 50% but less than 80% received tiotropium (18 ug) once daily, and 

those with less than 50% FEV1 received two inhalations of budesonide–formoterol (200 ug 

and 6 ug, respectively) twice daily. If patients with an FEV1 less than 50% predicted were 

stable (ie, no change in drug for 3 months before screening) with triple treatment (tiotropium 

with any inhaled corticosteroid and longacting β agonist) before screening, they could 

remain on this treatment. Patients could continue use of previous COPD drugs. Study drug 

was given as two subcutaneous 50 mg injections in an outpatient setting. The first three 

doses were given at weeks 1, 4, and 8, followed by doses at weeks 16, 24, 32, 40, and 48 

(figure 1). Vital signs were obtained before study drug was given and patients were 

monitored for 2 h after.

We defined an acute exacerbation of COPD as a worsening of at least two major symptoms 

(dyspnoea, sputum volume, and sputum purulence) or any major symptom together with one 

of several minor symptoms (sore throat, cold, fever without other cause, and increased cough 

or wheeze for more than 2 consecutive days).15 Acute exacerbations were categorised by 

severity on the basis of the treatment given: mild required an increased use of short-acting 

bronchodilators, moderate required treatment with systemic corticosteroids or antibiotics, 

and severe required hospital admission. Other assessments undertaken were disease-specific 

health status with the Saint George’s Respiratory Questionnaire-COPD (SGRQ-C);16,17 

reductions in hospital admissions for acute exacerbations; bodymass index (BMI), the 

airflow Obstruction, Dyspnoea, and Exercise capacity (BOD E) index;18 and health-related 

quality of life with the Chronic Respiratory Questionnaire self-administered standardised 

format (CRQ-SAS);19,20 time to first acute exacerbation; FEV1; and counts of peripheral 

blood and sputum eosinophil cells. The sputum induction and processing procedures were 

standardised and sputum cell counts were done by a central laboratory. Induction was 

contraindicated in patients with an FEV1 of less than 1·0 L. We monitored safety and 

tolerability by recording treatment-emergent adverse events. Assessments were continued to 

week 56, with safety monitoring continuing for a further 24 weeks. The appendix provides 

full details of study assessments.

Outcomes

The primary endpoint was annualised rate of moderate and severe acute exacerbations of 

COPD at week 56, defined as the number of acute exacerbations divided by total duration of 

person-year follow-up. Secondary endpoints were change from baseline at week 56 in 

SGRQ-C and CRQ-SAS scores, reduction in hospital admissions for acute exacerbations, 

BODE index, and safety. Exploratory endpoints were rate of acute exacerbations by 

maintenance treatment, time to first acute exacerbation, change from baseline in FEV1 at 

week 56, number of exacerbation-free days, as measured by the Exacerbations of Chronic 

Pulmonary Disease Tool–Patient Reported Outcome (EXACT-PRO), symptom scores, all-

cause mortality, and blood and sputum eosinophil counts.
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Statistical analysis

The intention-to-treat population included all randomised participants. Efficacy analyses 

were done with the per-protocol population, which included all patients with no major 

protocol violations who received at least six doses of study drug (including at both weeks 1 

and 4) and completed the study to at least week 56. The per-protocol population was 

identified before database lock. Sample size and power calculations were based on 

simulation with the van Elteren test (two sided). With the assumption of a drop-out rate of 

20%, 90 participants were needed for 77% power to detect a 40% reduction in rate of 

moderate and severe acute exacerbations of COPD compared with placebo, assuming an 

annual rate of two acute exacerbations to week 56 in the placebo group, with a two-sided α 
of 0·05. We did a van Elteren test, including no other stratification factors, on the per-

protocol population to compare differences in the primary endpoint between treatment 

groups. These results were also assessed with a Poisson regression model adjusted for 

overdispersion and a negative binomial model (appendix). We chose an annual exacerbation 

rate of two on the basis of published literature.21–24 A 40% reduction in COPD 

exacerbations was thought to be commercially relevant and clinically important for 

biological treatments. Thus, the study was powered to detect a 40% reduction. Because the 

study was a small phase 2a study rather than a pivotal phase 3 study, the slightly higher rate 

of type-2 errors was deemed to be acceptable and therefore 90% power was not used. We 

compared the other endpoints between treatment groups with ANCOVA. A prespecified 

subgroup analysis by baseline blood eosinophil count was added to the statistical analysis 

before database lock, on the basis of published literature.12 Post-hoc analyses of sputum 

eosinophil count cutoff points were done for all endpoints. Subpopulation treatment effect 

pattern plots (STEPP), which are designed to present estimates of treatment effect derived 

from different but overlapping subsets of data, were generated to explore the patterns of 

relative treatment effectiveness across patient subpopulations. The subpopulations were 

defined with both sputum and blood eosinophil counts within a range of cutoff values 

corresponding to the 0–40th, 10–50th, 20–60th, 30–70th, 40–80th, 50–90th, and 60–100th 

percentile. The safety population, defined as all participants who received at least one dose 

of study drug, was used to summarise safety and tolerability. Analyses were done with SAS 

(version 9.3).

This trial is registered with ClinicalTrials.gov, number NCT01227278.

Role of the funding source

The study protocol was developed by the study sponsor and CEB (principal investigator and 

lead author). The investigators obtained all study data, which were analysed by the sponsor. 

The report was written by the authors with a medical writer funded by the study sponsor. All 

authors had full access to all the data in the study and had final responsibility for the 

decision to submit for publication.

Results

Figure 1 shows the trial profile. We randomly assigned 101 patients to receive benralizumab 

(n=51) or placebo (n=50), of whom 88 (87%) completed the study. The entry criterion for 

Brightling et al. Page 5

Lancet Respir Med. Author manuscript; available in PMC 2016 October 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ClinicalTrials.gov


sputum eosinophil count (≥3·0%) was met historically in 32 (32%) patients, and in 69 (68%) 

patients at screening. However, of 95 participants with assessable baseline sputum, only 62 

(65%) had a sputum eosinophil count of 3·0% or more, showing variability. No participants 

withdrew because of subcutaneous injections. Six (7%) patients of the 88 who completed the 

study (three per treatment group) were excluded from the per-protocol population because of 

major protocol violations; the per-protocol population thus included 82 patients (42 in the 

placebo group and 40 in the benralizumab group). Demographic and baseline clinical 

characteristics were similar between treatment groups (table 1).

The primary endpoint was not met, with patients in the placebo group showing annualised 

rates of acute exacerbations of COPD at week 56 of 0·92 (95% CI 0·67–1·25), and those in 

the benralizumab group showing annualised rates of 0·95 (0·68–1·29). The rate reduction 

after benralizumab versus placebo was −3% (95% CI −58 to 33; p=0·94; figure 2). Analysis 

of the primary endpoint by Poisson regression and negative binomial calculations supported 

the results from the primary van Elteren test (appendix). In the per-protocol population, 25 

of 42 (60%) patients in the placebo group and 22 of 40 (55%) of those in the benralizumab 

group needed oral corticosteroids or intravenous antibiotics for exacerbations, or both; 

corresponding numbers in the intention-to-treat population were 28 of 50 (56%) and 27 of 

51 (53%), respectively. There was no difference in rate of hospital admissions for acute 

exacerbations between the placebo and benralizumab groups (appendix).

Benralizumab depleted both blood and sputum eosinophils by the first timepoint analysed 

(weeks 4 and 8, respectively; figure 3). These counts remained reduced throughout the 

treatment period (figure 3). Compared with placebo, we recorded greater mean percentage 

reductions from baseline in sputum eosinophil percentages in the benralizumab group at 

week 8 (11·2% [SD 1·2] vs 97·0% [1·4] reduction) and week 32 (−11·2% [1·4] increase vs 
96·3% [1·2] reduction).

Mean change from baseline to week 56 for pre-bronchodilator FEV1 was −0·06 L (SD 0·24) 

for patients given placebo and 0·13 L (0·41) for those given benralizumab (p=0·014). 

Compared with patients in the placebo group, we noted a significant improvement (p=0·014) 

in post-bronchodilator FEV1 in those in the benralizumab group (−0·08 L [SD 0·21] vs 0·09 

L [0·39]). Improvements in pre-bronchodilator and post-bronchodilator FEV1 in the 

benralizumab group happened as early as week 4 (the first timepoint analysed) and were 

sustained until week 80, 32 weeks after the last dose (figure 4). No significant differences 

between treatment groups were noted in change from baseline at week 56 for mean SGRQ-

C, CRQ-SAS, or BODE scores (appendix). The mean change from baseline to week 56 in 

SGRQ-C total score was −4·43 in the placebo group and −5·51 in the benralizumab, group 

(table 2). The appendix provides results for the exploratory endpoints (6-min walk test, 

visual analogue scale, BMI, airflow obstruction, dyspnoea, exercise capacity, and number of 

exacerbation-free days, as measured by EXACT-PRO).

In the per-protocol population, 54 (66%) patients (26 in the placebo group and 28 in the 

benralizumab group) had baseline blood eosinophil counts of 150 cells per µL or more, 39 

(48%) patients (20 vs 19 patients) had counts of 200 cells per µL or more, and 21 (26%) 

patients (seven vs 14 patients) had counts of 300 cells per µL or more.
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Reductions in rates of acute exacerbations with benralizumab were non-significant 

compared with placebo in patients with baseline eosinophil counts of 150 cells per uL or 

more (p=0·84), 200 cells per uL or more (p=0·26), or 300 cells per uL or more (p=0·28; 

figure 2). By contrast, patients with blood eosinophil counts of less than 150 cells per µL, 

200 cells per µL or 300 cells per µL had a greater, non-significant, frequency of 

exacerbations with benralizumab than with placebo (exacerbation rate 1·02 vs 0·80, p=0·70 

for <150 cells per µL; 1·15 vs 0·70, p=0·27 for <200 cells per µL; and 1·25 vs 0·87, p=0·28 

for <300 cells per µL). Improvements from baseline in pre-bronchodilator FEV1 at week 56 

with benralizumab compared with placebo were significant in patients with blood eosinophil 

counts of 150 cells per µL or more (p=0·031; appendix) or 200 cells per µL or more 

(p=0·035), and non-significant in those with counts of 300 cells per µL or more (p=0·22; 

figure 4). These findings were confirmed by STEPP analysis, which showed a greater 

numerical reduction in rate of acute exacerbations and FEV1 improvements with 

benralizumab in patients with higher baseline blood eosinophil counts (figure 5).

We recorded numerical, although not statistically significant, improvements from baseline in 

both mean SGRQ-C and CRQ-SAS scores in the benralizumab group compared with the 

placebo group in patients with blood eosinophil counts of 200 cells per µL or more and 300 

cells per µL or more (table 2, appendix). Effects were less evident in patients with blood 

eosinophil counts of 150 cells per µL or more (appendix). We did not analyse BODE index 

by peripheral blood eosinophil subgroups.

Post-hoc efficacy analyses by baseline sputum eosinophil cutoffs of 3·0% and 10·0% showed 

a positive association between changes in acute exacerbations, FEV1, SGRQ-C, and 

intensity of sputum eosinophilia (appendix). STEPP analysis showed greater reductions in 

rates of acute exacerbations and FEV1 improvements in patients in the benralizumab group 

than in those in the placebo group, with higher concentrations of sputum eosinophils (figure 

5).

Little difference between groups was noted in the total number of treatment-emergent 

adverse events, the proportion of patients who reported at least one treatment-emergent 

adverse event, and events with an incidence of 5% or greater (table 3). Although we 

recorded a higher incidence of serious treatment-emergent adverse events in patients in the 

benralizumab group than in those in the the placebo group, none of these events were 

considered by the investigator to be benralizumab related. Two (4%) patients in the 

benralizumab group died during the study (one myocardial infarction and one sudden death 

of unknown cause); however, neither death was considered to be related to benralizumab. 

One (2%) patient in the placebo group died from bronchitis after study completion. No 

hypersensitivity reactions or immune complex diseases related to treatment were reported.

Discussion

To our knowledge, this study is the first of a biological treatment for eosinophilic COPD. 

Consistent with a previous study in the asthma setting,14 benralizumab rapidly depleted both 

sputum and blood eosinophils in patients with COPD to a much greater extent than did 

inhaled or oral corticosteroids in other studies,5,26 and was reversible after treatment 
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washout. The primary endpoint in this study was not met because benralizumab did not 

reduce the rate of acute exacerbations of COPD compared with placebo in the per-protocol 

population, nor did it attenuate symptoms or health-related quality of life. However, 

benralizumab did provide clinically significant (≥100 mL) improvements in lung function, 

determined by pre-bronchodilator and post-bronchodilator FEV1, with improvements 

sustained up to week 80, 32 weeks after the last dose. In the pre-specified and post-hoc 

analyses, non-significant improvements in acute exacerbations of COPD, FEV1, and SGRQ-

C were greater in benralizumab-treated patients with raised concentrations of peripheral 

blood and sputum eosinophils. Because improvements of 100 mL or more in FEV1, or of 4 

points or more in SGRQ-C, are considered clinically significant,27 the statistically non-

significant improvements recorded for these measures might represent real-world beneficial 

effects in these populations. Thus, to our knowledge, benralizumab is the first anti-

interleukin-5 biological drug to show relevant reduction in eosinophilic inflammation and 

potentially beneficial clinical effects in subgroups of COPD patients.

Previous studies in patients with COPD have shown that eosinophilic airway inflammation is 

associated with acute exacerbations of COPD4,6 and can predict a beneficial response to 

treatment with corticosteroids.5,26,28,29 Additionally, treatment with inhaled and oral 

corticosteroids to reduce the proportion of sputum eosinophils in COPD has been associated 

with a reduction in the frequency of severe exacerbations (panel).6 Therefore, we postulated 

that patients with a sputum eosinophil count of 3·0% or more would respond to 

benralizumab.

To enrich our study, we recruited patients with evidence of sputum eosinophilia either at, or 

in the 12 months before, screening. However, by contrast with studies of patients with severe 

asthma,12,30 our findings do not show reductions in acute exacerbations of COPD. This 

difference might be explained by our small sample size, a less important role of eosinophils 

in exacerbations of COPD than in asthma, or that our study design failed to adequately 

identify patients with persistent sputum eosinophilic inflammation. The challenge of 

obtaining adequate and reliable sputum samples in a clinical setting emphasises the need for 

alternative biomarkers of eosinophilic inflammation. Furthermore, despite our use of historic 

or screening evidence of a sputum eosinophil count of 3·0% or more, only about two-thirds 

of patients had sputum eosinophilia at this concentration at baseline. The reproducibility of 

testing for sputum eosinophils in the asthma setting has been questioned in the past,31 and 

our calculations showed that testing for sputum eosinophilia between historical and day 1 

samples was repeatable in almost 70% of patients. Our protocol-standardised inhaled 

corticosteroid treatment might have affected the repeatability of the sputum eosinophil 

count. We recorded the greatest improvements in response to benralizumab in patients with 

evidence of eosinophilic inflammation at baseline; therefore, the inclusion of some 

individuals on the basis of historic sputum eosinophilia alone probably diminished the 

likelihood of significant benefits being shown.

Although the most sensitive and specific measure of sputum eosinophilia at exacerbation is 

proportion of peripheral blood eosinophil cells,4 the association between sputum and blood 

eosinophils in patients with stable COPD has not been well described. Evidence has shown 

that baseline blood eosinophil counts predict response to anti-interleukin-5 monoclonal 
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antibody treatments in patients with severe asthma12,30,32 and can be used to effectively 

direct corticosteroid treatment in patients with COPD.33,34 Although early studies were 

unable to show upregulation of interleukin-5 in the bronchial mucosa in patients with 

COPD,35,36 with use of sensitive platforms, investigators have shown that interleukin-5 can 

be detected both in sera and sputum of patients with COPD.4,33,37 On the basis of these data 

and the mechanism of action of benralizumab, with effective reduction in peripheral blood 

eosinophils, we also prespecified and assessed an alternative hypothesis that benralizumab 

would be effective in patients with COPD with baseline blood eosinophil counts of 150 or 

more, 200 or more, and 300 or more cells per µL. The aim of this prespecified analysis was 

to establish whether blood, rather than sputum, eosinophils were a better predictive 

biomarker of benralizumab response in patients with COPD. These results should be 

interpreted with caution because the numbers of patients in the subgroups were small. 

Nonetheless, our findings suggested that benralizumab could have had an effect on 

exacerbations, health status, symptoms, and lung function in patients with higher baseline 

peripheral blood eosinophil counts of 200 or more and 300 or more cells per µL. Similarly, 

post-hoc analyses showed outcomes favouring benralizumab versus placebo in patients with 

higher counts of sputum eosinophil cells. These findings might be the result of sustained 

eosinophilic airway inflammation over time, or an increased inflammatory state amenable to 

benralizumab intervention. By contrast, exacerbations seemed to be increased in patients 

with lower blood or sputum eosinophil counts. This finding might be due to several patients 

having repeated exacerbations, or because reducing eosinophil concentrations in patients 

with already low baseline eosinophil counts might result in increased susceptibility to 

infectious exacerbations. Inhaled corticosteroids, which also modulate the immune system, 

increase the risk of pneumonia,38 and COPD exacerbations associated with a low peripheral 

blood eosinophil count have a poorer outcome after treatment with oral corticosteroids than 

with placebo.33 Thus, blood eosinophil counts might identify a subpopulation for which 

benralizumab could have potential deleterious effects, and a subpopulation with persistent or 

present blood eosinophilia that benefits from benralizumab.

By contrast with our finding suggesting that benralizumab might have a clinically important 

effect on lung function in patients with COPD, studies with the anti-interleukin-5 

monoclonal antibody mepolizumab have been unable to show a benefit in lung function in 

people with asthma, although this strategy reduced asthma exacerbations.10,12 In people with 

asthma, both benralizumab30 and reslizumab32 improved FEV1. Thus, the effects noted for 

COPD in our study are consistent with findings reported for asthma. Whether the scarcity of 

response in lung function to mepolizumab in patients with severe asthma shows differences 

in the pharmacology between these biological treatments or is a consequence of different 

patient populations is unclear; additionally, whether mepolizumab and benralizumab have 

different effects in COPD needs to be addressed.

Our study has several limitations. First, the study was underpowered because the 

exacerbation rate assessed was lower than two per year. The study was also not powered for 

the subgroup analyses done. Furthermore, recruited patients were selected for inclusion by 

sputum eosinophilia, but prespecified analyses were based on peripheral blood eosinophils. 

Although what the treatment effect would be in patients with discordant concentrations of 

sputum and blood eosinophils is unclear, our post-hoc analyses by sputum eosinophils 
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seemed to confirm the results of the prespecified analyses. Despite this finding and the 

marked reductions in sputum and blood eosinophils, patients in the benralizumab group still 

had exacerbations, suggesting that not all acute exacerbations of COPD are related to 

eosinophilia. However, we did not investigate possible pathogenic causes of exacerbation 

events. Moreover, not all patients were taking inhaled corticosteroids, which are well known 

to reduce concentrations of sputum eosinophils in COPD5 and asthma.39 This diversity in 

patient population could have made the clinical effect of benralizumab seem greater than it 

actually is.

The safety profile was similar to that noted in previous studies of subcutaneous 

benralizumab in patients with asthma.14,30 However, serious adverse events were reported 

by a slightly higher proportion of patients in the benralizumab group than in the placebo 

group, although none were considered to be related to treatment. These findings need to be 

extended to larger studies.

To our knowledge, this study is the first to provide evidence suggesting effectiveness of 

treatment with a biological compound that affects eosinophils in reducing exacerbations and 

improving other functional abnormalities in specific groups of patients with COPD. These 

findings support further clinical development of benralizumab in patients with eosinophilic 

COPD, and phase 3 studies are underway (ClinicalTrials.gov, numbers NCT02155660 and 

NCT02138916) to assess the effect of benralizumab on exacerbation reduction and 

concentrations of blood eosinophils.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel: Research in context

Systematic review

We searched PubMed with the terms “COPD”, “chronic obstructive pulmonary disease”, 

“interleukin 5” and “eosinophil” for articles published up to Aug 7, 2014, with no 

restrictions. We did not identify any studies of anti-interleukin-5 monoclonal antibody 

treatment in patients with chronic obstructive pulmonary disease (COPD). CEB was an 

investigator in Siva and colleagues’ 2007 study,6 which showed that a treatment strategy 

to titrate corticosteroid treatment, with an aim to normalise the sputum eosinophil count, 

reduced acute exacerbations of COPD. Furthermore, similar findings in patients with 

eosinophilic asthma prescribed anti-interleukin-5 monoclonal therapy also showed 

positive findings with respect to reductions in exacerbations. We therefore postulated that 

reduction of sputum eosinophils with an anti-interleukin-5 antibody would reduce 

exacerbations in patients with COPD and eosinophilia. We now know that eosinophils 

play a large part in the pathogenesis of COPD, because up to 30% of patients with COPD 

have sputum eosinophilia; however, at the time the study commenced, little data were 

available in this area. In the intervening period, more data have been published, and are 

referenced in this manuscript.

Interpretation

Our findings confirm that in a subgroup of patients with COPD with raised 

concentrations of eosinophils, a proportion seem to respond to treatments that reduce the 

numbers of these cells—ie, treatments that target interleukin-5. Benralizumab might 

improve lung function and reduce exacerbations in this patient population; however, 

improvements recorded in our trial were not significant. On the basis of our findings, 

phase 3 studies have been started to investigate further and establish whether 

benralizumab can significantly improve lung function and reduce exacerbations in these 

patients.
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Figure 1. Study design (A) and trial profile (B)
*These patients comprised the intention-to-treat and safety population; six patients were 

excluded from the per-protocol population for major protocol violations: eligibility criteria 

not checked appropriately (n=4), use of restricted drugs (n=1), and non-compliance with 

maintenance treatment (n=1).†Neither death was considered related to treatment.
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Figure 2. Rate of annualised moderate and severe acute exacerbations of COPD at week 56 (per-
protocol population)
Values above the bars show rate reduction (95% CI) with benralizumab. One patient in the 

benralizumab group was not included in the subgroup analyses because no baseline 

eosinophil count was available. One patient in the placebo group did not have baseline blood 

eosinophil count, resulting in one patient less for subgroup analyses in this group. 

COPD=chronic obstructive pulmonary disease. *Number of patients in each subgroup.
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Figure 3. Mean (SE) eosinophil count over time in peripheral blood (A) and induced sputum (B) 
in the safety population
Arrows represent when doses were given; bold arrow shows time of final dose. *Number of 

patients for each timepoint. †Out of 400 cells.
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Figure 4. 
Mean (SE) change from baseline in pre-bronchodilator forced expiratory volume in 1 second 

for the overall study population (A) and over time for the 200 cells per µL cutoff subgroup 

(B), the 300 cells per µL cutoff subgroup (C), and to week 56 by eosinophil subgroup (D; 

per-protocol population)

Values above the bars in panel D show the difference (95% CI) between treatment groups. 

Tables show number of patients for each timepoint or in each subgroup. One patient in the 
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benralizumab group was not included in the subgroup analyses because no baseline 

eosinophil count was available. *p=0·014. †p=0·03. ‡p=0·035.
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Figure 5. Subpopulation treatment effect pattern plots by blood and sputum eosinophil cutoffs
Rate reduction of acute exacerbations of chronic obstructive pulmonary disease by blood (A) 

and sputum eosinophils (B), and FEV1 by blood (C) and sputum eosinophils (D). Each 

subpopulation contains roughly 40% of the patients with eosinophil counts around the 

selected cutoff; cutoffs correspond to the 20th, 30th, 40th, 50th, 60th, 70th, and 80th 

percentiles. Data below panels show number of patients in each percentile. Y axes show the 

difference in measure between between benralizumab and placebo. Shaded areas represent 

95% CIs. FEV1=forced expiratory volume in 1 second.
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Table 1

Baseline demographics and clinical characteristics (intention-to-treat population)

Placebo group (n=50) Benralizumab group (n=51)

Demographics

Age (years) 64·6 (7·5) 62·9 (8·2)

Female 21 (42%) 16 (31%)

White 50 (100%) 50 (98%)

BMI (kg/m2) 26·5 (4·8) 26·6 (5·6)

COPD exacerbations in the previous 12 months resulting in*:

  Hospital admission 0·2 (0·4) 0·3 (0·6)

  Visit to emergency department 0·1 (0·4) 0·1 (0·5)

  Visit to physician’s office 1·7 (1·4) 1·3 (1·0)

  Phone call to physician’s office 0·4 (0·9) 0·3 (0·6)

COPD exacerbations in previous 12 months† 1·6 (1·0) 1·6 (1·0)

Present smoker 21 (42%) 17 (33%)

Ex-smoker 29 (58%) 34 (67%)

Number of pack-years smoked‡ 49·4 (22·0) 49.3 (28·1)

COPD characteristics

GOLD 2001 status§

  I and II 31 (62%) 24 (48%)

  III and IV 19 (38%) 26 (52%)

SGRQ-C score¶ 48·1 (19·9) 52·7 (19·3)

  Symptoms 63·7 (23·9) 67·7 (20·9)

  Activity 58·7 (23·7) 64·0 (24·7)

  Impact 36·6 (20·0) 40·8 (21·8)

Airway function

Pre-bronchodilator FEV1 (L) 1·4 (0·6) 1·3 (0·5)

Post-bronchodilator FEV1 (L) 1·5 (0·6) 1·5 (0·5)

FEV1 (% predicted; L) 49·9 (17·9) 44·2 (16·1)

FEV1 to FVC ratio 48·4 (13·5) 47·1 (13·7)

Baseline concentrations of blood and sputum eosinophils

Blood eosinophils (cells per µL) 229·2 (164·5) 248·8 (193·4)

Sputum eosinophils (%)‖ 8·7% (14·1) 12·0% (14·4)

Background treatment at baseline

LAMA 24 (49%) 20 (40%)

ICS and LABA 5 (10%) 5 (10%)

Lancet Respir Med. Author manuscript; available in PMC 2016 October 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brightling et al. Page 22

Placebo group (n=50) Benralizumab group (n=51)

ICS and LABA, and LAMA 20 (41%) 25 (50%)

Data are mean (SD) or n (%), unless otherwise indicated.

BMI=body-mass index. COPD=chronic obstructive pulmonary disease. GOLD=Global Initiative for Chronic Obstructive Pulmonary Disease. 
SGRQ-C=St George’s Respiratory Questionnaire–COPD. FEV1=forced expiratory volume in 1 second. FVC=forced vital capacity. LAMA=long-

acting muscarinic antagonists. ICS=inhaled corticosteroids. LABA=long-acting β agonists.

*
These values are not mutually exclusive.

†
We did not capture the exact number of previous exacerbations; we captured only the data as shown for hospital admission, emergency department 

admission, physician visit, and physician phone call. Thus, if a patient had two physician visits and one hospital admission, we took a conservative 
approach in calculation of the total exacerbation count, whereby one physician visit and one hospital admission were the same exacerbation and 
were calculated as two exacerbations (ie, two physician visits) not three (ie, two physician visits and one hospital visit).

‡
One pack year is 20 cigarettes smoked every day for 1 year.

§
GOLD status shows severity of disease as established by spirometry results, with stage I being the mildest.25

¶
Scores on the SGRQ-C range from 0 to 100, whereby a lower score shows better health status.

‖
Baseline sputum data were available for 80 patients with day 1 data and for 15 patients with induced sputum at screening; only 62 (65%) of these 

patients had a sputum eosinophil count of 3·0% or more at baseline.
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Table 3

Summary of treatment-emergent adverse events (safety population)

Placebo group
(n=50)

Benralizumab
group
(n=51)

Number of treatment-emergent adverse events 240 282

Patients reporting one or more treatment-emergent adverse event 41 (82%) 45 (88%)

Number of treatment-emergent serious adverse events 16 25

Patients reporting one or more treatment-emergent serious adverse
event

9 (18%) 14 (27%)

Patients with treatment-emergent adverse events leading to
discontinuation

2 (4%) 3 (6%)

Treatment-emergent adverse events by system organ class recorded in 5% or more patients in the

benralizumab group*

   Respiratory, thoracic, and mediastinal disorders 31 (62%) 32 (63%)

   Infections and infestations† 28 (56%) 27 (53%)

   Musculoskeletal and connective tissue disorders 10 (20%) 16 (31%)

   General disorders and administration-site disorders 4 (8%) 13 (25%)

   Nervous-system disorders 6 (12%) 10 (20%)

   Investigations‡ 4 (8%) 10 (20%)

   Gastrointestinal disorders 14 (28%) 9 (18%)

   Skin and subcutaneous-tissue disorders 3 (6%) 9 (18%)

   Injury, poisoning, and procedural complications 6 (12%) 7 (14%)

   Cardiac disorders 2 (4%) 7 (14%)

   Vascular disorders 6 (12%) 5 (10%)

   Metabolism and nutrition disorders 5 (10%) 3 (6%)

   Renal and urinary disorders 2 (4%) 3 (6%)

   Reproductive system and breast disorders 1 (2%) 3 (6%)

Data are n or n (%).

*
Patients were counted only once for each system organ class, irrespective of how many events they had.

†
Includes infections and infestations of any organ system.

‡
Covers changes to clinical laboratory results, including in C-reactive protein, rates of erythrocyte sedimentation, and weight.
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