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Benralizumab, an anti-interleukin-5 receptor α monoclonal 
antibody, as add-on treatment for patients with severe, 
uncontrolled, eosinophilic asthma (CALIMA): a randomised, 
double-blind, placebo-controlled phase 3 trial
J Mark FitzGerald, Eugene R Bleecker, Parameswaran Nair, Stephanie Korn, Ken Ohta, Marek Lommatzsch, Gary T Ferguson, William W Busse, 
Peter Barker, Stephanie Sproule, Geoff rey Gilmartin, Viktoria Werkström, Magnus Aurivillius, Mitchell Goldman, on behalf of the CALIMA 
study investigators*

Summary
Background Benralizumab is a humanised, afucosylated, anti-interleukin-5 receptor α monoclonal antibody that 
induces direct, rapid, and nearly complete depletion of eosinophils. We aimed to assess the effi  cacy and safety of 
benralizumab as add-on therapy for patients with severe, uncontrolled asthma and elevated blood eosinophil counts.

Methods In this randomised, double-blind, parallel-group, placebo-controlled, phase 3 study (CALIMA) undertaken 
at 303 sites in 11 countries, we enrolled patients aged 12–75 years with severe asthma uncontrolled by medium-
dosage to high-dosage inhaled corticosteroids plus long-acting β₂-agonists (ICS plus LABA) and a history of two or 
more exacerbations in the previous year. Patients were randomly assigned (1:1:1) to receive 56 weeks of benralizumab 
30 mg every 4 weeks (Q4W), benralizumab 30 mg every 8 weeks (Q8W; fi rst three doses 4 weeks apart), or placebo (all 
subcutaneous injection). Patients were stratifi ed (2:1) by baseline blood eosinophil counts 300 cells per μL or greater 
and less than 300 cells per μL, respectively. Patients and study centre staff  were masked to treatment allocation. The 
primary endpoint was annual exacerbation rate ratio versus placebo for patients receiving high-dosage ICS plus LABA 
with baseline blood eosinophils 300 cells per μL or greater (intention-to-treat analysis). Key secondary endpoints were 
pre-bronchodilator forced expiratory volume in 1 s (FEV1) and total asthma symptom score. This study is registered 
with ClinicalTrials.gov, number NCT01914757.

Findings Between Aug 21, 2013, and March 16, 2015, 2505 patients were enrolled, of whom 1306 patients were 
randomised; 425 patients were randomly assigned to and received benralizumab 30 mg Q4W, 441 to benralizumab 
30 mg Q8W, and 440 to placebo. 728 patients were included in the primary analysis population. Benralizumab 
resulted in signifi cantly lower annual exacerbation rates with the Q4W regimen (rate 0·60 [95% CI 0·48–0·74], rate 
ratio 0·64 [95% CI 0·49–0·85], p=0·0018, n=241) and Q8W regimen (rate 0·66 [95% CI 0·54–0·82], rate ratio 0·72 
[95% CI 0·54–0·95], p=0·0188, n=239) compared with placebo (rate 0·93 [95% CI 0·77–1·12], n=248). Benralizumab 
also signifi cantly improved pre-bronchodilator FEV1 (Q4W and Q8W) and total asthma symptom score (Q8W only) in 
these patients. The most common adverse events were nasopharyngitis (90 [21%] in the Q4W group, 79 [18%] in the 
Q8W group, and 92 [21%] in the placebo group) and worsening asthma (61 [14%] in the Q4W group, 47 [11%] in the 
Q8W group, and 68 [15%] in the group).

Interpretation Benralizumab signifi cantly reduced annual exacerbation rates and was generally well tolerated for 
patients with severe, uncontrolled asthma with blood eosinophils 300 cells per μL or greater. Our data further refi ne 
the patient population likely to receive the greatest benefi t from benralizumab treatment.

Funding AstraZeneca and Kyowa Hakko Kirin.

Introduction
Asthma aff ects an estimated 315 million people 
worldwide, approximately 10% of whom have severe or 
uncontrolled asthma.1,2 Patients with severe asthma 
require treatment with high-dosage inhaled 
corticosteroids plus long-acting β2-agonists (LABA) to 
control their disease.2 Despite currently available 
treatments, asthma remains uncontrolled for many 
patients. Because this diffi  cult-to-treat group is at high 
risk of exacerbations and admissions to hospital, often 
has diminished health-related quality of life, and 

represents a major health-care burden,3 additional 
therapeutic options to control severe asthma are needed.

For many patients, eosinophilia is a hallmark of severe, 
uncontrolled asthma.4 Increased numbers of airway and 
circulating eosinophils are associated with an increased 
frequency of asthma exacerbations, a high symptom 
burden, and impaired lung function.5–7 Conversely, 
maintaining lowered eosinophils has been linked with 
fewer asthma exacerbations and hospital admissions.8 
The cytokine interleukin 5 is a main driver of eosinophil 
proliferation, maturation, activation, and survival.9 
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Thus, the interleukin-5 pathway is an attractive 
therapeutic target to decrease eosinophils, with the goal 
of eliminating lung and airway infl ammation.

Current treatment guidelines for patients with severe, 
uncontrolled asthma with eosinophilia recommend add-
on anti-interleukin-5 biologic therapy.10 Mepolizumab 
and reslizumab are humanised monoclonal antibodies, 
directed against the interleukin-5 molecule, that disrupt 
eosinophil maturation.11,12 Both medications have shown 
clinical effi  cacy for patients with severe asthma with an 
eosinophilic phenotype.13–16 However, targeting the 
interleukin-5 molecule could result in suboptimal 
depletion of eosinophils.17–20

Benralizumab is a humanised, afucosylated, anti-
interleukin-5 receptor α monoclonal antibody that induces 
direct, rapid, and nearly complete depletion of eosinophils 
via enhanced antibody-dependent cell-mediated cyto-
toxicity, the process by which natural killer cells cause 
eosinophil apoptosis.18 In phase 1 studies, benralizumab 
rapidly depleted eosinophils for patients with mild atopic 
or eosinophilic asthma.21,22 In a subsequent phase 2B, dose-
ranging study, benralizumab signifi cantly reduced the rate 
of asthma exacerbations for patients with eosinophilic 
asthma uncontrolled by inhaled corticosteroids plus LABA 
therapy.23 Moreover, patients with baseline blood 
eosinophils 300 cells per μL or greater achieved the greatest 
therapeutic benefi t.23

In the 56-week, phase 3 CALIMA trial, we aimed to 
investigate the effi  cacy and safety of benralizumab for 
patients with severe asthma uncontrolled by high-dosage 
inhaled corticosteroids plus LABA with baseline blood 
eosinophils 300 cells per μL or greater.

Methods
Study design and participants
This was a randomised, double-blind, parallel-group, 
placebo-controlled, phase 3 trial (CALIMA). Patients 
were enrolled at 303 clinical research centres in the USA, 
Canada, Germany, Sweden, Poland, Romania, Ukraine, 
Argentina, Chile, Japan, and the Philippines (appendix 
pp 2–5). The study design comprised an enrolment visit 
(week –4), a 4-week screening and run-in phase, 
randomisation (week 0), the treatment period 
(weeks 0–56), and a fi nal follow-up visit (week 60).

Male and female patients aged 12–75 years with a body 
weight 40 kg or heavier and a history of physician-
diagnosed asthma requiring treatment with medium-
dosage to high-dosage inhaled corticosteroids (>250 μg 
[medium] or ≥500 μg [high] fl uticasone dry powder 
formulation or equivalent total daily dosage) plus LABA, 
for 12 months or more before enrolment, were included. 
Patients must have also had two or more asthma 
exacerbations in the 12 months before enrolment that 
required use of a systemic corticosteroid or temporary 
increase in the patient’s usual maintenance dosage of 
oral corticosteroids.

Additional inclusion criteria included treatment with 
inhaled corticosteroids (≥500 μg per day fl uticasone 
propionate dry powder formulation or equivalent total 
daily dosage) plus LABA for 3 months or more before 
enrolment, with or without oral corticosteroids and 
additional asthma controllers; a pre-bronchodilator 
forced expiratory volume in 1 s (FEV1) of less than 80% 
predicted (<90% predicted for patients aged 12–17 years) 
at screening; Asthma Control Questionnaire-624 (ACQ-6) 

 Research in context

Evidence before this study
We searched PubMed for all clinical trial reports published in 
English before June 12, 2016, on the use of anti-interleukin-5 
biologic drugs for the treatment of asthma in humans. Our 
search terms included “eosinophils”, “interleukin-5”, 
“monoclonal antibody”, “asthma”, “benralizumab”, 
“mepolizumab”, and “reslizumab”. Our search identifi ed 
29 results, including two phase 1 studies of benralizumab that 
reported reduced blood eosinophil counts in patients with 
mild atopic and eosinophilic asthma, as well as a phase 2b 
benralizumab dose-ranging study that reported decreased 
exacerbation rates for patients with severe eosinophilic 
asthma. In the phase 2b study, benralizumab effi  cacy seemed 
to be enhanced for patients with blood eosinophil counts 
exceeding 300 cells per μL. In addition, we identified two 
phase 3 studies and a subsequent secondary analysis of phase 3 
trial data for mepolizumab, as well as a report of two duplicate 
phase 3 studies of reslizumab treatment for patients with 
severe, uncontrolled asthma. Together, these studies 
reinforced the clinical benefit of therapies targeting the 

interleukin-5 pathway for patients with severe asthma and 
provided evidence that clinical effi  cacy of anti-interleukin-5 
biologic therapy is linked to baseline eosinophil counts and 
exacerbation history.

Added value of this study
The results of the CALIMA trial validate the approach of 
targeting the interleukin-5 receptor α to deplete eosinophil 
counts, reduce asthma exacerbations, improve lung function, 
and substantially alleviate asthma symptoms of patients with 
severe, uncontrolled asthma. 

Implications of all the available evidence
New and existing data support the current Global Initiative for 
Asthma management strategy, which recommends the 
addition of anti-interleukin-5 biologic therapy to inhaled 
corticosteroids and LABA treatment to reduce exacerbations 
for patients with severe, uncontrolled asthma and 
eosinophilia. Our data further refi ne the patient population 
likely to receive the greatest benefi t from benralizumab 
treatment. 
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score ≥1·5 at enrolment; and post-bronchodilator 
reversibility in FEV1 of 12% or greater and 200 mL or 
greater in FEV1 within 12 months before enrolment (lung 
function impairment criteria were included based on 
treatment guidelines at the time the study protocol was 
developed; see appendix pp 6–8 for full eligibility criteria). 
Patients continued receiving their background asthma 
controller medications at a stable dosage during the 
study and short-acting β2-agonists were allowed as rescue 
medications (see appendix pp 9–11 for restricted asthma 
medications).

An independent ethics committee or institutional 
review board for each study centre approved the fi nal 
study protocol. All patients provided written, informed 
consent before initiation of any study procedures. The 
study was conducted in accordance with the Declaration 
of Helsinki, International Conference on Harmonisation 
of Technical Requirements for Registration of 
Pharmaceuticals for Human Use and Good Clinical 
Practice guidelines, and the ethics committee at each 
participating site.

Randomisation and masking
Eligible adult patients from all regions and adolescent 
patients from outside of the European Union were 
randomly assigned (1:1:1) to receive 56-week, double-
blind treatment with either benralizumab 30 mg once 
every 4 weeks (Q4W), benralizumab 30 mg once every 
4 weeks for the fi rst three doses followed by once every 
8 weeks for the remainder of the treatment period 
(hereafter referred to as the Q8W regimen), or placebo. 
Patients aged 12–17 years enrolled within the European 
Union were randomly assigned (1:1) to receive double-
blind treatment with benralizumab 30 mg Q8W or 
placebo to accommodate a request by the Paediatric 
Committee at the European Medicines Agency to limit 
drug burden in adolescents.

Patients were assigned to treatment groups using 
an interactive web-based voice response system. 
Randomisation was stratifi ed by inhaled corticosteroids 
dosage at enrolment (high or medium), geographic 
region, age group (adult or adolescent), and peripheral 
blood eosinophil count at enrolment (<300 cells per μL or 
≥300 cells per μL). Patients were recruited with blood 
eosinophils 300 cells per μL or greater and less than 
300 cells per μL at screening in a ratio of approximately 
2:1, respectively, to enrich the study population with 
patients most likely to have an eosinophilic phenotype 
and to gain an insight into how patients with lower blood 
eosinophil counts respond to therapy. The study 
investigator assigned randomisation codes sequentially 
in each stratum as patients became eligible for 
randomisation, until each stratum was full.

To preserve blinding, patients and study centre staff  
were masked to treatment allocation, placebo solution 
was visually matched with benralizumab solution, and 
both placebo and benralizumab were provided in 

accessorised (needle guards and fi nger phalanges), pre-
fi lled syringes.

Procedures
Benralizumab (manufactured by AstraZeneca, 
Gaithersburg, MD, USA) was administered as a 
30 mg per mL solution for injection (1 mL). Patients 
assigned to benralizumab Q4W or placebo received their 
randomised treatment at study centre visits at weeks 0, 4, 
8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, and 52, whereas 
patients assigned to benralizumab Q8W received 
benralizumab on weeks 0, 4, 8, 16, 24, 32, 40, and 48, and 
placebo at intervening visits. The anatomical site of 
injection was rotated at each visit.

Data were collected from all patients at enrolment, 
screening, randomisation (week 0), 4-weekly intervals 
during the treatment period (weeks 4–56), and follow-up 
(week 60). Study investigators undertook pre-
bronchodilator spirometry at screening, then at weeks 0, 
4, 8, 16, 24, 32, 40, 48, and 56. Study investigators 
undertook post-bronchodilator spirometry at screening, 
and weeks 0, 24, and 56. Patients monitored peak 
expiratory fl ow at home using a hand-held spirometer, 
recorded asthma symptoms, and completed the Asthma 
Daily Diary,24 twice a day from the morning of the 
screening visit (week –3) to the end of the treatment 
period (week 56). In addition, patients recorded 
responses to the self-administered ACQ-625 and 
standardised Asthma Quality of Life Questionnaire for 
12 years and older26 (AQLQ[S]+12) once every 2 weeks 
and once every 4 weeks, respectively, during the treatment 
period. Patients recorded all responses using an 
electronic patient-reported outcomes device (see 
appendix pp 12–13 for procedure and questionnaire 
details). The Asthma Daily Diary, ACQ-6, and 
AQLQ(S)+12 have been validated for use in clinical 
trials.24–26 At each visit, investigators assessed patients’ 
adherence to lung function measurements and self-
assessment questionnaires. Adverse events were also 
recorded at each study visit.

Outcomes
The primary effi  cacy endpoint was the annual rate ratio 
versus placebo of asthma exacerbations for patients 
receiving high-dosage inhaled corticosteroids plus LABA 
with baseline blood eosinophils 300 cells per μL or 
greater. The annual exacerbation rate was defi ned as the 
total number of exacerbations × 365·25 / total duration of 
follow-up within the treatment group (days). An asthma 
exacerbation was defi ned as a worsening of asthma that 
led to one of the following: (1) use of systemic 
corticosteroids for 3 days or more or a temporary increase 
in a stable, background dosage of oral corticosteroids; 
(2) an emergency department or urgent care visit (<24 h) 
due to asthma that required systemic corticosteroids; or 
(3) an inpatient admission to hospital (≥24 h) due to 
asthma. Worsening of asthma was defi ned as any new or 
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increased symptoms or signs that were concerning to 
the patient or related to an Asthma Daily Diary alert 
(appendix p 14).

Key secondary effi  cacy endpoints (ie, multiplicity [type I 
error] protected) were pre-bronchodilator FEV1 and total 
asthma symptom score for patients receiving high-
dosage inhaled corticosteroids plus LABA with baseline 
blood eosinophils 300 cells per μL or greater. Additional 
secondary endpoints were time to fi rst asthma 

exacerbation; annual rate of asthma exacerbations 
associated with an emergency department visit, urgent 
care visit, or admission to hospital (defi ned as an 
admission to an inpatient facility and/or evaluation and 
treatment in a health-care facility for 24 h or longer); 
post-bronchodilator FEV1; ACQ-6 score; and AQLQ(S)+12 
score.

To assess safety, study investigators recorded adverse 
events from start of treatment to end of treatment.

Figure 1: Trial profi le
*Patients discontinued treatment but attended all study visits. ICS=inhaled corticosteroids. LABA=long-acting β2-agonist. Q4W=once every 4 weeks. Q8W=once every 8 weeks (fi rst three doses Q4W). 
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Statistical analysis
The anticipated total sample size was approximately 
1296 patients. The study was powered for the primary 
effi  cacy analysis of adult and adolescent patients receiving 
high-dosage inhaled corticosteroids plus LABA with 
baseline blood eosinophil counts 300 cells per μL or 

greater. Approximately 228 patients needed to be 
randomised to each treatment group (totalling roughly 
684 patients) to achieve 90% power to detect a 
40% reduction in the annual asthma exacerbation rate in 
this patient population for both benralizumab dosage 
versus placebo. The sample size calculation assumed 

All patients (n=1306) High-dosage ICS plus LABA with baseline blood 
eosinophils ≥300 cells per μL (n=728)

High-dosage ICS plus LABA with baseline blood 
eosinophils <300 cells per μL (n=363)

Placebo 
(n=440)

Benralizumab 
30 mg Q4W 
(n=425)

Benralizumab 
30 mg Q8W 
(n=441)

Placebo 
(n=248)

Benralizumab 
30 mg Q4W 
(n=241)

Benralizumab 
30 mg Q8W 
(n=239)

Placebo 
(n=122)

Benralizumab 
30 mg Q4W 
(n=116)

Benralizumab 
30 mg Q8W 
(n=125)

Age (years) 48·8 (15·1) 50·0 (13·6) 49·0 (14·3) 48·5 (14·1) 50·1 (13·1) 49·6 (13·0) 52·4 (14·4) 51·9 (12·2) 51·1 (13·8)

Age group (years)

≥12  to <18 23 (5%) 11 (3%) 21 (5%) 7 (3%) 3 (1%) 6 (3%) 5 (4%) 1 (<1%) 4 (3%)

≥18 to 75 417 (95%) 414 (97%) 420 (95%) 241 (97%) 238 (99%) 233 (97%) 117 (96%) 115 (99%) 121 (97%)

Sex

Male 176 (40%) 155 (36%) 168 (38%) 103 (42%) 82 (34%) 101 (42%) 46 (38%) 45 (39%) 38 (30%)

Female 264 (60%) 270 (64%) 273 (62%) 145 (58%) 159 (66%) 138 (58%) 76 (62%) 71 (61%) 87 (70%)

Race

White 372 (85%) 360 (85%) 369 (84%) 213 (86%) 209 (87%) 203 (85%) 108 (89%) 99 (85%) 107 (86%)

Black or African 
American

14 (3%) 10 (2%) 15 (3%) 8 (3%) 5 (2%) 8 (3%) 4 (3%) 3 (3%) 5 (4%)

Asian 53 (12%) 55 (13%) 55 (12%) 27 (11%) 27 (11%) 28 (12%) 10 (8%) 14 (12%) 12 (10%)

Other* 1 (<1%) 0 2 (<1%) 0 0 0 0 0 1 (<1%)

Ethnic group

Hispanic or Latino 92 (21%) 104 (24%) 104 (24%) 52 (21%) 56 (23%) 52 (22%) 22 (18%) 26 (22%) 27 (22%)

Not Hispanic or Latino 348 (79%) 321 (76%) 337 (76%) 196 (79%) 185 (77%) 187 (78%) 100 (82%) 90 (78%) 98 (78%)

Body-mass index (kg/m2)† 28·9 (6·5) 28·7 (6·8) 28·8 (6·5) 29·0 (6·1) 29·1 (7·3) 28·6 (6·1) 29·7 (7·4) 28·8 (6·5) 29·8 (7·2)

Missing data 1 0 0 0 0 0 1 0 0

Local eosinophil count 
(cells per μL)†

371
(0–4494)

370
(20–2420)

400
(0–2600)

510
(300–4494)

500
(300–2420)

500
(300–2600)

190
(0–298)

160
(20–293)

180
(0–295)

Missing data 7 7 6 1 4 3 2 0 2

Central eosinophil count 
(cells per μL)†

370
(0–4150)

350
(0–2800)

350
(0–2260)

490
(30–4150)

470
(0–2800)

475
(10–2260)

170
(0–700)

150
(10–880)

140
(0–440)

Missing data 11 9 9 8 4 5 3 5 2

Prebronchodilator FEV1 
(L)†

1·771
(0·645)

1·757
(0·602)

1·759
(0·641)

1·815 
0·648)

1·75
 (0·570)

1·758
(0·622)

1·639
(0·615)

1·717
(0·626)

1·665
(0·616)

Missing data 6 5 1 3 2 0 3 2 1

Prebronchodilator FEV1 (% 
predicted normal)†

58·0%
(14·9)

58·9%
(14·8)

57·9%
(14·9)

58·2% 
(13·9)

59·1% 
(13·7)

57·0%
(14·2)

56·1%
(16·3)

57·4%
(16·2)

56·7%
(15·2)

Missing data 6 5 1 3 2 0 3 2 1

FEV1/FVC 
prebronchodilator†

61 (13) 61 (12) 60 (13) 60 (12) 61 (12) 60 (13) 60 (13) 59 (13) 60 (14)

Missing data 6 5 1 3 2 0 3 2 1

Reversibility (%)† 20% 
(–18 to 814)

20% 
(–24 to 809)

20% 
(–13 to 171)

20% 
(–9 to 133)

20% 
(–24 to 124)

20% 
(–13 to 171)

18% 
(–18 to 814)

21%
(–9 to 809)

18%
(–10 to 154)

Missing data 13 15 8 5 6 3 7 6 4

ACQ-6 score‡ 2·69 (0·92) 2·69 (0·91) 2·75 (0·93) 2·75 (0·94) 2·70 (0·91) 2·80 (0·95) 2·68 (0·89) 2·82 (0·89) 2·87 (0·96)

Time since asthma 
diagnosis (years)

16·2
(1·2–69·9)

15·8
(1·2–69·2)

16·8
(1·1–64·6)

17·0
(1·3–69·9)

15·6
(1·3–66·2)

16·1
(1·2–58·2)

16·3
(1·2–64·9)

15·0
(1·5–69·2)

18·3
(1·1–64·6)

(Table 1 continues on next page)
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two-sided 4% α-level tests (see appendix p 16 for rationale), 
an annual placebo exacerbation rate of 0·88 events per 
patient based on published data, and an exposure–
response analysis of phase 2B study data,23,27 and a negative 
binomial shape parameter of 0·9. To maintain a 2:1 ratio of 
patients with blood eosinophil counts of 300 cells per μL or 
greater and less than 300 cells per μL, we aimed to enrol 

114 patients receiving high-dosage inhaled corticosteroids 
plus LABA with blood eosinophil counts less than 300 cells 
per μL per treatment group. Lastly, approximately 
270 patients receiving medium-dosage inhaled 
corticosteroids plus LABA were expected to be recruited.

Exacerbation rates for each of the benralizumab 
treatment groups were compared with the exacerbation 

All patients (n=1306) High-dosage ICS plus LABA with baseline blood 
eosinophils ≥300 cells per μL (n=728)

High-dosage ICS plus LABA with baseline blood 
eosinophils <300 cells per μL (n=363)

Placebo 
(n=440)

Benralizumab 
30 mg Q4W 
(n=425)

Benralizumab 
30 mg Q8W 
(n=441)

Placebo 
(n=248)

Benralizumab 
30 mg Q4W 
(n=241)

Benralizumab 
30 mg Q8W 
(n=239)

Placebo 
(n=122)

Benralizumab 
30 mg Q4W 
(n=116)

Benralizumab 
30 mg Q8W 
(n=125)

(Continued from previous page)

Number of exacerbations 
in the past 12 months

2·7 (1·6) 2·7 (1·9) 2·7 (1·4) 2·8 (1·7) 2·8 (1·7) 2·7 (1·3) 2·7 (1·9) 2·6 (1.6) 2·7 (1·7)

Number resulting in 
emergency department 
visit

0·3 (1.2) 0·3 (0·8) 0·2 (0.7) 0·4 (1·4) 0·3 (0·9) 0·2 (0·6) 0·2 (0·8) 0·2 (0·5) 0·2 (0·6)

Patients with ≥1 
exacerbations 
resulting in 
emergency 
department visit

62 (14%) 60 (14%) 56 (13%) 36 (15%) 35 (15%) 31 (13%) 18 (15%) 15 (13%) 13 (10%)

Number resulting in 
hospital admission

0·3 (0·8) 0·2 (0·5) 0·3 (0·7) 0·3 (0·7) 0·2 (0·5) 0·3 (0·6) 0·3 (1.0) 0·3 (0·6) 0·2 (0·6)

Patients with ≥1 
exacerbations resulting 
in hospital admission

72 (16%) 65 (15%) 78 (18%) 44 (18%) 42 (17%) 43 (18%) 21 (17%) 20 (17%) 18 (14%)

Total asthma symptom 
score†

2·71 (1·04) 2·73 (1·02) 2·79 (1·06) 2·71 (1·06) 2·69 (0·98) 2·76 (1·06) 2·69 (1·02) 2·81 (1·09) 2·87 (1·06)

Missing data 1 1 2 1 0 1 0 1 1

Diagnosis of allergic 
rhinitis

248 (56%) 242 (57%) 227 (51%) 147 (59%) 136 (56%) 125 (52%) 59 (48%) 68 (59%) 58 (46%)

Nasal polyps 73 (17%) 59 (14%) 65 (15%) 55 (22%) 40 (17%) 53 (22%) 12 (10%) 12 (10%) 8 (6%)

Atopic (based on 
Phadiatop test)

286 (65%) 264 (62%) 278 (63%) 164 (66%) 151 (63%) 149 (62%) 69 (57%) 62 (53%) 75 (60%)

History of omalizumab 
treatment†

14 (3%) 12 (3%) 12 (3%) 9 (4%) 7 (3%) 7 (3%) 5 (4%) 4 (3%) 3 (2%)

Missing data 1 1 3 0 0 2 1 1 1

AQLQ(S)+12 score†§ 3·96 (1·03) 3·98 (0·96) 3·85 (1·02) 3·93 (1·04) 3·99 (0·98) 3·87 (1·05) 4·03 (1·01) 3·95 (0·93) 3·82 (0·97)

Missing data 13 13 13 8 7 7 2 4 2

Smoking history

Never 349 (79%) 325 (76%) 348 (79%) 203 (82%) 175 (73%) 185 (77%) 89 (73%) 91 (78%) 99 (79%)

Current 2 (<1%) 0 3 (<1%) 1 (<1%) 0 1 (<1%) 0 0 1 (<1%)

Former 89 (20%) 100 (24%) 90 (20%) 44 (18%) 66 (27%) 53 (22%) 33 (27%) 25 (22%) 25 (20%)

Smoking pack year 
(years)¶

5 (0–9) 5 (0–9) 5 (0–45) 4 (0–9) 5 (0–9) 4·5 (0–45) 5 (0–9) 5 (0–9) 5 (0–9)

Data are mean (SD), median (range), or n (%). ACQ-6=Asthma Control Questionnaire-6. AQLQ(S)+12=Standardised Asthma Quality of Life Questionnaire for 12 years and older. FEV1=forced expiratory volume in 
1 s. FVC=forced vital capacity. ICS=inhaled corticosteroids. LABA=long-acting β2-agonist. Q4W=once every 4 weeks. Q8W=once every 8 weeks (fi rst three doses Q4W). *Native Hawaiian or other Pacifi c Islander, 
American Indian or Alaska Native, and other. †Data not available for all randomised patients. ‡The ACQ-6 is a 6-item questionnaire to assess daytime and night-time symptoms and rescue β2-agonist use on a 
0–6 scale (low numbers represent better control). §The AQLQ(S)+12 is a 32-item questionnaire to assess asthma-related quality of life scored on a 1–7 scale (greater numbers indicate better quality of life). 
¶For current and former smokers. 

Table 1: Baseline demographics and clinical characteristics (full analysis set)
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rate in the placebo group using a negative binomial 
model. The response variable in the model was the 
number of asthma exacerbations experienced by a patient 
during the 56-week treatment period. The model 
included covariates of treatment group, region, number 
of exacerbations in the previous year, and the use 
of maintenance oral corticosteroids at the time of 
randomisation. The estimated treatment eff ect (ie, the 
rate ratio of benralizumab vs placebo), corresponding 
95% CI, and two-sided p value for the rate ratio were 
determined. The annual exacerbation rate and 
corresponding 95% CI within each treatment group were 
also calculated.

Change from baseline in pre-bronchodilator FEV1 and 
total asthma symptom score at week 56 was compared 
between each of the benralizumab treatment groups and 
the placebo group using a mixed-eff ects model for 
repeated measures analysis, with adjustment for 

treatment, region, baseline value, oral corticosteroids use 
at the time of randomisation, visit, and visit × treatment. 
Change from baseline to week 56 in ACQ-6 and 
AQLQ(S)+12 scores was analysed using the same 
method. Results are presented in terms of least squares 
means, treatment diff erences in least squares means, 
95% CIs, and p values. Time to fi rst exacerbation was 
analysed using a Cox proportional hazards model and 
was fi tted to data with covariates of treatment, region, 
number of exacerbations in the year before the study, and 
the use of maintenance oral corticosteroids at the time of 
randomisation. Data are presented as hazard ratios (HR), 
95% CI, and p values.

To account for multiplicity in testing the primary and 
key secondary endpoints in the primary analysis 
population, a multiple testing procedure was followed to 
control the overall type I error rate, according to a 
gatekeeping procedure (see appendix p 16). We calculated 

High-dosage ICS plus LABA with baseline blood eosinophils 
≥300 cells per μL

High-dosage ICS plus LABA with baseline blood eosinophils 
<300 cells per μL

Placebo (n=248) Benralizumab 30 mg 
Q4W (n=241)

Benralizumab 
30 mg Q8W 
(n=239)

Placebo (n=122) Benralizumab 
30 mg Q4W 
(n=116)

Benralizumab 
30 mg Q8W 
(n=125)

Annual asthma exacerbation rate over 56 weeks*

Number of patients 
analysed (baseline and 
at least one post-
baseline assessment)

248 241 239 122 116 125

Rate estimate 0·93 (0·77–1·12) 0·60 (0·48–0·74) 0·66 (0·54–0·82) 1·21 (0·96–1·52) 0·78 (0·59–1·02) 0·73 (0·55–0·95)

Absolute diff erence 
estimate

·· –0·33 
(–0·54 to –0·12)

–0·26 
(–0·48 to –0·04)

·· –0·43 
(–0·78 to –0·08)

–0·48 
(–0·82 to –0·14)

Rate ratio vs placebo ·· 0·64 (0·49–0·85) 0·72 (0·54–0·95) ·· 0·64 (0·45–0·92) 0·60 (0·42–0·86)

p value vs placebo ·· 0·0018 0·0188 ·· 0·0150 0·0048

Prebronchodilator FEV1 (L)†

Number of patients 
analysed (baseline and 
at least one post-
baseline assessment)

244 238 238 116 114 121

LS mean change§ 0·215; 221 0·340; 216 0·330; 211 0·156; 99 0·219; 101 0·140; 98

LS mean diff erence vs 
placebo

·· 0·125
(0·037–0·213)

0·116 
(0·028–0·204)

·· 0·064 
(–0·049 to 0·176)

–0·015 
(–0·127 to 0·096)

p value vs placebo ·· 0·0054 0·0102 ·· 0·2676 0·7863

Total asthma symptom score†‡

Number of patients 
analysed (baseline and 
at least one post-
baseline assessment)

247  241  237  122  115  124

LS mean change§ –1·16; 187  –1·28; 184 –1·40; 185 –0·95; 89 –1·11; 88 –0·95; 85

LS mean diff erence vs
placebo

.. –0·12
(–0·32 to 0·07)

–0·23 
(–0·43 to –0·04)

.. –0·16 
(–0·44 to 0·13)

0·01 
(–0·28 to 0·29)

p value vs placebo .. 0·2241 0·0186 0·2868 0·9663

Data for the primary endpoint are rate estimate (95% CI) or rate ratio (95% CI). Data for the secondary endpoint are mean change from baseline at week 56; n or mean 
diff erence (95% CI). FEV1=forced expiratory volume in 1 s. LS=least squares. Q4W=once every 4 weeks. Q8W=once every 8 weeks (fi rst three doses Q4W). 
*Estimates calculated using a negative binomial model with adjustment for treatment, region, oral corticosteroid use at time of randomisation, and previous exacerbations. 
†Estimates calculated using a mixed-eff ects model for repeated measures analysis with adjustment for treatment, baseline value, region, oral corticosteroid use at time of 
randomisation, visit, and visit × treatment. ‡Key secondary endpoint; composite of daytime and night-time symptoms scored 0–6 overall (a decrease in score indicates 
improvement). §Numbers after semicolon are patients at 56 weeks.

Table 2: Asthma exacerbations, lung function outcomes, and asthma symptoms by baseline eosinophil counts (full analysis set)
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the annual exacerbation rate for each dosing regimen 
and tested at the family-wise error rate of 0·04 using a 
Hochberg procedure. If both results were signifi cant at 
this level, key secondary endpoints for each dosing 
regimen were tested at the family-wise error rate of 0·05, 
maintaining an overall type I error rate of 0·05 using a 
Holm procedure.

Prespecifi ed subgroup analyses were conducted to 
assess the exacerbation rate in patient subgroups of 
clinical relevance (see appendix p 15 for subgroups). We 
also conducted a post-hoc analysis to assess further the 
treatment eff ect of the number of exacerbations 
experienced by patients in the previous year (2, ≥3) using 
a separate negative binomial model with adjustment for 
treatment, region, and oral corticosteroids use at the 
time of randomisation. The model for the three or more 
previous exacerbations subgroup was adjusted for the 
number of previous exacerbations.

All effi  cacy analyses were done using an intention-to-
treat approach based on the full analysis set. The full 
analysis set considered patients according to their 
assigned treatment regimen and included all 
randomised patients who received any study treatment, 
regardless of their protocol adherence and continued 
participation in the study. The safety analysis set 
considered patients based on the actual treatment 
regimen they received and included all patients who 
received at least one dose of study treatment. All data 
were analysed with SAS System version 9.2 (SAS 
Institute Inc, Cary, NC, USA).

The study was overseen by an independent drug safety 
monitoring board, and two adjudication committees 
(asthma adjudication, and MACE and malignancy 
adjudication; appendix p 17).

This study is registered with ClinicalTrials.gov, number 
NCT01914757.

Role of the funding source
JMF, ERB, and the funders of the study participated in 
the study design. All authors participated in data 
collection, data analysis, data interpretation, or writing of 
the manuscript. All authors gave approval to submit for 
publication.

Results
Between Aug 21, 2013, and March 16, 2015, we recruited 
2505 patients. 2181 entered screening and run-in and 
1306 were randomised (fi gure 1). All randomised patients 
received study treatment: 425 patients were randomly 
assigned to and received benralizumab 30 mg Q4W, 
441 patients to benralizumab 30 mg Q8W, and 440 patients 
to placebo. Of these, 1157 (89%) patients completed and 
149 (11%) patients discontinued treatment, 116 of whom 
also discontinued the study. The most common reason for 
treatment withdrawal was patient decision (63 [42%] 
of 149), and reasons for withdrawal were balanced across 
treatment groups. All 1306 patients randomised were 
included in the full analysis set and safety analysis set. 
Within the full analysis set, 728 patients were receiving 
high-dosage inhaled corticosteroids plus LABA and had 
baseline blood eosinophil counts ≥300 cells per μL and 
were eligible for the primary effi  cacy analysis: 241 patients 
in the benralizumab Q4W group, 239 patients in the 
benralizumab Q8W group, and 248 patients in the placebo 
group (fi gure 1). Patient demographics and baseline 
clinical characteristics were balanced across study groups 
(table 1; concomitant maintenance asthma medications at 
baseline are provided in the appendix p 18).

For the primary endpoint, 56 weeks of treatment with 
benralizumab resulted in signifi cant reductions in the 
annual rate of asthma exacerbations, compared with 
placebo, for patients receiving high-dosage inhaled 
corticosteroids plus LABA with baseline blood eosinophils 
≥300 cells per μL (table 2). Annual exacerbation rates 
were approximately 36% (rate ratio 0·64 [95% CI 

Figure 2: Annual asthma exacerbation rate reductions at 56 weeks for 
patients receiving high-dosage ICS plus LABA with baseline blood 
eosinophils (A) 300 cells per μL or greater and (B) less than 300 cells per μL 
(full analysis set)
Estimates calculated using a negative binomial model with adjustment for 
treatment, region, oral corticosteroid use at time of randomisation, and 
previous exacerbations. ICS=inhaled corticosteroids. LABA=long-acting β2-agonist. 
Q4W=once every 4 weeks. Q8W=once every 8 weeks (fi rst three doses Q4W).
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0·49–0·85], p=0·0018) and 28% (0·72 [0·54–0·95], 
p=0·0188) lower than with placebo for patients treated 
with the benralizumab Q4W and Q8W regimens, 
respectively (fi gure 2).

For the key secondary endpoints, 56 weeks of treatment 
with benralizumab Q4W and Q8W resulted in signifi cant 
increases in pre-bronchodilator FEV1, compared with 
placebo for patients receiving high-dosage inhaled 
corticosteroids plus LABA with baseline blood 
eosinophils ≥300 cells per μL (table 2). Improvements in 
pre-bronchodilator FEV1 were present within 4 weeks of 
treatment start and were maintained throughout the 
entire treatment period (fi gure 3).

The benralizumab Q8W regimen resulted in a 
signifi cant reduction in total asthma symptom score at 
week 56 relative to baseline (table 2), compared with 
placebo, for patients receiving high-dosage inhaled 
corticosteroids plus LABA with baseline blood 
eosinophils ≥300 cells per μL. Total asthma symptom 
score was lower for benralizumab-treated patients than 
for patients who received placebo at most timepoints 
throughout the treatment period (see appendix p 20 for 
time course). Mean changes in total asthma symptom 
scores did not diff er at most timepoints during the 
treatment period between patients treated with the 
benralizumab Q4W regimen and those who received 
placebo in this patient subpopulation (table 2; see 
appendix p 20 for time course).

For additional secondary endpoints for patients with 
baseline blood eosinophils ≥300  cells per μL who were 
receiving high-dosage inhaled corticosteroids plus LABA, 
both benralizumab dosing regimens increased the time 
to fi rst asthma exacerbation compared with placebo 
(Q4W HR 0·61 [95% CI 0·46–0·80], p=0·0004; Q8W 
HR 0·73 [0·55–0·95], p=0·0182; see appendix p 21 for 
plots of time to fi rst exacerbation). During the 56-week 
period, the curves for cumulative number of 
exacerbations for the benralizumab treated and placebo 
cohorts diverged as early as 4 weeks (fi rst sampling time 
point; see appendix p 22 for plots of cumulative number 
of exacerbations). The annual rate of asthma 
exacerbations that required an emergency department 
visit or admission to hospital did not diff er between the 
benralizumab and placebo treatment groups (Q4W rate 
ratio 0·93 [95% CI 0·48–1·82], p=0·8366; Q8W rate 
ratio 1·23 [0·64–2·35], p=0·5381; appendix p 23). In 
addition, benralizumab treatment did not alter the time 
to fi rst asthma exacerbation requiring an emergency 
department visit or admission to hospital (Q4W HR 1·01 
[95% CI 0·50–2·02], p=0·9766; Q8W HR 1·41 [0·73–2·76], 
p=0·3011). Both benralizumab regimens versus placebo 
increased post-bronchodilator FEV1 at week 56 relative to 
baseline (appendix p 19).

Benralizumab treatment improved ACQ-6 scores at 
week 56 relative to baseline for patients receiving high-
dosage inhaled corticosteroids plus LABA with baseline 
blood eosinophils ≥300 cells per μL, compared with 

placebo (table 3). AQLQ(S)+12 scores at week 56 relative 
to baseline also improved for patients receiving high-
dosage inhaled corticosteroids plus LABA with baseline 
blood eosinophils ≥300 cells per μL treated with the 
benralizumab Q8W regimen compared with placebo, but 
not for patients treated with the Q4W regimen (table 3).

In an exploratory analysis of the eff ect of benralizumab 
on blood eosinophil counts for the subpopulation of 
patients who were receiving high-dosage inhaled 
corticosteroids plus LABA with baseline blood 
eosinophils ≥300 cells per μL, anti-eosinophil therapy 
reduced blood eosinophils from baseline (Q4W median 
470 cells per μL [IQR 320–720]; Q8W 480 cells per μL 

Figure 3: Change from baseline in pre-bronchodilator FEV1 for patients receiving high-dosage ICS plus 
LABA with baseline blood eosinophils (A) 300 cells per μL or greater and (B) less than 300 cells per μL 
(full analysis set)
FEV1=forced expiratory volume in 1 s. ICS=inhaled corticosteroids. LABA=long-acting β2-agonist. Q4W=once 
every 4 weeks. Q8W=once every 8 weeks (fi rst three doses Q4W). *p<0·05 for benralizumab Q4W versus 
placebo treatment comparison. †p<0·05 for benralizumab Q8W versus placebo treatment comparison. 
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[350–700]) through week 4 (Q4W and Q8W median 
0 cells per μL [0–10]), and week 56 (Q4W and Q8W 
median 0 cells per μL [0–10]). By comparison, blood 
eosinophil counts remained generally stable between 
baseline and end of treatment for patients in this group 
who received placebo (appendix p 24).

Reduced annual exacerbation rates and blood eosinophil 
counts were also achieved with 56 weeks of benralizumab 
treatment versus placebo for patients receiving high-
dosage inhaled corticosteroids plus LABA with baseline 
blood eosinophil counts <300 cells per μL (table 2; fi gure 2; 
see appendix p 24 for on-treatment blood eosinophil 
counts). However, pre-bronchodilator FEV1 did not 
improve for patients treated with benralizumab in this 
patient group (table 2; fi gure 3). No apparent treatment 
diff erences were observed in change from baseline total 
asthma symptom score for either benralizumab dosing 
regimen versus placebo for patients receiving high-dosage 
inhaled corticosteroids plus LABA with baseline eosinophil 
counts less than 300 cells per μL (table 2). Annual 
exacerbation rates, pre-bronchodilator FEV1, and total 
asthma symptom scores were not aff ected by benralizumab 
treatment for the subset of patients receiving medium-
dosage inhaled corticosteroids plus LABA with blood 
eosinophils ≥300 cells per μL at baseline (appendix p 25).

Data obtained in prespecifi ed subgroup analyses 
suggested that geographic region and baseline asthma 
severity, as indicated by the number of exacerbations 
experienced by patients in the previous year, might have 
infl uenced the magnitude of treatment eff ect (see 
appendix p 26 for full subgroup analysis). The regions 
with the smallest treatment eff ects were eastern Europe 
(Q4W rate ratio 0·89 [95% CI 0·55–1·44]; Q8W rate 
ratio 1·00 [0·62–1·62]), and rest of world (South America; 
Q4W rate ratio 0·69 [0·37–1·28]; Q8W rate ratio 1·04 
[0·58–1·88]). In these two regions, the percentages of 
patients who had experienced two exacerbations in the 
previous year were substantially greater than the 
percentages of patients who had experienced three or 
more previous exacerbations (see appendix p 27 for 
baseline patient demographics and clinical characteristics 
by geographic region). A possible treatment eff ect of 
baseline asthma severity was examined further in a post-
hoc analysis. For patients receiving high-dosage inhaled 
corticosteroids plus LABA with baseline blood 
eosinophils ≥300 cells per μL who had experienced two 
exacerbations in the previous year, annual exacerbation 
rates did not diff er between the placebo group and the 
benralizumab treatment groups (see appendix p 28 for 
exacerbation rate ratios). For patients who had 

High-dosage ICS plus LABA + baseline blood eosinophils 
≥300 cells per μL

High-dosage ICS plus LABA + baseline blood eosinophils 
<300 cells per μL

Placebo (n=248) Benralizumab 30 mg 
Q4W (n=241)

Benralizumab 30 mg 
Q8W (n=239)

Placebo (n=122) Benralizumab 30 mg 
Q4W (n=116)

Benralizumab 30 mg 
Q8W (n=125)

ACQ-6 score*†

Number of patients 
analysed (baseline 
and at least one post-
baseline assessment)

247 241  239  122  116  125

LS mean change‡ –1·19; 197 –1·38; 192 –1·44; 185 –0·89; 92 –1·14; 88 –1·00; 83

LS mean diff erence vs 
placebo

·· –0·19
(–0·38 to –0·01)

–0·25 
(–0·44 to –0·07)

·· –0·24
(–0·51 to 0·03)

–0·10
(–0·37 to 0·16)

p value vs placebo ·· 0·0425 0·0082 ·· 0·0776 0·4488

AQLQ(S)+12 score*§

Number of patients 
analysed (baseline 
and at least one post-
baseline assessment)

240 233  230  ·· ·· ··

LS mean change‡ 1·31; 191 1·47; 186 1·56; 180 ·· ·· ··

LS mean diff erence vs 
placebo

·· 0·16 (–0·04 to 0·37) 0·24 (0·04 to 0·45) ·· ·· ··

p value vs placebo ·· 0·1194 0·0194 ·· ·· ··

Data are mean change from baseline at week 56; n or mean diff erence (95% CI). We did not do a formal statistical analysis of the data from the <300 cells per μL group for 
AQLQ(S)+12 score.  ACQ-6=Asthma Control Questionnaire-6. AQLQ(S)+12=Standardised Asthma Quality of Life Questionnaire for 12 years and older. ICS=inhaled 
corticosteroids. LABA=long-acting β2-agonist. LS=least squares. Q4W=once every 4 weeks. Q8W=once every 8 weeks (fi rst three doses Q4W). *Estimates calculated using a 
mixed-eff ects model for repeated measures analysis with adjustment for treatment, baseline value, region, oral corticosteroid use at time of randomisation, visit, and visit × 
treatment. †The ACQ-6 is a 6-item questionnaire to assess daytime and night-time symptoms and rescue β2-agonist use on a 0–6 scale (low numbers represent better 
control). ‡Numbers after semicolon are patients at 56 weeks.  §The AQLQ(S)+12 is a 32-item questionnaire to assess asthma-related quality of life scored on a 1–7 scale (high 
numbers indicate better quality of life). 

Table 3: Improvements in health-related quality of life and productivity with benralizumab treatment at week 56 (full analysis set)
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experienced three or more exacerbations in the previous 
year, the annual rates of asthma exacerbations were 45% 
lower in the benralizumab Q4W group (crude rate 0·90, 
treatment eff ect 0·55 [95% CI 0·37–0·81], p=0·0028, 
n=92) and 51% lower in the benralizumab Q8W group 
(crude rate 0·75, treatment eff ect 0·49 [95% CI 
0·33–0·74], p=0·0008, n=95) than in the placebo group 
(crude rate 1·71, n=97; appendix p 28). This analysis also 
indicated substantially greater improvements in FEV1, 
ACQ-6, AQLQ(S)+12, and total asthma symptom scores 
for these patients.

Most (984 [75%]) patients had adverse events during 
the on-treatment period (see appendix p 29 for safety 

results based on baseline blood eosinophil counts). 
Fewer patients treated with benralizumab (642 [74%] of 
866) versus placebo (342 [78%] of 440) experienced 
adverse events. The most common adverse event was 
nasopharyngitis (20%). Adverse events were considered 
to be related to study treatment in 141 (11%) patients, 
22 (2%) patients experienced adverse events that led to 
discontinuation of treatment, and four (<1%) patients 
died as a result of adverse events (table 4). Adverse events 
were considered to be mild in 317 (24%) patients, 
moderate in 551 (42%) patients, and severe in 116 (9%) 
patients, when classifi ed according to their maximum 
intensity during the on-treatment period.

28 (2%) patients had injection-site reactions and 
43 (3%) patients had hypersensitivity adverse events 
(table 4). The most common hypersensitivity adverse 
event was urticaria (22 [2%]). Incidences of injection-site 
reactions and hypersensitivity were similar between all 
treatment groups. A positive anti-drug antibody response 
was reported for 127 (15%) of 866 patients receiving 
benralizumab (see appendix p 30 for full immunogenicity 
results).

During the on-treatment period, 145 (11%) patients 
experienced serious adverse events (table 4). Fewer 
patients treated with benralizumab (85 [10%] of 866) 
versus placebo (60 [14%] of 440) experienced serious 
adverse events. The most commonly reported serious 
adverse event during the on-treatment period was 
worsening asthma for 21 (5%) patients treated with 
benralizumab Q4W, 18 (4%) patients treated with 
benralizumab Q8W, and 23 (5%) patients who received 
placebo. Investigators considered serious adverse events 
to be related to study treatment in four (<1%) patients: 
one patient treated with benralizumab Q4W experienced 
urticaria, two patients treated with benralizumab Q8W 
experienced serious adverse events of asthma and herpes 
zoster (n=1 each), and one patient receiving placebo 
experienced non-cardiac chest pain. Ten (<1%) patients 
discontinued treatment because of serious adverse 
events: fi ve patients treated with benralizumab Q4W, 

Placebo
(n=440)

Benralizumab 
30 mg Q4W
(n=438)

Benralizumab 
30 mg Q8W
(n=428)

Any adverse event 342 (78%) 322 (74%) 320 (75%)

Any drug-related 
adverse event

36 (8%) 51 (12%) 54 (13%)

Any adverse event 
leading to treatment 
discontinuation

4 (<1%) 8 (2%) 10 (2%)

Any adverse event 
leading to death

0 2 (<1%) 2 (<1%)

Any serious adverse 
event

60 (14%) 45 (10%) 40 (9%)

Adverse event in >3% 
of patients*

Nasopharyngitis 92 (21%) 90 (21%) 79 (18%)

Asthma 68 (15%) 61 (14%) 47 (11%)

Bronchitis 52 (12%) 40 (9%) 44 (10%)

Upper respiratory 
tract infection

41 (9%) 29 (7%) 36 (8%)

Headache 32 (7%) 33 (8%) 34 (8%)

Sinusitis 37 (8%) 21 (5%) 20 (5%)

Infl uenza 24 (5%) 22 (5%) 14 (3%)

Rhinitis allergic 23 (5%) 20 (5%) 16 (4%)

Hypertension 21 (5%) 12 (3%) 18 (4%)

Rhinitis 17 (4%) 12 (3%) 17 (4%)

Back pain 16 (4%) 16 (4%) 11 (3%)

Acute sinusitis 14 (3%) 6 (1%) 5 (1%)

Arthralgia 9 (2%) 8 (2%) 14 (3%)

Cough 8 (2%) 10 (2%) 14 (3%)

Pharyngitis 7 (2%) 16 (4%) 10 (2%)

Pyrexia 6 (1%) 16 (4%) 12 (3%)

Injection-site 
reactions

8 (2%) 11 (3%) 9 (2%)

Hypersensitivity 17 (4%) 13 (3%) 13 (3%)

Drug-related 
hypersensitivity

2 (<1%) 2 (<1%) 4 (<1%)

Data are number of patients (%). The on-treatment period was defi ned as the day 
of fi rst dose of study treatment to the scheduled end of therapy visit. Q4W=once 
every 4 weeks. Q8W=once every 8 weeks (fi rst three doses Q4W). *Medical 
Dictionary for Regulatory Activities version 18.1.

Table 4: Adverse events, injection-site reactions, and hypersensitivity 
during the on-treatment period (all patients [n=1306])

CALIMA SIROCCO28

Benralizumab 
Q4W

Benralizumab
Q8W

Benralizumab 
Q4W

Benralizumab 
Q8W

Annual rate of 
exacerbations

↓ 36% ↓ 28% ↓ 45% ↓ 51%

Prebronchodilator 
FEV1 (L)

↑ 0·125 ↑ 0·116 ↑ 0·106 ↑ 0·159

Total asthma 
symptom score 
(score 0–6)‡

↓0·12§ ↓ 0·23 ↓ 0·08§ ↓ 0·25

FEV1=forced expiratory volume in 1 s. Q4W=once every 4 weeks. Q8W=once every 8 weeks (fi rst three doses Q4W). 
*See Bleecker and colleagues.28 †All results are diff erences from placebo; week 56 results presented for CALIMA and 
week 48 results presented for SIROCCO. ‡Reduced score indicates improvement. §Non-signifi cant.

Table 5: Effi  cacy results for patients receiving high-dosage ICS plus LABA with baseline blood eosinophils 
≥300 cells per μL in the CALIMA and SIROCCO studies*†
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two patients treated with benralizumab Q8W, and three 
patients who received placebo.

Four (<1%) patients died during the on-treatment 
period (table 4). Causes of death included suicide, road 
traffi  c accident, death (unknown cause), and colon 
neoplasm (n=1 each). In addition, two patients died 
during the post-treatment period. Both patients had 
acute myocardial infarctions (n=1 each in the Q4W and 
placebo groups). None of the deaths were considered to 
be related to the study treatments.

Discussion
The results of the CALIMA study showed that 56 weeks 
of add-on therapy with benralizumab 30 mg Q4W and 
Q8W signifi cantly reduced the annual rate of asthma 
exacerbations by up to 36% for patients with severe 
asthma and elevated blood eosinophils that were 
inadequately controlled on existing standard of care 
therapy. Both benralizumab dosing regimens also 
signifi cantly improved lung function and, when 
administered every 8 weeks, signifi cantly improved 
patient-reported total asthma symptom scores relative to 
baseline and placebo. Furthermore, benralizumab 
rapidly depleted blood eosinophils to the limits of 
detection. Together, these fi ndings are consistent with 
the established mechanism of action of benralizumab18 
and validate the approach of targeting the interleukin-5 
receptor α to deplete blood eosinophils and improve 
clinical outcomes for this diffi  cult-to-treat group of 
patients.

Our fi ndings confi rm and support results from the 
phase 3 SIROCCO study,28 in which 48 weeks of add-on 
benralizumab 30 mg (Q4W and Q8W) resulted in 
substantial improvements in asthma exacerbations, lung 
function, and symptom control for patients with severe, 
uncontrolled asthma with baseline blood eosinophils 
300 cells per μL or greater (table 5). Despite similar trial 
designs and target patient groups included in the primary 
analyses, reductions in exacerbation rates seemed to be 
greater in the SIROCCO study than in the CALIMA 
study. A potential explanation for this diff erence in 
effi  cacy between the trials is not completely clear. 
However, subgroup analyses suggested that heterogeneity 
in regional exacerbation rates in CALIMA might have 
contributed to the size of treatment eff ect of benralizumab 
to a greater extent in CALIMA than in SIROCCO. This 
fi nding was substantially the consequence of patients 
from the eastern Europe and rest of world (ie, South 
America) regions who had fewer exacerbations in the year 
before study entry (ie, less severe baseline disease) 
compared with patients from the other regions, and 
because these patients had a very low rate of exacerbations 
during the treatment period, irrespective of benralizumab 
regimen. In support of this explanation, we found that 
patients who had experienced three or more exacerbations 
in the previous year (ie, greater asthma severity at 
baseline), and who were under-represented in the eastern 

Europe and rest of world (South America) regions, had 
the greatest eff ects of benralizumab treatment. 
Exacerbation reductions in this subgroup of CALIMA 
patients (three or more exacerbations in year before 
study) mirror annual asthma exacerbation rate reduction 
results of the SIROCCO study—ie, 45% and 51% for the 
Q4W and Q8W regimens, respectively, in both studies.28

In addition to regional heterogeneity and exacerbation 
history, the effi  cacy results of the CALIMA trial seemed 
to be aff ected by a strong placebo response. At baseline, 
the exacerbation rate of the placebo group of the primary 
analysis population was 2·7, which had fallen to 0·93 by 
the end of treatment. This response could have led to 
an underestimation of the treatment benefi t of 
benralizumab in CALIMA.

Our fi ndings confi rm and extend results obtained in 
earlier clinical studies of benralizumab. In CALIMA, 
benralizumab treatment resulted in direct, rapid, and 
nearly complete eosinophil depletion at 4 weeks, the fi rst 
sampling timepoint, consistent with phase 1 and 2 study 
results showing such depletion to occur as early as 
day 1,21–23 which is consistent with the potent depletion of 
eosinophils seen in CALIMA. In the phase 2B dose-
ranging study, depletion of eosinophil counts was 
associated with a 41% (80% CI 11–60) reduction in the 
annual exacerbation rate, as well as improved lung 
function and symptom control, for patients with severe, 
uncontrolled asthma treated with 52 weeks benralizumab 
100 mg Q8W, compared with placebo. Moreover, the 
reduction in exacerbation rate relative to placebo was 57% 
(80% CI 33–72) for the subset of patients with baseline 
blood eosinophils 300 cells per μL or greater. The results 
from CALIMA and SIROCCO allow more confi dent 
predictions of benralizumab effi  cacy in this patient 
subpopulation, as well as estimates of treatment benefi ts 
for patients receiving high-dosage inhaled corticosteroids 
plus LABA with baseline blood eosinophils less than 
300 cells per μL. These results also provide support for 
assessments of benralizumab in the treatment of other 
diseases with an eosinophilic component.

The results obtained in the CALIMA trial add to a 
growing body of data that supports the use of 
anti-interleukin-5 pathway drugs in the management of 
patients with severe, uncontrolled asthma. By contrast 
with benralizumab, which acts directly on the eosinophil 
interleukin-5 receptor to cause eosinophil apoptosis, 
reslizumab and mepolizumab target the interleukin-5 
molecule, thereby leading to passive reduction of 
eosinophils. One advantage of the former approach is 
that benralizumab could circumvent the induction of 
increased cytokine production associated with anti-
cytokine antibodies.29 A further advantage is that the 
direct action of benralizumab results in greater 
depletions of blood eosinophils than the indirect action 
of medications that target the interleukin-5 ligand.18

In phase 3 studies, reslizumab and mepolizumab 
treatment resulted in substantial reductions in 
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exacerbation rates with attendant reductions in circulating 
eosinophils.13–16 Although direct comparison of diff erent 
biologics is not possible in the absence of dedicated, head-
to-head comparative trials, improvements in exacerbation 
rates seem to be comparable to those reported for patients 
treated with reslizumab or mepolizumab. However, these 
fi ndings should be viewed in light of the asthma profi les 
of the patients recruited into the respective studies, who 
probably had more severe asthma at baseline than did 
patients enrolled in CALIMA. The reslizumab studies 
focused on patients with greater eosinophil counts (ie, 
baseline blood eosinophils in excess of 400 cells per μL) 
who might be expected to be more responsive to therapy.13 
Patients were recruited to the DREAM and MENSA 
mepolizumab studies with greater baseline inhaled 
corticosteroid dosages than patients in CALIMA (ie, 
≥880 μg vs ≥500 μg fl uticasone formulation or equivalent, 
respectively), which indicates more severe asthma.14–16 
Moreover, patients enrolled in mepolizumab studies had 
greater baseline and on-treatment exacerbation rates than 
patients enrolled in CALIMA,14–16 which indicates a more 
severe exacerbation phenotype. The improvements in 
exacerbation rates indicated by the post-hoc analysis of 
CALIMA patients with a more severe exacerbation history 
(ie, three or more exacerbations in the previous year), 
mirror effi  cacy results obtained for the overall population 
in the SIROCCO study,28 as well as the mepolizumab and 
reslizumab studies.13–16

Increases in lung function with benralizumab 
treatment seemed to be comparable or greater than those 
observed for mepolizumab and reslizumab,13,15 with 
improvements observed as early as 4 weeks, the fi rst 
timepoint assessed. We also found small improvements 
in ACQ-6 and AQLQ(S)+12 scores for patients treated 
with the benralizumab Q8W regimen, which are 
consistent with results obtained for mepolizumab and 
reslizumab.13,15 However, the clinical benefi t of small 
improvements such as these is uncertain.

In addition to drugs that target the interleukin-5 
pathway, other biologic agents are in clinical development 
for the treatment of uncontrolled asthma. Dupilumab is 
a human anti-interleukin-4 receptor α monoclonal 
antibody that inhibits interleukin-4 and interleukin-13 
signalling. This agent has increased lung function and 
reduced severe exacerbations for patients with 
uncontrolled, persistent asthma in a phase 2 study.30

Benralizumab was well tolerated, as shown by the low 
discontinuation rate and an anticipated safety profi le in 
the CALIMA study based on the results of the phase 2B 
study.23 Few adverse events were considered to be drug 
related, and discontinuations due to benralizumab were 
uncommon. Anti-drug antibody responses were 
infrequent, and there was no indication that positive anti-
drug antibody responses were associated with 
hypersensitivity or aff ected effi  cacy outcomes.

Our study has some limitations. CALIMA enrolment 
enriched the study population of patients with baseline 

blood eosinophils 300 cells per μL or greater (via 2:1 
randomisation). Therefore, this study was not designed 
to compare outcomes for patients with baseline blood 
eosinophils 300 cells per μL or greater with patients with 
lower blood eosinophil counts. In addition, the CALIMA 
study was not powered to detect diff erences between the 
two benralizumab dosing regimens. Patients enrolled in 
CALIMA and SIROCCO were eligible to join the 2-year 
BORA safety extension study (NCT02258542). This study 
will provide data for the longer term use of benralizumab, 
which cannot be provided by CALIMA or SIROCCO. 
Finally, because of small sample sizes, we were unable to 
assess whether benralizumab resulted in effi  cacy for 
diff erent patient subgroups of interest (eg, black or 
African American, adolescent, and atopic patients).

The results obtained from this study, together with 
those obtained in SIROCCO, provide strong evidence of 
the clinical value of benralizumab treatment in the 
management of patients with severe or uncontrolled 
asthma and blood eosinophils 300 cells per μL or greater. 
Benralizumab, an anti-eosinophil monoclonal antibody 
that targets the interleukin-5 receptor α, represents a new 
mechanism of action to address the unmet needs of 
these patients.
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Appendix 1: Principal study investigators 
 
The following principal investigators participated in the study: 
 
Argentina 
Instituto de Investigaciones en Alergias y Enfermedades Respiratorias: Anahí Yañez; Sala de primeros auxilios 
Alberto Mignaburu: Marcelo Fernández; Centro de Alergia y Enfermedades Respiratorias: Alberto Tolcachier; 
Consultorios Médicos Belloni: Juan Belloni; Centro de Investigaciones Medicas: Jorge Taborda; Centro Médico 
Dra. De Salvo: Maria De Salvo; CAP - CIDEA ‒ Respiratory Therapy: Jorge Máspero; Centro de Medicina 
Respiratoria: Carlos Victorio; Respira Salud: Miguel Chirino Navarta; Hospital Español de Mendoza: Monica Grilli; 
CEMIC: Pablo Rodríguez; CINME S.A.: María Otaola; Centro Dr. Lázaro Langer: Víctor Cambursano; Hospital 
Privado: Ana Lopez; PBA ‒ H Cetrangolo ‒ Infectious Diseases: Patricia Malamud; IPR ‒ Investigaciones en 
Patologias Respiratorias: Ana Stok; Insituto Médico de la Fundación Estudios Clínicos: German Arce; Centro 
Medico Framingham: Osiris Roza; Fundación Scherbovsky: Fernando Scherbovsky; INSARES ‒ Instituto de Salud 
Respiratoria: Pedro Elias; Centro Respiratorio Corrientes: Maria Salazan; Investigaciones Clinicas Buenos Aires: 
Norma Ambrosino. 
 
Canada 
Hospital Sacre Coeur: Catherine Lemiere; L’Institut de cardiologie et de pneumologie de Quebec:  
Michel Laviolette; Ottawa Allergy Research Corp: William Yang; The Lung Centre Vancouver General Hospital:  
J Mark FitzGerald; Clinique de Pneumologie et de Sommeil de Lanaudiere: Bonavuth Pek; Burlington Lung Clinic: 
William Patrick Killorn; Hotel-Dieu de CHUM: Claude Poirier; Recherche Clinique Sigma: Guy Chouinard; 
Inspiration Research Limited: Kenneth Chapman; Broadway Medical Centre: Tharwat Fera; Synergy Respiratory 
Care: Lyle Melenka; Toronto Allergists: Jason Lee; University of Calgary Heritage Medical Research Clinic 
University of Calgary: Richard Leigh; Dr. Marcel Mallet Research Center: Marcel Mallet; Department of Medicine, 
McMaster University & St Joseph’s Healthcare, Hamilton, Canada: Parameswaran Nair. 
 
Chile 
Centro Respiratorio Integral: Juana Pavie; Hospital Sótero del Río: Andres Rosenblut; Hospital Regional de 
Conception: Miguel Aguayo; Hospital Van Buren: Claudia Cartagena; Hospital Las Higueras de Talcahuano: 
Francisco Rivas; Hospital de Niños y Cunas: Carlos Quilodran; Centro de Estudios Clinicos e Investigaciones 
Medicas S & P: Felipe Rivera. 
 
Germany 
Universitätsklinikum Rostock: Marek Lommatzsch; Ärztehaus Nymphenburg: Ulf Harnest; Praxis fur Lungen- und 
Bronchialheilkunde Allergologie und U: Anneliese Linnhoff; Praxis Dr. Claus Keller: Claus Keller; Praxis Dr. 
Hoheisel: Gerhard Hoheisel; Kardiologische Praxis: Karin Förster; Praxis Dr. Schultz: Thomas Schultz; Klinische 
Forschung Berlin: Isabelle Schenkenberger; Lungenärztliche Gemeinschaftspraxis am Bruderwald:  
Joachim Kirschner; Praxis Dres. Schmoller und Ehlers: Tibor Schmoller; Medaimun GmbH: Stefan Zielen; IKF 
Pneumologie Frankfurt: Marc Kornmann; Praxis Dr. Beck: Ekkehard Beck; Pneumologische Praxis Hannover 
Nordstadt: Lutz Volgmann; Praxis Dr. Dichmann: Rolf Dichmann; Praxis Dres. Stutz und Overlack: Axel Overlack; 
Praxis Dr. Winkler: Jörg Winkler; Praxis Dres. Mikloweit und Zachgo: Petra Mikloweit; Ballenberger, Freytag, 
Wenisch- Inst. f. Klinische Forschung: Sabine Ballenberger; Praxis Dr. Rolke: Mathias Rolke; Universitätsmedizin 
Mainz: Stephanie Korn; Praxis Dr. med. Dr. rer. nat. Pabel: Helmut Pabel; Pneumologicum im Südstadtforum: 
Martin Hoffmann; Pneumologie Odeonsplatz: Jan Feimer. 
 
Japan 
Kenyukai Nakatani Hospital: Yuji Nakatani; Tohno Chuo Clinic: Hiroyuki Obayashi; Hiroshima Allergy & 
Respiratory Clinic: Soichiro Hozawa; National Hospital Organization Fukuoka Hospital: Terufumi Shimoda; Yoga 
Allergy Clinic: Toshikazu Nagakura; Medical Corporation HSR Nakamura Clinic: Kazuyo Tohyama; Kamei 
Internal Medicine and Respiratory Clinic: Tadashi Kamei; Toyota Memorial Hospital: Yasuteru Sugino; Idaimae 
Minami Yojo Naika: Hiroshi Tanaka; Azumakai Sano Toranomon Clinic: Yasuyuki Sano; Asahi General Hospital: 
Shinichiro Kagami; Takahashi Clinic: Hisaho Takahashi; Hanzomon Hospital: Michiko Haida; Center Hospital of 
the National center for Global Health and Medicine: Motoyasu Iikura; NHO Minami-Okayama Medical Centre: 
Goro Kimura; Sakaide City Hospital: Hiroyuki Nakamura; The Fraternity Memorial Hospital: Yasuo To; Yokohama 
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City University Medical Center: Tadasuke Shimokawaji; JR Sapporo Hospital: Noriharu Shijubo; Kamoike Seikyo 
Clinic: Takao Tochigi; Tosei General Hospital: Hiroyuki Taniguchi; Matsue City Hospital: Tatsuya Konishi; 
Kishiwada City Hospital: Motokazu Kato; Showa University Hospital: Akihiko Tanaka; Nihon University Itabashi 
Hospital: Yasuhiro Gon; Fujita Health University Banbuntane Hotokukai Hospital: Takahiko Horiguchi; Sasaki 
Naika Clinic: Norihisa Sasaki; NHO Nishi Niigata Chuo National Hospital: Tetsuro Odaira; Omori Medical Clinic:  
Chiharu Omori; Takahashi Internal Medicine and Respiratory Clinic: Toshiki Takahashi; Howakai Kuwamizu 
Hospital: Azusa Ikegami; Senzoku Kokyuuki & Allergy Clinic: Norio Kihara; Nihonbashi Medical and Allergy 
Clinic: Satomi Takeuchi; Asunarokai Heart Clinic: Masahiko Seki; Kokokukai Ebisu Clinic: Kiyotaka Nakajima; 
Itami City Hospital: Kyongyob Min; Kojinkai Hosui General Medical Clinic: Hironi Makita; Yoshiike Clinic: 
Yasuhiro Yoshiike; Kobe City Hospital Organization Kobe City Medical Center West Hospital: Masahiro Kaneko; 
Onshinkai Ogawa Naika Kokyuki Naika Iin: Eiji Ogawa; National Hospital Organization Sagamihara National 
Hospital: Masami Taniguchi; Shinbashi Allergy Rheumatism Clinic: Terumasa Miyamoto; Ikeikai Inobe Funai 
Clinic: Yoshito Inobe; NHO Sendai Medical Center: Hiroshi Miki; Yokohama City Minato Red Cross Hospital: 
Yoichi Nakamura; Mazda Hospital: Yojiro Onari; Obihiro Kokyukika Naika Hospital: Yoshitaka Sugawara; 
National Hospital Organization Kanazawa Medical Center: Toshiyuki Kita; National Hospital Organization Kochi 
National Hospital: Hisanori Machida; National Hospital Organization Minami Kyoto Hospital: Masayoshi 
Minakuchi; Saiseikai Yokohamashi Nambu Hospital: Naoki Miyazawa; Fujieda Municipal General Hospital:  
Naoki Koshimizu; National Hospital Organization Matsue Medical Center: Shuichi Yano; Shimane University 
Hospital: Takeshi Isobe; Clinical corporation Shoeikai Iijima Respiratory Internal Medicine Clinic:  
Masayuki Iijima; Kanazawa Medical University Hospital: Kazuhiro Osanai; Toyama Red Cross Hospital:  
Keiichi Iwasa; Ikeda Municipal Hospital: Shigeki Hashimoto; Kanto Central Hospital Mutual Aid: Masaru Suzuki; 
Kaiseikai Kita Shin Yokohama Internal Medicine Clinic: Uguri Kamiya; Iryohojin Shadan Kowakai Kowa Clinic: 
Tsuyoshi Yamato; Medical Corporation Heishinkai OCROM Clinic: Shigeto Kanada. 
 
Philippines 
Veterans Memorial Medical Center: Teresita Aquino; Mary Mediatrix Medical Center: Tito Atienza; Healthlink 
Iloilo, Inc.: Ronnie Samoro; Pulmonary Dept, Western Visayas University Hospital: Marie Grace Dawn Isidro. 
 
Poland 
SPZOZ Uniwersytecki Szpital Kliniczny nr 1 im. Norberta Barl: Piotr Kuna; Medica Pro Familia Sp. z o. o. S.K.A.: 
Michał Bednarek; NZOZ Alergo-Med Specjalistyczna Poradnia Lekarska: Danuta Mądra-Rogacka; Centrum 
Alergologii Teresa Hofman: Teresa Hofman; All-Med Specjalistyczna Opieka Medyczna: Marek Jutel; Michał 
Bogacki Dobrostan: Ewa Pisarczyk-Bogacka; Viltis Medica Specjalistyczna Praktyka Lekarska Agata Kot:  
Agata Kot; Centrum Medycyny Oddechowej: Robert Mróz; Centrum Terapii Współczesnej J.M. Jasnorzewska s.k.a: 
Małgorzata Czupryńska-Borkowska, Dorota Olejniczak Centermed Sp. z o.o.: Małgorzata Żurowska-Gębala; Dobry 
Lekarz Specjalistyczne Poradnie Lekarskie: Andrzej Dyczek; NZOZ Poradnie Specjalistczne Atopia:  
Grażyna Jasieniak-Pinis; Szpital Wojewodzki w Bielsku Bialej SPZOZ: Piotr Wojnowski; WSS im.Stefana 
K.Wyszynskiego SPZOZ w Lublinie: Ewa Trębas-Pietraś; Wielospecjalistyczny Szpital Wojewódzki w Gorzowie 
Wlkp.: Małgorzata Dobryniewska; Centrum Usług Medycznych Dygamed Sp. z o.o.: Marcin Stobiecki; 
Indywidualna Specjalistyczna Praktyka Lekarska, M. Tarnowska: Marzenna Tarnowska-Matusiak; Medica Pro 
Familia Sp. z o.o. S.K.A. Oddział Katowice: Alina Magner; Przychodnia Specjalistyczna SP ZOZ:  
Andrzej Kolczyński; Centrum Pulmonologii i Torakochirurgii: Tomasz Kachel; SPZOZ w Łęcznej:  
Piotr Drążkiewicz; Szpital Uniwersytecki nr 2 im. dr. Jana Biziela w Bydgoszczy: Zbigniew Bartuzi; Alergo-Med 
Specjalistyczna Przychodnia Lekarska: Bernadetta Majorek-Olechowska; Instytut Gruźlicy i Chorób Płuc:  
Paweł Śliwiński; Violetta Balicka Indywidualna Specjalistyczna Praktyka Lekar: Violetta Balicka; NZOZ Krak 
Medyk Sp. z o. o.: Elżbieta Hajoł; Nasz Lekarz NZOZ Praktyka Grupowa Lekarzy Rodzinnych z Przych, Spec:  
Ewa Trawińska; Centrum Medyczne Ogrodowa: Jacek Stachera; SPZOZ Szpital Uniwersytecki w Krakowie: 
Krzysztof Sładek; NZOZ Podkarpacki Ośrodek Pulmonologii i Alergologii Prof. An: Marta Rachel; Przychodnia 
Alergologiczno-Pulmonologiczna Alergopneuma: Marek Michnar; ClinicMed Badurski I wspólnicy Spółka Jawna: 
Jarosław Tałałaj; Alergologia Plus Specjalistyczny NZOZ: Ewa Springer; Centrum Badań Klinicznych Ośrodek 
Wczesnej Fazy: Piotr Napora; NZOZ Unimed s.c.: Tomasz Grzelewski; NZOZ Centrum Medyczne KERmed - Filia 
Żnin: Renata Bijata-Bronisz; Przychodnia Lekarzy Specjalistów Sanmed Sp.J.: Anna Świderska; Gdamed Sp. z o.o.: 
Grzegorz Mincewicz; Alergosan Prywatna Przychodnia Specjalistyczna: Zbigniew Sankowski; Biomer Spółka z 
ograniczoną odpowiedzialnością: Tomasz Fijołek; Centrum Diagnostyczno–Terapeutyczne Medicus Sp. z o.o.: 
Artur Kwaśniewski; NZOZ Medplus: Joanna Jerzyńska. 
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Romania 
Theramed SRL: Ioana Agache; Clinical Hospital of Pneumology Iasi: Traian Mihaescu; SC Medical Center SRL 
Cabinet Pneumologie Deva: Ioan Dorin Petrui; Angisan Grup SRL: Angelica Savu; Spital Clinic Pneumoftiziologie 
Constanta ‒ Pneumo II: Ghiulten Apti; Pneumophtisiology Institute “Marius Nasta”: Claudia Toma; Cl Hosp Victor 
Babes for Infectious and Tropical Diseases: Ana Maria Trailescu; Victor Babes Infectious Diseases and 
Pneumophtiziology Clinic: Stefan Mihaicuta.  
 
Sweden 
Skånes Universitetssjukhuset, Lung och Allergisektionen: Leif Bjermer; Krefting Research Centre: Bo Lundback; 
OLIN-studierna, Stadsvikens vårdcentral: Anne Lindberg.  
 
Ukraine 
Institute of Phthisiology and Pulmonology. clin. pharm. dept: Liudmyla Iashyna; Vinnytsia City Clinical Hospital 
#1: Yuriy Mostovoy; Ivano-Frankivsk Reg. Clin. Phtis. & Pulmoangiography center: Mykola Ostrovskyy; Institute 
of Phthisiology and Pulmonology. Pulmonology dept: Lesya Kurik; LTD Diagn and Therap Centre Adonis-plus: 
Olga Gyrina; Scientific and Practical Alliance “Rehabilitation”: Ivan Lemko; City Clinical Hospital #1, therapy 
department: Valeriy Molodtsov; Ukr State Inst of Medical and Social Problems of Disability: Svitlana Panina; CI of 
MOH Reg Clin Hosp - Centre of Emerg Med Treat and DM: Tetyana Ospanova; SI Zaporizhzhya City Multiple 
Discipline Clinical Hosp #9: Volodymyr Koshlia; Central municipal hospital of Ordzhonikidze region.:  
Ivan Fushtey; City Clinical Hospital #27: Liubov Moskalenko; Med and Sanitary Unit of Tractor Plant: Oleksyi 
Korzh; Kharkiv City Clinical Hospital #13: Viktor Blazhko; Kharkiv Institute of Therapy of NAMS of Ukraine:  
Olena Krakhmalova; MCRC Health Clinic o.b.of LLC, Med & Diagn.C. Slaomed: Oleksandr Golovchenko; CE 
Chernivtsi state city clinical hospital #3: Tetiana Ilashchuk; Kyiv City Clinical Hospital #8 Allergology dept.:  
Liliia Romaniuk; Dnepropetrovsk City Hospital #7 Allergology Depertment: Yevgeniya Dytyatkovs’ka; Volyn 
Regional Clinical Hospital: Oleh Yakovenko. 
 
United States 
Allergy and Asthma Research Center PA: Joseph Diaz; Allegheny General Hospital: David Skoner; TTS Research: 
David Fuentes; Analab Clinical Research Inc: Stephen Maddock; COR Clinical Research LLC: Clinton Corder; 
Health Texas Research Inst: Aris Nikas; New Phase Research and Development: Evelyne Davidson; DCT Stone 
Oak LLC: Brian MacGillivray; Discovery Clinical Trials: Stephen Apaliski; Central Texas Clinical Research: 
Cynthia Brinson; IMMUNOe International Research Centers (Centennial): Isaac Melamed; Advances In Medicine 
and Desert Medical Advances: Gary Greenwald; Sleep and Lung Clinic of Utah: Sunny Pandita; Allergy & Asthma 
Care of Florida: Thomas Johnson; DCT-Genesis-Baxter, LLC dba Discovery Clinical Trials: Barbara Baxter; Shaw 
Research Specialists Inc: Andrew Basile; Arrowhead Family Health Center PC dba Arrowhead Health Center: 
Janice Johnston; DCT Barlite LLC: Erika Gonzalez; Elliot Ginchansky MD: Elliot Ginchansky; DCTAACT LLC 
dba Discovery Clinical Trials: Nandini Kohli; Clinical Trial Connection: Douglas Mapel; Allergy & Asthma Med 
Group Diablo Valley: Joshua Jacobs; SC Clinical Research Inc: Michael Dao; Urgent Care Specialists, LLC DBA 
Hometown Urgent Care: Steve Choi; Bernstein Clinical Research Center LLC: Jonathan Bernstein; Asthma & 
Allergy Associates PC: Robert Nathan; California Allergy & Asthma Medical Group Inc: Ricardo Tan; Northeast 
Georgia Research Center LLC: John Yarbrough; Western States Clinical Research, Inc.: Jeffrey Rumbyrt; Florida 
Institute for Clinical Research, LLC: Humberto Cruz; University of WI; Asthma, Allergy and Pulmonary Research: 
Mark Moss; IPS Research Co: Jeremy Cole; Paul A. Shapero, MD: Paul Shapero; Duke Asthma Allergy and Airway 
Center: Njira Lugogo; Medical Research Associates at The Walk-In Clinic: Peter Springsteen; DCT-Westover Hills, 
LLC dba Discovery Clinical Trials: John Dice; Precision Trials: Stephen Finberg; Woodland Clinical Medical 
Group: Rajan Merchant; Clinical Research Solutions: John Panuto; Florida Lung and Sleep Associates:  
Alaa El-Gendy; Allergy, Asthma & Clinical Research Center: Martha Tarpay; PMG Research of Wilmington LLC: 
Mitchell Lee; Care Partners Clinical Research, LLC: Kim Barbel-Johnson; Medical College of Wisconsin:  
Heidi Zafra, Jordan Fink; Atlanta Vanguard Medical Associates: Faye Vargas Morris; PHS Clinical Trial Pinellas: 
Gregory Hammond; AZ Perfection Clinical, LLC: Ilia Segal; Medical Center of Homestead: Jeffrey Kamlet,  
Carlos Piniella; Urgent Care Specialists LLC: Jeffrey White; Idaho Allergy LLC (DBA) Idaho Research:  
Stephen Fritz; The Clinical Research Center of Southern IL: Dr. Patrick Win; The Research Center Inc:  
Vandely Perez; St Joseph's Medical Center: Sanjeev Goswami; Clayton Sleep Institute: Joseph Ojile; Westlake 
Medical Research, Inc.: Shariar Cohen-Gadol; Invesclinic: Bernard Garcia; Riviera Allergy Medical Center:  
Ulrike Ziegner; Abraham Research, PLLC: Manuel Villareal; SC Clinical Research Inc: James Gordon; Upland 
Clinical Research: Lawrence Madoff; Dream Team Clinical Research, LLC: Quang Vo; Shreenath Clinic Service: 
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Gnyandev Patel; Dolphin Medical Research: Josefa Binker; Las Vegas Skin and Cancer Clinic: Frederick Herman; 
Providence Clinical Research: Teresa Sligh; Peninsula Research Inc: Diego Torres; Apex Medical Research of Flint 
PC: Ahmed Arif; Montefiore Medical Center: Golda Hudes; North Shore Allergy & Immunology LLC:  
Richard Guillot; Clinical Research Center of Alabama LLC: Weily Soong; Peninsula Research Associates: 
Lawrence Sher; The Adult and Child Allergy and Asthma Medical Clinic, Inc: Stephen Wong; O&O Alpan, LLC: 
Oral Alpan; Clinical Research Institute: Gary Berman; Advanced Medical Research Center: Miriam Garcia-Portelo; 
SEC Lung LLC: Robert Garver; C. Andrew Schroeder, MD, Inc: C. Andrew Schroeder; California Medical 
Research Associates: Sanjay Vadgama; Research in Miami, Inc: Dolores Sanchez-Cazau; Reliable Clinical Research 
LLC: Gilberto Perez; Health Concepts: Richard Beasley; Seven Corners Medical Research Center: Anu George; 
Florida Lung, Asthma, & Sleep Specialists: Fortune Alabi; The Corvallis Clinic PC: Roland Solensky; Advanced 
Bioresearch: Jorge Paoli-Bruno; Allianz Research Institute Inc: David Pham; Pulmonary Research Institute of 
Southeast Michigan: Gary Ferguson; Pediatric Diagnostic Center: Christopher Landon; Pittsburgh Pulmonary 
Associates: William Sims; Lakewood Family Practice: Munib Daudjee; Piedmont Research Partners LLC:  
Amit Shah; Capital Allergy and Respiratory Disease Center: Bradley Chipps; Superior Research LLC: Francisco 
Garcia; AAIM Care, LLC: Stephen Fritz. 
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Appendix 2: Inclusion and exclusion criteria 
 
Inclusion criteria 
Patients must have met all of the following criteria: 
 Written informed consent, and assent when applicable, for study participation had to be obtained prior to any 

study-related procedures being performed (local regulations were to be followed in determining the 
assent/consent requirements for children and parent[s]/guardian[s]) and according to international guidelines 
and/or applicable European Union (EU) guidelines. 

 Females and males aged 12 to 75 years, inclusively, at the time of enrolment. 
 Patients who were 17 on the day of enrolment but turned 18 after this day were considered an 

adolescent for the purposes of this trial.  
 Women of childbearing potential (after menarche) had to use a highly effective form of birth control (confirmed 

by the investigator).  
 Highly effective forms of birth control included true sexual abstinence, a vasectomised sexual partner, 

Implanon®, female sterilisation by tubal occlusion, any effective intrauterine device 
(IUD)/levonorgestrel intrauterine system (IUS), Depo-Provera™ injections, oral contraceptive, and 
Evra Patch™ or Nuvaring™.  

 Women of childbearing potential (after menarche) had to agree to use a highly effective method of birth control, 
as defined above, from enrolment, throughout the study duration, and within 16 weeks after last dose of study 
drug, and have negative serum pregnancy test result on enrolment. 

 Women not of childbearing potential were defined as women who were either permanently sterilised 
(hysterectomy, bilateral oophorectomy, or bilateral salpingectomy), or who were postmenopausal. 

 Women were considered postmenopausal if they had been amenorrhoeic for 12 months prior to the 
planned date of randomisation without an alternative medical cause. The following age-specific 
requirements applied: 

 Women <50 years old were considered postmenopausal if they had been amenorrhoeic for 12 
months or more following cessation of exogenous hormonal treatment and follicle-stimulating 
hormone (FSH) concentrations in the postmenopausal range. 

 Women ≥50 years old were considered postmenopausal if they had been amenorrhoeic for 12 
months or more following cessation of all exogenous hormonal treatment. 

 All male patients who were sexually active had to agree to use a double barrier method of contraception 
(condom with spermicide) from the first dose of study drug until 16 weeks after their last doses. 

 Weight ≥40 kg. 
 History of physician-diagnosed asthma requiring treatment with medium- to high-dosage inhaled corticosteroids 

(ICS) (>250-μg fluticasone dry powder formulation equivalents total daily dosage) and a long-acting β2-agonist 
(LABA), for at least 12 months prior to enrolment. 

 Documented treatment with ICS and LABA for at least 3 months prior to enrolment with or without oral 
corticosteroids (OCS) and additional asthma controllers.  

 The ICS and LABA could be parts of a combination product or given by separate inhalers.  
 The ICS dosage had to be ≥500 μg/day fluticasone propionate dry powder formulation or 

equivalent daily.  
 For ICS/LABA combination preparations, the mid-strength approved maintenance dosage in 

the local country would have met this ICS criterion. 
 If patients used more than one type of ICS-containing therapy, each should have been converted to 

fluticasone propionate equivalents and summed to derive the patient’s total daily dosage. 
 Additional maintenance asthma controller medications that were locally approved in a country for the treatment 

of asthma (e.g., tiotropium, leukotriene receptor antagonists [LTRAs], chromone, theophylline, and OCS) and 
had been used for at least 30 days prior to enrolment were allowed. 

 Pre-bronchodilator forced expiratory volume in 1 second (FEV1) <80% predicted (<90% predicted for patients 
12 to 17 years of age) at screening (week –3). 

 At least two documented asthma exacerbations in the 12 months prior to the date informed consent, and assent 
when applicable, was obtained that required use of a systemic corticosteroid or temporary increase from the 
patient’s usual maintenance dosage of OCS.  

 For patients who were re-screened within 30 days of their screen failure date, the calculation of the 
12-month period should have been done from the original informed consent date. 
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 Asthma Control Questionnaire-6 (ACQ-6) score ≥1·5 at enrolment (seek –4). 
 Documented post-bronchodilator reversibility in FEV1 of ≥12% and ≥200 mL in FEV1 within 12 months prior 

to enrolment.  
 If historical documentation was not available, reversibility had to be demonstrated and documented at 

screening. 
 
Inclusion criteria at randomisation 
 

 For women not of childbearing potential only: had a negative urine pregnancy test prior to administration of the 
study drug. 

 Fulfilment of at least one of the following conditions over the 7 days prior to randomisation: 
 >2 days with a daytime or night-time symptoms score ≥1. 
 Rescue short-acting β2-agonist (SABA) use on >2 days. 
 ≥1 nocturnal awakening due to asthma. 

 Pre-bronchodilator FEV1 of <80% (<90% predicted for patients 12 to 17 years of age) predicted at day of 
randomisation visit. 

 Patients demonstrated acceptable inhaler, peak flow meter, and spirometry techniques during run-in. 
 At least 70% compliance with usual asthma controller ICS-LABA during run-in period based on Asthma Daily 

Diary.  
 Patients who experienced an asthma exacerbation during run-in may have temporarily been unable to 

complete their diary due to illness or hospitalisation.  
 In these cases, ICS-LABA compliance was calculated for the period after systemic 

corticosteroid therapy was complete. 
 Minimum 80% compliance with electronic patient-reported outcome (ePRO) completion. 

 80% compliance was defined as completing Asthma Daily Diary for any 8 mornings and any 8 
evenings of the last 10 days of the run-in period. 

 
Exclusion criteria 
 
Any of the following excluded the patient from participation in the study: 
 
 Clinically important pulmonary disease other than asthma (e.g., active lung infection, chronic obstructive 

pulmonary disease, bronchiectasis, pulmonary fibrosis, cystic fibrosis, hypoventilation syndrome associated 
with obesity, lung cancer, alpha 1 antitrypsin deficiency, and primary ciliary dyskinesia) or ever been diagnosed 
with pulmonary or systemic disease other than asthma that was associated with elevated peripheral eosinophil 
counts (e.g., allergic bronchopulmonary aspergillosis/mycosis, Churg-Strauss syndrome, hypereosinophilic 
syndrome). 

 Any disorder, including, but not limited to, cardiovascular, gastrointestinal, hepatic, renal, neurological, 
musculoskeletal, infectious, endocrine, metabolic, haematological, psychiatric, or major physical impairment 
that was not stable in the opinion of the investigator and could have: 

 Affected the safety of the patient throughout the study. 
 Influenced the findings of the studies or their interpretations. 
 Impeded the patient’s ability to complete the entire duration of study. 

 Known history of allergy or reaction to the study drug formulation. 
 History of anaphylaxis to any biologic therapy. 
 A helminthic parasitic infection diagnosed within 24 weeks prior to the date informed consent, and assent when 

applicable, that had not been treated with or had failed to respond to standard-of-care therapy. 
 Acute upper or lower respiratory infections requiring antibiotics or antiviral medication within 30 days prior to 

the date informed consent, and assent when applicable, was obtained or during the screening/run-in period. 
 Any clinically significant abnormal findings in physical examination, vital signs, haematology, clinical 

chemistry, or urinalysis during screening/run-in period that in the opinion of the investigator may have put the 
patient at risk because of his/her participation in the study or may have influenced the results of the study or the 
patient’s ability to complete the entire duration of the study. 
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 Any clinically significant cardiac disease or any electrocardiogram (ECG) abnormality obtained during the 
screening/run-in period that in the opinion of the investigator may have put the patient at risk or interfered with 
study assessments. 

 History of alcohol or drug abuse within 12 months prior to the date informed consent, and assent when 
applicable, was obtained. 

 Positive hepatitis B surface antigen, or hepatitis C virus antibody serology, or a positive medical history for 
hepatitis B or C. 

 Patients with a history of hepatitis B vaccination without history of hepatitis B were allowed to enrol. 
 A history of known immunodeficiency disorder including a positive human immunodeficiency virus test. 
 Current smokers or former smokers with a smoking history of ≥10 pack-years. 
 History of cancer: 

 Patients who have had basal cell carcinoma, localised squamous cell carcinoma of the skin, or in situ 
carcinoma of the cervix were eligible provided that the patient was in remission and curative therapy 
was completed at least 12 months prior to the date informed consent, and assent when applicable, was 
obtained. 

 Patients who have had other malignancies were eligible provided that the patient was in remission and 
curative therapy was completed at least 5 years prior to the date informed consent, and assent when 
applicable, was obtained. 

 Use of immunosuppressive medication (including but not limited to methotrexate, troleandomycin, 
cyclosporine, azathioprine, intramuscular long-acting depot corticosteroid, or any experimental anti-
inflammatory therapy) within 3 months prior to the date informed consent, and assent when applicable, was 
obtained.  

 Chronic maintenance prednisone for the treatment of asthma was allowed. 
 Clinically significant asthma exacerbation, in the opinion of the investigator, including those requiring use of 

OCS, or an increase in maintenance dosage of OCS 14 days prior to the date of informed consent, and assent 
when applicable. 

 Receipt of immunoglobulin or blood products within 30 days prior to the date informed consent, and assent 
when applicable, was obtained. 

 Receipt of any marketed (e.g., omalizumab) or investigational biologic within 4 months or 5 half-lives prior to 
the date informed consent, and assent when applicable, was obtained, whichever was longer. 

 Receipt of live attenuated vaccines 30 days prior to the date of randomisation, the exception being that for 
adolescent patients from the EU, receipt of live attenuated vaccines must not have been within 4 months or 5 
half-lives prior to the date of informed consent, and assent when applicable, whichever was longer. 

 Receipt of inactive/killed vaccinations (e.g., inactive influenza) was allowed provided they were not 
administered within 1 week before/after any study drug administration. 

 Receipt of any investigational nonbiologic within 30 days or 5 half-lives prior to randomisation, whichever was 
longer. 

 Previously randomised in any benralizumab (MEDI-563) study. 
 Initiation of new allergen immunotherapy was not allowed within 30 days prior to the date of informed consent, 

and assent when applicable.  
 Allergen immunotherapy initiated prior to this period could be continued provided there was a gap of 7 

days between the immunotherapy and study drug administration. 
 Current use of any oral or ophthalmic nonselective β-adrenergic antagonist (e.g., propranolol). 
 Planned surgical procedures during the conduct of the study. 
 Currently breastfeeding or lactating women. 
 Previous randomisation in the present study. 
 Concurrent enrolment in another clinical trial. 
 AstraZeneca staff involved in the planning and/or conduct of the study. 
 Employees of the study centre or any other individuals involved with the conduct of the study, or immediate 

family members of such individuals. 
 Alanine aminotransferase or aspartate aminotransferase concentration ≥2·5 times the upper limit of normal 

confirmed during the screening period. 
 Use of five-lipoxygenase inhibitors (e.g., Zileuton®) and roflumilast was prohibited. 
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Appendix 3: Asthma medication restrictions 
 
Use of short-acting β2-agonists 
 Regularly scheduled SABA use in the absence of any asthma symptoms and/or planned exercise was 

discouraged from enrolment and throughout the study duration. 
 Prophylactic use of SABAs in the absence of symptoms (e.g., prior to planned exercise) was discouraged.  

 However, if deemed necessary by the patient and investigator, SABAs could be used, but prophylactic 
inhalations were not to be recorded in the Asthma Daily Diary.  

 Such use should have been documented in medical notes and recorded in the electronic case 
report form (eCRF). 

 SABAs via a metered dose device were permitted as needed for worsening asthma symptoms (i.e., rescue use) 
and was recorded in the Asthma Daily Diary as number of inhalations. 

 Rescue use of SABAs administered via jet or ultrasonic nebulisation was allowed. 
 Occasions where SABAs were administered via nebulisation were to be recorded separately from 

metered dose inhaler (MDI) inhalations in the Asthma Daily Diary. 
 
Use of short-acting anticholinergics 
 Use of short-acting anticholinergics (e.g., ipratropium) as a rescue treatment for worsening asthma symptoms 

outside of managing an asthma exacerbation event was not allowed from enrolment and throughout the study 
duration. 

 
Use of long-acting βz-agonists 
 Use of LABAs as a reliever (e.g., Symbicort® Maintenance and Reliever Treatment) was not allowed from 

enrolment and throughout the study duration. 
 
Maintenance of asthma controller medications 
 The patient’s usual pre-study inhaled ICS-LABA formulation, dosage, and regimen, and any other additional 

allowed asthma controllers that they may have been taking prior to enrolment should have been continued 
unchanged throughout the run-in and treatment period. 

 Additional maintenance asthma controller medications that were locally approved in a country for the treatment 
of asthma (e.g., tiotropium, LTRAs, chromone, theophylline, and OCS) that had been used for at least 30 days 
prior to enrolment were allowed. 

 Patients on theophylline should have had blood theophylline concentrations checked, assessed, and documented 
prior to randomisation.  

 The theophylline concentration must not have exceeded the upper limit of the therapeutic range. 
 Changes to the patient’s background controller regimen were discouraged during the treatment period, unless 

judged medically necessary by the investigator; ideally such changes should have been discussed with the 
AstraZeneca Study Team Physician.  

 All changes to the patient’s background medication should have been documented in the source along 
with rationale for change and recorded in the eCRF. 

 Asthma exacerbations should have been treated with oral or other systemic corticosteroids according to standard 
practice. 
 

Asthma medication restrictions on the days of scheduled spirometry visit  
 Pre- and/or post-bronchodilator spirometry assessments were performed at the study centre at scheduled visits, 

and restrictions to patient’s background medication were required prior to the spirometry. 
 Screening:  

 Patients should have withheld their usual ICS-LABA medications on the morning of the screening 
FEV1 measurement and reversibility test.  

 Twice-daily ICS and LABA therapies should have been withheld for 12 to 24 hours; once-daily 
therapies containing ICS, LABA, or long-acting muscarinic receptor antagonist (LAMA) therapies 
should have been withheld for ≥24 hours for eligibility assessment. 

 In case the patient did not meet the reversibility eligibility criterion or FEV1 (<80% or <90%) 
eligibility criterion, and a second re-test was done (not earlier than next calendar day and not later than 
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7 calendar days after the failed attempt), asthma medication restrictions described above should have 
been applied.  

 In addition, SABAs should not have been used within 6 hours of these spirometry assessments.  
 The patient’s usual asthma medications may have been administered following completion of the 

screening lung function procedures. 
 Treatment visits:  

 Patients should have withheld their usual ICS-LABA medications on the morning of the scheduled 
spirometry, as indicated above for screening.  

 This was especially important prior to scheduled spirometry assessments to maintain the 
integrity of planned efficacy analyses around lung function improvement.  

 In addition, SABAs should not have been used within 6 hours prior to the spirometry assessments.  
 The patient’s usual asthma controller medications may have been administered following completion 

of the pre-bronchodilator spirograms. 
 If the patient had taken his/her usual ICS-LABA or LAMA asthma controller medication on the 

morning of the scheduled spirometry visit, the investigator/authorised delegate should have reminded 
the patient of the importance of withholding their usual morning asthma medication, and rescheduled 
the visit for another day within the allowed window. 

 If the patient had taken a rescue SABA within 6 hours of the planned centre visit spirometry, he or she should 
have ideally remained at the centre until such time that the 6-hour withholding time had been reached if it did 
not exceed the 1·5-hour spirometry window, or returned on another day within the visit window. 

 
Asthma medication restrictions prior to home peak expiratory flow testing  
 Patients should have avoided taking their morning asthma controllers prior to the morning home peak 

expiratory flow (PEF) testing, and should have conducted the evening home PEF testing before taking evening 
asthma controllers.  

 When possible, home PEF testing should have been taken at least 6 hours after the last dose of SABA 
rescue medication. 
 

Asthma medication restrictions on unscheduled visits 
 Asthma medication restrictions on unscheduled visits may not have been feasible, and may have been applied at 

the discretion of the investigator.  
 Timing of recent controller and rescue SABA use relative to the unscheduled spirometry should have 

been noted in the record. 
 
Asthma medication restrictions at centre visits with scheduled ECG assessment 
 The patients should have been instructed not to take their usual asthma controller medication (i.e., LABA) prior 

to scheduled ECG assessment.  
 Use of SABA should have been avoided within 6 hours before ECG assessments.  
 The medication restriction was waived for the screening ECG and enrolment. 

 
Other medication restrictions  
 Use of immunosuppressive medication (other than prior, stable OCS for the maintenance treatment of asthma) 

or administration of live/attenuated vaccines was not permitted.  
 Topical administration of immunosuppressive medication may have been permitted at the discretion of 

the investigator after discussion with the AstraZeneca Study Physician.  
 Receipt of live attenuated vaccines within 30 days prior to randomisation, during the treatment period, and for 

16 weeks (5 half-lives) after the last dose of the study treatment was not permitted. 
 For adolescent patients from Europe: within 4 months or within 5 half-lives prior to the date of 

informed consent, and assent when applicable, was obtained, whichever was longer. 
 Patients should not have received allergen immunotherapy injection on the same day as study treatment 

administration. 
 When enrolling a patient who was on theophylline, digoxin, or other drugs with a narrow therapeutic range, the 

investigator should have ensured the concentrations of each of these medications did not exceed the upper limit 
of therapeutic range.  
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 The investigator was also responsible for ensuring that these concentrations were regularly checked, 
assessed, and documented as per local practice. 

 Patients should not have taken any other excluded medications: 
 Five-lipoxygenase inhibitors (e.g., Zileuton®). 
 Roflumilast. 
 Oral or ophthalmic non-selective β-adrenergic antagonist (e.g., propranolol). 
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Appendix 4: Efficacy assessments 
 
Spirometry 
 Lung function (FEV1 and forced vital capacity [FVC]) at the study centre was measured by spirometry 

using equipment provided by a central vendor.  
 Spirometry was performed by the investigator or authorised delegate according to American Thoracic 

Society/European Respiratory Society (ATS/ERS) guidelines.  
 All post-randomisation spirometry assessments should have been performed within ±1·5 hours of the time 

that the randomisation spirometry was performed. 
 
Home peak expiratory flow testing 
 An electronic, hand-held spirometer (peak flow meter) was dispensed to the patient at screening after 

respiratory inclusion criteria had been confirmed. 
 Home PEF testing was performed by the patient in the morning upon awakening (and prior to taking their 

morning asthma controller) and in the evening at bedtime (and prior to taking their evening asthma 
controller), from the evening of the screening visit (week –3) to the morning of the last day of the treatment 
period (week 56). 

 Home PEF data were captured in the Asthma Daily Diary. 
 
Patient-reported outcomes 
 Patients were supplied with an electronic patient reported outcomes (ePRO) device and hand-held 

spirometer at screening after respiratory inclusion criteria had been confirmed. 
 The study centre staff were trained on how to use both devices and were responsible for instructing patients 

on how to use both devices. 
 
Asthma Daily Diary 
 The Asthma Daily Diary included the following daily recordings: home PEF data (obtained from the home 

peak flow meter), asthma symptoms (including, but not limited to, shortness of breath, wheezing, coughing, 
and/or chest tightness), inhalations of rescue medication (number of puffs and number of times a nebuliser 
was used), nights with awakenings due to asthma symptoms, and background medication compliance.  

 The Asthma Daily Diary was completed twice daily (morning upon waking and evening prior to going to 
bed) from the evening of the screening visit (week –3) to the morning of the last day of the treatment period 
(week 56). 

 Patients were asked to score each of the questions on a 4-point scale ranging from 0 (totally controlled) to 3 
(severely uncontrolled).  

 The overall score was calculated as the mean response to all questions. 
 The total daily symptom score was the sum of the morning and evening responses, and could range from 0 

to 6 (with morning and evening scores ranging from 0 to 3).  
 The total daily symptom score was calculated only when both morning and evening scores were 

available, otherwise it was set to missing. 
 
Asthma Control Questionnaire-6 
 The ACQ-6 is a shortened version of the ACQ that assesses asthma symptoms (night-time waking, 

symptoms on waking, activity limitation, shortness of breath, wheezing), and SABA use while omitting the 
FEV1 measurement from the original ACQ score.  

 The ACQ-6 was completed using the ePRO device. 
 Patients were asked to recall their experiences during the previous week and to score each of the questions 

on a 7-point scale ranging from 0 (totally controlled) to 6 (severely uncontrolled).  
 The overall score was calculated as the mean response to all questions. 

 Individual ACQ-6 total score changes of ≥0·5 were considered to be clinically meaningful.3 
 An ACQ-5 score can be calculated from the ACQ-6 data by omitting the SABA item when scoring the 

instrument. 
 Following randomisation, patients were asked to complete the ACQ-6 once every 2 weeks (±1 day) 

throughout the treatment period. 
 
Asthma Quality of Life Questionnaire (standardized) for 12 years and older  
 The Asthma Quality of Life Questionnaire (standardized) for 12 years and older [AQLQ(S)+12] is a 

questionnaire that measures the health-related quality of life experienced by patients aged ≥12 years with 
asthma.  
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 The questionnaire comprises four separate domains: symptoms, activity limitations, emotional 
function and environmental stimuli.  

 The questionnaire was completed using the ePRO device. 
 Patients were asked to recall their experiences during the previous 2 weeks and to score each of the 

questions on a 7-point scale ranging from 7 (no impairment) to 1 (severe impairment).  
 The overall score was calculated as the mean response to all questions. 
 The four individual domain scores were the means of the responses to the questions in each of the 

domains. 
 Individual AQLQ(S)+12 total or domain score changes of ≥0·5 were considered to be clinically 

meaningful.  
 Following randomisation, patients were asked to complete the AQLQ(S)+12 once every 4 weeks (±1 day) 

throughout the treatment period. 
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Appendix 5: Definition of asthma worsening 
  
 Worsening of asthma was defined as any new or increased symptoms or signs that were concerning to the 

patient or related to an Asthma Daily Diary alert.  
 Patients’ ePRO devices were programmed to alert the patient and study centre when certain pre-specified 

worsening thresholds were crossed on ≥2 of 3 consecutive days/nights, including: 
 Decrease in morning PEF of ≥30% compared with baseline. 
 A ≥50% increase in rescue medication use or one new/additional nebulised β2-agonist compared 

with average use in the previous 7 days. 
 Nocturnal awakening due to asthma requiring rescue medication. 
 An increase in total asthma symptom score of two or more units above the screening average, or 

the maximum possible score (daily score of 6).
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Appendix 6: Patient subgroups for analyses of exacerbation rates 
 
 We conducted pre-specified subgroup analyses to assess the exacerbation rate in the following patient 

subgroups of clinical relevance:  
 Baseline OCS use (yes/no).  
 Sex (male/female).  
 Age (<18, 18–<65, or ≥65 years). 
 Geographic region (Asia, Eastern Europe, Europe [excluding Eastern Europe], North America, or 

South America).  
 Body mass index (≤35/>35 kg/m2).  
 Number of exacerbations in the previous year (2, 3, or ≥4).  
 Race (white, black or African-American, Asian, or other).  
 Nasal polyps at baseline (yes/no). 
 Immunoglobulin E at baseline (≤30, >30–≤700, or >700 IU/L). 
 Atopic asthma at baseline (yes/no). 
 Prior treatment with omalizumab (yes/no).
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Appendix 7: Testing strategy to account for multiplicity testing 
 
 To account for multiplicity to test the primary endpoint (annual asthma exacerbation rate) and two key 

secondary endpoints (the change in FEV1 and total asthma symptom score from baseline to week 56, 
respectively) for each of the two dosing regimens (for patients with baseline blood eosinophils ≥300/μL), a 
testing strategy was followed to control the overall type-1 error rate.  

 The testing strategy was conducted according to the following gate-keeping procedure: 
 Step 1: Perform the two tests of annual asthma exacerbation rate (one test for each dosing regimen 

vs placebo) at the familywise error rate (FWER) of 0·04 using a Hochberg procedure.1 If both  
p-values are less than 0·04, then proceed to Step 2; if the smaller p-value is less than 0·02, then 
proceed to Step 2a; otherwise, no null hypothesis was rejected. 

 Step 2: Test the two key secondary endpoints for both dosing regimens as one family at the FWER 
of 0·05 using a Holm procedure.2 

 Step 2a: Test the two secondary endpoints for the smaller p-value dosage at the FWER of 0·01 
using a Holm procedure. 

 The gatekeeping procedure is also shown in the diagram below: 
 

 
 
1 Hochberg Y. A sharper Bonferroni procedure for multiple tests of significance. Biometrika 1988; 75:800–2. 
2 Holm S. A simple sequentially rejective multiple test procedure. Scand J Statist 1979; 6:65–70. 
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Appendix 8: Drug safety monitoring board and adjudication committees 
  

 A drug safety monitoring board and two adjudication committees were involved with this study: 
 The data safety monitoring board was responsible for evaluating cumulative safety and other 

clinical trial data from patients at regular intervals and making appropriate recommendations based 
on the available data independently from the study investigators and sponsor.   

 An independent adjudication committee reviewed all ED visits and/or hospitalisations to determine 
whether the reason for health care utilisation was specifically the result of an asthma-related 
worsening and not another health-related issue. 

 An independent adjudication committee for major adverse cardiovascular events and malignancies 
provided unbiased assessments of blinded data to confirm diagnoses of 1) investigator-reported 
non-fatal myocardial infarction, non-fatal stroke (haemorrhagic, ischaemic, and embolic), as well 
as cardiovascular deaths; and 2) investigator-reported malignancies during the trial. 
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Appendix 9: Table 1. Concomitant maintenance asthma medications at baseline (full analysis set) 
 

 All patients 
(N=1,306) 

High-dosage ICS/LABA + baseline blood eosinophils  
≥300 cells/µL (n=728) 

High-dosage ICS/LABA + baseline blood eosinophils  
<300 cells/µL (n=363) 

  
Placebo  
(n=440) 

Benralizumab  
30 mg Q4W  
(n=425) 

Benralizumab  
30 mg Q8W  
(n=441) 

 
Placebo  
(n=248) 

Benralizumab  
30 mg Q4W  
(n=241) 

Benralizumab  
30 mg Q8W  
(n=239) 

 
Placebo  
(n=122) 

Benralizumab  
30 mg Q4W  
(n=116) 

Benralizumab  
30 mg Q8W  
(n=125) 

ICS 
Total daily dose (µg) 

440 (100%)  
863 (250–3000) 

425 (100%) 
850 (12·5–4125) 

439 (99·5%) 
905 (160–4750) 

248 (100%)  
929 (250–3000) 

241 (100%)  
895 (184–4125) 

237 (99%)  
1002 (250–4750) 

122 (100%)  
961 (250–2500)  

116 (100%)  
965 (12·5–3000) 

125 (100%)  
966 (250–4000) 

LABA 440 (100%) 425 (100%) 435 (99%) 248 (100%) 241 (100%) 235 (98%) 122 (100%) 116 (100%) 125 (100%) 
ICS/LABA 374 (85%) 365 (86%) 384 (87%) 214 (86%) 214 (89%) 213 (89%) 100 (82%) 92 (79%) 105 (84%) 
OCS 

Total daily dose (mg) 
41 (9%)  
12·6 (2·5–50·0) 

37 (9%)  
12·0 (4·0–66·7) 

44 (10%)  
9·7 (0·6–40·0) 

28 (11%)  
14·4 (2·5–50·0) 

27 (11%)  
12·4 (4·0–66·7) 

25 (10%)  
8·3 (2·0–25·0) 

13 (11%)  
8·6 (5·0–20·0) 

6 (5%)  
10·8 (10·0–15·0) 

14 (11%)   
11·4 (0·6–40·0) 

LAMA 36 (8%) 31 (7%) 39 (9%) 24 (10%) 20 (8%) 28 (12%) 10 (8%) 9 (8%) 10 (8%) 
LTRA 116 (26%) 123 (29%) 124 (28%) 68 (27%) 70 (29%) 68 (28%) 36 (30%) 36 (31%) 38 (30%) 
Xanthine derivatives 49 (11%) 52 (12%) 55 (12%) 32 (13%) 30 (12%) 35 (15%) 17 (14%) 19 (16%) 14 (11%) 
Other 5 (1%) 9 (2%) 9 (2%) 3 (1%) 6 (2%) 6 (3%) 2 (2%) 1 (<1%) 2 (2%) 

Data are number of patients (%) or mean (range). ICS=inhaled corticosteroids. LABA=long-acting β2-agonist. LAMA=long-acting muscarinic receptor antagonist.  
LTRA= leukotriene receptor antagonists. OCS=oral corticosteroids. Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W).
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Appendix 10: Table 2. Post-bronchodilator FEV1 change from baseline at week 56 in patients receiving 
high-dosage ICS/LABA with baseline blood eosinophils ≥300 cells/µL 
 

 High-dosage ICS/LABA + baseline blood eosinophils ≥300 cells/µL 
 Placebo 

(n=239) 
Benralizumab 30 mg Q4W 
(n=232) 

Benralizumab 30 mg Q8W 
(n=234) 

Post-bronchodilator FEV1 (L)*

LS mean change 
LS means difference vs placebo 
p-value vs placebo 

 
0·067 
– 
– 

 
0·165 
0·097 (0·022 to 0·172)  
0·0110 

 
0·172 
0·105 (0·029 to 0·180)  
0·0068 

Data are mean change from baseline at week 56 or mean difference (95% CI). *Estimates calculated using a 
mixed-effects model for repeated measures analysis, with adjustment for treatment, baseline value, region, oral 
corticosteroid use at time of randomisation, visit, and visit × treatment. CI=confidence interval. FEV1=forced 
expiratory volume in 1 second. LS=least squares. Q4W=once every 4 weeks. Q8W=once every 8 week (first 
three doses Q4W). 
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Appendix 11: Figure 1. Change from baseline through week 56 in total asthma symptom score for 
patients receiving high-dosage ICS/LABA with blood eosinophils (A) ≥300 cells/µL and (B) <300 cells/µL 
(full analysis set) 
 

 
 
*p<0·05 for benralizumab Q4W vs placebo treatment comparison. †p<0·05 for benralizumab Q8W vs placebo 
treatment comparison. ICS=inhaled corticosteroids. LABA=long-acting β2-agonist. Q4W=once every 4 weeks. 
Q8W=once every 8 weeks (first three doses Q4W).
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Appendix 12: Figure 2. Time to first asthma exacerbation for patients receiving high-dosage ICS/LABA 
with baseline blood eosinophils (A) ≥300 cells/µL and (B) <300 cells/µL 
 

 
 
Error bars represent 95% confidence intervals. ICS=inhaled corticosteroids. LABA=long-acting β2-agonist. 
Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W).
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Appendix 13: Figure 3. Cumulative number of asthma exacerbations over 56 weeks for patients receiving 
high-dosage ICS/LABA with baseline blood eosinophils (A) ≥300 cells/µL and (B) <300 cells/µL (full 
analysis set)   
 

          
ICS=inhaled corticosteroids. LABA=long-acting β2-agonist. Q4W=once every 4 weeks. Q8W=once every 8 
weeks (first three doses Q4W).                        
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Appendix 14: Table 3. Exacerbations resulting in adjudicated ED visit, urgent care visit, or 
hospitalisation for patients receiving high-dosage ICS/LABA with baseline blood eosinophil counts  
≥300 cells/L (full analysis set)* 
 

 Placebo 
(N=248) 

Benralizumab 30 mg 
Q4W (n=241) 

Benralizumab 30 mg 
Q8W (n=239) 

All exacerbations over 56 weeks 
Number of patients with ≥1 exacerbation 
Total number of exacerbations 

126 (51%) 
270 

84 (35%) 
163 

95 (40%) 
163 

Exacerbations associated with ER visit or 
hospitalisation over 56 weeks 

Number of patients with ≥1 exacerbation 
Total number of exacerbations 
Annual exacerbation rate estimate 
Absolute difference estimate 
Rate ratio vs placebo 
p-value vs placebo 

 
 
20 (8%) 
26 
0·04 (0·02 to 0·07) 
– 
– 
– 

 
 
16 (7%) 
23 
0·04 (0·02 to 0·06) 
0·00 (–0·03 to 0·02) 
0·93 (0·48 to 1·82) 
0·8366 

 
 
20 (8%) 
28 
0·05 (0·03 to 0·08) 
0·01 (–0·02 to 0·04) 
1·23 (0·64 to 2·35)  
0·5381 

Data are numbers of patients (%s), or number of exacerbations. Data for exacerbation rates are rate estimates 
(95% CI) or rate ratios (95% CI). *Estimates via negative binomial model adjusting for treatment, region, oral 
corticosteroid use at time of randomisation, and any prior exacerbations resulting in ED visit or hospitalisation. 
CI=confidence interval. ED=emergency department. ICS=inhaled corticosteroids. LABA=long-acting β2-
agonist. Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W). 
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Appendix 15: Table 4. Blood eosinophil count changes with benralizumab treatment for patients receiving high-dosage ICS/LABA with baseline blood eosinophils 
(A) ≥300 cells/µL and (B) <300 cells/µL* 
 

 High-dosage ICS/LABA + baseline blood eosinophils ≥300 cells/µL High-dosage ICS/LABA + baseline blood eosinophils <300 cells/µL 
 Placebo 

(n=248) 
Benralizumab 30 mg 
Q4W (n=241) 

Benralizumab 30 mg Q8W 
(n=239) 

Placebo 
(n=122) 

Benralizumab 30 mg Q4W 
(n=116) 

Benralizumab 30 mg Q8W 
(n=125) 

Baseline blood eosinophil count (cells/µL) 470 (340–695); 248 470 (320–720); 241 480 (350–700); 239 170 (110–240); 122 150 (95–230); 116 150 (90–230); 125 
Week 4 blood eosinophil count (cells/µL) 

LS mean change 
LS means difference vs placebo 
P-value vs placebo 

430 (290–620); 238 
7·9% 
– 
– 

0 (0–10); 234 
–96·2% 
–104·2% (–114·2 to –94·2) 
<0·0001 

0 (0–10); 231–97·1% 
–105·0% (–115·1 to –95·0) 
<0·0001 

180 (120–270); 117 
34·2% 
– 
– 

0 (0–10); 110 
–95·8% 
–129·9% (–148·3 to –111·5) 
<0·0001 

0 (0–10); 117 
–90·1% 
–124·2% (–142·3 to –106·1) 
<0·0001 

Week 56 blood eosinophil count (cells/µL) 
LS mean change 
LS means difference vs placebo 
P-value vs placebo 

390 (265–570); 200 
17·7% 
– 
– 

0 (0–10); 203 
–94·5% 
–112·3% (–155·0 to –69·5) 
<0·0001 

0 (0–10); 193 
–89·0% 
–106·8% (–149·7 to –63·9) 
<0·0001 

180 (110–260); 95 
229·5% 
– 
– 

0 (0–10); 85 
–98·3% 
–327·8% (–635·1 to –20·5)  
0·0366 

0 (0–10); 84 
–100·1% 
–329·6% (–636·6 to –22·7)  
0·0354 

Data are median (interquartile range); n, mean percent change from baseline, or mean difference (95% CI). *Estimates via mixed-effects model for repeated measures analysis 
with adjustment for treatment, baseline value, region, oral corticosteroid use at time of randomisation, visit, and visit × treatment. ICS=inhaled corticosteroids. LABA=long-
acting β2-agonist. LS=least squares. Q4W= once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W). 
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Appendix 16: Table 5. Analysis of the treatment effect on annual exacerbation rate, pre-bronchodilator 
FEV1, and total asthma symptom score for patients receiving medium-dosage ICS with baseline blood 
eosinophils ≥300 cells/µL 
 

 Medium-dosage ICS/LABA + baseline blood eosinophils ≥300 cells/µL 
 Placebo 

(n=47) 
Benralizumab 30 mg 
Q4W (n=51) 

Benralizumab 30 mg 
Q8W (n=49) 

Annual exacerbation rate* 
Crude rate 
Rate ratio vs placebo 
p-value vs placebo 

Pre-bronchodilator FEV1 (L)† 
LS mean change 
LS means difference vs placebo 
p-value vs placebo 

Total asthma symptom score† 
LS mean change 
LS means difference vs placebo 
p-value vs placebo 

 
0·59 
– 
– 
 
0·270 
– 
– 
 
–1·46 
– 
– 

 
0·80 
1·29 (0·67 to 2·45) 
0·4474 
 
0·313 
0·043 (–0·148 to 0·235) 
0·6547 
 
–1·56 
–0·09 (–0·51 to 0·32) 
0·6562 

 
0·27 
0·48 (0·22 to 1·03) 
0·0586 
 
0·229 
–0·041 (–0·229 to 0·147) 
0·6661 
 
–1·41 
0·06 (–0·35 to 0·46) 
0·7893 

Data for exacerbation rates are rate estimates (95% CI) or rate ratios (95% CI). Data for pre-bronchodilator 
FEV1 and total asthma symptom score are mean change from baseline at week 56; n or mean difference (95% 
CI). *Estimates calculated using a negative binomial model adjusting for treatment, region, oral corticosteroid 
use at time of randomisation, and prior exacerbations. †Estimates calculated using a mixed-effects model for 
repeated measures analysis with adjustment for treatment, baseline value, region, oral corticosteroid use at time 
of randomisation, visit, and visit × treatment. CI=confidence interval. FEV1=forced expiratory volume in 1 
second. LS=least squares. Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W).
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Appendix 17: Figure 4. Annual asthma exacerbation rate ratio at 56 weeks by subgroup for (A) 
benralizumab Q4W vs placebo and (B) benralizumab Q8W vs placebo for patients receiving high-dosage 
ICS/LABA with blood eosinophils ≥300 cells/µL 
 

 
 
BMI=body mass index. CI=confidence interval. FU=follow-up; ICS=inhaled corticosteroids. LABA=long-
acting β2-agonist. IgE=immunoglobulin E. LS=least squares. OCS=oral corticosteroids. Q4W=once every  
4 weeks. Q8W= once every 8 weeks (first three doses Q4W).
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Appendix 18: Table 6. Baseline demographic and clinical characteristics by geographic region for patients receiving high-dosage ICS/LABA with baseline blood 
eosinophils ≥300 cells/µL 
 

 Asia 
(n=72) 

Eastern Europe 
(n=259) 

Europe 
(n=102) 

North America 
(n=128) 

South America 
(n=167) 

Age (years) 50·4 (11·1) 51·0 (11·5) 53·0 (14·5) 48·3 (13·0) 45·1 (15·5) 
Sex 

Male 
Female 

 
19 (26%) 
53 (74%) 

 
107 (41%) 
152 (59%) 

 
51 (50%) 
51 (50%) 

 
39 (30%) 
89 (70%) 

 
70 (42%) 
97 (58%) 

Race 
White 
Black or African-American 
Asian 
Other* 

 
0 
0 
72 (100%) 
0 

 
259 (100%) 
0 
0 
0 

 
100 (98%) 
1 (1%) 
1 (1%) 
0 

 
99 (77%) 
20 (16%) 
9 (7%) 
0 

 
167 (100%) 
0 
0 
0 

BMI (kg/m2) 25·9 (4·7) 28·1 (5·5) 27·8 (4·8) 32·8 (9·0) 29·2 (5·9) 
Local eosinophil count (cells/µL) 698·9 (436·0) 595·7 (370·0) 691·1 (520·8) 612·9 (395·4) 613·7 (332·1) 
FEV1 pre-bronchodilator (% predicted normal) 61·0% (12·8) 57·0% (13·4) 56·4% (13·9) 56·8% (14·2) 60·5% (14·7) 
FEV1/FVC pre-bronchodilator (%) 62·7% (10·3) 58·3% (12·3) 59·4% (12·5) 60·4% (11·9) 62·9% (12·3) 
Reversibility (%) 19·4% (15·8) 27·9% (26·2) 19·0% (19·5) 26·8% (22·7) 27·6% (23·5) 
ACQ-6 score† 2·2 (0·8) 2·8 (0·9) 2·9 (1·0) 2·9 (1·0) 2·7 (0·9) 
Smoking history 

Never 
Current 
Former 

 
53 (74%) 
0 
19 (26%) 

 
213 (82%) 
0 
46 (18%) 

 
73 (72%) 
0 
29 (28%) 

 
88 (69%) 
1 (<1%) 
39 (30%) 

 
136 (81%) 
1 (<1%) 
30 (18%) 

Time since asthma diagnosis (years) 12·9 (1·4 to 53·0) 12·9 (1·2 to 53·2) 15·5 (1·2 to 69·9) 24·8 (1·3 to 65·2) 20·0 (1·7 to 58·2) 
Number of exacerbations in the previous 12 months 

2 exacerbations 
≥3 exacerbations 

3·6 (2·6) 
34 (47%) 
38 (53%) 

2·4 (0·9) 
189 (73%) 
70 (27%) 

3·3 (2·5) 
52 (51%) 
50 (49%) 

2·9 (1·2) 
56 (44%) 
71 (55%) 

2·5 (0·9) 
112 (67%) 
55 (33%) 

Exacerbations leading to hospitalisation in the 
previous 12 months 

6 (8%) 79 (31%) 11 (11%) 14 (11%) 
 

19 (11%) 
 

OCS use 9 (13%) 27 (10%) 21 (21%) 19 (15%) 4 (2%) 
ICS total daily dose (µg) 888·2 (245·6) 1019·9 (408·5) 911·1 (380·6) 934·5 (739·8) 869·2 (224·5) 

Data are means (SD), medians (range), or n’s (%).*Native Hawaiian or other Pacific Islander, American Indian or Alaska Native, and Other. †The ACQ-6 is a 6-item 
questionnaire to assess daytime and night-time symptoms and rescue β2-agonist use on a 0–6 scale (low numbers represent better control). ACQ-6=Asthma Control 
Questionnaire-6. BMI=body mass index. FEV1= forced expiratory volume in 1 second. FVC=forced vital capacity. ICS=inhaled corticosteroids. LABA=long-acting β2-
agonist. Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W). SD=standard deviation.
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Appendix 19: Table 7. Post-hoc analysis of the treatment effect of exacerbation history on primary and 
secondary endpoints 
 

 High-dosage ICS/LABA + baseline blood eosinophils ≥300 cells/µL 
 Placebo 

(n=248) 
Benralizumab 30 mg 
Q4W (n=241) 

Benralizumab 30 mg 
Q8W (n=239) 

Primary analysis population* 
N 
Annual exacerbation rate 

Crude rate 
Rate ratio vs placebo 
p-value vs placebo 

 
248 
 
1·03 
– 
– 

 
241 
 
0·64 
0·64 (0·49 to 0·85) 
0·0018 

 
239 
 
0·66 
0·72 (0·54 to 0·95) 
0·0188 

Patients who had two prior exacerbations† 
N 
Annual exacerbation rate 

Crude rate 
Rate ratio vs placebo 
p-value vs placebo 

Pre-bronchodilator FEV1 (L) 
LS mean change 
LS means difference vs placebo 
p-value vs placebo 

Total asthma symptom score 
LS mean change 
LS means difference vs placebo 
p-value vs placebo 

ACQ-6 score 
LS mean change 
LS means difference vs placebo 
p-value vs placebo 

AQLQ(S)+12 score 
LS mean change 
LS means difference vs placebo 
p-value vs placebo 

 
151 
 
0·59 
– 
– 
 
0·236 
– 
– 
 
–1·13 
– 
– 
 
–1·20 
– 
– 
 
1·36 
– 
– 

 
149 
 
0·48 
0·74 (0·51 to 1·09) 
0·1293 
 
0·346 
0·110 (0·002 to 0·217) 
0·0460 
 
–1·32 
–0·19 (–0·44 to 0·05) 
0.1245 
 
–1·34 
–0·14 (–0·37 to 0·10) 
0·2552 
 
1·44 
0·08 (–0·18 to 0·35) 
0·5247 

 
144 
 
0·61 
1·01 (0·70 to 1·46) 
0·9635 
 
0·266 
0·029 (–0·079 to 0·137) 
0·5965 
 
–1·25 
–0·12 (–0·37 to 0·13) 
0·3370 
 
–1·33 
–0·13 (–0·37 to 0·11) 
0·3013 
 
1·41 
0·06 (–0·21 to 0·32) 
0·6691 

Patients who had three or more prior exacerbations† 
N 
Annual exacerbation rate 

Crude rate 
Rate ratio vs placebo 
p-value vs placebo 

Pre-bronchodilator FEV1 (L) 
LS mean change 
LS means difference vs placebo 
p-value vs placebo 

Total asthma symptom score 
LS mean change 
LS means difference vs placebo 
p-value vs placebo 

ACQ-6 score 
LS mean change 
LS means difference vs placebo 
p-value vs placebo 

AQLQ(S)+12 score 
LS mean change 
LS means difference vs placebo 
p-value vs placebo 

 
97 
 
1·71 
– 
– 
 
0·174 
– 
– 
 
‒1·21 
– 
– 
 
‒1·15 
– 
– 
 
1·25 
– 
– 

 
92 
 
0·90 
0·55 (0·37 to 0·81) 
0·0028 
 
0·326 
0·151 (0·001 to 0·301) 
0·0481 
 
‒1·21 
‒0·00 (‒0·32 to 0·32) 
0·9833 
 
‒1·47 
‒0·32 (‒0·63 to ‒0·01) 
0·0460 
 
1·52 
0·27 (‒0·07 to 0·60) 
0·1155 

 
95 
 
0·75 
0·49 (0·33 to 0·74) 
0·0008 
 
0·440 
0·265 (0·115 to 0·415) 
0·0006 
 
‒1·62 
–0·41 (‒0·73 to ‒0·09) 
0·0115 
 
‒1·63 
–0·48 (‒0·79 to ‒0·17) 
0·0028 
 
1·78 
0·52 (0·19 to 0·86) 
0·0021 

LS mean differences at week 56. Data are rate ratio or LS means difference (95% CI). *Annual asthma 
exacerbation rate over 56 weeks. †In the previous year. ACQ-6=Asthma Control Questionnaire-6. 
AQLQ(S)+12=Standardised Asthma Quality of Life Questionnaire for 12 years and older. FEV1= forced 
expiratory volume in 1 second. ICS=inhaled corticosteroids. LABA=long-acting β2-agonist. LS=least squares. 
Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W). 
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Appendix 20: Table 8. Adverse events and injection-site reactions during the on-treatment period for patients receiving high-dosage ICS/LABA with baseline blood 
eosinophils ≥300 cells/µL and <300 cells/µL (safety analysis set) 
 

 High-dosage ICS/LABA + baseline blood eosinophils ≥300 cells/µL High-dosage ICS/LABA + baseline blood eosinophils <300 cells/µL 
 Placebo  

(n=248) 
Benralizumab 30 mg 
Q4W (n=250)

Benralizumab 30 mg 
Q8W (n=230) 

Placebo  
(n=122) 

Benralizumab 30 mg 
Q4W (n=117) 

Benralizumab 30 mg 
Q8W (n=124) 

Any AE 188 (76%) 187 (75%)  181 (79%)  101 (83%) 91 (78%)  97 (78%)  
Any drug-related AE 26 (10%) 30 (12%) 34 (15%) 8 (7%) 15 (13%) 13 (10%) 
Any AE leading to treatment 
discontinuation 

1 (<1%) 5 (2%)  6 (3%)  2 (2%) 2 (2%) 4 (3%) 

Any AE leading to death 0 1 (<1%)  2 (<1%)  0 1 (<1%)  0 
Any SAE 34 (14%) 25 (10%)  25 (11%)  21 (17%) 17 (15%)  10 (8%)  
AEs in >3% of patients*† 

Nasopharyngitis 
Asthma 
Upper respiratory tract infection 
Bronchitis 
Headache 
Sinusitis 
Hypertension 
Influenza 
Rhinitis 
Rhinitis allergic 
Nasal congestion 
Diarrhoea 
Arthralgia 
Back pain 
Gastroenteritis 
Contusion 
Cough 
Pharyngitis 
Pyrexia 
Oropharyngeal pain 
Oral candidiasis 
Pneumonia bacterial 
Viral upper respiratory tract infection 
Respiratory tract infection viral 

 
56 (23%) 
42 (17%) 
22 (9%) 
32 (13%) 
22 (9%) 
23 (9%) 
10 (4%) 
12 (5%) 
10 (4%) 
10 (4%) 
8 (3%) 
8 (3%) 
8 (3%) 
6 (2%) 
5 (2%) 
5 (2%) 
4 (2%) 
3 (1%) 
3 (1%) 
2 (<1%) 
– 
– 
– 
– 

 
56 (22%) 
39 (16%) 
19 (8%) 
19 (8%) 
23 (9%) 
14 (6%) 
7 (3%) 
12 (5%) 
7 (3%) 
8 (3%) 
2 (<1%) 
7 (3%) 
5 (2%) 
8 (3%) 
8 (3%) 
8 (3%) 
6 (2%) 
10 (4%) 
11 (4%) 
9 (4%) 
– 
– 
– 
– 

 
42 (18%) 
28 (12%) 
18 (8%) 
21 (9%) 
16 (7%) 
14 (6%) 
4 (2%) 
6 (3%) 
12 (5%) 
10 (4%) 
3 (1%) 
1 (<1%) 
5 (2%) 
8 (3%) 
3 (1%) 
1 (<1%) 
10 (4%) 
3 (1%) 
8 (3%) 
3 (1%) 
– 
– 
– 
– 

 
29 (24%) 
17 (14%) 
6 (5%) 
14 (11%) 
9 (7%) 
12 (10%) 
8 (7%) 
3 (2%) 
5 (4%) 
7 (6%) 
– 
– 
– 
8 (7%) 
4 (3%) 
– 
2 (2%) 
3 (2%) 
3 (2%) 
1 (<1%) 
0 
0 
5 (4%) 
2 (2%) 

 
22 (19%) 
16 (14%) 
7 (6%) 
17 (15%) 
5 (4%) 
5 (4%) 
4 (3%) 
7 (6%) 
1 (<1%) 
3 (3%) 
– 
– 
– 
4 (3%) 
1 (2%) 
– 
4 (3%) 
5 (4%) 
4 (3%) 
1 (<1%) 
6 (5%) 
4 (3%) 
1 (<1%) 
0 

 
30 (24%) 
10 (8%) 
13 (10%) 
16 (13%) 
12 (10%) 
4 (3%) 
13 (11%) 
3 (2%) 
4 (3%) 
2 (2%) 
– 
– 
– 
2 (2%) 
1 (<1%) 
– 
3 (2%) 
5 (4%) 
3 (2%) 
4 (3%) 
6 (5%) 
1 (<1%) 
0 
4 (3%) 

Injection-site reactions 6 (2%) 9 (4%) 6 (3%) 1 (<1%) 2 (2%) 2 (2%) 
Hypersensitivity 

Drug-related hypersensitivity 
13 (6%) 
2 (<1%) 

7 (3%) 
0 

9 (4%) 
3 (1%)  

3 (2%) 
0 

6 (5%) 
2 (2%) 

3 (2%) 
1 (<1%) 

Data are n (%), where n is the number of patients. The on-treatment period was defined as the day of first dose of study treatment to the scheduled end of therapy visit. 
AE=adverse event. ICS=inhaled corticosteroids. LABA=long-acting β2-agonist. Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W). SAE=serious 
adverse event. *Medical Dictionary for Regulatory Activities version 18.1. † ‘–’ denotes frequency of <3% within this patient subpopulation. 
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Appendix 21: Table 9. Immunogenicity of benralizumab for treated patients (safety analysis set) 
 

 Placebo  
(n=440) 

Benralizumab 30 mg Q4W 
(n=438)

Benralizumab 30 mg Q8W 
(n=428)

Anti-drug antibody response 
Positive at any visit* 
Post-baseline positive only† 
Persistently positive† 
Transiently positive† 
Positive, neutralising antibody positive* 

 
13 (3%) 
8 (2%) 
7 (2%) 
6 (1%) 
8 (2%) 

 
63 (14%)  
55 (13%)  
44 (10%)  
16 (4%)  
44 (10%)  

 
64 (15%)  
57 (14%)  
42 (10%)  
20 (5%)  
49 (11%)  

Data expressed as n (%). *Denominator based on patients with any anti-drug antibody data available. †Denominator based on patients with ≥1 post-baseline result available. 
Q4W=once every 4 weeks. Q8W=once every 8 weeks (first three doses Q4W). 
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