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Abstract

Background—Many subjects with asthma exhibit sputum eosinophilia associated with

exacerbations. Benralizumab targets eosinophils by binding interleukin-5 receptor alpha, inducing

apoptosis via antibody-dependent cell-mediated cytotoxicity.

Objectives—To evaluate the safety of benralizumab in adults with eosinophilic asthma, and its

effects on eosinophil counts in airway mucosal/submucosal biopsies, sputum, bone marrow, and

peripheral blood.

Methods—In this multicenter, double-blind, placebo-controlled Phase I study, 13 subjects were

randomized to single intravenous placebo or benralizumab 1 mg/kg (day 0) [Cohort 1], and 14

subjects were randomized to three monthly subcutaneous doses of placebo or benralizumab 100 or

200 mg (days 0, 28, and 56) [Cohort 2]. Cohorts 1 and 2 were consecutive.

Results—The incidence of adverse events was similar between groups. No serious adverse

events related to benralizumab occurred. Cohort 1: intravenous benralizumab produced a median

decrease from baseline of 61.9% in airway mucosal eosinophils (day 28; placebo: +19.6%; P = .

28), 18.7% (day 21) in sputum and 100% (day 28) in blood. Eosinophils were not detectable in
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bone marrow of benralizumab-treated subjects (day 28, n=4). Cohort 2: subcutaneous

benralizumab demonstrated a combined (100 + 200 mg) median reduction of 95.8% in airway

eosinophils (day 84; placebo −46.7%; P = .06), 89.9% (day 28) in sputum and 100% (day 84) in

blood.

Conclusion—Single-dose intravenous and multiple-dose subcutaneous benralizumab reduced

eosinophil counts in airway mucosa/submucosa and sputum, and suppressed eosinophils in bone

marrow and peripheral blood. The safety profile supports further development. Additional studies

are needed to assess clinical benefit in asthma.
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Introduction

Eosinophils are thought to play an important role in the pathogenesis and severity of asthma.

The clinical relevance of eosinophils in asthma has been confirmed in longitudinal studies

demonstrating a reduction in acute exacerbations in subjects who maintained sputum

eosinophils <2%,1 <3%,2 or <8%3 with adjustments in inhaled corticosteroids (ICS), versus

those whose ICS were modified per standard clinical asthma guidelines. However, a subset

of subjects with refractory asthma has persistent airway eosinophilia despite chronic high-

dose ICS.4

Interleukin-5 (IL-5) is a cytokine secreted predominantly by T-lymphocytes, mast cells, and

eosinophils, and is involved in regulating the differentiation, proliferation, and activation of

eosinophils via the IL-5 receptor (IL-5R).5 Several studies using anti-IL-5 monoclonal

antibodies (mAb), in subjects with eosinophilic asthma have shown clinical promise. In a

pilot study, twelve monthly infusions of 750 mg mepolizumab reduced severe exacerbations

by 41% (P = .02 versus placebo).6 These results were reproduced in a larger Phase IIb study

with exacerbations reduced by 39–52% (P < .001 versus placebo).7 Mepolizumab also

demonstrated a steroid-sparing effect in a 6-month study allowing subjects with prednisone-

dependent eosinophilic asthma to reduce oral prednisone by 84% compared with 48% on

placebo (P = .04).8 Though underpowered for this endpoint, a reduction in asthma

exacerbations (P = .08) was shown with reslizumab, another anti-IL-5 mAb.9 These studies

provide compelling evidence that targeting the IL-5 pathway in subjects with eosinophilic

asthma has therapeutic potential.

Benralizumab is a humanized, afucosylated mAb, designed to target IL-5Rα expressed on

eosinophils and basophils.10,11 Lack of a fucose sugar moiety on the oligosaccharide core

enhances the binding affinity of benralizumab to FcγRIIIα and augments antibody-

dependent cell-mediated cytotoxicity (ADCC), inducing apoptosis of target cells. 12 In an

open-label study in subjects with mild atopic asthma, a single intravenous (IV) dose of

benralizumab had an acceptable safety profile and resulted in marked reductions of

peripheral blood eosinophil counts within 24 hours of dosing.13
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This phase I study evaluated single (IV) or multiple subcutaneous (SC) doses of

benralizumab in adults with eosinophilic asthma. The primary objectives were to evaluate

the safety profile of benralizumab and the effect of benralizumab on eosinophil counts in

airway mucosal/submucosal biopsies 28 days after dosing. Exploratory objectives included

evaluation of eosinophil counts in sputum and bone marrow, and eosinophil and basophil

counts in peripheral blood.

Methods

Study design

This was a multicenter, randomized, double-blind, placebo-controlled study

(ClinicalTrials.gov identifier: NCT00659659) conducted from April 2008 through April

2011 (Fig 1). Subjects were recruited from three United States and four Canadian medical

centers. All subjects signed an informed consent prior to any study-related activities. The

protocol was approved by local ethics committees for each site along with the US Food and

Drug Administration and Health Canada.

Eligible subjects aged 18–65 years had a documented diagnosis of asthma supported by at

least one of the following criteria: (1) ≥12% increase in forced expiratory volume in 1

second (FEV1) after inhalation of 400 μg albuterol during screening, (2) history of ≥12%

FEV1 reversibility within 1 year of randomization, or (3) history of 20% reduction in FEV1

in response to a provocative methacholine challenge (PC20) of less than 8 mg/mL within 1

year of randomization. In addition, subjects had a sputum eosinophil count ≥2.5%, post-

bronchodilator FEV1 ≥65%, pre-bronchodilator FEV1/forced vital capacity (FVC) ratio

below age-adjusted norms,14 and an asthma therapeutic regimen that was unchanged for 4

weeks prior to randomization and maintained from screening to the first follow-up airway

mucosal/submucosal biopsy. Key exclusion criteria were lung disease other than asthma,

smoking within 2 years of baseline or history of ≥10 pack-years, a clinically significant

medical condition or acute infection, current use of immunosuppressive drugs (other than

oral corticosteroids), positive serology to HIV, hepatitis, history of tuberculosis or positive

tuberculosis test without a complete course of treatment. Subjects were asked to maintain

their regular asthma medication during the study.

Subjects were randomized to receive an IV infusion of 1 mg/kg benralizumab or placebo

(2:1) on day 0 (Cohort 1); or 100 or 200 mg benralizumab or placebo (1:1:1) delivered in

four SC injections on days 0, 28, and 56 (Cohort 2). Group assignment was determined

using block randomization through an interactive voice response system. Cohort 2 was

recruited subsequent to Cohort 1. Subjects were followed-up for at least 84 days after the

last dose of study medication.

Safety assessments

Safety was assessed by monitoring treatment-emergent adverse events (AEs), serious AEs,

physical examinations, vital signs, and laboratory test results. Any significant changes

identified during physical examinations were considered to be AEs.
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Clinical procedures

A baseline bronchoscopy with airway mucosal/submucosal biopsies was performed

following standard procedures at least 7 days after screening sputum induction and within 2

days before day 0. Subjects were pretreated with an inhaled β2 agonist. Airway mucosal/

submucosal biopsies were repeated on days 28 (Cohort 1) and 84 (Cohort 2; optional for

Cohort 1, not reported). The number of eosinophils per mm2 in airway biopsy samples was

determined by immunofluorescence assay using anti-major basic protein-1 antibody (US

Biological, Texas, USA). Hematoxylin and eosin (H&E) stained sections were also prepared

to assess the quality of the biopsy sample.

Sputum samples were induced, collected, and analyzed for eosinophils at screening (within

14 days prior to day 0), and days 21, 56, and 77 (Cohort 1) and days 28, 77, and 140 (Cohort

2).

Subjects who consented had bone marrow aspiration at screening and day 28. Bone marrow

aspirates stained with Wright-Giemsa stain were analyzed.

Blood samples were taken at screening, and days 0, 7, 28, 56, and 84 (both cohorts), and at

days 21, 119, and 140 (Cohort 2 only) for evaluation of eosinophils via an automated

hematology analyzer. Basophils were evaluated from whole blood by flow cytometry

utilizing antibodies to immunoglobulin E high affinity receptor (eBiosciences), CD123,

CCR3 (CD193), and CRTH2 (CD294) (BD Biosciences) at days 0, 1, 7, 28, 56, 84, and 140

(Cohort 2 only).

Further details of the procedures used to obtain and prepare samples of airway mucosa,

peripheral blood, bone marrow, and sputum are provided in the online supplement.

Statistical analysis

A total of 12 randomized subjects per cohort were considered to be sufficiently powered to

assess the effect of benralizumab on eosinophil counts in airway mucosal/submucosal

biopsies. All subjects randomized into the study were included in the intent-to-treat (ITT)

population. The according to protocol (ATP) population was defined as subjects who

received all planned doses of study drug, had airway mucosal/submucosal biopsy results at

screening and day 28 (Cohort 1) or day 84 (Cohort 2), and did not receive a burst of

corticosteroids within 28 days prior to the second airway biopsy. For Cohort 2, subjects

were excluded from the ATP population if they had an upper or lower respiratory tract

infection requiring treatment within 28 days prior to the second airway biopsy. The safety

population included all subjects who received at least one dose of study drug. Cell count

evaluations were based on the ATP population and safety evaluations were based on the

safety population.

Baseline was defined as the day 0 value prior to administration of study medication. If the

day 0 value was missing, invalid, or measured after study drug administration, baseline was

determined as the latest assessment prior to day 0.
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The primary endpoints were safety and the effect of benralizumab on eosinophil counts in

airway mucosal/submucosal biopsies 28 days after completion of dosing. A two-sided

Wilcoxon rank sum test (alpha = .05) was used to analyze differences in median percent

change in airway mucosal/submucosal absolute eosinophil count between placebo and

benralizumab (Cohort 1), and placebo and the combined (100+200 mg) benralizumab

groups (Cohort 2).

A post-hoc analysis was performed using the Sign test to compare the within group median

percent change from screening to 28 days after the last dose of study medication in airway

mucosal absolute eosinophil count. A second post-hoc analysis was conducted using a

Wilcoxon rank sum test to compare median percent change from screening to 28 days after

the last dose of study medication in airway mucosal/submucosal, sputum, and peripheral

blood absolute eosinophil counts between placebo (Cohorts 1 and 2 combined) and

benralizumab (Cohorts 1 and 2 combined). All other parameters were summarized

descriptively.

Results

Subjects

Twenty-seven adult subjects with asthma were randomized to receive placebo or

benralizumab (IV or SC) and all subjects were included in all analyses. Subject disposition

is shown in Fig E1 in the online repository. Twenty-six subjects completed the study. One

subject randomized to benralizumab 1 mg/kg IV withdrew consent after receiving study

drug (no reason was given) but was followed up to day 56; this subject was randomized,

received study drug, and had airway biopsies at screening and day 28, and was thus included

in all study populations. Subjects were 20 to 62 years old, most were non-Hispanic (88.9%)

and White (92.6%), with a slightly higher percentage of females (59.3%) (Table I). Actual

and predicted baseline FEV1 values were similar across groups and in both cohorts. ICS

were taken at baseline by six of eight benralizumab and four of five placebo subjects in

Cohort 1, and six of nine benralizumab and all five placebo subjects in Cohort 2. In addition,

one subject (Cohort 2, placebo) was taking oral corticosteroids at baseline.

Safety

The incidence of all AEs was similar between placebo and benralizumab following both IV

and SC administration (Table II). The most common AEs in the benralizumab groups were

nasopharyngitis (25.0%) and headache (25.0%) in Cohort 1, and nasopharyngitis (22.2%)

and nausea (22.2%) in Cohort 2. All AEs reported in the placebo and benralizumab groups

in Cohort 1, and all those in the placebo group and approximately two-thirds of those in the

benralizumab groups in Cohort 2 were mild-to-moderate in severity.

The incidence of AEs was generally higher in the benralizumab groups than placebo and in

Cohort 1 than Cohort 2. In Cohort 1 there were no AEs in the placebo group and 17 reported

by three of eight subjects in the benralizumab IV group. One subject who received 1 mg/kg

IV benralizumab reported 15 of these AEs (chills, headache, asthenia [loss of energy and

weakness], nausea, dysgeusia, tremor, dizziness, hot flush, hyperhidrosis, swelling on day 0,
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with decreased white blood cell count [2.3 ×103/μL], decreased neutrophil count [1.1 ×103/

μL], increased C-reactive protein [1.61 mg/dL] measured on day 1 after dosing). All these

AEs were considered to be moderate in severity apart from decreased neutrophil count,

which was mild, and most resolved the following day. In Cohort 2, six AEs occurred in one

of five subjects in the placebo group; and one occurred in one of nine subjects in the

combined benralizumab SC group. One subject with a prior history of hyperthyroidism who

received benralizumab 200 mg SC presented with symptoms consistent with a thyroid storm,

was hospitalized for 8 days, and subsequently completed the study. The incident occurred 50

days after the first dose and 23 days after the last dose. The serious AE was considered to be

severe, but not treatment-related. No discontinuations due to AEs or deaths occurred.

There were no apparent trends or markedly abnormal findings from serum chemistry,

hematology or laboratory tests in either cohort except for the expected low blood eosinophil

counts in subjects receiving benralizumab. Details of safety variables are provided in the

online supplement.

Airway mucosal/submucosal eosinophils

Airway mucosal/submucosal eosinophil counts decreased from screening to endpoint for

most subjects who received benralizumab [Cohort 1: 6/8, 75.0%; Cohort 2: 8/9, 88.9%]

(Figs 2a and b). Eosinophil counts in biopsy samples determined using immunofluorescence

at screening and day 84 are shown in Fig 2c. The photomicrographs demonstrate increased

mucosal and submucosal eosinophils in the placebo-treated subject. In contrast, no

eosinophils are observed at day 84 in the benralizumab-treated subject. Corresponding H&E

photomicrographs from the same biopsy sections can be found in the online repository

(Figure E2).

In Cohort 1, median (range) absolute eosinophil count increased in the placebo group from

89.3 (30.4–185.6)/mm2 at screening to 107.6 (6.7–166.7)/mm2 at day 28 (median change

+19.6%) compared with a decrease in the benralizumab IV group from 43.3 (11.0–

165.3)/mm2 at screening to 15.6 (4.7–61.6)/mm2 at day 28 (median change −61.9%). The

difference in median percent change from screening to day 28 between placebo and

benralizumab was not statistically significant (Table III).

In Cohort 2, median (range) absolute eosinophil count decreased in the placebo group from

42.0 (8.0–126.3)/mm2 at screening to 22.4 (0.7–91.3)/mm2 at day 84 (median change −

46.7%), and in the combined 100+200 mg benralizumab SC groups from 63.6 (4.7–

127.3)/mm2 at screening to 2.7 (0–32.0)/mm2 at day 84 (median change −95.8%). The

difference in median percent change from screening to day 84 between placebo and

benralizumab was not statistically significant (Table III).

Data from the post-hoc analysis combining data from Cohorts 1 and 2 are shown in Table

III. The difference between placebo and benralizumab in median percent change in airway

mucosal/submucosal eosinophil count from screening to 28 days after the last dose was

statistically significant (P = .02). For the combined placebo cohorts (n = 10), there was a

4.7% increase in airway mucosal/submucosal eosinophils 28 days after the last dose

Laviolette et al. Page 6

J Allergy Clin Immunol. Author manuscript; available in PMC 2014 September 23.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



(interquartile range [Q1–Q3], −64.1% to +84.3%) compared with −83.1% (Q1–Q3: −95.8%

to −57.6%) for the combined benralizumab cohorts (n = 17).

Sputum eosinophils

Induced sputum eosinophils were reduced in response to benralizumab in both cohorts (Figs

3a and b). In Cohort 1, median (range) sputum eosinophil counts in the placebo group were

13.0% (4.8–31.0%) at screening and 20.8% (2.5–33.3%) at day 21 (median change

+146.2%) but decreased in the benralizumab IV group from 5.7% (4.3–11.0%) at screening

to 4.5% (0–16.5%) at day 21 (median change −18.7%). At day 77, median (range) counts

were 11.3% (5.0–27.3%, median change −16.7%) for placebo and 4.4% (1.5–18.0%, median

change −17.7%) for benralizumab IV. In Cohort 2, median (range) sputum eosinophil counts

were reduced in the placebo group from 16.8% (2.9–73.9%) at screening to 6.4% (1.9–

20.0%) at day 28 (median change −66.6%) and in the combined 100+200 mg benralizumab

SC groups from 4.6% (2.5– 20.8%) at screening to 0.6% (0–3.5%) at day 28 (median change

−89.9%).

For the combined cohorts (post-hoc analysis), the median percent change from baseline to

21 days after the last dose was −46.4% (Q1–Q3: −89.5%, +171.7%) for placebo (n = 8) and

− 95.1% (Q1–Q3 −100% to −6.6%) for benralizumab (n = 16; P = .04 vs. placebo).

Bone marrow eosinophils and neutrophils

Five subjects in Cohort 1 (1 placebo; four benralizumab 1 mg/kg IV) and one subject in

Cohort 2 (benralizumab 100 mg SC) consented to bone marrow aspiration and provided

evaluable samples at screening and day 28 (Cohort 1) or day 84 (Cohort 2). Eosinophil

precursors and mature eosinophils were not detectable at day 28 in the bone marrow of all

subjects who received benralizumab IV or at day 84 in the subject who received

benralizumab 100 mg SC (Fig 4a). Benralizumab IV produced no clear effect on neutrophils

(Fig 4b).

Peripheral blood eosinophils and basophils

Peripheral blood eosinophils were below the level of detection by 1 day after administration

of benralizumab, and remained depleted through the end of the study in both cohorts (Figs

5a and 5b). Within Cohort 1, median (range) peripheral blood eosinophil counts did not

change in the placebo group: 0.40 (0.2–0.7) ×103/μL at baseline (day 0) and day 28 [0.40

(0.3–0.5) ×103/μL]; and decreased in the benralizumab IV group from 0.15 (0.1–0.6)

×103/μL at baseline to 0 (0–0) ×103/μL at day 28. This effect continued to day 84. In Cohort

2, median (range) peripheral blood eosinophil counts for placebo were 0.30 (0.1–0.6)

×103/μL at baseline and 0.20 (0.1–0.8) ×103/μL at day 84. For the combined benralizumab

SC groups, there was a decrease from 0.40 (0.2–0.9) ×103/μL at baseline to 0 (0–0) ×103/μL

at day 84.

For the combined cohorts (post-hoc analysis), the difference in median (Q1–Q3) percent

change from baseline to 28 days after the last dose was significantly lower for benralizumab

vs. placebo (P < .0001): 0% (Q1–Q3: −50.0% to +20.3%) for placebo (n = 7); −100%

(−100% to − 100%) for benralizumab (n = 14).
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Median [range] estimated basophil counts in the placebo group were similar at baseline

(0.075 [0.054–0.089 ×103/μL) and day 84 (0.073 [0.029–0.081] ×103/μL, median change

+5.9%), but decreased from 0.026 [0.011–0.081] ×103/μL at baseline to 0.006 [0.001–0.030]

×103/μL at day 84 in the combined benralizumab SC group (median change −74.2%) (Fig

5c).

Discussion

This study evaluated the safety profile of benralizumab and its effects on eosinophils in the

airways, sputum, bone marrow, and peripheral blood in subjects with eosinophilic asthma.

Eosinophil counts were reduced in the airway mucosa following benralizumab IV and SC

compared with placebo. Differences between benralizumab and placebo in percent change in

airway eosinophil count were not statistically significant within cohorts, but reached

statistical significance when the two cohorts were combined in a post-hoc analysis.

Moreover, benralizumab administration resulted in reduction of sputum eosinophils and

complete suppression of bone marrow and peripheral blood eosinophils. Benralizumab had

an acceptable safety profile, though larger studies will be needed to fully assess potential

safety issues.

The effect of anti-IL-5 mAb therapy on airway mucosal eosinophils was first described in

steroid-naïve subjects with mild atopic asthma.16 In that study, three monthly 750 mg

mepolizumab IV infusions resulted in a median decrease in airway mucosal eosinophils of

55% (P < .01 versus placebo). In a subsequent study, when subjects with refractory

eosinophilic asthma received twelve monthly IV infusions of 750 mg mepolizumab, the

subepithelial airway eosinophil geometric mean between group difference was 48% vs.

placebo (P = .68) suggesting that dosing of mepolizumab beyond 3 months may not provide

additional airway eosinophil depletion.6 Our study extends previous work by demonstrating

that benralizumab, which binds with high affinity to IL-5Rα and depletes eosinophils and

basophils by inducing apoptosis via enhanced ADCC, can produce a 96% median reduction

in mucosal airway eosinophils after three 100 or 200 mg SC doses.

After administration of benralizumab, median blood and bone marrow eosinophil levels

were reduced by 100% (undetectable) in both cohorts. Median blood eosinophil counts were

undetectable from 7 days after the first dose through the end of the study. Previous studies

using mepolizumab16 and reslizumab9 also reported median blood eosinophil reductions of

100% and 80%, respectively. Of the five subjects who received benralizumab and consented

to bone marrow aspirates, all had undetectable levels of eosinophils and eosinophil

precursors at study endpoint. Whereas, 3 mepolizumab IV doses resulted in a 52% median

reduction in bone marrow eosinophils.16

In this study, subjects were required to have ≥2.5% eosinophils in sputum for inclusion.

After benralizumab administration, sputum eosinophil percentages were reduced but the

results were more variable than in other compartments: median reductions of 18.7% in

Cohort 1, 89.9% in Cohort 2, and 95.1% in Cohorts 1 and 2 combined. Results from the

combined cohorts are similar to those reported for mepolizumab8 and reslizumab.9
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Basophils also express the IL-5Rα chain12 making this cell lineage another potential target

of benralizumab. Basophils have been shown to be involved in asthma allergen

challenges,17,18 cold air challenges,19 asthma exacerbations,20-22 and fatal asthma.23,24 In an

exploratory analysis, estimated blood basophil counts determined using flow cytometry were

reduced by 74%. Assessment of changes in basophil numbers in airway biopsies, sputum,

and bone marrow were not feasible due to baseline values of 0 or near 0 (data not shown).

This study has some limitations. The sample size of the study was smaller than published

suggested sample sizes for airway biopsy studies.25,26 However, post-hoc analyses

performed on combined Cohorts 1 and 2 resulted in statistically significant reductions in

airway and sputum eosinophils. Sputum analyses were performed locally at each site, which

may have increased variability of the results. However, all sites had experience in

performing induced sputum analysis, and cell counts were performed by experienced

cytotechnologists. Concomitant corticosteroid therapy was not standardized: with doses

ranging from none to high-dose ICS plus oral corticosteroids (one placebo subject), though

the median ICS budesonide equivalent dose was 800 μg for the benralizumab groups in

Cohorts 1 and 2. This contrasts to mepolizumab airway biopsy studies that allowed no ICS16

or required high dose ICS +/- oral corticosteroids.6 Lastly, documentation of adherence to

ICS prior to and during the screening/run-in period was not obtained. Any changes in ICS

usage during this period could have had an effect on tissue and sputum eosinophil numbers.

In conclusion, these results suggest eosinophils and possibly basophils are effectively

depleted after administration of benralizumab, a mAb that functions via an ADCC pathway.

A potential clinical response to benralizumab was demonstrated in a recent phase II study in

which the number and severity of exacerbations were reduced in subjects with acute severe

asthma.27 Confirmation of these results and determination of the target population are being

explored in an ongoing Phase IIb study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ATP according to protocol
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IL-5R interleukin-5 receptor

ITT intent-to-treat

IV intravenous

mAb monoclonal antibody

SC subcutaneous
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Clinical Implications

Benralizumab, a monoclonal antibody that targets the interleukin-5 receptor and induces

antibody-dependent cell-mediated cytotoxicity, reduced airway, sputum, bone marrow

and blood eosinophils, and may provide therapeutic benefit in eosinophilic asthma.
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FIG 1.
Study design.

Cohorts 1 and 2 were consecutive.
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FIG 2.
Airway eosinophils (/mm2) for individual subjects (ATP population).

a) Cohort 1 IV: placebo, n = 5; benralizumab 1 mg/kg, n = 8.

b) Cohort 2 SC: placebo, n = 5; benralizumab 100 mg, n = 4; benralizumab 200 mg, n = 5.

Dashed lines represent upper limit of normal (ULN) for airway eosinophil counts (22/

mm2).4,15

c) Cohort 2 SC. Representative immunofluorescence photomicrographs showing mucosal

and submucosal tissue sections obtained from one placebo subject and one benralizumab

subject at screening and day 84. Green indicates anti-major basic protein-1-stained

eosinophils and blue indicates 4′,6-diamidino-2-phenylindole (DAPI)-stained nuclei. The

inserts show sections at x400 magnification.
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FIG 3.
Sputum eosinophils (%) for individual subjects (ATP population).

a) Cohort 1 IV: placebo, n = 5; benralizumab 1 mg/kg, n = 7. One subject in the

benralizumab group completed the study but did not have sputum induction after screening

and is not included in this figure. An additional subject discontinued the study but provided

sputum at screening and day 21; these data are included in this figure.

b) Cohort 2 SC: placebo, n = 5; benralizumab 100 mg, n = 4; benralizumab 200 mg, n = 5.

Dashed lines represent the inclusion criteria cut-off point for sputum eosinophil counts

(2.5%).
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FIG 4.
Bone marrow eosinophil and neutrophils (%) for individual subjects (ATP population). Only

subjects who consented to bone marrow aspiration and provided evaluable samples at

screening and endpoint are included.

a) Eosinophils. Cohort 1 IV: placebo n = 1, square with dashed line; benralizumab 1 mg/kg

n = 4, diamond with solid line. Cohort 2 SC: benralizumab 100 mg n = 1, circle with solid

line.

b) Neutrophils and bands. Cohort 1 IV: placebo, n = 1; benralizumab 1 mg/kg, n = 4. Cohort

2 SC: benralizumab 100 mg n = 1.
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FIG 5.
Median (range) peripheral blood eosinophil and basophil counts (103/μL) (ATP population).

Subject numbers vary between timepoints depending on availability of data. At some

timepoints all subjects in the benralizumab groups had the same value.

a) Eosinophils. Cohort 1 IV.

b) Eosinophils. Cohort 2 SC.

c) Basophils. Cohort 2 SC.
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